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FOREWORD 

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S. Department 
of Health and Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of 
Health; the National Institute of 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 agen- 
cies relating to basic and applied research and to  biological assay development and validation. 

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

The studies described in this Technical Report were performed under the direction of 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. All 
NTP toxicology and carcinogenesis studies a re  subjected to a comprehensive audit before being pre- 
sented for public review. This Technical Report has been reviewed and approved by the NTP Board of 
Scientific Counselors' Peer Review Panel in public session; the interpretations described herein rep- 
resent the official scientific position of the NTP. 

These studies are designed and conducted to characterize and evaluate the toxicologic potential, in- 
cluding carcinogenic activity, of selected chemicals in laboratory animals (usually two species, ra ts  
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 a n  
indicator of 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 of this Technical Report are  available without charge while supplies last from the NTP Public 
Information Ofice, NIEHS, P.O. Box 12233, Research Triangle Park,  NC 27709 (919-541-3991). 
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TETRANITROMETHANE 

CAS No. 509-14-8 

CN4O8 Molecular weight 196.0 

Synonym: TNM 

ABSTRACT 

Tetranitromethane is a volatile contaminant formed during the manufacture of TNT and has been 
used as a rocket fuel and biochemical reagent. Toxicology and carcinogenesis studies were conducted 
in F344/N rats and B6C3F1 mice of each sex by whole-body exposure to tetranitromethane vapor 
(greater than 99% pure), 6 hours per day, 5 days per week for 14 days, 13 weeks, or 2 years. Addi- 
tional groups of male mice were exposed to tetranitromethane for evaluation a t  1 year. Genetic toxi- 
cology studies were performed in Salmonella typhimurium and Chinese hamster ovary (CHO) cells. 

Fourteen-Day Studies: Exposure concentrations ranged from 2 to 25 ppm for rats and from 2 to 50 
ppm for mice. All rats exposed to 25 ppm and all mice exposed a t  the top concentration of 50 ppm died 
by day 2; reduced survival was seen in mice expnsed to 25 ppm and in rats exposed to 10 ppm. 
Pulmonary edema in rats and inflammation of the lung in mice were seen in those animals in the 25- 
and 50-ppm exposure groups examined microscopically. 

Thirteen-Week Studies: Exposure concentrations ranged from 0.2 to 10 ppm for rats and mice. No 
exposure-related deaths occurred in rats. The final mean body weight of rats exposed to 10 ppm was 
16% lower than that  of controls for males and 6% lower for females. Exposure-related histologic 
effects included squamous metaplasia of the respiratory epithelium of the nasal mucosa and chronic 
inflammation of the lung. 

No deaths of mice could be clearly related to exposure to tetranitromethane. The final mean body 
weights of mice exposed to 5 or 10 ppm were 5% or 12% lower than that of controls for males and 9% or 
12% lower for females. Exposure-related histologic effects in mice included inflammation and squa- 
mous metaplasia of the respiratory epithelium of the nasal mucosa and hyperplasia of the bronchiolar 
epithelium. 

Based on the incidences and severity of lesions in the respiratory tract a t  the higher Concentrations 
used in the 13-week studies, exposure concentrations chosen for the 2-year studies were 0, 2, and 5 
ppm for groups of 50 rats of each sex and 0, 0.5, and 2 ppm for groups of 50 mice of each sex. Addi- 
tional groups of 6 or 10 male mice were exposed a t  concentrations of 0,0.5, or 2 ppm for 1 year. 

Body Weights and Survival in the Two-year Studies: Mean body weights of male and female rats ex- 
posed to 5 ppm were approximately 5%-15% lower than those of controls after week 70. Survival of 
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rats at  104 weeks was a s  follows: male: control, 18/50; 2 ppm, 17/50; 5 ppm, 4/50; female: 25/50; 
34/50; 15/50; survival of rats a t  the top concentration was reduced due to neoplasia. 

Mean body weights of exposed mice were variable and ranged a s  much as 10% below those of controls 
during the second year of the studies. Survival of exposed male mice a t  104 weeks was significantly 
lower than that of controls due to neoplasia (control, 37/50; 0.5 ppm, 26/50; 2 ppm, 15/50). Survival of 
female mice was not significantly affected by exposure to tetranitromethane (3 1/50; 28/50; 24/50). 

Neoplastic and Nonneoplastic Effects i n  the Two-year Studies: Effects of exposure to tetranitrometh- 
ane were limited to the respiratory tract. Hyperplasia of the alveolar and bronchiolar epithelium was 
observed at  increased incidences in exposed rats. The incidence of alveolarhronchiolar adenomas and 
carcinomas were markedly increased in exposed male and female rats, with carcinomas (many of 
which metastasized to other sites) occurring in nearly all rats exposed at the top concentration of 5 
ppm (adenomas or carcinomas-male: control, 1/50; 2 ppm, 33/50; 5 ppm, 46/50; female: 0150; 22/50; 
50/50). Many of the rats exposed to 5 ppm also had squamous cell carcinomas of the lung (male: 0150; 
1/50: 19/50; female: 0150; 1/50; 12/50). 

Hyperplasia of the respiratory epithelium and chronic inflammation of the nasal mucosa were ob- 
served a t  increased incidences in exposed male and female rats. Squamous metaplasia of the respira- 
tory epithelium was increased in exposed male rats. No neoplasms of the nasal passage were seen. 

In exposed mice, hyperplasia of the alveolar and bronchiolar epithelium was observed a t  increased in- 
cidences. Alveolar/bronchiolar neoplasms, primarily carcinomas (many of which metastasized to 
other sites), were increased in exposed male and female mice (male: control, 12/50; 0.5 ppm, 27/50; 2 
ppm, 47/50; female: 4/49; 24/50; 49/50). 

Chronic inflammation of the nasal mucosa and hyperplasia and squamous metaplasia of the respira- 
tory epithelium of the nasal cavity occurredcat increased incidences in female mice exposed to 2 ppm. 
N o  primary neoplasms of the nasal passage were observed in mice. 

Oncogene Analyses: DNA from 14/19 rat and 414 mouse lung neoplasms caused morphologic transfor- 
mation after transfection into cultured XIHl3T3 fibroblasts. The transforming gene from both rat  
and mouse lung neoplasms was determined by Southern blot analysis to be a n  activated K-ras onco- 
gene. Further studies showed a GC + AT transition in the second base of the 12th codon of the K-ras 
oncogene. 

Genetic Toxicology: Tetranitromethane was mutagenic in S. typhimurium strains TA98, TA100, and 
TA1535 with and without exogenous metabolic activation (S9); no mutagenic activity was observed in 
TA1537 with or without S9. Chromosomal aberrations were observed in CHO cells treated in vitro 
with tetranitromethane in the presence of S9. Sister chromatid exchanges were induced in CHO cells 
in the absence of S9. 
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Conclusions: Under the conditions of these 2-year inhalation studies, there was clear evidence of car- 
cinogenic actiuity* of tetranitromethane for male and female F344/N rats and male and female 
B6C3F1 mice, based on increased incidences of alveolarhronchiolar neoplasms in both species and 
squamous cell carcinomas of the lung in rats. 

Chronic inflammation of the nasal mucosa was related to exposure in rats and female mice, and 
hyperplasia and squamous metaplasia of the respiratory epithelium were increased in exposed male 
rats. 

SUMMARY OF THE TWO-YEAR INHALATION STUDIES OF TETRANITROMETHANE 

Male F344/N Rats Female F344/N Rats Male B6C3F1 Mice Female B6C3F1 Mice 

Exposure concentrations 
0,2, or 5 ppm tetranitro- 
tetranitro- 
methane, 6 h/d. 5 &wk 

Body weights in the 2-year study 
High concentration group 
lower than controls 

0 ,2 ,  or  5 ppm tetranitro- 

methane, 6 h/d, 5 d/wk 

High concentration group 
lower than controls 

Survival rates in the 2-year study 
18/50; 17/50; 4/50 

Nonneoplastic effects 
Alveolar/bronchiolar hyper- Alveolar/bronchiolar hyper- 
plasia; hyperplasia and squa- 
mous metaplasia of respi- 
ratory epithelium; chronic 
inflammation of nasal mucosa 

25/50; 34/50; 15/50 

plasia; hyperplasia of respira- 
tory epithelium; chronic in- 
flammation of nasal mucosa 

Neoplastic effects 
Alveolar/bronchiolar neo- Alveolar/bronchiolar neo- 
plasms 1/50; 33/50; 46/50); 
lung: squamous cell carcino- 
mas(0/50; 1/50; 19/50), sar-  
comas t0/50; 01.50; 1/50) 

plasms (0/50; 22/50; 50/50); 
lung: squaiiious cell carcino- 
mas (0150; 1/50; 12/50), malig- 
nant nused tumors (0150; 0150; 
1/50), sarcomas (0150; 0/50; 
1/50) 

Level of evidence of carcinogenic activity 
Clear evidence Clear evidence 

0,0.5, or 2 ppm tetranitro- 

methane, 6 Wd, 5 d/wk 

Exposed groups lower than 
controls 

37/50; 26/50; 15/50 

Alveolar/bronchiolar hyper- 
plasia 

Alveolar/bronchiolar neo- 
plasms (12/50; 27/50; 47/50) 

Clear evidence 

0,0.5, or 2 ppm 

methane, 6 Wd, 5 diwk 

Exposed groups lower 
than controls 

3 1/50; 28/50; 24/50 

Alveolar/bronchiolar 
hyperplasia; chronic 
inflammation of nasal 
mucosa; squamous 
metaplasia of 
respiratory epithelium 

Alveolar/bronchiolar 
neoplasms (4149; 24/50; 
49/50) 

Clear evidence 

*Explanation of Levels of Evidence of Carcinogenic Activitv is on page 6.  
A summary ofthe Peer Re\ iem coninients and the public discussion on this Technical Report appears on  page 9 
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY 
The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of 
the evidence for conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence 
of neoplasia than control animals, do not necessarily mean tha t  a chemical is not a carcinogen, inasmuch a s  the experiments are  
conducted under a limited set  of conditions. Positive results demonstrate tha t  a chemical is carcinogenic for laboratory animals 
under the conditions of the study and indicate that  exposure to the chemical has the potential for hazard to humans. Other 
organizations, such as the International Agency for Research on Cancer, assign a strength of evidence for conclusions based on 
an examination of all available evidence including: animal studies such as those conducted by the NTP, epidemiologic studies, 
and estimates ofexposure. Thus, the actual determination of risk to humans from chemicals found to be carcinogenic in labora- 
tory animals requires a wider analysis that  extends beyond the purview ofthese studies. 

Five categories of evidence of carcinogenic activity a re  used in the Technical Report series to summarize the strength ofthe evi- 
dence observed in each experiment: two categories for positive results (“Clear Evidence” and “Some Evidence”); one category 
for uncertain findings (“Equivocal Evidence”); one category for no observable effects (“No Evidence”); and one category for ex- 
periments that  because of major flaws cannot be evaluated (“Inadequate Study”). These categories of interpretative conclusions 
were first adopted in June 1983 and then revised in March 1986 for use in the Technical Reports series to  incorporate more 
specifically the concept of actual weight of evidence of carcinogenic activity. For each separate experiment (male rats, female 
rats, male mice, female mice), one of the following quintet is selected to describe the findings. These categories refer to the 
strength ofthe experimental evidence and not to either potency or mechanism. 

0 Clear  Evidence of Carcinogenic  Activity is demonstrated by studies tha t  are  interpreted as showing a dose-related 
(i)  increase of malignant neoplasms, ( i i)  increase of a combination of malignant and benign neoplasms, or ( i i i)  marked 
increase ofbenign neoplasms if there is a n  indication from this or other studies of the ability of such tumors to progress 
to malignancy. 

0 Some Evidence of Carcinogenic  Activity is demonstrated by studies tha t  a re  interpreted as showing a chemically 
related increased incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less 
than that required for clear evidence. 

0 Equivocal Evidence of Carcinogenic  Activity is demonstrated by studies t h a t  are  interpreted a s  showing a mar- 
ginal increase of neoplasms tha t  may be chemically related. 

0 No Evidence of Carcinogenic  Activity is demonstrated by studies tha t  a r e  interpreted a s  showing no chemically re- 
lated increases in malignant or benign neoplasms. 

0 Inadequate  Study of Carcinogenic  Activity is demonstrated by studies t h a t  because of major qualitative or quanti- 
tative limitations cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity. 

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

The adequacy of the esperimental design and conduct; 
Occurrence of common versus uncommon neoplasia; 

0 Progression (or lack thereoflfrom benign to malignant neoplasia as well a s  from preneoplastic to neoplastic lesions; 
Some benign neoplasms have the capacity to regress but others (of the  same morphologic type) progress. At present, i t  
is  impossible to identify the difference. Therefore, where progression is known to be a possibility, the most prudent 
course is to assunie tha t  benign neoplasms ofthose types have the potential to become malignant; 

0 Combining benign and malignant tumor incidences known or thought to represent stages of progression in the same or- 
gan or tissue; 
Latency in tumor induction; 

0 Multiplicity in site-specific neoplasia; 
Metastases; 
Supporting information from proliferative lesions thyperplasia) in the same site of neoplasia or in other experiments 
(same lesion in another sex or species); 

0 The presence or absence ofdose relationships; 
0 The statistical significance ofthe observed tumor increase; 
0 The concurrent control tumor incidence as well a s  the historical control ra te  and variability for a specific neoplasm; 
0 Survival-adjusted analyses and false positive or false negative concerns; 
0 Structure-activity correlations; and 

In some cases, genetic toxicology. 
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SUMMARY OF PEER REVIEW COMMENTS 
ON T H E  TOXICOLOGY A N D  CARCINOGENESIS S T U D I E S  OF 

TETRANITROMETHANE 

On November 20, 1989, the draft Technical Report on the toxicology and carcinogenesis studies of 
tetranitromethane received public review by the National Toxicology Program Board of Scientific 
Counselors’ Technical Reports Review Subcommittee and associated Panel of Experts. The review 
meeting was held at  the National Institute of Environmental Health Sciences, Research Triangle 
Park, North Carolina. 

Dr. John Bucher, NIEHS, began the discussion by reviewing the experimental design, results, and 
proposed conclusions (clear evidence of carcinogenic activity for male or female rats, clear evidence of 
carcinogenic activity for male or female mice). 

Dr. Gold, a principal reviewer, agreed with the proposed levels of evidence and suggested noting in 
the conclusions that markedly increased incidences of carcinomas alone and many metastases were 
observed. She stated that the allowable worker-exposure level established by the Occupational Safe- 
ty and Health Administration is close to the tetranitromethane concentrations that induced neoplasms 
in rodents and that this should be pointed out in the Discussion; Dr. Bucher concurred. 

Dr. Ashby, the second principal reviewer, agreed with the conclusions. He said that the carcinogenic 
response was qualitatively predictable by the chemical structure and mutagenicity data but that the 
potency of the response was not predictable. He commented on the high levels of alveolar/ bronchiolar 
neoplasms in control animals, particularly in male mice. Dr. Bucher replied that the control inci- 
dences of neoplasms in all sedspecies combinations were approximately equal to historical control 
incidences. 

Dr. Zeise, the third principal reviewer, agreed with the conclusions. She noted the possibility that 
tetranitromethane exposure may have resultbd in lung sarcomas in female rats. Dr. Bucher said that 
the NTP staff was not convinced of an association between chemical exposure and these neoplasms. 
Dr. Zeise asked whether a n  epidemiologic study was planned. Dr. Bucher noted that both the Envi- 
ronmental Protection Agency and NIOSH are interested in doing such a study, if a n  appropriate 
worker group can be identified. 

The discussion centered around the issue of including data on nonneoplastic lesions of the nasal pas- 
sage in the Abstract and Conclusions. Dr. s. Eustis, NIEHS, commented that incidence rates alone 
were not very informative without measures of severity for the irritation or injury. All nonneoplastic 
lesions are graded by the original study pathologist, and when it is considered relevant to the inter- 
pretation of effects, information is added in the text. 

Dr. Gold moved that the Technical Report on tetranitromethane could be accepted with the conclu- 
sions as written for male and female rats and mice, clear evidence of carcinogenic activity, and with 
mention of inflammation of the nasal mucosa in rats and female mice and nonneoplastic lesions of the 
respiratory epithelium in rats. Dr. Ashby seconded the motion. Dr. Zeise offered an amendment 
stating that lung sarcomas and mixed malignant neoplasms in  r a t s  would be mentioned under 
neoplastic effects in the summary table in the Abstract. Dr. Silbergeld seconded the amendment, 
which was accepted by eight affirmative votes to three negative votes (Drs. Gold, Hayden, and 
Klaassen). The Panel then unanimously accepted the original motion by Dr. Gold. 
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I. INTRODUCTION 

TETRANITROMETHANE 

CAS NO. 509-14-8 

CY408 Molecular weight 196.0 

Synonym: TX11 

Physical a n d  Chemical Properties, 
Use, and Product ion 

Tetranitromethane is a colorless-to-yellow, oily 
liquid with a pungent, acrid odor. Some physical 
properties of tetranitromethane are given in Ta- 
ble l. Tetranitromethane is highly explosive in 
the presence of impurities and has been used a s  
an oxidizer in rocket propellants, in explosives, 
and as an additive to increase the cetane number 
of diesel fuel (Hager, 1949). I t  has  also been 
used as a chemical reagent for detection of dou- 
ble bonds and a s  a mild nitrating reagent, react- 
ing with tyrosine residues in proteins (Riordan 
and Vallee, 1972). Tetranitromethane is also 
the principal volatile contaminant of TNT (tri- 
nitrotoluene) and may constitute a s  much as 
0.12% of the crude material (Moore, 1917). 

No current estimates of the amount of tetra- 
nitromethane intentionally produced were found 
in the literature. In Germany during World War 
II, attempts were made to synthesize large 
amounts of the chemical for use a s  a substitute 
for nitric acid in rocket fuel (Hager, 1949). This 

TABLE 1. SOME PHYSICAL AND CHEMICAL 
PROPERTIES OF TETRANITROMETHANE (a) 

Density a t  25” C 1.6229 
Boiling point 126°C 
Melting point 13.8“C 
Viscosity a t  20” C 1.76 cp 
Soluble Alcohol, ether 
Insoluble Water 

( a )  Merckt1983) 
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method, involving the nitration of acetic anhy- 
dride with nitric acid, allowed a production rate 
of up to 10 tons within a “few weeks” but was 
costly. By the end of the war, however, a less 
costly method using acetylene and nitrie acid, 
with a reported capacity of 10 kglday, was in use. 

Exposure  

Current estimates of occupational exposure to 
tetranitromethane in the United S t a t e s  l ist  
1,445 employees a t  seven sites as potentially ex- 
posed to the chemical (NIOSH, unpublished). 
Historically, the primary human exposure to 
tetranitromethane appears to have been during 
the manufacture and use of TNT (Sievers et  al., 
1947). TNT is produced by sequential nitration 
of toluene; the use of strong solutions of nitric 
acid and high temperatures favors the oxidative 
destruction of the dinitrotoluene intermediate, 
leading to formation of tetranitromethane (Sie- 
vers et  al., 1947; Thompson et al., 1979). During 
the early part of World War I ,  there was  a high 
incidence of “TNT intoxication” in C S and Brit- 
ish plants involved in TKT production, a n  addi- 
tional step involving washing the crude material 
with a sodium sulfite solution to hydrolyze the 
tetranitromethane was introduced to alleviate 
this problem. The process used in France also 
included this washing step (Perkins, 1919). 

The signs and symptoms of “TNT intoxication” 
(caused by inhalation of fumes of crude TNT) 
included initial nasal irritation, burning of the 
eyes, dyspnea, cough, tightness in the chest, and 
dizziness, followed after prolonged exposure by 
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drowsiness, headache, cyanosis, respiratory dis- 
tress, and bradycardia (Sievers e t  a l . ,  1947). 
Deaths have resulted from severe exposure and 
were attributed to respiratory failure and met- 
hemoglobinemia. 

Tetranitromethane has been reported to be an  
atmospheric pollutant emitted as a byproduct of 
explosives produced in factories owned by the 
U.S. government (Thompson et al . ,  1979). The 
estimated “worst case” pollutant level of tetra- 
nitromethane in the vicinity of the factories was 
20 mg/m3 (about 2.5 ppm). The current time- 
weighted average/threshold limit value is 1 ppm 
(8 mg/m31 (ACGIH, 1988), and the Occupational 
Safety and Health Administration’s permissible 
exposure limit is also 1 ppm (SIOSIIIOSfIA, 
1981). No quantitative information concerning 
an odor threshold is available, but the chemical 
a t  concentrations in excess of 1 ppm causes lac- 
rimation and upper respiratory irritation and a t  
0 .4  ppm may cause mild irritation (SIOSl1/ 
OSHA, 1981). 

Absorption, Metabolism, and 
Short-Term Toxicity 

No studies were located in the literature which 
specifically addressed the absorption, distri- 
bution, metabolism, or excretion of tetranitro- 
methane. However, from effects seen after oral 
administration or inhalation of the chemical, 
certain information can be inferred.  Blood 

samples obtained 90 minutes after administra- 
tion of single oral doses of tetranitromethane to 
Sprague Dawley rats indicated dose-related pro- 
duction of methemoglobin (47% methemoglobin 
a t  the LD50 dose), suggesting that metabolism 
could include formation of nitrite ions (Kinkead 
et al . ,  1977). After intravenous injection or in- 
halation exposure, methemoglobin formation 
was not seen or was reduced when compared 
with that after oral exposure, suggesting tha t  
nitrate reductase activity in the gut may be 
involved (Kinkead et  a l ,  1977; Vernot et  al. ,  
1977). 

Ear ly  studies of the short-term toxicity of tetra- 
nitromethane vapors involved cats, rabbits, and 
guinea pigs but were only semiquantitative in 
t er Ins of measure men t s of t e t r a n it r o in e t  ha ne 
concentrations (Koelsch, 1917). Selected LD50 
and LC5o values are  presented in Table 2. At 
these exposure levels, eye irritation and severe 
iniury to the respiratory tract were consistent 
tindings in all studies involving whole-body in- 
halation exposure. 1,ungs appeared congested 
a nd had he mor r ha g ic a re a s  when e x a m in ed 
grossly, and they remained distended and ex- 
uded a frothy fluid when cut (Iiorn, 1954; Kin- 
kead et al . ,  1977). Pulmonary injury was also 
seen after oral or intravenous exposure. A cat 
died with gastric hemorrhage and pulmonary 
edema 5 days after receiving 15 drops of tetra- 
nitromethane in alcohol orally (Koelsch, 1917). 
Tetranitromethane given to rats by intravenous 

TABLE 2. SELECTED LD,,,, LC5,,, AND ET,,, VALUES FOR TETRANITHOMEl’ffANE (;I) 

Species 
Route of 
Exposure Measure 

Sprague Dawley male rats 
CF- 1 male mice 
Rats ( c )  
Rats ( c )  
Rats ( c )  
Sprague Dawley male rats 
CF-1 male mice 
Sprague Dawley male rats 
CF-1 male niice 

[ i i h  la tio n 
I ii h a  lation 
I i i h  la tion 
I i i  h a  lation 
Inhiilation 
Intr.a\‘cnous 
I i i  t ravenous 
Ol.$Il 

Oral 

( a )  Kinkead et  al. (1977) unless otherwise specified 
tb)  Four-hour exposure, 14-day observation 
( c )  Strain not specified 
( d )  Time to reach 50% mortality 
( e )  Horn(19.54) 
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injection caused a foamy nasal discharge and 
gasping prior to death (Kinkead et  al., 1977). 
Gross observations included pulmonary conges- 
tion and hemorrhage. Methemoglobin levels 
were less than 3%. 

Repeated-Exposure Toxicity Studies 

In 2-week continuous-exposure inhalation stud- 
ies conducted with male Sprague Dawley r a t s  
exposed to 3.5-7.5 ppm tetranitromethane, leth- 
argy, dyspnea, and increased lung weights were 
seen a t  all exposure concentrations (Vernot et  
al., 19771. Methemoglobin concentrations were 
not affected. Deaths occurred in rats exposed to 
5 ppm and above and appeared directly related 
to the degree of pulmonary edema present .  
Evaluation of pulmonary lesions was  compli- 
cated by chronic murine pneumonia, but ca- 
tarrhal bronchiolitis, bronchitis, and tracheitis 
appeared related to chemical exposure. Focal 
squamous metaplasia was observed in the tra- 
chea of rats exposed to 5 or 7.5 ppm. 

Horn (1954) exposed 19 rats and 2 dogs to 0 or 
6.35 ppmtetranitromethane for 6 hours per day, 
5 days per week for 6 months. Eleven rats  (vs. 1 
control) died during the exposure, but  body 
weight gain of exposed rats was not different 
from that of controls. Upon gross examination 
of early-death rats and those killed at the end of 
the studies, lungs were found to be dark red and 
distended and exuded edema fluid when cut.  
Bacterial or viral pneumonia was thought to be 
the primary cause of early death and was con- 
sidered to be secondary to the pulmonary irrita- 
tion caused by tetranitromethane. Both dogs 
survived. Clinical signs of lethargy and cough- 
ing occurred only on the first 2 days of exposure; 
no gross or microscopic abnormalities were not- 
ed in the respiratory tract or in the other organs. 
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Genetic Toxicity 

Little is known about the mutagenic potential of 
tetranitromethane, except that  the short-term 
test results of the National Toxicology Program 
show the chemical to be capable of induction of 
gene mutations in  Salmonella t y p h i m u r i u m  
(Zeiger e t  al., 1987; Table H1) and of sister chro- 
matid exchanges and chromosomal aberrations 
in Chinese hamster ovary cells (Tables H2 and 
H3). Alper and Ames (1975) reported that tetra- 
nitromethane was negative in a n  assay  de- 
signed to  detect induction of large deletions 
through the galactose region of the Salmonella 
chromosome, The urine from workers exposed 
to TNT in a chemical plant manufacturing mu- 
nitions was found to be mutagenic to S. typhi- 
murium strains TA98 and TA98 NR, s t ra ins  
with and without nitroreductase activity (Ahl- 
borg et  al., 1988). 

Carcinogenicity 

In a pilot epidemiologic study, as reported in a 
paper concerning the mutagenic activity of me- 
tabolites in  the urine of workers exposed to 
TNT, workers exposed to TNT had a higher than 
expected incidence of stomach cancer (Ahlborg 
et  al., 1988). No human or animal studies of the 
potential carcinogenicity of tetranitromethane 
were found in  the literature. 

Study Rationale 

Tetranitromethane was nominated for study by 
the U.S. Army because of the potential for expo- 
sure to workers in the munitions industry and 
because of the lack of data from long-term toxic- 
ity or carcinogenicity studies. Inhalation was 
chosen as the route of exposure because of the 
volatility of the chemical and because human 
exposure would likely occur by this route. 

14 
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II. MATERIALS AND METHODS 

PROCUREMENT AND 
CHARACTERIZATION OF 
TETRANITROMETHANE 

Tetranitromethane was obtained in four lots; lot 
nos. TNM-80-154 and TNM-80-294 were from 
Hummel Chemical Co., Inc. (South Plainfield, 
NJ),  and lot nos. F101882 and F081882 were 
from Fluorochem, Inc. (Azusa, CAI (Appendix 
G). Purity and identity analyses of all lots of the 
bulk chemical were conducted at Midwest Re- 
search Institute (MRI) (Kansas City, MO), ex- 
cept for lot no. TXM-80-154, which was only 
used in the 14-day studies. 

The identity of lots analyzed was confirmed a s  
tetranitromethane by infrared, ultraviolet/visi- 
ble, and nuclear magnetic resonance spectros- 
copy, and their purity w a s  determined by ti- 
tration, thin-layer chromatography, and gas  
chromatography. The purities of lot nos. TNM- 
80-294, F101882, and F081882 were determined 
to be approximately 100%. 

Stability studies performed by gas  chroma- 
tography indicated that tetranitromethane was 
stable as a bulk chemical when stored protected 
from light a t  temperatures up to 25" C. During 
the toxicology studies, the bulk chemical was 
stored a t  5" C. Periodic analysis by gas chro- 
matography and iodometric titration indicated 
no notable degradation of the study material  
throughout the studies. 

GENERATION AND MONITORING 
OF CHAMBER CONCENTRATIONS 

Vapor Generation System 

Tetranitromethane vapor was generated a t  room 
temperature from a gas dispersion bottle by bub- 
bling nitrogen through the liquid (Appendix G). 
The vapor entered the airstream a t  the top of the 
chamber and was mixed and diluted with air  in 
the chamber plenum before entering the cham- 
ber (Hazleton ZOOOB,  Lab Products, Inc.) (Table 
G2). An individual generation system within an 
isolation box specially designed to operate under 
negative pressure was used for each exposure 
chamber. 
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Vapor Concentration Monitoring 

The concentration of tetranitromethane in the 
study chambers was monitored with a Wilks 
Miran 1A-CVF Infrared Process Analyzer (14- 
day studies) or a MiranD II Infrared Gas Analyz- 
er  (13-week and 2-year studies) during the 6- 
hour exposure periods. Samples of each study 
atmosphere and control atmosphere were ana-  
lyzed every 10-15 minutes. During the 2-year 
studies, 94%, 99%, and 98% of the daily mean 
chamber concentrations for the 0.5-, 2-, and 5- 
ppm chambers, respectively, were within 10% of 
the target concentrations. The distribution of 
the mean daily concentrations in the chambers 
is summarized in Table G3. 

Chamber Atmosphere Characterization 

Uniformity of vapor concentration in each ex- 
posure chamber was measured periodically 
throughout the studies. In general, the coeff- 
cients of variation of the concentrations deter- 
mined a t  the different locations did not exceed 
9.4%. 

Samples of the 10-ppm tetranitromethane cham- 
ber atmosphere were examined for the presence 
of nitrogen dioxide and nitric acid, the potential 
degradation products. Colorimetric analysis 
with calibrated Drager tubes indicated that nei- 
ther nitric acid nor nitrogen dioxide was present 
a t  concentrations greater than 100 ppb or 500 
ppb, respectively. Assays for ammonia showed 
levels of less than 1 ppm with full animal loads 
in the chambers. 

Residual concentrations of te tranitromethane 
were determined in the chambers  af ter  t h e  
6-hour exposure period. The concentrations 
dropped rapidly; no residual chemical was de- 
tected in the chambers after the generators had 
been stopped and the chambers purged for 1 
hour. 

FOURTEEN-DAY STUDIES 

Male and female F344/S rats and B6C3F1 mice 
were obtained from Charles River Breeding Lab- 
oratories and observed for 4 weeks before being 
placed on study. The animals were 9-10 weeks 
old when the studies began. 
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Groups of five rats of each sex were exposed to 
air containing tetranitromethane a t  target con- 
centrations of 0, 2, 5, 10, or 25 ppm, 6 hours per 
day for 10 days over a 14-day period. Groups of 
five mice of each sex were exposed to 0, 2, 5, 10, 
25, or 50 ppm on the same schedule. Rats and 
mice were observed once per day and were 
weighed before exposure, after 1 week, and on 
day 14. A necropsy was performed on all ani- 
mals. Histologic examinations were performed 
on two males and two females in the control 
groups and one male and one female in the 5-, 
lo-, and 25-ppm groups of both rats and mice. 
These exposure groups were chosen for micro- 
scopic evaluation because a t  least one animal 
from each group had a lesion observed upon 
gross examination. Animals and tissues exam- 
ined and details of animal maintenance are pre- 
sented in Table 3. 

THIRTEEN-WEEK STUDIES 

Thirteen-week studies were conducted to evalu- 
ate the cumulative toxic effects of repeated expo- 
sure to tetranitromethane and to determine the 
concentrations to be used in the 2-year studies. 

Male and female F344/N rats and B6C3F1 mice 
were obtained from Charles River Breeding Lab- 
oratories, observed for 20 days, and assigned to 
groups according to a table of random numbers. 
Feed was available ad libitum during nonexpo- 
sure periods; water was available a t  all times. 

Groups of 10 rats and 10 mice of each sex were 
exposed to air  containing tetranitromethane at 
target concentrations of 0, 0.2, 0.7, 2, 5, or 10 
ppm, 6 hours per day, 5 days per week for 13 
weeks (65 exposures). Further experimental de- 
tails are summarized in Table 3. 

Animals were observed once per day; moribund 
animals were killed. Individual animal weights 
and clinical signs were recorded once per week. 
At the end of the 13-week studies, survivors 
were killed. A necropsy was  performed on all 
animals. Histologic examinations were per- 
formed on all control animals, rats in the 5- and 
10-ppm groups, and all exposed mice. Livers 
were weighed. Tissues and groups examined are  
listed in Table 3. 
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ONE-YEAR AND TWO-YEAR STUDIES 

Study Design 

Groups of 50 rats of each sex were exposed to air  
containing tetranitromethane a t  target concen- 
trations of 0 (chamber controls), 2, or 5 ppm, 6 
hours per day, 5 days per week for 103 weeks. 
Groups of 50 mice of each sex were exposed to 
tetranitromethane a t  concentrations of 0,  0.5, or 
2 ppm on the same schedule. Additional groups 
of 6 male mice were exposed to 0 or 2 ppm tetra- 
nitromethane for 52 weeks, and a group of 10 
male mice was exposed to 0.5 ppm tetranitro- 
methane on the same schedule. The number of 
animals in the 1-year study groups was limited 
by the chamber capacities. About 6 months into 
the studies, the 0.5- and 2-ppm mouse and 2-ppm 
rat  inhalation chambers inadvertently received 
tetranitromethane a t  these concentrations con- 
tinuously for 62 hours (October 8-11, 1982). No 
apparent adverse effects on the animals resulted 
from this incident. Concentrations measured 
throughout the studies are  summarized in Table 
G2. 

For the 1-year study, 6 male mice from the 0- 
and 2-ppm groups and 10 male mice from the 
0.5-ppm group were selected according to a table 
of random numbers. Serologic analysis was per- 
formed on the six controls and two animals from 
each dosed group. Histopathologic examinations 
were performed on all animals. 

Source and Specifications of Animals 

The male and female F344/N rats and B6C3F1 
(C57BL/6N, female X C3H/HeN MTV- ,  male) 
mice used in these studies were produced under 
strict barrier conditions a t  Charles River Breed- 
ing Laboratories. Breeding stock for the founda- 
tion colonies a t  the production facility originated 
a t  the National Institutes of Health Repository. 
Animals shipped for study were progeny of de- 
fined microflora-associated parents tha t  were 
transferred from isolators to barrier-maintained 
rooms. Rats were shipped to the study labora- 
tory a t  4-5 weeks of age and mice at 5-6 weeks of 
age. Rats were quarantined at the study labora- 
tory for 2 weeks and mice for 3-4 weeks. There- 
after, a complete necropsy was performed on five 
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TABLE 3. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN T H E  INHALATION 
STUDIES O F  TETRANITROMETHANE 

Fourteen-Day Thir teen-Week One-Year  a n d  
Studies  Studies  Two-yea r  S tudies  

EXPERIMENTAL DESIGN 

Size of S tudy  Groups  
5 males and 5 females of each species 

Chamber  Concentrat ions 
Rats--0,2,5,10, or 25 ppm tetranitro- 
methane by inhalation; mice--O,2,5, 
10,25. or 50 ppm 

Date of F i rs t  Exposure  
12/3/80 

Date of Las t  Exposure  
12/16/80 

Duration of Exposure 
6 Wdfor 10 dover  14d  

10 males and 10 females of each species 

0,0.2,0.7,2,5, or 10 ppm tetranitro- 
methane by inhalation 

511 9/8 1 

8/18/81 

6 Wd, 5 d/wk for 13 wk (65 exposures) 

Type and Frequency  of Observat ion 
Observed 1 X d; weighed initially and 
then 1 X wk 

Necropsy a n d  Histologic Examinat ions 
Necropsy performed on all animals; Necropsy performed on all animals; 
histologic exams performed on 2 males histologic exams performed on all con- 
and 2 females from the control groups trols, all rats in the 5- and 10-ppm 
and 1 male and 1 female from the 5-, lo-,  groups, and all mice. Tissues examined 
and 25-ppm groups of rats and mice include: adrenal glands, brain, colon, 

duodenum, esophagus, gallbladder 
(mice), heart, kidneys, lungs and bron- 
chi, mammary gland, mandibular and 
mesenteric lymph nodes, nasal passage, 
pancreas, parathyroid glands, pituitary 
gland, prostateltestes or ovaries/uterus, 
rib, salivary glands, spleen, stomach, 
thymus, thyroid gland, trachea, and 
urinary bladder; livers were weighed 
atnecropsy 

Observed 1 X d; weighed initially and 
1 X wk thereafter 

ANIMALS AND ANIMAL MAINTENANCE 

Strain and Species  
F344/N rats; B6C3F1 mice 

Animal Source  
Charles River Breeding Laboratories 
(Kingston, NY) 

Study Labora to ry  
Midwest Research Institute 

Method of Animal Identification 
Ear  tag 

Time Held Before S tudy  
28 d 
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F344/N rats; B6C3F1 mice 

Charles River Breeding Laboratories 
(Kingston, NY) 

Midwest Research Institute 

Ear tag 

20 d 
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1 y--6 (control and high dose) or 10 (low 
dose) male mice; 2 y--50 males and 50 
females of each species 

Rats--O,2, or 5 ppm tetranitromethane 
by inhalation; mice--O,O.5, or 2 ppm 

Rats--3/24/82; mice-411 2/82 

I2 y--3/13/84 (rats) or 3130184 (mice) 

6 hld. 5 d/wk for 52 or 103 wk 

Observed 2 X d; weighed initially, 
1 X wk for 12 wk, and then 1 X mo 

2 y--necropsy and histologic exams per- 
formed on all animals; the following tis- 
sues were examined: adrenal glands, 
aorta, brain, cecum, colon, duodenum, epi- 
didymislsemipal vesicles/prostate/testes 
or ovariedoviducthterus, esophagus, fe- 
mur, heart, ileum, jejunum, kidneys, 
larynx and pharynx, liver, lungs, mam- 
mary gland, mandibular and mesenteric 
lymph nodes, mesentery, nasal passage, 
pancreas, parathyroid glands, pituitary 
gland, preputial or clitoral glands, rec- 
tum, rib, salivary glands, sciatic nerve, 
skeletal muscle, skin, skull, spinal cord, 
spleen, stomach, thymus, thyroid gland, 
trachea, and urinary bladder 

1 y--B6C3F1 mice; 2 y--F344/N rats and 
B6C3F1 mice 

Charles River Breeding Laboratories 
(Kingston, NY) 

Midwest Research Institute 

Ea r  tag 

Rats-14d; mice-19 or 26 d 



TABLE 3. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN T H E  INHALATION 
STUDIES O F  TETRANITROMETHANE (Continued)  

Fourteen-Day Thir teen-Week One  Year  a n d  
Studies  Studies  T w o - y e a r  Studies  

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Age When Placed o n  Study 
Rats--9 wk; mice-10 wk 

Age When Killed 
Rats--11 wk; mice--12 wk 

Rats-7-8 wk; mice--8-9 wk Rats-6-7 wk; mice--8-10 wk 

Rats-20-21 wk; niice--21-22 wk 1 y--60-62 w k ; 2 y - - l l O - l l l  wk( ra t s )  
or 112-1 14 wk (mice I 

Necropsy Dates  
1211 7/80 8118/81-8/2 118 1 1 y--4/12183; 2 y--3/19/84-3/21/84 ( ra t s )  

or 419/84-4111/84 (mice) 

Method of Animal Distribution 
According to a table of random numbers Assigned to groups according to a 

table of random numbers and then 
placed in cages in numerical order 

Same as  13-wk studies 

Diet 
NIH 07 Rat and Mouse Ration (Zeigler 
Bros., Inc.. Gardners, PA); available 
ad libitum except during exposure 

Same as  14-d studies and Rodent 
Laboratory Chow 5001" meal (Ralston 
Purina Co., St. Louis, MO) used for a 
2-week period; available ad libitum 

Same as 14-d studies 

Bedding 
None Deotized animal cage board on non- 

exposure days (Shepherd Specialty 
Papers, Inc., Kalamazoo, MI) 

Same as  13-wk studies 

Water 
Tap water in bottles Automatic yater ing system (Edstrom 

Industries, Waterford, WI); available 
ad libitum 

Same as 13-wk studies 

Chambers  
Stainless steel (Young and Berke, 
Cincinnati, OH) 

Same as  14-d studies and stainless 
steel cage modules (Hazleton 2000", 
Lab Products, Inc., City, State) 

Rochester-type chambers 

Animals per Cage 
5 

Chamber  Environment  
Temp--70"-74" F; hum--30%-40%; fluo- 
rescent light 12 Md; approximately 10 
chamber ai r  changes/h during exposure 

1 1 

Temp--59"-8l0 F; hum--30%-86%; fluo- 
rescent light 12 h/d; a t  least 10 air  
changes/h 

Temp--67"-77.5" F; hum--40%-68%; 
fluorescent light 12 Wd; 10-15 air  
changes/h 

animals of each sex and species to assess their 
health status. Rats were placed on study a t  6-7 
weeks of age and mice a t  8-10 weeks of age. 

studies. Serologic analyses were performed as 
described in Appendix E. Further details of ani- 
mal maintenance are  summarized in Table 3. 

Clinical Examinations and Pathology Animal Maintenance 

Rats and mice were housed individually. Cages 
were rotated within the inhalation chamber one 
position clockwise once per week throughout the 

All animals were observed twice per day. Indi- 
vidual body weights were recorded once per 
week for the first 12 weeks of the studies and a t  
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least once per month thereafter. Mean body 
weights were calculated for each group. Ani- 
mals found moribund and those surviving to the 
end of the studies were humanely killed. A ne- 
cropsy was performed on all animals, including 
those found dead. 

During necropsy, all organs and tissues were ex- 
amined for grossly visible lesions. Tissues were 
preserved in 10% neutral buffered formalin, em- 
bedded in paraffin, sectioned, and stained with 
hematoxylin and eosin. Histopathologic exami- 
nations were performed on all animals (Table 3).  

When the pathology evaluation was completed 
by the laboratory pathologist and the pathology 
data entered into the Toxicology Data Manage- 
ment System, the slides, paraffin blocks, and re- 
sidual formalin-fixed tissues were sent to the 
NTP Archives. The slides, blocks, and residual 
wet tissues were audited for accuracy of labeling 
and animal identification and for thoroughness 
of tissue trimming. The slides, individual ani- 
mal necropsy records, and pathology tables were 
sent to an independent pathology quality assess- 
ment laboratory. The individual animal records 
and pathology tables were compared for accura- 
cy, slides and tissue counts were verified, and 
histotechnique was evaluated. All tissues with a 
tumor diagnosis, all potential target tissues, and 
all tissues from a randomly selected 10% of the 
animals were re-evaluated microscopically by a 
quality assessment pathologist. Nonneoplastic 
lesions were evaluated for accuracy and consis- 
tency of diagnosis only in the potential target or- 
gans, in the randomly selected 10% of animals, 
and in tissues with unusual incidence patterns 
or trends. Tissues are generally not evaluated in 
a “blinded” fashion (i.e., without knowledge of 
dose group) unless the lesions in question are  
subtle. 

