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OCH, 

I 

CAS NO. 1825-21-4 


Chemical Formula: C,H,CI,O Molecular Weight: 280.5 


Synonyms: 2,3,4,5,6-pentachloroanisole;methylpentachlorophenate;methylpentachlorophenylether; o-methylpentachlorophenol; 

pentachloromethoxybenzene;pentachlorophenyl methyl ether 

Pentachloroanisole is chlorinateda aromatic 
compound which is  widely distributed at low  levels in 
the environment and in food products. Formation of 
pentachloroanisole in the environment may result 
from the degradation o f  related,structurally 
commercially important, chlorinatedubiquitous 
aromatic compounds such as pentachlorophenol and 
pentachloronitrobenzene which are known rodent 
toxins or  carcinogens. Toxicology and carcinogenesis 
studies were by administering pentachloro-conducted 
anisole (>99% pure) in corn  oil by gavage to groups 
of  male and female F344lN rats and B6C3Fl mice for 
16 days, 13 weeks, or 2 years. Genetic toxicology 
studieswereconducted in Salmonella typhimurium 
strains, mouse lymphoma cells, and  Chinese hamster 
ovary cells. 

116-DAY STUDIES IIN RATS 
Groups o f  five male  and five female F344PJ rats were 
administered pentachloroanisole in corn  oilby gavage 
once per day, 5 days per week, for 16days at doses o f  
0, 100, 125, 150, 175, or 200 mgkg body weight. 
Deaths occurred during days 2 and 3 in rats receiving 

doses o f  125 mgkg  or greater; these deathswere 
considered directly related to pentachloroanisole 
administration. No biologically significant changes in 
mean body weight gains or  final body weights. were 
notedin the 100 mgkg groups o f  rats. Because of 
the  high early mortality  rate, valid comparisons o f  
body weight differences in  other dose groups could 
not be made. Inactivity was noted  in alldose groups. 
Rats administered  doses of  125 mgkg  or greater  also 
exhibited dyspnea. 

n6-DAY STUDIES IN MICE 
Groups o f  five male  and five female B6C3Fl mice 
were administered  pentachloroanisole in corn oil by 
gavage once  per day, 5 days per week, for 16 days at 
doses o f  0, 100, 175,250,325,  or400 m a g .  Deaths 
occurred during days 2  and 3 in mice receiving doses 
o f  175 mgkg  or greater;  these deaths were considered 
directly related to chemical administration. No 
biologically significant changes in mean body weight 
gains or final body weights were  noted in 100mgkg 
males or  100or 175 mgkg females. Because o f  the 
high early mortality  rate, valid comparisons of  body 
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weight differences  in other  dose groups could not be 
.made. Inactivity was noted in dosed mice. 

I S W E E K  STUDIES IN RATS 
Groups o f  10male and 10 female  rats were adminis- 
tered pentachloroanisole 'in corn oil by gavage once 
per day, 5 days per week, for 13weeks at doses o f  0, 
40, 80, 120, 140, or  180 mgkg body weight. Most 
rats receiving doses o f  120 mgkg  or greater died 
during the first week o f  the study as  a direct  result o f  
pentachloroanisole administration. 

'Mean body weight gains o f  males administered 40 or 
80mgkgand o f  females administered 40, 80, or 
120 mgkg pentachloroanisole  weresignificantly lower 
than those of  the controls.  Most dosed rats exhibited 
temporary inactivity for  severalhoursafter dosing. 
Relative liver and kidney weights o f  males admin- 
istered 40 or 80 mgkg and absolute  and/or relative 
liver and kidney weights o f  females administered 40 
to 120 mgkg were significantly greater  than those o f  
the controls. 

Lesions observed in males administered 80  mgkg or 
more and in females administered  120 mgkg  or more 
included pulmonary  congestion, hemorrhage, and/or 
edema,meningealcongestion,andhepatocellular 
necrosis, glycogen depletion,  anddegeneration o f  
biliary epithelium  in the liver. 

f3-WEEK STUDIES IN MICE 
Groups o f  10maleand10 female mice were 
administered pentachloroanisole in corn oil by gavage 
once per day, 5 days per week, for 13weeks at doses 
of  0, 40, 80, 120, 140, or 180 mgkg body weight. 
Most mice administered doses o f  120 mgkg  or higher 
died during  the first week o f  the study as  adirect 
result o f  pentachloroanisole administration. 

Mean body weight gains .of  females administered 40 
to 140 mgkg were significantly greater  than that of  
the controls, but thoseof  dosed males were  similart o  
that o f  the controls.Mostdosed mice exhibited 
temporary inactivity for several hours  after dosing. 
Absolute and relative liver weights o f  males adminis- 
tered 80  mgkg, absolute  and relative liver weights o f  
females administered 40 t o  180 m a g ,  and  absolute 
and relative kidney weights of  females administered 
80 to 180mgkg pentachloroanisole  were also signifi- 
cantly greater  than those o f  the controls. 

Lesions observed in males administered  40 mgkg  or 
more and in females administered, 80 mgkg or more 
included pulmonary  congestion and/or edema, adrenal 
congestion, lymphoid depletion o f  lymph nodes  and 
thymus, hepatocellular cytomegaly and karyomegaly, 
and pigment in hepatocytes andaccumulation 
Kupffer cells. 

%YEAR STUDIES IN RATS 
Based on  the chemical-relatedmortalityand liver 
lesions seen in  the 16-day and 13-week studies, dose  
selectedfor the 2-year studies  were 0, 10, 20, and 
40 mgkg for  males and 0, 20, and. 40 mgkg for 
females. Groups o f  70 male and 70 female rats were 
administered pentachloroanisole in corn by gavage oil 
5 days per week for  up to 2 years. At 9 and 
15 months,  up to 10 animals  per group were  selected 
for interim evaluations. 

Survival, Body Weights, and Clinical Findings 
The survival o f  high-dose males was significantly 
decreased (vehicle control, 24/50; low-dose, 20150; 
mid-dose, 24/50; high-dose, 14/50); most  deaths in the 
high-dose group occurred at  or before week 16. The 
majority o f  deaths in the mid- and high-dose  groups 
may have been due  to pentachloroanisole-related 
hyperthermia. The survival of ,  dosedfemales was 
greater than thato f  the controls (29/50,35/50,44/50). 
Final meanbody weights o f  mid- and high-dose males 
were 7% and 10% lower than  that o f  the controls; 
final mean body weight o f  high-dose females was 11% 
lower than  that o f  the controls.  Finalmean body 
weights o f  other dose groupswere similar to  thoseof  
the vehicle controls. At  the 9-month  interim evalua-
tion, mean rectal temperature of  males administered 
40 mgkg was significantly greater  than that o f  the 
controls. Relative liver and kidney weights o f  males 
and females administered20 or 40 mgkg were 
significantly greater  thanthose o f  controls. At the 
15-month interim evaluation, relativeliver weights of 
dosed females and  absolute liver weights o f  40 mgkg 
females were significantly greater  than those of the 
controls, as were relative liver and kidney weights o f  
40 mgkg males. 

Pathology Findings 
In the 2-year studies,  administration o f  pentachloro-
anisole to males was associatedwith significant 
increases in the incidences o f  benign adrenal medulla 
pheochromocytomas. The incidence o f  benign 
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adrenal medulla pheochromocytomas was marginally 
increased in high-dose females and slightly exceeded 
the range o f  the historical  controls. Incidences of 
adrenal medulla hyperplasia were increased in dosed 
female rats, but  not in dosed males. The incidences 
of pancreatic adenomas and focal hyperplasia were 
decreasedindosed males. The incidences of  mam-
mary gland fibroadenomas  and uterine stromalpolyps 
and sarcomas  (combined)were decreased in high- 
dosefemales. Treatment-related  increased incidences 
of  intracytoplasmicpigmentationoccurred in renal 
tubule epithelium, olfactory epithelium, and hepato-
cytes o f  males and females. Congestion and hemor- 
rhage o f  the lungs, lymph nodes, thymus, adrenal 
cortex, and meninges,as well as hepatocellular 
centrilobular necrosis occurred almost exclusively in 
mid- and high-dose males that died or were killed 
moribund before the end o f  the studies. 

2-YWR STUDIES IN MICE 
Based on the chemical-relatedmortalityand liver 
lesions seen in the 16-day and 13-week studies,  doses 
selected for the 2-year studies  were 0, 20, and 
40 mgkg. Groups o f  70maleand70 female mice 
were administered pentachloroanisole in corn  oil by 
gavage 5 days per week for  up t o  2 years. At 9 and 
15 months, up to 10animals per group were selected 
for interim evaluations. 

Survival, B ~ d y  Weights, and Clinical Findings 
The survival o f  dosed males was similar t o  that o f  the 
controls; survival o f  high-dose females was lower than 
that o f  thecontrols (24/50, 25/50,  16/50). The 
decreased survival o f  the high-dose females was 
attributed primarily to ovarian abscesses which were 
observed after  moribund sacrifice. Atthe9-month 
interim evaluation, the mean body weight o f  males 
administered 40mgkg was significantly lower than 
that o f  the vehicle controls.  Absoluteandrelative 
liver weights o f  females and the relative liver weight 
o f  males administered 409mgkg were significantly 
greater than those o f  the controls. Final mean body 
weights o f  low- and  high-dose males were 11%  and 
17% lower than  that o f  the controls.Final mean 
body weights o f  dosed females were  similar to  that o f  
the controls. There were no clinical findings attribut- 
ed to pentachloroanisole administration. 

P a t h ~ l ~ g ~Findings 
Centrilobularhepatocyte cytomegaly and  pigment 
accumulation in hepatocytes and Kupffer cells were 

seen in dosed mice, but  not in controls at  the9- and 
15-month interim evaluations. In the 2-year studies; 
the incidence o f  benign pheochromocytomas was 
significantly increased  in high-dose males. Dosed 
males also exhibited increased  incidences of  adrenal 
medulla hyperplasia and hypertrophy. The incidences 
o f  hemangiosarcomas o f  the liver were significantly 
increased in dosed males. Increased incidences o f  
hepatocellular cytologic alteration, biliary tract 
hyperplasia, and  Kupffer cell pigmentation  occurred 
in dosed males and females; the incidences of  mixed 
cell foci were  alsoincreasedindosed males. Cyto-
logic alteration  encompassedhepatocellular cyto-
megaly, karyomegaly, hepatocyte  degenerationand 
necrosis, and  multinucleated giant cell formation, and 
was considered an advanced stage o f  the pathologic 
process observed at 13weeks. 

GENETIC T o m c o L o G Y  
Pentachloroanisole was mutagenicin Salmonella 
typhimuriurn strains TA98 and TA1537 inthe absence 
but notin the presence o f  exogenousmetabolic 
activation (S9). N o  clearmutagenic activity was 
observed in TAlOO with hamster S9, without S9,or in 
TA1535 with or without S9. An equivocal response 
was observed in TAlW with rat S9. Pentachloro-
anisole was positive forinduction o f  trifluoro-
thymidine resistance  inmouselymphoma L5178Y 
cells with S9; the response observed without S9 was 
weak and  inconsistent. In cytogenetic  testswith 
Chinesehamster ovary cells, pentachloroanisole 
induced sister  chromatid exchanges, but  not chromo-
somal aberrations, with and  without S9. 

TomComNETnCS 
Male and female F344/Nrats and B6C3Fl mice  were 
administered 10, 20, or  40 mgkg pentachloroanisole 
by gavage or  10mgkgpentachloroanisole intrave-
nously (Appendix H). A rapid elimination of  penta-
chloroanisoleandarapidformation o f  itsmain 
metabolite,pentachlorophenol,wereseeninboth 
species after  an intravenous oranoral dose of  
pentachloroanisole. The areaunder the concentra-
tion-versus-timecurve o f  pentachloroanisole 
increased with dosage in each species but the dose 
proportionality was above 20 mg/kg.lost No 
sex-related differences werefoundin therate o f  
absorption o f  pentachloroanisole from the  GI tract, 
in theareaunderthe concentration-versus-time 
curve, or in the overall rate o felimination 
pentachloroanisole. However, in  female rats  the area 
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under the concentration-versus-time  curve of penta- 
chlorophenol was significantly larger than  in male 
rats. N o  such difference was observed in mice. 

CONCLUSIONS 
Under the conditionso f  these 2-year gavage studies, 
there was some evidence of carcinogenic activity* o f  
pentachloroanisole in male F344/N rats based on 
increased incidences o f  benign pheochromocytomas 
o f  the adrenal medulla. There was equivocal evidence 
of carcinogenic activity o f  pentachloroanisole in 
female F344/N rats based on marginally increased 
incidences of  benignpheochromocytomas o f  the 
adrenal medulla. There was some evidence ofcarcino- 
genic activity o f  pentachloroanisole in male B6C3Fl 
mice based on increased incidences o f  benign pheo- 
chromocytomas o f  the adrenal medulla and heman-
giosarcomas of  the liver. There was no evidence of 
carcinogenic activity o f  pentachloroanisole in female 
B6C3Fl mice given doses o f  20 or 40mg/kg. 

Pentachloroanisoleadministration was associated 
with increased incidences o f  adrenal medulla hyper- 
plasia in female  rats and increased  incidences o f  
pigmentation inthe renal tubule epithelium, olfactory 
epithelium, and hepatocyteso f  male and female rats. 
In addition,  decreased incidencesofpancreatic adeno-
mas and focal hyperplasia in  male rats and decreased 
incidences o f  mammary gland fibroadenomas and 
uterine stromal polyps and  sarcomas (combined) in 
femaleratswere observed. Hyperthermia-related 
lesions in male  rats receiving 20 or  40mgkg were 
considered indirectly related to  pentachloroanisole 
administration. 

Pentachloroanisoleadministration was associated 
with increased  incidences o f  adrenal medulla hyper- 
plasia and  hypertrophy and  hepatocellular mixed cell 
foci in  male mice. 'In male  and female mice, nonneo- 
plastic liver lesions  associatedwithpentachloro-
anisole includedadministration hepatocellular 
cytologic alteration,  Kupffer cell pigmentation, biliary 
tract hyperplasia, and  subacute inflammation. 

* Explanation o f  Levels of Evidence o f  Carcinogenic Activity is on page 11 .  A summary o f  Technical Reports Review Subcommittee 
comments and the public discussion on this  Technical Report appears on page 13. 
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Variable Male 
F M 4 d  Rats 

0,10,20, or 
40mgkg in corn oil 
by gavage 

Body weights 	 Mid- and highdose 
groups lower than 
vehicle controls 

2 -Yar  S U ~ m bV ~ 	 24/50? 20/50,24/50, 
14/50 


Noaaaaeoplasticeffwts 	 Pigmentation:renal 
tubule epithelium 
(1150, 23/50,.2U50, 
16/50); olfactory 
epithelium (0150, 
29/50, 40/50,
25/50); 
hepatocytes (0150, 
0150, 1/50, 4/50) 

medulla: 
benign pheochromo-
cytoma (1U50, 

Neoplastic eff& NoneAdrenal 

17/50,23/50, 15/48) 

D w m a d  incidences Pancreas:adenoma 
(12J49, 1/49, 1/49, 

0150); hyperplasia 
(19149, 17/49, 8/49, 

1/50) 


Female Male 

F344PT Rats B6@3F, Mice 


0,20, or 40 mgkg in 0,20, or 40 mgkg in 
corn oil by gavage corn oil by gavage 

Highdose group Dosed groups lower 
lower than vehicle than vehicle controls 
controls 

29/50, 35/50, 44\50 	30150, 27/50,28/50 

Adrenal medulla: Adrenal medulla: 
hyperplasia (10/50, hyperplasia (0/50, 
18/50,3 / 5 0 )  13/50, 29/48); 

hypertrophy (0150, 
Pigmentation: renal 3/50, 36/48) 
tubule epithelium 
(0/50, 43/50, 45/50); Liver: cytologic 
olfactory epithelium alteration (0/50, 
(0149,46/50, 50/50); 50150, 50/50); Kupf-
hepatocytes (0/50, fer c e l l  pigmentation 
18/50,24/50) (1150,SO/SO, 50150); 

bil iary tract hyper-
plasia (0150, 47/50, 
48/50);subacute 
inflammation (0150, 
49/50, 49/50);
mixed 
cell foci (9150, 
15/50, 27/50) 

Adrenal medulla: 
benign pheochromo-
cytoma (0150, 4/50, 
7/48) 

Liver: hemangiosar-
coma (2/50, 8/50, 
10/50) 

Adrenal medulla: None 
benign pheochromo-
cytoma 
(3150, 7/50, 9/50) 

Mammary gland None 
fibroadenoma 
(19150,10150, 7/50) 

Uterus: stromal 
p o l y p  (13/50, 13/50, 
7/50);stromal sarco-
ma (2/50, 1/50, 
0150); stromal polyp 
or sarcoma (15150, 
14/50, 7/50) 


Female 
B6C3F, Mice 

0,20, or 40 mg/kg in 
corn oil by gavage 

Dosed group simi- 
lar to vehicle con-
trols 

24/50, 25/50, 16/50 

Liver cytologic 
alteration (1150, 
34/50, 39/50) b p f -
fer cell  pigmentation 
(O/SO, 37/50, 48\50); 
biliary tract hyper- 
plasia (UO, 16/50, 
30/50); subacute 
inflammation ( W O ,  
28/50, 32/50) 

None 

None 

None 
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Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studiesof Pentachloroanisole (continued) 

Variable Male Female Male Female 
F344/N Rats F344/N Rats B6C3Fl Mice B6C3Fl Mice 

Level of evidence of 
carcinogenicactivity SomeEquivocal Some evidenceevidenceevidence No evidence 

Genetic toxicology 
S u h n e l l a  ryphimwium genemutation:Positivewithout S 9  instrains TA98 and TA1537 

Equivocal with rat S 9  in strain TAlOO 
Negative with and withoutS 9  in strains TAlOO and TA1535 

L5178Y mouse lymphoma Positive S 9mutations: with 

Sister chromatid exchanges 

Chinesehamsterovarycells in vitro: Positivewith andwithout S 9  


Chromosomal aberrations 

Chinesehamsterovarycells in vitro: Negativewithandwithout S 9  
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The National Toxicology Program describes the results of individual  experiments on a chemical  agent and notes the strength of the 
evidence for conclusions regarding each study. Negative results, i n  which the study animals do not have a greater incidence  of 
neoplasia than control animals, do not necessarily mean tha t  a chemical  is not a carcinogen, inasmuch as the experiments are 
conducted under a limited set of conditions. Positive results demonstrate that a chemical  is carcinogenic for laboratory animals under 
the conditions of the  study and indicate that exposure to  the chemical has the potential for hazard to humans. Other organizations, 
such as the International Agency for Research on Cancer, assign a strength of  evidence for conclusions  based on an examinationof  all 
available evidence, including animal studies such as those conductedby the N I T ,  epidemiologic studies, and estimates of exposure. 
Thus, the actual determination o f  risk to humans from chemicals found to be  carcinogenic in laboratory animals requires a wider 
analysis that extends beyond the purview of these  studies. 

Five categories of  evidence of carcinogenic activity are used i n  the Technical Report  series to summarize the strength of the  evidence 
observed i n  each experiment: two categories for positive results (clear evidence and some evidence); one category for uncertain 
findings (equlvocal evidence); one category for no observable effects (no evidence); and one category for experiments that cannot be 
evaluated because of major flaws (inadequate study). These categories of interpretative conclusions were first adopted i n  June 1983 
and then revised i n  March 1986 for use in the Technical Report series to  incorporate more specifically the concept of actual  weight of 
evidence of carcinogenic activity. For each separate experiment  (male rats, female rats, male mice, female mice), one of the following 
five categories is selected to describe the findings. These categories refer to the strength of the experimental evidence and not to 
potency or  mechanism. . .  

0 Clear evldence of carcinogenic activity is demonstrated by studies that  are interpreted as showing a dose-related 
(i) increaseo f  malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms,or (iii) marked increase 

of benign neoplasms if there is an indication from thisor other studies of the  ability of such tumorsto progress to malignancy. 


0 Some evidence o f  carcinogenic activity is demonstrated by studies that are interpreted as showing a chemically  related 

increased incidence of neoplasms (malignant, benign,or  combined) i n  which the strength of the response isless than that 

required for clear evidence. 


0 Equivocal evidenceo f  carcinogenic activity is demonstratedby studies  that are interpreted as showinga marginal  increase 

of neoplasms that may be chemically related. 


0 No evidence ofcarcinogenicactivityisdemonstrated by studies tha t  are interpreted as showing no chemically related 

increases i n  m a l i g n a n t  or  benign neoplasms. 


0 Inadequate study of  carcinogenic activity is demonstrated by studies that, because o f  major qualitative or quantitative 

limitations, cannot be interpreted as valid for showing either  the presence or  absence of carcinogenic activity. 


When a conclusion  statement for a particular experiment is selected, consideration must be given to key factors that would extend the 
actual boundary of an individual category of evidence. Such consideration should allow for incorporation of scientific experience and 
current understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the 
borderline between two adjacent levels. These considerations should include: 

0 adequacy of the experimental design and conduct; 
0 Occurrence of common versus uncommon neoplasia; 
0 progression (or lack thereof) from  benign to malignant neoplasia as well as from preneoplastic to neoplastic  lesions; 
0 some benign neoplasms have the capacity to regress b u t  others (of the same morphologic type) progress. At present, it 


isimpossible to identify  thedifference.Therefore,whereprogressionisknown to be a possibility,themostprudent 

course is to assume tha t  benign neoplasms of those types have the potential to become malignant; 


0 combining benign a n d  malignant tumor incidence knownor thought to represent stages of progression i n  the same organ 

or  tissue; 


0 latency i n  tumorinduction; 
0 multiplicity in site-specificneoplasia; 
O metastases; 
0 supporting information from proliferative lesions (hyperplasia)in the same site of  neoplasia or in other experiments  (same 


lesion in another sex or  species); 

0 presence or  absence of  dose relationships; 
0 statistical significance of the observed tumor increase; 
0 concurrent control tumor incidence as well as the historical control rate and variability for a specific  neoplasm; 
0 survival-adjusted analysesand false positive or  false negative concerns; 
0 structure-activity correlations;and 
0 i n  some cases, genetic toxicology. 
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l to assess the evaluation o f  the evidence of carcinogenic activity and other obsewed toxic  responses. 
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On November 21, 1991, the draft Technical Report 
on the toxicology and carcinogenesis studies o f  
pentachloroanisole received public review by the 
National Toxicology Program Board of Scientific 
Counselors Technical Reports Review Subcommittee 
and associated  Panel o f  Experts. The review meeting 
was held at  the National  Institute o f  Environmental 
Health Sciences, Research  Triangle Park, NC. 

Dr. R.D. Irwin, NIEHS,  introduced the toxicology 
and carcinogenesis studies o f  pentachloroanisole by 
discussing the  rationale for study, describing the 
experimental design, reporting on  the survival and 
body weight effects, and  commenting on compound 
related neoplasms and nonneoplastic lesions in rats 
and mice. He reported on pharmacokinetic  studies 
in rats with pentachloroanisole and a major metabo-
lite,pentachlorophenol,and concluded from the 
.results that differences between  male and female rats 
in toxic response to the chemical were  not due  to 
differences in  absorption o r  bioavailability. The 
proposed conclusions weresome evidence o f  carcino-
genic activity for maleF344/N rats, equivocal evidence 
o f  carcinogenic activity for female F344/N rats, some 
evidence ofcarcinogenic activity for male B6C3Fl mice 
and no evidence o f  carcinogenic activity for female 
B6C3Fl mice. 

Dr. R.H. Garman,  a principal reviewer, agreed with 
the proposed conclusions. He asked for clarification 
of  the histomorphologic  criteria for diagnostic termi-
nology used in designating malignancy o f  adrenal 
medullary lesions. 

Dr. L. Zeise, the second  principal reviewer, agreed 
with the proposed conclusions. However, she asked 
for discussion on whether the level  of evidence in 
female rats should be elevatedt o  some evidence based 
on an incidence o f  adrenal neoplasms in the 40 mg/kg 
group. ‘The incidence was above the historical 
control range and was supported by increased inci- 
dences o f  these neoplasmsinmaleratsand male 
mice. She suggested that  a statement be addedt o  the 
report indicating  thatthe incidence o f  pheochromocy-

tomas in 40 mgkg female  rats fell outside that o f  
historicalcontrols.Dr. J. K. Haseman,NIEHS, 
notedthat the increased  incidence o f  adrenal neo-
plasms in dosed  femalerats was not significant, 
reflecting inpartthat survival in the high-dose 
groups was increased  compared to concurrent  and 
historical control survival rates.  Dr. aRise requested 
that information on the pharmacokinetic  studies be 
added to the report. 

Dr. B. “ b i g h t ,  the third  principal reviewer, agreed 
with the proposed conclusions for male and female 
ratsandmale mice but  thought the conclusionfor 
female mice should be changed to equivocal evidence 
based on the dose-related marginally increased 
incidence o f  malignantlymphoma supported by a 
statistically significant trend  test. Dr.  Irwin com- 
mented that since these are common  neoplasms, the 
historicalrates are rather variable. The high dose 
rate, being slightly higher than average, is well within 
the historical  range and therefore not considered to 
be chemical related. Dr. McKnight said that because 
the 13 accidentaldeathsamongmaleratswere 
indirectly associated with treatment, they should be 
counted as deaths rather than censored observations. 
Dr. Haseman said that  a second set o f  survival curves 
adjusted for the relatively small number o f  accidental 
deaths would likely be almost  indistinguishable from 
the first set. 

Dr.  Garman moved that  the Technical Report  on 
pentachloroanisole be accepted  with the revisions 
discussed and with the conclusions  as written, some 
evidence ofcarcinogenic activity for male rats and male 
mice, equivocal evidence o f  carcinogenic activity for 
female rats, and no evidence o f  carcinogenic activity 
forfemale mice. Dr. D.W. Hayden seconded the 
motion. D r .  “ b i g h t  offered an amendment  that 
the level o f  evidence for  female mice be changed to 
equivocal evidence based on the malignant lympho- 
mas. Dr. Zeise  seconded the amendment which was 
defeated by two yes (Drs.  McKnight, Zeise) to eight 
no votes. The original  motion by Dr. Garman was 
then accepted unanimously with ten votes. 
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PENTA@WLOROANI[SOLE 

CAS NO. 1825-21-4 

Chemical Formula: C,H,CI,O Molecular Weight: 280.5 

Synonyms: 2,3,4,5,6-pentachloroanisole;methylpentachlorophenate;methylpentachlorophenylether, o-methylpentachlorophenol; 
pentachloromethoxybenzene; pentachlorophenyl methyl ether 

~IHIIEMICALAND PlWSlrCAIL 
PROPERTIIIES 
Pentachloroanisole is a colorless, crystalline solid that 
is stable  undernormallaboratoryconditions; the 
melting point is 106"t o  107"C. It is fairly soluble in 
ethanol, acetone, and dimethyl sulfoxide, and poorly 
soluble in water  (Keith and Walters, 1985). 

Pentachloroanisole differs only b y  a single methyl 
substitution from pentachlorophenol,  a widelyused 
wood preservative  and biocide, and is structurally 
related to several other commercially important 
chlorinated aromatic compounds including penta- 
chloronitrobenzene, sodium pentachlorophenate,.and 
hexachlorobenzene (Figure 1). 

ENVIRONMENTAL SOURCES AND 
METABOLISM 
Pentachloroanisole has no industrial or agricultural 
applications and is not manufactured commercially, 
but its presence as an environmental  contaminant is 
widespread. Pentachloroanisole in the environment 
is probably derived from ubiquitous  related chlo-
rinated aromatic compounds, especially pentachloro- 

phenol (Ahlborg and  Thunberg, 1980, Crosby et af., 
1981; Engelhardt et af.,1986; WHO, 1987). Degrada-
tion of  pentachlorophenol to pentachloroanisole  has 
been simulated  in the laboratory in various  lentic 
environments (Boyle et at!., 1980) and in aerobic and 
anaerobic soil environments (Murthy et al., 1979). 

Many bacteria  and fungi can  methylate the hydroxyl 
oxygen o f  pentachlorophenol to  formpentachloro-
anisole in vitro (Cserjesi and  Johnson, 1972; Curtis 
ef af., 1972; Kaufman, 1978;Suzuki, 1983;Hgggblom 
et af., 1988). The in vitro microbial decomposition of 
sodium pentachlorophenateto pentachloroanisole  has 
alsobeenreported (Rott et af., 1979). Microbial 
metabolism has been hypothesized to play a  major 
roleinpentachloroanisoleproductioninwood-
shaving litter  from poultry houses (Curtiset af.,1972, 
1974; Parr et af., 1974; Dennis et af., 1975). Similar 
metabolic processes may also  occur in packages and 
containers o f  tainted processed foods(Whitfield, 
1983; Whitfield et af.,1984, Whitfield and Last, 1986, 
Tindale, 1987). The importance of  other biological, 
chemical, or physical mechanisms in the production 
o f  pentachloroanisolefromrelatedcompounds is 
undetermined. 
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FIGURE 1 
Chlorinated Aromatic Compounds Structurally Related to Pentachloroanisole 
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In laboratory  settings, soybean and  spinach plants can 
takeuppentachlorophenol fromsoiland bio-
transform it to pentachloroanisole (Casterline et al., 
1985). In field experiments,  pentachloroanisole has 
beenidentifiedinonionsand rice plants grown in 
soiltreated with pentachloronitrobenzene (Begum 
et al., 1979) o r  pentachlorophenol (Weiss et al., 
1982), and  in goldenrod  plants sprayed with sodium 
pentachlorophenate(Haque et al., 1988). In these 
cases, it is uncertain if pentachloroanisole was pre- 
formedin the soil o r  was a ofproduct plant 
metabolism. 

ANIh4AL AND WUMAN EXPOSURE 
Although widely distributed in the environment, 
pentachloroanisolehasbeendetected only at low 
levels (Schmitt et al., 1985). Pentachloroanisole  has 
been found in fresh and marine waters at concentra- 
tions o f  1m a ,  in sediments at  concentrations from 
0.1 to 0.3 mg/kg, in marine  air at concentrations of 2 
to 9 pg/m', and in soils throughout the world 
(Kopperman et al., 1978; Pierce  andVictor, 1978; 
Giam et al., 1984; Watanabe et al., 1985; Atlas et al., 
1986; Finger and Bulak, 1988; Fox et al., 1988; Lee, 
1988, Maguire  and Tkacz, 1988, 1989; Knuutinen 
et al., 1990). 

Pentachloroanisole has been inalso identified 
mollusks, fish, and earthworms  (Kopperman et al., 
1978;Miyazaki et al., 1981; Renberg et al., 1983; Jaffe 
et al., 1985; Jaffe  andHites, 1986; Paasivirta et af. ,  
1986, 1987; DeVault et al., 1988; Herve et al., 1988; 
Swackhamer and  Hites, 1988; Knuutinen et al., 1990). 
In many instances, the affected organisms  came from 
aquatic o r  terrestrialenvironments known to be 
contaminated with pentachlorophenol o r  other 
chlorinated aromatic compounds. 

In general,  pentachloroanisole has beendetected 
rarely, if at all, in surveys for  chlorinatedaromatic 
compounds levels in wild mammals o r  birds (Mes 
et al., 1982; Brunn et al., 1985; Ellenton et al., 1985; 
Paasivirta et al., 1987; Somers et al., 1987) and in 
human fat and  breast milk (Pellizzari et al., 1982; 
Williams et al., 1984; Mes et al., 1986; Kashimoto 
et al., 1989). However, because the  experimental 
conditions for many o f  thesestudies may not have 
beenoptimalforpentachloroanisoledetection, the 
possibility o f  false negatives cannot be excluded. 

"Marketbasket" surveys by the Food andDrug 
Administration have shown that low concentrations 

o f  pentachloroanisole are present  in typical adult  and 
toddlerdiets(Gartrell et aL, 1986a,b; Gunderson, 
1988). Pentachloroanisole haveresiduesbeen 
detected in foods o f  plant origin, such as  dried fruits, 
cocoa,flour,andpeanut butter (Heikes, 1980; 
Whitfield, 1983; Whitfield and Last, 1986, Tindale, 
1987), and  in foods of  animal origin, such as broiler 
chickens and catfish (Curtis et al., 1972,1974; Dennis 
et al., 1975; Harper  and Balnave, 1975; Frank et al., 
1983; Jaffe and  Hites, 1986). 

Human exposure would most likely result  from 
ingestion o f  food o r  water contaminated with penta-
chloroanisole. hashigherPentachloroanisolea 
detection threshold than  someo f  the less-substituted 
chloroanisoles (Frijters and Bemelmans, 1977), and 
it usually occurs with them  in tainted foods (Engel 
et al., 1966; Curtis et al., 1972, 1974; Harperand 
Balnave, 1975; Whitfield and  Last, 1986). Chloro-
anisoles produce extremely objectionable musty odors 
and unusual flavors which are discernible at very  low 
concentrations (Curtis'et al., 1972, 1974; Bemelmans 
andten Noever de Brauw, 1974; Whitfield et al., 
1984;Tindale, 1987). Therefore,  human consumption 
o f  food o r  watercontaminated by high levels o f  
pentachloroanisole would be unlikely. 

ABSORrnION, DIISTRIIBUTION, 
&bTlMBOEISM, AND ~XCRIETION 
Pentachloroanisoleappears to be absorbedand 
distributed rapidly in fish. Rapid uptake was noted 
inmaleguppies (Poeciliareticulata) exposed to 
pentachloroanisole in laboratorytankwater 
(OpperhuizenandVoors, 1987) and  infathead 
minnows (Pimphales promelas) raised in  contam-
inated wastewater (Kopperman et al., 1978). Similar- 
ly,in rainbow trout (Salmo gairdnen') exposed to 
24 pg/L 14C-labeled pentachloroanisole  in tank water, 
pentachloroanisole uptake occurred in 1 to 2 hours 
(Glickman et al., 1977; Lech et al., 1978). In these 
studies,pentachloroanisole waswidely distributed 
through the fish with the highest levels found  in fat 
with decreasingly lower levels found  in the liver, 
muscle, and blood. 

In vivo formation o f  pentachloroanisole via 
metabolism o f  pentachlorophenol and other chlori-
natedaromaticcompoundshasbeen occasionally 
reported. Pentachloroanisole and unchanged penta-
chlorophenol were identified in the hepatopancreas 
of blue  crabs,Callinectes sapifus,injected with penta-
chlorophenol (Bose and  Fujiwara, 1978). When 
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fathead minnows were exposed for31 days t o  50 pg/L 
of purified industrial penta-either or grade 
chlorophenol in the tank water, pentachlorophenol 
and thepentachlorophenyl-P-glucuronidemetabolite 
werethemajorresiduesextracted,andonly very 
small amounts of pentachloroanisole were detected Inin fish, pentachloroanisolegenerally is eliminated 
minnowsexposed t o  purifiedpentachlorophenol 
(HuckinsandPetty, 1983). In addition t o  the pres-
enceofseveralotherchlorinatedaromaticcom-
pounds, very low levels o f  pentachloroanisole (1.0 to 
2.0 mg/kg) were  foundinbloodand milk o f  dairy 
cows fed pentachlorophenol (Firestone et al., 1979). 
Alongwithatleast 15 othermetabolites,penta-
chloroanisole has been detected in feces and  urine of 
male and female Sprague-Dawley rats administered 
pentachloronitrobenzene by gavage  (Renner, 1980). 

Overall,pentachloroanisoleappears t o  be a very 
minor or metabolite penta-nonexistent o f  
chlorophenol and other related chlorinated aromatic 
compoundsinbothvertebratesandinvertebrates. 
Based on  a very large body of experimental evidence, 
the generalconsensus is that in mostspecies, 
including rats, mice, and  humans, the  major or sole 
metabolicproducts o f  pentachlorophenolarethe 

quinone,andotherless-substitutedchlorophenols 
(Kobayashi, 1978; Lu et al., 1978; Ahlborgand 
Thunberg, 1980; Crosby et al., 1981; Renner  and 
Mucke, 1986). 

Various species can metabolize pentachloroanisolet o  
pentachlorophenol.Hepaticmicrosomesof rat and 
miniature pig converted pentachloroanisole to penta-
chlorophenol in vitro by a cytochrome P-450 depen- 
dentdemethylationreaction (Agins et al., 1982; 
Agins, 1984). Bilefromrainbowtroutexposedfor 
24 hours t o  50 pg/L pentachlorophenol in the tank 
watercontainedonlypentachlorophenol,butbile 
fromtroutexposed t o  pentachloroanisole - under 
similar containedconditions pentachlorophenol 
P-glucuronideandsmallamountsofpentachloro-
phenol, which indicated  that in vivo demethylation 
may have  takenplace (Glickman et al . ,  1977; Lech 
et al., 1978). When  female mice were administered a 
single intraperitoneal injectiono f  20 mg/kg 14C-penta- 
chloroanisole, radioactivity was concentrated in  liver 
and fat, and the total carcass half-life (tVJ o f  14C was 
10 hours(Vodicnik et af., 1980). Eliminationpro-
ceeded rapidly, primarily via the urine (tK,5.6 hours). 
Most urine or fecal radioactivity was associated  with 
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suggesting to  theauthorsthatpentachloroanisole 
mustbedemethylatedpriortoconjugationand 
excretion. 

more slowly than  other chlorinated aromatic com-
pounds.Rainbowtroutexposedtopentachloro-
anisole had elimination half-lives o f  14Cradioactivity 
o f  6.3 days in  bloodandmuscle, 6.9 days in liver, 
and 23.4 days in fat. By comparison,  the 1 4 C  radioac-
tivity elimination half-lives for  pentachlorophenol for 
the same tissues in trout were shorter.at6.2,6.9, 9.8, 
and 23.7 hours,  respectively (Glickman et aL, 1977). 
Detectable levels of  pentachloroanisole were found in 
rainbow trout and in the tank water up to 96 days 
after exposure (Oliver and Niimi,1985). However, in 
otherexperiments,pentachloroanisole was rapidly 
cleared (elimination half-life, 1 t o  4 days) from  the 
tissues o f  . male (Opperhuizenguppies and 
Voors, 1987). 

TOXICITY 
Little informationis available onthe acute toxicity of 

glucuronide and sulfate conjugates, tetrachlorohydro-pentachloroanisole;however, it is considered t o  be 
lesstoxic thanpentachlorophenol or other related 
chlorinated compounds andaromatic (Cserjesi 
Johnson, 1972; Engelhardt ef  af., 1986). When 
juvenilecohosalmon (Oncorhynchus h u t c h )  were 
exposed t o  4 mg/L pentachloroanisole or 2 mg/L 
pentachlorophenol in the tank water, the toxicity of 
pentachloroanisole was roughlyestimated to be 
1,000 times less thanthat o f  pentachlorophenol 
(Cserjesi and Johnson, 1972). 

When rats were administered a single gavage dose of 
2,10,30, or50 mg/kg body  weight pentachloroanisole 
or pentachlorophenol daily for 3days, rectal tempera-
tureandserumglucose levels were  elevated,feed 
consumption was decreased, and uncoupled succinate 
respiration occurred in the 30 and 50 mgkg groups 
(Garthoff et af., 1982). Thesechangesweremore 
prominent in rats receiving pentachlorophenol than 
in those  receiving pentachloroanisole. In an earlier 
study, pentachloroanisole administrationto  male rats 
increased levels o f  craminolevulinic acid synthetase 
activity, although  urinary and fecal porphyrin excre- 
tions were unaffected (Simon et af., 1978). 

No acute mortality occurred when femalemi% were 
administered single intraperitoneal injections 12oftopentachlorophenol or a pentachlorophenol conjugate, 
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Respiration was increased in rat kidney explants 
exposed to 0.1 mM pentachloroanisole  for 18 hours, 
but was unaffected when slices o f  rat kidney or liver 
were exposed to 0.1 o r  0.8mM pentachloroanisole 
for 1hour. In contrast, when pentachlorophenol was 
testedundersimilarconditions,respiration was 
reducedin kidney explants  and in kidney and liver 
slices (Braunberg et al., 1981). Oral administration 
o f  pentachloroanisole t o  young miniature pigs 
increased the activities of several hepatic mixed- 
function oxidase system enzymes (P-450 and b,, 
NADPH-cytochromec,reductase,anilinehydroxylase, 
p-nitroanisoledemethylase,andpentachloroanisole 
demethylase; Agins, 1984). 

&PRODUCTIWIE A N D  ~ E W l L O P M E N T A l L  
lromcnw 
Based on  the limited data available, pentachloro- 
anisole does not appear t o  be highly embryotoxic or 
teratogenic. Neilson et a f .  (1984) exposed zebra fish 
(Brachydanio reiro) eggs and  larvae t o  2.8 pg penta- 
chlorophenolLculture dish water resulting in 
increased embryojarval  mortalityanddeformation 
(larval curvature).  When larval striped bass (Morone 
saatilis) were placed in river water  containing12.7 t o  
37.5 ng/L pentachloroanisole,  lethargic swimming 
behavior was observed in  all exposed groups,  but 
mortalityoccurred only in larvae exposed to the 
highest cbncentration  range o f  pentachloroanisole, 
and the water was not comprehensively tested for 

GENETIC Tomcnw 
Two studies on the genotoxicity o f  pentachloroanisole 
have reported positive results. Pentachloroanisole 
was mutagenicin Salmonella typhimurium strains 
TA98 and TA1537 withoutexogenousmetabolic 
activation (S9) only in the presence of  precipitated 
pentachloroanisole, but was not mutagenic with S9 
(Mortelmans et al., 1986). In the  same study, gene 
mutations were not induced inS. typhimurium strains 
TAlOO and TA1535 treated with up  to 10 mg penta- 
chloroanisoleper plate. In the mouse lymphoma 
assay, pentachloroanisole  induced trifluorothymidine 
resistance in mouse W178Y cells, but only in the 
presence of S9 (McGregor et al., 1987); the increases 
in the number o f  trifluorothymidine-resistantcolonies 
were not dose related. 

Pentachlorophenol,ametabolite of pentachloro-
anisole, is not mutagenic in most ofstrains 
S. typhimurium (Simmon et al., 1977; Haworth et al., 
1983;Moriya et al., 1983). However, isolated positive 
responses have been  reported in strain TAlOO with-
out S9 (Commoner, 1976)and in strain TA98with S9 
(Nishimura et al., 1982). In Saccharomyces cerevisiae, 
pentachlorophenolinducedgeneconversionand 
mutation (Fahrig et al . ,  1978),but no mitotic recom- 
bination was observed (Simmon and Kauhanen, 
1978). Pentachlorophenol was also negative for 
induction o f  in cellsnondisjunction ofgerm 
Drosophila melanogaster (Rameland Magnusson, 
1979). In mammalian cells, pentachlorophenol was 
negative in gene  mutationtests with hamster V79 

chlorophenols and other related chlorinated aromaticcells (Hattula  andKnuutinen, 1985; Jansson and 
compounds (Finger and Bulak, 1988). 

In recentstudies, diets containing 60,200, o r  
600 ppmpentachloroanisole or pentachlorophenol 
were fed t o  male and female Sprague-Dawley rats for 
181 days prior to  breedingandthrough pregnancy 
(Welsh et al., 1987). Teratogenicityand decreased 
fertility were  not observed following treatment with 
eithercompound,although embryodeathandre-
duced fetal body weights were  noted. In general, 
adverse effects were more  pronounced in rats exposed 
t o  pentachlorophenolthan in rats exposed to 
pentachloroanisole. 

Jansson, 1986), but was  weakly positive without S9 
activation for induction o f  sister chromatid exchanges 
andchromosomalaberrations in Chinese  hamster 
ovary cells (Galloway et al., 1987). In contrast, 
results from sister  chromatid exchange and  chromo-
somalaberrationstests with human lymphocytes 
exposed in vino o r  in vivo to pentachlorophenol were 
negative (Ziemsen et al., 1987). Tetrachloro-
hydroquinone,ametabolite o f  pentachlorophenol, 
was found to bind covalently to  calf thymus DNA and 
to induce  single strand breaks in bacteriophage PM2 
DNA,but these effects were not observed with 
pentachlorophenol (Witte et al., 1985). 
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Several structural  analogues o f  pentachloroanisole 
includingpentachlorobenzene,1,3,3,4-tetrachloro-
benzene, 1,2,3,5-tetrachlorobenzene, 1,2,4,5-
tetrachlorobenzene, pentabromomethylbenzene, 
2,3,4,5,6-pentabromomethylbenzene, 2,3,4,5-tetra-
chlorophenol, 2,3,5,6-tetrachlorophenol, and 
2,3,4,6-tetrachlorophenolhave been  tested for induc- 
tion o f  gene mutations in S. typhimurium, with and 
without S9. All results were negative (Rasanen et ai., 
1977; Haworth et ai., 1983; Zeiger et al., 1987; 1988). 
Paradi and Lovenyak (1981) reported positive results 
for induction o f  sex-linked recessive lethal  mutations 
in male Drosophilameianogaster with 1,2,4,5-tetra- 
chlorobenzene (maximum dose, 755.6 pg/mL). 
Induction o f  genemutationsinhamsterV79lung 
cells by 2,3,4,6-tetrachlorophenol was observed 
without S9 activation (Hattula and Knuutinen, 1985). 
Thechlorobenzenesandchlorophenols have also 
been for o f  sisterchromatidtestedinduction 
exchanges and  chromosomal aberrations in Chinese 
hamster ovary cells. The chlorobenzenes are uni- 
formly negative for induction o f  chromosomal aberra-
tionsand only 1,2,3,4-tetrachlorobenzene gave a 
positive response in the sister  chromatid exchange 
test (Loveday et ai., 1990). Positive responses were 
observed in the chromosomal aberrations test with all 
threechlorophenol isomers listed above; however, 
only 2,3,5,6-tetrachlorophenol gave clearly positive 
resultsin the sisterchromatid exchange test (NTP, 
unpublished data). 

Pentachloroanisole was nominated  for toxicity and 
carcinogenicity testing by the Food andDrug 
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Administration and NIEHS because  its wide distribu- 
tion in the environment andin human  foods presents 
apotentialfor low-level human  exposurethrough 
drinking water and through food. 

Pentachloroanisole is almost  identical structurally to 
pentachlorophenol, which has  been demonstrated in 
previousNTPstudies t o  have clear  evidence o f  
carcinogenicity in B6C3F1 mice (NTP, 1989). 
Pentachloroanisole is also  structurallyrelated to 
otherchlorinatedaromaticcompounds suchas 
pentachloronitrobenzene, sodiumpentachloro-
phenate,and polychlorinatedbenzenes, biphenyls, 
dibenzodioxins and dibenzofurans which are known 
o r  suspected toxins, carcinogens, or teratogens 
(IARC, 1979a; Kimbrough, 1981; NTP,1982,1991a,b; 
D’Itri and  Kamrin, 1983; Kimbrough and Jensen, 
1989; Kutz et ai., 1991). No information on  the 
chronic toxicity and carcinogenicity o f  pentachloro-
anisole in laboratory  rodents or  other species is 
available. 

For these reasons, pentachloroanisolewas selected by 
the NTPforchronic toxicity and carcinogenicity 
testing in F344/N ratsand B6C3Fl mice. Oral 
administration o f  pentachloroanisole was chosen to 
most closely approximate the primary route o f  human 
exposure. Administration by gavage was employed to 
avoid decreased  consumption o f  dosed feed or  water 
d u e  t o  possible poor palatability, and because  penta-
chloroanisole is poorly soluble in water and unstable 
in feed. 
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PROCUREMENT AND 
c3IHvhmCTERnuTnON 
OF PENTACHLOROANISOLE 
Pentachloroanisole was obtained in three lots. Lot 
HE052008, which was obtained from the Aldrich 
Chemical Company (Milwaukee, WI), was used in the 
16-day studies. The analytical chemistry laboratory, 
Midwest Research  Institute(MRI) (Kansas City, 
MO),synthesized lot  Mol2882 for use in the 13-week 
studies and  lot M062783 for use in the 2-year studies. 
The identity  and purity analyses were  performed by 
MRI. Details o f  these analyses are presented in 
Appendix I. 

The study material, a white crystalline solid, was 
identified as b ypentachloroanisole infrared, 
ultravioletbisible,andnuclear magnetic resonance 
spectroscopy(Figures I1 and 12). The purity o f  all 
lots was determined by elemental analyses, Karl 
Fischerwater analyses, thin-layer chromatography, 
and gas chromatography. The purity o f  all lots was 
determined to be99% o r  greater. Gas chromatogra- 
phy for  all lots indicated a single major peak  and no 
impuritiesgreaterthan 0.2%. N o  chlorinated di-
benzodioxins, dibenzofurans, o r  diphenyl ethers were 
detectedinlotsMol2882 or  M062783 by gas 
chromatography/mass spectroscopy. Less than 0.1% 
pentachlorophenol was detected in all lots by gas 
chromatography. analysis lotsConcurrent o f  
Mol2882 and M062783 b y  gas chromatography/mass 
spectroscopy the impurities:detected following 
192 ppm tetrachloroanisole and361 ppm tetrachloro- 
bromoanisole in lot M062783; and 1,664 ppm tetra- 
chloroanisole, 165 ppmtetrachlorobromoanisole, and 
1 ppm and 389 ppb for two unidentified chlorinated 
impurities in  M012882. Hexachlorobenzene (3 ppm 
in lot Mol2882and 7 ppm in lot M062783) was 
detected using packed column gas chromatography 
with electron  capture detection. 

Stability studies  performed using gas chromatography 
with flame  ionization detection indicated that  penta-
chloroanisole was stableasa bulk chemical for 
2 weeks at temperatures  up t o  60"C. To ensure 
stability, the bulk chemical was stored in amber 

serum bottles in the dark at 5" C (16-day studies) o r  
at room  temperature (13-week and 2-year studies). 
The stability of the bulk chemical was monitored 
periodically using ultravioletbisible  spectroscopy and 
gas chromatography. No degradation o f  the bulk 
chemical was detected. 

~RElP'AMTI[ONAND h l A l L Y S S  
OF DOSE I F O m U M T n O N s  
Dose formulation solutionswere prepared by mixing 
the appropriate quantitieso f  pentachloroanisole and 
corn oil on a weight-to-volume basis for the 16-day 
studiesand ona weight-to-weight basis for the 
13-week and 2-year studies.  Dose formulations were 
prepared three times and  stored at 5" C during the 
16-day studies. For the  13-week and 2-year studies, 
dose formulations were prepared weekly and  stored 
at room (approximatelytemperature 22" C); 
maximum storage  time for dose formulationsdid not 
exceed 21 days (Table 11). Stability analyses o f  the 
dose formulations were performed by the analytical 
chemistry laboratory. No significant loss in stability 
was detected when dose  formulations were stored for 
3 weeks in the dark at room  temperature. 

Doseformulationsolutions o f  pentachloroanisole 
were periodically analyzed by the studylaboratory 
and by the analytical chemistry laboratory using flame 
ionization gas chromatography with octadecane  as the 
internalstandard. Dose formulations  werewithin 
10%o f  the theoretical  concentrations throughout the 
studies (Tables I2 and 13). Periodic  peroxide analyses 
o f  the corn oil vehicle by the study  laboratory indicat-
ed that peroxide levels were  within the acceptable 
limit o f  10mEqkg.Results o f  periodicreferee 
analyses by the analytical chemistry laboratory  were 
in good agreement with the results  obtained by the 
study laboratory  (Table 14). 

n 6 - D A Y  STuJDnEs 
Male and female F344/Nrats and B6C3Fl mice were 
obtained from Charles  River Breeding Laboratories 
(Kingston, NY). Animalswerequarantined for 
18days before the  studies began. Therats were 
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51 days old and the mice were  57 days old when the 
studies began. 

Groups of  five male  and five female  rats were admin-
istered 0, 100, 125, 150, 175, or 200 mgkg body 
weight pentachloroanisole in corn  oil by gavage daily 
for 16 days. Groups of  five male  and five female 
mice were  administered 0, 100, 175, 250, 325, or 
400 mgkg' in corn  oil by gavage daily for 16 days. 
Doses were not administered on weekends, and two 
consecutive days o f  dosing occurred before necropsy. 
Animals were housed five per cage. Water  and feed 
were availablead libitum. Details o f  study design and 
animal maintenance are listed in Table 1. 

Animals were weighed at the beginning o f  the  stud-
ies, and on days 8 and 15. Animals were observed 
twice daily for  chemical-related toxicity, except on 
weekends. Complete necropsy was performed on all 
animals. 

~ZI-WEEKSTUDIES 
These studies were to  evaluate the cumula-conducted 
tive toxic effects o f  repeated exposuret o  pentachloro-
anisole. Maleandfemale F344/N rats  and B6C3Fl 
mice were  obtained from the Charles River Breeding 
Laboratories (Kingston,NY). Rats were observed for 
17 days and mice were observed for 19 days before 
being assigned t o  treatmentgroups. The ratswere 
50 days old andthe mice were  59 days old when 
dosing began. 

Groups o f  10male and 10 female rats and mice were 
administered 0, 40, 80, 120, 140, o r  180 mgkg body 
weight pentachloroanisole in corn o i l  by gavage, 
5 days per week for 13weeks. Rats and mice were 
housed five per cage. Feed and water were available 
ad libitum. Blood for hematology and clinical chem- 
istry was collected from' the inferior vena &va o f  rats 
and from cardiac puncture o f  mice. Details o f  study 
design and  animal maintenance are listed in Table 1. 

Animals were observed twice  daily. Individual animal 
weights were  recorded initially, once weekly, and  at 
the end o f  the studies. Clinical findings were  record-
ed weekly. Organs weighed at the  end o f  the  studies 
included the brain,heart,right kidney, liver, lung, 
righttestis,and thymus. Complete  histopathologic 
examinationswereperformed on all animals dying 
before the end o f  the  studies, on all rats except 
females in the 40 mgkg group, on all male mice 

except those in the 40 mgkg group,  and on female 
mice in the 0, 140, and  180 mg/kg groups.  Tissues 
routinely examined microscopically are listed in 
Table 1. The health o f  the rats and mice was moni-\ 
tored during the studiesaccording to the protocols of  
the NTP Sentinel Animal Program (Appendix K). 

%YEAR STUDIES 
Study Design 
Groups of  70 male rats were administered 0, 10, 20, 
o r  40 mgkg body weight pentachloroanisole  in corn 
oil by gavage, 5 days per week, for  up to 103weeks. 
Dosing was completed 10 days prior to study end. 
Groups o f  70 female rats and 70 male and 70 female 
mice were given 0, 20, or  40 m a g  pentachloro- 
anisole in corn oil by gavage, 5 days per week, for up 
to 103weeks for  ratsand104 weeks for mice. In 
each dose group, 10  rats and10mice were  designated 
for interim  evaluation at 9 and 15 months. The 
organs weighed and the tissues routinely examined 
microscopically are listed  in Table 1. At the 9- and 
15-month interim evaluations, liver porphyrin levels 
were measured using ultraviolet (350 nm) light. 

Source and Specification of Animals 
Male and female F344/N rats  and B6C3Fl mice were 
obtained from Frederick  CancerResearch Facility 
(Frederick, MD). Rats were29 days old when 
received by the studylaboratoryandwerequaran-
tined for 11 t o  12 days; mice were 29 days old  and 
were quarantined for 12 days. During  quarantine, the 
animalswere observed daily. To assess the health 
status o f  the animals, five male  and five female  rats 
and mice were killed and examined  for disease and 
parasite infection. The rats were 40 days old  and the 
mice were  41 days old when the  studies began. The 
health o f  the  animals was monitoredduringthe 
studiesaccording tothe protocols o f  the N T P  
Sentinel Animal Program (Appendix K). 

Animal Maintenance 
Rats were  housed five per cage; mice were  housed 
individually. Cages were  rotated vertically on  the 
rack within  dosegroups and racks  wererotated 
within the animal  room every 2 weeks. Feed and 
waterwereavailable ad libitum. Information on 
ingredients,nutrientcomposition, and contaminant 
levels o f  the feed is presented in Appendix J. Fur-
therdetails o f  animalmaintenance are listed in 
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Table 1. Temperatureand humidity significantly 
exceeded the normal range on day 185 o f  the 2-year 
ratstudiesdue to afailure of the environmental 
control system. 

a m a n  ~ ~ a m i r m a t i ~ n sand PauIlnonoa 
All animalswere observed twice daily, 5 days per 
week.Body weights and clinical findings were 
recorded weekly for the first 13 weeks and  then 
monthly untiltheend o f  the studies. Rectal 

and nose o f  rats o f  each sex, the pancreas of  male 
rats, and the adrenal medulla, forestomach, and liver 
o f  mice for accuracy and consistency o f  lesion 
diagnosis. 

Thequality assessment report  and slides  were submit-
ted t o  the Pathology Working Group  (PWG) chair, 
who reviewed selected  slides o f  tissues and any other 
tissues when there was disagreement  in diagnosis 
between the laboratoryandqualityassessment 
pathologist.Representativehistopathology slides 

temperatures ‘in all male rats designated for 9-monthcontaining examples o f  lesionsrelated to chemical 
interimevaluationwererecorded from week 21 to 
week 39. Temperaturesweretaken on Monday 
morningprior to dosing  and on Wednesday and 
Friday afternoons  approximately6 hours after dosing. 
In addition t o  the scheduled temperaturemeasure-
ments for 9-month interim male rats, rectal tempera- 
tures were measured for any mid- o r  high-dose male 
rat designated for 15-month interim evaluation and 
rats in the 2-year study  that exhibited clinical signs of 
hyperthermiaduring weeks 17 to 39. Blood for 
hematology and clinical chemistry was collected from 
the inferior vena cava o f  rats and by cardiac  puncture 
for mice at 9 and 15 months. Animals were anesthe-
tized with ether before blood collection. 

All animals were necropsied. At necropsy, all  organs 
and tissues were examined for gross lesions, all  major 
tissues were fixed and preserved in phosphate-
buffered neutral  formalin, processed and  trimmed, 
embedded in paraffin, sectioned,  andstained with 

Pathology evaluations were completed b y  the  study 
laboratory pathologist and the pathology data were 
enteredinto the Toxicology DataManagement 
System. The microscope slides, paraffin blocks, and 
residual wet-tissues were sent  to the NTP Archives 
for inventory, slideblock match,  and wet-tissue audit. 
The slides, individual animaldata records, and 
pathology tables  were evaluated by an independent 
quality assessment  laboratory. The individual animal 
recordsand pathology tableswerecompared for 
accuracy, slides and tissue  counts were verified, and 
histotechnique was evaluated. A quality assessment 
pathologist reviewed the adrenal gland, kidney, liver, 

administration, examples o f  disagreements in diagno-
sisbetween the laboratory  and qualityassessment 
pathologist, o r  lesions o f  generalinterestwere 
presented by the chair t o  the PWG for review. The 
PWG included the quality assessment  pathologist and 
other pathologists  experienced in rodent toxicologic 
pathology. This  group examined the tissues without 
knowledge o f  dosegroups o r  previously rendered 
diagnoses. When the consensus opinion of  the PWG 
differed from that o f  the laboratory pathologist, the 
diagnosis was changed t o  reflect the PWG consensus. 
Details o f  these review procedures  havebeen de-
scribed by Maronpotand Boorman (1982) and 
Boorman et a l .  (1985). For subsequent analyses o f  
pathology data, the diagnosed lesions for each tissue 
type wereevaluatedseparately o r  combinedin 
general accordance with the guidelines o f  McConnell 
et af. (1986). 

natural causes. Animals dying from  natural causes 
were not censored. Statistical analyses for a possible 
dose-related effect on survival used Cox’s (1972) 
method for testing two groupsforequalityand 
Tarone’s (1975) life table test to identify dose-related 
trends. All reported P values for the survival 
analyses are two sided. 

C ~ l ~ ~ l ~ t i o n  .of Incidence 
The incidence o f  neoplasms o r  nonneoplastic lesions 
is given as the ratio o f  the number o f  animals bearing 
such lesions at  a specific anatomic  site to the number 
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o f  animals in which that  site was examined. In most 
instances, thedenominatorsinclude only those 
animals for which the  site was examined histopatho- 
logically. However, when macroscopic examination 
was required t o  detect lesions (e.g., skin o r  mammary 
gland neoplasms)  prior t o  histopathology samplingor 
when neoplasms (e.g., mononuclear cell leukemia) 
had multiple  potentialsites o f  occurrence, the  de-
nominatorsconsist o f  the number o f  animals on 
which a necropsy was performed. 

Analysis of Neoplasm Incidences 
The majority of  neoplasms in these  studies were con-
sidered t o  be incidental to  the cause o f  death o r  not 
rapidly lethal.  Thus, the primary statistical  method 
used was a logistic regression analysis, which assumed 
that the diagnosed  neoplasms were discovered as the  
result of  death from an unrelated  cause and thus did 
not affect the risk o f  death. In this  approach, neo-
plasm prevalence was modeled  as a logistic function 
o f  chemical exposure and time. Both  linear and qua-
dratic terms in time  were incorporated initially, and 
the quadraticterm was eliminated if it  did not 
significantly enhance  the fit o f  the model. The 
control and dosed  groups were comparedon the basis 
o f  the likelihood score test for the regression coeffi- 
cient o f  dose. This  method of adjusting  for intercur-
rent mortality is the prevalence analysis o f  Dime and 
Lagakos (1983), further described and  illustrated by 
Dime and  Haseman (1986). When neoplasms are 
incidental,thiscomparison of the  time-specific 
neoplasm prevalences also provides a  comparison o f  
the time-specific neoplasm incidences (McKnight and 
Crowley, 1984). 

In addition t o  logistic regression,  alternative methods 
of statistical analysis were used, and the  results o f  
these tests are summarized in the appendixes. These 
include the life table  test (Cox, 1972; Tarone, 1975), 
appropriatefor rapidly lethal neoplas’ms, and  the 
Fisher exact test  andthe Cochran-Armitage trend test 
(Armitage, 1971; Gart ef al., 1979), procedures based 
on the overall proportion of lesion-bearing animals. 

Tests o f  significance include pairwise comparisons o f  
eachdosed group with controls  andatestforan 
overalldose-responsetrend.Continuity-corrected 
tests were used in the analysis o f  neoplasm incidence, 
and reported P values are  one sided. The procedures 
described above  were also used to evaluate  selected 

nonneoplastic lesions. For  further discussion o f  these 
methods, see Haseman (1984). 

Analysis of Nonneoplastic Lesion Incidences 
Because all  nonneoplasticlesionsinthesestudies 
wereconsidered to be incidental to the cause of  
death o r  not rapidly lethal, the primary  statistical 
analysis used was a logistic regression analysis in 
which nonneoplastic  lesion prevalence was modeled 
as logistic function o f  chemical exposure and time. 
For lesions detected at  the interim  evaluations, the 
Fisher exact test was used, a  procedure based on the 
overall proportion o f  affected animals. 

Analysis of Continuous Variables 
Two approaches were employedt o  assess the signifi- 
cance of  pairwise comparisons  betweendosed and 
control groups in the analysis o f  continuous variables. 
Organand body weight data, which have approxi- 
mately normal  distributions, were analyzed using the 
parametric comparison o fmultiple procedures 
Williams (1971, 1972) and  Dunnett (1955), which 
werealso used for pairwise comparisons of  rectal 
temperatures.Hematologyand clinical chemistry 
data, which typically have skewed distributions,  were 
analyzed using the multiple comparison methods of  
Shirley (1977) o r  D u m  (1964). Jonckheere’stest 
(Jonckheere, 1954) was used to assess the significance 
o f  dose-response trends and to determine whether a 
trend-sensitive test (Williams’ test) was more  appro-
priatefor pairwise comparisons thana test that 
doesnotassumeamonotonicdose-responsetrend 
(Dunnett’s test). 

Historical Control Data 
Although the concurrent control group is  always the 
first and  most appropriatecontrolgroup used for 
evaluation,there are certaininstancesin which 
historical control data can be helpful in the overall 
assessment of neoplasm incidence. Consequently, 
neoplasm incidences from the NTP historical control 
database (Hasemanet al., 1984,1985) are included in 
the NTP reportsforneoplasmsappearing to show 
compound-related effects. 

Quality Assurance Methods 
The 13-week and 2-year studies  were conducted in 
compliance with Food andDrugAdministration 
Good Laboratory  PracticeRegulations(21 CFR, 
Part 58). In addition,asrecordsfrom the 2-year 
studiesweresubmitted to the NTP Archives, they 



25 Maasdals mmd Methuds 

wereauditedretrospectively by an independent 
quality assurance contractor. Separate audits cover- 
ing completeness and accuracy o f  the pathology data, 
pathologyspecimens,finalpathologytables,and 
preliminary draft o f  this NTP Technical Report were 
conducted.Auditprocedures and findings are 
presentedin the reports, which are  on file at  the 
NIEHS. The audit findings were reviewed and 
assessed by NTP staff so that all had  been resolved or 
were otherwise addressed during the preparation of 
this Technical Report. 

G E N m c  TOrnCOLOGY 
Thegenetic toxicity of  pentachloroanisole was 
assessed by testing the ability o f  the chemical to 
induce mutations in Salmonella typhimurium (strains 
TA98, TA100, TA1535, and TA1537), mutations in 
the mouse  lymphoma L5178Y cells, and  sister chro-
matid exchanges and  chromosomalaberrationsin 
Chinese hamster ovary cells. "he protocols for these 
studies and tabular presentationso f  the findings are 
given in  Appendix E. 

