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FORWORD 


The National Toxicology Program (NTP) is made up o f  four charter agencies o f  the U.S. Department o f  
Health and Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of 
Health; the National Institute o f  Environmental Health Sciences (NIEHS), National Institutes of Health; 
the National Center for Toxicological Research (NCTR), Food and Drug Administration; and the 
National Institute for Occupational Safety and Health (NIOSH), Centers for Disease Control. In July 
1981, the Carcinogenesis Bioassay Testing Program, NCI,  was transferred to  the NIEHS. The NTP 
coordinates the relevant programs, staff, and resources from these Public Health Service agencies 
relating to basic and applied research and to biological  assay development and validation. 

The N.TP develops, evaluates, and disseminates scientific information about potentially toxic and 
hazardous chemicals. This knowledge  is used for protecting the  health o f  the American people  and for 
the primary prevention o f  disease. 

The studies described in this Technical Report were performed under the direction o f  the NIEHS and 
were conducted in compliance with  NTP chemical health and safety requirements and must meet or 
exceed all applicable federal, state, and local health and safety regulations. Animal care and use were in 
accordance with the Public Health Service  Policy on Humane Care and Use of Animals. The prechronic 
and chronic studies were conducted in compliance with FDA Good Laboratory Practice Regulations and 
all aspects of the chronic studies were subjected to retrospective quality assurance audits before being 
presented for public review. 

These studies are designed and conducted to characterize and evaluate the toxicologic potential, 
including carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats  and 
mice). Chemicals selected for NTP toxicology and carcinogenesis studies are chosen primarily on  the 
bases'of human exposure, level of production, and chemical structure. Selection per se is not an 
indicator o f  a chemical's carcinogenic potential. 

These NTP Technical Reports  are available for sale from the National Technical Information Service, 
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161(703-487-4650). Single 
copies o f  this Technical Report  are available without charge while supplies last from the NTP Central 
Data Management, NIEHS, P.O.  Box 12233, Research Triangle Park, NC 27709(919-541-1371). 
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ABSTRACT 


0 HCIH2 

3,3'-DIMETHYLBENZIDINE DIHYDROCHLORIDE 


CAS No. 612-82-8 

C,,H,,N2-2HCI Molecular Weight 285.2 

Synonyms: o-Tolidine dihydrochloride; 3,3'-Dimethylbiphenyl4,4'diamine dihydrochloride; 3,3'-Dimethylbiphenyl-
4,4'-biphenyldiamine dihydrochloride; 4,4'-Diamino-3,3'dimethylbiphenyl dihydrochloride 

33'-Dimethylbenzidine dihydrochloride is one o f  
fivechemicals being evaluated 2-yearin car-
cinogenicity and toxicity studies as part o f  the N " s  
Benzidine Dye Initiative. This Initiative was 
designed to evaluate representative benzidine con- 
geners, benzidine congener-derived dyes, and ben- 
zidine-derived dyes. 3,3'-Dimethylbenzidinedihy-
drochloride was nominated for study because of the 
potential for human exposure during production o f  
bisazobiphenyl dyes and because benzidine, a struc- 
turally related is known humanchemical, a 
carcinogen. 

Toxicology and carcinogenesis studies were con-
ducted by administering 3,3'dimethylbenzidine 
dihydrochloride (approximately 99% pure) in drink- 
ing water to groups of F344/N rats of each sex for 
14 days, 13 weeks, or 9 or 14 months. The 14- 
month exposures were planned as 24-month 
exposures but were terminated early because of 
rapidly declining animal survival, due primarily to 

neoplasia. These studies were performed only in 
rats because similar studies were being performed in 
mice at the National Center for Toxicological 
Research (NCTR). Hematologic and serum chemi- 
calanalyses and thyroid hormone determinations 
were conducted in conjunction with the 13-week and 
9-month studies. Genetic toxicology studies were 
conducted in typhimurium,Salmonella Chinese 
hamster ovary (CHO) cells, and Drosophila 
melanogaster. 

14-Day SnLdies: Rats were exposed to 
3,3'-dimethylbenzidine dihydrochloride in drinking 
water at doses ranging from 600 to 7,500 ppm. All 
five males and one female in the 7,500  ppm group 
and 1/5  malesin the 5,OOO ppm group died. Final 
mean body weights were decreased in males  receiv-
ing 1,250 ppm or more and in all exposed  females, 
and final mean body weights o f  animals receiving 
2,500 ppm or more were lower than initial weights. 
Water consumption decreased with increasing 
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chemical concentration. Compound-related effects 
observed in rats receiving 5,OOO ppm or more 
included minimal to slight hepatocellular necrosis, 
accumulation of brown pigment (presumably bile) in 
individual hepatocytes, increased severity of nephro- 
pathy relative to controls, and severe lymphocytic 
atrophy of  the thymus. Treated animals also showed 
an increased severity o f  atrophy of the bone marrow 
relative to controls, varying degrees o f  lymphocytic 
atrophy of the mandibular and mesenteric lymph 
nodes and spleen, increased vacuolization and 
necrosis o f  cells of the adrenal cortex, focal acinar 
cell degeneration in the pancreas, and, in  males, 
increased immature sperm forms  in the testis and 
epididymis. 

I3-Week Studies: 3,3'-Dimethylbenzidinedihydro-
chloride was administered in drinking water at doses 
o f  300, 500, l,OOO, 2,OOO, and 4,OOO ppm. All  rats 
receiving $OOO ppm and males4/10 and 
1/10 femalesreceiving 2,OOO ppm died before the 
end of the studies. Depressions in  final mean body 
weight relative to controls ranged from 12% to 48% 
for males and from 9% to 42% for females. Water 
consumption decreased with increasing dose. At 
compound concentrations o f  300 to 2,OOO ppm, 
mean water consumption was 29% to 83% of  
control values. Compound-related effects  included 
an increase in the severity of nephropathy relative to 
controls; hepatocellular necrosis and accumulation of 
brown pigment (presumably bile) in sinusoidal lining 
cells; lymphocytic atrophy of the thymus, spleen, and 
mandibular and mesenteric lymph  nodes; atrophy of 
the bone marrow in the higher-dose groups; degen- 
eration of pancreatic acinar cells; and, in males, 
immature sperm forms in the testis and epididymis. 
Decreases in serum triiodothyronine (T3)  values 
were observed in exposed  females, and decreases in 
mean thyroxin ( T 4 )  concentrations in  exposed males 
and females; no significant  changes were observed  in 
thyroid stimulating hormone (TSH) inlevels 
exposed rats. 

Based on the decreased survival, reductions in water 
consumption and body weight andgain, 
chemical-induced hepatocellular and renal lesions 
observed in the 13-week studies, the doses selected 
for the 9- and 14-month drinking water studies o f  
33'-dimethylbenzidine dihydrochloride were 0, 30, 
70, and 150 ppm.Seventy rats o f  each sex  were 
used in the control group, 45 in the low-dose group, 
75 in the mid-dose group, and 70 in the high-dose 
group. 

3,3'-Dimethylbenzidine Dihydrochloride,NTP TR 


9-Month Srudies: Ten rats o f  each sex  in the control 
and 150 ppm dose groups were evaluated aftcr 
9 months. Chemical-related effects  observedin 
exposed animals included alveolarbronchiolar 
carcinoma in one male, basal cell carcinoma of the 
skin in one male, a squamous cell carcinoma of the 
oral cavity  in one female, preputial gland carcinoma 
in two males, clitoral gland carcinoma in three 
females, adenocarcinoma of the small intestine in 
two males,Zymbal'sgland carcinoma in two males 
and three females, hepatocellular carcinoma in two 
males, and adenomatous polyps of the large intes- 
tine in three males. Other effects seen in dosed rats 
included focal cellular alteration in the liver, lymph- 
oid atrophy in the spleen, and increased severity of 
nephropathy relative to controls. A n  increase in 
serum T3values was observed in exposed males, and 
a decrease in mean T4 concentrations in  exposed 
males and females. TSH concentrations were 
increased in  exposed male and female rats. 

Body WeightsandSurvivalinthe 14-Month Studies: 
The average amount of 3,3'-dimethylbenzidine 
dihydrochloride consumed per day  was approximately 
1.8, 4.0, or 11.2 mgkg for low-,  mid-, or high-dose 
male rats and 3.0, 6.9, or 12.9mg/kg for low-, 
mid-, or high-dose female rats. The mean body 
weight of .  high-dose males  was about 85% of  the 
control value by week 28.By the end o f  the study, 
mean body weights o f  low-,mid-, and high-dose 
maleswere97%, 92%, and 70% of  the control 
values,respectively. Mean body  weights o f  high-
and mid-dose  females were about  85% of  control 
values at week 32 and week  44, respectively. At the 
end of the study, mean body weightsofexposed 
females were about 94%, 81%, and 74% of  control 
values for low-,  mid-, and high-dose groups, respec- 
tively. Because o f  extensive neoplasia, many  exposed
males and females were dying or were sacrificed 
moribund in the first year, and all high-dose males 
died by week 55. The studies were terminated at 
weeks 60 to 61, at which time the group survivals 
were male: control, 60/60;low dose, 41/45;  mid 
dose, 50/75; high dose, O / W ,  female:59/60;39/45; 
32/75;10/60. 

NonneoplasticEffects in 14-Monththe Studies: 
Increases in nonneoplastic lesions in dosed rats 
includedcystic degeneration and foci of cellular 
alteration in the liver; exacerbation o f  nephropathy; 
and focal or multifocal hyperplasia o f  the Zymbal's 
gland, preputial and clitoral glands, and alveolar 
epithelium. 
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Neoplastic Effectsthein 14-Month Studies: 
Neoplasms were observed in exposed rats at many 
sites: skin, Zymbal's  gland, preputial and clitoral 
glands,liver, oral cavity, small and large intestine, 
mammary gland, lung, brain, and mesothelium. The 
incidence of these neoplastic effects in male and 
female rats is summarized in the table at  the end of 
this section. 

Genetic Taricology: 3,3'-Dimethylbenzidine dihydro-
chloride was mutagenic in Salmonella typhimurium 
strain TA98 with exogenous metabolic activation; it 
was not mutagenic in strains TA100,  TA1535, or 
T M  with or without activation. 3J'-Dimethyl- 
benzidine dihydrochloride induced sister-chromatid 
exchanges (CHO) and chromosomal aberrations in 
CHO cells in the absence of exogenous 
metabolic activation; these effects were not evident 
in tests with S9 activation.Sex-linkedrecessive 
lethal mutations were induced in germ  cells o f  adult 
male Drosophilia administeredmelanogaster 
3J'dimethyl-benzidine dihydrochloride in feed 

or by injection. No reciprocal translocations oc- 
curred in D. melanogasrer germ cells  following 
exposure to 3,3'-dimethylbenzidine dihydrochloride. 

Conclusions: Under the conditions o f  these 
14-month drinking water studies, there was clear 
evidence of activity*carcinogenic o f  
3,3'-dimethylbenzidine dihydrochloride for male 
F344/N rats, as indicated by benign and malignant 
neoplasms of  the skin, Zymbal's  gland, preputial 
gland,liver, oral cavity, small and large intestine, 
lung, and mesothelium. Increased incidences of 
neoplasms of  the brain may have been related to  
chemical administration. There was clear evidenceof 
Carcinogenic activity for female F344/N rats, as 
indicated by benign and malignant neoplasms of  the 
skin, Zymbal's gland, clitoral gland,  liver, oral cavity, 
small and large intestine, mammary  gland, and lung. 
Increased incidences of neoplasms of  the brain and 
mononuclear cell leukemia may have been related to 
chemical administration. 

l Explanation of Levels of  Evidence of CarcinogenicActivity is on page 9. A summary of peer review comments and the public 
discussion on this Technical Report appears on page 11. 
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Summary of the 14-Month Drinking Water Studies and Genetic Toxicology 
of 3,3'-Dimethylbenzidine Dihydmchloride 

~~ 

MaleF344/N Rats 

Drinking water concentrations 
0, 30, 70, or 150 ppm 3,3'dimethylbenzidine dihydrochloride 

Body weights 
Exposed groups lower than  controls 

2-Year survival rates 
60160,41/45, 5on5, o/60" 

Nonneoplastic effects 
Preputial gland hyperplasia 
Liver: cystic degeneration, focal cellular alterations 
Lung: hyperplasia 
Zymbal's gland hyperplasia 

Neoplastic effects 
Skin b a s a l  cell neoplasms: 0/60, 11/45, 54/75, 30/60 
Skin sebaceous cell adenoma: 0/60, 0145, 7/75, 5/60 
Skin keratoacanthomas: 1/60,1/45, 8/75, 5/60 
Skin squamous cell neoplasms: 0/60, 2/45, 17/75, 27/60 
Zymbal's gland neoplasms: 1/59, 3/45, 32/75, 36/59 
Preputial gland neoplasms: 2/60, 4/45, 6/75, 9/60 
Liver neoplasms: 0/60, 0/45, 35/75, 33/60 
oral  cavity neoplasms: 0/60, 0145, 4/75, 5/60 
Small intestine neoplasms: 0160, 0/45, 4/75, 8/60 
Large intestine neoplasms: 0/60, 0145, 6/75, 15/60 

Lung neoplasms: 1/60,0/45, 8/75, 6/60 
Mesothelioma: 0/60, 0/45, 3/75, 4/60 

Uncertain findings 
Brain neoplasms: 0/60, 0/45, 1/75, 2/60 

Level of evidence of carcinogenic activity 
Clear evidence 

Genetic toxicology 
Salmomua typhimwium 

0, 30, 70, or 150 ppm 3,3'dimethylbenzidine  dihydrochloride 

Exposed groups lower than  controls 

59/60, 39/45, 32/75, 10/60a 

Clitoral gland: hyperplasia 
Liver: cystic degeneration, focal cellular alterations 
Lung: hyperplasia 
Zymbal's gland hyperplasia 

Skin basal cell neoplasms: 0160, 3/45,10/75, 9/60 

Skin squamous cell neoplasms: 0/60, 3/45, 9/75, 12/60 
Zymbal's gland neoplasms: 0/57, 6/44,32/73,42/60 
Clitoral gland neoplasms: 0/60, 14/45, 42/75, 32/59 
Liver neoplasms: 0/60, 0/45, 7/74, 4/60 
oral  cavity neoplasms: 0/60, 3/45, 9/75, 13/60 
small intestine neoplasms: 0/60, 1/45, 3/75, 5/60 
Large intestine neoplasms: 0/60, 1/45, 7/75, 4/60 
Mammary gland adenocarcinoma: 0/60, 1/45, 3/75, 6/60 
Lung neoplasms: 1/60,1/45, 3/74,  4/60 

Brain neoplasms: 0/60, 2/45, 2/75, 1/60 
Mononuclear cell leukemia: 1/60,3/45, 6/75, 4/60 

Clear evidence 

Gene mutation: Positive with S9 in strain TA9& Negative with or without S9 in strains TA100, TA1535, 
or TA97 

Sister chromatid exchanges 
Chinesehamster ovary cells in vim: Positive without S 9  

Chromosomal aberrations 
Chinesehamster overy cells in virro: Positive without S9 

Sex-linked CBcessive lethal  mutations 
Dmophila melanogasta in vim: Positive administered by injection or in feed 

Reciprocal translocations 
Lhsophila mehogaster in vitro: Negative administered in feed 

Reduced survival in expmed groups was due to neoplasia. 
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EXPLANATION OF LEWLS OF EVIDENCE OF CARCINOGENICACTIVITY 


The National Toxicology Program describes the results of individual experimentson 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 that a chemical is not a carcinogen,  inasmuch as  the experiments are conducted under 
a limitedsetofconditions.Positiveresultsdemonstrate tha t  a chemicaliscarcinogenicforlaboratoryanimalsundertheconditions 
of the  studyandindicate that exposuretothechemicalhasthepotentialforhazard to humans. Otherorganizations,suchasthe 
International Agency for Research on Cancer, assign a strength of  evidence for conclusions based on a n  examination of all available 
evidenceincluding:animalstudiessuchasthoseconducted by the NTP,epidemiologic studies, and estimates of exposure. Thus, the 
actual determination of  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 in the Technical Report series to summarize  the strength of the evidence 
observed i n  eachexpcriment:twocategories for positive  results (clear evidence  andsomeevidence); one category  foruncertain 
findings(equivocalevidence);onecategoryfornoobservableeffects (no evidence);andonecategoryforexperimentsthatbecause 
o f  majorflawscannotbeevaluatcd (inadequatesludy). These categoriesofinterpretativeconclusionswerefirstadopted in June 
1983 andthenrevised in March 1986 foruse in theTechnicalReportseries to incorporate more specifically the concept of actual 
weight o f  evidenceofcarcinogenicactivity. For each separate experiment  (malerats,female rats, male  mice,femalemice), one of 
the following quintet is  selected to  describe the findings. These categories refer to the strength of the  experimental evidence and not 
to potency or mechanism. 

l ClearEvidenceofcarcinogenicactivitydescribesstudies tha t  are interpreted  asshowing a dose-related(i)increase o f  
malignant neoplasms, (ii)  increase of a combination of malignant and benign neoplasms, or (iii) marked increase of benign 
neoplasms if there is a n  indication from this or other  studies of the  ability of such tumors to progress to malignancy. 

l SomeEvidenceofcarcinogenicactivitydescribesstudies that areinterpretedasshowing a chemicallyrelatedincreased 
incidence of neoplasms (malignant, benign, or combined) i n  which the strength of the response is less than that required 
for clear evidence. 

l EquivocalEvidenceofcarcinogenicactivitydescribesstudiesthat are interpreted  asshowing a marginal  increase o f  
neoplasms that may be chemically related. 

l No Evidenceofcarcinogenicactivitydescribesstudies that are interpreted as showing no chemically related increases in 
malignant or benignneoplasms. 

l Inadequale Study  ofcarcinogenicactivitydescribesstudies that becauseofmajorqualitative or quantitative limitations 
cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity. 

When a conclusion  statement is selected for a particular  experiment, consideration must be given to key factors that  wouldextend 
the actual boundary of an individual category of evidence. This should allow for incorporation of scientific experience and current 
understanding o f  long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the 
borderlinebetweentwoadjacentlevels.Theseconsiderationsshouldinclude: 

l adequacy of the experimental design and conduct;
* Occurrence of common versus uncommon neoplasia; 
l progression (or lack thereof) from  benign to malignant neoplasia as well as from preneoplastic to  neoplastic lesions;
* 	 some benignneoplasmshavethecapacity to regress  but others (of  thesamemorphologictype)progress.Atpresent, 

it isimpossible to identify  thedifference.Therefore,whereprogressionisknown to be a possibility, themostprudent 
course is to assume that benignneoplasmsofthose t y p e s  have the potential to become malignant; 

l combining benign and mal ignant  tumor incidences known or  thought to  represent stages of progression in the same organ 
or tissue; 

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

lesion in another sex or species); 

l presence or absence of dose relationships; 

l statistical significance of the observed tumor increase; 

l concurrent control tumor incidence as well as the historical control rate and  variability for a specific  neoplasm; 

l survival-adjusted analyses and false positive or false negative concerns; 

l structure-activity correlations; and 

l in some cases, genetic toxicology. 
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PEER REVIEW PANEL 

The mcmbcrs of the Pccr Rcview  Panel who evaluated the draft Technical Report on 3,3’-dimcthylbenzidinc 
dihydrochloride on April 25, 1990, are listed b c l o w .  Panelmcmbersserveasindepcndcntscicntists, n o t  as rcprcscntn-
tives of any institution,  company, o r  gavernmcntal agency. In this capacity, Panel membcrs have livc major rcspon-
sibilitics: 

l to  ascertain that a l l  relcvant literaturc data have  been adequately cited and intcrprcted, 

l t o  determine if the design and  conditions of  the NTP studies were appropriate, 

l t o  ensure that the  Technical Report presents the experimental results and conclusions fully andclcarly, 

l t o  judge the significance of the experimental results by scientific  criteria, and 

l t o  assess the evaluation of the evidence of  carcinogenic activity and other observed  toxic rcsponscs. 


National ToxicologyProgramBoard of Scientific Counselors 
TechnicalReportsReviewSubcommittee 

Michael A. Gallo, Ph.D., Chairperson 
Department of  Environmental and Community Medicine 
UMDNJ-Rutgers Medical School 
Piscataway, New Jersey 

Danief S. Longnecker, M.D. 
Department of Pathology 
Dartmouth Medical School 
Hanover, New Hampshire 

Ad Hoc  Subcommittee Panel of Experts 

John Ashby, Ph.D. 
Central Toxicology Laboratory 
lmpcrial Chemical Industrics,PLC 
Alderly Park, England 

Gary P. Carlson, Ph.D. 
Department of Pharmacology and Toxicology 
Purdue University 
WestLafayette,Indiana 

Harold Davis, D.V.M., PbD., Principal Reviewer 
School of  Aerospace Medicine 
Brooks Air Force Base, Texas 

Robcrt H. Garman, D.V.M. 
Consultants in Veterinary Pathology 
PostOfficeBox 68 
Murrysville,Pennsylvania 

Lois Swirsky Gold, Ph.D. 
Lawrence Berkeley Ladoratory 
University of  California 
Berkeley, California 

Ellen K. Silbergeld, Ph.D. 
University of Maryland Medical School 
Baltimore, Maryland 
Environmental Defense Fund 
Washington, DC 

David W. Hayden, D.V.M.,  Ph.D. 
Department of Veterinary Pathobiology 
College of Veterinary Medicine 
University of Minnesota 
St.Paul,Minnesota 

Curtis D. Klaassen,  Ph.D.* 
Department of  Pharmacology and Toxicology 
University of Kansas Medical Center 
KansasCity,Kansas 

Barbara McKnight,  Ph.D., Principal Reviewer 
Department of  Biostatistics 
University of Washington SC-32 
Seattle, Washington 

Lauren Zeise, Ph.D., Principal Reviewer 
California Dept. of Health Services/RCHM 
Berkeley, California 

l Unable to attend 
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SUMlMARY OF PEER REVIEW COMMENTS 


On April 25, 1990, thedraft Technical Report c p  
the toxicology and carcinogenesis studies o f  3,3 -
dimethylbenzidinedihydrochloride received public 
review by the National Toxicology Program Board o f  
ScientificCounselors'Technical Reports Review 
Subcommittee and associated Panelo f  Experts. The 
review meeting was held at  the National  Institute of  
EnvironmentalHealth Sciences, Research  Triangle 
Park, NC. 

Dr. D. L. Morgan, NIEHS, began the discussion by 
reviewing the experimental design, results,and 
proposed conclusions (clear evidence of carcinogenic 
activity formaleand female rats). Dr. Morgan 
explained that  thestudies wereintended to last 
24 monthsbutwereterminatedafter 14 months 
because o f  rapidly declining survival o f  exposed 
animals, due primarily to neoplasia. 

Dr. " b i g h t ,  a principal reviewer, agreed with the 
conclusions. 

Dr. Zeise, the second  principal reviewer, agreed with 
the conclusions with the exceptions that  she felt 
(1) the marginally increased incidences o f  benign 
pheochromocytomas o f  the adrenal gland medulla in 
malerats may have  beentreatment-related,and 
(2) the marginally increased incidences of  
mononuclear cell leukemias in female  rats may have 
been Dr. saidtreatment-related.Morgan 
pheochromocytomaswere commonly occurring 
tumors in male rats and there was not  an increased 
incidence o f  hyperplasias. With regard to leukemia, 
he noted the study was terminated atthat 

14 monthsandmostleukemiasdevelopaftcrthis 
time. Thus,therats were not  at risklongenough 
t o  determine if leukemia was trcatmentrclated. 
Dr.Zeisethoughtthat liver neoplasia  in the rat 
should be reportedaccording to the current clas- 
sification system, whereby the diagnosis of  "ncopla-
sticnodule" is given aseither "hepatocellular 
adenoma" or  "hyperplasia." Dr.Morgan explaincd 
that "neoplastic  nodule" was the accepted  terminol-
ogy when the slides for  these liver lesions  were read. 

Dr. Davis, the third principal reviewer, agreed with 
the conclusions. 

Dr. William National forAllaben, Center 
Toxicologic Research, (NCIR), reported onthe 
2-year studies o f  3,3 -dimethylbenzidinedihydro-
chlorideadministrered to BAL,B/c mice atdose 
levels ranging from 5 to 140 ppm in drinking water. 
The only lesions o f  consequence in  these studies 
werefatalalveolar cell tumors o f  the lung  seen in 
a dose-related manner in male mice. 

Dr.,McKnight moved that  the Technical Report  on 
3,3 -dimethylbenzidine dihydrochloride be acccptcd 
with the conclusions  as written for male and female 
rats, clear evidence of carcinogenic activity. Dr. Davis 
seconded the motion, which was accepted 
unanimously with ten votes. Dr. Zeise then moved 
thatmononuclear cell leukemia be added to  the 
conclusion for female rats as "may have been  related 
to chemical Dr.administration." McKnight 
seconded the  motion, which was accepted by nine 
yes votes to one no vote (Dr. Gold). 
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INTRODUCTION 


3,3'-DIMETHYLBENZIDINEDIHYDROCBLORIDE 


CAS No. 612-82-8 


C,,H,,N2.2HCI Molecular Weight 285.2 


Synonyms: 0-Tolidine dihydrochloride; 3,3'-Dimethylbiphenyl4,4'diamine dihydrochloride;3,3'-Dimethylbiphenyl-
4,4'-biphenyldiamine dihydrochloride; 4,4'-Diamino-3,3dimethylbiphenyl dihydrochloride 

USE AND PRODUCTION 
3,3'-Dimethylbenzidine dihydrochloride is a yellow 
crystalline powder that is  slightly soluble in water 
and very soluble in ethanol, ethyl ether, and dilute 
acids. It is used  principally asan intermediate in 
the production o f  commercialbisazobiphenyl dyes 
for coloring textiles, paper, plastic, rubber, and 
leather. The amine groups o f  3,3'-dimethyl-
benzidine are chemically  linked with other aromatic 
amines in the synthesis o f  the bisazobiphenyl  dyes. 
The National Institute o f  Occupational Safety and 
Health (NIOSH) lists approximately 480 dyes based 
on 3,3'dimethylbenzidine, 96 of which were pro- 
duced in 3,3'-Dimethyl-1981 (NIOSH, 1983).  
benzidine is also used as a laboratory reagent for 
the detection o f  blood and for the colorimetric 
determination o f  chlorine in air and water (IARC, 
1972). 

3,3'-Dimethylbenzidine is manufactured by reducing 
o-nitrotoluene to hydrazotoluene with alkali and 
then reacting the hydrazotoluene with hydrochloric 
acid to yield 3,3'-dimethylbenzidine and other by-
products (Kirk-Orhmer, 1978). The production and 
use o f  benzidine congeners and benzidine-derived 
dyes decreased in the United States after reports 
that benzidine was  carcinogenic.According to the 
Ecological and Toxicological Association o f  the 
Dyestuffs Manufacturing Industry, the benzidine 
congeners currently used in the UnitedStatesas 
intermediates are imported (personal communication 
from T. Helmes to D. Morgan, 1989). No recent 
United States production data for 3,3'-dimethyl- 
benzidine were found; however, available import 
data show that approximately 34,200 kg o f  
3,3'-dimethylbenzidine came through principal U.S. 
customs districts in  1984 (USITC, 1984). 
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EXPOSURE 
Exposure to 3,3'-dimethylbenzidine may occur by 
inhalation,ingestion,andskinabsorption (Meigs 
et al., 1951, 1954; El-hawari et al., 1979). Occupa- 
tional exposure to 3,3'-dimethylbenzidine may occur 
during the manufacture o f  dyes of which 3,3'-di- 
methylbenzidine is a chemical intermediate or  during 
handling o f  the finished 3,3'-dimethylbenzidine-based 
dyes, whereresidual amounts o f  3,3'-dimethyl-
benzidine may be presentdue to incomplete dye 
synthesis. There is also  evidence t o  suggest that 
3,3'-dimethylbenzidine-based dyes are metabolized 
back to the parentcompound in vivo, resultingin 
exposure to 3,3'-dimethylbenzidine. Exposure o f  
workers to 3,3'-dimethylbenzidine may also  occur 
in clinical and analytical  chemistry laboratories when 
3,3'-dimethylbenzidine is used for the detection of  
blpod or in the quantitation of  chlorineinwater 
and glucose by the glucose oxidase method (IARC, 
1972; Collier, 1974). 

Approximately 1,OOO workers are exposed to benzi-
dine,benzidinecongeners, and benzidine-derived 
dyes in dye manufacturing, and approximately 10,000 
workersin the applicationvarious industries 
(DETO, 1980). Since many benzidine  compounds 
may exist simultaneously  within the same industry, 
it is difficult to estimate the numbers o f  exposed 
workers and  extent o f  exposure to 3,3'-dimethyl-
benzidine alone. A recent survey estimates there is 
a potential for exposure to 3,3'-dimethylbenzidine 
forapproximately 10,OOO U.S. employees  (NIOSH, 
1989). 

Nonoccupational exposureto3,3'-dimethylbenzidine-
based dyes may occur  through contact with materials 
coloredwith these dyes or  through the use o f  
packaged dyes andpaintscontaining 3,3'-dimethyl-
benzidine. No estimates o f  consumerexposure to 
3,3'-dimethylbenzidine alone could be found. 

METABOLISM 
Reductivemetabolism of 3,3'-dimethylbenzidine-
based dyes produces 3,3'-dimethylbenzidine 
(Figure 1). Azo reductioncanoccureither in the 
liver, via the hepatic enzymes, or  in the gut, by the 
action o f  azoreductase associated with intestinal 
bacterial flora. Because highly polar  compounds are 
absorbed from the  gut with difficulty, mammals are 
not expected to absorb the water-soluble sulfonated 
dyes (Walker, 1970). reductiveThus, cleavage 

of benzidine-congener azo dyes is thought t o  occur 
primarily by bacterialaction in the intestinaltract 
(Martinand Kenelly, 1981; Cerniglia et al., 1982; 
Brown and  Dietrich, 1983; Bos et nl., 1984, 1986). 
Following reductive cleavage, the less polar  metab-
olites are subject t o  intestinal absorption and further 
metabolism by the liver. 

3,3'-Dimethylbenzidine-based dyes are metabolized 
to 3,3'-dimethylbenzidineindogs andrats (Lynn 
et al., 1980) andalsoinhumans(Boeniger, 1980). 
Following exposure to  3,3'-dimethylbenzidine-based 
dyes, 3,3'-dimethylbenzidine was detected in the 
urine o f  dogsandrats at levels greater  than the 
amountthat could be accountedfor by contami-
nation o f  the dyes with 3,3'-dimethylbenzidine (Lynn 
et al., 1980). Dogsmetabolized the dyes Direct 
Blue 25 and Acid Red 114 to 3,3'-dimethylbenzidine 
and excreted it  inurine. Rats metabolized  Direct 
Blue 25 t o  3,3'-dimethylbenzidine and N-acetyl-
3,3'-dimethylbenzidine, with urine concentrations of  
3,3'-dimethylbenzidine comparableto thoseobserved 
for dogs. However, rats given Acid Red  114 
excretedamountsonly o ftrace 3,3'-
dimethylbenzidine in urine.  Neitherdogsnorrats 
excreted amounts 3,3'-measurable o f  
dimethylbenzidine in the urine after administration 
o f  Direct Red 2 or  Direct  Red 39. 

Boeniger (1980) reported the presence o f  
3,3'-dimethylbenzidinein the urine o f  two 
employees working in  a dye manufacturing  plant. 
The workerswereincontactwith 3,3'-dimethyl-
benzidine-based dyes, but  not with 3,3'-dimethyl- 
benzidine itself. The presence o f  3,3'-dimethyl-
benzidinein the urine may have resultedfrom 
metabolism o f  the dyes or  from  exposure to dyes 
contaminated with 3,3'-dimethylbenzidine. Hartman 
et al. (1978) found  that a cell-free extract o f  Fuso-
bacterium, ahumanintestinalanaerobe,reduced 
Trypan Blue (C.I. Direct Blue 14), a 3,3'-dimethyl-
benzidine-derived dye, to 3,3'-dimethylbenzidine. 

Tanaka et al. (1982) reported  thaturine extracts 
fromratstreated with 3,3'-dimethylbenzidine or  
EvansBlue,a 3,3'-dimethylbenzidine-derived dye, 
contained N-acetyl-3,3'-dimethylbenzidine and 
N,N'-diacetyl-dimethylbenzidine, as well as3,3'-
dimethylbenzidine. Urine containingextracts 
metaboliteswere more mutagenic than those con-
taining 3,3'-dimethylbenzidine. AlthoughEvans 
Blue was not mutagenic,  urineextractsfromrats 
exposed to Evans Blue were mutagenic. 



15 Introduction 

3,3'-Dimethylbenzidine 

Dyesynthesis Invivometabolism 

(diazo coupl ing)  (azoreductase) 

FIGURE 1 
Formation of 3,3'-Dimethylbenzidine by Reductive Metabolism of C.I. AcidRed 114 

GENETIC TOXICOLOGY 
The only available mutagenicity information on the 
dihydrochloride salt of 3,3'-dimethylbenzidineis 
included in the N T P  test data in this report. In-
duction of frameshift-type gene mutations occurred 
in Salmonella strain TA98 in the presence o f  S9 
metabolic activation (Zeiger et al., 1988, Table Cl). 
Induction of sister chromatid exchanges (SCE) and 
chromosome aberrations occurred in cultured 
Chinese hamster ovary (CHO) cells without S9 
metabolic activation (Tables C2 and C3). Induction 
of  sex-linked recessive lethal mutations occurred in 
germ cells of male Drosophila fed or injected  with 
the chemical;however, induction o f  reciprocal 
translocations did not occur (Valencia et al., 1985; 
Tables C4 and (25). 

3,3'-Dimethylbenzidine is  genotoxic in bacterial and 
eukaryotic systems. 3,3'-Dimethylbenzidine induced 
gene mutations in frameshift-sensitive Salmonella 
strains TA98 and TA1538  only inthe presence o f  S9 
metabolic activation (Shimizu and Takemura, 1976; 

Hartman et al., 1978; Martin and Kennelly,  1981; 
Waalkens et al., 1981; Haworth et al., 1983; Reid et 
al., 1984a). Two metabolites of 3,3'-dimethyl-
benzidine, N,N'-diacetyl-3,3'-dimethylbenzidine and 
N-acetyl-3,3'-dimethylbenzidine, were both positive 
in Salmonella strains TA98, TA100, and TA1538  in 
the presence of S9 metabolic activation (Tanaka 
et al., 1982; Kennellyet al., 1984; Reid et al., 1984a). 
3,3'-Dimethylbenzidine induced trifluorothymidine 
resistance in mouse W178Y lymphoma cells with 
and without S9 metabolic activation (Mitchell et al., 
1988,Myhr and Caspary,  1988). 3,3'-Dimethyl-
benzidine also gave  positive results in in vitro 
mammalian cell assays for the induction o f  un-
scheduled DNA synthesis (UDS) (Martin et al., 
1978), DNA repair (Kornbrust and Barfknecht, 
1984), SCE (Waalkens et al., 1981; Galloway et al., 
1987), and chromosomal aberrations (Galloway er 
al., 1987). The UDS and DNA repair assays were 
both conducted with S9 metabolic activation. The 
cytogenetic tests were performed with and without 
metabolic activation, and positive results were 
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obtainedunder both conditions. Anotherreport 
cites the induction of  micronuclei in  bone-marrow 
polychromatic erythrocytes in male Wistar rats given 
3,3'-dimethylbenzidine by gavage (Cihak, 1979). 

Mutagenicity datafor closely related  structural 
analogs of  3,3'-dimethylbenzidine are consistent with 
the positive results  reportcd above. NTPTechnical 
Report No. 372  (NTP, 1990a) presents a detailed 
review o f  the test resultsfor 3,3'-dimethoxyben-
zidine. Thiscompound tested positive for  muta-
genic toxicity in Salmonella strains TA98, TA100, 
and TA1535 and induced SCE andchromosomal 
aberrations in CHO cells, but did not induce sex- 
linked recessive lethal  mutationsinadultmale 
Drosophila. 

Benzidine, the parentcompoundin this series o f  
substituted biphenyls, induced  genemutationsin 
Salmonella strains TA98, TA100, and TA1538 in the 
presence o f  S9 metabolicactivation (Ames et al., 
1973; Shimizu and  Takemura, 1976; Andersonand 
Styles, 1978; Baker and Bonin, 1981; Probst er al., 
1981; Haworth et al., 1983; Reid et al., 1984b). 
Benzidinealsoinducedgenemutations insome 
strains o f  Escherchia coli in the presence o f  S9 
metabolic activation (Matsushima et al., 1981; Mohn 
et af., 1981; Venittand Crofton-Sleigh, 1981). 
Benzidineand/oritsdihydrochloridesaltalso gave 
positiveresultsina variety o f  in vitro eukaryotic
genotoxicity assays. It  inducedmitoticaneuploidy 
(Parry and  Sharp, 1981) andgene conversion (Zi-
mmermannand Scheel, 1981; Sharp  and Parry, 
1981) in Saccharomyces, UDS inmouseprimary 
hepatocytecultures (Williams, 1978; Probst et al., 
1981; Althaus et al., 1982), and  genemutationin 
mouse L5178Y lymphoma cells (Jotz and Mitchell, 
1981;Mitchell et al., 1988, Myhr and Caspary, 1988). 
Benzidinealsoinduced SCE and  chromosomal 
aberrationsin CHO cells (Natarajanand van 
Kesteren-van Leeuwen, 1981; Galloway et al., 1987) 
and human lymphoblastoid cells (Tohda et al., 1980). 
The in vivo administration o f  benzidineinduced 
UDS in rat hepatocytes (Mirsalis et al., 1982) and 
micronuclei(Salamone et nl., 1981; NTP, unpub- 
lished), SCE (Parodi et al., 1983; NTP, unpublished), 
and chromosomal aberrations (NTP, unpublished)  in 
mouse bone marrow cells. 

TOXICITYAND CARCINOGENICITY 
STUDIES 
The NationalInstitute o f  Occupational Safety and 
Health(NIOSH)and the Occupational Safety and 
HealthAdministration (OSHA) issued a health 
hazard alert  in 1980 statingthatpersons working 
with 3,3'-dimethylbenzidine-, benzidine-, and 
3,3'-dimethoxybenzidine-based dyes should be aware 
o f  the potentialhealthhazardsassociatedwith 
excess exposure (Boeniger, 1980). In a  later report 
issued to alert workers to  the hazards of  benzidine-
congener dyes, NIOSH  stated that exposureto  3,3'-
dimethylbenzidine-based dyes in the workplace may 
poseacarcinogenic risk (NIOSH, 1983). These 
healthalertswerebased on evidence  fromanimal 
studiesindicating that 3,3'-dimethylbenzidine is 
carcinogenic and  on preliminary  evidence indicating 
metabolic conversion of  the 3,3' -dimethylbenzidine-
based dyes to the parentcompound, 3,3'-
dimethylbenzidine. These carcinogenicityearly 
studies of  3,3'-dimethylbenzidinehavebeencriti-
cized for  their small numbers o f  study animals, lack 
o f  concurrent controls, use o f  toxic doses, and use 
o f  parenteralroutes o f  chemicaladministration 
(Haley, 1975; DETO, 1980). 

Spitz et al. (1950) treated Sherman rats with weekly 
subcutaneous doses o f  60 mg 3,3'-dimethylbenzidine 
in olive oil. Treatment-relatedmortality was high, 
with 43 o f  105 animals dying before day 200 and 
only 48 animals surviving longer than 300 days. The 
only significant lesions  observed were tumors o f  the 
auditory canal, probably Zymbal's gland tumors,  in 
five rats; the first o f  these tumors was observed on 
day 354. No auditory canal tumors were among the 
56 tumorsobservedin578untreated rats of  the 
same colony. This  investigation lacked a  concurrent 
control group. 

Pliss (1963) gave rats weekly subcutaneous  injections 
o f  20 mg 3,3'-dimethylbenzidine  for 13months. An 
unspecified number of  animals died during the first 
2 weeks o f  the study, and  thenumber o f  animals 
surviving the treatment was not indicated.  A variety 
of  tumorsappeared, primarily between  months 14 
and 22, with Zymbal's gland  tumors occurring most 
frequently. Lesionsalso appearedin the liver, 
mammary gland, gastrointestinal  tract, and skin. 
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Griswold et al. (1968) treated 20 femaleSprague-
Dawley rats with  asuspension o f  3,3'-dimethyl-
bcnzidine in sesame oil. The total dose of 500 mg 
perrat was divided into 10 equaldoses given by 
stomachtubeat 3-day intervals. Animalswere 
observed for 9 months. Mammary gland tumors 
devcloped in 3/16 survivors, and,  among 132 vehicle 
controlrats, five had  atotal o f  three carcinomas, 
one fibroadenoma, and five hyperplasias o f  the 
mammary gland. Neoplasms  were not  seen at other 
sites. 

Notumorswere observed in a lifespan study on 
groups o f  30 maleand30femalehamsters given 
3,3'-dimethylbenzidine at 0.1%or 0.3% (the highest 
tolerated level) in the diet (Saffiotti et nl., 1967; 
Sellakumar et al., 1969). 

Pliss and  Zabezhinsky (1970) gave 27 maleand 
26 femaleratsa 4% suspension o f  3,3'-dimethyl-
benzidine (20 mg per  rat) in 0.5 mL sunflower oil 
by subcutaneousinjectiononce wcekly for 13 
months. Fifty rats survived to 8 months, after which 
time the first tumor was observed. Thirtyrats 
developed a total o f  41 tumors, including 20 Zym-
bal's gland carcinomas; neoplasms o f  the mammary 
gland, preputial gland, forestomach,  skin, lung, liver, 
thyroid, and  uterus were  also seen. Tumor produc- 
tion at distant body sites after subcutaneous injec- 
tion is considered  areliableindication o f  carcino-
genicity (IARC, 1986). 

In the same study, two groups o f  rats were subcu-
taneouslyimplanted with pellets  containing 20 mg 
3,3'-dimethylbenzidine and 10 mg glycerol. Pellets 
implanted in the first group (20 per sex) were  not 
ultravioletirradiated. The pellets  implantedin the 
second group (24 per sex) were  ultraviolet irradiated 
beforeimplantation to  investigate the effects of 
ox ida t ion  t h e  o fon  carcinogenici ty  
3,3'-dimethylbenzidine. The differences between the 
two groups  were minimal. From a  total o f  68 rats 
alive at the first tumor observation (11-12 months), 
48 ratsdevelopeda total o f  60 tumors. Twenty-
seven o f  these were Zymbal's gland carcinomas, with 
neoplasms o f  the mammary gland, skin, liver, and 
hematopoietic system accounting  for the remainder. 
Although control groups were not monitored during 
theseexperiments,apreliminary report o f  these 
studies states that rats fromthe same colony did not 
develop tumors o f  the Zymbal's gland (Pliss, 1965). 

Inmorerecentstudies, the NationalCenterfor 
Toxicological Research  (NCTR),aspart o f  the 
Benzidine Dye Initiative, exposed BALB/c mice (120 
per sex per  group) to 0 , 5 ,  9, 18,35,70,o r  140 ppm 
3,3'-dimethylbenzidine dihydrochloride in drinking 
water (Schieferstein et al., 1989,1990). Groups o f  
mice o f  each sex were killed after 3, 6, 9, 12, 15, or  
24 months of exposure. Therewereno 
treatment-related effects on body weights oron 
water or consumption.food Treatment-related 
increases in the incidence o f  fatal lung alveolar cell 
bronchialadenomas,bronchial carcinomas, and 
combinations o f  these were observed in males only. 
Nonfatallungtumors did not show  a significant 
dose-relatedtrend.Fatallungtumorsappeared 
around 78 weeks in mice exposed to 140 ppm 
3,3'-dimethylbenzidine; a  treatment-related decrease 
in survival resulting  from fatal lung neoplasms was 
also noted. 

TOXICITY/CARCINOGENICITY
OF 
RELATED COMPOUNDS 
Benzidine 
3,3'-Dimethylbenzidine is a  congener of benzidine, 
a known carcinogen  forhumans (Scott, 1952; Case 
et aL, 1954; IARC, 1972; Zavon et al., 1973), rats 
(Spitz et al., 1950; Griswold et al., 1968), hamsters 
(Saffiotti et aL, 1966), and mice (Bonser et al., 1956; 
Prokofjeva, 1971; IARC, 1972; Frithand Dooley, 
1976; Littlefield et aL, 1983). Occupational exposure
to benzidine  for up to 30 years resulted  in bladder 
tumors in as many as 90% of  workers (Scott, 1952). 
Exposure to benzidine may occur directly or by 
reductive metabolism of  benzidine-based dyes. 
Several reviews address the carcinogenicity o f  
benzidine extensively (IARC, 1972; Haley, 1975; 
USEPA, 1980, IARC, 1982). 

Benzidine exposure  causedbladdertumors in dogs 
(Spitz et al., 1950); hepatocellular, harderian gland, 
and lymphoreticular tumors in mice (Bonser et al., 
1956; Vesselinovitch et al., 1975; Frith and Dooley, 
1976); Zymbal's gland, hepatic, and mammary gland 
carcinomas in rats (Spitz et al., 1950; Griswold et al., 
1968);and hepatocellular carcinomas, adenomas,  and 
cholangiomasinhamsters(Saffiotti et al., 1967). 
Animal survival was poor  in many o f  the carcino-
genicity studies o f  benzidine. Although this was 
due, in most cases, to the administration o f  toxic 
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doses,thesestudies do assertthatbenzidine is 
carcinogenic in laboratory animals. 

o-Toluidine 
&Toluidinehydrochloride (Zaminotoluene) is 
structurally totheanalogousone-half 
3,3’-dimethylbenzidine molecule. In studies  per-
formed by the National  Cancer Institute, o-toluidine 
hydrochloride was given to groups o f  50 F344/N rats 
and 50 B6C3Fl mice of  each sex in feed at dose 
levels o f  3,OOO or  6,OOO ppm for  rats and 1,OOO or 
3,OOO ppmfor mice for  101 to 104 weeks (NCI, 
1979a). Twenty untreated  animals o f  each sex and 
species were used as  controls. 

Exposure o f  rats to hydrochlorideo-toluidine 
resulted in sarcomas o f  the spleen  and other organs 
inboth males and females. &Toluidine hydro-
chloriQe induced  mesotheliomas of  the abdominal 
cavity and  scrotumin males and  transitional-cell 
carcinomas o f  the urinarybladderin females. 
Administration o f  o-toluidinealsoresultedinin-
creased incidences o f  fibromas o f  the subcutaneous 
tissue in males and fibroadenomas or adenomas of  
the mammary gland  in females. In mice, hemangio- 
sarcomasoccurred at various  sitesin males, and 
hepatocellularcarcinomas or adenomas of  the 
mammary gland occurred in females. 

3 3’-Dimethoxybenzidine 
The Benzidine Dye Initiative included the evaluation 
of 3,3’-dimethoxybenzidine fordihydrochloride 
carcinogenicity (NTP, 199Oa). F344/N rats o f  each 
sex received 3,3‘-dimethoxybenzidine dihydrochloride 
in drinking water at either 80, 170, or 330 ppm for 
21 months. These studies used 50 untreated animals 
o f  each sex as  controls. After 9 months, neoplastic 
effects attributed to 3,3’-dimethoxybenzidine dihy-
drochlorideexposurewerenoted.Afterexposure 
forup to 21 months,  neoplasmswere observed at 
many sites,  including the skin, Zymbal’s gland, 
preputial and clitoral glands, oral cavity, small and 
large intestine, liver, brain,  mesothelium, mammary 
gland, and  uterus and cervix. 

Pliss (1963, rats 30 mg1965) treated with 
3,3’-dimethoxybenzidine three times per week via 
sunflower oil gavage. Because of poor survival, the 
dose level was reduced to 15 mg after 3 weeks and 
continued atthat level for 13 months. O f  the 
42 rats starting the study, 18survived for 14 months. 

Two survivors exhibited tumors o f  the Zymbal’s 
gland, and one,  an ovariantumor.None o f  t h e  
50 control rats dcveloped tumors at the samesites 
as the exposed rats. 

In a lifespan study,  Saffiotti et al. (1967) treatcd 
groups of golden per sex with30 hamsters 
1,OOO ppm (0.1% w/w) 3’3‘-dimethoxybenzidine in 
the diet. A small transitional-cell carcinoma o f  the 
urinary bladder was foundin one animalafter 
144 weeks of  exposure. This tumor is rare  in ham- 
sters was t o  treatment withand attributed 
3,3’-dimethoxybenzidine. The same investigators 
conductedasimilar study on hamsters  that used a 
higher dose o f  3,3’-dimethoxybenzidine (1.0%) 
(Scllakumar et al., 1969). Forestomachpapillomas 
occurred in 57% o f  the treated animals and in only 
2% o f  the controls. No bladderlesionswere 
detected at dietary Thisthese concentrations. 
publication is an abstract and  doesnotdetailthe 
experimental design or survival data. 

In a gavage study, Hadidian et af. (1968) gave 
30 male and 30 female Fischer rats 0.1, 0.3, 1.0, 3.0, 
10, or  30 mg 3,3‘-dimethoxybenzidine  peranimal 
per day, 5 days per week. The vehicle was a  propri-
etarymixturecomposed o f  NaCl, carboxymethyl- 
cellulose,polysorbate 80, and benzyl alcohol  in 
water. Animals received these  dose formulations for 
52 weeks, after which they were observed for 
6 months and necropsied. Tumors occurred as early 
as 293 days, but  mostweredetected at necropsy. 
The variety of  tumors reported at necropsy included 
neoplastic lesions o f  the urinarybladder (two 
papillomas), mammary gland (three carcinomas, two 
fibroadenomas),skin (five carcinomas),  intestinal 
tract(twocarcinomas),and Zymbal’s gland (eight 
carcinomas). Tumor incidences  were significantly 
increased over those observed for  360 pooled vehicle 
and nonvehicle control rats. 

o-Anisidine 
o-Anisidine (Zmethoxyaniline) is structurally  analo-
gous t o  one-half the 3,3’-dimethoxybenzidine mole-
cule. o-Anisidine is used in the manufacture o f  
monoazo dyes by diazotization and coupling with 
other aromatic amines (Noller, 1965). The National 
Cancer Institute (NCI, 1978a) found that o-anisidine 
was carcinogenic to F344/N rats  and B6C3Fl mice. 
Groups o f  55 rats o f  each sex received o-anisidine in 
feed at 5,OOO or 10,000 ppm for 103 weeks, similar 
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groups o f  micereceived 2,500 or 5,OOO ppm.Fifty-
five untreated animals of each sex and species were 
used as controls. 

Treatment with o-anisidine resulted in transitional- 
cell carcinomas or papillomas of the bladder in both 
sexes of each species. Male rats also exhibited 
transitional-cell carcinomas o f  the renal pelvis and 
follicular-cell tumors of the thyroidtissue.Only 
one urinary system tumor was observedin the 
control groups o f  rats or mice, a transitional cell 
papilloma of the renal pelvis in a male mouse. 

STUDYRATIONALE 
Benzidine is a known carcinogen (IARC, 1972; 
1987) and 3,3'-dimethylbenzidine, a benzidine 
congener, is possibly carcinogenic for humans 
(IARC, 1987). Numerous benzidine and ben- zidine 
congener-baseddyes are metabolized to these parent 
amines in vivo (Rinde and Troll, 1975;Lynn ef af., 

TABLE1 

1980). Thus, all benzidine- and bcnzidine con-
gener-deriveddyes are logical candidates for car- 
cinogenicity testing. 

The National Toxicology  Program's (NTP) Benzidine 
Dye Initiative is a collaborative effort o f  NIEHS, 
NCTR,NIOSH, the U.S. Environmental Protection 
Agency, the Consumer Product Safety  Commission, 
and OSHA under the aegis of the NTP. The 
objective of this Initiative is to develop an 
integrated body of scientific data concerning the 
metabolism, pharmacokinetics, genetic toxicology, 
and in vivo carcinogenicity o f  dyes derivedfrom 
benzidine, 3,3'-dimethylbenzidine, and 3,3'-dimeth-
oxybenzidine (Table 1). Becausestudyingeach of 
the hundreds of benzidine-based dyes wasconsidered 
impractical, the research program wasdesigned 
to evaluate representative benzidine congeners, ben- 
zidine congener-derived  dyes, and benzidine-derived 
dyes. 

Summary of the National Toxicology Program Benzidine Congener Initiative 

Class/Chemical Tests' 

3,3'-Dimethylbenzidine (o-tolidine) 

o-Tolidine 

C.I. Direct Red 2 
CI.  Direct  Red 39 
C.I. Acid Red 114 
CI.  DirectBlue 25 
CI. Direct Blue 53 
CI. Direct Blue 14 
CI. Direct Orange 6 

3,3'-Dimethoxybenzidine (odianisidine) 

o-Dianisidine 

CI. Direct Blue 15 
C.I. Direct Blue 218 
C.I. Direct Black114 
C.I. Direct Yellow 68 
C.I. Direct Blue 8 

G=genetic toxiicology; P=pharmacokinetic studies; M=metabolism studiesfor detection of carcinogens in  urine; B=toxicology and 
carcinogenicity studies. 
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Theagcnciescollaborating in theBenzidineDye 
Initiativc selectcd 3,3'-dimcthylbcnzidinefor study to 
allowcomparison of  itstoxic and Carcinogenic 
effects w i t h  those o f  relatcdchcmicalsstudied 
simultaneously with comparabledoses a n d  study 
dcsigns.3,3'-Dimcthylbenzidinewasalsostudied t o  
strengthentheevidence for itscarcinogenicity. 
Althoughresults of  earlierstudiessuggest that 
3,3'-dimethylbenzidine is carcinogenic (Griswold' ef 
al., 1968; Hadidian et al., 1965, Pliss and 
Zabezhinsky, 1970), these studies were criticized for 
their use of small numbers of study animals, lack o f  
concurrcnt controls, use of  toxicdoses, and use o f  
parenteral routes o f  chemical administration (Haley, 
1975; DET0.1980). 

3,3'-Dimethylbenzidine dihydrochloride is oneof five 
benzidinecongeners or  benzidinecongener-derived 
dyesselectedforevaluation in the 2-ycar  carcino-
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genicity studies as part of the Benzidine Dye Initia-
tive. The other chemicals  studiedare3,3'-dimeth-
oxybenzidinedihydrochloride (a relatedbenzidine 
congener), C.I.Direct Blue 15 and C.I.DirectBlue 
218 (representative 3,3'-dimethoxybenzidine-based 
dyes), and C.I. Acid Red 114 (arepresentative 
dimethylbenzidine-baseddye).The oralroute of  
administration was  selected for thesestudiesto 
maximizethechances o f  detectingsystemiceffects 
associated chemical Thesewith administration. 
studiesusedthesamedesign.Theinstabilityof 
3,3'-dimethylbenzidine anddihydrochloride 
3,3'-dimethoxybenzidinedihydrochlorideinfeed 
required administration of these  chemicals in drink-
ing water.long-termofBecause studies 
3,3'-dimethylbenzidine anddihydrochloride 
3,3'-dimethoxybenzidine dihydrochloride were being 
conductedonmice at NCTR,theNTPstudies of  
thescchemicalsusedonlyrats. 
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MATERIALSANDMETHODS 


PROCUREMENTAND 
CHARACTERIZATION OF 
3 3  -DIMETHYLBENZIDINE 
DIHYDROCHLORIDE 
3,3'-Dimethylbenzidine dihydrochloridewas obtained 
from the Taylor Chemical  Company in two lots. 
Lot number T122380 was used in both the 14-day 
and 13-week studies, and lot number IP22 was used 
in the 14-month studies. Purity and identity analy- 
ses were conducted at the Midwest Research Insti- 
tute, Kansas  City, MO (Appendix F). The study 
chemical in both  lotswas identified as 3,3'-dimethyl-
benzidine dihydrochloride by infrared, ultraviolet/ 
visible, and nuclear magnetic resonance spectroscopy. 
The purity of both lots was determined to be 99% 
by elemental analysis, Karl Fischer water analysis, 
titrations (non-aqueous amine and neutralization 
titrations), thin-layer chromatography, and high-
performance liquid chromatography (HPLC). 
Comparison of  the two lots by HPLC showed no 
significant purity differences. The test laboratory 
confirmed the chemical identity by infrared spectros- 
copy, and the stability, by HPLC and non-aqueous 
amine titration. No degradation o f  the study
material was detected by these analytical methods. 

PREPARATION AND ANALYSIS 
OF DOSEFORMULATIONS 
Initially, attempts were made to formulate 33'-
dimethylbenzidine dihydrochloride in feed. The 2-
week stability o f  NIH-07 Rat and Mouse Ration 
formulated with 675 ppm  3,3'-dimethylbenzidine 
dihydrochloride was determined at storage tempera- 
tures ranging from -20" C to room temperature. 
Results showed that feed formulations were unstable 
when stored at  or above 5" C. Formulated diets 
storedopen to air and light and under simulated 
animal room conditions lost 18%  or 21% of  the 
chemical after 3 or 7 days, respectively. The same 
formulations stored in the dark in sealed containers 
at room temperature, 5" C,or -20" C lost 23%, 
15%, or 5% of the chemical  following storage for 
2 weeks. 

Drinking water was then investigated as a vehicle 
for chemical administration. Tests showed that 
solutions o f  675 ppm 3,3'-dimethylbenzidine dihy-
drochloride in water remained stable for at least 
14 days when stored at either room temperature or 
5" C. Solutions were also stable for up  to 48 hours 
under simulated dosing conditions, including expo-
sure to normal room light. 

Tap water was used for the preparation o f  dose 
formulations during the 14-day studies, and distilled 
water was used during the 13-week and 14-month 
studies. Dose formulations were prepared twice 
weekly and made available to the study animals 
within 7 days o f  mixing. The preparation and 
storage procedures for dosed drinking water in the 
studies o f  3,3'-dimethylbenzidine dihydrochloride are 
presented in Table F1. 

The study laboratory analyzed the formulations used 
for dosing by ultraviolet spectroscopy at least once 
every 4 weeks during the 14-month studies. Based 
on the number of times the dose formulations were 
determined to be within *lo% of  the target concen- 
tration, it is estimated that 80% of  the formulations 
were prepared within specifications (Table F3).
Results o f  periodic referee analyses by the analytical 
chemistry laboratory agreed with the results o f  the 
study laboratory (Table  F4). 