The quality assessment report and slides were 
submitted to a Pathology Working Group (PWG) 
Chairperson, who reviewed microscopically all 
potential target tissues and any other tissues for 
which there was a disagreement in diagnosis be- 
tween the laboratory and quality assessment 
pathologists. Representative examples of poten- 
tial chemical-related nonneoplastic lesions and 
neoplasms and examples of disagreements in di- 
agnosis between the laboratory and  qual i ty  
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assessment pathologists were shown to the 
PWG. The PWG included the laboratory pathol- 
ogist, the quality assessment pathologist, and 
other pathologists experienced in  rodent toxi- 
cology, who examined the tissues without know- 
ledge of dose group or previously rendered diag- 
noses. When the consensus diagnosis of the 
PWG differed from that of the laboratory pa- 
thologist, the diagnosis was changed to reflect 
the opinion of the PWG. This procedure has  
been described, in part, by Maronpot and Boor- 
man (1982) and Boorman et  al. (1985). The final 
pathology data represent a consensus of contrac- 
tor pathologists and the NTP Pathology Work- 
ing Group. For subsequent analysis of pathology 
data, the diagnosed lesions for each tissue type 
a re  combined according to the guidelines of 
McConnell et  al. (1986). 

Statistical Methods 

Survival Analyses: The probability of survival 
was estimated by the product-limit procedure of 
Kaplan and Meier (1958) and is presented in the 
form of graphs. Animals were censored from the 
survival analyses if they died from other than 
natural  causes; animals dying from na tura l  
causes were not censored. Statistical analyses 
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 for 
a dose-related trend. When significant survival 
differences were detected, additional analyses 
using these procedures were carried out to deter- 
mine the time point a t  which significant differ- 
ences in the survival curves were first detected. 
All reported P values for the survival analysis 
are two-sided. 

Calculation of Incidence: The incidence of neo- 
plastic or nonneoplastic lesions is given a s  the 
ratio of the number of animals bearing such le- 
sions a t  a specific anatomic site to the number of 
animals in which that site was examined. I n  
most instances, the denominators include only 
those animals for which the site was esamined 
histologically. However, when macroscopic es- 
amination was  required to detect lesions ( e  g , 
skin or mammary tumors) prior to histologic 
sampling, or when lesions could have appeared 
at multiple sites (e.g., lymphomas), the denomi- 
nators consist of the number of animals on which 
a necropsy was performed 
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II. MATERIALS AND METHODS 

Analysis of Tumor Incidence: With the excep- 
tion of lung neoplasms, the majority of tumors in 
this study were considered to be incidental to the 
cause of death or not rapidly lethal. Thus, the 
primary statistical method used was a logistic 
regression analysis, which assumed that the di- 
agnosed tumors were discovered a s  the result of 
death from an unrelated cause and thus did not 
affect the risk of death. In this approach, tumor 
prevalence was modeled a s  a logistic function of 
chemical exposure and time. Both linear and 
quadratic terms in time were incorporated ini- 
tially, and the quadratic term was  eliminated if 
it did not significantly enhance the fit of the 
model. The dosed and control groups were com- 
pared on the basis of the likelihood score test for 
the regression coefficient of dose. This method of 
adjusting for intercurrent mortality is the prev- 
alence analysis of Dinse and Lagakos (1983), 
further described and illustrated by Dinse and 
Haseman (1986). When tumors are incidental, 
this comparison of the time-specific tumor prev- 
alences also provides a comparison of the time- 
specific tumor incidences (McKnight and Crow- 
ley, 1984). 

In addition to logistic regression, alternative 
methods of statistical analysis were used, and 
the results of these tests are  summarized in the 
appendixes. These include the life table test  
(Cox, 1972; Tarone, 19751, appropriate for rapid- 
ly lethal tumors and included in the analyses of 
lung neoplasms in the current studies, and the 
Fisher exact test and the Cochran-Armitage 
trend test (Armitage, 1971; Gart et al., 19791, 
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procedures based on the overall proportion of 
tumor-bearing animals. 

Tests of significance include pairwise com- 
parisons of each dosed group with controls and a 
test for a n  overall dose-response trend. Conti- 
nuity-corrected tests were used in the analysis of 
tumor incidence, and reported P values are one- 
sided. The procedures described above also were 
used to evaluate selected nonneoplastic lesions. 
(For further discussion of these statistical meth- 
ods, see Haseman, 1984.) 

Analysis of Continuous Variables: The statis- 
tical analysis of liver weights in the 13-week 
studies was carried out by using the nonpara- 
metric multiple comparison procedures of Dunn 
(1964) or Shirley (1977) to assess the signifi- 
cance of pairwise comparisons between dosed 
and control groups. Jonckheere’s test  (Jonck- 
heere, 1954) was used to evaluate the signifi- 
cance of dose-response trends and to determine 
whether Dunn’s test or Shirley’s test was more 
appropriate for pairwise comparisons. 

Historical Control Data: Although the concur- 
rent control group is always the first and most 
appropriate control group used for evaluation, 
there are certain instances in which historical 
control data can be helpful in the overall assess- 
ment of tumor incidence. Consequently, control 
tumor incidences from the NTP historical con- 
trol data base (Haseman e t  al., 1984, 1985) are 
included for those tumors appearing to show 
compound-rela ted effects. 
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III. RESULTS: RATS 

FOURTEEN-DAY STUDIES 

All rats exposed to 25 ppm died within one day 
(Table 4). Rats exposed to tetranitromethane 
were lethargic. The final mean body weight of 
rats exposed to 10 ppm was 34% lower than that 
of the controls for males and  21% lower for 
females. The two rats exposed to 25 ppm and 
examined microscopically had mild-to-moderate 
pulmonary edema characterized by the accumu- 
lation of proteinaceous eosinophilic material in 
alveoli and in interstitial spaces surrounding 
bronchioles. 

THIRTEEN- WEE K STUD1 E S 

No compound-related deaths occurred (Table 5). 
The final mean body weight of rats exposed to 10 
ppm was 16% lower than that of the controls for 
males and 6qo lower for females. Rats exposed to 

10 ppm were lethargic. The absolute and rela- 
tive liver weights for exposed rats were greater 
than those for controls (Table 6). No microscopic 
changes were observed in the liver. Serous exu- 
date was present in the nasal passage in 9/10 
male and 8/10 female rats exposed to 10 ppm. 
Focal squamous metaplasia of the respiratory 
epithelium of the nasa! mucosa was observed in 
4/10 female rats exposed to 10 ppm but not in fe- 
male rats exposed to 5 ppm. The metaplasia 
generally was mild to moderate in severity and 
was characterized by replacement of ciliated co- 
lumnar epithelium by three to five layers of 
squamous cells. Minimal-to-moderate chronic 
inflammation of the lung was observed in 10/10 
males and 7/10 females exposed to 10 ppm. The 
lesion consisted of a minimal-to-moderate infil- 
trate of mononuclear inflammatory cells and 
minimal fibrosis in the interstitium around the 
terminal bronchioles. 

TABLE 1. SCRVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE FOURTEEX-DAY IXHALATIOfi 
STUDIES OF TETRANITROMETHANE 

Mean Body Weights (grams) ___ Final Weight Relative 
Final Change (c) to Controls Concentration Survival (a) Initial (b) 

(ppm) (percent) 

MALE 

0 
2 
5 

10 
25 

FEMALE 

0 
2 
5 

10 
25 

515 
515 
515 

td) 4/51 
(e)0/5 

515 
515 
515 
515 

( e )  015 

200 
199 
202 
191 
195 

139 
135 
135 
134 
129 

228 
23 1 
225 
150 
(D 

154 
148 
149 
121 
(D 

(a )  Number surviving/number initially in group 
( b )  Initial group mean body weight 
(c )  Mean body weight change ofthe group 
td) Day of death: 8 
( e )  Day of death: all 1 
t f ,  No data are reported due to 100% mortality in this group. 
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TABLE 5. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK INHALATION 
STUDIES OF TETRANITROMETHANE 

Mean Body Weights (grams) Final Weight Relative 
Concentration Survival (a) Initial (b) Final Change (c) to Controls 

(Ppm) (percent) 

MALE 

0 
0.2 
0.7 
2 
5 

10 

FEMALE 

0 
0.2 
0.7 
2 
5 

10 

10/10 
l o l l0  
10/10 
10/10 
10/10 
loll0 

10/10 
10/10 
lO/lO 
10/10 
10/10 

(d)9/10 

166 f 3 
164 f 2 
167 f 3 
167 f 3 
167 f 4 
159 f 3 

118 f 3 
123 f 3 
123 f 3 
123 f 2 
119 f 3 
121 f 3 

376 f 7 
372 f 4 
361 f 5 
373 f 10 
367 f 5 
316 f 7 

208 f 5 
2 1 8 k  3 
210 f 4 
212 f 5 
201 f 4 
196 f 3 

+210 f 5 
+208 f 4 
+194 f 3 
+206 f 7 
+200 f 2 
+157 f 8 

+ 9 0  It 4 
+ 9 5  f 3 
+87 f 4 
+ 8 9  f 4 
+ 8 2  f 3 
+ 7 2  f 3 

99 
96 
99 
98 
84 

105 
101 
102 
97 
94 

( a )  Number surviving/number initially in group 
tb) Initial group mean body weight f standard error of the mean. Subsequent calculations based on animals surviving to the 
end of the study. 
( c )  Mean body weight change ofthe survivors f standard error ofthe mean 
td) Accidental death; one animal with a n  initial weight recorded a s  215 g was omitted from the mean for initial weight and 
weight change. 

TABLE 6. LIVER WEIGHTS OF RATS IN THE THIRTEEN-WEEK INHALATION STCDIES OF 
TETRANITROMETHANE (a) 

Final Liver Weight/ 
Concentration Number Body Weight Liver Weight Final Body Weight 

(ppm) Weighed (grams) (mg) (mgk 1 

MALE 

0 
0.2 
0.7 
2 
5 

10 

FEMALE 

0 
0.2 
0.7 
2 
5 

10 

10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
9 

376 ? 6.9 
372 F 4.1 
361 k 4.6 
373 i 9.5 
367 F 4.5 

**316 f 7.4 

206 f 5.0 
218 k 2.9 
210 F 4.1 
212 2? 4.7 
201 2? 4.1 

*196 f 3.3 

13,470 f 350 
**15,500 k 370 

14,220 f 300 
14,750 f 350 

*15.560 f 540 
13.650 f 460 

6.666 f 229 
**6.108 F 21 1 
$8.087 i 287 

**6.282 k 232 
7.624 k 229 
7,626 ? 201 

35.9 k 0.77 
**41.7 k 0.69 
**39.3 ? 0.69 
**39.6 k 0.36 
**32.5 t 1.43 
**44.2 k 1.89 

33.1 k 0.86 
**37.2 2? 0.70 
**36.5 k 0.99 
**39.1 0.80 
**38.0 f L 7 4  
**38.9 k 0.52 

~ 

( a )  Mean 2? standard error of the  mean; P values cs .  the controls by Dunn's test (Dunn. 1964) o r  Shirley's test (Shi r iev ,  1977) 
fPC0.05 
**P co .01  
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III. RESULTS: RATS 

Dose Selection Rationale: Because of lower 
mean body weight gain and inflammation and fi- 
brosis of the respiratory tract a t  10 ppm, the top 
inhalation exposure concentration selected for 
rats for the 2-year studies was 5 ppm tetranitro- 
methane, 6 hours per day, 5 days per week. A 
low exposure concentration of 2 ppm was select- 
ed because this was the top concentration for 
mice, thus permitting exposure of rats and mice 
in the same chamber. 

Tetranitromethane, XTP TR 386 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Mean body weights of the 5-ppm group of male 
rats were 7%-17% lower than that of controls af- 
ter week 84; mean body weights of the 5-ppm 
group of female rats were 8%-15% lower than 
that of controls after week 92 (Table 7 and Fig- 
ure 1) .  No signs of irritation or other compound- 
related clinical signs were observed. 
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TABLE 7. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR INHALATION 
STUDIES OF TETRANITROMETHANE 

Weeks Chamber Control 2 m m  5 m m  

Study (grams) Survivors (grams) chamber controls) Survivors 
Av. Wt. Wt. (percent of Number of 
(grams) chamber controls, Survivors 

on Av. Wt. Numberof Av. Wt. Wt. (percent of Number of 

MALE 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 

100 

Mean for weeks 
1-12 

16-52 
56.100 

FEMALE 
0 
1 
2 
3 
4 
5 ; 
6 
9 

I1 
12 
16 
20 
24 
26 
32 
3% 
40 
44 
48 
52 
56 

64 
66 
72 
76 

64 
96 
92 
9% 

i n  

6n 

an 

inn 

M e a  for weexs 
1-12 

16-52 
56-100 

141 
167 
198 
224 
246 
266 
282 
297 
312 
319 
332 
338 
346 
368 
387 
406 
425 
425 
438 
444 
446 
454 
458 
464 
466 
478 
481 
484 
481 
479 
474 
468 
456 
459 
447 

277 
425 
470 

113 
128 
142 
152 
160 
169 
174 
181 
185 
190 
195 
201 
200 
209 
216 
224 
241 
241 
245 
256 
263 
271 
275 
285 
292 

312 
11% 
313 
323 
322 
326 
330 
336 
343 

304 

173 
244 
317 

50 140 
50 177 
50 206 
50 23 1 
50 251 
50 271 
50 284 
50 301 
50 317 
50 325 
50 333 
50 344 
50 351 
50 375 
50 ,391 
50 391 
50 430 
50 430 
50 437 
50 448 
49 455 
49 454 
49 465 
49 465 
48 467 
J7 472 
47 476 
45 470 
45 472 
43 472 
41 460 
40 461 
35 463 
26 440 
24 444 

283 
428 
464 

50 
49 
49 
49 
49 
49 
J9  
43 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
46 
48 
46 
48 
46 
48 
48 
46 
J: 
46 

4“; 
4 1  
37 
34 
5 3  
26 

115 
131 
142 
153 
160 
170 
178 
181 
186 
189 
195 
198 
201 
209 
216 
225 
238 
238 
244 
252 
261 
2 i l  
273 
“ 7  
295 
305 
295 
114 
319 
12% 
326 
329 
337 
:332 
334 

:71 

31,  
242 

99 
106 
104 
103 
102 
102 
101 
101 
102 
102 
100 
102 
101 
102 
101 
96 

101 
101 
100 
101 

100 
102 
100 
100 
99 
99 
97 
98 
99 
97 
99 

102 
96 
99 

in2  

102 
101 
99 

102 
102 
100 
101 

101 
m o  
in1 
ion 

1 on 
in1 

ion 
1 on 

1 on 

ion 
i n 1  

1 0 1 
99 

89 

100 

9 9 
99 

94 
39 

1 0 1 

1 O i  
i00 
95 
99 

102 
1Oi 
1 0 1 
1 0 1 
102 
98 
97 

ion 
i n n  
100 

96 50 

99 5n 
ino 50 
99 50 
39 50 
39 i o  
37 
97 50 
98 50 

50 
50 
5n 
5n 
50 
‘0 
50 
i o  
50 
i o  
50 
5 (I 
i II 
50 
50 
i 0 
50 
i o  
5 0 
50 
5 0 
50 
50 
50 
43 
49 
49 
49 
4: 
43 
41 
‘3 9 
‘39 
17  

275 
418 
4.3 5 

110 
125 
136 
147 
15A 
164 
170 
175 
179 
1x4 
i90 
194 
135 
20.3 
20% 
21.5 
‘L94 
229 
2.36 
?46 
250 
260 
265  
27‘3 
2h2 
2311 
195 
295 
z:rh 
‘:05 
‘$04 
1 0 R  
‘io5 
“6 
292 

1Rh 
234 
2‘35 

i 0 
5 0 
i n  

i 0 
i n  
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FIGURE I. GROWTH CURVES FOR RATS EXPOSED TO 
TETRANITROMETHANE BY INHALATION FOR TWO YEARS 
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III. RESULTS: RATS 

Survival 

Estimates of the probabilities of survival for 
male and female rats exposed to tetranitrometh- 
ane a t  the concentrations used in these studies 
and for controls are shown in Table 8 and in the 
Kaplan and Meier curves in Figure 2. Survival 
of all groups of males was lower than 40%. The 
survival of the 5-ppm group of males was signifi- 
cantly lower than that of the controls after day 
590. No other differences were seen in survival 
between any groups of either sex. 

TABLE 8. SURVIV L OF R 

Pathology and Statistical Analyses of 
Results 

This section describes the statistically significant 
or biologically noteworthy changes in the inci- 
dences of rats with neoplastic or nonneoplastic 
lesions of the lung, nasal passage, adrenal gland, 
and testis. 

Summaries of the incidences of neoplasms and 
nonneoplastic lesions, individual animal tumor 
diagnoses, statistical analyses of primary neo- 
plasms that occurred with a n  incidence of a t  
least 5% in a t  least one animal group, and his- 
torical control incidences for the neoplasms men- 
tioned in this'  section are presented in Appen- 
dixes A and  B for male  a n d  female  r a t s ,  
respectively. 

TS IN THE TWO-YE R INHALATION STUDIES OF 
TETRANITROMETHAYE 

Chamber Control 2 Ppm J Ppm 

MALE (a) 

Animals initially in study 50 50 50 

Natural deaths 
Moribund kills 
Animals surviving to study termination 
Mean survival (days) 

5 
27 
18 

655 

8 
25 
17 

660 

7 
39 
4 

616 

Survival P values tb) <0.001 0.997 <0.001 

FEMALE (a) 

Animals initially in study 50 50 50 

Natural deaths 
Moribund kills 
Animals surviving to study termination 
Mean survival (days) 

6 
19 
25 

647 

3 
13 
34 

691 

8 
27 
15 

657 

Survival P values (b)  0.063 0.080 0.187 

( a )  First day of termination period: 727 
tb) The result ofthe life table trend test is in the control column, and the results of the life table pairwise comparisons with 
the controls are in the dosed columns. 
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III. RESULTS: RATS 

Lung: Hyperplasia of the alveolar epitheli- 
um and bronchiolar epithelium occurred a t  in- 
creased incidences in exposed male and female 
rats (Table 9). The incidences of alveolarhron- 
chiolar adenomas or carcinomas (combined) in 
low dose and high dose males and females and 
the incidences of squamous cell carcinomas in 
high dose males and females were significantly 
greater than those in controls (Table 10). Carci- 
nomas in many exposed r a t s  metastasized; 
primary metastatic si tes were the pancreas, 
adrenal gland, kidney, heart, and ovary. Hyper- 
plasia, adenoma, and carcinoma are part of a 

morphologic continuum. Alveolar epithelial hy- 
perplasia was a focal lesion that blended with 
the surrounding normal lung parenchyma (Fig- 
ure 3). Normal alveolar architecture was main- 
tained, although alveoli were lined by a single 
layer of cuboidal cells with basophilic, round or 
oval nuclei and a moderate amount of eosino- 
philic cytoplasm. Hyperplasia of the bronchiolar 
epithelium was characterized by one or more 
layers of closely packed cuboidal-to-columnar 
cells that sometimes formed multiple focal clus- 
ters or small papillary structures projecting into 
the airway lumen. 

TABLE 9. NUMBERS OF RATS WITH RESPIRATORY TRACT LESIONS IN THE TWO-YEAR 
INHALATION STUDIES OF TETRANITROMETHANE 

Sitekesion 

Male Female 
Chamber 2 ppm 5 Ppm Chamber 2 ppm 5 Ppm 
Control Control 

Lung 

Number examined 50 50 50 50 50 50 

Alveolar epithelium 
Hyperplasia 

Bronchiole 
Hyperplasia 

Alveolar/bronchiolar 
Adenoma 

Single 
Multiple 

Carcinoma 
Single 
Two 
Multiple 
Metastatic 

Squamous cell carcinoma 
Single 
Two 

Sarcoma 
Malignant mixed tumor 

1 
0 

0 
0 
0 
0 

0 
0 
0 
0 

**44 

**23 

**11 
2 

**18 
4 
4 

*5 

1 
0 
0 
0 

**50 

**45 

**11 
0 

4 
**7 

**35 
**19 

**14 
*5 
1 
0 

1 

0 

0 
0 

**43 

**28 

$6 
0 

**11 
**7 

1 
0 

1 
0 
0 
0 

**50 

**48 

3 
0 

3 
3 

**44 
**15 

**lo 
2 
1 
1 

Nasal passage 

Number examined 48 49 50 49 50 50 

Mucosa 

Respiratory epithelium 
Chronic inflammation 12 20 **37 13 9 **3 1 

Hyperplasia 7 15 **29 5 3 **22 
Squamous metaplasia 0 1 **13 0 0 1 

*P<0.05 vs. controls 
**P<O.Ol vs. controls 
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TABLE 10. LUNG NEOPLASMS IN RATS IN THE TWO-YEAR INHALATION STUDIES OF 
TETRANITROMETHANE (a) 

Chamber Control 2 ppm 5 Ppm 

MALE 

Alveolar/Bronchiolar Adenoma  
Overall Rates 
Terminal Rates 
Day of First Observation 
Llfs Table Tests 
Lo@stic Regression Tests 

AIveolariBronchiolar Carcinoma 
Overall Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logxtic Regression Tests 

AlveolariBronchiolar Adenoma  or Carcinoma I b! 
Overall Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logistic Regression Tests 

Squamous  Cell Carcinoma (c! 
Overall Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logistic Regression Tests 

FEMALE 

AlveolariBronchiolar Adenoma 
Overall Rates 
Terminal Rates 
Day of First Observation 
Life Tabie Tests 
Logstic Regression Tests 

Alveolar/Bronchiolar Carcinoma 
Overall Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logistic Regression Tests 

1/50 12%) 
1/18 (6%) 
727 
P < 0.001 
P=O.O15 

0150 io%) 
0118 iO%I 

P<O 001 
P<OOO1 

1/50 12%) 
1/18 :B%) 
7?7 
P<O 001 
P < 0  001 

0850 10%i 
0118 lo% 
P<O 001 
P<OO01 

0#50 1 0 %  

0125 041 

P=O 091 
P=O 208 

W50 (0% 
0'25 O*Ol 

P<OOO1 
P<OOOl 

P<O.OOI 
P < 0.00 1 

533 
P < 0.001 
P<O.OOl 

33/50 (66%) 
11/17 (6561 
533 
P < 0.001 
P < 0,001 

L50 12% 
1/17 ,6%! 
727 
P=0.4E9 
P=O.J&9 

6/50 f12%1 
6134 irXODl 
727 
P=0.039 
P=0.039 

19 50 138"e) 
17 34 (50C'ri 
703 
P<O.001 
P<0.001 

Alveolar/Bronchiolar Adenoma or Carcinoma rdl 
Overall Rates 0)50 10%' 22.50 i44c'rl 

?Of34 (.jSCCi Terminal Rates 01?5 ' O % l  
Day of First Observation 703 
Life Table Tests ?<0001 P<0.l101 
Lopstic Regression Tests ?<0.001 P < 0. 0ll 1 

Squamous  Cell Carcinoma tei 
Oierai! Rates 
Tprminal Rates 
Day of First Obsenation 
Life Table Tests 
LogIstic Regression Tests 

1 50 ' 2 %  
0t34 $O'b'  
639 
P=O.j27 
?=0.476 

11/50 (22%) 
014 (0%) 
497 
P < 0.001 
P = 0.005 

46/50 (92%) 
4~41100°C) 
497 
P<O 001 
P < 0  001 

46/50 (92% 
4 4 i 100%) 
497 
P < 0.001 
P<O.001 

19'50 (38"ol 
1 4  t25%J 
518 
P<OOOl 
?<0001  

3/50 16%) 
0115 (0% 
567 
P = 0.104 
P=0.116 

50150 i 100cJo! 
15 1s , lOO@b)  
336 
P<O 001 
P<O 001 

50'50 i 100% 
15 15 I iOOCr 
336 
P<0 001 
?<0 001 

P<O 00: 
? < O  001 

(al For a complete explanation ot'the entnes  in this t 3 ~ ; ~ .  see Ta0.e A3 
'bi Histoncal incidence for chamber controls In NTP Ftudies , x e a n  I S D I .  6 3-17 49 f 
<3% c 2%) 
icl Histoncai inc?dence for chamoer controls :n NTP s tudes  (mean I 5 

ssed l?. sect:o> II Siati5r:ra. hler>?cs, 
ea tea  cor.r:o.s :>.NTP i::C:es 4-1 1,593 

istoncai ;nc:de-.ce !br intrea5ed con:m.j .n NTP i::u 

ncidence for  chamber controls in NTP studies . m e a n  i SDI: 3 34 

ncidence for chamoer controls: 01347. h:stoncai Inc:aenc-. 

onca .  :?x:cecce <J: !?.:reateo cor.! 
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III. RESULTS: RATS 

Alveolar/bronchiolar adenomas were discrete 
masses that usually compressed the adjacent 
lung parenchyma (Figure 4). The architecture 
varied considerably from tha t  of normal lung 
and consisted of a mixture of complex tubular, 
papillary, and sometimes alveolar structures 
that were composed of a core of scant fibrovas- 
cular stroma covered by a layer of cuboidal or 
columnar cells; occasionally, the cells were so 
densely packed as to assume a multilayered ap- 
pearance. The neoplastic cells had round or oval 
nuclei and abundant eosinophilic cytoplasm, 
sometimes containing one or more clear vacu- 
oles. Mitotic figures were seen infrequently. 

Alveolar/bronchiolar carcinomas generally had 
heterogeneous growth patterns and greater cel- 
lular pleomorphism and atypia than adenomas. 
Carcinomas consisted of tubular, papillary, and 
alveolar structures and often contained solid 
sheets, cords, and clusters of highly pleomorphic, 
polygonal cells with large nuclei and a scant-to- 
moderate amount of eosinophilic, sometimes 
vacuolated, cytoplasm (Figure 5 ) .  Neoplastic 
cells in the tubular and alveolar structures gen- 
erally tended to form multiple layers, and meta- 
plasia of neoplastic cells to stratified squamous 
epithelium was seen in  some carcinomas. Fi- 
brous tissue was sometimes abundant; some car- 
cinomas consisted principally of fibrous tissue. 
Invasion of pulmonary vessels was sometimes 
seen, whereas necrosis and inflammation were 
present in many carcinomas. Squamous cell car- 
cinomas consisted pr inc ipa l ly  of i r r e g u l a r  
branching cords and clusters of moderately kera- 
tinizing stratified squamous epithelium cells 
(Figure 6). Keratin was abundant in some carci- 
nomas. Since many alveoladbronchiolar carci- 
nomas contained areas of squamous metaplasia, 
neoplasms were diagnosed as squamous cell car- 
cinomas only if the majority of the neoplasm was 
composed of stratified squamous epithelium. 

Nasal Passage: Hyperplasia of the respiratory 
epithelium in low and high dose male and fe- 
male rats, squamous metaplasia of the respira- 
tory epithelium in high dose males, and inflam- 
mation of the nasal mucosa in high dose males 
and females occurred at increased incidences 
compared with those in controls. No neoplasms 
of the nasal passage were seen. Respiratory epi- 
thelial hyperplasia general ly  was mild and  
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consisted of a n  increase in the number of epithe- 
lial cells, producing a slight, irregular thicken- 
ing of the epithelium. There were increased 
numbers of goblet cells that  occasionally formed 
intraepithelial glandlike structures. Multiple 
microcystic spaces filled with lightly eosinophil- 
ic material were seen within the hyperplastic 
epithelium. Some of these microcystic spaces 
communicated with the nasal lumen. Squamous 
metaplasia was generally confined to the dorsal 
and lateral surfaces of the nasal passage, par- 
ticularly the margin of the naso- and maxillo- 
turbinates, and consisted of replacement of the 
normal respiratory epithelium by a stratified 
squamous epithelium that consisted of three to 
four layers of cells. Inflammation usually was 
minimal  to mild a n d  consis ted of v a r y i n g  
amounts of exudate within the nasal lumen, 
sometimes accompanied by a n  infiltrate of small 
numbers of neutrophils within the nasal muco- 
sa. Respiratory epithelial hyperplasia and met- 
aplasia and inflammation frequently occurred in 
the same animal. 

Adrenal Gland: Three cortical adenomas and 
one carcinoma occurred in the 5-ppm group of fe- 
male rats, but the combined incidence was not 
significantly greater than in the controls (Table 
11). For comparison, the historical incidence of 
adrenal cortical neoplasms in female F344/N 
rats in the National Toxicology Program studies 
is 61344 (2%) in chamber controls and 5311,634 
(3%) in untreated controls. The highest observed 
incidence is 2/50 in chamber controls and 6/50 in 
untreated controls. 

Focal hyperplasia and adenomas of the adrenal 
cortex were observed as a morphologic continu- 
um. Both consisted of small foci of well-differen- 
tiated cells that  were continuous with the zona 
fasciculata; contained multiple small, dilated, 
blood-filled spaces; and extended downward and 
displaced the cells of the zona reticularis. Foci of 
hyperplasia generally caused only slight com- 
pressions of adjacent t issues  and  had well- 
demarcated borders only where they protruded 
into the zona reticularis. The cords of cells com- 
posing these lesions were radially oriented, simi- 
lar to the normal cords of the zona fasciculata. 
Adenomas were usually larger than focal hyper- 
plasia, with a well-demarcated border around 
much of the circumference of the mass. In 
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TABLE 11. ADRENAL CORTICAL LESIONS IN FEMALE RATS IN T H E  TWO-YEAR INHALATION 
STUDY O F  TETRANITROMETHANE (a) 

C h a m b e r  Control  2 p p m  5 Ppm 

Hyperp las ia  
Overall Rates 

Adenoma 
Overall Rates 
Terminal Rates 
Day of First Observation 
Logistic Regression Tests 

Carc inoma 
Overall Rates 

Adenoma or Carc inoma tc) 
Overall Rates 
Terminal Rates 
Day of First Observation 
Logistic Regression Tests 

15/50 130%) 

0/50 (0%)  
0125 (0%) 

P = 0.029 

0150 (0%) 

0150 (0%)  
0125 (0%) 

P = 0.010 

14/49 (29%) 

0/49 (0%) 
0134 (0%) 

(bi  

0/49 (0%) 

0149 (0%) 
0/34 (0%) 

tb) 

5/49 (10%) 

3/49 (6%) 
1/15 (7%) 
616 
P=0.115 

1/49 (2%) 

4/49 (8%) 
1/15 (7%1 
616 
P=0.058 

- ~~ ~ ~ ~~~~~-~~~~ ~ 

( a )  For a complete evplanation of the entrles in this table. see Table B3 (footnotes), the statistical analyses used are discussed 
in Section II  (Statistical Methods). 
tb )  No P value is reported because no tumors were observed in the 2-ppm and control groups. 
( c )  Historical incidence for chamber controls in NTP studws (mean k SD). 6/344 (2% f 1%); historical incidence for 
untreated controls in NTP studies. 53/1,634 (3% f 3%) 

contrast to hyperplasia, the cords of cells com- 
posing the mass were more disorganized and 
generally were not oriented in a radial manner. 
The carcinoma exhibited moderate cellular pleo- 
morphism and atypia. 

Because hyperplasia of the adrenal cortex oc- 
curred with a negative trend, and three of the 
four identified neoplasms met only the minimal 
criteria for distinguishing a n  adenoma from 
hyperplasia, tetranitromethane exposure was 
not considered to induce proliferative lesions of 
the adrenal cortex in female rats. 
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Testis: Although interstitial cell adenomas in 
male rats occurred with a significant positive 
trend and the incidence in the 5-ppm group was 
significantly greater than that in the controls 
(control, 33/50; 2 ppm, 38/50; 5 ppm, 39/50), 
these lesions are  typically encountered in a high 
percentage of F344/N ra ts  of comparable age 
(Table A4); thus, it  is unlikely that the small in- 
crease in neoplasms observed in this study is an  
exposure-related effect. 
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III. RESULTS: MICE 

FOURTEEN-DAY STUDIES 

All five mice exposed to 50 ppm and 315 males 
and 515 females exposed to 25 ppm died before 
the end of the studies (Table 12). Compound- 
related clinical signs included lethargy, polyp- 
nea, and ataxia. The final mean body weights of 
males exposed to 5 ,10 ,  or 25 ppm were 8%, 11%, 
or 29% lower than that of controls, and the final 
mean body weight of females exposed to 10 ppm 
was 17% lower than that of controls. Reddened 
lungs were seen in exposed mice a t  necropsy. In- 
flammation was observed in the lungs of the 
three mice exposed to 10 or 25 ppm which lived 
to the end of the studies and were examined 
microscopically. 

THIRTEEN-WEEK STUDIES 

Three mice exposed to tetranitromethane died 
before the end of the studies (Table 13). The 
final mean body weights of mice exposed to 5 or 

10 ppm were 5% or 12% lower than that of the 
controls for males and 9% or 12% lower for fe- 
males. Lethargy and dyspnea in mice exposed to 
10 ppm were observed. Relative mean liver 
weights for all exposed groups of males were 
greater than those for controls (Table 14). Com- 
pound-related histologic effects included inflam- 
mation and focal squamous metaplasia (mild) of 
the respiratory epithelium of the nasal mucosa. 
Inflammation consisted of minimal-to-mild focal 
infiltrates of neutrophils in the nasal mucosa; a 
serous exudate was also present in the nasal pas- 
sage. Bronchiolar epithelial hyperplasia (mild 
to moderate) was also exposure related (Table 
15). The affected bronchiolar epithelium w a s  
thickened, the cells were more columnar, and 
there was a loss of nuclear polarity. 

Dose Selection Rationale: Because of the inci- 
dences and severity of inflammation and hyper- 
plastic and metaplastic lesions of the respiratory 
tract seen a t  5 and 10 ppm, the top inhalation 

TABLE 12. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FOURTEEN-DAY INHALATION 
STUDIES OF TETRANITROMETHANE 

Mean Body Weights (grams) Final Weight Relative 
Concentration Survival (a) Initial (b) Final Change (c) to Controls 

(ppm) (percent) 

MALE 

0 515 26.9 26.7 - 0.2 
2 515 27.0 26.2 -0.8 
5 515 27.2 24.6 - 2.6 

10 515 26.1 23.8 - 2.3 
25 td) 215 21.1 19.0 -8.1 
50 (e) 015 26.5 tD t f ,  

FEMALE 

0 515 20.4 21.6 + 1.2 
2 5i5 19.5 20.1 +0.6 
5 515 19.9 20.4 + 0.5 

10 515 19.1 17.9 -1.2 

50 (e)  015 20.4 (f? tD 
25 (g )  015 20.5 t f ,  t f ,  

98.1 
92.1 
89.1 
71.2 

t i’i 

93.1 
94.4 
82.9 

t f ,  
t f ,  

( a )  Number surviving/number initially in group 
(b)  Initial group mean body weight 
( c )  Mean body weight change of the group 
(d) Day of death: 3,3,7 
(e)  Day ofdeath: all 2 
(fs No data are  reported due to 100% mortality in this group. 
tg) Day ofdeath: 3,3,3,3,4 
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TABLE 13. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEEK 
INHALATION STUDIES OF TETRANITROMETHANE 

Mean Body Weights (grams Final Weight Relative 
Concentration Survival (a) Initial (b) Final Cha)ngem to Controls 

(ppm) (percent) 

MALE 

0 
0.2 
0.7 
2 
5 

10 

FEMALE 

0 
0.2 
0.7 
2 
5 

10 

10/10 
10/10 

(d) 9/10 
10/10 

(e )9 /10  
1011 0 

104  0 
10110 
10/10 
1 O/l 0 
10/10 

t f ,  9/10 

24.7 f 0.6 
24.4 f 0.6 
25.9 f 0.5 
25.5 f 0.4 
25.6 k 0.5 
25.0 k 0.5 

21.3 f 0.4 
21.4 f 0.3 
20.6 k 0.4 
21.7 f 0.3 
21.5 f 0.3 
21.3 k 0.4 

32.0 k 0.6 
31.2 f 0.8 
31.5 f 0.4 
31.1 f 0.5 
30.4 f 0.7 
28.3 f 0.7 

28.6 k 0.7 
28.9 f 0.8 
27.9 f 0.4 
28.1 f 0.5 
26.1 f 0.5 
25.1 5 0.6 

+7.3 k 0.4 
+6.8 f 0.3 
+5.8 _+ 0.4 
+5.6  ? 0.5 
+4.8 f 0.3 
+3.3 f 0.3 

+7.3 f 0.6 
+7.5 f 0.7 
+7.3 k 0.5 
+6.4 f 0.5 
+4.6 k 0.3 
+3.6 f 0.4 

98 
98 
97 
95 
88 

101 
98 
98 
91 
88 

( a )  Number surviving/number initially in group 
tb) Initial group mean body weight _+ standard error ofthe mean. Subsequent calculations based on animals surviving to the 
end of the study. 
( c )  Mean body weight change of the survivors k standard error of the mean 
tdj Week ofdeath: 3 
( e )  Week of death: 5 
t f ,  Week of death: 11 

TABLE 14. LIVER WEIGHTS OF MICE IN THE THIRTEEN-WEEK INHALATION STUDIES OF 
TETRANITROMETHANE (a) 

Final Liver Weight/ 
Concentration Number Body Weight Liver Weight Final Body Weight 

(ppm) Weighed (grams) (mg) (mg/@ 

MALE 

0 
0.2 
0.7 
2 
5 

10 

FEMALE 

0 
0.2 
0.7 
2 
5 

10 

10 
10 
9 

10 
9 

10 

10 
10 
10 
10 
10 
9 

32.0 f 0.56 
31.1 f 0.76 
31.5 f 0.38 
31.1 f 0.52 
30.4 t 0.71 

**28.2 f 0.68 

28.5 k 0.65 
28.9 f 0.82 
27.9 k 0.41 
28.1 f 0.55 

**26.1 k 0.55 
**25.1 I 0 . 6 5  

1,540 2 47 
* 1,805 k 78 

**1.878 2 55 
**1,933 f 47 

1,686 -+ 48 
1,624 k 40 

1,482 f 71 
1.706 t 48 
1.603 F 40 
1,738 f 56 
1,463 -+ 39 
1,388 f 31 

48.2 k 1.66 
**57.8 2 1.55 
**59.7 F 1.70 
**62.3 f 1.53 
**55.6 f 1.68 
**57.8 f 1.93 

51.9 F 2.01 
*59.0 f 1.04 
57.4 k 1.21 

**61.8 f 1.05 
56.1 f 1.19 
55.7 k 1.73 

(a1 Mean f standard error of the mean; P values vs. the controls by Dunn's test (Dunn, 1964) or Shirley's test (Shirley, 1977). 
*P<0.05 
**P< 0.0 1 
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TABLE 15. NUMBERS OF MICE WITH RESPIRATORY TRACT LESIONS IN THE THIRTEEN-WEEK 
INHALATION STUDIES OF TETRASITROMETHASE (a) 

2 Ppm 5 Ppm 10 Ppm Sitenesion Control 0.7 ppm 

MALE 

Nasal passage 
Nasal mucosa 

Respiratory epithelium 
Inflammation 0 0 0 *4 2 

Squamous metaplasia 0 0 3 **7 3 

Lung 
Bronchiolar epithelium 

Hyperplasia 0 0 2 *5 **lo 

FEMALE 

Nasal passage 
Nasal mucosa 

Respiratory epithelium 
Inflammation 0 0 0 2 **7 

Squamous metaplasia 1 0 0 **9 **lo 

Lung 
Bronchiolar epithelium 

Hyperplasia 0 1 *5 **lo **lo 

(a)  Ten animals were examined in each group. 
*P<0.05 vs. controls by Fisher exact test 
**P<O.Ol vs. controls by Fisher exact test 

exposure concentration selected for mice for the 
2-year studies was 2 ppm tetranitromethane, 6 
hours per day, 5 days per week. A concentration 
of 0.5 ppm was chosen for the low exposure con- 
centration because the rate  of weight gain of 
male mice in the 13-week study was notably low- 
er  than that of controls for groups exposed to 0.7 
ppm tetranitromethane or higher. 

exposed to 2 ppm, and hyperplasia of the bron- 
chiolar epithelium occurred in two mice in this 
group. Hyperplasia of the respiratory epitheli- 
um was seen in the nasal passage of one mouse 
exposed to 0.5 ppm. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 
ONE-YEAR STUDY 

Six male controls, 10 males exposed to 0.5 ppm, 
and 6 males exposed to 2 ppm were evaluated 
microscopically after 1 year of exposure. Multi- 
ple alveolar bronchiolar adenomas were found in 
the lung of one mouse exposed to 2 ppm. Hepa- 
tocellular adenomas were found in the liver of 
four mice exposed to 0.5 ppm. Hyperplasia of 
the alveolar epithelium occurred in five mice 
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During the first year of the studies, the average 
mean body weights of exposed mice were within 
5% of those of controls (Table 16 and, Figure 7).  
During the second year of the studies, the aver- 
age mean body weights of exposed mice were 5% 
lower than those of controls for males and 11% or 
7% lower for the two groups of exposed female 
mice. No signs of irritation or other compound- 
related clinical signs were observed. 
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TABLE 16. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR INHALATION 
STUDIES OF TETRANITROMETHANE 

Weeks Chamber Control 0.5 DDm 2 ppm 

Study (grams) Survivors (grams, chamber controls) Survivors (grams) chamber controls) Survivors 
on Av. Wk Number of Av. Wt. Wt. (percent of Number of Av. Wt. Wt. (percent of Number of 

MALE 

9 
10 
11 
12 

16-17 
20.21 
24-25 
28-29 

32 

88 
92-93 
96-97 

100-101 

Mean for weeks 
1-12 

16-53 
56-101 

FEMALE 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

16-17 
20.21 
24.25 
28-29 

32 
36 
40 

44.45 
48-49 
52-53 
56-57 
60-61 
64-65 
68-69 
72-73 
80-81 

84 
88 

92-93 
96-97 

100.101 

Mean for weeks 
1-12 

16-53 
56.101 

25.5 
26.3 
27.8 
28.7 
29.2 
29.7 
30.0 
30.4 
31.0 
31.1 
31.7 
31.3 
31.6 
32.4 
33.6 
34.8 
35.6 
37.8 
38.9 
40.2 
40.6 
41.0 
41.7 
40.9 
41.2 
41.5 
42.3 
41.4 
42.4 
42.2 
42.6 
41.7 
41.4 
41.5 

29.9 
37.7 
41.7 

20.8 
21.6 
23.2 
24.6 
24.8 
25.1 
25.8 
26.4 
26.9 
26.9 
27.7 
27.6 
27.8 
28.5 
29.5 
30.7 
30.7 
32.7 
32.5 
33.3 
34.2 
34.5 
34.7 
34.9 
35.4 
37.2 
37.4 
36.9 
38.7 
38.3 
38.0 
37.2 
31.8 
36.7 

25.7 
32.1 
37.1 

56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
50 
so 
50 
50 
50 
49 
49 
49 
49 
16 
41 
37 

50 
50 
50 
so 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
48 
48 
48 
48 
47 
45 
45 
40 
34 
32 
32 

26.2 
27.3 
28.5 
29.1 
30.2 
30.2 
30.7 
31.0 
31.3 
31.4 
31.2 
32.3 
32.4 
33.3 
34.2 
34.9 
35.9 
35.3 
37.5 
38.4 
39.6 
39.7 
40.2 
40.8 
39.7 
41.2 
40.5 
39.8 
39.9 
38.9 
38.6 
39.4 
39.3 

30.0 
36.1 
39.8 

21.0 
22.4 
23.2 
24.3 
24.6 
25.4 
25.7 
26.3 
27 3 
27.3 
27.7 
27.6 
“8.8 
28.7 
29 4 
29.8 
30 1 
30.7 
31.1 
31.3 
31.8 
32.8 
32.8 
32.9 
32 8 
33.6 
33.6 
33 1 
33.2 
33 3 
32.6 
33.3 
33.3 

25.2 
30.5 
33.1 

100 
98 
99 

100 
102 
101 
101 
100 
101 
99 

100 
102 
100 
99 
98 
98 
95 
91 
93 
95 
97 
95 
98 
99 
96 
97 
98 
94 
95 
91 
93 
95 
95 

100 
96 
95 

97 
97 
94 
98 
98 
98 
97 
98 
101 
99 

100 
99 

101 
97 
96 
97 
92 
94 
93 
92 
92 
95 
94 
93 
88 
91 
90 
36 
87 
87 
88 
88 
91 

‘98 
95 
89 

60 26.2 
60 27.0 
60 27.9 
60 28.6 
59 29.3 
59 29.5 
59 30.4 
58 30.5 
58 31.4 
58 31.5 
58 32.1 
58 31.7 
58 33.1 
58 34.3 
58 35.3 
58 36.3 
58 36.9 
58 38.5 
58 39.3 
58 40.6 
58 40.8 
48 40.4 
48 41.4 
48 42.3 
47 41.6 
47 42.3 
47 41.9 
46 41.5 
42 40.3 
41 40.1 
36 37.1 
33 35.4 
27 33.6 

100 56 
97 56 
97 56 
98 56 
99 56 
98 56 

100 56 
98 56 

101 56 
99 56 

103 56 
100 56 
102 56 
102 56 
101 55 
102 55 
9n 55 
99 55 
98 55 

100 54 
100 54 
97 48 

101 47 
103 47 
100 47 
100 47 
101 47 
38 39 
95 36 
94 32 
89 28 
86 23 
81 21 

99 
100 
95 

99 

45 
44 
J0 
40 
38 
33 

25 1 
31.6 
34.6 

.. 
98 
98 
97 
99 
99 
98 
97 
96 
98 
98 
92 
93 
93 
90 
92 
93 
93 
91 
91 

98 
98 
93 

SO 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
so 
50 
90 
49 
49 
49 
49 
dl) 
49 
47 
41 
47 
43 
42 
41 
39 
36 
21 
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WEEKS ON STUDY 

FIGURE 7. GROWTH CURVES FOR MICE EXPOSED TO 
TETRANITROMETHANE BY INHALATION FOR TWO YEARS 
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III. RESULTS: MICE 

Survival 

Estimates of the probabilities of survival for 
male and female mice exposed to tetranitro- 
methane a t  the concentrations used in these 
studies and for controls a re  shown in Table 17 
and in the Kaplan and Meier curves in Figure 8. 
The survival of the 0.5-ppm group of male mice 
was significantly lower than tha t  of controls 
after day 684, and survival of the 2-ppm group of 
male mice was significantly lower than that of 
controls after day 546. 