Thegenetic toxicity studies o f  pentachloroanisole 
conducted by the NTP are part of  a larger effort to 
develop a database that would permit the evaluation 
o f  the contribution of these four in vitro short-term 
genetic toxicity tests to predicting chemical 
carcinogenicity in experimental animals. These 
in vitro tests were developed to study mechanisms of  
chemically induced DNA damage,  but their use has 
beenextended to the prediction o f  carcinogenicity 
based on somatic theory andthe mutation 
electrophilic o f  carcinogenesistheory chemical 
(Miller and Miller, 1977; Straus, 1981; Crawford, 
1985). Although Salmonella typhimurium and mouse 
lymphoma cell assays are capable of  detecting muta-
tions, neither of the specific gene loci tested  appear 
to be related to the cellular  changes that occur  in the 

induction of  neoplasia in  humans or  animals. More- 
over, none o f  the chromosomal  aberrations or sister 
chromatid exchanges observed in  Chinesehamster 
ovary cells have  been clearly related to heritable 
changes involved in the induction or  progression of 
neoplasia. Thus,  a positive response  in any o f  these 
tests by a chemical that produces  increases in  tumor 
incidences in  experimental animals doesnot necessar- 
ily implicate  a specific mechanism of  carcinogenicity 
involving direct DNA damage. Nevertheless, there is 
a strong correlation between structural alertsDNAto 
reactivity mutagenicity(electrophilicity), in 
S. typhimurium, and carcinogenicity in two rodent 
species or  at multipletissue sites, which provides 
support for the electrophilic  theory o f  chemical 
carcinogenesis in  a subset o f  chemical carcinogens. 
Details regarding the  correlation o f  structural alerts 
(or absence  thereof), mutagenicity, andcarcino-
genicity results o f  301 chemicals in  theNTP database 
appear in Ashby and Tennant, 1991. 

T o m c o ~ N E T I c c s  
Toxicokinetics o f  pentachloroanisole was studied in 
male and female F344 rats and B6C3Fl mice. Fifteen 
male and 15 female rats were administered 5 mLkg 
pentachloroanisole 34 andintravenously; male 
34 female mice received 2.5 mg/mL intravenously. 
Blood samples  were collected from rats and mice at 
2, 10, 20, and 30 minutes, and at 1, 3, 6, 12,  18, 26, 
and 32 hours, with blood being taken fromthe orbital 
sinus o f  three animals at each  time interval. Twelve 
male and 12 female rats and 24 male and 24 female 
mice wereadministered 10, 20, or  24 mgbg 
pentachloroanisole by gavage. Blood samples  were 
collected from rats  and mice at 30 minutes, and  at1, 
3,6,12,18,26,and 32 hours. Blood was collected as 
in the intravenous study. Further details o f  these 
studies are outlined in Appendix H. 
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TABLE1 
Experimental Design and Materials and Methods in the Gavage Studies of Pentachloroanisole 

16-Day Studies 

Study Laboratory 
Southern Research Institute 
(Birmingham, AL) 

Strain and Species 
Rats: F344/N 
Mice:B6C3Fl 

Animal Source 
Charles River Breeding Laboratories 
(Kingston, NY) 

Time Held Before Study 
Rats: 18'days 
Mice: 18days 

Average Age When Placed on Study 
Rats: 51 days 
Mice: 57 days 

Date of First Dose 
Rats: 4 August 1980 
Mice: 4 August1980 

Date of Last Dose 
Rats: 19 August  1980 
Mice:19August1980 

Duration of Dosing 
5 dayshveek for 12 dosing  days 

Average Age at Necropsy 
Rats: 9 weeks 
Mice: 10 weeks 

Necropsy Dates 
Rats: 20-21 August 1980 
Mice: 20 August 1980 

Size of Study  Groups 
5 males and  5 females 

Animals per Cage 
Rats: 5 
Mice: 5 

13-Week Studies 

Same as 16-day studies 

Same as 16-day studies 

Same as 16-day studies 

Rats: 17 days 
Mice: 19 days 

Rats: 50 days 
Mice: 59 days 

Rats: 19 April 1982 
Mice: 6 April 1982 

Rats: 21  July1982 
Mice: 8 July  1982 

5 daysbeek for 13 weeks 

Rats: 20 weeks 
Mice:21weeks 

Rats: 20-22 July 1982 
Mice: 6-9 July 1982 

10 males and 10 females 

Same as 16-day studies 

2-Year Studies 

Same as 16-day  studies 

Same as 16-day studies 

Frederick Cancer Research Facility 

(Frederick, MD) 


Rats: 11-12 days 

Mice: 12 days 


Rats: 40 days 

Mice:41days 


Rats: 26 September 1983 

Mice: 30 January 1984 


Rats: 13 September  1985 

Mice: 20 January 1986 


5 daysbeek for  103 weeks (rats) 

5 daysbeek for  104 weeks (mice) 


Rats: 9-month evaluation, 45 weeks; 

15-month evaluation, 71 weeks; terminal, 

110-111 weeks 

Mice: 9-month evaluation, 45 weeks; 

15-month evaluation, 69 weeks; .terminal 

110-1 11 weeks 


Rats: 9-month evaluation, 20-22 June 

1984; 15-month evaluation, 19-21 

December 1984; terminal,U September-

1 October 1985 

Mice: 9-month evaluation, 31 October-2 

November 1984; 15-month evaluation, 

17-19 April 1985; terminal, 

27-31 January 1986 


70 males and 70 females 


Rats: 5 

Mice: 1 
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&Day Studies 

Method OF Animal Distribution 
Distributed by sex and weight classes t o  
cages, then assigned to  dose groups using 
appropriate random number tables. 

Method o f  Animal Identification 
Rats: earmark 
Mice: earmark 

Diet 
NIH-07 Rat  and Mouse Ration, pellet 
(Zeigler Bros., Inc., Gardners, PA), 
available ad libitum 

Water 
Source: tap  water, city o f  Birmingham, 
Alabama. Available ad libifurn using an 
automatic water system (Edstrom 
Industries, Inc., Waterford, WI). 
Checked daily, system flushed every 2 
weeks 

Cages 
Polycarbonate, solid bottoms  (Lab 
Products, Inc., Gartield, NJ), changed 
twice weekly 

h C b  
Stainless steel, (Lab Products, Inc., 
Garfield, NJ) 

Bedding 
BetaChips, heat-treated hardwood chips 
(Northeastern Products Corp., 
Warrensburg, NY), changed twice weekly 

Cage Filters 
Reemay spun-bonded polyester fiber 
filters (Snow Filtration,  Cincinnati, OH), 
changed once every 2 weeks 

Animal Room Environment 
Temperature range: 22"-24" C 
Relative humidity range: 54%-60% 
Fluorescent light: 12 hours/day 
Room air flow: minimum 15 
changeshour 

~ 

13-Week Studies 

Same as 16-day studies 

Same as 16day studies 

Same as 16daystudies 

Same as 16-day studies 

Same as 16-day studies; changed 
biweekly. Cages rotated within dose 
groups on racks 

Same as 16-day studies, changed every 
2 weeks and racks rotated in the animal 
room every 2 weeks 

Same as 16-day studies 

Same as 16-day studies 

Temperature range: 22"-24" C 
Relative humidity range: 28%-63% 
Fluorescent light: 12 hours/day 
Room flow: minimum o f  15air 
changeshour 

2-Year Studies 

Same as 16-day studies.  The remaining 
15 animals o f  each sex were assigned to 
the Sentinel Animal Program. 

Rats: earmark and toe clip 
Mice: toe  clip 

Same as 16day studies 

Sameas 16-day studies. Rats: water 
b o t t l e s  for animals designatedfor 9- and 
15-month interim evaluations  were 
Nalgen@, Teflon  FEP@ wide-mouth 
b o t t l e s  (Nalge Company, Rochester, NY) 
with rubber stoppers and fitted with 
stainless steel sipper tubes. Changed 
twice weekly. 

Same as 13-week studies. 

Same as 13-week studies 

Same as 16-day studies 

Same as 16-day studies 

Average temperature: 22" C 
Relative humidity: 51.7% 
Fluorescent light: 12 hours/day 
Room flow: 10-15 changeshour air 
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TABLE1 

Experimental Design and  Materials and Methods in the Gavage Studies of Pentachloroanisole (continued) 


16-Day Studies 

Doses 

Rats: 0, 100,125, 150, 175,
and 
200 mgkg body weight in corn o i l  
administered by gavage in a  dose volume 
of 5 mLhg 
Mice: 0, 100, 175, 325, and250, 
400 mgkg in corn oil administered by 
gavage in a  dose volumeo f  10 mL/kg 

Type and Frequency of Observation 
Observed twice/day, except on weekends; 
body weight initially, on day 8,and 
day 15; clinical findings were  noted daily 

Method of Sacrifice 
Carbon dioxide asphyxiation 

Necropsy 
Necropsy performed on all animals 

Histopathology 
None 

13-Week Studies 

Rats: 0, 40, 80, 120,and 140,180 mgkg 
in corn o i l  administered by gavage in a 
dose volume o f  5 mL&g 
Mice: 0, 40,80, 120, and 180 mgkg140, 
in corn o i l  administered by gavage in a 
dose volume o f  10 m W g  

Observed twice/day; body weight initially, 
oncehveek, and at study  termination; 
clinical observations oncehveek. 

Moribund animals by carbon dioxide 
asphyxiation; terminal sacrifice by 
thoracotomy under ether anesthesia 

Necropsy performed  on all animals. 
Organs weighed at  the end o f  the studies 
were brain,  heart, right kidney, liver, 
lung, right testis, and thymus. 

Complete histopathologic examinations 
were performed . o n  all animals dying 
before the end o f  the studies, all male 
rats, all female  rats, and male mice 
except those i n  t h e  40 mg/kg groups, and 
0, 140,and 180 mg/kg female mice. 
In addition  to gross lesions and tissue 
masses, the t i s sues  examined included: 
adrenal gland, bone (including marrow), 
brain, clitoral gland, epididymis, 
esophagus, gallbladder (mice only), heart, 
kidney, large intestine, liver, lung, 
mammary gland, mandibular lymph node, 
mesenteric lymph node, nose, ovary, 
pancreas, parathyroid gland, pituitary 
gland, preputial gland, prostate gland, 
salivary gland, skin, small intestine, 
spleen, stomach, testis, thymus, thyroid 
gland, trachea, urinary bladder, and 
uterus. 

2-Year Studies 

Rats: 0, 10 (males only), 20, and 
40 mgkg in corn oil administered by 
gavage in a  dose volumeo f  5 mLkg 
Mice: 0, 20,and 40 mgkg in corn oil 
administered by gavage in a  dose volume 
o f  10 mLkg 

Observed twice/day, 5 dayshveek; body 
weights oncehveek for first 13weeks, 
then once/month until the  end of the 
study, or scheduled evaluation; clinical 
findings noted at body weight 
determinations.Rectal temperatures of  
male rats were recorded from week 17 to 
week 39. 

Moribund animals and terminal sacrifice 
by carbon dioxide asphyxiation; 9- and 
15-month interim evaluations by 
thoracotomy following blood collection 
under ether anesthesia 

Necropsy performed on all animals. 
Organs weighed at each  scheduled 
evaluation were brain, right kidney, liver, 
and thymus. 

Complete histopathology was conducted 
on all rats  and low-dose mice killed 
moribund or that died prior to scheduled 
evaluation, as well as  on all male  rat dose 
groups and control and high-dose rats 
and mice. In addition t o  gross lesions 
and tissue masses, the tissues examined 
included: adrenal gland, bone (including 
marrow), brain, clitoral gland, 
epididymis, esophagus,  gallbladder, heart, 
kidney, large  intestine, liver, lung, 
mammary gland, mandibular or 
mesenteric lymph node, nose, ovary, 
pancreas, parathyroid gland, pituitary 
gland, preputial gland, prostate gland, 
salivary gland,  seminal vesicles, skin, 
small intestine,  spleen, stomach, testis, 
thymus, thyroid gland,  trachea, urinary 
bladder, and uterus. Only selected 
tissues were examined in low-dose mice 
that survived until the  end of  the study; 
these included adrenal  gland, liver, 
mandibular lymph node, (continued on next 
page) 
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TABLE n 

Experimental Design and Materials and Methods in the Gavage Studies of Pentachloroanisole (continued) 


1CDay Studies 

Histopathology (continued) 

Clinical Pathology 
None 

13-Week Studies 

Clinical pathology studies were 
performed a t  13 weeks  from blood 
collected from a l l  animals (rats,  interior 
vena cava; mice, cardiac puncture). 
HaMtologyr hematocrit, hemoglobin, 
erythrocyte count, mean cell volume, 
mean cell hemoglobin,mean cell 
hemoglobin concentration, total 
leukocyte count 
clinicaldranisp.yr alkaline phosphatase, 
alanine aminotransferase, aspartate 
aminotransferase, serum cholinesterase 
(rats only),  sorbitol dehydrogenase (rats 
only) 

%Year Studies 

mesenteric lymph node, nose, spleen, 
stomach, and thyroid gland. In thelow-
dose female rats,  the following tissues 
wereexaminedmicroscopically:adrenal 
gland, gross lesions, kidney, liver, nose, 
pi tu i ta ry  gland,anduterus.The 
following organs were examinedat  the 
9-month interim evaluation i n  both male 
and female control and high-dose rats: 
adrenal gland, heart,kidney, large 
intestine, liver, lung, nose, pancreas, 
pi tu i ta ry  gland, and stomach. In  addition 
tissues from the mesenteric lymph node, 
preputial gland, prostate gland,  testis, 
and urinary bladder were examined in 
the control and highdose males.  The 
brain, bone marrow, uterus and clitoral 
gland were examined, as well,in the same 
female dose groups. In  the 9-month 
interim evaluation o f  male and female 
control and high-dose mice,a complete 
histopathologywasperformed. In the 
low-dose groupin male and female mice, 
only the  liver and gross lesions were 
evaluated.Atthe15-monthinterim 
evaluation, a complete histopathology 
was performed on all control and high-
dose male and female rats, as well as on 
a l l  control and highdose male  and 
femalemice. In the lowdose mice 
groups, only the liver and gross lesions 
were evaluated. 

Clinical pathology studies were 
performed at  9 and 15 months from 
blood collected from all animals (rats, 
interior vena cava; mice, cardiac 
puncture). 
Hanatd0gy.- hematocrit, hemoglobin, 
methemoglobin (at 9 months only), 
erythrocyte count, mean cell volume, 
mean cell hemoglobin,mean cell 
hemoglobin concentration, total and 
differential leukocyte counts, platelet 
count, reticulocytes 
CIinicpl “q:blood urea nitrogen, 
alanine aminotransferase, aspartate 
aminotransferase, sorbitol dehydrogenase 
At 9-  and 15-month interim evaluation, 
liver porphyrin was qualitatively 
evaluated using ultraviolet (350 nm) 
light. 
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TABLE1 

Experimental Design and Materials and Methods in the Gavage Studies of Pentachloroanisole (continued) 


~ 	 ~~ ~ 

16-Day Studies 13-Week Studies 	 2-Year Studies 

'I'oxicokinetics 
None None 	 Fifteen male and 15 female rats were 

administered 2.5 mg/mL pentachloro-
anisole intravenously, and 34 male 
and 34 female mice were administered 
5 mg/mL pentachloroanisole 
intravenously. Blood wascollected a t  2, 
10, 20, and 30 minutes and a t  1, 3,6, 12, 
18,26, and 32 hours. lkelve male  and 
12 female rats and 24 male and 
24 female mice were administered 10, 20, 
or  24 m a g  pentachloroanisole by 
gavage. B l o o d  samples were collected a t  
30 minutes, and at 1,3,6,12,  18,26, and 
32 hours. 



- - - 

rnSuJILTS 

RATS 
n6-Day S U ~ ~ ~ Q S  inactivity, wet fur  around the mouth from excessive 
Rats died  inallbut the control  and 100mgikg groups  salivation,andlabored gasping breathing. Rats 
(Table 2). Most deathsoccurred on days 2 or 3 andadministered 100 mgikg displayed inactivity only. 
allwereconsidered directly related t o  pentachloro- Inactivity was characterized by animals lying 
anisoleadministration. Because o f  the high early separated on the cage floor; when disturbed,  these 
mortality, valid comparisons o f  body weight gains and  animals became temporarily active but soon resumed 
mean final body weights could not be madeforratstheirprone positions. Treatment-related gross 
administereddosesgreaterthan 100 mg/kg. N o  findings observed at necropsy in all  but the 100mgikg 
biologically significant changes in body weight gain o r  groups included pulmonary  edema and subcutaneous 
final mean body weights werenoted in male o r  muscular congestion. These lesions are consistent 
female rats administered 100 mgikg. Clinical findings with death  from acute circulatory collapse and shock 
in rats  administered 125 mgikg o r  greater included subsequent t o  hyperthermia. 

TABLE2 
Survival and Mean Body Weights of Rats in  the 16-Day Gavage Studies of PentachPoroanisole 

Mean Body Weightb (e) Final Weight 
Survivala Final Change to ControlsDose Initial Relative 


(mg/kg) (%) 


Male  
0 515 130 f 2 206 f 4 76 f 3 

100 515 130 f 1 204 f 4 I 3  f 3 91 
125 315' 134 f 2 208 f 0 74 f 3 101 
150 U S d  122 f 1 170 f 17** 52 f 16' 83 
175 OEie 133 f 1 
200 126 f 4 162 35 79 

Female 
0 515 108 f 2 143 2 3 35 f 2 

100 515 110 f 4 142 f 4 32 f 2 99 
125 4/5g 108 f 2 140 f 3 33 f 2 97 
150 215 102 f 1 140 f 8 3 6 2 8  97 
175 315: 105 f 2 129 f 7 24 f 5' 90 
200 015' 105 f 2 - -

* Significantly different (P50.05) from the control group by Williams' or  Dunnett's t e s t  
* *  PSO.01 
a Number o f  animals surviving/numtxr initially in group 

Weights and weight changes  are given as mean f standard error. Subsequent calculations are based on animals sulviving t o  the 
end o f  the studies. No data were calculated for groups with 100% mortality. 
Day o f  death: 3, 3 
Day of death: 3, 3, 13 

e 	 Day of death: 2, 3, 3, 3, 3 
Day o f  death: four on day 2. N o  standard error calculated due t o  high mortality in this group. 
Day o f  death: 3 

h 	 Day of death: 2, 3, 3 
Day o f  death: 2, 2, 3,  3, 3 I 
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13-Week Studies 
Allmaleratsadministered120 mgkg body weight 
pentachloroanisole o r  greaterandallfemalerats 
administered140 mgkg o r  greater died before the 
end of  thestudies (Table 3). Seven males in the 
80 mg/kg group  and eight females in the  120 mgkg 
group also  died before the end of  the studies. Most 
deaths occurred during the first week; these  deaths 
were considered directly relatedto  pentachloroanisole 
administration. 

Mean body weight gains  were 10% and 16% lower 
than that o f  the vehicle controls  for male rats in the 
40 and 80 mg/kg (based on  three animals)groups 

TABLE3 

(Table 3). The final mean body weight o f  the 
80 mg/kg male  group was 10% lower  than that of  the 
vehicle controls. Body weight gains o f  dosed females 
were lo%,  15%,and21% lower than  that o f  the 
vehicle controls  for females administered 40, 80, and 
120 mgkg (based on two animals). The final mean 
body weights o f  dosed females receiving 40 to 
120 mg/kg were  similar to that o f  the vehicle con- 
trols. Body weight comparisons  were not performed 
in dose  groups with high early mortality. 

High early mortality  alsolimitedcomparisons o f  
absolute and relative organ weights. Relative kidney 

Survival and Mean Body Weights of Rats in the 13-Week  Gavage Studies of Pentachloroanisole 

b
Mean Body Weight (g) Final Weight 
Dose Survivala Initial Final Change Relative to Controls  

(mg/kg) ( W  

Male 
0 10/10 150 f 3 352 ? 6 202 ? 3 

40 10/10 148 ? 4 328 '' 4** 181 f 3** 93 
80 0'311 148 f 3 316 f 7** 169 2 lo** 90 


120 
140 
180 

Female 
0 

40 
80 

120 
140 
180 

O/lOd 
011oe 
011of 

10110 
10/10 
10/10 
21108 
011of 
o no h  

151 k 4 
148 ? 4 
150 f 4 

113 f 3 
114 ? 2 
113 ? 2 
114 2 2 
113 ? 2 
114 f 3 

-
-
-

201 ? 4 
195 ? 3 
189 f 3' 
186 f 10 

-
-

-
-
-

89 f 3 
80 3' 
76 ? 2** 
70 f I** 

-
-

-
-
-

97 
94 
92 
-

l Significantly different (P50.05) from the control group by Williams' or Dunnett's t e s t  
* *  PSO.01 
a Number o f  animals surviving/number initially in group 

Weights and weight changes  are given as mean % standard error. Subsequent calculations are based on animals surviving to the 
end o f  the studies. No data were calculated for  groups with 100%mortality. 
Week of death: 1, 1, 1, 1 ,  3, 5 ,  8 
Week o f  death: 9 during week 1, 1 during week 8 

e Week of death: 9 during week 1 ,  1 during week 5 
Week of death: 10 during week 1 

g Week o f  death: 7 during week 1 ,  1 during week 12 
Week of death: 9 during week 1, 1 during week 2 
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and liver weights o f  males administered 40 o r  
80 mg/kg were significantly greater  than those o f  the 
vehicle controls  aswere the absoluteandrelative 
kidney and liver weights o f  females administered 40, 
80 o r  120 mg/kg (Table Fl). Absolute kidney and 
liver weights o f  females administered 80 o r  120 mg/kg 
werealso significantly increased. N o  other biologi- 
a l ly  significant changes in organ weights o r  in 
hematologic o r  clinical chemistry parameters 
(Table G1) occurred in dosed rats. 

Male rats administered doses o f  80 mgkg o r  greater 
and female rats administered doses o f  120 mgkg o r  
greater exhibited common o f  clinicala pattern 
findings. For several  hours after dosing, animals lay 
separated in the cage. Respiration was labored  and 
the skin was cyanotic. Rats that survived until the  
next dosing  period appeared normal. Rats that died 
overnight were often found with wet, reddish-brown 
stainedfuraround the mouthand nose. One 
120 mg/kg female  rat underwent rigor mortis within 
several minutes after death. 

Treatment-associated gross observations in both sexes 
at necropsy included pulmonary  and tracheal edema, 
cerebral swelling, and meningeal congestion.  Dose-
relatedincreased incidences of these observations 
occurred in all male dose  groups with the exception 
o f  those in the 40 mgkg group, with virtually all 
males in  the two highest dosegroups affected. 
Increased incidences o f  these observations in females 
occurred in the 120 mgkg and  greater groups, with 
mostanimals in the 140and180 mg/kg groups 
affected. 

Several treatment-related microscopic lesions were 
attributed to  shock with circulatory collapse  and 
subsequent ischemia. These lesions included pulmo- 
nary congestion,  hemorrhage and edema, and menin- 
geal vascular congestion.  These lesions occurred in 
all dosed male groups and most males administered 
120 mgkg o r  greaterwere affected; in females, a 
similar response occurred at dose levels greater  than 

80mgkg.In general, severity o f  theselesions 
increased with dose. 

Liver lesions occurred in most males administered 
80 mg/kg o r  greaterand females administered 
120 mgkg o r  greater(Table 4). In general, the 
severity of these lesions did not vary among  dose 
groups or  between sexes. Collectively, the lesions 
wereconsideredasahepatotoxic effect directly 
related to pentachloroanisole administration. Foci o f  
coagulative necrosis consisted of  shrunken, eosino-
philichepatocytesstillarrangedinhepatic cords. 
Areas o f  more extensive necrosis had  a loss o f  lobular 
architecture with individualized, vacuolated,  necrotic 
hepatocytesandmononuclearinflammatory cells 
scattered in irregularly shaped,  clear cavitations. 
Hepatocytes with glycogen depletion  weresmaller 
with condensed cytoplasm in contrast t o  hepatocytes 
in the  vehicle controls, which had  abundant reticu-
lated cytoplasm compatible with the normal glycogen 
accumulation in well-nourished  rodents.Periportal 
hepatocellular vacuolation in female rats was charac- 
terized by small, cytoplasmicnumerous clear, 
vacuoles. 

Acute inflammation was characterized by periportal 
edema and inflammatory infiltrates  consisting primar-
ily o f  neutrophilsanda few macrophages. Kupffer 
cell hypertrophy consistedo f  enlargement and vacuo- 
lation o f  Kupffer cells primarily in the periportal 
areas. Bile duct hydropic degeneration was character- 
ized by swollen epithelial cells with abundant,  clear 
cytoplasm and  prominent nuclei; mineralized  bile 
ducts had basement  membrane depositso f  basophilic 
granular material. 

Based on low survival and  theoccurrence o f  toxic 
lesions in the livers o f  animalsin the 16-day and 
13-week studies, the  dose levels o f  pentachloroanisole 
selected for  administration by gavage t o  maleand 
femaleratsfor the 2-year studies  were 0, 20, and 
40 mgkg. Because malerats exhibited greater 
mortality and  more severe hepatic lesions than female 
rats at  80 m a g ,  an  additional dose of 10 mg/kg  was 
selected for males to  ensure study adequacy. 
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TABLE4 
Incidences of Liver Lesions in Rats in the 13-Week Gavage Studies of Pentachloroanisole 

Vehicle Control 40 mg/kg 80 mg/kg 120 mg/kg 140 mg/kg 180 mg/kg 

Male 

n 10 10 10 10 10 10 

Hepatocyte 
Coagulative necrosis 0 0 5' (0.7)a 4. (0.5) 4. (0.5) 0 
Necrosis 0 0 5. (0.9) 10.. (1.2) 9.. (0.9) 

, 

10.. (1.1) 
10.. 10.. (3.2)10..(4.0) 0 0 7..Glycogen depletion (2.7) (3.9) 

'(1.6) (1.9) (1.6) (1.6)Acute inflammation 0 0 7" 10.. 10" 10'. 

Bile duct 
Hydropic degeneration 0 0 6.. (1.1) lo** (3.0) lo** (2.9) 10.. (2.8) 
Mineralization 0 0 3 (0.3) 9.. (1.0) 10.. (1.3) 9.. (1.0) 

Kupffer c e l l  
Hypertrophy 0 0 7.' (1.0) 10..(1.9) lo** (1.7) 10.. (2.0) 

Female 

n 10 10 10 10 10 

Hepatocyte 
Coagulative necrosis 0 0 3 (0.6) 2 (0.4) 1 (0.1) 
Necrosis 0 0 8'. 


8'. 

10.' (1.1) 9.. (1.0)(1.0) 

(3.2)Glycogen depletion 0 0 10.. (3.9) 9.. (3.6) 
Periportal cytoplasmic 

vacuolation 0 0 

Acute inflammation 0 0 


8'' 


8'' 


(0.9) 8.. (1.0) 8.'
 (0.9). 

(1.3) 10.'(1.5) 9'. .(1.3) 

Bile duct 
Hydropic degeneration 0 0 8" (2.2) 10.' (2.5) 8.' (2.4) 
Mineralization 0 0 2 (0.3) 5. (0.5) 5. (0.5) 

0 0 


' Significantly different (P~0.05) from  the control group by Fisher'sexact test 
* *  PSO.01 
a Severitygrades: l=minimal; 2=mild;  3=moderate;4=marked 

8..
 10'.(1.9)9..(1.7)(1.4) 
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%-YearStudies than that of the  vehicle controls and was lower than 
Survival the historical survival rate, .511/820 (62.3%, range 
Estimates of survival probabilities for male and 24%-78%), in  controlmale rats from recent NTP 
female .rats administered pentachloroanisole. by corn oil gavage studies.,. Many deaths in  the 40 and 
gavage for 2 years are presented in Table 5 andin 80 mg/kg male groups may have beendue to 

'Kaplan-Meier survival curves (Figure 2) .  Survival of hyperthermia associated with pentachloroanisole 
males in the high-dose group was significantly lower administration. Of the  36 deaths in the high-dose 

TABLE5 
Spamivan QB Rats'in Uke %Year Gavage Studies of Pentacklomanisole 

VehicleControl 10 mgkg 20 m d b  40 mgkg 

Male 

Animals ini t ia l ly  i n  study 70 70 70 70 

9-Month interim evaluationa 10 10 10 10 
15-Month interim evaluationb 10 10 10 10 
Natural deaths 3 5 7 27 
Moribund 23 21 14 5 
Accidental deaths' 0 4 5 4 
Animals surviving to study  termination 24 20 24 14 
Percent probability o f  survival a t  end of studyd 48 45 53 36 
Mean survival dayse 591 569 556 385 

Survival analysisf P=0.004 P=O.442 P=0.709N P=O.o04 

Female 

Animals ini t ia l ly70 in study 70 70 

9-Month interim evaluationa 10 10 10 
15-Month interim evaluationb 10 10 10 
Natural deaths 4 2 2 
Moribund 17 13 4 
Animals surviving to study termination 29 35 44 
Percent probability of survival 'a t  end of studyd 58 71 88 
Mean survival dayse 579 600 617 

Survival analysisf Pc0.001N P=0.219N PC0.001N 

Censored from survival analyses. Four males i n  the 1 0  rngikg dose group a n d  twomales in the 40 m g k g  dose group died as a 

result of dosing accidents. 

Censored from survival analysis. One male i n  the 1 0  mgikg group, one i n  the 20 mgikg group, and five i n  the 40 mgikg group died 

prior to the 15-month interim evaluation. One female rat i n  the vehicle control group died prior to the 15-month interim 

evaluation. 

Censored from survival analysis 

Kaplan-Meier determinations. Survival rates adjusted for accidental deaths and interim evaluations. 

Meanof a l l  deaths (uncensored, censored, terminal sacrifice) 

The result of the life table trend test (Tarone, 1975) is i n  the control column, a n d  the results o f  the life table pairwise comparisons 

(Cox, 1972) with the controls are i n  the dosed columns. A negative trend or lower  mortality i n  a dose group is indicated by N. 
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Kaplan-Meier Survival Curvesfor Male and Female Rats Administered 

Pentachloroanisole by Gavage for 2 Years 
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male group, 20 occurred before o r  during week 16. controlfemaleratsinrecent NTP cornoilgavage 
At 18months (week 81, Table 6), survival o f  male studies. This survival pattern  may have been related 
rats was greater than 80% for all but the  high-dose to the lower incidenceso f  mammary gland fibroade-
group. nomasandmononuclearcellleukemia(TableBl) 

which frequently  result in early death or moribund 
Mortality in high-dose males often exhibited a strik- sacrifice. The reason for the decreased incidences o f  
ing and association.several these neoplasms is uncertainbut may have  beentemporalcage In 
instances, multiple cagemates (housed five per cage) related to decreased mean body weightso f  high-dose 
with gross and histopathologic lesions consistent withfemales. 
hyperthermiawerefounddeadon the same o r  
consecutive days. For  example, four cagemates were 
founddead on day 96. In another  episode,three 
cagemates died on day 66 and the remaining two 
cagemates died on day 67. Three cagemates died on 
day 108 andtheremaining two cagemates  died o n  
days 109 and 110. In males, the cageassociation in 
mortality was highly significant  (P10.01;Kruskal-
Wallis test) in the high-dosegroup. A significant 
(P10.05), but less pronounced effect was observed in 
the mid-dose group, in  which four  cagematesdied on 
day 185 o f  the 2-year studies.  There was no  correla-
tion between the tier o f  the  rack where the  affected 
cageswere located and the occurrence o f  these 
episodes,andnoapparentassociationbetween 
mortalityandcagingprotocols was noted in the  
low-dosegroup o r  in the  vehiclecontrols.Cage-
associatedmortalityeffectswerenotobserved in 
dosed o r  vehicle control female rats. 

O n  day 185o f  the 2-year rat  studies, a building-wide 
environmentalsystemsfailureresulted in tempera- 
tures up to 27" C (81" F) and relative humidities up 
to 94%in the animalroomsforseveralhours. All 
femaleratsandallmice in the pentachloroanisole 
studies and all other animals housed in the  building 
survived this incident.However,sevenmalerats 
from the mid- and high-dose groups were found dead 
the next morning  andwere classified as  accidental 
deaths(Table 5). O f  these animals,fourmid-dose 
and twohigh-dosemaleswerecagemates. A l l  mid-
andhigh-dosemaleratsfounddead had gross  and 
histopathologiclesionsthatwereconsistent with 
hyperthermiainduced o r  exacerbated by  adverse 
environmental Becauseconditions. pentachloro-
anisoleadministration may haverendered these 
animals especially susceptible t o  heat stress, deaths 
were considered indirectly related to treatment. 

Survival o f  high-dose females(88%) was greater  than 
the  vehiclecontrolsand the low-dose females 
(Table 7 and Figure 3), and exceeded the  historical 
survival rateo f  494/820 (60.2%, range 46%-68%)  for 

Body Weights, Organ Weights,
and Clinical Findings 
Finalmean body weights  ofmid-andhigh-dose 
(based on 15 animals) male rats were 7% and 10% 
lower than that o f  the vehicle control (Table 6 and 
Figure 3). The final mean body weight o f  high-dose 
female rats was 11% lower than that o f  the vehicle 
controls (Table 7 and Figure 3). 

At the 9-month interim evaluation, relative kidney, 
brain, and liver weights o f  ratsadministered 20 or 
40 mgkg were significantly greater  than those o f  the 
vehiclecontrols,apparentlydueprimarilyto the 
lower body weights(Table F2). At the 15-month 
interim evaluation, relative kidney and liver weights 
o f  40 mgkg males  weresignificantlygreaterthan 
those o f  the vehicle controls. Absolute and relative 
kidney and liver weights  were significantly increased 
in dosed  females, with the exception o f  the absolute 
liver weights o f  the mid-dose females (Table F3). 

Clinical findings during the 2-year studies  attributed 
t o  pentachloroanisole administration in dosed males 
includedreddenedscrotal skinandwet furaround 
the  mouthandneckdue t o  gaspingand excessive 
salivation. These findings, consistent  with hyperther-
mia, were  oftennotedseveralhoursafterdosing. 
Affected animals  thatsurvivedovernightappeared 
normal the  following morning. A few high-dose 
males that died before the end o f  the study under-
went rigor mortis within 5 t o  30 minutes after death. 

During the designated observation period (weeks 21 
t o  39) for the  9-month interim evaluation, the mean 
rectal temperature o f  high-dose male rats was  signifi-
cantly greater (P10.05; Dunnett's test) than that of  
the vehiclecontrols(vehiclecontrol, 36.2" C; low-
dose, 36.4" C; mid-dose, 36.5" C, high-dose, 36.7" C). 
During the  designatedobservationperiodfor the 
15-month interimevaluation,meanrectal tempera-
tures o f  males displaying clinical  findings consistent 
with hyperthermiawere 37.8" C (basedon two 
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. ,  . . . .TABLE6 

Mean Body Weights and Survival of Male Rats in the 2-Year Gavage Study of Pentachloroanisole 


. .  . ' . .  . . . .~ -
Control.Week . 10 rndkg.. 20 mdkg 40 mpntp., 

. , .

Vehicle ' .  
on Av. W L  ' No. of Ai.. WLWL (% of No. of Av. WLWL (% of No. of Av. Wl. Wl. (% of No. ofj '  

Study (9) Survivors (g) controls)'Survivors (9) controls) Survivors (g) controls) Survivors 

1 146 . 70 142 97 70 140 96 70 .. 143 97 70 
.98110163 

3 219 70 222 101 70 ..215 98 . 70 204 . :  93 70 
2 167 . 70 188 113 70 184 70. . 

97.234 
5 . 266 70 268 101 70 ,259 97 70 253 :95 ,70 
6 , 281 . 70 283 101. . 70 272 97 70 267 . 95 70I 

7 298 70 299 100 70 290 97 , 70 278 93 '.70 
8 312 70 311 100 70 303 97. 70 I .  292 . 94 70 
9 323 70 ,321 100 70 313 97. 70 . 302 94 70, ' i  

10 335 ' 70 .' 333 99 70 324 97 70 311 ,93 64 
11 346 70 342 9 9 .  70 332 96 70 318 ' . 92 64 

4 246 95 7070 248 101 ., 70 239 70 . . 

12 355 70 ,348 98 , 70 339 96 70 320 . :90 6 4  
1 3  362 70 356 98 70 346 96 . 70 322 89 64 
17 384 70 379 99 70 363 95 70 339 88 50 
21 . 406 70 398 98 70 388 96 70 366 - 9 0  50 
25 430 70 420 98 70 ,407 95 70 377 88 -50 
29 443 70 434 98 70 418 94 65 393 .89 .a 
:33 459 69 447 97 70 430 94 65 404 .88 46 

, 

69 463 98 70 444 94 65 414 , 87 43 
474 97 60 457 94 54 426 87 33 

37 474 
488 41a 59 

45 498 59 483 97 60 459 92 54 428 86 33 
49 499 59 480 96 60 464 93 54 428 , 86 331 


.. .86 
. 86 

33 
33 

92436 
57 510 59 500 98 59 473 93 5 4  . 440 

54 96 59 46853 509 59 491 

61 511 59 496 97 59 475 93 54 444 .87 32 
65a 513 53 504 98 . 48 478 93 47 439 '. 29I . 8 6  


69 516 49 ,501 97 48 469 91 45 444 86 26 
73 .. 525 48 499 95 47 ,471 90 42 450 86 25 

86 2490445 
90445 

85 5 0 9  46 486 96 38 463 91 39 . 453 . 89 22 
89 508 42 478 94 35 458 90 39 448 88 22 

41 497 96 43 46777 519 47 ' 

87 23 41 81 . 513 47 ,488 95 43 462 ' 

.90 2091445 
96 27 439 91 6 . 440 . 91 203 

37 29 451!)3 494 41 468 95
!n 485 38 464 

101 468 29 453 97 23 ' 435 93 28 421 90 ,*15 

Terminal sacrifice 24 20 24 . . .. .  14 

Mean for weeks 
1-13 281 282 100 274 98 262 93 

14-52 453 ,442 98 426 94 397 '! 88 

53-101 506 487 96 462 91 442 87 

a lnterim evaluationoccurredduring t h i s  week. r 
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measurementsfromtwoanimals)in the mid-dose 
group and 38.1" C (based on 10 measurements from 
7, animals)inthehigh-dosegroup.During the 
observation period in the 2-year studies,  mean rectal 
temperatures o f  male rats displaying clinical findings 
ofhyperthermia were36.8" C (based on two  measure-
merits from two animals) for the mid-dose group and 
38.2" C (based on 22 meas,urements from 17 animals) 
for the high-dose group. 

Grossobservationsnotedat necropsyin mid-and 
high-dose males that died before week 65 included 
congested lymph nodes, meninges, thymus, andlungs. 
These changes usually corresponded  with microscopi-

significantpositivetrendin dosed male rats in the 
2-year studies,  andtheincidencesinthemid-and 
high-dose groups were significantly greater than that 
o f  the controls (Table 8). Malignant pheochromocy-
tomas occurred in several control,low-dose, and  mid-
dosemalesbutnotinhigh-dosemalerats. The 
incidence o f  pheochromocytomasin the high-dose 
group was lower  than that of the mid-dose group, 
apparently becauseo f  the chemical-related decreased 
survival o f  the high-dosegroup. The historical 
incidence o f  benign and malignant pheochromocyto-
mas(combined)incontrolmaleratsfromrecent 
NTP corn oil gavage studies is 255/804 (31.7%) with 
a range of 10%-44% (Table A4). 

a l l y  observed  congestion, hemorrhage, and/or edema. 
Collectively, these  lesionswereconsideredagonal 
changesconsistentwithdeathfromhyperthermia. 
Generalized severe autolysis, possibly exacerbated by 
hyperthermia, was also  noted in most tissues from 
these animals. 

Hematology and Clinical Chemistry 
There were no biologically significant  differences in 
hematology o r  clinical chemistry parameters indosed 
rats atthe 9- o r  15-month interim evaluation (Tables 
G2 and G3). Qualitative evaluation o f  liver porphy- 
rin using 350 nm (ultraviolet) light was  negative. 

Pathology and Statisbical Analyses of Results 
This section describes the statistically significant o r  
biologically noteworthy  changes in the incidences o f  
neoplasms o r  nonneoplasticlesions o f  t h e  adrenal 
gland,brain, kidney, lungs, lymph node,  mammary 
gland,nose,pancreas,testes, thymus, and  uterus in 
rats, 

Summaries o f  theincidences o f  neoplasmsand 
nonneoplastic individual tumorlesions, animal 
diagnoses, statistical analyses o f  primary neoplasms 
that occurred with an incidence o f  at  least 5% in at 

In contrast to the pheochromocytomas,the incidence 
o f  focal  hyperplasia o f  the medulla was decreased in 
dosed male rats. The apparent dose-related decrease 
was not  statistically significant by logistic regression 
analyses, when survival differences  were taken into 
account (effective hyperplasia  rates: vehicle control, 
23/48; low-dose, 26/47; mid-dose, 16/41; high-dose, 
9/24). In many studies  increasedincidencesof 
endocrine neoplasms are accompanied by increased 
incidences o f  hyperplasia. However, in this study the 
presence o f  largepheochromocytomas may have 
obscured foci hyperplasia. issmaller o f  This 
supported by the observations that seven hyperplasias 
in the high-dosegroupwereseeninratswithout 
adrenal pheochromocytomas, only two of the high-
dose males had pheochromocytomas, and noneo f  the 
ninemaleswithmultiplepheochromocytomashad 
focal hyperplasia. 

There was a  marginalincreasein the incidenceof 
benignpheochromocytomasinhigh-dosefemales 
(Table 8). No malignantpheochromocytomaswere 
observedin dosed or controlgroups.Incidences o f  
adrenalmedullahyperplasiawerealsoincreasedin 
dosed female rats. 

least one  animal group, and historical incidences for The increasedincidence o f  benignpheochromo-
the neoplasms insection cytomas in high-dose  females was not  significant,mentioned arethis 
presented in Appendixes  A for male and B for femalereflecting in part  thatsurvival inthisgroup (88%) 
rats. was quite high compared to survivalratesfor the 

concurrent vehicle controls (58%) and the historical 
Adrenal Gland: At the 15-month interim evaluation, controls (60.2%; range 46%-74%). Because o f  the 
one high-dose  female had a benign adrenal medulla increased survival, morefemalesin the high-dose 
pheochromocytomaandanotherhigh-dosefemale group were at risk for  neoplasm development com-
had adrenal medulla hyperplasia. Benign pheochro- pared t o  othergroupswithlowersurvivalrates. 
mocytomas o f  theadrenalmedullaoccurred with Therefore, whether the marginal increases in benign 
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TABLE8 
Incidences of Adrenal  Medulla Proliferative Lesions in Rats in the 2-Year  Gavage Studies 
of Pentachloroanisole -

Vehicle Control 10 mg/kg 20 mg/kg 40 mglkg 

Male 

Hyperplasia 

Overall ratesa 23/50 (46%) 26/50 (52%) 16/50 (32%) 9/48 (19%) 


Adrenal Medulla: Benign Pheochromocytoma 

Overall rates 12/50 (24%) 17/50 (34%) 3 / 5 0  (46%) 15/48 (31%) 

Terminal ratesb . 6 m  (25%) lono (50%) 16m (67%) 8/14 (57%) 

First incidence (days) 527 520 684 548 

Logistic regression tests' P=O.ool P=O.O70 P=O.o06 P=O.o04 


Adrenal Medulla: Malignant Pheochromocytoma 
Overall rates 3/50 (6%) 2/50 (4%) 4/50 (8%) 0/48 (0%) 
Terminal rates o m (0%) 1/20 (5%) 2/24 (8%) on4 (0%) 
First incidence (days) 624 626 704 -d 

Logistic regression tests P=0.292N P=0.509N P=O.457 P=0.218N 

Adrenal Medulla: Benign and Malignant Pheochromocytomae 
Overall rates 15/50 (30%) 18/50 (36%) 25/50 (50%) 15/48 (31%) 
Terminal rates 6/24 (25%) 11/20 (55%) 17/24 (71%) 8/14 (57%) 
Finst incidence (days) 527 520 684 548 
Logistic regression tests P=O.O05 P=O.156 P=O.OlO P =0.021 

Female 

Hyperplasia 
Overall rates 	 10/50 (20%) 18/50 (36%) 25/50 (So%)** 

Adrenal Medulla: Benign Pheochromocytomaf 
Overall rates 3/50 (6%) 7/50 (14%) 9/50 (18%)
Terminal rates 2/29 (7%) 6/35 (17%) 7/44 (16%) 
Finst incidence (days) 718 673 712 
Logistic regression tests P=O.135 P =0.232 P=O.170 

* *  PcO.01 by logistic regression test 
a Number o f  lesion-bearing animalslnumber o f  animals w i t h  tissuesexaminedmicroscopically 

Observed incidence a t  terminal kill
' Beneath the "Vehicle Control" column are the P values associated wi th  the trend test. Beneath the dosed group incidence are the 

P values corresponding to pairwise comparisons between the controls and that dosed group. The logistic regression tests regard 
neoplasms i n  animals dying prior to terminal kill as nonfatal. For a l l  tests, a negative trend or a lower incidence in a dose group is 
indicated by N. 
Not applicable; no neoplasms i n  animal group 

e 	 &year historical incidence for vehicle control groups i n  NTP corn oil gavage studies (mean f standard deviation): 
255/804(31.7% f 8.9%); range 10%-44% 
:l-year historical incidence for vehicle control groups i n  NTP corn oil gavage studies (mean f standard deviation): 
41/802 (5.1% f 2.7%); range 0%-10% 
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pheochromocytomas in high-dose  femalerats was 
directly related to pentachloroanisole administration 
is uncertain. 

Proliferative lesions o f  the adrenal medulla form a 
morphologic continuum (Plates1-4). Focal hyperpla- 
siaconsisted o f  aggregates o f  cells with minimally 
altered cellular arrangement and cytologic features. 
The affected cells often  blended with the  surrounding 
normal parenchyma with minimal o r  no compression. 
The cells were  sometimeslargerthannormal cells 
with around vesicular nucleus or smallerthan 
normal cells with a  hyperchromatic nucleus. Benign 
pheochromocytomaswere well delineated masses 
which distorted  the medulla o r  extended into  the 
cortex. They were distinguished from hyperplasia by 
their size, altered  architecture (growth pattern), 
and/or cytologic appearance. The neoplastic cells 
were arranged in variably sized aggregates, large solid 
sheets, or  trabecularcords several cell layers thick. 

As in focal hyperplasia, the cells were often larger or  
smallerthannormal cells; generally, the degree of  
cytologic anaplasia o r  atypia increased as the lesions 
increased in size. Because o f  the morphologic 
continuum,pheochromocytomas that extended 
through the capsuleweredesignated as malignant 
(Plate 3). 

Pigmentation: Atthe9-monthinterim evaluation, 
three high-dose males and  eighthigh-dose females 
had olfactory epithelial  pigmentsimilar t o  that 
observed in animals at the end o f  the 2-year studies. 

Treatment-related increased incidences o f  minimal to 
mild pigmentation  occurred in the 2-year studies  in 
renaltubuleepithelium, olfactory epithelium,  and 
hepatocytes o f  rats, especially females (Table 9). The 
pigment was observed in scattered individual cells. In 
general, the  severity increased slightly with dose. The 
decreased incidences o f  pigmentation in some organs 

TABLE9 
Incidences of Pigmentation in Selected  Organs of Rats in the %Year Gavage Studies 
of Pentachloroanisole 

Vehicle Control 

Male 
n 50 
Kidney 

Renaltubule 1 

Nose 
Olfactory epithelium 0 

Liver 
Hepatocyte 0 

Female 
n 5 0  
Kidney 

Renal tubule 0 

Nose 
Olfactory epithelium Ob 

Liver 
Hepatocyte 0 

10 mdkg 20 m d k  40 mgkg 

23' E (1 .3)a 

50 

29** (1.0) 

0 

50  

22'0 (1.8) 

40** (1.2) 

1 (1.0) 

16** (2.1) 

50 

25** (1.8) 

4" (1.0) 

43*O (1.9) 

50 

46** (1.4) 

18** (1.3) 

5 0  

45'0 (2.2) 

50** (2.0) 

24** (1.0) 

* Significantlydifferent (PSO.05) fromthecontrolgroup by thelogisticregression t e s t  
* *  PSO.01 
a Seventygrades: l=minimal; 2=mild;3=moderate; 4=marked 

n=49 
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of high-dose males were  attributed t o  increased early 
mortality. The pigment consisted o f  coarse, golden 
brown t o  dark brown, intracytoplasmic granules. The 
pigmentgranules did notcontainiron, bile, o r  
PAS-positive material acid-Schiff),(periodic as 
revealed by appropriate staining methods. The exact 
identity of  the pigment was not  determined. Pigmen- 
tation was considered  related to pentachloroanisole 
administration in both sexes. 

Pancreas: Acinar cell adenomas o f  the pancreas were 
observed in 12 control males, one low-dose male, and 
one mid-dose male; none were observed in the high-
dose males (Table A3). Acinar cel l  adenomas 
occurred with a significant negative trend  andthe 
incidence in each o f  the dose groups was significantly 
lower than  that o f  controls by pairwise comparisons. 
The historical  incidenceo f  this lesion in control  male 
rats from recent NTP studies is 57/815 (7.0%, range 
0%-32%). The chemical-relateddecrease in inci- 
de,nce o f  adenomas was accompanied by asimilar 
de,crease in the incidence o f  focal hyperplasia (con- 
trol, 19/49; low-dose, 17/49;mid-dose, 8/49;high-dose, 
1/50). ' 

Mammary gland: The incidences o f  mammary gland 
fibroadenomasoccurred with a significant negative 
trend in female  rats(Table B3). The incidence o f  
fibroadenomas in the high-dose  group (14%) was 
significantly lower than  that o f  concurrent controls 
(32%) and below the historicalrange, 18%-56%, 
observed in control female rats in recent NTP stud-
ies. This finding may be related t o  the significant 
de,crease in mean body weights o f  these rats. Reduc- 
tions in the incidence o f  mammary gland neoplasms 
associated with reductions in body weight have been 
observed in  other NTP studies. 

Uterus: Uterine stromal polyps and  stromal sarcomas 
(combined) also occurred with a significant negative 
trend in female  rats, and the incidence in the high- 
dose group (14%) was significantly lower than tha t  o f  

controls (30%) (Table B3). In contrast t o  the mam-
mary gland fibroadenomas, the incidence of  stromal 
neoplasms in the  high-dose females was not lower 
than the lowest historical  incidence seen in control 
femaleratsinrecent NTP studies(stromal polyps: 
167/820,20.4%, range 4%-32%; stromal sarcoma: 
12/820,1.5%, range 0%-4%; stromal polyps and 
sarcomas combined:177/820,21.6%,range 4%-36%). 

Miscellaneous lesions: The incidences o f  mild to 
moderatecongestionand/orhemorrhage o f  lungs, 
thymus, brain  (meninges), scrotal skin, adrenalcortex, 
and occasionally various lymph nodesincreased 
almost exclusively in mid- and high-dose males that 
died before the end o f  the studies(Table A5). 
Virtually all o f  theserats had corresponding gross 
observations. cases liver centrilobular Most o f  
necrosis occurred in these animalsand probably 
resultedfrom ischemia subsequent to circulatory 
collapse. Thesechanges may have  beenrelated to 
pentachloroanisole-induced hyperthermia. Although 
notalesion,generalizedsevereautolysis was also 
noted in tissues o f  many o f  these animals. ' The early 
onset and extent o f  autolysis may have been exacer- 
bated by hyperthermia. 

Dosed male  rats, especially those  in the high-dose 
group, had decreased  incidenceso f  several neoplasms 
commonly seen in aging F344N ratsincluding 
mononuclear cell leukemia, testicular interstitial cell 
adenomas,andneoplasms o f  the preputial gland, 
pituitary pars distalis, thyroid C-cell, and mammary 
gland (Table Al). Incidences o f  several aging- 
associated nonneoplastic  lesions such as nephropathy 
werealsodecreasedin dosed males(Table A5). 
These findings were attributedtothe high early 
mortality which resulted in fewer aged animals at risk 
for development of such lesions. The decreased 
incidences were  not significant by survival-adjusted 
analysis and  thuswereconsidered only indirectly 
related. to  pentachloroanisole administration. 
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MICE 
n u a a y  studies 
All mice administered 250 mgkg body weight or not be madefor males administered  greater than 
greaterdied;four males and one female receiving 100 mg/kg or for females administered  greater than 
175 mg/kg also died (Table  lo),andthesedeaths 175 mg/kg. No biologically significant changes  in 
were considered directly related t o  chemical adminis- body weight gains  and final mean body weights were 
tration.Most o f  these mice died on day 2 after noted in the 100mg/kg male group  orthe 175 mgkg 
receiving only one dose; three  deaths were  attributed femalegroup. The only clinical finding  related to 
to gavage accidents. pentachloroanisole treatment was inactivity similar to 

that described for  rats in the 16-day studies. No 
Because o f  the high early mortality, valid compari- treatment-related gross observations  werenoted at 
sons o f  body weight gain and mean body weight could necropsy. 

TABLE10 

Survival and Mean Body Weights of Mice in the W D a y  Gavage Studies of P e n h ~ h l ~ ~ ~ a n i ~ ~ l e  

Mean Body Weightb (e) Final Weight 
Dose Survivala Initial . Final Change Relative to Controls 

(mglkg) (%) 

Male 
0 5/5 23.8 f 0.6 27.2 f 0.7 3.4 f 0.2 


100 415‘ 24.4 f 0.5 28.3 1?: 1.1 3.8 f 0.5 

175 0/5d 24.0 f 0.6 

250 OISe 23.4 f 0.4 - -

325 0/5f 23.2 f 0.4 - -

400 O/5e 23.8 2 0.4 - -


Female 
0 4/58 20.0 f 0.5 23.0 2 0.0 2.8 2 0.5 

1 0 0  5/5 20.2 f 0.6 22.60.4 2.4 2 0.2 
175 415e 20.8 f 0.5 23.5 f 0.3 2.5 f 0.7 
250 0/5 19.6 f 0.5 - -

325 O b e  20.4 f 0.5 - -
400 0/5e 20.2 f 0.6 - -

a 	 Number of animals sulvivinglnumber initially in group 
Weights and weight changes  are given as mean f standard error. Differences from the  control group are not significant by 
Williams’ or  Dunnett’s test .  N o  data were calculated for groups with 100% mortality. 
Day of death: 4, due t o  improper gavage technique 
Day of death: 2, 2, 2, 3, 4; death on day 4 due t o  improper gavage technique 

e Day o f  death: all deaths occurred on day 2 
Day o f  death: 2, 2, 2, 2, 3 

g Day o f  death: 3, due t o  improper gavage technique 
Day o f  death: 2, 2, 2, 2, 9 
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13-Week Studies 
All males administered  140and180 mgkg penta- 
chloroanisoledied,andnine males administered 
1;!0 mghg died. Six females administered 180 mg/kg 
died (Table 11). Mostdeathsoccurredduring 
week 1; early  deathsandmoribund sacrifices were 
considereddirectlyrelated to pentachloroanisole 
administration. 

Because o f  the high early  mortality, valid compari- 
sons o f  final mean body weights and body weight 
gains could not be madefor males administered 
120 mghg o r  greater o r  for females receiving 
180 mgkg. The mean body weights and body weight 
gains in male mice from the 40 and  80 mgkg groups 
were not  significantly different from those of the  
vehicle controls  (Table 11). Body weight gains of 
female mice in the 40 t o  120 mgkg groups were 
significantly greater  thanthose of the vehicle con- 
trols. The mean body weights o f  all dosed  groups 
were similar to that of  the controls. 

Valid comparisons o f  absoluteand relative'organ 
weights could not be madefor males administered 
120 mgkg o r  greater o r  for females administered 
180 mg/kg (Table F4). Absoluteand relative 'liver 
weights o f  males receiving 80  mgkgwere significantly 
greaterthanthose of  the controls;  relative kidney 
weights o f  males administered 40 or 80 mgkg were 
also significantly increased. In females,  absolute and 
relative liver weights were significantly increased in 
alldosedgroupsandabsolute and relative  kidney 
weights were  increased in the 80, 120, and  140 mgkg 
groups. No other biologically significant  changes in 
organ weights o r  in hematology o r  clinical chemistry 
parametersoccurred in dosed mice (Tables ' F4 
and G4). 

A l l  mice except those in the  40 mghg groups 
exhibited a  behavioral patterno f  temporary inactivity, 
recumbency, and  separation, similar to  that described 
forrats in the 16-day and 13-week studies.  Most 

TABLE11 
Survival and Mean Body Weights of Mice in the 13-Week  Gavage Studies of Pentachloroanisole 

Weight 
Dose Survivala Initial Final Change Relative-to Coritrcils' 

MeanBody Weight (2) b Final ! 

(mdkg) ( W  

Male 
0 10/10 24.1 f 0.2 34.8 f 0.8 10.7 f 0.6 

40 10/10 23.5 f 0.5 34.5 f 0.8 11.0 f 0.6 99 
80 1on0 23.5 f 0.4 34.6 f 0.4 11.1 f 0.3 99 

120 l/lOC 23.8 f 0.4 32.0 8.0 92 
140 O/lOd 23.6'2 0.4 
180 0/10e 23.9 f 0.5 

Female 
0 1 0 / 1 0  19.2 2 0.2 25.1 ? 0.3 5.9 f 0.3 

40 10 /10  18.7 f 0.3 25.7 f 0.4 7.0 2 0.4* 102 
80 10/10 18.9 & 0.4 26.0 +. 0.3 7.1 f 0.3. 104 

120 loll0 18.9 & 0.3 25.9 f 0.3 7.0 f 0.3. 103 
140 10/10 19.3 ? 0.2 26.3 f 0.3. 7.0 f 0.3' 105 
180 4/10e 19.1 f 0.3 26.0 f 0.4 7.0 f 0.6 104 

* Significantly different(PsO.05) from the control group by Williams' or  Dunnett's test 
a Number o f  animals surviving/number i n i t i a l l y  in group 

Weights and weightchangesaregivenasmean 2 standarderror.Subsequentcalculationsarebasedonanimalssurvivingtothe 
endofthestudies.No data  werecalculated for groups w i t h  100% mortality. 
Week o f  death: 2, 3, 3, 3, 4, 4, 4, 6, 1 0  nostandarderrorcalculateddueto high mortality in this group 
Week o f  death: 1 ,  1, 1, 1, 2, 3, 3, 3, 3, 4 

e Week o f  death:all occurred during week 1 , 
, . 



Results 47 

deaths occurred at night,  but several males in the 120 
and140mgkggroups that survived overnight dis- 
played inactivity, irregular or  deep respiration, ataxia, 
and/or cyanotic skin immediately before being killed 
moribund. Two males from each o f  the 120  and 
140 mgkg groups  underwent rigor mortis within 
5 minutesafter being killed moribund. No 
treatment-related gross observations  werenoted at 
necropsy. Several treatment-associated microscopic 
lesions were  attributed t o  shock or agonal changes 
including pulmonary  congestion and edema in males 
administered 80 mgkgor greaterand in females 
administered140 or 180 mgkg. Lymph node  and 
thymic lymphoid depletion  and adrenal congestion in 
males receiving 120 mgkg pentachloroanisole or 
greater were also noted. 

The incidences o f  several liver lesions were increased 
in dosed mice, especially males (Table 12). Severity 
o f  the liver lesions in the 40 t o  120 mgkg groups 
ranged from  minimal to mild and generally increased 
with dose. Hepatocellular cytomegaly and karyo- 
megaly occurred primarily in the  centrilobularand 

TABLE12 

midzonal regions. Cytomegaly consisted o f  enlarged 
hepatocytes with abundant cytoplasm, while bryo-
megalywas characterized by large, vesicular nuclei. 
Pigment in hepatocytes or Kupffer cells o f  dosed 
male mice was characterized by cytoplasmic accumu- 
lation of yellow-brown granules o f  undetermined 
identity; these  granules did not  contain iron, bile, or  
PAS-positive material,  as revealed by appropriate 
stainingprocedures. These liver lesionswere 
considered t o  be related t o  pentachloroanisole 
administration. The decreased  incidence or absence 
o f  some o f  these lesions in the 140 and 180 mgkg 
groups was attributed to the high early mortality. 
Decreased severity o f  some changes in  these groups 
was probably related to the decreased time for lesion 
progression. 

Based on  the low survival in the 16-day and 13-week 
studies and the  occurrence o f  potentially progressive 
toxic liver lesions in the 13-week studies, the dose 
levels o f  pentachloroanisole selected for administra-
tion by gavage t o  male and female mice for the 2-year 
studies were 0, 20, and 40 mgkg. 

Incidences of Lives Lesions in  Mice in the 13-Week  Gavage Studies of Pen~chlosoranisole 

Vehicle 40 mg/kg 80 mdkg 120 mg/kg 140 m& 180 mgkgControl 

Male 
n 10 10 10 10 10 10 

Hepatocyte, centrilobular/midzonal 
Cytomegaly 0 10" (1.7)a loEo (3.0) 2 (2.5) 0 0 
Karyomegaly 0 8" (1.1) 10" (2.3) 9** (3.5) 5* (1.2) 0 
Pigment 0 4* (1.3) 8** (1.6) 8** (1.8) 4 0  (1.5) 0 

Kupffer c e l l  
Pigment 0 2 (1.5) 8 (1.7) 3 (2.3) 0 0 

Female 
n 10 10 10 10 10 10 

0 
0 

Hepatocyte, centrilobular/midzonal 

Karyomegaly 
Cytomegaly 

0 
0 

60° (1.0) 
0 0 

9** (1.1) 
4* (2.0) 
9** (1.6) 4* 

3 
(1.8) 
(1.7) 

a Severity grades: l=minimal;  2=mild;3=moderate;4=marked 
* *  PSO.01 
* Significantly different (PSO.05) from the  control group by Fisher's exact test 
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2-Year Studies viva1of  high-dose female mice was significantly lower 
Survival thanthat o f  the vehicle controls due to ovarian 
Estimates o f  survival probabilities for male and abscesses o r  morbidity from  undetermined causes 
female mice administeredpentachloroanisole by (Table DS). Females alive at 18 months included 
gavage for 2 years are presented in Table 13 and in 76% o f  the controls, 68% o f  the low-dose, and 64% 
Kaplan-Meier survival curves (Figure 4). The sur- of the high-dose group. 

TABLE13 
Survival of Mice in the 2-Year  Gavage Studies of Pentachloroanisole 

VehicleControl 20 mg/kg 40 rng/kg 

Male 

Animals i n i t i a l l y  i n  study 70 70 70 

9-Month interim evaluationa 10 10 10 
15-Month interim evaluationb 10 10 7 
Natural deaths 2 2 0 
Moribund 17 20 22 
Atridental deaths' 1 1 0 
Animals surviving t o  study termination 30 27 28d 
Percent probability of survival a t  end of studye 61 55 56 
Mean survival days' 591 613 597 

Survival analysisg P =0.607 P=O.936 P =0.682 

Female 

Animals ini t ia l ly  i n  study 70 70 70 

9-Month interim evaluationa 10 10 10 
15-Month interim evaluationb 10 10 10 
Natural deaths 8 6 8 
Moribund 17 18 29 
Accidental deaths' 1 1 0 
Animals surviving to study  termination 24 25 16 
Percent probability of survival a t  end of studye 51 52 31 
Mean survival days' 552 541 527 

Survival analysisg P=O.O35 P=0.966 P =0.042 

Censored from survival analyses; one 20 mg/kg female died prior to the 9-month interim evaluation 
Censored from survival analysis; three 40 m g k g  females died prior l o  the 15-month inlerim evaluation 
Censored from survival analysis 
Includes one animal that died during the last week of the study 
Kaplan-Meierdeterminations.Survivalratesadjustedforaccidentaldeaths a n d  interimevaluations. -

Mean of a l l  deaths (uncensored, censored, terminal sacrifice) 
The result of the life table trend test (Tarone, 1975)  is in the control column, and the results of the life table pairwise comparisons 
(Cox, 1972) with the controls are i n  the dosed columns. 
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Body Weights, Organ Weights, 
and Clinical Findings 
A.t the9-monthinterimevaluation,absoluteand 
relativeliverweights o f  the high-dosefemalesand 
relative liver weights o f  high-dose males were signifi- 
antly 	 greater that those Of the 

F5). weights Of high-dose mice 
were lower than the vehicle controls throughout the 
second year; final  mean body weights o f  low- and 
high-dose male mice were 11% and17% lower than 
the body weights o f  the vehiclecontrols(Figure 5 
andTable 14). No significantdifferencesinfinal 
mean body weights were noted in dosed female mice 
(Table 15). No treatment-related clinical findings 
were observed for either sex. 

Hematology and Clinical Chemistry 
There were no biologically significant  differences in 
hematologyandclinicalchemistryparameters in 
dosed mice(Tables F5 and G5) at  the  9-month 
interim evaluation. Qualitative evaluationo f  liver for 
porphyrinunder 350 nm (ultraviolet) light was 
negative. At the 15-month interim evaluation, serum 
levels o f  alanine aminotransferase, aspartate amino-
transferase, and sorbitol dehydrogenase were greater 
in dosed male mice than in the  vehicle controls. N o  
other biologically significant  differences in hematol-
olly o r  clinicalchemistryparametersoccurred in 
dosedmice(Table G6). Qualitativeevaluation o f  

liver porphyrin  under 350 nm (ultraviolet) light was 
negative. 

pathology and stahtical Analyses of Results 
m i s  section describes the statistically significant or 
biologically noteworthy  changesincidencesin ofthe 
neoplasms o r  nonneoplastic oflesions the adrenal 
gland, bone, liver, nose, and ovary in mice. 

Summaries o f  the  incidences o f  neoplasmsand 
nonneoplastic individual tumorlesions, animal 
diagnoses, statistical analyses o f  primary neoplasms 
that occurred with an  incidence o f  a t  least 5% in at 
least one  animal group, and historical incidencesfor 
the neoplasms in this sectionmentioned are 
presented in Appendixes C for male andD for female 
mice. 