14-DAY STUDIES 
Male and female F344iN rats were obtained from 
Frederick Cancer Research Facility (Frederick, MD) 
and observed for 13 days before the studies began. 
The rats were 48 days old when  placed on study. 
Groups o f  five rats of each sex  received 0, 600, 
1,250, 2,500, 5,OOO, or 7,500ppm 3,3'dimethyl-
benzidine dihydrochloride in drinking water for 
14 consecutive days. Animals were housed five per 
cage, and water and feed were available ad libitum. 
Animals were observed  twicedaily. Clinical obser- 
vation of  the animals was conducted daily. The 
animals were weighed at the start of the study and 
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on days 7 and 14. Feed consumption was measured 
once weekly, and water consumption was measured 
twice weekly. Complete necropsies were performed 
on all animals. The following organs were weighed: 
brain, heart, kidney  (right),liver,lung, testicle 
(right), and thymus. Complete histopathologic 
examinations were performed on all control animals, 
malesreceiving 5,OOO and femalesreceiving 
7,500 ppm. Selected tissues were examined for the 
other dose groups. Further details are presented in 
Table 2. 

I S W E E K  STUDIES 
The 13-week studies were conducted to evaluate 
cumulative toxic  effects o f  repeated exposure to 
3,3'-dimethylbenzidine dihydrochloride and to 
determine the chemical concentrations to be used 
in the 2-year studies. 

Fischer 344/N rats were obtained from Frederick 
Cancer Research Facility,  observed for 16 days,
distributed to weight  classes, and assigned to dose 
groups. The rats had a median age of  55 days when 
placed on study. Groups of ten rats o f  each sex 
received 0, 300, 500, l,OOO, 2,OOO, or 4,OOO ppm 
3,3'-dimethylbenzidine dihydrochloride in drinking 
water for 13 weeks. Rats were housed  five per cage, 
and water and feed were available ad libitum. 
Animals were observed twice daily, and clinical 
observations were recorded weekly. Feed and water 
consumption were recorded by cage once weekly and 
twice weekly, respectively. Animals were weighed at 
the start of the study and weekly thereafter. 

Bloodwas collected from all animals surviving to 
study termination. Erythrocyte counts, leukocyte 
counts, differential leukocyte counts, hemoglobin 
concentrations, and hematocrit values were deter- 
mined on samples drawn from the retro-orbital 
sinus. Clinical chemistry values for blood urea 
nitrogen (BUN), serum creatinine, lactic dehydro- 
genase (LDH), sorbitol dehydrogenase (SDH), 
alanine aminotransferase (KT),triiodothyronine 
(T3), thyroxine (TJ, and thyroid stimulating hor- 
mone (TSH) were determined from  blood samples 
collected from the abdominal aorta. T3and T4were 
analyzed with the Tri-Tab RIA Diagnostic Kit and 
the Tetra-Tab Diagnostic Kit (Nuclear Medical 
Laboratories). TSH analysis  was performed by the 
method of Ridgway e f  aL (1973). Further details 
are presented in Table 2. 

Survivors were killed at the end o f  the 13-week 
studies. Necropsies were performed on all study 
animals. The brain, heart, liver,  lung, kidney (right), 
testis (right), and thymus of survivors were weighed 
at necropsy. Complete histopathological examina- 
tions were performed on all animals in the control 
and high-dose groups, all animals in the highest
dose groups with a survival rate o f  60% or less 
(2,OOO ppm dose group), and on all animals that 
died or were killed moribund. Selected organs were 
submitted for histopathology for the remaining
animals. Tissues examined for each group are listed 
in Table 2. 

%MONTH AND Iq-MONTH STUDIES 
Study Design 
The 14-month studies were originally designed for 
24 months with an animal allocation recommended 
by Portier and Hoe1  (1984). At 9 months, ten  rats 
o f  each sex in the  control and 150 ppm dose groups 
were killed, and at 14 months ten rats of each sex 
at each dose level were to be killed; animals were 
predesignated for the 9- and 14-month sacrifices 
prior to study start. Because of the large number o f  
early deaths in the exposed groups, the study was 
terminated at  14 months, and the 14-month interim 
sacrifice animals were added to the core groups, 
resulting in 60 rats in the control groups, 45 in the 
30 ppm groups, 75 in the 70 ppm groups, and 60 in 
the 150 ppm groups. 

Source and Specification of Animals 
Male and female F344/N rats were obtained from 
Frederick Cancer Research Facility (Frederick, MD) 
for use in the 2-year studies. Breeding stock for the 
foundation colony at the production facility origi- 
nated at the National Institutes o f  Health 
Repository. Animals shipped for study were 
progeny of  defined microflora-associated parents and 
were transferred from isolators to barrier-maintained 
rooms. The animals were 4 weeks old at receipt. 
Following a 14-day quarantine, five animals o f  each 
sex were randomly selected and sacrificed for 
parasite evaluation and gross observation o f  disease. 
Serology samples were collected for viral screens. 
Study animals were 6 weeks old at study initiation. 
The health of  the animals was monitored during the 
course o f  the studies according to the protocols o f  
the NTP Sentinel Animal Program (Appendix I). 
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Animal Maintenance 
The rats were housed 5 per cage. Feed 
(Appendix H) and water were available ad libitum. 
Cages were rotated every 2 weeks during the studies. 
Further details of animal maintenance are given in 
Table 2. 

Clinical Observations and Pathology 
All animals were observed twice daily.Animals 
were weighed at study initiation, weekly for 
14 weeks, at week  17, and every 4 weeks thereafter. 
Clinical findings were noted and recorded at  the 
time of  weighing. Feed consumption was measured 
weekly, and water consumption, twice weekly. 

At 9 months, ten  rats o f  each sex from the control 
and highdose (150  ppm) groups were killed.  Blood 
and urine samples were collected prior to sacrifice. 
Hematocrit values, hemoglobin concentrations, 
erythrocyte counts, total leukocyte counts, leukocyte 
differential counts, mean cell volume, mean cell 
hemoglobin, mean cell hemoglobin concentration, 
and blood cell morphology were determined from 
blood drawn from the retro-orbital sinus.  Clinical 
chemistry values for BUN, creatinine, glucose, ALT, 
LDH, SDH, T,, T4,TSH, and serum osmolality were 
determined from blood samples collected from the 
abdominal aorta. T,,T4, and TSH were analyzed 
with the same methods used in the 13-week studies. 
Urine measurements included protein, glucose, 
creatinine, pH, specific  gravity, urine osmolality, 
volume, and  creatine excretion rate (16-hour); urine 
sediment was  examined microscopically. Brain, liver, 
and kidney were weighed at necropsy. Further 
details are presented in Table 2. 

Animals found moribund, designated for the 9-
month studies, or surviving to the end o f  the 14-
month studies were killed. Necropsy was per-
formed on all animals. At necropsy, all organs and 
tissues were examined for gross  lesions, and all 
major tissues were fixed and preserved  in 10% 
neutral buffered formalin, trimmed and processed, 
embedded in  paraffin, sectioned, and stained with 
hematoxylin and eosin for microscopic  examination. 
The tissues and groups examined are listed in 
Table 2. In some cases, a particular organ or tissue 
may have been autolyzed or lost; thus, the numbers 
of organs and tissues examined  microscopically 

vary and are not necessarily equal to the number of 
animals placed on study. 

When the pathology evaluation was completed by 
the study laboratory pathologist and the pathology 
data entered into the Toxicology Data Management 
System(TDMS), the microscope slides,  individual 
animal necropsy records, and pathology tables were 
forwarded to an independent pathology quality 
assessment laboratory. At this laboratory, individual 
animal records and pathology tables were compared 
for accuracy, slides and tissue counts were verified, 
and histotechnique evaluated. 

A quality assessment pathologist reviewed selected 
tissues microscopically for accuracy and consistency 
o f  lesion diagnosis. All neoplastic and nonneo-
plastic lesions were reviewed in the following tissues 
from all male and female rats: clitoral or preputial 
gland,liver,lung,kidney, and Zymbal's  gland.In 
addition, all neoplastic diagnoses in tissues other 
than those already mentioned were reviewed in all 
animals, and all diagnoses (neoplastic and nonneo- 
plastic) were reviewed from a random 10% of  the 
animals from each control and high-dose group. 

The quality assessment report  and slides were 
submitted to the Pathology Working Group (PWG) 
Chair, who  reviewed the slides o f  tissues with 
treatment-related effects and of  any other tissues for 
which there was disagreement in diagnosis  between 
the laboratory and quality assessment pathologist. 
Representative histopathology slides o f  tissues with 
treatment-related lesions and examples o f  disagree-
ments in diagnosisbetween the laboratory and 
quality assessment pathologist were shown to the 
PWG. The PWG included the quality assessment 
pathologist and others experienced in rodent toxicol- 
ogy who examined the tissues without knowledge o f  
dose group or previously rendered diagnoses. 
Whenever the consensus diagnosis of the PWG 
differed from that o f  the laboratory pathologist, the 
diagnosis was changed to reflect the opinion of the 
PWG. This procedure has been described, in part, 
by Maronpot and Boorman (1982) and Boorman 
et al. (1985). The final pathology data represent a 
consensus o f  contractor pathologists and the N T P  
PWG. For subsequent analysis o f  pathology data, 
the diagnosed lesions for each tissue type were 
separated or combined according to the guidelines 
o f  McConnell er al. (1986). 
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Statistical Methods 
Survival Analyses
The probability o f  survival was estimated by the 
product-limit procedure of  Kaplan and Meier (1958) 
and is presented in the form o f  graphs.Animals 
were censored from the survival analyses at the time 
they were found dead from other than natural 
causes. Animals dying from natural causes were not 
censored. Statistical analysis for a possible dose-
related effect on survival  used the method of  Cox 
(1972) for testing two groups for equality and 
Tarone’s (1975) life table test to identify dose- 
related trends. All reported P values for the sur- 
viva1 analysis are two-sided. 

Calculation of Incidence 
The incidence o f  neoplastic or nonneoplastic lesions 
isgiven as the ratio o f  the number o f  animals 
bearing such lesions at a specific anatomic site to 
the number o f  animals in which the  site was  exam-
ined. In most instances, the denominators include 
only those animals for which the  site was examined 
histologically. However, when macroscopic examina-
tion was required to detect lesions (e.g., oral cavity) 
prior to tissue sampling for histopathology, or when 
lesions (e.g., lymphomas) could have occurred at 
multiple sites, the denominators consist o f  the 
number of animals on which a necropsy was per- 
formed. 

Analysis of Iltrmor Incidence 
In the  chronic study, the deaths of dosed rats and 
those killed  in moribund condition early in the study 
were considered due to tumors of  the skin, Zymbal’s 
gland, clitoral gland, and preputial gland. Conse-
quently, for these particular lesions,  primary empha- 
sis in the analysis o f  tumor incidence was  given to 
the life table test (Cox, 19772; Tarone, 1975), a 
survival-adjusted procedure appropriate for rapidly 
lethal tumors. 

For incidental tumors (tumors discovered as a result 
o f  death from an unrelated cause), one method o f  
analysisused in this study was logistic regression. 
This method of  adjusting for intercurrent mortality 
is the prevalence analysis of Dinse and Lagakos 
(1983), further described and illustrated by Dime 
and Haseman (1986). However,markedly reduced 

survivalin dosed animals (due largely to the 
increased incidence of lethal tumors) reduced the 
power o f  logistic regression to detect carcinogenic
effects in some instances. Therefore, although the 
results o f  logistic regression analysis are given in 
Appendixes A and B for informational purposes, 
primary emphasis was to Cochran-given the 
Armitage and Fisher exact tests based,uponthe 
effective number of animals. The effective number is 
the number of animals surviving until the appear-
ance of  the first tumor. These survival-adjusted 
procedures are recommended by Gart et af. (1979). 

Tests of significance include paired comparisons o f  
each dosed group with controls and  a test for an 
overall dose-response trend. Continuity-corrected 
tests were used in the analysis o f  tumor incidence 
and reported P values are one-sided. The proce- 
dures described above were also used to evaluate 
selected nonneoplastic lesions. Forfurther discus-
sion of these methods, see Haseman (1984). 

Historical Control Data 
Although the concurrent control  group is the first 
and most appropriate  control groupused for evalua- 
tion, there  are certain instances in which historical 
control data can be helpful in the overall assessment 
o f  tumor incidence. Although the current studies 
were terminated at 14 months, tumor incidences 
from the NTP historical control data base for 2-
year studies (Haseman et aL, 1984,1985) are 
included for tumors appearing to show compound- 
related effects. 

Analysis of Continuous Variables 
Organ-weight-to-body-weight ratios  and hematology 
and serum chemistry data from the 14-day and 13-
week studies were analyzed using the non-
parametric comparison procedures o f  Dunn (1964) 
and Shirley (1977); Jonckheere’s test (Jonckheere, 
1954) was used to evaluate the significance of dose-
response trends and to determine whether Dunn’s or 
Shirley’s test was moreappropriate for pairwise 
comparisons. For the 9-month studies (in  which a 
single dose group was compared with the controls), 
Wilcoxon’s rank sum test (Hollander and Wolfe, 
1973) was to evaluate organused weight, 
hematology, serum chemistry, and urinalysis data. 



25 Materials and Methods 

Quality Assurance Methods 
The 13-week and 14-month studies were conducted and preliminary draft of  the NTP Technical Report 
in compliance with FDA Good Laboratory Practice were conducted. Audit procedures are presented in 
Regulations (21 CFR Part 58). In addition, as study the reports, which are on file at the NIEHS. The 
records were submitted to  the NTP Archives, they audit findings were reviewed and assessed by 
were audited retrospectively by an independent NTP staff and were resolved or were otherwise 
quality assurance contractor. Separate audits cover-  addressed during the preparation of  this Technical 
ing completeness and accuracy of the pathology Report.
data, pathology  specimens,finalpathology tables, 
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TABLE2 
Experimental Design  and Materials and Methods in  the Drinking Water Studies 
of 3,3’-Dimethylbenzidine Dihydmhloride 

14-Day Studies 

Study Laboratoy 
Hazleton Laboratories America, Inc. 
(Vienna, VA) 

Strain and Species 
F344m rats 

Animal Source 
Frederick Cancer Research Facility 
(Frederick, MD) 

Time Held Before Study 
13days 

Age When Placed on Study 
48 days 

Date of First Dose 
22 March 1982 

Date of Lest  Dose 
5 April 1982 

Duration of Dosing 
14 consecutive  days 

Age at Necropsy 
9 weeks 

Necropsy Dates 
5 April 1982 

Size of Study Croups 
5 m a l e s  and 5 females 

Method of Animal Distribution 
Animals distributed to weight  classes 
and then randomized to test and control 
groups and  position in racks. 

Animals per Cage 

Method of Animal Identification 
Ear tag 

13-Week Studies 

Hazleton Laboratories America,  Inc. 
(Vienna, VA) 

F344m rats 

Frederick Cancer Research Facility 
(Frederick, MD) 

16 days 

Median age 55 days 

30 July 1982 

Males: 2 November 1982 
Females: 3 November 1982 

13weeks (7 daysheek) 

21-22 weeks 

Males: 3 November 1982 
Females: 4 November 1982 

10 males  and 10 females 

Same as 14day studies 

5 

Ear punch 

14-Month Studies 

Hazleton Laboratories America,  Inc. 
(Vienna, VA) 

F344/N rats 

Frederick Cancer Research Facility 
(Frederick, MD) 

14 days 


42 days 


30 June 1983 


21-29 August 1984 

(dosed until  necropsy) 


60-61weeks (7 daysheek) 


66-67 weeks 


21-29 August 1984 


Control: 7Olsex 
Lowdose: 45lsex 
Middose: 75lsex 
Highdose: 7O/sex 

Same as 14day studies 

5 

Ear punch and ear tag 

5 
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TABLE2 
Experimental Design and Materials and Methods in the Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydmchloride (continued) 

14-Day Studies 

Diet 
NIH-07 Rat and  Mouse Ration, 
powdered (Zeigler Bm.,Inc., Gardners, 
PA); available  ad libitum 

Water 
Tap water (Fairfax  County Water 
Authorities) in glass water bottles with 
stainless steel sippers (Hazleton  Systems, 
Inc., Aberdeen, MD);  available ad 
libitum 

Cages 
Polycarbonate (Hazleton Systems, Inc., 
Aberdeen, MD) 

Bedding 
Heat-treated hardwood  chips (PJ. 
Murphy Forest Products, Mt. Jewett, 
PA) 

Cage Filters 
Reemay polyester nonwoven fiber filters 
(DuPont Company,  Applied 
Technologies Division, Wilmington, DE) 

Animal Room Environment 
Temperature: 72"-77" F 
Humidity: 41%-69% 
Fluorescent light: 12  houdday 

Doses 
0, 6 0 0 ,  1,220,2,500, 5,OOO, or 7,500 ppm 
33'dimethylbenzidine dihydrochloride 
in drinking water 

Type andFrequency of Observation 
Observed twice/day;body weight initially 
and once/week; feed consumption 
onceheek; water consumption 
twice/week 

13-Week Studies 

Same as 14day studies 

Distilled water (Polar Water Co., 
Beltsville, MD) in  glass water bottles 
wi th  stainless steel sippers 
(Hazleton Systems, Inc., Aberdeen, 
MD); available ad libitum 

Same as 14day studies 

Same as 14day studies 

Same as 14day studies 

Temperature: 69"-74" F 
Humidity:24%-74% 
Fluorescent light: 12 hours/day 
Room air changes:  16.7/hour 

0, 300, 500, l,OOO,2,OOO, or 4,OOO ppm 
3,3'dimethylbenzidine dihydrochloride 
in drinking water 

Same as 14day studies 

14-Month Studies 

Same as 14day studies 

Same as 13-week studies 

Same as 14day studies 

Same as 14day studies 

Same as 14day studies 

Temperature: 65"-92" F 
Humidity: 25%-80% 
Fluorescent light: 12 hours/day 
Room air changes:  10.4/hour 

0, 30, 70, or 150 ppm 
3,3'dimethylbenzidine dihydrochloride 
in drinking water 

ObseIved twice/day;  bodyweights 
initially, onceheek for 14 weeks, at 
week 17,  once/month thereafter; feed 
consumption measured 1week/month; 
water consumption  measured 
1weekhonth in 3day and 4day 
segments; clinical observations at body 
weight determinations 
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TABLE2 
Experimental Design and Materials and Methods in the Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydmhloride (continued) 

14-Day Studies 13-Week Studies 

Necropsy, Histopathology, and Clinical Pathology Studies 

Necropsy 
Necropsy performed on all animals. Or-
gan weights obtained at necropsy (brain, 
heart, liver,  lung, right kidney, right 
testis, and thymus). 

Histopathology 
Complete histopathology on  male and 
female controls, 7,500 ppm females, and 
5,OOO ppm males, including the following 
organs: adrenal, blood smear, bone 
(sternebrae, femur, or vertebrae, 
including marrow), bone marrow 
(sternum), brain, clitoral gland, 
epididymis, esophagus, eyes (if grossly 
abnormal), heart, kidney, large intestines 
(cecum, colon, rectum), liver, lung with 
mainstem bronchi, lymph nodes 
(mandibular, mesenteric), nasal cavity 
and turbinates, ovaries, pancreas, 
parathyroid, pharynx (if grossly 
abnormal), pituitary, preputial gland, 
prostate, salivary  gland, skin, small 
intestines (duodenum, ileum,  jejunum), 
spinal cord (if neurological  signs 
present), spleen, stomach, testes, 
thymus, thyroid, trachea, urinary 
bladder, uterus, Zymbal's  gland, and 
gross lesions. The following target 
organs were examined from 5,OOO ppm 
females and 2,500 ppm males and 
females: adrenal, bone  marrow 
(sternum), epididymis, kidneys, liver, 
lymph nodes  (mandibular, mesenteric), 
pancreas, spleen, testes, and  thymus. 
The following target organs were 
aramined from 1,250 ppm males: 
adrenal, bone marrow  (sternum), liver, 
lymph nodes (mandibular,  mesenteric), 
kidnqR, spleen, testes, and thymus;  from 
1,250 ppm females: adrenal, bone 
marrow (sternum), kidneys, pancreas, 
and thymus; from 600ppm females: 
bone marrow  (sternum). 

ClinicalPathology 
None required 

Necropsy 
Necropsy performed on all animals. Or-
gan weights measured were the same as 
in the 14day studies. 

Histopathology 
Complete histopathology on male  and 
female controls, all deaths and 
moribund kills (all 4,OOO ppm males  and 
females and 4 males  and 3 females from 
2,OOO group), all males and females 
from the 2,OOO ppm group surviving to 
termination. Tissues examined were the 
same as in the 14day studies complete 
screen. The following organs were 
examined from 1,OOO ppm males: 
adrenal, bone  marrow (sternum), kidney, 
liver, lymph nodes (mandibular, 
mesenteric), pancreas, spleen, testes, and 
thymus; from 500 ppmmales:kidney, 
liver, and pancreas; from 300 ppm 
males: liver and pancreas; from 
100 ppm females: bone  marrow 
(sternum), kidney, liver, lymph nodes 
(mandibular, mesenteric), pancreas, 
spleen, and thymus; from 500 and 
300 ppm females: kidney, liver, and 
pancreas. 

Clinical Pathology 
Clinical pathology studies conducted at 
13 weeks. 
H c m u t u b p  hematocrit, hemoglobin, 
erythrocytes, leukocytes, segmented 
neutrophils, lymphocytes, monocytes, 
eosinophils, and erythrocyte and 
lymphocyte morphology 
Chid c h m b y  blood urea nitrogen, 
creatinine, triiodothryronine, thyroxine, 
thyroid-stimulating hormone, lactate 
dehydrogenase, sorbitol dehydrogenase, 
alanine aminotransferase 

14-Month Studies 

Necropsy 
Necropsy performed on all  animals. Or-
gan weights measured at 9-month 
interim evaluation (brain, kidney,  liver). 

Histopathology 
Complete histopathology on all  animals 
that died, were moribund kills, or were 
killed at 9 months or termination. 
Tissues examined same as 14day studies 
complete screen with the addition of 
seminal vesicles. 

Clinical Pathology 
Clinical pathology studies conducted at 
9 months. 
Hanabdogy:hematocrit, hemoglobin, 
erythrocytes, leukocytes, segmented 
neutrophils, lymphocytes,  monocytes, 
eosinophils, and erythrocyte and 
lymphocyte morphology 
Chid CJlrmisey: blood urea nitrogen, 
creatinine, glucose, serum osmolality, 
triiodothpnine, thyroxine,  thyroid-
stimulating hormone, lactate 
dehydrogenase, sorbitol dehydrogenase, 
alanine aminotransferase 
U i h z & i ~Protein, glucose, creatinine, 
pH, specific gravity, urine osmolality, 
volume, creatinine excretion rate 
(16 hr), s e r u h r i n e  osmolality, and 
microscopic exam  of sediment 
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RESULTS 


14-DAY STUDIES 
All five  males and one female receiving 7,500 ppm
3,3'dimethylbenzidine dihydrochloride and 1/5males 
receiving 5,OOO ppm died (Table 3). The final mean 
body weights of  rats receiving 2,500 ppm or more 
were lower than the initial weights. Depressions in 
final mean body weight relative to controls ranged 
from 11% to 60% in male rats receiving at least 
1,250 ppm and  fiom 6% to 61% in treated females. 
Water consumption declined  with increasing dose 
and at 7,500 ppmwasless than one-sixth that by 
controls. Clinical findings  included urine stains, skin 
cold tothe touch, rough hair coat, ataxia, and 
reddish discharge at the eyes and nares in the 
7,500 ppm group and thinness and/or kyphosis in 
other groups. 

TABLE3 

The absence of body fat was the most notable 
necropsy observation in animals receiving 5,OOO and 
7,500 ppm. Gross necropsy  findings included small 
thymusglands in 2,500 and 5,OOO ppm males and 
females and small seminal vesicles in 7,500 ppm 
males. depressions in absoluteSignificant the 
weights and increases in the relative weights of 
several organs (Tables El and E2) reflected the 
marked decreases in necropsy body weight for 
animals receiving 2,500, 5,OOO, and 7,500 ppm.
Hepatocyte necrosis and brown pigmentation of the 
cells lining the hepatic sinusoids were present in 
malesreceiving as little as 2,500 ppm and females 
receiving 5,OOO and 7,500 ppm. An increase in the 
severity of nephropathy and bone marrow hypocellu- 

Survival, Mean Body Weights, and Water Consumption of Rats in the 14-Day Studies 
of 3,3'-Dimethylbenzidine Dihydrochloride 

Weight Water 
to Controls Consumptiond 

Mean Body Weights (g) Final Relative 

Concentration Initialb 	 Change'Survivala Final 

@Pm) ( W  Week1
Week2 

Male 
0 143 f 2.7 218 f 4.8 +74 f 2.9 24 24 

600 147 f 2.3 218 f 3.2 +70 f 2.0 100 15 18 
1,250 148 f 2.5 195 f 29 +47 f 2.4 89 16 17 
2,500 147 f 1.5 105 f 8.3 -41 f 7.1 48 7 8 
5,Ooo 147 f 1.2 88 7+ 3.8 -60 * 5.0 40 4 4 
79500 146 f 1.9 3 3-

Female 
0 117 f 1.3 153 f 2.6 +36 f 1.6 19 17 

600 116 2 2.3 143 f 2.1 +27 f 1.9 94 14 13 
1,250 115 f 1.0 132 f 0.7 +17 f 0.8 86 10 10 
2500 115 f 1.0 112 f 1.2 -3 f 0.6 73 8 9 
5,Ooo 114 f 1.4 60 f 1.0 -54 * 1.2 39 4 3 
7,500 114 f 0.5 63 f 1.4 -52 1.2 41 3 3 

a 	 Numbersurvivinglnumberinitially in group 
Initial group mean body weight f standard error of  the mean.  Subsequent calculations are based on animals  surviving to the 
end o f  the study. 
Mean body weight change of  the survivors f standard error of  the mean 
Milliliters per animal per day, based on average  consumption data obtained during the 2-week interval 

e 	 All mortalityin these groups occurred by day 13. 
No data are reported due t o  100% mortalityin this  group. 
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larity (atrophy) was associated with exposure to as 
little as 2,500 ppm 3,3'-dimethylbenzidine dihydro-
chloride. Treated animals showed moderate to 
severe lymphocytic atrophy of  the thymus and 
varying degrees o f  lymphocytic atrophy o f  the spleen 
and mandibular and mesenteric nodes.lymph
Treated animals also showed  necrosis and vacuola- 
tion of  adrenal cortical cells, focal acinar cell 
hypertrophy of  the pancreas, and, in males, 
increased numbers o f  immature sperm forms in the 
testis and epididymis. 

ISWEEK STUDIES 
All animals receiving 4,OOO ppm3,3'-dimethyl-
benzidine dihydrochloride died by week 4 of  the 

TABLE4 

3,3'-Dimethylbenzidine Dihydrochloride, NTP TR 390 

study; 4/10 males and females3/10 receiving 
2,OOO ppm also died prior to terminal sacrifice 
(Table 4). The final mean body weight o f  
2,OOO ppm females was lower than the initial weight. 
Depressions in the final mean body weights o f  
treated rats relative to controls ranged from 12%  to 
48% in males and from 9% to 42% infemales; 
these depressions were particularly evident in the 
2,OOO ppm group. By week 7,water consumption by 
rats in the 2,OOO ppm group was about 45% of  that 
by controls. Clinical findings noted during the 
studies included crusty red exudate on the noses o f  
rats receiving 300 ppm or more, thinness, stains on 
the fur, and urine stains. These findings appeared 
as early as week 1 or  2 in animals receiving 
4,OOO ppm or 2,000 ppm, respectively. 

Survival, Mean Body Weights, and Water Consumption of Rats in the 13-Week Studies 
of 3,3' -Dimethylbenzidine Dihydrochloride 

Mean Body Weights (9) FinalRelativeWeight Water 
Changec to Vehicle Controls  ConsumptiondConcentration S u d v a P  FinalInitialb 

(PPm) (%) Week 7 Week 13 

lOn0 170 f 2.7 351 f 7.8 +181 f 6.5 23 21 
lOn0 168 f 2.6 307 f 5.2 +139 f 4.3 88 19 16 
lOn0 169 f 2.5 312 f 4.0 +143 f 3.6 89 14 14 
1ODO 170 f 2.5 303 f 3.8 +133 f 3.4 a6 14 14 
6/10e 164 f 4.2 182 f 16.7 +16 f 14.1 52 10 
o n 6  172 f 4.1 3 3 33 'OL-