Pathology and Statistical Analyses of 
Results 

This section describes the statistically significant 
or biologically noteworthy changes in the inci- 
dences of mice with neoplastic or nonneoplastic 
lesions of the lung and nasal passage. 

Summaries of the incidences of neoplasms and 
nonneoplastic lesions, individual animal tumor 
diagnoses, statistical analyses of primary neo- 
plasms that occurred with an  incidence of a t  
least 5% in a t  least one animal group, and his- 
torical control incidences for the neoplasms men- 
tioned in this section a r e  presented in Ap- 
pendixes C and D for male and female mice, 
respectively. 

TABLE 17. SURVIVAL OF MICE IN THE TWO-YEAR INHALATION STUDIES OF 
TETRANITROMETHANE 

~~~ ~~ ~~ ~ 

Chamber Control 0.5 ppm 2 Ppm 

MALE (a) 

Animals initially in study 50 50 50 

Natural deaths 4 3 19 
Moribund kills 9 19 15 
Killed accidentally 0 2 1 
Animals surviving to study termination 37 26 15 
Mean survival (days) 709 650 633 

Survival P values ( b )  <0.001 0.045 < O . O O l  

FEMALE (a) 

Animals initially in study 50 50 50 

Natural deaths (c) 6 4 10 
Moribund kills 12 (c)  i a  ( c )  17 
Killed accidentally 2 1 0 
Animals surviving to study termination 31 2a 24 
Mean survival (days) 672 668 673 

Survival P values tb) 0.190 0.703 0.239 

( a )  First day of termination period: 729 
(b) The result of the life table trend test is in the control column, and the results crfthe life table pairwise comparisons with 
the controls a re  in the dosed columns. 
(c) One animal died or was killed in a moribund condition during the termination period and was combined, for statistical 
purposes, with those killed at termination. 
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III. RESULTS: MICE 

Lung: Hyperplasia of the alveolar epithelium 
and bronchioles was observed at increased in- 
cidences in exposed mice (Table 18). Histiocytic 
cellular infiltration of the alveolus was observed 
a t  increased incidences in male mice exposed to 
2 ppm and in female mice exposed to 0.5 or  2 
ppm. Alveolar/bronchiolar adenomas and carci- 
nomas in mice occurred with significant positive 
trends; the incidences in  the exposed groups 
were significantly greater than those in controls 
(Table 19). Many of the carcinomas metasta- 
sized (Table 18). Most common sites of rnetasta- 
sis were the heart, kidney, and lymph nodes. 

Hyperplastic and neoplastic lesions in the lungs 
of exposed mice generally resembled those in ex- 
posed rats. 

Nasal Passage: Hyperplasia and squamous met- 
aplasia of the respiratory epithelium occurred a t  
increased incidences in low and high dose female 
mice (see Table 18). These lesions were similar 
to but usually less severe than those in rats. An 
increased incidence of exudate within the nasal 
lumen was seen in high dose male mice and in 
low and high dose female mice. The exudate in 
some affected animals consisted of pale eosino- 
philic fluid; in most animals, however, the exu- 
date was a n  admixture of varying numbers of 
neutrophils and macrophages and debris indica- 
tive of the presence of chronic active inflamma- 
tion of the nasal mucosa. No primary neoplasms 
of the nasal passage were seen. 

TABLE 18. NUMBERS OF MICE WITH RESPIRATORY TRACT LESIONS IN THE TWO-YEAR 
INHALATION STUDIES OF TETRANITROMETHANE 

Sitenesion 

Male Female 
Chamber 0.5 ppm 2 ppm Chamber 0.5 ppm 2 ppm 
Control Control 

Nasal passage 

Number examined 

Lumen 

Respiratory epithelium 
Exudate 

Hyperplasia 
Squamous metaplasia 

Chronic inflammation 
Nasal mucosa 

Lung 

Number examined 

Alveolar epithelium 
Hyperplasia 

Alveolus 
Histiocytic cellular infiltration 

Bronchiole 
Hyperplasia 

Alveolar/bronchiolar 
Adenoma 

Single 
Multiple 

Single 
Multiple 
Metastatic 

Carcinoma 

49 

1 

3 
0 

1 

50 

2 

7 

0 

7 
0 

6 
0 
0 

50 

1 

6 
0 

2 

50 

**21 

5 

**9 

*16 
1 

9 
**7 

I 

49 

**29 

5 
0 

5 

50 

**46 

**22 

**40 

13 
**21 

6 
**40 
**16 

49 

3 

2 
0 

11  

49 

2 

3 

0 

1 
0 

3 
0 
0 

50 

**30 

5 
2 

11 

50 

**20 

*10 

**7 

**12 
**7 

8 
3 
1 

50 

**33 

**17 
**8 

*23 

50 

**41 

**32 

**41 

**lo 
**31 

5 
**40 

**9 

*P<0.05 vs. controls 
**P<O.Ol vs. controls 
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TABLE 19. ALVEOLAFVBRONCHIOLAR NEOPLASMS IN MICE IN THE TWO-YEAR INHALATION 
STUDIES OF TETRANITROMETHANE (a) 

Chamber Control  0.5 ppm (b) 2 ppm (b) 

MALE 

Adenoma 
Overall Rates 
Terminal Rates 
Day of First Observation 
Life Table Testa 
Logistic Regression Tests 

Carcinoma 
Overall Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logistic Regression Tests 

Adenoma or Carcinoma (b) 
Overall Rates 
Terminal Rates 
Day of First Observation 
Life Table Testa 
Logistic Regression Tests 

FEMALE 

Adenoma 
Overall Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logistic Regression Tests 

Carcinoma 
Overall Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logistic Regression Tests 

Adenoma or Carcinoma (c) 
Overall Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logistic Regression Tests 

7/50 (14%) 
5/37(14%) 
662 
P < 0.00 1 
P<O.OO 1 

6/50 (12%) 
5/37 (14%) 
69 1 
P<O.OOl 
P<O.OOl 

12/50 (24% ) 
9/37 (24%) 
662 
P< 0.001 
P<O.OOl 

1/49 (2%) 
1/31 (3%) 
729 
P<O.OOl 
P<O.OOl 

3/49 (6%) 
2/31 (6%) 
619 
P<O.OOl 
P<O.OOl 

4/49 (8%) 
3/31 (10%) 
619 
P < 0.001 
P<O.OOl 

17/50 (34%) 
12/26 (46%) 
534 
P = 0.002 
P=0.004 

16/50 (32%) 
8/26 (31%) 
566 
P=0.002 
P = 0.006 

27/50 (54%) 
15/26 (58%) 
534 
P < 0.001 
P < 0.00 1 

J 9/50 (38%) 
14/28 (50%) 
601 
P<O.OOl 
P<O.OOl 

11/50 (22%) 
8/28 (29%) 
601 
P = 0.017 
e = 0.023 

24/50 (48%) 
18/28 (64%) 
60 1 
P<O.OOl 
P < 0.001 

34/50 (68%) 
12/15 (80%) 
376 
P< 0.001 
P<O.OOl 

46/50 (92%) 
15/15 (100%) 
485 
P<O.OOl 
P < 0.001 

47/50 (94%) 
15/15 (100%) 
376 
P < 0.00 1 
P < 0.00 1 

41/50 (82%) 
21/24 (88%) 
444 
P<O.OOl 
P < 0.001 

45/50 (90%) 
23/24 (96%) 
444 
P <0.001 
P<O.OOl 

49/50 198%) 
24/24 (100%) 
444 
P< 0.00 1 
P < 0.00 1 

~ 

( a )  For a complete explanation ofthe entries in this table, see Table C3 (footnotes); the statistical analyses used are discussed in 
Section II (Statistical Methods). 
(b) Historical incidence for chamber controls in NTP studies (mean k SD): 82/398 (21% f 8%); historical incidence for 
untreated controls in NTP studies: 277/1,684 (16% k 7%) 
(c) Historical incidence for chamber controls in NTPstudies (mean _+ SD): 33/396 (8% & 4%); historical incidence for untreated 
controls in NTPstudies: 10711,676 (6% f 4%) 
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III. RESULTS: GENETIC TOXICOLOGY 

Tetranitromethane was tested for mutagenicity 
in four strains of Salmonella typhimurium ac- 
cording to a preincubation protocol with concen- 
trations of 0.03-215 pg/plate in the presence and 
absence of Aroclor 1254-induced male Sprague 
Dawley rat or Syrian hamster liver S9 (Zeiger e t  
al., 1987; Table H l ) .  Mutagenic activity was ob- 
served in strains TA98, TA100, and TA1535 
with and without S9; no increase in mutant colo- 
nies occurred in strain TA1537. In cytogenetic 
tests with Chinese hamster ovary (CHO) cells, 
tetranitromethane induced sister chromatid ex- 
changes (SCEs) in the absence, but not the pres- 
ence, of Aroclor 1254-induced male Sprague 

Tetranitromethane, NTP TR 386 

Dawley rat  liver S9 (Table H2). In the second 
trial without S9, a delayed harvest protocol was 
used to offset chemical-induced cell cycle delay 
a t  the two highest doses, which had also pro- 
duced a positive response; positive responses oc- 
curred at lower doses in the first trial without S9 
where normal culture times were used. Chromo- 
somal aberrations were also induced in CHO 
cells treated with tetranitromethane, but in con- 
trast to the SCE results, positive responses oc- 
curred only in the presence of S9 (Table H3);  
standard harvest times were used for these cul- 
tures. The experimental procedures and results 
are  presented in Appendix H. 
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IV. DISCUSSION AND CONCLUSIONS 

The toxic and carcinogenic properties of tetrani- 
tromethane were evaluated by exposing F344/N 
rats and B6C3F1 mice to vapors of the chemical 
in 14-day, 13-week, and 2-year studies. Expo- 
sure to tetranitromethane a t  concentrations of 
25 ppm or higher caused deaths of male and fe- 
male rats and mice in  14-day studies. Pulmo- 
nary edema in rats and pulmonary inflamma- 
tion in mice were associated with exposure to the 
chemical at lethal concentrations. In 13-week 
studies, no deaths of rats or mice were clearly re- 
lated to exposure to tetranitromethane a t  con- 
centrations as high a s  10 ppm. Liver weights of 
exposed rats and mice were somewhat higher 
than those of controls, but the liver appeared 
normal microscopically. Changes in the respira- 
tory system were more extensive than those seen 
in the 14-day studies and appeared related to the 
exposure concentration in mice. Lesions in rats 
were found only in the group exposed a t  the top 
(10 ppm) concentration; lesions were observed in 
mice at concentrations as low as 0.7 ppm. Serous 
exudate was present in the nasal passage of rats 
and mice, and the nasal mucosa was inflamed in 
mice. Mild-to-moderate squamous metaplasia of 
the respiratory epithelium lining the nasal pas- 
sage was found in rats and mice. In rats, chronic 
inflammation of the lung was observed and was 
characterized by infiltration of mononuclear 
cells and minimal fibrosis of the interstitium in 
the region of the terminal bronchioles; bronchi- 
olar hyperplasia was seen in mice. Body weights 
were lower than those in controls only in groups 
that showed significant pulmonary injury, and 
there was no evidence of injury to tissues or or- 
gans other than to the respiratory system. Expo- 
sure to tetranitromethane appeared to have no 
effect on the skin. 

The selection of 5 ppm as  the top concentration 
for rats and 2 ppm for mice in the 2-year studies 
was based primarily on the belief that the sever- 
ity of the respiratory tract lesions a t  higher con- 
centrations in the 13-week studies could prove 
life threatening if this exposure was continued 
for 2 years. No effects on body weight or clinical 
signs of irritation were seen in the short-term 
studies a t  the concentrations selected for the 2- 
year studies. 

In the 2-year studies, exposure to 5 ppm resulted 
in a slightly lower body weight in both male and 

female rats. This effect became more apparent 
toward the end of the studies, when survival was 
declining rather rapidly in these groups. The fi- 
nal survival of rats exposed to 5 ppm was lower 
than that of controls; in males, this difference 
was statistically significant. This  effect was 
likely due to the high incidence of lung neo- 
plasms in these animals. The overall survival of 
male rats was low. A large number of male rats 
were killed in a moribund condition during the 
latter part of the study, reflecting a n  aggressive 
moribund kil l  policy in  effect at  t h e  s tudy 
laboratory. 

Body weights of groups of mice were variable, 
but weights of exposed mice were generally not 
more than 5% lower than those of controls until 
late in the studies. Survival of exposed male 
mice was lower than that of controls and ap- 
peared related to the exposure concentration. 

Exposure to tetranitromethane caused a dose- 
related increase in alveolar/bronchiolar neo- 
plasms to a degree unprecedented in the Nation- 
al  Toxicology Program (NTP) studies. Nearly all 
rats and mice exposed a t  the top concentrations 
of 5 and 2 ppm, respectively, including all ani- 
mals in these groups that survived throughout 
the 2-year studies, developed alveolarhronchio- 
lar neoplasms. The incidences of these neo- 
plasms in the low exposure concentration groups 
(2 ppm for rats and 0.5 ppm for mice) were 66% 
and 44% in male and female rats and 54% and 
48% in male and female mice; these were signifi- 
cant increases over those in  the corresponding 
controls and the historical incidences. The ma- 
jority of the animals with alveolarhronchiolar 
neoplasms had neoplasms diagnosed as carcino- 
mas, and these neoplasms frequently metasta- 
sized to a variety of organs. Squamous cell carci- 
nomas of the lung were also markedly increased 
in rats exposed to 5 ppm (38% in males and 24% 
in females). This particular type of neoplasm has 
been found in  only 3 of approximately 1,600 un- 
treated control male F344/N rats and in none of 
a similar number of untreated female controls. 

Because the current recommended time-weight- 
ed averagehhreshold limit value for tetranitro- 
methane has been and remains 1 ppm (ACGIH, 
19881, the  K T P  issued a n  advisory to  a p -  
propriate Federal  agencies on the  apparent  
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carcinogenic hazard of the chemical a t  this con- 
centration, based on the high frequency of lung 
nodules in early-death animals (personal com- 
munication to R.L. Vance, Occupational Safety 
and Health Administration, from D.A. Canter, 
NTP, April 23, 1984). In addition, studies were 
begun to evaluate pulmonary neoplasms ob- 
served in the tetranitromethane studies for the 
presence of activated oncogenes (Stowers et  al., 
1987; Appendix I). A brief description of the 
methods and results follows. 

DNA isolated from alveolar/bronchiolar neo- 
plasms in both rats and mice exposed to tetrani- 
tromethane and from squamous cell carcinomas 
in exposed rats was transfected into cultured 
NIH/3T3 fibroblasts. Morphologic transforma- 
tion of the fibroblasts was caused by DNA from 
14/19 rat neoplasms and 4/4 mouse neoplasms. 
The transforming gene was identified as a K-ras 
oncogene in  both species by Southern blot 
analysis. The first exon of the K-ras gene from 
normal DNA and that from DNA from two cell 
lines transformed by tumor DNA were cloned, 
and the sequences were compared. Both trans- 
fectant DNAs had a GC + AT transition in the 
2d base of the 12th codon. It has been reported 
that approximately 40% of examined human pul- 
monary adenocarcinomas contain a n  activated 
Ki-rus oncogene (You et  al., 1989). Activation of 
the K-ras gene is frequently observed in chemi- 
cally induced pulmonary neoplasms in rodents, 
and GC + AT transitions in the 12th codon were 
found more frequently in  chemically induced 
pulmonary neoplasms than in spontaneously oc- 
curring neoplasms in the A/J strain of mice (Be- 
linsky et al.,  1989). 

Although no studies have directly shown tha t  
tetranitromethane can react with DNA, results 
of mutagenicity studies indicate induction of 
base-pair substitutions and certain frame-shift 
mutations and are supportive of some type of 
interaction of the chemical with DNA. Alper 
and Ames (1975) reported that tetranitrometh- 
ane did not increase the frequency of deletion 
mutants in Salmonella typhimurium LT2; how- 
ever, NTP studies have shown that the chemical 
causes mutations in three strains of Salmonella 
(TA98, TA100, and TA1535) (Appendix H).  NTP 
studies have also shown te t ran i t romethane  
capable of inducing chromosomal aberrations 
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and sister chromatid exchanges in Chinese ham- 
ster ovary cells. 

Tetranitromethane is known to be capable of ni- 
trating hydroxyl groups of proteins, primarily of 
tyrosine residues, and has been used for years as 
a biochemical reagent for this purpose (Riordan 
and Vallee, 1972). Ptitsyn et  al. (1979) showed 
modification of tyrosine residues in deoxyribo- 
nucleoproteins in vitro. 

Given the strong induction of lung neoplasms by 
tetranitromethane, i t  is noteworthy that no pri- 
mary nasal passage neoplasms were seen in the 
studies. Sonneoplastic lesions in the nasal pas- 
sage were indicative of chronic irritation and in- 
cluded chronic inflammation of the nasal muco- 
sa and hyperplasia and squamous metaplasia of 
the respiratory epithelium in both rats and mice. 
Evidence for inflammatory and regenerative le- 
sions of the nasal cavity and for a n  absence of 
neoplasia has also been noted in  other recent 
NTP inhalation studies with irritant chemicals. 
These include the studies with 2-chloroacetophe- 
none (NTP, 1990a1, CS2 (NTP, 1990b), l-epi- 
nephrine hydrochloride (NTP, 1990~1, and vinyl 
toluene (NTP, 1990d). 

A small number of male mice were evaluated 
after exposure to tetranitromethane for 1 year. 
The lesions observed in the respiratory tract cor- 
responded to and were predictive for the types of 
lesions observed a t  the termination of the 2-year 
studies. However, another noteworthy finding, 
that 4 of the 10 mice exposed to 0.5 ppm had 
hepatocellular adenomas, was not subsequently 
correlated by the results after 2 years, in that 
this neoplasm occurred with a negative trend in 
male mice (Table C3). 

Deichmann et  al. (1963) showed that inhalation 
exposure of Swiss Webster mice to 0.2 ppm 3- 
nitro-3-hexene for up to 15 months resulted in 
increased incidences of lesions reported as ade- 
nomas and adenocarcinomas of the lung. Lewis 
et  al. (1979) found hepatocellular carcinomas in 
10/10 Sprague Dawley rats exposed for 6 months 
to 207 ppm 2-nitropropane; none was found in 
controls. Thus, i t  would appear that  inhalation 
of several small nitrated aliphatic compounds 
presents a carcinogenic hazard. Further studies 
are  required to extend these observations to 
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other nitrated compounds and other routes of 
exposure. 

The experimental and tabulated data  for the 
NTP Technical Report on tetranitromethane 
were examined for accuracy, consistency, com- 
pleteness, and compliance with Good Laboratory 
Practice regulations. As summarized in Appen- 
dix J,  the audit revealed no major problems with 
the conduct of the studies or with collection and 
documentation of the experimental data. No dis- 
crepancies were found that influenced the final 
interpretation of the results of these studies. 

Under the conditions of these 2-year inhalation 
studies, there was clear evidence of carcinogenic 
activity* of tetranitromethane for male and fe- 
male F344/N rats and male and female B6C3F1 
mice, based on increased incidences of alveolar/ 
bronchiolar neoplasms in both species and squa- 
mous cell carcinomas of the lung in rats. 

Chronic inflammation of the nasal mucosa was 
related to exposure in rats and female mice, and 
hyperplasia and squamous metaplasia of the res- 
piratory epithelium were increased in exposed 
male rats. 

*Explanation of Levels o f  Evidence of'Carcinogenic Activity is on page 6. 
A summary ofthe Peer Review comments and the public discussion on this Technical Report appears on page 9. 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE 

C h a m b e r  Control 

DISPOSITION SUMMARY 
Animals initially in study 
Early deaths 
Moribund sacrifice 
Natural death 

Terminal sacrifice 
Survivors 

Animals examined microscopically 

50 

27 
5 

18 
50 

50 

25 
8 

17 
50 

50 

39 
7 

4 
50 

ALIMEXTARY SYSTEM 
1ntest.ine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small, duodenum 

Adenocarcinoma 
Intestine small, ileum 

Petyer's patch, fibrous histiocytoma 
Intestine small, jejunum 

Adenocarcinoma 
Leiomyosarcoma 
Polyp adenomatous 

Adenocarcinoma, metastatic, multiple, 

A:lveolar/bronchiolar carcinoma, metastatic, 

Fibrous histiocytoma 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Histiocytic sarcoma 
Neoplastic nodule 

Hemangioma 
Histiocytic sarcoma 

Alveolar/bronchiolar carcinoma, metastatic, 

Histiocytic sarcoma 
Acinus, adenoma 

Stomach, forestomach 
Histiocytic sarcoma 
Pa pi llonia squamous 

Squamous cell carcinoma 

Liver 

intestine small 

multiple, lung 

Mesentery 

Pancreas 

lung 

Tongue 

(45) 
(49) 
(46) 
(48) 

(46) 

(47) 
1 (2%) 
1 (2%) 

(50) 

1 (2%) 

1 (2%) 

(4) 
1 (25%) 

(49) 

(49) 

(2)  
1 (50%) 

(49) 
( 4 7 )  
(48) 
(49) 

(45) 

(42) 

1 (2%) 

1 (2%) 

(50) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 

(7) 

1 (14%) 
(48) 

1 (2%) 

(49) 
1 (2%) 
1 (2%) 

(1) 

CARDIOVASCULAR SYSTEM 
Blood vessel (2)  

A.orta, adventitia, alveolar/bronchiolar 
carcinoma, metastatic, lung 

Heart (50) 
Alveolar/bronchiolar carcinoma, metastatic, 

Fibrous histiocytoma 
Squamous cell carcinoma, metastatic, lung 
Epicardium, carcinoma, metastatic, uncertain 

Epicardium, histiocytic sarcoma 

lung 

primary site 

(3)  (2) 

3 (6%) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (50%) 
(50) 

5 ( lo%,  

2 (4%) 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE (Continued) 

Chamber Control 2 Ppm 5 Ppm 

ENDOCRINE SYSTEM 
Adrenal gland 

Capsule. alveolarhronchiolar carcinoma, 
metastatic, lung 

Adrenal gland. cortex 
Adenoma 
Alveolar/bronchiolar carcinoma, metastatic, 

Medulla. alveolarhronchiolar carcinoma, 
lung 

metastatic. lung 
Adrenal gland, medulla 

Alveolar/bronchiolar carcinoma, metastatic, 

Neuroblastoma benign 
Pheochromocytoma malignant 
Pheochromocytoma benign 
Pheochromocytoma benign, multiple 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 
Adenoma 
Alveolar/bronchiolar carcinoma, metastatic, 

Carcinoma 
Carcinoma, two 

Parathyroid gland 
Adenoma 

Pituitary gland 
Pars distalis, adenoma 
Pars distalis, adenoma, two 
Pars distalis, carcinoma 
Pars intermedia, adenoma 

C-cell, adenoma 
C-cell, carcinoma 
Follicular cell, carcinoma 

lung 

lung 

Thyroid gland 

(50) (50) (50) 

1 (2%)  
(48)  (501 

1 
(49)  

1 (2%)  

1 (2%) 

(2%) 

3 (6%)  

1 (2%) 
(47)  

1 12%) 
(47)  (46) 

2 (4%)  
1 (2%) 
1 (2%) 
7 (15%) 
3 (6%) 

6 tl2%1 
(50) 

(2%) 
(26%) 

2 14%) 
14 (30%) 

1 (2%) 
1 ( 2 % )  

5 (10%) 
(48 )  

1 
12 

(49) 
3 (6%) 

1 12%) 
4 (8%)  (8%) 

(2%) 
3 (6%) 4 

1 
(47) 

(49)  
27 

2 

1 

i48) 

(49) 
1 (2%) 

22 (45%) 
2 (4%)  
1 (2%) 

(43) 

(48) 
16 (33%) 

2 (4%)  
(55%) 
(4%)  

(2%)  

(6%) 
(49 )  

3 
(49)  

1 ( 2 % )  
1 (2%)  

1 12%) 

GENERAL BODY SYSTEM 
Tissue, NOS 

Alveolar/bronchiolar carcinoma, 

Squamous cell carcinoma, metastatic, lung 
metastatic, lung 

GENITAL SYSTEM 
Epididymis 
Preputial gland 

Carcinoma 
Squamous cell carcinoma 

Adenocarcinoma 
Adenoma 

Seminal vesicle 
Testes 

Prostate 

Bilateral, interstitial cell, adenoma 
Interstitial cell, adenoma 

(49 )  
(49)  

3 (6%) 

(48)  
1 (2%)  

(49)  
(48) 

2 14%) 
1 (2%) 

(50) 

1 ( 2 % )  
(47)  
(501 

23 (46%) 
15 (30%) 

(46)  
(50) 

19 (38%) 
14 (28%) 

(49 )  
150) 

23 (46%) 
16 i32%1 

HEMATOPOIETIC SYSTEM 
Bone marrow (50) 
Lymph node (50) 

Mediastinal, alveolarhronchiolar 
carcinoma, metastatic, lung 

(49 )  
(50 )  

1491 
1501 

3 (6%) 1 12%) 
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TABLE A l ,  SUMMARY OF THE INCIDENCE OF NEOPLASMS I N  MALE RATS IN T H E  TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE (Continued)  

C h a m b e r  Control  2 Ppm 5 Ppm 

HEMATOPOIETIC SYSTEM 
Lymph node (Continued) (50 )  (50) ( 5 0 )  

Lymph node, mandibular (48) (44) (46) 
Mediastinal, histiocytic sarcoma 1 (2%)  

lung 1 (2%)  
Fibrous histiocytoma 1 (2%) 

metastatic, lung 1 (2%) 

Histiocytic sarcoma 1 (2%) 

Hemangiosarcoma 1 (2%) 

lung 4 (9%) 

Alveolar/bronchiolar carcinoma, metastatic, 

Mediastinal, alveolarhronchiolar carcinoma, 

Lymph node, mesenteric (47) (48) (48) 

Spleen (50) (49) (50) 

Thymus (36) (42) (43) 
Alveolar/bronchiolar carcinoma, metastatic. 

INTEGUMENTARY SYSTEM 
Mammary gland 

Adenoma 
Fibroadenoma 

Basal cell adenoma 
Basal cell carcinoma 
Keratoacanthoma 
Papilloma squamous 
Trichoepithelioma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, lipoma 
Subcutaneous tissue, sarcoma 

Skin 

(43) (46) 147) 
1 (2%)  

1 (2%) 1 (2%) 

1 (2%) 1 (2%) 
1 (2%) 
2 (4%) 2 (4%) 

1 (2%) 
1 (2%) 

4 (8%) 2 (4%) 3 (6%) 
1 (2%) 1 (2%) 
1 (2%) 

(50) (49) (50) 

MUSCULOSKELETAL SYSTEM 
Bone 150) (49) (49) 

Alveolar/bronchiolar carcinoma, metastatic, 
lung 1 (2%) 

Periosteum, femur, fibrous histiocytoma 1 (2%) 
Right, femur, osteosarcoma 1 (2%)  

Hindlimb, fibrous histiocytoma 1 (100%) 
Skeletal muscle (1 )  (1) 

NERVOUS SYSTEM 
Brain 

Granular cell tumor benign 
( 5 0 )  

RESPIRATORY SYSTEM 
Lung (50) (50) (50) 

A1veolar;bronchiolar adenoma 1 (2%) 11 (22%) 11 (22%) 
Alveolar/bronchiolar adenoma, multiple 2 (4%) 
Alveolar/bronchiolar carcinoma 18 (36%) 4 (8%) 
Alveo1ar:bronchiolar carcinoma, multiple 4 (8%) 35 f70%) 
Alveolar,'bronchiolar carcinoma. two 4 (8%) 7 (14%) 
Fibrous histiocytoma 1 (2%)  
Histiocytic sarcoma 1 12%) 
Pheochromocytoma malignant, metastatic, 

Sarcoma 
adrenal gland 1 (2%) 

Squamous  cell carcinoma 1 (2%) 
1 (2%) 

14 (28%) 
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TABLE A l .  SUMMARY OF THE IKCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE (Continued) 

Chamber Control 2 Ppm 5 Ppm 

RESPIRATORY SYSTEM 
Lung (Continued) (50) 

Squamous cell carcinoma, two 
Mediastinum, alveolarhronchiolar 

carcinoma, metastatic, lung 
Pleura, mediastinum, alveolarhronchiolar 

carcinoma, metastatic, lung 
Nose (48)  

(50)  

(49)  

150) 
5 110%) 

1 ( 2 % )  

1 12%) 
(50)  

SPECIAL SENSES SYSTEM 
Zymbal gland 

Adenoma 
Carcinoma 
Papilloma squamous 

(1) ( 2 )  1 1 )  
1 t1004'cr 

1 (100%) 
2 (100%) 

URINARY SYSTEM 
Kidney (50) 

Alveolar/bronchiolar carcinoma, 

Squamous cell carcinoma, metastatic, lung 
Bilateral, alveolarhronchiolar carcinoma, 

Capsule, histiocytic sarcoma 

Alveolar/bronchiolar carcinoma, 

metastatic, lung 

metastatic, lung 

Ureter (1) 

Urinary bladder (49) 
metastatic, lung 

( .50 ) (50)  

1 (2%) 5 110%) 
2 (4%) 

1 (2%) 
1 (2%) 

( 1 )  

(49)  
1 (100%) 

(48)  

SYSTEMIC LESIONS 
Multiple organs 

Histiocytic sarcoma 
Leukemia mononuclear 
Lymphoma malignant 
Mesothelioma malignant 

*(50) *((SO) *(50) 
1 (2%) 

27 (54%) 26 (52%) 22 (44%) 
1 (2%) 
3 (6%) 2 (4%) 5 (10%) 

TUMOR SUMMARY 
Total animals with primary neoplasms ** 
Total animals with benign neoplasms 

Total animals with malignant neoplasms 

Total animals with secondary neoplasms *** 

Total animals with malignant neoplasms- 

Total primary neoplasms 

Total benign neoplasms 

Total malignant neoplasms 

Total secondary neoplasms 

uncertain primary site 

48 
140 
47 
92 
38 
48 
2 
2 

49 
190 

46 
114 

43 
76 
6 

13 

1 

50 
199 
49 
98 
50 

101 
20 
42 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
*** Secondary tumors: metastatic tumors or tumors invasive into a n  adjacent organ 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE: CHAMBER CONTROL 

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

CARCASS 
ID 

Intestine large 
Intestine large cecum 
Intestine large: colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 

Liver 

Adenocarcinoma 
Leiomyosarcoma 

Adenocarcinoma. metastatic, multiple, 
intestine small 

Hepatocellular carcinoma 
Mesentery 

+ t + + + + r + + + + + + t + + + + + + + * + + + '  
A M M + + + + * + + + + + - + + + + + +  - - + t i  
. . . . . . . . . . . . . . . . . . . . . . . . . .  
A M M + + + + + + + + + + + + + + + - + +  + + +  

. . . . . . . . . . . . . . . . . . . . . . . . . .  
A + + + + + + + + + + + + - + + * + + + + - + + A l  
A + + + + + + + + + + + + - t + - + ' + + + * t + '  

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

x 
+ + + + + + + + + + + + + * + + + + * + * - + + *  

x 
4. + 7- 

Testes 
Bilateral interstitial cell adenoma 
1nterstit;al cell, adenoma' 

Adrenal gland 
Adrenal gland, cortex 

Adenoma 

Pheochromocytoma maiignant 
Pheochromocytoma benign 

Adenoma 
Carcinoma 
Carcinoma, two 

Pars diijtalis. adenoma 
Pars  di!jtalis, adenoma. two 

C.cell, adenoma 
Follicular cell. carcinoma 

Adrenal gland. medulla 

Islets, pancreatic 

Parathyroid gland 
Pituitaw gland 

Pars  intermedia, adenoma 
Thyroid gland 

None 

ITAL SYSTEM 
Coa lating gland 

+ : Tissue examined microscopically 

-: 
: Not examined 

Present but not examined microscopically 
I: Insufficient tissue 

+ I  
+ + + ~ + + + + t + + t + - + + + + + + + + * t +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + 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  

+ + + + + + + + + + + + + * + + + + + + + + + + + ~  

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

X X 1 

X x 
X 
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c .  

Preputial gland 
Carcinoma 

Adenocarcinoma 
Prostate 

M: Missing 
A; Autolysis preciudes examination 
X: Incidence of listed morphology 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + M + + + + + t + + t + + + + t t +  

x 
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DAYS ON 
STUDY 

CARCASS 
ID 

6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
9 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
4 7 8 0 3 3 4 7 7 I 7  7 7 7 7 7 7 7 8 8 8 8 8 9 9 I__.. 

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 

Adenocarcinoma 
Leiomvosarcoma 

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

Adenocarcinoma, metastatic, multipie, 

Hepatocellular carcinoma 
intestine small 

IUIAL. 
TISSUES 
TUMORS 

Mesentery 
Hemangioma 

Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Tooth 
Squamous cell carcinoma 

Blood vessel 
Heart 

Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Adrenal gland, medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 

Islets, pancreatic 
Adenoma 
Carcinoma 
Carcinoma, two 

Parathyroid gland 
Pituitary gland 
. Pars distalis. adenoma 

Thyroid gland 

Pars distalis. adenoma, two 
Pars intermedia, adenoma 

C cell, adenoma 
Follicular cell, carcinoma 

1- 
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + A + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  + + + + + + + + + +  + + + + + + + + + + + + + +  
+ + + + + + A + + +  + + + + + + + + + + + + + +  
+ + + + + + A + + +  + + + + + + + + + + + + + +  

x 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
+ 

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

X 

49 
50 
45 
49 
46 
50 
48 
46 
47 
1 
1 

50 

1 
1 
4 
1 

49 
,j 0 
so 
49 
48 
2 
1 
1 

+ 
. . . . . . . . . . . . . . . . . . . . . . . . .  2 

50 

+ + + * + + + + + + + + + + + + + + + + + + + + +  SO 
+ + + - + + + + + + + + + + + + + + + + + + + + +  so I I  
+ + + + + + + + + + + + + + + + + + + + + + + + +  

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

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

+ + i i - + + + + +  + + + + + + + + + + + + + + +  
X 

X X 

X 

46 
1 
12 
49 

3 
4 
1 
47 
49 
37 
2 
1 
49 
3 
1 

L BODY= 
None I- 

Coa lating gland 
E p i g y m i s  
Preputial g!and 

Carcinoma 
Prostate 

Adenocarcinoma 
Seminal vesicle 
Testes 

Bilateral interstitial cell adenoma 
1nterstit;al cell, adenoma 

+ 
+ + + - + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + M + +  

+ +  + + + + + + + + + + + + + + + + + + + + + +  
+ + + - + + * + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

x x x  s x  X x x  

x X 
X 

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

1 
49 
49 
3 
48 
1 

46 
50 
19 
14 

I 1- 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: CHAMBER CONTROL 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

HEMATOPOIETIC SYSTEM 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesentenc 
S leen 
TRymus 

Mammary gland 
Fibroadenoma 

Skin 
Basal cell adenoma 
Basal cell carcinoma 
Keratoacanthoma 
Subcutaneous tissue. 5broma 

TEAM 

SYSTEM 
Bone 
Skeletal muscle 

Brain 

u 
Larynx 
Lung 

Alveolari~ronchiolar adenoma 
Pheochromocytoma malignant, 

metastatic, adrenal gland 
Nose 
Trachea 

m A L  

Zymbal gland 
Carcinoma 

Eye 

Kidney 
Ureter 
Unnary bladder 

Muit1 le organs 
NS 

LeuRemia mononuclear 
Lymphoma malignant 
Mesothelioma ma.ignant 

Tetranitromethane, NTP TR 386 

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

b o o o O o o o o o o o o O O o O O o O o O o O O  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

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

+ + 
M + 
+ 
A 

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

. . . . . . . . . . . . . . . . . . . . . . . .  
+ + + M + + + + + + + + + + + + - + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + M  
. . . . . . . . . . . . . . . . . . . . . . . .  
M M M + + + + + + + + + + + + + + + + + + + + M  

M t + - + M + ~ M + + + + + + + t + M t + + + + + +  

+ + - ~ + - + + + + + - + + + + t - + + - + + - -  

x x 
x x 

x 

+ + + + + + + + + + + + + + + + + - + + * + + - +  
+ 

~~ ~ 

- + - r * ~ + + t + + + t + + + + + + + + + + + +  

M M M +  + + +  + + +  + +  + + +  + +  + + + + +  - + +  
+ + + + + + - + + + + C + + + + + + + + + + + - +  

A + - - + + + + + + + + + + + M + t + + + + + + +  
C + - + r t + + C - + r t + + + L + + + + + + + +  

+ + 
Y 

+ + - + + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + - + + + + + +  

+ + + + + + + + + + + + + + + + ~ - + + + + + - -  x x x x  x x  x x x  x x x  x x  
Y x x 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS CHAMBER CONTROL 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

S leen 
TKymus 

Mammary gland 
Fibroadenoma 

Skin 
Basal cell adenoma 
Basal cell carcinoma 
Keratoacanthoma 
Subcutaneous tissue, Rbroma 

Bone 
Skeletal muscle 

Brain 

Larynx 
Lung 

KFSP~RATORY SPSTFM 

Alveolar/bronchiolar adenoma 
Pheochromocytoma malignant, 

metastatic. adrenal gland 
Nose 
Trachea 

Eye 
Zymbal gland 

Carcinoma 

W A R Y  S E T E M  
Kidney 
Ureter 
Unnary bladder 

Multiple organs 
Leukemia mononuclear 
Lymphoma malignant 
Mesothelioma malignant 

6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 - i -  
9 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
4 7 8  0 3  3 4 7 7 7 7 7 7 7 7  7 7 7 8 8 8  8 8  9 9  

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ M + + + + + + + + M + + + t + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ . M + + + M + + M M M M + + t + +  + + + M + + M  

+ + M + M M + + + + + + + + t + + + + t + + + + t  
X 
+ + + + + + + + + + + + t + t + + + + + + t + + +  

x x :c 

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

~ ~~~ 

+ + + + + + + + + + + + + + - ~ + + + + + + + + + +  
+ + + + + + t + + + + + + + - t + t + + + + + + + +  

X 

1: 