All  Organs: The incidence o f  malignantneoplasms 
arising at anysite in high-dose  male mice was  signifi-
cantly greater than that o f  the controls (Table C3). 
The increased  incidence o f  malignant neoplasms was 
dueprimarily t o  asignificantincreasein the inci-
dence o f  hemangiosarcomaof the liver. Marginal, 
nonsignificant increases in malignant  lymphomas (all 
types) and  hepatocellular carcinomas also contributed 
t o  the  overallsignificantincreaseinmalignant 
neoplasms in the high-dose males. 
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TABLE14 
Mean Body Weights  and Survival of Male Mice in the 2-Year Gavage Study of Pentachloroanisole 

Weeks Vehicle Control 20 m p l k  40 me/ke 
on Av. Wt. Number of Av. Wt. Wt. (% of Number of Av. Wt. Wt. (%of Number of 

Study (g) Survivors (8) controls) Survivois (9)  controls) Survivors 

1 22.4 70 22.4 100 70 22.1 99 70 
2 24.1 69 24.3 101 70 23.9 99 70 
3 25.5 69 25.6 100 70 25.3 99 70 
4 26.4 69 26.5 100 70 26.3 100 70 
5 27.4 69 27.7 101 70 27.4 100 70 
6 28.1 69 28.3 101 70 28.2 100 70 
7 29.3 69 29.6 101 70 29.1 99 70 
8 29.5 69 29.9 101 70 29.6 100 70 
9 30.7 69 31.2 102 70 30.5 99 70 

10 31.3 69 31.9 102 70 31.4 100 70 
11 32.6 69 33.0 101 70 32.0 98 70 
12 32.6 69 33.1 102 70 32.6 100 70 
13 34.3 69 34.2 100 70 33.4 97 70 
17 37.2 69 37.3 100 70 36.8 99 70 
21 39.3 69 39.7 101 70 38.3 98 70 
25 41.9 69 41.9 100 70 40.3 96 70 
29 43.4 69 43.3 100 70 41.5 96 70 
33 45.9 69 45.8 100 70 43.4 95 70 
37 46.4 69 46.1 99 70 44.2 95 70 
41a 48.2 59 47.2 98 60 45.6 95 60 
45 49.6 59 49.1 99 60 46.3 93 60 
49 50.0 59 49.2 98 60 46.6 93 60 
53 51.0 59 50.7 99 60 46.6 91 60 
51 51.1 59 50.3 98 60 45.4 89 60 
61 51.6 58 50.4 98 60 45.9 89 60 
65a 51.7 48 50.6 98 50 45.1 87 50 
69 51.6 48 50.3 98 50 44.6 86 49 
73 52.4 47 50.7 97 50 44.8 86 49 
77 51.2 46 49.9 98 50 44.6 87 49 

.81 50.4 46 48.4 96 50 43.6 87 47 
85 50.0 45 48.3 97 50 42.7 85 47 
89 50.0 42 47.2 94 49 43.0 86 40 
93 49.8 42 46.2 ' 93 49 41.9 84 40 
91 49.7 41 45.1 91 48 41.0 83 40 

101 50.4 35 44.9 89 36 42.0 83 33 

Terminal sacrifice 30 27 28 

Mean for weeks 

1-13 28.8 29.1 101 28.6 99 
14-52 44.7 44.4 99 42.6 95 

53-101 50.8 48.1 96 43.9 86 

a Interim evaluation occurred during this week. 



96 9LP 001 96P 9'6P 101-ES 
66 6'9E 66 I'LE P'LE Z S - P I  
zo1 I 'PZ 00I 8'EZ L'EZ €1-1 

91 SZ PZ 

L1 E6 8 SP sz 001 S'6P SZ E'6P i01 
E E6 L' SP LZ PO1 8 0 5  82 1'6P 16 
97, 56 L9P 62 101 66P I E  E'6P E6 
LZ 001 P'8P OE EO1 1'0s PE S8P 68 
62 86 P'8P ZE 0 0 1  S6P 9€ E'6P 58 
ZE 86 6 LP PE 101 96P 8E 6 8 P  18 
PE 86 0.0s LE 101 6 1 s  6E E'1S LL 
9€ P6 1'0s 6E L6 8'15 09 P'ES EL 
8E 96 L'6P OP L6 E'OS I P  O'ZS 69 
OP 96 9'LP I P  66 E'6P PP 86P 059 
LP 86 S'LP ss 66 I '8P ss L'8P 19 
8P 96 6 S P  9s 66 9'LP 85  0 %  LS 
9s 96 8 P P  9s 86 6 S P  85 L9P €6 
LS 66 SEP LS 001 6EP 86 0 P P  6P 
86 86 6'IP 65 86 0 Z P  85 L Z P  St 
09 66 E'6E 65 0 0 1  96E 85 8'6E e I P  
OL 96 0 8 E  89 86 S'8E 89 P'6E LE 
OL 66 Z'LE 89 001 9'LE 89 L LE EE 
OL 96 LK 89 86 S'SE 89 I'9€ 62 
OL 66 ZPE 89 66 I'PE 89 P'PE SZ 
OL 001 ZZE 89 zo1 9ZE 89 I ' Z E  IZ 
OL zoI L'OE 69 001 E'OE 89 Z K  L I  
OL ZOI I ' 8 2  69 ZOI 6 LZ 89 S LZ E 1  
01 zoI E'LZ 69 zo I I'LZ 69 L'9Z ZI 
OL EOI E'LZ 69 00 I 99z 69 99z 11 
OL Po1 892 69 00I 6 sz O L  8 SZ 01 
OL zoI 8 S Z  69 I01 S'SZ OL E'SZ 6 
OL EOI Z n  69 101 LE OL S E  8 
OL EO1 SE 69 101 1.E OL 6'Ez 1 
OL EO 1 9Ez 69 zo1 S'EZ OL OEz 9 
OL 66 9ZZ 69 001 822 OL 8-22 5 
OL 66 6'12 69 001 I 'ZZ OL 1'ZZ P 
OL 001 0 1z 69 66 602 OL 1.IZ E 
OL 001 661 69 001 661 OL 0oz z 
OL 66 L81 OL 001 681 OL 6'81 1 



Pentachloroanisole, NTP TR 414 

Adrenal gland: Benign pheochromocytomas occurred 
infour low- and  sevenhigh-dosemale mice; none 
was observed  incontrolmice(Tables 16 and C3). 
Benign pheochromocytomas occurred with a signifi-
a n t  positive  trend,and the incidencein the high-
dose males was  significantly greaterthanthatof 
controls.Moreover, the incidence o f  benignpheo-
clwomocytomainhigh-dosemalesexceeded the 
historical incidenceo f  such neoplasms(17/682,2.5%; 
range 0%-4%;) (Table C4a) observed in control male 
mice in recent NTP studies. No malignant pheochro-
m.ocytomas were  observed in dosed o r  control groups. 

Diffusehypertrophy o f  medullarycellsandfocal 
hyperplasia also occurred a t  high incidences  indosed 
male mice, but  not in controls (Table16). Hypertro-
phy was characterized by diffuse  enlargementof 
medullary cells. Focal hyperplasiaandpheochro-
mocytoma formed a morphologic continuum similar 
t o  that observed in rats. 

In contrast, a pheochromocytoma was seen in only 
one low-dose  female, and none was seen inthe high-
dose o r  control groups (TableDl). Hypertrophy and 
hyperplasia were also not observed in females. 

TABLE16 
Incidences of Adrenal Medulla Proliferative Lesions in Male Mice in the 2-Year Gavage Study 
of Pentachloroanisole 

Hyperplasia 
H;YpertroPhY 

Benign Pheochromocytomaa 
Overall r a t e s b  
Terminal rates' 
First incidence (days) 
Logistic regression testsd 

VehicleControl 20 mg/kg 40 mg/kg 

0/50 13/50.. 29/48** 
0/5 0 3/50 36/48. . 
0/50 (0%) 4/50 (8%) 7/48 (15%) 
on0 (0%) 1/27 (4%) 5/27 ( J  9%)
-e 691 691 
P=0.004 P=O.O69 P=O.O07 

a 
P40.01 by logisticregressiontest ' 

2-yearhistorical incidence for vehicle  controlgroups in NTP corn oilgavagestudies(mean 2 standard deviation): 17/682 
(2.5% 2 1.6%); range 0%-4% 

' 
Number o f  lesion-bearing animals/number of animals  necropsied or number o f  animals w i t h  tissues examined microscopically 
Obselvedincidence a t  terminal ki l l  
Beneath the "Vehicle Control" column are the P values associated wi th  the trend test. Beneath the dosed group incidence are the . 

P values corresponding t o  painvise comparisons between the controls a n d  t h a t  dosed group. The logistic regression tests regard 
tumors  i n  animals dying prior to terminal kill as nonfatal. 

e Notapplicable;noneoplasms i n  dosegroup 



Liver: Treatment-related liver lesions  were consid-
ered to be the advanced stages o f  the alterations seen 
initially in the 13-week studies.  Centrilobular hepa-
tocellular cytomegaly degenerationwith and/or 
necrosis o f  scattered individual hepatocytes, and 
pigmentaccumulation in hepatocytes and Kupffer 
cells occurred in dosed mice of  each sex (Table 17). 
However, the incidences in males were greater than 
that in females. At the 15-month  interim evaluation, 
absolute and relative liver weights were marginally 
increased in dosed male mice and were significantly 
increased indosed females (Table F6). Treatment-
related liver lesions  were consideredto be progressive 
stages o f  the pathologic processes as seen in the 
13-week studies  and9-monthinterim evaluations. 
Centrilobularhepatocellularcytomegaly,degeneration 

and necrosis, and pigment  accumulation in hepato-
cytes and Kupffer cells occurred in dosed male and 
female mice. However, incidence and severity were 
greater in males. 

Hemangiosarcomas o f  the liver (Plate 5 )  occurred 
with a significant positive trend in dosed male mice, 
and the incidence in the high-dose group was signifi- 
cantlygreaterthanthat of  controls by pairwise 
comparisons(Tables 17 and C3). Moreover, the 
incidence o f  hemangiosarcomas o f  the liver in high-
dose males exceeds the historical range, 0%-6% 
(Table O M ) ,  in control male mice from recent NTP 
studies. hgiectasis,a possible precursor ofvascular 
neoplasms, was observed  in one control and three 
low-dose males; none was seen in the high-dose 
group. In contrast to the incidence of  hemangioma 
or hemangiosarcomain the liver, the incidence o f  
hemangioma or hemangiosarcoma (combined) occur-

, ring at any site was also marginally increased, but 
neither the trend nor the pairwise comparison was 
significant (Table C3). 

Several nonneoplastic liver lesions  occurred at higher 
incidences in dosed male and female mice, especially 
in males (Table 17). Theselesionsweresimilar to 
those seen in the 13-week study  and in the interim 
evaluations. Severalhepatocellular changes diag- 
nosedseparately in the 13-week study  andin the 
interim evaluations were defined as cytologic alter- 
ations. Cytologic alteration was characterized by 
centrilobular cytomegaly (enlarged  hepatocytes with 
abundant, finely granular  eosinophilic cytoplasm), 
karyomegaly (enlarged  nuclei with prominent  chro-

matin clumping), degeneration  and (cytoplas-necrosis 
mic vacuolation or shrinkage, karyorrhexis and 
karyolysis of  individual cells), multinucleated  giant 
cell formation, and rarely erythrophagocytosis 
(Plates 6,7, and 8). Hyperplasia o f  intrahepatic bile 
ducts and ductules was also observed and consisted of 
the proliferation of immature epithelial cells arranged 
in smallaggregates,ductular structures,or as individ- 
ual cells in  the portal tracts and  periportal hepatic 
parenchyma. Scattered Kupffer cells and, to a lesser 
extent hepatocytes, contained fine, yellow-brown 
granular pigment. Subacute  inflammation, character-
ized by scattered  infiltratesof  mononuclear inflamma- 
tory cells and occasionally neutrophils, was also 
observed in dosed mice. The severity of these  lesions 
increased slightly with  dose, especially in males 
(Table 17). 

Hepatocellular mixed cell foci (single or  multiple 
combined) occurred with a significant, dose-related 
positive trend  in male mice, and  the incidence  in the 
high-dose group was significantly greater  than that in 
the controls.  Although the incidence o f  clear cell 
foci also  occurred at a slightly higher  incidencein 
high-dose males, the incidences o f  basophilic or 
eosinophilic foci in high-dose  male mice were signifi- 
cantly lower than  inthe controls. The biological 
significance o f  these findings is uncertain.  Hepatocel-
lular foci (eosinophilic, basophilic,  clear cell, or 
mixed) are distinguished from normal parenchyma 
primarily on the basis o f  cytoplasmic staining proper-
ties, but they may also  exhibit slight alteration in the 
arrangement o f  the hepatic plates. Foci are consid-
eredpreneoplastic lesionsand form a morphologic 
continuum with hepatocellular  adenoma and  'hepato-
cellular carcinoma. The incidence o f  hepato&llular 
neoplasms was not increased  indosedmale mice 
(Tables C1  and C3). 

0vuy.- The incidence of  ovarian abscesses was 
marginally increased  in dosed female mice (control, 
12/45;low-dose, 14/36 high-dose, 18/50) (Table D5). 
Incidences of  associated reactive changes, such  as 
bone marrow hypercellularity in low-and high-dose 
females and splenic  hematopoietic cell proliferation 
in high-dose females, were  also increased (TableD5). 
Ovarian abscesses are usually fatal  lesions (Rao et aL, 
1987),and only a few females with ovarian abscesses 
survived until  the end o f  the study ( l / l Z  l/lq 1/18). 



st; Pentachloroanisole, NTP TR 414 

TABLE17 
Incidences of Neoplasms and Nonneoplastic Lesions of the Liver in Mice in the 2-Year Gavage Studies 
of Pentachloroanisole 

Male 

9-MonthInterimEvaluation 

n 10 10 10 
Hepatocyte, centrilobular 

cytomegaly 0 lo** (3.0)a lo** (3.0) 
Degeneration 0 10'. (1.0) lo** (1.0)
Necrosis 0 lo** (1.0) 10'. (1.0) 

HepatocyteKupffer cell, centrilobular 
Pigmentation 0 0 lo+' (1.0) 

15-MonthInterimEvaluation 

n 10 10 10 
Hepatocyte, centrilobular 

cytomegaly 0 lo** (3.0) 10.. (3.0)
Degeneration 0 lo** (2.4) 10.. (3.0)
Necrosis 0 10'. (2.0) lo** (3.0) 

HepatocyteKupffer cell, centrilobular 
Pigmentation 0 10" (1.0) 10'. (1.9) 

2-Year Study 

n 50  50 50 
Hepatocyte, centrilobular 

cytologic alteration 0 50**  (3.1) 50*+ (3.1) 

Kupffer c e l l  
Pigmentation 1(1.0) 50" (2.9) 50.. (3.0) 
Bi l i a ly  tract hyperplasia 0 47** (1.7) 48,. (2.1) 
Inflammation, subacute 0 49** (2.0) 49** (2.1) 
Mixedcellfoci 9 15 27'. 

Hemangiosarcomab 

Overall rates' 2/50 (4%) 8/50 (16%) 10/50 (20%) 
Terminal ratesd on0 (0%) 1/27 (4%) 6/28 (21%) 
First incidence (days) 701 682 612 
Logistic regression testse P=O.O13 P = O . O 5 1  P=O.O15 
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TABLE17 
Incidences of Neoplasms and Nonneoplastic  Lesions of the Liver in Mice in the &Year Gavage Studies 
Of Pentachloroanisole (continued) 

Female 

9-Month Interim Evaluation 

n 
Hepatocyte, centrilobular 

Cytomegaly 
Degeneration 
Necrosis 

HepatocyteiKupffer cell, centrilobular 
Pigmentation 

15-Month Interim Evaluation 

n 
Hepatocyte, centrilobular 

Cytornegaly 
Degeneration 
Necrosis 

HepatocyteiKupffer c e l l ,  centrilobular 
Pigmentation 

%Year Study 

n 
Hepatocyte, centrilobular 

Cytologic alteration 

Kupffer cell 
Pigmentation 
Bi l i a ry  tract hyperplasia 
Inflammation, subacute 

10 9 10 

0 
0 
0 9** (2.0)

3 (1.0)
1 (1.0) 

looo (3.0) 
1000 (1.0) 

9 0 0  (1.0) 

0 0 700 (1.0) 

10 10 10 

0 
0 
0 lo*' 

0 
0 

(1.6) 7** (2.7)
7"" (1.3)
7** (1.4) 

0 6** (1.0) 700 (1.1) 

50 50  50 

1 (2.0) 3 4 * *  (1.9) 39O*(2.4) 

0 
1 
1 

(1.0) 
(1.0) 

37" (1.6)
160E (1.2)
28'' (1.5) 

48** (2.4) 
30** (1.9)
32"* (2.0) 

'* 	 Significantly different (PSO.01) from the control group by the logistic regression test 
a 	 Severitygrades: l = m i n i m a l ;  2=mild;3=moderate;4=marked 

2-year historical incidence for vehicle control groups i n  NTP corn oil gavage-studies (mean ? standard deviation): 15/699 
(2.1% f 2.1%); range 0%-6% 
Number of lesion-bearing animals/number of animals necropsied or number of animals with tissues examined microscopically 
Observed incidence a1 terminal kill 

e 	 Beneath the "Vehicle Control" column are  the P values associated w i t h  the trend test. Beneath the dosed group incidence are the 
P values  corresponding to pairwise comparisons between the controls a n d  t h a t  dosed group. The logistic regression test regards 
tumom i n  animals dying prior to terminal kill as nonfatal. 
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Although the increased incidenceo f  ovarian abscesses 
in the  dosed groupswas not  statistically significant by 
life table analysis, these  lesionstended t o  occur 
earlierin dosed animals.Forexample, 16/17 high-
dose females dying prior t o  80 weekshadovarian 
abscessescomparedwithonly 6/12 controls.  It is 
likely that  this lesion was primarily  responsible for 
the marginally reduced survival observedin high-dose 
female mice. 

Malignantlymphoma: The incidence o f  malignant 
lymphomas (all types) was marginally  increased in 
high-dosefemalemice(Table 18). Because the 
incidences o f  these lesions in the present studies were 
well within  historicalranges o f  controlsandwere 
only marginally significant, they were  not considered 
to  be related to  pentachloroanisole administration. 

Osteosarcoma: Osteosarcoma o f  the bone occurred 
in two low-dose male mice (Table Cl). The histori-
cal incidence o f  this neoplasm in control  male mice 

TABLE18 

from recent NTP corn o i l  gavage studies was 1/700 
(0.1%, range 0%-2%). The incidence o f  these two 
neoplasms was not  significant or  dose-related,and 
therefore was not  considered related t o  pentachloro-
anisole administration. 

Nose: Dose-related increased incidences of nonneo-
plastic nasal lesions (suppurative inflammation and 
foreign bodies) were noted in male mice (Table C5) 
and, to a greater extent, in female mice (Table DS). 
Foreignbodieswere slightly refractile,  translucent, 
pale yellow globules,  which may have  formed during 
intranasal instillation fromthe reflux or  regurgitation 
o f  corn oil and which caused  a secondary suppurative 
inflammation. The increased  incidencesindosed 
animals may have  been duet o  possible local irritation 
by pentachloroanisole and/or higher rates of reflux 
andregurgitation in these dosed animals,thus, a 
directrelationship t o  systemicpentachloroanisole 
toxicity was  uncertain. 

Incidences of Malignant Lymphomas in Female Mice i n  the 2-Year Gavage Study of Pentachloroanisolea 

overall ratesb 
Terminal rates' 
First incidence (days) 
Life table testd 
Lagistic regression testd 

Vehicle Control 20 mdkg 40 mg/kg 

7/50 (4%) 9/50 (16%) 12/50 (20%) 

674 
5/24 (0%) 

472 
1/27 (4%) 

583 
6/28 (21%) 

P=O.O33 P =0.391 P=0.036 
P=O.O57 P=O.360 P=O.O49 

2-year historical incidence for vehicle control groups in NTP corn oil gavage studies (mean f standard deviation): 155/698 
(22.2% 2 8.3%);range 0%-40% 
Number o f  lesion-bearing animals/numbero f  animals necropsied or number o f  animals with tissues examined microscopically 
Observed incidence a t  terminal kill 
Beneath the "Vehicle Control" column are  the P values associated w i t h  the trend test. Beneath the dosed group incidence are the 
P values corresponding to painvise comparisons between the controls a n d  t h a t  dosed group. The life table analysis regards 
neoplasms in animals dying prior to terminal kill as be ing  (directly or indirectly) the cause of death.  The logistic regression test 
regards neoplasms in animals dying prior to terminal kill as nonfatal. 



pentachloroanisole. H&E x45 
(M) in a vehicle control male rat from the 2-year  gavage study o f  narrows  width o f  adjacent  cortex ( C )  i n  a male rat given 10 m g k g  
Adrenal  Gland:  Normal  cross-sectional  width ratio of cortex (C)  to medulla  Adrenal Gland Compression by expansile benign  pheochromocytoma (BP) 
PLATE 1 PLATE 2 

pentachloroanisole in the 2-year  gavage  study. H&E x45 

gavage study. HLE x45 
is  also present in  this  male rat given 10 mgikg pentachloroanisole in the 2-year the increased cellular density  compared to the adjacent  normal  medulla (M). 
causes massive enlargement of the adrenal gland. Focal hemorrhage (asterisk) a male rat given 20 mg/kg pentachloroanisole in the 2-year gavage  study. Note 
Adrenal Gland Malignant  pheochromocytoma (MP) obliterates cortex  and  Adrenal  Gland:  Higher  magnification of benign  pheochromocytoma (BP) in 
PLATE 3 PLATE 4 

H&E x240 



in the 2-year  gavage  study. H&E x150 
Liver:  Hemangiosarcoma  in a male  mouse given 20 m a g  pentachloroanisole  Liver:  Normal hepatic parenchyma  from a vehicle control male  mouse  from 
PLATE 5 

the 2-year  gavage  study o f  pentachloroanisole. H&E x240 

PLATE 6 

pentachloroanisole  in the 2-year  gavage  study. H&E x240 
necrosis (large arrow) are also present in a male  mouse  given 20 m a g  
(small  arrow). Hepatocellular vacuolization (asterisk) and  individual  cell  given 40 m a g  pentachloroanisole in the 2-year gavage  study. H&E x240 
Liver:  Enlarged  (cytomegalic) hepatocytes exhibit large (karyomegalic)  nuclei  Liver: Hepatocellular multinucleated  giant  cell (arrow) from a male  mouse 
' P L A T E  7 PLATE I 
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GENETIC TOwnCOLOGY 
Pentachloroanisole (10-10,OOO puplate) was tested 
for induction of genemutations in four  strains o f  
Salmonella typhimurium (TA98, TA100, TA1535,and 
TA1537)usingapreincubationprotocolwithand 
without Aroclor 1254-induced male Sprague-Dawley 
rat or Syrian hamster liver S9 (Table El; Mortelmans 
et al., 1986). N o  mutagenic activity  was observed  in 
strain T A l O O  o r  TA1535 with o r  withoutS9,but 
positive responses were obtained with strains TA98 
and TA1537 without S9; noincreaseinmutagenic 
colonies occurred in these strains with S9. Precipita-
tion occurred at1,OOOpg/plate and higher concentra-
tions.In the mouselymphoma assay, pentachloro- 
anisoleinducedtrifluorothymidineresistancein 
W178Y cells over a concentration range o f  18.75 to 
500 pg/mL with Aroclor 1254-induced male F344/N 
rat liverS9;without S9, the responses were weak, not 
dose related, and inconsistent (Table E2; McGregor 
et al., 1987). Precipitation also occurred in this assay 
at aboutthe 125 pg/mL dose level, and this may have 
beenafactorinthe lack o f  acleardose-response 
relationship for all but one o f  t h e  positive trials. In 
cytogenetic tests withChinesehamster ovarycells, 
pentachloroanisole induced sister chromatidexchang-
es (Table E3), butnotchromosomalaberrations 
(Table E4), with and without Aroclor 1254-induced 
male Sprague-Dawley rat liver S9. A delayed harvest 
protocolwasrequired in the  sisterchromatid ex-
change test t o  offset pentachloroanisole-induced cell 
cycle delay  andallowdetection o f  the positivere-
sponses.Delayedharvest was also used for the 
chromosomalaberrations test t o  offset the cyto- 
toxicity induced by pentachloroanisole.  Precipitation 
occurred in the sister chromatid exchange and chro-
mosomal tests pentachloroanisoleaberration at 
concentrations o f  35 pg/mL and higher. 

TownComNET~Cs 
After intravenous administration, pentachloroanisole 
was found t o  be rapidly eliminated in both male 
and female rats and mice (Figure H1) with no major 
differences sexes. o fbetween The elimination 
pentachloroanisolecan be described by  a classical 

two-compartment model with first-order elimination 
kinetics. The terminal elimination half-lives in  rats 
and mice were about 1.2 and 1.0 hours, respectively. 
The calculatedplasmaclearancewas 6.07 Lkg-hr 
for rats, for rats,male 5.61 Lkg-hrfemale 
8.45 Lkg-hrformale mice, and 10.2 Lkg-hrfor 
female mice. The calculated volume of the central 
compartment was about 2.41 Lkg formalerats, 
2.01 L k g  for  female rats, 2.05 L k g  for  male mice, 
and 4.5 L k g  for  female mice. High  concentrationso f  
pentachlorophenol were observed immediately after 
theadministration o f  pentachloroanisoleineach 
speciesand sex. The terminal half-life of  penta-
chlorophenol in both rats and mice was estimated at 
about 8 hours. 

After gavage pentachloroanisoleadministration, 
concentrations were found to be lower than those o f  
pentachlorophenol by two t o  three orders of magni- 
tude in both rats (Figure H2) and mice (Figure H3). 
For male and female rats and mice the area under 
the concentration-versus-time curve o f  pentachloro-
anisole increased with dose but the  dose proportion-
alitywas lost above20mgkg(FigureH4).Dose 
proportionality was seen  in all dose groups for the 
maximum concentration o f  pentachloroanisole 
achievedafter gavage administration for maleand 
female rats and mice. The variation o f  C,, at each 
dose group was also high (Figure H5). The area 
under the  concentration-versus-time curve o f  penta-
chlorophenol and C,, values increased with penta-
chloroanisole dosage and appearedt o  be proportion-
al t o  dose forratsand mice. The areaunder the 
concentration-versus-time curvewas sex dependent  in 
rats only. The terminal half-life o f  pentachloro-
phenol in both rats and mice was estimated t o  be 5 
t o  9 hours. This  terminal half-life showed  no sex-
related difference in  mice, but was longer  for female 
rats than for male rats. 

The bioavailability o f  pentachloroanisole was found 
t o  be low, but it increasedwith dose. These esti-
mateswere based on the dosagenormalizedarea 
under the  concentration-versus-time curve o f  penta-
chloroanisole o f  (H1and pentachlorophenol 
and H2). 
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Pentachloroanisole is a  chlorinatedaromatic com-
poundthat is widely distributed at low levels in 
the environment and in foods. Formation o f  penta-
chloroanisole may from ofresult degradation 
pentachlorophenol, pentachloronitrobenzene, and 

Several toxic effects, such as tachypnea, central 
nervous system depression,  rapidonset of rigor 
mortis, and hyperthermia  seen in these studies have 
been previously associated with pentachlorophenol 
exposure in laboratory and domestic animals and in 

other structurally  related, environmentally ubiquitous,humans (Deichmann, 1943; Blevins, 1965; Chapman 
aromaticcompounds, many o f  which are known 
rodent toxins or carcinogens (NTP,1982,1989; Safe, 
19W, Silberhornet al., 1990). For  these reasons,  and 
because no information on its toxicity or carcino- 
genicity in  rodents was available, pentachloroanisole 
was selected  forstudy in F344m ratsand B6C3Fl 
mice. 

Because humanexposure to pentachloroanisole 
would most likely occur  from low-level contamination 
o f  drinkingwater and food, theoralroute of  
administration was chosen  for these studies. Corn  oil 
was selected as  the vehicle for gavage administration 
because pentachloroanisole is poorly soluble in water 
and unstable in rodent feed. 

Pentachloroanisole differs from  pentachlorophenolby 
asingle methyl substitution.  The o-methylation of 
pentachlorophenol by microorganisms is considered 
a major source o f  environmental pentachloroanisole 
(Cserjesi and  Johnson, 1972). However, in verte- 
brates, including rats,mice, and  humans, pentachloro-
phenol is metabolized  almost entirely to glucuronide 
andsulfate conjugates,tetrachloroquinone, or less 
substituted Pentachloroanisole,chlorophenols. if 
produced at all, is a  minor metabolite (Jakobson and 
Yllner, 1971;Akitake and Kobayashi, 1975; Bose and 
Fujiwara, 1978; Kobayashi, 1978; Lu et al . ,  1978; 
Firestone et al., 1979; Ahlborg  and Thunberg, 1980; 
Crosby et al . ,  1981; Renner  and Mucke, 1986). 

In contrast,  pentachloroanisole is readily demethyl- 
ated to pentachlorophenolin vitro by porcine hepatic 
microsomes (Agins et al., 1982; Agins, 1984) and 
in vivo by rainbow trout (Glickman et al. ,  1977; Lech 
et al. ,  1978). Female mice have also  been shown to 
metabolizepentachloroanisolealmostentirelyto 
pentachlorophenol or a  pentachlorophenol conjugate 
(Vodicnik et al., 1980). 

and Robson, 1965; WHO, 1987). Pentachlorophenol-
mediatedhyperthermiaresults directly fromun-
coupling o f  oxidative phosphorylation (Buffa et al., 
1963; Weinbach and  Garbus, 1965; WHO, 1987); the 
other clinical findings are probably secondary. 
Proliferative lesions of  the adrenal medulla have been 
observed in  pentachlorophenol-treated B6C3Fl mice 
(NTP,1989) but  not in Sprague-Dawley rats (Schwetz 
et al., 1978). In vivo conversion o f  pentachloro-
anisole to  pentachlorophenol could have occurred  in 
the presentstudies and might account  forsome of  
the findings, but  definitiveproofcould only be 
provided by metabolism studies. 

In the 16-day studies, high early  mortality, clinical 
toxicity, and  treatment-relatedgrossobservations 
werenotedinratsand mice administered  greater 
than 100mg/kg pentachloroanisole. In the 13-week 
studies, most rats and  male mice receiving doses of  
80 mg/kg or greaterdiedbefore the end of  the 
studies; survival o f  female mice was decreased only in 
the 180 mg/kg group. Clinical findings o f  toxicity, 
such as inactivity and dyspnea, were  noted in rats and 
mice receiving from 80 t o  180 m@g. Chemical-
related liver lesions  were also observed in dosed rats 
and mice in  the 13-week studies. 

Based on these  results, doses selected for the 2-year 
studies were 0, 20, or 40 mg/kg pentachloroanisole. 
Male rats exhibited the greatest mortality and highest 
incidence o f  toxic lesions in the 16-day studies and 
13-week studies, and were  thus considered to  be more 
sensitive to pentachloroanisole toxicity. Therefore, 
an additional  male rat dose group of 10 mg/kg was 
included to  ensure study adequacy if the maximum 
tolerated dose was exceeded. 

In fact, survival o f  high-dosemalerats was signifi- 
cantly decreased at the end of  the 2-year studies 
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blecause o f  numerousearly deaths (36/50); most of 
these deaths (20/36) occurred at  or before week 16. 
Because o f  high early  mortality, incidences o f  several 
o f  the chemical-related  neoplasms and nonneoplastic 
lesions peaked in the mid-dose  group and decreased 
in the high-dose  group. High-dose male rats also had 
decreasedincidences o f  many spontaneous aging- 
related neoplasms and nonneoplastic lesions due to 
the lower survival. These  were thus only secondarily 
related to chemical  administration. 

The deaths of maleratsin the 16-day studies and 
l:3-week studies  and many early and accidental  deaths 
of the mid- and high-dose  malerats in the 2-year 
studies may have been  related to pentachloroanisole-
inducedhyperthermia. The cause o f  the significant 
temporal association o f  cagemate mortality in these 
groups is unknown but may have also  been hyper-
thermia-related. Individuals susceptible t o  ' hyper-
thermia may have elevated the ambient cage 
temperatures, which could have precipitated  a "chain- 
reaction" o f  hyperthermiaamong cagemates. The 
mice were individually housed in polycarbonate cages 
fitted with disposable  fiberfilters which may have 
restrictedheatdissipation. There was no evidence 
thatother factorscontributed to  the cage-related 
pattern o f  mortality. Clinical findings consistent with 
hyperthermia, such as inactivity, wet fur around the 
mouthand neck, and reddened  scrotalskin,were 
observed in many rats in these higher dose groups. 
The grossandmicroscopic findings o f  generalized 
congestion, hemorrhage, and edema  seen in most o f  
these ratswerealsoconsistent with hyperthermia 
(Jrones and  Hunt, 1983); other life-threatening lesions 
were not present.  Severalhigh-dose males in the 
2-year study exhibiting clinical findings of  hyper-
thermia also had elevated rectal temperatures.Slight, 
but significant, elevation o f  mean rectal  temperature 
was alsonotedinhigh-dosemalerats from the 
9-monthinterimevaluations,eventhoughthese 
animals seemed otherwise normal. 

In contrast, femaleratsandmaleandfemale mice 
hiad mortalitypatterns, clinical toxicity, and lesions 
similar to  those seen in male  rats only when given 
h:igh doses of  pentach\loroanisole in the 16-day and 
l:3-week studies.  Although the comparatively greater 
sensitivity o f  malerats to  pentachloroanisole is 
obvious, the underlying mechanisms are unknown. 

The onset and duration o f  clinical findings followed 
an unusual  course in affected rats  and mice. Clinical 
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findings became  evident shortly after dosing, persisted 
for several  hours, and gradually decreased  until the 
survivors appeared  normal at  the next dosing  period. 
In previous  studies,pentachloroanisole andpenta-
chlorophenol were shown to  be rapidly metabolized 
and excreted by rats  and mice (Jakobson and Yllner, 
1971;Braun et al., 1979;Vodicnik et aL, 1980). Thus, 
the clinical toxicity in  these studies may have tempo- 
rarily paralleled steep  absorption, metabolism,' and 
excretioncurves o f  pentachloroanisoleand'other 
metabolites, such as  pentachlorophenol. 

In the 2-year studies, the incidences o f  proliferative 
lesions in the adrenal  medullawere significantly 
greater in dosed male rats and male mice. In both 
species, lesions, aproliferative constituted 
morphologic'continuumranging from hyperplasia 
(small, non-compressive  focio f  increased cellularity), 
t o  benign pheochromocytomas  (discrete, 'kbmpressive 
nodules o f  well-differentiated cells), to malignant 
pheochromocytomas(large masses with invasion 
through the glandular  capsule). Hypertrophy,. which 
occurred in dosed  male mice, denoted a diffuse 
hyperplasia in which both the number  and size o f  
medullary cells were  increased. 

In male  rats, increased incidenceso f  combined benign 
and malignant pheochromocytomas were noted; after 
adjustingfor high early  mortality and low survival, 
the pheochromocytoma  incidencein the high-dose 
group was significantly greater  than in the vehicle 
controls. The negativetrendinadrenalmedullary 
hyperplasia may have been  related to the presence o f  
numerous large pheochromocytomas,which may have 
obscured small hyperplastic foci in the adrenal glands 
o f  mid- and high-dose  male rats that died early. In' 

high-dose male mice, the incidences o f '  benign 
pheochromocytomas were significantly increased and 
exceeded the historical controlrangeand were 
accompanied by in andincreaseshyperplasia 
hypertrophy. Thus, werepheochromocytomas 
considered directly related to pentachloroanisole 
administration in male rats and male mice. 

In contrast,dosedfemalerats clearly exhibited 
increased incidenceso f  adrenal medullary hyperplasia. 
The slight increase in benign  pheochromocytomas in 
high-dosefemalerats exceeded the range of the 
historical controls, but the survival rate o f  high-dose 
females was greaterthanthat o f  concurrentand 
historicalcontrols.Therefore,it is uncertain if the 
increaseinbenignpheochromocytomas. in.'dosed 
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female rats was entirely  related to pentachloroanisole 
administration. No significant trends  in the inci- 
dences o f  adrenal medulla proliferative lesions were 
noted in dosed female mice. 

' In other NTP studies, pentachlorophenol adminis-
trationhasalsobeen associated with adrenal 
medullary neoplasia.  Positive trends for benign and 
malignant pheochromocytomas and medullary hyper- 
plasia were seen .in male  and female B6C3Fl mice fed 
'purified pentachlorophenol  andinmale mice fed 
technicalgradepentachlorophenol (NTP, 1989). 
However, the incidence o f  adrenal medulla neoplasms 
was'not increased in male or  female Sprague-Dawley 
rats fep 1.0 to 30 mg pentachlorophenolbcg body 
weight for  up to 2 years (Schwetz et al., 1978). 

Chemical-related, site-specific,predominantly 
.increasesin the incidences o f  vascular endothelial 
neoplasms(hemangiosarcomasand hemangiomas) 
have been previously noted in the  heartso f  male and 
female mice exposed to 1,3-butadiene (NTF', 198% 
NTP, 1993), the livers and  spleens o f  male mice 
exposed to p-chloroaniline (NCI, 1979), the spleens 
o f  male and female  rats exposed t o  cupferron (NCI, 
1978), andthe livers o f  humans exposed t o  vinyl 
chloride(IARC, 1979b). Thus, analysis o f  site-
specific incidences o f  these neoplasms is appropriate. 

In these studies, the incidences o f  liver hemangio- 
sarcomas were significantly increased in dosed  male 
mice and exceeded the recent  historical control range 
formale mice. Theseneoplasmswereconsidered 
directly related to pentachloroanisole  administration. 
Increased incidences of  liver hemangiosarcomas  were 
also seen in male andfemale mice given purified and 
technical grade pentachlorophenol in the diet (NTF', 
1989). 

Several nonneoplastic hepatocellularlesions in dosed 
.micewereconsideredfeatures of  a progressive 
pathologic process. Hepatocellular cytomegaly, 
hryomegaly, and pigmentation first appeared in the 
13-week studies  and were later noted in the 2-year 
studies. More advanced stages o f  the pathologic 
.process in the 2-year studies  alsofeaturedhepato-
cellular necrosis and  degeneration,multinucleated 
giant cell formation, and erythrophagocytosis. These 
hepatocellularchangeswereconsidered directly 
related to pentachloroanisoleadministration. The 
elevationsin serum aminotransferases  andsorbitol 
dehydrogenaseseen in dosed  male mice in the 

15-month interim evaluations were consideredto be 
compatible with the hepatocellular  lesions (Loeb, 
1989). Other liver lesions,  such as Kupffer cell 
pigmentation, biliary tract  hyperplasia, and  subacute 
inflammation,wereseenalmost exclusively in  the 
2-year studies,  and may have been  reactive changes 
secondary t o  the hepatocellular lesions. 

Collectively, the nonneoplastic liver lesions in these 
studies resembled lesions previously reported  in rats 
(Kimbrough and  Linder, 1978)and mice (NTF', 1989) 
administeredpentachlorophenolin feed. Similar 
hepatotoxic lesions are also  well-documented effects 
o f  exposure to many other  chlorinated hydrocarbons 
in rats, mice, and several other species (Safe, 19W, 
Kuiper-Goodman and Grant, 1986, Birnbaum et al., 
1990; NTP, 1991a,b) and may be related to alteration 
innuclear DNA activity and  smooth endoplasmic 
reticulum proliferation in affected hepatocytes (Safe, 
1984). Similarpathogenic mechanisms may have 
resultedin the hepatotoxiclesionsin mice in the 
present studies. Increasedincidences o f  hepato-
cellular mixed cell foci in dosed male mice may have 
been chemical related. Similar  hepatocellular prolif-
erative lesions have previously been  associated with 
exposure t o  pentachlorophenol (NTP, 1989) and 
several other chlorinated  hydrocarbons (Safe, 19W, 
Silberhorn et al., 1990). 

In the 13-week studies, the liver lesions  noted in 
dosed rats were morphologically distinct  from those 
occurringin mice. In mice, changes  indicative o f  
sublethal, progressive hepatotoxicity, such as 
cytomegaly and karyomegaly, were  predominant; in 
rats, hepatocellular necrosis was more pronounced. 
These findings suggest that  the rat liver lesions may 
have beenperacutea manifestation of  toxicity 
associated with large  doses of pentachloroanisole. 

Because many affected rats  in the 13-week studies 
died early due t o  hyperthermia,peracutehepatic 
ischemia resulting from terminal  circulatory collapse 
may ha% also contributed to the development o f  the 
liver lesions. In the 2-year studies,  a similar patho-
genic mechanism indosedmalerats may have 
accountedfor the increased incidences o f  hepato-
cellular centrilobular necrosis which occurred  almost 
exclusively inanimals that diedearly dueto 
hyperthermia. 

Several other  nonneoplastic lesions  in rats and mice 
occurred with positive trends  but were considered to 
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be only secondarily  related to pentachloroanisole 
aclministration. In addition  to the pigmentation  seen 
in livers o f  dosed mice, golden-brown  intracytoplas-
mic pigment was observed in renal  tubule epithelium, 
olfactory epithelium,  and hepatocytes o f  dosed rats. 
Intracellularpigments, previously associated with 
chlorinated hydrocarbon exposure, generally fall into 
two classes: porphyrins  and lipofuscin/ceroid. 

Because o f  porphyrinogenictheir properties, 
hexachlorobenzene andcertainotherchlorinated 
hydrocarbons often produce intracellular accumula-
tions o f  porphyrin material in hepatocytes  and other 
cells o f  dosed animals (Kimbrough, 1972; Safe, 1984, 
Kuiper-GoodmanandGrant, 1986; NTP, 1991b). 
Often, female animalsare moreseverely affected (San 
Martin de Viale et al., 1970; Strik et al., 1980; 
Kuiper-Goodman and Grant,1986;NTP,1991b), and 
rats may be more sensitive  than mice (NTP, 1991b). 

decreased survival o f  dosed female mice was attrib- 
uted to  some extent to ovarian abscesses. Although 
nodataare available for  pentachloroanisole, the 
immunotoxicproperties o f  pentachlorophenol 
(Kerkvliet et al., 1982a,b; Holsapple et al., 1984) and 
other chlorinated  hydrocarbons(Kimbrough, 1972; 
Vos et al., 1980; Safe, 1984) are well documented. 
Subtletreatment-relatedimmunosuppression may 
have thus played a  role in thepathogenesis o f  ovarian 
abscesses in these studies. 

Suppurative and bodiesinflammation foreign 
(compatible with corn oil) occurred with increased 
incidences in the noses of  dosedmaleandfemale 
mice. Thesechangeswereprobablyrelated to 
intranasalinstillation o f  corn oil containing penta-
chloroanisole due toreflux or regurgitation and were 
thus only secondarily  related to pentachloroanisole 
administration. The changes seen  inthepresent 

In the present  studies, all tests for hepatic porphyrinsstudies are apparently  distinctfrom the olfactory 
were negative, but  methodological difficulties may 
have affected the results.  Therefore, it is possible 
that the pigmented  material in rat and mouse cells 
was composed o f  one or more porphyrins. 

Lipofuscins and ceroid are cellular  lipopigments that 
form due t o  autoxidation of unsaturated lipids. 
Thesepigments are seen in aging control  ratsand 
mice and  in various  pathologic conditions o f  many 
other species (Cheville, 1983). Lipofuscin/ceroid has 
also beennotedinhepatocytesandother cells o f  
animals exposed to several chlorinated hydrocarbons 
(hlcConnel1 et al., 1978). Because lipofuscin/ceroid 
variants are somewhat  heterogeneous in chemical 
composition, reactivity with special  stains may  vary. 
The results from using special  stains in these  studies 
are therefore inconclusive. 

In summary, results from the present  studies and the 
literature do not conclusively support  either o f  the 
two most likely differential  diagnoses for the pigment 
or even indicate that  the same material was present 
in both ratsand mice. Additionally, the possibility 
that the pigment may have been  composed of  a third 
material,suchashemosiderin(Kimbrough, 1972), 
was not entirely  eliminated. 

Ovarian abscesses in mice are generally fatal  lesions 
o f  bacterial etiology (Rao et al . ,  1987). The incidence 
o f  these lesions increased marginally in dosed female 
mice; most affected animals died or were sacrificed 
moribundbefore the end o f  the studies.  Thus, the 

epithelial metaplasia and inflammation  observed in 
maleandfemale mice administered  pentachloro-
phenol in feed (NTP, 1989). 

Althoughpentachloroanisole does notcontain any 
molecularfeatures which provide an  alert to DNA 
reactivity (Ashby and Tennant, 1991), and the metab-
olites o f  pentachloroanisole are essentially negative  in 
genotoxicity assays, pentachloroanisole gave positive 
results in three o f  the four NTP genetic toxicity 
studies. Pentachloroanisole was shown to be a direct-
acting mutagen in frameshift strainso f  S.typhimurium 
but S9 activation was required  for apositive response 
in the mouselymphoma assay. Precipitation o f  
pentachloranisole was evident at the effective con- 
centrations in both these assays. Sisterchromatid 
exchanges were  induced in Chinese  hamster ovary 
cells with and  without S9; these positive responses  in 
the SCE test were obtained only at doses that caused 
a delay in cell cycling time. The test results are still 
valid, however, because the  mere observation o f  
in vitro cytotoxicity is not sufficient to diminish the 
potential in vivo genotoxicity of  a chemical; some 
in vivo genotoxins which are active at doses below 
those which produce  observable animal toxicity are 
detected only at toxic concentrations in vitro (Scott 
et al., 1991). Thus, the results of  the genetic toxicity 
studies o f  pentachloroanisole are predictive o f  the 
results o f  the studies in rats  and mice where  benign 
neoplasms o f  the adrenal medulla were observed in 
male rats  and mice and  hemangiosarcomas of  the 
liver were observed in male mice. 
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Gavage and intravenous toxicokinetic studies of  
pentachloroanisole showed no sex-related differences 
ineither the bioavailability or in the peak plasma 
concentration o f  pentachloroanisole in rats or mice. 
Theconcentration of the metabolite, pentachlorophe-
nol, was higher  in female rats than in male  rats after 
gavage administration  and the sex-related difference 
in toxic and carcinogenic  response t o  pentachloro-
anisoleinratsand mice were observed. These 
findings cannot be attributed to the sex-related 
differences in systemic availability o f  pentachloro-
anisole or  to the rateo f  metabolism of  pentachloro-
anisole to pentachlorophenol. 

C o N c l L u s n o N s  
Under the conditionso f  these 2-year gavage studies, 
there was some evidence of carcinogenic activity* o f  
pentachloroanisole in male F344/FJ rats based on 
increased incidences o f  benign pheochromocytomas 
o f  the adrenal medulla. There was equivocal evidence 
of carcinogenic activity o f  pentachloroanisole in 
female F344/FJ rats based on marginally increased 
incidences o f  benign pheochromocytomas o f  the 
adrenal medulla. There was some evidence of carcino-
genic activity o f  pentachloroanisole in male B6C3Fl 
mice based on increased incidences of benign pheo- 

chromocytomas o f  the adrenal medulla and heman- 
giosarcomas o f  the liver. There was no evidence of 
carcinogenic activity o f  pentachloroanisole in female 
B6C3Fl mice given doses of  20 or  40 mgkg. 

Pentachloroanisoleadministration was associated 
with increased incidences o f  adrenal medulla hyper- 
plasia in  femalerats and increased incidences of 
pigmentation in the renal tubule epithelium, olfac-
tory epithelium,  and hepatocyteso f  male and female 
rats. In addition,  decreased incidences o f  pancreatic 
adenomasand focal hyperplasia in  maleratsand 
decreased incidences o f  mammary gland fibroade- 
nomas anduterinestromal polyps and  sarcomas 
(combined)infemaleratswere observed. Hyper-
thermia-related lesions in male  rats receiving 20 or 
40 m a g  were considered indirectly related to penta-
chloroanisole administration. 

Pentachloroanisoleadministration was associated 
with increased incidences o f  adrenal medulla hyper- 
plasia and  hypertrophy and hepatocellular mixed cell 
foci in  male mice. In male  and female mice, non- 
neoplastic liver lesions  associated with pentachloro- 
anisole administration included hepatocellular cyto-
logic alteration, Kupffer cell pigmentation, biliary 
tract hyperplasia, and  subacute inflammation. 

* Explanation of  Levels o f  Evidence o f  Carcinogenic Activity is on page 11. A summary o f  Technical Reports Review Subcommittee 
comments and the public discussion on this Technical Report appears on page 13. 
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TABLEAll 
Summary of the Incidence of NeoplasmsinMaleRatsin the 2-YearGavage Study of Pentachloroanisolea ' ' 

" . . .  . .  . 

Vehicle 10 mgkg Control 20 mgkg 40 msntg 

, I . . . , .  
DispositionSummary 
Animals initially in study 70 70 70 70 
9-Monthinlterim evaluation 10 10 10 10 
15-Month interim  evaluation 10 10 10 10 
Early deaths 

Moribund 23 21 14 5 
Natural deaths 3 9 12 31 

SuMvors 
Terminal sacrifice 24 20 24 14 

( .  

Animals examined microscopically 70 70 70 70 

. .  . .Alimentary System 
Intestine large,  cecum (50) (49) (4) (50)
Intestine large,  colon (50)  (50) (49) (49)
Intestine large,  rectum 

,..(49) Intestine small, duodenum 
(50) (47) (50 ) (49)

(49) (50) (50) . 
Intestine sulall,  ileum (50) ( 5 0 )  (47) (50)
Intestine small, jejunum 

Adenoma 
(50) (50)  (47) (50)

1 (2%) 
Liver _ .  (50) ' ' (50)  ( 5 0 )  (50)

Carcinoma, metastatic, stomach 1 (2%j
Hepatocellular adenoma 1 (2%) 

' ,. 

1 (2%) 
Mesentery . (11) (11) ( 5 )  (9)

Leiomyasarcoma, metastatic, spleen 1 (9%)

Liparmma 1 (9%)


Pancreas (50) (49)
Carcinoma, -metastatic, stomach . . .  1 (2%)
Acinar cell, adenoma 12 (24%) 1 (2%) 1 (2%) 

Pharynx 
'' 

(1) (2) . '  (1)
.'.!:.>Papilloma squamous 1 (100%) 1 (100%)

Squamous cell carcinoma 1 (50%)
Salivary glands (50)  (50 )  (4) (50)
Stomach, forestomach (50) (50 )  (50)  : ' . (50)

Papilloma squamous 1 (2%)
Stomach, glandular (50) ' ( 5 0 )  (50)  (50 )

Carcinoma . 1 (2%) 1 (2%)
Tongue 

" 

. ,  (1) (2) (4) (2)
Papilloma squamous 1 (50%) 1 (50%)
Squamous c e l l  carcinoma 1(25%) 

Cardiovascular 'System 
. . . I  . .Heart (50) (50)  (49) (50)

Schwann'omabenign 3 (6%) 1 (2%) . .  

Endocrine System . .  

Adrenal gland, cortex (49) (50) (50) (50)
Adrenal gland, medulla (50)  (50) (50) (4)

Pheochfomocytoma malignant 3 (6%) 2 (4%)' 3 (6%)
Pheochromocytoma malignant, multiple 1 (2%)
Pheochromocytoma benign 11 (22%) 12 (24%) 13 (26%) 6 (13%)
Pheochromocytoma benign, multiple 1 (2%) 5 (10%) 10 (20%) 9 (19%)

Islets, pancreatic (49) (49) (49) ' . (50) '
Adenoma 8 (16%) 2 (4%) 3 (6%) 6 (12%)
Carcinoma 1 (2%) 

. . 


. .  

, I . -. .  . , , .  . . 

. , 

. - ,  . . . . .  . 

(49) 
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TABLEAI. 

Summary of the Incidence of Neoplasms in Male Rats in the 2-YearGavage Study of Pentachloroanisole (continued) 


Vehicle Control 10 mg/kg 20 mgikg . 4 0  mg/kg 

Musculoskeletal System 
Bone (50)

SquamouB cell  carcinoma, metastatic, pharynx 
Skeletal mwsle 

Fibroma . 

Nervous System 
Brain (50) (50) (50) (50)

Astrocytoma malignant 1 (2%)

Carcinoma, metastatic, pituitary gland 
 1 (2%)
Granular cell tumor benign 1 (2%) 

Respiratory System 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Carcinoma, metastatic, stomach 
Carcinoma, metastatic, thyroid  gland 
Fibrosarcoma, metastatic, skin 
Pheochromocytoma malignant, metastatic, 

adrenal gland 

Mediastinum, hemangiosarcoma 


NOW2 
Osteosarcoma 

Squamous c e l l  carcinoma 


Special Se~nsesSystem 
Zymbal’s ghnd (1)

Squamous cell carcinoma 1 (100%) 

Urinary System 
Kidney

Urinary bladder 


Systemic Lesions 

Multiple organsb (50)  (50 )  (50 )  (50) 


Leukemia mononuclear 23 (4%) 22 (44%) 15 (30%) 8 (16%) 

Mesothelioma benign 1 (2%) 

Mesothelioma malignant 3 (6%) 4 (8%) 1 (2%) 
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TABLEAI! 

Individual Animal Tumor Pathology of Male Rats in the 2-YearGavage Study of Pentachloroanisole: Vehicle Control 


. . , , 

. . . .  
' 2 5 ' 5  5 5 6 6 6 6 6 6 6 6 6 6 ' 6 . 7  7 ' 7 7 ' . 7  7 7 7 7 

Number 0.f Days on Study 1 , 0 2 6 9 0 1 1 2 4 , 5 5 8 8 8 8 0 0 0 0 0 0 0 0 1  
' 

3 7 7 8 4 5 1 7 4 9 r 3 3 3 4 9 1 2 3 3 4 . 5 5 5 8  


. . . .  
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0  

Carcass 11) Number ' 7 5 2 7 3 8 3 2 6 9 4 5 9 0 1 2 8 2 8 0 1 4 7 7 3  
' 1 1 1 2 1 1 2 2 1 1 1 2 2 1 1 4 2 3 3 2 2 2 3 4 3  

Mimentaql system 
. . .  , 

b P h % ? u s  . . . . . . . . . . . . . . . . . . . . . . . . . ;': 

Intestine small 
Intestine large, rectum 
Intestine large,  colon 
Intestine large, cecum, 
Intestine large 

' 

.  .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

Intestine small, duodenum . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine small,  ileum . . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine small, jejunum . . . . . . . . . . . . . . . . . . . . . . . . .  
Mesentery 
Liver .( , 

Leiomyosarcoma, metastatic, spleen 
Liposarcoma 

- . . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + 

X 
x 

+ +  + +  + 
, . 

+ + + + + + + + + + + + M + + + + + + + + + + + + 
Pancma . 

Acinar cell, adenoma X 
Pharynn 

Papilloma squamous 
Salivaq glands . . . . . . . . . . . . . . . . . . . . . . . . .  
Stomach . . . . . . . . . . . . . . . . . . . . . . . . .  . 


Stomach, forestomach . . . . . . . . . . . . . . . . . . . . . . . . . .  
'
 

, ." "  .*_Papilloma squamous 
Stomach, glandular . . . . . . . . . . . . . . . . . . . . . . . . .  
Tongue . . . 

Tooth + 

. , . .  .
'Chrdioviscular system 

Bloodvessel 
Heart . . . . . . . . . . . . . . . . . . . . . . . . .  


. . .Schwnnnoma benign 

Endocrine System 
Adrenal gland . . . . . . . . . . . . . . . . . . . . . . . . . .  
Adrenal gland, cortex + + + + A + + + + + + + + + + + + + + + + + + + +  
Adrenal gland, medulla . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pheot:hromocytoma.malignant ' ' X  X X 
Phemhromocytoma benign X X X X 
Pheochromocytoma benign, multiple X 

Islets, pancreatic + + + + + + + + + + + + M + + + + + + + + + + + +  
Adenoma X X X X 
Carcinoma '. 

+: Tissue exami"ned  microscopically M Missing tissue X Lesion present 
A:Autolysis precludes examination I: Insufficient tissue Blank Not  &mined 



Alimenualluy Sys9m 
Esophagus
Intestine large 

Intestine large,  cecum 

Intestine large,  colon 

Intestine large,  rectum 

Intestine small 

Intestine small,  duodenum 

Intestine small,  ileum 

Intestine small, jejunum 

Liver 

Mesentery 


Leiomyosarcoma, metastatic, spleen 
Liposarcoma 

Pancreas 
Acinar cell, adenoma 

Pharynx 
Papilloma squamous 


Salivary glands 

Stomach 

Stomach, forestomach 


Papillomaquamous 

Stomach, glandular 

Tongue 

Tooth 


Cardiovascular S y s h 5  
Blood vessel 
Heart 

Schwannoma benign 

Endocrine System 
Adrenal gland 

Adrenal gland, cortex 

Adrenal gland, medulla 


Pheochromocytoma malignant 
Pheochromocytoma benign 
Pheochromocytoma benign, multiple 

Islets, pancreatic 

Adenoma 

Carcinoma 


l i l l l l l l 7 l l l l l ~ l l l l l l l l l l l  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 , 2 2 2 2 2 2 2 2 2 2  

6 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1  T O M  
9 1 1 1 2 3 3 4 4 4 5 5 5 6 6 6 6 7 8 8 9 9 0 0 0  Tipues/ 
3 3 4 5 5 4 5 3 4 5 3 4 5 2 3 4 5 5 4 5 4 5 3 4 5  'ITMmOl'S 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50  


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
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X X X x x x x  x x x x  12 


+ 1 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

+ 1


+ 2 


+ + + + 4 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X X X 3 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

3 


X X x x  X x x  11 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 

X X X X 8 


X 1 




84 Pentachloroanisole, 'NTPTR 414 

TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 2-YearGavageStudy of Pentachloroanisole: Vehicle Control 
(continued) 

2 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7  
Number ol' Days on Study 1 0 2 6 9 0 1 1 2 4 5 5 8 8 8 8 0 0 0 0 0 ~ 0 @ 0 0 1" 

3 7 7 8 4 5 1 7 4 9 1 3 3 3 4 9 1 2 3 3 4 5 5 5 8  

. .. 

0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0  

7 5 2 7 3 8 3 2 6 9 4 5 9 0 1 2 8 2 8 0 1 4 7 7 3  

1 1 1 2 1 1 2 2 1 1 1 2 2 1 1 4 2 3 3 2 2 2 3 4 3  


EndocrineSystem (continued) . 
Parathyroid gland + + + + + + + + + + + + + + + + + + + M + + + + + .  

I - '  

Pituitary gland + + + + + + + + + + + + + + M + + + + + + + + + +  
Pars diitalis, adenoma x x x x x  . x  

Pars distalis,  carcinoma X X . x  


Thyroidgland . . . . . . . . . . . . . . . . . . . . . . . . .  

C a l l ,  adenoma x x  X x 

C a l l ,  carcinoma X 

Follicular cell, adenoma , , 


General B c d y  System 
Tissue NOS + 

GenitalSystem 
Epididymis . . . . . . . . . . . . . . . . . . . . . . . . . .  

Preputial gland . . . . . . . . . . . . . . . . . . . . . . . . .  


Adenoma 

Carcinoma X x x x x  


Prostate . . . . . . . . . . . . . . . . . . . . . . . . .  

Seminal vesicle . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Testes . . . . . . . . . . . . . . . . . . . . . . . . .  

, , - 


. ,.. .  Interstitial cell, adenoma ' x x x x x x x x x x x x x x x x x x x , x x  

. .. . / 


Hematopoietic System 
Bone marrow . . . . . . . . . . . . . . . . . . . . . . . . . . .  


Hemangiosarcoma A 

Lymph node . . . . . . . . . . . . . . . . . . . . . . . . .  

Lymph node,  mandibular . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


Carcinoma, metastatic, thyroid  gland x . ' _  


Lymph node, mesenteric . . . . . . . . . . . . . . . . . . . . . . . . .  
 ' . . 

Spleen . . . . . . . . . . . . . . . . . . . . . . . . .  

Leiomyosarcoma X 


'Ihymus + + + + , + + + + + M + + + + + M + + + + + M + + +  


Integumentary System 
Mammary gland . . . . . . . . . . . . . . . . . . . . . . . . . .  


Carcinoma 

Fibroadenoma x x  X 


Skin . . . . . . . . . . . . . . . . . . . . . . . . .  
Basal cell carcinoma x x  
Carcirlosarcoma 
Keratoacanthoma 
Papilloma squamous 
Sebaamus gland,  carcinoma 
Subcutaneous tissue,  fibroma X ! .  ,, I 

Subcutaneous tissue,  fibrosarcoma x , .,. . ,  j '  



&canrcas IID Numberr 

Endocrine Syskm (continued)
Parathyroid gland
Pituitav gland 

Pars distalis, adenoma 
Pars distalis,carcinoma 

Thyroid gland 
C-cell, adenoma 
C-cell, carcinoma 
Follicular cell, adenoma 

ahlihl $yStem 
Epididymis

Preputial gland 


Adenoma 

Carcinoma 


Prostate 

Seminal vesicle 

Testes 


Interstitial cell, adenoma 


Wematopietic System 
Bone m a m  

Hemangiosarcoma 
Lymph node 
Lymph node,  mandibular 

Carcinoma, metastatic, thyroid gland 
Lymph node, mesenteric 
Spleen 

Leiomyosarcoma 
Thymus 

IIntegumenhry system 
Mammary gland 

Carcinoma 
Fibroadenoma 

Skin 
Basal cell  carcinoma 
Carcinosarcoma 
Keratoacanthoma 
Papilloma squamous 
Sebaceous gland, carcinoma 
Suhcutaneous tissue, fibroma 
Subcutaneous tissue, fibrosarcoma 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

6 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1  T O t d  

9 1 1 1 2 3 3 4 4 4 5 5 5 6 6 6 6 7 8 8 9 9 0 0 0  Tissues/ 
3 3 4 5 5 4 5 3 4 5 3 4 5 2 3 4 5 5 4 5 4 5 3 4 5  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 

x x x x  x x x x 16
x x  


x 4 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


x x x  X x x x x 12 

1 


x 1 


+ + 3 
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. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x X 2 


x 6 
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x x x x x x x x x x x x x x x x x x x x x ~ x x x  46 
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1 


+ + + + + + + + + + + + + + + + + + + + I + + + +  46 


+ + + + + + + + + + + + + + + M + + + + + + M + +  48 

x 1 


x x x 6 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


2 

X 1 


x 1 

x 1 


x 1 
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TABLEA2 

Individual1AnimalTumorPathology of Male Rats in the 2-Year Gavage Study of Pentachloroanisole: Vehicle Control 
(continued) 

Number of Days on Study 

Carcass ID Number 
, ,  

Musculoskeletal System 
Bone 

Nervous System 
Brain 

Carcinoma, metastatic, pituitary  gland 

Respiratory System 
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar carcinoma 
Carcinoma, metastatic, thyroid  gland 
Pheochromocytoma malignant, 

metastatic, adrenal  gland 
Mediastinum,hemangiosarcoma 

Nose 

osteosarcoma 

Squamous ce l l  carcinoma 


Trachea 

Special Senses System 
Eye 

Zymbal'tr gland 


Urinary System 
Kidney 
Urethra 
Urinarybladder 

Systemic Lesions 
Multiple organs 


Leukemia mononuclear 

Mesothelioma malignant 


. . .  

2 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7  
1 0 ' 2 6 9 0 1 1 2 4 5 5 8 8 8 8 0 0 0 0 0 0 0 0 1  
3 7 7 8 4 5 1 7 4 9 1 3 3 3 4 9 1 2 3 3 4 5 5 5 8  

. .  

0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0  
7 5 2 7 , 3 8 3 2 6 9 4 5 9 0 1 2 8 2 8 0 1 4 7 7 , 3  
1 1 1 2 1 ' 1 2 2 1 1 1 2 2 1 1 4 2 3 3 2 2 2 3 4 3  

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


X 


X 

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


X 

. . . . . . . . . . . . . . . . . . . . . . . . . .  


+ 
. . .+ 

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

x x x x x x  X 


X X X 




N U 5 k R  Off IhyS On StUdy 

c a m = ID W l a r n L R  

Nervous System 
Brain 

Carcinoma, metastatic, pituitary gland 

Respiratory System 
Lung 

Alveolarlbronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Carcinoma, metastatic, thyroid gland 
Pheochromocytoma malignant, 

metastatic, adrenal gland 
Mediastinum, hemangiosarcoma 

Nose 

Osteosarcoma 

Squamous cell carcinoma 


Trachea 

Special Senses System 
Eye

Zymbal's gland 


Urinary System 
Kidney 
Urethra . 
Urinary bladder 

Systemic Lesions 
Multiple organs 


Leukemiamononuclear 

Mesothelioma malignant 


7 7 ' 7 7 7 7 . 7 7 7 7 7 7 7 7 . 7 7 7 7 7 7 7 7 7 7 7  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 . 2 2 2  
6 9 9 9 9 9 9 9 ' 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  

0 0 0 0 0 0 ' 0 ~ 0 0 0 0 ' 0 0 0 0 0 0 0 0 0 0 0 1 1 1  T O h l  

9 1 1 1 2 3 3 4 4 4 5 5 5 6 6 6 6 7 8 8 9 9 0 0 0  T h s u d  
3 3 4 5 5 4 5 3 4 5 3 4 5 2 3 4 5 5 4 5 4 5 3 4 5  T u 5 O l S  

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 
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. . 1 


X 1 
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+ 	 2 

1 
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+ 2 
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x x  x xx x  x x x x x x x x x .  x 23 


3 
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TABLEA Z !  