1ono 120 f 3.9 198 f 2.1 +78 f 4.2 20 24 
l O / l O  123 f 3.6 181 f 2.2 +58 f 3.8 91 12 13 
l O / l O  126 f 2.8 180 f 2.8. +54 f 2.8 91 10 12 
lOD0 118 f 2.1 166 f 2.6 +47 f 2.7 84 8 11 
7nOp 122 f: 2.8 115 f 7.3 -7 f 9.2 58 7 
O / l d  123 f 2.6 3 3 2 -? 3 

~~~~~~ 	 ~~ ~ ~ 

a 	 Number surviving/number  initiallyin group 
Initial group mean body weight f standard error o f  the mean.  Subsequent calculations are based on animals  surviving to the 
end o f  the study. 
Mean body weight change of  the survivors f standard error o f  the mean 
Milliliters per animal per day, based on average  consumption data obtained during the 13-week intewal 

e 	 Week of  death 6, 7, 11, 13; one animal  died before completion o f  terminal sacrifice 
Weekof death 2, 2, 3, 3, 3, 3, 4, 4, 4,  4 
No data are reported due to 100% mortality in this  group. 

h 	 Week of  death 13; two animals died before completion o f  terminal sacrifice' Weekof death 3,3,3,3,3,3,3,4,4, 4 
j' Mean based on 9 animals; one female  inadvertently not weighed at week 13

' Water consumption  was 5 muanimal per day for weeks 1 and 2 and 15 muanimal per day for week 3. 
Water consumption was 4 muanimal per day for week 1, 5 muanimal per day fo r  week 2, and 13 muanimal per day for 
week 3. 
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Mean necropsy bodyweights were significantlyreceiving l,OOO,2,OOO, or 4,OOO ppm showedimma-
decreased in rats at all dose levels,  makingchanges ture sperm forms in the testis and epididymis; these 
in absolute and relative organ weights more difficult  changes were considered possibly secondary to the 
to evaluate. The only consistent effectwas a general physical debilitation o f  the study animals. 
reduction in  thymusweightinfemales at all dose 
levels(Tables E3 and E4). Significant decreases in 
hematki t  and erythrocyte count were observed  in 
males receiving 1,OOOand 2,OOO ppm and in  females 
receiving 500 ppm or more (Table Dl). Males and 
females at all dose levels  showed elevated sorbitol 
dehydrogenase (SDH) levels; alanine aminotrans- 
ferase was increased only in the 1,oOppm male and 
2,OOO ppm female groups.  Malesreceiving 300 o r  
1,OOO ppm showedsignificant elevations in lactate 
dehydrogenase. Slight increases in  mean blood urea 
nitrogen (BUN)levels were observedin male rats 
receiving 2,OOO ppm. Decreases in mean creatinine 
observed in females receiving300 and 500 ppm were 
not considered compound related. Triiodothyronine 
p3)values were significantly  decreased in exposed 
females, and thyroxin (T.,) values were significantly 
decreased in exposed  males and females. No signifi-
cant changes in thyroid stimulating hormone (TSH) 
levels were observed in exposed rats. 

A paucity o f  body fat and the presence of reddened 
areas in the glandular mucosa of  the stomach were 
the most notable necropsy  findings.Significant 
histomorlphologic alterations were  observed in the 
liver, kidney, bone marrow, lymphoid organs (spleen, 
mandibular and mesenteric lymph andnodes, 
thymus), pancreas, and testis o f  treated rats 
(Table 5). Hepatic damage,  includingminimal to 
moderate hepatocyte necrosis (scattered individual 
hepatocytes) and pigment thebrown within 
sinusoidal lining cells, was observed  inmales and 
femalesreceiving 2,OOO and 4,OOO ppm and, to  a 
lesser extent, in  femalesreceiving 300 ppm and 
more and in one male receiving 300 ppm. Males 
and females  receiving 1,OOO ppm and more and 
femalesreceiving 500 ppmshowed an increased 
severity of nephropathy over controls; some females 
receiving 500, l,OOO, or 2,OOO ppm exhibited kary-
omegaly of renal tubule epithelial cells. Bone 
marrow hypellularity (atrophy) was observed at 
doses o f  2,OOO and 4,OOO ppm and was consistent 
with pathology Lymphocyticclinical findings. 
atrophy of the thymus, spleen, and mandibular and 
mesenteric lymph nodes was observed in the 2,OOO 
and 4,oo(p ppm dose groups; femalesreceiving 
1,OOO ppm also showed  lymphocytic atrophy of  the 
thymus. Animals receiving 2,oO and 4,OOO ppm 
showed pancreatic acinar degeneration, and males 

Dose Selection Rationale 
Because o f  reduced survival in the groups receiving 
2,OOO or 4,oO ppm, dose-related depressions in 
weight gain and water consumption, and evidence o f  
compound-related hepatocellular and renal damage 
and bone marrow  hypocellularity (atrophy) in the 
13-week studies, drinking water concentrations of 
3,3'-dimethylbenzidine dihydrochloride selected for 
rats in the 9-month and 14-month studies were 30, 
70,and 150 ppm. 

9-MONTH STUDIES 

Meannecropsybodyweightsof animals receiving 
150 ppm 3,3' -dimethylbenzidine dihydrochloride 
were decreasedsignificantly relative to controls. 
Mean absolute and relative liver and kidnev  weights 
and relative brain weights for animals drece ikg  
150 ppm were significantly greater than those for 
controls (Tables E5 and E6). Moderate decreases 
in hematocrit, hemoglobin, and erythrocyte counts 
were observedin high-dose animals (Table D2). 
Increasesin creatinine in  males, blood glucose  in 
females, and SDH in both sexes (more pronounced 
infemales) were observed in treated animals. 
Although T3 assay results for males and females 
conflicted, decreases in T4and increases in TSH 
were recorded for high-dosemales and females; 
these alterations were not accompanied by histologic 
changesin the thyroidgland.Increzised urine 
osmolality, wineherurn osmolality, urine creatinine, 
urine specificgravity, and protein concentration 
were observedinhigh-doseanimals. The increase 
in protein concentration was  likely only a reflection 
of low urine volume. 

After exposure to 3,3'-dimethylbenzidine dihydro- 
chloride at 150 ppm for only 9 months, a variety of 
treatment-related lesions were found, including 
neoplastic nodules (hepatocellular adenomas) and 
hepatocellular carcinoma of  the liver; proliferative 
epithelial lesions o f  the Zymbal's  gland, preputial 
and clitoral glands, and oral cavity, including 
squamous papilloma and carcinoma, adenomas, 
carcinomas, and focalhyperplasia; epithelial neo-
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TABLE5 
Incidences of Treatment-Related Lesions in Rats in the 13-Week Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydrochloride 

Male 
Liver 

Individual hepatocyte necrosis 
Pigment 

Kidney 
Nephropathy 

Thymus 
Lymphocytic atrophy 

Spleen 
Lymphocytic atrophy 

Mandibular Lymph Node 
Lymphocytic atrophy 

Mesenteric Lymph Node 
Lymphocytic atrophy 

Bone Marrow 
Hypocellularity 

Pancreas 
Degeneration' 

TeSteS 

Immature sperm 


Female 
Liver 

Individual hepatocyte necrosis 
Pigment 

Kidney 

Nephropathy 

Karyomegalyd 


Tnymm
Atrophy 

Spleen 
Atrophy 

Mandibular Lymph Node 
Atrophy

Mesenteric Lymph Node 
Atrophy

Bone Marrow 
Hypocellularity 

Pancreas 
&genieration 

on0 on0 
on0 on0 

lono (1.1)~ l o n o  (1.6) 

on0 on0 

on0 on0 

on0 on0 

on0 on0 

on0 on0 

on0 on0 

on0 I n 0  

on0 
on0 4/10.

lono-

u10 (1.0) 
on0 7no-

lono- (1.0) 

on0 2/10 7/8. . 515.. 
on0 on0 

1no on0 sno 7 / 7 2. 
on0 on0 

on0 on0 

on0 -

. Significantly different (PSO.05) from the control group by Fisher exact test..PSO.01 
a Values in parentheses are average  severity grades for affected  animals; l=minimal, 2=slight, 3=moderate. 

Organ not examined  in animals at this dose level. 
' Terminology preferred by Pathology Working Group for the lesion  diagnosed as acinar hypertrophy by the laboratory pathologist. 

Terminology preferred by Pathology Working Group for the lesion  diagnosed as megalocytosis by the laboratory pathologist. 

' 
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plasms o f  the skin,  includingsquamous 
loma, sebaceous gland adenoma,  and 
carcinoma;mucinousadenocarcinoma 
intestine;adenomatous polyp of  
hyperplasia o f  the alveolar  epithelium; 

cell papil- 
basal cell 

of the small 
the colon; 

invasive 
alveolar/bronchiolarcarcinoma; and lymphoid 
atrophy of  thespleen (Table 6). Nonneoplastic 
changes, hepatocellularincluding hypertrophy, 
basophilic foci, fatty change, and cystic degeneration, 

TABLE6 

occurredin the liver o f  treated animals. The 
severity o f  nephropathy was increased in  treated 
males and females, and  the incidence o f  nephropathy 
was increased in  treated females as compared to 
controls.Moderatechronicnephropathy was ob- 
served in  all treated animals and was consistent with 
observed changes in kidney weights and  BUN and 
creatinine levels. 

Incidences of Treatment-Related Lesions in Rats in the 9-Month Drinking Water Studies 
of 3,3'-Dimethylbendizine Dihydmchloride 

Number of animals examined 

Liver 
Hepatocellular carcinoma 
Neoplastic nodulea 
Hepatocyte hypertrophy 
Basophilic fq,cus 
Fatty change 
Cystic degeneration 

Lung
Alveolarbmnchiolar carcinoma 
Alveolarbmnchiolar adenoma 
Alveolar epithelium hyperplasia 

Shin 
Basal cell carcinoma 
Sebaceous gland adenoma 
Squamous papilloma 

Oral Cavity (Palate) 
Squamous cell carcinoma 

PrepuliaUClitoral Gland 
Adenoma 
Carcinoma 

Small Inbsline 
Mucinous adenocarcinoma 

Large Inlestine 
Adenomatous polyp 

Zymbal's Gland 
Carcinoma 
Adenoma 
Squamous papilloma 
Squamoushyperplasia 
Focalhyperplasia 

Kldney 
Nephropathy' 

Spleen 
Lymphoidatrophyd 

Male Female 

0 PPm 150 PPm 0 PPm 150 PPm 

10 10 10 10 

2 0 
5* 1 

lo** 10-
lo** 0 
lo** 10-
7- 0 

0 1 0 0 
0 0 0 1 
0 7- 0 1 

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

0 0 0 1 

0 1 0 2 
0 2 0 3 

0 2 0 0 

0 3 0 0 

3 
2 
1 
1 
0 

10 (1.0) 10 (3.4) 3 (1.0) 10 (3.0) 

0 10- 0 7** 

* Significantly different (PSO.05) fmm the control group by Fisherexact test 
** PSO.01t Term previouslyused for lesions currently classified as hepatocellular adenoma. 

Diagnosed as cytoplasmic vacuolization by the study pathologist 
Values i n  parentheses are average  severitygrades; l=minimal, 2=mild, 3=moderate, and 4=marked. 
Diagnosed as lymphoid depletion by the study pathologist 
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MO MONTH STUDIES 
Body Weights, Water Consumption, and 
Clinical Findings 
The mean body weight o f  males receiving 150 ppm 
was approximately 85% of that o f  controls by 
week 29 and about 70% o f  the mean control value 
by study termination. By week 33, mean body 
weight for receiving 150 ppmfemales was 
approximately 85% o f  thecontrol meanbody 
weight, and by week 45 the same was true for 
femalesreceiving 70 ppm (Tables 7 and 8 and 
Figure 2). The average daily water consumption per 
rat in the low-,mid-, and high-dose groups was 

TABLE7 

3,3‘-DimethylbenzidineDihydrochloride, NTP TR 390 

95%, 91%, and 105% that by controls for males and 
101%, %%, and 79% for females (Tables G1 and 
G2). The average amount of 3,3’-dimethylbenzidine 
dihydrochlorideconsumed per day wasapproximately 
1.8, 4.0, o r  11.2 mgkg for low-,mid-, or high-dose 
males and 3.0, 6.9, or 12.9 mgkg for low-,mid-, or 
high-dose females.Clinicalfindings noted during 
the study were limited to increased incidences of 
tissue masses on the head, over the dorsum, and in 
the ventral posterior area. 

Mean Body Weights of Male Rats in the 14-Month Drinking Water Study 
of 3,3’-Dimethylbenzidine Dihydrochloride 

Week 0pp.l 30 Ppm 70 PPm 150 ppm 

on AI. W t  Number Av. W tW t  (% d Number Av. W tW t  (40d Number Av. W tW t  (5% or Number 

study (s) We” (g) controls) Weighed (g) controls) Weighed (9) controls) Weighed 

70143 

2 173 70 174 100 45 177 102 75 171 99 70 


102 
1 141 70 141 100 45 142 101 75 


70201 
70221 
70239 
70253 
70266 

8 305 70 301 99 12 304 100 74 277 91 70 

9 320 70 316 99 45 316 99 74 287 90 70 


74
 94 
3 214 70 212 99 45 207 97 

74
 94 
4 236 70 230 97 45 233 99 

91 
74
5 262 70 254 97 45 255 97 

74
 91 
6 n 8  70 272 98 45 273 98 

91 
99 45 288 99 747 292 70 289 

70298 

70305 


70 345 98 45 340 97 74 314 89 70 

70 351 99 45 346 98 74 317 90 70 


74
 91 
70 324 99 45 328 100 
10 327 


12 352 

13 354 

14 362 


33 436 

37 447 

41 447 

45 459 

49 454 

53 453 

57 447 


89 
74
11 345 70 342 99 45 335 97 


70322 

70332 

70337 


21 401 70 399 100 45 388 97 74 352 88 70 
25 412 70 410 100 45 401 97 74 362 88 70 
29 423 70 413 98 45 405 % 74 361 86 70 

89 
100 74
70 358 99 45 363 

91 
100 74
15 365 70 364 100 45 366 

89 
98 74
17 380 70 376 99 45 372 


70 426 98 45 418 % 73 368 &I 67 
70 432 97 44 426 95 72 368 82 64 
60 440 94 44 423 95 72 356 80 44 
60 449 98 44 430 94 67 342 75 34 
60 433 98 44 432 95 67 319 70 n 
60 443 98 43 423 93 64 332 73 6 
60 432 97 42 408 92 57 0 

Mean for Weeks 
1-14 283 279 99 279 99 258 92 
15-57 427 418 98 408 % 319 76 
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TABLE8 
Mean Body Weights of Female Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydmchloride 

Week 0 PPm Jo ppm 70 PPm 150 ppm 

on 
Study 

Av. W t  
(g) 

Number 
Weighed 

Av. W t  
(g) 

W t  (96of 
controls) 

Number 
Weighed 

Av. W t  
(g) 

W t  (%of 
COD~IU~B) 

Number 
Weighed 

Av. Wt. 
(g) 

W t  (%Iof 
controls) 

Number 
Weighed 

1 114 70 113 100 45 114 100 75 116 102 70 
2 130 70 130 100 45 130 100 75 129 99 70 
3 145 70 144 99 45 140 % 75 139 95 70 
4 154 70 1 5 2  99 45 149 96 75 146 94 70 
5 164 70 160 98 45 156 96 75 153 94 70 
6 173 70 169 98 45 165 96 75 160 92 70 
7 179 70 174 97 45 170 95 75 165 92 70 
8 184 70 176 % 45 174 94 75 168 92 70 
9 188 70 183 97 45 176 94 75 173 92 70 

10 193 70 186 96 45 181 94 75 176 91 70 
11 1% 70 191 98 45 183 94 75 178 91 70 
12 198 70 191 97 45 185 94 75 182 92 70 
13 199 70 194 97 45 187 94 75 182 91 70 
14 203 70 195 96 45 195 96 75 184 90 70 
15 207 70 197 95 45 195 94 75 189 91 70 
17 210 70 205 97 45 1% 93 75 190 90 70 
21 217 70 211 97 45 203b 94 75 1% 90 70 
25 225 70 218 97 45 209 93 74 200 89 69 
29 228 70 m 97 45 212 93 73 203 89 69 
33 238 70 228 % 45 218 92 73 206 87 69 
37 247 70 236 96 45 220 89 72 205 83 66 
41 251 60 243 97 45 223 89 71 211 84 51 
45 264 60 252 96 45 223 85 70 209 79 46 
49 271 60 263 97 45 228 84 64 211 78 41 
53 280 60 268 96 44 228 82 55 209 75 30 
57 287 59 270 94 40 232 81 42 214 74 16 

Mean for Weeks 
1-14 173 168 98 165 96 161 93 

15-57 244 234 % 216 89 204 84 

Mean based on 40 animals. 
Meanbased on 70 animals. 

One cage inadvertently not weighed. 
One cage inadvertently not weighed. 
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GrowthCurves for Rats Given Drinking Water Containing 

3,3'-Dimethylbenzidine Dihydrochloridefor 14 Months 




Results 	 37 

Survival 
Estimates o f  the probabilities of  survival for  male curves in  Figure 3. By week 55, all high-dose males 
andfemalerats given drinking  watercontaininghadbeenfounddead or  killed moribund; only about 
3,3'-dimethylbenzidinedihydrochloride at the con- 25% o f  the high-dose females suMved to week 56. 
centrations used in  thesestudiesandforcontrols 
are shown  inTable 9 andin the Kaplan-Meier 

TABLE9 
Survival of Rats in the 14-Month Drinking Water Studies of 3,3'-Dimethylbenzidine Dihydmhloride 

Malea 

Animals initially in study 

Interim kill (9 months) 
Natural deaths 
Moribund kills 
Accidental deaths 
Animals surviving until study termination 

survival P valuesb 

Femalea 

Animals initially in study 

Interim kill (9 months) 
Natural deaths 
Moribund kills 
Animals surviving until study termination 

Survival P valuesb 

70 

10 

60 


<0.001 

70 

10 

1 
59 

<0.001 

45 

2 
2 

41 

0.059 

45 

1 
5 

39 

0.049 

75 

5 
19 

1 
50 

co.001 


75 

6 
37 
32 

<0.001 

70 


10 
15 

45 

0 


<0.001 


70 


10 
5 

45 
10 

<0.001 


a 	First day of termination period: male, 21 August 1984; female, 23 August 1984 
The result of the life table trend test (Tarone, 1975) is in the  control column, and the results of the life table pairwise comparisons 
( C o x ,  1972) with the controls are in the dosed columns. 
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WEEKS O N  STUDY 

WEEKS O N  STUDY 

FIGURE3 
Kaplan-Meier Survival Curves for Rats Given Drinking Water 
Containing 3,3'-Dimethylbenzidine Dihydrochloridefor 14 
Months 
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Pathologyand Statistical Analyses 
of Results 
This section describes the statistically significant or 
biologically noteworthy  changes in the incidences of  
rats with neoplastic or nonneoplastic  lesions of  the 
skin, Zymbal’s gland, preputial  and clitoral glands, 
liver, oral cavity, small  intestine,largeintestine, 
mammary gland,  lung,mesothelium,brain,adrenal 
medulla, hematopoietic system, testis, uterus, kidney, 
parathyroid, heart, glandular stomach, adrenalcortex, 
spleen, bone marrow, mandibular lymph node, nose, 
and seminal vesicle. 

Summaries of  the incidences of neoplasmsand 
nonneoplastic lesions, animalindividual tumor 
diagnoses, statistical analyses of primary  tumors 
occurring with an incidence o f  at least 5% inat 
least one animalgroup, and historicalcontrol 
incidences for selected  neoplasms discussed in  this 
section are presented in Appendixes A and B  for 
male and female rats, respectively. 

Skin: A variety of  epithelial neoplasms o f  the skin 
occurredwithincreasedincidence inmaleand 
female ratstreated with 3,3’-dimethylbenzidine 
dihydrochloride(Table 10). The increases were 
oftenmarkedin males. Asinglekeratoacanthoma 
in a  male rat was the only epithelial  skin neoplasm 
diagnosed in an  untreated animal. The incidence o f  
basal cell adenomas  and basal cell carcinomas was 
increasedintreated males and females, and  the 
overallincidence o f  adenomasin mid- and high- 
dose males reached 69% and 48%, respectively. The 
incidence of  basal cell adenomas or 6arcinomas 
(combined) was significantly increased in  all treated 
males and  in mid- and high-dose females. Basal cell 
adenomas occurred at multiple  sites in 47% of  mid-
dose males and 35% of high-dose males. The 
incidence o f  squamous cell papillomas or  squamous 
cell carcinomas  (combined) was significantly in- 
creased in  the mid- and high-dose groups of  both 
sexes. The incidence of  keratoacanthomasand 
sebaceous gland adenomas was significantly increased 
in mid-and high-dose males. Basal cell neoplasms 
were locatedbeneath the epidermis  and consisted o f  
small polygonal basophilic cells that formed  dense-
ly packed sheets,  branching cords, or solid  nodules 
oftencontainingcentrala cavity (Figure 4). 
Adenomas were discrete,circumscribed masses, while 
carcinomasexhibited local invasion. Many o f  the 
basal cell neoplasms  containedareas of sebaceous, 

squamous, or  hair follicle differentiation.  Squamous 
cell papillomas  were exophytic growths  composed o f  
a highly branched fibrovascular core covered by 
thickened stratified squamous epithelium. Squamous 
cell carcinomas  wereplaquelike masses o f  pleo-
morphic stratified squamous epithelial cells exhibit- 
ing disordered growth and invasion o f  the underlying 
dermis. Keratoacanthomasconsisted o f  acentral 
cavity that was often  connected to the surface  and 
lined by a thick, highly folded layer of  deeply 
keratinized,squamousstratifiedepithelium. 
Sebaceous gland adenomaswerecomposed of 
multipleglandularstructuresconsisting of  nodules 
of  well-differentiated sebaceous cells surrounded by 
one or more layers o f  basal cells. 

Zymbal’sgland: Zymbal’s glands are specialized 
sebaceous glands anterior  and ventral to the orifices 
of  the external ear. There was a  marked increase in 
the incidence o f  Zymbal’s gland adenomasand 
carcinomas in male femaletreated and rats 
(Table 11). Sometreatedrats hadbilateralcar-
cinomas of the Zymbal’s gland. The incidence of  
adenomas or  (combined)carcinomas was 
significantly increased  in mid- and high-dose males 
andinalltreated females. Carcinomas in  some 
treatedrats metastasized to  the lung,while others 
invaded into the brain. Zymbal’s glands  from some 
treatedanimals exhibited nonneoplastic changes, 
including focal hyperplasia o f  the glandular cells 
(hyperplasia, glandular), focal hyperplasia of the 
stratified squamous epithelium lining the glandular 
ducts (hyperplasia, squamous), diffuse enlargement 
of  the gland secondary to enlargement o f  the 
glandular cells (hypertrophy), anddilation of  the 
glandular ducts (ectasia). There was a  morphologic 
continuumfrom Zymbal’s gland adenomato 
carcinoma. Adenomasdiscretewere masses 
composed o f  glandular acini o f  sebaceous-like e l l s  
surrounding ductular structures lined with squamous 
epithelium.Carcinomaswere generally larger  and 
invaded adjacent soft tissue. Neoplastic cells within 
carcinomas exhibited cellular  atypia and disordered 
growth patterns  and formedirregularacinarstruc-
tures, solid masses, and cords, with a  scattering o f  
ductlikestructures(Figure 5). Some carcinomas 
consisted predominantly of  sebaceous cells, while 
others werecomposed principally o f  stratified 
squamousepithelium; somehadprominent 
components of  both. 
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TABLE 10 
Skin Tumors in F344/N Rats in the 14-Month Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydmchloride 

Male 

Keratoacanthoma 
Overall rates 1/60(0%) 1/45 (2%) 8/75 (11%) 5/60 (8%) 
Effective ratesa 1/60(2%) 1/44 (2%) 8/67 (12%) 5t27 (19%) 
Terminal rates 1/60 (2%) 1/41 (2%) 7/50 (14%) O D  
Day o f  first observation 419 (T) 419 (T) 379 338 
Life table  tests P<O.001 P =0.674 P=O.OlO P<O.001 
Cochran-Armita e testb P<O.001%Fisher exact test P=O.670 P=O.O24 P=O.OlO 

Sebaceous Gland  Adenoma 
Overall rates 0/60(0%) 0/45 (0%) 7/75 (9%) 5/60 (8%) 
Effective rates 0/60(0%) 0/44 (0%) 7/72 (10%) 5/49 (10%) 
Terminal rates 0/60(0%) 0/41 (0%) 5/50 (10%) o/o
Day of first observation 405 280 
Life table tests P<0.001 -C P=O.o06 P=O.001 
Cochran-Armitage test P<0.005 
Fisher exact test -C P=O.O12 P=O.O16 

Basal Cell  Adenoma 
Overall rates 0/60(0%) 10/45 (22%) 52/75 (69%) 29/60 (48%) 
Effective rates 0/60(0%) 10/44 (23%) 52/72 (72%) 29/45 (64%) 
Terminal rates 0/60(0%) 10/41 (24%) 39/50 (78%) o/o
Day of first  observation 419 (9 307 281 
Life table tests Pc0.001 P<O.001 P<O.001 Pc0.001 
Cochran-Armitage test Pc0.001 
Fisher exact test P<O.001 PcO.001 P<0.001 

Basal Cell  Carcinoma 
Overall rates 0/60(0%) 1/45 (2%) 4/75 (5%) 2/60 (3%) 
Effective rates 0/60(0%) 1/44 (2%) 4/68 (6%) - 2/43 (5%) 
Terminal rates 0/60(0%) 1/41 (2%) 4/50 (8%) O D  
Day o f  first observation 419 (9 419 (T) 2% 
Life table tests P<0.001 P=O.424 P=O.O43 P=O.127 
Cochran-Annitage test P=O.121 
Fisher exact test P=O.423 P=O.O76 P=O.172 

Basal Cell  Adenoma or Carcinomad 
Overall rates 0/60(0%) 11/45 (24%) 54/75 (72%) 3 0 / 6 0  (50%) 
Effective rates 0/60(0%) 11/44 (25%) 54/12 (75%) 30/45 (67%) 
Terminal r a t e s  0/60(0%) 11/41 (27%) 41/50 (82%) O D  
Day of first  observation 419 (T) 307 281 
Life table tests Pc0.001 P<0.001 P<0.001 Pc0.001 
Cochran-Armitage test P<0.001 
Fisher exact test P<0.001 Pc0.001 Pc0.001 
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TABLE10 
Skin Tumors in F344/N Rats in the 14-Month Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydmchloride(continued) 

Squamous Cell  Papilloma 
Overall rates 
Effective rates 
Terminal r a t e s  
Day of first observation 
Life table tests 
Cochran-Armitage test 
Fisher exact test 

Squamous Cell  Carcinoma 
Overall rates 

Effective rates 

Terminal rates 

Day of first observation 

Life table tests 

Cochran-Armitage test 

Fisher exact test 


Squamous Cell  Papilloma 
Overall rates 

Effective rates 

Terminal rates 

Day of first observation 

Life table tests 

Cochran-Armitage test 

Fisher exact test 


Female 

Keratoacanthoma 
Overall rates 

Sebaceous Gland  Adenoma 
Overall rates 

BasalCellAdenoma 
Overall rates 

Effective rates 

Terminal rates 

Day  o f  first observation 

Life table tests 

Cochran-Armitage test 

Fisher exact test 


BasalCellCarcinoma 
Overall rates 
Effective rates 
Terminal rates 
Day of first observation 
Life table tests 
Cochran-Armitage test 
Fisher exact test 

0/60(0%) 

0/60 (0%) 

0/60(0%) 


P<O.001 
P<O.001 

0/60(0%) 

0/60(0%) 
0/60(0%) 


P<0.001 
P<O.001 

or Carcinomae 
0/60 (0%) 
0/60(0%) 
o m  (0%) 

P<0.001 
P<O.ool 

0/60(0%) 


0/60 (0%) 


0160 (0%) 
0/60 (0%) 
0/59 (0%) 

P<O.001 
P=O.O14 

0/60(0%) 
0/60(0%) 
0159 (0%) 

P<O.001 
P=O.009 

0145 (0%) 
0/45 (0%) 
0141 (0%) 

-C 

-C 

2/45 (4%) 
2/45 (4%) 
1/41 (2%) 
391 
P=O.165 

P=O.181 

2/45 (4%) 
2/45 (4%) 
1/41 (2%) 
391 
P=O.165 

P=O.181 

0/45 (0%) 

0/45 (0%) 

3/45 (7%) 
3/45 (7%) 
3/39 (8%) 
421 (T) 
P=O.o60 

P=O.O76 

0/45 (0%) 
0/45 (0%) 
on9 (0%) 

-C 

-C 

8/75 (11%) 
8/72 (11%) 
6/50 (12%) 
405 
P=O.003 

P=O.o06 

1 o m  (13%) 
1 o m  (14%) 
9/50 (18%) 
406 
P<0.001 

P=O.002 


17/75 (3%) 

17/74 (23%) 

14/50 (28%) 

405 

P<O.001 


P=O.001 


o m  (0%) 

1/75 (1%) 

5175 (7%) 
5/64 (8%) 
3/32 (9%) 
338 
P=O.O13 

P=O.O34 

5/75 (7%) 
5/69 (7%) 
1/32 (3%) 
315 
PEO.015 

Pt0.041 

15/60 (25%) 
15/55 (27%) 
O P  
238 

P<0.001 

P<0.001 

13/60 (22%) 
13/59 (22%) 
O P  
211 
P<0.001 

P<O.001 

27/60 (45%) 
27/59 (46%) 
O P  
211 
P<0.001 

P<0.001 

1/60 (2%) 

1/60 (2%) 

5/60 (8%) 
5/41 (12%) 
2/10 (20%) 
370 
P<O.001 

P-0.009 

4/60 (7%) 
4/46 (9%) 
on0 (0%) 
336 
P=O.OlO 

P=O.O33 
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TABLE10 
Skin Tumors in F344/N Rats in the 14-Month Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydrochloride(continued) 

Basal Cell Adenoma or Carcinomaf 
Overall rates 0/60(0%) 3/45 (7%) 10/75 (13%) 9/60 (15%) 
Effective rates 0160 (0%) 3/45 (7%) 10/69 (14%) 9/46 (20%) 
Terminal rates 0/59 (0%) 3/39 (8%) 4/32 (13%) 2t10 (20%)
Day of first observation 421 (T) 315 336 
Life table tests P<O.001 P=O.o60 P<O.001 P<O.001 
Cochran-Armitage test P< 0.001 
Fisher exact test P=O.O76 P=O.001 P<O.001 

Squamous Cell Papilloma 
Overall rates 0/60(0%) 1/45 (2%) 6/75 (8%) 5/60 (8%) 

Effective rates 0/60(0%) 1/45 (2%) 6/72 (8%) 5/55 (9%) 

Terminal rates 0/59 (0%) 1/39 (3%) 4/32 (13%) o/lo (0%) 

Day o f  first observation 421 (9 391 264 

Life table tests P<O.001 P=O.417 P=0.003 P=0.002 

Cochran-Armitage test P=O.O15 

Fisher exact test P=O.429 P = O . O 2 4  P=O.O23 


Squamous Cell Carcinoma 
Overall rates 0/60(0%) 2/45 (4%) 4/75 (5%) 7/60 (12%) 
Effective rates 0/60(0%) 2/45 (4%) 4/64 (6%) 7/41 (17%) 
Terminal rates 0/59 (0%) 2/39 (5%) 3/32 (9%) 3/10 (30%) 
Day of first observation 421 (T) 406 338 
Life table tests P<O.001 P=O.153 P=O.O16 P< 0.001 
Cochran-Armitage test P<O.001 
Fisher u a c t  test P=O.181 P=O.o68 P=O.001 

Squamous Cell Papilloma or Carcinomag 
Overall rates 0/60(0%) 3/45 (7%) 9/75 (12%) 12/60 (20%) 
Effective rates 0/60(0%) 3/45 (7%) 9/72 (13%) 12/55 (22%) 
Terminal rates 0/59 (0%) 3/39 (8%) 6/32 (19%) 3/10(30%) 
Day of first observation 421 (T) 391 264 
Life table tests P<O.001 P=O.o60 P< 0.001 P< 0.001 
Cochran-Armitage trend test P<O.001 
Fisher exact test P=O.O76 P=O.003 P< 0.001 

erminal sacrifice 
E u m b e r  of tumor-bearing animals/effective number o f  animals, i.e. number o f  animals alive at  the first Occurrence of this  tumor 

type in any of the  groups 
Based on effective rates 
No tumors in dosed group or  control group; statistical test not performed 
2-year historical incidence for untreated control groups at study laboratory (mean): 2t100 (2%); historical incidence for untreated 
control groups in NTP studies (mean f SD): 21/1,5% (1.3% f 1.9%) 

e 	 2-year historical incidence for untreated control groups at study laboratory (mean): 3D00 (3%); historical incidence for untreated 
control groups in NTP studies (mean f SD): 29/1,5%(1.8% f 1.6%) 
2-year historical incidence for  untreated control groups at study laboratoly (mean): 0/100 (0%); historical incidence for untreated 
control groups in NTP studies (mean f SD): 6/1,643(0.4% + 0.7%) 
2-year historical  incidence for  untreated control groups at study laboratory (mean): O / l 0 0  (0%); historical incidence for untreated 
control groups in NTP studies (mean f SD): 7/1,643(0.4% f 0.8%) 



tissue. (X175) 
figure  multiple  clusters o f  neoplastic cells are seen invading  the adjacent connective 
neoplasm consists o f  cords  and  solid  clusters of pleomorphic basal cells. At top  of 
70  ppm 3,3’-dimethylbenzidine dihydrochloride in drinking water for 14 months. The 
FIGURE 4. Basal  cell  carcinoma of the  skin in a male F344/N rat administered 

deeply invades the  underiying  connective tissue. (X7S) 
carcinoma consists of stratified squamous epithelium  that  forms  irregular  cords  and 
3,3’dimethylbenzidine  dihydrochloride in drinking water for  14 months. ’Ibis 
FIGURE 5. Zymbal’s gland  carcinoma in a female F344h’ rat administered 150 ppm 

nasopharynx appears at  the  bottom of figure. (X70) 
underlying  connective tissue. ?he layer o f  respiratory  epithelium  lining  the 
14 months. Cords  and clusters o f  neoplastic  epithelial cells have deeply invaded the 
rat administered 150 ppm 3,3‘-dimethylbenzidine dihydrochloride in drinking water for  
FIGURE 6 Squamous cell carcinoma o f  the  posterior  oral cavity in a male F344M 

and debris. (X3S) 
substantially  thicker  than normal. Some o f  the glands are  dilated  and  contain  mucus 
epithelial cells have invaded  the  underlying submucosa, causing  the mucosa to appear 
water for 14 months. Multiple  irregular glandular  structures  composed o f  neoplasitc 
F344h’ rat administered 150 ppm 3,3‘-dimethylbenzidine dihydrochloride in drinking 
FIGURE 7. Adenocarcinoma o f  the  mucuosal  epithelium o f  the  colon in a male 
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TABLE 11 
Zymbal'sGlandLesions in FW/N Rats in the 14-Month Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydrochloride 

Male 

Hyperplasia 
Overall rates Ob9 (0%) Oh5 (m) I P S  (1%) 8/59 (14%) 

Adenoma 

Fihe r  exact test 
Cochran-Armita e testb 
Life table  tests 
Day of first observation 
Terminal rates 
Effective rate" 
Overall rates 

% P<O.001 
P<O.001 
419 (T) 
1/60 (2%) 
1/60 (2%) 
1/60 (2%) 1/45 (2%) 

P =0.674 
419 (T) 
1/41(2%) 

P=O.670 

1/44 (2%) 

P<O.001 
378 
10/50 (20%) 
13/72 (18%) 
13/75 (17%) 

P-0.002 

P<O.ool 
254 
OID 
16/54 (30%)
16/60 (27%) 

P<O.ool 

Carcinoma 

Fihe r  exact test 
Cochran-Armitage test 
Life table  tests 
Day of first observation 
Terminal rates 
Effective rates 
Overall rates 

0/60 (0%) 
0/60 (0%) 

P<O.001 
P<O.001 

Ob9 (0%) 
2/45 (4%) 
2/45(4%) 

P=O.170 
359 
0/41 (0%) 

P=O.181 

P<O.001 
229 
6/50 (12%) 
21/74 (28%) 
21/75 (28%) 

P<O.001 

P<O.001 
2Q9 
010 
2 3 / 6 0  (38%) 
2 3 / 6 0  (38%) 

P <0.001 

Adenoma or Carcinoma' 

Fiiher exact test 
Cochran-Armitage test 
Life table tests 
Day of first observation 
Terminal rates 
Effective rates 
overall rates 

1/60 (2%) 
1/60 (2%) 

P<O.001 
P<O.001 
419 (T) 
1/59 (2%) 

3/45(7%) 
3/45(7%) 

P50.192 
359 
1/41(2%) 

P = O . r n  

32/74 (43%) 
32/15 (43%) 

P<O.001 
229 
15/50 (30%) 

P<O.ool 

P<O.001 
209 
OID 
36/60 (60%) 
36/60 (60%) 

P<O.001 

Female 

Hyperplasia 
Overall rates 0/60 (0%) 4/44 (9%) 7/13 (9%) 2/60 (3%) 

Adenoma 

Fihe r  exact test 
Cochran-Armitage test 
Life table tests 
Day of first observation 
Terminal rates 
Effective rates 
Overall rates 

(0%) 
0/60 (0%) 

Pc0.001 
P<0.001 

0/59 (0%) 4/39 (10%) 
4/45 (9%)
4/45 (9%) 

P=O.O31 

P=O.Oal 
421 (T) 

P<O.001 
338 
5/32 (16%) 
11P2 (15%) 
11/75 (15%) 

P<0.001 

P<O.001 
251
3/10 (30%) 
12/57 (21%) 
12/60 (20%) 

P<O.001 
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TABLE11 
Zymbal'sGland Lesions in F344/N Rats in the 14-Month  Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydmhloride (continued) 

Carcinoma 
Overall rates 
Effective rates 
Terminal rates 
Day o f  first obselvation 
Life table tests 
Cochran-Armitage test 
Fisher exact test 

Adenoma or Carcinomad 
Overall rates 
Effective rates 
Terminal rates 
Day o f  first obselvation 
Life table  tests 
Cochran-Armitage test 
Fisher exact test 

erminal sacrifice 

0/60 (0%) 2/45 (4%) 22175 (29%) 35/60 (58%) 
0/60 (0%) 2/45(4%) 22/74 (30%) 35/59(59%) 
0/59 (0%) on9 (0%) 1/32 (3%) 3/10 (30%) 

357 184 229 
P<O.001 P=O.176 P<O.001 P<O.ool 
P<O.001 

P3.0.181 P<O.ool P<O.ool 

0/57(0%) 6/45(13%) 32/75 (43%) 42/60 (70%) 
0/60 (0%) 6/4 ,13%) 32/74 (43%) 42/59 (71%) 
Ob9 (0%) 4/39 (10%) 6/32 (19%) 5/10 (50%) 

357 184 229 
P<O.ool p=o*::.; P<O.001 P<0.001 
P<O.001 

P=O.005 P<O.ool P<O.ool 

f l u m b e r  o f  tumor-bearing animals/effective number o f  animals, i.e. number o f  animals alive at  the first occurrence o f  this tumor 
type in any o f  the p u p s  
~ a s e don effective rates 
2-year historical incidence for untreated control groups at study laboratory (mean): ln00 (1%); historical incidence for  untreated 
control groups in NTP studies (mean f SD): 19/1,.5%(1.2% 2 1.9%) 
2-year historical incidence for untreated control groups at study laboratory (mean): 1/100 (1%); histotical incidence for untreated 
control groups in NTP studies (mean f SD): 14/1,643 (0.9% f 1.5%) 

Clitoral and Preputial G l a d :  The clitoral glands 
o f  the female rat are bilateral modified sebaceous 
glands located near the base o f  the clitoris. The 
preputial glands of the male rat are homologous 
organs located adjacent to the penis. There was a 
marked increase in the incidence o f  clitoral gland 
adenomas and carcinomas in treated females 
(Table 12) and a moderate increase in the incidence 
o f  preputial gland adenomas in treated males 
(Table 13). A few female rats developed bilateral 
clitoral gland  carcinomas. The increase in incidence 
o f  adenomas, carcinomas, and adenomas or car-
cinomas (combined) was  significant in all treated 

female groups. The increase in  preputial gland 
neoplasms was significant only in highdose males. 
Adenomas were discrete expansile masses exhibiting 
some loss o f  normal acinar architecture. Neoplastic 
cells were well differentiated and arranged in solid 
clusters with a scattering o f  ductlike structures 
containing debris. Carcinomas were poorly defined 
masses composed o f  disorganized sheets of pleo-
morphic cells that sometimes invaded the adjacent 
tissue. Carcinomas commonly contained areas of 
necrosis and exhibited greater cellular atypia and 
disordered growth than adenomas. 
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TABLE12 
Clitoral Gland Lesions in Female FW/N Rats in the 14-Month Drinklng Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride 

0 PPm 30 PPm 70 PPm 1 s  PPm 

IIyperplssia 
Overall rates 0/60 (0%) 1/45 (2%) 4/15(5%) 0/59(0%) 

Adenoma 
Overall rates 0/60 (0%) 9/45(20%) 32/75 (43%) 17/59 (29%)

Effective ratesa 0160 (0%) 9/45(20%) 32/73(44%) 17/58(29%)

Terminal rates 0/59(0%) 5/39 (13%) 14/32(44%) 5/10(50%)

Day of  first observation 391 229 2% 

Life table tests P<O.001 P<O.001 PcO.001 P<O.001 

Cochran-Annita e testb P<O.001
iFisher exact test P<O.001 P<O.ool P<O.001 

Carcinoma 
Overall rates 0/60 (0%) 5/45(11%) 11/15 (15%) 18/59 (29%)

Effective rates 0/60 (0%) 5/45(11%) 11/12(15%) 18/55 (33%)

Terminal rates 0/59(0%) 5/39 (13%) 3/32(9%) 3/10(30%)

Day of  first observation 421 0 315 254 

Life table tests P<O.001 P=O.OlO P<O.001 P<O.ool 

Cochran-Annitage test P<O.001 

Fisher exact test P-0.013 P<O.001 P<O.001 


Adenoma or Carcinomac 
Overall rates 0/60 (0%) 14/45 (31%) 42/75 (56%) 32/59 (54%)

Effective rates 0/60 (0%) 14/45 (31%) 42f73 (58%) 32/58(55%)

Terminal rates Ob9 (0%) 10/39(26%) 16/32 (50%) 7/10 (70%)

Day of  first observation 391 229 254 

Life table tests P<O.001 P<O.001 P<O.001 P<O.ool 

Cochran-Annitage test P<O.001 

Fisher exact test P<O.001 P<O.001 P<O.001 


erminal sacrifice 
c u m b e r  Of tumor-bearing animaWeffective number of animals, i.e. number of animals alive at  the first  occurrence of this tumor 

type in any o f  the groups 
Based on effective rates 
Historical incidence for untreated  controlgroups at the study laboratory (mean): 8/100 (8%); historical incidence for untreated 
control groups in N T P  studies (mean f SD): 115/1,643 (7.0f 4.8%) 
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TABLE13 
Preputial Gland Lesions in Male F344/NRats in the 14-Month  Drinking Water Study 
of 39'-Dimethylbenzidine Dihydrochloride 

Hyperplasia 
Overall rates 	 0160 (0%) 0/45 (0%) 5/60 (8%) 

Adenoma 
Overall rates 2/60 (3%) 4/45 (9%) 4/75 (5%) 8/60 (13%)

Effective ratesa 2/60 (3%) 4/44 (9%) 4/72 (6%) 8/49 (16%) 

Terminal rates 2/60 (3%) 4/41(10%) 4/50 (8%) O D  

Day of first observation 419 (T) 419 (T) 419 (T) 280 

Life table  tests PCO.001 P=O.182 P=O.258 Pc0.001 

C o c h r a n - h i t a  e testb P=O.O18
%Fisher exact test 	 P=o.m P=O.430 P=O.O22 

Carcinoma 
Overall rates 	 0/60 (0%) 0145 (0%) 2/75 (3%) 1/60 (2%) 

Adenoma or Carcinoma' 
Overall rates 2/60 (3%) 4/45 (9%) 6/75(8%) 9/60 (15%) 

Effective rates 2/60 (3%) 4/44 (9%) 6/72 (8%) 9/49 (18%) 

Terminal rates 2/60 (3%) 4/41(10%) 6/50 (12%) O D  

Day of first observation 419 (T) 419 (T) 419 (T) 280 

Life table  tests PCO.001 P=O.182 P=O.o86 PcO.001 

Cochran-Armitage test P-0.008 

Fisher exact test P=O.u)6 P=O.205 P=O.O11 


p r m i n a l  sacrifice 
Number o f  tumor-bearing animals/effective number of animals, i.e. number o f  animals alive at  the first occurrence o f  this tumor type 
in any o f  the four groups 
Based on effective r a t e s

' 	2-year historical incidence for untreated control  groups at  study  laboratory (mean): 5/l00 (5%); historical incidence  of untreated 
control groups in N T P  studies (mean -+ SD): 117/lJ% (7.3% & 5.2%) 
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Liver: A variety o f  neoplastic and nonneoplastic 
lesions occurred with increased incidence in male 
and female rats treated with 3,3'-dimethylbenzidine 
dihydrochloride (Tables 14 and 15). The incidence 
o f  hepatocellular neoplasms was  markedly increased 
in mid- high-dose and moderatelyand males 
increased in mid- and high-dose females; no hepato- 
cellular nmp%asms occurred in the control or low- 
dose groups. In treated males there was a marked 
increase in the incidence of both neoplastic nodules 
and hepatocellular carcinomas in the mid- and high- 
dose groups. (Neoplastic nodule was the term used 
previously for proliferative hepatocellular lesions 
currently classified as hepatocellular adenoma.) The 
increase in incidence of neoplastic nodules, hepato- 
cellular cardnomas, and neoplastic nodule or 
hepatocellular carcinoma (combined) washighly 
statistically significant. A few males  had multiple
carcinomas, and manyhad multiple neoplastic 
nodules. A single hepatoblastoma occurred in one 
high-dosemale. There was a moderate increase in 
the incidence of  neoplastic nodules in  mid- and 
high-dose females, and one mid-dose and one high- 
dose female each had a single carcinoma. The 
incidence of neoplastic nodules or carcinomas 
(combined) was significantlyincreased in both the 
mid- and high-dose female groups. Neoplastic 
nodules were discrete expansile masses that were 
larger thaw hepatic lobules and compressed the 
adjacent parenchyma. Hepatic plates within the 
neoplastic nodules were not organized in a normal 
lobular pattern  and often intersected at near right 

the plates in the adjacent normal liver. 
Neoplastic hepatocytes exhibited altered staining 
properties and slight pleomorphism and atypia. 
Mepatml%aslar carcinomas were larger than neoplas- 
tic nodules and consisted of markedly disorganized 
hepatocytes that formed solid clusters, glandular 
structures, OH broad trabeculae several cell  layers 
thick. Neoplastic hepatocytes generally  showed 
moderate to marked pleomorphism and atypia. 
Hepatoblastomas arise within existing  carcinomas 
and are thought to represent a highly undifferen- 
tiated form of hepatocellular neoplasm. The 
hepatoblastoma consisted of irregular clusters and 
cords of  small fusiform  cellswith scant cytoplasm 
and deeply basophilic nuclei. 

*tic degeneration, hematopoietic cell proliferation, 
and foci o f  cellular alteration (basophilic, eosino- 

philic, and mixed cell foci) occurred with markedly
increased incidence in treated rats of each sex. The 
incidence of focal and multifocal hepatocellular 
necrosis was slightly increased in both sexes, and the 
incidence o f  fatty change o f  hepatocytes was slightly 
increased in  high-dose males and mid-dose females. 
The incidence of bile duct hyperplasia was markedly 
reducedin both sexes o f  treated rats as compared 
with controls; this is probably a reflection o f  the 
reduced survival in treated rats.  Cystic degeneration 
is a common degenerative change in the rat liver 
and consists o f  focal clusters o f  variably sized cystic 
spaces containing granular eosinophilic material or  
erythrocytes. The increased incidence of hemato-
goiesis was presumably secondary to inflammation 
associated with the neoplasms in treated animals. 
Foci of  cellular alteration consisted of poorly 
demarcated clusters o f  hepatocytes with altered 
cytoplasmic staining. Although some were large 
enough to be seen grossly,  many of  these foci were 
smaller than a hepatic lobule and caused  minimal or 
no compression, blending with the adjacent normal 
parenchyma. Basophilic foci were characterized by 
cellswith basophilic cytoplasm, while eosinophilic 
foci were composed of  cells with cytoplasm that 
stained more vividly eosinophilic thanthat o f  
normal hepatocytes.  Mixedcell foci consisted o f  
mixtures o f  cellswith eosinophilic cytoplasm and 
cells with clear cytoplasm. 

OralCavity (Tongue or Pharynx): Treatment with 
3,3'-dimethylbenzidine dihydrochloride resulted in 
several squamous cell papillomas and carcinomas of 
the tongue and pharynx  in male and female rats 
(Table 16). No squamous cell neoplasms of  the oral 
cavity occurred in untreated rats o f  either sex. The 
incidenceof squamous cell papillomas or  carcinomas 
(combined) was significantly increased in  the high- 
dose male and mid- and high-dose female groups. 
Papillomas were exophytic masses arising from the 
oral mucosal surface and extending into the oral 
cavity. They consisted o f  a stalk-like, highly 
branched core o f  fibrous tissue covered by a thick- 
ened layer of stratified squamous epithelium. 
Squamous cell carcinomas were flat, broad-based 
lesions o f  the oral epithelium consisting of dis-
organized clusters and cords of  pleomorphic squa- 
mous epithelial cells invading the underlying sub- 
mucosa (Figure 6). Invasion was often accompanied 
by fibrous tissue proliferation and inflammation. 
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TABLE14 
Liver Tumors in F344/N Rats in the 14-Month Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydrochloride 

Mnle 

Neoplastic Nodule" 
Overall rates 0145 (0%) 29/15 (39%) 26/60 (43%)
Effective ratesb 0/44 (0%) 29/12 (40%) 26/49 (53%)
Terminal rates 0141 (0%) 23/50 (46%) 010 
Day of first observation 393 280 

Cochran-Armitage test' 

Fisher exact test' P<O.ool P <0.001 


Hepatocellular Carcinoma 
Overall rates 0160 (0%) 0145 (0%) 12/75 (16%) 12/60 (20%)
Effective rates 0/60 (0%) 0/45 (0%) 1W2 (17%) 12/55(22%)
Terminal rates 0/60 (0%) OH1 (0%) 11/50 (22%) 010 

Day of  first obsetvation 379 238 

Cochran-Armitage test P<O.001 

Fisher exact test P<0.001 P<O.001 

Neoplastic Nodule or Hepatocellular Carcinomae 
Overall rates 0/60 (0%) 0145 (0%) 35/75(47%) 33/60 (55%)
Effective rates 0/60 (0%) 0145 (0%) 35/72 (4%) 33/55 (60%)
Terminal rates 0/60 (0%) 0/41 (0%) 28/50 (56%) 010 
Day of first observation 379 238 
Cochran-Armitage test P<O.001 
Fisher exact test P<O.ool P<0.001 

Female 

Neoplastic Nodule 
Overall rates 0/60 (0%) 0/45 (0%) 7/74 (9%) 3/60 (5%)
Effective rates om (0%) 0145 (0%) 7/58 (12%) 3/36 (8%)
Terminal rates o m  (0%) OB9 (0%) 6/32 (19%) on0 (0%)
Day of first observation 378 343 

Cochran-Armitage test P-0.014 

Fsher  exact test P=O.o06 P=O.O50 


Hepatocellular Carcinoma 
Overall rates 0/60 (0%) 0/45 (0%) 1/74 (1%) 1/60 (2%) 

Neoplastic Noduleb or Hepatocellular Carcinomaf 
Overall rates o m  (0%) 0/45 (0%) 7/74 (9%) 4/60 (7%) 
Effective rates 0160 (0%) 0145 (0%) 7/58 (12%) 4/36 (11%)
Terminal rates 0/59 (0%) 0/39 (0%) 6/32 (19%) on0 (0%)
Day of  first obsetvation 378 343 

Cochran-Armitage test P=O.o04 

Fisher exact test P = O . o 0 6  PzO.018 


erminal sacrifice cermused previously for lesions currently classified as hepatocellular adenoma. 
Number of tumor-bearing  animaldeffective number o f  animals, i.e., number of  animals alive at  the first occurrence of tumors in 
any of the groups ' ~ a ~ e don effective rates * No tumors in dosed group or control group; no statistics  performed

e 2-year historical incidence for untreated control groups at study  laboratory (mean): 7DoO (7%); historical incidence for  untreated 

control groups in N T P  studies (mean f SD): 78/l,591 (4.9%f 4.3%) 

2-year historical incidence for  untreated control  groups at study laboratory (mean): 2/ lOO (2%);historical incidence for  untreated 

control groups in NTP studies (mean f SD): 37n.643 (2.3% * 27%) 
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in the 14-Month Drinking Water Studies of 3,3'-Dimethylbenzidine Dihydrochloride 
Numbers of F344/NRats with Selected Nonneoplastic Liver Lesions 
TABLE15 

Lesion 0 ppm 

Male 

30 ppm 70 ppm 150 ppm 0 ppm 30 ppm 

Female 

70 ppm 150 ppm 

Number examined 60
75 


31
Basophilic focus 

45 74 60 60 45 


5427
 0
DDD DDD 

57 53
DDDEosinophilic focus 0
37 


0
DDD 

54 30
DD.Mixed cell focus 0
DDD DD. 

Fatty change 2 1 7 .  0
27 .DD 15 DDDHematopoietic cell 2 0 

proliferation 
24 D D I  67 DDD 51 C.D*tic degeneration 0 0 3 12 11s-

Focal or multifocal 3 4 10 5 0 3 7. 2 
necrosis 

l Significantly different (PdO.05) from the control group by Fisher exact test; based on effective rates 
.Z PdO.01 

60 
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TABLE16 
Squamous Cell Tumors of the Oral Cavity in F344/NRats in the 14-Month Drinking Water Studies 
of 3,3'-Dimethylbeddine Dihydrochloride 

Male 

Squamous Cell Papilloma 
overall r a t a  0/60 (0%) 0/45 (0%) 3/75 (4%) 2/60 (3%) 

Squamous Cell Carcinoma 
overall rates 0/60 (0%) 0/45 (0%) 1/75(1%) 3/60 (5%) 

Squamous C ~ I IPapilloma or Carcinomad 
Overall rates 0160 (0%) 0/45 (0%) 4/75 (5%) 5/60 (8%)
Effective ratesa 0160 (0%) 0/44 (0%) 4/67 (6%) 5/32 (16%)
Terminal r a t a  0160 (0%) 0/41 (0%) 3/50 (6%) om (0%)
Day of  first observation 341 324 

Cochran-Annita e testb P<O.ool
i -CFisher exact test P =0.074 P=O.o04 

Female 

Squamous Cell Papilloma 
Overall r a t a  0160 (0%) 3/45(7%) 7/75 (9%) 9/60 (15%) 
Effective rates 0/60 (0%) 3/45(7%) 7/73 (10%) 9/59 (15%) 
Terminal rates 0/59 (@%) 3/39 (8%) 3/32 (9%) 3/10 (30%)
Day of f i t  observation 421 0 363 229 

Cochran-Armitage test P=O.o02 

Fisher exact test P-0.076 P=O.O13 P=O.ool 


Squamous Cell Carcinoma 
Overall rates 0/60 (0%) 1/45 (2%) 2/75 (3%) 4/60 (7%)
Effective rates 0160 (0%) 1/45 (2%) 2/64 (3%) 4/41(10%) 
Terminal rates 0/59 (0%) 1/39 (3%) 2132 (6%) 1/10 (10%) 

Day of  first observation 421 0 421 0 338 

Cochran-Armitage test P=O.o08 

Fisher exact test P=O.429 P=O.264 P-0.025 


Squamous C ~ I IPapilloma or Carcinomad 
Overall rates 0/60 (0%) 3/45(7%) 9/75(12%) 13/60 (22%) 
Effective rates 0/60 (0%) 3/45 (7%) 9/73 (12%) 13/59 (22%) 
Terminal rates 0159 (0%) 3/39 (8%) 5/32 (16%) 4/10 (40%)
Day of  first obsetvation 421 0 363 229 
Cochran-Annitage test P<O.ool 
Fisher exact test P=O.O76 P=O.o04 P<O.o01 

erminal sacrifice 
c u m b e r  of  tumor-bearing animaweffective number of  animals, i.e. number of animals alive at  the first occurrence o f  this tumor type 

in any of the groups 
Based on effective rates 
No tumors in dosed group or control group; statistical test not performed 
Details for  the incidence of these neoplasms in the tongue and phatynx are presented in Tables A1 (males) and B1 (females). 
Historical incidence in untreated control  groups in NTP studies: 7/l,5% for males and 4/1,643 for females. 
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Small Intestine(Duodenum,Jejunum, or Ileum):
Adenocarcinomas and adenomatous polyps o f  the 
small intestine mucosa occur rarely in untreated 
F344/Nrats. Several of these neoplasms were found 
in treated male and female rats in these studies 
(Table 17). All neoplasms occurred in mid- and 
high-dose rats, with the exception of a single
adenomatous polyp in a low-dosefemale. The 
incidence o f  polypsadenomatousor 
adenocarcinomas (combined) was significantly 
increased in the  highdose male and female groups. 
Adenocarcinomas were poorly demarcated masses 
that invaded the intestinal wall.  They consisted of 
irregular, variably  sized clusters and glandular 
structures o f  moderately to poorly differentiated 
columnar cells, often surrounded by proliferating 
fibrous tissue containing inflammatory cells. Some 
adenocarcinomas contained mucus secreting cells 
that formed large cystic spaces filled  with mucus 
(cystic mucinous adenocarcinoma). Adenomatous 
polyps were pedunculated masses that projected into 
the intestinal lumen. They consisted of  a stalk-like 

core o f  fibrous tissue covered by numerous glandular 
structures lined by a single layer of moderately well- 
differentiated tall columnar cells with round nuclei 
and abundant basophilic cytoplasm. 

LargeIntestine(Cecum, Colon, or Rectum): Adeno-
carcinomas and adenomatous polyps of the large 
intestine mucosa are rarely seen in untreated F344/N 
rats. Several o f  these neoplasms occurred in treated 
male and female rats in these studies (Table 18). 
All neoplasms occurred in mid- orhighdose 
animals, except for a single adenomatous polyp in a 
low-dosefemale. n o  highdose maleshad 
multiple polyps. The incidence o f  adenomatous 
polyps or adenocarcinomas (combined) was sig-
nificantly increased in the high-dose male and 
female groups. 

The histologic appearance of adenocarcinomas 
(Figure 7) and adenomatous polyps of the large 
intestine was similar to that o f  the small intestine. 
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TABLE17 
Tumors of the Small Intestine in F344DJ Rats in the 14-Month Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydrochloride 

Male 

Adenomatous Polyp 
Overall rates 0160 (0%) 0/45 (0%) 1/75 (1%) 1/60(2%) 

Fsher exact test 
Cochran-Annita e testb 
Day of first observation 
Terminal rates 
Effective rates' 
Overall rates 

Adenocarcinoma 

f 

0/60 (0%) 
0/60 (0%) 
0/60 (0%) 

P<O.001 
-C 

3/74 (4%) 
3/75 (4%) 

P=O.165 

419 (T) 
3/50 (6%) O B  (0%) 

8/59 (14%) 
8/60 (13%) 

211 

P=O.O03 

Adenomatous Polyp or Adenocarcinomad 

Fsher exact test 
Cochran-Armitage test 
Day of filst obsemtion 
Terminal rates 
Effective rates 
overall rates 

0/60 (0%) 
0160 (0%) 
0160 (0%) 

P<0.001 

0/41 (0%) 
O M  (0%) 
0/45 (0%) 

379 
3/50 (6%)
4/74 (5%) 
4/75 (5%) 

P=O.o90 

211 

8/59 (14%) 
8/60 (13%) 

O B  (0%) 

P=O.O03 

Adenomatous Polyp 
Overall rates 0/60 (0%) 1/45 (2%) 1/75 (1%) 0/60 (0%) 

Fsher exact test 
Cochran-Annitage test 
Day of filst observation 
Terminal rates 
Effective rates 
Overall rates 

Adenocarcinoma 

m o  (0%) 
0/60 (0%) 

P=O.O03 

Ob9 (0%) 
309 
or32 (0%) 
2/12 (3%) 
2/15 (3%) 

P=O.296 

251 
on0 (0%) 
5/57 (9%)
5/60 (8%) 

P=O.o25 

Adenomatous Polyp or Adenocarcinomae 

Fsher act test 
Cochran-Annitage test 
Day of first obsetvation 
Terminal rates 
Effective rates 
Overall rates 

0/60 (0%) 
0/60 (0%) 

P=O.O11 

0/59 (0%) 
391 

1/45 (2%) 
1/45 (2%) 

or39 (0%) 

P=O.429 

309
1/32 (3%) 
3/72 (4%) 
3/75 (5%) 

P=O.159 

251 
on0 (0%) 
5/57 (9%)
5/60 (8%) 

P=O.o25 
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TABU 18 
Tumors of the Large Intestine in F344/N Rats in the 14-Month Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydrochloride 

Male 

Adenomatous Polyp 
overall rates 0160 (0%)
Effective ratesa 0160 (0%)
Terminal rates 0160 (0%)
Day o f  f m t  obsetvation 
Cochm-Annita e testb PCO.001fFisher exact test 

Adenocarcinoma 
Overall rates 0160 (0%) 

Effective rates 0/60 (0%) 

Terminal rates 0160 (0%) 

Day of first observation 

Cochran-Armitage test P=O.001 

Fiiher exact test 


Adenomatow polyp or Adenocarcinomad 
overall rates 0160 (0%)
Effective rates 0160 (0%)
Terminal rates 0160 (0%)
Day of first observation 
Cochran-Annitage test PcO.001 
Fiiher exact test 

Female 

Adenomatous Polyp 
overall rates 0160 (0%) 
Effective rates 0/60 (0%) 
Terminal rates 0159 (0%) 
Day of  first observation 
Codwan-Annitage test P=O.o20 
Fiiher exact test 

Adenocarcinoma 
overall rates 

Adenomatow Polyp or Adenocarcinomae 
overall rates 0160 (0%) 
Effective rates 0160 (0%) 
Terminal rates 0159 (0%) 

0145 (0%) 
0144 (0%) 
0/41 (0%) 

-C 

0145 (0%) 
0145 (0%) 
0141 (0%) 

-

0145 (0%) 
0145 (0%) 
0/41 (0%) 

-

1/45(2%) 
1/45(2%)
1/39(3%) 
421 0 
Pt0.429 

1/45(2%) 
1/45 (2%) 
1/39(3%) 

6/75 (8%) 
6/67 (9%) 
5/50 (10%)
384 


P=O.O19 

o n 5  (0%) 
0167 (0%) 
0150 (0%) 

-

6/75 (8%) 
6/67 (9%) 
5/50 (10%)
384 


P=O.O19 

6/75 (8%) 
6/70 (9%) 
4/32 (13%)
310 

P-0.022 

7/75 (9%) 
7/70 (10%) 
4/32 (13%) 

9/60 (15%) 
9/38 (24%) 
om (0%)
308 


P<0.001 

7/60 (12%) 
7/36 (19%) 
om (0%)
309 


P=O.001 

15/60 (2.5%) 
15/38 (39%)
o/o (0%)
308 


Pc0.001 

4/60 (7%) 
4/46 (9%) 
In0  (0%)
355 

P=O.O33 

4/60 (7%) 
4/46 (9%) 
In0  (10%) 

Day of  first obsetvation 310 355(T)421 
Cochran-Annitage test P =0.021 

Fiiher exact test P=O.O33 P=O.O11 P=O.429 


erminal sacrifice 
q u m k  of t m o r - h r i n g  animaweffective  number o f  animals, i.e. number of animals alive at  the first Occurrence of this tumor 

type in any o f  the groups 
~esedon effective rates 
No tumors in dosed  group or control group; Statistical test  not performed 
%year historical incidence for  untreated control  groups at  study  laboratory (mean): 01% (0%); historical incidence for untreated 
controls in NTP studies (mean * SD): 2/l,541(0.1% f 0.4%) 

e 2-year historical incidence for untreated control groups at study  laboratory (mean): 0/88 (0%); historical incidence for untreated 
controls in N T P  studies (mean SD): O/l,601 (0% * 0%) 



54 3,3'-Dimethylbenzidine Dihydrochloride, N T P  TR 390 

TABLE19 
Mammary Gland Tumors in Female  F344M Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride 

0 PPm 30 PPm 70 PPm 150 PPm 

Adenocarcinoma' 
(2%) 0/60 (0%) 
(2%) 0160 (0%) 

Terminal rates 0/59 (0%) 

Overall rates 1/45 3/75(4%) 6/60 (10%) 
Effective ratesb 6/51 (12%) 1/45 3/71(4%) 

1/39(3%) 
Day of first  observation 421 0 363 285 

Cochran-Armitage test' P=O.o02 

Fisher m c t  t a t C  P=O.429 P=O.156 P=O.o08 


erminal sacrifice 
Q-year historical incidence for untreated control groups  at study laboratory (mean): 2/lo0 (2%); historical incidence in N T P  studies 

(mean -+ SD): 44/l,643 (2.7% f 2.2%) 
Number of tumor-bearing  animaWeffective numberof animals, i.e. number of animals alive at the first  Occurrence of this tumor type 

1/32 (3%) 3/10 (30%) 

in any of the group 

Based on effective rates 


Mammaty Gland: Mammary gland adenocarcinomas, 
uncommon neoplasms o f  the female F344/Nrat, 
occurred with a dose-related increased incidence 
(Table 19). The increase in the high-dose group 
was significant as compared with controls and was 
above the highest overall historical incidence for 
untreated female F344/N rats from 2-year NTP 
studies [44/1643(2.7%), range 0-8%]. There was no 
increase in the incidence o f  fibroadenomas (control, 
2 / 6 0 ;  low dose, 1/45; mid dose, 4/75; high dose 0/60). 

Lung: Alveolarbronchiolar adenomas occurred with 
a slightly increased incidence in treated males 

relative to untreatedcontrols (Table 20). The 
incidence of focal or multifocal hyperplasia o f  alve-
olar epithelium was  markedly increased in  treated 
rats o f  each sex, while the incidence of histiocytic 
cellular infiltration o f  the lung wasmarkedly 
increased in females (control, 12/60, 20%; low dose, 
23/45, 51%; mid dose, 36/74, 49%; high dose, 29/60, 
48%). The incidence o f  alveolarbronchiolar 
adenoma or carcinoma (combined) was  significantly 
increased in male rats in the mid- and high-dose 
groups. The lower incidence o f  alveolar epithelial 
hyperplasia in high-dose males and females relative 
to that in  mid-dose rats may have been due to the 
markedly decreased survival o f  the high-dose groups. 
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TABLE20 
Lung Tumors in F344/NRats in the 14-Month Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydrochloride 

Male 

Alveolar Epithelial Hyperplasia 
Overall rates 5/60 (8%) 14/45(31%) 31/75 (41%) 17/60 (28%) 

Alveolar/Broncbiolar Adenoma 
Overall rates 1/60 (2%) 0/45 (0%) 7/75 (9%) 6/60 (10%) 