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + + + + + + + + + + + + + + + +  
+ + + + + t + + + + + + + + s + + +  I + + + + +  

+ 

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

X 

FOTAL: 
ISSUES 
UMORS 

50 
50 
48 
47 
50 
36 

43 
1 

50 
1 
1 
2 
4 

so 
1 

50 

41 
50 
1 

1 
48 
50 

1 
1 
1 

50 
1 

49 

50 
27 
1 
3 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE: 2 ppm 

DAYS ON 
STUDY 

3 4 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 S s s 6 6 6 6  
5 8 3 3 3 4 4 5 6 9 9 0 1 1 3 3 5 6 6 ,  , 7 7 8 8  
3 6 3 5 5 1 7 6 0 1 8 5 9 9 3 3 9 1 3 4 5 5 5 1 7  

CARCASS 
ID 

ALIMENTARY SYSTEM 

Intestine large 
Intestine large cecum 
Intestine large: colon 
Intestine large. rectum 
Intestine small 
Intestine small, duodenum 

Intestine small, ileum 

Intestine small, jejunum 
Liver 

Esophagus 

Adenocarnnoma 

Peyer's patch, fibrous histiocytoma 

Alveolarhmnchiolar carcinoma. 

Fibrous histiocytoma 
Hepatocellular adenoma 
Histiocytic sarcoma 
Neoplastic nodule 

Histiocytic sarcoma 

Histiocytic sarcoma 

metastatic. multiple, lung 

Mesentery 

Pancreas 

%:j:x glands 
Stomach, forestomach 

Stomach, glandular 
Tongue 

Histiocytic sarcoma 
Papilloma squamous 

Blood vessel 
Heart 

Alveolarhronchiolar carcinoma, 
metastatic. lung 

Fibrous histiocytoma 
Epicardium. carnnoma, metastatic. 

uncertain pnmary site 
Epicardium. histiocytic sarcoma 

Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Alveolarbronchiolar carcinoma, 

metastatic lung 
Medulla, al<eolar/bronchiolar 

carnnoma metastatic, lung 
Adrenal gland medulla 

PheochmmoEytoma malignant 
Pheochromocytoma benign 
Pheochromocytoma benign multiple 
Bilateral, pheochmmocytoAa benign 

Adenoma 
Carnnoma 

Adenoma 

Pars distalis, adenoma 
Pars distalis. adenoma two 
Pars distalis carcinome 

C cell, adenoma 
C cell, carcinoma 

Islets, pancreatic 

Parathyroid gland 

Pituitary gland 

Thyroid gland' 

9 C l *  Cl 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
A + A + + A + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

h + A + + A + + + + + M + + + + + + + + + + + + +  

A + h + + A + A + + + + + + + + + + + + + + + A +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 

+ + +  + +  + x 
x 
X 

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

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

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

X 
X 

X 

Tissue NOS 
Alveharhronchiolar carcinoma, 

metastatic, lung 

Coa lating gland 

Preputial gland 
Carcinoma 
Squamous cell carcinoma 

Prostate 
Adenoma 

Seminal vesicle 
Testes 

Bilateral, interstitial cell adenoma 
Interstitial cell, adenoma' 

E p i g y m i s  

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

X 

X 

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

+ 
X 

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

X 

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

X X X  X X  X 

X 

X 
A + + + + + t + + + + + M + + +  + + + + + + + +  

X X X X X  
X 

A + + + + + + + + + + + + + + + + + + + + + + + +  

+ M + + + + + + + + + + + + + + + + + + + + + M +  
X X 

X X 

I i  + + + + + + + + + 
X 

+ 
X 

+ 
X 

+ 
X 

+ + + 
X 

+ 
X 

+ X 
X 
+ + + 

X 
+ 
X 

+ + + 
X 

M + + + + + + + + + + + + + + + + + + + + + + + +  
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: 2 ppm 
(Continued) 

1 x 

DAYS ON 
STUDY 

CARCASS 
ID 

+ + + + + + + + + + t + + + t + + t + + + + + + t  
x x 

x x  x x  x x  x X X 

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

X 
+ + + + + + + + + + + + + + t + + + + t + + t + +  

ALJMENTARY SYSTEM 
Esophagus 
Inteshne large 
Intestine large, cecum 
Intestine large, colon 
Intestme large, rectum 
Intestine small 
Intestine small, duodenum 

Intestine small, ileum 

Intestine small. jejunum 
Liver 

Adenwarnnoma 

Peyer's patch. fibrous histiocvtoma 

Alveolar/bronchiolar carcinoma. 

Fibrous histiocvtoma 
Hepatocellular adenoma 
Histiocytic sarcoma 
Neoplastic nodule 

Mesenterv 
Histiocytic sarcoma 

Pancreas 
Histiocytic sarcoma 

Salivaly glands 
Stomach 
Stomach, forestomach 

Histiocvtic sarcoma 
Papilloma squamous 

Stomach, glandular 
Tongue 

Blood vessel 
Heart 

metastatic. multiple. lung 

A s C U L A l m Y s m M  

Alveolaribronchiolar carcinoma. 
metastatic. lung 

Fibrous histiocytoma 
Epicardium. carnnoma. metastatic, 

uncertain pnmary site 
Epicardium. histiocytic sarcoma 

Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Alveolartbronchiolar carcinoma. 

metastatic. lung 
Medulla, alveolarhronchiolar 

carcinoma. metastatir, lung 
Adrenal gland. medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 
Pheochromocytoma benign, multiple 
Bilateral. pheochromocytoma benign 

Adenoma 
Carnnoma 

Adenoma 

Pars distalis. adenoma 
Pars distalis. adenoma, two 
Pars distalis. carcinoma 

C cell, adenoma 
C cell, carcinoma 

Islets, pancreatic 

Parathyroid gland 

Pituitary gland 

Thyroid gland 

L BOD- 
Tissue, NOS 

Alveolar/bronchiolar carcinoma, 
metastatic. lung 

47 

14 
L 
1 

1 1  
> 
% 

48 

TOTAL: 
TISSUES 
rmom 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

+ + + + + t + + + + + + + + t + + + + + + + + t +  
x x  x x  x x  x x x x x x  

x x 
x 

+ t t t t t + t + t + + + t t + + t + + + ~ + t t  
x 

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

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

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

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

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

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

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

l + + + + + + + + + + + + + + t + t t M + + + + t +  

& + A  + + + A  + +  + M +  + t + + +  + +  t e +  t +  
x 1 

l K + + c + + + + + + t + + + + + + t + + t + + t t  

4: I 
"s I 

: i  JY 

x 
I x , x 

I 
t 

( + * + * + + + M + + + + + + t + + + + + t + + + t  

~ ~ + + * + t + + + + + + + + t + + + * + + t t t +  
I - + t - + t t t t + t t t t t + t t * + t + + t +  
' * + + + + t t + t + t + + + t + + t + + t + + + t  

~ + + t * + + + + + + + + + + t + M + + + + + + + +  + 

I Y 
x 

x 

+ + + + + + + t + + + + + + t + + + + + + + + + +  
+ + + + + + + + + + + + + + t + + + t + t + + + +  x 

50 

49 

42 
50 I 

I 
I '  
L 1  

P 
Coa lating gland 
E p i f i y  mis 
Preputial gland 

Carcinoma 
Squamous cell carcinoma 

Prostate 
Adenoma 

Seminal vesicle 
Testes 

Bilateral. interstitial cell, adenoma 
Interstitial cell, adenoma 

+ 
+ + t + + + + + t t t t t +  + + t + t + t t t t  
+ + + + + t +  + t t + + + t + t + + + + + + t +  x 

X 
+ * t + + t + + + + t t + t t + t + + + t + + t +  

7 + t + + t t + + + + + + t  + t t + + t + t + +  
+ + t t + t t + + t t t + t t + + t + + t + + t t  

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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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: 2 ppm 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

HEMATOPOI ETIC SYSTEM 
Blood 
Bone marrow 
L mphnode 

hediastinal. alveolarbronchiolar 
carcinoma. metastatic. lung 

Mediastinal. histiocytic sarcoma 
Lvmph node. mandibular 

Fibrous histiocytoma 
Lymph node, mesentenc 

Histiocytic sarcoma 
S lean 
TIymus 

Alveodrbronchiolar carcinoma, two 
Fibrous histiocytoma 
Histiocytic sarcoma 

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

M 
Mammary gland 
Skin 

Basal cell adenoma 
Keratoacanthoma 
Papilloma squamous 
Tnchoepitbelioma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue. lipoma 
Subcutaneous tissue, sarcoma 

AL SYSTEM 
Bone 

Skeletal muscle 

Penosteum femur fibrous histiocytoma 
Right. fern&, ostedsarcoma 

Hindlimb. fibrous histiocytoma 

Brain 
Granular cell tumor benign 

Larynx 
Lung 

Alveolarbronchiolar adenoma 
Alveolar/bronchiolar adenoma multiple 
Alveolarbmnchiolar carcinom: 
Alveolarbmnchiolar carcinoma, 

multiole 

Squamous cell carcinoma 
Nose 
Trachea 

Eye 
Hardenan gland 
Lacnmal gland 
Zymbal gland 

Papilloma squamous 

Kidney 
Alveolar/bronchiolar carcinoma. 

metastatic. lung 
Bilateral. alveolarbronchiolar 

carcinoma, metastatic. lung 
Capsule, histiocytic sarcoma 

Unnary bladder 

Multiple organs 
NS 

Histiocytic sarcoma 
Leukemia mononuclear 
Mesothelioma malignant 

Tetranitromethane, NTP TR 386 

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

X X 

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

l M + + + + + + + + + M + + + + + + + + + + + + + +  

M + + t + + + + + M t + M + + + t t + M + + + +  

t + + L + + + + + + M + + M + + + + + M + + + + +  

X 
/ A + - + + + + + + + + + + + + + + + + + + + + + +  

+ + ~ + + + + + + + + + + M + + + + + + + + t + +  

1 
I 

X 

I 
x 

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

+ + + + + + + + + + + + + + + + +  ~ + + + + + + + +  
M + + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  x x  X X X 

x x x  x x x  X X 

X 
X X 

X 

X 
A + t + + + + + t + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

A t I +  + 
+ 

+ 
X 

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

X 

A t + + + + + + + + + + + + + t + + + + + + + + +  

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

x x  x x x x  x x x- x i  X L I X 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: 2 ppm 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

HEMATOPOIETIC SYSTEM 
Blood - __-  
Bone marrow 
L mphnode 

hediastinal, alveolarhronchiolar 
carcinoma, metastatic, lung 

Mediastinal, histiocytic sarcoma 
Lymph node, mandibular 

Fibrous histiocytoma 
Lymph node, mesentenc 

Histiocytic samoma 
S leen 
Tiyrnus 

Mammary gland 
Skin 

Basal cell adenoma 
Keratoacanthoma 
Papilloma squamous 
Tnchoepithelioma 
Subcutaneous tissue. fibroma 
Subcutaneous tissue. lipoma 
Subcutaneous tissue, sarcoma 

Bone 

Skeleta'l muscie 

Penosteum. femur, fibrous histiocytoma 
Right femur osteosarcoma 

Hindlimb. fibrous histiocytoma 

Brain 
Granular ceil tumor benign 

Larynx 
Lung 

Alveolaribronchiolar adenoma 
Alveolaribronchiolar adenoma, multiple 
Alveolaribronchiolar carcinoma 
Alveolar/bronchiolar carcinoma. 

Alveolarhronchiolar carcinoma, two 
Fibrous histiocytoma 
Histiocytic sarcoma 
Squamous cell carcinoma 

multiple 

Nose 
Trachea 

SPECIAL -M 
Eve 

Papilloma squamous 

Kidney 
Alveolar/bronchiolar carcinoma, 

metastatic. lung 
Bilateral. alveolarhronchiolar 

carcinoma. metastatic, lung 
Capsula, histiocytic sarcoma 

Unnary bladder 

Multiple organs 
ONS 

Histiocytic sarcoma 
Leukemia mononuclear 
Mesothelioma malignant 

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

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

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

X 

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

X 

M + + + + + + + + + t + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X X 

X 
X 

X 
X 

+ + + + + + M + + + + + + + + + + + + + + + + + +  
X 

t 
X 

X 

+ + + + + + + + + + + + + + + + + + + + + + * + +  
X 

+ f + C f + t + C + + + + C f + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  x x  x x  x x  

x x  x x x  x x X X  X 
X x 

X 
X 

X 

X 
X 

X 
t t + t ~ + + + + t + + ~ + + + + + + + t + + + +  
+ + + + C + + + + + + + t + + + + + + + * + + + +  

+ 
+ 
x 

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

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

+ + + + + + + + + + + - + + + ~ + + + + * + + * +  
x x  x x  x x x x  x x x x x  x x  x 

TOTAL: 
ISSUES 
UMORS 

1 
49 
50 

3 
1 

44 
1 

48 
1 

49 
42 

46 
49 
1 
2 
1 
1 
2 
1 
1 

50 
1 

49 
50 
11 

2 
18 

4 
4 
1 
1 
1 

49 
50 

50 

1 

1 
1 
19 

50 
1 

26 
2 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE: 5 ppm 

DAYS ON 
STUDY 

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

CARCASS 
ID 

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 

Polyp adenomatous 
Liver 
Mesentery 
Pancreas 

Alveolar/bronchiolar carcinoma. 

Acinus. adenoma 
metastatic, lung 

Salivarv glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

Blood vessel 
Aorta, adventitia, 

alveolarlbronchiolar carcinoma. 
metastatic. lung 

metastatic, lung 

lung 

Heart 
Alveolar/bronchiolar carcinoma, 

Squamous cell carcinoma. metastatic. 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + t + + + + + + t + + + + + + + M t + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + t + + t + + + + + t + + + + + + + + + + + +  
+ + + + + A + + + + + + + + + + + + + + + + + + +  
M + + + + A + + + + t + + + + t + + + + + + + + A  

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

X 

+ + +  + t  

X '  x + +  + + + ' + + + +  + +  + t + + + + + +  + +  + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + t + + + + + + + + + + + + + + + + + + +  

+ 

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

X 

metastatic. lung 
Neuroblastoma benign 
Pheochromocytoma malignant 
Pheochromocytoma benign 
Pheochromocytoma benign, multiple 

Adenoma 
Alveolar/bronchiolar carcinoma. 

Islets, pancreatic 

metastatic, lung 

X 
X 

X 

X 
X 

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

P i t u i t a j  glaid 
Pars distalis. adenoma 
Pars distalis, adenoma, two 

Thyroid gland 
C-cell, adenoma 
Follicular cell, carcinoma 

L B- 
Tissue. NOS 

Alveolar/bronchiolar carcinoma, 

Squamous cell carcinoma, metastatic. 
metastatic, lung 

lung 

Epidldymis 
Preputial gland 

Carcinoma 
Prostate 
Seminal vesicle 
Testes 

Bilateral, interstitial cell, adenoma 
Interstitial cell, adenoma 

J i i t t + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + +  + + + +  

X 

+ +  + + + + + + + + + + + + + + + + +  + + + +  l x  

X 
+ M + + + + + M + + + t M + M + + + + t t + + + M  
+ + + M + t + + + + + + + + + t + + + + + + M + +  

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

X 

x x  x x x x  X 

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

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

+ + M + + + + + + + A ~ + + + + + + + M + M + + +  
+ + + + + + + - + + + + + + + + + + + + + M + + +  
+ + + + + + + - + + * + + + + + + + + + + + + + +  

X x x  X x 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 5 ppm 
(Continued) 

6 
2 
49 
50 
50 

DAYS ON 
STUDY 

CARCASS 
ID 

0 8 9 2 2 8 3 3 7 9 3 4 4 5 4 6 8 6 8 0 3 8 8 8 8  
TOTAL: 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  TISSUES 

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

ALIMENTARY SYSTEM 
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jeiunum 

Polyp adenomatous 
Liver 
Mesentery 
Pancreas 

Alveolarhronchiolar carcinoma. 

Acinus, adenoma ;;);;x glands 

Stomach, forestomach 
Stomach, glandular 

Blood vessel 

metastatic, lung 

LAR SYSTEM 

Aorta, adventitia. 
alveolarhronchiolar carcinoma, 
metastatic. lung 

metastatic, lung 

lung 

Heart 
Alveolar/bronchiolar carcinoma, 

Squamous cell carcinoma. metastatic. 

Adrenal gland 
Capsule. alveolarhronchiolar 

carcinoma, metastatic. lung 
Adrenal gland, cortex 

Alveolarhronchiolar carcinoma, 
metastatic, lung 

Medulla, alveolarhronchiolar 
carcinoma, metastatic, lung 

Adrenal gland, medulla 
Alveolarhronchiolar carcinoma 

metastatic. lung 
Neuroblastoma benign 
Pheochromocytoma malignant 
Pheochromocytoma benign 
Pheochromocytoma benign, multiple 

Adenoma 
Alveolarhronchiolar carcinoma 

Carcinoma 

Islets, pancreatic 

metastatic, lung 

Pars distalis, adenoma, two 

C cell, adenoma 
Follicular cell, carcinoma 

L BODY 

metastatic, lung 

lung 

Thyroid gland 

Tissue, NOS 
Alveolarhronchiolar carcinoma, 

Squamous cell carcinoma. metastatic. 

Epididymis 
Preputial gland 

Carcinoma 
Prostate 
Seminal vesicle 
Testes 

Bilateral, interstitial cell, adenoma 
Interstitial cell, adenoma 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + t + t + + + t + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + + + + A + + + + + +  
+ + + + + + t + + + + + + + + + + + M + + + + t t  + + + + + + + + + + + + + + + + +  + + + + + + +  + + + + + + + + + + + + + + + + +  A + + + + + +  
+ + t + + + + + + + + t + + + + +  A + + M + + +  
+ + + + + + + + + t + t + M + + +  + t + + + + +  

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

t + + + t + + + + t + t + + + + + + + + + + + + +  
+ 

X x x x  X 
X 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + t t + + + + + + + + + + + t + + + +  
+ t + t + + + + + t + t t + + + + + t + t + + + +  

I + 

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 

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

+ t + + + + + + + + + + t + t + + + t + + + + + +  
x x  

X X X 

+ 
X 

+ 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + t t + + + + + + + + + + + M + + + t + + + t  

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

+ + + + + + + + + t + t + + t t t + + + + + + + t  
+ + + + t + + + t + + t t t + + + + + + + + + t +  

x x  x x x x x  x x x x x x x  
X x x x x  x x  i x  

50 
50 
49 
49 
48 
49 
48 
46 
45 
1 

50 
6 
50 

IF- 

1 
47 

2 
1 
1 
7 
3 

50 
6 

1 
4 
43 
48 
16 
2 
50 
9 
1 

1 

I al 
1 
46 
49 
90 
23 
16 
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TABLE A% INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: 5 ppm 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

HEMATOPdfETlC SYSTEM 
Bone marrow 
Lymph node 

Lymph node, mandibular 

Mediastinal, alveolar/bronchiolar 
carcinoma, metastatic, lung 

Alveolarhronchiolar carcinoma. 
metastatic. lung 

Mediastinal, alveolar/brunchiolar 
carcinoma, metastatic, lung 

Lymph node, mesenteric 
Spleen 

Thymus 
Hemanposarcoma 

Alveolar/bronchiolar carcinoma. 
metastatic. lung 

Mammary gland 
Adenoma 
Fibroadenoma 

Subcutaneous tissue, fibroma 
Subcutaneous tissue, lipoma 

Skin 

Bone 
Alveolarhronchiolar carcinoma. 

metastatic. lung 

Brain 

Larynx 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Alveolar/bronchiolar carcinoma, 

Alveolar/bronchiolar carcinoma, two 
Sarcoma 
Squamous cell carcinoma 
Squamous cell carcinoma. two 
Mediastinum. alveolarhronchiolar 

carcinoma. metastatic. lung 
Pleura, mediastinum, 

alveolarfaronchiolar carcinoma 
metastatic, lung 

multiple 

Nose 
Trachea 

Ear 

Zymbal gland 
Adenoma 

Eye 

Kidney 
Alveolarhronchiolar carcinoma. 

Squamous cell carcinoma, metastatic, 

Alveolarf~ronchiolar carcinoma, 

metastatic, lung 

lung 
Ureter 

metastatic, lung 
Unnary bladder 

S 
Multi le organs 

LeuRemia mononuclear 
Mesothelioma malignant 

Tetranitromethane. NTP TR 386 

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

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

+ + + + + + + + + + A + S + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

X 

+ + + + + + + + + + + M + + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + M + + + + + + + + + i + + M + + + M + + + M +  

X X 

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

X x x  

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

4 + 
+ 
X 

+ 

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

X X X 

X 

+ + + + M + + + + + + t t + + + + + + +  + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X x x 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 R A T S  5 ppm 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

HEMATOPO IETIC SYS TEM 
Bone marrow 
Lymph node 

Lymph node. mandibular 

Mediastinal, alveolarhronchiolar 
carcinoma, metastatic, lung 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Mediastinal, alveolarforonchiolar 
carcinoma, metastatic, lung 

Lymph node, mesentenc 
Spleen 

Thymus 
Hemangiosarcoma 

Alveolarhronchiolar carcinoma, 
metastatic, lung 

Mammary gland 
Adenoma 
Fibroadenoma 

S h n  
Subcutaneous tissue fibroma 
S u k t a n e o u s  tissue: lipoma 

Bone 
Alveolar/bronchiolar carcinoma. 

metastatic, lung 

Brain 

Larynx 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar camnoma 
Alveolarforonchiolar carcinoma, 

Alveolar/bronchiolar carcinoma. two 
Sarcoma 
Squamous cell carcinoma 
Squamous cell carcinoma. two 
Mediastinum, alveolar/bmnchiolar 

carcinoma, metastatic. lung 
Pleura. mediastinum, 

alveolar/bronchiolar carcinoma, 
metastatic, lung 

multiple 

Nose 
Trachea 

Ear 

Zymbal gland 
Adenoma 

Eye 

EM 
Kidney 

Alveolarhronchiolar carcinoma. 

Squamous cell carcinoma. metastatic, 
metastatic, lung 

lung 
Ureter 
- Alveolarhronchiolar carcinoma, 

Unnary bladder 
metastatic, lung 

NS 
Multi le organs 

LeuEemia mononuclear 
Mesothelioma malignant 

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

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

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

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

X 
+ + + + + + + + + + + + + + + + + + + + M + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + M + + + + + + + + + + + M + + + + + + t M +  
X 

X X 

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

X 

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

+ + 

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

X X 

X 
+ 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
X x x x  x I X  X X 

x x  
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49 
50 

1 
46 

1 

1 
48 
50 
1 

43 

4 

47 
1 
1 
50 
3 
1 

49 

1 

50 

50 
50 
11 
4 

35 
7 
1 
14 
5 
1 

1 
50 
50 

1 
4 
1 
1 

50 
22 
5 
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TABLE A3. ANALYSIS OF PRIMARY NEOPLASMS I N  MALE RATS IN THE TWO-YEAR INHALATION 
STUDY OF TETRANITROMETHANE 

C h a m b e r  Control  2 p p m  5 P p m  

Adrenal  Medulla: Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates ( c )  
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

12/46 (26%) 16/48 (33%) 
45.5% 58.3% 
6/18 (33%) 7/17 (41%) 
483 541 
P = 0.022 P=0.252 
P = 0.412 P=0.290 
P=0.277N 

P = 0.294 

Adrenal  Medulla: Pheochromocytoma or Malignant  Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day ofFirst Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test td) 

Preput ia l  Gland: Carc inoma 
Overall Rates (a )  
Adjusted Rates (b )  
Terminal Rates ( c )  
Day of First Observation 
Life Table Tests td) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test td) 
Fisher Exact Test (d) 

Pancrea t ic  Islets: Adenoma 
Overall Rates ( a )  
Adjusted Rates tb) 
Terminal Rates ( c )  
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pancreat ic  Islets: Carc inoma 
Overall Rates ( a )  
Adjusted Rates (b) 
Terminal Rates (c) 
Day ofFirst Observation 
Life Table Tests td) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test td) 
Fisher Exact Test ( d )  

Pancrea t ic  Islets: Adenoma or Carcinoma 
Overall Rates ( a )  
Adjusted Rates tb) 
Terminal Rates I C )  
Day of First Observation 
Life Table Tests td) 
Logistic Regression Tests (d )  
Cochran-Armitage Trend Test (d )  
Fisher Exact Test cd) 

Tetranitromethane, NTP TR 386 

- 
13/46 (28%) 
50.1% 
7/18 (39%) 
483 
P = 0.029 
P=0.475 
P=0.203N 

3/49 (6%) 
14.6% 
2/17(12%) 
658 
P =0.523N 
P =0.287N 
P=0.239N 

3/49 (6%) 
13.2% 
2/18 (11%) 
569 
P= 0.014 
P=0.168 
P = 0.225 

5/49 (10%) 
18.3% 
1/18 (6%) 
546 
P=0.373 
P =0.437N 
P = 0.457N 

8/49 ( 16% 
29.7% 
3/18(17%) 
546 
P=0.024 
P=0.327 
P = 0.365 

70 

17/48 (35%) 
60.2% 
7/17 (41%) 
541 
P = 0.253 
P=0.294 

P=0.301 

2/48 (4%) 
8.1% 
1/17 (6%) 
556 
P = 0.492N 
P = 0.504N 

P=0.510N 

5/48 (10%) 
21.2% 
2/17 (12%) 
633 
P =  0.347 
P = 0.3 40 

P=0.346 

3/48 (6%) 
9.3% 
0/17 (0%) 
535 
P = 0.345N 
P=0.371N 

P=0.369N 

8/48 (17%) 
28.5% 
2/17(12%) 
535 
P=0.597N 
P=0.591 

P = 0.590 

10148 (21%) 
83.2% 
213 (67%) 
548 
P=0.031 
P = 0.433 

P=0.360N 

10/48(21%) 
83.2% 
213 (67%) 
548 
P=0.037 
P=0.493 

P =0.275N 

1/49 (2%) 
3.7% 
0/4(0%) 
605 
P=0.667N 
P=0.444N 

P =0.309N 

6/50 (12%) 
42.2% 
114 (25%) 
521 
P=0.031 
P = 0.244 

P=0.254 

4/50 (8%) 
21.7% 
014 (0%) 
500 
P=0.387 
P=0.529N 

P=0.487N 

10150 (20%) 
54.8% 
1/4 (25%) 
500 
P = 0.038 
P=0.383 

P = 0.416 



TABLE A3. ANALYSIS OF PRIMARY NEOPLASMS I N  MALE RATS I N  T H E  TWO-YEAR INHALATION 
STUDY OF TETRANITROMETHANE (Continued)  

Chamber  Control  2 ppm 5 Ppm 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates ( a )  1/50 (2%) 
Adjusted Rates tb) 5.6% 
Terminal Rates (c) 1/18 (6%) 
Day of First Observation 727 
Life Table Tests td) P <  0.001 
Logistic Regression Tests (d) P=0.015 
Cochran-Armitage Trend Test (d) P=0.012 
Fisher Exact Test (d) 

Lung: Alveolar/Bronchiolar Carc inoma 
Overall Rates (a )  0150 (0%) 
Adjusted Rates tb) 0.0% 
Terminal Rates (c) 0118 (0%) 
Day of First Observation 
Life Table Tests td) P < 0.00 1 
Logistic Regression Tests (d) P<O.OOl 
Cochran-Armitage Trend Test (d) P<O.OOl 
Fisher Exact Test (d)  

Lung: Alveolar/Bronchiolar Adenoma o r  Carc inoma 
Overall Rates ( a )  1/50 (2%) 
Adjusted Rates (b )  5.6% 
Terminal Rates (c) 1/18 (6%) 
Day of First Observation 727 
Life Table Tests td) P<O.OOl 
Logistic Regression Tests (d) P < 0.00 1 
Cochran-Armitage Trend Test (d) P < 0.00 1 
Fisher Exact Test (d) 

Lung: Squamous Cell Carc inoma 
Overall Rates ( a )  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

0/50 (0%) 
0.0% 
0/18 (0%) 

P<O.OOl 
P<O.OOl 
P < O . O O l  

Pi tui tary GlandlPars  Distalis: Adenoma 
Overall Rates (a) 29/49 (59%) 
Adjusted Rates (b) 76.2% 
Terminal Rates (c) 10118 (56%) 
Day of First Observation 422 
Life Table Tests (d)  P=0.165 
Logistic Regression Tests (d) P=0.062N 
Cochran-Armitage Trend Test (d)  P=0.022N 
Fisher Exact Test (d) 

Pi tui tary GlandIPars  Distalis: Adenoma o r  Carc inoma 
Overall Rates ( a )  29/49 (59%) 
Adjusted Rates tb) 76.2% 
Terminal Rates (c) 10118 (56%) 
Day of First Observation 422 
Life Table Tests td) P=0.154 
Logistic Regression Tests (d) P = 0.064N 
Cochran-Armitage Trend Test td) P=0.021N 
Fisher Exact Test (d)  
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13/50 (26%) 
51.8% 
7/17 (41%) 
535 
P<O.OOl 
P <:0.001 

P <:0.001 

26/50 (52%) 
76.0% 
10/17 (59%) 
533 
P<O.OOl 
P<O.OOl 

P < 0.001 

33/50 (66%) 
83.2% 
11/17 (65%) 
533 
P<O.OOl 
P<O.OOl 

P *< 0.00 1 

1/50 (2%) 
5.9% 
1/17 (6%) 
727 
P = 0.489 
P = 0.489 

P=0.500 

24/49 (49%) 
74.9% 
10117 (59%) 
59 1 
P = 0.299N 
P -  0.185N 

P=0.209N 

25/49 (51%) 
78.5% 
11/17 (65%) 
591 
P-0.356N 
P =0.243N 

P = 0.271N 

11/50 (22%) 
30.4% 
0/4 (0%) 
497 
P < 0.001 
P=0.005 

P=0.002 

46/50 (92%) 
100.0% 
4/4 ( 100%) 
497 
P<O.OOl 
P<O.OOl 

P<O.OOl 

46/50 (92%) 
100.0% 
4/4 (100%) 
497 
P < 0.001 
P<O.OOl 

P<O.OOl 

19/50 (38%) 
77.1% 
1/4 (25%) 
518 
P<O.OOl 
P<O.OOl 

P<O.OOl 

18/48 (38%) 
70.7% 
1/4(25%) 
521 
P = 0.223 
P =  0.051N 

P=O.O26N 

18/48 (38%) 
70.7% 
1/4 (25%) 
521 
P=0.223 
P = 0.051N 

P=0.026N 
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TABLE A3. ANALYSIS OF PRIMARY NEOPLASMS IN MALE RATS IN THE TWO-YEAR INHALATION 
STUDY OF TETRANITROMETHANE (Continued) 

Chamber Control 2 ppm 5 Ppm 

Subcutaneous Tissue: Fibroma 
Overall Rates (e) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d)  
Cochran-Armitage Trend Test (d) 
Fisher Exact Test td) 

Subcutaneous Tissue: Fibroma or Sarcoma 
Overall Rates (e) 
Adjusted Rates tb) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d)  
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Testis: Interstitial Cell Adenoma 
Overall Rates ( a )  
Adjusted Rates tb) 
Terminal Rates (c )  
Day of First Observation 
Life Table Tests (d)  
Logistic Regression Tests tdl 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Thyroid Gland: C-cell Adenoma 
Overall Rates ( a )  
Adjusted Rates(b) 
Terminal Rates(c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests td) 
Cochran-Armitage Trend Test (d)  
Fisher Exact Test (d) 

Thyroid Gland: C-cell Adenoma or Carcinoma 
Overall Rates (a l  
Adjusted Rates tbl 
Terminal Rates ( c )  
Day of First Observation 
Life Table Tests (d )  
Logistic Regression Tests td) 
Cochran-Armitage Trend Test tdl 
Fisher Exact Test ( d )  

4/50 (8%) 
16.6% 
2/18 ( 1 1%) 
40 1 
P=0.390 
P=0.442N 
P = 0.467N 

4/50 (8%) 
16.6% 
2/18(11%) 
40 1 
P=0.417 
P = 0.401 N 
P = 0.447N 

33/50 (66%) 
96.8% 
17/18 (94%) 
483 
P <0.001 
P=O.OlO 
P =  0.124 

3/49 (6%) 
10.7% 
1/17 (6%) 
618 
P=0.240 
P = 0.504 
P = 0,572 

3/49 (6%) 
10.7% 
1/17 (6%) 
618 
P = 0.215 
P = 0.483 
P=0.591 

Hematopoietic System: Mononuclear Leukemia 
Overall Rates ( e )  27/50 (54%) 
Adjusted Rates tbl 75.5% 
Terminal Rates (c) 11/18 (61%) 
Day of First Observation 422 
Life Table Tests tdl P = 0.032 
Logistic Regression Tests td) P =  0.216N 
Cochran-Armitage Trend Test ( d )  P=0.180N 
Fisher Exact Test ( d )  
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2/50 (4%) 
7.890 
0/17 (0%) 
659 
P=0.361N 
P=0.338N 

P=0.339N 

3/50 (6%) 
9.8% 
0117 (0%)  
535 
P = 0.5 17N 
P=0.509N 

P = O.500N 

38/50 (76%) 
97.3% 
16/17 (94%) 
535 
P = 0.2 16 
P = 0.180 

P = 0.189 

1/49 (2%) 
5.9% 
1/17 (6%) 
727 
P=0.322N 
P = 0.297N 

P=0.309N 

2/49 (4%) 
11.8% 
2/17(12%) 
727 
P = 0.5 15N 
P=0.490N 

P = D .500 N 

26/50 (52%) 
78.7% 
11/17 (65%) 
486 
P=D.!534N 
P=0.492N 

P=0.500N 

3/50 (6%) 
28.3% 
1/4 (25%) 
506 
P = 0.425 
P =0.463N 

P=0.500N 

3/50 (6%)  
28.3% 
1/4(25%) 
506 
P = 0.425 
P = 0.463N 

P=0.500N 

39/50 (78%) 
100.0% 
414 (100%) 
500 
P < 0.00 1 
P = 0.020 

P=0.133 

3/50 (6%) 
15.6% 
014 ( 0 % )  
629 
P=0.321 
P = 0.6 16 

P =0.651N 

3/50 (6%) 
15.6% 
014 (0%) 
629 
P=0.321 
P = 0.616 

P = 0.651N 

22/50 (44%) 
79.8% 
214 (50%) 
497 
P=0.063 
P=0.195N 

P=0.212N 



TABLE A3. ANALYSIS OF PRIMARY NEOPLASMS IN MALE RATS IN T H E  TWO-YEAR INHALATION 
STUDY OF TETRANITROMETHANE (Continued) 

C h a m b e r  Control 2 ppm 5 Ppm 

All Sites: Mesothelioma 
Overall Rates (e) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests td) 
Cochran-Armitage Trend Test td) 
Fisher Exact Test td) 

All Sites: Benign Tumors 
Overall Rates (e) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d)  
Fisher Exact Test td) 

All Sites: Malignant Tumors  
Overall Rates (e)  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: All Tumors  
Overall Rates (e) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

3/50 (6%) 
10.9% 
1/18 (6%) 
618 
P=0.085 
P=0.288 
P=0.253 

47/50 (94%) 
100.0% 
18/18 (100%) 
40 1 
P i  0.001 
P=0.242 
P=0.231 

38/50 (76%) 
89.6% 
14/18 (78%) 
422 
P <0.001 
P<O.OOl 
P < 0.00 1 

48/50 (96%) 
100.0% 
18/18 (100%) 
40 1 
P < 0.001 
P = 0.265 
P=0.160 

2/50 (4%) 
6.1% 
0/17 (0%) 
560 
F'= 0.500N 
P =0.502N 

P=0.500N 

46/50 (92%) 
100.0% 
t7/17 (100%) 
535 '  
P=0.551 
P=0.325N 

P =0.500N 

43/50 (86%) 
95.3% 
15/17 (88%) 
486 
P=0.269 
P=0.164 

P=0.154 

49/50 (98%) 
100.0% 
17/17 (100%) 
486 
P = 0.450 
P=0.685 

P = 0.500 

5/50 (10%) 
18.2% 
014 (0%) 
548 
P=0.131 
P = 0.375 

P=0.357 

49/50 (98%) 
100.0% 
4/4 (100%) 
497 
P<O.OOl 
P=0.322 

P = 0.309 

50150 (100%) 
100.0% 
4/4 (100%) 
497 
P<O.OOl 
P <0.001 

P <  0.001 

50/50 (100%) 
100.0% 
414 ( 1 00% ) 
497 
P<O.OOl 
P=0.274 

P = 0.247 

(a) Number of tumor-bearing animals/number of animals examined microscopically at the site 
(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence in animals killed at the end ofthe study 
(d) 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 that  dosed group and the controls. The life table analysis regards 
tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor test  re- 
gards these lesions a s  nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates. 
A negative trend or a lower incidence in a dosed group than in controls is indicated by (N). 
(e) Number of tumor-bearing animals/number of animals examined grossly at the site 
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TABLE A4a. HISTORICAL INCIDENCE O F  ALVEOLAR/BRONCHIOLAR NEOPLASMS IN MALE F344/N 
RATS (a) 

Study 
Incidence in Controls 

Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence for Chamber Controls in NTP Studies (b) 

Propylene oxide 
Methyl methacrylate 
Propylene 
1,2-Epoxybutane 
Dichloromethane 
Tetrachloroethylene 
Bromoethane 

TOTAL 
SD (c) 

Range (d) 
High 
LOW 

0150 
0149 
0150 
0150 
1/50 
1/50 
0148 

21347 (0.6%) 
0.98% 

1150 
0150 

2/50 
1/49 
1/50 
0150 
0150 
0150 
0148 

41347 (1.2%) 
1.58% 

2/50 
0150 

2/50 
1/49 
1/50 
0150 
1/50 
1/50 
0148 

61347 (1.7%) 
1.38% 

2/50 
0150 

Overall Historical Incidence for Untreated Controls in NTP Studies 

TOTAL 
SD (c) 

Range (d) 
High 
LOW 

2611,593 (1.6%) 2011,593 (1.3%) 4411,593 (2.8%) 
1.81% 1.89% 2.32% 

3/49 
0150 

3/50 
0/50 

4150 
015 0 

( a )  Data as  of March 1,1989, for studies o fa t  least 104 weeks 
(b) All inhalation studies included in the NTP historical data base were conducted a t  Battelle Pacific Northwest Laboratories. 
(c) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 
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TABLE A4b. HISTORICAL INCIDENCE OF LUNG SQUAMOUS CELL NEOPLASMS IN MALE F344/N 
RATS (a) 

Study Inc idence  of Carc inomas  in Controls  

Historical Incidence for Chamber  Controls  in NTP Studies  (b) 

Propylene oxide 
Methyl methacrylate 
Propylene 
1.2-Epoxybutane 
Dichloromethane 
Tetrachloroethylene 
Bromoethane 

TOTAL 
SD (d) 

Range (e) 
High 
Low 

0150 
0149 
0150 
0150 
0150 
0150 

(c) 1148 

(c) 11347 (0.3%) 
0.79% 

1 148 
0150 

Overall Historical Incidence for Untreated Controls  in NTP Studies  

TOTAL 
SD (d) 

Range (e) 
High 
LOW 

(03/1,593 (0.2%) 
0.60% 

1/49 
0150 

(a)  Data as  of March 1,1989, for studies of a t  least 104 weeks; no benign tumors have been observed 
(b) All inhalation studies included in the NTP historical data  base were conducted a t  Battelle Pacific Northwest Laboratories. 
(c) Adenosquamous carcinoma 
(d) Standard deviation 
(e) Range and SD are  presented for groups of 35 or more animals. 
(D Includes one carcinoma, NOS 
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TABLE A4c. HISTORICAL INCIDENCE OF TESTICULAR NEOPLASMS IN MALE F344/N RATS (a) 

Study Incidence of Intersti t ial  Cell Neoplasms in Controls  

Historical Incidence for  Chamber  Controls  in NTP Studies  (b)  

Propylene oxide 
Methyl methacrylate 
Propylene 
1,2-Epoxybutane 
Dichloromethane 
Tetrachloroethylene 
Bromoethane 

TOTAL 
SD (c) 

Range (d) 
High 
LOW 

29/49 
35/50 
37/50 
39/50 
39/50 
35/50 
42/48 

2561347 (73.8%) 
8.81% 

42/48 
29/49 

Overall Historical Incidence for  Untreated Controls  in NTP Studies  

TOTAL 
SD (c) 

Range (d) 
High 
Low 