Individual Animal Tumor Pathology 

Number dt Days on Study 

Carcass 11) Number 

Alimentary System 
Esophagus
Intestine large 
Intestine large,  cecum 
Intestine large,  colon . 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small,  ileum 
Intestine small, jejunum 

Adenoma 
Liver 

Carcinoma, metastatic, stomach 
Hepatocellular adenoma 

Mesentey 
Pancreas 

Acinar cel l ,  adenoma 
Salivary glands 
Stomach 

Stomach, forestomach 

Stomach, glandular 


Carcinoma 

Tongue


Papilloma squamous 

Tooth 


Cardiovascular System 
B l o o d  vessel 
Heart 

Schwannomabenign 

Endocrine System 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 
Pheochromocytoma benign, multiple 

Islets, pancreatic 
Adenoma 


Parathyroid gland 

Pituitay gland 


Pars distalis, adenoma 
Pars distalis,  carcinoma 
Pars nelvosa,  neoplasm NOS 

Thyroid gland 

C c e l l , ,  adenoma 

Ccell,,  carcinoma 


. I .  

Pentachloroanisole, NTP TR 414 

- . 

. / 

of Male Rats in the 2-YearGavageStudy of Pentachloroanisole: 10 mgntg 

4 4 4 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 . 6 6  
3 3 8 2 2 2 3 6 7 7 7 7 9 0 1 2 2 2 3 4 4 4 6 7 8  
5 7 8 0 1 9 5 8 0 2 7 8 8 4 3 5 6 7 4 0 9 9 7 8 4  . .  . 

4 4 4 5 4 4 5 5 5 4 4 4 4 4 4 4 5 4 4 4 5 5 4 4 4  
6 9 6 2 7 8 1 1 0 8 9 5 5 6 8 7 0 6 8 3 0 1 4 8 5  
1 1 2 1 1 1 1 2 1 2 2 1 2 3 3 2 2 4 4 1 3 3 1 5 3  

. . . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  ; 

+ + + + + M + + + + + + + + + + + + + + + + + . + +  

. . . . . . . . . . . . . . . . . . . . . . . . . .  
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X . . 
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 I 
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X X 
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_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ ~ _ _ _ _ _  

Alimentary System 
- P w w
Intestine large 

Intestine large,  cecum 

Intestine large,  colon 

Intestine large,  rectum 

Intestine small 

Intestine small, duodenum 

Intestine small,  ileum 

Intestine small, jejunum 


Adenoma 
Liver 

Carcinoma, metastatic, stomach 
Hepatocellular adenoma 

Mesentery

Pancreas 


Acinar cell, adenoma 

Salivary glands

Stomach 

Stomach, forestomach 

Stomach, glandular


Carcinoma 

Tongue


Papilloma squamous 

Tooth 


axlrdiovslscular System 
B l o o d  vessel 
H a r t  

Schwannoma benign 

Endocrine System 
Adrenal gland 

Adrenal gland, cortex 

Adrenal gland, medulla 


Pheochromocytoma malignant 
Pheochromocytoma benign 
Pheochromocytoma benign, multiple 

Islets, pancreatic 
Adenoma 


Parathyroid gland 

Pituitary gland 


Pars distalis, adenoma 
Pars distalis,  carcinoma 
Pars nervosa,  neoplasm NOS 

Thyroid gland 

Cce l l ,  adenoma 

C e l l ,  carcinoma 


6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

a 8 0 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

7 9 9 4 6 3 3 3 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  


4 5 5 4 5 4 5 5 4 4 5 5 5 4 4 4 4 4 4 4 4 4 4 4 4  

9 2 0 6 1 4 2 2 9 9 0 1 2 3 3 3 3 4 4 4 5 5 , 7 7 7  

3 2 4 5 4 2 3 4 4 5 5 5 5 2 3 4 5 3 4 5 4 5 3 4 5  
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11 

49 
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50 

50 

50 

50 
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50 
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50 

50 

50 
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12 
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49 
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50 

50 
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TABLEA2 
Individual1AnimalTumorPathology of Male Rats in the 2-YearGavageStudy of Pentachloroanisole: 10 mgkg 
(continued) 

4 4 4 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6  
Number ofDays on Study 3 3 8 2 2 2 3 6 7 7 7 7 9 0 1 2 2 2 3 4 4 4 6 7 8  

5 7 8 0 1 9 5 8 0 2 7 8 8 4 3 5 6 7 4 0 9 9 7 8 4  

4 4 4 5 4 . 4 5 5 5 4 4 4 4 4 4 4 5 4 4 4 5 5 4 4 4  
Carcay ID1 Number 6 9 6 2 7 8 1 1 0 8 9 5 5 6 8 7 0 6 8 3 0 1 4 8 5  

1 1 2 1 1 1 1 ' 2 1 2 2 1 2 3 3 2 2 4 4 1 3 3 1 5 3  

General B d y  System 
. ,None 

Genital System 
Epididymis . . . . . . . . . . . . . . . . . . . . . . . . . .  
Preputial gland + + + + + + + + + + + + + + + + + + + + + + + + M  

Adenoma X 

Carcinoma x x 


Prostate . . . . . . . . . . . . . . . . . . . . . . . . .  

Seminal vesicle . . . . . . . . . . . . . . . . . . . . . . . . .  

Testes . . . . . . . . . . . . . . . . . . . . . . . . .  


Interstitial cell, adenoma x x x x x  x x x x  x x x x x x x x x x x  

Hematopoietic System 
Bone marrow . . . . . . . . . . . . . . . . . . . . . . . . .  
Lymph node . . . . . . . . . . . . . . . . . . . . . . . . . 
I 

Lymph node, mandibular + + M + + + + + + + + + + + + + + + + + + + + + +  

Lymph eode, mesenteric . . . . . . . . . . . . . . . . . . . . . . . . .  

Spleen . . . . . . . . . . . . . . . . . . . . . . . . .  

Thymus + + + + + + + M + + M + + + + + + + + + + + + + +  


~~~~ ~~ ~~ ~ ~~~ ~ ~~ 

Integumentary System 
- . 

Mammaly gland . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fibroadenoma 

Skin . . . . . . . . . . . . . . . . . . . . . . . .  

Keratoacanthoma 

Trichoepithelioma X 

Subcutaneous tissue,  fibroma 

Subcutaneous tissue,  fibrosarcoma X 


Musculoskelletal System 
Bone . . . . . . . . . . . . . . . . . . . . . . . . .  
Skeletal muscle + 

Fibromla X 



General B d y  System 
None 

Genital Spbem 
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 


Prostate 

Seminal vesicle 

Testes 


Interstitial cell, adenoma 

mtmmBopf,eaic system 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

IInkgumentary System 
Mammary gland 

Fibroadenoma 
Skin 

Keratoacanthoma 
Trichoepithelioma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, fibrosarcoma 

6 ' 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 . 7  

8 8 0 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

7 9 9 4 6 3 3 3 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  


4 5 5 4 5 4 5 5 4 4 5 5 5 4 4 4 4 4 4 4 4 4 4 4 4  Total 
9 2 . 0 6 1 4 2 2 9 . 9 0 1 2 3 3 3 3 4 4 4 5 5 7 7 7  T i b e d  
3 2 4 5 4 2 3 4 4 5 5 5 5 2 3 4 5 3 4 5 4 5 3 4 5  Tumors 

. , 

. .  
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+ + + + + + + + + + + M + + + + + + + + + + + + +  48 
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TABLEA2 
IndividualAnimalTumorPathology 
(continued) 

Number of Days on Study 

Carcass ID Number 

Nervous System 
Brain 

Granular cell tumor  benign 

Respiratory System 
Lung 

Ahreolar/bronchiolar adenoma 
Nose 

Squanlous cell carcinoma 
Trachea 

Special Serlses System 
Ear 
Eye 

Urinary System 
Kidney 
Urinaly bladder 

Systemic Lesions 
Multiple organs 


Leukemia mononuclear 

Mesotheliomamalignant 


of MaleRatsinthe 2-YearGavageStudy of Pentachloroanisole: 10 mgkg . 

4 4 4 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6  
3 3 8 2 2 2 3 6 7 7 7 7 9 0 1 2 2 2 3 4 4 4 6 7 8  
5 7 8 0 1 9 5 8 0 2 7 8 8 4 3 5 6 7 4 0 9 9 7 8 4  

4 4 4 5 4 4 5 5 5 4 4 4 4 4 4 4 5 4 4 4 5 5 4 4 4  
6 9 6 2 7 8 1 1 0 8 9 5 5 6 8 7 0 6 8 3 0 1 4 8 5  
1 1 2 1 1 1 1 2 1 2 2 1 2 3 3 2 2 4 4 1 3 3 1 5 3  

. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

x x  

. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 

. . . . . . . . . . . . . . . . . . . . . . . .  


+ 
+ + + + 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

x x x  X x x x x x x  

X X X 



Wemow System 
Brain 

Granular cell tumor benign 

Respimtory System 
Lung 

Alveolar/bronchiolar adenoma 
Nose 
Squamous cell carcinoma 

Trachea 

urinary Syskm 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 
Mesothelioma malignant 

6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

8 8 0 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

7 9 9 4 6 3 3 3 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  


4 5 5 4 5 4 5 5 4 4 5 5 5 4 4 4 4 4 4 4 4 4 4 4 4  TQbn 
9 2 0 6 1 4 2 2 9 9 0 1 2 3 3 3 3 4 4 4 5 5 7 7 7  T i U d  

3 2 4 5 4 2 3 4 4 5 5 5 5 2 3 4 5 3 4 5 4 5 3 4 5  TUIll0N-S 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x x x 5 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

2 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


1 

+ + +  7 
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x x xx xx x xx x x  x 22 
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TABLEKc1 
IndividurrlAnimal Tumor Pathology of Male Rats' in  the 2-YearGavage Study of Pentachloroanisole: 20 mgkg 

1 1 1 1 1 4 4 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7  
Number of Days on Study 8 8 8 8 8 8 9 0 0 6 7 2 3 5 8 8 8 9 0 0 0 0 0 1 1  

5 5 5 5 5 6 3 7 9 8 8 8 3 4 3 4 7 7 1 3 4 4 5 8 8  

2 2 2 2 3 3 3 3 . 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3  
Carcass 11) Number ' 9 9 9 9 8 5 0 8 2 0 5 0 5 3 3 6 3 7 4 1 2 6 9 0 . 3  

1 2 3 4 1 1 1 2 1 2 2 3 3 2 3 1 1 1 1 1 2 2 5 4 4  

Alimentary System 
Esophagus . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large,  cecum . . + + + + + + M + + + + + + + A + + + + + + + + + +  
Intestine large,  colon . . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large, fectum . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine small . . . . . . . . . . . . . . . . . . . . . . . . .. I 


Intestine small, duodenum + + + + + + + + + . + + + + + A + . + + + + + + + + +  

Intestine small,  ileum + + + + + + + + + + M + + + A + + + + A + + + + +  

Intestine small,  jejunum + + + + + + A + + + + + + + A + + + + A + + + + +  

Liver . . . . . . . . . . . . . . . . . . . . . . . . .  


Hepatocellular adenoma X 

Mesentery + + 

Pancnxs . . . . . . . . . . . . . . . . . . . . . . . . .  


Carci.noma, metastatic, stomach X 

Acinar ce l l ,  adenoma 


Pharynx + 

Squamous cell  carcinoma X 


Salivary glands + + + + + + M + + + + + + + + + + + + + + + + + +  

Stomach . . . . . . . . . . . . . . . . . . . . . . . . . .  

Stomach, forestomach . . . . . . . . . . . . . . . . . . . . . . . . .  

Stomach, glandular . . . . . . . . . . . . . . . . . . . . . . . . .  


Carcinoma X 

Tongue + + 
. .

Squamous c e l l  carcinoma x 

Cardiovascular System 
~. . Blood vessel + 


Heart . . . . . . . . . . . . . . . . . . . . . . . . .  


Endocrine System 
. . 

Adrenalgland . . . . . . . . . . . . . . . . . . . . . . . . .  
Adrenal gland, cortex . . . . . . . . . . . . . . . . . . . . . . . . .  
Adrenal gland, medulla . . . . . . . . . . . . . . . . . . . . . . . . .  

Pheochromocytoma malignant X 
Pheochromocytoma malignant, multiple X 
Pheochromocytoma benign x x  X 
Pheochromocytoma benign, multiple x x  X 

Islets, pancreatic + + + + + + A + + + + + + + + + + + + + + + + + +  
Adenoma X 

Parathymid gland + + + + + + M + + + + + + + + + + + + + + + + + +  
Adenoma X 

Pituitary gland + + + + + M I + + + + + + + + + + + + + + + + + +  
Pars distalis, adenoma X X X x x  
Pars distalis,  carcinoma X 

Thyroid gland + + + + + + M + + + + + + + + + + + + + + + + + +  
C c e l l ,  adenoma X X, .  I . . 

Follicular cell, adenoma 



Alimentary System 
~ P W ~ 
Intestine large 

Intestine large,  cecum 

Intestine large,  colon 

Intestine large, rectum 

Intestine small 

Intestine small,  duodenum 

Intestine small,  ileum 

Intestine small,  jejunum

Liver 


Hepatocellular adenoma 

Mesentery

Pancreas 


Carcinoma, metastatic, stomach 
Acinar cel l ,  adenoma 

pharynx
Squamous c e l l  carcinoma 


Salivary glands

Stomach 

Stomach, forestomach 

Stomach, glandular


Carcinoma 

Tongue


Squamous cell carcinoma 


lhKkX!dQeS p k m  
Adrenal gland

Adrenal gland, cortex 

Adrenal gland,  medulla 


Pheochromocytoma malignant
Pheochromocytoma malignant, multiple
Pheochromocytoma benign
Pheochromqoma benign,  multiple

Islets, pancreatic 

Adenoma 


Parathyroid gland

Adenoma 


Pituitary gland

Pars distalis,  adenoma 

Pars distalis,  carcinoma 


Thyroid gland

C-cell, adenoma 

Follicular cell, adenoma 


7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

9 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 6 6  


3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  Total 
8 0 1 1 1 1 2 2 2 4 3 4 4 4 5 5 6 6 6 7 7 7 7 8 8  T i s s u d  
3 5 2 3 4 5 3 4 5 2 5 3 4 5 4 5 3 4 5 2 3 4 5 4 5  Tumors 
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1
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 2-Year GavageStudy of Pentachloroanisole: 20 mg/kg 
(continued) 

Number of Days on Study 

Carcass ID Number 

General M y  System 
None 

Genital System 
Epididymis 
Preputial gland 


Adenoma 

Carcinoma 


Prostate 
Carcinoma, metastatic, stomach 

Seminal vesicle 
Testes 

Interstitial cell, adenoma 

Hematopoietic System 
Bone marrow 
Lymph node . 

Bronchial, carcinoma, metastatic, 
stomach 

Mediastinal, carcinoma, metastatic, 
stomach 


Lymph node, mandibular 

Lymph node, mesenteric 

Spleen 


Carcinoma, metastatic, stomach 
Thymus 

Integumentary System 
Mammaxy gland 


Fibroadenoma 

Skin 

Papilloma squamous 
Squamous c e l l  carcinoma 
Subcutaneous tissue,  fibrosarcoma 
Subcutaneous tissue,  myxosarcoma 

Musculoskeletal System 
Bone 

Squamous cell  carcinoma, metastatic, 
P h a l F  

1 1 1 1 1 4 4 5 5 5 5 6 6 6 6 6 6 ' 6 7 7 7 7 7 7 7  

8 8 8 8 8 8 9 0 0 6 7 2 3 5 8 8 8 9 0 0 0 0 0 1 1  

5 5 5 5 5 6 3 7 9 8 8 8 3 4 3 4 7 7 1 3 4 4 5 8 8  


2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3  

9 9 9 9 8 5 0 8 2 0 5 0 ' 5 3 3 6 3 7 4 1 2 6 9 0 3  

1 2 3 4 1 1 1 2 1 2 2 3 3 2 3 1 1 1 1 1 2 2 5 4 4  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

x, 


+ + + + + + + + + + M + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  


x x x x x x x x x x x x x x x x x  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


X 


X 

+ + + + + + M + + + + + + + + + + + + + + + , + +  
+ + + + + + + + + + M + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  


X 

+ + + + + + + + + + + + + M + + + + + + + + + + M  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 


. . . . . . . . . . . . . . . . . . . . . . . . .  


x x  

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 




General Bady System 
None 

Genihl System 
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Carcinoma, metastatic, stomach 

Seminal vesicle 
Testes 

Interstitial cel l ,  adenoma 

Hernabpietic system 
Bone marrow 
Lymph node 

Bronchial, carcinoma, metastatic, 
stomach 

Mediastinal, carcinoma, metastatic, 
stomach 

Lymph node,  mandibular 
Lymph node, mesenteric 
Spleen 

Carcinoma, metastatic, stomach 
Thymus 

Integumentary System 
Mammary gland 

Fibroadenoma 
Skin 

Papilloma squamous 
Squamous c e l l  carcinoma 
Subcutaneous tissue,  fibrosarcoma 
Subcutaneous tissue, myxosarcoma 

MuwulmkeWai System 
Bone 

Squamous cell  carcinoma, metastatic, 
Pharynx 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

8 0 1 1 1 1 2 2 2 4 3 4 4 4 5 5 6 6 6 7 7 7 7 8 8  

3 5 2 3 4 5 3 4 5 2 5 3 4 5 4 5 3 4 5 2 3 4 5 4 5  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X x x  x x 
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x x x x x x x x x x x x x x x x x x x x x x x x x  
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. . . . . . . . . . . . . . . . . . . . . . . . .  


+ + + + + + + M + + + + + + + + + + + + + + + + +  
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x x 
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Toha 
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T M Q l O m  
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50 
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50 
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49 
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50 


1 
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49 
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TABLEA 2  
IndividurllAnimalTumorPathology of Male Rats in the 2-YearGavageStudy of Pentachloroanisole: 20 mgkg 
(continued:) 

1 1 1 1 1 4 , 4 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7  
Number alf Days on Study 8 8 8 8 8 8 ' 9 - 0 0 6 7 2 ~ 3 5 8 8 8 9 0 0 0 0 0 1 1  

5 5 5 5 5 6 3 7 9 8 8 8 3 4 3 4 7 7 1 3 4 4 5 ' 8 8  

. 2 ' 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3  
Carcass IID Number 9 9 9 9 8 5 0 8 2 0 5 0 ' 5 3 3 6 3 7 4 1 2 6 9 0 3  

1 2 3 4 1 1 1 2 1 ' 2 2 3 3 2 3 1 1 1 1 1 2 2 5 4 4  

Nervous System 
Brain . . . . . . . . . . . . . . . . . . . . . . . . .  

Astnxytoma malignant X 

Respiratoly System 
Lung . . . . . . . . . . . . . . . . . . . . . . . . .  


Ahreolar/bronchiolar adenoma .X 

C+rcinoma, metastatic, stomach X 

Fibrcmrcoma, metastatic, skin X 


NOSe . . . . . . . . . . . . . . . . . . . . . . . . . .  

Trachea . . . . . . . . . . . . . . . . . . . . . . . . .  


Special Senses System 
Ear + 
Eye + 
Zymbal's gland + 


Squamous c e l l  carcinoma X 


Urinary System 

Kidney + S f + + + + + + + + + + + + + + + + + + + + + +  

Urinay bladder . . . . . . . . . . . . . . . . . . . . . . . . .  


. .  . . ,. 

Systemic Lesions 
Multip1.e organs . . . . . . . . . . . . . . . . . . . . . . . . .  


Leukemiamononuclear x x  x X x x x  x 

Mesothelioma benign 




@aakcrass IID Numkr 

Nemow system 
Brain 

Astrocytoma malignant 

Respimt.my system 
Lung 

Ahreolar/bronchiolar adenoma 
Carcinoma, metastatic, stomach 
Fibrosarcoma, metastatic, skin 

Nose 

Trachea 

Special &QSCS System 
Ear 
Eye
Zyrnbal'sgland 

Squamous c e l l  carcinoma 

Urinany System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 
Mesothelioma benign 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  T O t d  

8 0 1 1 1 1 2 2 2 4 3 4 4 4 5 5 6 6 6 7 7 7 7 8 8  T i u d  
3 5 2 3 4 5 3 4 5 2 5 3 4 5 4 5 3 4 5 2 3 4 5 4 5  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 
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TABLEA2 

Individual Animal Tumor Pathology 

Number of Days on Study 

Carcass I :D Number 

Alimentary System 
Esophagus 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 
Intestine large,  rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 
Mesentery 
Panmas 
Pharynx 

Papilloma squamous 
Salivaxy glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Papilloma squamous 

Cardiovascular System 
B l o o d  vessel 
Heart 

Endocrine System 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland,  medulla 

Pheochromocytoma benign 
Pheochromocytoma benign, multiple 

Islets, pancreatic 
Adelnoma 

Parathyroid gland 
Pituitauy gland 

Pars distalis, adenoma 
Thyro~id gland 

Cce: l l ,  adenoma 

General Body System 
None 

Pentachloroanisole, NTP TR 414 

of Male Rats in the  2-Year Gavage Study of Pentachloroanisole: 40 mg/kg 

0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 2 2 4  

6 6 6 6 6 6 9 ' 9 9 9 9 9 9 0 0 0 0 0 0 1 8 8 0 0 8  

0 6 6 6 7 7 6 6 6 6 6 7 7 8 8 8 9 9 9 0 5 5 6 6 8  


1 1 1 1 1 1 1 1 1 1 2 1 2 2 2 2 2 2 2 2 1 1 2 2 2  

5 6 6 6 6 6 8 8 8 8 2 7 0 1 1 1 1 4 4 1 9 9 3 . 3 2  

1 1 2 3 4 5 1 2 3 4 1 1 1 1 2 3 4 1 2 5 1 2 1 2 3  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + + + + + + + + + + + + + M + +  

+ + + + + + + + + + M + + + + M M + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + M + + + + + + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  


+ + + + +  
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. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + M + + + + + + + + + + + + + + + + M + + + + +  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  




z4henQraqsystem 
b P b w  
Intestine large 

Intestine large,  cecum 

Intestine large,  colon 

Intestine large,  rectum 

Intestine small 

Intestine small,  duodenum 

Intestine small,  ileum 

Intestine small, jejunum 

Liver 

Mesentery 

Pancreas 

Phalynx 


Papilloma squamous 

Salivary glands 

Stomach 

Stomach, forestomach 

Stomach, glandular 

Tongue 


Papilloma squamous 


lEQdwrine system 
A d r e n a l  gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma benign 
Pheochromocytoma benign, multiple 

Islets, pancreatic 
Adenoma 

Parathyroid gland 
Pituitary gland 

Pats distalis, adenoma 
Thyroid gland 

C a l l ,  adenoma 

5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

1 4 9 3 3 8 9 9 9 0 0 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

4 8 2 5 6 4 6 7 7 2 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0  


1 2 2 1 1 1 1 1 2 1 2 1 1 1 1 1 2 2 2 2 2 2 2 2 2  

5 4 3 7 7 5 7 5 2 9 4 5 7 8 9 9 0 0 0 0 2 2 3 3 4  

2 3 3 2 3 3 4 4 2 3 4 5 5 5 4 5 2 3 4 5 4 5 4 5 5  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + +  + 

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ 
x 


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + 
x 


+ + +  + + 
. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X X x x x x 


x x x x x  x x x X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

x x x x x x  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  


x x xx x  x x x x x  

. . . . . . . . . . . . . . . . . . . . . . . . .  

x X X  x x 


Total 
T k M d  


TUQl0l-S 


50 

50 

50 

49 

47 

50 

49 

50 

50 

50  

9 


50 

1 

1 


50 

50 

50 

50 

2 

1 


5 

50 


50 

50 

48 

6 

9 


50  

6 


50 

50 

10 

50  

5 
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TABLEA 2  
Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of Pentachloroanisole: 40 mglkg 
(continued) 

Number of Days on Study 

Carcass ID Number 

Genital System 
Epididymis 
Preputial gland 

Carcinoma 

Prostate 

Seminal vesicle 

Testes; 

Interstitial cel l ,  adenoma 

Hematopoietic System 
Bone marrow 
Lymplh node 
Lymplh node, mandibular 
Lymph node, mesenteric 
Spleer1 
mymw 

Integumentary System 
Mammary gland 

Fibroadenoma 
Skin 

Bas11cell carcinoma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, osteoSarcOma 

Musculoskeletal System 
Bone 

Nervous!System 
Brain 

Respiratory System 
Lung 

Alvedaribronchiolar adenoma 
Nose 
Trachea 

Special Senses System 
Eye 

0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 2 2 4  

6 6 6 6 6 6 9 9 9 9 9 9 9 0 0 0 0 0 0 1 8 8 0 0 8  

0 6 6 6 7 7 6 6 6 6 6 7 7 8 8 8 9 9 9 0 5 5 6 6 8  


~ ~~ 

1 1 1 1 1 1 1 1 1 1 2 1 2 2 2 2 2 2 2 2 1 1 2 2 2  

5 6 6 6 6 6 8 8 8 8 2 7 0 1 1 1 1 4 4 1 9 9 3 3 2  

1 1 2 3 4 5 1 2 3 4 1 1 1 1 2 3 4 1 2 5 1 2 1 2 3  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + M + + + + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  


+ + + + + + + + M + + + + + + + + + + M + + + + +  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  




GenihP S y s w l  
Epididymis 
Preputial gland 

Carcinoma 

Prostate 

Seminal vesicle 

Testes 


Interstitial cell, adenoma 

Hematopoietic System 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

ht@pI#IaeQ&.qJSySklll 
Mammary gland 


Fibroadenoma 

Skin 

Basal cell  carcinoma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, osteosarcoma 

IMI~S"keletd System 
Bone 

Nervous system 
Brain 

Respimtory System 
Lung 

Alveolar/bronchiolar adenoma 
Nose 

Trachea 

5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

1 4 9 3 3 8 9 9 9 0 0 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

4 8 2 5 6 4 6 7 7 2 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0  


1 2 2 1 1 1 1 1 2 1 2 1 1 1 1 1 2 2 2 2 2 2 2 2 2  T O h l  

5 4 3 7 7 5 7 5 2 9 4 5 7 6 9 9 0 0 0 0 2 2 3 3 4  Tissues/ 
2 3 3 2 3 3 4 4 2 3 4 5 5 5 4 5 2 3 4 5 4 5 4 5 5  TMmOR3 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x x x x x x x xx x x x x x x x x x x xx x x  24 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + + + + + + + + + + + + + M + + + + + + + +  49 

+ + M + + + + + + + + + + + + + + + + + + + + + +  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + + M + + + + + + + I + + + + + + + + M + +  47 


+ + + + + M + + + + + + + + + + + + + + + + + + +  47 

x 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x X 2 


x 1 

x 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50  


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x X 2 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


+ + 2 


. . 
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TABLEA2 
Individural Animal Tumor Pathology of Male Rats in the 2-YearGavage Study of Pentachloroanisole: 40 mglkg 
(continued:) 

Numder of Days on Study 

Carcass ID Number 

Urinary System 
Kidney 
Urina~ry bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 
Mesothelioma malignant 

0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 2 2 4  

6 6 6 6 6 6 9 9 9 9 9 9 9 0 0 0 0 0 0 1 8 8 0 0 8  


. .0 6 6 6 7 7 6 6 6 6 6 7 7 8 8 8 9 9 9 0 5 5 , 6 . 6 8 ' * ' ,  

1 1 1 1 1 1 ~ 1 1 1 1 2 1 2 2 2 2 2 2 2 2 1 1 2 2 2 '  

5 6 6 6 6 6 8 8 ' 8 8 2 7 0 1 1 1 1 4 4 1 9 9 3 3 2  

1 1 2 3 4 5 1 2 3 4 1 1 1 1 2 3 4 1 2 5 1 2 1 2 3 ' ~  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  
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5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

1 4 9 3 3 8 9 9 9 0 0 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

4 8 2 5 6 4 6 7 7 2 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0  


1 2 2 1 1 1 1 1 2 1 2 1 1 1 1 1 2 2 2 2 2 2 2 2 2  T O t d  

5 4 3 7 7 5 7 5 2 9 4 5 7 8 9 9 0 0 0 0 2 2 3 3 4  Tissues/ 
2 3 3 2 3 3 4 4 2 3 4 5 5 5 4 5 2 3 4 5 4 5 4 5 5  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


SySkmk h i O 5 S  
Multiple organs . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Leukemiamononuclear x x x  x xx x  x 8 
Mesotheliomamalignant x 1 
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TABLE A3 
Statistical Analysis of Primary Neoplasms in Male  Rats in the 2-YearGavage Study 
cut Pentachloroanisole 

VehicleControl 10 mg/kg 20 mg/kg 40 mg/kg 

AdrenalMedulla:BenignPheochromocytoma 
chrerall rates' 12/50 (24%) 
Pdjusted ratesb 37.4% 
Terminal rates' 6/24 (25%)
First incidence days 5274 )Life table tests P=O.OlO 
Lngistic regression testsd P=O.001 
Cmhran-Annita e testd P=O.256IFisher exact test 

Adrenal Medulla: Malignant Pheochromocytoma 
Overall rates 3/50 (6%) 
Adjusted rates 8.2% 
Terminal rates 0124 (0%) 
F'irst incidence (days) 624 
Life table tests P=0.282N 
Logistic regression tests P=0.292N 
Cmhran-Annitage test P=0.147N 
Fisher exact test 

Adrenal Medulla: Benign or Malignant Pheochromocytoma 
Chrerall rates 15/50 (30%) 
Adjusted rates 42.6% 
Terminal rates 6/24 (25%)
First incidence (days) 527 
Life  table tests P=O.O33 
Lngistic regression tests P=O.005 
Cmhran-Annitage test . P=O.457 
Fisher exact test 

Heart:BenignSchwannoma 
Chrerall rates 3/50 (6%) 
Adjusted rates 12.5% 
Terminal rates 3/24 (13%) 
First incidence (days) 729 (T) 
Life table tests P=0.066N 
Logistic regression tests P=0.066N 
Cochran-Annitage test P=0.043N 
Fisher exact test 

Lung: Alveolar/bronchiolar Adenoma 
Chrerall rates 1/50 (2%) 
Adjusted rates 3.8% 
Terminal r a t e s  ' 0/24 (0%) 
F'irst incidence (days) 718 
Life table tests P=O.395 
Lqistic regression tests P=o.361 
Cmhran-Annitage test P=0.544N 
Fisher exact test 

17/50 (34%) 
61.9% 
lono (50%) 
520 
P=0.077 
P=O.O70 

P=O.189 

u s 0  (4%) 
7.8% 
1/20 (5%)
626 
P=0.603N 
P=0.509N 

P=0.500N 

18/50 (36%) 
65.7% 
11/20 (55%) 
520 
P=O.148 
P=O.156 

P=O.335 

1/50 (2%) 
5.0% 
1/20 (5%) 
729 (T) 
P=0.370N 
P=0.370N 

P=0.309N 

5/50 (10%) 
19.5% 
u20 (10%)
649 
P=O.O59 
P=O.'O75 

P=O.102 

23/50 (46%) 
73.6% 
16/24 (67%) 
684 
P=O.O20 
P=O.o06 

P=O.O18 

4/50 (8%) 
14.7% 

(8%)
704 
P=O.491 
P=O.457 

P=O.500 

25/50 (50%) 
77.7% 
17/24 (71%) 
684 
P=O.o42 
P=O.OlO 

P=O.O33 

0/49 (0%) 
0.0% 
o m  (0%) 
-
P=0.126N 
P=0.126N 

P=0.125N 

2/50 (4%) 
7.6% 
1/24 (4%) 
705 
P=O.500 
P=O.478 

P=O.500 

15/48 (31%) 
70.8% 
8/14 (57%) 
548 
P=O.O15 
P=O.o04 

P=O.282 ' I  


0148 (0%) ' ' 


0.0% 

0/14 (0%)
-
P=0.260N 
P=0.218N 

P=0.129N 

15/48 (31%) 
70.8% 
8/14 (57%) 
548 
P=0.054 
P=O.O21 

P=O.534 

O b 0  (0%) 
0.0%. 
0114 (0%) 
-
P=0.228N 
P=0.228N 

P=0.121N 

2/50 (4%)
12.0% 
1/14 (7%)
6% 
P=O.305 
P=O.279 

P=O.500 



bIQ:aVdt3r/bBonChlOhrM e n O E A a  Or @arChOma 
5/50 (10%) 
19.5% 
2/20 (10%)

649 
P=O.136 
P30.157 

P-0.218 

9/50 (18%) 
40.5% 
7 m  (35%) 
689 
P=O.157 
P=O.l27 

P=O.288 

9/50 (18%) 
40.5% 
7/20 (35%) 
689 
P=O.230 
P=O.192 

P=O.393 

1/49 (2%) 
4.5% 
o m  (0%) 
724 
P=O.WN 
P=O.003N 

P<O.MlN 

2/49 (4%) 
7.3% 
om (0%) 
604 
P=0.105N 
P=0.059N 

P=O.O46N 

2/50 (4%) 
7.6% 
1/24 (4%)
705 
P=0.6aN 
P=O.679 

P=0.691N 

2/50 (4%) 
6.7% 
0124 (0%) 
703 
P=0.153N 
P=0.160N 

P=O.l34N 

2/50 (4%)
6.7% 
0124 (0%) 
703 
P=0.096N 
P=0.099N 

P=0.080N 

1/49 (2%) 
4.2% 
1/24 (4%)
729 (T) 
P=0.001N 
P<O.OlN 

P<0.001N 

3/49 (6%) 
11.2% 
2/24 (8%)
701 
P=O.l22N 
P=0.122N 

P=O.lON 

2/50 (4%) 
12.0% 
1/14 (7%) 
6% 
P=O.477 
P=O.448 

P=O.691N 

1/50 (2%) 
7.1% 
1/14 (7%) 
729 
P=0.213N 
P=0.224N 

P=0.056N 

1/50 (2%) 
7.1% 
1/14 (7%) 
729 ( T )
P=0.152N 
P=O.161N 

P=0.030N 


O b 0  (0%) 
0.0% 
0/14 (0%) 
-
P=O.O5N 
P=0.004N 

P<O.OlN 

6/50 (12%) 
32.5% 
3/14 (21%) 
514 
P=O.375 
P=O.385 

P=0.371N 

Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

bhAmarg. Ghn& Fibroadenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

b%mmMwy Gland: Fibhoadenoma or @arcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

hnCmaS: Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Pancreatic Islets  Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 

Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

2/50 (4%) 
7.9% 
1/24 (4%)

718 
P=O.534 
P=0.499 
P=0.3%N 

6/50 (12%) 
19.5% 
2/24 (8%)
683 
P=O.O55N 
P=O.O57N 
P=O.O12N 

7/50 (14%) 
23.2% 
3/24 (13%) 
683 
P=0.033N 
P=0.034N 
P=O.rnN 

12/49 (24%) 
45% 
101% (42%) 
705 
P<0.001N 
P<0.001N 
P<0.001N 

8/49 (16%) 
25.0% 
3/24 (13%) 
594 
P=O.316 
P=O.299 
P=0.464N 
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TABLE A3 
Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Gavage Study 
o~fPentachloroanisole(continued)-

VehicleControl 10 mg/kg 20 mg/kg 40 mg/kg 

Pancreatic Islets: Adenoma or Carcinoma 
Chrerall rates 9/49 (18%) 2/49 (4%) 3/49 (6%) 6/50 (12%) 
Adjusted rates 28.6% 7.3% 11.2% 32.5% 
Terminal rates 4/24 (17%) o m  (0%) m (8%) 3/14 (21%) 
First incidence (days) 594 604 701 514 
Life table tests PtO.416 P=0.069N P =0.077N P=O.459 
Logistic regression tests P=O.3% P=0.037N P-0.078N P=O.466 
Cmhran-Annitage test P=0.356N 
Fisher exact test P=0.025N P=0.060N P =0.274N 

PituitaryGland(ParsDistalis):Adenoma 
Overall rates 16/49 (33%) 224.50 (44%) 14/48 (29%) lob0 (20%) 
Adjusted rates 48.8% 60.8% 46.6% 48.8% 
Terminal rates 9/24 (38%) 8120 (40%) 9/24 (38%) 4/14 (29%) 
First incidence (days) 594 435 633 635 
Life table tests P=0.453N P=O.063 P=0.445N P=O.461 
Logistic regression tests P=0.448N P=O.169 P=0.521N P=O.435 
Cmhran-Armitage test P=0.032N 
Fisher exact test P=O.l70 P=0.440N P=0.115N 

PituitaryGland(ParsDistalis):Carcinoma 
Chrerall r a t e s  4/49 (8%) 1/50 (2%) 1/48 (2%) 0150 (0%) 
Adjusted r a t e s  12.3% 5.0% 2.7% 0.0% 
Terminal rates 1/24 (4%) 1/20 (5%) 0/24 (0%) 0/14 (0%) 
First incidence (days) 617 729 ( T )  654 -
Life table tests P=0.070N P =0.24i2N P=0.199N P=0.180N 
Logistic regression tests P=0.065N P=0.211N P=0.195N P=0.151N 
Cmhran-Annitage test P=0.033N 
F ihe r  exact test P=0.175N P=0.187N P=0.056N 

Pituitary Gland (Pars Distalis):.-Adenoma or -Carcinoma. 
Overall rates 20/49 (41%) 23/50 (46%) 15/48 (31%) 10/50 (20%) 
Adjusted rates 56.3% 64.0% 48.1% 48.8% 
Terminal rates 10/24 (42%) 9 m  (45%) 9/24 (38%) 4/14 (29%) 
First incidence (days) 594 435 633 635 
Life table  tests P=0.244N P=O.147 P=0.249N P=0.475N 
Logistic regression tests P=0.210N P=O.357 P=0.291N P=0.477N 
Cmhran-Annitage test P=O.OOSN 
Fisher exact test P =0.376 P=0.221N P=0.021N 

PreputialGland:Adenoma 
Chrerall rates 2/50 (4%) 1/48(2%) 5/50 (10%) 0/50 (0%) 
Adjusted rates 8.3% 2.6% 20.8% 0.0% 
Terminal rates 2124 (8%) 0/19 (0%) 5/24 (21%) OD4 (0%) 
first incidence (days) 729 (T) 578 732 (T) -
Life table tests P=0.498N P=0.573N P=O.209 P=0.362N 
Logistic regression tests P=0.536N P=0.532N P=O.209 P=0.362N 
Cmhran-Armitage test P=0.312N 
F'iiher exact test P=0.515N P=O.218 P=0.247N 



Preputial Gland: Carcinoma 

First incidence (days) 
Terminal rates 
Adjusted rates 
Overall rates 

17.2% 
6/50 (12%) 

507 
1/24 (4%) on9 (0%) 

2448 (4%) 
5.1% 

577 733 (T) 
1/24 (4%) 

1/50 (2%) 
4.2% 6.3% 

1/50 (2%) 

702 
on4  (0%) 

Life table tests P=0.095N P=O.236N P=O.O72N P=0.254N 
Logiitic regression tests P=O.WN P=0.129N P=O.o66N P=O.l84N 
Cochran-Armitage test P=O.O3oN 
Fiiher exact test P=O.l48N P=O.O56N P=0.056N 

Preputial Gland:  Adenoma or Carcinoma 
Overall rates 8/50 (16%) 3/48 (6%) 6/50 (12%) 1/50 (2%) 
Adjusted rates 24.4% 7.5% 25.0% 6.3% 

Life table  tests 
First incidence (days) 
Terminal rates 

P=0.120N 
507 
3/24 (13%) 

P=0.204N 
577 
On9 (0%) 6i24 (25%) 

P=0.406N 
732 ( T )  

P=0.133N 
702 
On4 (0%) 

Logistic regression tests P=0.107N P=O.lOlN P=0.452N P=O.lON 
Cochran-Armitage test P=0.026N 'Fisher exact test P=O.113N P=0.387N P=0.015N 

Skin: Squamous Cell Papilloma or Squamous Cell Carcinoma 

Adjusted rates 
Overall rites 

4.2% 
1/50 (2%) 

0.0% 
0/50 (0%) 

12.0% 
3/50 (6%) 

0.0% 
0/50 (0%) 

Life table tests 
First incidence (days) 
Terminal r a t e s  

P=O.642 
729 (T) 
1/24 (4%) o m (0%) 

-
P=0.536N P=O.306 

719 
2n4 (8%) On4 (0%) 

P=0.607N 
-

Logistic regression tests P=O.633 P=0.536N P=O.297 P=0.607N 
Cochran-Armitage test P=0.503N 
Fisher exact test P=0.500N P=O.309 P=0.500N 

Skin (Subcutaneous Tissue): Fibroma 

Adjusted rates 
Overall rates 

14.8% 
4/50 (8%) 1/50 (2%) 

4.0% 0.0% 
O b 0  (0%) 

5.6% 
1/50 (2%) 

First incidence (days) 
Terminal rates 

683 
3i24 (13%) o m (0%) 

687 
o m (0%) 
- 697 

On4 (0%) 

Life table tests P=0.179N P=0.265N P=0.065N P=0.389N 
Logistic regression tests P=0.194N P=0.248N P=0.069N P=0.416N 
Cochran-Armitage test P=O.lOlN 
Fisher exact test P=0.181N P=0.059N P=O.l81N 

Skin (Subcutaneous Tissue): Fibrosarcoma 
Overall rates a 5 0  (4%) 1/50 (2%) 3/50 (6%) 0/50 (0%) 
Adjusted rates 7.1% 2.2% 9.6% 0.0% 

First incidence (days) 
Terminal rates 1/24 (4%) 

702 529 
o m (0%) 

684 
1/24 (4%) OD4 (0%)

-
Life table tests P=0.3%N P=0.567N P=0.489 P=O.386N 
Logistic regression tests P=0.381N P=0.484N P=O.462 P=0.388N 
Cochran-Armitage test P=0.243N 
Fisher exact test P=0.500N P=O.500 P=O.Z47N 
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TABLE A3 

Statistical Analysis of Primary Neoplasms in Male Rats in the 2-YearGavage Study 

o:fPentachloroanisole(continued) 

. . . 

Vehicle Control 10 mg/kg 20 mg/kg " M m &  ' 
;a 

Skin (Subcutaneous Tissue): Fibroma or Fibrosarcoma 
Overall rates 6/50 (12%) 2/50 (4%) 3/50 (6%) 1/50 (2%) 
Adjusted rates I 21.3% 6.1% 9.6% 5.6% 
Tmminal rates 4/24 (17%) 0/20 (0%) 1/24 (4%) 0/14 (0%)
Fnrst incidence (days) 529 684 697' 6 8 3  

'Life table t&ts P=0.146N ' P-0.225N P=0.211NP=0.257N 
Logiitic regression tests P=O.l52N P=0.280Nj P=0.163N P=O.223N 
Cochran-Armitagetest . P=0.053N 
Fisher exact test P=0.056N 

. . . .  

Testes Adenoma 
Overall rates 46/50 (92%) 45/50 (90%) 4U50 (84%) 24/50 (48%)
Adjusted -rites 100.0% ' 100.0% 100.0% 95.9% 
Terminal rates 24124 (100%) 20/20 (100%) 24/24 (100%) 13/14 (93%) 
First incidence (days) . (  507 I I 520 486 4 8 8 ' 

Life table tests . P=O.141 P=O.272N P=0.390N Pt0.452N 
lagistic regression tests ' . P=0.479N P=O.492 P=0.631N P=0.555N' 

1 . 
Cochran-Armitage test P<0.001N ~ ' 

~ . .Fisher exact test ' ' P=0.500N P=0.178N Px0.001N 
' .

. ,. . '  . , 

ThyroidGland(C-cell):Adenoma 

Overall rates 12/50 (24%) 6/50 (12%) 7/49 (14%) 5/50 (10%) 

Adjusted rates 40.9% 21.7% 259% 24.5% 

Terminal rates .' ,8124(33%) 2/20 (10%) 5/24 (21%) 1/14 (7%) 

First incidence (days) ' 649 520 687 548 

Life table tests P=0.300N ' .P=0.226N P=0.164N . P=0.391N 


1 


' .  

Logistic regression tests . P=0.338N - Pz0.159N P=0.192N P=0.399N 
Oochran-Armitagetest ' -.P=0.062N ' . ' . , 

I ., ,. ' 

._ 
' ..

Fisher exact test . 'P*=0.096N P=0.166N P=0.054N 
6 .. . .  .. .  

ThyroidGland(C-cell):Adenoma or Carcinoma 
Overall rates 13/50 (26%) 7/50 (14%): ' 7/49 (14%) 5/50 (10%) 
Adjusted .rates . .  '42.7% 24.4% 25.9% 24.5% 
Terminal rates . . ,8/24 (33%) . 2/20 (10%) 5124 (21%) 1/14 (7%) 
First incidence. (days)' ' 649 ' .  , 5 2 0  687 548 ' . 

Life table tests P=0.263NP=0.222N P=0.117N P=0.331N 
Logistic regression tests P=0.243N . I P=0.170N P=0.136N P=0327N 
Cochran-Armitage test P=0.034N 
Fisher exact test P=O.lOSN P=O.llSN : P-0.033N. . 


. .
. .  , . . .  
All,Organs: Mononuclear Cell Leukemia 
Overall rates "23/50(46%) '-. 22/50 (44%) 15/50 (30%) 8/50 (16%) 
Adjusted rates 72.0% 63.3% 43.0% 40.0% 

' I  I . .Terminal rates' . '  16/24 (67%) 9/20 (45%) 7/24 (29%) 3/14 (21%) 
: 611 I . .' ' -I tFirst (days) 4 ' 548incidence ' ' , 4 6' 88
 

.... ~ . ILife tabletests ., . P=O.O5lN . ' P=O.341 . " P=0.108N: ' P=O.l22N' _  

. ,Logistic iegression tests P=0.031N , p=o.560 : .  P=0.113N P=0.130N 
. .Cochran-Armitage test P<0.001N 

' 

. , . . , 

Fsher exact test P=0.500N P=0.074N P=0.001N 'I . 
. , 

. . 



AiU Ougans Benign QE Malignant Mesothelioma 
Overall rates 3/50 (6%) 4/5/50 (8%) 1/50 (2%) 1/50 (2%) 

Adjusted rates 8.4% 11.2% 4.0% 7.1% 

Terminal rates 0/24 (0%) o m  (0%) (0% 1/14 (7%) 

First incidence (days) 624 520 719 729 (T) 

Life table tests . P=0.2%N P-0.385 P=0.3mN P=O.556N 

Logistic regression tests P=0.214N P=O.547 P =0.326N P=0.533N 

Cochran-Armitage test P=O.l%N 

Fiiher exact test P=O.50 P=0.309N P=0.309N 


All Organs:Benign Neoplasms 
Overall rates 49/50 (98%) 49/50 (98%) 45/50 (90%) 26/50 (52%) 

Adjusted rates 10.0% 10.0% 100.0% 10.0% 

Terminal rates 24/24 (10%) 20m (10%) 24/24 (10%) 14/14 (10%) 

First incidence (days) 507 435 486 488 

Life table tests P=0.299N P=O.115 P=O.407N P=0.491N


fw i t i c  regression tests P=O.654 P=0.748N - -
Cochran-Annitage test P<O.0lN 
Fiiher exact  test P=0.753N P=0.102N 

All Organs: Malignant Neoplasms 
o v e d  rates 39/50 (78%) 33/50 (66%) 28/50 (56%) 11/50 (22%) 
Adjusted rates 88.2% 76.8% 68.4% 54.2% 
Terminal rates 19/24 (79%) 11m (55%) 12124 (50%) 5/14 (36%) 
First incidence (days) 507 437 486 548 
Life table tests P=0.07N P=O.482 P=0.097N P=0.014N 
Logistic regression tests P<O.OlN P=0.151N P=0.037N P=0.01N 
Cochran-Annitage test P<O.01N 
Fisher exact test P=0.133N P=0.016N P<O.01N 

AllOrgans: Benign OP Malignant Neoplasms 
Overall rates 49/50 (98%) 50/50 (10%) 45/50 (90%) 26/50 (52%) . , 

Adjusted rates 10.0% 10.0% 10.0% 10.0% 
Terminal rates 24/24 (10%) 20m (10%) 24/24 (10%) 14/14 (10%) 
First incidence (days) 507 435 486 488 
Life table tests P=0.288N P=O.093 P=0.407N P=0.491N 
Logistic regression tests - - -
Cochran-Annitage test PaO.01N 
Fisher exact  test P=O.50 P=0.102N 

Terminal sacrifice 
IT)Mumber o f  neoplasm-bring animals/number o f  animals examined. Denominator is number o f  animals examined mic&pically 

for adrenal gland, bone (including  marrow), brain, epididymis, heart, kidney,  large intestine, liver, lung, mammary gland, 
mandibular or mesenteric lymph node,  nose, pancreas, parathyroid gland, pituitary gland, preputial gland, prostate gland, salivary 
gland, seminal vbicles, skin,  small intestine, spleen,  stomach, testis, thymus, thyroid gland, trachea, and  urinary bladder; for other 
tissues, denominator is number o f  animals necropsied. 
Kaplan-Meier estimated neoplasm  incidence at the end o f  the study after adjustment for intercurrent mortality 
Observed incidence at terminal kill 
Beneath the "Vehicle Control" column are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise  comparisons between the controls and that dosed  group. The life table analysis regards 
neoplasms in animals dying prior to terminal kill as being  (directly or indirectly) the cause of death. The logistic  regression 
tests regard these lesions as nonfatal. The Cochran-Armitage  and Fisher exact tests compare directly the overall  incidence rates. 
For all  tests, a negative trend or  a lower  incidence in a dose group is indicated by PJ. 

e 	 Notapplicable; no neoplasms in animal group 
Value o f  statistic cannot be  computed. 
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TABLEA4 
Historical Incidence of Adrenal Medulla Pheochromocytomas in Male F344/N Rats 
Administered Corn Oil by Gavage' 

Study Benign 

Historical Incidence at Southern Research Institute 

Benzaldehyde 
Dichlorvos 
Fulran 
Furfural 
y-Butyrolactone 
Pentachloroanisole 

Total 

Standard deviation 

Range 


Overall Historical Incidence 

Total 

Standard deviation 

Range 


' 	Data as of 3 April 1991 
Includes two complex pheochromocytomas 

Incidence in Controls 
Malignant 

2/49 
2/50 
1/50 
2/50
o/* 
3/50 

1 o m 7  (3.4%) 
2.1% 
0%4% 


331804 (4.1%) 
3.9% 


0%-14% 

Benign or 

Malignant 


19/49 

22/50 

9/50 


11/50 

15/48 

15/50 


911297 (30.6%) 

9.8% 


18%-44% 


2551'SO4~ (31.7%) 

8.9% 


10%-44% 


17/49 
21/50 
8/50 

11/50 
15/48 
12/50 

84n97 (28.3%) 
9.5% 


16%-42% 


2 2 8 m  (28.4%) 

8.5% 


10%-42% 




113 Lesions i~ Male Rats 

Dispsitiona Summary 
Animals initially in study 
9-Month interim evaluation 
15-Month interim evaluation 
Early deaths 

Moribund 
Natural deaths 

SuMvors 
. Terminalsacrifice 

Animals examined microscopically 

Alimen(argr Sysbnn 
Esophagus 

Ulcer 
Intestine large, cecum 

Edema 
Parasite metazoan 
Ulcer 

Intestine large, colon 
Parasite metazoan 

Intestine large, rectum 
Edema 
Parasite metazoan 
Lymphatic, dilatation 

Liver 
Angiectasis 
Basophilic focus 
Clear cell focus 
Congestion 
Degeneration, cystic 
Eosinophilic focus 
Granuloma 
Hematopoietic cell proliferation 
Hepatodiaphragmatic nodule 
Hyperplasia, focal 
Inflammation, chronic 
Inflammation, chronic active 
Mixed,cell focus 
Bile duct, hyperplasia 
Centrilobular, atrophy 
Centrilobular, necrosis 
Hepatocyte, pigmentation 
Hepatocyte, vacuolization cytoplasmic 
Kupffer cell, hyperplasia 
Kupffer cell, pigmentation 
Lobules, necrosis 
Periportal, inflammation, chronic active 
Portal, necrosis 

Mesentery 
Accessory spleen 
Fat,inflammation,pyogranulomatous 
Fat, necrosis 

70 
10 
10 

23 
3 

24 


70 

(50) 

(50)
1 (2%) 
2 (4%) 
2 (4%) 

(50)
5 (10%) 

(50) 

5 (10%) 

(50) 

27 (54%) 
14 (28%) 

2 (4%)
3 (6%) 

19 (38%) 
4 (8%) 

7 (14%) 
6 (12%) 

1 (2%)
45 (90%) 
2 (4%) 

8 (16%) 
3 (6%) 

2 (4%) 

(11)
1 (9%) 
1 (9%) 
6 (55%) 

70 
10 
10 

21 
9 

20 


70 

(50)
1 (2%) 

(49) 

(50) 

(50) 

6 (12%) 

(50) 
4 (8%)

27 (54%) 
7 (14%) 
2 (4%) 
5 (10%) 
9 (18%) 

10 (20%) 
2 (4%) 
2 (4%) 
5 (10%) 
8 (16%) 

3 (6%) 
45 (90%) 

6 (12%) 

2 (4%) 
1 (2%) 
1 (2%) 
4 (8%) 

(11)
1 (9%) 

5 (45%) 

70 
10 
10 

14 
12 

24 


70 

(50) 

(48)

1 (2%) 
3 (6%) 
1 (2%) 

(49) 
2 (4%) 

(49) 

3 (6%) 

(50)
1 (2%) 

26 (52%) 
6 (12%) 
2 (4%) 
9 (18%) 
9 (18%) 
6 (12%) 
2 (4%) 
2 (4%) 

9 (18%) 
1 (2%) 

44 (88%) 
5 (10%) 
6 (12%) 
1 (2%) 
1 (2%) 
4 (8%) 

1 (2%) 

( 5 )  

4 (80%) 

70 
10 
10 

5 
31 

14 

70 

(50) 

(50) 
1 (2%) 

(49)
5 (10%) 

(47)
1(2%) 
3 (6%) 
1 (2%) 

(50)
2 (4%) 
8 (16%) 
4 (8%) 

13 (26%) 
6 (12%) 
1 (2%) 
8 (16%) 

1 (2%)
2 (4%) 
4 (8%) 

1 (2%) 
26 (52%) 

17 (34%) 
4 (8%) 
2 (4%) 

1 (2%) 
1 (2%)
1 (2%) 

(9) 

3 (33%) 
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TABLEAS 
Summary of the Incidence of Nonneoplas;tic Lesions in Male Rats' in the 2-YearGavageStudy 

. 1
of Pentai:hloroanisole (continued) . . . . . 

. .  


. ./ . I - .  . . , ., .  1 

" Vehicle Control l ~ m g n t g '  . 20 'mg/kg 40 mgntg' " 

. . . .  
Alimentary Sy&m (continued)
Pancreas (49)


Atmphy 14 (29%)

Cytoplasmic alteration 

Edema 

Fibrosis 1 (2%) . . % 


Focal cellularchange 1(2%) . . 3 (6%)

Hyperplasia, focal 

' ' 

19 (39%) 17 (35%) 8 (16%) . 

Infiltration cellular, histiocyte 1 (2%) 
 . .
Inflammation, chronic 1 (2%) 1 (2%)

Salivary glands (50) , ., (50) ' (4)
Atrophy 1 (2%)'. 1 (2%)

Stomach, forestomach (50 )  (50) ( 5 0 )
Dysplasia 1 (2%)
Edema 1 (2%) 2 (4%) 4 (8%) 

r 


Erosion 2 (4%) 2 (4%) 

Inflammation, chronic 1 (2%) 1(2%) . 1 (2%)

Inhmmation, chronic  active 1 (2%)

Mineralization 1 (2%). , 


U l c z r  4 (8%) 
, 

2 (4%) 

Mucosa, hyperplasia 7 (14%) ' 5 (10%)

Stomach, glandular (50)  (50)
Edema 1 (2%) 1 (2%)

Erosion 3 (6%) 1 (2%) 2 (4%) 

Hemonhage 1 (2%)

Inflammation, chronic active 2 (4%)' : 


Mineralization 4 (8%) 3 (6%) 1 (2%)

Ulcer  3 (6%) 1 (2%) 1 (2%)

Mucosa, hyperplasia 

,. . 1 (2%)
'Tooth , ,(2)

Developmental malformation 

-
Cardiovascular System . , .  . .  . .  . .. . I .  

Blood vessel 
~ 

(4) (4) ( 5 )  ( 5 )  

H a r t  
Polyarteritis 4 (100%) 4 (100%) 4 (80%) 5 (100%) 

(50)  (50 )  (49) (50)
Angiectasis 1 (2%) 

~ 

Cardiomyopathy 21 (42%)33 (66%) 37 (74%) 36 (73%)

T h ~ ~ m b u s  1 (2%) . - .  

1 (2%)
Epicardium, inflammation, ,chronic 1 (2%). , " . 

Myocardium, inflammation, chronic 2 (4%) 3 (6%). . 3 (6%) . 7 (14%) 
. .. 

.. . 

Endocrine System 
. . 

Adrenal gland, cortex (49) (50) :' (50) (50)
Accessory adrenal cortical  14 11 (22%). 8 (16%) 6 (12%) nodule (29%)
Angiectasis 4 (8%) 4 (8%)2 (4%) , 2 (4%) 
Clear cell focus 4 (8%) 5 (lo%)\, 5 (10%) 3 (6%) 
Co~lgestion 2 (4%) 2 (4%) 
Cyst 1 (2%)
Hematopoietic cell proliferation 2 (4%) ' 2 (4%) . ' 1 (2%)

Hemorrhage 5 (10%)

Hyperpl,Fia, diffuse 1 (2%)

Hyperplasia, focal 7 (14%). 10 (20%) '. 7 (14%) 2 (4%) 

Necrosis 2 (4%) . 1 (2%)
' .  

Vacuolization cytoplasmic, diffuse 3 (6%) . . (4%) 21(2%)
 ' 2 (4%) . . . .  

," ~ , .  . . . . .  . . ,  ... . .  . /  . - .  . . .  .I .. .. , . ~ , . . .. , .. . . , . . . 



(os) 

(os) 

S I T  
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TABLEA5 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-YearGavageStudy 
o f Pentaclhloroanisole(continued) 

VehicleControl 10 mgkg 20 m& 

Hematopoietic System 
Bonemarrow 

Angiectasis 
Hypercellularity 

Hyperplasia, reticulum cell 

Hypocellularity 

Myelofibrosis 


Lymph node 
Inguinal, hyperplasia, lymphoid 
Inguinal, hyperplasia, plasma cell  
Inguinal, lymphatic, dilatation 1 (2%) 
Mediastinal, congestion 
Mediastinal, hemorrhage 8 (16%) 6 (12%) 10 (20%) 
Mediastinal, hyperplasia, lymphoid 1 (2%) 
Mediastinal, hyperplasia, plasma cell 5 (10%) 1 (2%) 
Mediastinal, pigmentation 4 (8%) 8 (16%) 2 (4%) 
Pankreatic, hemorrhage 1 (2%)
Pancreatic, hyperplasia,  lymphoid 2 (4%) 
Renal, hyperplasia,  lymphoid 1 (2%)
Renal, lymphatic, dilatation 1 (2%) 

Lymph node, mandibular (50) (49) (49)
Congestion 1 (2%) 2 (4%)
Hemorrhage 2 (4%)
Hyperplasia, lymphoid 2 (4%) 4 (8%) 2 (4%) 
Hyperplasia, plasma cell  19 (38%) 18 (37%) 17 (35%) 
Hyperplasia, reticulum cell 
Infiltration cellular, polymorphonuclear 1 (2%) 
Lymphatic, dilatation 2 (4%) 10 (20%) 

Lymph node, mesenteric (50)  (49)
Congestion 
Erythrophagaytosis 1 (2%) 
Hemorrhage 1 (2%) 6 (12%) 
Hyperplasia, lymphoid 1 (2%) 
Hyperplasia, reticulum cell 1 (2%) 
Necrosis 1 (2%)
Pigmentation 1 (2%)
Lymphatic, dilatation 

Spleen (50) 
Congestion 1 (2%)
Degeneration, fatty 1 (2%) 
Dewlopmental malformation 
Fibrosis 3 (6%) 
Hematopoietic cell proliferation 6 (12%) 7 (14%) 
Hemorrhage 1 (2%)
Hyperplasia, mononuclear cell 1 (2%) 
Hyperplasia, re cell  2 (4%) 2 (4%) 
Necrosis 1 (2%) 1 (2%) 3 (6%) 
Pigmentation, hemosiderin 5 (10%) 7 (14%) 8 (16%) 
Lymphoid follicle, atrophy 1 (2%) 
Red pulp,  hyperplasia 1 (2%) 

Thymus (46) (47) (47) 
Congestion 1 (2%) 5 (11%) 
Cyst 3 (7%) 4 (9%) 1 (2%) 
Ectopic parathyroid  gland 
Hemorrhage 5 (11%) 

40 mgkg 

1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 
2 (4%) 

1 (2%) 

(47)
13 (28%) 
1 (2%) 
1 (2%)

21 (45%) 



Integumentary Sysbm 
Mammary gland 

Hyperplasia, cystic 
Hyperplasia, lobular 

Skin 
Acanthosis 
Angiectasis 
Cyst epithelial inclusion 
Exudate 
Fibrosis 
Foreign h l y  
Hyperkeratosis 
Hyperplasia, basal cell 
Inflammation, chronic 
Inflammation, granulomatous 
Ulcer 
Lip, hemorrhage 
Scrotum, congestion 

Musculoskelehl system 
Bone 

Femur, osteopztrosis 

Nervous System 
Brain 

Compression 
Congestion 
Degeneration, focal 
Hemorrhage 
Hydrocephalus 
Mineralization 
Necrosis 

Respiratory System 
Lung 

Atelectasis 
Congestion 
Edema 
Foreign body 
Hemorrhage 
Infiltration cellular, histiocyte 
Inflammation, chronic 
Inflammation, subacute 
Inflammation, suppurative 
Leukocytosis 

Metaplasia, osseous 
Alveolar epithelium, hyperplasia 
Mediastinum,inflammation,granulomatous 

(50)
1(2%) 
2 (4%) 
3 (6%) 

1 (2%) 
33 (66%) 
7 (14%) 

1 (2%) 

6 (12%)
1 (2%) 

1 (2%) 

( 5 0 )  

3 (6%)
2 (4%) 
3 (6%) 
3 (6%) 
30 (60%) 

14 (28%) 

2 (4%) 
4 (8%) 

3 (6%) 

1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 

(50)  

6 (12%) 
1 (2%) 

2 (4%) 
28 (56%) 
10 (20%) 

(50) 

30 (60%) 

5 (10%) 

2 (4%) 

2 (4%) 


23 (4%)
6 (12%) 
1 (2%) 
1 (2%) 

1 (2%)
1 (2%) 
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TABLEA5 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Gavage Study 
of Pentachloroanisole (continued) 

Respiratory System (continued) 
NoSe 

Congestion 
Exudate 
Foreign body 
F U p S  
Inflammation; chronic 
Pigmentation 
Mucosa, erosion 
Mucosa, hyperplasia 
Mucosa, metaplasia, squamous 
Nerve, hypertrophy 
Olfactory epithelium, pigmentation 

Trachea 
Exudate 
Muoosa, hyperplasia 

Special Senses System 
Eye 

cataract 
Phthisis bulbi 
Cornea, hyperplasia 
Retina, atrophy 
Sclera, mineralization 

Urinary System 
Kidney 

Congestion 
Cyst
Hydronephrosis 
Infarct 
Inflammation, chronic 
Inflammation, suppurative 
Mineralization 
Nephropathy 
Artery, hypertrophy 
Renal tubule, pigmentation 
Transitional epithelium,  hyperplasia 

Urethra 
Bulbourethral gland,' ectasia 

Urinary bladder 
Edema 
M u a m ,  hyperplasia 

Vehicle Control 

(50) 

17 (34%) 
8 (16%) 
14 (28%) 
2 (4%) 

8 (16%) 
5 (10%) 
1(2%) 

(2)
1 (50%) 

2 (100%) 
1 (50%) 

2 (4%) 

1 (2%) 
38 (76%) 
10 (20%) 
20 (40%) 
49 (98%) 

1(2%)
2 (4%) 

10 mgntg 

(SO) 


17 (34%) 
6 (12%) 

15 (30%) 
7 (14%) 
1 (2%) 

7 (14%) 
8 (16%) 
1(2%) 

29 (58%) 
(49) 

1 (2%) 

(7) 

6 (86%) 


1(14%) 
6 (86%) 
4 (57%) 

1(2%) 

35 (70%) 
15 (30%) 
13 (26%) 
49 (98%) 

23 (6%) 
2 (4%) 

20 mgntg 

(50) 

12 (24%) 
5 (10%) 
11(22%) 
11(22%) 

(2)
1 (50%) 

1 (50%) 

40 mgntg 

(2)
1 (50%) 
1(50%) 

1(50%) 
1(50%) 

20 (40%) 
14 (28%) 
8 (16%) 

27 (54%) 
1(2%)

16 (32%) 

a Number of animalsexaminedmicroscopically at site and  number o f  animals with  lesion 







Disgositiom Summany 
Animals initially in study 
9-Month interim evaluation 
15-Month interim evaluation 
Early deaths 

Moribund 

Natural deaths 


SuMvors 
Terminal sacrifice 

Animals examined microscopically 

Alimentary System 
Intestine large, colon 
Intestine small,  ileum 
Liver 

Hepatocellular adenoma 
Pancreas 

Acinar cell, adenoma 
Pharynx 

Papilloma squamous 
Stomach, forestomach 

Sarcoma stromal, metastatic, uterus 
Stomach, glandular 

Endocrine System 
Adrenal gland, cortex 

Adenoma 
Adrenal gland, medulla 

Pheochromocytoma benign 
Pheochromocytoma benign, multiple 

Pituitary gland 
Pars distalis, adenoma 
Pars distalis,  carcinoma 
Pars distalis, hamartoma 
Pars intermedia, adenoma 

Thyroidgland 
C e l l ,  adenoma 
C-cell, carcinoma 
Follicular cell, adenoma 
Follicular ce l l ,  carcinoma 

General B d y  System 
None 

~ 

70 

10 

10 


17 

4 

29 

70 


(50)
1 (2%) 

(50)
3 (6%) 


(49)
18 (37%) 

2 (4%) 

2 (4%) 
(50 )
7 (14%) 
1 (2%) 
1 (2%) 

~~ 

70 

10 

10 


13 

2 

35 


70 


(50) 

(50)
5 (10%) 
2 (4%) 

(50)
21 (42%) 
2 (4%) 

2 (4%) 
(2) 

1 (50%) 

70 

10 

10 


4 
2 

44 


70 


(50) 

(50)
9 (18%) 

(50)
20 (40%) 
3 (6%) 
1 (2%) 
1 (2%) 

(50)
9 (18%) 
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TABLEB1 

Summary of the Incidence of Neoplasms in Female Rats in the 2-YearGavage Study of Pentachloroanisole (continued)' 


Vehicle Control 20 mgkg 

. . .  . 

Genital System 
Clitoral gland 

Adenoma 
Carcinoma 

ovary . -

Granulqfracell  tumpr malignant 
Uterus 

Adenoma 
Carcinoma in situ 
Hemangioma 1 (2%)
Polyp stromal 7 (14%) .' 

Sarcoma stromal 
Vagina (3)

Carcinoma 1 (33%)

Leiomyoma1 

polyp . 1 (33%)

Sarcoma stromal, metastatic, uterus 1 (100%) 


Hematopoietic System 
Bone marrow 

. .Lymph node . 

Renal, fibrosarcoma, metastatic, skin 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

Thymomabenign 

Thymoma malignant 


Integumentary System 
Mammarygland ' 

Adenoma 
Carcinoma .. . 
Fibroadenoma 

Skin 
Papilloma squamous 
Squamous c e l l  carcinoma 
Subcutaneous tissue,  fibroma 1 (33%) 
Subcutaneous tissue,  fibrosarcoma 1 (33%) 

Musculoskeletal System 
Skeletal muscle (1)

Sarcoma stmmal, metastatic, uterus 1 (100%) 

Nervous System 
Brain (50) (4)

Astraytoma malignant 1 (2%)
Carcinoma, metastatic, pituitary gland 1 (2%)
Oligodendroglioma malignant 1 (2%) 



WespiwtQry System 

Nose 

Lung 
Alveolarbronchiolar adenoma 

(49) 

(50) 

Urinary bladder 
Kidney 
Udnlary sp tem 

Multiple organsb 
Systemic Lesions 

Lymphoma malignant lymphocytic 
Leukemia mononuclear 

(50)
11 (22%) 

. .  

. .  

Nmplasm Summargr 

Total animals with metastatic neoplasms 

Total animals with malignant neoplasms 

Total animals with benign neoplasms 

Total animals with primaly neoplasms' 

Total metastatic neoplasms 

Total malignant neoplasms 

Total benign neoplasms 

Total primary neoplasms 

.1 
23 
22 
75 
40 
98 
45 

1 

22 
20 
60 
35 
82 
41 

4 
2 

18 
18 
62 
35 
80 
41 

I 

a Number of  animals examined microscopically at site and number of animals with lesion 

primary neoplasms: all neoplasms except metastatic neoplasms 
Number o f  animals with any tissue examined microscopically 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 2-Year Gavage Study of Pentachloroanisole: 
Vehicle Control 

Number OK Days on Study 

Carcass ID Number 

Alimentary System 
b P h a , f F
Intestine large 
Intestinme large,  cecum 
Intestin,e large, colon 
Intestin'e large, rectu'm 
Intestine small 
Intestine small, duodenum 
Intestine. small, ileum 
Intestine, small, jejunum 
Liver 
Mesentery 
Pancreas 

Acinar cell, adenoma 
Pharynx 

Papilloma squamous 
Salivary glands
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue
Tooth 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Pars distalis,  carcinoma 
Pars intermedia, adenoma 

Thyroid gland
C-cell, adenoma 
C-cell, carcinoma 
Follicular cell, adenoma 

General Body System 
None 

+: Tissue examined microscopically 
k. Autolysis precludes examination 

2 3 4 4 5 5 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7  

1 5 4 7 2 2 7 7 8 9 9 1 2 4 6 8 8 8 0 0 1 2 2 2 2  

3 3 4 7 2 6 9 9 9 0 6 6 0 0 9 3 4 7 5 5 8 9 9 9 9  


6 6 6 6 6 6 5 6 6 5 5 6 6 6 6 5 6 5 5 6 6 5 5 5 5  

5 6 0 0 2 6 ' 9 1 2 7 8 5 2 3 2 8 1 9 8 6 3 7 7 7 7  

1 1 2 1 1 2 1 1 2 1 1 2 3 1 4 2 2 2 3 3 2 2 3 4 5  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + +  + + 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  
+ 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

x x x xx x x x  

x x  
. . . . . . . . . . . . . . . . . . . . . . . . .  


X X X X X 

X 

M:Missing tissue X Lesion present 
I Insufficienttissue Blank Not  examined 



Mimenbuy System 
Esophagus 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 
Intestine large,  rectum 
Intestine small 
Intestine small, duodenum 
Intestine small,  ileum 
Intestine small, jejunum 
Liver 
Mesentery 
Pancreas 

Acinar cell, adenoma 
Pharynx 

Papilloma squamous 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 
Tooth 

Cardiovascular System 

Heart 

Endacrine System
Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Adrenal gland,  medulla 

Pheochromocytoma benign
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Pars distalis,  carcinoma 
Pars intemedia, adenoma 

Thyroid gland 
C e l l ,  adenoma 
Ccell, carcinoma 
Follicular cell, adenoma 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  


5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  T O M  

8 8 9 9 9 0 0 0 1 1 1 2 3 3 3 4 4 4 4 4 5 5 5 6 6  Tiu& 
4 5 3 4 5 3 4 5 3 4 5 5 3 4 5 1 2 3 4 5 3 4 5 4 5  TWIlOE3 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + + + + + + + + + + + + + + + + + M + + + +  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


+ + + + +  + + 13 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


x x 2 

+ + 2 

x 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ 1 


+ 2 


~ ~ ~~ ~ ~~ ~~~~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x 3 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

M + + + + + + + + + + + + + + + + + + + + + + + +  49 

x x x  x x  x x x x  x 18 


2 

x x 2 


. . . . . . . . . . . . . . . . . . . . . . . . .  50  

x x 7 


x 1 

1 
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2 3 4 4 5 - 5 5 . 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7  
Number of Days on Study 1 ' 5  4.7 2.2'77 8 9 9 1 2 4 6 8 8 8 0 0 1 2 2 2 2 


3 3 4 7 2 6 9 9 9 0 6 6 0 0 , 9 3 4 7 5 5 8 9 9 9 9  

. . . .  . . . . . . . . .  


~~ ~~ ~ ~~ ~~ ~ ~ ~~ ~~ ~~ ~ ~ ~ 

, , 

6 6 . 6 6 6 6 5 6 6 1 5 5 6 6 6 6 5 6 5 5 6 6 5 5 5 5  
Carcass 11) Number , 5  6:O '0 2 6'9  1'2-'78 5 2 3 2 8 1 9 8 6 3 7 7 7 7 


1 1 2 1 1 2 1 1 2 1 1 2 3 1 4 2 2 2 3 3 2 2 3 4 5  

. . . . .  . . . ~ . . . . . .  , . .  

~ ~ ~~ ~ ~~ 

Genital System . . 
Clitorailgland + + . +  + ' + +, + + + + + + + + + + + + + + + + + + +  

Adenoma X 
Carcinoma x x  

ovary ., +',.+ + + +; + '  +-+ ,+ + + ' + + . + , + + + + + + + + + + + 
Uterus + + + + : + + + + + + + + . + ' + + + + + + + + + + + +  

. .Carcinoma in situ 
Polyp stromal 

. .  

X ' .'.X X x x  
Sarcoma stromal X X 

Vagina M 

Leiomyoma 


I .  . ,  

Hematopoietic System 
Bone marrow . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lymph node . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Lymph node, mandibular . . + , + + + + + , + +.,+ + + + + , +  + + + + + + + + + + + 
Lymph node, mesenteric . , . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Spleen + ' +  + + , + + , +  + I + ' + , +  + , + + + + + + + + + + + + + 
Thymus . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Thymomamalignant X 
. . . . . . , . . .  

Integumenbry System , 

,
Mammary gland M +  + - ' M +  + ' + + + ' + ' + ' +  + ' +  + + + + + + + + + + + '  

Adenoma 
, .. X X 

Fibroadenoma x . x x xx x  
Skin 

1 .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Papilloma squamous 

. .Subcutaneous tissue, fibroma X 
.  .  . . - . .  , . . . . . . . . . . . . . . . . . . . . . . .  - . .  . . 


Musculoskeletal System . .  
Bone + ' +  +, '+ + + + - + + " + + " + + + + + + + + + + + + + + 

. . . . . . . .  .  .  . . . .  . . .  



9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
2 , 2 2 2 2 2 . 2 2 ' 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

5 5 5 5 5 6 6 6 . 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  
8 8 9 ' 9 9 0 0 0 1 1 1 2 3 3 3 4 4 4 4 4 5 5 5 6 6  
4 5 3 4 " 5 3 4 5 3 ' 4 5 5 3 4 5 1 2 3 4 5 3 4 5 4 5  

. . 

T O h l  

Tissues/ 
TuIIl0l-S 

~ ~ ~~ ~~ ~~ ~ 

Genital System 

Carcinoma 
Adenoma 

Clitoral gland 

ovary
Uterus 

Sarcoma stromal 
Polyp stromal 
Carcinoma in sinr 

Leiomyoma 
Vagina 

x 
x X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
x x 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  
x 

x x x  x x x x x  

X 
+ + 

13 
1 
50 
50 
3 
5 

50 

1 
2 

Wematopietic System 

Spleen 
Lymph node, mesenteric 
Lymph node, mandibular 
Lymph node 
Bone marrow 

Thymus
Thymomamalignant 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
+ + + , + + + + + + + + + + + + + + + + + + + + M +  49 . . . . . . . . . . . . . . . . . . . . . . . . .  50 
+ + + + + + M + + + + + + + + + + + + I + + + + +  47 

1 

. . 

IIntegumenhry System 

Fibroadenoma 
Adenoma 

Mammary gland 

Subcutaneous tissue, fibroma 
Papilloma squamous 

Skin 

L ,  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X  x x x x x x x x  

X 
1 
1 
50 
16 
3 
48 

Musculasblehl System 
Bone 

. . . . 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in the 2-YearGavage Study of Pentachloroanisole: 

Vehicle Control (continued) 

Number of Days on Study 

Carcass ID Number 

Nervous System 
Brain 

Astrocytomamalignant 
Carcinoma, metastatic, pituitary  gland 
Oligodendroglioma malignant 

Peripheral nerve 

Respiratory System 
Lung 
Nose 

Trachea 


Special Senses System 
Eye 

Urinary S,ystem 
Kidney 
Urethra 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

2 3 4 4 5 5 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7  
1 5 4 7 2 2 7 7 8 9 9 1 2 4 6 8 8 8 0 0 1 2 2 2 2  
3 3 4 7 2 6 9 9 9 0 6 6 0 0 9 3 4 7 5 5 8 9 9 9 9  

6 6 6 6 6 6 5 6 6 5 5 6 6 6 6 5 6 5 5 6 6 5 5 5 5  
5 6 0 0 2 6 9 1 2 7 8 5 2 3 2 8 1 9 8 6 3 7 7 7 7  
1 1 2 1 1 2 1 1 2 1 1 2 3 1 4 2 2 2 3 3 2 2 3 4 5  

. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


X 

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ 

. . . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

x x  X X 
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Nervous sysuenm
Brain 

Astrocytoma malignant 
Carcinoma, metastatic, pituitary gland 
Oligcdendrogliomamalignant 

Peripheral nerve 

Respiratory System 
Lung
Nose 

Trachea 

Urinary system 
Kidney 
Urethra 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leukemiamononuclear 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7 1 1 1 7 1 1  

2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  


5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  T O M  

8 8 9 9 9 0 0 0 1 1 1 2 3 3 3 4 4 4 4 4 5 5 5 6 6  Tissues/ 
4 5 3 4 5 3 4 5 3 4 5 5 3 4 5 1 2 3 4 5 3 4 5 4 5  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 

1 

1 


+ 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

M + + + + + + + + + + + + + + + + + + + + + + + +  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


+ 1 


~~ _ _ _ _ ~ ~  _ _ _ _ _ _ _ _ ~ ~  

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x . x x x x  x x 11 
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TABLEB2 . . .  . . .  . . i '  

Individual Animal Tumor Pathology of Female 'Rats in the 2-YearGavage Study of Pentachloroanisole: 20 msntg : '. 
. .  . . . . . . . . . .  . . . . 

. , . 

, 3 3 5 5 - 6 6 6 . 6 . 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  
Number of Days on Study 3 4 4 . 8 1,2.,46 7 8 8 9 0 1 2  3 3 3 3 3 3 3 3'3 3 

0 5 1 9 1 5 7 7 3 7 9 5 2 8 4 2 6 6 6 6 6 6 6 6 6  
, . , .. . .  

' 8 8 8 9 9 8 8 8 8 1 8 ' 8 9 9 9 9 8 8 8 8 8 8 8 8 8 8  
Carcass 11) Number 5 5 7 0 2 5 8 . 5 9 . 5 8 3 3 0 2 7 6 6 6 6 6 7 7 7 8  

1 2 1 1 1 3 1 4 5 5 2 2 1 2 2 2 1 2 3 4 5 3 4 5 3  
. . .  . ,  . . . .  

Alimentary System 
Intestine large + 

Intestine large,  cecum + 

Intestine large,  colon + 

Intestine large, reCtum + 

Intestine small + 

Intestine small, duodenum + 

Intestine small,  ileum + 

Intestine small, jejunum + 

Liver 

a 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mesentery + + 

Stomach + 

Stomach, forestomach + 


Sarcoma stromal, metastatic, uterus X 

Stomach, glandular + 


. .  , . 

Cardiovascular System 
None 

. . .  ~. . ,  .~ " _  . . . . . . . . . . . . . . .  . . , .  . ... 


Endocrine System 
Adrenal gland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
- .
Adrenal gland, cortex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Adrenal gland, medulla 

. . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
Pheochromocytoma benign : x - . 

, ' 

. .Pheochromocytoma benign, multiple X 
Pituitary gland - .  ' . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


Pars distalis, adenoma x x I - x x x x x  X X 

Pars distalis,  carcinoma 

~ 


. .Pars intennedia, adenoma X 

Thyroid gland + 
 . . .  . . .Follicular cel l ,  carcinoma 

. . .  ....... - . . . . . . . . . . . . . . . . .  


General Body System 
None 

. . .  . . . . . . . . . . .  j ; .  . . . . . . . . . . .  . . .  


Genital System 
Clitoral gland , 


Adenoma X 

Carcinoma X 


ovary + +  + 
i .  . .Granulosa c e l l .tumor malignant . X 

Uterus . . . . . . . . . . . . . . . . . . . . . . . . .  

Adenoma . x  
Polyp stromal x .' x x x: x x:. 

Sarcoma stromal X 


Vagina + 

. .Sarcoma stromal, metastatic, uterus X 

. . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  




  carcinoma 

 

benign,  multiple 
benign 

hhlim@nhQfSySbm 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 
Intestine large,  rectum 
Intestine small 
Intestine small, duodenum 
Intestine small,  ileum 
Intestine small, jejunum 
Liver 
Mesentery 
Stomach 
Stomach, forestomach 

Sarcoma stromal, metastatic, uterus 
Stomach, glandular 

Cardiovascular System 
None 

E Q ~ o c ~ ~ Q ~System 
Adrenal gland

Adrenal gland, cortex 

Adrenal gland, medulla 


Pheochromocytoma

Pheochromocytoma


Pituitary gland
Pars distalis, adenoma 
Pars distalis, 
Pars intermedia, adenoma 

Thyroid gland

Follicular 


General Bady System
None 

Genital System
Clitoral gland


Adenoma 

Carcinoma 


ovary
Granulosa cell tumor malignant 

Uterus 

Adenoma 

Polyp stromal 

Sarcoma stromal 


Vagina
Sarcoma stromal, metastatic, uterus 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 : 3 ' 3 " 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
6 6 6 ' 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7  


8 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  

8 8 9 9 9 9 0 0 0 1 1 1 1 1 2 2 2 3 3 3 4 4 4 4 4  

4 5 1 2 , 3 4 3 , 4 5 1 2 3 4 5 3 4 5 3 4 5 1 2 3 4 5  


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ 

. . . . .  . 

. . 

. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
x x x x 
x 


. . . . . . . . . . . . . . . . . . . . . . . . .  
x x x x  x ?  x x x  x x x  

X carcinomax 


x
+ 
x cell, 

+ + +  + + + x x x 

+ + x 


. . . . . . . . . . . . . . . . . . . . . . . . . .  

x x x x  x x x 


Total 
T i U d  
Tumors 

1 

1 

1 

1 

1 

1 

1 

1 

50 

3 

1 

1 

1 

1 


50 

50 

50 

5 

2 

50 
21 

2 
2 

2 

1 


8 

4 

1 


\ 5  

2 


50  
1 

13 

1 

1 

1 
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TABLEIi2 
Individual Animal Tumor Pathology of Female Rats in the 2-YearGavage Study of Pentachloroanisole: 20 mg/kg 
(continued) 

Number of Days on Study 

Carcass ID Number 

Hematopoietic System 
Lymph node 

Renal, fibrosarcoma, metastatic, skin 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Integumentary System 

Mammary gland 


Fibroadenoma 

Skin 

Subcutaneous tissue, fibroma 
Subcutaneous tissue, fibrosarcoma 

Musculoskeletal System 
Bone 
Skeletal muscle 

Sarcoma stromal, metastatic, uterus 

Nervous System 
Brain 

Respiratory System 
Lung 

Ahrtmlar/bronchiolar adenoma 
NOSZ 

Special Senses System 
Eye 

Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leu:kemia mononuclear 

3 3 5 5 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 4 4 8 1 2 4 6 7 8 8 9 0 1 2 3 3 3 3 3 3 3 3 3 3  

0 5 1 9 1 5 7 7 3 7 9 5 2 8 4 2 6 6 6 6 6 6 6 6 6  


8 8 8 9 9 8 8 8 8 8 8 9 9 9 9 . 8 8 8 8 8 8 8 8 8 8  

5 5 7 0 2 5 8 5 9 5 8 3 3 0 2 7 6 6 6 6 6 7 7 7 8  

1 2 1 1 1 3 1 4 5 5 2 2 1 2 2 2 1 2 3 4 5 3 4 5 3  


+ +  + + + + +  + 
X 

+ 
+ + 

+ + + + + + +  + 

+ + + + +  + +  + +  + 
x x  X 


+ t 

X 

+ + 
+ 
X 


+ + + + 

+ + + + +  + +  
X 


. . . . . . . . . . . . . . . . . . . . . . . . .  


+ 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X x x  x x x  X X 




r 

TABLE12 

IInndlMdluaU AnnimaU Tumor ItpathoUw ~ f Female Rats inn the 2-Ymr Gavage Study off Itpennb~hU~~r~t~~nni~~Ue:
f 20 mgkg 
(continued) 

7 1 7 7 7 7 1 7 7 1 7 1 7 1 1 1 7 7 7 7 1 1 7 7 7  
N U m k i T  Of Om Shdy  3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 1 7  

8 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  T O h l  

8 8 9 9 9 9 0 0 0 1 1 1 1 1 2 2 2 3 3 3 4 4 4 4 4  Tissues/ 
4 5 1 2 3 4 3 4 5 1 2 3 4 5 3 4 5 3 4 5 1 2 3 4 5  Tum0l-S 

Hematopietic System 
Lymph node + +  M + 11 

Renal, fibrosarcoma, metastatic, skin 1 
Lymph node, mandibular + + 3 
Lymph node, mesenteric + 3 
Spleen + 10 

Integumentary System 
Mammary gland + +  + + + +  + +  + + + 21 

Fibroadenoma x x  x x x x  x 10 
Skin + 3 

Subcutaneous tissue, fibroma x 1 
Subcutaneous tissue, fibrosarcoma 1 

Musculoskelehl System 
Bone + +  + + 6 
Skeletal muscle 1 

Sarcoma stromal, metastatic, uterus 1 

Nervous System 
Brain 4 

~ ~~ ________~ ~ 

Respiratory System 
Lung 7 

Alveoladbronchiolar adenoma 1 
Nose . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Special Senses System 
Eye + + 4 

Urinary System 
Kidney . . . . . . . . . . . . . . . . . . . . . . . . .  50 
Urinary bladder + 1 

Systemic Lesions 
Multiple organs . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Leukemia mononuclear x x x  X x x  14 



. _  . . ' ,  . ,  I ,;,. 
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.i . 

TABLEEl2 . .  *. ..~ . .  

Individual Animal Tumor Pathoiogy of Female Rats in the 2-YearGavageStudy of Pentachloroanisole: 40mgntg;;., 
. .. I ~. 

5 5 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
Number of Days on Study 1 7 2 1 1 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

7 0 8 2 5 3 0 0 0 0 1 ~ 1 1 1 1 1 1 1 1 1 - 1 1 1 1 1  
. .  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 . 7  
Carcass :ID Number 7 4 7 1 3 1 1 1 1 1 2 2 2 2 2 3 3 3 3 4 4 4 4 5 5  

1 1 2 1 - 1 3 2 3 4 5 1 2 3 4 5 2 3 4 5 2 3 4 5 1 2  
. . , ... . . 

~~ ~~ ~~~~ ~~ ~~ ~~ ~~~ ~~ ~~ 

. .  
Alimentary System 

Esophagus . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Intestine large . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large, Cecum . . . . . . . . . . . . . . . . . . . . . . . . . .  

Intestine large,  colon + + + + + + , + + + + + + + M + + + + + + + + + + + .  

Intestine large,  rectum . . . . . . . . . . . . . . . . . . . . . . . . .  

Intestine small . . . . . . . . . . . . . . . . . . . . . . . . . .  

Intestine small, duodenum . . . . . . . . . . . . . . . . . . . . . . . . .  

Intestine small,  ileum . . . . . . . . . . . . . . . . . . . . . . . . .  

Intestine small, jejunum . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Liver . . . . . . . . . . . . . . . . . . . . . . . . .  ( 


Hepatocellular adenoma 
,
 

Mesentery . ;  + . + 


Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  

Pharynx .+ 

Salivary glands . . . . . . . . . . . . . . . . . . . . . . . . . .  _ . 


Stomach :. . . . . . . . . . . . . . . . . . . . . . . . . . .  

Stomach, forestomach - . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Stomnch, glandular . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tongue + 

Tooth 


. . 

Cardiovascular System .. . 1 ., . 
, . 

H a r t  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . .  . . .. .,. . . , . . I , . . 

Endocrine System 
Adrenal gland . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A d r e n a l gland, cortex . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Adrenal gland, medulla . . . . . . . . . . . . . . . . . . . . . . . . . .  


Pheochromocytoma benign x .x ' X : .  X 

Islets, pancreatic , . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Parathyroidgland . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pituitary gland 

I 

. ' + + + + + + + + . + ' + , . +  + + + + + + + + + + +.+- ,+ + 

Pam distalis, adenoma x x  x x x x  X X . x' 

Pars distalis,  carcinoma X X 

Pars distalis, hamartoma 

Pam intermedia, adenoma 
 I , 

Thyroid gland . . . . . . . . . . . . . . . . . . . . . . . . . .  

C e l l ,  adenoma X X x x x  


- .  . . ,. . . . . 0 I .- ~. 



NumbR Off IhyS  Om ShDdy 

I[D N U l a a b P  

Alimentary System 
Esophagus
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 
Intestine large,  rectum 
Intestine small 
Intestine small, duodenum 
Intestine small,  ileum 
Intestine small, jejunum 
Liver 

Hepatocellular adenoma 
Mesentery 
Pancreas 
Pharynx 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 
Twth 

Crandiovrassular System 
H a r t  

rznawa-ine system 
A d r e n a l  gland 
A d r e n a l  gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis,  adenoma 
Pars distalis,  carcinoma 
Pars distalis, hamartoma 
Pars intermedia, adenoma 

Thyroid gland 
C-cell, adenoma 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 ' 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ 1 ' 1 1 1  


7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8  Total 
5 5 5 6 6 6 6 6 7 7 8 8 8 8 8 9 9 9 9 9 0 0 0 0 0  T i U d  
3 4 5 1 2 3 4 5 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 . .  Tumors 

, . 

. . . . . . . . . . . . . . . . . . . . . . . . . .  50  


. . . . . . . . . . . . . . . . . . . . . . . . . .  
' 

50 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  49 

+ + + + . + + + M + + + + + + + + + + + + + + + + +  . ,49 
. . . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


x 1 

+ + + + + 7 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


+ 1 


- .  . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

x x x  x x  9 


. . . . . . . . . . . . . . . . . . . . . . . . .  .50 


. . . . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x x x x x  x x x x  x x  20 


x 3 

x 1 


x 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


x x 'x x 9 
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TABLEB2 
Individual Animal Tumor Pathology 
(continued) 

Number of Days on Study 

Carcass ID Number 

General Body System 
None 

Genital System 
Clitoral gland 


Adenoma 

Carcinoma 


e a x y
Uterus 


Hemangioma 

Polyp stromal 


. Vagina, 

Carcinoma 

PobP 


Hematopalietic System 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymm

Thymoma benign 

Integumentary System 
Mammaxy gland 


Carcinoma 

Fibmadenoma 


Skin 
Squamous cell  carcinoma 

Musculoskeletal System 
Bone 

of Female Rats in the 2-YearGavageStudy of Pentachloroanisole: 40 mskg 

5 5 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

1 7 2 1 1 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

7 0 8 2 5 3 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


7 7 7 7 7 7 7 7 7 7 7 7 7 7 ' 7 7 7 7 7 7 7 7 7 7 7  

7 4 7 1 3 7 1 1 1 1 2 2 2 2 2 3 3 3 3 4 4 4 4 5 5  

1 1 2 1 1 3 2 3 4 5 , 1 2 3 4 5 2 3 4 5 2 3 4 5 1 2  


. . . . . . . . . . . . . . . . . . . . . . . . .  

.x 


x x  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  


X 

X x x  


+ 
X 

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + M + + + + + + + + + + + + + + + + + + M + +  


X 


. . . . . . . . . . . . . . . . . . . . . . . . . .  


X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  




I 

@ra- I[D NUmbfrr  

General B d y  system
None 

Genital system 
Clitoral gland 


Adenoma 

Carcinoma 


ovary
Uterus 

Hemangioma 
Polyp stromal 

Vagina 
Carcinoma 
polyp 

Wemetopietic System 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus

Thymomabenign 

! nntegumenQmn?pr system 
j Mammary glandI 
 CarcinomaI 
 Fibroadenomai 
 Skin 
1 Squamous cell carcinoma 
1 

i 

j 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8  

5 5 5 6 6 6 6 6 7 7 8 8 8 8 8 9 9 9 9 9 0 0 0 0 0  

3 4 5 1 2 3 4 5 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5  


. . . . . . . . . . . . . . . . . . . . . . . . .  

x x 


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


X x x x  

+ + M 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

x x  x x  x 


. . . . . . . . . . . . . . . . . . . . . . . . .  

x 


. . . . . . . . . . . . . . . . . . . . . . . . .  


Total 
Tissues/ 
Tumors 

50 

3 

2 

50 

50 

1 

7 

3 

1 

1 


50 

50 

50 

5 0  

50 

4 8 . 


1 


50 

1 

7 


5 0  

1 


50 
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. / 

TABLElB2 
. .  

Individual Animal Tumor Pathology of Female Rats .in the 2-YearGavage Study of Pentachloroanisole: 40 m g / k g '  " 

(continued) . ,  

-

- 5 5 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 . 7 7 7 7 , ' . . : 

Number of Days on Study 1 7 2 1 1 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
7 0 8 2 5 3 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

, . 

7 , 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 . 7  
Carcass ID Number 7 4 7 1 3 7 1 1 i i 2 2 2 2 2 3 3 3 3 4 4 4 4 5 5  

1 1 2 1 1 3 2 3 4 5 1 2 3 4 5 2 3 4 5 2 3 4 5 1 2  
. .  