Effective ratesa 1/60 (2%) 0145 (0%) 7/73 (10%) 6/57 (11%) 
Terminal rates 1/60 (2%) 0/41 (0%) 6/50 (12%) O B  (0%) 
Day of first obsewation 419 (T) 406 226 

Cochran-Armita e testb P=O.O12
fFisher exact test P=0.571N P=O.O57 P=O.O49 

Alveolar/Broncbiolar Carcinoma 
Overall rates 0/60 (0%) 0/45 (0%) 1/15 (1%) 0/60 (0%) 

Alveolar/Bronchiolar Adenoma or Carcinoma' 
Overall rates 1/60 (2%) 0/45 (0%) 8/75 (lX%) 6/60 (10%) 
Effective rates 1/60 (2%) 0/45 (0%) 8/73 (11%) 6/57 (11%) 
Terminal rates 1/60 (2%) 0/41 (0%) 7/50 (14%) O B  (0%) 
Day of first observation 419 (T) 406 226 
Cochran-Annitage test P=O.O13 
Fihe r  exact test P=0.571N P=O.O33 P=O.O49 

Female 

Alveolar Epithelial Hyperplasia 
Overall rates 1/60 (2%) 11/45 (24%) 30/13 (41%) 13/60 (22%) 

Alveolar/Bronchiolar Adenoma 
Overall rates 1/60 (2%) 1/45(2%) 3/14 (4%) 3/60 (5%) 
Effective rates 1/60 (2%) 1/45(2%) 3/63 (5%) 3/41(7%) 
Terminal rates 1/59 (2%) 1/39 (3%) 2/32 (6%) on0 (0%) 
Day of first observation 421 (T) 421 (T) 338 370 
Cochran-Armitage test P90.094 
Fihe r  exact test P=O.676 P=O.328 P=O.181 

Alveolar/Bronchiolar Carcinoma 
Overall rates 0/60 (0%) 0/45 (0%) On4 (0%) 1/60 (2%) 

Alveolar/Broncbiolar Adenoma or Carcinomad 
Overall rates 1/60 (2%) 1/45(2%) 3/74 (4%) 4/60 (7%) 
Effective rates 1/60 (2%) 1/45(2%) 3/63 (5%) 4/41(10%) 
Terminal rates 1/59 (2%) 1/39 (3%) 2/32 (6%) on0 (0%) 
Day of  first observation 421 (T) 421 (T) 338 370 

Cochran-Armitage test Ps.O.033 

F i h e r  exact test P=O.676 P=O.328 P=O.o86 


erminal sacrifice 
?umber of tumor-bearing anima4effective  number of animals, i.e. number of  animals alive at  the first Occurrence of this tumor 

type in any of the groups 
~asedon effective rates 
2-year historical incidence for untreated control p u p s  at study  laboratory (mean): lnOO (1%);historical incidence for 
untreated control groups in N T P  studies (mean * SD): a n 5 9 3  (2.8% f 2.3%) 
2-year historical incidence for untreated control groups at study  laboratory (mean): 1nOO (1%); historical incidence for 
untreated control p u p s  in N T P  studies (mean 2 SD): 25/l639 (1.5% f 1.5%) 
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TABLE21 
Mesotheliomas in Male F344/NRats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydmhloride 

All Organs Mesothelioma (Benign,Malipant, and NOS)' 
Overall rates o m  (0%) 0145 (0%) 3/15(4%) 4160(7%)
Effective ratesb 0160 (0%) 0145 (0%) 3167 (4%) 4/38 (11%)
Terminal rates O B0160 (0%) 0141 (0%) 3/50 (6%)
Day of first observation 419 (T) 308 

-dLife table tests P<O.ool P-0.092 P < O . o o l  

Cochran-Amitage test' P=O.O03 


dFisher exact test' - P=O.144 P=0.020 

erminal sacrifice 
?year historical incidence for untreated control groups at  study laboratory (mean): 3nOO (3%);historical incidence for 

untreated control groups in N T P  studies (mean 2 SD): 47/15% (2.9%* 2.6%) 
Number of tumor-bearing animaldeffective number of animals, i.e. number of  animals alive at the first  Occurrence of this tumor 
type in any of the dose groups 
No tumors in dosed group or control group; statistical test not performed
B& on effective rates 

Mesothelium: Malignant mesotheliomas o f  the testis 
and/or epididymis occurred in a few mid- and high- 
dose males  (Table 21). The incidence of mesothe-
liomas showed a positive trend, and the incidence in 
high-dose males was significantly increased. 

Brain: Small numbers of  rare malignant neoplasms 
o f  glial cell origin (astrocytoma and glioma) or 
meningeal origin (malignant meningioma and 
meningeal sarcoma) occurred in treated male and 
female rats. Gliomas are poorly differentiated glial 
cell neoplasms often consisting o f  a mixture o f  cells 
with different morphologies; astrocytomas are better 
differentiated glial cell neoplasms in which neo-
plastic cells resemble astrocytes. Malignant gliomas 
occurred in  one middose and one  highdose male 
and in one mid-dose and onehighdose female. 
Malignant astrocytomas occurred in one low-dose 
and one  middose female. Malignant meningioma 
occurred in one lowdose female and one high-dose 
male; a single meningeal sarcoma, a presumably  less-
differentiated form of malignant meningioma, 
occurred in a middose male. Brain neoplasms in 
control animals are most  commonly found at  the 

2-year terminal sacrifice. The earliest occurring 
brain neoplasm in this study was the malignant 
meningioma in the high-dose male that died during 
week 48. The earliest occurring glial cell neoplasm 
was the malignant glioma in the high-dose male that 
died on week 50. The occurrence of  these neo- 
plasms solely in treated rats, combined with the 
early occurrences of these neoplasms, indicates they 
may have been treatment related. 

Adrenal Gland Medulla: Benign pheochromocytomas 
occurred at a marginally increased incidence in 
treated male rats (control, O / W ,  low dose, 2/45, 4%; 
mid dose, 1/75, 1%; high dose, 3/59, 5%). The 
incidence in high-dose males significantlywas 
increased relative to controls. Focal hyperplasia o f  
the adrenal medulla, a lesion generally considered a 
precursor to pheochromocytoma, was seen in only 
onemiddose male. The lack of a dose-related 
increase in the incidence of pheochromocytomas and 
the absence of a treatment-related increase in the 
incidence of  hyperplasia in this study indicate the 
marginal increase in incidence in the high-dose 
group is not a significant treatment-related effect. 
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HematopoieticSystem: Mononuclear cell leukemia 
in treated female rats occurred with a slightly 
increased incidence as compared with controls 
(control, 1/60, low dose, 3/45;  mid dose, 6/75; high 
dose, 4/60). Mononuclear cell leukemias are gener- 
ally seen late in life; most cases occur after 
18 months o f  age, and the incidence increases with 
increasing age. In this study there was substantial 
early mortality in treated animals due to treatment-
related neoplasms in a variety o f  other tissues, 
necessitating termination o f  the study at 14 months. 
Since the majority o f  leukemias would not be 
expected to occur prior to  14 months, the animals 
in this study were not at risk for a long enough 
period o f  time to allow for the full development o f  
leukemias in either  control or treated animals. The 
slightly increased incidences of mononuclear cell 
leukemia suggest there may have been an earlier 
onset o f  leukemia in treated female rats, indicating 
that the increase in leukemias may have been 
treatment-related. 

Testes: The incidence o f  interstitial cell adenomas, 
very common neoplasms in male F344/N rats, was 
significantly increased in low-dose  males as com-
pared with controls (control, 24/60, 40%; low dose, 
26/45, 58%; mid dose, 26/75,  35%;high dose 2/60, 
3%). However, the incidence o f  interstitial cell 
hyperplasia was similar in control and low-dose 
groups (44/60,  73%;35/45, 78%; 28/75, 37%;4/60, 
7%). The low incidence in the high-dose group is 
presumably related to the high early mortality. The 
increase in the incidence of adenomas in the low-
dose group was considered unlikely to be treatment-
related because there was no  apparent treatment 
effect on the incidence of interstitial cell hyper-
plasia, the precursor to adenoma. The lack of a 

treatment-related increase in hyperplasia is not due 
to decreased survival since the  total number o f  mid-
dose males  surviving to study termination (50) was 
comparable to the number o f  controls living to 
termination (60). Consequently, the marginal in- 
crease in the incidence o f  adenomas in the low-
dose group is not considered to be treatment 
related. 

Uterus:The incidence o f  stromal polyps  showed a 
significantnegative trend in treated female rats 
(control, 11/60,  low dose, 9/44, mid dose, 3/75;  high 
dose, 1/60). The incidence in mid- and high-dose 
females was significantly reduced as compared with 
controls, but was considered secondary to the 
decreased survival in these groups. 

Kidney Treatment with 3,3'-dimethylbenzidine 
dihydrochloride was associated with an increased 
incidence of nephropathy in treated females as 
compared with controls and a  notable increase in 
the severity of  nephropathy in  high-dose males and 
inmid- and high-dose  females (Table 22). Nephro-
pathy was characterized by tubule epithelial degen- 
eration and necrosis and accompanied by regenera-
tive tubule cell proliferation that was most marked 
in males. Minimal karyomegaly, a slight increase in 
the size o f  renal tubule cell  nuclei,wasdiagnosed 
in the kidneys o f  numerous treated females by the 
study pathologist. The Pathology Working Group 
(PWG)reviewed this lesion and believed it to be 
indicative o f  regenerative tubule cell proliferation 
occurring as apart o f  the nephropathy. Thus, the 
PWG concluded that karyomegaly in treated females 
did not represent a distinct treatment-related effect. 
A single renal tubule adenoma occurred in one 
high-dose female. 
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TABLE22 
Incidences and Severity of Nephropathy in Male and Female F344/N Rats 
in the 14-Month Drinking Water Studies of 3,3'-Dimethylbenzidine Dihydmchloride 

Male 
Nephropathf 60/60 (1.7) 43/45(1.9) 59/59(3.4)(2.0)74/75 

Female 
Nephropathy 47/60 (1.3) 44/45 (1.7) 59/6072/74(2.9) (2.9) 

a Values in parenthesesare average severity grades; l=minimal,  2=mild,3=moderate,and41marked. 

Parathyroid Gland. Hyperplasia of the parathyroid 
gland occurred in 11/58highdose males, 3/58high-
dose females, and 5/70middose females; none was 
seen in any other group. These lesions are 
presumed to be secondary to the increased severity 
of nephropathy in treated rats. 

Heart: Minimal to mild  cardiomyopathy occurred 
with increased incidence in treated males (control, 
17/60;lowdose, 19/45;mid dose, 35/75; high dose 
31/59). 

GlandularStomach: Cystic degeneration of the 
mucosa o f  the glandular stomach, a common change 
in aging F344/Nrats, consists of atrophy of  glandu-
lar epithelium and dilatation of the glandular 
lumens. The incidence o f  this lesion was increased 
in treated females (control, 1/60; low dose, 3/45;mid 
dose, 6/74; high dose, 11/60), butnot in males 
(22/60; 0/45; 4/75; 15/59). 

Adrenal Gland Corta: Angiectasis,characterized by 
mild dilatation of cortical sinusoids, was seen in 
treated females (0/60,0/45;8/74;8/60). Cytoplas-
mic vacuolation of adrenocortical cells occurred with 
increased frequency in treated males ( O / e  0/44, 
5/75; 5/59)and females (2/60; 0/45; lOf74; 

Spleen: The incidence of hematopoietic cell prolif- 
eration was increased in treated males (control, O / a ,  

low dose, 1/45;mid dose, 22/75;high dose, 11/55) 
and females (0/60, 6/45;20/74;14/60). The 
increased incidence was considered to be secondary 
to inflammation associated with neoplasia. 

Bone Marrow: Hyperplasia or atrophy of  the 
hematopoietic cell elements of the bone marrow 
occurred in a few treated males (hyperplasia:  mid 
dose, 1/75; high dose, 3/60;atrophy: high dose, 8/60) 
and females  (hyperplasia:high dose, 7/59;atrophy: 
mid dose, 1/73; high dose, 4/59). These lesions were 
not observed in controls. 

MandibularLymph Node: Plasma cell hyperplasia, 
characterized by increased numbers of plasma cells 
within the medullary areas, occurred with increased 
incidence in treated males (control, 2/60; low dose, 
5/45; middose, 18/74; high dose, 16/60) and 
females(l/60, 5/43; 20/72; 18/60).This may have 
been secondary to  the inflammatory response as-
sociated with Zymbal's  gland neoplasms. 

Nose: Suppurative inflammation occurred with 
increased incidence in mid- and highdose females 
(middose, 6/75;high-dose, 5/60). 

6/60). 
Seminal Vesicle: The incidence o f  atrophy was 
increased in treated male rats (control, O / W ,  low 
dose, 1/44, mid dose, 8/75;high dose, 5/58)and was 
probably secondary to debilitation in treated males. 
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GENETICTOXICITY 

33'-Dimethylbenzidine dihydrochloride produced 
positive responses at low doses in  several tests for 
genetic toxicity.  3,3'-Dimethylbenzidinedihydro-
chloride was tested with a preincubation protocol 
for induction o f  gene mutations in Salmonella 
zyphimurium strains TA100,  TA1535,TAW, and 
TA98 in the presence and absence o f  Aroclor 1254- 
induced male Sprague-Dawley rat or Syrian hamster 
liver S9. Mutagenic activity was observed  onlyin 
strain TA98 in the presence of S9 (Zeiger e t  al., 
1988, Table Cl). In cytogenetic tests with Chinese 
hamster ovary  cells, 3,3'-dimethylbenzidine dihydro-
chloride induced sister-chromatid exchanges  (SCE) 
(Table C2)and chromosomal aberrations (Table C3) 
in the absence o f  S9. Neither endpoint was  elevated 
in trials conducted with S9 from Aroclor 

1254-induced male Sprague-Dawley rat liver. In the 
SCE tests, positive responses were recorded in each 
o f  two trials without S9. In the chromosomal aber- 
ration assay, the first of two trials without S9 was 
negative, but in the second trial  three intermediate 
dose levels produced significant increases in aber- 
rations. 3,3'-Dimethylbenzidine dihydrochloride
induced sex-linked recessive lethal mutations in the 
germcells o f  male Drosophila when administered 
either in feed or by injection (Table (3). No 
induction of reciprocal translocations occurred in 
Drosophila germ cells  following exposure of males by 
feeding (Table C5). Appendix C contains the 
methods and complete results of all genetic 
toxicology studies. 
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DISCUSSION AND CONCLUSIONS 


Consumption o f  drinking water containing 33'-
dimethylbenzidine dihydrochloride by rats led to 
highly significant increased incidences o f  neoplasms 
at a variety of sites and mild  toxicity in several 
organs. In low-,mid-, and high-dose males, 13%, 
64%, and 83%, respectively, were observed to have 
malignant neoplasms, and many animals in the mid- 
and high-dose groups had multiple malignant
neoplasms.Similarly, malignant neoplasms were 
found in 31%, 65%, and 93% of low-,mid-, and 
high-dose females, with many animals in all dose 
groups having malignant neoplasms at multiple sites. 
Only 2% of  male or female control rats had  malig-
nant neoplasms. 

The principal sites and organs with neoplasms 
included the skin, Zymbal's  gland, preputial and 
clitoral glands,  liver, oral mucosa, and small and 
large intestine. In  both sexes, the incidence o f  these 
neoplasms was dose related, and the  tumor latency 
generally decreased with increasing dose. The 
Occurrence of neoplasms at most o f  these sites in 
the F344/N rat is uncommon and often associated 
with exposure to genotoxic carcinogens. Theshort 
latency and multiple sites o f  these neoplasms are 
characteristic of genotoxic carcinogens such as the 
benzidine dyes (NCI, 1978a),3,3'-dimethoxybenzi-
dine ( N T P ,  199Oa), benzene (NTP, 1986), 1,3-
butadiene (NTP, 1984), and glycidol ( N T P ,  199Ob). 

14-DAY AND U-WEEK STUDIES 
In the l4day and 13-week studies, male and female 
rats were exposed to 3,3'-dimethylbenzidine dihydro- 
chloride in drinking water at concentrations ranging 
from 300 to 7,500ppm. In the 14-day studies, all 
five males and one female receiving 7,500ppm and 
1/5 males receiving 5,OOO 3,3'-dimethyl-ppm 
benzidine dihydrochloride died. In the 13-week 
studies, all animals receiving 4,OOO ppm and 
4/10 males and 3/10 females receiving 2,OOO ppm 
3,3'dimethylbenzidine dihydrochloride died. Mean 
necropsy body showed dose-relatedweights a 
decrease. Histopathologic evidence of hepatic 
(necrosis and pigment within the sinusoidal lining 
cells) andrenal damage (increased severity of  
nephropathy) was seen in exposed rats.In addi-

tion,lymphocytic atrophy was inobserved the 
thymus, mandibular and mesenteric lymph  nodes, 
and spleen of treated animals, and atrophy of the 
bone marrow  was seen in rats receiving 2,OOO and 
4,OOO ppm. Water consumption was decreased with 
increasing chemical concentration. 

Small dose-related decreases in hematocrit values 
indicated a slight anemia in males and females; 
however, the lack of a concomitant decrease in 
hemoglobin levels  suggested that these decreases 
were a result o f  hemolysis. The slight increase in 
serum sorbitol dehydrogenase (SDH) activity  in 
treated rats was indicative o f  mild liver damage. 

Based on  the decreased survival, reductions in dosed 
water consumption and body weightgain, and 
chemical-induced hepatocellular and  renal lesions 
observed in the 13-week studies, the 9- and 
14-month studies were conducted in male and 
female rats by administering 0,30, 70,or 150 ppm 
3,3'-dimethylbenzidine dihydrochloride in drinking 
water. 

%MONTH STUDIES 
Carcinomas of the preputial and clitoral glands, 
Zymbal'sgland,liver, skin, lung, oral cavity, and 
small intestine were observed in high-dose animals 
after exposure to 3,3'-dimethylbenzidinedihydro-
chloride for only 9 months. Basophilic foci and 
neoplastic nodules in the liver and hyperplasias o f  
the Zymbal'sgland and lung were also detected in 
exposedrats. These lesions were not detected in 
control rats. The short latency o f  these lesions is 
unusual and indicative o f  the carcinogenic potency 
o f  3,3'-dimethylbenzidine dihydrochloride. 

Hematologic effects indicated a mild anemia in 
treated male and female rats. Serum SDH levels 
were increased about tenfold in females and two-
fold in males and were indicative o f  liver injury. A 
decrease in serum thyroxin ( T 4 )  with an increase in 
thyroid stimulating hormone (TSH) is indicative of 
mild hypothyroidism in treated male and female rats. 
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14-MONTH STUDIES 
3,3'-Dimethylbenzidine dihydrochloride studies were 
terminated at month 14 because o f  reduced survival 
in the dosed groups. All high-dose  males had been 
found dead or killed moribund by week 55, and only 
about 25% o f  the high-dose females  survived to 
week 56. Survivalwas influenced, in part, by an 
aggressive sacrifice program that, for humane rea- 
sons and to preclude autolysis, called for removal 
o f  animals with large ulcerated neoplasms. Mean 
body weights of the high-dose male and female 
groups were approximately 85% o f  those of  corre-
sponding control groups by weeks 28 and 32, respec- 
tively, and 70% and 75% by study termination, 
respectively. By week 44, the mean body weight o f  
the mid-dose female group was 85% of  that o f  the 
control group. 

Clinical Findings 
The most important clinical finding in the 14-month 
studies was the appearance o f  tissue masses on the 
head, over the back, and in the genital area. These 
masses, for the most part, represented the develop-
ment o f  Zymbal'sgland tumors, epithelial skin 
tumors, and  preputialklitoral gland tumors, respec- 
tively. Tissue masses at these  three sites had a 
relatively short latency, with tissue masses on the 
head first appearing  after 24weeks o f  chemical 
exposure. 

Nonneoplastic Lesions 
33'-Dimethylbenzidine dihydrochloride exposure 
was associated with increased incidences o f  several 
nonneoplastic lesions. Cystic degeneration, a corn- 
mon degenerative change in the rat liver, was 
observed in the liver of exposed rats and appeared 
to be treatment related. Increased hematopoiesis 
in the liver was likely secondary to inflammation 
associated with  neoplasms. A treatment-related 
increase in the incidence of nephropathy was 
observed in female rats, and  an increase in the 
severity of nephropathy was observed in high-dose 
males and mid- and high-dose females. Although 
treatment related, the increase in alveolar macro- 
phages (histiocytic cellular infiltration) observed in 
the lung of treated females was probably a non- 
specific reaction and possibly a sequela to hyperpnea 
related to anemia or stress. 

Neoplastic Lesions 
Of the male rats exposed to 150 ppm 3,3'-dimethyl-
benzidine dihydrochloride in drinking water, 50% 
were found to have skin basal cell tumors, and 45% 
had squamous cell skin neoplasms. These neo-
plasms were not observed in untreated controls. 
Epithelial skin neoplasms were composed principally 
of basal or squamous cells. In treated males, basal 
cell tumors occurred as early as week 40 (observed
at necropsy), and squamous cell tumors as early as 
week 30. Although the incidence of epithelial skin 
tumors in treated females was not  as remarkable as 
that in males, the incidence o f  these neoplasms was 
significantly increased by 3,3'-dimethylbenzidine 
dihydrochloride treatment. Skin neoplasms detected 
in treated females were o f  the same morphological 
type as those observed in males and were a result o f  
3,3'-dimethylbenzidine dihydrochloride exposure. 

Skin neoplasms could have been caused by systemic 
exposure to reactive 3,3'-dimethylbenzidine metabo- 
lites or by direct exposure to 3,3'-dimethylbenzidine 
in the drinking water. Because 3,3'dimethyl- 
benzidine dihydrochloride was administered in 
drinking water, exposure of skin during grooming 
waslikely. Skin neoplasms may have resulted from 
direct exposure of the skin to the compound or'to 
its metabolites in saliva, or from metabolism by the 
skin of 3,3'-dimethylbenzidine dihydrochloride to a 
reactive intermediate. No reports on the carcino-
genicity of  3,3'-dimethylbenzidine dihydrochloride 
after dermal administration were found. 

There was a highly significant correlation between 
the consumption o f  3,3'-dimethylbenzidine dihydro- 
chloride and the development of Zymbal's gland 
adenomas and/or carcinomas in treated males and 
females. With the exception of an adenoma in one 
control male,  Zymbal'sgland neoplasms were not 
observed in control groups. Carcinomas and  adeno-
mas were observed at necropsy in treated males as 
early as weeks 30 and 36, respectively, and in treated 
females, as early as weeks 26 and 36, respectively. 
Neoplasms infrequently develop spontaneously at 
this site (1% of untreated historical control  rats) 
and usually  only late in life (Solleveld et aL, 1984). 

Exposure to 33'-dimethylbenzidine dihydrochloride 
had a profound effect on the clitoral gland in 
treated female rats, giving rise to a high incidence of 
adenomas and/or carcinomas. The incidence o f  



63 Discussion and Conclusions 

these neoplasms in  high-dosefemales was about 
8 times higher than those in untreated historical 
control F344/N rats in  2-yearstudies. Adenomas 
were found in treated female animals as early as 
week 33, and carcinomas as early as week36. 
Potential precursor lesions (hyperplasia) occurred in 
small numbers in treated animals, possibly because 
most such lesions had already progressed to neo- 
plasms. An increased incidence of neoplasms was 
also observed in the preputial gland o f  treated 
males. Although not as marked as the incidence of 
clitoral gland tumors in treated females, the inci- 
dence of preputial gland neoplasms in treated males 
was about  three times higher than that o f  laboratory 
historical controls. Preputial gland adenomas and 
carcinomas were confirmed histologically as early as 
weeks 40 and 44, respectively. Adenomas of the 
preputial gland were observed in two control rats at 
60 weeks (historical incidence in untreated controls 
0% at study laboratory, 4.3%  in NTP studies). 

Intake o f  3,3'-dimethylbenzidine dihydrochloride was 
associated with an increased incidence of hepato- 
cellular neoplasms,  principally neoplastic nodules 
(hepatocellular adenoma), in treated male and 
female rats. The incidence of hepatocellular neo- 
plasm in treated female rats was considerably  lower 
than in  males. The incidence of neoplastic nodules 
or carcinomas (combined) was significantiy (P10.05) 
increased for mid-  (47%) and high-dose (55%) 
males and mid-  (9%) and high-dose (7%)  females; 
no hepatocellular neoplasms occurred in the 
untreated or low-dose groups of either sex. It was 
therefore concluded that 3,3'-dimethylbenzidine 
dihydrochloride treatment was responsible for these 
neoplasms in male and female rats.  3,3'-Dimethyl-
benzidine dihydrochloride was also associated with 
an increase in the incidence of  basophilic, eosino-
philic and mixed cell foci in male and female rats, 
which, if these foci are considered precursor lesions, 
strengthens the conclusion that 3,3'-dimethyl-
benzidine dihydrochloride is a hepatocarcinogen.
The chemical also caused  mild hepatotoxicity. 

Squamous cell neoplasms occurring in the oral 
cavity (tongue and palate) o f  treated females  were 
strongly associated with exposure to 3,3'-dimeth-
ylbenzidine dihydrochloride. Significant numbers of 
squamous cell tumors o f  the oral cavity  were also 
detected in treated male rats although at a lower 
incidence. Neoplasms of  the oral cavity could have 
beencaused by exposuredirect to 
3,3'-dimethylbenzidine dihydrochloride in the drink- 

ing water or by systemic exposure to reactive 
3,3'-dimethylbenzidine dihydrochloride metabolites. 
Taken collectively, the observed number of 
squamous cell papillomas and carcinomas o f  the oral 
cavity represents a comparatively large increase in 
the incidence of relatively rare tumors (historical 
incidence o f  4/1,643, 0.2%, inuntreated female 
F344/N rats in 2-year  studies). It was concluded 
that these tumors were caused by 33'-dimethylben-
zidine dihydrochloride treatment in male and female 
rats. 

3,3'-Dimethylbenzidine dihydrochloride exposure led 
to development o f  uncommon epithelial neoplasms 
of  the small and large intestine in male and female 
rats. Chemically induced neoplasms of the intestine 
are uncommon in rats.  Of 370 chemicals studied by 
the NCVNTP,onlyseven were associated with 
adenocarcinomas, adenomatous polyps, or car-
cinomas of the intestine in the rat: 3,3'-dimethoxy-
benzidine (NTP, 1990a), tribromomethane (NTP, 
1989), bromodichloromethane ( N T P ,  1987), Captan 
(NCI,1977), phenazopyridine hydrochloride (NCI, 
l978b), chrysotile asbestos OIJTP,1985), and glycidol 
(NTP, 1990b). 

The neoplasms in the current study were principally 
cysticmucinous adenocarcinomas of  the small 
intestine and adenomatous polyps o f  the large 
intestine. Adenocarcinomas of the small intestine 
first occurred after 30 and 36 weeks of treatment in 
males and females,  respectively, and colonic polyps 
were first  observed at necropsy at week 44 in males 
and females. Adenocarcinomas were also observed 
in the large intestine o f  seven highdose males and 
one mid-dose and one high-dose female. Although 
the increase in incidence o f  these tumors in  females 
was not as marked as in  males, these tumors were 
considered due  to 3,3'-dimethylbenzidinedihydro-
chloride exposure since no adenocarcinomas or 
adenomatous polyps  have been observed in 1,601 
untreated historical control female F344/N rats in 
2-year NTP studies. 

3,3'-Dimethylbenzidine dihydrochloride consump- 
tion l e d  to a dose-related increase in the incidence 
and a shortened latency o f  adenocarcinomas of the 
mammarygland of female rats. The incidence o f  
adenocarcinomas was statistically significant only  in 
the high-dose group; no adenocarcinomas were 
observedin untreated control rats. This neoplasm 
was first observed at necropsy in high-dose  females 
at week  41, in mid-dose females at week  52, and in 
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low-dosefemales at week 60. Based upon the 
dose-related increase in incidence o f  adenocar-
cinomas and decrease in time-to-tumor, it was con- 
cluded that mammary  gland neoplasms were a result 
o f  3,3'-dimethylbenzidine dihydrochloride treatment. 

The incidence o f  alveolarbronchiolar neoplasms of  
the lung was significantly increased in  mid- and 
high-dose male rats. A dose-related increase in the 
incidence o f  these lung tumors occurred in female 
ratsand wassignificant in the high-dose group. 
Hyperplasia o f  the alveolar epithelium occurred in 
up to 41% o f  treated male and female rats. 
Because alveolarbronchiolar tumors are uncommon 
in the F344 rat (2.8% or 1.5% in untreated male or 
female control  rats in N T P  2-year studies) and 
because o f  the high treatment-related incidences of 
hyperplasia, alveolarbronchiolar tumors were con- 
sidered directly related to 3,3'-dimethylbenzidine 
dihydrochloride treatment. 

A few uncommon malignant neoplasms of  glial cell 
or meningeal origin occurred in the brains o f  
treated male and female rats, but  not in controls. 
The first neoplasms were observed at week 50 and 
55 in high-dose males and females,  respectively, and 
at week 60 in mid-dose  males and females. The 
incidence o f  these tumors was onlymarginally 
increased, and was not dose related. However,in 
view of  the reduced survival o f  treated rats and low 
spontaneous occurrence of these tumors (historical 
incidence ~ 1 . 0 %  for any o f  these tumors in NTP 
2-year studies), these neoplasms may have been 
related to 3,3'dimethylbenzidine dihydrochloride 
exposure. 

An increased incidence o f  mesotheliomas in male 
rats was associated with3,3'-dimethylbenzidine 
dihydrochloride treatment in the mid-dose(3/75, 
4%) and high-dose (4/60, 7%) groups. Mesotheli-
omas were not detected in untreated male control 
or low-dose  rats. The laboratory control incidence 
(2/100) was similar to the overall historical incidence 
of malignant mesotheliomas in male F344/N rats 
(0.7%, 11/1,5%) in 2-year NTP studies. Although 
the increased incidence of  mesotheliomas in the 
mid- and high-dose rats was not  as marked as that 
o f  other neoplasms, it is possible that the incidence 
would have been higher had the animals in these 
groups suMved longer. In consideration o f  the 
decreased survival and moderately increased inci- 
dence of mesotheliomas in these animals, it was 

concluded that these tumors were a result o f  
3,3'-dimethylbenzidine dihydrochloride treatment. 
Survival o f  3,3'-dimethylbenzidine dihydrochloride- 
exposed rats was reduced during the 14-month 
studies, primarily because o f  the number of mori- 
bund sacrifices associated with the presence o f  
grosslyvisible neoplasms of  the skin, Zymbal's 
gland, and preputial and clitoral glands in male and 
female rats. Tumors o f  these tissues first appeared 
in males after treatment for 30 weeks(Zymbal's 
gland and skin) and in females after 26 weeks 
(Zymbal's gland). Early mortality from these tumors 
may have reduced the number o f  male and female 
rats at risk for development o f  tumors at  other sites. 

For these later developing or less rapidly lethal 
tumors, expression o f  tumor incidence by the stand-
ard convention (the number o f  animals with tumors 
at a  site divided by the total number of animals in 
which this site was  examined) may underestimate the 
tumor incidence which  would have been observed in 
the absence of early deaths. Therefore, tumor 
incidence ratios were expressed in terms of  the 
'effective' number o f  animals actually at risk, i.e., 
the number o f  animals bearing a  tumor at a parti- 
cular site by the number o f  animals alive in each 
group at the time the first tumor was observed at 
thatsite in any o f  the four (control, low,  mid, or 
high dose) groups. These derived incidences were 
analyzed statistically with the Cochran-Armitage 
trend test and the Fisher exact test. 

ONCOGENEACTIVATION 
Neoplasms obtained from control  rats and rats 
treated with 3,3'-dimethylbenzidine dihydrochloride 
or C.I. Acid Red 114 (a 3,3'-dimethylbenzidine- 
derived dye) were assayed for the presence o f  
activated proto-oncogenes by theNIH 3T3 DNA 
transfection assay (Anderson et aL, 1987; Reynolds 
et aL, 1990). Oncogenes detectable by DNA trans- 
fection analysis were present in 13/14 skin or clitoral 
gland neoplasms induced by 3,3'dimethylbenzidine 
dihydrochloride or C.I. Acid Red 114. DNA from 
both benign and malignant neoplasms was capable 
o f  inducing morphologically transformed foci in NIH 
3T3 mouse fibroblast cultures. Oncogenes were not 
detectable in one fibrosarcoma and three mammary 
fibroadenomas in treated rats. 

Fourteen o f  the 18chemically induced tumors were 
o f  epidermal origin, and activated rus oncogenes 
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were detected at a high  frequency in these tumors 
(12/14). Neoplasms of the clitoral glands  had a high 
frequency of activated rm oncogenes (4/4). 

It is difficult to compare oncogene activation in 
spontaneously occurring tumors with that in chemi- 
a l ly  induced tumors because of the substantial dif-
ference in the tumor types obtained in the two 
groups.Only 55% (21/38) of the spontaneously 
occurring tumors were o f  epithelial cell origin. 
However, in comparing the tumors o f  epithelial cell 
origin, there was a 15-fold higher incidence of r m  
gene activation in the chemicallyinduced tumors 
(13/18) than in the spontaneous tumors (lD1). 

It is possible that chemically  induced neoplasms
were derived from a common epidermal progenitor 
stem-cell population that was susceptible to electro- 
philic attack by activated metabolites of 
33'-dimethylbenzidine dihydrochloride or C.I.  Acid 
Red 114. A relatively high percentage (62%) of  the 
chemically induced rat neoplasms contained activated 
alleles o f  eitherH-rm or N-rm. Those neoplasms 
with activated H-ras contained point mutations in 
codons 12, 13, or 61. The much higher incidence of 
H-rm gene activation and  apparent mutational 
specificity at codons 13 and 61 of  H-ras with 
33'dimethylbenzidine dihydrochloride exposure 
suggest that the increased tumor incidence observed 
in treated rats is directly related to the genotoxic 
effect of this chemical. 

RELATED AROMATIC AMINES 
Benzidine and related aromatic amines produce 
tumors in a wide  variety o f  tissues in experimental 
animals. In humans, exposure to benzidine is 
associated with cancer o f  the urinary bladder (Zavon 
et aL, 1973); in mice, however, the liver is the major 
target organ (Bonser et aL, 1956; Vesselinovitch 
et aL, 1975; Littlefield et aL, 1983). In rats 
3,3'-dimethylbenzidine, 3,3'-dimethoxybenzidine, 
benzidine, and other aminobiphenyls cause tumors 
in the Zymbal's  gland, mammary gland, skin, intes- 
tine, and 3,3'-Dimethylbenzidineliver. caused 
tumors in the lung of  both rats and mice. Although 
the mechanism is not entirely clear, these differences 
in species and target organ specificity appear to be 
related to differences in metabolism. 

A number o f  aromatic amines cause tumors of the 
Zymbal's gland; however, the basis for this organ 

specificityis poorly understood. The Zymbal's gland
has been reported to be deficient in sulfotransferase 
activity (Irving et aL, 1971) and transacylase  activity 
(Bartsch et aL, 1973), but is capable of  hydroxylating 
compounds via cytochrome P,,-dependent  enzy-
matic pathways (Pohl and Fouts, 1983). Suscepti-
bility o f  a species to the carcinogenic action o f  
aromatic amines depends upon the ' ability o f  the 
species to N-hydroxylate the amine substituent. 
N-hydroxylation appears to be a necessary but 
insufficient step in the metabolic activation o f  
aromatic amines, and subsequent formation o f  an 
ester is required, resulting in an active electrophilic 
agent (Miller and Miller, 1977). Formation o f  
different esters by different species may result in 
variations in organ specificity (Cohen, 1983). 

Of370chemicals evaluated for carcinogenicity  in 
rats and mice by the NCI/NTP, only 15 were asso- 
ciated with Zymbal'sgland neoplasms in rats. Ten 
of these 15 are aryl nitrogen derivatives (nitro, 
amino, or isocyanate) that were mutagenic for 
Salmonella typhimurium and produced neoplasms in 
both rats and mice. In a survey of  222chemicals 
evaluated for carcinogenicity  in rats and mice by the 
NCYNTP (Ashby and Tennant, 1988), only nine 
chemicals were associated with Zymbal'sgland 
tumors in the rat. Eight o f  these chemicalswere 
aryl nitrogen derivatives, were mutagenic for 
S. fyphimurium, and produced tumors in both rats 
and mice. Only six of the 222chemicalssurveyed 
were associated with skin tumors following  systemic 
administration. Of these six chemicals,five were 
aryl nitrogen derivatives, and five were among the 
group of  nine chemicals  whichcausedZymbal's 
gland tumors. Although not included in this survey, 
33'-dimethylbenzidine, 3,3'-dimethoxybenzidine, 
benzidine, and several other  aromatic amines also 
belong to this unique group of  genotoxic
carcinogens that cause Zymbal'sgland and/or skin 
tumors in rodents (Table 23). 

3,3'-Dimethoxybenzidine, a related benzidine con- 
gener, was studied simultaneously with 3,3'dimethyl- 
benzidine using the same study design (NTP,199oa). 
The 33'-dimethoxybenzidine study was also termi- 
nated early (21 months) because o f  poor animal 
survival due to neoplasia. Both 3,3'-dimethoxy- 
benzidine and 3,3'-dimethylbenzidine arepotent 
carcinogens affecting  principally the skin, Zymbal's 
gland, clitoral and preputial glands,  liver, oral cavity, 
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TABLE 23 
Structural Analogs of 3,3'-Dimethylbenzidine That Are Mutagenic Carcinogens 
for the Zymbal's Gland and Skin in Rats 

Salmonella 
typhimurium Zymbal's 

Aromatic Amine Structure Gland Skin ReferencesA-Y 

3,3'-Dimethylbenzidine + + + 	 Pliss, 1%5; 
Current 
studies 

3,3'-Dichlorobenzidine 
CI + + + IARC, 1987; 

/ h e a r and 
Louie,1977 

2,4-Diaminoanisole sulfate 	 + + 197%+ 	 NCI, 

H2 

5-Nitro-o-anisidine 	 + + + 1978fNCI,
,OCH3 

Benzidine + + -	 IARC,1987 
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TABLE23 
Structural Analogs of 3,3‘-Dimethylbenzidine That Are Mutagenic Carcinogens 
for the Zymbal’sGland and Skin in Rats (continued) 

Salmonella 
ryphimurium Zymbal’s 

Aromatic Amine Structure -Y Gland Skin References 

4-Aminobiphenyl + 

+ + NCI, 1978~ 

Hydrazobenzene + + - NCI, 1978d 

3,3’-Dimetho@enzidine 
 + + + N T P ,  199oa 

3,3’-Dimethoxybenzidine 
diisocyanate + + + NCI,1979b 
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and intestine  in the F344/N rat. In addition, both 
benzidine congeners caused  increased incidences in 
neoplasms in the mesothelium, mammary  gland, and 
brain. Although the increase in the incidence of 
neoplasms in these organs was  less remarkable, the 
fact that  both related chemicals  caused lesions at 
these sites further supports its significance. 

3,3'-Dimethylbenzidine caused alveolar/bronchiolar 
tumorsin F344/N rats, whereas 3,3'-dimethoxy- 
benzidine did not. In studies conducted at the 
NCTR, 3,3'dimethoxybenzidine was negative for 
these tumors in BAL,B/c mice, and 3,3'-dimethyl- 
benzidine caused a low incidence o f  lung tumors. 
The reasons for these species and target site differ- 
ences are not clear. 

CONCLUSION 
Under the conditions o f  these 14-month drinking 
water studies, there was clear evidence ofcarcinogenic 
activity* of  3,3'-dimethylbenzidine dihydrochloride 
for male F344/N rats, as indicated by benign and 
malignant neoplasms of the skin, Zymbal's  gland,
preputial gland, liver, oral cavity, small and large 
intestine, mesothelium, and lung. Increased inciden- 
ces of  neoplasms of  the brain may have been related 
to chemical administration. There was clear evidence 
of carcinogenic activity for female F344/N rats, as 
indicated by benign and malignant neoplasms o f  the 
skin, Zymbal's  gland, clitoral gland,  liver, oral cavity, 
small and large intestine, mammary  gland, and lung. 
Increased incidences o f  neoplasms of  the brain and 
mononuclear cell leukemia may have been related to 
chemical administration. 

l Explanation o f  Levels o f  Evidence of Carcinogenic Activity is on page 9. A summary of  peer review comments and the public 
discussion on this Technical Report appeals on page 11. 
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TABLEA1 

Summary of the Incidence of Neoplasms in Male Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydmchloride 

0 PPm 30 PPm 70 PPm 1 s  PPm 

Disposition Summary 
Animals initially in  study 
Scheduled sacrifice 
Early deaths 

Moribund 

Died last week of study 

Accident 


Survivors 
Terminal sacrifice 
Dead 

Animals examined microscopically 

Alimentary System 
Intestine large 

Adenocarcinoma 
Intestine large, cecum 

Lymphoma malignant histiocytic 
Polyp adenomatous 

Intestine large, mlon 
Adenocarcinoma 
Adenocarcinoma, cystic, mucinous 
Polyp adenomatous 
Polyp adenornatous, multiple 

Intestine large, rectum 
Adenocarcinoma 
Polyp adenomatous 

Intestine small, duodenum 
Adenocarcinoma, cystic, mucinous 

Intestine small, ileum 
Adenocarcinoma, multiple 
Polyp adenomatous 

Intestine small, jejunum 
Adenocarcinoma, cystic, mucinous 
Adenocarcinoma, cystic, mucinous, multiple 

Liver 
Cholangiocarcinoma 
Hepatoblastoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma, multiple 
Leukemia mononuclear 
Lymphoma malignant histiocytic 
L b p h o m a  malignant undifferentiated cell type 
Neoplastic nodule 
Neoplastic nodule, multiple 

Pancreas 
Leukemia mononuclear 
Lymphoma malignant histiocytic 

Pharyra 
Papilloma squamous 
Squamous cell carcinoma 

Stomach, glandular 
Leukemia mononuclear 

70 45 75 70 

10 10 


2 19 45 
2 5 15 

1 

60 41 49 

1 


60 45 75 60 

5 (7%) 


(60) 


(60) 
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TABLEA1 

Summary of the Incidence of Neoplasms in Male Rats in the 14-Month  Drinking Water Study 
o f  3,3'-Dimethylbenzidine Dihydrochloride (continued) 

Tongue 
Alimentary System (continued) 

Squamous ce l l  carcinoma 
Papilloma squamous 

(1)
1 (100%) 

(3) 

2 (67%) 

Heart 
Cardiovascular System 

Lymphoma malignant histiocytic 
Leukemia mononuclear 

(60) (45) 
1 (2%) 

(75) 

1 (1%) 

(59)
1 (2%) 

Adrenal gland, medulla 

Adrenal gland, cortex 
Endocrine System 

Follicular cell, adenoma 
C c e l l ,  adenoma 

Pars distalis, adenoma 
Leukemia mononuclear 

Pheochromocytoma benign 
Leukemia mononuclear 

Leukemia mononuclear 

Pituitary gland 

Thyroid gland 

1 (1%) 

(75) 

(75) 

1 (1%) 
3 (4%) 

4 (5%) 

(59)  

(59)  

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

3 (5%) 
1 (2%) 

1 (2%) 

(60) 

(60) 

Sarcoma 
Tissue NOS 
General Body System 

Epididymis 
GenitalSystem 

Mesothelioma malignant, metastatic, testes 
Mesothelioma malignant 
Lymphoma malignant histiocytic 
Leukemia mononuclear 

Carcinoma 
Adenoma 

Preputial gland 

Interstitial cel l ,  adenoma 
Bilateral, interstitial cel l ,  adenoma 
Mesothelioma malignant 
Lymphoma malignant histiocytic 
Leukemia mononuclear 

Testes 

7 (12%) 
17 (28%) 

9 (20%) 
17 (38%) 

1 (2%)
3 (5%) 

3 (5%) 

1 (2%) 

1 (2%) 

1 (2%)
1 (2%) 

(60)
8 (13%) 

(60) 

Bone marrow 
Hematopoietic System 

Leukemia mononuclear 
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TABLEA1 
Summary of the Incidence of Neoplasms in Male Rats in the 14-Month  Drinking Water Study 
of 3,3’-Dimethylbenzidine Dihydrochloride(continued) 

HematopoieticSystem (continued) 
Lymph node 

Mediastinal, squamous c e l l  carcinoma, 
Mediastinal, lymphoma malignant histiocytic 
Mediastinal, leukemia mononuclear 

metastatic, skin 

(60) (75) 

1 (1%) 

(60)
1 (2%) 

Pancreatic, leukemia mononuclear 

Leukemia mononuclear 
Lymph node, mandibular (60) 

Squamous cell carcinoma, metastatic,  skin 

Leukemia mononuclear 
Lymph node, mesenteric (60) 

Fibroma 

Lymphoma malignant histiocytic 
Spleen (60) 

Leukemia mononuclear 

IntegumentarySystem 
Skin 

Leukemia mononuclear 
Keratoacanthoma, multiple 
Keratoacanthoma 
Basal ce l l  carcinoma 
Basal c e l l  adenoma, multiple 
Basal cell adenoma 

(75)
17 (23%) 
35 (47%)
4 (5%)
7 (9%)
1 (1%) 

(60)
8 (13%) 
21 (35%)
2 (3%)
5 (8%) 

Subcutaneous tissue,  schwannoma benign 
Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue,  fibroma 
Sebaceous gland, adenoma, multiple 
Sebaceous gland, adenoma 
Squamous ce l l  carcinoma, multiple 
Squamous c e l l  carcinoma 
Papilloma squamous, multiple 
Papilloma squamous 

1 (2%) 

1 
1 

(2%) 
(2%) 

8 (11%) 

8 (11%) 

2 (3%)
6 (8%)
1 (1%) 

1 (1%) 

10 (17%) 

13 (22%) 
2 (3%) 

3 (5%)
4 (7%)
1 (2%)
2 (3%) 

MusculoskeletalSystem 
None 

Nervous System 
Brain 

Leukemia mononuclear 
Glioma malignant, focal, mild 
Glioma malignant 
Carcinoma, metastatic, Zymbal’s  gland 

Cranial nerve,  meninges, carcinoma, 
Meningiomamalignant 
Lymphoma malignant histiocytic 

metastatic, Zymbal’s gland 
Meninges, sarcoma 
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TABLEA1 

Summary of the Incidence of Neoplasms in Male Rats in the 14-Month Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydrochloride (continued) 

0 PPm 30 PPm 70 PPm 150 PPm 

Respiratory System 
Lung (60)

Alveolarbronchiolar adenoma 1 (2%) 
Alveolarbronchiolar adenoma, multiple 
Alveolarbronchiolar carcinoma 
Carcinoma, metastatic, Zymbal's  gland 
Leukemia mononuclear 
Lymphoma malignant histiocytic 
Squamous cell carcinoma, metastatic, skin 

Nose (60)
Leukemia mononuclear 

Special Senses System
Ear 

Squamous cell  carcinoma 
Canal, papilloma squamous 

Zymbal's gland 
Adenoma 
Carcinoma 
Bilateral, adenoma 
Bilateral, carcinoma 

Urinary System 
Kidney (60) (45) (75) (59)

Leukemia mononuclear 1 (2%) 1 (2%) 

Lipoma 1 (1%)

Lymphoma malignant histiocytic 1 (1%)


Urinary bladder (45) (60)(75)
 (59)
Leukemia mononuclear 1 (2%) 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 
Lymphoma malignant histiocytic 
Lymphoma malignant undifferentiated cell  
Mesothelioma malignant 

Tumor Summary 
Total animals  with primary neoplasms** 

Total primary  neoplasms 
Total animals with benign neoplasms 

Total benign neoplasms 
Total animals  with malignant neoplasms 

Total malignant  neoplasms 
Total animals  with secondary neoplasms**+ 

Total secondary neoplasms 

(60)' 


28 

34 

28 

33 

1 

1 


(45Y
1 (2%) 


38 

54 

34 

48 

6 

6 

2 

3 


(75).
1 (1%) 
1 (1%) 
1 (1%) 
3 (4%) 

73 

237 

66 

175 

48 

62 

5 

6 


(@)*
1 (2%) 


4 (7%) 


58 

214 

47 

134 

50 

80 
11 

11 


* Number of  animals with any  tissueexaminedmicroscopically
**  Primarytumors:all tumors except metastatic tumors 
* * *  Secondary tumors: metastatic tumors or tumom invasive to an  adjacent organ 
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3’-DimethylbenzidineDihydrochloride: 0 ppm 

Number of Days on Study 

Carcass ID 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 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Cardiovascular system 
Hart 
EndocrineSystem 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland,  medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
Follicular cell, adenoma 

General Body System 
None 

+: Tissue examined 
A: Autolysis precludes examination 

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

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


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


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


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


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


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


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


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


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


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

+ + 

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


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


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


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


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


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


. . . . . . . . . . . . . . . . . . . . . . . . .  
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M Missing tissue X Lesion present 
I: Insufficienttissue Blank Notexamined 
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3’-DimethylbenzidineDihydrochloride: 0 ppm (continued) 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
Number of Dayson Study 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  

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

0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Carcass ID Number 8 8 8 8 9 9 9 9 9 0 0 0 0 0 1 1 1 1 1 2 2 2 2 2 3  

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

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 

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  

Salivary glands . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

Cardiovascular System 
Heart . . . . . . . . . . . . . . . . . . . . . . . . .  

Endocrine System 
Adrenal gland . . . . . . . . . . . . . . . . . . . . . . . . .  

Adrenal gland, cortex . . . . . . . . . . . . . . . . . . . . . . . . .  

Adrenal gland,medulla . . . . . . . . . . . . . . . . . . . . . . . . .  

Islets, pancreatic . . . . . . . . . . . . . . . . . . . . . . . . .  

Parathyroid gland + + + + + + + + + M + + + + + + + + + + + + + + +  

Pituitary gland . . . . . . . . . . . . . . . . . . . . . . . . .  


Pars distalis,  adenoma X 
Thyroidgland . . . . . . . . . . . . . . . . . . . . . . . . .  

C-cell, adenoma X 
Follicular ce l l ,  adenoma X 

General Body System 
None 
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride: 0 ppm (continued) 

Number of Days on Study 

Carcass ID 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 

tLiver 
Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Cardiovascular System 
Heart 
Endocrine Svstem 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland,  medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
Follicular ce l l ,  adenoma 

General Body System 
None 

4 4 4 4 4 4 4 4 4 4  
2 2 2 2 2 2 2 2 2 2  
1 1 1 1 1 1 1 1 1 6  


1 1 1 1 1 1 1 1 1 0  
3 3 3 3 4 4 4 4 4 5  
2 3 4 5 1 2 3 4 5 3  

+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  

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

Total 
Tissues/ 
Tumors 

60 

60 

60 

60 

60 
60 

60 

60 

60 

60 

2 
60 

60 

60 
60 

60 


60 


60 

60 
60 

60 

55 
60 
1 
60 
2 
1 
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride: 0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

'Genital System 
Epididymis 
Preputial gland 

Adenoma 
Prostate 
Seminal vesicle 
Testes 

Bilateral,interstitial 
cell, adenoma 

Interstitial cell, adenoma 
Rematopietic system 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymu
Integumentary system 
Mammarygland 
Skin 

Keratoacanthoma 
Subcutaneous tissue, fibrosarcoma 

hlusculoskeletal System 
None 
Nervous system 
Brain 
Respiratory System 
Lung 

Ahreolar/bronchiolar adenoma 
Nose 
Trachea 

Special Senses System 
Eye
Zymbal's gland 

Adenoma 
binary system 
Kidney 
Urinary bladder 
Systemic Lesions 
Multiple organs 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
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+ M + + M + + M + M M + + + M M + + M M M + + + +  
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Epididymis-
Preputialgland 

adenoma 
Pmtate 
Seminal vesicle 
Testes  

Bilateral, interstitial cell, 
adenoma 

Interstitial cel l ,  adenoma 
Hematopoietic system 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
l-hymus 
Integumentary System 
Mammary gland 
Skin 

Keratoacanthoma 
Subcutaneous tissue, fibrosarcoma 

hlusculoskeletal System 
None 
Nervous system 
Brain 
Respiratory System 
Lung 

Ahreolarbronchiolar adenoma 
Nose 
Trachea 
Special Senses System 
Eye
Zymbal's gland 

Adenoma 
Urinary System 
Kidney 
Urinarybladder 
Systemic Lesions 
Multiple organs 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 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  
0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

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

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


x x  x x  

x x  x x x X X 


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


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


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


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


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

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


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

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


X 

X 


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


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

X 


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


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


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

X 


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


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


. . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Genital System 
Epididymis 
Preputial gland 

Adenoma 
Prostate 
Seminal vesicle 
Testes 

Bilateral, interstitia1 cel l ,  
adenoma 

Interstitial ce l l ,  adenoma 
FIematopoietic System 
Bone marrow 
Lymph node 
Lymph node,  mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 
Integumentary System 
Mammary gland 
Skin 

Keratoacanthoma 
Subcutaneous tissue,  fibrosarcoma 

husculaskeletal System 
None 
Nervous System 
Brain 
Respiratory System 
Lung 

Alveolarbronchiolar adenoma 
NoSe 
Trachea 
Special Senses System 
Eye
Zymbal's gland 

Adenoma 
binary System 
Kidney 
Urinary bladder 
Systemic Lesions 
Multiple organs 

4 4 4 4 4 4 4 4 4 4  
2 2 2 2 2 2 2 2 2 2  
1 1 1 1 1 1 1 1 1 6  

1 1 1 1 1 1 1 1 1 0  
3 3 3 3 4 4 4 4 4 5  
2 3 4 5 1 2 3 4 5 3  

+ + + + + + + + + +  
+ + + + + + + + + +  

X 

+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  

x x 


+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ I  I + + + + + + M  

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

+ + + + + + + + + +  

+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  

+ M + + + + + + + +  

+ + + + + + + + + +  
+ + + + + + + + + +  

+ + + + + + + + + +  

Total 
Tissues/ 
Tumors 

60 
60 
2 
60 
60 
60 

7 
17 

60 

60 

60 
60 
60 
47 

41 
60 

1 
1 

60 


60 

1 
60 

60 


1 
59 
1 

60 

60 


60 
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride:30 ppm 

Number of Days onStudy 

Carcass ID Number 

Alrmentary 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 

Leukemia mononuclear 
Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

Leukemia mononuclear 
Tooth 
Cardiovascular System 
Heart 

Leukemia mononuclear 
Endocrine System 
Adrenal gland 
Adrenal gland, cortex 

Leukemia mononuclear 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C c e l l , adenoma 
Follicular cell, adenoma 

2 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
5 5 9 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2  
0 9 1 5 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0  

3 2 3 3 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
1 9 0 6 9 9 9 9 0 0 0 0 1 1 1 1 2 2 2 2 2 3 3 3 3  
5 5 5 5 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 5 1 2 3 4  
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 30 ppm (continued) 

Number of Days on Study 

Careass ID 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 

Leukemia mononuclear 
Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular

Leukemia mononuclear 
Tooth 
'Cardiovascular System 
Heart 

Leukemia mononuclear 
Endocrine Svstem 
Adrenal @and 
Adrenal gland, cortex 

Leukemia mononuclear 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis,  adenoma 
Thyroid gland 

C-cell, adenoma 
Follicular cel l ,  adenoma 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

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

0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 6  


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

3 4 4 4 4 4 5 5 5 5 5 6 6 6 6 1 1 7 1 1  

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


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

. . . . . . . . . . . . . . . . . . . .  
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X 
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Total 
Tissues/ 
Tumors 

45 

45 

45 

45 

44 

44 

44 

44 

44 

45 

1 

6 

44 

45 

45 

45 

45 

1 

1 


45 

1 


45 

44 

1 

45 

2 

44 

45 

45 

2 

44 

1 

1 
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride:30 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

General Body System 
None 
Genital System 
Epididymis 

Leukemia mononuclear 
Preputial gland 

Adenoma 
Prostate 
Seminal vesicle 
Testes 

Leukemia mononuclear 