1,401/1,582 (88.6%) 
7.33% 

49/49 
32/50 

( a )  Data as of March 1,1989, for studies of a t  least 104 weeks 
(b) All inhalation studies included in the NTP historical data  base were conducted at Battelle Pacific Northwest Laboratories. 
(c) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE 

Chamber Control 2 Ppm 5 ppm 

DISPOSITION SUMMARY 
Animals initially in study 
Early deaths 
Moribund sacrifice 
Natural death 

Terminal sacrifice 
Survivors 

Animals examined microscopically 

50 

27 
5 

18 
50 

50 

25 
8 

17 
50 

50 

39 
7 

4 
50 

ALIMENTARY SYSTEM 
Intestine large 

Edema 
Serosa. hemorrhage, chronic, focal 

Edema 
Inflammation, chronic active 
Parasite metazoan 

Parasite metazoan 
Muscularis, mineralization, multifocal 

Parasite metazoan 
Serosa, inflammation, chronic 

Peyer’s patch, hyperplasia 

Ectopic tissue 
Mucosa, inflammation, necrotizing, acut 
Muscularis, hyperplasia, focal 

Infiltration cellular, eosinophilic, 

Mucosa, atrophy. diffuse 
Peyer’s patch, hyperplasia, lymphoid 

Congestion 
Diverticulum 
Peyer’s patch, hyperplasia, lymphoid 

Angiectasis, focal 
Angiectasis, multifocal 
Basophilic focus 
Basophilic focus, n~ultiple 
Basophilic focus, two 
Clear cell focus 
Congestion, diffuse 
Cytomegaly, diffuse 
Cytomegaly, multifocal 
Cytoplasmic alteration, focal 
Degeneration, ballooning, focal 
Degeneration. ballooning, multifocal 
Eosinophilic focus 
Fatty change, diffuse 
Fatty change, inultifocal 
Fibrosis, focal 
Granuloma, multifocal 
Hemorrhage, acute, multifocal 
Hyperplasia, nodular, multifocal 
Inflammation, subacute, multifocal 
Mitotic alteration 
Necrosis, acute, focal 
Necrosis, acute, multifocal 

Intestine large, cecum 

Intestine large, colon 

Intestine large, rectum 

Intestine small 

Intestine small, duodenum 

Intestine small, ileum 

histiocytic 

Intestine small, jejununi 

Liver 

(50) 
1 
1 

(45) 

(50) (50) 
(2%) 
(2%) 

(49) (49)  
1 (2%) 

1 
4 

(49) 
3 

(46) 
4 
1 

(50) 

(2%) 
(9%) 2 (4%) 

3 (6%) 
(47) 

(48) 
3 (6%) 

(50) 

(49) 
1 (2%) 

1 (2%) 
1 (2%) 

(45)  

(49)  
8 (16%) 
1 (2%) 

3 (6%) 
(48) 

(49) 

(6%) 

(9%) 
(2%) 

(48) (48) 
1 (2%) 

;e 

(46) (46) 

(2%) 1 
1 ( 2 % )  
1 ( 2 % )  

1 (2%) 
(45)  (47)  (42)  

1 ( 2 % )  

(501 
3 (6%) 
2 (4%) 
1 12%) 
5 (10%) 
5 (10%) 

1 
(50)  

3 
1 
6 
4 
1 
1 
1 
1 
3 

( 2 % )  
(50)  

2 (4%) 

4 18%) 
5 (10%) 
6 (12%) 

2 (4%) 

16%) 
(2%) 
(12%) 
(8%) 
(2%)  
(2%)  
( 2 % )  
12%) 
( 6 % )  

2 (4%) 
1 ( 2 % )  
2 (4%) 
2 (4%) 
1 (2% 1 
4 (8%) 

(6%) 
(2%) 
(2%) 
(4%) 
(16%) 
(2%) 
(12%) 

3 (6%) 

4 ( 8 % )  
2 (4%) 
2 (4%) 
1 ( 2 % )  
1 ( 2 % )  
1 (2%) 
5 (10%) 

2 

1 

(4%) 

(2%)  

1 ( 2 % )  

6 (12%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued)  

C h a m b e r  Control  2 Ppm 5 Ppm 

ALIMENTARY SYSTEM 
Liver (Continued) (50) (50) (50) 

Necrosis, subacute, multifocal 4 (8%) 

Vacuolization cytoplasmic, multifocal 3 (6%) 
Bile duct, hyperplasia, multifocal 29 (58%) 30 (60%) 31  (62%) 

Centrilobular, atrophy, multifocal 4 (8%) 3 (6%) 6 (12%) 

Vacuolization cytoplasmic, diffuse 1 (2%) 

Centrilobular, atrophy, diffuse 2 (4%) 1 (2%) 1 (2%) 

Centrilobular, congestion 1 (2%) 1 (2%) 
Centrilobular, degeneration, diffuse 1 (2%) 
Centrilobular, degeneration, multifocal 2 (4%) 
Centrilobular, fatty change, diffuse 1 (2%) 2 (4%) 1 (2%) 
Centrilobular, fatty change, multifocal 1 (2%) 1 (2%) 
Centrilobular, necrosis, diffuse 1 (2%)  1 (2%) 
Centrilobular, necrosis, multifocal 1 (2%) 2 (4%) 
Median lobe, hepatodiaphragmatic nodule 2 (4%) 1 (2%) 3 (6%) 
Periportal, cytomegaly, diffuse 1 (2%) 
Periportal, fatty change, multifocal 1 (2%) 
Portal, fibrosis, multifocal 2 (4%) 1 (2%) 5 (10%) 
Portal, inflammation, chronic, multifocal 1 (2%) 
Portal, inflammation, granulomatous, multifocal I (2%) 
Serosa. inflammation. oroliferative. chronic 

. L  

active, focal 
Vein, thrombus 

Accessory spleen 
Infiltration cellular, lymphocytic, multifocal 
Inflammation, subacute 
Pigmentation 
Artery, mineralization 
Artery, adventitia, inflammation, chronic 

active, multifocal 
Fat, necrosis, focal 

Angiectasis, focal 
Fibrosis, focal 
Inflammation, focal 
Pigmentation 
Acinus, atrophy, diffuse 
Acinus, atrophy, focal 
Acinus, atrophy, multifocal 
Acinus, hyperplasia, focal 
Artery, adventitia, inflammation, chronic 

Mesentery 

Pancreas 

active, multifocal 
Salivary glands 

Inflammation, chronic, focal 
Duct, inflammation, chronic active, multifocal 
Duct, metaplasia, squamous, multifocal 
Parotid gland, inflammation, chronic active, 

diffuse 
Stomach 

Stomach, forestomach 
Inflammation, chronic active 

Erosion 
Hemorrhage, multifocal 
Hyperkeratosis, multifocal 
Inflammation, acute, focal 
Inflammation, chronic 
Inflammation, chronic active 
Ulcer 
Epithelium, hyperplasia, diffuse 
Epithelium, hyperplasia, focal 
Epithelium, hyperplasia, multifocal 

1 (2%) 
1 (2%) 

(4) ( 7 )  
1 (14%) 

2 (4%) 
( 6 )  

I (17%) 
1 117%) 

1 (25%) 
1 (17%) 

1 (25%) 
(49) 

1 (2%) 

1 (2%) 
18 (37%) 

1 (2%) 

1 (2%) 
(50) 

1 (2%) 
(50) 

(49) 

1 (2%) 
2 (4%) 
3 (6%) 
4 (8%) 
5 (10%) 
1 (2%) 

1 (14%) 
2 (29%) 

(48) 

1 (2%) 

2 14%) 
3 (6%) 

12 (25%) 
2 (4%) 

1 (2%) 
(50) 

(50 1 

(49) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
6 (12%) 
2 (4%) 
2 (4%) 
3 (6%) 
1 (2%) 

1 (2%) 
18 (36%) 

(49) 

1 (2%) 
1 (2%) 

(50) 

(50)  

1 (2%) 
1 (2%) 
1 (2%) 
8 (16%) 
4 (8%) 
1 (2%) 
3 (6%) 
1 (2%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

Chamber Control 2 Ppm 5 Ppm 

ALIMENTARY SYSTEM 
Stomach, forestomach (Continued) 

Mucosa, mineralization, multifocal 
Muscularis, hyperplasia, focal 

Inflammation, chronic 
Mucosa, mineralization 
Mucosa, necrosis, acute, multifocal 

Epithelium, hyperplasia, focal 

Abscess 
Developmental malformation 
Gingiva, inflammation 

Stomach, glandular 

Tongue 

Tooth 

(49) (49) (50) 
1 (2%) 

1 (2%) 

1 (2%) 1 (2%) 
2 (4%) 1 (2%) 

1 (2%) 

1 (50%) 

1 (100%) 
1 (100%) 
1 (100%) 

(48) (47) (50) 

(2) (1) 

(1) 

CARDIOVASCULAR SYSTEM 
Blood vessel 

Inflammation, necrotizing, chronic, focal 
Mineralization, focal 
Aorta, mineralization, multifocal 
Artery, aneurysm 
Artery, arteriosclerosis, multifocal 
Intima, fibrosis, multifocal 
Pulmonary artery, mineralization 

Cardiomyopathy 
Dilatation 
Inflammation, chronic active, focal 
Mineralization 
Atrium left, thrombus 
Atrium right, dilatation 
Epicardium, hyperplasia 
Epicardium, inflammation, chronic, focal 
Mitral valve, inflammation, chronic 
Mitral valve, thrombus 
Myocardium, inflammation, chronic, focal 
Ventricle left, dilatation 
Ventricle left, hypertrophy, focal 

Heart 

(2)  
1 
1 

1 

(50) 
45 

2 

1 
1 

(3) 
(50%) 
(50%) 

1 (33%) 
1 (33%) 
1 (33%) 

(50%) 

(50) 
(90%) 43 (86%) 

1 (2%) 

(4%) 

(2%) 
(2%) 

3 (6%) 
1 (2%) 

1 (2%) 

(2) 

1 (50%) 

36 (72%) 

1 (2%) 
1 (2%) 
2 (4%) 
2 (4%) 
3 (6%) 
1 (2%) 
1 (2%) 

(50) 

1 (2%) 

ENDOCRINE SYSTEM 
Adrenal gland 

Adrenal gland, cortes 
Capsule, accessory adrenal cortical nodule 

Angiectasis, multifocal 
Congestion 
Degeneration, fatty, diffuse 
Degeneration, fatty, focal 
Degeneration, fatty, multifocal 
Degeneration, multifocal 
Hemorrhage, acute, multifocal 
Hyperplasia, focal 
Hyperplasia, multifocal 
Hypertrophy, focal 
Necrosis, acute, focal 
Necrosis, acute, multifocal 

Adrenal gland, medulla 
Hyperplasia, focal 
Hyperplasia, multifocal 
Necrosis, acute, focal 

Hyperplasia 
Islets, pancreatic 

3 ( 6 % )  
10 (20%) 
3 ( 6 % )  
1 (2%) 

6 (12%) 
1 (2%) 
1 (2%) 
1 (2%) 

(46) 
7 (15%) 
9 (20%)  
1 ( 2 % )  

(49) 

79 

(50) 

(49) 
5 (10%) 

1 (2%) 
1 (2%) 

10 (20%) 
5 (10%) 
4 (8%) 

1 (2%) 
4 (8%) 
5 (10%) 
2 (4%) 
1 (2%) 
1 (2%)  

9 (19%) 
11 (23%) 

(47) 

(48) 

(50) 

(481 
8 (16%) 

1 ( 2 % )  
14 (29%) 
2 (4%) 
7 (15%) 

(47) 
4 (9%) 

13 (28%) 

(50) 
1 ( 2 % )  
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

Chamber Control 2 Ppm 5 Ppm 

ENDOCRINE SYSTEM 
Islets, pancreatic (Continued) 

Hyperplasia, focal 
Hyperplasia, multifocal 

Hyperplasia, diffuse 
Hyperplasia, focal 

Fibrosis, focal 
Necrosis, subacute 
Pars distalis, angiectasis 
Pars distalis, cyst 
Pars distalis, cyst, multiple 
Pars distalis, developmental malformation 
Pars distalis, hyperplasia 
Pars distalis, hyperplasia, focal 
Pars distalis, hyperplasia, multifocal 
Pars distalis, hypertrophy, focal 
Pars distalis, hypertrophy, multifocal 
Pars intermedia, angiectasis, multifocal 

C-cell, hyperplasia, focal 
C-cell, hyperplasia, multifocal 
Follicle, cyst 
Follicle, cyst, multiple 

Parathyroid gland 

Pituitary gland 

Thyroid gland 

(49) 
2 (4%) 

(47) 
3 (6%) 

(49) 

2 (4%) 
1 (2%) 
1 (2%) 
1 (2%) 
4 (8%) 
1 (2%) 

(49) 
3 (6%) 
2 (4%) 

(48) 
7 (15%) 
1 (2%) 

4 (8%) 
1 (2%) 

(48) 

(49) 

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

1 (2%) 
1 (2%) 

(49) 
2 (4%) 
6 (12%) 
1 (2%) 
1 (2%) 

(50) 
2 (4%) 
3 (6%) 

1 (2%) 
(43 1 

(48) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 
2 (4%) 

6 (13%) 
1 (2%) 
1 (2%) 

1 (2%) 

5 (10%) 
2 (4%) 

(50) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Coagulating gland 

Abscess, chronic, multiple 
Hyperplasia 
Inflammation, chronic active 

Epididymis 
Atrophy 
Ectasia 
Fibrosis 
Serosa, granuloma, multifocal 

Preputial gland 
Abscess 
Atrophy 
cys t  
Ectasia 
Foreign body 
Hyperplasia 
Hyperplasia, squamous 
Inflammation, chronic 
Inflammation, chronic active 
Inflammation, granulomatous 

Abscess 
Ectasia, focal 
Hemorrhage, acute 
Hyperplasia, focal 
Hyperplasia, multifocal 
Inflammation, chronic 
Inflammation, chronic active 
Inflammation, suppurative 
Inflammation, suppurative, chronic active 
Mineralization, multifocal 

Prostate 
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(1) 

1 (100%) 

2 (4%) 
1 (2%) 
1 (2%) 
1 (2%) 

(49) 

(49) 

3 (6%) 

1 (2%) 

1 (2%) 
3 (6%) 

28 (57%) 

1 (2%) 

1 (2%) 
6 (13%) 
4 (8%) 
1 (2%) 
5 (10%) 
1 (2%) 
1 (2%) 

(48) 

80 

(1) 
1 (100%) 
1 (100%) 

(49) 

(48) 

4 (8%) 
3 (6%) 
1 (2%) 
1 (2%) 

28 (58%) 

2 (4%) 
(50) 

3 (6%) 
5 (10%) 

1 (2%) 

1 (2%) 
1 (2%) 

(50) 

(49) 
1 (2%) 
1 (2%) 
1 (2%) 
7 (14%) 

2 (4%) 

30 (61%) 

1 (2%) 
1 (2%) 

(46) 

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



TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

~~ 

Chamber Control 2 Ppm 

GENITAL SYSTEM (Continued) 
Seminal vesicle 

Atrophy 
Concretion 
Ectasia 
Hyperplasia 

Mineralization, focal 
Mineralization, multifocal 
Artery, inflammation, chronic 
Artery, inflammation, chronic 
Interstitial cell, hyperplasia 
Seminiferous tubule. atroDhv 

Testes 

ctive, multifo 

I . "  
Seminiferous tubule, degeneration 
Serosa, necrosis, focal 

(46) 

1 (2%) 
2 (4%) 
1 (2%) 

(50) 

4 (8%) 
1 (2%) 

1 1 (2%) 
9 (18%) 

12 (24%) 
2 (4%) 
1 (2%) 

(47) 
3 (6%)  

(50) 
2 (4%)  
3 (6%)  
1 (2%) 
3 (6%) 

16 (32%) 
9 (18%) 
1 (2%) 

(49) 
1 (2%) 

(50) 
1 (2%) 
1 ( 2 % )  
1 (2%)  

21 (42%) 
12 (24%) 
1 (2%)  

HEMATOPOIETIC SYSTEM 
Bone marrow 

Hyperplasia 
Myelofibrosis, focal 
Myeloid cell, hyperplasia 

Inguinal, hemorrhage, acute 
Mediastinal, cyst 
Mediastinal, cyst, multiple 
Mediastinal, hemorrhage, acute 
Mediastinal, hemorrhage, subacute 
Mediastinal, hyperplasia 
Mediastinal, hyperplasia, re cell 
Mediastinal, pigmentation 
Pancreatic, edema 
Pancreatic, granuloma, multifocal 
Pancreatic, hemorrhage, acute 
Pancreatic, hyperplasia 
Renal, hemorrhage, acute 

Lymph node, mandibular 
Hemorrhage, acute 
Hemorrhage, subacute 
Hyperplasia 
Hyperplasia, plasma cell 
Inflammation, chronic active 

Lymph node, mesenteric 
c y s t  
Hemorrhage, acute 
Hemorrhage, subacute 
Hyperplasia 
Hyperplasia, lymphoid 
Hyperplasia, re cell 
Inflammation, subacute 

Congestion, acute 
Depletion lymphoid 
Fibrosis 
Fibrosis, diffuse 
Fibrosis, focal 
Fibrosis, multifocal 
Hematopoietic cell proliferation 
Hemorrhage 
Hyperplasia, re cell, focal 
Infarct 
Necrosis, subacute, multifocal 
Pigmentation, hemosiderin 

Lymph node 

Spleen 

(50) 
12 (24%) 

(50) 

3 (6%) 
2 (4%) 

1 (2%) 

1 (2qJ1 

1 (2%) 

(48) 
1 (2%) 

7 (15%) 

(47) 
1 (2%) 
4 (9%) 

1 (2%) 
1 (2%) 

(50)  

1 (2%) 

5 (10%) 
1 (2%) 
2 (4%) 

1 (2%) 
1 (2%) 

4 (8%) 

81 

1 (2%) 

(44) 
2 (5%) 

2 (5%) 
2 (5%)  

(48) 

10 (21%) 
1 (2%) 
1 (2%) 

1 (2%) 

(49) 

1 (2%) 
1 (2%)  
1 (2%)  
6 (12%) 

4 (8%) 
1 (2%) 

1 (2%)  

149) (49) 
13 (27%) 6 (12%) 
1 (2%) 

1 (2%) 
150) ( 5 0 )  

1 (2%) 
3 (6%) 
4 ( 8 % )  

7 (14%) 5 (10%) 
3 (6%) 4 ( 8 % )  

1 (2%) 

2 (4%)  

1 (2%) 
1 (2%) 
1 (2%) 

2 (4%) 
1 12%) 
1 ( 2 % )  
4 (9%) 
2 (4%)  

1 ( 2 % )  
6 (13%) 

(46) 

(48) 

1 (2%)  
2 (4%)  
1 (2%) 

1 (2%)  
1 12%) 

1 ( 2 % )  
1 (2%) 

7 (14%) 

( 5 0 )  

1 (2%) 
1 (2%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

C h a m b e r  Control 2 Ppm 5 Ppm 

HEMATOPOIETIC SYSTEM 
Spleen (Continued) 

Thymus 
Capsule, fibrosis, multifocal 

Atrophy 
Ectopic parathyroid gland 
Hemorrhage, acute 
Epithelial cell, hyperplasia 

(50) (49) (50) 

(36)  (42) (43) 
1 (2%) 

1 (2%) 
1 (3%) 2 (5%) 2 (5%) 

2 (5%) 
1 (3%) 6 (14%) 2 15%) 

INTEGUMENTARY SYSTEM 
Mammary gland (43) (46) (47) 

Ectasia, diffuse 4 (9%) 1 (2%) 1 12%) 
Ectasia, multifocal 11 (26%) 
Hyperplasia, diffuse 2 (5%)  3 (7%) 5 (11%) 
Artery, adventitia, inflammation, chronic 

11 124%) 8 (17%) 

active, focal 1 (2%)  
Skin (50) (49) (50) 

Cyst dermoid 2 (4%) 2 (4%) 
Hyperkeratosis 1 12%) 
Inflammation, suppurative, chronic active, focal 1 (2%) 
Right, forelimb, hemorrhage, chronic, 

Subcutaneous tissue, developmental 

Tail, inflammation, chronic 1 12%) 
Tail, subcutaneous tissue, inflammation. 

Tail, epithelium, hyperplasia 1 (2%) 

subacute, focal 1 12%) 

malformation 1 (2%) 

proliferative, chronic 1 12%) 

MUSCULOSKELETAL SYSTEM 
Bone 

Fibrous osteodystrophy 
Hyperostosis, focal 
Necrosis, acute 

(50) 149) (49) 
2 (4%) 1 (2%) 
1 (2%) 

1 12%) 

NERVOUS SYSTEM 
Brain 

Compression 
Hemorrhage, multifocal 
Hydrocephalus 
Necrosis, focal 

150) 150) (50) 
14 128%) 10 (20%) 3 16%) 
1 (2%) 1 ( 2 % )  4 18%) 
6 (12%) 3 (6%) 1 12%) 
1 12%) 

RESPIRATORY SYSTEM 
Larynx (47) 

Foreign body 2 (4%) 
Inflammation, acute 
Inflammation, chronic 4 (9%) 
Inflammation, chronic active 9 (19%) 
Epithelium, hyperplasia 

Abscess 
Giant cell, multifocal 
Hemorrhage, acute, focal 
Hemorrhage, acute, multifocal 
Hemorrhage, subacute, multifocal 
Infiltration cellular, histiocytic, focal 
Infiltration cellular, histiocytic, multifocal 
Inflammation, acute, multifocal 2 14%) 

Lung (50) 

Metaplasia. osseous, focal I 12%) 

Tetranitromethane, NTP TR 386 a2 

(491 
1 ( 2 % )  

4 ( 8 % )  
10 (20%) 
2 14%) 

(50) 

1 ( 2 % )  

2 (4%) 
2 ( 4 % )  
1 ( 2 % )  
1 (2%) 

(501 

1 ( 2 % )  
2 (4%) 
4 18%) 

(50) 
1 ( 2 % )  

1 (2%)  
1 ( 2 % )  

1 12%) 



TABLE A5. SUMMARY OF T H E  INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN T H E  
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued)  

C h a m b e r  Control  2 Ppm 5 Ppm 

RESPIRATORY SYSTEM 
Lung (Continued) 

Necrosis, acute, multifocal 
Pigmentation, hemosiderin, diffuse 
Pigmentation, hemosiderin, multifocal 
Alveolar epithelium, hyperplasia, focal 
Alveolar epithelium, hyperplasia, multifocal 
Artery, thrombus 
Artery, adventitia, mediastinum, inflammation, 

Artery, mediastinum, mineralization 
Bronchiole, hyperplasia 
Bronchiole, hyperplasia, focal 
Bronchiole, hyperplasia, multifocal 
Bronchiole, metaplasia, squamous, focal 
Bronchus, hyperplasia, focal 
Bronchus, metaplasia, squamous 
Bronchus, alveolus, inflammation, chronic 

Interstitium, fibrosis, multifocal 
Interstitium, inflammation, chronic, diffuse 
Interstitium, inflammation, chronic, multifocal 
Interstitium, inflammation, chronic active, 

Interstitium, inflammation, chronic active, 

Interstitium, mineralization, multifocal 
Mediastinum, angiectasis 
Mediastinum, cyst 
Mediastinum, pigmentation 
Peribronchiolar, perivascular, granuloma, 

chronic active, multifocal 

active, multifocal 

diffuse 

multifocal 

multifocal 

Foreign body 
Lumen, exudate 
Mucosa, inflammation, acute 
Mucosa, inflammation, chronic 
Mucosa, inflammation, chronic active 
Mucosa, inflammation, suppurative, chronic 

Mucosa, thrombus, multifocal 
Nasolacrimal duct, exudate 
Nasolacrimal duct, hyperplasia 
Nasolacrimal duct. inflammation. chronic 

Nose 

active 

(50) (50) (50) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

2 (4%) 
9 (19%) 

1 (2%) 
2 (4%) 

Nasolacrimal duct, inflammation, chronic active 1 (2%) 
Nasolacrimal duct, inflammation, suppurative, 

acute 3 (6%) 
Nasolacrimal duct, inflammation, suppurative, 

chronic active 
Olfactory epithelium, atrophy 
Olfactory epithelium, metaplasia 3 (6%) 
Respiratory epithelium, hyperplasia 7 (15%) 
Respiratory epithelium, metaplasia, squamous 

Inflammation, chronic 1 (2%) 
Inflammation, chronic active 

Trachea (50) 

83 

1 (2%) 
1 (2%) 
2 (4%) 
7 (14%) 

1 (2%) 

1 (2%) 

37 (74%) 50 (100%) 

2 (4%) 
21 (42%) 
1 (2%) 
1. (2%) 

1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 

(49) 
10 (20%) 

1 (2%) 

16 (33%) 

4 (8%) 
3 (6%) 
1 (2%) 

4 (8%) 
2 (4%) 

2 (4%) 

1 (2%) 

15 (31%) 
1 ( 2 % )  

3 (6%) 
(50) 

1 (2%) 

45 (90%) 

1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 
1 ( 2 % )  
1 (2%) 

(50) 
3 (6%) 
1 (2%) 

16 (32%) 

21 (42%) 
3 (6%)  

3 (6%) 

29 ( 5 8 % )  
13 (26%) 

(50) 

1 (2%) 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

Chamber Control 2 Ppm 5 Ppm 

SPECIAL SENSES SYSTEM 
Ear  

Eye (1) 
Bilateral, external ear, hyperkeratosis 

Bilateral, cornea, mineralization, multifocal 1 (100%) 
Lens, cataract 
Retina, degeneration 

Harderian gland 
Inflammation, chronic 

Inflammation, chronic active 
Zymbal gland (1) 

(1) 

(4) 
1 (100%) 

1 (33%) 2 (50%) 
2 (67%) 2 (50%) 

1 (100%) 
(1) 

(2) (1) 
1 (100%) 

URINARY SYSTEM 
Kidney 

cyst ,  two 
Hydronephrosis 
Infarct 
Infiltration cellular, lymphocytic, multifocal 
Nephropathy, chronic 
Pigmentation, diffuse 
Pigmentation, multifocal 
Artery, thrombus 
Bilateral, hydronephrosis 
Cortex, cyst, multiple 
Cortex, renal tubule, hyperplasia, atypical, 

Pelvis, inflammation, acute, diffuse 
Pelvis, transitional epithelium, hyperplasia 
Proximal convoluted renal tubule, necrosis, 

focal 

acute 
Ureter 

Urinary bladder 
Inflammation, chronic 

Inflammation, chronic, diffuse 
Inflammation, chronic active 
Transitional epithelium, hyperplasia, 

multifocal 

(50) 

47 (94%) 
4 (8%) 
1 (2%) 

1 (2%) 

2 (4%) 
1 (2%) 
1 (2%) 

(1) 

149) 
1 (100%) 

1 (2%) 
1 (2%) 

1 (2%) 

(50) 

1 
2 
1 

47 
3 
3 
1 

2 

(49) 

1 

(2%) 
(4%) 
(2%) 
(94%) 
(6%) 
(6%) 
(2%) 

(4%) 

(2%) 

(50) 
1 

1 

49 
3 
1 

1 

1 
(1) 

(48) 

1 

(2%) 

(2%) 

(98%) 
(6%) 
(2%) 

(2%) 

(2%) 

(2%) 
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TABLE B1, SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE 

C h a m b e r  Control  2 Ppm 5 Ppm 

DISPOSITION SUMMARY 
Animals initially in study 
Early deaths 
Natural death 
Moribund sacrifice 

Terminal sacrifice 
Survivors 

Animals examined microscopically 

50 

6 
19 

25 
50 

50 

3 
13 

34 
50 

50 

8 
27 

15 
50 

ALIMENTARY SYSTEM 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small, duodenum 

Intestine small, ileum 
Intestine small, jejunum 
Liver 

Leiomyoma 

Alveolar/bronchiolar carcinoma, metastatic, 

Hepatocellular carcinoma 
Hepatocellular adenoma 
Sarcoma, metastatic, lung 

Alveolar/bronchiolar carcinoma, metastatic, 

Sarcoma, metastatic, uncertain primary site 
Sarcoma, metastatic, uterus 

Alveolar/bronchiolar carcinoma, metastatic, 

Mixed tumor malignant, metastatic, lung 
Sarcoma, metastatic, lung 

Alveolar/bronchiolar carcinoma, metastatic, 

lung 

Mesentery 

lung 

Pancreas 

lung 

Salivary glands 

lung 

(50) 

(50) 

(48) 
(48) 
(49) 
(49) 

(46) 
(43) 
(501 

1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
(8 )  

1 (13%) 
1 (13%) 
1 (13%) 

(49) 

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

(50) 

1 (2%) 

CARDIOVASCULAR SYSTEM 
Heart (50) 

Alveolar/bronchiolar carcinoma, metastatic, 

Alveolar/bronchiolar carcinoma, metastatic, 

Sarcoma, metastatic, multiple, lung 
Epicardium, carcinoma, metastatic, lung 

lung 

multiple, lung 

(50) (50) 

3 (6%) 

1 (2%) 
1 (2%) 
1 (2%) 

ENDOCRINE SYSTEM 
Adrenal gland 

lung 
Alveolar/bronchiolar carcinoma, metastatic, 

Adrenal gland, cortex 
Adenoma 
Alveolar/bronchiolar carcinoma, metastatic, 

Carcinoma 
Carcinoma, metastatic, lung 
Medulla, alveolarhronchiolar carcinoma, 

lung 

metastatic, lung 

(50) 

(50) 

(50) 

(49) 

(50) 

1 (2%) 

3 (6%) 
(49) 

4 ( 8 % )  
1 (2%) 
1 (2%) 

2 (4%) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
INHALATION STVDY OF TETRANITROMETHANE (Continued) 

Chamber Control 2 Ppm 5 Ppm 

ENDOCRINE SYSTEM (Continued) 
Adrenal gland, niedulla 

Pheochromocytoma complex 
Pheochromocytoma benign 
Sarcoma, metastatic, lung 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 
Carcinoma 

Pituitary gland 
Pars distalis, adenoma 
Pars distalis, adenoma, two 
Pars distalis, alveolar/bronchiolar carcinoma, 

Pars distalis, carcinoma 
Pars intermedia, adenoma 

C-cell, adenoma 
C-cell, carcinoma 
Follicular cell, adenoma 
Follicular cell. carcinoma 

metastatic, lung 

Thyroid gland 

(43)  

2 (5%) 

(50) 

(50) 
27 (54%) 

1 (2%) 

1 (2%) 

(49) 
3 ( 6 % )  
3 (6%) 

(48) 

3 (6%) 

1 (2%) 
(50) 

(48) 
27 ( 5 6 % )  

2 ( 4 % )  

2 (4%) 

(50) 
6 (12%) 
2 (4%) 

(45)  
1 (2%) 
2 (4%) 
1 (2%) 
1 (2%) 

1 12%) 

24 (48%) 
1 (2%) 

1 (2%) 

1 (2%) 

4 (8%) 
1 (2%) 
1 12%) 
1 (2%) 

(49) 

(50) 

(50) 

GENERAL BODY SYSTEM 
Tissue, NOS 

Alveolar/bronchiolar carcinoma, metastatic, 

Sarcoma, metastatic, uncertain primary site 
Squamous cell carcinoma, metastatic, lung 

multiple, lung 

( 3 )  

1 (33%) 
1 (33%) 
1 (33%) 

GENITAL SYSTEM 
Clitoral gland ( 4 7 )  

Adenoma 1 12%) 
Carcinoma 2 t4"o) 

Ovary (50) 
Alveolar/bronchiolar carcinoma, metastatic, 

Bilateral, carcinouia, metastatic, lung 
Bilateral, sarcoma, metastatic, lung 

Deciduoma benign 
Polyp stromal 9 (18%) 
Polyp stromal. two 
Sarcoma 
Sarcoma stronial 
Bilateral, polyp stromal 2 14%) 

Schwannoma malignant, metastatic, urinary 

lung 

Uterus (50) 

Vagina ( 2 )  

bladder 

(48)  
4 (8%) 
1 (2%)  

(50) 

(50) 
1 (2%) 
8 (16%) 
1 ( 2 % )  

1 (2%) 
3 ( 6 % )  

(1) 

1 (100%) 

(44)  

148) 

5 (10%) 
1 (2%) 
1 ( 2 % )  

(50)  

5 (10%) 

2 ( 4 % )  

HEMATOPOIETIC SYSTEM 
Bone marrow (48 )  (50) (50) 
Lymph node (50, (50) (50) 

Sarcoma, metastatic, lung 1 (2%) 
Mediastinal, alveolarhronchiolar carcinoma, 

metastatic. lung 5 (10%) 
Mediastinal, carcinoma. metastatic, lung 1 (2%)  

uncertain primary site 1 12%) 
Serosa, mediastinal. sarcoma, metastatic, 

Lymph node, mandibular (49)  (49)  ( 5 0 )  
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE (Continued) 

C h a m b e r  Control 2 P p m  5 Ppm 

HEMATOPOIETIC SYSTEM (Continued) 
Lymph node, mesenteric (47) 
Spleen (50) 

Thymus (48) 
Squamous cell carcinoma, metastatic, lung 

Alveolar/bronchiolar carcinoma, metastatic, 
lung 

(49) 
(50) 

(42) 
1 (2%) 

4 (10%) 

(50) 
INTEGUMENTARY SYSTEM 

Mammary gland (48) (50) 
Adenocarcinoma 1 (2%) 
Adenoma 1 (2%) 

Fibroadenoma, two 1 (2%) 1 (2%) 2 (4%) 

Basal cell adenoma 1 ,(2%) 
Basosquamous tumor malignant 1 (2%) 
Keratoacanthoma 1 (2%) 1 (2%) 
Papilloma squamous 2 (4%) 1 (2%) 

carcinoma, metastatic 1 (2%) 

carcinoma, metastatic, lung 1 (2%) 
Subcutaneous tissue, fibroma 1 (2%) 
Subcutaneous tissue, fibrosarcoma 1 (2%) 
Subcutaneous tissue, sarcoma 1 (2%) 
Vulva, papilloma 1 (2%) 

Fibroadenoma 7 (15%) 11 (22%) 4 (8%) 

Skin (50) (50 ) .  (50) 

Subcutaneous tissue, alveolarhronchiolar 

Subcutaneous tissue, alveolarhronchiolar 

1 (2%) 

MUSCULOSKELETAL SYSTEM 
None 

NERVOUS SYSTEM 
Brain (50) (50 

Astrocytoma benign 1 (2%) 

Cerebellum, meningioma malignant 1 (2%) 
Astrocytoma malignant 

(50) 

2 (4%) 

RESPIRATORY SYSTEM 
Lung (50) 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Alveolar/bronchiolar carcinoma, multiple 
Alveolar/bronchiolar carcinoma, two 
Chordoma, metastatic, uncertain primary site 
Mixed tumor malignant, multiple 
Osteosarcoma, metastatic, uncertain primary 

Sarcoma, multiple 
Squamous cell carcinoma 
Squamous cell carcinoma, multiple 
Mediastinum, carcinoma, metastatic, lung 
Mediastinum, squamous cell carcinoma, 

Pleura, mediastinum, sarcoma, metastatic, 

site 

metastatic, lung 

uncertain primary site 

(50)  (50) 
6 (12%) 3 (6%) 

11 (22%) 3 (6%) 
1 (2%) 44 (88%) 
7 (14%) 3 (6%) 
1. (2%) 

1 (2%) 

K (2%) 

1 (2%) 
1 (2%) 

10 (20%) 
2 (4%) 
1 (2%) 

1 (2%) 

1 (2%) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE (Continued) 

Chamber Control 2 Ppm 5 Ppm 

SPECIAL SENSES SYSTEM 
None 

URINARY SYSTEM 
Kidney (50) 

Alveolar/bronchiolar carcinoma, metastatic, 

Alveolar/bronchiolar carcinoma, metastatic, 

Carcinoma, metastatic, lung 
Osteosarcoma, metastatic, uncertain primary 

Sarcoma, metastatic, lung 

Schwannoma malignant 
Transitional epithelium, papilloma 

lung 

multiple, lung 

site 

Urinary bladder (49) 

(50) (50) 

7 (14%) 

2 (4%) 
1 (2%) 

1 (2%) 
2 (4%) 

(50) (48 ) 
1 (2%) 
1 (2%) 

SYSTEMIC LESIONS 
Multiple organs *(50) *(50) *(50) 

Leukemia 1 (2%) 
Leukemia mononuclear 18 (36%) 10 (20%) 6 (12%) 

TUMOR SUMMARY 
Total animals with primary neoplasms** 

Total animals with benign neoplasms 

Total animals with malignant neoplasms 

Total animals with secondary neoplasms** 

Total animals with malignant neoplasms- 

Total primary neoplasms 

Total benign neoplasms 

Total malignant neoplasms 

Total secondary neoplasms 

uncertain primary site 

47 
84 
37 
57 
24 
27 * 

49 
119 
42 
80 
31 
39 
2 
2 

1 

50 
137 
37 
56 
50 
81 
20 
69 

2 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all  tumors except secondary tumors 
*** Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE: CHAMBER CONTROL 

DAYS ON 
STUDY 

CARCASS 
ID 

P 
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 9;;;~ glands 

Stomach. forestomach 
Stomach, glandular 

Heart 

Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Hepatocellular adenoma 

M 

Pheochromocytoma benign 

Pars distalis, adenoma 
Pars distalis, adenoma, two 
Pars distalis carcinoma 

C-cell, adenoma 
C.cell, carcinoma 

None 

Thyroid gland 

L BODY SYSTEM 

Clitoral gland 
Adenoma 
Carcinoma 

h a r v  - -~, 
uterus  

Vagina 

Polyp stromal 
Bilateral, polyp stromal 

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + ~ k + + + + + + + + + + +  
+ + M + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + A + + + + + + + + + + ~ + + + + + + + + + + +  
+ + A + + + + + + + A + A A + + + + + + + + + t +  
+ + + + + A + + + + + A A t + + + + + + + + + M A  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
M + + + + + + + + M + + + + + + M + + + + + M + +  
+ + + + + + + + + + + + + + + + + + + + + + + + +  
M + t M + + + + + + + + + + + + + f M + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

X x x x  x x  x x x x  
X 

M + + + + + + + + + + + + + + + + + + + + + + + +  
X 

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

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

X x x  X 

+ + 

+ : Tissue examined microscopically 

- '  Present but  not examined microscopically 
: Not examined 

II Insuficient tissue 

Tetranitromethane, NTP TR 386 

M. Missing 
A Autolysis precludes examination 
X: Incidence of listed morphology 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: CHAMBER CONTROL 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

AL 

Intestine large colon 
Intestine large: rectum 
Intestine small 
Intestine small. duodenum 
Intestine small, ileum 
Intestine small, je]unum 
Liver 

Mesentery 
Pancreas 
Saliva glands 
s t o m a 3  
Stomach. forestomach 
Stomach, glandular 

Heart 

Adrenal gland 
Adrenal gland, cortex 
Adrenal gland. medulla 

Islets, pancreatic 
Parathyroid gland 
Pltuitary gland 

Hepatocellular adenoma 

Pheochromocytoma benign 

Pan distalis. adenoma 
Parsdistalis. adenoma, two 
Pars distalis, carcinoma 

C-cell. adenoma 
C-cell. carcinoma 

Thyroid gland 

None 

Clitoral gland 
Adenoma 
Carnnoma 

Polyp stromal 
Bilateral. polyp stromal 

Ovary 
Uterus 

Vagina 

7 7 7 7 7 7 7 7 7 7 7 1 7 7 7 7 7 7 7 7 7 1 7 - 7  

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

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

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ; 2  

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + M + + + + + + + + + + + + + + + t +  
+ + + t + + t + + t + + + + + + + + + + + + + + +  

X + + 
+ + + + t + + + + + + + + t + + + t + + + + + + +  
+ + t + t t + + + + + + + + + + + t t + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ t + + + + + + t + + + + t + + + t + + + + + + +  
t t + + + + + + + + + + + + t + t + + + + + + + +  

~ ~~~~ 

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

t + + + t + + + + t t + t + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
t t + + M + M M + + + + + + + + t + + + + + + + +  

t + + + t + + + + + + + + + + + + + + + t + + + t  
+ + + + + + + + M + + t M + + + + + + + + + + M +  
. . . . . . . . . . . . . . . . . . . . . . . . .  x x x x  x x  x x x x x x x x x x  x 

+ + + + t + + + + + + + t + t + + + + + + + t + +  
X X 

x x x  

x x  

X 

+ + + + + + t + + + + + + t + + t + + + + + + + +  

X X . . . . . . . . . . . . . . . . . . . . . . . . .  
t + + + + + t + + + + + t + + + + + + + + t + + t  

X 

X x x x  X 

50 
50 
49 
50 
49 
50 
49 
46 
44 
50 
1 
4 

50 
50 
50 
50 
48 

50 

50 
50 
43 

2 
50 
44 
50 
27 
1 
1 

49 
3 
3 

41  
1 
2 

50 
50 
9 
2 
2 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS CHAMBER CONTROL 
(Continued) 

DAYS ON 
STUDY 

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

CARCASS 
ID 

Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesentenc 
S leen 
Tgymus 

Mammary gland 
Fibroadenoma 
Fibroadenoma, two 

Skin 
Keratoacanthoma 
Subcutaneous tissue. fibrosarcoma 
Subcutaneous tissue. sarcoma 
Vulva, papilloma 

M 

EM 
Bone 

Brain 

Spinal cord 

Astrocytoma benign 
Cerebellum. meninpoma malignant 

Larynx 
Lung 
Nose 
Trachea 

!%rial gland 

Kidney 
Urinary bladder 

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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

. . . . . . . . . . . . . . . . . . . . . . . . .  + + + + + + + + + + * + + + + + + + + + + + + + +  
M + + + + + + + + + + + + - + + + + + + + + + + +  
+ M + + + + + + + + + + + - + + + + + + + + + + M  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + M + + + + + M + + + + + + + + + + + + + +  

M M + + + + + + + + + + + + + + + + + + + + + + +  
X X 

+ + + + + + * + + + * + + t + * + + * + + + + + *  

X 
X 

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

+ + + + + + t + + + + + + + + + * + + + + + + * +  

X * 
M M + + + + + + + + + + + + + + + + + + + + t + +  
+ + + + + + + + + + + + + * + + + + * + + + + + +  
+ M + t + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + +  + + 

S 
Multi le organs 

ku le rn ia  mononuclear 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + t + + + + t + + M + + + +  

* + + ' + + + + * + + + + + + + + + + + + + + + * +  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: CHAMBER CONTROL 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

Bone n a m w  
Lymph node 
Lymph node, mandibular 
Lymph node. mesentenc 
S 1een 
Tiymus 

Mammary gland 
Fibroadenoma 
Fibroadenoma. two 

Skin 
Keratoacanthoma 
Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue, sarcoma 
Vulva, papilloma 

EM 

Bone 

Brain 

spina1 cord 

Larynx 
Lung 
Nose 
Trachea 

Astrocytoma benign 
Cerebellum, meninpoma malignant 

Eye 
Lacnmal gland 

Kidney 
Unnary bladder 

Multi le organs 
S 

LeuRemia mononuclear 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 1 7 7 7 7 7 7 7 7 7 7  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 9 9 9 9 9 9 9 9 9  

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

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

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

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

X 

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

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

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

t 

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

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

rOTAL: 
ISSUES 
UMORS 

48 
50 
49 
47 
50 
48 

48 
7 
1 

50 
1 
1 
1 
1 

49 

50 
1 
1 
1 

48 
50 
49 
49 

4 
2 

50 
49 

50 
18 
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TABLE BZ. INDIVIDUAL AMMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE: 2 ppm 

DAYS ON 
STUDY 

CARCASS 
ID 

ALIhlENTARY 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 
Salivarv elands 

Hepatoce M a r  adenoma 

Tongue 

Heart 

benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Pars distalis. adenoma. two 

C cell, carnnoma 

None 

Clitoral gland 
Adenoma 
Carcinoma 

Deciduoma benign 
Polyp stromal 
Polyp stromal, two 
Sarcoma stromal 
Bilateral. polyp stromal 

Schwannoma malignant. metastatic, 

Ovary 
Uterus 

Vagma 

unnary bladder 

Tetranitromethane, NTP TR 386 

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
M + + + + + + + + + + A + + + + + + + + + + + + +  
+ + + + + + + + A + + t + + + t + + + + + + + t +  
+ + + + + + + + + + + + + + + + + + + + M + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + M + + + + + + + + + + + + + + + + + + +  
+ + + + + t + + A + t t + + + + M + + + + + + M +  . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

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

+ +  + + + 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + t  + + + + + + + + + + + + + + + +  
+ + + + + + M +  + + + + + + + + + + + + + + + +  

X 
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + M + + + + + + + + + + + + + + + + + +  

x x x  x x  x x x x x  x x x x  x . . . . . . . . . . . . . . . . . . . . . . . . .  

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

X X X 

+ + + + + + + + + + + + + + M + M + + + + + + + +  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + t + t + + + + S + + + + + + + + + + + +  

X 
X X x x x  

X 
X + 

X 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: 2 ppm 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