~~~ ~ 

Nervous System 
Brain . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . .  . .. . . .  

Respiratory System 
Lung . . . . . . . . . . . . . . . . . . . . . . . . .  

Alvmlarbronchiolar adenoma x ,
Nose .+  +,:+ + + - + ,+ '+-;+ + + .+ + + + + + + + + + + + + + 
Trachea 

? . 
.  .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
 " ' . '  

. . . . .  

Special Senses System 
Ear 
Eye + + 

.. . . . _  . .  

Urinary System .. . 
Kidney ' . :+ + + + . + + + + + + . + , +  + ' + + + + + + + + + + + . +  
Uriniiw bladder . . . . . . . . . . . . . . . . . . . . . . . . . .  


. . .  I . . . ,  , . 

Systemic Lesions . , ~. 
Multiple organs 

. 

, '  + + + + + + + + + + ' +  + + + + + + + + + + +...+.+ + 

Leukemia mononuclear 

. .  x x x x  x .., 


Lymphomalymphocytic X
malignant 
. . . . . . . , . ~  , . . . _  . .~ ~ 



TABLEI52 

1ndi~duaUAmimaU TUJJXI~QU- 40 mg&
PathoUw off FennnaUe Rats I n  the $-Year Gavage Study off B e n h ~ h E ~ , p d ~ o U e :  
(continued) 

7 7 7 7 ~ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
Number off Days om Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8  Total 
5 5 5 6 6 6 6 6 7 7 8 8 8 8 8 9 9 9 9 9 0 0 0 0 0  T m u d  
3 4 5 1 2 3 4 5 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5  TMmOE3 

. .  . .  

NeFfOMS SySkm 

Brain . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Respiratory System 
Lung . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Ahreolarbronchiolar adenoma 1 
Nose . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Trachea . . . . . . . . . . . . . . . . . . . . . . . . . .  50 


+ 1 
+ + + + + +  8 

Urinary System 
Kidney . . . . . . . . . . . . . . . . . . . . . . . . . .  50 
Urinary bladder + ' + + . . + + + + + + + + + + + + + + + M + + + + + +  49 

~~ ~~~~~~~~ ~ 

. .  . , .  . . . 

Systemic Lesions 
Multiple organs . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Leukemia mononuclear x x x x 9 
Lymphomamalignantlymphocytic . '  1 

, . , 
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'I:ABLEB3 
Statistical Analysis of Primary Neoplasms in Female Rats in the 2-YearGavageStudy 
of Pentachloroanisole 

Vehicle Control 20 mg/kg 40 mg/kg 

AdrenalMedulla: Benign Pheochromocytoma 
overall ratesa 3/50 (6%) 7/50 (14%) 9/50 (18%) 
Adjusted ratesb 10.0% 19.1% 19.5% 
Terminal rates' 2/29 (7%) 6/35(17%) 7/44 (16%) 
F'irst incidence days 718 673 712d )Life table tests PtO.193 P=O.247 P=O.219 
L.ogistic regression testsd P=O.135 PtO.232 P=O.170 
Cbchran-Armita e testd P10.0495Fisher exact test P=O.159 P=O.o61 

Clitoral Gland: Adenoma 

Chrerall rates 5/50 (10%) 4/8 (50%)e 3/50 (6%) 

Adjusted rates 15.8% 6.8% 

Terminal rates 4/29 (14%) 3/44 (7%) 

F'irst incidence (days) 579 729 ( T )
Life  table tests P=0.177N 
Logistic regression tests P=0.276N 
Fisher exact test P=0.357N 

Clitoral Gland: Carcinoma 
Overall rates 3/50 (6%) 1/8 (13%)e 2/50 (4%) 
Adjusted rates 9.5% 4.3% 
Terminal rates 1/29 (3%) 0/44(0%) 
First incidence (days) 705 712 
Life table tests P=0.3U)N 
Logistic regression tests P=0.414N 
F ihe r  exact test P=0.500N 

Clitoral Gland: Adenoma or Carcinoma 
Overall rates 8/50 (16%) 51% (63%)e 5/50 (10%) 
Puljusted r a t e s  24.2% 10.8% 
Terminal rates 5/29 (17%) 3/44 (7%) 
First incidence (days) 579 712 
Life table  tests P=0.094N 
Lngistic regression tests P=0.177N 
F ihe r  exact test P=0.277N 

Mammary Gland Fibroadenoma 
Chrerall rates 16/50 (32%) 10/50 (20%) 7/50 (14%) 
Adjusted rates 47.5% 26.1% 15.9% 
Terminal rates 12/29 (41%) 7/35 (20%) 7/44 (16%) 
F'irst incidence (days) 522 687 729 (T) 
Life table  tests P=0.001N P=0.052N P-0.002N 
Logistic regression tests P=0.005N P=0.066N P=0.008N 
Cbchran -h i t age  test P=O.O20N 
F'isher exact test t P=O.lUN P=0.028N 



Mammary Gland: Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
first incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

Mammary Gland: Menoma or Fibroadenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
hhran-Annitage test 
Fisher exact test 

Mammary Gland: Adenoma or Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

Pituitary Gland (Pars Distalis): Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Pituitary Gland (Pars Distalis): Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

3/50 (6%) 
8.9% 
If29 (3%) 
640 

P=0.021N 
P=0.035N 
P=O.O37N 

19/50 (38%) 
53.4% 
13/29 (45%) 
522 
P<O.mlN 
P<O.OlN 
P-0.04N 

3/50 (6%) 
8.9% 
1/29 (3%) 
640 
P=0.109N 
P=0.163N 
P=0.174N 

18/49 (37%) 
53.5% 
13/28 (46%) 
589 
P=0.135N 
P=0.410N 
P=O.410 

2/49 (4%) 
5.4% 
o m  (0%) 

640 

P=O.580 
P=O.466 
P=O.417 

0/50 (0%) 
0.0% 
O f S  (0%) 
-
P-O.092N 
P=O.l16N 

P=0.121N 

10/50 (20%) 
26.1% 
7/35 (20%) 
687 
P=0.013N 
P=0.017N 

P=0.038N 

0/50 (0%) 
0.0% 
OB5 (0%) 
-
P=O.o92N 
P=O.l16N 

P=0.121N 

21/50 (42%) 
50.9% 
15/35 (43%) 
589 
P=0.4%N 
P=O.559 

P=O.371 

2/50 (4%) 
5.7% 
2 0 5  (6%)
729 (T) 
P=O.622N 
P=O.676N 

P=0.684N 

0/50 (0%) 
0.0% 
0/44(0%)-
P=O.O72N 

P=0.117N 


P=0.121N 


7/50 (14%) 

15.9% 

7/44 (16%) 

729 0 

P<O.OlN 

P=O.OlN 


P=O.oSN 


1/50 (2%) 

2.3% 

1/44 (2%) 

729 (T) 

P=0.192N 

P=O.287N 


P=O.rnN 


20/50 (40%) 

43.3% 

18/44 (41%) 

570 

P=O.l64N 

P=0.468N 


P=O.449 


3/50 (6%) 

6.8% 

3/44 (7%) 

729 0 
P=O.643 
P=O.534 

P=O.510 



142 Pentachloroanisole, NTP  TR 414 

TABLEB3 
Statistical Analysis of Primary Neoplasms in Female Rats in the 2-YearGavage Study 
of Pentachloroanisole(continued) 

Vehicle 20 mgkg 40 mgfltgControl 

Pituitary Gland (Pars Dista1is):'Adenoma or Carcinoma 
Overall rates 20/49 (41%) 23/50 (46%) 23/50 (46%) 
Adjusted rates 56.0% 55.9% 49.9% 
Terminal rates 13/28(46%) 17/35(49%) 21/44 (48%) 
First incidence (days) 589 589 570 
Life table tests P=0.146N P=0.468N P=0.181N 
Logistic regression tests P-0.471N P=O.564 P=0.543N 
Cochran-Annitage test P=O.338 
Fisher exact test P=O.376 P=0.376 

ThyroidGland (Ccell): Adenoma 
Overall rates 7/50 (14%) 0/2 (O%)e 9/50 (18%) 
Adjusted rates 19.7% 19.8% 
Terminal rates 3/29 (10%) 8/44 (18%) 
First incidence (days) 444 517 
Life table tests P=0.524N 
Logistic regression tests P=O.346 
Fisher exact 'test P=O.393 

ThyroidGland (C-cell): Adenoma or Carcinoma 
Overall rates 8/50 (16%) o n  (o%)e 9/50 (18%) 
Adjusted rates 22.8% 19.8% 
Terminal rates 4/29 (14%) 8/44 (18%) 
First incidence (days) 444 517 
Life table tests P=0.399N 
Logistic r e g m i o n  tests P=O.471 
Fisher exact test P=O.500 

Uterus: Stromal Polyp 
Overall rates 13/50 (26%) 13/50 (26%) 7/50 (14%) 
Adjusted rates 39.7% 32.9% 15.4% 
Terminal rates 10/29 (34%) 9i35 (26%) 6/44 (14%) 
First incidence (days) 526 667 517 
Life table  tests P=O.OllN P=0.381N P=0.015N 
Logistic regression tests P=0.044N P=0.453N P=0.063N 
Cochran -h i t age  test P=0.093N 
Fisher exact test P=0.590N P=0.105N 

Uterus: Stromal Polyp or Stromal Sarcoma 
Overall rates 15/50 (30%) 14/50 (28%) 7/50 (14%) 
Adjusted rates . ' 42.7% 34.3% 15.4% 
Terminal rates 10/29 (34%) 9/35 (26%) 6/44 (14%) 
First incidence (days) 526 611 517 
Life table  tests P=0.004N P=0.296N P=0.005N 
Logistic regression tests P=0.025N P=0.413N P=0.035N 
Cochran-Armitage test P=0.040N 
Fsher exact test P=0.500N P=0.045N 
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MU Oqcans: Moaaoaaucleatr Cell LeuEremica 
Overall rates 11/50 (22%) 14/50 (28%) 9/50 (18%) 
Adjusted rates 32.8% 32.8% 20.5% 
Terminal rates 8/29 (28%) 8/35 (23%) 9/44 (20%) 
First incidence (days) 526 345 729 (T) 
Life table tests P=O.O98N P=O.513 P=0.115N 
Logistic regression tests P=O.347N P=O.327 P=0.277N 
Cochran-Armitage test P-0.353N 
Fisher exact test P=0.322 P=O.402N 

All Organs: Benign Neoplasms 
Overall rates 40/50 (80%) 35/50 (70%) 35/50 (70%) 
Adjusted rates 90.8% 79.5% 71.4% 
Terminal rates 25/29 (86%) 26/35 (74%) 30/44 (68%) 
First incidence (days) 444 589 517 
Life table tests P<O.OlN P=0.036N ,P=O.OlN 
Logistic regression tests P=0.037N P=0.064N P=0.077N 
Cochran-Armitage test P=0.154N 
Fisher exact test P=0.178N P=O.l78N 

All Organs: Malignant Neoplasms 
Overall rates 2260 (44%) 20/50 (40%) 18/50 (36%) 
Adjusted rates 52.2% 45.4% 37.4% 
Terminal rates 1On9 (34%) 12/35 (34%) 14/44(32%) 
First incidence (days) 353 330 517 
Life table tests P=0.034N P=0.23lN P=0.042N 
Logistic regression tests P=0.423N P=0.514N P=0.415N 
Cochran-Armitage test P=0.238N 
Fisher exact test P=0.42ON P=O.27ON 

All Organs: Benign OF Malignant Neoplasms 
Overall rates 45/50 (90%) 41/50(82%) 41/50 (82%) 
Adjusted rates 93.7% 83.7% 83.6% 
Terminal rates 26/29 (90%) 27/35(77%) 36/44 (82%) 
First incidence (days) 353 330 517 
Life table tests P<O.OlN P=0.057N P<O.OlN 
Logistic regression tests P=0.133N P=0.160N P=O.l13N 
Gxhran-Armitage test P=0.165N 
Fisher exact test P=0.194N P=0.194N 

gT,Terminal sacrifice 
Number o f  neoplasm-bearing animals/number of animals examined. Denominator is number o f  animals examined microscopically 
for adrenal gland, bone (including marrow), brain, clitoral gland, heart, kidney, large intestine, liver, lung,  mammary gland, 
mandibular or mesenteric lymph node, nose, ovary, pancreas, parathyroid gland, pituitary gland, salivary gland, skin, small 
intestine, spleen, stomach, thymus, thyroid gland, trachea, urinary bladder, and uterus; for other tissues,  denominator is number 
of animals necropsied. 
Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality 
Observed incidence at terminal kill 
Beneath the "Vehicle  Control" column are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to painvise comparisons between the controls and that dosed group. The life table analysis regards 
neoplasms in animals dying prior to  terminal kill as  being  (directly or indirectly) the  cause of  death. The logistic  regression 
tests regard these lesions a s  nonfatal. The Cochran-hi tage and Fisher  exact tests compare directly the overall incidence rates. 
For all tests, a negative trend or a lower incidence in a dose group is indicated by PI. 

e 	 T i i u e  was  examined microscopically only when it was observed to  be abnormal at necropsy;  thus, statistical comparisons with 

the control are not appropriate. 

Not applicable; no neoplasms in animal group 


j 
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TABLEB4 
Historical Incidence of Adrenal Medulla Pheochromocytomas in Female F344/N Rats 
Administered Con Oil by Gavagea 

Study Benign 

-
Historical Incidence at Southern Research Institute 

Benzaldehyde 
Dichlorvos 
Furan 
Furfural 
y-Butyrolactone 
Pentachloroanisole 

Total 

Standard deviation 

Range 


Overall Historical Incidence 

Total 

Standard deviation 

Range 


a 	 Data as of 3 April 1991 
Includes one complex pheochromocytoma 

Incidence in Controls 
Malignant 

2/49 

0/50 
0/50 
1/47 

0/50 
0150 

3/2% (1.0%) 

1.7% 

0%4% 


51802 (0.6%) 

1.2% 

0%4% 


Benign or 
Malignant 

7/49 

4/50 

3/50 

3/47 

1/50 

3/50 


21/296 (7.1%) 

4.0% 


2%-14% 


47/802b (5.9%) 

3.5% 


0%-14% 


5/49 

4/50 

U50 

2/47

1/50 

3/50 


17/2% (5.7%) 

2.9% 


2%-10% 


41N2 (5.1%) 

2.7% 


0%-10% 
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D i s p i t i o m  Summany 
Animals initially in study 
9-Month interim evaluation 
15-Month interim evaluation 
Early deaths 

Moribund 
Natural deaths 

SuMvors 
Terminal sacrifice 

Animals examined micmsmpically 

Alimentany System 
Intestine large, cecum 

Inflammation, chronic 
Parasite metazoan 

Intestine large, colon 
Inflammation, chronic 
Parasite metazoan 

Intestine large, rectum 
Edema 
Inflammation, chronic 
Parasite metazoan 

Intestine small, ileum 
Inflammation, chronic 

Intestine small, jejunum 
Inflammation, chronic 
Necrosis 

Liver 
Angiectasis 
Basophilic focus 
Clear cell focus  
Developmental malformation 
Eosinophilic focus 
Granuloma 
Hematopoietic cell  proliferation 
Hepatodiaphragmatic nodule 
Hyperplasia, focal 
Inflammation, chronic 
Inflammation, chronic active 
Mixed cell  focus 
Bile duct, hyperplasia
Centrilobular, atrophy 
Centrilobular, necrosis 
Hepatocyte, pigmentation
Hepatocyte, vacuolization cytoplasmic 
Kupffer cel l ,  pigmentation
Lobules, necrosis 
Oval cell, hyperplasia
Portal, necrosis 

Mesentery 
cyst
Necrosis 
Fat, inflammation, chronic active 
Fat. necrosis 

70 
10 

10 

17 
4 

29 

70 

(50 )
1 (2%)
2 (4%) 

(49) 
1 (2%)
2 (4%) 

(50) 

2 (4%)
7 (14%) 

(50) 

(50) 

(50) 

42 (84%) 
5 (10%) 

1 (2%)

29 (58%) 

2 (4%) 

3 (6%)

4 (8%)
11 (22%) 
1 (2%) 

31 (62%)

1 (2%) 

1 (2%) 


4 (8%)

3 (6%)

2 (4%) 

1 (2%) 


(13)
1 (8%) 

2 (15%) 
10 (77%) 

70 
10 
10 ’ 

13 
2 

35 

70 

(1) 

(1) 

(1) 


(1) 


(1) 

(50)
4 (8%) 

44 (88%)
3 (6%) 
1 (2%) 

19 (38%) 
4 (8%) 
7 (14%) 
6 (12%)
10 (u)%) 


4 (8%) 
27 (54%) 
1 (2%) 
1 (2%)
18 (36%)

3 (6%)
2 (4%) 
3 (6%) 

(3) 

3 (100%) 

70 
10 

10 

4 
2 

44 

70 

(50)  

(49) 

2 (4%) 
(49) 

1 (2%) 

9 (18%) 
(50) 

1 (2%) 
$0)

1 (2%)
1 (2%) 

(50 )
2 (4%) 


45 (90%)

2 (4%) 
5 (10%) 
2 (4%)
24 (48%)

3 (6%) 
5 (10%) 
5 (10%)

12 (24%) 

4 (8%) 
17 (34%) 

1 (2%) 

24 (48%)

1 (2%)

1 (2%)

1 (2%) 

1 (2%)
1 (2%) 

(7) 

1 (14%) 

6 (86%) 
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TABLEB5 

Summary of the Incidence of Nonneoplastic Lesions in Female  Rats in the  2-Year Gavage Study 
of Pentachloroanisole (continued) 

Vehicle Control 20 mg/kg 40 mg/kg 

Alimentary System (continued) 
Pancreas 

Atmphy 
Cyttoplasmic alteration 
Hyperplasia, focal 
Inflammation, chronic 
Duct, hyperplasia 

Salivary glands 
Atrophy
Duct, dilatation 

Stomach, forestomach 
Edema 
Foreign body 
Inflammation, chronic active 

Ulcer 

Mucosa, hyperplasia 


Stomach, glandular 
Erosion 
Mineralization 
Mucosa, hyperplasia 

Tooth 
Developmental malformation 
Inflammation, suppurative 

Cardiovascular System 
H a r t  (50)

Cardiomyopathy 20 (40%) 
Myocardium, inflammation, chronic 4 (8%) 

Endocrine System 
Adrenal gland (50 )  (50)

Hypertrophy, focal 1 (2%) 
Adrenal gland, cortex (50 )  (50)

A c t m r y  adrenal cortical nodule 13 (26%) 13 (26%) 
Angiectasis 30 (60%) 27 (54%) 
Clear cell  focus 4 (8%) 4 (8%) 
c y t  1 (2%) 
Degeneration, fatty 1 (2%) 
Hematopoietic cell proliferation 2 (4%)
Hyperplasia,focal 12 (24%) 13 (26%) 
Hypertrophy, focal 1 (2%) 3 (6%) 
Necrosis 1 (2%) 
Vacuolization cytoplasmic, diffuse 

Adrenal gland, medulla (50)
Angiectasis 1 (2%) 
Hyperplasia 18 (36%) 

Islets, pancreatic 
Hyperplasia 



E n d ~ r i ~ eSystem (continued) 
Pituitary gland 

Pars distalii, angiectasis 
Pars distalis, cyst 
Pars distalis,  hyperplasia 
Pars distalis,  pigmentation 
Pars intermedia, angiectasis 
Pars intermedia, cyst 
Pars intermedia, pigmentation 
Pars nervosa, Cyst 

Thyroid gland 
Ultimobranchial cyst 
C e l l ,  hyperplasia 
Follicle, cyst 
Follicular cell, hyperplasia 

General Bodiy System 
None 

Genital System 
Clitoral gland 

Ectasia 
Hyperplasia 
Inflammation, chronic 
Inflammation, suppurative 

ovary 
Cyst

Uterus 
Abscess 
Angiectasis 
Cyst
Hemorrhage 
Hydrometra 
Hyperplasia, cystic 
Inflammation, suppurative 
Necrosis 
Myometrium, hyperplasia 

Hematopoietic System 
Bone m a n w  

Hypercellularity 
Hyperplasia, reticulum cell 

Lymph node 
Bronchial, hemorrhage 
Bronchial, pigmentation 
Inguinal, hyperplasia, plasma cell  
Lumbar, hyperplasia,  plasma cell  
Lumbar, lymphatic, dilatation 
Mediastinal, hemorrhage 
Mediastinal, hyperplasia, lymphoid 
Mediastinal, hyperplasia, plasma cell  
Mediastinal, pigmentation 

(50)
4 (8%) 

3 (6%)
3 (6%) 

(50 )
1 (2%) 

(50)
2 (4%) 

1 (2%) 

7 (14%) 
13 (26%) 

(50)
1 (2%) 
3 (6%) 

(50) 

1 (2%) 

I (14%) 

10 (20%) 

(50 )
I (14%) 

27(54%) 
8 (16%) 

10 (20%) 
1 (2%)
2 (4%) 
1 (2%) 

(2) 

(8)

2 (25%) 

1 (13%) 

(5)
1 (20%) 

(50 )
1 (2%) 
1 (2%) 

3 (6%) 

2 (4%) 


13 (26%) 


1 (2%) 


(11) 

1 (9%) 
1 (9%) 
1 (9%) 

1 (9%) 
1 (9%) 

(50)
8 (16%) 


20 (40%) 

8 (16%) 

9 (18%) 

1 (2%)
1 (2%) 

(50 )  
1 (2%)

13 (26%) 
1 (2%) 
1 (2%) 

(50)
2 (4%) 
1 (2%) 
5 (10%) 
4 (8%) 

(50)
6 (12%) 

(50)
2 (4%) 

(50 )
2 (4%) 
3 (6%) 

(50)  
1 (2%) 
1 (2%) 

2 (4%) 
1 (2%) 
2 (4%) 
7 (14%) 
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TABLEB!5 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-YearGavageStudy 
of Pentachloroanisole (continued) 

Hematopoietic System (continued) 
Lymph node (continued) 

Pancreatic, hemorrhage 
Pancreatic, hyperplasia,  plasma cell 
Pancreatic, infiltration cellular,  histiocyte
Pancreatic, lymphatic, dilatation 
Renal, hemorrhage 
Renal, pigmentation 

Lymph node, mandibular 
Hemorrhage 
Hyperplasia, lymphoid 
Hyperplasia, plasma cell  
Infiltration cellular, mast cell 
Pigmentation 
Lymphatic, dilatation 

Lymph node, mesenteric 
Hemorrhage
Hyperplasia, lymphoid 
Lymphatic, dilatation 

Spleen 
Congestion
Developmental malformation 
Fibrosis 
Hematopoietic cell proliferation 
Hyperplasia, RE cell  
Necrosis 
Pigmentation, hemosiderin 
Lymphoid follicle, hyperplasia 

Thymus 
Cyst 

Integumentary System 
Mammary gland

Hyperplasia, cystic
Hyperplasia, lobular 

Skin 
Hemorrhage
Inflammation, chronic 
Inflammation, granulomatous 

Musculoskeletal System 
Bone 

Calvarium, osteopetrosis 
Femur, osteopetrosis 

NervousSystem 
Brain 

Compression 
Degeneration, foca l  
Hemorrhage 
Hytlrocephalus 
Necrosis 
Pigmentation 
Meninges,fibrosis 

Vehicle Control 

15 (30%) 

1(2%) 
1 (2%) 
5 (10%) 

(47)
3 (6%) 

(48)
38 (79%) 
4(8%) 

(50 )  

1(2%) 

(50) 
5(10%) 
6 (12%) 

20 mgkg 

1 (9%) 

.1 (9%) 
(3)

1(33%) 
1(saj 
1(33%) 

1 (33%) 
(3)

1 (33%) 

1 (10%) 

4 (40%) 

1(10%) 
2 (20%) 

(21)

15(71%) 

2 (10%) 

(3)
1(33%) 

(6)
6 (100%) 

(4)
3 (75%) 

1 (25%) 

40 mgkg 

(50) 

1(2%) 

(50)
4 (8%) 

1 (2%) 
4(8%) 
1 (2%) 
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Respirraeoq System 
Lung 

Congestion 
Edema 
Hemorrhage 
Infiltration cellular, histiocyte 
Inflammation, chronic 
Inflammation, suppurative 
Pigmentation, cholesterol 
Thrombus 
Alveolar epithelium, hyperplasia 
Smooth muscle, hyperplasia 

Nose 
Developmental malformation 
Exudate 
Foreign body 
Fungus 
Inflammation, chronic 
Glands, hyperplasia 
Glands, necrosis 
Mucosa, hyperplasia 
Mucosa, metaplasia, squamous 
Olfactory epithelium, pigmentation 

Trachea 
Inflammation. chronic 

Special Senses System 
Eye 

cataract 
Phthisis bulbi 
Cornea, inflammation, chronic active 
Cornea, mineralization 
Retina, atrophy 
Sclera, mineralization 

Urinary System 
Kidney 

cyst
Hydronephrosis 
Inflammation, acute 
Inflammation, chronic 
Inflammation, suppurative 
Mineralization 
Nephropathy 
Renal tubule, atrophy 
Renal tubule, degeneration 
Renal tubule, dilatation 
Renal tubule, pigmentation 
Transitional epithelium,  hyperplasia 

Urethra 
Inflammation, chronic 
Necrosis 

(1)

1 (10%) 


1 (10%) 


(50 )  
1 (2%)
1 (2%) 

7 (14%) 
1 (2%) 


21(42%) 
41(82%) 

1 (2%)
1 (2%) 

4 (8%) 
(1)

1 (10%) 

1 (10%) 


(7)

1 (14%) 


4 (57%) 
1 (14%) 

1 (14%) 


2 (29%) 

(50) 

8 (16%) 

3 (6%) 

5 (10%) 

13 (26%) 


5 (10%) 
4 (8%) 
46 (92%) 


(4)
3 (75%) 

1 (25%) 


3 (75%) 

(50)
1 (2%) 

11 (22%) 
1 (2%) 
24 (48%) 
48 (96%) 

1 (2%) 

43 (86%) 


(50)
1 (2%) 

31 (62%) 
18 (36%) 
1 (2%) 

1 (2%) 
1 (2%) 

(50)
1(2%) 
7 (14%) 
1 (2%) 
1 (2%) 
11 (22%) 

2 (4%) 

50 (10%) 
(50)

1 (2%) 

(8)
8 (10%) 


1 (13%) 

1 (13%) 

8 (10%) 

2 (25%) 

(50)
1 (2%) 
1 (2%) 
1 (2%) 
10 (20%) 
1 (2%) 

15 (30%) 
42 (84%) 
1 (2%) 

1 (2%) 

45 (90%) 

2 (4%) 
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TABLEB5 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-YearGavage Study 
of Pentachloroanisole (continued) 

Vehicle Control 2 0 m g k g  . 40 mgkg 

Urinary System (continued) 
Urinarybladder (50) (1) (49)

Hemorrhage 1 (2%) 
Inflammation, chronic . ' 1(2%) 
Inflammation, subacute 2 (4%)
Mucosa, hyperplasia 1 (2%) 

a Number of  animals examined microscopically at site and  number of animalswith lesion 







DkSpd~b~~~~~~~ 

9-Month interim evaluation 
Animals initially in study 

10 
70 

10 
70 

10 
70 

15-Month interim evaluation 10 10 10 
Early deaths 

Accidental deaths 1 1 
Moribund 17 u) 22 
Natural deaths 2 2 

survivors 
Died last week of  study 1 
Terminal sacrifice 30 27 27 

Animals examined microscopically 70 70 70 

Intestine small,  ileum
Mimentag System 

Intestine small,  jejunum
Adenocarcinoma 

Liver 

Histiocytic sarcoma 
Hepatocellular adenoma,  multiple
Hepatocellular adenoma 
Hepatocellular carcinoma,  multiple
Hepatocellular carcinoma 
Hemangiosarcoma, multiple
Hemangiosarcoma 