Bilateral, interstitial cel l ,  

adenoma 
Interstitial cel l ,  adenoma 

Bematopoietic System 
Bone marrow 

Leukemia mononuclear 
Lymphnode 

Mediastinal, leukemia 
mononuclear 

Mediastinal, squamous cell 
' carcinoma,metastatic,skin 
Lymph node, mandibular 

Leukemia mononuclear 
Lymphnode,mesenteric 

Leukemia mononuclear 
Spleen 

Leukemia mononuclear 
'Ihymus
lntegumentary System 
Mammary gland 
Skin 

Basal c e l l  adenoma 
Basal c e l l  adenoma, multiple 
Basal c e l l  carcinoma 
Keratoacanthoma 
Leukemia mononuclear 
Squamous c e l l  carcinoma 
Squamous c e l l  carcinoma,multiple 

hlusculoskeletal System 
None 

2 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
5 5 9 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2  
0 9 1 5 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0  

3 2 3 3 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
1 9 0 6 9 9 9 9 0 0 0 0 1 1 1 1 2 2 2 2 2 3 3 3 3  
5 5 5 5 1 ' 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 5 1 2 3 4  
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride:30 ppm (continued) 

Number of Days on Study 

Carcass ID  Number 

General Body System 
None 
Genital System 
Epididymis-

Leukemia mononuclear 
Preputial gland 

Adenoma 
Prostate 
Seminal vesicle 
Testes 

Leukemia mononuclear 

Bilateral, interstitial c e l l  


adenoma 

Interstitial cell. adenoma 


Hematopoietic System 
Bone marrow 

Leukemia mononuclear 
Lymphnode 

Mediastinal, leukemia 
mononuclear 

Mediastinal, squamous cell, 
carcinoma, metastatic, skin 

Lymphnode,mandibular 
Leukemiamononuclear 

Lymph node, mesenteric 
Leukemiamononuclear 

Spleen 
Leukemiamononuclear 

Thymus 
lntegumentary system 
Mammary gland 
Skin 

Basal c e l l  adenoma 
Basal c e l l  adenoma, multiple 
Basal cell carcinoma 
Keratoacanthoma 
Leukemia mononuclear 
Squamous cell carcinoma 
Squamous cell carcinoma, multiple 

hhsculoskeletal System 
None 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 6  


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

3 4 4 4 4 4 5 5 5 5 5 6 6 6 6 7 7 7 7 7  

5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 2 3 4 5 1  
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X X x x x  
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Total 
Tissue4 
Tumors 

45 
1 

45 

4 

45 

44 

45 

1 


9 
17 


44 

1 

45 


1 


1 

45 

1 

44 

1 

45 

1 
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38 

44 
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 30 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Nervous System 
Brain 

Leukemia mononuclear 
Respiratory System 
Lung 

Carcinoma, metastatic, 
Zymbal's gland 

Squamous c e l l  carcinoma, 
metastatic, skin 

NO.% 
Leukemia mononuclear 

Trachea 
Special Senses System 
Zymbal's gland 

Adenoma 
Carcinoma 

Urinary System 
Kidney 

Leukemia mononuclear 
Urinary bladder 
Systemic m r o n s  
Multiple organs . 

Leukemia mononuclear 

2 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
5 5 9 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2  
0 9 1 5 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0  

3 2 3 3 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
1 9 0 6 9 9 9 9 0 0 0 0 1 1 1 1 2 2 2 2 2 3 3 3 3  
5 5 5 5 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 5 1 2 3 4  
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3’-DimethylbenzidineDihydrochloride: 30 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Nervous System 
Brain 

Leukemia mononuclear 
Respiratory System 
Lung 

Carcinoma, metastatic, 
Zymbal’s gland 

Squamous c e l l  carcinoma, 
metastatic, skin 

N W  
Leukemia mononuclear 

Trachea 
Special Senses System 
Zymbal’s Gland 

Adenoma 
Carcinoma 

Urinary System 
Kidney 

Leukemia mononuclear 
Urinary bladder 
Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 6  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 4 4 4 4 4 5 5 5 5 5 6 6 6 6 7 1 1 7 7  
5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 2 3 4 5 1  
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Total 
Tissues/ 
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1 
45 
1 
45 

45 
1 
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45 
1 
45 

45 
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TABLEA2 

Individual Animal Tumor Pathology of Mole Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 70 ppm 

Number of DaysStudyon 

CarcassIDNumber 

himentary system 
Esophagus 
Intestine large 
Intestine large, cecum 

Lymphoma malignant histiocytic 
Polyp Adenomatous 

Intestine large, colon 
Polyp adenomatous 

Intestine large, rectum 
Intestine small 
Intestine small, duodenum 

Adenocarcinoma, cystic, 
mucinous 

Intestine small, ileum 
Polyp adenomatous 

Intestine small, jejunum 
Adenocarcinoma, cystic, 

mucinous 
Liver 

Hepatocellular carcinoma 
Hepatocellular carcinoma, 

multiple 
Lymphoma malignant histiocytic 
Lymphoma malignant 

undifferentiated c e l l  type 
Neoplastic nodule 
Neoplastic nodule, multiple 

Mesentery 
Pancreas 

Lymphoma malignant histiocytic 
Pharynx 

Papilloma squamous 
Squamous c e l l  carcinoma 

Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Papilloma squamous 
Cardlovascular System 
Heart 

Lymphoma malignant histiocytic 

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

5 6 5 4 5 5 6 5 5 4 5 5 5 5 6 5 5 5 4 4 5 5 5 5 6  
7 1 7 8 1 3 0 8 5 7 6 2 7 3 0 7 9 3 9 8 8 9 4 5 1  
5 5 4 5 5 5 5 5 5 5 5 5 3 4 4 2 5 3 5 4 3 4 5 3 4  
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TABLE A2 
Individual Animal Tumor Pathology of Male Rats in the 14-Month  Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 70 ppm 

Number of Days on Study 

Carcass I D Number 

Alimentary System 
Esophagus 
Intestine large 
Intestine large, cecum 

Lymphoma malignant histiocytic 
Polyp adenomatous 

Intestine large, colon 
Polyp adenomatous 

Intestine large, rectum 
Intestine small 
Intestine small, duodenum 

Adenocarcinoma, cystic, 
mucinous 

Intestine small, ileum 
Polyp adenomatous 

Intestine small, jejunum 
Adenocarcinoma,cystic, 

mucinous 
Liver 

Hepatocellular carcinoma 
Hepatocellular carcinoma, 

multiple 
Lymphoma malignant histiocytic 
Lymphoma malignant 

undifferentiated cell  type 
Neoplastic nodule 
Neoplastic nodule, multiple 

Mesentery 
Pancreas 

Lymphomamalignanthistiocytic 
Pharynx 

Papillomasquamous 
Squamous cell carcinoma 

Salivaly glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Papillomasquamous 
tardiovasculor System 
Heart 

Lymphomamalignanthistiocytic 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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 0 0 0 0 0 0 0 0 0 0  

4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  
7 7 7 7 8 8 8 9 9 0 0 0 0 1 1 1 1 2 2 2 2 3 3 4 4  
1 2 3 4 1 2 3 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 1 2  
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenziclineDihyclrochloride: 70 ppm (continued) 

Number of DaysonStudy 

Carcass ID Number 

Alimentary System 
Esophagus 
Intestine large 
Intestine large,  cecum 

Lymphoma malignant histiocytic 
Polyp adenomatous 

Intestine large,  colon 
Polyp adenomatous 

Intestine large, rectum 
Intestine small 
Intestine small, duodenum 

Adenocarcinoma, cystic, 
mucinous 

Intestine small,  ileum 
Polyp adenomatous 

Intestine small, jejunum 
Adenocarcinoma, cystic, 

mucinous 
Liver 

Hepatocellular carcinoma 
Hepatocellular carcinoma, 

multiple
Lymphoma malignant histiocytic 
Lymphoma malignant 

undifferentiated cell type 
Neoplastic nodule 

Neoplastic nodule,  multiple 
Mesentery 
Pancreas 

Lymphoma malignant histiocytic 
Phalynx 

Papilloma squamous 
Squamous cell carcinoma 

Salivary glands 
Stomach 
Stomach,forestomach 
Stomach, glandular 
Tongue 

Papilloma squamous 
Cardiovascular System 
Heart 

Lymphoma malignant histiocytic 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 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  

0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 5 6 6 6  
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 70 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

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

Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitaly gland 

Pars distalis,  adenoma 
Thyroid gland 

C c e l l ,  adenoma 
Follicular cell, adenoma 

General Body System 
Tissue NOS 
Genital System 
Epididymis 
Lymphoma malignant histiocytic 

Mesothelioma malignant,
metastatic, testes 

Preputial gland 
Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Lymphoma malignant histiocytic 
Mesothelioma malignant 
Bilateral, interstitial cell, 

adenoma 
Interstitial cell ,  adenoma 

Rematopietic system 
Bone m a m  
Lymph node 

Mediastinal, lymphoma malignant 
histiocytic 

Lymph node,  mandibular 
Lymph node, mesenteric 

Lymphoma malignant 
histiocytic 

Spleen 
Leukemia mononuclear 

Thymu 

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

5 6 5 4 5 5 6 5 5 4 5 5 5 5 6 5 5 5 4 4 5 5 5 5 6  
7 1 7 8 1 3 0 8 5 7 6 2 7 3 0 7 9 3 9 8 8 9 4 5 1  
5 5 4 5 5 5 5 5 5 5 5 5 3 4 4 2 5 3 5 4 3 4 5 3 4  
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride: 70 ppm (continued) 

Number of DaysStudyon 

Carcass ID Number 

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

Pheochromocytomabenign 
Islets, pancreatic 
Parathyroid gland 
Pituitaly gland 

Pars distalis, adenoma 
Thyroid gland 

C c e l l ,  adenoma 
Follicular cell, adenoma 

General Body System 
Tissue NOS 
Genital System 

Epididymis 
Lymphoma malignant histiocytic 
Mesothelioma malignant, 

metastatic, testes 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Lymphoma malignant histiocytic 
Mesothelioma malignant 
Bilateral, interstitial cell, 

adenoma 
Interstitial cel l ,  adenoma 

Remntopoietic System 
Bone marrow 
Lymph node 

Mediastinal, lymphoma malignant 
. histiocytic 
Lymph node, mandibular 
Lymph node, mesenteric 

Lymphomamalignant 
histiocytic 

Spleen
Leukemia mononuclear 

Thymus 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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 0 0 0 0 0 0 0 0 0 0  

4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  
7 7 7 7 8 8 8 9 9 0 0 0 0 1 1 1 1 2 2 2 2 3 3 4 4  
1 2 3 4 1 2 3 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 1 2  
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 14-Month  Drinking Water  Study 
of 3,3’-Dimethylbenzidine Dihydrochloride: 70 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

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

Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C a l l ,  adenoma 
Follicular cell, adenoma 

GeneralBody System 
Tissue NOS 
Genital System 
Epididymis 

Lymphoma malignant histiocytic 
Mesothelioma malignant, 

metastatic testes 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Lymphoma malignant histiocytic 
Mesothelioma malignant 
BilateralJnterstitial cel l ,  

adenoma 
Interstitial cel l ,  adenoma 

Hematopoietic System 
Bone marrow 
Lymph node 

Mediastinal, lymphoma malignant 
histiocytic 

Lymph node,  mandibular 
Lymph node, mesenteric 

Lymphomamalignant
histiocytic 

Spleen 
Leukemia mononuclear 

Thymus 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 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  

0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 5 6 6 6  

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 4 4 4 4 5 4 4 6 T o t a l  

4 4 5 5 5 6 6 6 6 7 8 8 8 9 9 9 0 0 1 1 1 0 9 9 0 T i s s u e s /  
3 4 1 2 4 1 2 3 4 1 1 2 4 1 2 3 1 2 1 2 3 5 1 2 3 T u m o ~  
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 70 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

lntegumentary system 
Mammary gland 
Skin 

Basal cell  adenoma 
Basal cell adenoma, multiple 
Basal cell carcinoma 
Keratoacanthoma 
Keratoacanthoma, multiple 
Papilloma squamous 
Squamous cell  carcinoma 
Squamous cell carcinoma, 

multiple 
Sebaceous gland,  ddenoma 
Sebaceous gland,adenoma, 

multiple 

Subcutaneous tissue, 


schwannomabenign 
Musculoskeletal System 
None 
Nervous System 
Brain 

Carcinoma, metastatic, 
Zymbal's gland 

Glioma malignant 
Lymphoma malignant histiocytic 
Meninges, sarcoma 

Respiratory System 
Lung 

Alveolarlbronchiolar 
adenoma 

Alveolarlbronchiolar 

adenoma, multiple 


Alveolarlbronchiolar 

carcinoma 

Carcinoma, metastatic, 
Zymbal's gland 

Lymphoma malignant histiocytic
NO.% 

Trachea 

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3’-Dimethylbenzidine Dihydrochloride: 70 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Integumentary system 
Mammary gland 
Skin 

Basal c e l l  adenoma 
Basal cell adenoma, multiple 
Basal c e l l  carcinoma 
Keratoacanthoma 
Keratoacanthoma, multiple 
Papilloma squamous 
Squamous c e l l  carcinoma 
Squamous c e l l  carcinoma, 

multiple 
Sebaceous gland, adenoma 
Sebaceous gland, adenoma, 

multiple 

Subcutaneous tissue, 


schwannomabenign 

hsculoskeletal System 
None 
Nervous system 
Brain 

Carcinoma, metastatic, 
Zymbal’s gland 

Glioma malignant 
Lymphoma malignant histiocytic 
Meninges, sarcoma 

’Respiratory System 
Lung 

&eolar/bronchiolar 
adenoma 

Alveolar/bronchiolar 

adenoma, multiple 


Ahreolar/bronchiolar 

carcinoma 

Carcinoma, metastatic, 
Zymbal’s gland 

Lymphoma malignant histiocytic 
Nose 
Trachea 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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 0 0 0 0 0 0 0 0 0 0  

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

M + M M M + + + + + M M + + + M M M + + + + + + M  
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 70 ppm (continued) 

Number of DaysonStudy 

Carcass ID Number 

Integumentary system 
Mammary gland 
Skin 

Basal cell adenoma 
Basal c e l l  adenoma, multiple 
Basal cell carcinoma 
Keratoacanthoma 
Keratoacanthoma, multiple 
Papilloma squamous 
Squamous cell  carcinoma 
Squamous cell  carcinoma, 

multiple 
Sebaceous gland, adenoma 
Sebaceous gland, adenoma, 

multiple 
Subcutaneous tissue, 

schwannomabenign 
hlusculoskeletal System 
None 
Nervous system 
Brain 

Carcinoma, metastatic, 
Zymbal's gland 

Glioma malignant 
Lymphoma malignant histiocytic 
Meninges, sarcoma 

Respiratory System 
Lung 

Alveolarbronchiolar 
adenoma 

Alveolarbronchiolar 
adenoma, multiple 

Alveolarbronchiolar 
carcinoma 

Carcinoma, metastatic, 
Zymbal's gland 

Lymphoma malignant histiocytic 
NOS? 
Trachea 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 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  

0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 5 6 6 6  


5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 5 4 4 6 T o ~ l  

4 4 5 5 5 6 6 6 6 7 8 8 8 9 9 9 0 0 1 1 1 0 9 9 0 T i . s s u e s /  
3 4 1 2 4 1 2 3 4 1 , 1 2 4 1 2 3 1 2 1 2 3 5 1 2 3 T u m o r s  
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 70 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Zymbal's gland 

Adenoma 
Carcinoma 
Bilateral, carcinoma 

Drinary system 
Kidney 

Lipoma 
Lymphoma malignant histiocytic 

Urinary bladder 
Systemic Lesions 
Multiple organs 

Leukemia mononuclear 
Lymphoma malignant histiocytic 
Lymphoma malignant 

undifferentiated cell  type 
Mesothelioma malignant 

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

5 6 5 4 5 5 6 5 5 4 5 5 5 5 6 5 5 5 4 4 5 5 5 5 6  
7 1 7 8 1 3 0 8 5 7 6 2 7 3 0 7 9 3 9 8 8 9 4 5 1  
5 5 4 5 5 5 5 5 5 5 5 5 3 4 4 2 5 3 5 4 3 4 5 3 4  
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 70 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Special ~ e n s e sSystem 
Zymbai's gland 

Adenoma 
Carcinoma 
Bilateral, carcinoma 

Drinary System 
Kidney 

Lipoma 
Lymphoma malignant histiocytic 

Urinary bladder 
Systemic Lesions 
Multiple organs ' 

Leukemia mononuclear 
Lymphoma malignant histiocytic 
Lymphoma malignant 

undifferentiated cell type 
Mesothelioma malignant 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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 0 0 0 0 0 0 0 0 0 0  

4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  
7 7 7 7 8 8 8 9 9 0 0 0 0 1 1 1 1 2 2 2 2 3 3 4 4  
1 2 3 4 1 2 3 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 1 2  
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X X x x 

x x  
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 70 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses system 
Zymbal's gland 

Adenoma 
Carcinoma 
Bilateral. carcinoma 

Kidney 
Lipoma 
Lymphoma malignant histiocytic 

Urinary bladder 
Systemic Lesions 
Multiple organs 

Leukemia mononuclear 
Lymphoma malignant histiocytic 
Lymphoma malignant 

undifferentiatedcell type 
Mesothelioma malignant 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 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  

0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 5 6 6 6  


5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 5 4 4 6 T o ~ l  

4 4 5 5 5 6 6 6 6 7 8 8 8 9 9 9 0 0 1 1 1 0 9 9 0 T i s u e s /  

3 4 1 2 4 1 2 3 4 1 1 2 4 1 2 3 1 2 1 2 3 5 1 2 3 T u m o r s  
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking  Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 150 ppm 

Number of DaysonStudy 

Carcnss ID Number 

mmentnry System 
Esophagus 
Intestine large 

Adenocarcinoma 
Intestine large,  cecum 

Polyp adenomatous 
Intestine large,  colon 

Adenocarcinoma 
Adenocarcinoma, cystic, 

mucinous 
Polyp adenomatous 
Polyp adenomatous, multiple 

Intestine large,  rectum 
Adenocarcinoma 
Polyp adenomatous 

Intestine small 
Intestine small, duodenum 
Intestine small,  ileum 

Adenocarcinoma, multiple 
Polyp adenomatous 

Intestine small,  jejunum 
Adenocarcinoma, cystic, 

mucinous 
Adenocarcinoma, cystic, 

mucinous, multiple 
Liver 

Cholangiocarcinoma 
Hepatoblastoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma, 

multiple 
Leukemia mononuclear 
Neoplastic nodule 
Neoplastic nodule,  multiple 

Mesentery 
Pancreas 

Leukemia mononuclear 
Phaxynx 

Papilloma squamous 
Squamous cell  carcinoma 

Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Squamous cell carcinoma 

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

8 7 9 8 7 8 8 8 8 8 7 8 8 8 9 8 8 8 8 8 8 9 8 8 8  
4 7 0 4 7 3 1 1 7 7 7 0 3 7 0 2 5 3 6 5 6 0 2 4 0  
5 5 5 4 4 5 5 4 5 4 3 5 4 3 4 5 5 3 5 4 4 3 4 3 4  
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3’-Dimethylbenzidine Dihydrochloride: 150 ppm (continued) 

Number of DaysStudyon 

Carcass ID Number 

Alimentary System 
Esophagus 
Intestine large 

Adenocarcinoma 
Intestine large, cecum 

Polyp adenomatous 
Intestine large, colon 

Adenocarcinoma 
Adenocarcinoma, cystic, 

mucinous 
Polyp adenomatous 
Polyp adenomatous, multiple 

Intestine large, rectum 
Adenocarcinoma 
Polyp adenomatous 

Intestine small 
Intestine small, duodenum 
Intestine small, ileum 

Adenocarcinoma, multiple 
Polyp adenomatous 

Intestine small, jejunum 
Adenocarcinoma, cystic, 

mucinous 
Adenocarcinoma, cystic, 

mucinous multiple 
Liver 

Cholangiocarcinoma 
Hepatoblastoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma, 

multiple 
Leukemia mononuclear 
Neoplastic nodule 
Neoplastic nodule, multiple 

Mesentery 
Pancreas 

Leukemia mononuclear 
Pharynx 

Papilloma squamous 
Squamous c e l l  carcinoma 

Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Squamous c e l l  carcinoma 

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  

0 1 1 2 2 2 2 3 3 3 3 3 3 3 3 4 4 4 4 4 5 5 5 5 5  

9 0 2 4 4 4 8 3 8 8 8 8 8 8 8 3 3 4 8 9 0 0 2 2 2  


8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 8 8 7 8 8 8 8 8 8 8  

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

2 3 3 2 5 5 1 2 1 2 3 3 3 4 2 2 2 5 1 4 1 1 1 2 2  
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 150 ppm (continued) 

Number of DaysStudyon 

Carcass ID Number 

Alimentary System 
Esophagus 
Intestine large 

Adenocarcinoma 
Intestine large, cecum 

Polyp adenomatous 
Intestine large, colon 

Adenocarcinoma 
Adenocarcinoma,'cystic, 

mucinous 
Polyp adenomatous 
Polyp adenomatous, multiple 

Intestine large, rectum 
Adenocarcinoma 
Polyp adenomatous 

Intestine small 
Intestine small, duodenum 
Intestine small, ileum 

Adenocarcinoma, multiple 
Polyp adenomatous 

Intestine small, jejunum 
Adenocarcinoma, cystic,

mucinous 
Adenocarcinoma, cystic, 

mucinous multiple 
Liver 

Cholangiocarcinoma 
Hepatoblastoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma, 

multiple 
Leukemia mononuclear 
Neoplastic nodule 

multipleNeoplasticnodule, 

Mesentery 

Pancreas 


Leukemia mononuclear 
Pharynx 

Papilloma squamous 
Squamous c e l l  carcinoma 

Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Squamous ce l l  carcinoma 

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

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

+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  

+ + + + + + + + + +  
x x 

+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  

X 
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+ + + + + + + + + +  
X 

+ + + + + + + + + +  

X 

X 

x x x x  
X X X 

+ + + + + + + + + +  
+ 
X 

+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ 
X 

Total 
Tissues/ 
Tumors 

60 
60 
1 
58 
1 
57 
4 

1 
3 
2 
60 
1 
3 
56 
56 
54 
1 
1 
55 

6 

1 
60 

1 
1 
10 


2 
1 
15 
11 
I 

57 
1 
3 
2 
1 
60 
59 
59 
59 
3 
2 
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3’-DimethylbenzidineDihydrochloride:150 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

‘Cardrovascular System 
Heart 

Leukemia mononuclear 
Endocrine System 
Adrenal gland 
Adrenal gland, cortex 

Leukemia mononuclear 
Adrenal gland, medulla 

Leukemia mononuclear 
Pheochromocytoma benign 

Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Leukemia mononuclear 
Pars distalis, adenoma 

Thyroid gland 
C e l l ,  adenoma 
Follicular cel l ,  adenoma 

General Body System 
Tissue NOS 

Sarcoma 
Genital System 
Epididymis 

Mesothelioma malignant 
Mesothelioma malignant, 

metastatic testes 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Leukemia mononuclear 
Mesothelioma malignant 
Bilateral, interstitial 

cel l ,  adenoma 
Interstitial cell ,  adenoma 

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

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

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

X 


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

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


X 

+ + + + + + + + + + + + + + + + + + + M + + + f +  


X 


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


X 
X 

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


X 


+ 

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

X 

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

X X 


X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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


X 
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 150 ppm (continued) 

Number of Days on Study 

Carcass ID  Number 

Cnrdrovascular System 
Hart  

Leukemia mononuclear 
Endocrine System 
Adrenal gland 
Adrenal gland, cortex 

Leukemia mononuclear 
Adrenal gland,  medulla 

Leukemia mononuclear 
Pheochromocytoma benign 

Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Leukemia mononuclear 
Pars distalis, adenoma 

Thymid gland 
C c e l l ,  adenoma 
Follicular cel l ,  adenoma 

General ~ o d y  System 
Tissue NOS 

Sarcoma 
Genrtal System 
Epididymis 

Mesothelioma malignant 
Mesothelioma malignant, 

metatastic testes 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Leukemia mononuclear 
Mesothelioma malignant 
Bilateral, interstitial 

cell, adenoma 
Interstitial cel l ,  adenoma 

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  

0 1 1 2 2 2 2 3 3 3 3 3 3 3 3 4 4 4 4 4 5 5 5 5 5  

9 0 2 4 4 4 8 3 8 8 8 8 8 8 8 3 3 4 8 9 0 0 2 2 2  


8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 8 8 7 8 8 8 8 8 8 8  

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

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


+ + + + + + + + + + + + + + + + + + +  + + + + +  

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


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


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


X X 

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

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

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


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


+ + + 
X 


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


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

x x  x x  X 


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


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


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


X 




111 Lesions in Male Rats 

TABLEA2 
Individual Animal Tumor Pathology of Male Rots in the 14-Month Drinking Water Study 
of 3,3’-DimethylbenzidineDihydrochloride:150 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

‘Cardiovascular system 
Hart  

Leukemia mononuclear 
Endocrine System 
Adrenal gland 
Adrenal gland, cortex 

Leukemia mononuclear 
Adrenal gland, medulla 

Leukemia mononuclear 
Pheochromocytomabenign 

Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Leukemia mononuclear 

Pars distalis,  adenoma 


Thyroid gland 
C-cell, adenoma 
Follicular cell, adenoma 

GeneralBody System 
Tissue NOS 

Sarcoma 
Genital System 
Epididymis 

Mesotheliomamalignant 
Mesothelioma malignant, 

metastatic testes 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Leukemia mononuclear 
Mesothelioma malignant 
Bilateral, interstitial 

cell  adenoma 
Interstitial cell,  adenoma 

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

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

+ + + + + + + + + +  

+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  

X 

+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  

+ + + + + + + + + +  
X 


+ + + + + + + + + +  

X x x  

+ + + + + + + + + +  

X 


+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
X x x  


X 


Total 
Tissues/ 
Tumors 

59 
1 

59 
59 
1 
59 
1 
3 
57 
58 
60 
1 

1 

60 

1 

1 

4 
1 

60 

1 


3 
60 
8 
1 
60 
58 
60 
1 
3 

1 

1 
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TABLEA2 

Individual Animal Tumor Pathology of Male Rots in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 150 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Rematopiet ic  system 
Bone marrow 

Leukemia mononuclear 
Lymph node 

Mediastinal, leukemia mononuclear 
Pancreatic, leukemia  mononuclear 

Lymph node,  mandibular 
Squamous cell carcinoma, ,

metastatic skin 
Lymph node, mesenteric 
Spleen 

Fibroma 
Leukemia mononuclear 

Thymus 
Integumentary System 
Mammary gland 
Skin 

Basal c e l l  adenoma 

Basal cell adenoma, 


multiple 

Basal c e l l  carcinoma 

Keratoacanthoma 

Papilloma squamous 

Papilloma squamous, 


multiple 1 

Squamous cell carcinoma 

Squamous cell  carcinoma, 


multiple 

Sebaceous gland, adenoma 

Sebaceous gland, adenoma, 


multiple 
Subcutaneous tissue,  fibroma 

Musculoskeletal system 
Bone 

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

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

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

X 


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

X 

X 


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


X 

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

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


X 

X 


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


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

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


X x x  


X 

X 


X x x  X 


X X X 


X 


+ 
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TABLE A2 

Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride: 150 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Rematoporetrc system 
Bone marrow 

Leukemia mononuclear 
Lymph node 

Mediastinal, leukemia mononuclear 
Pancreatic, leukemia  mononuclear 

Lymph node,  mandibular 
Squamous c e l l  carcinoma, 

metastatic skin 
Lymph node, mesenteric 
Spleen 

Fibroma 
Leukemia mononuclear 

Thymus 
Integumentary System 
Mammaxy gland 
Skin 

Basal c e l l  adenoma 
Basal cell  adenoma, 

multiple 

Basal cell carcinoma 

Keratoacanthoma 

Papilloma squamous 

Papilloma squamous, 


multiple 

Squamous cell  carcinoma 

Squamous cell  carcinoma, 


multiple 

Sebaceous gland, adenoma 

Sebaceous gland, adenoma, 


multiple 
Subcutaneous tissue, fibroma 

hsculoskeletal System 
Bone 

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

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

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


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


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


+ + + + + + + M + + + + + + A + + + + + + + + + +  

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


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


+ + M M + + + + M + + + + + + + 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 x x  x 
X 

X X 

X 
X 

+ +  + + 
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 150 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

nemntopoietic system 
Bone m a m  

Leukemia mononuclear 
Lymph node 

Mediastinal, leukemia mononuclear 
Pancreatic, leukemia  mononuclear 

Lymph node,  mandibular 
Squamous c e l l  carcinoma, 

metastatic skin 
Lymph node, mesenteric 
Spleen 

Fibroma 
Leukemia mononuclear 

Thymus 
Integumentary System 
Mammary gland 
Skin 

Basal cell adenoma 
Basal ce l l  adenoma, 

multiple 

Basal ce l l  carcinoma 

Keratoacanthoma 

Papilloma squamous 

Papilloma squamous, 


multiple 

Squamous c e l l  carcinoma 

Squamous cell carcinoma, 


multiple 

Sebaceous gland, adenoma 

Sebaceous gland, adenoma, 


multiple 
Subcutaneous tissue,  fibroma 

hsculoskeletal System 
Bone 

3 3 3 3 3 3 3 3 3 3  

5 5 5 5 7 7 7 7 8 8  

2 2 2 2 2 2 2 9 3 4  


8 8 8 8 8 8 8 7 9 8  

8 8 9 9 6 8 9 9 0 3  

2 3 2 3 1 1 1 4 1 1  


+ + + + + + + + + +  
+ + + + + + + + + +  

+ + + + + + + + + +  

+ + + + + + + + + +  
+ + + + + + + + + +  

+ + + M M + M + + +  

+ + M + M + M 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 


Total 
Tissues/ 
Tumors 

60 

1 

60 

1 
1 

60 


1 

56 
55 

1 

1 

48 


48 

60 

8 


21 

2 

5 
13 


2 

10 


3 

4 


1 

2 


5 
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3‘-DimethylbenzidineDihydrochloride:150 ppm (continued) 

Number of Days onStudy 

Carcass IDNumber 

hervous System 
Brain 

Glioma malignant, focal, 
mild 

Leukemia mononuclear 
Meningiomamalignant 
Cranial nelve, meninges, 

carcinoma, metastatic, 
Zymbal’s gland 

Respiratory System 
Lung 

Alveolar/bronchiolar 
adenoma 

Alveolaribronchiolar 
adenoma 

Carcinoma, metastatic, 
Zymbal’s gland 

Leukemia mononuclear 
Squamous c e l l  carcinoma, 

metastatic, skin 
NOM 

Trachea 
Specla1 Senses System 
Ear 

Squamous c e l l  carcinoma 
Canal, papilloma squamous 

Eye
Zymbal’s gland 

Adenoma 
Carcinoma 
Bilateral, adenoma 
Bilateral, carcinoma 

Drinary System 
Kidney 

Leukemiamononuclear 
Urinary bladder 

Leukemia mononuclear 
Systemic Lesions 
Multiple organs 

Leukemia mononuclear 
Mesothelioma malignant 

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

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

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


X 

X 

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


x x  X 

X X X 
X 

X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

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


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


X x x  
x xx x  x Xx x xx x x  x x  

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

X 

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

X 

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

X 
X 
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats i n  the 14-Month  Drinking Water Study 
0€3,3'-Dimethylbenzidine Dihydrochloride:150 ppm (continued) 

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  
Number of Days on Study 0 1 1 2 2 2 2 3 3 3 3 3 3 3 3 4 4 4 4 4 5 5 5 5 5  

9 0 2 4 4 4 8 3 8 8 8 8 8 8 8 3 3 4 8 9 0 0 2 2 2  

8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 8 8 7 8 8 8 8 8 8 8  
Carcass ID Number 7 1 0 3 8 9 7 1 0 0 2 5 6 8 0 5 6 9 5 9 2 4 1 2 4  

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

Nervous system 
Brain . . . . . . . . . . . . . . . . . . . . . . . . .  

Glioma malignant, focal, 
mild X 

Leukemia mononuclear 
Meningiomamalignant X 
Cranial nerve,  meninges,

carcinoma metastatic,
Zymbal'sgland I 

Respiratory system
Lung . . . . . . . . . . . . . . . . . . . . . . . . .  

Ahreolarbronchiolar 
adenoma 

Alveolar/bronchiolar
adenoma, multiple X 

Carcinoma, metastatic, 
Zymbal'sgland

Leukemia mononuclear 
Squamous cell  carcinoma, 

metastatic skin x x 
NOX . . . . . . . . . . . . . . . . . . . . . . . . .  
Trachea . . . . . . . . . . . . . . . . . . . . . . . . .  
Special Senses system 
Ear + +  

Canal, papilloma squamous 
Squamous cell carcinoma 

Eye 

Adenoma
Zymbal'sgland 

X 
X 

+ 
X 
+ + + + + + + + + + + + + + + + + + +  

x x  x X 

+ 
X 

+ + + + +  
Carcinoma x x  X x x  X 

Bilateral, carcinoma 
Bilateral, adenoma X X 

X 
Urinary system 
Kidney . . . . . . . . . . . . . . . . . . . . . . . . .  

Leukemia mononuclear 
Urinary bladder + + + + + + + + + + + + + + + + + + + A + + + + +  

Leukemia mononuclear 
Systemic Lesions 
Multiple organa . . . . . . . . . . . . . . . . . . . . . . . . .  

Leukemia mononuclear 
Mesothelioma malignant 
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride:150 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Brain 
Glioma malignant, focal, 

mild 
Leukemia mononuclear 
Meningiomamalignant 
Cranial netve,  meninges, 

carcinoma metastatic, 
Zymbal's gland 

Respiratory system 
Lung 

Alveolar/bronchiolar 
adenoma 

Ahreolar/bronchiolar 
adenoma, multiple 

Carcinoma, metastatic, 
Zymbal's gland 

Leukemia mononuclear 
Squamous c e l l  carcinoma, 

metastatic skin 
Nose 
Trachea 
Special Senses System 
Ear 

Squamous cell carcinoma 
Canal, papilloma squamous 

Eye
Zymbal's gland 

Adenoma 
Carcinoma 
Bilateral, adenoma 
Bilateral, carcinoma 

Drinary System 
Kidney 

Leukemia mononuclear 
Urinary bladder 

Leukemia mononuclear 
Systemic lesions 
Multiple organs 

Leukemia mononuclear 

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

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

+ + + + + + + + + +  

+ + + + + + + + + +  
X 


X 


+ + + + + + + + + +  
+ + + + + + + + + +  

+ 
+ + + + + + + + + +  

x x x  X 
X X 

X 

+ + + + + + + + + +  
+ + + + + + + + + +  

+ + + + + + + + + +  

Total 
Tissues/ 
Tumors 

60 


1 
1 
1 

1 

60 

4 

2 

3 
1 

3 
60 
60 

2 
1 
1 
4 
59 
13 
22 
3 
1 

59 
1 
59 
1 

60 

1 

Mesothelioma malignant X x x  4 
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TABLEA3 
Statistical Analysis of Primary Tumors in Male Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride 

AdrenalMedulla:BenignPheochromocytoma 
Overall ratesa 0/60(0%) 2/45 (4%) 1/75 (1%) 3/59 (5%) 

Effective ratesb 0/60(0%) 2/44 (5%) 1/65 (2%) 3/16 (19%) 

Terminal rates' 0/60(0%) 2/41 (5%) 1/50 (2%) O/O 

Firstincidencedays 419 (T )  419 ( T )  349
J )Life table tests P<0.001 P=O.160 P=O.464 P<O.001 
Logistic regression testsd P=0.029 P=O.160 P=O.464 P=0.024 
Cochran-Armita e testd P=0.005IFisher exact test P=O.177 P=O.520 P=O.o08 

Preputial Gland Adenoma 
Overall rates 2/60 (3%) 4/45 (9%) 4/75 (5%) 8/60 (13%) 
Effective rates 2/60 (3%) 4/44 (9%) 4/72 (6%) 8/49 (16%) 
Terminal rates 2/60 (3%) 4/41 (10%) 4/50 (8%) 0/0 
First incidence (days) 419 (T) 419 (T) 419 ( T )  280 
Life table tests P<O.001 P=O.182 P-0.258 P<O.001 
Logistic regression tests P=O.O16 P=O.l82 P=O.258 P=O.O36 
Cochran-Armitage test P=O.O18 
Fisher exact test P=O.206 P=O.430 P=O.O22 

Preputial Gland Adenoma or Cnrcinoma 
Overall rates 2/60 (3%) 4/45 (9%) 6/75 (8%) 9/60 (15%) 
Effective rates 2/60 (3%) 4/44 (9%) 6/72 (8%) 9/49 (18%) 
Terminal rates 2/60 (3%) 4/41 (10%) 6/50 (12%) O/O 
First incidence (days) 419 (T) 419 (T) 419 ( T )  280 
Life table tests P<0.001 P10.182 P=O.o86 P<O.001 
Logistic regression tests P=O.o06 P=O.182 P=O.o86 P=O.O30 
Cochran-Armitage test P=O.o08 
Fisher exact test P=0.206 P=0.205 P=O.O11 

Large Intestine: Adenomatous  Polyp 
Overall rates 0/60(0%) 0/45 (0%) 6/75 (8%) 9/60 (15%) 
Effective rates 0/60(0%) 0144 (0%) 6/67 (9%) 9/38 (24%) 
Terminal rates 0/60 (0%) 0/41 (0%) 5/50 (10%) o/O (0%) 
First incidence (days) 384 308 

-eLife table tests P<O.001 P=O.O12 P<O.001 
eLogistic regression tests P<O.001 - P-0.020 P<O.001 

Cochran-Armitage test P<O.001 
-eFisher exact test P=O.O19 P<0.001 

Large Intestine:Adenocarcinoma 
Overall rates 0/60 (0%) o m  (0%) 7/60 (12%) 
Effective rates 0/60 (0%) 0/67 (0%) 7i36 (19%) 
Terminal rates 0/60(0%) 0/50 (0%) O/O 
First incidence (days) 309 
Life table tests P<O.001 -e P<0.001 

eLogistic regression tests P<O.001 - P=O.003 
Cochran-Armitage test P<O.001 

-e -eFisher exact test P<O.001 
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TABLEA3 
Statistical Analysis of Primary Tumors in Male Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride (continued) 

0 PPm 30 PPm 70 PPm 150 ppm 

h r g e  Intestine: Adenomatous I'olyp or Adenocarcinoma 
Overall rates 0/60(0%) 0/45 (0%) 6/75 (8%) 15/60 (25%)

Effective rates 0160 (0%) 0/45 (0%) 6/67 (9%) 15/38 (39%) 

Terminal rates 0/60(0%) 0/41 (0%) 5/50 (10%) 010 (0%) 

First incidence (days) 384 308 

Life table tests PCO.001 P=O.O12 P<0.001
-e 

eLogistic regression tests P<O.001 - P=O.O20 PCO.001 
Cochran-Armitage test Pc0.001 
Fisher exact test -e P=O.O19 P<O.ool 

h r g e  Intestine (Colon): Adenomotous Polyp 
Overall 0/60(0%) 0/45 (0%) 5/75 (7%) 5/60 (8%) 
Effective rates 0/60 (0%) 0/44 (0%) 5/67 (7%) 5/38 (13%) 
Terminal rates 0/60(0%) 0/41 (0%) 4/50 (8%) 010 
First incidence (days) 384 308 
Life table tests Pc0.001 -e P=O.O24 P<0.001 

eLogistic regression tests P=O.005 - P=O.O39 P=O.O46 
Cochran-Armitage test P<O.001 
Fisher exact test -e P=O.O38 P=0.007 

Large Intestine (Colon): Adenocarcinoma 
Overall rates 0/60(0%) 0/45 (0%) on5  (0%) 5/60 (8%) 
Effective rates 0/60(0%) 0/44(0%) 0/67 (0%) 5t36 (14%) 
Terminal rates 0/60(0%) 0/41 (0%) 0/50 (0%) O/O
First incidence (days) 309 
Life table tests P<O.001 -e -e PcO.001 

e eLogistic regression tests P=O.o04 - - P=O.O24 
Cochran-Annitage test PCO.001 

-e -eFisher exact test P=O.o06 

Large Intestine (Rectum): Aclenomatous Polyp 
Overall rates 0/60(0%) 0/45 (0%) o n 5  (0%) 3/60 (5%)  
Effective rates 0/60(0%) 0/44 (0%) 0/67 (0%) 3/27 (11%) 
Terminal rates 0/60(0%) 0/41 (0%) O b 0  (0%) O/O 
First incidence (days) 338 
Life table tests PCO.001 -e -e Pc0.001 
Logistic regression tests P=O.O14 -e -e P=O.O26 
Cochran-Annitage test P<O.001 

e eFisher exact test - - P=O.O28 

Small Intestine: Adenocarcinoma 
Overall rates 0/60(0%) 0/45 (0%) 3/75 (4%) 8/60 (13%) 

Effective rates 0/60(0%) 0/45 (0%) 3/74 (4%) 8/59 (14%) 

Terminal rates 0/60 (0%) 0/41 (0%) 3/50 (6%) O/O

First incidence (days) 211
419 ( T )
Life table tests P<O.001 -e P=0.092 Pc0.001 
Logistic regression tests P=O.003 -e P=O.o92 P=O.o96 
Cochran-Annitage test P<O.001 
Fisher exact test -e P=O.165 P=0.003 
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TABLEA3 
Statistical Analysis of Primary Tumors in Male Rats in the 14-Month  Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride(continued) 

70 PPm 150 ppm 

Small Intestine: Adenomatous Polyp or Adenocarcinoma 

Overall rates 0/60(0%) 0/45 (0%) 4/75 (5%) 8/60 (13%) 

Effective rates 0/60(0%) 0/45 (0%) 4/74 (5%) 8/59 (14%) 

Terminal rates 0/60(0%) 0/41 (0%) 3/50 (6%) o/o (0%)

First incidence (days) 379 211 

Life table tests P<O.001 -e P=O.O50 P<O.OOl 


eLogistic regression tests P=O.o04 - P=O.O78 P=O.O96 
Cochran-Armitage test P<O.001 
Fiiher exact test -e P=O.o90 P=O.003 

Small Intestine (Jejunum): Adenocarcinoma 
Overall rates 0160 (0%) 0/45 (0%) 1/75 (1%) 7/60 (12%) 
Effective rates 0/60(0%) 0/45 (0%) 1/74 (1%) 7/59 (12%) 
Terminal rates 0/60(0%) 0/41 (0%) 1/50 (2%) 010 
First incidence (days) 419 ( T )  211 
Life table tests P<0.001 -e P=O.464 P<0.001 

eLogistic regression tests P=O.o06 - P=O.464 P=O.247 
Cochran-Armitage test Pc0.001 
Fiiher exact test -e P=O.552 P=O.o06 

Liver: Neoplastic Nodule 
Overall rates 0/60(0%) 0/45 (0%) 29/75 (39%) 26/60 (43%) 
Effective rates 0/60(0%) 0/44 (0%) 29/72 (40%) 26/49 (53%) 
Terminal rates 0/60(0%) 0/41 (0%) 23/50 (46%) o/o
First incidence (days) 393 280 

eLife table tests P<O.001 - P<0.001 P<0.001 
eLogistic regression tests PcO.001 - P<0.001 P<O.001 

Cochran-Armitage test PcO.001 
eFiiher exact test - P<0.001 P<0.001 

Liver: Hepatocellular Carcinoma 
Overall rates 0/60(0%) 0/45 (0%) 12f75 (16%) 12/60 (20%) 
Effective rates 0/60(0%) 0/45 (0%) 12/72 (17%) 12/55 (22%) 
Terminal rates 0/60(0%) 0/41 (0%) 11/50 (22%) 010 
First incidence  (days) 379 238 
Life table tests PcO.001 -e P<0.001 Pc0.001 

-eLogistic regression tests P<O.001 P<0.001 P<0.001 
Cochran-Annitage test P<O.001 
Fiher exact test -e P<0.001 P<0.001 

Liver: Neoplastic  Nodule or Ilepatocellular Carcinoma 
Overall rates 0/60(0%) 0/45 (0%) 35/75 (47%) 33/60 (55%)  
Effective rates 0/60(0%) 0/45 (0%) 35/72 (49%) 33/55 (60%) 
Terminal rates 0160 (0%) 0/41 (0%) 28/50 (56%) 010 
First incidence (days) 379 238 
Life table tests Pc0.001 -e P<0.001 P<0.001 

eLogistic regression tests PcO.001 - P<0.001 P<0.001 
Cochran-Armitage test P<0.001 
Fisher exact test -e P<0.001 Pc0.001 
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TABLEA3 
Statistical Analysis of Primary Tumors in Male Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride (continued) 

70 PPm 150 ppm 

Lung: Alveolar/Bronchiolar Adenoma 
Overall rates 1/60 (2%) 0/45 (0%) 7/75 (9%) 6/60 (10%)
Effective rates 1/60 (2%) 0/45 (0%) 7/73 (10%) 6/57 (11%) 
Terminal rates 1/60 (2%) 0/41 (0%) 6/50 (12%) 0/0
First incidence (days) 419 (T) 406 226 
Life table tests P<O.001 P=0.576N P=O.O19 P<O.001 
Logistic regression tests P=O.O25 P=0.576N P=O.O26 P=O.472 
Cochran-Annitage test P=O.O12 
Fisher exact test P=0.57lN P=O.O57 P=O.o49 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall rates 1/60(2%) 0/45 (0%) 8/75 (11%) 6/60 (10%) 
Effective rates 1/60 (2%) 0/45 (0%) 8/73 (11%) 6/57 (11%) 
Terminal rates 1/60 (2%) 0/41 (0%) 7/50 (14%) O/O 
First incidence (days) 406 226419 ( T )
Life table tests P<O.aol P=0.576N P=O.OlO P<O.ool 
Logistic regression tests P-0.019 P=0.576N P~O.013 P =0.472 
Cochran-Armitage test P=O.O13 
Fisher exact test P=0.571N P10.033 P=O.o49 

Oral Cavity (Tongue and Pharynx): Squamous Cell Carcinoma 
Overall rates 0/60(0%) 0/45 (0%) 1/75 (1%) 3/60 (5%) 
Effective rates 0/60 (0%) 0/44 (0%) 1/67 (1%) 3/32 (9%) 
Terminal rates 0/60 (0%) 0/41 (0%) 0/50 (0%) O D  
First incidence (days) 341 324 
Life table tests P=O.001 -e P=O.522 P=O.O15 

eLogistic regression tests P=O.O75 - P=O.650 P=O.159 
Cochran-Annitage test P-0.004 
Fisher exact test -e P=O.528 P=O.O39 

Oral Cavity (Tongue and Pharynx): Squamous Cell Papilloma or Carcinoma 
Overall rates 0/60 (0%) 0/45 (0%) 4/75 (5%) 5/60 (8%) 
Effective rates 0/60 (0%) 0/44 (0%) 4/67 (6%) 5f32 (16%) 
Terminal rates 0/60 (0%) 0/41 (0%) 3/50 (6%) O/O 
First incidence (days) 341 324 
Life table tests P<0.001 -e P=O.O52 P<O.ool 

-eLogistic regression tests P=O.007 P=O.O94 P=O.O17 

Cochran-Annitage test P<O.001 

Fisher exact test -e P-0.074 P = O . o 0 4  


Pituitary Gland (Pars Distalis): Adenoma 

Overall rates 1/60 (2%) 2/45 (4%) 4/75 (5%) 1/60 (2%) 

Effective rates 1/60 (2%) 2/44 (5%) 4/68 (6%) 1/41 (2%) 

Terminal rates 1/60 (2%) 2/41 (5%) 3/50 (6%) O D  

First incidence (days) 419 (T) 419 (T) 343 303 
Life table tests P=O.O57 P=O.369 P=O.147 P=O.424 
Logistic regression tests P=O.515 P=O.369 P=O.246 P=0.875N 
Cochran-Annitage test P=O.525 
Fisher exact test P=O.384 P=0.224 P=O.650 
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TABLEA3 
Statistical Analysis of Primary Tumors in Male Rats in the 14-Month Drinking  Water Study 
of 3,3’-Dimethylbenzidine Dihydrochloride (continued) 

70 PPm 

Skin:BasalCellAdenoma 
Overall rates 0/60 (0%) 10/45 (22%) 52/75 (69%) 29/60 (48%)
Effective rates 0/60 (0%) 10/44 (23%) 52/72 (72%) 29/45 (64%)
Terminal rates 0/60 (0%) 10/41 (24%) 39/50 (78%) O D  
First incidence (days) 419 (T) 307 281 
Life table tests P<O.001 P<O.001 P<O.001 P<O.001 
Logistic regression tests P<O.001 P<O.001 P<O.001 P<0.001 
Cochran-Annitage test P<O.001 
Fisher exact test P<O.001 P<O.001 P<0.001 

Skin:Keratoacanthoma 
Overall rates 1/60 (2%) 1/45 (2%) 8/75 (11%) 5/60 (8%)
Effective rates 1/60 (2%) 1/44 (2%) 8/67 (12%) 5/27 (19%) 
Terminal rates 1/60 (2%) 1/41 (2%) 7/50 (14%) O D  
First incidence (days) 419 ( T )  419 0 379 338 
Life table tests P<O.001 Pe0.674 P=O.OlO P<O.001 
Logistic regression tests P<O.001 P=O.674 P=O.O20 P=O.O08 
Cochran-Armitage test P=O.001 
Fisher exact test P=O.670 P=O.O24 P=O.OlO 

Skin:Basal Cell Carcinoma 
Overall rates 0/60 (0%) 1/45 (2%) 4/75 (5%) 2/60 (3%)
Effective rates 0/60 (0%) 1/44 (2%) 4/68 (6%) 2/43 (5%) 
Terminal rates 0/60 (0%) 1/41 (2%) 4/50 (8%) O/O
First incidence (days) 419 (T) 419 ( T )  296 
Life table tests P<O.001 P-0.424 P=O.043 P=O.127 
Logistic regression tests P=O.O75 P=O.424 P=0.043 P=O.577 
Cochran-Armitage test P=O.121 
Fisher exact test P=O.423 P=0.076 P=O.172 

Skin:SquamousCellPapilloma 
Overall rates 0/60 (0%) 0/45 (0%) 8/75 (11%) 15/60 (25%)

Effective rates 0/60 (0%) 0/45 (0%) 8/72 (11%) 15/55 (27%) 

Terminal rates 0/60 (0%) 0/41 (0%) 6/50 (12%) O D  

First incidence (days) 405 238 
-eLife table tests P<O.001 P=O.003 P<O.001 
Logistic regression tests P<O.001 -e P=O.005 PcO.001 
Cochran-Armitage test P<O.001 
Fisher exact test -e P=O.o06 P<O.001 

Skin:Squamous Cell Carcinoma 
Overall rates 0/60 (0%) 2/45 (4%) 10/75 (13%) 13/60 (22%) 
Effective rates 0/60 (0%) 2/45 (4%) 1Of74 (14%) 13/59 (22%) 
Terminal rates 0/60 (0%) 1/41 (2%) 9/50 (18%) O D  
First incidence (days) 391 406 211 
Life table tests P<O.ool P=O.165 P<O.ool P<O.001 
Logistic regression tests P<O.001 PrO.202 P<O.001 P<0.001 
Cochran-Armitage test P<O.001 
Fisher exact test P=O.181 P =0.002 P<0.001 
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TABLEA3 
Statistical Analysis of Primary Tumors in Male Rats in the 14-Month  Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride (continued) 

0 PPm 30 PPm 70 PPm 150 ppm 

Skin: Squamous Cell  Papilloma or SquamousCellCarcinoma 

First incidence (days) 
Terminal rates 
Effective rates 
Overall rates 

0/60(0%) 
0/60(0%) 
0/60(0%) 

2/45 (4%) 
2/45 (4%) 

391 
1/41 (2%) 

405 
14/50 (28%) 
17/74 (23%) 
17/75 (23%) 

211 
O/O 
27/59 (46%) 
27/60 (45%) 

Life table tests P<O.001 P=O.165 Pc0.001 P<O.001 
Logistic regression tests P<O.001 P=O.202 Pc0.001 PcO.001 
Cochran-Armitage test Pc0.001 
Fisher exact test P=O.181 PCO.001 Pc0.001 

Skin: Basal Cell  Adenoma or Basal Cell  Carcinoma 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Skin (Sebaceous Gland):  Adenoma 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran -h i t age  t e s t  
Fisher exact test 

Testes: Adenoma 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Zymbal'sGland:Adenoma 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

0/60 (0%) 
0/60(0%) 
0/60(0%) 

Pc0.001 
P<O.001 
P<O.001 

0/60(0%) 

0/60 (0%) 

0/60(0%) 


Pc0.001 
P=O.003 
P=O.005 

24/60 (40%) 
24/60 (40%) 
24/60 (40%) 
419 (T) 
P=O.O43 
P=0.453N 
P=0.008N 

1/60 (2%) 
1/60 (2%) 
1/60 (2%) 
419 (T) 
PcO.001 
P<O.001 
Pc0.001 

11/45 (24%) 
11/44 (25%) 
11/41 (27%) 
419 ( T )
Pc0.001 
P<0.001 

P<O.001 

0/45 (0%) 
0/44 (0%) 
0/41 (0%) 

-e 
e-

-e 

26/45 (58%) 
26/44 (59%) 
25/41 (61%) 
405 
P=0.020 
P=O.O25 

P=O.o42 

1/45 (2%) 
1/44 (2%) 
1/41 (2%) 
419 ( T )
P=O.674 
P=O.674 

P=O.670 

54/75 (72%) 
54/72 (75%) 
41/50 (82%) 
307 

PcO.001 
P<O.001 

P<0.001 

7/75 (9%) 
7/12 (10%) 
5/50 (10%) 
405 
P= o . m  
P=O.OlO 

P=O.O12 

26/75 (35%) 
26/67 (39%) 
20/50 (40%) 
341 
P=O.186 
P=O.497 

P=0.517N 

13/75 (17%) 
13/72 (18%) 
10/50 (20%) 
378 
P<0.001 
P=O.001 

P=O.002 

30/60 (50%) 
30/45 (67%) 
O D  
281 
Pc0.001 
PcO.001 

PcO.001 

5/60 (8%) 
5/49 (10%) 
O/O 
280 
P=O.001 
PIO.058 

P=O.O16 

2/60 (3%) 
2/20 (10%) 
O/O 
348 

P=O.O26 
P =0.802N 

P=O.OlON 

16/60 (27%) 
16/54 (30%) 
O/O 
254 
P<O.001 
Pc0.001 

P<O.001 
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TABLEA3 
Statistical Analysis of Primary Tumors in Male Rats in the 14-Month Drinking Water Study 
o f 3,3’-Dimethylbenzidine Dihydrochloride(continued) 

Fiiher exact test 
Cochran-Armitage test 
Logistic regression tests 
Life table tests 
First incidence (days) 
Terminal rates 
Effective rates 
Overall rates 
Zymbal’s Gland Carcinoma 

0/60 (0%) 
0/60 (0%) 
0/60 (0%) 

P<O.001 
P=O.o09 
P<O.001 

2445 (4%) 
2445 (4%) 

P=O.265 
P=O.170 
359 
0/41 (0%) 

P=O.181 

21/75 (28%) 

P<O.001 
P<0.001 
229 
6/50 (12%) 
21/74 (28%) 

P<O.001 

O D  
23/60 (38%) 
23/60 (38%) 

P=O.O56 
P<O.ool 
209 

P<0.001 

Overall rates 
Zymbal’s G l a n d  Adenoma or Carcinoma 

1/60 (2%) 3/45 (7%) 32/75 (43%) 36/60 (60%) 
Effective rates 3/45 (2%)1/60 (7%) 32/74 (43%) 36/60 (60%) 
Terminal rates 1/60 (2%) 

First incidence (days) 419 (T) 

Life table tests P<O.001 

Logistic r e g m i o n  tests P<O.001 

Cochran -h i t age  test P<O.001 

Fiiher exact test 


All Organs: Mesothelioma (Benign, Malignant, 

Overall rates 0/60 (0%) 

Effective rates 0/60 (0%) 

Terminal rates 0/60 (0%) 

First incidence (days) 

Life table  tests P<0.001 

Logistic regression tests P=O.o02 

Cochran -h i t age  test P=O.003 

Fisher exact test 


All Organs: Benign Tumors 

Overall rates 2 8 / 6 0  (47%) 

Effective rates 2 8 / 6 0  (47%) 

Terminal rates 2 8 / 6 0  (47%) 

First incidence (days) 419 (T) 

Life table  tests P<O.001 

Logistic regression tests P<O.001 

Cochran -h i t age  test PcO.001 

Fiiher exact test 


All Organs: Malignant Tumors 

Overall rates 1/60 (2%) 

Effective rates 1/60 (2%) 

Terminal rates 1/60 (2%) 

First incidence (days) 419 (T) 

Life table  tests P<O.001 

Logistic r e v i o n  tests P<0.001 

Cochran-Annitage test P<O.001 

Fisher exact test 

NOS) 

1/41 (2%) 
359 
PIO.192 
P=O.280 

P=O.209 

0/45 (0%) 
0/44 (0%) 
0/41 (0%) 

-e 
e-

-e 

34/45 (76%) 
34/45 (76%) 
33/41 (80%) 
405 
P<O.001 
P<O.001 

P=O.002 

6/45 (13%) 
6/45 (13%) 
2441 (5%) 
250 
P=0.022 
P=O.369 

P=O.O23 

15/50 (30%) 
229 
P<O.001 
P<O.001 

P<O.001 

3/75 (4%) 
3/67(4%) 
3/50 (6%) 
419 (T) 
P=O.o92 
P=O.o92 

P=O.144 

66/75 (88%) 
66/73 (90%) 
48/50 (96%)
307 
P<0.001 
P<0.001 

P<0.001 

48/15 (64%)
48/74 (65%) 
29/50 (58%)  
229 
P<O.001 
P<O.001 

P<O.001 

O D  
209 
P<0.001 
P<0.001 

P<0.001 

4/60 (7%) 
4/38 (11%) 
O D  
308 

P<O.001 
P=O.O11 

P=0.020 

47/60 (78%) 
47/57 (82%) 
O D  
226 
P<O.001 
P<O.001 

P <O.ool 

50/60 (83%) 
50/60 (83%) 
O D  
209 
P<O.001 
P<O.001 

P<0.001 
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TABLEA3 

Statistical Analysis of Primary Tumors in Male Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride(continued) 

70 PPm 150 ppm 

AN Organs: Benign and Malignant Tumors 
Overall rates 28/60(47%) 38/45 (84%) 73/75 (97%) 58/60(97%) 
Effective rates 28/60(47%) 38/45 (84%) 73/74 (99%) 58/60(97%) 
Terminal r a t e s  28/60(47%) 34/41 (83%) 50/50 (100%) OK) 
First incidence (days) 419 0 250 229 209 
Life table tests PCO.001 PCO.001 PCO.001 Pc0.001 
Logistic regression tests PCO.001 PcO.001 Pc0.001P=O.O57 
Cochran-Armitage test PcO.001 
Fisher exact test P<0.001 Pc0.001 PCO.001 

Terminal sacrifice 
aTkumber  of  tumor-bearing  animaldnumber of animals examined at site. 

Number of tumor-bearing animals/effective number of animals, i.e. number o f  animals alive at   the first  Occurrence o f  this tumor 
type in any of the groups 
Observed incidence at terminal k i l l  
Beneath the control incidence are the P-values  associated with the trend test. Beneath the dosed group incidence are the P-values 
corresponding to paimise comparisons between the controls and that dosed group. The life table analysis regards tumors in animals 
dying prior t o  terminal kill a s  being  (directly or indirectly) the cause. of  death. The logistic regression tests regard these lesions as 
non-fatal. The Cochran-Armitage and Fisher exact tests compare directly the effective tumor rates. For all tests, a negative trend, 
or a lower  incidence in a dose group is indicated by N. 

e No tumors in dosed group or  control group; statistical test not performed. 
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TABLEA4a 

Historical Incidence of Tumors of the Large Intestine in Male F344/N Rats Receiving No Treatment' 


Study IncidenceinControls 
Adenocarcinoma polyp or Adenocarcinomab Adenomatous 

Historical Incidence at Hazleton  Laboratories America, Inc 

Chlorendic acid 
Decabmmodiphenyl ca"e 

0149 
0147 

Total 01% (0%) 

OverallHistoricalIncidence 

Range 
Standard deviation 
Total 

0%-2% 
0.4% 

2/1,541(0.1%) 

0%-2% 
0.4% 

2/1,541(0.1%) 

* Data as of 22 November 1989, for studies of  at least 104 weeks 
No reported incidence for this tumor  combination at the study  laboratory. 

TABLEA4b 
Historical Incidence of Tumors of the Small Intestine in Male FW/N Rats 
Receiving No Treatment' 

Study Incidencein Controls 
Adenocarcinoma polyp or Adenocarcinomab Adextomatous 

Historical Incidence at Hazleton  LaboratoriesAmerica, Inc 

Decabmmodiphenyl oxide 1/49 
Chlorendic acid 0148 

Total 1/97 (1%) 

OverallHistoricalIncidence 

Total 511,557 (0.3%)' 511,557 (0.3%)' 
Standard deviation 0.7% 0.7% 
Range 0%-2% 0%-2% 

'Data as of  22 November 1989, for studies of at least 104 weeks 
No reported incidence for this tumor  combination at the study  laboratory.
'Includes one (1) carcinoma NOS. 
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TABLEA4c 
Historical Incidence of Liver Tumors in Male F M / N  Rats Receiving No Treatmenta 

Study Incidence in Controls 
Neoplastic Nodule HepntocellulnrNoduleNeoplastic 

Carcinoma or Hepatocellular Carcinoma 

Historical Incidence at Hnzleton Laboratories America, Inc 

Decabromodiphenyl oxide 1/50 1/50 2/50 
Chlorendic acid 2/50 3/50 5/50 

Total 3/100 (3%) 4n00 (4%) 7n00 (7%) 

Overall Historical Incidence 

Total 65/1,591(4.1%) 14/1,591(0.9%) 78/1,591(4.9%) 

Standard deviation 4.1% 1.5% 4.3% 

Range 0%-12% 0%-6% 0%-14% 


a Data as of  22 November 1989, for studies o f  at least 104 weeks 

TABLEA4d 
Historical Incidence of Squamous Cell Tumors of the Oral Cavity in Male F344/NRats 
Receiving No Treatmenta 

Study Incidence i n  Controls 
Squamous Cell Papilloma  Cell Cnrcinoma Squnmous 

Historical Incidence at Hazleton Laboratories America,  Inc. 

Decabromodiphenyl oxide 0150 0/50 

Chlorendic acid 0150 0/50 


Total on00 (0%) on00 (0%) 

Overall Historical Incidence 

Total 3/1,5% (0.2%) 4/1,596(0.3%) 

Standard deviation 0.5% 0.6% 

Range 0%-2% 0%-2% 


a Data as of  22 November 1989, for studies of  at least 104weeks 
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TABLEA& 

Historical Incidence of Preputial Gland Tumors in Male F344/NRats Receiving No Treatmenta 


Study 
Adenoma 

Historical Incidence at Hazleton Laboratories America, Inc  

Decabromodiphenyl oxide 0/50 
Chlorendic acid 0/50 

Total on00 (0%) 

Overall Historical Incidence 

Total ~ 1 , 5 9 6(4.3749 

Standard deviation 5.0% 

Range 0%-16% 


a Data as of  November 1989. forstudies of  a t  least 104 weeks 

TABLEA41 

Incidence in Controls 

Carcinoma 


4/50 
1/50 

5 l l o o  (5%) 

49/1,5% (3.1% 9 

2.8% 


0%-10% 


Adenoma or Carcinoma 

4/50 
1/50 

5/100 (5%) 

117/l,596 (7.3%) 

5.2% 


0%-18% 


Historical Incidence of Integumentary System Basal Cell Tumors in Male F344/NRats 
Receiving No Treatmenta 

Study Incidence in Controls 
Basal Cell Bawl Cell Bawl Cell 

Tumor Carcinoma Tumor or Carcinoma 

Historical Incidence at Hazleton Laboratories America, Inc 

Decabromodiphenyl oxide 0/50 1/50 1/50 
Chlorendic acid 0/50 1/50 1/50 

Total on00 (0%) moo (2%) x00 (2%) 

Overall Historical Incidence 

Range 
Standard deviation 
Total 

1.4% 
l l l l , S %  (0.7%) 

0%-6% 0%-4% 
1.O% 

1O/l,5% (0.6%) 
1.9% 

21/1,5%(1.3%) 

0%-8% 

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

Data as of  22 November 1989, for studies of  a t  least 104 weeks 
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TABLEA4g 
Historical Incidence of Integumentary System Keratoacanthomas in Male F344/N Rats 
Receiving No TreatmenP 

Study 	 Incidence in Controls 