ALIMENTARY SYSTEM 
Esophagus 
Intestine large 
Intestine large, cecum 
Inteshne large, colon 
Intestme large, rectum 
Intestine small 
Intestine small, duodenum 
Intestlne small, lleum 
Intestlne small. jejunum 
Liver 

Hepatocellular adenoma 
Mesentery 
Pancreas 
Sahvary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Heart 

Islets, pancreatx 
Parathym~d gland 
P ~ t u ~ t a r y  gland 

Pars distahs, adenoma 
P a n  dlstahs, adenoma, two 
Pars dlstalls carcinoma 

T h y n d  
C cell, adenoma 
C cell, carnnoma 

None 

m T A L  SYSTEM 
Clitoral gland 

Adenoma 
Carcinoma 

Ovary 
Uterus 

Denduoma bemgn 
Polyp stmmal 
Polyp stmmal, two 
Sarcoma stmmal 
Bilateral, polyp stmmal 

Vagina 
Sehwannoma mal~gnant, metastat~c, 

urinary bladder 

+ + + + + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + M + M + + + + + + + t + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X X X  X  X  X  X  X X  X X  X  
x 

9 > = 

? i : i ~ ~ ~ ~ i ~ i ~ i i ~ : : : : : : : : ~ ~ T u M o m  
7 8 0 1 2 3 6 7 8 1 2 3 6 7 9 1 2 3 4 5 6 7 8 9 0  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l  
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: 2 ppm 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

HEMATOPOIETIC SYSTEM 
Bone marrow 
Lymph node 
Lymph node, mand~bular 
Lymph node. mesentenc 
S leen 
~ R y m u s  

Mammary gland 
Adenocarcmoma 
Ftbroadenoma 
Fibroadenoma. two 

S k ~ n  
Basal cell adenoma 

Bone 

Larynx 
Lung 

Alveolar/bronch~olar adenoma 
Alveolarbronchlolar camnoma 
Alveolarbronchlolar camnoma, 

mult~ple 
Alveoiar/bronchiolar carnnoma, two 
Chordoma, metastat~c, uncerta~n 

pnmary site 
Squamous cell carcinoma 

Nose 
Trachea 

L 
Eye 
Zymbal gland 

EM 
Kidney 
Unnarv bladder 

Schwannoma malignant 
Trans~tional ep~theliurn, papilloma 

NS 
Multi le organs 

~euRemla  mononuciear 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE R A T S  2 ppm 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

HEMATOPOIETIC SYSTEM 
Bone marrow 
Lymph node 
Lymph node mandibular 
Lymph node: mesentenc 
S leen 
Tiymus 

Mammary gland 
Adenocarcinoma 
Flbroadenoma 
Fibroadenoma, two 

Basal cell adenoma 
Basosquamous tumor malignant 
Papilloma squamous 
Subcutaneous tissue, fibroma 

Skin 

ETAL S m  
Bone 

Brain 

Larynx 
Lung 

Alveo!ar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Alveolar/bronchiolar carcinoma, 

Alveolar/bronchiolar carcinoma two 
Chordoma. metastatic, uncertab 

Squamous cell carcinoma 

multiple 

pnmary site 

Nose 
Trachea 

Eye 
Zymbal gland 

Kidney 
Unnary bladder 

Schwannoma malignant 
Transitional epithelium. papilloma 

S 
Multi le organs 

LeuRemia mononuclear 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
t + + + + + + + + + + + + + + + + t + + + + + + t  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + M + + + t t t  + + + + + + + + + + +  

t + +  + +  + t t + t + + +  + +  + + + + +  + t + + +  

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  

50 
50 
50 
49 
50 
46 

50 
1 

11 
1 

50 
1 
1 
2 
1 

50 

50 

49 
50 
6 
11 

1 
7 

1 
1 

50 
50 

3 
1 

50 
50 

1 
1 

50 
10 
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DAYS ON 
STUDY 

CARCASS 
ID 

ALIMENTARY SYSTEM 

Intestine large 
Intestine large cecum 
Intestine lar& colon 

E=ekgad 

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

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

Leiomyoma 
Intestine small, ileum 
Intestine small, lejunum 
Liver 

Alveolar/bronchiolar carcinoma, 

Hepatocellular carcinoma 
Sarcoma, metastatic, iung 

Alveolar/bronchiolar carcinoma. 

Leukemia. multifocal 
Sarcoma. metastatic, uncertain pnmary 

Sarcoma, metastatic, uterus 

Alveolar/bronchiolar carcinoma, 

M u e d  tumor mafgnant, metastatic, lung 
Sarcoma. metastatic, lung 

Alve~ar/bronchiolar carcinoma, 

metastatic, lung 

Mesentery 

metastatic. lung 

Slta 

Pancreas 

metastatic, 1un 

Saliva glands 

metastatic, lung 
Stomach 
Stomach, forestomach 
Stomach, glandular 

Heart 
Alveolar/bronchiolar carcinoma. 

Alveolar/bronchiolar carcinoma, 

Sarcoma, metastatic, multiple, lung 
Epicardium, carcinoma, metastatic. lung 

metastatic, lung 

metastatic, multiple, lung 

Adrenal gland 

metastatic, lung 
Adrenal gland, cortex 

metastatic. lung 

Alveolar/bronchiolar carcinoma. 

Adenoma 
Alveolar/bronchiolar carcinoma. 

Carnnoma 
Carnnoma, metastatic. lung 
Medulla, alveolar/bronchiolar 

carnnoma, metastatic, lung 

Pheochromocytoma complex 
Pheochromocytoma benign 
Sarcoma, metastatic. lung 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 
Carcinoma 

Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Pars distalis. adenoma, two 
Pars distalis, alveolaribronchiolar 

Pars intermedia, adenoma 

C cell, adenoma 
C cell, carcinoma 
Follicuiar cell, adenoma 
Follicular cell, carcinoma 

Adrenal gland, medulla 

carnnoma. metastatic, lung 

Thymid gland 

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + A + + + + + + + + + + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  

t + + A + + + + + + + + + + + + + + A + + + + +  
+ + + A + + + + + A + + + + + + + + A + A + + +  
+ + t + + + t t + + + ~ + + + + + + ~ + + + + t +  

X 

X + + + + +  

X 
I + + + + + + + t + + t + + + + + + + + + + + + M +  X 

X X 
X 

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

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

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

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

X I 
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

x x  
X 

X 
+ + + + + + M + + + + + + + + + M  + + + + + + +  

+ + + + + + + + + + + + + + + + + + + + + + + M +  l x  x 
+ + + + + + + + + + + + + + + M + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  x x  X X  X x x  

X 
X 

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

X 

X 
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stte 
Sarcoma, metastatic, uterus 

Pancreas 

TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: 5 ppm 
(Continued) 

Alveolarbmnch~olar carcinoma. 
metastatic, lung 

Mixed tumor malignant, metastatlc, lung 

DAYS ON 
STUDY 

CARCASS 
ID 

ALIMENTARY SYSTEM 
Esophagus 
Intestme large 
Intestme large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 

Leiomyoma 
Intestme small, ileum 

Sarcoma. metastatic, lung 
Salwary glands 

Alveolarhmnchiolar carcinoma, 
metastatic, lung 

Stomach 
Stomach. forestomach 
Stomach. glandular 

Heart 
Alveolarlbmnchiolar carnnoma. 

metastatic, lung 
Alveolarhmnchiolar carcinoma. 

metastatlc. mult i~le .  lung 

Intestrne Liver small, jejunum 
: $ : + A + + + + + + + + + + + + + + + + + + + A  + + + + + + + + + + + + + + + + + - + + + + , S O  43 

Alveolarhmnchiolar carcmoma, 
metastatic, lung 1 

Hepatocellular carcinoma 1  
Sarcoma, metastatic, lung 1  

Mesentery + + + 
Alveolarhmnchlolar carcmoma. 

I fi 

metastatic lun X  I 1  
Leukernla, &ltifocal X  1  
Sarcoma, metastatic, uncertain pnmary I 

6 6 7 7 7 7 7 7 7 ' 7 7 7 7 7 7 7 7 7 7 7 i i 7 -  
9 9 0 0 1 1 1 2 2 ; 2 L 2 1 2 2 2 2 2 2 2 ~ ~ ~ ~ ~  
6 6 0 2 4 7 9 0 1 2 8 8 8 8 8 8 8 8 8 8 8 s 8 s 8  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

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

. .  - 
Sarcoma, metastatic, mu!t~p:e, lung 
Ep~cardlum, carcinoma, n e t a s t a x ,  .ung 

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

EM 
Adrenal aland . . . . . . . . . . . . . . . . . . . . . . . . .  

50 
50 
48 
48 
49 

~lveola&mnchiolar carcinoma, 
metastatic, lung 

Adrenal gland, cortex 

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

Y 
+ + + + A + + + + + + + + + + + + + + + - + + + + 1 4 6  

Adenoma 
Alveolarhmnchiolar carcmoma, 

metastatlc, lung 
Carcinoma 
Carnnoma metastat~c lung 
Medulla, aiveolar/brodchiolar 

carclnoma, metastatlc. lung 
Adrenal gland, medulla 

Pheochmmocytoma complex 
Pheochmmocytoma benign 
Sarcoma, rnetastatm, lung 
Bilateral, pheochmmocytoma bemgn 

Isleb, pancreatic 
Carnnoma 

Parathymid gland 
P ~ t u ~ t a r y  gland 

P a n  d~stahs,  adenoma 
P a n  distahs, adenoma, two 
P a n  distalis, alveolar/bronchiolar 

carclnoma, metastatic, lung 
Pars intermedia, adenoma 

Thyro~d gland 
C cell, adenoma 

+ + M M + + + + + + + * + + + + + M +  + + + + +  

i :  . . . . . . . . . . . . . . . . . . . . . . .  
X  X  X X  X X X  X X X X  X  9 

X  

C cell, carnnoma 
Follicular cell, adenoma X 
Follicular cell, carcinoma 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: 5 ppm 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

GENERAL BODY SYSTEM 
Tissue. NOS 

Alveolarhronchiolar carcinoma. 

Sarcoma. metastatic. uncertain pnmary 
metastatic. multiple, lung 

site 

lung 
Squamous cell carcinoma. metastatic, 

Clitoral gland 
Ovarv 

Uterus 
Polyp stromal 
Sarcoma 

Blood 
Bone marrow 
Lymph node 

Sarcoma. metastatic, lung 
Mediastinal. alveolarhronchiolar 

carcinoma, metastatic. lung 
Mediastinal. carcinoma. metastatic. lung 
Serosa. mediastinal. sarcoma. 

metastatic, uncertain pnmary site 
Lymph node, mandibular 
Lymph node, mesentenc 
Spleen 

lung 
Thymus 

metastatic, lung 

Squamous cell carcinoma. metastatic. 

Aiveolarhronchiolar carcinoma. 

Mammary gland 
Adenoma 
Fibroadenoma 
Fibroadenoma. two 

Keratoacanthoma 
Pa illoma squamous 
SuLutaneous tissue, 

alveolarhronchiolar carcinoma. 
metastatic 

Subcutaneous tissue. 
alveolarhronchiolar carcinoma, 
metastatic. lung 

Subcutaneous tissue, fibroma 

Skin 

Bone 

Bralll 

Spinal cord 
Astrocytoma malignant 

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

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

+ 

X 

+ + + + +  + + + t t + + + M + + + + + M + + M +  
+ + + + + + + + + + + + + + + + + + + + + + + + +  

x x x x  
X 

X 

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

X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  + + + + + + + + + + + + + + + + + + + + + + + + +  
X 

X X x 
X 

X 
+ + + + + + + + M + + + + t t + + + + + + + + + +  
+ + + + + t + + + + + + + + + + + + + t + t + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + +  

t + + M + + + + + M + t + + + + t t + + M + M + M  
X 

x x  X 

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

X 
x ‘ X  

+ + + + + + + + t + t + t + + + + + + + + + + + +  

X 

I X 

t + + + + + + t + + + t + + + + + + t + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X + 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: 5 ppm 
(Continued) 

6 6 7 7 1 1 7 7 7 7 1 1 7 7 7 7 7 7 7 7 7 7 7 7 7  

6 6 0 2 4 1 9 0 1 2 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  

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

9 9 0 0 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

DAYS ON 
STUDY 

TOTAL 
TISSUES 
TUMORS CARCASS 

ID 

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

X 

GENERAL BODY SYST EM 
Tissue, NOS 

metastatic multiple lung 

site 

%mg 

Alveolar/bronchiolar carcinoma, 

Sarcoma, me'tastatic, Ancertain primary 

S uamous cell earnnoma, metastatic, 

Clitoral gland 
Ovary 

Alveolarhronchiolar carcinoma. 

Bilateral, carcinoma, metastatic, lung 
Bilateral, sarcoma, metastatic, lung 

Polyp stromal 
Sarcoma 

metastatic, lung 

Uterus 

1 
42 

4 

+ + + + + + + + M + + + + + +  + + + + + + + + +  
+ + + + + I  + + + + + + + + + + + t  + + + t + t  

Blood I 
BOnLmarrow 
Lymph node 

Sarcoma metastatic lung 
Mediast;nal. alveolahronchiolar 

carcinoma. metastatic. lung 
Mediastinal, carcinoma. metastatic. lunp 
Serosa, mediastinal, sarcoma, 

metastatic, uncertain pnmary site 
Lymph node, mandibular 
Lymph node, mesentenc 
Spleen 

Squamous cell carcinoma. metastatic. 
lung 

Thymus 

metastatic. lung 
Alveolar/bronchiolar carcinoma, 

Mammary gland 
Adenoma 
Fibroadenoma 
Fibroadenoma. two 

Keratoacanthoma 
Pa illoma squamous 
Sutcutaneous tissue, 

alveolarhronchiolar carcinoma, 
metastatic 

Subcutaneous tissue, 
alveolar/bmnchiolar carcinoma, 
metastatic, lung 

Subcutaneous tissue, fibroma 

Skin 

ETAL SYSTEll 
Bone 

M 
Brain 

Spinal cord 
Astrocytoma malignant 

+ +  
X 

X 

l x  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X X X X  

I 
+ + + + + + + + + + + + + + + + + + t + + + t t +  . . . . . . . . . . . . . . . . . . . . . . . . .  

X X  

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

- 1- 

5 
1 
1 

5 
~ 50 

I 2  

50 
50 
1 

5 
1 

1 
49 
49 
50 

2 

X 

X 

+ + + + + + + + + + + + + + + + + + +  + + + + + I 4 9  

~- 1 5;  
+ + + + + + + + + + + + + + + + + + + * + + + + +  

I I  
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: 5 ppm 
(Continued) 

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

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

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

CARCASS 
ID 

3 RE 
Larynx 
Lung 

Alveolarhronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Alveolaribronchiolar carcinoma, 

Alveolar/bronchiolar carcinoma, two 
Mixed tumor malignant. multiple 
Osteosarcoma, metastatic, uncertain 

Sarcoma, multiple 
Squamous cell carcinoma 
Squamous cell carcinoma. multiple 
Mediastinum, carcinoma, metastatic, lung 
Mediastinum, squamous cell carcinoma. 

Pleura, mediastinum, sarcoma. 

multiple 

pnmary site 

metastatic, lung 

metastatic. uncertain pnmarv Site 
Nose 
Trachea 

None 

Kidney 
Alveolar/bronchiolar carcinoma. 

metastatic. lung 
Alveolaribronchiolar carcinoma. 

metastatic, multiple, lung 
Carcinoma, metastatic. lung 
Osteosarcoma, metastatic, uncertain 

pnmary site 
Sarcoma, metastatic. lung 

Unnary bladder 

Multi le organs 
NS 

LeuRernia 
Leukemia mononuclear 

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

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 i  s 

X 

X 
+ + + + + + t + + + + + + + + + + + + + t + + + t  
. . . . . . . . . . . . . . . . . . . . . . . . .  

1 -  + + + + + + t t + + + + + + + + + + + t + + + + +  

X I X I  X 

x x  x 
X 

X 
X 

+ + t + + + + + + + + + + + + + + + M M + + + t +  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X X 
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DAYS ON 6 1 7 7 7 7 ; 7 7 7 7 7 7 i 7 : 7 ; : 7 ~ " -  
STUDY ' ~ 9 0 0 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 ? ? ~ ~ ~  

i 6 6 0 2 4  7 9 0 1 2 8 8 8 8 8 8 8 8 8 a 8 8 8  a i  
I 

CARCASS 
ID 

RESPEW TORY SYSTEM 
Larynx 
Lung 

Alveolarbmnchiolar adenoma 
Alveolarbmnchiolar camnoma 
Alveolar'bronchiolar camnoma. 

Alveolar'bmnchiolar camnoma, two 
Mired tumor malignant, multiple 
Osteosarcoma, metastatic. uncertain 

Sarcoma, multiple 
Squamous cell carcinoma 
Squamous cell carcinoma. multiple 
Mediastinum, carcinoma metast , lung 
Mediastinum, squamous hell carcinoma. 

Pleura, mediastinum. sarcoma, 

multiple 

pnmarf  site 

metastatic. lung 

metastatic, uncertain pnmary a t e  
Nose 
Trachea 

rn- 
None 

T J R r m m P  
Kidney 

Alveolar'bronchiolar camnoma, 
metastatic. lung 

Alveolar'bronchiolar camnoma, 
metastatic, multiple, lung 

Carcinoma. metastatic. lung 
Osteosarcoma, metastatic, uncertain 

pnmarf  site 
Sarcoma, metastatic, lung 

Unnary bladder 

m- 
Multi le organs 

LeuEemia 
Leukemia mononuclear 

I 

T m d I .  

1 1  1 1  1 1  1 1  1 1  1 1  1 1  I 1  1 1  1 1  1 1  1 1  I 

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

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

I !L--- ~ 

I +  + +  + +  + + +  + +  + + +  + + + + + + * + * t t +  49 

j x x x x x  x x x x x x x x x x x x x x  x x x x /  44 ~ 

I 

+ + + + + + + + + + + + r + + + + + + + + + + + l 5 0  x 1 
, x x , 3  

1 1  

l + + + + + + + + + + + + + + + + + + + * + + + + +  
i 
! I- 
I + + +  + +  + + + + +  + t +  + + t + +  + +  + + + t + ~  so 

i + + + + + t + + + + + + + + t + + + + + + + A +  

~ 

r, . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X x x  
I- 

103 Tetranitromethane, NTP TR 386 



TABLE B3. ANALYSIS OF PRIMARY NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR INHALATION 
STUDY OF TETRANITROMETHANE 

Chamber Control 2 ppm 5 Ppm 

Adrenal Cortex: Adenoma 
Overall Rates (a) 
Adjusted Rates (b)  
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests td) 
Cochran-Armitage Trend Test td) 
Fisher Exact Test td) 

0150 (0%) 
0.0% 
0125 (0%) 

P = 0.015 
P = 0.029 
P = 0.032 

Adrenal Cortex: Adenoma or Carcinoma 
Overall Rates (a)  0/50 (0%) 
Adjusted Rates tb) 0.0% 
Terminal Rates I C )  0125 (0%) 
Day of First Observation 
Life Table Tests td) P = 0.004 
Logistic Regression Tests (d) P=O.OlO 
Cochran-Armitage Trend Test (d)  
Fisher Exact Test td) P=O.O11 

Adrenal Medulla: Pheochromocytoma 
Overall Rates ( a )  2/43 (5%) 
Adjusted Rates (b)  9.1% 
Terminal Rates (c)  2/22 (9%) 
Day of First Observation 727 
Life Table Tests td) P=0.306 
Logistic Regression Tests td) P=0.507 
Cochran-Armitage Trend Test td) P=0.506 
Fisher Exact Test td) 

Adrenal Medulla: Pheochromocytoma or Complex Pheochi 
Overall Rates ( a )  2/43 (5%) 
Adjusted Rates tb) 9.1% 
Terminal Rates ( c )  2/22 (9%) 
Day of First Observation 727 
Life Table Teststd) P =  0.153 
Logistic Regression Tests td) P=0.341 
Cochran-Armitage Trend Test td) P = 0.343 
Fisher Exact Test td) 

Clitoral Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates tb) 
Terminal Rates I C )  
Day of First Observation 
Life Table Tests (d)  
Logistic Regression Tests ( d )  
Cochran-Armitage Trend Test rd) 
Fisher Exact Test td) 

1/47 (2%)  
4.0% 
1/25 (4%) 
727 
P = 0.459N 
P=0.349N 
P = 0.338N 

Clitoral Gland: Adenoma or Carcinoma 
Overall Rates ( a )  3/47 (6%) 
Adjusted Rates tb)  12.0% 
Terminal Rates (c) 3/25(12%) 
Day of First Observation 727 
Life Table Tests (d)  P = 0.203N 
Logistic Regression Tests (d )  P=0.125N 
Cochran-Armitage Trend Test td) P=0.115N 
Fisher Exact Test td) 
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0149 (0%) 
0.0% 
0134 (0%) 

(e 
( e )  

( e )  

0/49 (0% 1 
0.0% 
0/34 (0%) 

(e)  
(e)  

( e )  

4/48 (8%) 
10.8% 
3/34 (9%)  
563 
P = 0.524 
P = 0.447 

P = 0.392 

.omocytoma 
4/48 18%) 
10.8% 
3/34 (9%) 
563 
P = 0.524 
P=0.447 

P = 0.392 

4/48 18% ) 
11.0% 
3/33 (9%)  
559 
P = 0.264 
P = 0.204 

P=  0.187 

5/48110%) 
14.0% 
4/33 I 12%) 
559 
P=0.507 
P=0.434 

P=0.369 

3/49 (6%) 
13.7% 
1/15 (7%) 
616 
P = 0.082 
P=0.115 

P=0.117 

4/49 (8%) 
17.7% 
1/15(7%) 
616 
P = 0.040 
P = 0.058 

P=0.056 

3/47 (6%) 
15.1% 
2/15 (13%) 
356 
P = 0.365 
P = 0.540 

P=0.543 

4/47 (9%) 
21.6% 
3/15 (20%) 
356 
P=0.201 
P=0.378 

P = 0.382 

0144 (0%) 
0.0% 
011 4 (0% ) 

P=0.616N 
P=0.616N 

P = 0.516N 

0/44(0%) 
0.0% 
0/14(0%) 

P=0.238N 
P=0.238N 

P=0.133N 



TABLE 83. ANALYSIS O F  PRIMARY NEOPLASMS IN FEMALE R A T S  I N  T H E  TWO-YEAR INHALATION 
STUDY O F  TETRANITROMETHANE (Continued)  

C h a m b e r  Control  2 ppm 5 p p m  

Lung: AlveolariBronc hiolar Adehoma 
Overall Rates (a)  
Adjusted Ratestb) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests td) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d)  

Lung: AlveolariBronc hiolar Carc inoma 
Overall Rates (a)  
Adjusted Ratestb) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests td) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d )  

0/50 (0%) 6/50 (1 2%) 3/50 (6%) 
0.0% 17.61 10.3% 
0125 (0%) 6/34 (18%) 0/15 (0%) 

P=O.O91 P = 0.039 P=0.104 
P=0.208 P = 0.039 P=0.116 
P=0.226 

P=0.013 P=0.121 

727 567 

0150 (0%) 19/50 (38%) 50/50 (100%) 
0.0% 52.7% 100.0% 
0/25 (0%) 17/34(50%) 15/15 (100%) 

P<O.OOl P<O.OOl P<O.OOl 
P< 0.001 P<O.OOl P<O.OOl 
P < 0.001 

P<O.OOl P<O.OOl 

703 ' 356 

Lung: AlveolarlBronc hiolar Adenoma or Carc inoma 
Overall Rates (a) 
Adjusted Rates tb) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d)  
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Lung: Squamous  Cell Carc inoma 
Overall Rates (a)  
Adjusted Rates(b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests td) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Mammary  Gland: F ibroadenoma 
Overall Rates (fl 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d)  

Mammary  Gland: Adenoma or Fibroadenoma 
Overall Rates (0 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d)  
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

0/50 (0%) 
0.0% 
0125 (0%) 

P< 0.001 
P< 0.001 
P< 0.001 

0/50 (0%) 
0.0% 
0/25 (0%) 

P<O.OOl 
P<O.OOl 
P<O.OOl 

8/50 (16%) 
28.1% 
6/25 (24%) 
590 
P=0.558 
P= 0.298N 
P = 0.294N 

22/50 (44%) 
61.0% 
20/34 (59%) 
703 
P< 0.001 
P<O.OOl 

P<O.OOl 

1/50 (2%) 
2.5% 
0/34 (0%) 
639 
P=0.527 
P=0.478 

P = 0.500 

12/50 (24%) 
30.7% 
8/34 (24%) 
428 
P = 0.467 
P = 0.303 

P=0.227 

50/50 (100%) 
100.0% 
15/15 (100%) 
356 
P<O.OOl 
P<O.OOl 

P <0.001 

12/50 (24%) 
46.5% 
4/15 (27%) 
512 
P <0.001 
P <0.001 

P<O.OOl 

6/50 (12%) 
23.1% 
1/15 (7%) 
534 
P=0.607 
P=0.390N 

P = 0.387N 

8/50 (16%) 12/50 (24%) 7/50 (14%) 
28.1% 30.7% 28.6% 
6/25 (24%) 8/34 (24%) 2/15 (13%) 
590 428 534 
P = 0.423 P = 0.467 P = 0.468 
P = 0.407N P = 0.303 P=0.507N 
P=0.398N 

P = 0.227 P= 0.500N 
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TABLE B3. ANALYSIS OF PRIMARY NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR INHALATION 
STUDY OF TETRANITROMETHANE (Continued) 

Chamber Control 2 ppm 5 Ppm 

Mammary Gland: Adenoma, Fibroadenoma, or Adenocarcinom 
Overall Rates (0 8/50 (16%) 
Adjusted Rates (b) 28.1% 
Terminal Rates (c) 6/25 (24%) 
Day of First Observation 590 
Life Table Tests (d) P=0.421 
Logistic Regression Tests (d) P =  0.397N 
Cochran-Armitage Trend Test (d) P=0.386N 
Fisher Exact Test (d )  

Pituitary Gland/Pars Distalis: Adenoma 
Overall Rates ( a )  28/50 (56%) 
Adjusted Rates (b)  79.4% 
Terminal Rates (c) 18/25 (72%) 
Day of First Observation 525 
Life Table Tests (d)  P=0.188 
Logistic Regression Tests (d)  P=0.289N 
Cochran-Armitage Trend Test (d) P=0.282N 
Fisher Exact Test (d) 

Pituitary Gland/Pars Distalis: Adenoma or Carcinoma 
Overall Rates (a )  29/50 (58%) 
Adjusted Rates tb) 80.0% 
Terminal Rates (c) 18/25 (72%) 
Day of First Observation 525 
Life Table Tests (d) P=0.236 
Logistic Regression Tests (d) P=0.208N 
Cochran-Armitage Trend Test (d) P=0.206N 
Fisher Exact Test (d) 

Thyroid Gland: C-cell Adenoma 
Overall Rates ( a )  
Adjusted Rates (b)  
Terminal Rates (c )  
Day of First Observation 
Life Table Tests td) 
Logistic Regression Tests td) 
Cochran-Armitage Trend Test (d)  
Fisher Exact Test td) 

Thyroid Gland: C-cell  Carcinoma 
Overall Rates ( a )  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests td) 
Cochran-Armitage Trend Test (d)  
Fisher Exact Test td) 

3/49 (6%) 
11.3% 
2/25 (8%) 
674 
P=0.274 
P = 0.457 
P = 0.502 

3/49 (6%) 
12.0% 
3/25 (12%) 
727 
P = 0.366N 
P=0.273N 
P=0.233N 

Thyroid Gland: C-cell Adenoma or Carcinoma 
Overall Rates (a) 6/49 (12%) 
Adjusted Rates (b )  22.9% 
Terminal Rates (c) 5/25 (20%) 
Day of First Observation 674 
Life Table Tests (d )  
Logistic Regression Tests td) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P = 0.454 
P = 0.464N 
P = 0.399N 
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la 
13/50 (26%) 
33.4% 
9/34 (26%) 
428 
P=0.387 
P=0.234 

P = 0.163 

29/48 (60%) 
66.8% 
19/33 (58%) 
559 
P = 0.189N 
P=0.522N 

P=0.406 

31/48 (65%) 
71.5% 
21/33 (64%) 
559 
P = 0.223N 
P = 0.575 

P=0.323 

6/50 (12%) 
15.9% 
4/34(12%) 
563 
P=0.408 
P=0.301 

P=0.254 

2/50 (4%) 
5.9% 
2/34(6%) 
727 
P = 0.360N 
P = 0.360N 

P=0.490N 

8/50 (16%) 
2 1.5% 
6/34 (18%) 
563 
P = 0.604N 
P = 0.522 

P=0.403 

7/50 (14%) 
28.6% 
2/15 (13%) 
534 
P = 0.468 
P=0.507N 

P=0.500N 

25/50 (50%) 
87.2% 
12/15 (80%) 
512 
P=0.226 
P=0.333N 

P=0.344N 

25/50 (50%) 
87.2% 
12/15 (80%) 
512 
P = 0.288 
P = 0.257N 

P =  0.274N 

4/50 (8%) 
23.2% 
3/15 (20%) 
696 
P=0.308 
P=0.451 

P=0.511 

1/50 (2%)  
3.6% 
0115 (0%) 
689 
P = 0.444N 
P = 0.342N 

P=0.301N 

5/50 (10%) 
25.9% 
3/15 (20%) 
689 
P = 0.502 
P = 0.566N 

P=0.486N 



TABLE B3. ANALYSIS OF PRIMARY NEOPLASMS I N  FEMALE R A T S  I N  THE TWO-YEAR INHALATION 
STUDY OF TETRANITROMETHANE (Continued) 

C h a m b e r  Control  2 p p m  5 Ppm 

Uterus: Stromal  Polyp  
Overall Rates (D 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

11/50 (22%) 
3 1 .O% 
5/25 (20%) 
454 
P =0.212N 
P = 0.064N 
P = 0.065N 

Hematopoietic System: Mononuclear  Leukemia  or Leukemia  
Overall Rates (0 18/50 (36%) 
Adjusted Rates tb) 45.2% 
Terminal Rates (c) 5/25 (20%) 
Day of First Observation 49 1 
Life Table Tests (d) P = 0.044N 
Logistic Regression Tests (d) P =  0.009N 
Cochran-Armitage Trend Test (d) P = 0.009N 
Fisher Exact Test (d) 

All Sites: Benign Tumors  
Overall Rates (D 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: Malignant  T u m o r s  
Overall Rates (D 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: All Tumors  
Overall Rates (f) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d)  
Cochran-Armitage Trend Test td) 
Fisher Exact Test td) 

37/50 (74%) 
92.2% 
22/25 (88%) 
454 
P = 0.038 
P =0.462N 
P = 0.494N 

24/50 (48%) 
58.3% 
9/25 (36%) 
251 
P<O.OOl 
P<O.OOl 
P <0.001 

47/50 (94%) 
97.9% 
24/25 (96%) 
251 
P=0.013 
P=O.119 
P=0.075 

12/50 (24%) 
32.7% 
10134 (29%) 
428 
P=0.428N 
P = 0.488 

P = 0.500 

10150 (20%) 
26.3% 
7/34(21%) 
545 
P =  0.021N 
P = 0.067N 

P=0.059N 

42/50 (84%) 
91.2% 
30134 (88%) 
428 
P=0.232N 
P = 0.365 

P = 0.163 

31/50 (62%) 
73.6% 
23/34 (68%) 
545 
P=0.557 
P=0.139 

P =0.114 

49/50 (98%) 
98.0% 
33/34 (97%) 
428 
P=0.084N 
P=0.498 

P=0.309 

5/50 (10%) 
25.4% 
3/15 (20%) 
512 
P =  0.214N 
P=O.O88N 

P=0.086N 

7/50 (14%) 
28.4% 
2/15 (13%) 
475 
P=0.049N 
P = 0.01 1N 

P =  0.010N 

37/50 (74%) 
97.0% 
14/15 (93%) 
356 
P=0.079 
P=0.541N 

P=0.590N 

50150 (100%) 
100.0% 
15/15(100%1 
356 
P<O.OOl 
P<O.OOl 

P <  0.001 

50/50 (100%) 
100.0% 
15/15 (100%) 
356 
P = 0.046 
P=0.187 

P=0.121 
- 
(a )  Number of tumor-bearing animals/number of animals examined microscopically at the site 
(b)  Kaplan-Meier estimated tumor incidences at the end ofthe study after adjustingfor intercurrent mortality 
(c) Observed tumor incidence in animals killed a t  the end ofthe study 
(d) Beneath the control incidence a re  the P values associated with the trend test. Beneath the dosed group incidence a re  the 
P values corresponding to pairwise comparisons between tha t  dosed group and the controls. The life table analysis regards 
tumors in animals dying prior to terminal kill as  being (directly or indirectly) the cause of death. The incidental tumor test re- 
gards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates. 
A negative trend or a lower incidence in a dosed group than in controls is indicated by (N). 
(e) No Pvalue is reported because no tumors were observed in the 2-ppm and control groups 
(D Number oftumor-bearing animals/number of animals examined grossly at the site 
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TABLE B4a. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR NEOPLASMS IN FEMALE F344/N 
RATS (a) 

Study 
Incidence in Controls 

Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence for Chamber Controls in NTP Studies (b) 

Propylene oxide 
Methyl methacrylate 
Propylene 
1 ,2-Epoxybutane 
Dichloromethane 
Tetrachloroethylene 
Bromoethane 

TOTAL 
SD (c) 

Range (d)  
High 
Low 

0148 
0150 
0149 
1/50 
1150 
0150 
0150 

0148 
0150 
0149 
1/50 
0150 
1/50 
0150 

21347 (0.6%) 21347 (0.6%) 
0.9840 0.98% 

1150 
0150 

1/50 
0150 

Overall Historical Incidence for Untreated Controls in NTP Studies 

TOTAL 
SD (c) 

Range (d) 
High 
Low 

2011,639 (1.2%) 5/1,639 (0.3%) 
1.58% 0.73% 

3/50 
0150 

1/50 
0150 

0148 
0150 
0149 
2/50 
1150 
1/50 
0150 

41347 (1.2%) 
1.57% 

2150 
0150 

2511,639 (1.5%) 
1.59% 

3150 
0150 

(a) Data as  of March 1,1989, for studies o f a t  least 104 weeks 
(b) All inhalation studies included in the NTP historical data  base were conducted at Battelle Pacific Northwest Laboratories. 
(c) Standard deviation 
(d) Range and SD are  presented for groups of 35 or more animals. 

TABLE B4b. HISTORICAL INCIDENCE OF SQUAMOUS CELL LUNG NEOPLASMS IN FEMALE F344/N 
RATS (a) 

Historical incidence for chamber controls in NTP studies: 01347 

Overall historical incidence for untreated controls in NTP studies: 011,639 
~ ~~~~~~ 

(a) Data as of March 1,1989, for studies of a t  least 104 weeks 
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TABLE B4c. HISTORICAL INCIDENCE OF ADRENAL CORTICAL NEOPLASMS IN FEMALE F344/N 
RATS (a) 

Study 
Inc idence  in  Controls  

Adenoma Carc inoma Adenoma or Carc inoma 

Historical Inc idence  for  C h a m b e r  Cont ro ls  in N T P  Studies  (b) 

Propylene oxide 
Methyl methacrylate 
Propylene 
1,2-Epoxybutane 
Dichloromethane 
Tetrachloroethylene 
Bromoethane 

TOTAL 
SD (c) 

Range (d) 
High 
Lo W 

1148 
0149 
1147 
1/50 
0150 
2150 
1/50 

0148 
0149 
0147 
0150 
0150 
0150 
0150 

61344 (1.7%) 01344 (0.0%) 6/344(1.7%) 
1.39% 0.00% 1.39% 

2/50 
0150 

0150 
0150 

Overall Historical Inc idence  for Unt rea ted  Controls  in N T P  Studies  

TOTAL 
SD (c) 

Range (d) 
High 
Low 

1/48 
0149 
1/47 
1/50 
0150 
2/50 
1150 

2/50 
0150 

(e) 4811,634 (2.9%) 511,634 (0.3%) (e)5311,634(3.2%) 
2.97% 0.73% 3.05% 

6/50 
0150 

1/49 
0150 

6/50 
0150 

( a )  Data a s  of March 1,1989, for studies of a t  least 104 weeks 
tb) All inhalation studies included in the NTP historical data base were conducted a t  Battelle Pacific Northwest Laboratories. 
( c )  Standard deviation 
td) Range and SD are presented for groups of 35 or more animals. 
( e )  Includes four adenomas, NOS 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE 

Chamber Control 2 Ppm 5 Ppm 

DISPOSITION SUMMARY 
Animals initially in study 
Early deaths 
Natural death 
Moribund sacrifice 

Terminal sacrifice 
Survivors 

Animals examined microscopically 

50 

6 
19 

25 
50 

50 

3 
13 

34 
50 

50 

8 
27 

15 
50 

ALIMENTARY SYSTEM 
Intestine large, cecum 

Inflammation, chronic active 
Inflammation, necrotizing, acute 
Parasite metazoan 

Parasite metazoan 
Artery, inflammation, chronic active, focal 
Muscularis, mineralization, multifocal 

Parasite metazoan 
Muscularis, mineralization, multifocal 

Intestine small, ileum 
Infiltration cellular, lymphocytic, diffuse 
Inflammation, chronic active 

Angiectasis, focal 
Angiectasis, multifocal 
Basophilic focus 
Basophilic focus, multiple 
Basophilic focus, two 
Cytomegaly, multifocal 
Cytoplasmic alteration, focal 
Eosinophilic focus 
Fatty change, diffuse 
Fatty change, focal 
Fatty change, multifocal 
Fibrosis, multifocal 
Granuloma, multifocal 
Hemorrhage, acute, multifocal 
Hepatodiaphragmatic nodule 
Hyperplasia, nodular 
Inflammation, chronic active, multifocal 
Mitotic alteration 
Mixed cell focus 
Mixed cell focus, multiple 
Necrosis, acute, focal 
Necrosis, acute, multifocal 
Necrosis, subacute, focal 
Vacuolization cytoplasmic, multifocal 
Bile duct, hyperplasia, multifocal 
Centrilobular, atrophy, diffuse 
Centrilobular, atrophy, multifocal 
Centrilobular, congestion, multifocal 
Centrilobular, fatty change, diffuse 
Centrilobular, necrosis, acute, diffuse 
Centrilobular, necrosis, acute, multifocal 
Median lobe, hepatodiaphragmatic nodule 
Periportal, cytomegaly, diffuse 
Periportal, fatty change, diffuse 
Periportal, fatty change, multifocal 
Periportal, inflammation, chronic, multifocal 

Intestine large, colon 

Intestine large, rectum 

Liver 

(49) 

1 (2%) 
3 (6%) 

5 (10%) 
1 (2%) 

(50) 

(49) 
7 (14%) 

(46) 

1 (2%) 

3 (6%) 

2 (4%) 
24 (48%) 

1 (2%) 

1 (2%) 
1 (2%) 
6 (12%) 
2 (4%) 
3 (6%) 

15 (30%) 

5 (10%) 

1 (2%) 
2 (4%) 
2 (4%) 
1 (2%) 
1 (2%) 
2 (4%) 
1 (2%) 
1 (2%) 

10 (20%) 
2 (4%) 
3 (6%) 

3 (6%) 

(50) 

1 (2%) 
2 (4%) 
1 (2%) 

(48) 

2 (4%) 

LO (20%) 

1 (2%) 

7 (14%) 
1 (2%) 

(49) 

(49) 

(49) 

(50) 
2 (4%) 

2 (4%) 
29 (58%) 
6 (12%) 
1 (2%) 
2 (4%) 
2 (4%) 
2 (4%) ’ 

6 (12%) 
1 (2%) 

28 (56%) 

4 (8%) 
1 (2%) 

3 (6%) 
2 (4%) 

2 (4%) 

2 (4%) 
6 (12%) 

2 (4%) 
1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 
2 14%) 

(48) 
1 (2%) 

(48) 
5 (10%) 

(49) 
6 (12%) 

(46) 
1 (2%) 

(50) 

1 (2%) 
8 (16%) 

15 (30%) 
7 (14%) 

6 (12%) 
1 (2%) 

16 (32%) 
2 (4%) 
5 (10%) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
2 (4%) 

3 (6%) 
1 (2%) 
2 (4%) 

2 (4%) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 
2 (4%) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

Chamber Control  2 Ppm 5 Ppm 

ALIMENTARY SYSTEM 
Liver (Continued) (50) 

Mesentery (4) 

Portal, inflammation, chronic, multifocal 1 (2%) 
Serosa, inflammation, proliferative, multifocal 

Accessory spleen 2 (50%) 
Artery, mineralization, multifocal 
Fat, necrosis, focal 2 (50%) 
Fat, necrosis, multifocal 
Vein, thrombus 

Ectopic tissue 
Inflammation, chronic, multifocal 1 (2%) 
Necrosis, acute, focal 
Acinus, atrophy 
Acinus, atrophy, diffuse 1 (2%) 
Acinus, atrophy, focal 1 (2%) 
Acinus, atrophy, multifocal 12 (24%) 
Acinus, hyperplasia, focal 1 (2%) 
Artery, angiectasis, multifocal 
Artery, inflammation, chronic active, focal 
Artery, inflammation, chronic active, multifocal 1 (2%) 
Artery, mineralization, multifocal 
Serosa, inflammation, chronic active 

Cytomegaly, focal 
Inflammation, acute, focal 
Acinus, atrophy, focal 
Duct, hyperplasia, focal 1 (2%) 
Duct, inflammation, chronic active, focal 1 (2%) 

Edema 
Erosion, focal 1 (2%) 
Hyperplasia, basal cell, focal 
Inflammation, acute 
Inflammation, chronic 1 (2%) 
Inflammation, chronic active 6 (12%) 
Necrosis, acute, focal 
Ulcer, multifocal 1 (2%) 
Ulcer, single 2 (4%) 
Epithelium, hyperplasia, diffuse 2 (4%) 
Epithelium, hyperplasia, focal 2 (4%) 
Epithelium, hyperplasia, multifocal 

Erosion 1 (2%) 
Inflammation, chronic active 1 (2%) 
Necrosis, subacute, focal 
Mucosa, mineralization 
Mucosa, necrosis, acute, focal 1 (2%) 

Pancreas (50) 

Salivary glands (50) 

Stomach, forestomach (50) 

Stomach, glandular (48) 

(50) 
1 (2%) 

(6 )  

1 (17%) 
3 (50%) 
1 (17%) 
1 (17%) 

(50) 

1 (2%) 

8 (16%) 
2 (4%) 
1 (2%) 

1 (2%) 
1 (2%) 

(50) 

1 (2%) 
1 (2%) 

(49) 

1 (2%) 

3 (6%) 

2 (4%) 
1 (2%) 
1 (2%) 

(49) 

2 (4%) 
1 (2%) 
1 (2%) 

3 (38%) 
1 (13%) 

(49) 
1 (2%) 

1 (2%) 
2 (4%) 
2 (4%) 
1 (2%) 
5 (10%) 

1 (2%) 
2 (4%) 

(50) 
1 (2%) 
1 (2%) 

(50) 
1 (2%) 

1 (2%) 
1 (2%) 

4 (8%) 
1 (2%) 
2 (4%) 
1 (2%) 
2 (4%) 
1 (2%) 
2 (4%) 

(50) 

CARDIOVASCULAR SYSTEM 
Heart (50) 

Cardiomyopathy 34 