Squamous cell  carcinoma, metastatic, stomach
Fibrous histiocytoma 

Mesentery 

Pancreas 

Squamous c e l l  carcinoma, metastatic, stomach 
Fibrous histiocytoma 

Stomach, forestomach
Salivary glands 

Squamous cell  carcinoma
Papilloma squamous 
Fibrous histiocytoma 

Squamous cell  carcinoma 
Stomach, glandular 

~~~~~ 

Endarhine system 

Adrenal  gland, cortex 

Adrenal gland 

Adenoma 

Capsule, spindle cel l ,  adenoma 

Pheochromocytoma benign 
Adrenal gland, medulla 

Capsule, fibrous histiocytoma 

Adenoma 
Islets, pancreatic 

Fibrous histiocytoma 

. -
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TABLEC1 

Summary of the Incidence of Neoplasms in Male Mice in the 2-YearGavage Study of Pentachloroanisole (continued) 


VehicleControl 20 mgkg 40 mgkg 

Endocrine System (continued) 
Thyroid gland 

C e l l ,  carcinoma 
Follicular tzll, adenoma 
Follicular txll,  carcinoma 

General Body System 
Tissue NOS 

Mediastinum, fibrosarcoma 

Genital System 
Epididymis 	

. ,
Fibrous histiocytoma 

Prostate 
Fibrous histiocytoma 
Hepatocellular carcinoma, metastatic, liver 

Seminal vesicle 
Squamous cell carcinoma, metastatic,  stomach 

Testes 
Interstitial cell, adenoma 

Hematopoietic System 
Bone marmu' 

Hemangiosarcoma 
Lymph node 

Mediastinal, fibrous histiocytoma 
Mediastinal, squamous e l l  carcinoma, 

metastatic, stomach 
Lymph node,  mandibular 
Lymph node, mesenteric 

Fibrous histiocytoma 
Squamous cell carcinoma, metastatic, stomach 

Spleen 
Hemangiosarcoma 

Thymus
Thymoma benign 

Integumentary System 
Skin 

Hemangioma 
Hemangiosarcoma 
Kenmaanthoma 
Subcutaneous tissue, hemangioma 

Musculoskeletal System 
Bone 

Osteosarcoma 
Skeletal muscle 

Fibrosarcoma 
Hemangiosarcoma 

(49) 

(1)

1 (100%) 


(50)  

(50) 

(50) 

(50 )  

. . 

(50) 	 (29 (50 )
1 (2%) 

1 (3%) 

1 (2%) 

2 (7%) 
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TABLEC2 

Individual Animal Tumor Pathology of Male Mice in  the 2-Year Gavage Study of Pentachlorcuu&sole: 

Vehicle Control 

Number of Days on Study 

Canmy ID Number 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large 
Iqtestine large, cecum 

' Intestine large,  colon 
Intestine large,  rectum 
Intestine small 
Intdtine small, duodenum 
Intestine small,  ileum 
Intestine small, jejunum 
Liver 

Hemangiosarcoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma,  multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 

Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tooth 

Cardiovascular System 
H a r t  

Endocrine System 
Adrenal gland 

Capsule, spindle cell, adenoma 
Ad,nnal gland, cortex 

Adenoma 
A d r e n a l  gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

C-cell, carcinoma 
Follicular cel l ,  carcinoma 

+: Tissue examined microscopically 
A:Autolysis precludes examination 

0 4 4 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  

0 2 9 2 8 9 1 1 7 9 9 9 9 0 0 0 0 1 1 1 2 2 2 2 2  

9 4 1 9 9 9 7 7 5 1 1 1 1 1 1 5 8 0 2 7 9 9 9 9 9  


0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

4 0 4 4 4 1 2 3 3 0 1 2 3 3 4 5 4 2 1 1 0 0 0 0 0  

8 2 7 2 3 6 9 2 7 3 1 6 1 0 6 0 9 5 2 0 1 4 5 6 7  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + M + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  


X X 

X x x x  X 


X X 

X x x x  x x  x x x  x 


X 

+ 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + +  + + + +  + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

M + + + + + + + + + + + + + M + M + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  


X 

x 

M:Missing t b u e  X Lesion present 
I: Insufficient tissue Blank Not  examined 



Mirn@rnhnySysQm 
Efophagus
Gallbladder 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 
Intestine large,  rectum 
Intestine small 
Intestine small, dudenum 
Intestine small,  ileum 
Intestine small,  jejunum 
Liver 

Hemangiosarcoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma,  multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 

Mesentety 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tooth 

lEndm~.nneSyskm 
Adrenal gland 

Capsule, spindle cell, adenoma 
Adrenal gland, cortex 

Adenoma 
Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

C e l l ,  carcinoma 
Follicular cell, carcinoma 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  


~~ ~ 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 1 1 1 1 1 1 2 2 2 2 2 2 2 3 3 3 3 3 3 4 4 4 4  TQh! 
8 9 3 4 5 7 8 9 0 1 2 3 4 7 8 3 4 5 6 8 9 0 1 4 5  T m u d  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Ternom 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ M + + + + + + + M + + + + + + M + + + + + + + +  46 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


2 

X X 7 


X X  x x x  x 18
x x  

x 2 


+ 2 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

. . . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + + + + + + +  + +  + + +  + + + + + +  36 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x X 4 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + + + + + + + + + + + + + + + + + + M + + +  49 

+ + + + + + + + + + + + M + + + + + + + M + M + +  44 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


1 

1 
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TABLEC2 
I . 

Individual Animal Tumor Pathology of Male Mi& in  the 2-YearGavage Study of Pentachlomanisole: Vehicle Control .I 
(continued) 

Number of Days on Study 

Carcass IID Number 

General Body System 
None 

Genital System 
Coagulating gland 
Epididymis 
Penis 
Preputial gland 
Prostate 
Seminal vesicle 
T e s t e s  


Hematopoietic System 
Bone m a m  

Hemangiosarcoma 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen

Hemangiosarcoma 
ThymleS 

Thymoma benign 

Integumentary System 
Mammaly gland 
Skin 

Hemangioma 
Keratoacanthoma 

Musculoskeletal System 
Bone 

Nervous System 
Brain 

, 0 . 4 4 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 .  1 . j  

0 2 9 2 8 9 1 . 1 7 9 9 9 9 0 0 0 0 1 1 1 2 2 2 2 2 2 2 2  

9 4 1 9 9 9 7 7 5 1 1 1 1 1 1 5 8 0 2 7 9 9 9 9 9  


0 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
4 0 4 4 4 1 2 3 3 0 1 2 3 3 4 5 4 2 1 1 0 0 0 0 0  

8 2 7 2 3 6 9 2 7 3 1 6 1 0 6 0 9 5 2 0 1 4 5 6 7  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


+ + + 
. . . . . . . . . . . . . . . . . . . . . . . . .  


+ + +  + +  + + + + +  + + 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + M + + + + + + + + + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  


x x  

. . . . . . . . . . . . . . . . . . . . . . . . .  


, .  
M M M M M M M M M M M M M M M M M M M M M M M M M  
. . . . . . . . . . . . . . . . . . . . . . . . .  


X 


. . 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  
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akmemn M y  S p b m  
None 

akraih! S p b m  
Coagulating gland 
Epididymis 
Penis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

Wemmabopietic Sysbm 
Bone marrow 

Hemangiosarcoma 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Hemangiosarcoma 
Thymus
Thymoma knign 

IratA?!gmenhq Sysbm 
Mammary gland 
Skin 


Hemangioma 
Keratoacanthoma 

+ + + + + +  9 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


+ 1 

+ + +  + + + + + + +  22 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 3 


+ + + + + + + + + + + + + + + + M + + + + + + + +  49 

X 1 


M M M M M M M M M M M M M M M M M M M M M M M M M  

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


A 


X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


~~ ~~ _______ _ _ ~ ~ ~  

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
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TABLE c 2  
Individual Animal Tumor Pathology of Male Mice in the 2-YearGavage Study of Pentachloroanisole: Vehicle Control 
(continued) 

Number of Days on Study 

C a m  ID Number 

Respiratory System 
Lung 

&eolar/bronchiolar adenoma 
&eolar/bronchiolar adenoma, multiple 
&eolar/bronchiolar carcinoma 
Alveolar/bronchiolar carcinoma, 

multiple 
Hepatocellular carcinoma, metastatic, 
liver 

NOW 

Trachea 

Special Senses System 
Harderian gland 

Adenoma 

Urinary System 
Kidney 
Urinarybladder . 

Systemic ]Lesions 
Multiple organs 

Lymphoma malignant histiocytic 
Lymphomamalignantmixed 

0 4 4 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  

0 2 9 2 8 9 1 1 7 9 9 9 9 0 0 0 0 1 1 1 2 2 2 2 2  

9 4 1 9 9 9 7 7 5 1 1 1 1 1 1 5 8 0 2 7 9 9 9 9 9  
 j 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

4 0 4 4 4 1 2 3 3 0 1 2 3 3 4 5 4 2 1 1 0 0 0 0 0  

8 2 7 2 3 6 9 2 7 3 1 6 1 0 6 0 9 5 2 0 1 4 5 6 7  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


X 


X 

x x  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  


+ 
X 


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 


X 
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T m m  c 3  
I[m"nnsoU himmall Tnnmaprr PathapUqg off "le VehicUc CamtmIlMice in the 3-Ymrr Gavage Study off Pe~U&i"~rn~i~apUe: 
(continued) 

Wunnaku off Days om SUudy 

a.himms IID W u a a n k u  

RespimaQuy Syskmm 
Lung

Ahreolarbronchiolar adenoma 
Ahreolarbronchiolar adenoma, multiple 
Ahreolar/bronchiolar carcinoma 
Ahreolarbronchiolar carcinoma, 

multiple 
Hepatocellular carcinoma, metastatic, 

liver 

Nose 

Trachea 


S p i e l  &ImwSyskmm 
Harderian gland 

Adenoma 

urinauy Sysuem 
Kidney 
Urinary bladder 

Syskmic I[asio!ms 
Multiple organs 

Lymphoma malignant histiocytic 
Lymphomamalignant m a d  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 1 1 1 1 1 1 2 2 2 2 2 2 2 3 3 3 3 3 3 4 4 4 4  TQh! 
8 9 3 4 5 7 8 9 0 1 2 3 4 7 8 3 4 5 6 8 9 0 1 4 5  T h u d  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Turnom 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x x  x 

X 


X 


x x  6 

1 


x x x  4 


2 


2 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ 2 
X 2 

. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
2 

X 2 
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TABLEC2 

Individual Animal Tumor Pathology of Male Mice in the 2-Year Gavage Study of Pentachloroanisole: 

20 mglkl! 


5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 ,  c 


Number of Days on Study 9 5 7 8 9 9 9 9 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 2 3  

2 1 6 2 0 1 1 6 1 1 2 2 2 4 4 5 1 5 6 6 7 7 7 9 1  


. , . .  

~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l  

Carcass IDNumber 	 6 7 . 6 7 7 5 5 6 5 8 6 8 8 4 7 6 8 5 6 7 5 6 8 4 4  


4 3 3 4 2 2 8 1 5 2 0 1 4 2 7 5 7 7 8 6 9 9 6 1 3  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


Alimentary System 
Esophagus . . . . . . . . . . . . . . . . . . . . . . .  

Gallbladder + + + + A M M A M + + + + + + + + + + + + + +  

Intestine large . . . . . . . . . . . . . . . . . . . . . . .  

Intestine large,  cecum + + + + A + + A + + + + + + + + + + + + + + +  

Intestine large,  colon . . . . . . . . . . . . . . . . . . . . . . .  

Intestine large,  rectum . . . . . . . . . . . . . . . . . . . . . . .  

Intestine small . . . . . . . . . . . . . . . . . . . . . . .  

Intestine small, duodenum + + + + A + + + + + + + + + + + + + + + + + +  

Intestine small,  ileum + + + + A + + A + + + + + + + + + + + + + + +  

Intestine small, jejunum + + + + + + + A + + + + + + + + + + + + + + +  

Liver . . . . . . . . . . . . . . . . . . . . . . . . .  


Hemangiosarcoma x x X X 

Hemangiosarcoma, multiple X x x 

Hepatocellular carcinoma x x  x x X
x x x  x x  

Hepatocellular carcinoma,  multiple X X 

Hepatocellular adenoma x x  X X x x x  

Hep3tocellular adenoma, multiple X X x x  


Mesentery + + + + +  + 

Fibrous histiocytoma X 


Pancreas . . . . . . . . . . . . . . . . . . . . . . .  

Fibrous histiocytoma A.. 


Salivary glands . . . . . . . . . . . . . . . . . . . . . . .  

Stomach ' 	 . . . . . . . . . . . . . . . . . . . . . . . . . 
' 

Stomach, forestomach . . . . . . . . . . . . . . . . . . . . . . . . .  

Fibrous histiocytoma X 

Papilloma squamous 


Stomach, glandular 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Tooth 	 + + +  + + + ++ +  + 

Cardiovascular System
Heart 

Endocrine System 
Adrenal gland 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Adrenal gland, cortex . . . . . . . . . . . . . . . . . . . . . . . . .  


Capsule, fibrous histiocytoma X 

Adrenal gland, medulla . . . . . . . . . . . . . . . . . . . . . . . . . .  


Pheochromocytoma benign X X x x 

Islets, pancreatic . . . . . . . . . . . . . . . . . . . . . . .  


Adenoma X 

Fibrous histiocytoma X 


Parathyroid gland + + + + + + + M + + + + + + + + + + + + + + +  

Pituitary gland . . . . . . . . . . . . . . . . . . . . . . . . .  

Thyroid gland . . . . . . . . . . . . . . . . . . . . . . . . .  


Follicular cell, adenoma X 




Aiaanennhuy System 
Esophagus
Gallbladder 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 
Intestine large,  rectum 
Intestine small 
Intestine small,  duodenum 
Intestine small,  ileum 
Intestine small, jejunum 
Liver 

Hemangiosarcoma
Hemangiosarcoma, multiple
Hepatocellular carcinoma 
Hepatocellular carcinoma,  multiple
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 

Mesentery

Fibrous histiocytoma 


Pancreas 

Fibrous histiocytoma 


Salivary glands

Stomach 

Stomach, forestomach 


Fibrous histiocytoma 
Papilloma squamous 


Stomach, glandular

Tooth 


Eaadadnae sy§hm 
Adrenal gland 
Adrenal gland, cortex 

Capsule, fibrous histiocytoma 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Fibrous histiocytoma 

Parathyroid gland 
Pituitary gland 
Thyroid gland 

Follicular cel l .  adenoma 

7 7 7 7 7 7 . 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

1 2 2 2 2 2 2 , 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  


~ ~~ ~ ~ ~~~~ ~ 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

4 4 4 4 4 4 5 5 5 5 5 6 6 6 7 7 7 7 7 8 8 8 8 8 9  TQtd 

4 5 6 7 8 9 0 1 3 4 6 2 6 7 0 1 5 8 9 0 3 5 8 9 0  Tisaae4 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  TUEblQk-8 


23 

18 

23 

21 

23 

23
+ + 25 

22
+ 22
+ 23 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 5 


3 
x x x x 14 

2 


x x  x x x  x x x x x x  18 

x x 6 


+ + + 9 

1 


23 

1 


23 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


1 

x 1 


+ . . . . . . . . . . . . . . . . . . . . . .  48 

10 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

4 


23 

1 

1 


22 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + + + + + + + + + + + + + + + + + + + + + M  49 


1 
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TABLEC2 
Individual Animal Tumor Pathology 
20 mgnCg (continued) 

Number of Days on Study 

Carcass IID Number 

GeneralBody System 
None 

Genital System 
Epididymis 

Fibrous histiocytoma 

Preputial gland 

Prostate 


Fibmus histiocytoma 

Hepatocellular carcinoma,  metastatic, 


liver 

Seminal vesicle 

Testes 


Hematopietic System 
Bone marrow 
Lymph node 

Mediastinal, fibrous histiocytoma 
Lymph node, mandibular 
Lymph node, mesenteric 

Fibrous histiocytoma 

Spleen 


Hemangiosarcoma 

Thymus 


Integumentary System 
Mammary gland 
Skin 

Hemangiosarcoma 
Subcutaneous tissue, hemangioma 

Musculoskeletal System 
Bone 

Osteosarcoma 

of Male Mice in the 2-Year Gavage Study of Pentachloroanisole: 

5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  ' 

9 5 7 8 9 9 9 9 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 2 3  
2 1 6 2 0 1 1 6 1 1 2 2 2 4 4 5 1 5 6 6 7 7 7 9 1  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

6 7 6 7 7 5 5 6 5 8 6 8 8 4 7 6 8 5 6 7 5 6 8 4 4  

4 3 3 4 2 2 8 1 5 2 0 1 4 2 7 5 7 7 8 6 9 9 6 1 3  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


. . . . . . . . . . . . . . . . . . . . . . . .  

X 


+ + +  + + + + + + +  + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . .  


X 


X 

. . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + M + + , + + + + + + + + + + + + + + +  

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  


X 

. . . . . . . . . . . . . . . . . . . . . . . .  


M M M M M M M M M M M M M M M M M M M M M M M  
. . . . . . . . . . . . . . . . . . . . . . .  


X 




&meml S d y system 
None 

Gennitd System 
Epididymis 

Fibrous histiocytoma 

Preputial gland 

Prostate 


Fibrous histiocytoma 
Hepatocellular carcinoma, metastatic, 

liver 
Seminal vesicle 
Testes 

WemabpieUic System 
Bone marrow 
Lymph node 

Mediastinal, fibrous histiocytoma 
Lymph node, mandibular 
Lymph node, mesenteric 

Fibrous histiocytoma 

Spleen 


Hemangiosarcoma 

Thymus 


IIntqumenhq System 
Mammarygland 
Skin 

Hemangiosarcoma 
Subcutaneous tissue, hemangioma 

1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

4 4 4 4 4 4 5 5 5 5 5 6 6 6 7 7 7 7 7 8 8 8 8 8 9  
4 5 6 7 8 9 0 1 3 4 6 2 6 7 0 1 5 8 9 0 3 5 8 9 0  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

T O h U  

"imu& 
TEd~Ql-S 

+ + + + +  + +  + + +  
+ 

+ + + +  
1 
23 
32 
1 
24 

23 
24 
1 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + M + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

22 
1 
50 
1 
49 
49 
1 
50 
23 

+ 
X 

+ + + +  
x 
+ 

2 
1 

29 

X 
+ 

2 
24 
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.: 

TABLEC2 
. .  

. .  , , 	 .~ ',I 

. iIndividual Animal Tumor Pathology of Male Mice in the 2-YearGavage Study of Pentachloroanisole: 
. . 

2. 
20 m& (continued) . . 	 , - ."./ 

5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 - . % @  

Number of Days on Study 	 9 5 7 8 9 9 9 9 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 2 3  
2 1 6 2 0 1 1 6 1 1 2 2 2 4 4 5 1 5 6 6 7 7 7 9 1  

1 1 1 1 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' 1  

Carcass ID Number 	 6 7 6 7 7 5 5 6 5 8 6 8 . 8 4 7 6 8 5 6 7 5 6 8 4 4  

' ( 

4 3 3 4 2 2 8 1 5 2 0 1 4 2 7 5 7 7 8 6 9 9 6 1 3  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

Nervous System 
Brain . . . . . . . . . . . . . . . . . . . . . . .  

Respiratory System 
Lung . . . . . . . . . . . . . . . . . . . . . . . . .  

Ahreolar/bronchiolar adenoma X X X x x  
Ahreoladbronchiolar carcinoma 
Ahreolar/bronchiolar carcinoma, 

multiple X 
Hepatocellular carcinoma, metastatic, 

liver X 
Hepatocellular carcinoma, metastatic, 

multiple, liver X X 
NOSe . . . . . . . . . . . . . . . . . . . . . . . . .  
Trachea 	 . . . . . . . . . . . . . . . . . . . . . . .  


Special Senses System 

Harderian gland
Eye 

Adenoma X 
+ 

X 
+ 

. .. .. , 

Urinary System 
Kidney . . . . . . . . . . . . . . . . . . . . . . . .  

Hepatocellular carcinoma, metastatic, 
liver X 

Urinarybladder . . . . . . . . . . . . . . . . . . . . . . .  + 

Systemic Lesions 
Multiple organs . . . . . . . . . . . . . . . . . . . . . . . . . .  

Lymphoma malignant histiocytic X 
Lymphoma malignant lymphocytic X 
Lymphoma malignant mixed X X 

I 




RapimU~rqS p k m  
Lung 

Ahreolarbronchiolar adenoma 
Ahreolarbronchiolar carcinoma 
Ahreolarbronchiolar carcinoma, 

multiple 
Hepatocellular carcinoma, metastatic, 

liver 
Hepatocellular carcinoma,  metastatic, 

multiple, liver 
Nose 

Trachea 

Udnnarq Sysctsm 
Kidney 

Hepatocellular carcinoma, metastatic, 
liver 

Urinary bladder 

SJShIilk kiCDlW 
Multiple organs 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphcqtic 
Lymphoma malignant mixed 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 ' 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

4 4 4 4 4 4 . 5 5 5 5 5 6 6 6 7 7 7 7 7 8 8 8 8 8 9  T Q h I  

4 5 ~ 6 7 8 9 0 1 3 4 6 2 6 7 0 1 5 8 9 0 3 5 8 9 0  T h u d  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  TuQl0kS 


23 


+ + + + + + + + 32 

x x 7 


x x x x 4 


1 


1 


2 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


23 


+ 1 

+ + + + 6 

x x x x 6 


+ 25 


1 

24 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 

1 


x x 4 
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TABLEC2 

Individual Animal Tumor Pathology of Male Mice in the 2-YearGavage Study of Pentachloroanisole: 

4omglkG 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus
Gallbladder 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 
Intestine large,  rectum 
Intestine small 
Intestine small, duodenum 
Intestine small,  ileum 
Intestine small, jejunum 

Adenocarcinoma 
Liver 

Hemangiosarcoma
Hemangiosarcoma, multiple 
Hepatocellular carcinoma 
Hepatocellular carcinoma,  multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Histiocytic sarcoma 

Mesentery
Squamous c e l l  carcinoma, metastatic, 
stomach 

Pancreas 
Squamous cell  carcinoma, metastatic, 
stomach 

Salivary glands 
Stomach 
Stomach, forestomach 

Squamous cell carcinoma 
Stomach, glandular 

Squamous cell carcinoma 
Tooth 

Cardiovascular System 
H a r t  

Endocrine System 
Adrenal gland 

Capsule, spindle cell, adenoma 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland
Thyroid gland 

4 5 5 5 5 5 5 6 6 6 6 6 6 6 7 ' 7 7 7 7 7 7 7 7 7 7  

6 4 5 9 9 9 9 1 1 1 7 9 9 9 0 0 0 0 0 0 1 1 2 2 2  

7 8 0 6 6 6 9 0 1 2 7 1 1 8 1 1 2 5 5 5 5 5 9 9 9  


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

0 7 7 8 0 2 1 8 9 9 0 7 8 1 1 1 0 9 0 0 8 9 7 7 7  

3 9 8 9 6 0 0 3 0 5 4 5 1 8 2 9 0 9 1 9 0 6 1 2 3  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + + M + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + M + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  


X 

X x x  X 


x x  X x x  x x x  

x x  X 


X X X x x  

X 


+ + 
X 


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  

X


+ + +  + + + +  + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + M + + + + + + + + + + + + + + + + + + + + +  

X X X 

+ + + + + + + + + + + + + + + + + + + + + M + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
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Alimentary System 
Esophagus 

Gallbladder 

Intestine large 

Intestine large,  cecum 

Intestine large,  colon 

Intestine large,  rectum 

Intestine small 

Intestine small,  duodenum 

Intestine small,  ileum 

Intestine small, jejunum 


Adenmrcinoma 
Liver 

Hemangiosarcoma
Hemangiosarcoma, multiple 
Hepatocellular carcinoma 
Hepatocellular carcinoma,  multiple 
Hepatocellular adenoma 
Hepatocellular adenoma,  multiple
Histiocytic sarcoma 

Mesentery 
Squamous cell  carcinoma, metastatic, 
stomach 

Pancreas 
wuamous c e l l  carcinoma, metastatic, 
stomach 


Salivary glands 

Stomach 

Stomach, forestomach 


Squamous cell carcinoma 

Stomach, glandular 


Squamous cell carcinoma 

Tooth 


IEndm~aneS p b m  
Adrenal gland 

Capsule, spindle cell, adenoma 
Adrenal gland, cortex 
Adrenal gland, medulla 

, Pheochromocytomabenign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

9 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1  
8 7 7 7 8 8 8 8 8 9 9 9 9 9 9 0 0 0 0 1 1 1 1 1 1  TQctraB 
7 4 6 7 2 4 5 6 8 1 2 3 4 7 8 2 5 7 8 1 3 4 5 6 7  T i U d  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  TUl l lOE4 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . . .  49 

A 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x x 3 


x x  x 7 

X 9 


3 

x x  x x x x x x  13 


x 1 

1 


+ + 4 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


1 

+ + + + + + +  + + + + + . + + + + + + + + + + + +  49 


1 

+ + +  + + + + +  + + + +  24 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


+ + + + M + + + + + + + + + + + + + + + + + + + +  49 

X 2 


+ + + + M + + + + + + + + + + + + + + + + + + + +  49 

. . . . . . . . . . . . . . . . . . . . . . . . . .  48 

x x  x X 7 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + M + + + + + + + + + + + + + + M + + M + + +  41 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
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Number of Days on Study 

Carcass IDNumber 

GeneralBody System 
Tissue NOS 

Mediastinum,fibrosarcoma 

Genital System 
Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 

Squamous cell  carcinoma, metastatic, 
stomach 

Testes 
Interstitial cell, adenoma 

Hematopoietic System 
Bone marrow 

Hemangiosarcoma 
Lymph node 

Mediastinal, squamous cell carcinoma, 
metastatic, stomach 

Lymph node, mandibular . . 

Lymph node, mesenteric 
Squamous c e l l  carcinoma, metastatic, 

stomach 
Spleen 

Hemangiosarcoma 
Thymus 

Integumentary System 
Mammary gland 
Skin 

Musculoskeletal System 
Bone 
Skeletal muscle 

Fibrosarcoma 

Hemangiosarcoma 


4 5 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 . 7 7 7 - 7 ,  !.>,, 

6 4 5 9 9 9 9 1 1 1 7 9 9 9 0 0 0 0 0 0 1 1 2 2 2  
7 8 0 6 6 6 9 0 1 2 7 1 1 8 1 1 2 5 5 5 5 5 9 9 9  . . . .  

' 1 0 0 0 1 1 1 0 0 0 1 0 0 1 1 1 1 0 1 1 0 0 0 0 0  

0 7 7 8 0 2 1 8 9 9 0 7 8 1 1 1 0 9 0 0 8 9 7 7 7  

3 9 8 9 6 0 0 3 0 5 4 5 1 8 2 9 0 9 1 9 0 6 1 2 3  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + +  + + +  + + + + + + +  

, 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

x .  . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . . .  


X 

. . . . . . . . . . . . . . . . . . . . . . . . .  


X x x 
. . . . . . . . . . . . . . . . . . . . . . . . .  


I-. . 

M M M M M M M M M M M M M M M M M M M M M M M M M  
. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ 
X 




nsn 


&aaiaabl spaem 
Epididymis 

Preputial gland 

Prostate 

Seminal vesicle 


Squamous c e l l  carcinoma, metastatic, 
stomach 

Testes 
Interstitial cel l ,  adenoma 

WemaQopieaic spasm 
Bone m a m  

Hemangiosarcoma 
Lymph node 

Mediastinal, squamous cell carcinoma, 
metastatic, stomach 


Lymph node, mandibular 

Lymph node, mesenteric 


Squamous cell  carcinoma, metastatic, 
stomach 

Spleen 
Hemangiosarcoma 

Thymus 

MmnalaskleaabI spasm 
Bone 

Skeletal muscle 

Fibrosarcoma 

Hemangiosarcoma 

0 0 0 0 0 0 0 ' 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1  
8 7 7 7 8 8 8 8 8 9 9 9 9 9 9 0 0 0 0 1 1 1 1 1 1  TQ&d 
7 4 6 7 2 4 5 6 8 1 2 3 4 7 8 2 5 7 8 1 3 4 5 6 7  T i s u d  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  T M ~ O R S  

+ 	 1 

x 	 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50

+ + + +  + + + + + +  + +  26 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


x 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x 	 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


I 

M + + + + + + , + + + + + + + + + + + + + + + + + +  49 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  50 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


x x 5 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


M M M M M M M M M M M M M M M M M M M M M M M M M  

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ 	 2 

x 	 1 


1 




172 Pentachloroanisole, NTP TR 414 

TABLEC2 

Individual Animal Tumor Pathology of Male Mice in the 2-YearGavage Study of Pentachloroanisole: 

40 mglkg (continued) 

Number of Days on Study. 

Carcass ID Number 

Nervous System 
Brain. 

Respiratory System 
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar carcinoma 
Hepatocellular. carcinoma,  metastatic, 

liver 
Hepatocellular carcinoma, metastatic, 

multiple, h e r  
Histiocytic sarcoma 

NOX. 

Trachea 

Special Senses System 
Ear 

Fibrosarcoma 
Harderian gland 

Adenoma 

Urinary System 
Kidney 


Histiocytic sarcoma 

Renal tubule, carcinoma 


Urinary bladder 

Systemic Lesions 
Multiple organs 


Histiocytic sarcoma 

Lymphoma malignant mixed 


4 5 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7  

6 4 5 9 9 9 9 1 1 1 7 9 9 9 0 0 0 0 0 0 1 1 2 2 2  

7 8 0 6 6 6 9 0 1 2 7 1 1 8 1 1 2 5 5 5 5 5 9 9 9  


1 0 0 0 1 1 1 0 0 0 1 0 0 1 1 1 1 0 1 1 0 0 0 0 0  

0 7 7 8 0 2 1 8 9 9 0 7 8 1 1 1 0 9 0 0 8 9 7 7 7  

3 9 8 9 6 0 0 3 0 5 4 5 1 8 2 9 0 9 1 9 0 6 1 2 3  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 


X X 


X X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


+ 
X 


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


X 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

x x  X X X 



Wewow System 
Brain 

RespimuQq System 
Lung 

Ahreolarbronchiolar adenoma 
Ahreolarbronchiolar carcinoma 
Hepatocellular carcinoma, metastatic, 

liver 
Hepatocellular carcinoma, metastatic, 

multiple,liver 
Histiocytic sarcoma 

Nose 

Trachea 

Spiral Senaw System 
Ear 

Fibrosarcoma 
Harderian gland 

Adenoma 

UJnimany System 
Kidney 


Histiocytic sarcoma 

Renal tubule, carcinoma 


Urinary bladder 

S y s h l l i C  k h S  
Multiple organs 


Histiocytic sarcoma 

Lymphomamalignantmixed 


7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

9 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1  
8 7 7 7 8 8 8 8 8 9 9 9 9 9 9 0 0 0 0 1 1 1 1 1 1  Total 
7 4 6 7 2 4 5 6 8 1 2 3 4 7 8 2 5 7 8 1 3 4 5 6 7  T i u &  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  TUE3KNl-S 
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TABLEC3 
Statistical Analysis of Primary Neoplasms in Male Mice in the 2-YearGavageStudy 

, , . ,of Pentachloroanisole 
. . 

AdrenalGland:Adenoma 

Fisher exact test 
Cochran-&ita e testd 
Logistic regression testsd 
Life table tests 
First incidence days . 
Terminal rates' 
Adjusted ratesb 
Overall ratesa 

5 

d ) 
13.5%
4/41 (10%) 

P=O.535 
P=O.529 
P=0.484N 
589 
2/23 (9%). on4 (0%) 

0/28 (0%) 
0.0% 

-

P=0.117N 

P=0.119N 
P=0.094N 

, '  

' 

715 
114 (25%) 
27.6% 
2210 

P=O.334 

P = O . 3 0 7  
P=O.655 ' . 

Fisher exact .test :, 

Cochran-Armitage test 
Logistic regression tests 
Life table tests 
First incidence (days) 
Terminal rates 
Adjusted rates 
Overall rates . , , 

AdrenalMedulla:BenignPheochromocytoma 

' .  

. . 

. . 
. . (  

o m (0%) 
0.0% 
0/50 .(on) 

P=O.y4" 

-
P=O:ooS' 

P=0.005 
P=O.069 
P =0.067 
691
1/27 (4%) 
11.4% 
4/50 (8%) 

P=O.O59 

P=O.ooi 
.P=O.o07 
691 ' 
5/27 (19%) 
23.3% 

/7/48 (15%) 

P = O . o o 5  

Fisher exact test 
Cochran-Armitage test 
Logistic regression tests 
Life table t q t s  
First incidence (days) 
Terminal rates 
Adjusted rates 
Overall rates 
Harderian Gland Adenoma 

. . 

6.1% 
2/50 (4%) 

P=O.290 
P=O.264 
P=O.2454 
705 
1 m (3%) 

. . 

19.4% 
6/50 (12%) 

P=O.160 
P=O.126 
701 

P=O.134 

4/27 (15%) 

. 
13.2% 
4/50 (8%) 

P=O.318 
P=O.312 
701 

P=0.339 

3/28 (11%) 

I .  .. . 
. 

.. . 

Fisher exact test 
Cochran-Armitage test 
Logistic regression tests 
Life table tes! 
First incidence (days) 
Terminal rates 
Adjusted rate+ 
Overall rates , 

Liver:HepatocellularAdenoma 

51.5% . 

20/50 (40%) 

P=O.l29N 
Pt0.126N 
P=O.207N 
424 
12/30 (40%) 

P=O.356 
P=O.244 
651 
15/27 (56%) 
65.6% 
24/50 (48%) 

P=O.273 

44.2% . 

14/50 (28%) 

P=0.142N 
P=O.213N 
5% 

P=0.146N ' 

11/28 (39%) 

'..! 

Fisher exact test 
Cochran-Armitage test 
Logistic regression tests 
Life table tests 
First incidence (days) 
Terminal rat? 
Adjusted rates 
Overall rates 
Liver: HepatocellularCarcinoma 

. .  

9/50 (18%) 

2/30 (7%) 
23.1%. 

P=O.281 
P=O.282 
P=O.262 
5 9 9  

38.8% 
16/50 (32%)' 

P=O.093 
P=O.125 
676 

P=O.O83 

5/27 (19%) 2/28 (7%) 

12/50 (24%) " 

29.2% 

P=O.312 
P=O.294 
5% 

P=O.312 



Uven WS~~CCOEUUMLR OR C h ~ i ~ ~ t ~ m ~ nMenn~t~ma 
overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Lqiistic regression tests 
Cochran-Armitage test 
Fiisher exact test 

u v e n  Wemranngi-mma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

ILaamg: A ~ ~ h ~ / l b ~ ~ ~ ~ ~ ~ h i o l r a rMenn~t~ma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitap test 
Fisher exact test 

Lung: A ~ v w U ~ R / ~ K D ~ ~ ~ ~ Q ~ UCraminnoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
hgistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Lung: A ~ V M ~ ~ U - / ~ I T B I I ~ ~ ~ Q ~ S I R  OR CanrhomaM I ~ U U O ~ S I  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

26/50 (52%) 
60.1% 

13/30 (43%) 
424 
P=O.508N 
P=O.WN 
P=0.381N 

2/50 (4%) 
5.7% 
0/30 (0%) 
701 
P=0.014 
P=O.O13 
P=O.O14 

7/50 (14%) 
22.0% 
6/30 (20%)
691 
P =0.282N 
P=0.257N 
P=0.233N 

6/50 (12%) 
18.7% 
5/30 (17%) 
691 
P =0.494N 
P=0.483N 
P=0.439N 

11/50 (22%) 
33.4% 
9/30 (30%) 
691 
P=O.348N 
P=O.318N 
P =0.278N 

34/50 (68%) 
78.4% 
18/27 (67%) 
651 
P=O.122 
P=O.115 

P=O.O76 

8/50 (16%) 
20.0% 
1 m  (4%) 
682 
P=O.o59 
P=O.O51 

P=O.o46 

7/32 (22%) 
40.2% 
3/9 (33%) 
682 
P=O.125 
P=O.231 

P=O.2.64 

5/32 (16%) 
45.7% 
4/9 (44%)
691 
P10.149 
P=O.324 

P~O.438 

1 m 2  (38%) 
80.5% 
7/9 (78%) 
682 
P=O.O13 
P=O.M 

P10.102 

24/50 (48%) 
58.8% 
12/28 (43%) 
5% 
P-O.523N 
P=0.403N 

P=0.421N 

10/50 (20%)
29.9% 
6/28 (21%) 
612 
P=O.O15 
P.20.015 

P=O.O14 

4/50 (8%) 
13.4% 
3m (11%) 
705 
P=0 . m N  
P=0.%7N 

P=O.262N 

5/50 (10%) 
17.9% 
5/28 (18%)
729 0 
P=0.548N 
P=0.541N 

P=OJ&N 

8/50 (16%) 
27.3% 
7/28 (25%)
705 
P-O.3alN 
P=O.344N 

P=0.30SN 
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T.ABLEC3 
Statistical Analysis of Primary Neoplasms in Male Mice in the 
d t  Pentachloroanisole (continued)-

All1 Organs: Hemangiosarcoma 
Overall rates 
Adjusted rates 
Tt:rminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Ctxhran-Armitage test 
Fisher exact test 

A l l  Organs: Hemangioma or Hemangiosarcoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Vehicle Control 

4/50 (8%) 
11.6% 
1/30 (3%) 
701 
P=O.O56 
P=O.O58 
P=O.o60 

5/50 (10%) 
14.7% 
2J3o (7%)
701 
P=O.103 
P=O.109 
P=O.114 

2-YearGavageStudy 

20 mgntg 40mgfltg 

8/50 (16%) 10/50 (20%) 
20.0% 29.m 
1/27 (4%) 6/28 (21%)
682 612 
P=O.215 PrO.068 
P=O.1% P=O.o71 

P=O.178 P=O.O74 

10/50 (20%) 10/50 (20%) 
26.2% 29.9% 
3/27 (11%) 6/28 (21%) 
682 612 
P=O.155 P10.116 
P=O.159 P=O.l%l 

P=O.131 P=O.131 

All Organs: Malignant Lymphoma (Histiocytic, Lymphocytic, or Mixed) 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Lngistic regression tests 
Ctxhran-Annitage test 
Fisher exact test 

Ax1 Organs: Benign Neoplasms 
Overall rates 
Adjusted rates 
Twminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Ctxhran-Armitage test 
Fisher exact test 

M I  Organs: Malignant Neoplasms 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Ctxhran-Armitage test 
Fisher exact test 

4/50 (8%) 6/50 (12%) 8/50 (16%) 
11.1% 16.8% 20.9% 
2J3o(7%) 2/27 (7%) 3/28 (11%) 
491 592 467 
P=O.137 P=O.374 P=O.175 
P=O.114 P=0.325 P=O.149 
P=O.141 

P=O.370 P=O.178 

29/50 (58%) 36/50 (72%) 25/50 (50%) 
70.2% 85.2% 70.9% 
18/30 (60%) 21/27 (78%) 18/28 (64%) 
424 651 5% 
P=0.388N P=O.124 P=O.402N 
P=0.236N P=O.185 P=O.272N 
P=0.237N 

P=O.104 P=0.274N 

21/50 (42%) 3 / 5 0  (60%) 35/50 (70%) 
50.3% 64.2% 74.2% 
1om (33%) 11/27 (41%) 16/28 (57%) 
491 592 467 
P=O.O13 P=O.112 P=O.O15 
PgO.003 P=O.O67 P=O.o05 
P=O.003 

P=O.O55 P=O.W 
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TABLEC4a 
H:istorical Incidenceof Adrenal Medulla Pheochromocytomas in Male B6C3Fl Mice 

' .  . . .
Administered &rnOil by Gavagea 

. .  , . -
Incidence in Controls 


Study . . . .  Benign 
, 1 r .

Malignant Benign or
, 

Malignant 
. . .  -

Historical Incidence at Southern Research Institute 

Benzaldehyde 2/49 ' 0149 2/49
Dichlorvos 2/48 0148 2/48
Furan 1/49 0149 1/49
Furfural 2/50 1/50 3/50
y-Butyrolactone 1/48 1/48 2/48
p-Nitroaniline 1/50 0150 1/50
Pentachloroanisole 0/50 0150 0150 

Total 9E44 (2.6%) 2/34 (0.6%) 11/344 (3.2%) 

Standard deviation 1.5% 1.O% 2.0% 

Range 0%4% 0%-2% 0%-6% 


_ I '  . . 

Overall Historical' Incidence 

Total 17/682(2.5%) 2/682 (0.3%) 191682 (2.8%) 

Standard . 1.6%. . 1.9%
deviation 0.7% 

Range 0%4% 0%-2% 0%6% 


* Data as of  3 April 1991 



Benzaldehyde 1/50 
Dichlorvos 7/50 
Furan 5/50 
Furfural 5/50 
y-Butyrolactone 4/50 
p-Nitroaniline 4/50 
Pentachloroanisole 4/50 

Total 30/350 (8.6%)b 
Standard deviation 3.6% 
Range 2%-14% 

Overall WistdcraU Incidence 

Total 69/70 (9.9%) 
Standard deviation 3.9% 
Range 2%-18% 

a 	 Data as of 3 April 1 9 1  
Includes data for histiocytic, lymphocytic, mixed, NOS, and undifferentiated celltype lymphomas 

~~ 

Study 	 Incidence in Controls 

W i s t " l  Incidence at Southew Research Institute 

Benzaldehyde Ol50 
Dichlorvos 0150 
Furan 0150 
Furfural 0/50 
y-Butyrolactone 0/50 
p-Nitroaniline 0150 
Pentachloroanisole 0150 

Total 1 / 7 0  (0.1%) 
Standard deviation 0.5% 
Range 0%-2% 

a 	 Data as of 3April 1991 
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TABLEC4d 
Historical Incidence of Liver Hemangiomas and Hemangiosarcomas in Male B6C3F, Mice 
Administered Corn Oil by Gavage" 

Incidence in Controls 
Study HemangiomaHemangiosarcoma 

Hiistorical Incidence at Southern Research Institute 

Benzaldehyde 
Dichlorvos 
Furan 
Furfural 
y-Butyrolactone 
p-Nitroaniline 
Pentachloroanisole 

Total 

Standard deviation 

Range 


Overall Historical Incidence 

Total 

Standard deviation 

Range 


a Data as of 3 April 1991 

1150 

0150 
0150 
1/50 

0150 
0150 
0150 

21350 (0.6%) 

1 .O% 

0%-2% 


31699 (0.4%) 

0.9% 

0%-2% 


0150 
1/50 

2/50 

2/50 

2/50 
0150 
2/50 

9L.350 (2.6%) 

1.9% 


0%4% 

151699 (2.1%) 

2.1% 

0%-6% 




DbpfiaQIll o M ~ l C l t t t 3 ~  
Animals initially in study 
9-Month interim evaluation 
15-Month interim evaluation 
Early deaths 

Accidental deaths 

Moribund 

Natural deaths 


survivors 
Terminal sacrifice 

Died last week of  study 


Animals examined microscopically 

Miannennhq oysuem,
Intestine large, colon 

Inflammation, suppurative 
Intestine large, rectum 

Inflammation, suppurative 
Intestine small, ileum 

Hyperplasia
Liver 

Angiectasis 
Basophilic focus 
Basophilic focus, multiple 
Clear cell focus 
Clear cell focus, multiple 
cytologic alterations 
Eosinophilic focus 
Eosinophilic focus, multiple 
Fibrosis 
Hematopoietic cell proliferation 
Inflammation, subacute 
Mixed cell focus 
Mied  cell focus, multiple 
Necrosis 
Biliary tract,  dilatation 

Biliary tract, fibrosis 

Biliaty tract, hyperplasia 

Kupffer cell, pigmentation


Mesentety
Hemomhage 
Fat, necrosis 

Pancreas 
Acinar cell, atrophy 
Duct, dilatation 

Stomach, forestomach 
Hyperplasia 

Stomach, glandular 
Hyperplasia

Tooth 
Dysplasia 
Foreign body 
Inflammation, chronic 
Inflammation. subacute 

-

70 
10 
10 

1 
17 
2 

38 


70 

-

70 
10 
10 

1 
20 

2 

27 

70 

70 

10 
10 

22 

27 
1 

70 
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TABLEC!; 

Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-YearGavage Study 

of Pentac:hloroanisole(continued) 


Cardiovascular System 
Heart 

Intlammation, subacute 

Endocrine System 
Adrenal gland 

Capsule, spindle cell, hyperplasia 
Adrenal gland, cortex 

Accessory adrenal cortical  nodule 
Hyix.rtiophy, focal 

Adrenal glamd, medulla 
Hyperplasia 
Hypertrophy 

Parathyroid gland 
Crst 

Pituitary gland 
Pan, distallis, cyst 
Pan, distalis, hyperplasia 

Thyroid gland 
Follicular cell, hyperplasia 

General &nIy System 
None 

GenitalSystem 
Epididymis 

Granuloma sperm 
Preputial gland 

Inflammation, subacute 
Duct, cyst 

Seminal vesicle 
Inflammation, subacute 

Testes 
AtroPhv 

HematopoieticSystem 
Bone m m w  

Myeloid cell, hypercellularity 
L p p h  node 

Inguinal, hyperplasia, lymphoid 
Mediastinad, hyperplasia, lymphoid 

Lymph node, mesenteric 
Angiectasis 
Congestion 
Hematopoietic cell prolifenrtion 
Hyperplasia, lymphoid 
Thrombus 

Spleen 
Hematopoietic cell proliferation 
Hemorrhage 



(os) 

(os) 
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TABLEDl. 

Summary of the Incidence of Neoplasms in Female Mice in the 2-YearGavage Study of Pentachloroanisold 


Disposition1 Summary 
Animals initially in study 70 70 70 
9-Month interim evaluation 10 10 10 
15-Month interim evaluation 10 10 7 
Early deaths 

Accidentill deaths 1 1 
Moribund 17 18 29 
Natural deaths 8 6 8 

survivors 
Terminal sacrifice 24 25 16 

Animals examined microscopically 70 70 70 

Alimentary System 

Intestine s m ~ l l ,duodenum 
Intestine laq, le, cecum 

Adenocarcinoma 
Intestine small, jejunum 

polyp adenomatous 

Sarcoma 
Liver 

Histiocytic sarcoma 
Hepatocholangiocarcinoma 
Hepatocellular adenoma,  multiple 
Hepatocellular adenoma 
Hepatocellular carcinoma 
Hepatoblalstoma 
Hemangiosarcoma 

Sarcoma 

Fibrosanxma 
Cholangiocarcinoma, metastatic, liver 

Mesentery 

Sarcoma 
Hemangiommma 

Cholangiocarcinoma, metastatic, liver 
Pancreas (50)

1 (2%) 
Fibrosarcoma 1 (2%) 
Sarcoma 

Hemangiosarcoma 
Salivary glands (49) 

Stomach, fonstomach 
Papilloma squamous 
sarcoma 

Stomach, glandular 
Carcinoid tumor malignant 

Tooth 
sarcoma 

Cardiovascular System 
Heart (50) (=) (50)

Cholangiaarcinoma, metastatic,  liver 1 (2%) 



IElmd&m spuem 
A d r e n a l  gland, cortex 
A d r e n a l  gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 
Pituitary gland 

Pam distalis,adenoma 

Pam intermediia, adenoma 


Thyroid gland 
Follicular cell, adenoma 
Follicular cell, carcinoma 

&nihU SpQm 
ovary

cystadenoma, papillary 
Hemangioma 
Luteoma 
Sarcoma 
Teratoma malignant 
Teratoma NOS 

Uterus 
Adenoma 
Fibrous histiocytoma 
Hemangioma 
Hemangiosarcoma 
Histiocytic sarcoma 
Leiomyoma 
Leiomyosarcoma 
Sarcoma 
Sarcoma stromal 

Wemabpieaic s p h m  
Bone marrow 

Hemangiosarcoma 
Lymph nude 

Bronchial, cholangiocarcinoma, metastatic, liver 
Iliac, sarcoma 
Mediitinal, cholangiocarcinoma,  metastatic, 

liver 
Renal, neoplasm NOS, metastatic, ovary 

Lymph nude,  mandibular 
Mast c e l l  tumor benign 

Lymph nude, mesenteric 
Hemangiosarcoma 

Spleen 
Hemangiosarcoma 

Thymus
Fibrosarcoma 

1 (2%) 
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TABLED:L 

Summary of the Incidence of Neoplasms in Female Mice in the 2-YearGavage Study of Pentachloroanisole (continued) 


Vehicle Control 20 m& 40 mg/kg 

Skeletal muscle 
Musculoskeletal System 

Rhabdomyosarcoma 
Fibrosarcoma 1 (100%)

(1) 

1 (33%) 
1 (33%)

(3) 

Brain 
Neivous System 

Meningioma benign 
(50)

1 (2%) 

Lung 
Respiratory System 

Mediastinum, fibrosarcoma 
Hepatocellular carcinoma, metastatic, liver 
Fibrosartnma 
Cholangilmrcinoma, metastatic, liver 
Alveoladbronchiolar carcinoma 
Alveoladbronchiolar adenoma 
Adenocalrcinoma, metastatic, harderian gland 

(50) 

2 (4%) 

1 (2%) 

Fibrosarcoma 
Ear 
Special Senses System 

Adenoma 
Adenocarcinoma 

Harderian gland 

Cholangitmrcinoma, metastatic, liver 
Kidney 
Urinary System 

Sarcoma 
Histiocytic sarcoma 
Hemangioma 

Urinary bladder (49) 

(50) 

1 (2%) 

(26) 

(25) 

1 (4%) 

1 (4%) 
(47) 

(50)  
1 (2%) 

Multiple organsb 
Systemic Lesions 

Lymphomamalignantmixed 
Lymphomamalignantlymphocytic 
Lymphoma malignant histiocytic 
Histiocytic sarcoma 



1 

I 


2 

Z 

€E 

oz 

22 

61 

9s 
1€ 
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Number a# Days on Study 

Carcass IID Number 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small,  ileum 
Intestinle small, jejunum 

Sarcoma 
Liver 

Hepatocellular carcinoma 
Hepatocellular adenoma 
Histiocytic sarcoma 

Mesentery 
Hemangiosarcoma 
Sarcoma 

Pancreas 
Sarcoma 

Salivary glands 
Hemangiosarcoma 

Stomach 
Stomach, forestomach 

Sarcoma 
Stomaclh, glandular 

Carcinoid tumor malignant 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Follicular cel l ,  adenoma 

+: T i t l e  examined microscopically
A: Autolysis precludes examination 

0 0 4 4 4 4 4 4 4 5 5 5 5 5 6 6 6 6 6 6 6 6 6 7 7  
7 . 8 0 1 1 2 7 7 7 0 1 6 7 8 0 1 2 3 3 7 7 7 8 0 0  
2 1 0 0 1 8 4 7 7 5 7 0 6 3 5 1 4 3 9 4 4 5 7 2 4  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2  
3 4 . 5  3 1 1 3  1 45 1 3 . 5 . 1  2 2 4 1 2 3 3 5 2 1 ' 2  
6 9 ' 7 2 4 6 1 7 0 5 9 8 6 3 0 8 4 1 7 3 4 3 1 2 3  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + M + + A + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ . + + + + + + + + + A A A + A + M + + + A + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + A + + A + + + + + + + + + + +  

+ + M + + + A + + + A A + + A + + + + + + + A + +  

+ + + + + + ' + + + + + A + A + + + + + + + + + + +  


X 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  


X X 
X x x  

X 
+ + + + + + +  + + + + + + +  

X 

. . . . . . . . . . . . . . . . . . . . . . . . . .  


X 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . . .  

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + M + + + + + + + + + + + + + + + + + + + + +  
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TABLE112 

Individual Animal Tumor Pathology of Female Mice in the 2-YearGavage Study of Pentachloroanisole: 

Vehicle IControl (continued) 


0 0 4 4 4 4 4 4 4 5 5 5 5 5 6 6 6 6 6 6 6 6 6 7 7  
Number of Days on Study 7 8 0 1 1 2 7 7 7 0 1 6 7 8 0 1 2 3 3 7 7 7 8 0 0  

2 1 0 0 1 8 4 7 7 5 7 0 6 3 5 1 4 3 9 4 4 5 7 2 4  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 ’ 2 2 2 2 2 2 2 2 2 2 2  

Carcsss I D  Number 	 3 4 5 3 1 1 3 1 4 5 1 3 5 1 2 2 4 1 2 3 3 5 2 1 2  

6 9 7 2 4 6 1 7 0 5 9 8 6 3 0 8 4 1 7 3 4 3 1 2 3  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

General I k d y  System 
None 

Genital System 
ovary + + + + + + + + + + + + + + + + + + + + + + M + +  

Cystadenoma, papillary 

Teratoma malignant X 


Uterus . . . . . . . . . . . . . . . . . . . . . . . . .  
Hemangioma X 
Histnaytic sarcoma X 

Hematopoietic System 
Bone marrow . . . . . . . . . . . . . . . . . . . . . . . . .  

Hemangiosarcoma 
Lymph node . . . . . . . . . . . . . . . . . . . . . . . . .  

Renal, neoplasm  NOS, metastatic, ovary X 
Lymph node, mandibular . . . . . . . . . . . . . . . . . . . . . . . . .  

Mast cell tumor benign . X 
Lymph node, mesenteric . . . . . . . . . . . . . . . . . . . . . . . . .  

Hemangiosarcoma 
Spleen . . . . . . . . . . . . . . . . . . . . . . . . .  

Hemangiosarcoma 
. . . . . . . . . . . . . . . . . . . . . . . . 
Thymus 

Integumentary System 
Mammary gland + + + + + + M + + + + + + + + + + + + + + + + + +  

Aderlocarcinoma 
Skin . . . . . . . . . . . . . . . . . . . . . . . . .  

Subcutaneous tissue,  hemangiosarcoma X 

Musculoskeletal System 
Bone . . . . . . . . . . . . . . . . . . . . . . . . . .  



GsnaiUaU Syshm 
ovary

Cystadenoma, papillary 

Teratomamalignant 


Uterus 

Hemangioma 

Histiocytic sarcoma 


Wemmuqpieaia: ~ysuem 
Bone marrow 

Hemangiosarcoma 
Lymph node 

. Renal, neoplasm NOS, metastatic, ovary 
Lymph node, mandibular 


Mast cell  tumor benign 

Lymph n d e ,  mesenteric 


Hemangiosarcoma 

Spleen 


Hemangiosarcoma 

l-hymus 

lInt@gumenbqsysuem 
Mammary gland 

Adenocarcinoma 
Skin 

Subcutaneous tissue, hemangiosarcoma 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

0 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  


2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

2 1 1 2 2 2 2 3 3 3 3 4 4 4 4 4 4 4 5 5 5 5 5 5 6  

2 5 8 4 5 6 9 0 5 7 9 1 2 3 5 6 7 8 0 1 2 4 8 9 0  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


+ + + + + + + + + + + + + + + M + M + M + M + + +  

X 
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TABLED2 

Individual Animal Tumor Pathology of Female Mice in the 2-YearGavage Study of Pentachloroanisole: 

Vehicle Control (continued) 


0 0 4 4 4 4 4 4 4 5 5 5 5 5 6 6 6 6 6 6 6 6 6 7 7  
Number t b  Days on Study 7 8 0 1 1 2 7 7 7 ' 0 1 6 7 8 0 1 2 3 3 7 7 7 8 0 0  

2 1 0 0 1 8 4 7 7 5 7 0 6 3 5 1 4 3 9 4 4 5 7 2 4  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Carcass ID Number . 3 , 4 5 3 1 1 3 1 4 5 1 3 . 5 1 2 2 4 1 2 3 3 5 2 1 2  

6 9 7 2 4 . 6 1 7 0 5 9 8 6 3 0 8 4 1 7 3 4 3 1 2 3  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ 1 1 1 1 1 1 1  


. . 

Nervous System 
Brain . . . . . . . . . . . . . . . . . . . . . . . . .  

. . 

Respiratory System 
Lung . . . . . . . . . . . . . . . . . . . . . . . . . .  

Alveolar/bronchiolar adenoma X 
Hep~tocellular carcinoma,  metastatic, 

liver X 
NOSe . . . . . . . . . . . . . . . . . . . . . . . . .  

Trachea . . . . . . . . . . . . . . . . . . . . . . . . .  


Special Senses System 
Ear 
Hardelrian gland + 

Adenoma X 
. .  

Urinary S,ystem 
Kidney. . . . . . . . . . . . . . . . . . . . . . . . . .  
U r i ~ ybladder . . . . . . . . . . . . . . . . . . . . . . . . .  

Histi'ocytic sarcoma x 

Systemic Lesions 
Mu1tip:le organs . . . . . . . . . . . . . . . . . . . . . . . . .  

Histiocytic sarcoma X 
Lymphomamalignanthistiocytic x 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed X 

. - . . . .  



i 

n w  


&5fVQUS $yskULll 
Brain 

RmpimQ0ll-ysystem 
Lung 

Ahreolarbronchiolar adenoma 
Hepatocellular carcinoma, metastatic, 

liver 
Nose 

Trachea 

s p i a n  s m - system 

Ear 

Harderian gland 


Adenoma 

Udaaary system 

Kidney 

Urinary bladder 


Histiocytic sarcoma 

Systemic kiorns 
Multiple organs 

Histiocytic sarcoma 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic
Lymphomamalignantmixed 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
0 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ' 0 0  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 . 2 2 2 2 2 2 2 2 2 2  
2 1 1 2 2 2 2 3 3 3 3 4 4 4 4 4 4 4 5 5 5 5 5 5 6  
2 5 8 4 5 6 9 0 5 7 9 1 2 3 5 6 7 8 0 1 2 4 8 9 0  
1 1 1 1 1 1 1 1 1 ' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
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TmLE 132 

Individual Animal Tumor Pathology of Female Mice in the 2-YearGavage Study of Pentachloroanisole: 20 mg& 


Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large 
Intestine large,  cecum 
Intestine large, colon 
Intestine large,  rectum 
Intestine small 
Intestine small, duodenum 
Intestine small,  ileum 
Intestine small, jejunum 
Liver 

Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Sarcoma 

Mesentery 
Sarcoma 


Pancreas 

Salivalry glands 

Stomach 

Stomach, forestomach 


Papilloma squamous 

Stomach, glandular 

Tooth 


Sarcoma 

Cardiovascular System 
Heart 

Endocrinse System 
Adrenal gland 

Adrenal gland, cortex 

Adrenal gland, medulla 


Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pan1 distalis,  adenoma 
Pan; intermedia, adenoma 

Thymid gland 

0 3 3 3 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 6 6 6 6 7  

1 1 3 6 1 2 3 3 4 7 9 2 3 4 4 6 8 8 9 9 4 5 6 8 0  

1 8 3 5 5 8 4 8 4 2 9 6 1 9 9 4 3 3 8 8 7 2 1 7 4  


3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

6 5 6 7 5 6 9 9 7 5 7 5 5 9 9 9 6 8 5 6 7 6 7 7 9  

0 9 6 8 7 2 4 7 1 5 0 2 4 0 5 2 1 9 1 7 4 4 7 9 6  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + M + + + + + + + + + + M + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ A + A + + + + + + + + A + + + + + + + + A + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + A + + + + + + + + + + + + + + + + + + + + +  

+ + + A + + + + + + + + + + + + + + + + + A + + +  

+ + + A + + + + + + + + A + + + + + M + + A + + +  

M + + A + + + + + + + + A + + + + + + + + A + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
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X 


X 

+ + + +  + +  + +  + +  

x x  
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, ' 



Mimenumy system 
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large,  colon 
Intestine large,  rectum 
Intestine small 
Intestine small, duodenum 
Intestine small,  ileum 
Intestine small,  jejunum 
Liver 

Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma,  multiple 
Sarcoma 

Mesentery 
Sarcoma 


Pancreas 

Salivary glands 

Stomach 

Stomach, forestomach 


Papilloma squamous 

Stomach, glandular 

Tooth 


Sarcoma 

IEaadmdne system 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, med?tlla 

Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis,  adenoma 
Pars intermedia, adenoma 

Thyroid gland 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

9 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3  


3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4  

7 5 5 5 6 6 6 6 7 7 7 a a a a a a a a a g g 9 9 0  TohaB 
5 3 6 8 3 5 8 9 2 3 , 6 0 1 2 3 4 5 6 7 8 1 3 8 9 0  T h u d  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  TParnORS 
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TABLE112 
Individual Animal Tumor Pathology of Female Mice in the 2-YearGavage Study of Pentachloroanisole: 20 mglkg ' , 

(continued) 

Number of Days on Study 

Carcass ID Number 

General Body System 
None 

Genital System 
Clitoral gland 
Ovav 

Luteoma 

Sarcoma 

Tecatoma NOS 


Uterus 

Adenoma 

Fiblous histiocytoma 

Leiomyoma 

Leiomyosarcoma 

Sarcoma 

Sarcomastromal 


Hematopoietic System 
Bone m a m  
Lymph node 

Iliac, sarcoma 

Lymph node; mandibular 

Lymph node, mesenteric 

Spleen 


Hemangiosarcoma 
Thymus 

Integumentary System 
Mamrnary gland 

Adenocarcinoma 
Skin 

Subcutaneous tissue, hemangiosarcoma 

0 3 3 3 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 6 6 6 6 7 ,  

1 1 3 6 1 2 3 3 4 7 9 2 3 4 . 4 6 8 8 9 9 4 5 6 8 0  

1 8 3 5 5 8 4 8 4 2 9 6 1 9 9 4 3 3 8 8 7 2 1 7 4  


3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 : 3  

6 5 6 7 5 6 9 9 7 5 7 5 5 9 9 9 6 8 5 6 7 6 7 7 9  

0 9 6 8 7 2 4 7 1 5 0 2 4 0 5 2 1 9 1 7 4 4 7 9 6  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
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. , .. 



ahnniltsal BpOsm 
Clitoral gland 
wary 


Luteoma 

sarcoma 

Teratoma NOS 


Uterus 

Adenoma 

Fibrous histiocytoma 

Leiomyoma 

Leiomyosarcoma 

Sarcoma 

Sarcoma stromal 


Hemahpietic BpOsmm 
Bone m a m  
Lymph node 

Iliac, sarcoma 

Lymph node, mandibular 

Lymph node, mesenteric 

Spleen 


Hemangiosarcoma 
Thymus 

IIaawUmennhg BysOsmm 
Mammary gland 

Adenocarcinoma 
Skin 

Subcutaneous tissue, hemangiosarcoma 

7 ' 7 7 7 7 ' 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
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3 3 3 ' 3 3 3 ' 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4  
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TABLEIE2 
Individual Animal Tumor Pathology of Female Mice in the 2-YearGavage Study of Pentachloroanisole:20 mgntg 
(continued) 

Number of Days on Study 

Carcass ID Number 

Musculoskeletal System 
Bone 
Skeletal muscle 

Fibrosarcoma 

Nervous System 
Brain 
Spinal cord 

Respiratory System 
Lung

Adenocarcinoma,metastatic,harderian 
gland 

Ahreolarbronchiolar adenoma 
Ahreolar/bronchiolar carcinoma 

Nose 

Trachea 


Special Senses System 
Ear 

Fibrosarcoma 
Harderian gland 

Adenocarcinoma 

Urinary System 
Kidney 
Urinary bladder 

Hemangioma 

Sarama 


Systemic Lesions 
Multiple organs 

Lymphomamalignanthistiocytic 
Lymphomamalignantlymphocytic 
Lymphomamalignantmixed 

0 3 3 3 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 6 6 6 6 7  

1 1 3 6 1 2 3 3 4 7 9 2 3 4 4 6 8 8 9 9 4 5 6 8 0  

1 8 3 5 5 8 4 8 4 2 9 6 1 9 9 4 3 3 8 8 7 2 1 7 4  


3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

6 5 6 7 5 6 9 9 7 5 7 5 5 9 9 9 6 8 5 6 7 6 7 7 9  

0 9 6 8 7 2 4 7 1 5 0 2 4 0 5 2 1 9 1 7 4 4 7 9 6  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


. . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLED2 
Individual Animal Tumor Pathology of Female Mice in the 2-YearGavage Study of Pentachloroanisole: 40mslkg 

Number of Days on Study. 

Carcass ID Number 

Alimentary System 
Esophagus 

Gallbladder 

Intestine large 

Intestine large,  cecum 

Intestine large,  colon 

Intestine large,  rectum 

Intestine small 

Intestine small, duodenum 


Polyp adenomatous 

Intestine small,  ileum 

Intestine small,  jejunum 


Adenocarcinoma 
Liver 

Hemangiosarcoma 
Hepatoblastoma 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma,  ,multiple 
Hepatocholangiocarcinoma 

Mesentery 
Cholangiocarcinoma, metastatic, liver 
Fibrosarcoma 
Hemangiosarcoma 

Pancreas 
Cholangiocarcinoma, metastatic, liver 
Fib~rosarcoma 

Salivary glands 

Stomach 

Stomiach, forestomach 

Stomach, glandular 


Cardiovascular System 
Heart 

Cholangiocarcinoma, metastatic, liver 

Endocrine System 
Adrenal gland 

Adrenal gland, cortex 

Adrenal gland,  medulla 

Islets, pancreatic 

Parathyroid gland 

Pituitary gland 