~~~ ~~ ~~ ~ ~~~ 

Historical Incidence at Hazleton Laboratories America, I n c  

Decabromodiphenyl oxide 	 2/50 
Chlorendic acid 	 4/50 

Total 	 6/1W(6%) 

Overall Historical Incidence 

Total 	 39/1,5% (2.4%) 
Standard deviation 	 3.6% 
Range 	 0% -14% 

a Data as of  22 November, 1989, for studies of  at least 104 weeks 

TABLEA4h 
Historical Incidence of Integumentary System Squamous Cell Tumors in Male 
Receiving No Treatment' 

Study Incidence in Controls 
Squamous Cell Squamous Cell 

Papilloma CarcinomaPapilloma 

Historical Incidence at Hazleton Laboratories America, I n c  

Decabromodiphenyl oxide 1/50 1/50 
Chlorendic acid 0/50 1/50 

Total 	 1nOO(1%) moo (2%) 

Overall Historical Incidence 

Total mn,m (1.3%~)~ 9/1,5% (0.6%) 
Standard deviation 1.5% 0.9% 
Range 0%-4% 0%-2% 

a 	Data as o f  22 November, 1989, for studies of at least  104 weeks 
One (1) papilloma NOS is included in the incidence data. 

F344/NRats 

Squamous Cell 
or Carcinoma 

2/50 
1/50 

3/100 (3%) 

29/1,5% (1.8%) 
1.6% 


0%-4% 
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TABLEA4i 
IIistorical Incidence of Sebaceous Gland Tumors in Male F344/N Rats Receiving No Treatmenr 

Incidence in Controls 

~ ~~ ~~ ~ 

Overall Historical Incidence 

Total 4/l596 (0.3%) 
Standard deviation 0.6% 
Range 0%-2% 

a Data as of 22 November, 1989, for studies of a t  least 104 weeks 

TABLE A4j 
Historical Incidence of Lung Tumors in Male F344/N Rats Receiving No Treatmenta 

Study Incidence in Controls 
Alveolar/Bronchiolar AlveolorfBronchiolorAlveolarfBronchiolar 

Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence at Hazleton Lnborntories America, Inc 

Decabromodiphenyl oxide 1/50 0/50 1/50 

Chlorendic acid 0150 0/50 0/50 


Total 1nOO (1%) 0/100 (0%) 1/100 (1%) 

Overall Historical Incidence 

Total 26/1,596 (1.6%) 20/1,5% (1.3%) 44/l,593(2.8%)

Standard deviation 1.8% 1.8% 2.3% 

Range 0% -6% 0%-6% 0%-8% 


a Data as of  22 November, 1989, for studies o f  a t  least 104 weeks 
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TABLEA4k 
Historical Incidence of Zymbal’s Gland Tumors in Male F344/N Rats Receiving No Treatments 

Study 	 Incidencein Controls 
Adenoma Carcinoma or Carcinoma Adenoma 

Historical Incidence at IIozleton  LaboratoriesAmerica, Inc 

Decabromcdiphenyl oxide 0150 	 0150 0150 
Chlorendic acid 	 O b 0  1/50 1/50 

Total 	 ofloo (0%) l/loo (1%) 1noo (1%) 

Overall Historical Incidence 

Total 1/l,5% (O.l%)b l8/l,5% (1.1%) 19/l,5% (1.2%) 

Standard deviation 0.3% 1.8% 1.9% 

Range 0%-2% 0%-8% 0%-8% 


a 	Data as of  22 November, 1989, for studies o f  a t  least 104  weeks 
Diagnosed as papillary adenoma 

TABLEA41 
Historical Incidence of Mesotheliomas and Malignant  Mesotheliomas in Male F344/N Rats 
Receiving No TreatmenP 

Study 	 Incidence in Controls 
All Mesotheliomasb Mnlignnnt Mesothelioma 

Historical Incidence at Hazleton  LaboratoriesAmerica, I n c  

Decabromcdiphenyl oxide 	 1/50 1/50 
Chlorendic acid 	 2/50 1/50 

Total 	 3noo (3%) U l o o  (2%) 

Overall Historical Incidence 

Total 47/1,5% (2.9%) 11/l,596 (0.7%) 

Standard deviation 2.6% 0.9% 

Range 0%-10% 0%-2% 


a 	Data as of  22 November 1989, for studies o f  at least 104  weeks 
Included are  mesothelioma benign, malignant, and NOS 
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TABLEA4m 

Historical Incidence of Brain Tumors in Male F344/NRats Receiving No Treatment' 


Study Incidence in Controls 
Gliomab Astrocytoma 

Historical Incidence at Hazleton Laboratories  America, Inc 

Chlorendic acid 
Decabromodiphenyloxide 

0150 
a 5 0  

Total a100 (2%) 

Overall Historical Incidence 

Range 
Standarddeviation 
Total 

0%-2% 
0.5% 

3/1,590 (0.2%) 

0%-4% 
1.1% 

10/1,590 (0.6%) 

a Data as of 22 November 1989, for studies of  a t  least 104 weeks 
No reportedincidence for thistumormorphology a t  studylaboratory. 
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TABLEA5 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats 
in the 14-Month Drinking Water Study of 3,3'-Dimethylbenzidine Dihydrochloride 

Disposition Summary 
Animals initially in study 70 45 75 70 
Scheduled sacrifice 10 10 
Early deaths 

Moribund 2 19 45 
Died'last week of study 2 5 15 
A d d e a t  1 

survivon, 
Terminal sacrifice 60 41 49 

Dead 1 


Animalsexaminedmicroscopically 60 45 75 60 

Alimentary System 
Intestine large, cecum 

Hemorrhage
Inflammation, suppurative
Parasite metazoan 

Intestine large, colon 
Parasite metazoan 
Artery, inflammation, necrotizing

Intestine large, rectum 
Parasite metazoan 

Intestine small, ileum 
Hemorrhage 
Hyperplasia, lymphoid 

Liver 
Angiectasis 
Basophilic focus 

Congestion 

Degeneration, cystic

Eosinophilic focus 

Fatty change, diffuse 

Fatty change, focal 

Fatty change, multifocal 

Hematocyst 

Hematopoietic cell proliferation

Hemorrhage, focal 

Hepatdiphragmatic nodule 

Infarct 

Inflammation, acute, focal 

Inflammation, acute, multifocal 

Inflammation, granulomatous, multifocal 

Mixed ce l l  focus 

Necrosis, coagulative, focal 

Necrosis, coagulative, multifocal 

Necrosis, focal 

Necrosis, multifocal 

Bile duct, hyperplasia 

Bile duct, h y p e r p l a s i a ,  adenomatous, focal 

Bilialy tract, inflammation, subacute 

Caudate lobe, infarct 

Caudate lobe, regeneration 
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TABLEA5 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats 
i n  the 14-Month Drinking Water Study of 3,3'-Dimethylbenzidine Dihydrochloride(continued) 

Alimentary System (continued) 
Caudate lobe, periportal, fibrosis 
Centrilobular, necrosis,  coagulative 
Serosa, cyst 
Serosa. fibrosis, focal 
Serosa, pigmentation,  hemosiderin, focal 

Mesentery 
Hemorrhage 
Inflammation, granulomatous 
Artery, inflammation, chronic 
Artery, mineralization 
Fat, necrosis,  focal 

Pancreas 
Inflammation, chronic 
Acinus, atrophy 
Artery, mineralization 

Salivary glands 
Inflammation, chronic active 
Necrosis 
Acinus, atrophy 

Stomach, forestomach 
Erosion, focal 
Hyperplasia
Ulcer 


Stomach, glandular 
Degeneration, cystic 
Ectopic tissue 
Erosion 
Mineralization 
Ulcer 

Ulcer, multifocal 

Tongue 
Hyperplasia, focal 

Tooth 
Dysplasia 

Cardiovascular System 

1 

1 

2 (100%) 

1 (2%)
(60) 

9 (15%) 4 

(60) 

1 

1
(75) 

1 
2 

(60)
22 (37%) 4

(75) 

1 

1 

1 (100%) 

1 
5 

(7) 

1 (14%) 

5 (71%) 
1 (14%) 

(57) 

1 

2 


(59) 

1 
(59)

15 

1 

8 

1 


(3)
1 (33%) 

Heart (45)
19 

Dilatation 1 (2%)
Inflammation, acute 1 (2%)
Mineralization 6 (10%)
Atrium, dilatation 1 (1%)
Atrium, thrombus 2 (3%)
Mitral valve, inflammation, chronic 1 (2%)
Mitral valve, thrombus 2 (3%) 
Myocardium, inflammation, acute 1 (2%) 
Myocardium, inflammation, chronic active 1 (2%)
Myocardium, necrosis, focal 1 (2%) 

(75) (60)

17 

( 5 9 )
31Cardiomyopathy (28%) (42%) 35(47%) (53%) 
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TABLEA5 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats 
in the 14-Month  Drinking Water Study of 3,3'-Dimethylbenzidine Dihydrochloride (continued) 

Endocrine System 

Vacuolization cytoplasmic, focal 
Hyperplasia, focal 
Hematopoietic c e l l  proliferation 
Angiectasis 

Adrenal gland, cortex 

Parathyroid gland 
Bilateral, hyperplasia, focal 
Hyperplasia, focal 

Adrenal gland, medulla 

(75) 

1 (1%)
1 (1%)
5 (7%) 

1 (1%)
(75) 

(59)
1 (2%) 

Angiectasis 
Pituitary gland 

Hyperplasia 

Pars distalis,  hyperplasia, focal 

Follicular c e l l ,  hyperplasia, focal 
Follicle, cyst 
Ccell, hyperplasia 
Ultimobranchial cyst 

Cyst 

Thyroid gland 

1 

(75)
1 (1%)
1 (1%)
3 (4%) 

1 (1%)
1 (1%)
1 (1%)
1 (1%) 

(75) 

General Body System 
Tissue NOS 

Mineralization 
Inflammation, chronic 

(1)
1 (100%) 

(4) 

3 (75%) 

Genital System 
Epididymis 

Inflammation, chronic 

Arteriole, inflammation, chronic 
Inflammation, suppurative 

Hyperplasia, focal 
Atrophy 

Preputial gland 

Duct, ectasia 
Inflammation, chronic active 
Hyperplasia, squamous, focal 

Hyperplasia,multifocal 
Hyperplasia, focal 

Prostate 
1 (2%) 

2 (3%) 
7 (12%) 

(60) 

2 (4%)
2 (4%) 

2 (4%) 
(45) 

Inflammation, acute 
Inflammation, chronic active 35 (58%) 15 (25%) 
Inflammation, subacute 

Vacuolization cytoplasmic, focal 
Inflammation, suppurative 

Hyperplasia, focal 
Atrophy 

Seminal vesicle (75)
8 (11%) 

2 (3%) 
5 (9%) 

2 (3%) 

(58)  
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TABLEA5 
Summary OF the Incidence of Nonneoplastic Lesions in Male Rats 
in the 14-Month Drinking Water Study of 3,3'-Dimethylbenzidine Dihydrochloride(continued) 

Genital System (continued) 
Testes (60) 
 (60)


1 (2%) 
(75) 

(15%) 


(45) 

3 (7%) 
Hemorrhage 1 (1%) 
Hypospermia 9 5 (7%) 6 (10%) 
Mineralization 
Interstitial cell,  hyperplasia 

Hematopoietic System 
Bone m a m  

Atrophy 
Hemorrhage 
Hyperplasia 
Proliferation connective  tissue 

Lymph node 
Bronchial, hemorrhage 
Deep c e r v i c a l ,  hyperplasia, plasma cell 
Mediastinal, hemorrhage 
Mediastinal, hyperplasia, lymphoid 
Mediastinal, hyperplasia, plasma cell  
Mediastinal, hyperplasia, RE cell  

44 
3 

(73%) 
(5%) 

35(78%) 28 (37%) 4 (7%) 
1 (2%) 

(60) 

(60) 

2 
5 

1 

1 
1 
6 7 (12%) 

Mediastinal, infiltration cellular,  polymorphonuclear (2%)
Mediastinal, pigmentation, hemosiderin 2 1 (2%) 
Mediastinal, sinus, infiltration cellular,  histiocytic 
Panmatic, hemorrhage 

Lymph node,  mandibular 
Hemorrhage 
Hyperplasia, lymphoid 
Hyperplasia, plasma cell 
Sinus, ectasia 

Lymph node, mesenteric 
Atrophy
Hemorrhage 
Hyperplasia, RE cell 
Infiltration cellular, polymorphonuclear 
Sinus, ectasia 

Spleen 
Congestion 
Depletion lymphoid 
Fibrosis 

Hematopoietic cell proliferation 

Hyperplasia, RE cell, focal 

Necrosis 
Necrosis, multifocal 
Thrombus 
Capsule, fibrosis, focal 
Capsule, hematopoietic c e l l  proliferation 
Red pulp,  necrosis 

1 
(60) 

2 

(60) 

1 
1 

(60) (45) 

1 
1 

1 

1 
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TABLEA5 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats 

in the 14-Month Drinking Water Study of 3,3'-Dimethyibenzidine Dihydrochloride(continued) 


Skin 
Integumentary System 

Hair follicle,  hyperplasia, basal  c e l l ,  loa 
Ulcer 
Inflammation, chronic active 
Fibrosis, multifocal 
Fibrosis, focal 
Erosion, focal 
Q s t  epithelial inclusion 
Acanthosis 