Mineralization, multifocal 
Necrosis, acute, multifocal 
Artery, amyloid deposition, multifocal 
Artery, adventitia, hyperplasia 
Artery, adventitia, mineralization, focal 
Artery, epicardium, thrombus 
Atrium left, embolus, focal 
Atrium left, inflammation, acute, multifocal 
Atrium left, thrombus 1 

(50) (50) 
(68%) 39 (78%) 36 (72%) 

1 (2%) 
1 (2%) 1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 
1 ( 2 % )  
1 (2%) 
1 12%) 

(2%) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

C h a m b e r  Control 2 P p m  5 P p m  

CARDIOVASCULAR SYSTEM 
Heart (Continued) (50) (50) 

Epicardium, inflammation, chronic, focal 1 (2%) 
Mitral valve, degeneration, mucoid 

(50) 

1 (2%) 

ENDOCRINE SYSTEM 
Adrenal gland 

Adrenal gland, cortex 
Capsule, accessory adrenal cortical nodule 

Angiectasis, focal 
Angiectasis, multifocal 
Congestion 
Degeneration, fatty, diffuse 
Degeneration, fatty, focal 
Degeneration, fatty, multifocal 
Degeneration, focal 
Hyperplasia, focal 
Hyperplasia, multifocal 
Hypertrophy, focal 
Hypertrophy, multifocal 

Adrenal gland, medulla 
Fibrosis, diffuse 
Hyperplasia 
Hyperplasia, focal 
Hyperplasia, multifocal 

Atrophy, diffuse 
Hyperplasia, focal 
Hyperplasia, multifocal 

Hyperplasia, diffuse 
Hyperplasia, focal 
Hypertrophy, focal 

Fibrosis, focal 
Pars distalis, abscess, chronic 
Pars distalis, angiectasis, focal 
Pars distalis, angiectasis, multifocal 
Pars distalis, cyst 
Pars distalis, cyst, multiple 
Pars distalis, hyperplasia 
Pars  distalis, hyperplasia, focal 
Pars distalis, hyperplasia, multifocal 
Pars intermedia, angiectasis, multifocal 

Islets, pancreatic 

Parathyroid gland 

Pituitary gland 

Thyroid gland 
c y s t  
Inflammation, granulomatous, focal 
C-cell, hyperplasia 
C-cell, hyperplasia, focal 
C-cell, hyperplasia, multifocal 
Follicular cell, hypertrophy, diffuse 

(50) 

(50) 
2 (4%) 

1 (2%) 

3 (6%) 
10 (20%) 

1 (2%) 

13 (26%) 
2 (4%) 
4 (8%) 
2 (4%) 

1 (2%) 

1 (2%) 
1 (2%) 

(43) 

(50) 

2 (4%) 
5 (10%) 

1 (2%) 
(44) 

(50) 
1 (2%) 

1 (2%) 
4 (8%) 
5 (10%) 
5 (10%) 

4 (8%) 
1 (2%) 
1 (2%) 

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

11 (22%) 
1 (2%) 

(49) 

(50) 

(49) 
1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 

7 (14%) 
1 (2%) 

9 (18%) 
5 (10%) 
5 (10%) 
1 (2%) 

(48) 

1 (2%) 
1 (2%) 

(50) 

2 (4%) 
6 (12%) 

1 (2%) 

1 (2%) 

(47) 

(48) 

1 (2%) 
1 (2%) 
2 (4%) 
2 (4%) 
3 (6%) 
1 (2%) 
4 (8%) 

1 (2%) 
(50) 

3 (6%) 
10 (20%) 

(50) 

(49) 
1 (2%) 

2 (4%) 
4 (8%) 
9 (18%) 
7 (14%) 
1 (2%) 
4 (8%) 
1 (2%) 
2 (4%) 
1 (2%) 

(45) 

1 (2%) 
4 (9%) 
3 (7%) 

1 (2%) 

3 (6%) 

1 (2%) 
1 (2%) 

(49) 

(45) 

(50) 

1 (2%) 
5 (10%) 
3 (6%) 
4 (8%) 

8 (16%) 

1 (2%) 
(50) 

2 (4%) 
12 (24%) 

GENERAL BODY SYSTEM 
None 
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TABLE 85. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

Chamber Control 2 Ppm 5 Ppm 

GENITAL SYSTEM 
Clitoral gland 

Abscess 
Ectasia 
Fibrosis 
Hyperplasia 
Hyperplasia, diffuse 
Hyperplasia, focal 
Inflammation, chronic active, focal 
Inflammation, granulomatous, focal 
Inflammation, granulomatous, multifocal 
Necrosis, acute 

Ovary 
c y s t  
Bilateral, cyst 

Uterus 
cys t  
Cyst, multiple 
Dilatation 
Fibrosis, focal 
Hyperplasia 
Inflammation, suppurative, acute 
Prolapse 
Cervix, dilatation 

Inflammation, chronic active 
Epithelium, hyperplasia, multifocal 

Vagina 

(47) 

2 (4%) 
1 (2%) 
1 (2%) 

3 (6%) 
1 (2%) 

2 (4%) 
1 (2%) 

3 (6%) 
(50) 

(48) 
2 (4%) 
3 (6%) 

(44) 
1 (2%) 
6 (14%) 

1 (2%) 
3 (6%) 

1 (2%) 

1 (2%) 

1 (2%) 

(50) 
5 (10%) 

(48)  
5 (10%) 
1 (2%) 

3 (6%) 
(50) (50) 

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

1 (2%) 
1 (2%) 

1 (50%) 
1 (50%) 

(2) 

(50) 

3 (6%) 
1 (2%) 

2 (4%) 
1 (2%) 

4 (8%) 

1 (2%) 

(1) 

HEMATOPOIETIC SYSTEM 
Bone marrow 

,4trophy 
Hyperplasia 
Myelofibrosis, focal 

Hyperplasia, plasma cell 
Axillary, hemorrhage, acute 
Mediastinal, cyst 
Mediastinal, edema 
Mediastinal, hemorrhage 
Mediastinal, hyperplasia 
Mediastinal, hyperplasia, lymphoid 
Mediastinal, inflammation, acute 
Pancreatic, hemorrhage 
Pancreatic, hyperplasia, lymphoid 

Lymph node, mandibular 
Hemorrhage, acute 
Hyperplasia, lymphoid 
Hyperplasia, plasma cell 
Hyperplasia, re cell 
Inflammation, chronic active 

Lymph node, mesenteric 
Atrophy 
Hemorrhage, acute 
Hyperplasia, lymphoid 
Hyperplasia, re cell 
Inflammation, acute 
Inflammation, chronic active 

Lymph node 

(48) 
1 

23 
1 

(50) 

(50) 

20 

(50) 
1 (2%) 

25 (50%) (40%) 

(50) 

1 

(50) 
1 (2%) 

(2%) 
2 (4%) 

9 (18%) 
1 (2%) 
1 (2%) 

2 (4%) 
1 (2%) 

2 (4%) 
2 (4%) 
1 (2%) 
1 (2%) 
2 (4%) 

(49) 

(49) 

6 (12%) 
1 (2%) 
5 (10%) 
1 (2%) 

1 
7 

(2%) 
(14%) 7 (14%) 

(2%) 
(8%) 

1 
4 

(49) 
1 
1 
2 

3 

(50) 

(6%) 

(2%) 
(2%) 
(4%) 

1 
1 

(2%) 
(2%) 

1 
(47) 

6 
1 
1 

(2%) 
(49) 

1 
4 
1 
1 

(2%) 
(8%) 
(2%) 
(2%) 

(13%) 
(2%) 
(2%) 

(2%) 1 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

Chamber Control 2 Ppm 5 Ppm 

HEMATOPOIETIC SYSTEM (Continued) 
Spleen 

Congestion 
Depletion lymphoid 
Fibrosis, focal 
Fibrosis, multifocal 
Hematopoietic cell proliferation 
Hyperplasia, re cell 
Pigmentation. hemosiderin 
Capsule, fibrosis, multifocal 

Congestion 
Depletion lymphoid 
Epithelial cell, hyperplasia 

Thymus 

(50) 
2 (4%) 
1 (2%) 

(50) 
1 (2%) 
1 (2%) 

(50) 

1 (2%) 
1 (2%) 
1 (2%) 

14 (28%) 
1 (2%)  
8 (16%) 
1 (2%) 

I (2%) 
(42)  

1 (2%) 
2 (4%) 

9 (18%) 

2 (4%) 

6 (12%) 

(48) (46) 

1 (2%) 
4 (8%) 1 (2%) 

INTEGUMENTARY SYSTEM 
Mammary gland 

Ectasia, diffuse 
Ectasia, multifocal 
Fibrosis, focal 
Galactocele 
Hyperplasia, diffuse 
Hyperplasia, focal 
Hyperplasia, multifocal 
Inflammation, granulomatous, multifocal 
Mineralization, multifocal 
Duct, ectasia, focal 
Duct, ectasia, multifocal 
Duct, hyperplasia, multifocal 

Cyst epithelial inclusion 
Inflammation, chronic active, focal 
Inflammation, subacute, multifocal 
Ulcer 
Epidermis, hyperplasia, focal 
Subcutaneous tissue, abscess 

Skin 

(48) 
1 (2%) 

16 (33%) 

(50) 

18 

150) 
4 (8%) 

19 (38%) 
1 (2%) 
3 (6%) 
5 (10%) 
3 (6%) 
3 (6%)  
1 (2%) 

(36%) 

10 (21%) 4 
2 
3 

(8%)  
(4%) 
(6%) 3 (6%) 

1 (2%) 
1 
2 
1 
1 

(50) 

(2%) 
(4%) 
(2%) 
(2%) 

(50) (50) 
1 (2%) 
1 ( 2 % )  
1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

MUSCULOSKELETAL SYSTEM 
Bone 

Fibrous osteodystrophy 
Osteopetrosis 

(49)  (50) (49) 
1 (2%) 1 (2%) 
3 (6%) 4 (8%)  4 (8%) 

NERVOUS SYSTEM 
Brain (50) 150) (50) 

Compression 11 (22%) 12 (24%) 5 (10%1 
Hemorrhage, multifocal 2 (4%) 

Choroid plexus, hyperplasia, focal 1 (2%) 1 (2%) 

Degeneration, secondary wallerian, multifocal 1 (100%) 

Hydrocephalus 5 (10%) 5 (10%) 3 (6%) 

Spinal cord (1) (1, 

RESPIRATORY SYSTEM 
Larynx 

Hyperplasia, papillary, focal 
Inflammation, acute 
Inflammation, chronic 
Inflammation, chronic active 

(48) (49)  (49)  
1 (2%) 1 (2%) 1 (2%) 

2 (4%)  2 (4%) 
4 (8%)  4 ( 8 % )  6 (12%) 
7 (15%) 10 (20%) H (16%) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

Chamber Control 2 Ppm 5 Ppm 

RESPIRATORY SYSTEM (Continued) 

Hemorrhage, acute, focal 
Hemorrhage, acute, multifocal 
Inflammation, necrotizing, acute, multifocal 
Idammat ion ,  necrotizing, subacute, multifocal 
Alveolar epithelium, hyperplasia, atypical, 

Alveolar epithelium, hyperplasia, focal 
Alveolar epithelium, hyperplasia, multifocal 
Alveolus, infiltration cellular, histiocytic, 

Artery, mineralization, multifocal 
Bronchiole, hyperplasia, focal 
Bronchiole, hyperplasia, multifocal 
Bronchiole, alveolus, inflammation, suppurative 

Bronchus, hyperplasia, papillary, focal 
Interstitium, inflammation, chronic, focal 
Interstitium, inflammation, chronic, multifocal 
Interstitium, mineralization, multifocal 

Foreign body 
Thrombus, multifocal 
Mucosa, erosion, multifocal 
Mucosa, foreign body 
Mucosa, inflammation, acute 
Mucosa, inflammation, chronic 
Mucosa, inflammation, chronic active 
Mucosa, inflammation, suppurative, chronic 

Mucosa, ulcer 
Mucosa, ulcer, multifocal 
Nasolacrimal duct, inflammation, chronic 
Nasolacrimal duct, inflammation, chronic active 
Nasolacrimal duct, inflammaiion, suppurative 
Nasolacrimal duct, inflammation, suppurative, 

Olfactory epithelium, atrophy 
Olfactory epithelium, metaplasia, squamous 
Respiratory epithelium, hyperplasia 
Respiratory epithelium, hyperplasia, papillary 
Respiratory epithelium, metaplasia, squamous 

Inflammation, acute 
Inflammation, chronic 
Inflammation, chronic active 
Inflammation, necrotizing, subacute 

Lung 

focal 

multifocal 

acute, multifocal 

Nose 

active 

chronic active 

Trachea 

(50) (50) 
1 (2%) 

(50) 

1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 
5 (10%) 

38 (76%) 

1 (2%) 

1 (2%) 

1 (2%) 

50 (100%) 

2 (4%) 
26 (52%) 48 (96%) 

2 (4%) 
1 (2%) 
1 (2%) 

1 (2%) 
(50) 

1 (2%) 

(49) 
2 (4%) 
2 (4%) 

(50) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

20 (40%) 

10 (20%) 
1 (2%) 
1 (2%) 
1 (2%) 
2 (4%) 

1 (2%) 

2 (4%) 
7 (14%) 10 (20%) 

3 (6%) 

9 (18%) 
3 (6%) 

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

2 (4%) 1 (2%) 
1 (2%) 

1 (2%) 
5 (10%) 2 (4%) 

1 (2%) 

(50) 
1 (2%) 

21 (42%) 
1 (2%) 
1 (2%) 

(50) 

2 (4%) 
2 (4%) 
1 (2%) 

(49) 

3 (6%) 
2 (4%) 

SPECIAL SENSES SYSTEM 
Eye 

Cataract 
Anterior, synechia 
Cornea, neovascularization, multifocal 
Posterior chamber, synechia 
Retina, degeneration 
Retina, dysplasia, focal 

Ectopic tissue 
Inflammation, chronic 
Pigmentation 

Lacrimal gland 

(4) 
2 (50%) 

13) 
1 (33%) 
1 (33%) 
1 (33%) 

1 (25%) 
2 (50%) 
1 (25%) 

1 (50%) 

1 (50%) 

(2) 

1 (50%) 

1 (33%) 

115 Tetranitromethane, NTP TR 386 



TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

C h a m b e r  Control 2 Ppm 5 Ppm 

SPECIAL SENSES SYSTEM (Continued) 
Zymbal gland 

Ectasia 
URINARY SYSTEM 

Infarct 
Nephropathy, chronic 
Pigmentation, diffuse 
Pigmentation, multifocal 
Artery, mineralization, multifocal 
Bilateral, hydronephrosis 
Capsule, inflammation, chronic 
Medulla, mineralization, multifocal 
Pelvis, epithelium, hyperplasia 
Pelvis, epithelium, mineralization 
Proximal convoluted renal tubule, hyperplasia, 

Proximal convoluted renal tubule, necrosis, 

Kidney 

atypical, focal 

acute 
Urinary bladder 

Inflammation, acute, diffuse 
Serosa, inflammation, chronic active 
Transitional epithelium, hyperplasia, focal 

(50) 

43 (86%) 
9 (18%) 

1 (2%) 
1 (2%) 
1 (2%) 

2 (4%) 

1 (2%) 
2 (4%) 
1 ( 2 % )  

(49) 

(1) 
1 (100%) 

(50) 

47 (94%) 
2 (4%) 

1 (2%) 

1 (2%) 

3 (6%) 

1 (2%) 

2 (4%) 
(50) 

(50) 
2 (4%) 
44 (88%) 

1 (2%) 

1 (2%) 

3 (6%) 

(48) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE 

2 Ppm C h a m b e r  Control  0.5 ppm 

DISPOSITION SUMMARY 
Animals initially in study 
Early deaths 
Moribund sacrifice 
Natural death 
Accidentally killed 

Terminal sacrifice 
Survivors 

Animals examined microscopically 

50 

9 
4 

37 
50 

50 

19 
3 
2 

26 
50 

50 

15 
19 

1 

15 
50 

AL1 ME NTARY SYSTEM 
Intestine small, duodenum 

Alveolar/bronchiolar carcinoma, metastatic, 
lung 

Intestine small, ileum 
Intestine small, jejunum 

Adenocarcinoma 
Liver 

Alveolar/bronchiolar carcinoma, metastatic, 

Hemangioma 
Hemangiosarcoma 
Hemangiosarcoma, multiple 
Hepatocellular carcinoma 
Hepatocellular carcinoma, multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Histiocytic sarcoma 

lung 

Mesentery 
Pancreas 

lung 
Alveolar/bronchiolar carcinoma, metastatic. 

Duct, adenocarcinoma 
Salivary glands 

(49) 

(45) 
(46) 

(50) 
1 (2%) 

1 (2%) 
3 (6%) 

10 (20%) 
3 (6%) 
7 (14%) 
3 (6%) 
1 (2%) 

(50) 

1 (2%) 
(50) 

(48) 

(47) 
(46) 

(50) 

1 (2%) 

3 (6%) 
1 (2%) 
8 (16%) 
3 (6%) 

12 (24%) 
3 (6%) 
1 (2%) 

( 3 )  
(49) 

1 (2%) 

(48) 

(44) 

1 (2%) 
(44) 
(42) 

(50) 

1 (2%) 

1 (2%) 

11 (22%) 

2 (4%) 

(1)  
(49) 

2 (4%) 

(50) 

CARDIOVASCULAR SYSTEM 
Heart (49) 

Alveolar/bronchiolar carcinoma, metastatic, 
lung 

(50) (50) 

1 ( 2 % )  13 (26%) 

- 
ENDOCRINE SYSTEM 

Adrenal gland (50) (49) (50)  
Alveolar/bronchiolar carcinoma, metastatic, 

lung 1 (2%) 3 (6%) 
Subcapsular, adenoma 1 ( 2 % )  2 (4%) 

Adenoma 1 (2%)  

Pheochromocytoma malignant I (2%) 

Pars distalis, adenoma 1 ( 2 % )  

Alveolar/bronchiolar carcinoma, metastatic, 
lung 1 ( 2 % )  

Follicular cell, adenoma 2 (4%) 1 ( 2 % )  

Adrenal gland, cortex (49) (47) (50) 

Adrenal gland, medulla (47) (43) (47) 

Pituitary gland (48) (48) (48) 

Thyroid gland (50) (48) (50) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE (Continued)  

Chamber  Control 0.5 ppm 2 Ppm 

GENERAL BODY SYSTEM 
Tissue, NOS 

lung 
Alveolar/bronchiolar carcinoma, metastatic, 

(1) (7) 

1 (100%) 7 (100%) 

GENITAL SYSTEM 
Epididymis (50) 

Prostate (48) 
Leiomyoma 

Alveolar/bronchiolar carcinoma, metastatic, 
lung 

Seminal vesicle (50) 
Testes (50) 

Interstitial cell, adenoma 1 
Tunic, alveolarhronchiolar carcinoma, 

metastatic, lung 

1 (2%) 
(50)  (49) 
(50) (50) 

(2%) 

1 (2%) 

HEMATOPOIETIC SYSTEM 
Lymph node (50) (50) (50) 

Bronchial, alveolarhronchiolar carcinoma, 

Lumbar, alveolarhronchiolar carcinoma, 

Mediastinal, alveolarhronchiolar carcinoma, 

Pancreatic, alveolarhronchiolar carcinoma, 

metastatic, lung 1 (2%) 

metastatic, lung 1 (2%) 

metastatic, lung 4 (8%) 

metastatic, lung 1 (2%) 

metastatic, lung 2 (5%) 

Histiocytic sarcoma 2 (4%) 

metastatic, lung 1 (3%) 

Hemangiosarcoma 2 (4%) 3 (6%) 1 (2%) 

lung 3 (9%) 

Lymph node, mandibular (37) (39) (43) 

Lymph node, mesenteric (46) (48) (39) 

Mediastinal, alveolarhronchiolar carcinoma, 

Pancreatic, alveolarhronchiolar carcinoma, 

Spleen (50) (49) (50) 

Thymus (45) (38) ( 3 2 )  
Alveolar/bronchiolar carcinoma, metastatic, 

INTEGUMENTARY SYSTEM 
Skin 

1 (2%) 

Prepuce, subcutaneous tissue, 
alveolarhronchiolar carcinoma, 
metastatic, lung 1 (2%) 

Subcutaneous tissue, fibrosarcoma 1 (2%) 
Subcutaneous tissue, hemangiosarcoma 1 (2%) 
Subcutaneous tissue, lipoma 1 (2%) 

Subcutaneous tissue, alveolarhronchiolar 
carcinoma, metastatic, lung 

MUSCULOSKELETAL SYSTEM 
Bone (49) (50) (50) 

Rib, alveolarhronchiolar carcinoma, 
metastatic, lung 1 (2%) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE (Continued) 

~ ~ 

2 Ppm Chamber Control 0.5 ppm 

MUSCULOSKELETAL SYSTEM (Continued) 
Skeletal muscle 

Alveolar/bronchiolar carcinoma, metastatic, 

Diaphragm, hemangiosarcoma 
lung 

(6 ) 

5 (83%) 
1 (17%) 

NERVOUS SYSTEM 
Brain 

RESPIRATORY SYSTEM 
Larynx 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma, multiple 
Alveolar/bronchiolar carcinoma 
Alveolar/bronchiolar carcinoma, multiple 
Hepatocellular carcinoma, metastatic, liver 
Mediastinum, alveolar/bronchiolar carcinoma, 

Mediastinum, hepatocellular carcinoma, 
metastatic, lung 

metastatic, liver 

(50) (46) 
(50) (50) 

7 (14%) 16 
1 

6 (12%) 9 
7 

5 (10%) 3 

1 (2%) 

(47) 
(50) 

(32%) 13 (26%) 
(2%) 21 (42%) 
(18%) 6 (12%) 

40 (80%) (14%) 
(6%) 3 (6%) 

7 (14%) 

SPECIAL SENSES SYSTEM 
Harderian gland 

Adenoma 
(2) (1) (1) 

2 (100%) 1 (100%) 1 (100%) 

URINARY SYSTEM 
Kidney (50) 

Alveolar/bronchiolar carcinoma, metastatic, 
lung 

Urinary bladder (48) 

(50) (50) 

1 (2%) 8 (16%) 
(47) (47) 

SYSTEMIC LESIONS 
Multiple organs *(50) *(50) *(50) 

Histiocytic sarcoma 2 (4%) 1 (2%) 
Lymphoma malignant histiocytic 1 (2%) 
Lymphoma malignant lymphocytic 2 (4%) 1 (2%) 
Lymphoma malignant mixed 1 (2%) 1 (2%) 
Lymphoma malignant undifferentiated cell 1 (2%) 1 (2%) 

TUMOR SUMMARY 
Total animals with primary neoplasms** 

Total animals with benign neoplasms 

Total animals with malignant neoplasms 

Total animals with secondary neoplasms*** 

Total primary neoplasms 

Total benign neoplasms 

Total malignant neoplasms 

Total secondary neoplasms 

39 
55 
20 
24 
25 
31 
6 
6 

40 48 
79 101 
26 37 
38 39 
31 46 
41 62 
4 18 
13 65 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all  tumors except secondary tumors 
*** Secondary tumors: metastatic tumors or tumors invasive into a n  adjacent organ 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE: CHAMBER CONTROL 

CARCASS 
ID 

DAYS ON 
STUDY 

Eso ha s 
~ a l f b a g e r  
Intestine larne 

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

Intestine small 
Intestine small, duodenum 
Intestine small. ileum 
Intestine small; lelunum 

Adenocarcinoma 
Liver 

Hemanmoma 

~epatocel lular  adenoma 
Hepatocellular adenoma, multiple 
H~stiocytic sarcoma 

Pancreas 
Duct, adenocarcinoma 

Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tooth 

~ C R I N E  m~ 
Adrenal gland 

Subcaosular. adenoma 

LAR S Y S T E M  
Blood vessel 
Heart 

Adrenai sland. cortex 

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

P~tul tary gland 
Thym~d land 

~ o l l l c u ~ r  cell, adenoma 

L BODY SYSTEM 
None 

SYSTEM 
Epid~dym~s 
Preput~ai  gland 
Prostate 
Sem~nal  ves~cle 
Testes 

Interstitial cell, adenoma 

+: Tissue exammed microscopically 
: Not exam~ned 

-: Present but not examlned m~croscop~cally 
I: Insufficient hssue 

Tetranitromethane, NTP TR 386 

M: Miss~ng 
A: Autolysis precludes exammation 
X: Incidence of hsted morphology 



TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: CHAMBER CONTROL 
(Continued) 

7 7 7 1 1 1 7 1 7 7 1 1 1 7 1 1 7 ~ 1 7 1 ~ ~ ~ 1  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
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  

! i 3" ! ! :  i i i 9 ' ;  ! i !  ! : :  3" 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

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

x 

DAYS ON 
STUDY 

CARCASS 
ID 

TOTAL: 
TISSUES 
TUMORS 

50 
40 
50 
48 
49 
49 
50 
49 
45 
46 

1 

- 
Intestine large 
Intestine large cecum 
Intestine large: colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small. ileum 
Intestine small, jejunum 

Liver 

E%%% 

Adenocarnnoma 

Hemangoma 
Hemanpxarcoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma. multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Histiocytic sarcoma 

Duct, adenocarcinoma 
Pancreas 

$41l1;~ glands 

Stomach, forestomach 
Stomach, glandular 
Tooth 

Blood vessel 
Heart 

Adrenal gland 
Subca sular adenoma 

Adrenafgland cortex 
Adrenal gland' medulla 

Pheochmmofytoma malignant 
Islets, pancreatic 
Parathyroid gland 
Pituitary land 
Thyroid e n d  

Follicukar cell, adenoma 

None 

Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

Intemtitial cell, adenoma 

i i  

x I 3  

X X x x x  I i  

x 3 

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

I '3" X x x x  x 
X X 

X I 1  

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
+ + + + t + + - + t + + + + + + + +  48 
+ + + + t + + + + t + + + M + + + +  : : : + I : :  46 
+ + + + t + + + + + + + + + + + + +  t + +  + +  47 

+ 3 

l- 
/ + + + + t +  + + + + + + + + + + + + + + + + + +  

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

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

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

X 

X 

50 
1 

49 
41 
1 

50 
33 
48 
50 
2 

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

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

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

+ + 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: CHAMBER CONTROL 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesentenc 

Histiocytic sarcoma 
Spleen 

Hemanposamoma 
Thymus 

Mammary gland 
Skin 

Bone 

Brain 

ETAL 

Larynx 
Lung 

.4Iveolar/bronchiolar adenoma 
Alveolarlbronchiolar carcinoma 
Hepatocellular carcinoma. metastatic. 

Mediastinum, hepatocellular carcinoma. 
liver 

metastatic, liver 
Nose 
Trachea 

Hardenan gland 
Adenoma 

Kidney 
Unnary bladder 

MuitiDle Organs 
NS 

HisGocytic sarcoma 
Lymphoma malignant mixed 
Lymphoma malignant undifferentiated 

cell type 

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

+ * + + + * * + + * + + + + + + + + t * + + + + t  + + + + + + + + + + * * + + * + + * + + + + + * +  
t + * + M + * + + M + * + M M + + M * + + M + + +  
M + + + + + + + M + + + t + M + t + + t + + t + +  
+ + + + + * + + t + * + + + + + + * + + + + + + *  

+ + M + + + + + M + + M + + + + * M + + * * + + *  
x x 

M M M M M c M c M M M M M M M M M M M M M M M c M  
+ + + C + + + + + + + + + + M + + + + t + + + + +  

+ + * + + + + + * + + + + * + + * + * + * * + + *  

+ I  / * +  t + + + * +  + +  + * * - t + + +  + + +  + +  t + 

X X X x x  + + + * + + + + i .  

X x x x  

X + * + + * * * + * + + + + * + + * + + + * * + + +  
+ + + + + + * + + + + * + + * + + + + + * * + t t  

+ * 
X X 

+ + * + * + + * * + * + * + + + * + + + * t + * +  
C C C i - * * * + + * * * + + + + + + + * + + + + *  

* + + t + * * + + + + + + + + + + + + + + + + + *  

X 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: CHAMBER CONTROL 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

Bone marrow 
Lymph node 
Lymph node, mandibular 
Ly~mph node, mesenteric 

istiocytic sarcoma 
Spleen 

Thymus 
Hemangiosarcoma 

Mammary gland 
Skin 

ETAL SPSTEM 
Bone 

Brain 

R E m m P  
Larynx 
Lung 

Alveolar~ronchiolar adenoma 
Alveolarf~ronch~olar carcinoma 
Hepatocellular carcinoma, metastatic, 

Mediastinum, hepatocellular carcinoma. 
liver 

metastatic, liver 
Nose 
Trachea -- 
Hardenan gland 

Adenoma 

Kidney 
Unnary bladder 

Multiple organs 

ced'tyge 

Histiocytic sarcoma 
Lymphoma malignant mixed 
Lym homa malignant undifferentiated 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
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  

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

+ +  + + +  + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + M + + + + + t + + M M M + + M + M + M + +  
+ + + + M + + + + + + + + + + + + + + + + + + + +  

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

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

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

X X 

i + +  . . . . . . . . . . . . . . . . . . . . . .  

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

X X I X X 

I X X X X 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  + + + + +  + + + + + + t + + + + +  + + + + + +  

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

X 

TOTAL: 
'ISSUES 
'UMORS 

46 
2 
50 
2 
45 

4 
48 

49 

50 

50 
50 
7 
6 

5 

1 
49 
50 

2 
2 

50 
48 

50 
2 
1 

1 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE: 0.5 ppm 

DAYS ON 
STUDY 3 4 6 2 3 6 8 8 8 9 2 2 4 4 5 5 5 7 7 7 8 8 9 0 3  

0 0 2 4 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6  

CARCASS 
ID 

ALIMENTARY SYSTEM 
Eso ha  s 
GalPbla%er 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine smail, ileum 
Intestine small, jejunum 
Liver 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Hemangiosarcoma 
Heman@osarcoma, multiple 
Hepatocellular carcinoma 
Hepatocellular carcinoma, mu!tiple 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Histiocytic sarcoma 

Mesentery 
Pancreas 

metastatic. lung 

gdiIiax glands 
Stomach, forestomach 
Stomach, glandular 
Tooth 

Blood vessel 
Heart 

Alveolar/bronchiolar carnnoma, 

Alveolar/bronchiolar carcinoma. 
metastatic, lung 

Adrenal gland 
Alveolar/bronchiolar carcinoma, 

metastatic lung 
Subca sula; adenoma 

Adrenafgland, cortex 

Adrenal gland, medulla 

Thyroid gkand 

Tissue, NOS 

Adenoma 

Islets, pancreatic 

Pituitary land 

~ E R A L  B7RTmmm 

Parathyroid gland 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Epididymis 
Leiomyoma 

Penis 
Preputial gland 
Prostate 

Seminal vesicle 
Testes 

Alveolar/bronchiolar carcinoma, 
metastatic. lung 

Tunic, alveolarfbronchiolar carcinoma. 
metastatic. lung 

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

M M + + + + + + + + + + + + + + + + + + + + + + +  
A + M + + + + + + + + A  + + + + M + A A + + M  
. . . . . . . . . . . . . . . . . . . . . . . . .  
M + + + + + + + M + + + + + + + + + + + A + + + +  
A M + + + + M + + + + + + + + + + + + + + + + + +  
M M + + + + + + + + + M + + + + + + + + L c c + +  
+ + + + + + + + + + + + + + + + + + + + A + + + +  
+ + t + + + + + + + + + + + + + + + + + A A + + +  
+ + + + + + + + + + + M + + + + + + + + A + + + +  
+ + + + + + + + + + + + + + + + + + + + A + + + M  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X X 

X 
X x x  x x  X 

X x x  X x x x  
X + *  

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

X 
M M t + + + + + t + + + + + + + + + + + + + + + +  
+ + + + t + + + + + + + + + + + + t + t + + + + ~ ,  . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  + 

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

X 

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

X 
M M + + + + + + + + + + + + + + + + + + + + + + +  

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

+ 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
x 
+ + + 

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

x 
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
1- 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: 0.5 ppm 
(Continued) 

7 7 7 7 7 - 7 7 - 7 7 7 7 7 7 7 7 7 7 7 " " "  

0 0 0 0 0 0 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 - 2  
STUDY 3 3 3 3 3 3 9 3 3 i 3 3 3 3 3 3 3 3 3 3 3 i y  

CARCASS E E ; !  8" s" s" i i i :  
4 6 8 9 0 2 3 4 5 6 1 8 9 5 6 0 3 4 5 6 7 4 7 9 0  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

TOTAL 
TISSUES 
TUMORS 

ALIMENTARY SYSTEM 
Eso ha s 
GaiPbla%er 
Intestine large 
Intestine large. cecum 
Intestine large, colon 
Intestine large. rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

Alveolar/bronchiolar carcinoma. 
metastatic, lung 

Hemaneosarcoma 
Hemanposarcoma, multiple 
Hepatocehdar carcinoma 
Hepatocelhlar carcinoma. multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Histiocytic sarcoma 

Tissue, NOS 
Alveolar/bronchiolar carcinoma, 

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

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

+ + + + + + + + + + + + + + + + + + + + + + + M +  
+ + + M + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + M + + + + + + + + + + + + + + + + + + + +  
+ f M + + + + M + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

Y 

metastatic, lung 

Epididymis 
Leiomyoma 

Penis 
Preputial gland 
Prostate 

Seminal vesicle 
Testes 

Alveolar/bronchiolar carcinoma. 
metastatic, lung 

Tunic, alveolarhronchiolar carcinoma, 
metastatic. lung 

l + + + + + + + + + + + + M + + + + + + + + + + + +  

X 
+ + + + + + + + + + + + M + + + + + + + + + + + +  

+ + + + M + + + + + + + M + + + + + + + M + + + +  + + + + + + + + + + + + +  + + + + + + + + + + +  
+ M M + M +  + + + M + + M + M + + + + M + + M + M  
+ + + + M + M + + + + + + + + + + + + + + t + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

48 

50 
41 
46 
46 
49 
48 
47 
46 
50 

49 

1 
2 

47 
1 

43 
49 
30 
48 
48 

1 

X X 
X X  

X X  X X X  
X x X 

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

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

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

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

I + +  . . . . . . . . . . . . . . . . . . . . . .  l 3  49 

50 
1 
1 
4 

48 

1 
50 
50 

1 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 
+ + + + +  + + + + + + + + + e + + + + + + + + +  49 + + + + +  + + + + + + + + + + + + + + + + + + +  49 + + + + +  + + + +  + + +  + +  + + + + + +  + +  + +  49 + I :  I- 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 I :  
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: 0.5 ppm 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

c HEMATO OIE 
Bone marrow 
Lymph node 

Lymph node, mandibular 
Lymph node. mesentenc 
Spleen 

Thymus 

Mammary gland 
Skin 

Pancreatic alveolarfbronchiolar 
camnomi.  metastatic. lung 

Hemanposarcoma 

Prepuce. subcutaneous tissue, 
alveolaribronchiolar carcinoma. 
metastatic, lung 

Subcutaneous tissue, t?brosarcoma 
Subcutaneous tissue. hemangiosarcoma 
Subcutaneous tissue. lipoma 

Bone 

Brain 

EM 
Larynx 
Lung 

Alveoiarhmnchiolar adenoma 
Alveolar/bronchiolar adenoma, multiple 
Alveolaribmnchiolar carcinoma 
Alveolar/bronchiolar carcinoma. 

Hepatocellular carcinoma, metastatic. 
multiple 

liver 
Nose 
Trachea 

L 

Hardenan gland 
Eye 

Adenoma 

Kidney 

Unnary bladder 

Mult ide ornans 

Alveolar/bronchiolar carcinoma. 
metastatic. lung 

S 

His&ocytic sarcoma 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lym homa malignant undifferentiated 

celPt ype 

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

1 I 
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

X 

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

M t M M + + + M M + + M + + + M M + + + M + M + +  
X 

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

+ + + + + + + + + + + + + ’ + + + + + + + + + + + +  

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

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

X x x x  X 
X X x 

x X X x x  
X X 

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

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

M + + + + + + + + + + + +  + + + + + + A + + + +  
X 

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

X x x  
X 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: 0.5 ppm 
(Continued) 

DAYS ON 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
STUDY 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

0 0 0 0 0 0 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
L 2 P 2 'L 2 2 z 2 2 2 2 2 2 2 2 2 2 2 2 '2 2 2 2 3 

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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

TOTAL: 
TISSUES 
TUMORS 

HEMATOPOIETIC SYSTEM 
Bone marrow 
Lymph node 

Lymph node, mandibular 

Spleen 

Pancreatic, alveolaribronchiolar 
carcinoma, metastatic, lung 

Lymph node, mesentenc 

Thymus 

Mammary gland 
Skin 

Hemanposarcoma 

Prepuce, subcutaneous tissue, 
aiveolarhonchiolar carcinoma, 
metastatic, lung 

Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue, hemanposarcoma 
Subeutaneous tissue, lipoma 

ETAL S"STEV 
Bone 

Brain 

Larynx 
Lung 

Alveolar/bronchiolar adenoma 

Alveolar/bronchiolar carcinoma 
Alveolar/bronchiolar carcinoma. 

Hepatocellular carcinoma, metastatic, 

Alveolar/bronchiolar adenoma, multiple 

multiple 

liver 
Nose 
Trachea 

% d e n a n  gland 
Adenoma 

EM 
Kidney 

Alveolaribronchiolar carcinoma. 
metastatic, lung 

Unnary bladder 

Multiple organs 
Histiocytic sarcoma 
Lymphoma malignant histiocytic 

Lym homa malignant undifferentiated 
Lymphoma malignant lymphocytic 

celf'type 

129 

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

1 
+ + M + + + M + + + + + + + + + + + + + + M + + +  39 
+ + + + + + + + + + + + + + + + + M + + + + + + +  48 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

X X 3 + + + + .t + + + + M  + + M  + + + + + + + + + + + + 38 

M M M M M M M M M ~ M M M M M M M M M M M M M M M  3 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 

1 ;  X 
X 

X Ii 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

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

+ c + + + + + + + + + + + + + + + + + + + + + + + 46 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X X 16 
X 1 

X X x x  X X 9 

x x  7 

X 3 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 + + + + + + + + + + + + + + + + + + + + + + + + + 47 

+ 1 + 1 
X 1 

+ + + + t + + + + + + + + + + + + + + + + + + + +  50 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  47 

x x  x x x  x x x x 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
1 
1 
2 

1 
~ 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE: 2 ppm 

DAYS ON 
STUDY 

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

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

CARCASS 
ID 

Epididymis 
Penis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

ALIMENTARY SYSTEM 

3 3 Z r  
Intestine large 
Intestine large, cecum 
Intestine large. colon 
Intestine large. rectum 
Intestine small 
Intestine small. duodenum 

. . . . . . . . . . . . . . . . . . . . . . . . .  + + + 
+ + + + + t + + +  + + + + + + + + + + + + t + +  
+ + M + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

Alveolar/bronchiolar carcinoma. 
metastatic, lung 

1n:est:ne small, i:e.am 
Intestine small, jejunum 
Liver 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Hemanposarcoma 
Hepatocellular c a m  noma 
Hepatocellular adenoma 

Alveolar/bronchiolar carcinoma, 

Mesentery 
Pancreas 

metastatic, lung 
Saliva glands 
s t o m a x  
Stomach, forestomach 
Stomach, glandular 
Tooth 

- I  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ M M + A A + A A + M + A M + A + + + + + + +  A . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + M + t + + A A + + + M A + + + + + + + t  A +  
+ + + + + + + + A + + + + + + + + + + + + + + + +  
+ M M + M t + A + + A + + + + + + + +  + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + A + + A + + + t + + + + + + + + + + + A A  

X 
M + + + + + + A A + + + + + + + + + + + + + + + +  
M + + + + + + + + + A + A + + + + + +  + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

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

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

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

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

I x x  x x  x x x  X x x x  
Heart Alveolar/bronchiolar carcinoma, . . . . . . . . . . . . . . . . . . . . . . . . . .  

metastatic. lung 

Adrenal gland 

metastatic, lung 
Adrenal gland, cortex 
Adrenal gland, medulla 
Islets. pancreatic 
Parathyroid gland 
Pituitary gland 

Thvroid eland 

Alveolar/bronchiolar carcinoma. 

Pars  distalis. adenoma 

P;lveolirbrocct.iolar carcinoma. 

Fo::iealar ce.:. afenorna 
metastatic. :in 

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

X X X 
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + + + + + + + + M  + 
+ + M + + + + + + + + + + + + + + + + + + + + +  
M + M + + + + M + + M + + + + M + + + M M + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
X . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

+ + + 
X X X X X + I  Tissue, NOS 

Alveolar/bronchiolar carcinoma. 
metastatic, lung 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: 2 ppm 
(Continued) 

1 6 8 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 - 7 7 7  