Pars distalis,  adenoma 

Thymid gland 


Follicular cell, carcinoma 


2 3 3 3 3 3 3 3 3 4 4 4 4 4 5 5 5 5 5 5 5 5 6 6 6  

9 2 6 7 7 8 8 8 8 1 7 7 9 9 1 2 5 6 7 7 8 9 1 3 5  

1 3 5 5 6 1 6 9 9 4 0 2 9 9 9 7 1 3 1 6 3 7 2 2 3  


. .  

3 2 2 3 3 3 2 3 3 3 3 2 3 3 2 3 3 3 3 3 3 2 2 3 2 .  

0 9 8 2 2 2 9 0 2 1 1 8 0 2 8 0 2 1 2 0 1 9 8 2 9  

8 6 5 9 5 3 4 1 1 9 8 7 5 7 9 4 8 1 0 0 5 2 2 4 9  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


. . . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

A + + + + + + + + + + + + + + + + + + + + + + + +  
A + + + + + + + + + + + + ' + + + + + + + + + ' + + +  , 

. . . . . . . . . . . . . . . . . . . . . . . . . .  

A + + + + + + + + + + + + + + + + + + + + + + + +  

A + + + + + + + + + + + + + + + + + + + + + + + , +. .  . .  , . .  e . . .  

A + + + + + + + + + + + + + + + + + + + + + + + +  

A + + + + + + + + + + + + + + + + + + + + + + + +  


. . . . . . . . . . . . . . . . . . . . . . . . .  


x x x  

X 


+ +  + + + + + + +  + + + +  ' + +  
X 

' 

x 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. , X 

X 


, + + M + + + + + + + + + + + + + + + + . + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + M + + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + + + + + + + + + + + + M + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  




Minaenahny s y 5 t m  
Esophagus
Gallbladder 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 
Intestine large,  rectum 
Intestine small 
Intestine small, duodenum 

Polyp adenomatous 
Intestine small,  ileum 
Intestine small,  jejunum

Adenocarcinoma 
Liver 

Hemangiosarcoma
Hepatoblastoma
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma,  multiple
Hepatocholangiocarcinoma


Mesentery
Cholangiocarcinoma, metastatic, liver 
Fibrosarcoma 
Hemangiosarcoma

Pancreas 
Cholangiocarcinoma, metastatic, liver 
Fibrosarcoma 

Salivary glands
Stomach 
Stomach, forestomach 
Stomach, glandular 

ahdiovawular Sysbsmn 
Heart 

Cholangiocarcinoma, metastatic, liver 

Emdcdane sy5aem 
A d r e n a l  gland 
A d r e n a l  gland, cortex 
Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Follicular cell, carcinoma 

6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

6 7 7 9 0 0 0 0 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

1 7 7 0 2 4 4 4 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


3 3 3 2 3 2 2 3 3 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3  

3 0 0 9 1 8 8 0 2 8 8 8 9 9 9 9 9 0 0 1 1 1 1 1 2  Toad 

0 2 6 3 4 1 4 7 6 3 6 8 0 1 5 7 8 3 9 0 2 3 6 7 2  T k u &  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  TUrnQR-5 
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TABLE112 
Individual Animal Tumor Pathology of Female Mice in the 2-YearGavage Study of Pentachloroanisole: 40 mgkg 
(continued) 

Number of Days on Study 

Carcass I D  Number 

GeneralBodySystem 
None 

GenitalSystem 
Clitoml gland 
ovary

Cystadenoma, papillaly 
Hemangioma 

Utenrs 

Hemangiosarcoma 

Samma 


HematopoieticSystem 
Bone marrow 

Hemangiosarcoma 
Lymph node 

Bmachial, cholangiocarcinoma, 
metastatic, h e r  

Mediastinal, cholangiocarcinoma, 
metastatic, liver 


Lymph node, mandibular 

Lymph node, mesenteric 

Spleen 

Thyrmus

Fiblrosarcoma 

Integumentary System 
Mammary gland 
Skin 

Subcutaneous tissue, fibrosarcoma 

MusculoskeletalSystem 
Bone 
Skeletal muscle 

Fibrosarcoma 

Rhnbdomyasarcoma 


2 3 3 3 3 3 3 3 3 4 4 4 4 4 5 5 5 5 5 5 5 5 6 6 6  

9 2 6 7 7 8 8 8 8 1 7 7 9 9 1 2 5 6 7 7 8 9 1 3 5  

1 3 5 5 6 1 6 9 9 4 0 2 9 9 9 7 1 3 1 6 3 7 2 2 3  


3 2 2 3 3 3 2 3 3 3 3 2 3 3 2 3 3 3 3 3 3 2 2 3 2  

0 9 8 2 2 2 9 0 2 1 1 8 0 2 8 0 2 1 2 0 1 9 8 2 9  

8 6 5 9 5 3 4 1 1 9 8 7 5 7 9 4 8 1 0 0 5 2 2 4 9  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


. . . . . . . . . . . . . . . . . . . . . . . . .  


X 
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X 
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X 


X 

+ + M + + + + + + + + + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

M + + + + + + + + + + + + + + + + + + + + + + + +  

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  

+ 
X 




- o m - g - - 00-
v) v)v) 
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+ + + + + + + +  + +  
+ + + + + + + +  + +  
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TABLE112 
Individual Animal Tumor Pathology of Female Mice in the 2-YearGavage Study of Pentachloroanisole: 40mg/kg 
(continued) 

Number of Days on Study 

Carcass ID Number 

Nervous System 
Brain 

Meningioma benign 

Respiratory System 
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar carcinoma 
Cholangiocarcinoma, metastatic, liver 
Fibrosarcoma 
Hepatocellular carcinoma,  metastatic, 

liver 
Mediastinum, fibrosarcoma 


NOS2 

Trachea 


Special Senses System 
Ear 
Eye
Hardmian gland 


Adenoma 


Urinary System 
Kidney 

Cholangiocarcinoma, metastatic, liver 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Lymphomamalignantlymphocytic 
Lymphomamalignantmixed 

2 3 3 3 3 3 3 3 3 4 4 4 4 4 5 5 ’ 5 5 5 5 5 5 6 6 6  

9 2 6 7 7 8 8 8 8 1 7 7 9 9 1 2 5 6 7 7 8 9 1 3 s  

1 3 5 5 6 1 6 9 9 4 0 2 9 9 9 7 1 3 1 6 3 7 2 2 3  


3 2 2 3 3 3 2 3 3 3 3 2 3 3 2 3 3 3 3 3 3 2 2 3 2  

0 9 8 2 2 2 9 0 2 1 1 8 0 2 8 0 2 1 2 0 1 9 8 2 9  

8 6 5 9 5 3 4 1 1 9 8 7 5 7 9 4 8 1 0 0 5 2 2 4 9  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


X 

X 


X 

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


+ 
+ 
X 


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


+ + + + M M + M + + + + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 




Respimbuy Syskm 
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar carcinoma 
Cholangimrcinoma, metastatic,  liver 
Fibrosarcoma 
Hepatocellular carcinoma, metastatic, 

liver 
Mediastinum,fibrosarcoma 


Nose 

Trachea 


spi8IaB %ms p t e m
Ear 

Eye

Harderian gland 


Adenoma 


ukiUB8Ik-y B p k m  
Kidney 

Cholangiocarcinoma, metastatic, liver 
Urinary bladder 

s y S 6 Z d C  kSiQUBS 
Multiple organs 

Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

6 7 7 9 0 0 0 0 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

1 7 7 0 2 4 4 4 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


3 3 3 2 3 2 2 3 3 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3  

3 0 0 9 1 8 8 0 2 8 8 8 9 9 9 9 9 0 0 1 1 1 1 1 2  

0 2 6 3 4 1 4 7 6 3 6 8 0 1 5 7 8 3 9 0 2 3 6 7 2  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
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TABLED3 
Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year GavageStudy 
a l  Pentachlomanisole 

Vehicle Control 

EIarderianGland:Adenoma 
cwerall ratesa 3/50 (6%) 0/50 (0%) 4/50 (8%)
u jus t ed  ratesb 10.7% 0.0% 20.9% 
Terminal rates' 2/24 (8%) o m  (0%) 3/16 (19%)
First incidence days 576 -e 499 
Life table tests I '  P =0.276 P=0.124N P=O.325 
Logistic regression testsd P=O.355 P=0.126N P=O.432 
Cmhran-Armita e testd P=O.406IFisher exact test P=O.l21N P=O.500 

HrarderianGland:Adenoma or Adenocarcinoma 
Overall rates 3/50 (6%) 2/50 (4%) 4/50 (8%)
Adjusted rates 10.7% 6.7% 20.9% 
Terminal r a t 9  2/24 (8%) o m  (0%) 3/16(19%)
First incidence (days) 576 598 499 
Life table tests P=O.279 P=0.516N P=O.325 
Logistic regression tests P=O.366 P=0.512N P=O.432 
Cochran-Armitage test P=O.417 
Fisher exact test P=0.500N P=0.500 

Liver: Hepatocellular Adenoma 
Overall rates 8/50 (16%) 8/50 (16%) 12/50 (24%)
Adjusted rates 28.2% 29.7% 53.4% 
Terminal rat& 5/24 (21%) 7/25 (28%) 7/16 (44%)
First incidence (days) 477 438 381 
Life table tests P=O.o46 P=0.591N P=0.065 
Logistic regression tests P=O.o97 P=O.569 P=O.124 
Cochran-Armitage test P=O.185 
Fisher exact test P=0.607N P =0.227 

Liver: Hepatocellular Carcinoma 
"Overall rates 4/50 (8%) 2/50 (4%) 2/50 (4%)

Adjusted rates 13.5% 7.7% 12.5% 
Terminal rates 2/24 (8%) 1/25(4%) 2/16 (13%)
F h t  incidence (days) 410 704 - 729 (T) 
Life table tests P=0.378N P=0.335N P=0.498N 
Logistic regression tests P=0.303N P =0.349N P =0.387N 
Cochran-Armitage test P=0.252N 
Fsher exact test P=0.339N P=0.339N 

Liver: Hepatocellular Adenoma or Hepatocellular Carcinoma 
Overall rates 11/50 (22%) 10/50 (20%) 14/50 (28%) 
Adjusted rates 37.1% %.l% 63.8% 
Terminal rates 7/24 (29%) 847.5 (32%) 9/16 (56%) 
First incidence (days) 410 438 381 
Life table tests P=O.067 P=0.479N P=0.082 
Lqistic regression tests P=O.151 P=0.544N P=O.187 
Cochran-Armitage test P=O.277 
Fmher exact test P=0.560N P=0.322 



U V e l l ?  We@QbhSaQU&3 QR W e p h C d h k l R  aEThQEtl81 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

mataiamy G B ~ ~ ~ C I I  A C I ~ E N I ~p a m  ~~aalks): 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

An OQam Wennna~iakcoaa  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

&E3laI@ODlla QiT WeOUNl@cPsaaETQllla 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

All Organam MaliPaanaa ILpph~n~nnaa@kai@k, 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

4/50 (8%) 
13.5% 

(8%)
410 
P=0.569N 
P=0.487N 
P=O.417N 

7/47 (15%) 
26.5% 
4tZ2 (18%) 
674 
P=0.224N 
P=0.178N 
P=O.lOlN 

5/50 (10%) 
17.8% 
3/24 (13%) 
410 
P=0.451N 
P=0.348N 
P=0.283N 

6/50 (12%) 
20.4% 
3/24 (13%) 
410 
P=O.4%N 
P=O.374N 
P=0.303N 

ILpphcqtic,  OR M k d )  
7/50 (14%) 
26.2% 
5/24 (21%)
674 
P=O.O33 
P=O.O57 
P=O.124 

2/50 (4%) 
7.7% 
1/25 (4%) 
704 
P=0.335N 
P=0.349N 

P=0.339N 

5/49 (10%) 
20.0% 
5/25 (20%)
729 (T) 
P=0.324N 
P=O.358N 

P=0.350N 

3/50 (6%) 
10.5% 

(8%)
549 
P=0.349N 
P=0.370N 

P=0.357N 

4/50 (8%) 
14.4% 
3/25 (12%) 
549 
P=0.370N 
P=0.389N 

P=0.370N 

9/50 (18%) 
27.8% 
4/25 (16%) 
472 
P=O.391 
P=O.W 

P=O.393 

3/50 (6%) 

16.7% 

2/16 (13%)

702 

P=O.636 

P=0.567N 


P=0.5ON 


3/50 (6%) 

18.8% 

3/16 (1%)

729 (T)

P=0 . m N  

P=O.232N 


P=0.134N 


3/50 (6%) 

18.8% 

3/16 (19%) 

729 (T) 

P=0.569N 

P=0.443N 


P=0.357N 


4/50 (8%) 

21.4% 

3/16 (19%) 

576 

P=0.591N 

P=0.447N 


P=0.370N 


12/50 (24%) 

52.3% 

6/16 (38%) 

583 

P=O.O% 

P=0.049 


P=O.154 
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'FABLE D3 
!Statistical Analysis of Primary Neoplasms in Female Mice in the 2-YearGavage Study 
of Pentachloroanisole (continued) 

Vehicle 20 mgntg 4 0 m mControl 

AI1 Organs:Benign Neoplasms 
Overall rates 21/50 (42%) 19/50 (38%) 18/50 (36%) 
Adjusted rates 62.7% 67.1% 72.2% 
Terminal rates 1 w  (50%) 16/25 (64%) 1Ofl6 (63%) 
F%st incidence (days) 477 438 381 
Life table tests P=O.304 P=0.407N P=O.344 
Logistic regression tests P=0.544N P=0.511N P=0.568N 
Cmhran-Armitage test P=0.304N 
F'isherexact test P=O.419N P=0.341N 

All Organs: Malignant Neoplasms 
Overall rates 19/50 (38%) 20/50 (40%) 23/50 (46%) 
Adjusted rates 57.8% 58.3% 81.3% 
Terminal rates 11/24 (46%) 11M (44%) 11/16 (69%) 
Fkst incidence  (days) 81 472 571 
Life  table tests P=O.O38 P=O.498 P=O.o40 
Lngistic regression tests P=0.099 P=O.453 P=O.117 
Cmhran-Armitage test P=O.239 
Fisher exact test P=os00 P=O.272 

All  Organs: Benign or Malignant Neoplasms 
Chrerall rates 32/50 (64%) 31/50 (62%) 30/50 (60%) 
Adjusted rates 86.0% 83.5% 93.6% 
Terminal rates 19/24 (79%) 19/25(76%) 14116 (88%) 
First incidence (days) 81 438 381 
Life table tests P=O.128 P=0.498N P=O.132 
Logistic regression tests P=O.426 P=0.587N P=O.467 
Cbchran-Armitage test P=0.379N 
Fisher exact test P=0.500N P=0.418N 

-
Terminal sacrifice 

I"Number of neoplasm-bearing  animals/number of animals  examined. Denominator is number of animals  examined microscopically 
for  adrenal gland, bone (including  marrow), brain, clitoral gland, gallbladder, heart, kidney,  large intestine, liver,  lung, mammary 
gland, mandibular or mesenteric lymph node, nose, ovary, pancreas, parathyroid gland, pituitary gland, salivary gland, skin, small 
intestine, spleen, stomach, thymus,  thyroid gland, trachea, urinary  bladder, and uterus; for other tissues, denominator is number 
o f  animals necropsied. 
Kaplan-Meier estimated neoplasm  incidence at the end of the study after adjustment for intercurrent mortality 
Observed incidence at terminal kill 
Beneath the "Vehicle Control" column are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to painvise  comparisons between the controls and that dosed  group. The life table analysis regards 
neoplasms in animals  dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic  regression 
tests regard these lesions as nonfatal. The Cochran-Armitage  and Fisher exact tests compare directly the overall  incidence rates. 
For all tests, a negative trend or a lower  incidence in a dose group is indicated by N. 

e Notapplicable; no  neoplasmsinanimal group 
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TABLEID5 
Summary of th,e Incidence of Nonneoplastic Lesions in Female Mice in the 2-YearGavage Study 
0%pentsihloroanisold 

Vehicle 20 mgkgControl 4omg/kg 

Disposition Summary 
Animals initially in study 70 70 70 
9-Month interim evaluation 10 10 10 
15-Month1 interim  evaluation 10 10 7 
Early deaths 

Accidental deaths 1 1 

Moribund 17 18 29 

Natural deaths 8 6 8 


survivors 
Terminal sacrifice 24 25 16 

Animals txamined microscopically 70 70 70 

Alimentary System 
Gallbladder 

Dilatation 
Liver 

Angiectasis 
Basophilic focus 
Cytologic alterations 
Eosinophilic focus 
Eosinophilic focus, multiple 
Hematclpoietic cell proliferation 
Inflammation, subacute 
Mixed t d l  focus 
Mixed t d l  focus, multiple 
Necrosis 
Vacuolization cytoplasmic 
Biliary 'tract, dilatation 
Biliary 'tract, hyperplasia 
Kupffer cell, pigmentation 

Mesenteq 
Hemonhage 
Inflammation, suppurative 
Fat, netxosis 

Pancreas 
Acinar cell, atrophy 
Duct, dilatation 

Salivary glands 
Atrophy 
Foreign body 

Stomach, forestomach 
Cyst epithelial inclusion 
Foreign body 
Hyperplasia 7 (16%) 

Cardiovascular System 
Heart 

Inflammation, subacute 
Mineralization 



JE?a"nne system 
Adrenal gland 

Capsule, spindle cell,  hyperplasia 
Adrenal gland, cortex 

Accessory adrenal cortical nodule 
Hypertrophy, focal 
Necrosis 

Parathyroid gland 
Cyst

Pituitary gland 
Pars distalis, cyst 
Pars distalis,  hyperplasia 

Thyroid gland 
Inflammation, subacute 
Follicular cell, hyperplasia 

Gennitd S p h m  
Clitoral gland 

Duct, cyst 
*aIy

Abscess 
Cyst
Hemorrhage 

Uterus 
Dilatation 
Hyperplasia, cystic 
Inflammation, suppurative 
Mu-, cyst 

Wernrauopietic Syshm 
Bone marrow 

Myeloid cel l ,  hypercellularity 
Lymph nude 

Iliac, hyperplasia, lymphoid 
Iliac, inflammation, suppurative 
Mediastinal, hyperplasia, lymphoid 
Mediastinal, inflammation, suppurative 
Renal, hyperplasia,  lymphoid 
Renal, inflammation, suppurative 

Lymph node,  mandibular 

Hyperplasia, lymphoid 


Lymph node, mesenteric 

Angiectasis 
Hematopoietic cell proliferation 

Spleen 
Hematopoietic cell  proliferation 
Hyperplasia, lymphoid 

(45)
12 (27%) 
3 (7%) 

(46) 
9 (20%)

42 (91%) 
5 (11%) 
2 (4%) 

~~ ~ 

(1)
1 (10%) 


(36)

14 (39%) 
8 (22%) 
3 (8%) 

(43) 

35 (84%) 
6 (14%) 
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TABLED5 
Summaqy of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-YearGavageStudy 
of Pentacchloroanisole (continued) 

Vehicle Control mmglkg 

Musculoslceletal System 
Bone 

HypefiroiPhY 

Nervous Slystem 
Brain 

Hemorrh:nge 
Inflammation, subacute 

Respiratory System 
Lung 

Abscess 

Foreign body 

Infiltration cellular, histiocyte 2 (7%) 

Inflammation, suppurative 1 (4%)

Alveolar epithelium, hyperplasia 2 (7%) 

Mediastinum, inflammation, suppurative 5 (19%) 


NOSe (50)
Foreign body 15 (30%) 
Fungus 
Inflammaition, suppurative 13 (26%) 

Special Senses System 
Harderian gland 

Hyperplasia 

Urinary System 
Kidney (50)

Amyloid deposition 2 (4%)
Hydronephrosis 1 (2%)
Nephropathy 12 (24%) 
cortex, cyst 1(2%)
Glomerulus, inflammation 

Transitionlal epithelium, hyperplasia 


a Number of  animalsexaminedmicroscopically at site and number of  animals with lesion 
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GENETICTOXICOLOGY 

s . U O N E u A  7"HIMURZUM MUTAGENICITY TEST  PROTOCOL 
Testing was performed as reported by Mortelmans et al. (1986). Pentachloroanisole was sent to  the 
laboratory as a coded aliquot from Radian Corporation (Austin, TX). It was incubated with the 
SdmoneZZa typhimurium tester strain (TA100,  TA1535,TA1537, and TA98) either in buffer or S9 mix 
(metabolic activation enzymes and cofactors from Aroclor 1254-induced male Sprague-Dawley rat or 
Syrian hamster liver) for 20 minutes at 37" C prior to  the addition of  soft agar supplemented with 
1-]histidine and d-biotin, and subsequent plating on minimal  glucose agar plates. Incubation continued 
foa an additional 48 hours. 

Each trial consisted of triplicate plates of concurrent positive and negative controls and o f  at least five 
doses o f  pentachloroanisole. High dose was limited to 10,OOO puplate. All positive assays were 
re,peated under the conditions which elicited the positive  response. 

In this assay, a positive response is  defined as a reproducible, dose-related increase in 
histidine-independent (revertant) colonies in  any one straidactivation combination. An equivocal 
response is defined as an increase in revertants which  was not dose-related, not reproducible, or of 
insufficient magnitude to support a determination of mutagenicity. A negative response was obtained 
wlhen ,no increase in revertant colonies was observed  following chemical treatment. 

h![OUSE LYMPHOMA TEST PROTOCOLCELL MUTAGENICITY 
Tlhe experimental protocol is presented in detail by McGregor et al. (1987). Pentachloroanisole was 
supplied as a coded aliquot by Radian Corporation (Austin, TX). The highest dose o f  
pt:ntachloroanisole was determined by solubility o r  toxicity and did not exceed 0.05 mg/mL. Mouse 
lymphoma L5178Y cells were maintained at 37" C as suspension cultures in Fischer's medium 
supplemented with 2 mM  Z-glutamine, 110 pg/mL sodium pyruvate, 0.05% pluronic F68, antibiotics, and 
heat-inactivated horse serum; normal cycling time was about 10 hours. To reduce the number o f  
spontaneously occurring trifluorothymidine 0resistant cells, subcultures were exposed once to 
medium containing THMG (thymidine,  hypoxanthine, methotrexate, glycine) for 1 day, to THG for 
1 day, and to normal medium for 3 to 5 days. For cloning, horse serum content was increased and 
Noble agar was added. Freshly prepared S9 metabolic activation factors were obtained from the livers 
of Aroclor 1254-induced male rats. 

All treatment levels within an experiment, including concurrent positive and solvent controls, were 
replicated. Treated cultures contained 6 x 106 cells in 10 mL o f  medium. This volume included the  S9 
fraction in those experiments performed with metabolic activation. Incubation with pentachloroanisole 
continued for 4 hours, at which time the medium  plus pentachloroanisole was  removed and  the cells 
were resuspended in 20 mL of fresh medium and incubated for an additional 2 days to express the 
mutant phenotype. Cell density was monitored so  that log phase growth  was maintained. Afterthe 
41-hour expression period, 3 x lo6cells were plated in  medium and soft agar supplemented with 
trifluorothymidine for selection of TFT-resistant cells P I - ) , and 600 cells were plated in nonselective 
medium and soft agar t o  determine cloning efficiency. Plates were incubated at 37" C in 5% CO, for 
10 to 12 days. All data were evaluated statistically for both trend and peak response. Both responses 
had to be significant (PcO.05) for pentachloroanisole to be considered capable of inducing 
TIFT-resistance>a single significant response led to a "questionable" conclusion, and the absence o f  both 
a trend and a peak response resulted in a "negative"  call. 

Minimum criteria for accepting an experiment as valid and a detailed description of the statistical 
analysis and  data evaluation are presented in  Myhr et al. (1985). This assay  was initially performed 



without S9; became a clearly positive response was not  obtained, the experiment was repeated with 
induced S9. 

CHINESE lElhMsmlw OVARY CELL m O G l E N l E T I c s  PROTOcOm 
Testing was performed as reported by Galloway et al. (1985, 1987) and is presented briefly below. 
Pentachloroanisole was sent to the laboratory as a coded aliquot from Radian Corporation (Austin, TX). 
It was tested in cultured Chinese hamster ovary (CHO) cells for induction o f  sister chromatid exchanges 
(SCES) and chromosomal aberrations (Abs) both  in the presence and absence o f  Aroclor 1254-induced 
male Sprague-Dawley rat liver S9 and cofactor mix. Cultures were handled under gold lights to prevent 
photolysis of bromodeoxyuridine-substituted DNA. Each test consisted of  concurrent solvent and 
positive controls and o f  three doses of  pentachloroanisole; the high dose was limited by toxicity or 
solubility, but did not exceed 700 pg/mL. 

In the SCE test without S9, CHQ cells were  incubated for 26 hours with pentachloroanisole in McCoy’s 
5 A  medium supplemented with 10% fetal bovine serum, I-glutamine (2mM), and antibiotics. 
Bromodeoxyuridine(BrdU) was added 2 hours after culture initiation. After 26 hours, the medium 
containing pentachloroanisole was removed and replaced with fresh  medium plus BrdU and Colcemid, 
and incubation was continued for 2 hours. Cells were then harvested by mitotic shake-off, fried, and 
stained with Hoechst 33258 and Giemsa. In the  SCE test with S9, cells were incubated with 
pentachloroanisole, serum-free medium, and S9 for 2 hours. The medium was then removed and 
replaced with medium containing BrdU and no pentachloroanisole and incubation proceeded for an 
additional 26 hours, with Colcemid present for the final 2 hours. Harvesting and staining was the same 
as for cells treated  without S9. For the SCE test, if significant chemical-induced cell cycle delay was 
seen, incubation time was lengthened to  ensure a sufficient number o f  scorable cells. 

In the Abs  test without S9, cells were  incubated in McCoy’s 5 A  medium with pentachloroanisole for 
20hours; Colcemid was added and incubation  continued. The cells were  then harvested by mitotic 
shake-off, fixed, and  stained with Giemsa. For the Abs test with S9, cells were  treated with 
pentachloroanisole and S9 for 2 hours, after which the  treatment medium was removed and  the cells 
incubated for 18 hours in fresh medium, with Colcemid present for the final 2  hours. Cells were 
harvested in the same manner as for the treatment without S9. The harvest time for the Abs test was 
based on the cell cycle information  obtained in the SCE test. 

Cells were selected for scoring on the basis o f  good morphology  and completeness of  karyotype 
(21 f 2 chromosomes). All slides were  scored blind and  those from a single test were read by the same 
person. For the SCE test, 50 second-division metaphase cells were  scored for frequency o f  SCE per cell 
from each dose level; 100 first-division metaphase cells were  scored at each  dose level for the Abs test. 
Classes o f  aberrations included simple (breaks and terminal .deletions), complex (rearrangements and 
translocations), and  other (pulverized cells, despiralized chromosomes,  and cells containing 10 or more 
aberrations). 

Statistical analyses were  conducted on both the slopes o f  the dose-response curves and  the individual 
dose points. An SCE frequency 20% above the  concurrent solvent  control value was chosen as a 
statistically conservative positive response. The probability o f  this level o f  difference occurring by 
chance at one dose point is less than 0.01; the probability for such a chance occurrence at two dose 
points is less than 0.001. A single increased dose was considered weak evidence o f  a positive reponse; 
two increased doseswere sufficient to evaluate the trial as positive. Chromosomalaberration data are 
presented as percentage of cells with aberrations.  Both the dose-response curve and individual dose 
points were statistically analyzed. A statistically significant (P<O.O5) difference for one dose point was 
considered weak evidence for a positive response; significant differences for two or  more doses indicated 
the trial was positive (Galloway et al., 1987). 
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I B U L T S  
Pentachloroanisole (10 to 10,OOO puplate) was tested for induction o f  gene mutations in four strains of 
Jkzlmonella typhimurium (TAlOO, TA1535,  TA1537, and TA98)  using a preincubation protocol with and 
ivithout Aroclor 1254-induced male Sprague-Dawley rat or Syrian hamster liver S9 (Table El; 
bdortelmans et al., 1986). No clear evidence of mutagenic activity  was observed in strain TAlOO or 
TA1535 with or without S9, but positive responses were obtained with the strains TA1537 and TA98 in 
the absence of S9; no increases in mutagenic colonies occurred in these strains with S9. Precipitation
cmrred  a t  1,OOO puplate and higher concentrations. In the mouse lymphoma  assay, pentachloroanisole 
i:nduced trifluorothymidine resistance in  L5178Y cells over a concentration range o f  18.75 to 500 pumL 
i:n the presence o f  Aroclor 1254-induced male F344 rat liver S9; without S9, the responses were weak, 
not dose related, and inconsistent (Table E2; McGregor et al., 1987). Precipitation occurred in this 
assay also, at about the 125 pg/mL dose level, and this may have been a factor in the lack o f  a clear 
dlose-response relationship for all but  one of the positive trials. In cytogenetic tests with Chinese 
hamster ovary (CHO) cells, pentachloroanisole induced sister chromatid exchanges  (SCEs) (Table E3), 
but not chromosomal aberrations (Abs)  (Table E4), with and without Aroclor 1254-induced male 
Sprague-Dawley rat liver S9. A delayed  harvest protocol was required in the SCE test to offset 
pentachloroanisole-induced cell cycledelay and allow detection o f  the positiveresponses. Delayed 
harvest was also used for the Abs test to offset the cell cycle delay induced by pentachloroanisole.
Precipitation occurred. in the SCE and Abs tests for all pentachloroanisole concentrations o f  35 pg/mL 
a n d  higher. 



T&W 
0 
10 
33 
100 
333 

1,m
3,333 
6,666 

1 o . m  

Trialsummary 
Positive controld 

TU535 

0 

10 

33 

100 

333 


1 9 0 


3,333 

1 0 . 0  


Trialsummary 
Positive control 

Strain Dose 
b d P l W  

TU537 

0 

10 

33 

100 

333 


1 9 0 


3,333 

6,666 


1 0 . 0  

Trialsummary 
Positive control 

109 f 4.4 

84 f 5.7 
97 f 0.7 
94 f 4.1' 
84 f 5.3' 

89 f 3.5' 


Negative 
219 f 21.8 


13 f 2.6 


10 f 1.2 

10 f 1.5 

7 f 2.0' 

7 f 1.5' 

9 f 2.1' 


Negative 
129 f 5.6 


-s9 

Trial 1 Trial 2 


7 f 0.6 4 f 1.2 


6 2 2.0 

6 2 1.5 5 f 1.2 
7 f 2.3' 5 f 1.5' 
15 * 0.3'12 f 1.2' 

19 f 1.2' 

24 f 1.9' 34 f 3.2' 


Positive Positive 
124 f 15.8 254 f 7.0 

135 f 6.9 

126 f 0.6 

131 f 8.4 

114 f 11.1 

83 f 5.5 

22 f 5.5c 


Negative 
2,130f 37.6 


7 f 1.3 

7 f 0.6 

7 f 1.5 

8 f 0.6 

8 f 0.9 

3 f 0.6' 


Negative 
464 f 43.3 


Wevertants/plate 

91090 hamster S9 
Trial 1 

8 f 1.5 

8 f 0.6 

3 f 1.3 

5 f 1.5 

2 f 0.3 

1 f 0.0' 


Negative 
265 f 4.6 

'111 f 5.8 ' 

141 f 4.5 
143 f 2.6 
117 * 14.7 
79 f 1.2 
69 f 11.6' ' 

6 2 0.6 
6 f 0.6 
9 f 0.9 
7 f 1.2 
4 f 0.9 
5 f 0.6' 

Negative 
187 f 12.4 


910% rat S9 
Trial 1 

7 f 1.9 
6 f 1.2 
6 f 2.0 
3 f 0.3 
1 f 0.3 
1 & 0.0' 

Negative 
236 f 7.1 
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TABLE E l  

Mutagenicity of Pentachloroanisole in Salmoneua fyphimurium (continued) 


Revertantddate 

Strain Dose 4 9  +lo% hamster S9 + 1 w o  rat s9 
WplaW Trial 1 Trial 2 Trial 1 Trial 1 

'I'M8 
. o 14 f 1.2 12 f 2.3 23 f 3.2 20 f 0.3 


10 18 f 1.9 18 f 1.2 

33 15 f 2.0 22 f 1.8 


100 11 f 2.8 	 12 f 1.2 19 f 1.9 
333 11 f 1.5 11 f 3.0 9 f 1.0 16 f 0.7 

1,@)o 9 f 0.P 15 f 1.P 4 f 0.9' 19 f 0.6' 
3,333 23 f 5.2' 20 f 2.P 
6,666 33 f 5.5' 

10,Ooo 39 f 7.1' 45 f 4.1' 

Trial summaxy Positive Positive Negative Negative 
Positive control 510 f 12.1 397 f 21.4 1,731 Ifr 43.6 364 f 43.6 

Study performed at SRI, International. The protocol and these data are presented in Mortelmans et ul. (1986). 

Revertants are presented as mean f the standard error f rom three plates.


' 	Precipitateonplate 
2-aminoanthracene was used on all strains in the presence of S9.In the absence of  metabolic activation, 
4-nitros-phenylenediaminewas tested on TA98, sodium azide was tested on TAl00 and  TA1535, and 9-aminoacridine was 
tested on TA1537. 
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TABLE E2 
Induction of Trifluorothymidine Resistance in Mouse L5178Y LymphomaCells by Pentachloroanisole 
(continued) 

Compound 

ts9 

Trlal 1 


Dlimethylsulfoxide 

Methylcholanthrene 

Pentachloroanisole 

Dimethylsulfoxide 

h4ethylcholanthrene 

Pentachloroanisole 

MutantRelativeCloning 
ConcentrationEfficiency 

W m L )  (94 

63 

79 

68 

51 


26 

2.5 39 


31.25 	 69 

52 


62.5 84 

64 


125 67 

66 


250 70 

63 


500 	 68 

70 


52 

80 

92 


23 

2.5 51 


18.75 	 56 

89 


37.5 58 

105 


75= 56 

109 


150 88 

86 


300 98 

Lethal 

Total Growth 
( W  


100 

109 

97 

94 


21 

23 


79 

36 

59 

54 

105 

43 

12 

11 

14 

10 


77 

132 

92 


11 

’ 27 


54 

78 

53 

82 

39 

60 

58 

47 

17 


CountFraction 

143 

175 

133 

108 


680 

739 


247 

523 

320 

188 

262 

149 

337 

220 

332 

191 


122 

105 

.177 


961 

956 


264 

302 

273 

364 

287 

376 

436 

340 

714 


Mutant 

76 

74 

66 

71 


855 

626 


119 

333 

126 

99 

130 

75 

160 

116 

164 

91 


79 

44 

64 


1,408 

627 


158 

113 

158 

115 

171 

115 

166 

133, 

243 


Average 
Mutant 
Fraction 

71 


741d 


226d 


113d 


102 


138d 


129 


62 


1,019 


135d 


139 


143d 


149d 




Dimethylsulfoxide 

64 
77 
87 
72 

88 
112 
105 
95 

74 
45 
57 
50 

39 
19 
22 
23 

26 

Methylcholanthrene 

2.5 43 
44 

24 
25 

467 
508 

359 
383 

371d 

Pentachloroanisole 

150 

125 

1 0  

75 

50 

52 
54 
% 
66 
55 
57 
64 
66 
59 
64 42 

20 
16 
18 
21 
28 
27 
34 
29 
44 

. 

88 
92 
171 
114 
101 
81 
81 
136 
144 
141 

57 
57 
60 
57 
61 
47 
42 
69 
81 
73 

TIM 4 

Dimethylsulfoxide 

65 
57 
83 
77 

89 
81 
127 
104 

169 
134 
158 
195 

87 
78 
63 
85 

78 

Methylcholanthrene 

2.5 46 
43 

30 
27 

598 
7 0  

436 
545 

.491d 

Pentachloroanisole 

1 0  

75 

50 

25 

15 

36 
37 
51 
52 
76 
84 
79 
64 

Lethal 
Lethal 

32 
40 
72 
65 
92 
79 

7 
6 

324 
387 
255 
1% 
188 
218 
159 
150 

299 
350 
166 
124 
82 
87 
67 
78 

3ad 

145d 

84 

72 
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TABLEE2 

Inlduction of Trifluorothymidine Resistance in Mouse U178Y LymphomaCells by Pentachloroanisole: 

(amtinued)-
a 	 Study performed at  Inveresk Research International. The experimental protocol and these data are presented in McGregor et al. 

(1987). The highest dare o f  pentachloroanisole was determined by solubility and toxicity. A l l  dosed were tested in triplicate; 
the average of  the three tests is presented in the table. Cells (6 x 1dhnL) were treated for 4.hours at 37” C in medium, ’ 

washed, resuspended in medium, and incubated fo r  48 hours at 37” C. After expression, 3 x 106 cells were plated in medium , 

and soft agar supplemented with trifiuorothymidine for selection of cells that were  mutant at  the thymidine kinase (”IC) locus, 
. .,and 600 cells were  plated in nonselective, medium and soft  agar to determine the cloning efficiency. 


Mean f standard error from three replicate  plates of approximately lo6 cells each. 

Mutant fraction (frequency) is a ratio o f  the mutant  count to the cloning efficiency, divided by 3 (to arrive a t   MF lo6 cells 

treated); MF=mutant fraction. 

Significant positive response (PcO.05) 


e 	 Precipitation at  this and higher doses 



Summary: Positive 

Dimethylsulfoxide 50 1,049 694 0.66 13.9 26.3 

29.29
17.7 

47.2
236.53 


Mitomycin-C 0.01 39 809 692 0.85 26.3 

0.010 5 1 M  236 2.22
 26.3 


0.63474

125 50 1,043 a40 21.73O 34.3c 16.8
0.80 


P<0.0ld 

os9 

TM n 
Summary: Weak positive 

Dimethylsulfoxide 50 1,044 574 0.54 11.5 25.8 

Cyclophosphamide 0.35 50 1,046 790 0.75 15.8 25.8 37.37 

Pentachloroanisole 3626.3 -3.5075 

1 0  50 


13.2
 475 

1,043882
 0.84
 ,. 17.6 34.3' 27.82O 


2.0 5 104 187
 1.79 37.4 25.8 227.04 


Pentachloroanisole 117 50 1,044 605 0.58 12.1 25.8 5.57 
350 50 

7 0  50 


1,052 642 

1,042 950 


0.61 12.8 25.8 11.0 

0.91 19.0 34.OC 65.82° 


P<O.01 

T M  2 
Summary: Positive 

Dimethylsulfoxide 	 50 1,049 634 0.60 12.7 26.3 


50 	 855 0.81 17.1 26.3 35.24Cyclophosphamide 0.35 1,046
2.0 5 105 193 1.83 38.6 26.3 204.13 


Pentachloroanisole 595 50 1,040 757
 0.72 15.1 26.3 24x430 

648 50 1,040 9fia 0.93 19.4 34.3c 54.00 
7 0  
 50
 1,042 878
 0.84 
 17.6 34.3c 39.42O 


P<O.01 

Positive (S!O% increase over solvent control) 
a 	 Study perfomed at Litton Bionetks, Inc. SCE=sister chromatid  exchange; BrdU=bromdeoxyuridine. A detailed description 

o f  the SCE protocol is presented by Galloway et al. (1985, 1987).Precipitate was observed at all dose levels. 
SCE's/chromaPomeof  culture scposed to pentachloroanisole  relative to those o f  culture exposed to solvent. 
Because pentachloroanisole induced a delay  in the cell  division cycle, harvest times were extended to maximize the proportion o f  
second division cells available for analysis. 
Significanceof relative SCWchromaPome tested by the linear regression trend test vs. log o f  the dose 
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TABLEE4 
Induction of Chromosomal Aberrations in Chinese Hamster Ovary Cells by Pentachloroanisolea 

-s9 +s9 
Dose Total No. of Abs/ Percent Dose Total No. of Abs/ Percent 

(pg/mL) Cells Abs Cell Cells (IrglmL) Cells Abs Cell Cells 
w/Abs w/Ab 

Trial 1 - Harvesttime: 22.5 hoursb Trial 1 - Harvesttime: 22.5 hoursb 
Summary:Negative Summary:Negative 

Dimethylsulfoxide 
100 2 0.02 2.0 

Dimethylsulfoxide 
100 

-
0 0.00 0.0 

Mitomycin-<= Cyclophosphamide 
0.04 50 14 . , 0.28 24.0 12.5 50 15 0.30 . 22:o 

Pentachloroanisole Pentachloroanisole 
101 100 1 0.01 1.0 595 100 5 0.05 4.0 
126 100 I 0.01 1.o 648 100 , 3 , 0.03 3.0 
151 100 0 0.00 0.0 700 100 4 0.04 3.0 

. P=O.909C P=O.126. ' 

Studyperformed at  LittonBionetics,Inc. Abs=aberrations. A detailed  presentationofthetechnique for detecting 
chromosomal aberrations  is found  inGalloway et al. (1985,1987). Precipitate was noted at most dose levels. 
Because of significant chemical-induced cell cycle delay, incubation time prior to addition of  Colcemidwaslengthened to provide 
sufficient metaphases at harvest. 
Significance of percent cells with aberrations tested by the linear regression trend test vs. log of the  dose 
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“le 
n 
Necropsy body weight 

Brain 
Absolute 
Relative 

R. Kidney 
Absolute 
Relative 

Liver 
Absolute 
Relative 

Thvmm 

Vehicle Control 

10 

463 f 12 


2.09 f 0.02 
4.52 f 0.08 

1.22 f 0.04 
2.62 f 0.05 

13.51 f 0.4213.37 
29.13 f 0.3329.95 

1Q m& 


10 
447 f 8 

2.09 f 0.02 
4.68 f 0.06 

1.27 f 0.03 
2.84 f 0.09 

f 0.26 
f 0.34 

2Q QI& 

10 

431 f 7O 


2.06 f 0.01 
4.79 f 0.07O 

1.25 f 0.03 
2.92 f 0 . 0 8 0 0  

13.09 f 0.29b13.82 
30.46 2 0.480b 

40 rn@ 


10 
3% f 5 0 0  

2.05 f 0.02 
5.22 & 0.07°0 

1.27 f 0.02 
3.22 i: 0.050° 

f 0.19 
34.95 f 0.50°0 

Absolute 0.02 20.290.27 i: 0.03 0.32 i: 0.05 0.24 rl: 0.03 
Relative 	 0.62 f 0.04 0.07 f0.620.61 0.75 f 0.10 i: 0.07 

Female 
n 10 10 10 
Necropsy body weight 245 f 5 	 2 3 6 f 4  227 +- 5 O  

Brain 
Absolute 1.89 f 0.02 1.92 f 0.02 1.87 It 0.01 
Relative 7.73 f 0.11 8.16 f 0.12O 8.27 2 0 .W 

R. Kidney 
Absolute 0.71 f 0.02 0.77 f 0.02 0.75 It 0.02 
Relative 2.91 2 0.05 3.25 f 0 .080°  3.33 2 0 .08*0  

Liver 
Absolute 6.71 f 0.27 7.36 f 0.12 6.93 2 0.26 
Relative 27.31 i: 0.77 31.25 f 0.530° 30.49 2 0.740° 

ThYmm 
Absolute 0.24 f 0.03 0.20 f 0.02 0.18 rl: 0.02 
Relative O.% f 0.10 0.84 f 0.09 0.78 zk 0.08 

Significantly different (PSO.05) from the control group by Williams’ or Dunnett’s test 
O 0  PSO.01 
a Organ and body weights are given  in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g  bodyweight 

-	 (mean f standard error). No data calculated for 10 m@g females due to.100% mortality. 
n=9 
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i: 	 . .. .  

TABLEF3 
Organ Weights and Organ-Weight-to-Bodyweight Ratios for Rats at the 15-Month Interim Evaluations 
in the 2-YearGavage Studies of Pentachloroanisolea 

Vehicle Control 10 mg/kg 20 	 40 mg/kg-
, . 

'. 	 . .. 
Male 

. . 

n 10 9 9 
Necropsy body weight 5 0 8 f . 8  - 479 f 23 472 f 9 

Brain . .  
Absolute 2.09 f 0.03 2.09 f 0.02 2.04 f 0.04 2.04 f 0.07& -' 

Relative 	 4.12 f 0.09 4.46 f 0.26 4.33 f 0.13 4.80 f 0.130 
R.Kidney 

Absolute 1.35 f 0.03 1.44 * 0.06 1.40 f 0.03 . 1.41 6 0.07 
Relative 2.66 f 0.05 3.10 f 0.24 2.96 f 0.05 3.32 $ 0.10'. 

Liver 
Absolute 13.90 2 0.39 14.74 f 0.30 14.76 f 0.4Sb 14.68 f 0 . 6 9  
Relative 27.32 f 0.48 31.75 f 2.60 30.93 f 0.63b 34.53 ,f'1.38.. 

Thymu
Absolute 0.30 f 0.03 0.36 f 0.05 0.27 & 0.04 0.23 f 0.02 . '-


Relative 0.59 f 0.06 0.76 f 0.10 0.58 f 0.09 0.54 f 0.04 


Female 

n 9 	 10 10 
Necropsy body weight 291 f 8 	 285 f 7 268 f - 5 .  

Brain 
Absolute 1.89 f 0.02 1.86 f 0.03. 1.93 2 0.01 
Relative 6.54 f 0.17 6.56 f 0.18 7.22 f 0.13.. 

R. Kidney 
Absolute 0.76 f 0.02 0.85 f 0.02.. 0.86 f 0.02.. 
Relative 2.63 f 0.05 3.00 f 0.05- 3.20 f 0.07.. 

Liver ..
Absolute 

, , 

6.82 f 0.29 	 7.70 f 0.27 '7.92 & 0.35.3 

Relative 23.40 f 0.63 27.10 f 1.13' 29.58 f 1.18.. 
lvmu 

.Absolute 0.22 f 0.02 0.19 f 0.02 0.24 * 0.03 

Relative 0.76 f 0.06 0.66 f 0.07 0.88 f '0.11 


, .l Significantly different (PSO.05) from the control group by Williams' or Dunnett's test 	
, 

- -. 
-.PSO.01 

a 	 OGan and body weights are given  in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g body weight 
(mean 2 standard error). No data calculated for 10 mg/kg females due to 100%mortality. 

' n 4  
. .  

.. 



Male 

n 10 10 10 l b  
Necropsy body weight 35.1 f 0.834.5 f 0.8 0.4 f34.6 32.0 

Brain 
Absolute 0.46 f 0.02 0.44 f 0.01 0.45 f 0.01 0.45 
Relative 13.05 f 0.63 12.73 f 0.21 1290 f 0.19 14.06 

Heart 
Absolute 0.18 f 0.01 0.17 f 0.01 0.17 f 0.00 . 0.15 
Relative 5.00 f 0.23 4.78 f 0.10 5.04 f 0.12 4.69 

Absolute 
R.Kidney 

0.31 f 0.01 0.33 f 0.01 0.33 f 0.01 0.31 
Relative 8.78 f 0.26 9.51 f 0.22" 9.51 f 0.22O 9.69 

Liver 

Relative 
Absolute 2.04 f 0.08 

58.12 f 1.93 
2.10 f 0.07 

60.88 f 1.15 
2.33 f 0.06*') 

67.38 f 1.61°0 
2.32 

72.50 

Absolute 
Lungs 

0.23 f 0.01 0.20 f 0.01 0.20 f 0.01 0.17 
Relative 6.44 f 0.44 5.82 f 0.31 5.89 f 0.20 5.31 

R. Testis 
Absolute 0.11 f 0.0 0.11 f 0.00 0.11 f 0.00 0.10 
Relative 3.22 f 0.10 3.16 f 0.08 3.15 f 0.09 3.13 

Absolute
Thymus 

0.05 f 0.01' 0.04 f 0.00 0.05 f 0.00 0.05 
Relative 1.43 f 0.23' 1.17 f 0.12 1.35 f 0.11 1.56 

IF@Hl6ll@ 

n 10 10 10 10 10 4 
Necropsy body weight 25.4 f 0.3 f 0.3 26.2 f 0.3 f 0.3O26.1 26.1 f 0.2 26.7 	 26.0 f 0.4 

Brain 
Absolute 0.46 f 0.00 0.46 f 0.02 0.46 f 0.01 0.47 f 0.01 0.49 f 0.02 0.45 f 0.02 
Relative 18.30 f 0.33 17.52 f 0.61 17.75 f 0.27 17.96 f 0.36 18.24 f 0.56 17.32 f 0.71 

Heart 
Absolute 0.13 f 0.01 0.13 f 0.01 0.13 f 0.01 0.13 f 0:00 0.15 f 0.01 0.12 f 0.00 
Relative 5.09 f 0.25 5.07 f 0.34 4.79 f 0.18 5.11 f 0.12 5.50 f 0.25 4.62 f 0.14 

R. Kidney
Absolute 0.19 f 0.01 0.20 f 0.01 0.21 f 0.00"" 0.21 f 0.00"" 0.22 f 0.01"" 0.21 f 0.00"" 
Relative 7.28 f 0.24 7.59 f 0.19 8.01 f 0.14O 8.06 f 0.130° 8.35 f 0.26"') 7.89 f 0 . 0 9 O  

Liver 
Absolute 1.25 f 0.04 1.53 f 0.03O" 1.61 f 0.020° 1.70 f O.O2O* 1.88 f 0.0600 1.64 f 0.08"" 
Relative 49.21 f 1.08 58.51 f 0.71°p 61.78 f 0.91"') 65.05 f 0.92O" 70.48 f 62.78 f 2.26O* 

Lungs
Absolute 0.18 f 0.01 0.19 f 0.01 0.19 2 0.01 0.20 f 0.01 0.22 f 0.02 0.18 f 0.01 
Relative 7.23 & 0.42 7.34 f 0.32 7.11 & 0.43 7.74 f 0.41 8.34 f 0.58 6.92 f 0.26 

Thymus
Absolute 0.05 f 0.01 0.05 f 0.00 0.05 f 0.00 0.05 f 0.00 0.05 f 0.01 0.06 f 0.00 
Relative 2.00 f 0.21 1.99 f 0.13 1.92 f 0.15 1.98 f 0.12 1.98 f 0.21 2.21 f 0.10 

Significantly different (PSO.05) from the control group by Williams' or Dunnett's test 
O n  PSO.01 
a 	 Organ and rwdy weights are given  ingrams;organ-weight-to-body-weight ratios are given as mg organ weighVg bcdy weight

(mean f standard error). No data calculated for 140 m a g  and 180 m a g  mala due t o  100% mortality. 
No standard error calculated due to high mortality in this group 
n=9 
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TABLEF5 
Organ Weights and Organ-Weight-to-Body-Weight Ratiosfor Mice at the  9-Month Interim Evaluations 
in the 2-YearGavage Studies of Pentachloroanisolea 

VehicleControl 20 mgkg 40 mg/kg 

-
Male 

n 10 10 10 
Necropsy body weight 1 43.9 f 1.0 45.0 f 1.2 40.3 f 1.0. 

Brain 
Absolute 0.47 f 0.00 0.46 f 0.00 0.46 f 0.00 
Relative 10.6 f 0.3 10.4 f 0.3 11.5 f 0.3. 

R. Kidney 
&lute 0.34 f 0.01 0.36 f 0.01 0.34 f 0.01 
Relative 7.80 f 0.15 8.07 f 0.25 8.44 f 0.22. 

Liver 
Absolute 1.65 f 0.06 1.90 f 0.10 1.81 f 0.10 
Relative 37.43 f 0.88 42.01 f 1.60. 44.73 f 1.91.. 

R. Testis 
Absolute 0.13 f 0.00 0.12 f 0.00 0.13 f 0.00 
Relative 2.84 f 0.08 2.69 f 0.09 3.27 f 0.13.. 

Absolute
Thymus 

0.05 f 0.00 0.05 f 0.01 0.04 f 0.00 
Relative 1.04 f 0.10 1.18 f 0.13 0.86 f 0.09 

Female 

n 	 10 9 10 

Necropsy body weight 	 37.0 f 2.0 35.2 f 2.1 35.7 f 1.5 

Brain 
Absolute 0.48 f 0.01 0.47 f 0.01 0.48 f 0.01 
Relative 13.4 f 0.8 13.9 f 1.0 13.6 2 0.5 

R. Kidney 
Absolute 0.21 f 0.01 0.22 f 0.01 0.23 -t 0.01 
Relative 5.78 k 0.26 6.40 f 0.22 6.39 f 0.16 

Liver 
Absolute 1.23 f 0.06 1.32 f 0.05 1.50 f 0.03.. 
Relative 33.59 f 1.41 38.15 f 1.45* 42.59 f 1.34.. 

Thymus
Absolute 0.05 f 0.00 0.04 f 0.00 0.05 f 0.00 
Relative 1.30 f 0.05 1.20 sr: 0.08 1.32 -t 0.11 

* 	 Significantly different (PSO.05) from the control group by Williams’ or  Dunnett’s test 
PSO.01 
Organ and body weights are  given in  grams; organ-weight-to-body-weight ratios are  given as  m g  organ weight/g body  weight 
(mean & standard error). 
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Male 

n 
Necropsy body weight 

Brain 
Absolute 
Relative 

R. Kidney 
Absolute 
Relative 

Liver 
Absolute 
Relative 

Thymus 
Absolute 
Relative 

lFernale 

n 
Necropsy body weight 

Brain 
Absolute 
Relative 

R. Kidney 
Absolute 
Relative 

Liver 
Absolute 
Relative 

Thymus
Absolute 
Relative 

10 
48.7 f 0.9 

0.47 f 0.01 
9.66 f 0.16 

0.41 f 0.01 
8.43 2 0.16 

2.51 f 0.26 
52.56 f 6.60 

0.07 f 0.01 
1.32 f 0.15 

10 

47.6 f 1.8 

0.49 f 0.01 
10.4 f 0.4 

0.25 f 0.01 
5.38 f 0.21 

1.59 f 0.05 
33.53 f 1.22 

0.05 f 0.01 
1.01 & 0.11 

Significantly different (PSO.05) from the control group by Williams' 
"" P50.01 

10 
50.6 f 0.8 

0.48 f 0.01 
9.46 * 0.23 

0.45 f 0.02 
8.79 2 0.40 

3.13 f 0.15 
61.75 2 2.16 

0.07 -c 0.01 
1.37 f 0.17 

10 

46.4 f 2.3 

0.47 f 0.01 
10.3 f 0.5 

0.25 f 0.01b 
5.68 f O X b  

1.85 f O.lOEb 
39.52 f 1.290eb 

0.04 f 0.01 
0.93 f 0.09 

or  Dunnett's test 

10 
47.7 f 2.3 

0.49 f 0.01" 
10.44 f 0.37 

0.42 f 0.02 
8.84 f 0.33 

3.17 f 0.26 
65.59 f 2.27'' 

0.05 f 0.00 
1.07 f 0.09 

7 
48.7 f 3.3 

0.46 f O.O1° 
9.7 f 0.6 

0.27 f 0.01 
5.56 f 0.21 

2.01 f 0.1200 
41.49 f 0.91Ee 

0.06 f 0.01 
1.11 f 0.17 

a 	 Organ and baiy weights are given in  grams; organ-weight-to-body-weight ratios a re  given a s  mg  organ weight/g body weight 
(mean f standard error). 
n=9 
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TABLEG1 
Hematology and Clinical Chemistry Data for Rats in the 13-Week Gavage Studies 
sf Pentachloroanisolea 

Analysis 

Male 

n 
Hematology 

Hematocrit ( I )  

Hemoglobin (g/dL) 

Erythrocytes (106/pL)

Mean cell volume (a) 

Mean c e l l  hemoglobin (pg) 

Mean cell  hemoglobinconcentration 

Leukocytes (ld/pL) 


n 
Clinical chemistry 

Alkaline (IU/L)phosphatase 
Alanine (IU/L)aminotransferase 
Aspartate (IU/L)aminotransferase 
Sorbitol dehydrogenase (IUL) 
Cholinesterase (IU/L) 

Female 

n 
Hematology 

Hematocrit (%) 

Hemoglobin (g/dL) 

Erythrocytes (106/pL)
7.57 
Mean c e l l  volume (fL) 
Mean c e l l  hemoglobin (pg) 
Mean cell  hemoglobin concentration 
Leukocytes ( 1 d l ~ L )  

n 
Clinical chemistry 

Alkaline (IUR.)phosphatase 
Alanine ( I U L )aminotransferase 
Aspartate (IUL)aminotransferase 
Cholinesterase (IUiL) 
Sorbitol dehydrogenase (IU/L) 

VehicleControl 

10 

38.2 f 0.3 
15.3 f 0.1 
8.27 f 0.04 
46.4 f 0.2 
18.5 f 0.1 

(g/dL) 40.0 f 0.1 
4.23 f 0.33 

10 

194 f 7 
37 f 2 
77 f 5 
10 f l b  

628.1 f 16.7 

10 

37.1 +. 0.3 
15.2 f 0.1 

f 0.06 
49.1 f 0.2 
20.0 f 0.1 

(g/dL) 40.9 f 0.2 
3.95 f 0.15 

10 

147 f 5 
33 f 1 
75 f 3 

2,658 +. 165 
10 f Id 

40 mgkg 80 mglkg 

10 3 

39.1 f 0.3 40.2 f 0.7. 
15.9 f 0.1.. 16.4 f 0.3.. 
8.24 zt 0.05 8.29 f 0.06 
47.4 f 0.2.. 48.7 f 0.3.. 
19.3 f 0.1.. 19.7 f 0.2.. 
40.7 f 0.1.. 40.7 f 0.2' 
4.66 f 0.26 3.67 f 0.48 

10 3 

144 f 4.' 133 +. 2.' 
3 4 f 2  51 f 16 
53 f 2.1 
11 f 1 

564.7 -+ 12.2'.532.0 

10 

37.4 f 0.3 
15.0 -+ 0.1' 
7.42 f 0.05+ 
50.3 f 0.2** 
20.2 f 0.1 
40.1 f 0.2'' 
5.27 -+ 0.18.' 

10 

150 f 6 

31 f 1 

60 f 3'1 


2,177 f 112' 
2 f 0*'e 

73 f 13 
17 f 6 

f 6.4.' 

8 

37.2 +. 0.3 
14.8 f 0.1'' 
7.46 f 0.05 
49.8 f 0.2.. 
19.9 f 0.1 
39.9 f 0.2'. 
4.39 f 0.15 

10 

226 f 11" 

33 f 1 

62 f 4" 


1,259 f 53*'
1,058 
3 f oe 

120 mgkg 

1 C  

36.7 
14.7 
7.28 
50.0 
20.2 
40.1 
3.80 

2 

181 f 0. 
33 f 6 
53 f 8. 

f 2** 
14 f If 

l Significantly different (PSO.05) from the control group by Dunn's or Shirley's test 
'* PSO.01 

Mean f standard error. No data calculated for 120 mgkg, 140 mgkg, and 180 mgkg males or for 140 mgkg and 180mg/kg 
females due to 100%mortality 
n=7 
No standard error calculated due  to  high  mortality in this group 

f n = 8  
n = 2  

n-4 
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Vehicle Control 10 mgkg 20 mgkg 40 mgkg 

n 9 7 9 9 
Hematology 

Hematocrit (%) 45.9 f 0.6 45.7 f 0.2 45.5 f 0.3 45.8 f 0.3 
Hemoglobin (g/dL) 12.4 f 1.4 14.6 f 0.4 14.6 f 0.3 15.0 f 0.2 

Mean cell hemoglobin concentration (g/dL) 
Mean cell hemoglobin (pg) 
Mean c e l l  volume (a)
Erythrocytes (106/pL) 

27.0 f 3.0 
18.3 f 2.0 
68.1 f 0.2 
6.74 f 0.09 

31.9 f 0.7 
21.3 f 0.5 
66.9 f 0.30° 
6.83 f 0.03 

32.1 f 0.6 
21.5 f 0.3 
67.1 f 0.3O 
6.80 f 0.04 

32.8 f 0.2 
22.0 f 0.2 
67.1 f 0.1°4 
6.82 f 0.04 

Platelets (I$/~L) 4.7 f 0.1 4.9 f 0.1 4.7 f 0.1 4.4 f 0.1 
Reticulocytes (%) 1.6 f 0.1 1.5 f 0.1 1.9 f 0.2 1.2 f 0.1 
Leukocytes (l$/pL) 7.68 f 0.67 7.71 f 0.86 7.13 f 0.65 7.04 f 0.43 

Monocytes (%) 

Segmented neutrophils (%) 
Lymphocytes (%I 

0.33 f 0.17 
67.33 + 2.92 
28.33 f 2.94 

0.43 f 0.30 
65.71 f 3.16 
29.86 f 3.23 

0.33 f 0.24 
69.18 f 2.39 
25.44 f 2.06 

0.56 f 0.24 
68.67 f 2.95 
25.89 f 2.75 

Eosinophils (%) 
Nucleated erythrocytes (/lo0leukocytes) 

0.89 f 0.26 
1.50 f 0.50b 

1.14 f 0.40 
2.wc 1.00 f 0.00b 

0.78 f 0.32 0.67 f 0.33 
1.00 f 0." 

n 10 10 10 10 
Clinical chemistry 

Urea nitrogen (mg/dL) 14.1 + 0.7 14.5 2 0.8 14.6 f 0.6 18.5 f 0.9** 
Methemoglobin (g/dL) 0.27 f O.oSe 0.62 f 0.22' 0.35 f O.oSe 0.53 f 0.14e 

Aspartate aminotransferase (IU/L) 
Alanine aminotransferase (IUL) 

71 f 5 
46 f 1 49 f 2 

74 f 7 
50 f 2 
69 f 3 8 6 2 7  

63 f goo 

Sorbitol dehydrogenase (IU/L) 7 f 0  6 f 1  8 2 0  7 + 1  
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TABLE6 2  . . . .i 

Hematology and Clinical  Chemistry Data for Rats at the 9-Month  Interim Evaluations 
in the 2-Year Gavage Studies of Pentachloroanisole (continued) 

Vehicle Control 20mgkg . 40mgntg 

Female 

n 6 7 9 

Hematology 
. . 

Hematocrit (%) 39.3 f i.8 . . 40.3 f 1.3 ' 41.8 f 0.7 
Hemoglobin(g/dL) 0.9 f12.913.2 f 0.6 14.4 f 0.2 

Mean cell hemoglobinconcentration,(g/dL) 
Mean c e l l  hemoglobin(pg) .. . . 
Mean cell.volume (fL) 

' . 

Platelets (I@/~L) 

rnhrocytes <lo6/&) 

. . 

Segmentedneutrophils (%) -

Leukocytes (l@/pL) 
Reticulocytes (%) 

Nucleated erythrocytes (DO0 leukocytes) 
Eosinophils ( I )  
Monocytes ( I )  

.. 

~, 

Lymphocytes (%I 

32.7'f 1.1 
23.6 * 0.8 , 

5.44 f:O.25 
72.3 2 . 0 . 2  

1.83 +. 0.70 

75.83 'f3.43 
18.00..2 3.18 

1.7 f -0.2 
3.9 f 0.5 

4.32 f 0.32 . 

0.67 f 0.49 . 

1.50 f 0.50b 

32.7 f 1.1 
23.7 f 0.8 
72.4 f 0.2 
5.57 f 0.17 

4.14-,f 0.32 
1.9.f 0.2 
4.4 f 0.3 

1.33 f 0.33d 
0.57 f 0.30 
0.29 f 0.18 

70.57 f 4.92 
22.71 f 4.14 

34.3 f 0.2 
24.4 f 0.2 
71.1 f 0.2.' 
5.88 f 0.11. 

2.00 f 0.719 
1.22 f 0.32 
0.78 f 0.32 

74.56 f 2.93 
20.22 f 3.23 
5.37 f 0.30 

1.7 f 0.2 
4.8 f 0.1. 

. .  

n 10 10 10 

Clinicalchemistxy 

Sorbitol dehydrogenase (IU/L) 
Aspartate aminotransferase (IUiL) 
Alanine aminotransferase (IUiL) 
Methemoglobin (g/dL) 
Urea nitrogen(mg/dL) , 

- ,~ , 

14.5 f.0.5 , 

0.35 f O&ih 

6 2 1  
65 2 4 
3 6 f 2  

, 

. .  . 

16.6 f 0.7. 

4 f O  
65 f 5 
29 f 1. 

0.42 f 0.06f 
30 f 1.. 

0.32 f 0.06e 
16.8 f 0.8. 

7f0 
5 5 f 4  ' 

" . 

.-

. 

a Mean f standarderror. No measurementstakenfor 10 mgkg females. 

l Significantlydifferent (PSO.05) fromthe control group by Dunn's or Shirley's test 
PSO.01 

n-3 
No standard error calculated due to high mortality 
n=2 

e n=9 

g 
n=6 
n=4 
n=7 



n 

Hematology 

Hematocrit (%) 

Hemoglobin (g/dL) 

Erythrocytes (lo6/&) 

Mean cell volume (fL) 

Mean cell hemoglobin (pg) 

Mean cell  hemoglobin concentration (g/dL) 


10 


41.9 f 0.4 
14.9 f 0.2 
8.88 f 0.09 
47.2 f 0.2 
16.8 f 0.1 
35.5 * 0.2 

9 


42.4 f 0.7 
15.2 f 0.2 
9.21 f O . l l o  
46.0 f 0.7 
16.5 *-0.2 
35.9 f 0.3 

9 


43.4 f 1.0 
15.7 f 0.3O 
9.57 f 0.2400 

46.2 f 0.6 
16.7 f 0.2 
36.2 * 0.2 ' 

5 

43.9 * 1.2 
15.7 f 0.4 
9.45 f 0.16*O 
46.4 f 0.6 ' ' 

16.6 f 0.1 
35.8 f 0.3 . 

5.1 f 0.20 4.8 * 0.2*O 4.4 f 0.200Platelets (I$/~L) 5.6 0.1 
2.1 f 0.2 2.0 f 0.2 1.5 f O . l o  1.7 f 0.2Reticulocytes (%) 

3.30 f 0.37 3.08 f 0.21 3.28 f 0.22Leukocytes (ld/bL) 2.84 f 0.11. 
39.00 f 2.05 38.56.f 3.16 37.22 f 2.69 32.00 f 2.83Segmented neutrophils (%) 

57.56 k 2.98 60.67 f 2.59 . 6 4 . 8 0  f 2.40'Lymphocytes (%I 57.60 f 2.21 
Atypical lymphocytes (%) 2.00 f 0.45 2.78 f 0.49 1.67 f 0.44 2.00 f 0.71 
Monocytes (%) 

Eosinophils (%) 

Nucleated erythrocytes (000leukocytes) 


n 
Clinical chemistry 

Urea nitrogen (mg/dL) 

Alanine aminotransferase (IUD.) 

Aspartate aminotransferase (IUD.)  

Sorbitol dehydrogenase (IUD.)  


0.00 f 0.00 
1.40 f 0.34 
0.30 f 0.21 

10 


13.5 it 0.8 

50 f 4 

63 f 5 

1 3 f 3  ' 


0.00 f 0.00 
1.11 f 0.35 
,0.44f 0.24 

9 


10.9 f 0.8 

52 f 3 

70 f 4 

12 f 1 


0.00 f 0.00 
0.44 * 0.18 
0.22 * 0.15 

9 


14.6 f 1.2 

63 f 3O 

71 f 4 

14 2 


0.00 f 0.00 
1.20 f 0.20 

-b 

5 


17.3 f O S o  

86 f 15" 

82 f 10 

18 f 4 
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TABLE6 3  
HematologyandClinicalChemistryData for Rats at the 15-Month Interim Evaluations , 
in the 2-Year Gavage Studies of Pentachloroanisole(continued) . >,._, , .1 

40 mg/kg 

10 

36.0 f 0.3 
18.1 f 0.1. 
50.4 f 0.4 
8.12 f 0.07 
14.7 f 0.1' 
40.9 f 0.3 

1.6 f 0.1'. 
4.3 f 0.2 

2.32 f 0.14 

2.00 f 0.75. 
0.60 f 0.22 
0.00 f 0.00 
1.10 f 0.28 
67.50 f 2.40 
30.80 2 2.35 

' 

10 

15.7 f 1.0.. 

12 f 1 
67 f 4. 
42 f 3 

Female 

In 

Hematology 

Hematocrit (%) 

Hemoglobin (g/dL) 

Etythraytes  (106/ccL)


volumeMean (a)cell 

Mean c e l l  hemoglobin
(pg) 
Mean c e l l  hemoglobinconcentration 
Platelets (103/1~) 
Reticulocytes (%) 
Leukocytes ( l d / ~ L )  

(g/dL) 

Segmentedneutrophils 
Lymphocytes (%)
Atypicallymphocytes 
Monocytes (%) 
Eosinophils ( I )  
Nucleatederythrocytes 

n 
Clinical chemistry 

(%) 

(%a) 

(/lo0leukocytes) 

Urea nitrogen (mg/dL) 

Alanine aminotransferase (IUL) 

Aspartate aminotransferase ( I U L )  

Sorbitol dehydrogenase ( I U L )  


Vehicle Control 

9 


41.9 f 0.5 
15.2 f 0.1 

8.22 f 0.07 

51.0 f 0.5 
18.5 f 0.1 

36.2 f 0.2 

4.6 f 0.3 

2.4 f 0.1 

2.24 f 0.17 

34.78 f 3.13 

62.44 f 2.82 

1.78 f 0.57 

0.00 f 0.00 

0.89 f 0.35 

0.22 f 0.15 

9 


11.7 f 0.6 

44 f 6 

69 f 8 

10 f 1 


20 mg/kg 

10 


41.8 f 0.4 

14.9 f 0.1 

8.16 f 0.10 

51.2 f 0.4 

18.2 f 0.1 

35.7 f 0.2 

4.7 f 0.1 

1.9 f 0.2* 

2.14 f 0.12 

34.70 f 3.16 

62.60 f 3.33 

1.90 f 0.38 

0.00 k 0.00 
0.70 f 0.30 

0.90 f 0.41 


10 


13.3 f 0.8 

3623 

62 f 3 

9 2 1  


Mean f standard error. No measurements taken for 10 m a g  females.
I> No data  calculated 



"e 

n 
Hematology 

Hematocrit (%) 

Hemoglobin (g/dL) 

Erythrocytes (106/~L) 

Mean cell volume (L) 

Mean cell  hemoglobin (pg) 

Mean cell hemoglobin concentration (g/dL) 

Leukocytes (lg//.tL) 

n 
Clinical chemistry 

Alkaline phosphatase ( I U L )  

Alanine aminotransferase (IU/L) 

Aspartate aminotransferase ( IUL)  

10 

36.6 2 0.5 

13.8 f 0.2 

8.46 f 0.13 

43.2 2 0.3 

16.3 rf: 0.1 

37.6 & 0.1 

4.80 f 0.38 

9 

2 5 f 1  

17 & 3 

105 f 12 

10 

39.3 k 0.799 

14.6 f 0.3a 

8.88 f 0.179 

44.3 f 0.4 

16.4 f 0.2 

37.0 f 0.2'' 

3.73 * 0.49 

10 

-C 

17 f 4 

169 f 49 

9 

41.6 f 0.6** 

15.3 f 0.2** 

9.40 rf: 0.10°9 

44.3 f 0.3 

16.3 f 0.1 

36.8 f 0.199 

4.79 	f 0.88 


6 


32 f 2d 

2 3 f 9  

111 f 7 

l b  

40.0 

15.1 

9.42 

42.0 

16.0 

37.8 

4.80 

l b  

-C 

7 

71 
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TABLE6 4  . , ,;,. 

Hematology and Clinical Chemistry .Data for Mice in the 13-Week Gavage Studies 
of Pentachloroanisole(continued) . 

Female 

n 

Hematology 

Hematocrit (%) 

Hemoglobin (g/dL) 

Vehicle Control 

7 


37.4 f 0.5 


14.1 i 0.2 

Erythrocytes (106/~L): , 

8.55 f 0.13 
Mean cell volume (fL) 

43.7 f 0.3 

Mean cell hemoglobin (pg) 

16.5 f 0.1 


, . .  . . . .  . . ,, . 

40 mgkg 80 m& 120 mgntg 140 mg/kg 180 mgntg 
. , , . ,  _ . - , .  

10 8 9 7 lb 

41.9 f 0.4.. 42.5 f 0.4.. 42.3 f OS** 43.1 f 0.6.. ,41.1 !' 

14.8 zk 0.2' 15.1 f 0.2.. 15.2 f 0.2.. 15.3 f 0.4.. , 

, 

15:4 
, 

, I 

9.24 f 0.07.. 9.27 f 0.11.. , 9.29 f 0.11.' 9.42 f 0.15.. I 9.32 
. . 

45.6 f 0.2.. 45.9 f 0.2..45.6 f 0.2.' 45.9 f 0.1.' 44.6. .,. , 

16.0 f 0.1.. 16.3 f 0.1 . , ~ 16.3 +. 0.1 16.2'f0.2.16.5 , , 

Mean cell  hemoglobin concentration (g/dL) 
37.8 f 0.2 

Leukocytes (ld/pL) 
3.73 f 0.36 


n 	 9 
Clinical chemistry 

Alkaline phosphatase ( I U L )  , , 

60 f l e  
Alanine aminotransferase ( IUL)  

13 f 1 

Aspartate aminotransferase (IU/L) 

.	 . . . 202 f 65 

35.3 f'0.1-

3.79 f 0.36 

7 

4.91 f 0.173.43 f 0.35 

35.5 2 0.1'. 35.8 2 0.2 

8 5 

5.16 f 0.34 

35.4+'0.4" 

8 

2.60 

. 37.5 

3b 

110 f 15 

26 f 1.. 

59 f l i  

l Significantly different (PSO.05) from the contrpl group by Dunn's or Shirley's test 
PSO.01 

* 	 Mean f standard error. No measurements taken for 140 mg/kg and 180 mgkg males. 
No standard error calculated due  to high mortality in this group 
No data calculated 
n=2 
n=10 
n=6 

g n=4 



n 
Hematology 

Hematocrit (%) 

Hemoglobin (g/dL) 

Erythrocytes (1Ok)

Mean c e l l  volume (fL) 

Mean c e l l  hemoglobin (pg) 

Mean cell hemoglobin concentration (g/dL) 

Platelets (I@/~L) 

Reticulocytes (%) 

Leukocytes (l#/bL) 

Segmented neutrophils (%) 

Lymphocytes (%I

Atypical lYmPhocytes (%I

Monocytes (%) 

Eosinophils (%) 


n 
Clinical chemistry 

B l d  urea nitrogen(mg/dL)

Methemoglobin (g/dL) 

Alanine aminotransferase ( IUL)  

Aspartate aminotransferase (IUL) 

Sorbitol dehydrogenase (IUL) 


10 

38.6 f 1.1 
13.0 * 0.4 
8.88 f 0.26 
43.4 f 0.3 
14.6 f 0.2 