- ~~ ~~ 

Bone 
Musculoskeletal System 

Sternum, osteopetrosis 
Sternum, fibrous osteodystrophy 
Cranium, fibrous osteodystrophy 

~~~ ~ ~~ ~~~ ~ ~ 

Brain 
Nervous System 

Thalamus, hemorrhage 
Thalamus, cyst 
Cerebrum, necrosis, focal 
Cerebrum, hemorrhage,  multifocal 
Cerebrum, hemorrhage 
Cerebellum, neccosis 
Brain stem, inflammation, acute 

(60) 

Lung 
Respiratoy System 

Infiltration cellular,  histiocytic 
Hemorrhage 
Granuloma 
Foreign body 
Embolus 
Congestion 

9 (15%) 3 (7%) 13(17%) 
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TABLEA5 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats 
in the 14-Month Drinking Water Study of 3,3'-Dimethylbenzidine Dihydrochloride(continued) 

Respiratory System 

Mineralization 
Inflammation, granulomatous, focal 1 (2%) 

Necrosis, focal 

Interstitium, inflammation 
Capillaly, thrombus 
Alveolar epithelium, hyperplasia, multifocal 
Alveolar epithelium, hyperplasia,  focal 

Nose 
Foreign body 

Inflammation, acute 
Hemorrhage 
Fungus 

Inflammation, suppurative 
Trachea 

Inflammation, suppurative 

Special Senses System 

Cataract
Eye 

Cornea, inflammation, chronic active 

(1)
1(100%) 

(4) 

1 
1 

Retina, degeneration 
Cornea, inflammation, suppurative 

Zymbal's gland 

Ectasia
Cyst 

2 

(59) 

5 

Hyperplasia, squamous, focal 
Hyperplasia, glandular, focal 

7 
1 

Inflammation, acute 
Hypertrophy 1 

Inflammation, chronic active 2 
Inflammation, granulomatous 

Bilateral, hyperplasia, squamous, f o c a l  
Bilateral, hyperplasia, glandular, focal 

3 

Urinary System 
Kidney 

erst 
Degeneration, hyaline 

Inflammation, acute 
Hydronephrosis 

Renal tubule, necrosis 
Renal tubule,  hyperplasia, focal 
Nephropathy 
Inflammation, suppurative 

60 (100%) 43 (96%) 74 (99%) 

Transitional epithelium,  hyperplasia, multifocal 

Dilatation 
Urinary bladder 

Infiltration cellular, lymphocytic 
Lumen, hemorrhage 
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TABLEB1 

Summary of the Incidence of Neoplasms in Female Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride 

Early deaths 
Scheduled sacrifice 
Animals initially in study 
Disposition Summary 

Terminal sacrifice 
SuMvol?3 

Dead 
Moribund 1 

10 
70 

59 

45 

5 

39 

1 

75 

37 

32 

6 
45 

10 
70 

10 

5 

Animalsexaminedmicroscopically 60 45 75 60 

Adenocarcinoma 
Intestine lar e, colon 
Alimentary System 

Polyp adenomatous 
Leukemia mononuclear 

Adenocarcinoma 
Intestine small, duodenum

Polyp adenomatous 
Adenocarcinoma 

Polyp adenomatous 
Adenocarcinoma, mucinous 

Intestine small, ileum 

Polyp adenomatous
Leiomyoma 
Adenocarcinoma, cystic, mucinous 
Adenocarcinoma 

Intestine small, jejunum 

Neoplastic nodule, multiple
Neoplastic nodule 
Leukemia mononuclear 
Hepatocholangiocarcinoma 
Hepatocellular carcinoma 

Squamous cell  carcinoma, metastatic, Zymbal'sgland 
Squamous cell carcinoma
Papillomasquamous 

Squamous cell carcinoma
Papilloma squamous 

4 (60) 

Intestine large, rectum (60) 

(60) 

(60) 

(60) 

Liver (60) 

1 (2%) 

Pharynx 

Tongue 

(75) 

1 (1%)
4 (5%) 

1 (1%)
2 (3%) 

(74) 

(75) 

(74) 

1 (1%) 
1 (1%) 

1 (1%) 
(74) 

(74)
1 (1%)
1 (1%)
5 (7%)
5 (7%)
2 (3%) 

(8)
5 (63%)
2 (25%) 

(3)
2 (67%) 

(60) 

2(3%) 

1 (2%) 

1 (2%) 

1 (2%) 

2 (3%) 

(59)  

(59) 

(60) 

(59) 

3 (5%) 

(60) 

3(43%) 
4 (57%) 

3 (5%) 
4 (7%) 

1 (2%) 

(7) 

(10)
7(70%) 
1 (10%) 

Cardiovascular System 
Heart 

Epicardium, leukemia mononuclear
(74) (60)


1 (2%)
(45) (60) 


Endocrine System 
Adrenal gland, cortex 

Leukemia mononuclear 
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TABLEB1 

Summary of the Incidence of Neoplasms in Female Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride(continued) 

Endocrine System (continued) 
A d r e n a l  gland, medulla (60) (45) (74) (60)

Leukemia mononuclear 1 (1%) 1 (2%) 
Pituitary gland (58)  (45) (75) (60)

Carcinoma, metastatic, Zymbal's gland 1 (1%)
Pars distalis, adenoma 3 (5%) 1 (2%) 4 (5%) 

Thyroid gland (60) (45) (74) (60) 
(2%)1 2 (3%) C e l l ,  adenoma 1 (2%) 1 (2%)

Follicular cell, adenoma 1 (1%) 1 (2%) 

General Body System 
Tissue NOS (6) (3)

Carcinoma, metastatic, Zymbal's gland 2 (33%) (67%)2 
Sarcoma 1 (33%) 

Genital System 
Clitoral gland (60) (45) (75) (59)

Adenoma 8 (18%) 26 (35%) 11 (19%) 
Carcinoma 5 (11%) 10(13%) 16(27%)
Sarcoma 1 (1%) 
Bilateral, adenoma 1 (2%) 6 (8%) 6 (10%)

(1%)
Bilateral, carcinoma 1 2 (3%) 
ovary (60) (44) (75) (60)

Choriocarcinoma, metastatic, uterus 1 (1%) 

Granulosa cell tumor malignant 1 (2%) 

Granulosa-theca tumor benign 1 (2%)


Uterus (60) (44) (75) (60)
Choriocarcinoma 1 (1%) 

92 
Sarcoma stromal 1 (2%) 1 (1%)
Cenr ix ,  polyp stromal 1 (1%) 

Hematopoietic System 
Lymph node (75)

Carcinoma, metastatic, Zymbal's  gland 1 (1%) 
Deep cervical,  leukemia mononuclear 
Mediastinal, leukemia mononuclear 1 (1%) 
Mediastinal, lymphoma malignant 1 (2%) 
Pancreatic, leukemia  mononuclear 1 (1%) 
Renal, leukemia  mononuclear 

Lymph node,  mandibular (72)
Basal c e l l  carcinoma, metastatic, skin 1 (1%) 
Leukemia mononuclear 1 (1%) 

Lymph node, mesenteric (73)
Leukemia mononuclear 2 (3%)

Spleen (74)
Leukemia mononuclear 5 (7%) 

Thymus (67)
Leukemia mononuclear 

Polyp stromal 11 (18%) (20%) (3%) 
 1 (2%) 
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TABLEB1 

Summary of the Incidence of Neoplasms in Female Rats in the 14-MonthDrinking WaterStudy 
of 3,3'-Dimethylbenzidine Dihydrochloride(continued) 

Integumentary System 
Mammary gland 

Adenocarcinoma 
Adenocarcinoma, multiple 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Basal c e l l  adenoma 
Basal c e l l  adenoma, multiple 
Basal c e l l  carcinoma 
Keratoacanthoma 
Papilloma squamous 
Papilloma squamous, multiple 
Squamous c e l l  carcinoma 
Squamous cell  carcinoma, multiple 
Sebaceous gland, adenoma 
Sebaceous gland,  carcinoma 
Subcutaneous tissue,  leukemia mononuclear 1 (2%) 

Musculoskeletal System 
Skeletal muscle (1)

Sarcoma 1 (100%) 

Nervous System 
Brain (75) (60)
 (45) (60)


Astrocytoma malignant
Carcinoma, metastatic, Zymbal's  gland 

1 (2%) 1 (1%) 
2 (3%) 3 (5%)

1 (2%)Glioma malignant 

Meningiomamalignant 1 (2%) 


Respiratory System 
Lung (60)

Alveolarbronchiolar adenoma 1 
Alveolarbronchiolar carcinoma 
Basal cell carcinoma, metastatic, skin 
Carcinoma, metastatic, clitoral gland 
Carcinoma, metastatic, uncertain primary site 
Carcinoma, metastatic, Zymbal's gland 
Leukemia mononuclear 1 
Squamous c e l l  carcinoma, metastatic, pharynx 
Mediastinum, sarcoma, metastatic, skeletal  muscle 

NOW (60)

Carcinoma, metastatic, Zymbal's gland 

Special Senses System 
Ear 

1 (1%) 

(1)
Canal, papilloma squamous 1 (100%) 
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TABLE B1 
Summary of the Incidence of Neoplasms in Female Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride (continued) 

Special Senses System (continued) 
Eye (1) (4) (4)

Conjunctiva, squamous c e l l  carcinoma 1 (=%I
Zymbal's gland (57) (44) (73) (60)

Adenoma 4 (9%) 9 (12%) 12 (20%)
Carcinoma 2 (5%) 20 (27%) 34 (57%)

Bilateral, adenoma 2 (3%) 

Bilateral, carcinoma 2 (3%) 1 (2%) 


Urinary System 
Kidney (74) (60)


1 (2%)
(45) (60)


1Leukemia mononuclear (2%)
Renal tubule, adenoma 1 (2%)

Urinary bladder 
Leukemia mononuclear

(75) (60)
 (45) (60)

1 (1%)

Sarcoma stromal, metastatic, uterus 1 (1%) 

Systemic Lesions 
Multiple organs (@I*
(60).


1
(45).

3 
Lymphomamalignant 1 (2%) 

~ ~ ~~~ ~~~ ~~ 

Tumor Summary 
Total animals with  primary neoplasms** 18 33 71 5 8  

Total primary  neoplasms 19 55 157 157 
Total animals with  benign neoplasms 17 24 54 41 

Total benign  neoplasms 18 37 92 67 
Total animals with  malignant neoplasms 1 14 49 56  

Total malignant  neoplasms 1 18 65 90..Total animals  with secondary neoplasms. 11 9 
Total secondary neoplasms 16 10 

Total animals with  malignant neoplasms, 
Uncertain primary site 1 

l Number of animals with  any t i ssue  examined microscopically
* *  Primary tumors: all tumors exccpt metastatic tumors 

Secondary tumors: metastatic tumors or tumors invasive to an  adjacent organ 

(75). 
Leukemia mononuclear (2%) (7%) 
 6 (8%) 4 (7%) 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride: 0 ppm 

3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
Number of Days on Study 9 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

0 1 1 1 1 1 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 2 2 2 2 2 2 2 2 2  
Carcass ID Number 0 7 7 7 7 7 8 8 8 8 8 9 9 9 9 9 0 0 0 0 1 1 1 1 1  

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

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


Leukemia mononuclear X 

Mesentery + 

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  

Salivary glands . . . . . . . . . . . . . . . . . . . . . . . . .  

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

Stomach, forestomach . . . . . . . . . . . . . . . . . . . . . . . . .  
Stomach, glandular . . . . . . . . . . . . . . . . . . . . . . . . .  
Cardiovascular System 
Heart . . . . . . . . . . . . . . . . . . . . . . . . .  


Epicardium, leukemia 
mononuclear X 

Endocrine System 
Adrenal gland . . . . . . . . . . . . . . . . . . . . . . . . .  
Adrenal gland, cortex . . . . . . . . . . . . . . . . . . . . . . . . .  
Adrenal gland,'  medulla . . . . . . . . . . . . . . . . . . . . . . . . .  
Islets, pancreatic . . . . . . . . . . . . . . . . . . . . . . . . .  
Parathyroid gland + + M + + + + M + + + + + + + + + M + + + M + + +  
Pituitary gland . . . . . . . . . . . . . . . . . . . . . . . . .  

Pars distalis, adenoma X x x  
Thyroid gland . . . . . . . . . . . . . . . . . . . . . . . . .  

C e l l ,  adenoma X 
General Body System 
None 
Genital System 
Clitoral gland . . . . . . . . . . . . . . . . . . . . . . . . .  
ovary . . . . . . . . . . . . . . . . . . . . . . . . .  

Uterus . . . . . . . . . . . . . . . . . . . . . . . . .  

Polyp stromal X X X X X 

+: Tissue examined M: Missing tissue X: Lesionpresent 

A Autolysis precludes examination I: Insufficienttissue Blank Not  examined 




X X X X X 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3’-Dimethylbenzidine Dihydrochloride: 0 ppm (continued) 

Number of DaysStudyon 

Carcass ID Number 

ATimentary 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 

Leukemia mononuclear 
Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
ihrdiovascular System 
Hart 

Epicardium, leukemia 
mononuclear 

Endocrine System 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland,  medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
general  Body System 
None 
Cenital System 
Clitoral gland 
ovary
Uterus 

Polyp stromal 

4 4 4 4 4 4 4 4 4 4  
2 2 2 2 2 2 2 2 2 2  
6 6 7 7 7 7 7 7 7 7  

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

+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  

+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  

+ + + + + + + + + +  

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

+ + + M + + + + + +  

+ + + + + + + + + +  

+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  

X 


Total 
Tissues/ 
Tumors 

60 

60 

60 

60 

60 

60 

60 

60 
60 
60 

‘ 1  
3 
60 
60 
60 
60 
60 

60 

1 

60 

60 

60 
60 
53  
58 
3 
60 
1 

60 
60 
60 
11 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in  the 14-Month Drinking Water Study 
of 3,3’-Dimethylbenzidine Dihydrochloridtz 0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

nematopoietic System 
Bone Marrow 
Lymph node 

Deep cervical,  leukemia 
mononuclear 

Pancreatic, leukemia 
mononuclear 

Renal, leukemia  mononuclear 
Lymph node,  mandibular 

Leukemiamononuclear 
Lymph node, mesenteric 

Leukemiamononuclear 
Spleen 

Leukemiamononuclear 
Thymus 

Leukemiamononuclear 
lntegumentary system 
Mammary gland 

Fibroadenoma 
Skin 

Subcutaneous tissue, 
leukemiamononuclear 

hlusculoskeletal System 
None 
Nervous System 
Brain 
Respiratory System 
Lung 

Alveolar/bronchiolar 
adenoma 

Leukemia mononuclear 
Nose 
Trachea 
Zymbal’s gland 
Urinary System 
Kidney 

Leukemia mononuclear 
Urinary bladder 
Systemic Les ions  
Multiple organs 

Leukemia mononuclear 

3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
9 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
0 1 1 1 1 1 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 2 2 2 2 2 2 2 2 2  
0 7 7 7 7 7 8 8 8 8 8 9 9 9 9 9 0 0 0 0 1 1 1 1 1  
5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 1 2 3 4 5  
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Rematopoietic System 
Bone marrow 
Lymph node 

Deep ceMcal,leukemia 
mononuclear 

Pancreatic, leukemia 
mononuclear 

Renal, leukemia  mononuclear 
Lymph node, mandibular 

Leukemia mononuclear 
Lymph node, mesenteric 

Leukemia mononuclear 
Spleen 

Leukemia mononuclear 
Thymus

Leukemia mononuclear 
Integumentary system 
Mammary gland 

Fibroadenoma 
Skin 

Subcutaneous tissue, 
leukemia mononuclear 

m
 
None 
Nervous System 
Brain 
Respiratory System 
Lung 

Alveolarbronchiolar 
adenoma 

Leukemia mononuclear 
NOS? 
Trachea 
Zymbal's gland 
Urinary System 
Kidney 

Leukemia mononuclear 
Urinary bladder 
Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 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  
2 2 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6  

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 2 2 2 2 3 3 3 3 3 4 4 4 4 4 5 5 5 5 5 6 6 6 6 6  
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5  
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking, Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 0 ppm (continued) 

Number o f  Days on Study 

Carcass ID Number 

Rematopietic System 
Bone marrow 
Lymph node 

Deep ceMcal, leukemia 
mononuclear 

Pancreatic, leukemia 
mononuclear 

Renal, leukemia  mononuclear 
Lymph node,  mandibular 

Leukemia mononuclear 
Lymph node, mesenteric 

Leukemia mononuclear 
Spleen 

Leukemia mononuclear 
Thymu

Leukemia mononuclear 
Integumentary System 
Mammaty gland 

Fibroadenoma 
Skin 

Subcutaneous tissue, 
leukemia mononuclear 

hlusculoskeletal System 
None 
Nervous System 
Brain 
Respiratory System 
Lung 

heolar/bronchiolar 
adenoma 

Leukemia mononuclear 
Nose 
Trachea 
Zymbal's gland 
Drinary System 
Kidney 

Leukemia mononuclear 
Urinary bladder 
Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

4 4 4 4 4 4 4 4 4 4  
2 2 2 2 2 2 2 2 2 2  
6 6 7 7 7 7 1 1 7 7  

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

+ + + + + + + + + +  
+ + + + + + + + + +  

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

+ + + + + + + + + +  
+ + + + + + + + + +  

+ + + + + + + + + +  

+ + + + + + + + + +  

+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  

+ + + + + + + + + +  
+ + + + + + + + + +  

+ + + + + + + + + +  

Total 
Tissues/ 
Tumors 

60 

60 

1 


1 
1 

60 

1 

60 

1 
60 
1 
54 
1 

56 
2 
60 

1 


60 


60 


1 
1 

60 
60 
57 

60 

1 

60 


60 

1 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month  Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride: 30 ppm 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 

Polyp adenomatous 
Intestine large,  rectum 
Intestine small 
Intestine small, duodenum 
Intestine small,  ileum 
Intestine small, jejunum 

Leiomyoma 
Polyp adenomatous 

Liver 
Leukemia mononuclear 

Mesentery 
Pancreas 
Pharynx 

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

Papilloma squamous 
Squamous cell  carcinoma 

Cardiovascular System 
Heart 
EndocrineSystem 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland,  medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pats distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
General ~ o d y  
None 

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

3 4 4 4 4 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4  
9 5 0 3 4 9 8 8 8 8 8 9 9 9 0 0 0 0 1 1 1 1 1 2 2  
5 5 5 5 5 4 1 2 3 4 5 1 2 3 1 2 3 4 1 2 3 4 5 2 3  
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3’-DimethylbenzidineDihydrochloride:30 ppm (continued) 

Number of Days on  Study 

Carcass ID  Number 

Alimentary System 
Esophagus 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 

Polyp adenomatous 
Intestine large,  rectum 
Intestine mal! 
Intestine small, duodenum 
Intestine small,  ileum 
Intestine small,  jejunum 

Leiomyoma 
Polyp adenomatous 

Liver 
Leukemiamononuclear 

Mesentery 
Pancreas 
Pharynx

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

Papilloma squamous 
Squamous cell carcinoma 

Cardiovascular System 
Heart 
Endocrine System 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis,  adenoma 
Thyroid gland 

C e l l ,  adenoma 
General Body System 
None 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 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 2 5 5 5 5 5 5 5 5 5 5 6 6 6 6  


4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

2 3 3 3 4 4 4 4 5 5 5 5 6 6 6 6 2 2 3 6  

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


X 

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


X 


Total 
Tissues/ 
Tumors 

45 

45 

45 

45 

1 

45 

45 

45 

45 

45 

1 

1 

45 

3 

3 

45 

1 

1 

43 

45 

45 

45 

2 

2 

1 


45 


45 

45 

45 

45 

44 

45 

1 

45 

1 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month  Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride: 30ppm (continued) 

Number of DaysonStudy 

Carcass ID Number 

Genital system 
Clitoral gland 

Adenoma 
Carcinoma 
Bilateral, adenoma 

ovary
Granulosa-theca tumor 

benign
Uterus 

Polyp stromal 
Sarcoma stromal 

Rematopiet ic  System 
Bone marrow 
Lymph node 

Mediastinal, lymphoma 
malignant 

Lymph node,  mandibular 
Leukemia mononuclear 

Lymph node, mesenteric 
Leukemia mononuclear 

Spleen 
Leukemia mononuclear 

Thymus 
lntegumentary system 
Mammav gland 

Adenocarcinoma 

Fibroadenoma 


Skin 
Basal c e l l  adenoma 
Papilloma squamous 
Squamous c e l l  carcinoma 

hlusculcskeletal System 
Bone 
Nervous System 
Brain 

Astrocytoma malignant 

Meningioma malignant 


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

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

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

x x  x X X 


X X 

X 


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


X 

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


X X X 

X 


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


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


X 

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


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


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


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


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


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

X 


X 


+ + 

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

X 


X 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3’-Dimethylbenzidine Dihydmchloride: 30 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Genital system 
Clitoral gland 

Adenoma 
Carcinoma 
Bilateral, adenoma 

ovary
Granulosa-theca tumor 


benign 

Uterus 

Polyp stromal 
Sarcoma stromal 

hematopoietic system 
Bone marrow 
Lymph node 

Mediastinal, lymphoma 
malignant 

Lymph node,  mandibular 
Leukemia mononuclear 

Lymph node, mesenteric 
Leukemia mononuclear 

Spleen 
Leukemia mononuclear 

Thymus
lntegumentary System 
Mammary gland 

Adenocarcinoma 
Fibroadenoma 

Skin 
Basal c e l l  adenoma 
Papilloma squamous 
Squamous cell  carcinoma 

hsculoskeletal System 
Bone 
Nervous system 
Brain 

Astrocytoma malignant 
Meningiomamalignant 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 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 2 5 5 5 5 5 5 5 5 5 5 6 6 6 6  

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
2 3 3 3 4 4 4 4 5 5 5 5 6 6 6 6 2 2 3 6  
5 1 2 3 1 2 3 4 1 2 3 4 1 2 3 4 1 4 4 5  

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

x x  X 


X x x 


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

+ + + + + + + + + + + + + + + + + + + M  
X x x x x  X 


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


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


+ + M + + + + + + + + + + + + + + + + +  
X 


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

X 


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

X x x 

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

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

X 


X 

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


X X 


X X 


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


Total 
Tissues/ 
Tumors 

45 
8 
5 
1 
44 

1 
44 
9 
1 

45 
45 

1 
43 
1 
45 
1 
45 
3 
32 

42 
1 
1 
45 
3 
1 
2 

2 

45 
1 
1 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month  Drinking Water Study 
of 3,3’-Dimethylbenzidine Dihydrochloride: 30 ppm (continued) 

3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
Number of Days on Study 5 8 9 9 9 9 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

7 4 1 1 1 3 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

3 4 4 4 4 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4  
CarcassID Number 9 5 0 3 4 9 8 8 8 8 8 9 9 9 0 0 0 0 1 1 1 1 1 2 2  

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

Respmtory System 
Lung . . . . . . . . . . . . . . . . . . . . . . . . .  

Alveolar/bronchiolar 
adenoma X 

NOX + + + + M + + + + + + + + + + + + + + + + + + + +  
Trachea . . . . . . . . . . . . . . . . . . . . . . . . .  
Special Senses System 
Eye
Zymbal’s gland + + + + M + + + + + + + + + + + + + + + + + + + +  

Adenoma X X 
Carcinoma X X 

DrinnrySystem 

Kidney . . . . . . . . . . . . . . . . . . . . . . . . .  

Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . .  
SystemicLesions 
Multiple organs . . . . . . . . . . . . . . . . . . . . . . . . .  

Leukemia mononuclear 
Lymphomamalignant X 



- - 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethyIbenzidineDihydrochloride:30 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Respiratory System 
Lung 

Alveolar/bronchiolar 
adenoma 

Nose 
Trachea 
Special Senses System 
Eye
Zymbal's gland 

Adenoma 
Carcinoma 

Urinary System 
Kidney 
Urinary bladder 
Systemic Lesions 
Multiple organs 

Leukemia mononuclear 
Lymphoma malignant 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 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 2 5 5 5 5 5 5 5 5 5 5 6 6 6 6  

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
2 3 3 3 4 4 4 4 5 5 5 5 6 6 6 6 2 2 3 6  
5 1 2 3 1 2 3 ' 4 1 2 3 4 1 2 3 4 1 4 4 5  

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


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


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

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


x x  


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


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


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

X x x 


Total 
Tissues/ 
Tumors 


45 

1 
44 
45 

1 
44 
4 
2 

45 
45 

45 
3 

1 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 70 ppm 

Number of DaysStudyon 

Carcass ID Number 

Alimentary System 
Esophagus 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 

Leukemia mononuclear 
Polyp adenomatous 

Intestine large,  rectum 
Adenocarcinoma 
Polyp adenomatoua 

Intestine small 
Intestine small, duodenum 
Intestine small,  ileum 

Polyp adenomatous 
Intestine small, jejunum 
Adenocarcinoma 

Adenocarcinoma, cystic, 
mucinous 

Liver 
Hepatocellular carcinoma 
Hepatocholangiocarcinoma 

Leukemiamononuclear 
Neoplastic nodule 
Neoplastic nodule, multiple 

Mesentery 
Pancreas 
Pharynx 

Papilloma squamous 
Squamous c e l l  carcinoma 
Squamous ce l l  carcinoma, 

metastatic Zymbal's  gland 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Papilloma squamous 
Tooth 
'Cardiovascular System 
Heart 

1 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

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

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


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

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

5 5 5 5 5 4 5 3 4 5 5 4 5 4 5 4 5 3 4 3 3 4 4 4 5  


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

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

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


X 
+ + + + + + + + + + + + + + + + + + + M + + + + +  


X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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


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

X 

X 
+ + + + + + + + + + + + + + + + + + + + + M + + +  

X 
X 


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

+ 
X 

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

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

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


+ 
+ + 

+ + + + + + + + + + + + + M + + + + + + + + + + +  
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 70 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 

Leukemia mononuclear 

Polyp adenomatous 


Intestine large,  rectum 
Adenocarcinoma 
Polyp adenomatous 

Intestine small 
Intestine small, duodenum 
Intestine small,  ileum 

Polyp adenomatous 
Intestine small,  jejunum 

Adenocarcinoma 
Adenocarcinoma, cystic, 

mucinous 
Liver 

Hepatocellular carcinoma 
Hepatocholangiocarcinoma 

Leukemia mononuclear 
Neoplastic nodule 
Neoplastic nodule, multiple 

Mesentery 
Pancreas 
Pharynx 

Papilloma squamous 
Squamous c e l l  carcinoma 
Squamous c e l l  carcinoma, 

metastatic, Zymbal's gland 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Papilloma squamous 
Tooth 
Cardiovascular System 
Heart 

3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

8 8 8 9 9 9 9 9 0 0 0 0 0 0 0 0 0 1 2 2 2 2 2 2 2  

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


1 6 1 6 1 6 1 1 6 1 1 6 6 6 6 6 7 6 6 6 6 6 6 6 6  

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

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


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


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


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


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

X 


X 

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


X 


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


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


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

X 


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


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


X 

X 


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

+ + 
X X 


X 

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

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

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

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


+ + 
X X 


. . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats i n  the 14-Month Drinking  Water Study 
of 3,3'-DirnethylbenzidineDihydrochloride: 70 ppm (continued) 

Number of DaysonStudy 

Carcass ID Number 

AlimentarySystem 
Esophagus 
Intestine large 

1 


Intestine large,  cecum 
Intestine large,  colon 

Leukemia mononuclear 
Polyp adenomatous 

Intestine large,  rectum 
Adenocarcinoma 
Polyp adenomatous 

Intestine small 
Intestine small, duodenum 
Intestine small,  ileum 

Polyp adenomatous 
Intestine small, jejunum 

Menocarcinoma 
Adenocarcinoma, cystic, 

mucinous 
Liver 

Hepatocellular carcinoma 
Hepatocholangiocarcinoma 

Leukemia mononuclear 
Neoplastic nodule 
Neoplastic nodule,  multiple 

Mesentery 
Pancreas 
Pharynx 

Papilloma squamous 
Squamous c e l l  carcinoma 
Squamous c e l l  carcinoma, 

metastatic, Zymbal's gland 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Papilloma squamous 
Tooth 
'Cardiovascular System 
Heart 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 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  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5 5 5 5 5 6 6  


6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 6 7 T o t a l  
4 5 6 6 7 8 9 9 0 0 1 2 2 3 3 4 4 4 4 5 5 5 6 7 5 T i s s u e s J  

2 1 1 2 1 1 1 2 1 2 1 1 2 1 2 1 2 3 4 1 2 3 1 2 4 T u m o r s  

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


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


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


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


X X 

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


X 

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

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

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


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


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

X 


X 

x x  x 


X X X 

X X 


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

+ + + +  + 
X X 


X X 


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


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


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


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


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


74 

75 

75 

75 

1 

4 

74 

1 

2 

75 

74 

75 

1 

74 

1 


1 

74 

1 

1 

5 

5 

2 

1 

74 

8 

5 

2 


1 

72 

74 

74 

74 

3 

2 

2 


74 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3’-DimethylbenzidineDihydrochloride: 70 ppm (continued) 

Number of Dnys on Study 

Carcnss ID Number 

Endocrine System 
Adrenal gland 
Adrenal gland, cortex 

Leukemia mononuclear 
Adrenal gland, medulla 

Leukemia mononuclear 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Carcinoma, metastatic, 

Zymbal’s gland 


Pars distalis,  adenoma 

Thyroidgland 

Ccell, adenoma 
Follicular cel l ,  adenoma 

General ~ ~ Systema y 
Tissue NOS 


Carcinoma, metastatic, 

Zymbal’s gland 


Genital System 
Clitoral gland 

Adenoma 
Carcinoma 
Sarcoma 
Bilateral, adenoma 
Bilateral, carcinoma 

ovary
Choriocarcinoma, 

metastatic, uterus 
Uterus 

Choriocarcinoma 
Polyp stromal 
Sarcoma stromal 
Cervix, polyp stromal 

1 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

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

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


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

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

5 5 5 5 5 4 5 3 4 5 5 4 5 4 5 4 5 3 4 3 3 4 4 4 5  


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

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


X 
+ + + + + + + + + + + + + + + + + + + + + M + + +  


X 
+ + + + + + + + + + + + + + + + + + + + + M + + +  
+ + + + + + + + + + + + + M + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
x x  

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


X 

+ + +  + + + 
x x  

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

x x  x X x x  X 

X X x x x  

X X 

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


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


X 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 70 ppm (continued) 

Number of Days onStudy 

Carcass ID Number 

Endocrine System 
Adrenal gland 
Adrenal gland, cortex 

Leukemia mononuclear 
A d r e n a l  gland, medulla 

Leukemia mononuclear 
Islets, pancreatic 
Parathymid gland 
Pituitaly gland 

Carcinoma, metastatic, 
Zymbal's gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
Follicular cell, adenoma 

General ~ o d ySystem 
T i u e  NOS 

Carcinoma. metastatic. 
Zymbal's.gland 

'Genital Svstem 
Clitoral glrkd 

Adenoma 

Carcinoma 

Sarcoma 

Bilateral, adenoma 

Bilateral, carcinoma 


wary
Choriocarcinoma, 

metastatic, uterus 
Uterus 

Choriocarcinoma 
Polyp stromal 
Sarcoma stromal 
CerVa, polyp stromal 

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

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

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


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


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


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


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


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


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

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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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydmchloride: 70 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Endocrine System 
Adrenal gland 
Adrenal gland, cortex 

Leukemia mononuclear 
Adrenal gland,  medulla 

Leukemia mononuclear 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Carcinoma, metastatic, 
Zymbal's gland 

Pars distalis,  adenoma 
Thyroid gland 

~

C-cell, adenoma 
Follicular cell, adenoma 

'General System 
Tissue NOS 

Carcinoma, metastatic, 
Zymbal's gland 

Genital System 
Clitoral gland 

Adenoma 
Carcinoma 
Sarcoma 
Bilateral, adenoma 
Bilateral, carcinoma 

ovary
Choriocarcinoma, 


metastatic, uterus 

Uterus 

Choriocarcinoma 
Polyp stromal 
Sarcoma stromal 
Cervix, polyp stromal 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 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  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5 5 5 5 5 6 6  

6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 6 7 T o t d  

4 5 6 6 7 8 9 9 0 0 1 2 2 3 3 4 4 4 4 5 5 5 6 7 5 T i s s u e s /  
2 1 1 2 1 1 1 2 1 2 1 1 2 1 2 1 2 3 4 1 2 3 1 2 4 T u m o r s  
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+ + + + M + ++ + + M + + + + + M + + + + + + +  
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X X 
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. . . . . . . . . . . . . . . . . . . . . . . . .  

x x  x x  x x x x  

X X 
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X 
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. . . . . . . . . . . . . . . . . . . . . . . . .  
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74 
74 
2 
74 
1 
74 
70 
75 

1 
4 
74 
2 
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75
x 2 6  
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1 
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1 
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1 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 70 ppm (continued) 

Number of DaysStudyon 

Carcass ID Number 

Rematopietic System 
Blood 
Bone marrow 
Lymph node 

Carcinoma, metastatic, 
Zymbal's gland 

Mediastinal, leukemia 
mononuclear 

Pancreatic, leukemia 
mononuclear 

Lymph node,  mandibular 
Basal c e l l  carcinoma, 

metastatic, skin 
Leukemia mononuclear 

Lymph node, mesenteric 
Leukemia mononuclear 

Spleen 
Leukemia mononuclear 

Thymus 
Integumentary System 
Mammary gland 

Adenocarcinoma 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Basal cell adenoma 
Basal cell  carcinoma 
Papilloma squamous 
Papilloma squamous, 

multiple 
Squamous ce l l  carcinoma 
Squamous cell  carcinoma, 

multiple 
Sebaceous gland,  carcinoma 

Musculoskeletal System 
Bone 
Skeletal muscle 

Sarcoma 
Nervous System 
Brain 

Astrocytoma malignant 
Carcinoma, metastatic, 

Zymbal's gland 
Glioma malignant 

1 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

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

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


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

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

5 5 5 5 5 4 5 3 4 5 5 4 5 4 5 4 5 3 4 3 3 4 4 4 5  


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


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


X 


X 


X 

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


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

X 


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

X 


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


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

X X 

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

x x  


X 


+ + 

. . . . . . . . . . . . . . . . . . . . . . . . .  , 


X 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 70 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

nematopoietic System 
Blood 
Bone marrow 
Lymph node 

Carcinoma, metastatic, 
Zymbal's gland 

Mediastinal, leukemia 
mononuclear 

Pancreatic, leukemia 
mononuclear 

Lymph node,  mandibular 
Basal cell  carcinoma, 

metastatic, skin 
Leukemia mononuclear 

Lymph node, mesenteric 
Leukemiamononuclear 

Spleen 
Leukemia mononuclear 

Thymus 
Integumentary System 
Mammary gland 

Adenocarcinoma 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Basal cell adenoma 
Basal cell carcinoma 
Papilloma squamous 
Papilloma squamous, 

multiple 
Squamous cell carcinoma 
Squamous cell carcinoma, 

multiple 
Sebaceous gland,  carcinoma 

hfusculoskeletal System 
Bone 
Skeletal muscle 

Sarcoma 
Renous System 
Brain 

Astrocytomamalignant 
Carcinoma, metastatic, 

Zymbal's gland 

Gliomamalignant 


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

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

. . . . . . . . . . . . . . . . . . . . . . . .  
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X X X X 
x x  X 
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+ 
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X 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3’-DimethylbenzidineDihydrochloride: 70 ppm (continued) 

Number of Days onStudy 

Carcass ID Number 

Rematopietic System 
Blood 
Bone marrow 
Lymph node 

Carcinoma, metastatic, 
Zymbal’s gland 

Mediastinal, leukemia 
mononuclear 

Pancreatic, leukemia 
mononuclear 

Lymph node, magibular 
Basal cell  carcinoma, 

metastatic, skin 
Leukemia mononuclear 

Lymph node, mesenteric 
Leukemia mononuclear 

Spleen 
Leukemia mononuclear 

Thymus 
Integumentary System 
Mammary gland 

Adenocarcinoma 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Basal c e l l  adenoma 
Basal ce l l  carcinoma 
Papilloma squamous 
Papilloma squamous, 

multiple 
Squamous cell  carcinoma 
Squamous cell  carcinoma, 

multiple 
Sebaceous gland,  carcinoma 

hlusculoskeletal System 
Bone 
Skeletal muscle 

Sarcoma 
lpenous System 
Brain 

Astrocytoma malignant 
Carcinoma, metastatic, 

Zymbal’s gland 
Glioma malignant 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 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  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5 5 5 5 5 6 6  


6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 6 7 T o t a l  
4 5 6 6 7 8 9 9 0 0 1 2 2 3 3 4 4 4 4 5 5 5 6 7 5 T i s s u e s /  
2 1 1 2 1 1 1 2 1 2 1 1 2 1 2 1 2 3 4 1 2 3 1 2 4 T u m o r s  


+ 	 1 
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X X X 	 5 
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X 1 

X X 3 


X 1 

X 1 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3’-Dimethylbenzidine Dihydrochloride: 70 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Lung
Ahreolar/bronchiolar 

adenoma 
Basal c e l l  carcinoma, 

metastatic, skin 
Carcinoma, metastatic, 

clitoral gland 
Carcinoma, metastatic, 

Zymbal’s gland 

Leukemia mononuclear 

Mediastinum, sarcoma, 


metastatic skeletal  muscle 
Nose 

Carcinoma, metastatic, 
Zymbal’s gland 

Trachea 
Special Senses System 
Eye
Harderian gland 
Zymbal’sgland 

Adenoma 
Carcinoma 
Bilateral, adenoma 
Bilateral, carcinoma 

Urinary system 

Kidney 
Urinary bladder 

Leukemia mononuclear 
S a m m a  stromal, metastatic 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

1 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

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

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


6 6 1 7 6 6 6 6 6 7 7 6 6 7 7 7 6 7 6 7 7 7 6 6 6  

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

5 5 5 5 5 4 5 3 4 5 5 4 5 4 5 4 5 3 4 3 3 4 4 4 5  


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


X 


X X 

X 


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

+ + + 
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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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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month  Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 70 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Resp~ratorysystem 
Lung 

Alveolarlbronchiolar 
adenoma 

Basal c e l l  carcinoma, 
metastatic, skin 

Carcinoma, metastatic, 
clitoral gland 

Carcinoma, metastatic, 
Zymbal's gland 


Leukemia mononuclear 

Mediastinum, sarcoma, 


metastatic, skeletal muscle 
Nose 

Carcinoma, metastatic, 
Zymbal's gland 

Trachea 
Special Senses System 
Eye
Harderian gland 
Zymbal's gland 

Adenoma 
Carcinoma 
Bilateral, adenoma 
Bilateral, carcinoma 

Drinary System 
Kidney 
Urinary bladder 

Leukemia mononuclear 
Sarcoma sttomal, metastatic 

Svstemic Lesions 
Multiple organs 

Leukemia mononuclear 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in  the 14-Month Drinking Water Study 
of 3,3’-Dimethylbenzidine Dihydrochloride: 70 ppm (continued) 

Number of Days on Study 

Carcass ID  Number 

Respiratory System 
Lung 

Alveolarbronchiolar 
adenoma 

Basal cell carcinoma, 
metastatic, skin 

Carcinoma, metastatic, 
clitoral gland 

Carcinoma,metastatic, 
Zymbal’s gland 

Leukemiamononuclear 
Mediastinum, sarcoma, 

metastatic, skeletal muscle 
Nose 

Carcinoma, metastatic, 
Zymbal’s gland 

Trachea 
Special Senses System 
Eye
Harderian gland 
Zymbal’s gland 

Adenoma 
Carcinoma 
Bilateral, adenoma 
Bilateral, carcinoma 

Drinary System 
Kidney 
Urinary bladder 

Leukemia mononuclear 
Sarcoma stromal, metastatic 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 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  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 5 5 5 5 5 6 6  


6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 6 7 T o t a l  
4 5 6 6 7 8 9 9 0 0 1 2 2 3 3 4 4 4 4 5 5 5 6 7 5 T i s s u e s i  

2 1 1 2 1 1 1 2 1 2 1 1 2 1 2 1 2 3 4 1 2 3 1 2 4 T u m o ~  
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+ 4 
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X X X 9 
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x x  2 
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. . . . . . . . . . . . . . . . . . . . . . . . .  75 
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X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  75 

X x x  x 6 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3‘-Dimethylbenzidine Dihydrochloride:150 ppm 

Number of Dnys on Study 

Carcnss ID Number 

AIimentary System 
Esophagus 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 

Adenocarcinoma 
Polyp adenomatous 

Intestine large,  rectum 
Polyp adenomatous 

Intestine small 
Intestine small, duodenum 

Adenocarcinoma 
Intestine small,  ileum 

Adenocarcinoma, mucinous 
Intestine small, jejunum 

Adenocarcinoma, cystic, 
mucinous 

Liver 
Hepatocellular carcinoma 
Leukemia mononuclear 
Neoplastic nodule 

Pancreas 
Phalynx 

Papilloma squamous 
Squamous ce l l  carcinoma 

Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Papilloma squamous 
Squamous cell  carcinoma 

Tooth 
‘Cardiovascularsystem 
Heart 
Endocrine System 
Adrenal gland 
Adrenal gland, cortex 

Leukemia mononuclear 
Adrenal gland,  medulla 

Leukemia mononuclear 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
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A + + + + + + + + + + + + + + + + + + + + + + + +  

A + + + + + + + + + + + + + + + + + + + + + + + +  
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 150 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

ATimentary system 
Esophagus 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 

Adenocarcinoma 
Polyp adenomatous 

Intestine large, rectum 
Polyp adenomatous 

Intestine small 
Intestine small, duodenum 

Adenocarcinoma 
Intestine small,  ileum 

Adenocarcinoma, mucinous 
Intestine small,  jejunum 

Adenocarcinoma, cystic, 
mucinous 

Liver 
Hepatocellular carcinoma 
Leukemia mononuclear 
Neoplastic nodule 

Pancreas 
Pharynx 

Papilloma squamous 
Squamous cell  carcinoma 

Salivaary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Papilloma squamous 
Squamous ce l l  carcinoma 

Tooth 
Cardiovascular system 
Heart 
Endocrine System 
Adrenal gland 
Adrenal gland, cortex 

Leukemia mononuclear 
Adrenal gland, medulla 

Leukemia mononuclear 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

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

0 1 0 0 1 1 1 0 1 1 1 1 1 0 0 0 1 1 1 0 1 1 0 0 1  
9 0 9 9 0 0 0 9 0 0 0 0 0 9 9 9 0 0 0 9 0 0 9 9 0  
5 3 3 3 1 0 4 8 0 1 3 3 4 8 6 7 1 2 4 9 4 4 5 9 0  
4 4 2 3 3 4 5 3 3 2 3 2 4 2 1 3 1 2 3 3 1 2 2 4 2  
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TABLE B2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month nrinklng Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride: 150 ppm (continued) 

Number of Days onStudy 

Cnrcass ID Number 

kimentary System 
Esophagus 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 

Adenocarcinoma 
Polyp adenomatous 

Intestine large,  rectum 
Polyp adenomatous 

Intestine small 
Intestine small, duodenum 

Adenocarcinoma 
Intestine small,  ileum 

Adenocarcinoma, mucinous 
Intestine small, jejunum 

Adenocarcinoma, cystic, 
mucinous 

Liver 
Hepatocellular carcinoma 
Leukemia mononuclear 
Neoplastic nodule 

Pancreas 
Pharynx 

Papilloma squamous 
Squamous c e l l  carcinoma 

Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Papilloma squamous 
Squamous cell carcinoma 

Tooth 
'Cnrdiovasculnr System 
Hart  
Endocrine System 
Adrenal gland 
Adrenal gland, cortex 

Leukemia mononuclear 
Adrenal gland, medulla 

Leukemia mononuclear 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

4 4 4 4 4 4 4 4 4 4  
2 2 2 2 2 2 2 2 2 2  
1 1 1 1 1 2 2 2 2 6  

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

+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  

X 

+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  

+ + + + + + + + + +  
X 


+ + + + + + + + + +  
+ +  + 
X X 

X 


+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + +  

x x  


+ + + + + + + + + +  

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

+ + + + + + + + + +  

T o h l  
Tissues/ 
Tumors 

60 

60 

60 
60 
1 
2 
60 

2 
59 
59 
1 
59 
1 
59 

3 
60 

1 
4 
3 
60 

I 

4 
3 
60 
60 

60 
60 
10 
7 
1 
1 

60 


60 

60 
1 
6 0 .  


1 
60 

58 
60 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride: 150 ppm (continued) 

Number o€Days on Study 

Carcass ID Number 

Endocrine System (continued) 
Thyroid gland 

Ccell, adenoma 
Follicular c e l l ,  adenoma 

General Body System 
Tissue NOS 

Carcinoma, metastatic, 
Zymbal's gland 

Sarcoma 
Genital System 
Clitoral gland 

Adenoma 

Carcinoma 

Bilateral, adenoma 

Bilateral, carcinoma 


Ovary
Gknulosa c e l l  tumor 

malignant 
Uterus 

Polyp stromal 
nematopoietic System 
Bone marrow 
Lymph node 
Lymph node,  mandibular 

Leukemia mononuclear 
Lymph node,  mesenteric 

Leukemia mononuclear 
Spleen 

Leukemia mononuclear 
Thymus 
Integumentary System 
Mammary gland 

Adenocarcinoma 
Adenocarcinoma, multiple 

Skin 
Basal c e l l  adenoma 
Basal cell  adenoma, multiple 
Basal c e l l  carcinoma 
Keratoacanthoma 
Papilloma squamous 
Squamous c e l l  carcinoma 
Sebaceous gland, adenoma 

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

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

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

X 


+ + 
X X 


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

x x  


X x x  x x  

X X X 


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


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


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


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


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


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


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


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


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

X 


+ + + + + + + + + + + + + +  + + + + + + + + + +  

X 

X 


X 

X 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride:150 ppm (continued) 

Number of Days onStudy 

Carcass ID Number 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  

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

3 3 5 5 4 0 0 1 8 3 3 4 4 0 1 1 1 1 1 5 5 5 6 6 6  


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

9 0 9 9 0 0 0 9 0 0 0 0 0 9 9 9 0 0 0 9 0 0 9 9 0  

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

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


4 

Thyroid gland 

C-cell, adenoma 
Follicular cell, adenoma 

General Body System 
Tissue NOS 

Carcinoma, metastatic, 
Zymbal's gland 

Sarcoma 
'GenitalSystem 
Clitoral gland 

Adenoma 

Carcinoma 

Bilateral, adenoma 

Bilateral, carcinoma 


ovary
Granulosa c e l l  tumor 

malignant 
Uterus 

Polyp stromal 
nematopoietic System 
Bone marrow 
Lymph node 
Lymph node, mandibular 

Leukemia mononuclear 
Lymph node, mesenteric 

Leukemia mononuclear 
Spleen 

Leukemia mononuclear 
Thymus 
Integumentary System 
Mammaly gland 

Adenocarcinoma 
Adenocarcinoma, multiple 

Skin 
Basal ce l l  adenoma 
Basal c e l l  adenoma, multiple 
Basal cell carcinoma 
Keratoacanthoma 
Papilloma squamous 
Squamous ce l l  carcinoma 
Sebaceous gland, adenoma 

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


+ 

X 

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

x x  x X X 

X x x x x x x  x x 
X X 

X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
. . . . . . . . . . . . . . . . . . . . . . . . .  


X 

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

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

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


x x  
. . . . . . . . . . . . . . . . . . . . . . . . .  


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


X X 
+ + + M + M + + I + M + M + + M + + M M + M + + +  


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

X X 

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

X X 

X 
x x  X 

X X X 
x x x  

X 
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TABLE B2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride:150 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

rndocrine System (continued) 
Thyroid gland 

C-cell, adenoma 
Follicular cel l ,  adenoma 

General ~ o d y  system 
Tissue NOS 

Carcinoma, metastatic, 
Zymbal's gland 

Sarcoma 
Genital System 
Clitoral gland 

Adenoma 
Carcinoma 
Bilateral, adenoma 
Bilateral, carcinoma 

ovary
Granulosa c e l l  tumor 

malignant 
Uterus 

Polyp stromal 
Rematopietic system 
Bone marrow 
Lymph node 
Lymph node,  mandibular 

Leukemia mononuclear 
Lymph node, mesenteric 

Leukemia mononuclear 
Spleen 

Leukemia mononuclear 
mymus
Integumentary System 
Mammaly gland 

Adenocarcinoma 
Adenocarcinoma, multiple 

Skin 
Basal ce l l  adenoma 
Basal cell adenoma, multiple 
Basal cell  carcinoma 
Keratoacanthoma 
Papilloma squamous 
Squamous cell carcinoma 
Sebaceous gland,  adenoma 

4 4 4 4 4 4 4 4 4 4  
2 2 2 2 2 2 2 2 2 2  

1 1 1 1 1 2 2 2 2 6  


0 0 0 0 0 0 0 1 1 1  

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


+ + + + + + + + + +  
X 


+ + + + + + + + + +  
x x  x x  

X X 


X 

X 


+ + + + + + + + + +  

+ + + + + + + + + +  

+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
+ + + + + + + + + +  
X 


M M M + + + + M + M  


+ M + M + + + + + +  

X X 


X 

+ + + + + + + + + +  

X 

X 


X 


X X X 

Total 
Tissues/ 
Tumors 

60 

1 

1 


3 


2 

1 


59 
11 

16 

6 

2 

60 


1 

60 

1 


59 
60 

60 

2 

60 

3 
60 

3 
45 

54 
5 
1 
59 
3 
2 
4 
1 

5 
7 
1 
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride: 150 ppm (continued) 

Number of DaysStudyon 

Carcass ID Number 

hlusculoskeletal System 
Bone 
Nervous system 
Brain 

Carcinoma, metastatic, 
Zymbal's gland 

Glioma macgnant 
Respiratory System 
Lung 

&alarbronchiolar 
adenoma 

Alveolarbronchiolar 
carcinoma 

Carcinoma, metastatic, 
clitoral gland 

Carcinoma, metastatic, 
uncertain primary site 

Carcinoma, metastatic, 
Zymbal's gland 

Leukemia mononuclear 
Squamous c e l l  carcinoma, 

metastatic, pharynx 
Nose 
Trachea 
Special Senses System 
Ear 

Canal ,  papilloma squamous 
Eye

Conjunctiva, squamous c e l l  
Harderian gland 
Zymbal's gland 

Adenoma 

Carcinoma 

Bilateral,Bilateral, carcinomacarcinoma 


Urinary- -Urinarv SystemSystem 
KidnevKidnev 

Leukemia mononuclear 
Renal tubule, adenoma 

Urinary bladder 
Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

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

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

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


X X X 


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


X 


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


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


+ + 
+ 

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

X X 


x x x x x x x x xx x x x x x x x xx x  


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


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


. . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride:150 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

hlusculoskeletal System 
Bone 
Nervous System 
Brain 

Carcinoma, metastatic, 
Zymbal's gland 

Gliomamalignant 
Respiratory System 
Lung 

Alveolarbronchiolar 
adenoma 

Ahreolarbronchiolar 
carcinoma 

Carcinoma, metastatic, 
clitoral gland 

Carcinoma, metastatic, 
uncertain primary site 

Carcinoma, metastatic, 
Zymbal's gland 

Leukemia mononuclear 
Squamous cell  carcinoma, 

metastatic, pharynx 
Nose 
Trachea 
Special Senses System 
Ear 

Canal, papilloma squamous 
Eye

Conjunctiva, squamous cell 
Harderian gland 
Zymbal's gland 

Adenoma 

Carcinoma 

Bilateral, carcinoma 


Urinary System 
Kidney 

Leukemia mononuclear 
Renal tubule,  adenoma 

Urinary bladder 
Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  

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

3 3 5 5 4 0 0 1 8 3 3 4 4 0 1 1 1 1 1 5 5 5 6 6 6  


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

9 0 9 9 0 0 0 9 0 0 0 0 0 9 9 9 0 0 0 9 0 0 9 9 0  

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

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


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


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 x  
X 

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

X 

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


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

X x x  
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TABLEB t  
IndividualAnimalTumorPathology of Female Rats in the 14-Month Drinking Water Study 
of 3,3'-DimethylbenzidineDihydrochloride:150 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Muscuhdceletal System 
Bone 
Nervous system 
Brain 

Carcinoma, metastatic, 
Zymbal's gland 

Glioma malignant 
Respiratory system 
Lung 

Alveolarbronchiolar 
adenoma 

Ahreolarbronchiolar 
carcinoma 

Carcinoma, metastatic, 
clitoral gland 

Carcinoma, metastatic, 
uncertain primary site 

Carcinoma, metastatic, 
Zymbal's gland 

Leukemia mononuclear 
Squamous cell carcinoma, 

metastatic, pharynx 
NOSe 
Trachea 
Special Senses System 
Ear 

Canal, papilloma squamous 
Eye

Conjunctiva, squamous cell 
Harderian gland 
Zymbal's gland 

Adenoma 
Carcinoma 
Bilateral. carcinoma 

binary System 
Kidney 

Leukemia mononuclear 
Renal tubule, adenoma 

Urinary bladder 
Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

4 4 4 4 4 4 4 4 4 4  
2 2 2 2 2 2 2 2 2 2  
1 1 1 1 1 2 2 2 2 6  

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

+ + + + + + + + + +  

+ + + + + + + + +  

X 

+ + + + + + + + + +  
+ + + + + + + + + +  

+ 
X 


+ + + + + + + + + +  
x x X 
X X X 

+ + + + + + + + + +  
X 


+ + + + + + + + + +  
+ + + + + + + + + +  
X 


Total 
Tissues/ 
Tumors 

1 

60 

3 
1 

60 

3 

I 


2 

1 

1 
1 

I 

60 

60 


1 
1 
4 
1 
1 
60 
12 
34 
1 

60 
1 
1 
60 


60 
4 
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TABLE B3 
Statistical Analysis of Primary Tumors in Female Rats in the 14-Month Drinking Water Study 
oh 3J’-Dimethylbenzidine Dihydrochloride 

70 PPm 150 ppm 

Clitoral Gland: Adenoma 
Overall ratesa 0/60(0%) 9/45 (20%) 32/75 (43%) 17/59 (29%) 
Effective ratesb 0/60(0%) 9/45 (20%) 32/73 (44%) 17/58 (29%) 
Terminal ratesc 0/59 (0%) 5/39 (13%) 14/32 (44%) 5/10 (50%) 
Firstincidencedays 391 229 296d )Life table tests P<O.001 P<O.001 P<O.001 P<0.001 
Logistic regression testsd P<O.001 P=O.003 P<0.001 P<0.001 
C o c h r a n - h i t a  e testd P<O.001iFisher exact test P<O.001 P<O.001 P<O.001 

@litora.alGland:Carcinoma 

Overall rates 0/60(0%) 5/45 (11%) 11/75 (15%) 18/59 (31%) 

Effective mtes 0/60 (0%) 5/45 (11%) 11/72 (15%) 18/55 (33%) 
Terminal rates 0/59 (0%) 5/39 (13%) 3/32 (9%) 3/10 (30%)
First incidence (days) 421 (9 315 254 
Life table tests P<0.001 P=O.OlO P<O.ool P<0.001 
Logistic regression tests P<O.001 P=O.OlO P=O.o04 P<0.001 
C o c h r a n - h i t a g e  test P<0.001 
Fisher exact test P=O.O13 P<0.001 P<O.001 

Clitoral Gland:Adenoma or Carcinoma 
Overall rates 0/60 (0%) 14/45 (31%) 42/75 (56%) 32/59 (54%) 
Effective rates 0/60(0%) 14/45 (31%) 42/73 (58%) 32/58 (55%) 
Terminal rates Ob9 (0%) lO/39 (26% 16/32 (50%) 7/10 (70%) 
First incidence (days) 391 229 254 
Life table tests P<O.001 P<0.001 P<O.ool P<0.001 
Logistic regression tests P<O.001 P<0.001 P<O.001 P<0.001 
h h r a n - A w i t a g e  test P<O.001 
Fisher exact test P<0.001 P<O.001 P<O.001 

Large Intestine: Adenomatous Polyp 
Overall rates o m  (0%) 1/45 (2%) 6/75 (8%) 4/60 (7%) 
Effective rates 0/60(0%) 1/45 (2%) 6/70 (9%) 4/46 (9%) 
Terminal rates 0/59 (0%) 1/39 (3%) 4/32 (13%) 1no (0%) 
First incidence (days) 421 (9 310 355 
Life table tests P<O.001 P=O.417 P=O.005 P<0.001 
Logistic regression tests P<O.O19 P-0.417 P=O.O36 P=O.O12 
C u c h r a n - h i t a g e  test P=0.020 
Fisher exact test P=O.429 P=O.O22 P=0.033 

Large Intestine: Adenomatous Polyp or Adenocarcinoma 
Overall r a t a  0/60(0%) 1/45 (2%) 7/75 (8%) 4/60 (7%) 
Effective rates 0/60(0%) 1/45 (2%) 7/70 (10%) 4/46 (9%) 
Terminal rates 0/59 (0%) 1/39 (3%) 4/32 (13%) 1/10 (10%) 
First incidence (days) 421 (9 310 355 
LiPe table  tests P<0.001 P=O.417 P=O.002 P<O.001 
Logistic regression tests P10.021 P=O.417 P=O.O21 P=O.O12 
Cochran -h i t age  t e s t  P=O.O21 
Fisher exace test P=O.429 P=O.O11 P=O.O33 
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TABLE B3 
Statistical Analysis of Primary Tumors in Female Rats in the 14-Month Drinking Water Study 
o f  3,3’-Dimethylbenzidine Dihydrochloride(continued) 

Large Intestine (Colon): Adenomatous Polyp 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Small Intestine: Adenocarcinoma 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Small Intestine: Adenomatous 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

0/60(0%)
0/60 (0%) 
0/59 (0%) 

P=O.009 
P=O.134 
P=O.136 

0/60(0%) 

0/60 (0%) 

0/59 (0%) 

P<0.001 
P=O.o09 
P=O.O03 

Polyp or Adenocarcinoma 
0/60(0%) 

0/60 (0%) 

0/59 (0%) 

P.cO.001 
P.10.024 

P-0.011 


Small Intestine (Jejunum): Adenocarcinoma 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Liver: Neoplastic Nodule 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

0/60(0%) 

0/60(0%) 

Ob9 (0%) 

P=O.002 
P=O.o42 
P=O.O17 

0/60 (0%) 

0/60(0%) 

0/59 (0%) 

Pc0.001 
P=O.O15 

‘ P=O.O14 

1/45 (2%) 
1/45 (2%) 
1/39 (3%) 
421 0 
P=O.417 
P=O.417 

P=0.429 

0/45 (0%) 
0/45 (0%) 
OD9 (0%) 

e-
e-

e-

1/45 (2%) 
1/45 (2%) 
OB9 (0%) 
391 
P=O.437 
P=O.724 

P=O.429 

0/45 (0%) 
0/45 (0%) 
OB9 (0%) 

e-
e-

e-

0/45 (0%) 
0/45 (0%) 
O B 9  (0%) 

e-
e-

e-

4175 (5%) 2/60 (3%)
4P0 (6%) 2/46 (4%) 
3/32 (9%) 1no (10%) 
310 355 
PrO.023 P=O.o46 
P=O.o91 P=O.171 

P=O.o81 P=O.186 

2/75 (3%) 5/60 (8%) 
2/72 (3%) 5/57 (9%) 
0/32 (0%) on0 (0%) 
309 251 
P=O.252 P<0.001 
P=O.487 P=O.O26 

P=O.296 P=O.O25 

3P5 (5%) 5 /60  (8%) 
3/72 (4%) 5/57 (9%) 
1/32 (3%) on0 (0%) 
309 251 
P=O.o95 Pc0.001 
P=O.248 P=O.O26 

P=O.159 P=O.O25 

2/75 (3%) 3/60 (5%) 
2/71 (3%) 3/46 (7%) 
OD2 (0%) on0 (0%) 
309 391 
P=O.252 P=O.o06 
P=O.487 P=O.O29 

P=O.292 P=O.O79 

7/74 (9%) 3/60 (5%) 
7/58 (12%) 3B.5 (8%) 
6/32 (19%) on0 (0%) 
378 343 
P<0.001 P=O.O21 
P=O.O03 P=O.133 

P=O.o06 P=O.O50 



179 Lesions in Female Rats 

TABLEB3 
Statistical Analysis of Primary Tumors in Female Rats in  the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride (continued) 

Liver: Neoplastic Nodule or Aeptocellular Carcinoma 
0145 (0%) 
0145 (7%) 
O B 9  (0%) 

-e 
e-

-e 

1/45 (2%) 
1/45 (2%) 
1/39 (3%) 
421 ( T )
P=0.666 
P=O.666 

P=O.676 

1/45 (2%) 
1/45 (2%) 
1/39 (3%) 
421 (T) 
P=O.666 
P=O.666 

P =0.676 

1/45 (2%) 
1/45 (2%) 
1/39 (3%) 
421 ( T )
P=O.417 
P=O.417 

P=O.429 

1/45 (2%) 
1/39 (3%) 
1/39 (3%) 
421 (T) 
P-0.642N 
P=0.642N 

P=0.652N 

70 PPm 

7174 (9%) 
7/58 (12%) 
6/32 (19%) 
378 
Pc0.001 
P=O.003 

P=O.o06 

3/74 (4%) 
3/63 (5%)  
2/32 (6%) 
338 
P=O.165 
P=O.369 

P=O.328 

3174 (4%) 
3/63 (5%)  
2/32 (6%) 
338 
P=O.165 
P=O.369 

P=O.328 

3175 (4%) 
3171 (4%) 
1/32 (3%) 
363 
P=O.o84 
P=O.189 

P=O.156 

4175 (5%) 
4/39 (10%) 
3/32 (9%) 
406 
P=O.122 
P=O.182 

P-0.169 

150 ppm 

4/60 (7%) 
4/36 (11%) 
on0 (0%) 
343 
P=O.W 
P=O.o42 

P=O.O18 

3/60 (5%) 
3/41 (7%) 
on0 (0%) 
370 
P=O.O23 
P=O.130 

P-0.181 

4/60 (7%) 
4/41 (10%) 
0/10 (0%) 
370 
P=O.o06 
P=O.o60 

P=O.o86 

6/60 (10%) 
6/51 (12%) 
3110 (30%) 
285 
PcO.001 
P-0.004 

P=0.008 

0/60 (0%) 
003 (0%) 
OD0 (0%) 

P=0.665N 
P=0.665N 

P=0.669N 

Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

Lung: Alveolar/Bronchiolar Adenoma 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

1/60 (2%) 
1/60 (2%) 
1/59 (2%) 
421 (T) 
P=O.o06 
P=O.o86 
P=O.O94 

Overall rates 
Effective rates 
Terminal rates 
Firstincidence(days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

Mammary Gland:Adenocarcinoma 
Overall rates 
Effective rates 
Terminal rates 
Firstincidence(days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Mammary Gland Fibroadenoma 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

0160 (0%) 
0/60 (7%)
0159 (0%) 

Pc0.001 
P=O.003 
P=O.W 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
1/60 (2%) 
1/60 (2%) 
1/59 (2%) 
421 ( T )
P=O.001 
P=O.O32 
P=O.O33 

0/60 (0%) 
0/60 (0%) 
0/59 (0%) 

PCO.001 
P=O.002 
P=O.002 

2/60 (3%) 
2/59 (3%) 
2/59 (3%) 
421 ( T )
P=O.426 
P=O.549 
P=O.511 



180 3,3'-Dimethylbenzidine Dihydrochloride, NTP TR 330 

TABLEB3 
Statistical Analysis of Primary Tumors in Female Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride (continued) 

Mammary Gland Fibroadenoma or Adenocarcinoma 
Overall rates 2/60 (3%) 2/45 (4%) 7/75 (9%) 6/60 (10%) 
Effective rates 2/60 (3%) 2/45 (4%) 7/71 (10%) 6/51 (12%) 
Terminal rates 2/59 (3%) 2/39 (5%) 4/32 (13%) 3/10 (30%)
First incidence (days) 421 (T) 421 (T) 363 285 
Life table tests PeO.001 P=O.538 P=O.O17 P<O.001 
Logistic regression tests P=O.O13 P=O.538 P=O.O81 P=O.040 
Cochran-Armitage test P=O.o46 
Fisher exact test P=O.576 P=O.130 P=O.O89 

Oral Cavity (Tongue and Pharynx): Squamous Cell Papilloma 
Overall rates 0/60(0%) 3/45 (7%) 7/75 (9%) 9/60 (15%) 
Effective rates 0/60(0%) 3/45 (7%) 7/73 (10%) 9/59 (15%) 
Terminal rates O b 9  (0%) 3/39 (8%) 3/32 (9%) 3/10 (30%)
First incidence (dw)  421 (T) 363 229 
Life table tests P=O.001 P=O.o60 P=0.002 P<0.001 
Logistic regression tests P<O.001 P=O.o60 P=O.O13 P=O.002 
Cochran-Armitage test P=O.002 
Fisher exact test P=O.O76 P=O.O13 P=O.ool 

Oral Cavity (Tongue and Pharynx): Squamous Cell Carcinoma 
Overall rates 0/60(0%) 1/45 (2%) 2/15 (3%) 4/60 (7%)
Effective rates 0/60(0%) 1/45 (2%) 2/64 (3%) 4/41 (10%) 
Terminal rates 0/59 (0%) 1/39 (3%) 2/32 (6%) 1no (10%)
First incidence (days) 421 ( T )  421 (T) 338 
Life table tests P<O.001 P=O.417 P=O.118 P<0.007 
Logistic regression tests P=O.O13 P=O.417 P=O.118 P=O.o65 
Cocbran-Armitage test PeO.008 
Fisher exact test P=O.429 P=O.W P=O.O25 

Oral Cavity (Tongue and Pharynx): Squamous Cell Papilloma or Carcinoma 
Overall rates 0/60(0%) 3/45 (7%) 9/75 (12%) 13/60 (22%) 
Effective rates 0/60(0%) 3/45 (7%) 9/73 (12%) 13/59 (22%)
Terminal rates Ob9 (0%) 3/39 (8%) 5/32 (16%) 4/10 (40%) 
First incidence (days) 421 ( T )  363 229 
Life table tests P<O.001 P=O.o60 P<O.001 P<0.001 
Logistic regression tests P=O.001 P=O.o60 P1.0.003 P<0.001 
Cochran-armitage test P<O.001 
Fisher exact test P=O.O76 P=O.004 P=O.001 

Pharynx: Squamous Cell Papilloma 
Overall rates 0/60 (0%) 1/45 (2%) 5/75 (7%) 4/60 (7%) 
Effective rates 0/60 (0%) 1/45 (2%) 5/73 (7%) 4/59 (7%) 
Terminal rates 0/59 (0%) 1/39 (3%) 2/32 (6%) 2/10 (20%) 
First incidence (days) 421 ( T )  363 229 
Life table tests PeO.001 P=O.417 P=O.O14 P=O.001 
Logistic regression tests P=O.O33 P=O.417 P=O.048 P=O.o62 
Cochran-Armitage test P=O.O44 
Fisher exact test P=0.429 P=0.047 P=O.O57 



181 Lesions in Female Rats 

TABLEB3 
Statistical Analysis of Primary Tumors in Female Rats in  the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride (continued) 

30 PPm 

0/45 (0%) 
0/45 (0%) 
OB9 (0%) 

-e 

-e 

-e 

1/45 (2%) 
1/44 (2%) 
1/39 (3%) 
421 (T)
P=0.449N 
P=0.449N 

P=0.419N 

3/45 (7%) 
3/45 (7%) 
3/39 (8%) 
421 ( T )
P=O.o60 
P=O.o60 

P=O.O76 

0/45 (0%) 
0/45 (0%) 
009  (0%) 

-e 

-e 

-e 

3/45 (7%) 
3/45 (7%) 
3/39 (8%) 
421 (T) 
P=O.o60 
P=O.o60 

P =0.076 

70 PPm 

2/15 (3%) 
2/59 (3%) 
2/32 (6%) 
421 (T) 
P=O.l18 
P=O.118 

P=O.244 

4/75 (5%) 
4/58 (7%) 
2/32 (6%) 
363 
P=O.284 
P=O.588 

P=O.500 

5/75 (7%) 
5/64 (8%) 
3/32 (9%) 
338 
P=O.O13 
P=O.o62 

P=O.O34 

5/75 (7%) 

5/69 (7%) 

1/32 (3%) 

315 

P=O.O15 

P10.063 


P=O.o41 

10/75 (13% 
10/69 (14%) 
4/32 (13%) 
315 
P<O.001 
P=O.o05 

P=O.001 

150 ppm 

3/60 (5%) 

3/36 (8%) 

1/10 (10%) 

343 

P=O.O15 

P=0.094 


P=O.O50 


0/60(0%) 
0/31 (0%) 
O h 0  (0%) 

P=0.534N 
P=0.534N 

P=0.272N 

5/60 (8%) 
5/41 (12%) 
2/10 (20%)
370 
P<O.001 
P=O.002 

P=O.o09 

4/60 (7%) 
4/46 (9%) 
OD0 (0%) 
336 
P=O.OlO 
P-0.098 

P=O.O33 

9/60 (15%) 
9/46 (20%) 
2/10 (20%) 
336 
Pc0.001 
P<0.001 

P<O.001 

Pharynx: Squamous Cell  Carcinoma 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Pituitary Gland (Pars Distalis): Adenoma 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Skin: Basal Cell Adenoma 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Skin: Basal Cell  Carcinoma 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

0 PPm 

0/60(0%) 
0/60(0%) 
0/59 (0%) 

P<O.001 
P=O.O11 
P=O.o08 

3/58 (5%) 
3/58 (5%) 
3/57 (5%) 
421 ( T )
P=0.604N 
P=0.245N 
P=O.U)9N 

0/60(0%) 
0/60(0%) 
0/59 (0%) 

P<0.001 
P=O.009 
P=O.O14 

0/60(0%) 
0/60(0%) 
Ob9 (0%) 

P<O.001 
P-0.040 
P=O.o09 

Skin: Basal Cell  Adenoma or Basal Cell  Carcinoma 
Overall rates 0/60(0%) 

Effective rates 0/60(0%) 

Terminal rates 0/59 (0%) 

First incidence (days) 

Life table tests P<O.ool 

Logistic regression tests P=O.001 

Cochran-Armitage test P<O.001 

Fisher exact test 




182 3,3'-Dimethylbenzidine Dihydrochloride,  NTP TR 390 

TABLEB3 
Statistical Analysis of Primary Tumors in Female Rats in  the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride (continued) 

Skin: Squamous Cel lPapi l loma 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Skin: S q u a m o u s  Cell C a r c i n o m a  
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Skin: Squamous Cell Papi l loma or S q u a m o u s  C e l l  C a r c i n o m a  

6/75 (8%) 
6/72 (8%) 
4/32 (13%) 
391 
P=0.003 
P=O.OlO 

P=0.024 

4/75 (5%) 

4/64 (6%) 

3/32 (9%) 

406 

P=O.O16 

P=O.O27 


P=O.o68 


9/75 (12%) 

9/72 (13%) 

6/32 (19%) 

391 

P<O.001 

P<0.001 


P=O.O03 


2/75 (3%) 

2/71 (3%) 

1/32 (3%) 

391 

P=O.l49 

P=O.239 


P=0.292 


2/75 (3%) 

2/71 (3%) 

1/32 (3%) 

391 

P-0.149 

P=02-39 


P=O.292 


5/60 (8%) 
5/55 (9%) 
OD0 (0%) 
264 
P=O.002 

P=O.O56 


P=O.O23 


7/60 (12%) 

7/41 (17%) 

3/10 (30%) 

338 

P<O.001 

P<0.001 


P=O.001 


12/60 (20%) 

12/55 (22%) 

3/10 (30%) 

2.64 

P<O.001 
P<0.001 

P<O.001 

7/60 (12%) 
7/51 (14%) 
2/10 (20%) 
285 
P<0.001 
P=0.002 

P=O.003 

8/60 (13%) 
8/51 (16%) 
2/10 (20%) 
285 
P<0.001 
P=O.o02 

P=O.001 

0/60(0%) 
0/60 (0%) 
Ob9 (0%) 

P<O.001 
P=O.O11 
P=O.O15 

0/60 (0%) 
0/60 (0%) 
Ob9 (0%) 

P<O.001 
P<O.001 
P<O.001 

1/45 (2%) 
1/45 (2%) 
1/39 (3%) 
421 (T) 
P=O.417 
P=O.417 

P=0.429 

2/45 (4%) 
2/45 (4%) 
2/39 (5%)  
421 (T) 
P=O.153 
P=O.153 

P=O.181 

Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Tongue: Squamous Cell Papi l loma 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Tongue: Squamous Cel l  Papi l loma 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

0/60 (0%) 

0/60 (0%) 

0/59 (0%) 


P<O.001 
P<0.001 
P<O.001 

0/60(0%) 
0/60(0%) 
0/59 (0%) 

P<O.001 
P<O.001 
P=O.001 

or Carcinoma 
0/60(0%) 
0/60 (0%)
0/59 (0%) 

P<O.001 
P <0.001 
P<O.001 

3/45 (7%) 
3/45 (7%) 
3/39 (8%) 
421 (T)
P=O.o60 
P=O.o60 

P=O.O76 

2/45 (4%) 
2/45 (4%) 
2/39 (5%) 
421 (T) 
P=O.153 
P=O.153 

P10.181 

2/45 (4%) 
2/45 (4%) 
2/39 (5%) 
421 ( T )
P-0.153 
P=O.153 

P=O.181 



183 Lesions in Female Rats 

TABLE B3 
Statistical Analysis of Primary Tumors i n  Fernale Rats i n  the 14-Month Drinking Water Study 
of 3,3‘-Dimethylbenzidine Dihydrochloride (continued) 

30 PPm 

9/45 (20%) 
9/45(20%) 
8/39 (21%) 
391 
P=O.397 
P=O.471 

P=O.511 

10/45 (22%) 
10/45 (22%) 
9/39 (23%) 
391 
P=O.290 
P=O.354 

P=O.400 

4/45 (9%) 
4/45 (9%) 
4/39 (10%) 
421 (T) 
P=O.O24 
P=O.O24 

P=O.O31 

2/45 (4%) 
2/45 (4%) 
0139 (0%) 
357 
P=O.176 
Pe0.821 

P=O.181 

6/45 (13%) 
6/45 (13%) 
4/39 (10%) 
357 
P=O.005 
P=0.023 

P=O.005 

70 PPm 

3/75 (4%) 

3/64 (5%) 

1/32 (3%) 

338 

P=0.168N 

P=0.032N 


P=O.OlLN 


4/75 (5%) 

4/64 (6%) 

2/32 (6%) 

338 

P=0.287N 

P=0.075N 


P=0.036N 


11/75 (15%) 

11/72 (15%) 

5/32 (16%) 

338 

P<O.001 

P=0.003 


P<O.001 


22/75 (29%) 

22174 (30%) 

1/32 (3%) 

184 

P<O.001 

P < O . o o l  


P<O.001 


32/75 (43%) 

32/74 (43%) 

6/32 (1 9%) 

184 

P<0.001 

P<O.001 


P<O.001 


1/60 (2%) 
1/41 (2%) 
on0 (0%) 
405 
P=0.395N 

P=0.246N 


P=0.013N 


1/60 (2%) 

1/41 (2%) 

0/10 (0%) 

405 

P=0.395N 

P=0.246N 


P=0.013N 


12/60(20%) 

12/57 (21%) 

3/10 (30%) 

251 

P<O.001 

P<0.001 


P<0.001 

35/60 (58%) 
35/59 (59%) 
3/10 (30%) 
229 
P<O.ool 
P < O . o o l  

P<O.001 

42/60 (70%) 
42/59 (71%) 
5/10 (50%) 
229 
P<0.001 
P<O.001 

P<O.001 

Uterus: Stromal Polyp 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Uterus: Stromal Polyp or Sarcoma 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Zymbal’s Gland Adenoma 
Overall rates 
Effective rates 
Terminal rates 
Firstincidence(days) 
Life table tests 
Logisticregressiontests 
Cochran-Armitage test 
Fisher exact test 

Zymbal’s Gland: Carcinoma 
Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Zymbal’s Gland: Adenoma or Carcinoma 

11/60 (18%) 
11/60 (18%) 
11/59 (19%) 
421 ( T )
P=0.140N 
P=0.016N 
P=0.002N 

11/60 (18%) 
11/60 (18%) 
11/59 (19%) 
421 (T) 
P=0.183N 
P=0.024N 
P=0.002N 

0/60(0%) 
0/60(0%) 
Ob9 (0%) 

P<O.001 
P<O.001 
P<O.001 

0/60 (0%) 
0/60 (0%) 
0/59 (0%) 

P<O.001 
P<O.ool 
P<O.ool 

Overall rates 
Effective rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage t a t  
Fisher exact test 

0160 (0%) 
0/60 (0%) 
0/59 (0%) 

P<O.001 
P<O.001 
P<0.001 



184 3,3'-Dimethylbenzidine Dihydrochloride, NTP TR 390 

TABLEB3 
Statistical Analysis of Primary Tumors in Female Rats in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydrochloride (continued) 

-

0 PPm 30 PPm 70 PPm 150 ppm 

All Organs: Leukemia (Lymphocytic, Monocytic, Mononuclear, or Undifferentiated) 
Overall rates 1/60 (2%) 3/45 (7%) 6/75 (8%) 4/60 (7%) 
Effective rates 1/60 (2%) 3/44 (7%) 6/58 (10%) 4/31 (13%) 
Terminal rates 0/59 (0%) 3/39 (8%) 4/32 (13%) 1/10 (10%) 
First incidence (days) 390 421 (T) 363 364 
Life table tests P<0.001 P=O.181 P=O.O15 P =0.007 
Logistic regression tests P=0.028 P=0.276 P=O.O58 P=0.060 
Cochran-Armitage test P=O.O31 
Fisher exact test P=O.202 P=O.O52 P=O.O44 

All Organs: Benign Tumors 
Overall rates 17/60 (28%) 24/45 (53%) 54/75 (72%) 41/60 (68%) 
Effective rates 17/60 (28%) 24/45 (53%) 54/73 (74%) 41/59 (69%) 
Terminal rates 17/59 (29%) 20/39 (51%) 28/32 (88%) 1o/lo (100%) 
First incidence (days) , 421 0 391 229 229 
Life table tests P<0.001 P=O.003 P<O.001 P<0.001 
Logistic regression tests P < O . o o l  P=O.009 P<0.001 P<O.OOl 
Cochran-Armitage test P<0.001 
Fisher exact test P=O.O08 P<O.001 P<O.OOl 

All Organs: Malignant Tumors 
Overall rates 1/60(2%) 14/45 (31%) 49/75 (65%) 56/60 (93%) 
Effective rates 1/60 (2%) 14/45 (31%) 49/74 (66%) 56/59 (95%) 
Terminal rates O b 9  (0%) 11/39 (28%) 14/32 (44%) 9/10 (90%) 
First incidence (days) 390 357 184 229 
Life table tests P<O.001 PCO.001 P<O.001 P<0.001 
Logistic regression tests P<O.ool P<O.001 P<0.001 P<O.001 
Cochran-Annitage test P<O.001 
Fisher exact test PCO.001 P<0.001 P<O.OOl 

All Organs: Benign and Malignant Tumors 
Overall rates 18/60 (30%) 33/45 (73%) 71/75 (95%) 58/60 (97%) 
Effective rates 18/60 (30%) 33/45 (73%) 71/74 (96%) 58/59 (98%) 
Terminal rates 17/59 (29%) 27/39 (69%) 30/32 (94%) 10/10 (100%) 
First incidence (days) 390 357 184 229 
Life table tests P<O.001 Pco.001 P<0.001 P<O.OOl 
Logistic regression tests P<0.001 P<O.ool P<O.001 P<0.001 
Cochran-Armitage test P<0.001 
Fisher exact test P<O.001 P<0.001 P <0.001 

p r m i n a l  sacrifice 
Number of tumor-bearing animals/number of  animals examined a t  site. 
Number of tumor-bearing animals/effective number of animals, i.e. number ofanimals alive a t  thefirstOccurrenceofthistumor 
type in any o f  the groups 
Observed incidence at  terminal kill* 	Beneath the  control incidence 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 t h a t  dosed group. The life table analysis regards tumors i n  animals 
dying prior t o  terminal kill as being  (directly or indirectly) the cause of death. The logistic regression tests regard these lesions as 
non-fatal. The Cochran-hitage and  Fisher exact tests compare directly the effective tumor rates. For all  tests, a negative trend, 
or a lower  incidence in a dose  group is indicated by N. 

e 	 No tumors in dosedgroup or control group; statisticaltestnotperformed. 



185 Lesions in Female Rats 

TABLEB4a 
Historical Incidence of Tumors of the Large Intestine in Female F344/N Rats Receiving No Treatmenta 

Study Incidencein Controls 
Adenocarcinoma Adenomutous Polyp or Adenocarcinoma 

Historical Incidence at Hazleton Laboratories  America, Inc 

Chlorendic acid 
Decabromodiphenyl oxide 

0149 
OD9 

0149 
0d9 

Total O M  (0%) O M  (0%) 

Overall Historical Incidence 

Standard deviation 
Total 

0.0% 
0/1,601(0.0%) 

0.0% 
O D , c o l  (0.0%) 

Range 0%-0% 0%-0% 

a Data as of 22 November 1989,for studies of atleast 104 weeks 

TABLEB4b 
Historical Incidence of Tumors of the Small Intestine in Female F344/N Rats 
Receiving No TreatmenP 

Study Incidence in Controls 
Adenocarcinoma Adenomatous Polyp or Adenocarcinoma 

Historical Incidence at Hazleton Laboratories  America, I n c  

Decabromodiphenyl oxide 0149 0149 
Chlorendic acid 0150 0150 

Total om (0%) om (0%) 

Overall Historical Incidence 

Total OD,611 (0.0%) OD.611 (0.0%) 
Standard deviation 0.0% 0.0% 
Range O W %  0%4% 

a Data as of 22 November 1989,for studies of atleast 104 weeks 
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TABLE B4c 
IIistorical Incidence of Liver Tumors in Female  F344/N Rats Receiving No Treatmenta 

Study Incidencein Controls 
Neoplastic Nodule IIepatocellular Neoplastic Nodule 

Carcinoma or 1.IepatocellularCarcinoma 

IIistorical Incidence at Nazleton Laboratories  America, I n c  

Decabromodiphenyl oxide 1150 0150 1150 
Chlorendic acid 1/50 0150 1/50 

Total moo (2%) on00 (0%) u100 (2%) 

Overall Historical Incidence 

Total 3411,643(2.1%) 3n,643 (0.2%) 37/1,643 (2.3%) 

Standard deviation 2.6 % 0.5% 2.7% 

Range 0%-10% 0%-2% 0%-10% 


a Data as of  22 November 1989, for studies of  atleast 104 weeks 

TABLE B4d 
Historical Incidence of Squamous Cell Tumors of the Oral  Cavityin Female F344/N Rats 
Receiving No Treatmenta 

Study Incidencein Controls 
Squamous Cell  Papilloma Squamous Cell Carcinoma 

Historical Incidence at Hazleton Laboratories America, Inc 

Decabromodiphenyl oxide 0149 0149 
Chlorendic acid 0150 0150 

Total 0199 (0%) om (0%) 

Overall Historical Incidence 

Total 1/1,643 (0.1%) 3/1,643 (0.2%) 

Standard deviation 0.3% 0.5% 

Range 0%-2% 0%-2% 


~ ~~ 

a Data as of  22 November 1989, for studies of  atleast 104 weeks 
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TABLEB4e 
Historical Incidence of Clitoral Gland Tumors in Female  F344/N Rats Receiving No Treatmenta 