33.6 f 0.4 
6.5 f 0.9 
2.0 f 0.1 

1.29 f 0.20 
23.70 f 2.65 
71.60 f 2.84 ' 

2.40 f 0.67 
0.30f 0.15 
0.20 f 0.13 

10 

21.4 f 1.6 
0.47 f 0.09 

46 & 13 
139 & 33 
44 f 7 

10 


40.3 f 0.7 
13.5 f 0.3 
9.23 f 0.16 
43.6 + 0.3 
14.6 * 0.2 
33.4 f 0.2 
8.8 f 0.3" 
2.1 2 0.2 

1.21 f 0.19 
26.40 f 3.48 
67.60 f 4.70 
2.33 f 0.5Sb 
0.70 f 0.40 
0.40 f 0.16 

10 

22.5 f 3.2 
0.46 2 0.06 


42 f 3 

77 f 7 

44 f 5 


10 

37.6 f 0.9 
12.6 f 0.3 
8.78 f 0.18 
43.7 f 1.0 
14.4 & 0.1 
33.6 f 0.2 
9.1 f 0.4'' 
1.6 f 0.2 

2.15 f 0.36 . 
23.70 f 3.43 
71.10, f 3.46 
3.70 f 0.94 
0.40 f 0.27 
0.20 f 0.13 

10 


18.3 f 2.6 
0.49.2 O.oSb 


70 f 13* 

88 f 18 


, 5 9 2 5  
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TABLEG5 
Hematology and Clinical Chemistry Data for Mice at  the 9-Month Interim Evaluations 
in the 2-YearGavage Studies of Pentachloroanisole(continued)-

-
Female 

n 
Hematology 

Hematocrit (%) 

Hemoglobin (g/dL) 

Erythrocytes (lo6/&) 

Mean cell  volume (a) 

Mean cell  hemoglobin (pg) 

Mean cell  hemoglobin concentration 

Platelets (lo3/&) 

Reticulocytes (%) 

Leukocytes (ld/pL) 

Segmented neutrophils (%) 

Lymphocytes (%I

Atypical lymphocytes (%) 

Monocytes (%) 

Eosinophils (%) 


n 

Clinical chemistry 

Blood urea nitrogen (mg/dL) 

Methemoglobin (g/dL) 

Alanine aminotransferase ( I U L )  

Aspartate aminotransferase ( I U L )  

Sorbitol dehydrogenase (IUL) 


Vehicle Control 

10 

38.8 f 1.2 
13.0 f 0.4 
8.82 f 0.24 
44.0 f 0.4 
14.7 f 0.2 

(p/dL) 33.4 f 0.4 
6.8 f 0.4 
2.1 f O . l b  

1.40 f 0.23 
19.70 f 3.53 
76.30 f 3.89 
2.20 f 0.77 
0.20 f 0.13 
0.30 f 0.21 

9 

18.4 f. 2.0 
0.53 f 0.08b 

22 f 2c 
86 f 18C 
22 f 4 

20 mgkg 40 mg/kg 

9 10 

40.8 f 0.9 41.3 f 0.9 
13.7 f . 0.3 13.8 f 0.3 
9.15 f 0.16 9.15 f 0.21b 
44.1 f 0.2 44.5 2 0.2 
14.9 f 0.1 14.9 f 0.1 
33.7 f 0.4 33.3 2.0.3 
6.0 f 0.9 6.7 f 0.7 
2.0 f 0.2 2.0 f 0.2 

1.17 f 0.29 1.40 f 0.32 
17.78 f 3.29 20.00 f 3.63 
77.89 f 3.15 77.40 f 3.77, 
3.22 f 0.94 1.90 f 0.50 
0.11 f 0.11 0.20 f. 0.13 
0.22 f. 0.22 0.20 f 0.13 

9 8 

17.8 f 1.6 23.5 f 6.3 

41 f 8* 
0.43 f 0.11' 

65 f 25.0.46 f 0.07b 

182,+ 35 169 f 74 I . 

38 f 41. 63 f 18** 

l Significiantly different (PSO.05) from the control group by Dunn's or Shirley's test 
* *  PSO.01 
a Mean f standard error 

n=9 
n = 8  



n 

Hematology 

Hematocrit (%) 

Hemoglobin (g/dL) 

Erythrocytes (lo6/&)

Mean cell volume (fL) 

Mean cell hemoglobin (pg) 

Mean cell hemoglobin concentration (g/dL) 

Platelets ( l d / B ~ )  

Reticulocytes (%) 

Leukocytes (ld/pL) 

Segmented neutrophils (%) 

Lymphocytes (%I

Atypical lymphocytes (%) 

Monocytes (%) 

Eosinophils (%) 


n 
Clinical chemistry 

Urea nitrogen (mg/dL) 

Alanine aminotransferase (IUL) 

Aspartate aminotransferase (IUL) 

Sorbitol dehydrogenase (IUL) 


10 

39.7 f 0.8 
13.6 f 0.3 
8.82 f 0.26 
45.5 f 0.8 
15.5 f 0.2 
34.1 f 0.4 
10.3 f 0.5 
1.4 f 0.3 

1.45 f 0.19 
27.20 f 3.16 
67.30 f 3.37 

1.00 f 0.47 
0.00 f 0.00 
0.50 f 0.22 

10 


18.27 f 0.75 

50 f 16b 

85 f 10 

58 2 13 


10 

37.7 f 1.0 
12.2 f 0.3O 
8.16 f 0.20 
46.3 f 0.4 
15.0 f 0.1"" 
32.4 f 0.2"" 
10.4 f 0.6 
1.8 f 0.1 

2.27 f 0.42 
27.70 f 3.99 
65.70 f 3.81 

1.80 f 0.47 
0.10 f 0.10 
0.40 f 0.16 

10 


18.51 f 1.50 

272 2 46"" 

191 2 35' 

207 f 370 


10 

37.1 f 1.1 
12.5 f 0.3" 
8.18 f 0.21 
45.3 f 0.7 
15.4 f 0.1 
33.9 f 0.7 
11.1 f 0.4 
1.6 f 0.1 

1.75 f 0.16 
26.10 f 2.06 
68.40 f 2.69 

1.80 f 0.68 
0.20 f 0.20 
0.10 f 0.10 

10 


16.37 f 1.28 

356 2 56O" 

256 f 37"O 

190 f 4 4 o c  
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'hrm 6 6  
]HematologyandClinicalChemistryData for Mice at'the 15-Month  Interim Evaluations 
in the 2-YearGavage Studies of Pentachloroanisole (vntinued) 

, , 

Vehicle Control 20 mgkg 40 mgncg 

Female 
. . 

n 	 10 10 ' .7 
I4ematology 

.	 . 

Hematocrit ( I )  . , c , -. 38.4 f 0.6 40.9 2.0.9 , ; .  41.9 ,& 1.2*, . ' . 

Hemoglobin (g/dL) 1.2.8 f 0.2 ,13.3 f.0.3 14.0 k 0.4* 
, : 
Erythrocytes (lo6/&) 

1' 

8.29 f 039 8.41 f 0:17 ' 8.82 f 0.22. 

.Mean cell volume (fL) 46.3 f 0.7 47;9 f 0.7' .' 47.4 f 0.6 


. .Mean cell hemoglobin (pg) . 15.4 f 0.2 . 15.8.f 0.3' . . 15.9 k 0.1 

Mean cell hemoglobin concentration  (&dL), 33.2 f 0.3 32.9 f 0.4 33.4.k . O S  . 


Platelets ( I ~ / B L )  7.4 f 0.5 7.7 f 0.2b 7.5 f 0,4 

Reticulocytes (%) 1.4 f 0.1 1.7 f 0.'2 1.9 f 0.3' 

, 


. ..Leukocytes (Id/&) .OS7 1'O.Mb. ' 1.06 f 0.13**'' 0.94 f 0.13.. 
' 


. I , 
Segmented neutrophils-(%) '? '.* ' ' :  ' - - ' 32.1B-f 4.59 '' . " 22.40 f' 2.'42 2 4 . 8 6  2"3.49.' ' 


LYmphocyt= (%I 59.70 f 4.85 
' 

73.60 f 2.75 68.71 f 3.26 

Atypical lymphocytes .. 1.60 f 0.75 1.40 f 0.43 2.29 f 0.61 


-	 Monocytes (%) 0.00 f 0.00 0.00 f 0.00 0.29 f 0.18' 
Eosinophils (%) 0.70.2 0.21 0.30 f 0.15 0.71 f 0.29. 

. , .  	 . . 

.. .. 9 	 9 . 6n 	 . .  

Clinical chemistry 	 , . 

. . urea nitrogen (mgldL) . ,~ . . 12.93 f.1.43 is.80 -C 1.53 16.10 + 1.31 

Alanineaminotransferase (IUL) ' 27 & 3" . 32 f 3 46 f lo*? "
' 

I I.

Aspartate aminotransferase (IU/L). 100 f 13 . 90 f 14 " 100 & 18 ; 


Sorbitol dehydrogenase (IU/L) 3 0 k 4  48 f 6. 73 f 16** 


a 	 Mean f standard error 
n 5 9  
n=6 
n=8 
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TOXICOKINETICS OF PENTACHLOROANISOLE 
IN F344 RATS AND B6C3Fl MICE 
I[NTRODUCTION 
Toxicokinetic studies o f  pentachloroanisole were conducted in F344 rats and B6C3Fl  mice to aid 
interpretation of the results o f  the carcinogenicity studies and to improve the utility of the studies for risk 
assessment. The studies were designed to define the elimination profiles o f  pentachloroanisole after 
intravenous administration and the linear absorption and elimination range of pentachloroanisole after 
gavage administration. 

1METHODS 
Formulations 
The pentachloroanisole gavage formulations were prepared by directly dissolving pentachloroanisole into 
corn oil. The pentachloroanisole intravenous formulation was prepared by dissolving pentachloroanisole 
in Emu1phor:ethanol:water (1:1:3). Concentrations o f  pentachloroanisole formulations were independently 
canfirmed by a dose analysis method. 

Animals 
Male and female F344 rats approximately 13 weeks old were purchased from Charles River Breeding 
Laboratories (Raleigh, NC). Fifteen male rats and 15 female rats were administered 10 mg 
pentachloroanisole per kg  body weight  intravenously. Blood samples were collected from three animals at 
2, 10,20, and 30 minutes, and at 1, 3, 6, 10, 20, and 30 hours. Rats were sampled twice by alternating 
between orbital sinuses with a time interval o f  at least 2 hours. For gavage studies, groups of 12 male and 
I2 female rats were administered 10, 20, and 40 mgkg pentachloroanisole. Blood samples were collected 
from three animals at 30 minutes, and at 1,3,6, 12, 18,26, and 32 hours. R o  blood samples were 
collected from each rat as in the intravenous study.  Plasma was separated from  blood samples and then 
stored at -20" C until analysis. 

Male and female B6C3Fl mice approximately 13 weeks old were purchased from Charles River Breeding 
Laboratories (Raleigh, NC). Thirty male and 30 female mice were administered 10 mg pentachloroanisole 
per kg  body weight intravenously. Blood samples were collected as in the rat study. For gavage studies, 
24 male and 24 female mice were administered 10, 20, and 40 mgkg pentachloroanisole. Blood samples 
were collected once from each o f  three animals at each time point by orbital sinus bleeding.  Plasma was 
separated from blood samples and then stored at -20"C until analysis. 

Pentachloroanisole Analysis 
Plasma pentachloroanisole concentrations were determined by gas chromatography. An aliquot of 50 p L  
o f  plasma was  mixed with 200 p L  of  2 M sodium hydroxide solution, to which an aliquot o f  1 mL internal 
standard solution (1 pg/mL aldrin in  hexane) and 1 mL hexane was added for extraction. The organic 
phase was then extracted and transferred to  an autosampler vial and 1 pL of  hexane extract was directly 
injected into  a Varian 3500 Gas Chromatograph equipped with an autosampler and an electron capture 
detector. A DB-5 Megabore@ glass  column (30 m x 0.53 mm I D ,  1.5 pm film) was used; The initial oven 
temperature was 145"C with an initial holding time of 12 minutes, followed by a programmed temperature 
increase at 6" C/min to 210"C with a final holding time of  2 minutes. Helium at a flow rate o f  10 mL/min 
was used as a carrier gas and nitrogen (20 mL/min) was  used as make-up gas. The peak area  ratio o f  
pentachloroanisole to aldrin was  used to construct the spiked plasma standard curve and to determine 
pentachloroanisole concentrations in  samples. Plasma standards were prepared concurrently with each 
batch of samples by spiking a blank rat plasma  with a pentachloroanisole solution. The method was 
validated over a range o f  0.02 to 10 pg/mL from  which two linear standard curves were constructed. The 
recovery o f  pentachloroanisole from  plasma was complete. The limit of detection (0.01 pg/mL) for the 



pentachloroanisole method was defined as three times the standard deviation o f  the blank divided by the 
slope o f  the standard curve. The limit o f  quantitation (0.02 pg/mL) was defined  as the lowest 
concentration for which the standard  deviation was 10% relative standard deviation and  the relative 
standard error was less than 10%. 

Pentachlorophenol Analysis 
Plasma pentachlorophenol concentrations were determined by high performance  liquid chromatography. 
Plasma samples (100 pL) were mixed with twice the volume of  acetonitrile containing octanophenone 
(50 pg/mL) as an internal  standard. Samples were vortexed for 30 seconds and  then filtered  through a 
0.2 p m  filter. The filtrates were diluted with an  equal volume of  water and the diluted filtrates (100 pL) 
were directly injected into a  Waters 510 Liquid Chromatograph  equipped with an autosampler  and a 
Varian 2050 UV detector. A Beckman Ultrasphere Cyano column (250 x 4.6 mm ID, 5 p m  particle) 
together with a Whatman C0:PELL ODS guard column (20 x 2 mm ID) were used. The mobile  phase 
was 40% acetonitrile, 60%water with 1%acetic acid at a flow rate o f  1 mL/min. The UV detector was 
operated at  229 nm. The peak  area ratio o f  pentachlorophenol to  octanophenone was used to construct 
the spiked plasma standard  curve and to determine  pentachlorophenol concentrations in samples. Plasma 
standards were prepared concurrently with each batch o f  samples by spiking  blank rat plasma with 
pentachlorophenol solutions. The method was validated over  a range of  1.0 to 2 0  pg/mL, over which 
linearity was confirmed. The recovery o f  pentachlorophenol from plasma was approximately 95%. The 
limit o f  detection for the pentachlorophenol  method was 0.18 pg/mL and the limit o f  quantitation was 
1.0 pg/mL 

Data Analysis 
Plasma concentration data obtained from intravenous administrationo f  pentachloroanisole in both rats 
and mice  were evaluated for estimation of toxicokinetic parameters by the program  NONLIN@ (Metzler 
et aL, 1974). The initial values to  be used in the NONLIN@ program were estimated by a curve stripping 
method. The area under the concentration versus time curves was estimated  for all dose groups using the 
trapezoidal rule with an endpoint  correction based on  the estimated  elimination half-life. The standard 
error o f  the area under the concentration versus time  curve was calculated based on  the standard  error o f  
plasma concentrations at each  time point using Microsoft Excel (Microsoft Corporation,  Redmond, WA). 
The Student t-test was performed whenever applicable. Linear regression analysis was performed using 
KaleidaGraph (Synergy Software,  Reading, PA). 

RESULTS 
Intravenous Studies 
af ter  intravenous  administration, pentachloroanisole was found to be rapidly eliminated  in both male and 
female rats  and mice (Figure  H1) with no major observed sex-related differences. The elimination o f  
pentachloroanisole can be described by a classical two-compartment  model with first-order elimination 
kinetics. The terminal  elimination half-lives in  rats and mice were  approximately 1.2 and 1.0 hours, 
respectively. The calculated plasma clearance was 6.07 Lkg-hr for  male rats and 5.61 Lkg-hr for  female 
rats, 8.45 Wag-hr for male mice and 10.2 Lkg-hr for  female mice. Given the value o f  hepatic blood 
perfusion rates o f  4.78 Lkg-hr for  rats and 8.5 L/kg-hr for mice, and  taking into  consideration the fraction 
of  plasma in  whole blood, it is apparent  that non-hepatic metabolism or  other nonhepatic elimination 
processes were occurring. The calculated  volume o f  the central compartment was about 2.41 L k g  for  male 
rats, 2.01 L k g  for female rats, 2.05 L k g  for  male mice, and 4.5 L k g  for  female mice. These values were 
suggestive o f  pentachloroanisole’s tissue distribution which is consistent with pentachloroanisole’s low 
water solubility. High  concentrations o f  pentachlorophenol were observed immediately after the 
administration o f  pentachloroanisole in male and female rats and mice (Figure Hl). The area under the 
concentration versus time curves and the dosage normalized area  under the concentration curves for  both 
the parent chemical and  its major  metabolite, pentachlorophenol, are given in  Tables H1 and H2. The 
terminal half-life of  pentachlorophenol in both rats and mice was estimated at approximately 8 hours. 
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Gavage Studies 
After gavage. administration,  pentachloroanisole concentrations were found to be lower than  those o f  
pentachlorophenol by two to  three orderso f  magnitude in both rats (Figure H2)  and mice  (Figure H3). 
For male and female rats  and mice the area  under the concentration versus time  curves of  
pentachloroanisole increased with dose,  but the  dose proportionalitylwas lost above 20 m a g  (Figure H4). 
The dose normalized area  under the conkntration versus time curves of pentachloroanisole were sex 
dependent only in 10 mgkg rats  and 20 mgkg mice, but  the apparent sex-related differendes in these two 
doses  were believed to be 'artifacts caused by the limited number o f  data points available for  area under 
the concentration versus time  curve estimation. Dose proportionality was seen  in all dose groups for the 
maximum qmcentration of pentachloroanisole achieved after gavage administration  for male and female 
rats and mice (Figure.H5). The variation o f  C,, in each dose group was also high. After gavage 
administration ,of pentachloroanisole, the area under the concentration versus time  curve of 
pentachlorophenol and C,, increased with pentachloroanisole dose  and appeared tobe dose proportional 
for both rats and mice. The  area under the concentration versus  time curve o f  pentachlorophenol was sex 
dependent only in rats. The terminal half-life of pentachlorophenol in both rats and mice was estimated 
to be 5 to  9 hours. While there were no sex-related differences in  pentachlorophenol terminal half-life in 
mice, the terminal half-life o f  pentachlorophenol in female rats tended to be longer than in male rats, 
suggesting a slower elimination o f  pentachlorophenol in female rats. 

The bioavailability o f  pentachloroanisole after gavage administration was estimated  based on the dose-
normalized area under the concentration versus time  curve (Tables H1 and H2). The calculated 
bioavailabilty was low but  increased with dose. The low bioavailability by the gavage route is consistent 
with first-pass hepatic metabolism. 

The bioavailability o f  pentachloroanisole after gavage administration was also  estimated in rats based on 
the dosage  normalized area  under the concentration versus time  curve o f  pentachlorophenol. Results o f  a 
separate experiment showed that  'the area under the concentrationversus time curve o f  pentachlorophenol 
after intravenous administration o f  5 mg/kg pentachlorophenol  in rats was 440 pg/mLhr for  female rats. 
Utilizing these data,  the bioavailability o f  pentachloroanisole based on  area under the concentration versus 
time curve o f  pentachlorophenol was calculated and the results are also listed in  Table H1. It can be seen 
that the bioavailability is low using the area under the concentration versus time  curve o f  
pentachloroanisole and it is high using the area under the concentration versus time  curve o f  its 
pentachlorophenol metabolite. This inconsistency in bioavailability further  supports the idea of first-pass 
metabolism. Since the absolute  value for the area under the concentration versus time curve of  
pentachlorophenol after an intravenous  administration o f  pentachlorophenol to mice is not available, the 
bioavailability of  pentachloroanisole in mice using pentachlorophenol  concentrations was not calculated. 

DISCUSSION 
Female rats have larger  values o f  area under the pentachlorophenol concentration versus  time curve than 
do male rats. This difference can be correlated to the well-known sex-related  differences in  rats in the 
activity o f  UDP-glucuronosyltransferase, an enzyme responsible  for glucuronidation o f  pentachlorophenol 
(Aitio and Marniemi, 1980). 

Since both peak  pentachloroanisole and pentachlorophenol plasma concentrations  occurred at about 6 to 
8 hours after dosing, and the biological half-life o f  pentachlorophenol is relatively long,  bioaccumulation o f  
pentachlorophenol after repeated daily gavage dosing of  pentachloroanisole is predicted.  This 
bioaccumulation o f  pentachlorophenol can explain the similar hyperthermia syndrome observed in rats 
after being dosed either with pentachloroanisole or pentachlorophenol  (Garthoff ef  al., 1982). 

In contrast, no sex-related differences were observed in the areas under the concentration versus time 
curves for  pentachloroanisole or pentachlorophenol. One explanation  for this is the lack o f  sex-related 
differences in UDP-glucuronosyltransferase or monooxygenase activity in mice (Aitio  and Marniemi, 1980, 
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Jones, et aL,1980). Bioavailability o f  pentachloroanisole in mice was generally higher than  in rats, which 
may suggest that  the first-pass effect in mice was less severe than  in rats although in situ glucuronidation is 
likely occurring. Since the peak plasma concentrations of  both pentachloroanisole and pentachlorophenol 
after gavage administration of pentachloroanisole also occurred at about 8 hours in male and female mice, 
and the half-life of  pentachlorophenol is relatively long, bioaccumulation o f  pentachlorophenol will almost 
certainly occur after repeated daily gavage dosing o f  pentachloroanisole. This might explain why most 
mice died at night  after being administered 40mgkg or higher doses o f  pentachloroanisole by gavage. 

The concentration o f  the metabolite,  pentachlorophenol, was higher in female  rats than  in male rats after 
gavage administration  and sex-related differences in toxic and  carcinogenic responses to pentachloroanisole 
in rats and mice were observed. These findings cannot  be attributed to the sex-related differences in 
systemic availability o f  pentachloroanisole or  to the rateo f  metabolism o f  pentachloroanisole to 
pentachlorophenol. 
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10 -I V 0.340.193f1.93 f 0.034 13 f45.2 1 3 2 f452 f 1.3 
14 f 3 62 f 4 
19 f 8 56 f 2 
31 f 10 45 f 2 

10 Gavage 0.270.043 f 0.002 f 0.01 54.2 3542f 0.001 f0.027 38 f 29 f 3.8 
20 Gavage 0.71 0.036 6 6 f 30.15 f 0.035 f 0.27 f 0.014 3449.4f988 f 1.7 
40 Gavage 2.45 0.0610.35 f 0.069 f 0.73 f 0.018 5939.9f 21596107 f f 1.4 

Female 

10 -I V  1.92 f 0.62 16* 38.5f 3* f385 0.062 20f0.192 f 1.6* 
10 Gavage 0.070 f 0.010* 0.47 f O.M5* f 0.0075* 44 f 2* 704 f 22* f 2.2* 24f8 96 f 3*0.047 70.4 

1 6 f  5 82 f 2*20 Gavage 0.14 f 0.020 0.61 f 0.10 f 0.0050.031 36* f 1*119880 f 59.9 f 1.8* 
40 Gavage 3.00 0.075 f 0.0131360.28 f 0.14 f 0.50 39 f 14 71 f 3* 6* f2084 f 91* f 2.3*52.1 

* Significantly different from males (p10.01) by Student t-test. 
a Data are presented as means f standard deviations. 

Endpoint correction using terminal half-life of 1.2 hours for male and female rats. 
E Endpoint correction using terminal half-life of 4 hours for male  and female rats. 

AUC values after iv administration of €" at 5 m&g are 440 and 365 pg/ml/hr for male and female rats. 



TABLEH Z  
Kinetic Parameters for Pentachloroanisole (PCA) and Pentachlorophenol (PCP) in B6C3F, Mice Administered Pentachloroanisolea 

PCA PCP Bioavailability Basedon AUC 
Dose Route Cmax AUCb AUC/Dose Cmax AUCC AUC/Dose PCA 

(mg/kg) (Itg/ml) (Pg/ml/hr) Wml/hr)  ("/.I 

Male 

10 IV - 1.26 f 0.24 0.126 f 0.024 26.85 f 0.851 412 k 16 41.2 f 1.6 
10 Gavage 0.06 f 0.007 0.41 f 0.04 0.041 f 0.004 28.8 f 0.74 560 f 19 56.0 f 1.9 	 33 f I 
20 Gavage 0.22 f 0.17 1.19 f 0.06 0.060 1 0.003 40.3 f 3.4 984 f 66 49.2 f 3.3 	 48 f 9 
40 Gavage 0.44 f 0.03 4.62 f 0.37 0.12 f 0.009 103 f 7.6 1752f 11 1 43.8 f 2.8 	 95 f 20 

Female 

-10 IV 1.10 f 0.23 0.110 f 0.023 31.62 f 1.9 468 f 21* 46.8 f 2.1* 
10 Gavage 0.049 f 0.012 0.38 f 0.15 0.038 f 0.015 34.2 f 2.5 551 f 24 55.1 f 2.4 35 f 15 
20 Gavage 0.13 f 0.03 0.77 f 0.11* 0.039 f 0.006* 62.9 f 2.5* 1001f 29 50.1 f 1.5 35 f 9 
40 Gavage 0.35 f 0.080 3.58 f 0.33 0.090 f 0.008 115 f 1.5 1759 f 34 44.0 f 0.85 71 f 15 

* 	 Sigdicantly different from males (PSO.05) by Student t-test. 
l Data are presented as means f standard deviations. 

Endpoikt correction using terminal half-life of 1 hour for male and female m s .
' Endpoint correction using terminal half-life of 5 hours for male and female rats. 
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CHEMICALCHARACTERIZATION AND 
DOSE FORMULATION STUDIES 

PROCUREMENTANDCHARACTERIZATION OF PENTACHLOROANISOLE 
Pentachloroanisole was obtained  in three lots. Lot HE052008, which was obtained  from the Aldrich 
Chemical Company (Milwaukee, WI), was used in the 16-day studies. The analytical  chemistry laboratory, 
Midwest Research  Institute Kansas City, MO, synthesized lots  Mol2882 and M062783. Lot ., Mol2882 
was used in the 13-week studies  and lot "2783 was used in  the 2-year studies.  Identity, purity, and 
stability analyses were performed by the analytical chemistry laboratory. Reports on the syntheses and 
analyses performed in  support o f  the pentachloroanisole  studies are on file at  the National  Institute o f  
Environmental Health Sciences. 

. . .  

Lot Mol2882 was synthesized by the methylation of  pentachlorophenol (lot MM031080),.which was. 
. .obtained fromDow ChemicalCompany (Midland, MI). Pentachlorophenol was ground  and 

recrystallized twice with absolutemethanol.Methylation was performed by dripping iodomethane into a 
heated solution.of pentachlorophenol in acetone buffered with potassium  carbonate. The, acetone was 
reduced by evaporation,  and'ethyl ether and benzene were added. The solution. was extracted with. 1 ; N  
sodium hydroxide and  then with water. The organic phase was dried with anhydrous  sodium sulfate and 
recrystallized from  methanol as ,%bite needles. 

. . . 

Lot M062783 was synthesized by the methylation of  pentachlorophenol which was produced by the 
acidification and purification o f  sodium pentachlorophenolate (lot MM12197A) obtained  .from Dow 
ChemicalCompany(Midland, MI). Lo t  MM12197A was ground  and extracted with high-puritytoluene. 
The powder was then acidified with 6 N hydrochloric acid and extracted  with ethyl ether. The.resulting 
slurry was washed with 5% sodium bicarbonate and then with water, and dried. The phenol obtained by 
this procedure was crystallized from  boiling methanol. Benzene was added,  and the solution was .allowed 
to crystallize overnight. The crystals were washed with isooctane, then recrystallized from  methanol. 
After further recrystallization from methanol/benzene and then benzene,  methylation was performed as 
described for  lot M012882. 

All lots of the bulk  chemical, a colorless or white  crystalline solid, were identified as pentachloroanisole 
by infrared, ultraviolet/visible, and nuclear  magnetic resonance (NMR) spectroscbpy., '.All, spectra  were 
consistent. with the expected structure o f  pentachloroanisole (Figures I1 and 12); no  literature spectra 
were found'  for comparison; 

. . 

The purity of all  lots was determined by elemental analyses, Karl Fischer  water 'analysis, thin-layer 
chromatography (TLC), and gas chromatography. Additionally, functional  group analysis o f  methoxyls 
was used to determine purity ofdot M062783. For lots  HE052008 and M012882, TLC was performed 
on aluminum oxide, w e  'E,F-254 plates with two systems: A) 100% hexanes and B) isooctane:carbon 
disulfide (1:l). Visualization was accomplished with ultraviolet (254 nm) light and by aspray o f  05% 
ethanolic solution o f  rhodamine B followed by a spray o f  10% aqueous sodium carbonate solution. 
Hexachlorobenzene in methylene  chloride was used as  areferencestandard. Gas chromatography for 
lot HE052008 was performed with a  flame ionization detector (FID) and a  nitrogen carrier gas at a flow 
rate o f  70 muminute. Two systems were used: 

. . 

A) 10% SP-2100 on 80/100 mesh Supelcoport, with an oven temperature program of  50".C for 
5 minutes, then 50" to 250" C at .10"C/minute, and . , 

. 

. 

, 

. +. 

B) l%'SP-lOOO on 100/120 mesh Supelcoport, with an oven temperature program of-50" C for . 

5 .minutes, then 50" to 230" C at 10" C/minute. 



For lot HE052(108, elemental analyses for  carbon, hydrogen, and  chlorine were  in agreement with 
theoretical values. KarlFischerwater analysis showed 0.06 9 0.03% water. TLC indicated one major 
spot and one trace impurity. Gas chromatography by both systems indicated one impurity with an area 
o f  approximately 0.2% o f  the major peak area. The overall  purity was determined to be at  least 99%. 
A gas chromatography analysis was conducted to quantify pentachlorophenol in the bulk chemical. The 
method was the same as that used in the purity analysis, and with a 1%SP-3240 DA on 100/120 mesh 
Suplcoport column system and  an oven temperature o f  190" C, isothermal. The analysis did not detect 
any pentachlorophenol at a  concentration o f  0.1% or above. 

FOPlot M012882, elemental analyses for  carbon, hydrogen, and  chlorine were in agreement with 
theoretical values. KarlFischerwater analysis showed less than 0.05% water. TLC indicated one major 
spot and no impurities. Gas chromatography by the same systems used for the purity analysis of 
lot HE05208, but with a 10% SP-2100 on  10/120 mesh Supelcoport  column for system A, indicated 
one impurity  with an area of approximately 0.1% of  the major  peak area by both systems. A gas 
chromatography analysis conducted to quantify pentachlorophenol was the same as the special analysis 
used for lot HEO5208, but with an oven temperature o f  180"C, isothermal. The analysis did not detect 
any pentachlorophenol at a  concentration o f  0.1% or above. The overall purity of  lot Mol2882 was 
determined to be slightly higher  than that o f  lot HE052008. 

Gas chromatography/mass spectroscopy with full mass scan was performed to identify and quantify 
impurities in lot MO12882. A J&W fused silica capillary column was used with a helium carrier gas at 
15 cm/second and  an oven temperature program of  80" C for 2 minutes, then 80" to 325" C at 
10"C/minute. Tetrachloroanisole was identified as the largest impurity; four  unidentifiedimpurities 
werealso detected. Selected ionmonitoringidentified no additional  impurities.Quantitation of 
tetrachloroanisole was performed with capillary gas chromatography with an electron  capture detector, a 
carrier gas flow rate o f  25 cm/second, and  an oven  temperature program o f  loo" C for 2 minutes, then 
1W to 320" C at 10"C/minute.. A tetrachloroanisole concentration of  1600 ppm was determined. 
Hexachlorobenzene was identified  and quantitated using packed column gas chromatography with 
electron capture detection and a column system o f  5% SP-loo0 on 100/120 mesh Supelcoport, with an 
oven temperature o f  160"C ,  2.65 ppm  hexachlorobenzene was quantified. Five unidentified impurities 
were also detected at levels o f  0.1% or less. 

For lot MM2783, elemental analyses for  carbon, hydrogen, and  chlorine were in agreement with 
theoretical values. Functional group analysis o f  the methoxyl group was in  agreement with the 
theoretical levels. KarlFischerwater analysis indicated less than 0.1% water. TLC was performed using 
the same methods described for  determining the purity o f  lots HE052008 and M012882, but with 
visualization accomplished with ultraviolet light at 254 and 366 nm and with a spray o f  0.5% ethanolic 
rhodamine B followed by a spray o f  10% aqueous sodium  carbonate. TLC indicated  a major spot only. 
Gas chromatography, conducted with the same systems used for  the purity analysis o f  lot MO12882, but 
with an oven temperature program of  50" C for 5 minutes, then 50" to 250" C at 10" C/minute for 
system B, indicated a major peak and no impurities with areas  greater than 0.1% relative to the major
peak. A gas chromatography analysis conducted t o  quantify pentachlorophenol was the same as the 
special analysis used for  lot M012882. The analysis did not detect any pentachlorophenol at a 
concentration of  0.1% or above. Major peak comparison o f  lots MO62783 and  Mol2882 by gas 
chromatography, with 10% SP-2100 on 100/120 mesh Supelcoport  and a column temperature o f  210" C 
and with hexadecane added as an internal  standard, indicated a purity o f  101.1 & 2% for lot MM2783 
relative to lot M012882. 

Gas chromatography/mass spectroscopy full mass scan was performed to identify and quantify  impurities 
in lot MM2783. The same system was used as  that used to quantitate impurities  in lot MO12882, but 
with an oven  temperature program of 110"to 320" C at 6" C/minute. Two chlorinated impurities were 
found: tetrachloroanisole (192 ppm)  andtetrachlorobromanisole (361 ppm). One unidentified  impurity 
with a concentration of 88 ppb was also detected with selected ion monitoring. Hexachlorobenzene was 
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identified and  quantitated using packed column gas chromatography with the same system used to 
quantitate impurities in lot M01288Z 7.0 ppm hexachlorobenzene was identified. 
A concurrent analysis of lot  Mol2882 was conducted, using the  same methods as for lot "2783. Gas 
chromatography/massspectroscopyindicated two impurities:tetrachloroanisole (1,664 ppm)  and 
tetrachlorobromoanisole (165 ppm). Two additionalchlorinated impuritieswere detected and 
quantitated at 1.2 ppm  and 389 ppb, but were not identified. Packed column gas chromatography 
identified 2.6 ppm hexachlorobenzene. No chlorinated dibenzodioxins, dibenzofurans, or  diphenyl ethers 
were detected in either lot.  Capillary gas chromatography with electron capture detection was used to 
compare the impurity profiles and the reconstructed ion current chromatograms o f  the two lots. 

Stability studies were performed using gas chromatography with the system A described for the purity
studies, but with an oven  temperature o f  210" C and 0.2% hexadecane in hexanes added as an internal 
standard. Pentachloroanisole was found to be stable in bulk form when stored  for 2 weeks at  
temperatures up to 60" C. During the 13-week and 2-year studies, the stability of the bulk chemical was 
monitored by the study  laboratory using ultraviolet/visible spectroscopy and gas  chromatography.
System B described for the purity  studies was used for  monitoring in the 13-week studies;  for the 2-year 
studies, System A with the following modifications was  used: 10% OV 101 on 100/120 ,mesh 
Supelcoport at  an oven  temperature o f  180"C. The bulk chemical was analyzed four times  during the 
13-week studies  and seven  times(at4-month intervals)during the 2-year studies. No degradation of 
either lot o f  pentachloroanisole was seen  throughout the studies. 

PREPARATION AND ANALYSIS OF DOSEFORMULATIONS 
Dose formulations were prepared by mixing the appropriate quantities o f  pentachloroanisole and corn 
oil on a weight-to-volume basis for the 16-day studies  and on a weight-to-weight basis for the 13-week 
and 2-year studies  (Table 11). Dose formulations were  prepared three times and  stored at 5" C during 
the 16-day studies. For the 13-week and 2-year studies,  doseformulationswereprepared weekly and 
stored at room temperature (approximately 22" C); maximum storage  time for. any dose formulation did 
not exceed 21 days. Dose formulations were  hand agitated before. administration. 

Far the stability studies, 4 mL aliquots o f  the dose formulations were diluted to 100 mL with hexane; 
5 mL samples  were then mixed with 5 mL of  hexadecane, then  further diluted with hexane. The 
pentachloroanisole content was determined by gas chromatography with FID, with 3% SP-2100 on 
100/120 mesh  Supelcoport and nitrogen as a carrier gas at 20 mL/minute. Hexadecane was added as an 
internalstandard. The oven temperature was  150" C. Stability o f  the dose formulations was established 
for at  least 3 weeks when  stored in the dark at room temperature. 

Dose formulations o f  pentachloroanisole were periodically analyzed by the study laboratory and at  the 
analytical chemistry laboratory using the same gas chromatography  method used in the stability studies, 
but with the FID at 300" C, sO/l00 mesh Supelcoport,  a carrier gas flow rate  of 25  mL/minute, and 
1.0 mg/mL octadecane as the internal standard. Dose formulations were .analyzed three times  during the 
13-week studies, and  all were within 10% of  the target concentration (Table 12). During the 2-year 
studies, dose formulations were analyzed at least every 8 weeks; five times  during the studies,  animal 
room samples of the dose  formulations were taken on the second day o f  dosing. All dose 'formulations 
sampled were within 10% o f  their targetconcentrations (Table 13). Periodicperoxide .analyses of the 
corn oil vehicle by the study  laboratory indicated that peroxide levels were  within the acceptable limit o f  
10 mEq/kg. Results of periodic referee analysis by the analytical chemistry laboratory  were in good 
agreement with the results obtained by the study laboratory (Table 14). 
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&papration 
The appropriate quantities of 
pentachloroanisole and corn oil were 
mixed on weight-to-volume mixeda basis, 
and stirred for at least 5 minutes or 
until the solution was  achieved.achieved. 

M t ~ ~ i m u ~ t tStorage Time 
Up to 21  days 

Storage Conditions 
In amber serum bottles at 5" C 

Study hhrrahopgr 
Southern Research Institute, 
Birmingham, AL 

Referee ILalhorahopgr 
Midwest Research Institute, 
KansasCity, MO 

The appropriate quantities of 
pentachloroanisoleand corn oil were 

on a weight-to-weight  basis, 
and s t i d  until the solution was 

Mixing interruptedwas 
after 20 minutes to break  up any 
clumps, then resumed. 

Mol2882 

Same as 16day studies 

In amber serum bottles in the dark 
at room temperature (22" C) 

Same as 16day studies 

Same as 16day studies 

Same as 13-week studies. 

MO62783 

Same as 16day studies 

Same as 13-week studies 

Same as 16day studies 

Same as 16day studies 
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TABLEI2 
Results of Analysis of Dose Formulations for'Rats and Mice in the 13-Week -Gavage Studies 
of Pentachloroanisole . . . 

Rats 

12 Apri l  1982 15 April 1982 , , 

1.74 
0.87 

1.75 
0.859 -1 

+1 
2.61 2.63 . . +1 
3.05 3.04 0 

. .  3.92 4.01 +2 

24 May 1982 2 June 1982 
1.74 
0.87 

1.75 
0.876 

+1 
+1 

2.61 2.62 0 

12 July 1982 15 July 1982 ' 

.. I 
. .  1.74 

0.87 
1.86 
0.933 . .  

+7 
+7 

2.61 2.73 +5 

Mice 

29 March 1982 31 March 1982 0.44 0.428 	 -3 
0.87 0,857 -1 

. . 1.31 1.290 -2 
1.52 1.504 	 -1 

1.96 1.950 	 -1 


24 May 1982 2 June 1982 0.44 0.426 	 -3 
0.87 	 0.878 +1 

1.31 1.31 	 0 


. .1.52 1.54 	 +1 

. .  	" 1.96 1.96 	 0 

. .  

28 June 1982 15 July 1982 0.44 0.461 +5 
. .I 

0.87 0.946 +9' .  

1.31 1.38 	 +5 
1.52 1.56 	 +3 
1.96 1.94 	 -1 
. .  

a 	 'Target ,concentrations for rats: 0.87% = 40 mgkg; 1.74% = 80 m@g; 2.61% = 120 mgkg; 3.05% = 140 mgkg; 
3.92% = 180 mg/kg. Target concentrations for mice: 0.44% = 40 mg/kg; 0.87% = 80 mg/kg;,1.31%= 120 mgkg; 
1.52% = 140 mg/kg; I.%% = 180 mgkg 
Results of duplicate analyses . . ,  
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15 September 1983 

10 November 1983 

29 December 1983 

1 March 1984 

10 May 1984 

21 June 1984 

16 August 1984 

27 September 1984 

15 November 1984 

24 January 1985 

16 September 1983 

11 November 1983 

30 December 1983, 
3 January 1984 

6,9 January 1984' 

1, 2 March 1984 

10,11 May 1984 

22 May 1984' 

21, 22 June 1984 

16 August 1984 

27 September 1984 

5 October 1984' 

15 November 1984 

24 January 1985 

0.22 
0.44 
0.87 

0.22 
0.44 
0.87 

0.22 
0.44 
0.87 

0.22 
0.44 
0.87 

0.22 
0.44 
0.87 

0.22 
0.44 
0.87 

0.22 
0.44 
0.87 

0.22 
0.44 
0.87 

0.22 
0.44 
0.87 

0.22 
0.44 
0.87 

0.22 
0.44 
0.87 

0.22 
0.44 
0.87 

0.22 
0.44 
0.87 

0.216 
0.430 
0.884 

0.221 
0.443 
0.875 

0.224 
0.457 
0.932 

0.223 
0.432 
0.858 

0.220 
0.464 
0.923 

0.221 
0.436 
0.905 

0.218 
0.433 
0.846 

0.220 
0.438 
0.869 

0.220 
0.439 
0.887 

0.218 
0.438 
0.858 

0.215 
0.439 
0.871 

0.220 
0.443 
0.876 

0.219 
0.438 
0.864 

-2 
-2 
+2 

0 
+1 
+1 


+2 
+4 
+7 

+1 

-2 
-1 

0 
+5 
+6 

0 
-1 
+4 

-1 
-2 
0 

0 
0 
0 

0 
0 

+2 

-1 
0 

-1 

-2 
0 
0 

0 
+1 

+1 


0 
0 

-1 
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TABLEI3 
Results of Analysis of Dose Formulations for Rats and Mice in the 2-YearGavage Studies 
ot! Pentachloroanisole (continued) 

Target 

(% w/w) 

0.22 
0.44 
0.87 

0.22 
0.44 
0.87 

0.22 
0.44 

0.87 

0.22 
0.44 
0.87 

0.22 
0.44 
0.87 

0.22 
0.44 

0.87 

0.22 
0.44 
0.87 

0.22 
0.44 

0.22 
0.44 

0.22 
0.44 


0.22 
0.44 

0.22 
0.44 

0.22 

(% w/w) 

0.218 
0.440 

0.866 

0.218 
0.440 
0.866 

0.220 
0.452 
0.902 

0.229 
0.444 
0.878 

0.221 
0.424 
0.871 

0.218 
0.442 
0.878 

0.217 
0.436 
0.867 

0.226 
0.433 

0.204 
0.438 

0.213 
0.420 

0.211 
0.426 

0.213 
0.434 

0.216 

Difference 
from Target 

(%I 

-1 
0 
0 

-1 
0 
0 

0 
+3 
+4 

+4 
+1 
+1 

0 
-4 
0 

-1 
0 

+1 

-1 
-1 
0 

+3 
-2 

-7 
0 

-3 
-5 

-4 
-3 

-3 
-1. 

-2 

Date Prepared 

Rats (continued) 

7 March 1985 

25 April 1985 

6 June 1985 

25 July 1985 

5 September 1985 

Mice 

19 January 1984 

1 March 1984 

10 May 1984 

21 June 1984 

16 August 1984 

Determined 

Date Analyzed
ConcentrationConcentration 

7 March 1985 

22 March 1985' 

26 April 1985 

10 June 1985 

26 July 1985 

5 August 1985' 

5,6 September 1985 

19 January 1984 

1,2 March 1984 

10, 11 May 1984 

22 May 1984' 

21,22 June 1984 

16 August 1984 
0.44 0.435 -1 
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TABLE14 
Results of Referee Analysis of Dose Formulations for Rats in the 13-Weekand 2-YearGavage Studies 
of Pentachloroanisole . . 

4 3  ' 

13-Week Studies 

24 May 1982 1.74 1.75 1.755 f 0.014 

* : 
i . , 1 , . .  . ,  . . _  

2-Year Studies , . .  .. I 
. . 

, . , 
. .  . 

'. . . .  

1 March 1984 
15 September 1983. 

. . , . 

0.87 
0.22 

- . 

. . I  

, . ,  . 
. 

I 

; , 

. ,  ,. ,  

. 0.216, 
0.923 

. . 

. 

. .  . 

: 

, . . 

0,215 * 0.002. . 

0.871 f 0.002 
. . .. 

5 September 1985 
25 April 1985 
27 September 1984 

0.22 
0.87 
0.44 

0.217 
0.902 
0.438 

0.219 f 0.001 
0.862 +. 0.009 
0.438 2 0.002 

a Results of  duplicateanalyses
Results of  triplicate analyses (mean f standard deviation) 
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TABLEJl 

Ingredients of NIH-07 Rat and Mouse Ration' 


Ingdientsb 	 Percent by Weight 

-	
I 

Ground #2 yellow shelled corn ' 24.50 
Ground hard winter wheat 23.00 
Soybean meal (49% protein) 12.00 

. .Fish meal (60% protein) 10.00 .. . 
Wheat middlings 10.00 
Dried skim  milk 5.00 
Alfalfa meal (dehydrated, 17% protein) 4.00 
Corn gluten meal (60?6 protein) 3.00 
Soy oil . . . . 2.50 
Dried brewer's  yeast 2.00 
Dly molasses 1.50 
Dicalcium phosphate 1.25 
Ground limestone 0.50 
Salt 0.50 
Premixes (vitamin and mineral) . . 0.25 

' 	NCI, 1976; NIH, 1978 
Ingredientswere ground to pass through a U.S. Standard Screen No..16 before being  mixed. 

TABLE52 

Vitamins and Minerals in NIH-07 Rat and Mouse Ration' 


Amount 	 Source 

, -Vitamins 
A 5,500,Ooo I U  Stabilized vitaminA palmitate or acetate 
D3 4,600,Ooo I U  D-activated animal sterol 

2.8 g MenadioneK3 

d-a-Tooophelyl acetate 2 0 , O o o  IU 

Choline 560.0 g Choline chloride 

Folic acid 2.2 g 

Niacin 30.0 g 

d-Pantothenic acid 18.0 g d-Calcium pantothenate 

Riboflavin 3.4 g 

"hiimine 10.0 g Thiamine mononitrate 

B12 	 fig4 9 O o o  

-dine 1.7 g Pyridoxine hydrochloride 

Biotin 140.0 mg &Biotin 


Minerals 
Iron 120.0 g Iron sulfate 

.	 . ,Manganese 60.0 g Manganous oxide 

Zinc 16.0 g Zinc oxide 

copper 4.0 g Copper sulfate 
' , 

Iodine 1.4 g Calcium' iodate 

cobalt 0.4 g Cobalt carbonate 


' 	Per ton (2.000 Ib) of finished product 



MPnun+,ena 

Protein (% by weight) 
Crude fat (% by weight) 
Crude fiber (% byweight) 
Ash (% by weight) 

h i &  (% Of bk?d&a) 

Arginine 

*tine 

Glycine 

Histidine 

Isoleucine 

Leucine 

Lysine 

Methionine . 


Phenylalanine 
, 


Threonine 

Tryptophan 

Tyrosine 

Valine 


Linoleic 

Linolenic 


Vitamin A (IUikg) 

Vitamin D (IUkg) 

or-Tocopherol (ppm) 

Thiamine (ppm) 

Riboflavin (ppm) 

Niacin (ppm) 

Pantothenic acid (ppm) 

Pyridoxine (ppm) 

Folic acid (ppm) 

Biotin (ppm) 

Vitamin B,, (ppb) 

Choline (ppm) 


Calcium (%) 

Phosphorus (%) 

Potassium (%) 

Chloride (%) 

Sodium (%) 

Magnesium ( I )  

Sulfur (%) 

Iron (PP@ 

- w n =  (PPm) 

Zinc (PPm) 

h P F r  (PPm) 

Iodine (ppm) 

Chromium (ppm) 

Cobalt (PP@ 


Maan f Shndmd 
DWi8itlOrm 

22.43 f 0.87 
5.560.54 

. 3.51 2 0.44 
6.61 f 0.28 

1.308 * 0.050 
0.305 f 0.084 
1.150 f 0.047 
0.576 f 0.024 
0.917 f 0.029 
1:946 * 0.055 
1.270 * 0.058 
0.448 * 0.128 
0.987 f 0.140 
0.877 * 0.042 
0.236 f 0.176 
0.676 f 0.105 
1.103 f 0.040 

2.393 * 0.258 
0.280 * 0.040 

10,668 f 3,059 
4,450 f 1,382 
37.95 2 9.41 
20.50 f 2.27 
7.92 f 0.87 

103.426.59 
29.54 f 3.60 
9.55 f 3.48 
2.25 f 0.73 

0.254 * 0.042 
38.45 f 22.01 
3,089 f 328.69 

1.21 * 0.14 
0.94 * 0.05 

0.883 * 0.078 
0.526 f 0.092 
0.313 f 0.390 
0.168 * 0.010 
0.280 * 0.054 
350.5 * loo 
92.0 6.01 

54.72 k 5.67 
11.M * 2.50 
3.37 * 0.92 
1.79 f 0.36 

0.681 f 0.14 

Range 

21.10 - 24.90 
4.70 - 6.50 
2.70 - 5.40 
6.20 - 7.30 

1.210 - 1.390 
0.181 - 0.40 
1.050 - 1.210 
0.531-'Oh07 
0.881 - 0.944 
1.850 - 2.040 
1 . W  - 1.370 , 

0,306 - 0.699 
0.665 - 1.110 
0.824 - 0.940 
0.107 - 0.671 
0.564 - 0.794 
1.050 - 1.170 

1.830 - 2.570 
0.210 - 0.320 

4,100 - 1 7 , O  
3 , O .- 6,330 
22.50 - 48.90 
17.0 - 27.0 
6.10 - 9.00 
65.0 - 150.0 
23.0 - 34.0 
5.60 - 14.0 
1.80 - 3.70 
0.19 - 0.32 
10.6 - 65.0 

2 , m  - 3,430 

0.95 - 1.54 
0.87 - 1.10 

0.772 - 0.971 
0.380 - 0.635 
0.258 - 0.371 
0.151 - 0.181 
0.208 - 0.420 
255.0 - 523.0 
81.70 - 99.40 . 

46.10 - 64.50 
8.090 - 15.39 
1.52 - 4.13 
1.04 - 2.09 

0.490 - 0.780 

Muaaab2ir 017Smmprlesi 

28 

28 

28 

28 


8 

8 

8 

8 

8 

8 


' 8  

8 

8 

'
 

8 

8 

8 

8 


7 

7 


28 

4 

8 


28 

8 

8 

8 

8 

8 

8 

8 

8 


28 

28 

6 

8 

8 

8 

8 

8 

8 

8 

8 

6 

8 

4 


. .  

. I 
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TABLE 54 
Contaminant Levels in NIH-07Rat and Mouse Ration 

Arsenic (ppm) ' 

Cadmium @pm) 

Lead (PPm)' 

Me=ury @pm) 

Selenium (ppm) 

Aflatoxins (ppb) 

Nitrate nitrogen  @pm 

Nitrite nitro  en (ppm) h C 
f
BHA (PPm), ! 

BHT (PPm), 


Total nitrosoarnines (ppb)i 
N-Nitrosodimethylamine (ppb)i 
N-Nitrosopymolidine (ppb)' 

PesucIdq 
U-BHCJ 

8-BHC 

y-BHC 

6-BHC 

Heptachlor 

Aldrin 

Heptachlor epoxide 

DDE 

DDD 

DDT 

HCB 

Mirex 

Methoxychlor 

Dieldrin ' 

Endrin 

Telodrin 

Chlordane 

Toxaphene 

Estimated PCBs 

Ronnel 

Ethion 

Trithion 

Diazinon 

Methyl parathion 

Ethyl parathion 

Malathionk 

Endosulfan I 

Endosulfan 2 

Endosulfan sulfate 


Mean f Standard 
Deviation' 

0.61 f 0.21 
co.10 

0.61 f 0.26 
<0.05 
0.33 f 0.07 

6 . 0  
11.81 * 5.26 
0.39 f 1.34 
2.18 f 0.67 
2.25 f 1.14 

48,313 f 41,959 
34.96 f 94.87 
19.20 f 46.28 
3.04 f 0.19 
7.29 * 5.72 
6.21 f 5.63 
1.08 f 0.47 

co.01 
<0.02 

co.01 

co.01 

co.01 

co.01 

<0.01 

co.01 

co.01 

<0.01 
<0.01 

co.01 

eO.05 

co.01 

co.01 

<0.01 
<0.05 
<0.1 

<0.2 
<0.01 

co.02 

<0.05 
eo.1 

co.02 

CO.02 

0.24 f 0.60 
*0.01 
<0.01 

cO.03 


Range 

0.17 - 0.94 

0.14 - 1.32 

0.17 - 0.48 

co.10 - 22.0 
<0.10 - 7.20 
e2.00 - 5.00 
c1.00. - 4.00 

770 - 130,Ooo 
*3.00 - 460 
c3.00 - 240 
c3.00 - 4.00 

1.80 - 30.90 
0.80 - 30.00 
0.90 - 3.40 

0.05 - 3.20 

Number of Samples 

28 

28 

28 
28 
28 
28 

28 

28 

28 

28 
28 
28 

28 

28 

28 

28 
28 


28 

28 
28 

28 

28 

28 

28 

28 

28 

28 

28 

28 
28 
28 
28 
28 

28 

28 

28 

28 

28 

28 

28 

28 
28 

28 

28 
28 

28 


a For values less than the limit of detection, the detection limit is  piyen for  the mean. 
b Sources of contimination: alfalfa, grains, and fish meal 
C Includes one l ake  value of 7.u) ppm obtained in the lot milled on 17 August 1983. 
d Sources of conthination: say oil and fish meal 
e CFU = colony forming  units 
f MPN = most probable number 
g Includes one large value of 460MPN/g obtained in the lot milled on 20 September 1983. 
h Includes one large  value of 4.0 MPN/g obtained in the lot milled on 17 October 1984. 
i All values were 'corrected for percent recovery. 
i BHC is Hexachlorocyclohexane or Benzene Hexachloride. 
k S i e e n  lots conpined more than 0.05 ppm. 
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SENTINEL ANIMAL PROGRAM: 

. . . . 

METHODS . .  

Rodents used in the Carcinogentisis Program of the National Toxicology-Program are produced in 
optimally clean facilities to eliminate potential pathogens that may affect 'study results. The Sentinel 
Animal Program is part of-the periodic monitoring o f  animal health that dccurs during the toxicologic 
evaluation o f  chemical compounds. ' 

via serology on sera from extra (sentinel) animals in the study rooms. These animals are untreated, and 
these animals and the study animals are subject to identical environmental conditions.. The sentinel 
a:nimals come from the same production source and weanling groups as the animals used for the studies" 

, . .o f  chemical compoundi. 
. .  

, .  

a a t s  
During the 13-week studies, samples for viral screenings were collected from five male and five female 
control rats. During the 2-year studies, i5 male and 15 female rats were selected for the sentinel group 
at the time of  randomization and allocation of the animals to dose groups in the 2-year studies. Five 
animals o f  each designated-sentinel group were killed at 6, 12, and 18 months on study. Five male and 
five female rats assigned to the low-dose group in the 2-year studies were killed at 24 months. , Blood 
from each animal was collected and allowed to clot. Serum for the viral screening was. separated, .cooled 
on ice, and shipped to' Microbiological Associates, Incorporated (Bethesda, MD) for determination o f  
the antibody titers. The following tests were performed: 

, . 

13 Weeks 
Method o f  Analvsis Time of Analvsis . 

Complement Fixation 

Sendai 
RCV (rat coronavirus) , , , . 

End of  study 
End o f  study 

. . 

Hemagglutination Inhibition ' 

PVM (pneumonia virus of mice)
KRV (kilham rat virus) 
H-1 (Toolan's H-1 virus) . . ' . .. .  

End of  study 
End of  study 
End o f  study 

, .  . 

~. . ,

2 Years 
Method of  Analvsis Time of Analvsis 
ELISA 

Mycoplasma species 6 months 
Mycoplasma a r t h W  18 and 24 months 

. . ,

Mycoplasma pulmonis 12, is,and 24 month? '' 
PVM 12, 18, and 24 months 
RCV/SDA (rat coronavirus/sialodacryoadentis virus) 6, 12, 18, and 24 months 
Sendai 12, 18, and 24 months 

Hemagglutination Inhibition 
H-1 6, 12, 18, and 24 months 
KRV 6, 12, 18, and 24 months 
PVM 6 months 
Sendai 6 months 

;, ,. monitoredisrodents'theofdisease state theUnder this program, 



Mlim 
Fifteen male and female mice were selected at the time of  randomization and allocation of the animals 
to the 2-year studies. Five animals o f  each designated sentinel group were killed at 6, 12, and 
18 month. Five male and five female control mice in the 2-year studies were killed at 24 months. 
Blood from each animal was collected and allowed to clot. Serum for the viral screenings was 
separated, cooled on ice, and shipped to Microbiological Associates, Incorporated (Bethesda, MD) for 
determination of the antibody titers. The following tests were performed: 

Method of  Analvsis 
Complement Fixation 

LCM (lymphocytic choriomeningitis vim) 
M. Ad. (mouse adenoma virus) 

ELISA 
B t r o  (Ectromelia vim) 
GDVII (mouse encephalomyelitis virus) 
M. Ad. 
M.arthvidds 
M.pulinonis 
MWV ( m o w  hepatitis v i m )  

P W  

Rea 3 (Reovirus 3) 

Sendai 


Hemagglutination Inhibition 
&tro 
K (papovavirus) 
M W  (minute vim of mice) 
Poly (Polyoma virus) 
P m  
Reo 3 

Sendai 


Immunofluorescence Assay 
EDIM (epizootic diarrhea o f  infant mice) 

Test results are presented in Table K1. 

Time of  Analvsis 

6, 12, 18, and 24 months 
6 months 

12, 18, and 24 months 
6, 12,18, and 24 months 
12,18, and 24 months 
12, 18, and 24 months 
6, 12,18, and 24 months 
4, 12,18, and 24 months 
12,18, and 24 months 
12,18, and 24 months 
12,18, and 24 months 

6 months 
12,18, and 24 months 
6, 12,18, and 24 months 
6, 12,18, and 24 months 
6 months 
6 months 
6 months 

12,18, and 24 months 
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Irmm KI 
Murine Virus Antibody Determinations for Rats and Mice in the 13-Week and 2-Year Gavage Studies 
of Pentachloroanisole 

Interval 

13-WeekStudies 
Rats ,I3weeks 

2-YearStudies 
Rats 6 months 

12months 

18 months 

24 months 

Mice 6 months 

12 months 

16 months 

24 months 

Incidence of Antibody 
in Sentinel Animals 

on0 

m o  
on0 

1/10 


1no 

on0 

on0 

on0 

1/10 


Positive Serologic 

Reaction for 


None positive 

RCVBDA 

None positive 

M. anhiti& 

KRvb 

None positive 

None positive 

None positive 

M.mrhritidir 



TR No. cwEh'%I['kfi 
. . 

201 2,3,7,8-Tetrachlorodibenzop-dioxin (Dermal) 
, . 

273 Tnchlomthylene (Four Rat Strains) 
2U6 1,2-Dibromo-3-chloropropane 274 Tris(2ethylhexyl)phosphate

275 2-Chlomthanol207 r .Cytembena 
2OE FD Br C Yellow  No. 6 276 8-Hydroxyquinoline 
209 2,3,7,8-Tetrachlorodibem~dioxin(Gavage) 277 Tremolite 
210 1,ZDibromoethane 278 2,6-Xylidine

279 Amosite Asbestos211C.I.AcidOrange 10 
280 Crocidolite Asbestos212Di(2ethylhexyl)adipate 
281 HC Red No. 3213ButylBenzylPhthalate 
282 Chlodibromomethane214Caprolactam 

215Bisphenol A 284 Diallylphthalate (Rats) 
21611-AminoundecanoicAcid 285 C.I. Basic Red 9 Monohydrochloride 

287 Dimethyl Hydrogen Phosphite217 Di(2-Ethylhexy1)phthalate 
219 2,6-Dichloro-pphenylenediamine 288 1,3Butadiene 
220 C.I.AcidRed 14 289 Benzene 
221LocustBeanGum 

' 

291 Isophorone 
222C.I.DisperseYellow 3 293 HC Blue No. 2 
223 Eugenol 294 Chlorinated Trisodium Phosphate 
224TaraGum 295 Chrysotile Asbestos (Rats) 
225 D8tCRedNo.9 2% 	 Tetrakis(hydroxymethy1) phosphonium Sulfate 8t 

Tetrakis(hydmxymethy1) phosponium Chloride226 C.I.SolventYellow 14 
227GumArabic 298Dimethyl Morpholinophosphoramidate 
228VinylideneChloride 299C.I.DisperseBlue 1 
229GuarGum 300 3-Chloro-2-methylpropene 
230 Agar 301o-Phenylphenol 
231 StannousChloride 4-Vinylcyclohexene303 
332 Pentachloroghane 304 ChlorendicAcid 
233 2-BiphenylamineHydrochloride 305ChlorinatedParaffins (C&, 43%chlorine) 
234 Allyl Isothiqanate 3 M  Dichloromethane(MethyleneChloride) 
235 307EphedrineSulfate .Zearalenone 
236 D-Mannitol 308 ChlorinatedPariffins(C,,, 60%chlorine) 
237 1,1,1,2-Tetrachlomthane 309 DecabromodiphenylOxide 
238 Ziram 310MarineDieselFueland JP-5 Navy  Fuel 
239 Bis(2chloro-1-Methylethy1)ether 311 Tetrachlomthylene (Inhalation) 
240PropylGallate 312 nButyl Chloride 
242Diallyl Phthalate (Mice) 313 Mirex 
243 Trichlorethylene(RatsandMice) 314MethylMethacrylate 
244 PolybrominatedBiphenylMixture 315OxytetracyclineHydrochloride 
245 316 1-Chloro-2-methylpropeneMelamine 
246 ChrysotileAsbestos (Hamsters) 317ChlorpheniramineMaleate 
247L-AscorbicAcid 318AmpicillinTrihydrate 
248 4,4'-MethylenedianilineDihydrochloride 1,4-Dichlorobenzene319 
249AmositeAsbestos(Hamsters) 320 Rotenone 
250BenzylAcetate 321Bromodichloromethane 
2512,4- Br 2,6-TolueneDiisocyanate 322PhenylephrineHydrochloride 
252GeranylAcetate 323DimethylMethylphosphonate 
253AllylIsovalerate 324BoricAcid 
254Dichloromethane(MethyleneChloride) 325 Pentachloronitrobenne 

255 1,2-Dichloroknzene 326EthyleneOxide 

257DiglycidylResorcinol Ether 327Xylenes(Mixed) 

259EthylAcrylate 328MethylCarbamate 

261 Chlorobenzene 1,2-Epoxybutane
329 

2631,2-Dichloropropane 330
4-Hexylresorcinol 
266 Monuron 331 Malonaldehyde,SodiumSalt 

2671,2-PropyleneOxide 332 2-Mercaptobenzothiale 

269Telone 110 (1,3-Dichloropropene) 333 N-Phenyl-2-naphthylamine 

271HCBlueNo. 1 	 2-Amino-5-nitrophenol334 

272 335C.I.AcidOrange 3
Propylene 



335 Penicillin VK 374 Glycidol 
337 Nitrofurazone 375 Vinyl Toluene 
3% Erythromycin Stearate 376 Allyl Glycidyl Ether 
339 2-Amino-4-nitrophenoI 377 o-Chloro~nzalmlononitrile 
340 Iadinated Glycerol 378 Benzaldehyde 
341 Nitrofurantoin 379 2-Chlomacetophenone 
342 Dichlorvoe 380 Epinephrine Hydrochloride 
343 Benzyl Alcohol 381 CCarvone 
34a Tetracycline Hydrochloride %2 Furfural 
345 Roxarsone %5 Methyl Bromide 
346 Chlomthane 3% Tetranitromethane 
347 D-Limonene 337 Amphetamine Sulfate 
348 a-Methyldopa Sesquihydrate 388 Ethylene Thiourea 
349 Pentachlorophenol 389 Sodium Azide 
350 Tribromomethane 3w 3,3'-Dimethylbenzidine Dihydmhloride 
351 p-Chloroaniline Hydrochloride 391 Tris(2-chlo~thyl) Phosphate 
352 N-Methylolacrylamide 392 Chlorinated Water  and Chloraminated Water 
353 2,4-Dichlorophenol 393 Sodium Fluoride 
354 Dimethoxane 394 Acetaminophen 
355 Diphenhydramine Hydrochloride 395 Probenecid 
356 Furosemide 3% Monuchloroacetic Acid 
357 Hydmhlorothiazide 397 C.I. Direct  Blue IS 
358 Ochratoxin A 399 T i t a n a n e  Dichloride 
359 8 -Methoqpmlen  401 2,4-Diaminophenol Dihydrochloride 
360 N,N-Dimethylaniline 402 Furan 
351 Hexachlomthane 403 Resorcinol 
352 4-Vinyl-1-Cyclohsne Diepolride 405 C.I. Acid Red 114 
353 Bromcwthane (Ethyl Bromide) 4a6 y-Butyrolactone 
364 Rhodamine 6G (C.I. Basic Red 1) 407 C.I. Pigment Red 3 
355 Pentaetyhritol Tetranitrate 408 Mercuric Chloride 
3% Hydqu inone  409 Quercetin 
367 Phenylbutazone 410 Naphthalene
368 Nalidixic &id 411 C.I. Pigment Red 23 
359 Alpha-Methylbenzyl Alcohol 412 4,4'-Diamino-Z,2'-Stilbenedisulfonic Acid 
370 Benzofuran 413 Ethylene Glycol
371 Toluene 415 Polysorbate 80 
372 3,3'-Dimethoxybenzidine Dihydruchloride 419 HC Hellow 4 
373 Succinic Anhydride 
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