Study Incidence in Controls 
Adenoma Carcinoma or CarcinomaAdenoma 

IIistorical Incidence at Hazleton Laboratories America, Inc 

Decabromodiphenyl oxide 0/50 4/50 4/50 
Chlorendic acid 0/50 4/50 4/50 

Total on00 (0%) 8/100 (8%) 8/100 (8%) 

Overall Historical Incidence 

Total 62/l,643 (3.8%) 53/1,643 (3.2%) 115/1,643 (7.0%)

Standard deviation 4.3% 3.4% 4.8% 

Range 0%-20% 0%-12% 0%-20% 


a Data as of  22 November 1989, for studies of  at least 104 weeks 

TABLEB4f 
Historical Incidence of Mammary Gland Tumors in Fernale F344/N Rats Receiving No Treatmenta 

Study Incidencein Controls 

Fibroadenoma Adenocarcinoma 

Historical Incidence at Hazleton  Laboratories America, Inc 

Decabromodiphenyl oxide 24/50 1/50 
Chlorendic acid 22/50 1/50 

Total 46noo (2%) 2noo (2%) 

Overall Historical Incidence 

Total 510/1,643(31.0%) 44/1,643 (2.7%) 
Standard deviation 12.3% 2.2% 
Range lo%-@% 0%-8% 

a Data as of  22 November 1989, for studies of  at least 104 weeks 
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TABLE B4g 
Historical Incidence of Integumentary System Basal Cell Tumors in Female F344/N Rats 
Receiving No Treatment? 

Study 

Tumor 
Basal Cell 

Carcinoma 
Bawl Cell 

Incidence in Controls 

Tumor or Carcinoma 
Basal Cell 

Historical Incidence at Hazleton Laboratories America, I n c  

Decabromodiphenyl oxide 0150 0150 0150 
Chlorendic acid 0150 0150 0150 

Total on00 (0%) on00 (0%) on00 (0%) 

Overall Historical Incidence 

Total m,643 (0.1%) 4/1,643 (0.2%) 6/l,643 (0.4%) 
Standard deviation 0.4% 0.6% 0.7% 
Range 0%-2% 0%-2% 0%-2% 

TABLE B4h 
Historical Incidence of Integumentary System Squamous Cell Tumors in Female F344/N Rats 
Receiving No Treatment? 

Study Incidence in Controls 
Squamous Cell Squamous Cell Squamous Cell 

Papilloma Carcinoma Papilloma or Carcinoma 

Historical Incidence at Hazleton Laboratories America, Inc 

Decabromodiphenyl oxide 0150 0150 0150 
Chlorendic acid 0150 0150 0150 

Total on00 (0%) on00 (0%) on00 (0%) 

Overall Historical Incidence 

Total 411,643 (0.2%)~ 3n,643 (0.2%) 7/1,643 (0.4%) 
Standard deviation 0.4% 0.5% 0.8% 
Range 0%-2% 0%-2% 0%-2% 

a Data as of  22 November, 1989, for studies of  at least 104 weeks
b "0 (2) papillomas NOS are included in the incidence data. 
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TABLEB4i 
Historical Incidence of Lung Tumors in Female F344/N Rats Receiving No Treatmenta 

Study Incidence in Controls 
Alveolar/Bronchiolar Alveolar/BronchiolarAlveolar/Bronchiolar 

Adenoma or Carcinoma 

0150 
0150 

on00 (0%) 

25/1,639 (1.5%) 

1.5% 


0%-6% 


Adenoma or Carcinoma 

0150 
1/50 

1/1OO (1%) 

14/l,643 (0.9%) 
1.5% 

0%-6% 

Adenoma 

Historical Incidence at Hazleton Laboratories America, Inc 

Decabromodiphenyl oxide 0150 
Chlorendic acid 0150 

Total on00 (0%) 

Overall Historical Incidence 

Total 2O/l,639 (12%) 

Standard deviation 1.5% 

Range 0%-6% 


a Data as of  22 November, 1989, for studies of  at least 104 weeks 

TABLEB4j 
Historical Incidence of Zymbal’sGlandTumorsinFemaleF344/NRats 
Receiving No Treatmenta 

Study Incidence in Controls 
Adenoma Carcinoma 

Historical Incidence at Hazleton Laboratories America, Inc 

Chlorendic acid 
Decabromodiphenyl oxide 

0150 
0150 

1/50 
0150 

Total on00 (0%) 1nOO (1%) 

Overall Historical Incidence 

Total 1/1,643 (0.1%) 14/1,643 (0.9%) 
Standard deviation 0.0% 1.5% 
Range 0%-0% 0%-6% 

a Dataas of  22 November, 1989, for studies of  a t  least 104 weeks 

Carcinoma 

0150 
0150 

on00 (0%) 

5/1,639 (0.3%) 

0.7% 


0%-2% 
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TABLEB4k 

Historicnl Incidence of Brain Tumors in Female  F344/N Rats Receiving No Treatment' 


Study 	 Incidence in Controls 
Gliomab 

Historical Incidence at Hazleton Laboratories America,  Inc. 

Decabromodiphenyl oxide 

Chlorendic acid 


Total 

Overall Historical Incidence 

Total 

Standarddeviation 

Range 


a 	 Data as of 22 November 1989, for studies of atleast 
No reported incidence for this tumor morphology at 

0149 
0150 

0/99 (0%) 

O/l,628(0.0%) 

0.0% 


0%-0% 


104 weeks 
the study  laboratory. 

Astrocytoma 

1/49 
0150 

1/99 (1%) 


15/l,628(0.9%) 
1.5% 

0%-6% 
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TABLEB5 

Summary of the Incidence of Nonneoplastic Lesions in Female Rats 
in the 14-Month Drinking Water Studyof 3,3'-Dimethylbenzidine Dihydrochloride 

Disposition Summary 
Animals initially in study 
Scheduled sacrifice 
Early deaths 

Moribund 
Dead 

Survivors 
Terminal sacrifice 

Animalsexaminedmicroscopically 

Alimentary System 
Intestine large, cecum 

Edema 
Parasite metazoan 

Intestine large, colon 
Mineralization 
Parasite metazoan 

Intestine large, rectum 
Parasite metazoan 

Intestine small, jejunum 
Muscularis,mineralization 

Liver 
Angiectasis 
Basophilic focus 
Congestion 
cys t
Degeneration, chronic 
Degeneration, cystic 
Eosinophilic focus 
Fatty change, multifocal 
Hematocyst 
Hematopoietic cell  proliferation 
Hemorrhage 
Hepatodiaphragmatic nodule 
Hyperplasia, RE cell  
Inflammation, acute, multifocal 
Inflammation, granulomatous, multifocal 
Inflammation, suppurative, multifocal 
Mixedcellfocus 
Necrosis,coagulative,focal 
Necrosis, coagulative, multifocal 
Necrosis, focal 
Bile duct, cyst 
Bile duct, hyperplasia 
Centrilobular, necrosis 

Mesentery 
Hemorrhage 
Artery,mineralization 
Fat, necrosis, focal 

70 

10 


1 

59 

60 

(60) 


(60) 


4(7%) 
(60)


6(10%) 
(60) 


(60) 


7 (12%) 

11 (18%) 

20(33%) 

(3) 

3 (100%) 

45 

5 
1 


39 


45 


(45) 

(45) 

2(4%) 
(45)

7 (16%) 
(45) 

(45) 

13 (29%) 

3(7%)

7
(16%) 

7(16%) 


7
(16%) 

19(42%) 

34 (76%) 
1 (2%) 

2(4%) 


2
(4%) 
1 (2%) 

(3)
1 (33%) 

2(67%) 

75 

37 

6 


32 

75 

(75) 

1 (1%) 
(75)

2 (3%) 
9(12%) 

(74) 
5 (7%) 

(74) 
1 (1%) 

(74) 
6(8%)

11 (15%) 

1 (1%) 
12(16%) 

57
(77%) 
4 (5%) 

19 (26%) 

7 (9%) 

2(3%)
10 (14%) 

49 (66%) 

2 (3%)
5 (7%)
2 (3%)
1 (1%) 

(1) 

1 (100%) 

70 

10 


45 
5 

10 

60 

(60) 

1 (2%) 

(60) 


6(10%) 
(60) 


5 (8%) 
(59) 

(60)

2 (3%)
3 (5%)
1 (2%)
2 (3%) 

11 (18%)
38 (63%)
2 (3%)
1 (2%)
8 (13%) 
1 (2%)
3 (5%)
1 (2%) 

10 (17%) 
1 (2%) 

32 (53%) 
1 (2%) 

1 (2%) 
1 (2%) 
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TABLEB5 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats 
in the 14-Month  Drinking Water Study of 3,3'-Dimethylbenzidine Dihydrochloride (continued) 

0 PPm 30 PPm 70 PPm 150 ppm 

Pancreas 
Alimentary System (continued) 

Artery, mineralization 
Acinus, hyperplasia, focal 
Acinus, atrophy 
Inflammation, chronic 

Hyperplasia, multifocal 

Inflammation, chronic 

Hyperplasia, focal 

Inflammation, chronic 

Ulcer 
Mineralization 
Erosion, multifocal 
Emgion 
Degeneration, cystic 

Periodontal tissue.  inflammation, chronic active 

Artery, mineralization 
Hyperkeratosis, focal 

Stomach, forestomach 

Salivary glands 

Pharynx 

Stomach, glandular 

Tongue 

Tooth 

(74) 

1 (1%)
1 (1%)
1 (1%) 

(74) 

(72) 

(8)
1 (13%) 

1 (1%) 

3 (4%) 

6 (8%)
2 (3%)
1 (1%)
5 (7%) 
1 (1%) 

(1) 
1 (33%) 
1 (33%) 

2 (100%b) 

(74) 

(3) 

(60) 

2 (3%) 

(60) 

(60) 

(7) 

1 (2%) 

1 (2%) 
(60)
11 (18%) 

1 (2%) 

(10)
1 (10%) 

1 (100%) 

Cardiovascular System 
H a r t  

Cardiomyopathy 
Mineralization 

(74) (60)
 (45) 
3 (4%)
4 (5%) 

(60)

3 (5%) 

Mitral valve,  inflammation, suppurative 
Coronary artery, inflammation, chronic 1 (2%) 

1 (2%) 

Endocrine System 

Angiectasis 
Adrenal gland, cortex (60)

8 (13%) 

Bilateral, hyperplasia,  multifocal 
Bilateral, angiectasis 
Vacuolization cytoplasmic, multifocal 
Vacuoliization cytoplasmic, focal 
Hyperplasia, focal 
Hematopoietic ce l l  proliferation
cyst 

Adrenal gland,  medulla 

1 (2%)
5 (8%)
1 (2%) 

Hyperplasia, focal 
Parathyroid gland 

Hyperplasia 
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TABLEB5 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats 
in the 14-Month  Drinking Water Study of 3,3'-Dimethylbenzidine Dihydrochloride (continued) 

Endocrine System (continued) 
Pituitary gland 

Angiectasis 
Cyst
Hemorrhage 
Pars distalis,  hyperplasia 
Pars diitalis, hyperplasia,  focal 

Thyroid gland 
Ultimobranchial cyst 
C e l l ,  hyperplasia 

General Body System 
Tissue NOS 

Mineralization 

Genital System 
Clitoral gland 

Hyperplasia 
Hyperplasia, squamous, focal 
Inflammation, chronic active 
Inflammation, suppurative 
Bilateral, duct, ectasia 
Duct, ectasia 

*ary 
Cyst
Bilateral, parovarian tissue, cyst 
Parovarian tissue, cyst 

Uterus 
Fibrosis 
Hydrometra 
Pigmentation, hemosiderin, focal 
Thrombus 
Cervix, dilatation 
Endometrium, cyst 
Endometrium, hyperplasia,  papillary 

Hematopoietic System 
Blood 

Anemia 
Bone marraw 

Atrophy
Hemorrhage 
Hyperplasia 
Hyperplasia, RE cel l ,  multifocal 

(58) (45)
1 (2%) 6 (13%) 
17 (29%) 7 (16%) 

2 (4%) 

2 (3%) 1 (2%) 
(60) (45) 
2 (3%) 1 (2%)

1 (2%) 


(1) 

(60) (45) 

1 (2%) 


(75) 

3 (4%)

11 (15%) 

2 (3%) 
(74) 
7 (9%) 

(75)
3 (4%)
1 (1%) 

1 (1%) 


12 (16%) 

(751 


1 (1%)
3 (4%) 

(75)

1 (1%)

1 (1%) 


1 (1%)
3 (4%) 

1 (100%) 

(73) 


1 (1%) 

2 (3%) 


(60) 

1 (2%)
8 (13%) 

1 (2%) 
1 (2%) 

(60)

5 (8%) 

2 (3%) 
(60) 


1 (2%) 

(59) 
4 (7%) 
4 (7%)
7 (12%) 
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TABLEB5 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats 
in the 14-Month Drinking Water Study o f  3,3'-Dimethylbenzidine Dihydrochloride (continued) 

Hematopoietic System 
Lymph node (continued) 

Hemorrhage 
Deep cervical,  hyperplasia, plasma cell 
Iliac, hyperplasia, plasma cell 
Inguinal, hyperplasia, plasma cell 
Mediastinal, hemorrhage 
Mediastinal, hyperplasia, plasma cell 
Mediastinal, pigmentation, hemosiderin 
Mediastinal, sinus, infiltration cellular,  histiocytic 
Renal, hemorrhage 

Lymph node,  mandibular 
Hemorrhage 
Hyperplasia, lymphoid 
Hyperplasia, plasma cell  
Sinus, ectasia 

Lymph node, mesenteric 
Atrophy 
Hemorrhage 

Spleen 
Depletion lymphoid 
Fibrosis 
Fibrosis, focal 
Hematopoietic cell proliferation 
Hemorrhage, multifocal 
Pigmentation, hemosiderin 
Red pulp, atrophy 

Thymus 
Cyst
Depletion lymphoid 

Hemorrhage 

Epithelial cel l ,  hyperplasia 


Integumentary System 
Mammary gland 

Fibrosis, focal 
Duct, ectasia 

Skin 
Acanthwis 
Cyst epithelial inclusion 
Inflammation, chronic active 
Ulcer 
Epidermis, hyperplasia, basal cell, focal 
Hair follicle,  hyperplasia, basal cell, focal 

0 PPm 

(60) 


21(35%) 


(60)

3 (5%)

1 
 (2%)

1 (2%)

3 (5%)


(60) 


(60) 


1 (2%) 


(54) 


7 (13%) 


(56 )
1 (2%)
2 (4%) 

(60) 


2 (3%) 


30 PPm 

(45) 

7 (16%) 


1 (2%) 


(43)
2 (5%)
2 (5%)
5 (12%)
3 (7%) 

(45) 


(45) 


6 (13%) 


(32)

2 (6%) 


15 (47%) 


70 PPm 

(75) 


1 (1%) 


1 (1%)

4 (5%) 


2 (3%)

1 (1%)
2 (3%) 


(72)

3 (4%) 

2 (3%)

20 (28%)

2 (3%) 


(73)

2 (3%)

1 (1%) 


(74)

1 (1%)

2 (3%)

1 (1%)

20(27%) 


1 (1%) 


(67) 


17 (25%) 


150 ppm 

(60)

1 (2%) 


1 (2%) 


3 (5%) 

2 (3%) 


(60) 

2 (3%) 

2 (3%) 

18 (30%) 

1 (2%) 


(60)

1 (2%) 


(60) 


14 (23%) 


2 (3%) 

(45)


1 (2%)

1 (2%)

1 (2%)

3 (7%) 
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TABLEBS 

Summary of the Incidence of Nonneoplastic Lesions in Female Rats 

in the 14-Month Drinking Water Study of 3,3'-Dirnethylbenzidine Dihydrochloride(continued) 


Bone 
Musculoskeletal System 

Sternum, osteopetrosis 
Sternum, fibrous osteodystrophy 
Cranium, osteopetrosis 
Cranium, fibrous osteodystrophy 

(2) 

1 (50%) 

1 (50%) 

(2) 

1 (50%) 

2 (100%)
(1) 

1 (100%) 

NervousSystem 
Brain 

Cerebellum, hemorrhage 
Brain stem, hemorrhage 
Brain stem, compression 

Respiratory System 
Lung 

Edema 
Congestion 

(60) (45) (74)
1 (1%) 

Foreign body 

Mineralization 
Metaplasia, squamous 
Metaplasia, osseous, focal 
Infiltration cellular, histiocytic 
Hemorrhage 

12 (20%) 

Alveolar epithelium, hyperplasia,  multifocal 
Alveolar epithelium, hyperplasia, focal 
Pigmentation 

1 (2%) 

Interstitium, inflammation 
Bronchiole, inflammation, suppurative 
Artery, mineralization 

Peribronchiolar, alveolus,  inflammation, suppurative 

Hemorrhage 
Fungus 
Foreign body 

Nose (60) 

5 (8%) 
Inflammation, suppurative 
Olfactory epithelium, hyperplasia,  focal 

Ear 
Special Senses System 

Pinna, ulcer 
(1) 

1 (100%) 

Pigmentation, porphyrin 

Cornea, inflammation, suppurative 
Anterior chamber, hemorrhage 

Eye 

Harderian gland 

(4)
2 (50%)
3 (75%) 

1 (100%) 
(1) 

3 (75%) 

1 (100%) 
(1) 
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TABLEBS 

Summary of the Incidence of Nonneoplastic Lesions in Female Rats 

in the 14-Month Drinking Water Study of 3,3'-Dimethylbenzidine Dihydrochloride (continued) 


Special Senses System (continued) 
glandZymbal's(73) 

cyst
Ectasia 

(57) (44) (60) 
1 (2%) 1 (2%) 

4 (5%) 

Hyperplasia, squamous, focal 
Hyperplasia,glandular, focal 

Inflammation, chronic active 
Hypertrophy 

\ 

1 (2%) 
3 (7%) 

4 (5%) 
3 (4%) 

1 (1%) 
3 (4%) 

2 
3 

(3%) 
(5%) 

Urinary System 
Kidney (74) (60)
 (45) (60)


1 (2%)Hemorrhage 
Karyomegaly 28 (62%) 61 (82%) 56 (93%) 

(98%) 72 (97%) 59 (98%) 
Medulla, inflammation, suppurative 1 (2%) 
Nephropathy 47 (78%) 44 

Urinary bladder (75) (60)
 (45) (60)

Dilatation 2 (3%)
Hemorrhage 1 (1%)
Hyperplasia,papillary 1 (2%) 
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GENETICTOXICOLOGY 

S M O ~ U A  PROTOCOL 

Testing was performed as reported by Ames et al. (1975) with modifications as listed below and 
described in greater detail in Haworth et al. (1983) and Zeiger et al. (1988). The test chemical was sent 
to the laboratories as coded aliquots from the Radian Corporation, Austin, TX. The test chemical was 
incubated with the Salmonella typhimurium tester strain (TA97, TA98, TA100, or  TA1535) 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 I-histidine and d-biotin and subsequent plating on minimal glucose agar plates.
Incubation was continued for an additional 48 hours. 

In this assay, each test consists of triplicate  plates of concurrent  positive and negative controls and of at 
least five doses of test chemical. The high dose was limited by toxicity to 666@plate. Tests were 
repeated for all negative assays and all positive assays were retested under the conditions which elicited 
the positive response. 

A positive response is defined as a reproducible, dose-related increase in histidine-independent
(revertant) colonies in any one strain/activation  combination. An equivocal response is defined as an 
increase in revertants which is not dose related, not reproducible, or  of insufficient magnitude to 
support a determination of  mutagenicity. A response was considered negative when no increase in 
revertant colonies was observed after chemical  treatment. 

CHINESE HAMSTER OVARY CYTOGENETICS ASSAYS 
Testing was performed as reported by Galloway et al. (1987) and is briefly described as follows. 
The test chemical was sent to the laboratories as coded aliquots from Radian Corporation, Austin, "X. 
The test chemical was tested in cultured Chinese hamster ovary (CHO) cells for induction of  sister 
chromatid exchanges (SCEs) and chromosomal aberrations (Abs) both in the presence and absence of 
Aroclor 1254-induced male Sprague-Dawley rat liver S9 and cofactor mix. Cultures were handled under 
gold lights to prevent photolysis of bromodeoxyuridine-substitutedDNA Each test consisted of 
concurrent solvent and positive controls and of at least three doses of the test chemical; the high dose 
was limited by toxicity and did not exceed 500 pg. 

In the SCE test without S9, CHO cells were incubated for 26 hours with the test chemical in McCoy's 
5A 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 the test chemical was removed and replaced with fresh medium containing BrdU and 
Colcemid, and incubation was continued for 2 hours. Cells were then harvested by mitotic shake-off, 
fixed, and  stained with Hoecbst 33258 and Giemsa. In the SCE test with S9, cells were incubated with 
the test chemical, serum-free medium, and S9 for 2 hours. The medium was then removed  and replaced 
with medium containing BrdU and no test chemical, and incubation proceeded for an additional 26 
hours, with Colcemid present for the final 2 hours. Harvesting and staining were the same as for cells 
treated without S9. 

In the Abs test without S9, cells were incubated in McCoy's 5A medium with the test chemical for 
8 hours. Colcemid was added and incubation continued for 2 hours. The cells were then harvested by 
mitotic shake-off, fixed, and stained with Giemsa. For the Abs test with S9, cells were treated with the 
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test chemical and S9 for 2 hours, after which the treatment medium was removed and  the cells 
incubated for 10 hours in fresh medium, with Colcemid present for the final 2 hours. Cells were 
harvested in the same manner as for treatment without S9. 

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 of SCEs 
per cell from each dose; 100 first-division metaphase cells were scored at each dose for the chromosomal 
aberration test. Classes of aberrations included simple (breaks and terminal deletions), complex 
(rearrangements and translocations), and  other (pulverized  cells, despiralized chromosomes, and cells 
containing ten or more aberrations). 

Statistical analyses were conducted on both  the slopes of 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. Chromosomal aberration data are presented as percentage of cells with 
aberrations. For aberration data, both the dose-response curve and individual dose points were 
statistically analyzed. For a single trial, a statistically significant (P<O.O5) difference for one dose point 
and a significant trend (P<O.O15) was considered weak  evidence for a positive response (w+); significant 
differences for two or more doses indicated the trial was positive (+) (Galloway et aL,1987). 

DROSOPHILA PROTOCOLMELANOGASTER 

Ttvo studies using Drosophilu melunogusferwere performed at the University o f  Wisconsin (Madison, 
WI). The first study investigated sex-linked  recessive lethal mutations in the D. melunogaster induced by 
the test chemical; the second investigated induction of reciprocal translocations. These assays for gene 
mutation and chromosomal translocation induction were performed as described by Valencia et al. 
(1985). Test chemical was supplied as coded aliquots from the Radian Corporation, Austin, TX. The 
test chemical was assayed in the sex-linked  recessive lethal (SLRL) test by feeding to Canton-S males 
that were no  more than 24 hours old. The test chemical was also tested by injection into  the adult male 
D.melunogusfer. Because administration o f  the test chemical produced positive results for SLRL tests, 
the test chemical was also assayed for induction of reciprocal translocations (RTs) using the same 
method of exgosure. 

The test chemical was administered with a glass Pasteur pipette drawn out in a flame to a filament with 
the tip broken to provide an opening for delivery of the test solution. Injections were performed either 
manually by attaching a rubber bulb to the  opposite end of the pipette and forcing through sufficient 
solution (0.2-0.3 pL) to slightly distend the abdomen of the fly, or by attaching the  pipette to a 
microinjector which automatically delivered a calibrated volume. Flies were anesthetized with ether and 
immobilized on a  strip of double-stick tape. The chemical  was injected under the wing into  the thorax 
with the aid of a dissecting  microscope. 

Toxicity tests attempted to  set concentrations of test chemical at a level that would produce 30% 
mortality after 72 hours of feeding or 24 hours after injection, while keeping induced sterility at an 
acceptable level. For the SLRL tests, Canton-S males  (10-20flies/vial) were allowed to feed for 
72 hours on a solution of the test chemical (14,OOO ppm) in 5% sucrose. In the injection experiments, 
24- to 72-hour-old Canton-S males were given a solution of the test chemical  (2,750 ppm) formulated 
with 0.7% saline  and allowed to recover for 24  hours. Exposed males were mated with three Busc 
females for 3 days and given fresh females at 2-day intervals to produce three matings at 3, 2, and 
2 days; sample sperm from successive  matings were treated as spermatozoa (mating l), spermatids 
(mating 2), and spermatocytes (mating 3). Fl heterozygous females were mated with their siblings and 
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then were placed in individual vials. Fldaughters from the same parental male were kept  together to 
identify clusters. (A cluster occurs when a number o f  mutants from a given male result from a single 
spontaneous premeiotic mutation event and is identified when the number o f  mutants from that male 
exceeds the number predicted by a Poisson distribution). When a cluster was identified, all  data from 
the male in question was discarded. After 17 days, presumptive lethal mutations were identified as vials 
containing no wild-type males; these were retested. The two experiments, using feeding and injection, 
resulted in  the testing o f  approximately 13,OOO treated and 15,OOO control chromosomes. Results were 
significant for SLRL at the 5% level (Margolin et al., 1983). 

Based on positive results for the  SLRL tests, the test chemical was also assayed for induction of 
reciprocal translocations. A detailed protocol of the sex-linked  recessive assay is presented in 
Valencia et al. (1985). Exposure o f  Canton-S males to the test chemical was by feed, similar to that 
described for the SLRL tests. Exposed males were mated to three bw; e females for three days and 
then discarded. The females were transferred to fresh medium at 3- to 4-day intervals to produce a 
total of six cultures; the females were then discarded. This allowed successive cultures to sample sperm 
that were stored for increasing lengths of  time. Individual Flfemales were backcrossed to bw; e females, 
and the F2were screened for pseudolinkage. This procedure allowed the recovery of translocations 
involving the Y,second, or third chromosomes in  any combination. Presumptive translocations were 
retested. A total of 4,794 F, female flies were tested and no translocations were recognized. Thus, 
results were not significant for RTs at  the 5% level (Kastenbaum and Bowman, 1970). 

Recessive lethal data were analyzed by the normal approximation to the binomial test (Margolin et al., 
1983). A test result was considered positive if the P value was less than 0.01 and the mutation 
frequency in the tested group was greater than 0.10% or if the P value was less than 0.05 and the 
frequency in the treated group was greater than 0.15%. A test was considered to be inconclusive if (a) 
the P value was between 0.05 and 0.01 but the frequency in the treatment  group was between 0.01% and 
0.15% or @) the P value was between 0.01 and 0.05 but the frequency in the treatment  group was 
greater than 0.01%. A result was considered to be negative if the P value was greater than 0.01 or if 
the frequency in  the treatment group was less than 0.01%. 

RESULTS 

3,3'-Dimethylbenzdine produced positive responses at low doses in several tests for genotoxicity. 33'-
Dimethylbenzidine dihydrochloride was tested for induction of gene mutations in Salmonella typhimurium 
strains TA100,TA1535, T M ,and TA98 using a preincubation protocol in the presence and absence o f  
Arwlor 1254-induced male Sprague-Dawley rat or Syrian hamster liver S9 (Zeiger et al., 1988). 
Mutagenic activity was observed only in strain TA98 in the presence of S9 (Table Cl). In cytogenetic 
tests with Chinese hamster ovary (CHO)cells, 33'dimethylbenzidine induced both sister-chromatid 
exchanges (SCE) (Table C 2 )  and chromosomal aberrations (Table C 3 )  in the absence o f  S9. Neither 
endpoint was elevated in trials conducted with S9 from Aroclor 1254-induced male Sprague-Dawley rat 
liver. In the SCE tests, positive responses were recorded in each of two trials without S9. In the 
chromosomal aberration assay, the first of two trials without S9 was negative, but  in the second trial, 
three intermediate dose levels produced significant increases in aberrations. 3,3'-Dimethylbenzidine 
induced sex-linked  recessive lethal mutations in the germ cells o f  male Drosophila rnelunoguster when 
administered either by feeding or by injection (Table a).No induction of reciprocal translocations 
occurred in D. melanogaster germ cells  following exposure o f  males by feeding (Table C5). 
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Table C1 

Mutagenicity of 3,3'-Dimethylbenzidine Dihydrochloridein ,%hone& Cypirinuviurn' 


strain 

TAL00 

TAlsY 

T M  

TA98 


P d *  

Dose 

W P b W  

0 

10 

33 


100 

333 

666 


0 

10 

33 


100 

333 

666 


0 

10 

33 


100 

333 

666 


0 

10 

33 


100 

333 

666 


amd 

439 


103 f 4.6 

87 f 6.4 

90 f 3.5 

95 f 7.5 

91 f 2 0  

86f2e 


Negative 
474 f 26.2 

17 f 3.7 

16 f 2 0  

15 f 1.7 

12 f 1.5 

14 f 1.5 

6 f 03' 


Negative
209 f 6.4 

86 f 6.2 

91 f 3 3  

91 f 3.0 

88 f 9.5 

71 f 5.9 

52 f 4 . e  


Negetiwl 
461 f 333 


18 f 2 9  

15 f 2.5 

15 f 2.3 

17 f 1.2 

13 f 2.3 

10 f 3.4' 


Negathn
145 f 3.4 

RevertanbplPlate' 
+S9 (hamster) 

86 f 0.5 
87 f 5.2 

106 f 3.8 
118 f 10.9 
118 f 0.9 
114 f 7.4' 

Eq-

305 f 6.5 

8 f 0.7 

6 f 1.2 

6 f 27  

9 f 1.5 

8 f 0.7 

8 f 24' 


Negative 
43 f 1 3  


116 f 3.8 
114 f 1.2 
119 f 6.8 
124 f 10.6 
122 f 8.4 
101 f 3.5' 

Negative 
228 f 11.5 

29 f 0 3  

59 f 0.9 

74 f 2 6  

88 f 7 3  


133 f 1.7 

163 f 15.9 

Positive 
f 7.8 

+s9 (rat) 

102 f 6.2 
116 f 7.7 
118 f 1.7 
116 f 4.8 
105 f 3.6 
118 f 8.5' 

Negative 
733 f 9 3  


9 f 1.5 
6 f 1.5 

13 f 1.8 
9 f 1.5 
7 f 1.8 
8 f l.oc 

Negative 
169 f 113 


133 f 2 0  

176 f 1.0 

130 f 2.6 

142 f 8.5 

121 f 9.0 

110 f 9.4' 


Negative 
1178 f 49.5 

30 f 7.1 
64 f 1.9 
92 f 3.7 

101 f 4.4 
100 f 8.8 
97 f 27c 
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TableC2 
Induction of Sister Chromatid Exchanges in Chinese Hamster Ovary Cells 
by 3,3’-Dimethylbenzidine Dihydmhloride 

M911 
Summary:Weak positive 

Dimethylsulfoxide 50 1,033 

5031.6 

413 0.39 8.3 26.0 

0.005026.0 

3,3’-Dhethylbcnzidine Dihy”oridc 

Mitomydn-c 276.26 1,0491.50 

1,044 

1578 

0.5 50 4200.62 
429 

0.4026.0 
0.4026.0 

0.4626.0 
0.61 

8.4 
1.6 50 8.6 1,047 

1,0380.43 
1,047 

26.0 8.67 5.0 9.0 50 451 
16.0 50 486
16.10 

638 

9.7 

12853.59. 

P<0.001* 

T “ 2  
Summary:Positive 

Dmethylsulfaide 50 1,041 479 0.46 9.6 26.0 

MitomydnC 0.005 50 1,050 1393 1.32 27.9 26.0 188.32 
0.010 50 1,045 2049 1.96 41.0 26.0 326.13 

3,3’-Dimcthylbcnzidhe DiQ”or ide  

50.0 50 26.0 1,039 

465 0.44 9.3 26.0 -3.39 
576 0.55 11.5 26.0 19.91 

5.0 50 
10.0 50 
m.0 50 605 058 121 26.0 26.67. 
40.0 50 767 0.74 15.3 26.0 61.05. 
60.0 50 862 0.82 17.2 26.0 79.96. 

P*O.001 

Summary: Negative 
T ” 1  

50 Dimethyhulfoxide 1,042 464 0.44 9.3 26.0 

Cyctopbosphamiae 2Ooo 50 1,047 3560 3.40 71.2 26.0 66359 

3,3’-D&~~thyl“h~D i Q ” d d c  
1.6 
5.0 

16.0 
50.0 

160.0 
500.0 

50 
50 
50 
50 
50 
50 484 

439 
407 
460 
435 
417 

0.46 
0.42 
039 
0.44 
0.41 
0.39 

9.7 
8.8 
6 1  
9.2 
8.7 
83 

26.0 
26.0 
26.0 
26.0 
26.0 
26.0 

4.81 
-5.02 

-11.44 
-0.58 
4.88 

-1030 

P-0.197 

249 
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TABLEC2 
Induction of Sister-Chromatid Exchanges in  Chinese Hamster Ovary Cells 
by 3,3'-Dimethylbenzidine  Dihydrochloride(continued) 

l Positive (Z20% increase mer solvent control)
a Study performed at Environmental Health Research and  Testing, Inc SCE = sister chromatid excahnge; BrdU = 


bromodeonyuridine. A detailed description of the SCE protocol is presented by Galloway et al (1987). Briefly, yesc

hamster owry cells were incubated  with test study compound or solvent (dimethylsulfoxide) as "bed in e and below, and 

cultured for sufficient time to reach second metaphase division. Cells were then collected by mitotic shakeoff, fixed, airdried, 

and stained. 

Percent increase in S W c h r o m m m e  of culture expowxi to study compound relative to those of culture apoeed to solvent. 

Values at least 24% above control levels are considered signifkant and a n  indicated by an asterisk (*). 

In the a b c e  of S9, cellswere incubated with study compound or solvent for 2 hours at 370C Then BrdU was added and 

incubation was continued for 24 hours. Cells were washed, fresh medium containing BnlU and C o l c e m i d  was added, and 

incubation was continued for 2-3hours. 

Significanceof relative SCEs/chromoeomes  teatedby linear regreasion vs. log of the dose 


e 	 In the presenceof S9, cellswere incubated with study compound or solvent for 2 hours at 370C. 'he cells were then washed, 
and medium  containing BrdU was added. Cells were incubated for a further 26 hours, with C o l d d  preeent for the final 2-3 
hours. S9 was from the livers of M o r  1,254-induced male Sprague Dawley rata 
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by 3,3’-Dlmethylbenzidine Dihydmhloridea 
Induction of Chromosomal Aberrations in Chinese  Hamster Ovary Cells 
TABLEC3 

Dose 
WmL) 

Total 
Cells 

ssb 
No. of AbsJ 

Abs CellsCell 
with Abs 

Percent Dose 
WmL) 

Total 
Cells 

+S!F 
Na of AbsJ 

Abs CellCells 
Percent 

with Absd 

Harvest time: 120 h 
Trial 1 

Hamest time: 14.0 h 

Dimethylsulfoxide Dimethylsulfoxide 
100 0 0.00 0.0 100 0 0.00 

Mitomycin-C Cyclophosphamide 
0.25 100 30 0.30 24.0 100 10450 1.04 60.0 

3,3’-Dimethylbenzidine Dihydrochloride 
5 100 2 0.02 2.0 

16 100 4 0.04 4.0 
50 100 0 0.00 0.0 

160 100 1 0.01 1.0 

Summary: Negative 

P=O.497 

Trial 2 
Hamst  time: 120 h 

Dimethylsulfoxide 
100 0 0.00 0.0 

Mitomycin-C 
O S  100 37 0.37 31.O 

3,3’-Dimethylbenzidine Dihydrochloride 
5 100 5 0.05 5.0 

10 100 7 0.07 6.0. 
20 100 14 0.14 12.0’ 
40 100 22 0.22 17.0* 
60 100 0 0.00 0.0 
80 100 1 0.01 1.0 

100 100 1 0.01 1.o 

Summary: Positive 

P=O.532 

3,3’-Dimethylbenzidine Dihydrochloride 
5 100 0 0.00 0.0 

16 100 1 0.01 1.0 
50 100 0 0.00 0.0 

160 100 1 0.01 1.o 

Summary: Negative 

P=O.157 

0.0 
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TABLEC3 
Induction of Chromosomal Aberrations in Chinese Hamster Ovary Cells 
by 3,3'-Dimethylbenzidine Dihydrochloride(continued) 

Statistically significant dose point (P<O.OS). 
Study performed at Environmental  Health Research and Testing, Inc Abs = aberrations. A detailed presentation o f  the 
technique for detecting chromosomal aberrations is found in Galloway et d (1987). Briefly, Chinese hamster ovary cells were 
incubated with study  compound or solvent (dimethylsulfoxide) as indicated in and '. Cells were arrested in first metaphase by 
addition of Colcemid and hawested by mitotic shake off, fixed, and stained in 6% Giemsa. 
In the absence of S9, cells were incubated with study  compound or solvent for 6-10hours at  37"C. Cells were then washed and 
tresh medium containing Colcemid was added for an additional 2-3hours followed by hanest. 
In the presence  of S9, cells were incubated with study compound or solvent for 2 hours at  37"C. C e l l s  were then washed, 
medium was added, and incubation was continued for 8-10 hours. Colcemid was added for the last 2-3hours of incubation 
before  hawest. S9 was from the livers of Amclor 1,254-induced male  Sprague Dawley rats. 
Significance of percent cells with aberrations  tested by linear regression trend test vs. log of the dose 
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TABUC4 
Induction of Sex-LinkedRecessive Lethal Mutations in D m w p W  mefmogmter 
by 3,3'-Dimethylbenzidine Dihydrochlorid@ 

Route d Incidence of Incidence of No. of LethaWNo. of X ChromosomesTested Overall 
Expaeuln Dose Deaths Sterility Mating 1 Mating 2 Mating 3 Totalb 

wrcent) @PW wrcent) 

17 14,O0O 0 5R279 

0 2f9,657 113,139 013,449


Fading 311,850
 9/5,720(0.16%) 
(0.02%) 

Injection 2,750 24 0 4/2,653 la439 412,007 9 n , m  (0.13%) 
in,-0 0- 14179 2/6,182 (0.03%) 

L 


l Study performed at the University of Wmnsin-Madison. A detailed protocol of the sex-linked recessive lethal assay is 
pnmted in Valencia ef UY! (1985). Exposure by feeding was done by allowing 24-howold Cantons males to feed for 3 days 
on a solution of the study compound dissotved in 5% SUCKIIW. In the injection experiments, 24-hour-old Cantons male3 were 
treatedwith a solution of the study compound dissohred in 0.7% saline and alM 24 hours to recover. Exposed males were 
mated to threeBa#.females for 3 days and given fresh females at 2-day intervals to produce three broods of 3,2, and 2 days; 
sample sperm from successive matings were treated as spermatozoa (mating l), spermatids (mating 2), and spermatocytes 
(mating 3). Fl heterozygous females were auesed to their siblings and placed in individual vials. Fldaughters from the same 
parrntal male were kept together to identiQ clusters; clusters were removed in the injection experiment. After 17 days, 
praumptive lethal mutations were identified as vials containing no wild-type males; these were retested. Results were significant 
at the 5% kvtl (Margolin ef UY!, 1983). 
Combined total number of lethal mutationshumberof X chromosomes tested for three mating trials. 

TAB^ C5 
Inductioa ofR e c i p d  Translocations in D m w p W  mehogus&r 
by 3,3'-Dime!thylbenzidine Dihydrochlorid@ 

F- 14,000 om7 o m  o m  o mo m  01629 4,794 0 0.00 

conaut.ent control 32,516 1 0.00 

Hbtorial anltrol 116,163 2 0.00 
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TABLEDl 
Hematology and Clinical Chemistry Data for FW/N Rats in the 13-Week Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydmchloride" 

Male 

Hematocrit (%) 45.2 f 0.54 48.2 f 0.76 44.8 f 0.74 40.3 f 0.79.. 40.4 f 0.57.. 
Hemoglobin (g/dL) 16.1 f 0.15 163 It 0.17 16.0 f 0.24 15.9 f 0.15 16.0 f 0.22 
Erythrocytes Cl@%Q 8.78 f 0.094 9.15 f 0.132 8.59 f 1.151 7.90 f 0.146- 7.90 f 0.105-
Leukocytes (Id/&) 5.4 f 0.146 5.0 f 0.264 6.7 f 0.363.. 7.0 f 0.732.5.4 f 0.197 
Segmented

neutrophils (Id/&) 1.04 f 0.097 1.07 f 0.091 1.10 f 0.094 1.42 f 0.158 1.14 f 0.269 
Lymphocytes (I@/&) 3.96 f 0.256 3.82 f 0.219 4.12 f 0.200 5.02 f 0.240. 5.57 f 0510. 
Monocytes (Id/&) 0.13 f 0.023 0.08 f 0.022 0.12 f 0.018 0.15 f 0.030 0.30 f 0.064. 
Eosinophils ( l d / ~ L )  0.04 f 0.018 0.05 f 0.00s 0.04 f 0.016 0.06 f 0.020 0.03 f 0.013 
BUN (mg/dL) 17.9 f 0.62 18.5 f 0.81 18.8 f 0.80 20.4 f 0.99 25.0 f 3.08' 
Creatinine (mg/dL) 0.62 f 0.020 0.57 f 0.026 0.62 f 0.013 0.62 f 0.013 0.57 f 0.021 
LDH (IU/L) 590 f 49.47 762 f 59.90. 663 f 5299 1018 f 36.62.. 623 f 53.88 
SDH (IU/L) 8.7 f 0.616 13.8 f 0.854.' 26.5 f 4.145.. 327 f 2.511.. 14.3 f 1.498'. 
ALT (mg/dL) 40 f 2.46 33 f 1.42 47 f 5.99 54 f 3.89. 43 f 5.85 
T3 (ng/WC 62.12 f 5.35 59.65 f 3.94 67.84 f 3.55 69.73 f 4.03 58.80 f 5.69 
T 4  cugldL)c 4.73 f 0.178 3.06 f 0.158.. 298 f 0.181.. 3.06 f 0.136- 280 f 0,163.. 
TSH (nghnL)' 551.50 f 37.99 496.60 f 54.49 511.30 f 27.82 502.10 f 37.75 492.25 f 56.22 

Female 

Hematocrit ( I )  48.3 f 0.68 46.1 f 0.69 44.6 f 0.72.. 41.4 f 0.95.' 37.6 f 0.78.. 
Hemoglobin (g/dL) 163 f 0.16 16.0 f 0.13 15.8 f 0.19 15.8 f 0.21 15.4 f 0.42. 
Erythrocytes (lO%L) 8.86 f 0.098 8.06 f 0.262.. 8.13 f 0.131.. 7.58 f 0.175.. 7.07 f 0.173.. 
Leukocytes (Id/fiL) 4.3 f 4.2 f 0.292 5.7 0.283.'0.152 4.9 f 0.376 f 5.9 f 0.658. 
Segmented 

neutrophils (Id/&) 1.00 f 0.083 0.54 f 0.042.. 0.75 f 0.089 1.11 f 0.132 0.57 f 0.071. 
Lymphocyt- (ld/fiI-) 3.25 f 0.116 3.64 f 0.284 4.11 f 0.334 450 f 0.186.. 4.86 f 0.409-
Monocytes (Id/&L) 0.02 f 0.012 0.00 f 0.004 0.02 f 0.015 0.02 f 0.009 0.02 f 0.011 
Eusinophils (Id/&) 0.04 f 0.012 0.01 f 0.006 0.05 f 0.022 0.03 f 0.013 0.01 f 0.010 
BUN (mg/dL) 20.5 f 0.65 18.9 f 0.62 20.8 f 0.79 21.8 f 1.35 30.0 f 532 
Creatinine (mg/dL) 0.60 f 0.021 0.48 f 0.013.. 0.51 f 0.018 0.53 f 0.015 0.70 f 0.073 
LDH (IUL) 456 f 19.32 640 f 40.51. 628 f 47.61. 494 f 46.00 517 f 66.93 
SDH (IU/L) 5.5 f 0.654 9.4 f 0.581.. 16.0 f 2708'. 14.8 f 1.504.. 13.0 f 1.612.. 
ALT (mg/dL) 30 f 1.4 27 L f  1.28 30f208 37 f 2.74 51 f 7.86-
T3 ( n g / W  102.42 f 3.11 72.58 f 4.48.. 69.58 f 5.26'. 55.24 f 3.50.. 47.43 f 5.60-
T 4  cug/dL)c 250 f 0.091 1.87 f 0.092.' 1.77 f 0.131.. 1.69 f 0.087.. 1.95 f 0.198'. 
TSH (ng/mL)' 496.40 f 34.11 728.70 f 231.27 574.70 f 74.88 620.30 f 7294 464.00 20.19 

~~ ~ ~~~ ~~ ~~~~~ ~ ~~ ~~~ ~~~~ ~~ . Significantly different (PSO.05) from the control group by Dunn's or Shirley's test 
Pso.01

" Mean f standard error for groups of 10 animals, unless othenvise specified. BUN=blood urea nitrogen; LDH4actate 
dehydrogenase.; SDH=sorbitol dehydrogenase; ALT=alanine aminotransferase. 
S ~ Xanimals were examined.

' T3and T4were analyzed with the Tri-Tab  Diagnostic Kit and the Tetra-Tab RIA Diagnostic Kit (Nuclear Medical Laboratories). 
TSH analysii was performed by the method o f  Ridgway d oL (1973). 
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TABLED2 
Hematology, Clinical Chemistry, and Urinalysis Data for F344/NRats 
in the )-Month Drinking Water Studies of 3,3'-Dimethylbenzidine Dihydrochlorid9 

Male Female 

Hematoait (%) 43.9 f 0.71 35.5 f 1.06.. 45.6 f 0.72 34.5 f 0.51-
Hemoglobin (gML) 16.6 f 0.16 15.1 f 0.34.. 16.1 f 0.12 14.7 f 0.33..
whrocytea <l@/&> 8.61 f 0.13 6.90 f 0.22.. 8.26 f 0.11 6.10 f 0.08.. 
Nucleated mhrocytes/leukoqtea x I d  0.100 f 0.100 0 . m  f 0.200 0.200 f 0.133 0.100 f 0.100 
LeuLaytes (ld/BL) 8.0 f 0.21 10.0 f 0.64- 4.4 f 0.39 7.2 f 0.72.. 
Segmented neutrophils (%) 43.40 f 1.75 5200 f 4.58 36.30 f 253 40.10 f 431 
Lymphocytes (%I 53.30 f 1.65 46.50 f 4.46 6 0 . 8 0  f 262 58.50 f 4.09 
M o w - (%I 1.70 f 0.33 1.30 f 0.21 1.00 f 0.26 0.90 f 0.41 
Eosinophils (46) 1.50 f 0.27 0.20 f 0.13.. 1.90 f 0.43 050 f 0.22. 
MCH w b  19.3 f 0.20 22.0 * 0.40'. 19.5 f 0.27 24.2 f 0.39.. 

37.6 f 0.42 427 f 0.73.. 35.4 f 0.55 428 f 0.79..7)MCV e 51.0 f 0.18 51.5 f 0.32 55.1 f 0.23 56.4 f 0.19.. 
BUN (mg/dL) 18.7 f 1.17 28.6 f 5.33. 16.9 f 0.43 14.9 f 1.21.. 
Creatinine (mg/dL) -g l u m  

0.69 f 0.05 1.00 f 0.13. 0.64 f 0.02 0.65 f 0.02 
( m g / W  147 f 5.6 150 f 5.8 120 f 3.2 190 f 18.1.. 

ALT (IU/L) 73.3 f 9.87 85.1 f 4.78. 30.2 f 3.70 98.6 f 42.5.. 
LDH (ILJL) 1053 f 103 894 f 165 297 f 13.5 343 f 625 
SDH (IUL) 14.8 f 1.90 31.1 f 3.86.. 7.1 f 1.43 71.4 f 40.24.. 
T3 (ng/WC 81.7 f 8.45 114.0 f 8.16. 104.8 f 3.88 94.7 f 4.67 
T4 cug/dL)c 3.5 f 0.26 2 2  f 0.30- 3.44 f 0.15 244 f 0.20.. 
TSH (ng/mL)' 337.6 f 253 501.3 f 54.5. 321.1 f 23.4 486.2 f 73.6. 
Serum osmolality (MOS/kg) 321 f 4.3 323 f 27 316 f 27  320 f 3.0 
Urine osmolality ( M O S M / k g )  1350 f 271 2730 f 303. 1568 f 246 2247 f 164' 
Osmolality ratio (ur inekum) 4.21 f 0.86 8.44 f 0.92. 4.96 f 0.77 7.03 f 0.53. 
Urine creatinine (mg/dL) 163.7 f 321 271.2 f 26.0. 151.3 f 213 245.4 f 14.1.. 
Urine volume ( m u 6  h) 7.3 f 1.24 25  f 0.53.. 3.1 f 0.46 0.9 f 0.14.. 
Urine specific gravity 1.03 f 0.00 1.06 f 0.00- 1.04 f 0.00 1.06 f 0.00.. 
Urine pH 6.65 f 0.11 6.50 f 0.00 6.55 f 0.09 6.55 f 0.09 
Urine protein (mg/dL) 51.00 f 10.69 300.00 f 0.00.. 45.00 f 12.58 300.00 f 0.00-
Creatinine -tion rate (mg/l6 h) 8.91 f 0.33 5.57 f 0.49.. 3.71 f 032 207 f 0.32.. 

l Significantly different (PSO.05) from the control p u p  by W i l m n ' s  test (Hollander and Wolfe, 1973) 
Pso.01 

a Mean f standard error for group  of 10 animals, unless otherwise specified. BUN=blood urea nitrogen; LDH=lactate 

dehydmg- SDH-sorbitol dehydrogenase; ALT=alanine aminotransferase. 

Rank transformed data a". 

T3and TIwere analyzed with the Tri-Tab Diagnostic Kit and the Tetra-Tab RIA Diagnostic Kit (Nuclear Medical Laboratories). 

TSH anaiysii was performed by the method o f  Ridgway et OL (1973). 
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TABLEE l  
Organ Weights for F344/N Rats in the 14-Day Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydrochloridd 

Organ 	 600 PPm 1,250 ppm 2,500 ppm 5,000 ppmb 7,500 ppmc 

Male 

Necropsy body wt 218 f 4.8 218 f 3.2 195 f 2.9.105 f 8.3.. 85 f 3.9.. 

Liver 9.02 f 0.18 12.06 f 0.29 11.81 f 0.176.08 f 0.79 3.79 f 0.51 
Brain 1.74 f 0.02 1.74 f 0.02 1.69 f 0.02 1.66 f 0.02. 1.61 f 0.02.. 
Heart 0.69 f 0.02 0.67 f 0.03 0.60 f 0.01* 0.36 f 0.01.. 0.34 f 0.00-
Lungs 0.94 f 0.02 0.98 f 0.02 0.90 f 0.03 0.65 f 0.02.. 0.61 f 0.01.. 
Right kidney 0.82 f 0.03 0.87 f 0.01 0.82 f 0.02 0.60 f 0.01. 0.50 f 0.01** 
Right testis 1.12 f 0.00 1.11 f 0.01 1.10 f 0.05 0.79 f 0.04.. 0.70 f 0.03.. 
Thymu 0.44 f 0.02 0.49 f 0.08 0.36 f 0.03 0.06 f 0.01.. 0.03 f 0.01** 

Female 

Necropsy body wt  153 f 2.6 143 f 2.1. 132 f 0.7..112 f 1.3.. 60 f 1.0..61 f 2.2** 

Liver 5.73 f 0.21 6.66 f 0.18 6.24 f 0.09 6.29 f 0.14 2.02 f 0.10 1.80 f 0.50 
Brain 1.60 f 0.02 1.64 f 0.01 1.61 f 0.01 1.56 f 0.01 1.49 f 0.02. 1.48 f 0.03. 
Heart 0.49 f 0.02 0.48 f 0.01 0.44 f 0.01 0.39 f 0.01** 0.26 f 0.00.. 0.25 f 0.01.' 
Lungs 0.74 f 0.02 0.78 f 0.01 0.73 f 0.02 0.64 f 0.01. 0.48 f 0.02.. 0.50 f 0.02.. 
Right kidney 0.57 f 0.01 0.57 f 0.01 0.57 f 0.00 0.55 f 0.01 0.37 f 0.01** 0.49 f 0.12. 
Thymu 0.37 f 0.03 0.33 f 0.02 0.32 f 0.02 0.26 f 0.01.. 0.03 f 0.01.. 0.02 f 0.01 

* 	 Significantly different (PSO.05)f rom the control group by Shirley's test (Shirley, 1W7) 
PSO.01 

a 	 Mean f standard error in grams for groups o f  5 animals, unless othemise specified. 
There were 4/5male and 5/S female survivors in the 5,OOO ppm group. 
There were 0/5male and 4/5female suwivors in the 7,500ppm group. There  are no organ weight data fo r  males in the 7,500 
ppm group since no  rats in this group survived to termination. 
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TABIXE2 
Organ-Weight-to-Body-Weight Ratios for F344/N Rats in the 14-Day Drinking Water Studies 
of 32'-Dimethylbenzidine Dihydmchloridea 

Ratio (%) 0 PPm 600 PPm 1,250 ppm 2,500 ppm 5,000 ppmb 7,500 ppm' 

Male 

Necropsy body wt 218 f 4.8 218 f 3.2 195 f 2.9. 105 f 8.3** 85 f 3.9.. 

Liver 41.5 f 0.43 55.3 f 0.62 60.6 f 0.24.. 56.8 f 3.21 42.6 f 3.73 
Brain 8.03 f 0.13 8.01 f 0.16 8.69 f 0.07.. 16.15 f 1.26.. 18.37 f 0.61.. 
Heart 3.19 f 0.08 3.09 f 0.09 3.07 f 0.05 3.47 f 0.17 3.82 f 0.14. 
Lungs 4.31 f 0.06 4.50 f 0.09 4.60 f 0.09 6.32 f 0.40.. 6.93 f 0.23** 
Right kidney 3.78 f 0.04 4.01 f 0.03. 4.22 f 0.11.. 5.81 f 0.38.. 5.73 f 0.23.. 
Right testis 5.15 & 0.11 5.12 f 0.13 5.64 f 0.24 7.59 f 0.35.. 8.01 f 0.20.. 
Thymus 2.04 f 0.12 2.23 f 0.32 1.87 f 0.14 0.60 f 0.11.. 0.35 f 0.08.. 

Female 

Necropsy body wt 153 f 2.6 143 f 2.1' 132 f 0.7.. 112 & 1.3.. 60 f 1.0.. 61 & 2.2.. 

Liver 37.5 f 0.86 46.6 f 0.85 47.3 f 0.55 56.3 f 0.80. 33.6 f 1.19 28.7 f 7.67 
Brain 10.5 f 0.15 11.5 f 0.14** 12.2 f 0.11.. 14.0 f 0.10.. 24.9 f 0.46,. 23.7 f 0.61.. 
Heart 3.19 f 0.12 3.36 f 0.09 3.33 2 0.05 3.51 f 0.08. 4.37 f 0.07.. 3.99 f 0.14.' 
Lungs 4.87 f 0.12 5.46 f 0.05.. 5.53 f 0.13.. 5.70 2 0.05.. 7.98 f 0.29.. 7.96 f 0.25.. 
Right kidney 3.70 f 0.07 3.% f 0.02.. 4.30 f 0.03.. 4.93 f 0.07 6.24 f 0.20.. 7.99 f 2.15.. 
Thymus 2.43 f 0.16 2.29 2 0.12 2.44 2 0.11 2.32 f 0.09 0.52 f 0.11** 0.39 2 0.11.. 

* 	 Significantly different (PSO.05)from the control  group by Shirley's test 
PSO.01 

a 	 Mean f standard error in mg/g for groups of 5 animals, unless otherwise specified. 
There were 4/5 male and 5/5 female suMvors in the 5,OOO ppm group. 
There were 0/5 male and 4/5 female survivors in the 7,500ppm group. There are no organ weight data for males in the 7,500 
ppm group since no rats in this group suMved to termination. 
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TABLEE3 
Organ Weights for F344/N Rats in the 13-Week  Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydmchloridea 

Organ 

Male 

Necropsy body wt 350 f 7.41 295 f 4.93.. 302 f 3.96..295 f 4.32.. 

Liver 9.78 f a50 10.21 f 0.27 10.83 * 0.33 11.06 f 0.18 
Brain 1.97 f 0.02 1.93 f 0.02 1.91 2 0.02 1.93 f 0.02 
Heart 0.95 f 0.02 0.86 f 0.02. 0.92 f 0.02 0.92 f 0.03 

Thymu 
Right testis 
Right kidney 
Lungs 1.22 f 0.03 

1.04 f 0.01 
1.50 f 0.03 
0.27 f 0.01 

1.14 f 0.03' 
0.97 f 0.02 
1.37 * 0.03. 
0.19 f 0.01-

1.16 f 0.02' 
1.02 f 0.02 
1.42 f 0.01 
0.23 * 0.02.. 

1.13 It 0.02 
1.06 f 0.02 
1.47 f 0.02 
0.23 f 0.02. 

Female 

N-psybodywt 186 f 1.42172 f 1.90. 172 f 2.35..165 f 1.79,. 

Brain 
Liver 4.74 f 0.06 

1.80 * 0.01 
4.93 f 0.07 
1.77 f 0.02 

5.08 f 0 .092  

1.77 f 0.01 
5.11 f 0.08. 
1.77 f 0.01. 

Heart 0.64 f 0.01 058 2 0.01.. 0.59 f 0.01.. 0.55 f 0.01.. 

Right kidney 
Lungs 0.90 f 0.02 

0.59 f 0.01 
0.89 f 0.02 
0.62 0.01 

0.85 f 0.02 
0.66 f 0.02. 

0.82 f 0.01.. 
0.64 f 0.01. 

Thymu 0.22 f 0.01 0.18 f 0.01.' 0.17 f 0.01.. 0.17 f 0.01.. 

l Significantly different (PsO.05) from the control group by Dunn's (1964) or Shirley's (1977) test 
*. 	 PSO.01 

Mean f standard error in grams for groups of 10 animals, unless otherwise specified. 
There were 6/10 male and 7/10 female survivors in the 2,OOO ppm group. ' 	Nine animals were weighed.* Fie animals wece weighed. 

187 f 13.43.. 

6.75 f 0.68 
1.77 f 0.02.' 
0.64 f 0.04.. 
0.89 f 0.02d** 
0.84 f 0.04.. 
1.30 f 0.05. 
0.12 f 0.02'. 

116 f 7.52.. 

4.00 f 0.24 
1.67 f 0.01.. 
0.39 f 0.03.. 
0.68 & 0.02.. 
0.59 & 0.01 
0.06 f 0.01**. 



215 Organ Weight Data 

TABLEE4 
Organ-Weight-to-Body-Weight Ratios for F344/N Rats in the 13-Week Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydmhloridea 

Ratio (%) 0 PPm 300 PPm PPm 1,Ooo PPm 2,Ooo PPmb 

Male 

N - p s y b o d y ~  350 f 7.41 295 f 4.932' 302 f 3.96.. 295 f 4.32.. 187 f 13.43.. 

Thymus 
Right testis 
Right kidney 
Lungs 
Heart 
Brain 
Liver 

0.77 f 0.03 
4.28 f 0.07 
2.97 f 0.03 
3.49 f 0.05 
2.70 f 0.04 
5.64 f 0.11 
27.9 f 1.19 

0.66 f 0.03 
4.65 f O.OS'* 
3.30 2 0.05** 
3.85 * o.os**c 
2.92 f 0.05.. 
6.56 f 0.05.. 
34.6 f 0.70.. 35.9 f 0.76.. 

0.76 f 0.06 
4.73 f 0.08-
3.40 f 0.07.' 
3.87 k 0.07**' 
3.05 f 0.08.. 
6.35 f 0.11** 

0.79 f 0.06 
5.00 f 0.10.' 
3.60 f 0.10.. 
3.85 f 0.09-
3.11 f 0.08.. 
6.54 f 0.09.. 
37.5 f 0.37.. 

0.61 f 0.11 
7.11 f 0.35.. 
4.59 f 0.31.' 
4.94 f 0.37d** 
3.41 f 0.08" 
9.74 f 0.74.. 
35.9 f 1.89.. 

Female 

Necropsy body wt 186 f 1.4 172 f 1.9.. 172 f 2.4.. 165 f 1.8.. 116 f 7.5.. 

Right kidney 
Lungs 
Heart 
Brain 
Liver 

Thymus 1.19 f 0.05 
3.18 f 0.05 
4.84 f 0.09 
3.43 f 0.07 
9.71 f 0.06 
25.5 f 0.33 

1.03 f 0.04. 
3.59 f 0.05.. 
5.15 f 0.09. 
3.38 f 0.04 

10.28 f 0.10.' 
28.7 f 0.28.. 

1.01 f 0.04.. 
3.83 f 0.08.. 
4.91 f 0.06 
3.42 f 0.08 

10.30 f 0.09.. 
29.5 f 0.29.. 

1.04 f 0.05. 
3.91 f 0.06.' 
4.98 f 0.08 
3.32 f 0.07 

10.73 f 0.13.. 
31.0 f 0.43.. 

0.47 f 0.07.. 
5.26 f 0.45.. 
6.00 f 0.40.. 
3.39 f 0.08 

14.82 f 1.00.. 
34.8 f 0.92.. 

l Significantly different (PsO.05) from the control group by Dunn's or Shirley's test 
PSO.01 

a Mean f standard error in mg/g for groups o f  10 animals, unless othemise specified. 

Fwe animals were weighed. 
Nine animals were weighed. 
There were 6/10 male and 7/10 female suMvors in the 2,OOO ppm group. 
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TABU ES 

Organ Weights for F344/N Rats in the 9-Month Drinking Water Studies 
of 3,3‘-Dimethylbenzidine Dihydrochloridd 

Male 

433.6 f 4.1 345.0 f 8.1.. 

2.02 f 0.02 1.99 f 0.02 
2.48 f 0.03 3.40 f 0.21-
10.29 f 0.15 1951 f 0.55.. 

Female 

237.6 f 5.4 197.2 f 2.9.. 

1.85 f 0.01 1.83 f 0.01 
1.39 f 0.02 159 f 0.03-
5.75 f 0.11 8.80 f 0.41.. 

Significantly diffexent (PbO.01)from the control group by Wilwxon’s test (Hollander and Wolfe, 1973) 
l Mean f standard error in grams for groups of 10 animals 
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TABLEE6 
Organ-Weight-to-Body-WeightRatios for FW/N Rats in the 9-Month Drinking Water Studies 
of 3,3'-Dimethylbenzldine Dihydrochloridea 

Male 

Necropsy body wt 433.6 k 4.1 345.0 f 8.1.. 

Brain 4.66 f 0.071 5.78 f 0.13.. 

Liver 
Kidney 

23.7 2 0.37 
5.710.070 

56.6 f 2.33'. 
9.85 f 0.89.. 

Female 

NBcropsybodYwt 237.6 * 5.4 197.2 * 2.91, 

Liver 
Kidney 
Brain 

24.2 f 0.44 
5.84 f 0.11 
7.79 * 0.15 

44.7 f 2.25.' 
8.08 * 0.20*+ 
9.30 f 0.012+' 

**  Significantly different (PdO.01) from the control group by Witcoxon's test 
a Mean f standarderrorinmg/g for groups of 10 animals 
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CHEMICALCHARACTERIZATIONAND DOSE 
FORMULATIONSTUDIES 

PROCUREMENT AND CHARACTERIZATION 

3,3'-Dimethylbenzidine dihydrochloride was obtained in two lots from the Taylor Chemical Company. 
Lot no. T122380 was obtained on 15 December 1981, and lot no. IP22 was obtained on 21 September 
1982. Purity and identity analyses were conducted at Midwest Research Institute (MRI; Kansas City, 
MO). MRI reports on analyses performed in support o f  the 3,3'-dimethylbenzidine dihydrochloride 
studies are on file at  the National Institute o f  Environmental Health Sciences. 

Both lots of the test chemical, a yellow microcrystalline powder, were identified as 
3,3'-dimethylbenzidine dihydrochloride by infrared, ultraviolethisible, and nuclear magnetic resonance 
spectroscopy. All spectra were consistent with those expected for the structure and with the  literature 
spectra of 3,3'-dimethylbenzidine dihydrochloride (Figures F1 and F2) (Sadtler Standard Spectra). 

The purity of both lots was determined by elemental analysis, Karl Fischer water analysis, potentiometric 
titrations, and chromatographic analyses. l k o  potentiometric titrations were performed. Titration of 
the amino groups was performed in  glacial acetic acid containing mercury (11) acetate with 0.1 N 
perchloric acid. Titration of the dihydrochloride salt was performed in water with 0.1 N sodium 
hydroxide. Normal phase thin-layer chromatography was performed on silica gel plates with 
chloroform:methyl ethyl ketone:methanol:ammonium hydroxide (5OWl9:l). Reverse phase thin-layer 
chromatography was performed on Whatman KC,$ plates with  methano1:water:ammonium hydroxide 
(80:182). Visualization was accomplished  with visible light, short (254 nm), and long (366nm) 
wavelength ultraviolet light, iodine vapor, and by 0.5% ninhydrin in n-butanol, followed by heating at 
110"C for 5 to 10 minutes. High-performance liquid chromatography was performed with a pbndapak 
q8column and a mobile phase o f  78% 5 mM aqueous sodium heptanesulfonate containing 1% (vb) 
acetic acid and 22% 5 mM methanolic sodium heptanesulfonate containing 1% (vb) acetic acid at a 
flow rate o f  1 mL/min. Ultraviolet detection was at 254 nm. 

For lot no. T122380, elemental analysis for carbon, hydrogen, chlorine, and nitrogen was in agreement 
with the theoretical values. Karl Fischer analysis o f  this lot indicated the presence of 0.10% water. 
Titration of the amino groups indicated a purity of 99.5%. Titration o f  the dihydrochloride salt 
indicated a purity of 100.9%. Normal phase thin-layer chromatography indicated a major product spot 
and a single trace impurity. Reverse phase thin-layer chromatography indicated a major product spot 
and two trace impurities. High-performance liquid chromatography of this lot indicated two impurities 
with a combined peak area o f  0.32% relative to that o f  the major peak. 

For lot no. IP22,elemental analysis for carbon, hydrogen, chlorine, and nitrogen was in agreement with 
the theoretical values. Karl Fischer analysis indicated the presence o f  0.07% water. Titration o f  the 
amino groups indicated a purity o f  99.0%. Titration o f  the dihydrochloride salt indicated a purity o f  
99.7%. Normal phase thin-layer chromatography indicated a major product spot and a single trace 
impurity. Reverse phase thin-layer chromatography indicated a major product spot  and a single trace 
impurity. High-performance liquid chromatography of  this lot indicated no impurities greater  than 0.1% 
relative to the major peak area. 

Stability studies performed by high-performance liquid chromatography with the system described above 
but with a solvent ratio of 7030 and with acetanilide added as an internal  standard indicated that 
3,3'dimethylbenzidine dihydrochloride, when protected from light, was stable as a bulk chemical for at 
least 2 weeks at temperatures up to 60" C. During the 14-month studies, the stability of the bulk 
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chemical was monitored by high-performance liquid chromatography and nonaqueous amine  titration; no 
degradation of the study material was seen throughout the studies. 

PREPARATION AND ANALYSIS OF DOSEFORMULATIONS 
Initially, the dose formulations were prepared by mixing appropriate quantities o f  33'dimethylbenzidine 
dihydrochloride with feed in a blender (Patterson-Kelley M n  Shell). Stability studies were conducted at 
the analytical laboratory. Dose formulations were extracted with a solution consisting of 5 N sodium 
hydroxide:methanol (0.051). The extracts were combined and extracted with 0.5 N hydrochloric acid. 
These extracts were washed  with cyclohexane, pH adjusted with 10 N sodium hydroxide, and extracted 
with methylene chloride. The methylene chloride extract was centrifuged, p-terphenyl was added as an 
internal standard, and 3,3'-dimethylbenzidine was determined by gas chromatography performed with 
flame ionization detection, using a 3% OV-17 on 100/120 Supelcoport column, with nitrogen as the 
carrier at 30muminute. 

3,3'-Dimethylbenzidine dihydrochloride in rodent feed (NIH 07 Rat and Mouse Ration) at the 675 ppm 
dose level was found to be unstable when stored at  or above 5" C. Dose formulations stored under 
simulated animal cage conditions (open to light and air) lost approximately 18% and 21% of  chemical 
after 3 and 7 days, respectively. Losses of 14.5% and 23.4% were seen in samples stored in sealed glass 
bottles at 5" C and at room temperature, respectively, for 2 weeks. Although no significant loss was 
observed after 7-day storage at -20" C, a statistically significant loss (4.8%) was detected after 15 days 
storage at -20" C. A minimum of  2.9% loss of chemical was required to conclude that the dose 
formulation was unstable (95% confidence level). 

Because of the instability of the test chemical  in feed, new dose formulations were prepared by mixing 
appropriate quantities of 3,3'-dimethylbenzidine dihydrochloride and  tap water (for 14-day studies) or 
distilled water (for 13-week or 14-month studies) to give the required concentrations (wb) (Table Fl). 
Stability studies were performed at the analytical laboratory with high-performance liquid 
chromatography using a pBondapak C;,column and a mobile phase of water:methanol (5545) 
containing 0.06 N sodium bromide and propiophenone as an internal standard. Ultraviolet detection 
was at 280 nm. 

33'-Dimethylbenzidine dihydrochloride in water at the 675 ppm dose level was found to be stable for 
up to 15 days when stored protected from light in sealed containers at room temperature. Storage 
under simulated animal cage conditions (open to air and light) for 48 hours had no measurable effect 
on chemical  stability. Therefore, drinking water was selected as the vehicle o f  choice for administration 
of the chemical to the study animals. 

Periodic analyses of the dose formulations o f  3,3'-dimethylbenzidine dihydrochloride were conducted at 
the study laboratory and at the analytical laboratory using ultraviolet spectroscopy. For the 14-day 
studies, dose formulations were analyzed prior to study initiation and at study termination. For the 
13-week studies, dose formulations were analyzed twice prior to study initiation, at the midpoint of the 
study, and again at the end of the study  (Table F2). During the 14-month studies, the formulations 
used for dosing were analyzed by ultraviolet spectroscopy at a minimum of once every 4 weeks.  Because 
64/77 formulations were within the specified 210% of the target concentrations, it was estimated that 
83% of the formulations were prepared within specifications. Results o f  the dose formulation analyses 
for the chronic studies are presented in Table F3. Results o f  periodic referee analysis performed by the 
analytical chemistry laboratory indicated good agreement with the results obtained by the study 
laboratory (Table  F4). 
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FIGUREF1 
Infrared Absorption Spectrum of 3,3'-Dimethylbenzidine Dihydrochloride 
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RCUREF2 
Nuclear Magnetic Resonance Spectrum of 3,3’-Dimethylbenzidine Dihydrochloride 
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TABLEF1 
Preparation and Storage of Dose Formulations in the DrinkingWater Studies 
of 3,3'-Dimethylbenzidine Dihydmchloride 

14-Day Studies 

Reparation 
Weighed amount of 3,f'dimethyl-
benzidine dihydrochloride was placed in 
a carboy. The appropriate amount of 
tap water was added, and the solution 
was m k d  continuously with an electric 
s t imr until the chemical dissohred. 

Chemical Lot Number 
Tl22380 


Maximum Storage Time 
35 days 

Storage Conditions 
In the dark at room temperature 

~~ ~ 

13-Week Studies 

Weighed amount of 3.3'dimethyl-Same 
benzidine dihydmchloride was placed in 
a carboy. The appropriate amount of 
distilled water was added, and the solu-
tion was mixed continuously  with an 
electric s t i n w  until the chemical dis-
solved. 

Same as 14day studies 

Same as 14day studies 

~~ ~~~ 

14-Month Studies 

as 13-week s tudi i  

1week 

Same as 14day studies 
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TABU F2 
Results of Analysis of Dose Formulations  in the 13-WeekDrinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydrochloride 

Date Mixed 

07R3mb 

09110~2 

Concentration of 3,3'-Dimethylbenzidine 
Dihydrochloride Drinking Water (ppm)in 

Target Determined.Percent 

330 

530 
1,030 

2,020 
4,130 

500 	 490 

300 

490 
960 


1,950 
3,890 

300 

490 
960 


2,Ooo 

290 
490 
980 


2,080 

300 

500 

1,010 
2,090 

a 	 Results of  duplicateanalysis 
One week before start of study 
One day before start of study; remixed in distilled  water 
Animal morn samples 

Determined as a 
of Target 

110.0 
106.0 
103.0 
101.0 
103.3 

98.0 

100.0 

98.0 
96.0 
97.5 
97.3 

100.0 
98.0 
96.0 
100.0 


%.I 
98.0 
98.0 

104.0 

100.0 

100.0 
101.0 
105.0 
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TABLEF3 
Results of Analysis of Dose Formulations  in the 14-Month Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydrochloride 

Determined Concentration of 3,3'-Dimethylbenzidine 
Dihydrochloride in  Water for Target Concentration (ppm)" 

Date Mixed 	 30 70
 150 70
150 


66 

5Sb 

57b*' 

71' 

62b 

61 

70' 

124b 

62b*' 

68' 

68 

60b 

71' 

68 

63' 

61d 

75 


63 

70 

70 

87b 

65' 

74 

65 

63 


70 

15.54 
22.1 

58-124 

17 


152 

150 


153 


149 


147 

149 


151 

150 


160 


147 

150 

150 

151 


146 

148 

149 


150 

3.2 
2.1 

146-160 

16 


147 

139 


145 


151 


138 

149 


149 

141 


161 


140 

135 


145 

7.44 
5.1 

135-161 

11 


Mean(PP@
Standard deviation 
Coefficient of variation (percent) 
Range (PP4  
Number of  samples 

Results of duplicate analysis 
o u t  of  specifications; not used in study

' Remix;notincludedin the mean 
No remix done 

32 74 

30 70 


33 72 


Nb 72 

2gb 

29' 

29 69 

Nb 70 

31' 

30 71 

U b  71 

28' 

39b.e 73 

29' 

27 67 

30 71 

30 69 

28 81b 


68' 

28 67 

28 69 

29 69 


31 71 

3.14 3.32 

10.3 4.7 
27-39 	 67-81 


17 16 


e Samplerediluted for confirmation;resultscomparable (39 ppm) 
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TABLEF4 
Results of Referee Analysis of Dose Formulations  in the 14-Month Drinking Water Studies 
of 3,3'-Dimethylbenzidine Dihydrochloride 

DeterminedConcentration (ppm) 

Taqget Concentration Referee Study 
Date Mixed (PPm) Laboratorg Laboratoryb 

06/23/83 70 74 69.8 
1 m 5 m  150 151 152 
o6nw 30 27.6 28.2 

a 	 Results of duplicate analysis 
~esul tsof triplicate analysis 
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APPENDIX G 

WATER AND COMPOUND CONSUMPTION BY RATS 


IN THE 14-MONTH DRINKING WATER STUDIES 

TABLEGI WaterandCompoundConsumption by Male  F344DJRats 

inthe14-MonthDrinkingWaterStudy of 3,3'-DimethylbenzidineDihydmchloride . . . 230 
TABLEG2 WaterandCompoundConsumption by Female F344DJ Rats 

in the 14-Month  DrinkingWaterStudy of 3,3'-DimethylbenzidineDihydrochloride . . . 231 
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230 NTP TR 390
3,3'-Dimethylbenzidine Dihydrochloride, 


25.6 235.6 23.4 229.5 
 3.1
6.3 

265.9 


8 24.3 304.8 227 301.2 23 19.3 304.0 4.5 19.6 

21.0 2327
 19.7
 221.0 13.4 

5 23.7 261.8 223 254.3
 21.4 254.9
 19.2 239.0 


276.6 10.6 

4.8
2 1  

1.8 


9 
 23.0 320.2
 21.6 316.3
 8.76
16.
8.08
16.

16.7 317.4 7.9 


21.9 316.0
 286.7 

12 23.2 
 3521
 21.2 345.0
 19.6 339.8
 4.0
 314.2 

20.513 354.3 226 350.6 1.9 21.0
 345.6 4.3 

17 24.9 380.2 
 20
 21.3 371.8
 4.0 17.3 336.7 
24.5 375.8
 7.7 


399.4 1.6 19.4
 387.5 3.5
 17.1
21 225 401.0 
 3520 7.3
20.9 
n 
ZTI 4124 20.6 410.2 1.5 19.4 
 3.4
7.2 


3.5
7.9 


3.3 


17.4 361.6 

19.0 361.3 


401.1 

29 226 4227 20.2 4128 1.5 20.4 404.6 


435.8 
 426.1
 21.0 367.7 8.6 418.4 3.4 
331.5 

37 21.8 


226
 21.1
 20.2 

426.2
 23.6 367.7 
447.4
1.5 


41 21.7 447.3 

21.3 4324 

19.2 439.8 


20.0 
 9.6 

423.2
1.3 20.2 
 3.3 29.2 356.0 123 

37.8 341.5 16.6 
40.8 319.0 19.2 
47.2 331.9 21.3 

448.6 1.3
 429.5 3.3 
45 n 7  458.5 19.6 
 20.5 
20.5
49 454.2
19.7
 19.7 443.3
 1.3
 431.8 3.3 


443.1 1.4
 423.3 3.4 
53 20.0 453.0 21.1 20.7 
57 20.3 446.5 20.9 4320 1.53.7 


Mean for Weeks 
1-13 23.5 304.8 223 299.4 23 20.7 298.9 5.0 18.1 

21.9 408.4 


275.8 10.1 

223 428.8 20.8 420.9 1.5 20.2 410.5 3.5
 24.8 351.5
 10.7
14-52 


>52 20.1 449.8 21.0 437.6 
 1.4
 21.3 415.9
 3.6
 47.2 331.9
 21.3 


a Onnu of water OOMUIUC~ aninul per day, not corrected for wastage. 

bthted milligram of 3.3 dmethylbmzidine dihydrochloride consumed per day per kilogram of body weight 


121 



231 WaterandCompound Consumption 

TABLE6 2  
Water and Compound Consumption by Female F W / N  Rats  in the 14-Month Drinking Water Study 
of 3,3'-Dimethylbenzidine Dihydmhloride 

154.3 23.8 1523 11.34.7 23.9 148.7 24.1423.
9.2 16.2 1529 15.9 

145.6 4 226 
156.33.8 

8 21.0 183.9 28.1 176.4 4.8 220 173.6 8.9 
163.6 20.2 159.6 20.6 5 23.3 

16.2218.
9 18.3 188.2 221 183.3 3.6 18.3 176.2 7.3 13.5 1728 11.7 

168.3 

185.24.6 
3.623.2 

210.2 25.2 204.5 3.7 20. 1 1%.2 7.2 

208.9 

191.4.1198
199.4 

21.8 8.2 19.9 181.7 16.412 26.9 
13 24.1 

29.4 
7.9 21.1 187.2 194.3 15.1 181.8 125 

11.4414.
16.4 203.2 5.7 13.4 196.1 10.3 

189.5 1727.5 
21 
25 
29 

20.0 
18.2 
21.0 228.1 

224.6 
217.2210.9 

2222 
217.9 

19.4 
17.3 
19.6 

28 
2 4  
26 

33 18.9 238.1 20.1 m . 7  26 
37 20.7 247.0235.9 17.4 5.8 2 2  
41 17.7 250.9 17.6 2428 22 
45 
49 

57 
53 

17.4 

14.9 

15.5 
16.3 

2628 
267.8 

263.82520 

287.2 
279.6 
270.7 1.9 

1.816.3 

16.5 
16.8 
15.7 

270.0 
1.8 

20 

1289.6 
224 2122 7.4 13.5 2027 10.0 
15.8 5.3 199.8 

5.3716.
18.1 219.7 
17.3 2229 

218.4 13.4 206.4 9.7 
126 204.7 9.2 

5.4 14.4 210.5 10.3 
17.5 2228 5.5 13.9 209.5 10.0 

228.1 
11.0.415
15.1121.
16.1922

Mean for Weeks 
1-13 227 181.3 24.4 176.2 4.2 21.3 171.2 8.8 17.7 167.2 16.1 

14-52 19.7 239.0 18.9 230.7 25 18.1 214.7 5.9 13.8 203.3 10.2 
268.94283.

18.5 m . 7  5.7 210.6 
18.3 5.6 208.6 

213.8 20.2 2322 6.1 

5.8 1.8 >5215.6 16.0 19.2 230.2 22.0 211.2 15.6 

a Grams of water consumed per animal per day; not corrected for wastage. 

Estimated milligrams of 3.3'dimethylbenzidine dihydrochloride consumed per day per kilogram of body weight 
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APPENDIX H 

INGREDIENTS, NUTRIENT COMPOSITION, 


ANDCONTAMINANTLEVELS 

IN NIH-07 RAT  AND MOUSE RATION 


TAB= H 1  Ingredients of NIH-07 Rat and Mouse Ration ............................. 234 

TAB= €I2 Vitamins and Minerals in NIII-07  Rat and Mouse Ration ..................... 234 

TABLEH3 Nutrient Composition of NIH-07Rat and Mouse Ration ...................... 235 

TABLEH4 Contaminant Levels in NIH-07 Rat and Mouse Ration ....................... 236 




234 3,3'-Dimethylbenzidine Dihydrochloride, NTP TR 390 

TABLEH1 

Ingredients of NIH-07 Rat and Mouse Ration" 


Ingredientsb 	 Percent by  Weight 

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% protein) 3.00 
Soy oil 2.50 
Dried brewer's  yeast 2.00 
Dry molasses 1.50 
Dicalcium phosphate 1.25 
Ground limestone 0.50 
Salt 0.50 
Premixes (vitamin and mineral) 0.25 

a 	 NCI, 1976; NIH, 1978 
Ingredients ground to pass through a U.S. Standard Screen No. 16 before being  mixed 

TAB^ H2 
Vitamins and Minerals in NIH-07Rat and Mouse Rationa 

Amount 	 Source 

Vitamine 

A 	 5,5oo,oO0 I U  S t a b i l i i  vitamin A palmitate or acetate 
4,600,Ooo IU D-activated animal sterol D3 

2.8 g MenadioneK3 
d-cl-Tocopheryl acetate 20,Ooo 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 
Thiamine 	 10.0 g Thiamine mononitrate 

Bt2 4,000 r g  
Pyridoxine 1.7 g Pyridoxine hydrochloride 
Biotin 	 140.0 mg dBiotin 

Minerals 

Iron 	 120.0 g Iron sulfate 
Manganese 	 60.0 g Manganous oxide 
Zinc 	 16.0 g Zinc oxide 

4.0 g Copper sulfatecopper
Iodine 	 1.4 g Calcium iodate 
c o b a l t  	 0.4 g Cobalt carbonate 

a 	 Per ton (2,OOO lb) of  finishedproduct 
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TABLEH3 
Nutrient Composition of NIH-07 Rat and Mouse Ration 

Nutrients 

Protein (% by weight) 
Crude fat (% by weight) 
Crude fiber (% by weight) 
Ash (% by weight) 

Amino Acids (% of total diet) 

Arginine 

Cystine 

Glycine 

Histidine 

Isoleucine 

Leucine 

Lysine 

Methionine 

Phenylalanine 

Threonine 

Tryptophan 

'I)msine 

Valine 


Essential Fatty Acids (% of total diet) 

Linoleic 
Linolenic 

Vi(amlns 

Vitamin A ( IUkg)  

Vitamin D (IU/kg) 

a-Tocopherol (ppm) 

Thiamine (ppm) 

Riboflavin (ppm) 

Niacin (ppm) 

Pantothenic acid (ppm) 

Pyridoxine (ppm) 

Folic acid (ppm) 

Biotin (ppm) 

Vitamin B,, (ppb) 

Choline (ppm) 


Minerals 

Calcium (%) 

Phosphorus (%) 

Potassium (%) 

Chloride (%) 

Sodium ( I )  

Magnesium (%) 

Sulfur (%) 

Ifon (PPm) 
Manganese (ppm) 
Zinc (PPW 

Copper (PPm) 

Iodine (ppm) 

Chromium (ppm) 
Cobalt (ppm) 

Mean f Standard 

Deviation 


22.85 rt 0.98 
5.14 rt 0.66 
3.49 f 0.32 

6.73 f 0.32 


1.320 f 0.072 

0.319 f 0.088 
1.146 f 0.063 

0.571 f 0.026 

0.914 f 0.030 

1.946 f 0.056 

1.280 f 0.067 
0.436 f 0.165 

0.938 f 0,158 

0.855 f 0.035 

0.277 f 0.221 

0.618 rt 0.086 
1.108 2 0.043 


2.290 f 0.313 

0.258 f 0.040 


13,160 f 5,475 
4,450 rt 1,382 
43.58 f 6.92 
19.40 f 3.83 
7.60 f 0.85 
97.80 f 31.68 
30.06 2 4.31 

7.68 f 1.31 

2.62 f 0.89 

0.254 f 0.053 

24.21 f 12.66 

3,1222 416.8 


1.30 f 0.13 

0.97 f 0.07 

0.900 f 0.098 
0.513 f 0.114 

0,323f 0.043 

0.167 f 0.012 

0.304 rt 0.064 
410.3 & 94.04 
90.29 f 7.15 

52.78 f 4.94 

10.72 f 2.76 

2.95 f 1.05 

1.85 f 0.25 

0.681 f 0.14 


Range 

21.3-24.9 

3.36.3 

2.8-3.8 

6.3-7.3 


1.310-1.390 

0.218-0.400 

1.060-1.210 

0.531-0.603 

0.881-0.944 

1.850-1.990 
1.200-1.370 

0.306-0.699 

0.655-1.050 

0.824-0.898 

0.1564671 

0.564-0.769 

1.050-1.170 


1.830-2.520 

0.210-0.308 

4,100-24,OOO 

3,ooo-6,300

31.148.0 

12.0-27.0 

6.1W.20 

65.0-250.0 

23.0-34.0 

5.60-8.80 
1.80-3.70 

0.19432 

10.6-38.0 

2,400-3,430 


1.12-1.54 

0.87-1.10 

0.7720.971 

0.380-0.635 

0.258-0.371 

0.151-0.181 
0.268-0.420 

262.0-523.0 

81.7-99.40 

46.10-58.20 

8.090-15.39 

1.52-3.82 

1.44-2.09 

0.4904780 


Number of Samples 

15 

15 

15 

15 


5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 


5 

5 


15 

4 

5 

15 

5 

5 

5 

5 

5 

5 

5 

5 


15 

15 

3 

5 

5 

5 

5 

5 

5 

5 

5 

4 

5 

4 




236 3,3'-Dimethylbenzidine Dihydrochloride, NTP TR 390 

Contaminant Levels in NIH-07Rat and Mouse Ration 
TABLEH4 

Contaminants Deviation 
Mean 2 Standard 

Range Number of Samples 

Cadmium (ppm)' 
Arsenic (ppm) 

Nitrite nitrogen  (ppm) 
Nitrate nitrogen  (ppm) 
Aflatoxins (ppb)' 
Selenium (ppm) 
Mercury (ppm)' 

Total nitrosamines @pb)e 
E. coli (MPN/g) 
Coliform ( M P N ~ ~  
Aerobic plate count (CFU/g)' 
BHT (PP@ 

I-ead ( P P 4  

BHA (PP4, 

8.32 & 3.92 

0.35 & 0.05 

0.62 f 0.24 

0.52 f 0.19 

2.13 & 1.19 
2.20 f 0.77 
1.13 f 2.04 

5.89 f 7.12 
3.00 

42.93 & 116.45 
50,480 f 39,406 

4 . 0  

co.05 

co.10 
0.17477 

0.10-15.0 

0.28.0.42 

0.3S1.27 

1.00-4.00 
2.00-5.05 
0.10-7.20 

3.00-460 
7,400-130,OOO 

1.80-30.90 15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

N-Nitrosodimethylamine (ppb)e 4.897.14 0.80-30.00 
 15 
N-Nitrosopyrrolidine (ppb)e 

Pesticldes (ppm) 

~ - B H C ~ P ~  

~ - B H c ~ $ I  

Y - B H ~ I  

J - B H ~ '  

Heptachlo? 

Aldrin' 

Heptachlor epoxide" 

DDE' 

DDD' 

DDP 

HCB' 

M i d  

Methoxychlo? 

Dieldrin' 

Endrin' 

Telodrin' 

Chlordane' 

Toxaphene' 

Estimated PCBs' 

Ronnel' 

Ethion' 

Trithion' 

Diazinon' 

Methyl parathion' 

Ethyl parathion' 

Malathiong 

Endosulfan I' 

Endosulfan 11' 

Endosulfan sulfate' 


' 

1.00 f 0.17 

co.01 

c0.02 

co.01 

co.01 

co.01 

co.01 

co.01 

co.01 

co.01 

co.01 
<0.01 

co.01 

cO.05 

co.01 

co.01 

co.01 

cO.05 

co.1 

co.2 
co.01 
co.02 

co.05 

co.1 

co.02 
co.02 

0.14 	 f 0.11 
co.01 
co.01 
cO.03 

0.90-1.50 	 15 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

0.054.45 	 15 
15 
15 
15 

All  values were less than the detection limit,  givenin the table as the mean. 
Sources o f  contamination: soy oil and  fish meal

' CFU = colony-formingunit 
MPN = most probable number 

e 	 All values were corrected for percent recovery. 
BHC = hexachlorocyclohexane or benzene hexachloride 
Ten lots contained more than O.OSppm 
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SENTINEL ANIMAL PROGRAM 

METHODS 

Rodents used  in the Carcinogenesis Program o f  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 occurs during the toxicologic 
evaluation of chemical compounds. Under this program, the disease state o f  the rodents is monitored 
via serology using blood samples drawn  from extra (sentinel) animals in the study rooms. These animals 
are untreated, and these animals and the study animals are both subject to identical environmental 
conditions. The sentinel animals come from the same production source and weanling groups as the 
animals used for the studies of chemical  compounds. 

Serum samples were collected from randomly selected rats during both  the 13-week and 14-month 
studies.Blood from each animal was collected, allowed to clot, and the serum separated. Serum was 
diluted with  physiologic saline solution on a 15 ratio and heated to 56" C for 30 minutes prior to 
shipping to Microbiological Associates, Bethesda, MD, for determination o f  viral antibody titers. The 
laboratory serology methods and viral agents for  which testing was performed are tabulated below; the 
times during the studies at which  blood was collected for serological testing are also listed. 

Test and Method 	 Time o f  Analvsis 

Complement Fixation: Preinitiation and  termination o f  13-week study. 
RCV (rat coronavirus) 
Sendai 

ELISA: Initiation, 6 months, 12 months, and 
RCVBDA (sialodacryoadentis virus) termination of 14-month study. 

Hemagglutination Inhibition: Preinitiation and termination o f  13-week study; 
PVM (pneumonia virus o f  mice) initiation, 6 months, 12 months, and 
KRV (Kilham rat virus) termination o f  14-month study. 
H-1 (Toolan's H-1 virus) 

Sendai 	 Initiation, 6 months, 12 months, and 
termination o f  14-month study. 
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TABLEI1 
Murine Virus Antibody Determinations for Rats in the 14-Month Drinking Water Studies 
of 3,3’-Dimethylbenzidine Dihydrochloride 

Number of PositiveSerologic 
Interval Animals Reaction for 

13-Week Studies 0 10/10 none 

13 weeks 10/10 none 

14-Month 0 noneStudies l ono  

6 months 1Of10 none 

12 months 1no KRV 

14 months I n o  KRV 
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TR No. CHEMICAL TR Na CHEMICAL 

201 2,3,7,8-Tetrachlorodibenzo-pdioxin(Dermal) 274 Tris(2ethylhexyl)phosphate 
206 1,2-Dibromo-3chloropropane 275 2-Chloroethanol 

208 
207 

FD & C Yellow  No. 6 
Cytembena 

277 
276 

Tremolite 
8-Hydroxyquinoline 

209 2,3,7,8-Tetrachlorodibenzo-pdioxin(Gavage) 278 2,L-Xylidine 
210 1,2-Dibromoethane 279 Amosite Asbestos 

21 2 
211 

Di(2ethylhscyl)adipate 
C.I. Acid Orange 10 

281 
280 

HC Red No. 3 
Crocidolite Asbestos 

215 
214 
213 

Bisphenol A 
Caprolactam 
Butyl Benzyl Phthalate 

285 
284 
282 

C.I.Basic Red 9 Monohydrochloride 
Diallylphthalate (Rats) 
Chlorodibromomethane 

216 11-Aminoundecanoic Acid 287 Dimethyl Hydrogen Phosphite 
217 Di(2ethylhexyl)phthalate 288 1,3-Butadiene 
219 2,6-Dichloro-p-phenylenediamine 289 Benzene 
220 C.I.AcidRed 14 291 Isophorone 
221 LocustBeanGum 293 HCBlueNo. 2 
222 C.I. Disperse Yellow 3 294 Chlorinated Trisodium Phosphate 
223 Eugenol 295 Chrysotile Asbestos (Rats) 
224 TaraGum 2% Tetrakis(hydroxymethy1)phosphoniumSulfate & 
225 D & C Red  No. 9 Tetrakis(hydroxymethy1)phosphoniumChloride 
226 C.I.SolventYellow 14 298 Dimethyl Morpholinophosphoramidate 
227 Gum Arabic 299 C.I. Disperse Blue 1 3 . 

229 
228 

Guar Gum 
Vinylidene Chloride 

301 
300 

oPhenylpheno1 
3-Chloro-2-methylpropene 

233 
232 
231 
230 Agar 

2-Biphenylamine Hydrochloride 
Pentachloroethane 
Stannous Chloride 

306 
305 
304 
303 

Dichloromethane (Methylene Chloride) 
Chlorinated Paraffins (G,43% chlorine) 
Chlorendic Acid 
4-Vinylcyclohexene 

235 
234 

Zearalenone 
Allyl Isothiocyanate 

308 
307 

Chlorinated Paraffins (C,,, 60% chlorine) 
Ephedrine Sulfate 

236 D-Mannitol 309 Decabromodiphenyl Oxide 
237 1,1,1,2-Tetrachloroethane 310 Marine Diesel Fuel and JP-5 Navy Fuel 
238 Ziram 311 Tetrachloroethylene (Inhalation) 
239 Bis(2chloro-1-methylethy1)ether 312 n-ButylChloride 
240 Propyl Gallate 313 Mirex 
242 Diallyl Phthalate (Mice) 314 Methyl Methacrylate 
243 Trichloroethylene (Rats and Mice) 315 Oxytetracycline Hydrochloride 
244 Polybrominated Biphenyl Mixture 316 1-Chloro-2-methylpropene 
245 Melamine 317 Chlorpheniramine Maleate 
246 Chtysotile Asbestos (Hamsters) 318 Ampicillin Trihydrate 
247 L-Ascorbic Acid 319 1,4-Dichlorobenzene 
248 4,4'-Methylenedianiline Dihydrochloride 320 Rotenone 
249 Amosite Asbestos (Hamsters) 321 Bromodichloromethane 
250 Benzyl Acetate 322 Phenylephrine Hydrochloride 
251 2,4- & 2,6-Toluene Diisocyanate 323 Dimethyl Methylphosphonate 
252 Geranyl Acetate 324 Boric Acid 
253 AllylIsovalerate 325 Pentachloronitrobenzene 
254 Dichloromethane (Methylene Chloride) 326 Ethylene Oxide 
255 1,2-Dichlorobenzene 327 Xylenes(Mixed) 
257 DiglycidylResorcinol Ether 328 Methyl Carbamate 
259 Ethyl Acrylate 329 1,2-Epcvrybutane 
261 Chlorobenzene 330 4-H~cylresorcinol 

266 
263 

Monuron 
1,2-Dichloropropane 

332 
331 

2-Mercaptobenzothiale 
Malonaldehyde, Sodium Salt 

267 1,2-Propylene Oxide 333 N-Phenyl-2-naphthylamine 
269 1,3-Dichloropropane (Telone II@) 334 2-Amino-5-nitrophenol 

272 
271 

Propylene 
HC Blue No. 1 

336 
335 

Penicillin VK 
C.I.AcidOrange 3 

273 Trichloroethylene (Four Rat Strains) 337 Nitrofurazone 
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338 Erythromycin Stearate 362 4-Vinyl-1-Cyclohexene Diepoxide 

340 
339 

Iodinated Glycerol 
2-Amino-4-nitrophenol 

364 
363 

Rhodamine 6G (C.I.  Basic Red 1) 
Bromoethane (Ethyl Bromide) 

341 Nitrofurantoin 365 Pentaerythritol Tetranitrate 
342 Dichlorvos 366 Hydroquinone 
343 Benzyl Alcohol 367 Phenylbutazone 
344 Tetracycline Hydrochloride 368 Nalidixic Acid 
345 Roxarsone 369 Alpha-Methylbenzyl Alcohol 
346 Chloroethane 370 Benzofuran 
347 D-Limonene 371 Toluene 
348 &Methyldopa Sesquihydrate 372 3,Y-Dimethoxybenzidine Dihydrochloride 
349 Pentachlorophenol 373 Succinic Anhydride 
350 Tribromomethane 374 Glycidol 
351 p-Chloroaniline Hydrochloride 375 Vinyl Toluene 
352 N-Methylolactylamide 376 AllylGlycidyl Ether 
353 2,4-Dichlorophenol 377 o-Chlorobenzalmalononitrile 
354 Dimethoxane 378 Benzaldehyde 
355 Diphenhydramine Hydrochloride 379 2-Chloroacetophenone 
356 Furosemide 380 Epinephrine Hydrochloride 
357 Hydrochlorothiazide 381 d-Carvone 
358 Ochratoxin A 382 Furfural 
359 8-Methoxypsoralen 386 Tetranitromethane 
360 N,N-Dimethylaniline 393 Sodium Fluoride 
361 I Iexachloroethane 

These NTP Technical Reports are available for sale from the National  Technical Information Service, U.S. Department of 
Commerce, 5285 Port Royal Road, Springfield,  VA 22161 (703-487450). Single  copies of this  Technical Report are available 
without charge (and while  supplies last) from the Public Health Service,  National Toxicology Program, Central Data Management, 
P.O. Box 12233, MD AO-01, Research Triangle Park, NC 27709 
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