9 1 4 1 0 4 7 7 8 2 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0  

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

5 7 8 9 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 3 j 3 3 3  
DAYS ON 
STUDY 

CARCASS 
ID 

i 
TOTAL. 
ISSUES , 

T U M O R S !  

ALIMENTARY SYSTEM 

&%$L 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 

metastatic, lung 
Intestine small, ileum 
Intestine small, p ~ u n u m  
Liver 

Alveolar/bronchiolar carcinoma, 

Alveolaribronchiolar carcinoma. 
metastatic, lung 

Hemansosarcoma 
Hepatocellular carcinoma 
Hepatocellular adenoma 

Mesentery 
Pancreas 

I x  X 

Alveolar/bronchiolar carcinoma, 
metastatic. lung 

Salivary glands 

I l3 

Stomach 
Stomach. forestomach 
Stomach, glandular 
Tooth 

Heart 
Alveolar/bronchiolar carcinoma, 

metastatic. lung 

Adrenal gland 

metastatic, lung 
Adrenal gland, cortex 
Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Thyroid gland 

Alveolar/bronchiolar carcinoma. 

Pars distahs, adenoma 

Alveolar/bronchiolar carcinoma. 

Follicular cell, afenoma 
metastatic, lun 

+ + + - + + + + ~ M + + + + + + + + + + + + + + t  + + + + t + +  + 

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

L BOD- 
Tissue, NOS 

Alveolar/bronchiolar carcinoma. 
metastatic, lung 

Epididymis 
Penis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + M M A + + M +  M + + + + + + + + M + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + A A + + A + + + + + + + + + + + + + + + +  
+ + + + + A + + + + + + + + + + + + + + + + + + T  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + A + + M + + + + + + + + + + + + + + + +  

+ M + + A A + + + + + + + + t + + + - + + + + + +  
+ A  + + A A  + + A  + + + + + + + + - I  + + + + t * 
+ + + - t + + + + + + + + + t + + - - + t + + c c  

50 
3 1  
50 
J0 

43 
50 
44 

Ja 

1 
J4 
42 
50 

2 
50 
50 
50 
49 

8 

50 

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

+ + + t i -  + + + + + + + + + + + + + + +  + + +  + +  
+ + + + + + + M + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + * + M + M M + + + + + + M M M + + M M + + M  
+ + + t + + M + + + M + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

+ + 
X X 

50 

3 
50 
47 
48 
34 
48 

1 
SO 

1 
1 

7 

7 

. . . . . . . . . . . . . . . . . . . . . . . . .  + 
t + 

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

SO 
2 
4 

46 
49 
50 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: 2 ppm 
(Continued) 

DAYS ON 
STUDY 

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

CARCASS 
ID 

HEMATOPOIETIC SYSTEM 
Bone marrow 
Lymph node 

Bronchial. alveolar'bmnchiolar 
carcinoma. metastatic. lung 

Lumbar, alveolartbronchiolar 
carcinoma. metastatic. lung 

Mediastinal. alveolar bronchiolar 
carcinoma. metastatic. lung 

Mediastinal. alveolarhronchiolar 
carcinoma, metastatic, lung 

Pancreatic. alveolarhronchiolar 
carcinoma. metastatic. lung 

Hemanaosarcoma 

Alveolar/bronchiolar carcinoma, 
metastatic. lung 

Lymph nude, mandibular 

Lymph node. mesentenc 

Spleen 

Thymus 

Mammary gland 
Skin 

Subcutaneous tissue, 

metastatic. lung 
alveolaribronchiolar carcinoma. 

Bone 

Skeletal muscle 

Rib. alveolaribmnchioiar carcinoma, 

Alveolar/bronchiolar carcinoma. 

metastatic, lung 

metastatic lung 
Diaphragm.heman@osarcoma 

Brain 
Spinal cord 

Larynx 
EM 

Lung 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma, multiple 
Alveolar/bronchiolar carcinoma 
Alveolar/bronchiolar carcinoma. 

Hepatocellular carcinoma. metastatic, 

Mediastinum. alveolaribronchiolar 

multiple 

liver 

carcinoma, metastatic. lung 
Nose 
Trachea 

Hardenan gland 

Lacnmal gland 

M 
Adenoma 

Kidney 
Alveolar/bronchiolar carcinoma, 

metastatic, lung 
Unnary bladder 

S 
Multiple organs 

Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

1 I 

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

+ + + + + t + + + + + + + + + + + +  + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

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

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

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

+ + M + M + + M + + + + + M M M M + t + + +  + M  

X 

X X 

M M t M M M M M M M M M M M M M M M M M M f M M C  
t + c + + + + + + + + + + + + + + + + + + + + + +  

X 

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

X + + +  + 
X X X 

X 

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

+ M M + + + + + + + + + + + + + + + + + + t + + +  
t + + + + + t + + + + + + + + t + + + + + + + + +  

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  x x x  
X X 

X x x  x x  
M t + + + + + + + + + + + + + + + + + + + + + t +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
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DAYS ON 
STUDY 

CARCASS 
ID 

HEMATOPOIETIC SYSTEM 
Bone marrow 
Lymph node 

Bronchial. alveolarlbronchiolar 
carcinoma. metastatic. lung 

Lumbar, alveolar/bronchiolar 
carnnoma, metastatic, lung 

Mediastinal, alveolarlbronchiolar 
carcinoma, metastatic. lung 

Mediastinal. alveolar/bmnchiolar 
carcinoma. metastatic, lung 

Pancreatic, alveolarhronchiolar 
carcinoma, metastatic, lung 

Lymph node, mandibular 

Lymph node, mesentenc 

Spleen 
Hemansosarcoma 

metastatic. lung 

Thymus 
Alveolarhronchiolar carcinoma, 

Mammary gland 
Skin 

Subcutaneous tissue 
alveolarhronchio1;r carcinoma. 
metastatic, lung 

AL SYSTEM 
Bone 

Skeletal muscle 

Rib, alveolar/bronchiolar carcinoma, 

Alveolarhronchiolar carcinoma, 

metastatic, lung 

metastatic. lung - 
Brain 
Spinal cord 

Larynx 

Diaphragm. hemansosarcoma 

Lung 
Alveolar/bronchiolar adenoma 

Alveolar/bronchiolar carcinoma 
Alveolar/bronchiolar carcinoma. 

Hepatocellular carcinoma, metastatic, 

Mediastinum. alveolar/bmnchiolar 

Alveolar/bronchiolar adenoma multiple 

multiple 

liver 

carcinoma. metastatic, lung 
Nose 

Hardenan gland 

Lacnmal gland 
Adenoma 

(Continued) 
6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
5 7 8 9 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3  
9 1 4 1 0 4 7 7 8 2 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0  

1 1  1 1  1 1  i i  i i  i i  1 1  1 1  i i  1 1  1 1  1 1  1 TISSUES 
8 5 6 8 9 6 7 8 6 9 5 5 5 5 6 6 6 7 I 8  5 5 8 8 9 TUMORS 
8 6 5 9 2 0 6 6 7 1 2 3 4 9 1 6 9 2 3 0 5 8 2 7 6  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

. . . . . . . . . . . . . . . . . . . . . . . . .  49 . . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 

X 1 

4 
M t t + + t +  + + + M + +  + + k + t M +  + + + + + 43 

X 2 
+ M + + +  M + + + + M + + + + + + + + t t  + +  39 

1 + + + + +  + + t + + + + + t +  + + + + + t t t + +  50 
X 1 

+ M + M t +  + M M M + + + + + t + + + + M M M + M  32 

X 3 

M M M M M M M M + M M M M M M M M M M M M M M M M  4 
+ + + + f t +  + t + +  + +  + + + t M + t +  + + + +  49 

TOTAL 

1 

+ + + + + i + + + + + t + t t t + t + +  + + + + +  50 

1 
t + 6 

X X 5 
1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
1 

+ + i f + +  + + + + + + + + + + + M + + + + + + +  47 
+ + t + + i + + t + + + + + + t + + + + t + + + +  50 
X X X X X x x  13 

X X X X  X x x  X X  X 21 
X 6 

X X X X X X X X X X X X X X X  X X X X X X X X X  40 

X 3 

X X 
+ * + + +  + t + + + + + + + + t t + + +  + + -  + +  49 

Kidney 

Unnary bladder 

Multiple organs 

Alveolar/bronchiolar carcinoma. 
metastatic, lung 

Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

1- 
+ 
X 

+ + + + + + + + + + + + + t + t + + c + + + + + +  50 I- 
I/ * 

X 
/ + * : + + A  + + + + + + + + t t t +  + + + + 47 
I I- 

+ + + + + + + + + + + + + + + * + + + + + + + + +  50 
X 

I Ii 
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TABLE C3. ANALYSIS OF PRIMARY NEOPLASMS IN MALE MICE IN T H E  TWO-YEAR INHALATION 
STUDY OF TETRANITROMETHANE 

Chamber  Control 0.5 ppm 2 Ppm 

Liver: Hepatocel lular  Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocel lular  Ca rc inoma  
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

10150 (20%) 
25.4% 
8/37 (22%) 
674 
P = 0.1 49N 
P = 0.017N 
P = 0.005N 

13/50 (26%) 
30.7% 
9/37 (24%) 
639 
P = 0.143 
P = 0.429N 
P = 0.418N 

Liver: Hepatocel lular  Adenoma or Carcinoma 
Overall Rates (a )  23/50 (46%) 
Adjusted Rates tb) 52.9% 
Terminal Rates (c) 17/37 (46%) 
Day of First Observation 639 
Life Table Tests (d) P=0.540N 
Logistic Regression Tests (d) P = 0.015N 
Cochran-Armitage Trend Test (d) P=0.007N 
Fisher Exact Test (d) 

Lung: AlveolarBronchiolar  Adenoma 
Overall Rates ( a )  7/50 (14%) 
Adjusted Rates tb) 17.5% 
Terminal Rates (c) 5/37 (14%) 
Day of First Observation 662 
Life Table Tests td) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 

P < 0.00 1 
P < 0.001 
P <0.001 

Fisher Exact Test (d) 

Lung: AlveolarBronchiolar  Ca rc inoma  
Overall Rates ( a )  6/50 (12%) 
Adjusted Rates ( b )  15.7% 
Terminal Rates (c )  5/37 (14%) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) P<O.OOl 
Cochran-Armitage Trend Test (d) 

69 1 
P < 0.001 

P <  0.001 
Fisher Exact Test td) 

Lung: AlveolarD3ronchiolar Adenoma  or Carcinoma 
Overall Rates (a i  12/50 (24%) 
Adjusted Rates (b )  29.7% 
Terminal Rates (c) 9/37 (24%) 
Day of First Observation 662 
Life Table Tests (d i  P<O.OOl 
Logistic Regression Tests (d) P<O.OOl 
Cochran-Armitage Trend Test (d) P <o.oo 1 
Fisher Exact Test (d)  
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15/50 (30%) 
44.3% 
9/26 (35%) 
566 
P=0.042 
P=0.103 

P=0.178 

11/50 (22%) 
29.5% 
4/26 (15%) 
264 
P = 0.470 
P = 0.352N 

P=0.408N 

24/50 (48%) 
60.9% 
12/26 (46%) 
264 
P=0.118 
P = 0.443 

P = 0.500 

17/50 (34%) 
53.7% 
12/26 (46%) 
534 
P = 0.002 
P = 0.004 

P=0.017 

16/50 (32%) 
45.6% 
8/26 (31%) 
566 
P = 0.002 
P = 0.006 

P=0.014 

27/50 (54%) 
70.4% 
15/26 (58%) 
534 
P<O.OOl 
P <  0.001 

P=0.002 

2/50 (4%) 
8.5% 
0115 (0%) 
67 1 
P = 0.208N 
P = 0.076N 

P = 0.014N 

11/50 (22%) 
41.0% 
3/15 (20%) 
546 
P=0.132 
P=0.547N 

P =0.408N 

12/50 (24%) 
43.5% 
3/15 (20%) 
546 
P=0.491 
P=0.076N 

P = 0.018N 

34/50 (68%) 
90.5% 
12/15 (80%) 
376 
P < 0.001 
P <0.001 

P<O.OOl 

46/50 (92%) 
100.0% 
15/15 (100%) 
485 
P <  0.001 
P<O.OOl 

P <0.001 

47/50 (94%) 
100.0% 
15/15 (100%) 
376 
P<O.OOl 
P < 0.001 

P < 0.00 1 



TABLE C3. ANALYSIS OF PRIMARY NEOPLASMS IN MALE MICE IN T H E  TWO-YEAR INHALATION 
STUDY OF TETRANITROMETHANE (Continued) 

Chamber  Control 0.5 ppm 

Circulatory System: Hemangiosarcoma 
Overall Rates (e)  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests td) 
Logistic Regression Tests (d)  
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d )  

4/50 (8%) 7/50 (14%) 
9.1% 2 1.7% 
1/37 (3%) 4/26 (15%) 
504 580 
P = 0.498N P=0.141 
P= 0.186N P = 0.285 
P= 0.189N 

P = 0.262 

Circulatory System: Hemangioma or Hemangiosarcoma 
Overall Rates ( e )  5/50 (10%) 7/50(14%) 
Adjusted Rates (b )  11.6% 21.7% 
Terminal Rates (c) 2/37 (5%) 4/26(15%) 
Day of First Observation 504 580 
Life Table Tests (d)  P=0.422N P =0.215 
Logistic Regression Tests (d) P=0.133N P = 0.398 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P=0.380 

P= 0.130N 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (e)  2/50 (4%) 

Terminal Rates (c) 2/37 (5%) 
Day of First Observation 729 
Life Table Tests (d)  P = 0.433 
Logistic Regression Tests (d) P = 0.626N 
Cochran-Armitage Trend Test (d) P = 0.514N 
Fisher Exact Test (d) 

Adjusted Rates tb) 5.4% 

All Sites: Benign Tumors  
Overall Rates (e) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: Malignant Tumors  
Overall Rates (e) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: All Tumors 
Overall Rates (e) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

20/50 (40%) 
46.2% 
14/37 (38%) 
646 
P<O.OOl 
P<O.OOl 
P<O.OOl 

25/50 (50%) 
54.9% 
17/37 (46%) 
504 
P<O.OOl 
P < 0.001 
P < 0.00 1 

4/50 (8%) 
11.4% 
0/26 (0%) 
643 
P= 0.227 
P=0.315 

P=0.339 

26/50 (52%) 
70.8% 
16/26 (62%) 
264 
P=0.017 
P=0.092 

P=0.158 

31/50 (62%) 
66.9% 
11/26 (42%) 
264 
P= 0.026 
P=0.188 

P=0.157 

39/50 (78%) 40/50 (80%) 
81.2% 85.1% 
28/37 (76%) 19/26 (73%) 
504 264 
P < 0.001 P=0.039 
P=0.002 P=0.366 
P = 0.006 

P=0.500 

2/50 (4%) 
9.2% 
1/15 (7%) 
588 
P=0.594N 
P=0.235N 

P=0.339N 

2/50 (4%) 
9.2% 
1/15(7%) 
588 
P = 0.497N 
P = 0.156N 

P=0.218N 

2/50 (4%) 
11.6% 
1/15 (7%) 
717 
P = 0.372 
P=0.437 

P = 0.691N 

37/50 (74%) 
91.6% 
12/15 (80%) 
145 
P< 0.001 
P < 0.00 1 

P < 0.001 

46/50 (92%) 
100.0% 
15/15 (100%) 
485 
P < 0.00 1 
P<O.OOl 

P<O.OOI 

48/50 (96%) 
100.0% 
15/15 (100%) 
145 
P < 0.00 1 
P = 0.004 

P = 0.007 
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TABLE C3. ANALYSIS OF PRIMARY NEOPLASMS IX MALE MICE IN THE TWO-YEAR INHALATION 
STUDY OF TETRANITROMETHANE (Continued) 

(a) Number of tumor-bearing animals/number of animals examined microscopically a t  the site 
(b)  Kaplan-Meier estimated tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence in animals killed a t  the end ofthe study 
(d) Beneath the control incidence a re  the P values associated with the trend test. Beneath the dosed group incidence are  the 
P values corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards 
tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regression test 
regards these lesions a s  nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates. A 
negative trend or lower incidence in a dosed group than in controls is indicated by (N). 
(e) Number of tumor-bearing animals/number of animals examined grossly a t  the site 
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TABLE C4. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR NEOPLASMS IN MALE B6C3F1 
MICE (a) 

Study 
Incidence in Controls  

Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence for Chamber,  Controls  in NTP Studies  (b) 

Propylene oxide 
Methyl methacrylate 
Propylene 
1 ,a-Epoxybutane 
Dichlorornethane 
Ethylene oxide 
Bromoethane 
Tetrachloroethylene 

TOTAL 
SD (c) 

Range (d) 
High 
Low 

14/50 
10150 
7/50 
7/49 
3/50 
5/50 
5/50 
3/49 

2/50 
3/50 
9/50 
5/49 
2/50 
6/50 
2/50 
4/49 

54/398 (13.6%) 331398 (8.3%) 
7.45% 4.96% 

14/50 9/50 
3/50 2/50 

Overall Historical Incidence for Untreated Controls in NTP Studies  

TOTAL 
SD (c) 

Range (d) 
High 
Low 

204/1,684 (12.1%) 80/1,684 (4.8%) 
6.18% 2.70% 

14/50 5/49 
1/50 0149 

15/50 
11/50 
16/50 
11/49 
5/50 

1 1/50 
7/50 
6/49 

821398 (20.6%) 
8.03% 

16/50 
5/50 

277/1,684 (16.4%) 
6.91% 

17/50 
4/50 

(a) Data as  of March 1,1989, for studies of a t  least 104 weeks 
(b) All inhalation studies included in the NTP historical data base were conducted a t  Battelle Pacific Northwest Laboratories. 
(c) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE 

2 Ppm Chamber Control 0.5 ppm 

DISPOSITION SUMMARY 
Animals initially in study 
Early deaths 
Moribund sacrifice 
Natural death 
Accidentally killed 

Terminal sacrifice 
Survivors 

Animals examined microscopically 

50 

9 
4 

37 
50 

50 

19 
3 
2 

26 
50 

50 

15 
19 
1 

15 
50 

ALIMENTARY SYSTEM 
Gallbladder 

Ectasia 
Infiltration cellular, lymphocytic, focal 
Infiltration cellular, lymphocytic, multifocal 

Peyer’s patch, hyperplasia, lymphoid 

Infiltration cellular, lymphocytic, multifocal 

Ectopic tissue 
Lumen, hemorrhage, acute 

Peyer’s patch, hyperplasia, lymphoid 

Hyperplasia 
Lumen, hemorrhage, acute 

Angiectasis, multifocal 
Basophilic focus 
Basophilic focus, multiple 
Cytomegaly, multifocal 
Cytoplasmic alteration, multifocal 
Eosinophilic focus 
Fatty change, focal 
Fatty change, multifocal 
Hematopoietic cell proliferation, multifocal 
Hepatodiaphragmatic nodule 
Hyperplasia, focal 
Hyperplasia, nodular, multifocal 
Infarct 
Infiltration cellular, lymphocytic, focal 
Infiltration cellular, lymphocytic, multifocal 
Inflammation, chronic, multifocal 
Inflammation, granulomatous, multifocal 
Inflammation, subacute, multifocal 
Mitotic alteration 
Mixed cell focus 
Necrosis, acute, multifocal 
Necrosis, chronic, multifocal 
Pigmentation, multifocal 
Thrombus 
Artery, mineralization, multifocal 
Bile duct, hyperplasia, multifocal 
Centrilobular, fatty change, multifocal 
Centrilobular, necrosis, acute, multifocal 
Centrilobular, necrosis, diffuse 
Hepatocyte, atrophy, multifocal 
Kupffer cell, hyperplasia, multifocal 
Oval cell, hyperplasia 

Intestine large, cecum 

Intestine large, colon 

Intestine small, duodenum 

Intestine small, ileum 

Intestine small, jejunum 

Liver 

(40) 

2 (5%) 

6 (13%) 
(48) 

(49) 

(49) 

(45) 

(46) 

1 (2%) 

1 (2%) 

1 (2%) 
(50) 

2 (4%) 
1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
2 (4%) 

4 (8%) 
1 (2%) 

2 (4%) 

1 (2%) 
3 (6%) 

4 (8%) 
2 (4%) 

1 (2%) 

1 (2%) 

(39) 
1 (3%) 

3 (8%) 

3 (6%) 
(47) 

(46) 

(48) 
1 (2%) 

(47) 

(46) 

(50) 
1 (2%) 
2 (4%) 

1 (2%) 
2 (4%) 

1 (2%) 

5 (10%) 
1 (2%) 
1 (2%) 
3 (6%) 
1 (2%) 
4 (8%) 
1 (2%) 

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

I (2%) 
3 (6%) 

1 (2%) 

(31) 

2 (6%) 

(40) 

(48) 

(44) 
L (2%) 

(44) 

(42) 
1 (2%) 

(50) 

2 (4%) 

1 (2%) 
1 (2%) 

2 (4%) 
1 (2%) 

2 (4%) 
1 (2%) 
3 (6%) 
2 (4%) 

2 (4%) 

1 (2%) 

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

1 (2%) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

2 Ppm Chamber Control 0.5 ppm 

ALIMENTARY SYSTEM (Continued) 
Mesentery 

Angiectasis, multifocal 
Fat, inflammation, chronic 

Hyperplasia, focal 
Artery, inflammation, chronic active 
Duct, cyst 
Duct, dilatation 

Salivary glands 
Infiltration cellular, lymphocytic, multifocal 

Stomach, forestomach 
Inflammation, chronic active, focal 
Ulcer 
Epithelium, hyperplasia, diffuse 
Epithelium, hyperplasia, focal 

Inflammation, acute, focal 
Inflammation, chronic 
Mucosa, mineralization 

Abscess 
Dysplasia 
Inflammation, acute 
Inflammation, chronic 
Inflammation, chronic active 

Pancreas 

Stomach, glandular 

Tooth 

(50) 
1 (2%) 

1 (2%) 

(50) 

(46) 
25 (50%) 

1 (2%) 
1 (2%) 
1 (2%) 

(47) 

1 (2%) 
(3) 

2 (67%) 

1 (33%) 

(3) 
1 (33%) 
1 (33%) 

(49) 

(48) 

(49) 
21 (44%) 

(49) 

(2) 
1 (50%) 
2 (100%) 

(1) 

(49) 

1 (2%) 

1 (2%) 

7 (14%) 
(50) 

(50) 

1 (2%) 

1 (2%) 
1 12%) 
1 (2%) 

(49) 

(8) 

5 (63%) 
1 (13%) 
2 (25%) 
3 (38%) 

CARDIOVASCULAR SYSTEM 
Blood vessel (1) 

Inflammation, chmnic 
Artery, inflammation, chronic, multifocal 1 (100%) 
Mesenteric artery, inflammation, chronic 
Mesenteric artery, thrombus 
Renal artery, inflammation, chronic, multifocal 

Cardiomyopathy 
Inflammation, acute, multifocal 
Inflammation, chronic, focal 
Inflammation, chronic, multifocal 
Aortic valve, inflammation, chronic active, 

Epicardium, hyperplasia, focal 
Mitral valve, bacterium 
Mitral valve, inflammation, subacute, focal 
Perivascular, granuloma 

Heart (49) 

focal 

(1) 
1 (100%) 

1 (100%) 
1 (100%) 
1 (100%) 

2 (4%) 
(50) ( 

1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

50) 

1 (2%) 

1 (2%) 

1 (2%) 

ENDOCRINE SYSTEM 
Adrenal gland 

Capsule, accessory adrenal cortical nodule 
Subcapsular, hyperplasia, focal 
Subcapsular, hyperplasia, multifocal 

Adrenal gland, cortex 

Hyperplasia, focal 
Hyperplasia, multifocal 
Hypertrophy, focal 
Hypertrophy, multifocal 

Adrenal gland, medulla 
Hyperplasia, focal 
Hyperplasia, multifocal 

Cyst 

(50) 

4 (8%) 
32 (64%) 

(49) 

5 (10%) 
1 (2%) 
6 (12%) 
6 (12%) 

(47) 

139 

(49) 

4 (8%) 
27 (55%) 

1 (2%) 
7 (15%) 
3 (6%) 
3 (6%) 
3 (6%) 

1 (2%) 
1 (2%) 

(47) 

(43) 

(50)  
3 (6%) 
3 (6%) 

28 (56%) 
(50) 

4 (8%) 

7 (14%) 
1 (2%) 

1 (2%) 
(47) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

Chamber Control 0.5 ppm 2 Ppm 

ENDOCRINE SYSTEM (Continued) 
Islets, pancreatic 

Hyperplasia, focal 
Hyperplasia, multifocal 

Pars distalis, cyst 
Pars distalis, cyst, multiple 
Pars distalis, hyperplasia, focal 

Inflammation, chronic, focal 
Inflammation, chronic, multifocal 
Follicle, cyst 
Follicle, cyst, multiple 
Follicular cell, hyperplasia, focal 
Follicular cell, hyperplasia, multifocal 

Pituitary gland 

Thyroid gland 

(50) 
1 12%) 

18 (36%) 

1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

3 16%) 
1 12%) 
3 (6%) 

(48) 

(50) 

(49) (48) 
2 (4%) 
7 (14%) 23 (48%) 

1 (2%) 
1 (2%) 

(48) 148) 

(48) (50) 

1 12%) 2 (4%) 
2 14%) 
2 (4%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Epididymis 

Granuloma 
Granuloma sperm 
Inflammation, chronic, multifocal 

Penis 
Inflammation, chronic active 

Preputial gland 
Abscess 
Atrophy 
Ectasia 
Inflammation, chronic 

Ectasia, multifocal 
Granuloma 
Infiltration cellular, lymphocytic, multifocal 
Inflammation, chronic 
Inflammation, chronic active 
Inflammation, suppurative, acute 
Serosa, inflammation, suppurative, acute, focal 

Seminal vesicle 
Abscess 
Ectasia 
Inflammation, chronic 

Interstitial cell, hyperplasia, diffuse 
Seminiferous tubule, atrophy, multifocal 
Seminiferous tubule, degeneration, multifocal 

Prostate 

Testes 

(50) 

(3) 

2 (67%) 
1 (33%) 

1 (2%) 
148) 

1 (2%) 
1 (2%) 

(50) 

(50) 

1 (25%) 
1 (25%) 

1 (2%) 
1 (2%) 
1 (2%) 

(48) 

1 (2%) 

1 (2%) 
(50) 

3 (6%) 

(50) 
2 (4%)  
8 (16%) 
1 (2%) 

(50) 

1 (2%) 

2 (100%) 
(2)  

(4 )  

2 (50%) 
3 (75%) 
2 (50%) 

(46) 

2 (4%) 
1 (2%) 

(49)  
1 (2%) 

1 (2%) 
(50) 

HEMATOPOIETIC SYSTEM 
Bone marrow 

Hyperplasia, re cell, focal 
Metaplasia, osseous, focal 
Myeloid cell, hyperplasia 

Bronchial, hyperplasia, lymphoid 
Inguinal, hyperplasia 
Inguinal, hyperplasia, lymphoid 
Inguinal, hyperplasia, plasma cell 
Mediastinal, hyperplasia 

Lymph node 

(48) (50) (49, 
1 (2%) 

1 (2%) 
1 (2%) 2 (4%) 

150) (50) (50) 
1 (2%) 

1 (2%) 
3 (6%) 

1 (2%) 
3 16%) 

Tetranitromethane. NTP TR 386 140 



TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

2 Ppm Chamber Control 0.5 ppm 

HEMATOPOIETIC SYSTEM 
Lymph node (Continued) 

Mediastinal. hyperplasia, lymphoid 
Mediastinal, hyperplasia, plasma cell 

Hyperplasia 
Hyperplasia, lymphoid 
Hyperplasia, re cell 
Pigmentation, hemosiderin 

Lymph node, mesenteric 
Angiectasis 
Hematopoietic cell proliferation 
Hemorrhage, acute 
Hemorrhage, subacute 
Hyperplasia, lymphoid 
Hyperplasia, re cell 
Pigmentation, hemosiderin 

Angiectasis, multifocal 
Fibrosis, diffuse 
Hematopoietic cell proliferation 
Hyperplasia, lymphoid 
Hyperplasia. re cell 
Necrosis. subacute, focal 

Lymph node, mandibular 

Spleen 

Thymus 
c y s t  
Depletion lymphoid 
Hyperplasia, lymphoid 
Necrosis 

(50) 
2 (4%) 

(37) 
1 (3%) 
2 (5%) 

1 (3%) 
(46) 

13 (28%) 
27 (59%) 
5 (11%) 
3 (7%) 

(501 

18 (36%) 
3 (6%) 

1 (2%) 

1 (2%) 
2 (4%) 
1 (2%) 
1 (2%) 

(45) 

(50) 

(39) 

1 (3%) 

1 (3%) 
(48) 

7 (15%) 
25 (52%) 
3 (6%) 
4 (8%) 

1 (2%) 
(49) 

10 (20%) 
1 (2%) 

(381 

(50) 
1 
1 

(43) 

2 
2 
3 

(39) 
1 
5 

19 
1 
4 
1 

(50) 
1 
1 
8 
2 
1 

(32) 

6 
1 

(2%) 
(2%) 

(5%) 
(5%)  
(7%) 

13%) 
(13%) 
(49% 1 
(3%) 
(10%) 
(3%) 

(2%) 
(2%) 
(16%) 
(4%) 
(2%) 

(19%) 
13%) 

INTEGUMENTARY SYSTEM 
Skin 

Prepuce, inflammation, chronic active 
Prepuce, ulcer 
Subcutaneous tissue, abscess, chronic 
Subcutaneous tissue, edema 
Subcutaneous tissue, inflammation. 

Subcutaneous tissue, inflammation. subacute, 

Subcutaneous tissue, inflammation, subacute, 

granulomatous, focal 

diffuse 

focal 

(48) (49) (49) 
2 (4%) 1 12%) 3 (6%) 
1 (2%) 1 (2%) 3 ( 6 % )  

1 (2%) 
1 (2%) 1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

MUSCULOSKELETAL SYSTEM 
Bone (49) (50)  (501 

Fibrous osteodystrophy 3 (6%) 
Osteoporosis 1 12%) 
Sternum, developmental malformation 2 ( 4 % )  

NERVOUS SYSTEM 
Brain 

Compression 
Hemorrhage, acute, multifocal 
Infarct, subacute 
Inflammation, acute, focal 
Mineralization, multifocal 

(50)  (50)  (50)  
1 12%) 
1 ( 2 % )  
1 (2%) 
1 (2%) 

31 (62%) 29 (58%) 30 (60%) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

Chamber Control 0.5 p p m  2 P p m  

RESPIRATORY SYSTEM 
Larynx 

Inflammation, chronic 
Inflammation, chronic active 

Hemorrhage, acute 
Hemorrhage, subacute 
Infiltration cellular, lymphocytic, multifocal 
Inflammation, acute, focal 
Necrosis, acute, multifocal 
Thrombus 
Alveolar epithelium, hyperplasia, focal 
Alveolar epithelium, hyperplasia, multifocal 
Alveolus, infiltration cellular, histiocytic, 

Alveolus, infiltration cellular, histiocytic, 

Alveolus, infiltration cellular, histiocytic, 

Artery, thrombus, multifocal 
Bronchiole, hyperplasia, focal 

Lung 

diffuse 

focal 

multifocal 

(50) 
1 (2%) 

(50) 
2 (4%) 

4 (8%) 

2 (4%) 

1 (2%) 

6 (12%) 

Bronchiole, hyperplasia, multifocal 
Bronchiole, alveolus, inflammation, suppurative, 

Mediastinum, infiltration cellular, 
acute, multifocal 

lymphocytic, multifocal 1 (2%) 

Lumen, exudate I (2%) 
Mucosa, inflammation, acute 
Mucosa, inflammation, chronic active 1 (2%) 
Nasolacrimal duct, exudate 
Nasolacrimal duct, hyperplasia 
Nasolacrimal duct, inflammation, acute 
Nasolacrimal duct, inflammation, chronic active 1 (2%) 
Olfactory epithelium, atrophy 
Respiratory epithelium, hyperplasia 3 (6%) 
Respiratory epithelium, ulcer, focal 

Nose (49) 

Trachea (50) 
Inflammation, chronic active 2 (4%) 

(46) 
1 (2%) 
2 (4%) 

1 (2%) 
1 (2%) 
1 (2%) 

(50) 

1 (2%) 
13 (26%) 
8 (16%) 

1 (2%) 

4 (8%) 
1 (2%) 
4 (8%) 
5 (10%) 

(47) 

(50) 
4 (8%) 

1 (2%) 
1 (2%) 
2 (4%) 

1 (2%) 
45 (90%) 

2 (4%) 

20 (40%) 

40 (80%) 

1 (2%) 

1 (2%) 
(50) (49) 

1 (2%) 29 (59%) 

2 (4%) 5 (10%) 
1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 

1 (2%j 1 (2%) 

6 (12%) 5 (10%) 

(47) (49) 

SPECIAL SENSES SYSTEM 
Eye 

Atrophy 
Lacrimal gland 

Infiltration cellular, lymphocytic, multifocal 

(1) 
1 (100%) 

(1) 
1 (100%) 

URINARY SYSTEM 

Abscess 
Abscess, multiple 
Hydronephrosis 1 (2%) 
Infarct 
Infiltration cellular, plasma cell 
Infiltration cellular, lymphocytic 18 (36%) 
Mineralization, multifocal 2 (4%) 
Nephropathy, chronic 3 (6%) 
Bilateral, hydronephrosis 2 (4%) 
Bilateral, pelvis, inflammation, acute 2 (4%) 
Capsule, fibrosis, focal 
Cortex, cyst 

Kidney (50) ( 

Tetranitromethane, NTP TR 386 142 

50) (50) 
1 (2%) 
1 (2%) 

3 (6%) 2 (4%) 
1 (2%) 3 (6%) 
1 (2%) 

15 (30%) 7 (14%) 
1 (2%) 

5 (10%) 

1 (2%) 
1 (2%) 

1 (2%) 



TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

2 Ppm Chamber Control 0.5 ppm 

URINARY SYSTEM 
Kidney (Continued) 

Medulla, necrosis, acute, focal 
Pelvis, inflammation, acute 
Proximal convoluted renal tubule, necrosis, 

Renal tubule, cytoplasmic alteration, 

Renal tubule, hyperplasia, atypical, focal 
Renal tubule, hyperplasia, focal 
Renal tubule, hyperplasia, multifocal 

Infiltration cellular, lymphocytic, multifocal 
Inflammation, chronic, diffuse 
Inflammation, chronic, multifocal 
Inflammation, chronic active, diffuse 
Ulcer, multifocal 
Transitional epithelium, hyperplasia, atypical, 

acute, multifocal 

multifocal 

Urinary bladder 

diffuse 

(50) 
1 (2%) 

(50) (50) 

1 (2%) 

1 (2%) 

1 (2%) 
(48) 

1 (2%) 
1 (2%) 
2 (4%) 
1 (2%) 

1 (2%) 

1 (2%) 
2 (4%) 1 (2%) 

1 (2%) 
2 (4%) 

1 (2%) 1 (2%) 
1 (2%) 

(47) (47) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE 

2 Ppm Chamber Control 0.5 ppm 

DISPOSITION SUMMARY 
Animals initially in study 
Early deaths 
Natural death 
Accidentally killed 
Moribund sacrifice 

Terminal sacrifice 
Natural death 
Moribund sacrifice 

Survivors 

Animals examined microscopically 

50 

5 
2 

12 

30 
1 

50 

50 

4 
1 

17 

27 

1 
50 

50 

10 

16 

23 

1 
50 

ALIMENTARY SYSTEM 
Esophagus (49) (49) (49)  

Intestine large, cecum (47) (44) (45)  
Gallbladder (42) (40) (36) 

Intestine large, colon (49)  (47) (46)  
Intestine large, rectum (46)  (48) (48)  
Liver (49)  (50) (50) 

Hemangiosarcoma 1 (2%) 
Hemangiosarcoma, metastatic, spleen 2 (4%) 

Hepatocellular adenoma, multiple 1 (2%) 

Hepatocellular carcinoma 4 (8%) 2 14%) 3 (6%) 
Hepatocellular adenoma 8 (16%) 1 (2%) 4 (8%) 

Mesentery ( 3 )  (1) ( 5 )  
Pancreas (49) (50) (50) 
Salivary glands (48)  (50) (50) 
Stomach, forestomach (48) (50) (49) 

Stomach, glandular (47) (49)  (49) 
Tooth (2)  (2 )  

Papilloma squamous 1 (2%) 

Peridontal tissue, alveolarhronchiolar 
carcinoma, metastatic, lung 1 (50%) 

CARDIOVASCULAR SYSTEM 
Heart (47) 

Alveolar/bronchiolar carcinoma, metastatic, 
lung 

(50) (50) 

1 (2%) 5 110%) 

ENDOCRINE SYSTEM 
Adrenal gland (49)  (49)  (50)  

Extra adrenal tissue, alveolarhronchiolar 
carcinoma, metastatic, lung 1 (2%)  

Subcapsular, adenoma 1 (2%) 

Adenoma 1 (2%) 
Alveolar/bronchiolar carcinoma, metastatic, 

Adrenal gland, cortex (49,  (48)  (50)  

lung 1 12%) 1 ( 2 % )  

lung 1 ( 2 % )  
Pheochromocytoma benign 1 (2%) 1 (2%) 

Adrenal gland, medulla (48)  (46)  (47 I 
Alveolar/bronchiolar carcinoma, metastatic, 

Islets, pancreatic (49)  (50) (49)  
Adenoma 3 (6%)  

Adenoma 1 (3%) 
Parathyroid gland (39)  (38)  (40) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE (Continued) 

2 Ppm Chamber Control 0.5 ppm 

ENDOCRINE SYSTEM (Continued) 
Pituitary gland 

Pars distalis, adenoma 
Pars distalis, adenoma, multiple 
Pars distalis, adenoma, two 
Pars distalis, carcinoma 

Follicular cell, adenoma 
Follicular cell, adenoma, multiple 
Follicular cell, adenoma, two 

Thyroid gland 

(49) (49) (48) 
18 (37%) 18 (37%) 13 (27%) 

1 (2%) 
1 (2%) 

2 (4%) 

2 (4%) 1 (2%) 3 (6%) 
1 (2%) 

1 (2%) 

(48) (50) (50) 

GENERAL BODY SYSTEM 
Tissue, NOS 

lung 
Alveolar/bronchiolar carcinoma, metastatic, 

(2) 

2 (100%) 

GENITAL SYSTEM 
Ovary (48) (49) (50) 

Alveolar/bronchiolar carcinoma, metastatic, 

Luteoma 1 (2%) 

Adenocarcinoma 1 (2%) 
Carcinoma 1 (2%) 
Hemangiosarcoma 2 (4%) 1 (2%) 1 (2%) 
Polyp stromal 1 (2%) 3 (6%) 1 (2%) 

lung 2 (4%) 

Uterus (49) (50) (50) 

HEMATOPOIETIC SYSTEM 
Bone marrow 

Hemangioma 
Hemangiosarcoma, metastatic, spleen 

Bronchial, alveolarhronchiolar carcinoma, 

Mediastinal, alveolarhronchiolar carcinoma, 

Lymph node 

metastatic, lung 

metastatic, lung 
Lymph node, mandibular 

Sarcoma, metastatic, skin 
Mediastinal, alveolarhronchiolar carcinoma. 

metastatic, lung 
Lymph node, mesenteric 
Spleen 

Hemangiosarcoma 
Thymus 

Alveolar/bronchiolar carcinoma, metastatic, 
lung 

(48) 

(50) 

(48) 

(50) 
1 (2%) 

1 (2%) 
(43 ) 

(50) 

1 (2%) 
(50) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

(45) 

(37) 
(50) 

(32) 
4 (8%) 

1 (3%) 

INTEGUMENTARY SYSTEM 
Mammary gland (48) (46) (45) 

Adenocarcinoma 1 (2%) 1 (2%) 

Subcutaneous tissue, fibrosarcoma 1 (2%) 
Subcutaneous tissue, hemangiosarcoma 1 (2%) 
Subcutaneous tissue, hemangiosarcoma, 

metastatic, spleen 1 (2%) 
Subcutaneous tissue, sarcoma 1 (2%) 

Skin (48) (46) (50) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE (Continued) 

Chamber Control 0.5 ppm 2 Ppm 

MUSCULOSKELETAL SYSTEM 
Bone (49) (50) 

Alveolar/bronchiolar carcinoma, metastatic, 

Osteosarcoma 1 (2%) 
metastatic, lung 

Skeletal muscle (2) (1) 

(50) 

1 (2%) 

NERVOUS SYSTEM 
Brain (49 ) (50) (50) 

RESPIRATORY SYSTEM 
Larynx (46) (45) (47) 

(49) (50) (50) 
Alveolar/bronchiolar adenoma 1 (2%) 12 (24%) 10 (20%) 

Alveolar/bronchiolar carcinoma 3 (6%) 8 (16%) 5 (10%) 

Hemangiosarcoma 1 (2%) 
Hepatocellular carcinoma, metastatic, liver 1 (2%) 
Osteosarcoma, metastatic, multiple, bone 1 (2%) 
Sarcoma, metastatic, skin 1 (2%) 

metastatic, lung 2 (4%) 

metastatic, lung 1 (2%) 

L w z  

Alveolar/bronchiolar adenoma, multiple 7 (14%) 31 (62%) 

Alveolar/bronchiolar carcinoma, multiple 3 (6%) 40 (80%) 

Mediastinum, alveolar/bronchiolar carcinoma, 

Nose (49) (50) (50) 
Mucosa, alveolar/bronchiolar carcinoma, 

Trachea (50) (50) (50) 

SPECIAL SENSES SYSTEM 
Harderian gland 

Adenoma 
(1) (1) (1) 

1 (100%) 1 (100%) 

URINARY SYSTEM 
Kidney (49) 

Alveolar/bronchiolar carcinoma, metastatic, 

Bilateral, alveolar/bronchiolar carcinoma, 
lung 

metastatic, lung 
Ureter 
Urinary bladder (48) (49) 

(50) 

3 (6%) 

1 (2%) 
(1)  

(47) 

SYSTEMIC LESIONS 
Multiple organs *(50) *(50) *(50) 

Lymphoma malignant histiocytic 1 (2%) 1 (2%) 
Lymphoma malignant lymphocytic 3 (6%) 4 (8%) 3 (6%) 
Lymphoma malignant mixed 7 (14%) 5 (10%) 8 (16%) 
Lymphoma malignant undifferentiated cell 1 (2%) 3 (6%) 3 (6%) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE (Continued) 

~~ ~~ ~ ~ ~ 

Chamber Control  0.5 ppm 2 Ppm 

TUMOR SUMMARY 
Total animals with primary neoplasms** 

Total animals with benign neoplasms 

Total animals with malignant neoplasms 

Total animals with secondary neoplasms*** 

Total primary neoplasms 

Total benign neoplasms 

Total malignant neoplasms 

Total secondary neoplasms 

40 
63 
29 
38 
22 
25 
2 
2 

44 
79 
36 
49 
24 
30 
1 
3 

49 
137 
45 
65 
47 
72 
11 
31 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
*** Secondary tumors: metastatic tumors or tumors invasive into a n  adjacent organ 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE: CHAMBER CONTROL 

- 
DAYS ON 2 3 4 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7  
STUDY i 1 8 8 4 6 9 0 0 0 1 1 1 2 2 4 4 1 ~ O ? 2 1 ! ~ ~ /  

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

Clitoral gland 
Ovary 
Uterus 

Adenocarcinoma 

CARCASS 
ID 

Eso ha s 
~ a l b i a g e r  
Intestme large 
Intestine large cecum 
Intestine large: colon 
Intestine large, rectum 
Intestine small 
Intestme small, duodenum 
Intestine small, ileum 
Intestme smaiI,lelunum 
Liver 

Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, mul t~ple  

Heman@osarcoma 
Polyp stromal 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
A + + + + + A  + + + + + A + + M + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
A + - + + + A + + + - + + + + + + + + + + + + + +  
A + + + + + + + + + + + + + + + + + + + + + + + +  
A M M + + + + - + + + + + + + + M + + + + + + +  
+ + - + + + + + + + + + + + + + + + + + + + + + +  + I 
A + - + + + A + + + + + + A + + + + + + + + t t +  
A M + + + + + * + + + + + A + + + + + + + + . 4  
A + - + + + + - + + + + + A + + + + M + + + + + ~  + + I  
A + - + + + + + + + + + + + + + + + + + + + + - t i  

X X 
Y .K X X 

X 

+: T ~ s s u e  examined m~croscop~cally 
: Not exammed 

-: Present but not examined microscop~cally 
I: Insufficient tissue 

Tetranitromekhane, NTP TR 386 

Mesentery 1 + 
Pancreas r ~ + + + + - - + + + + + r + + + r - + + + + + l  ~AII;~ glands . . . . . . . . . . . . . . . . . . . . . . . . .  ! 

M: Miss~ng 
A. Autolysis precludes examlnatlon 
X: Inc~dence of listed morphology 

Stomach, forestomach 
Stomach. glandular 
Tooth 

Heart 

Adrenal gland 
Adrenal gland. cortex 

Adenoma 
Adrenal gland, medulla 
Islets, pancreatic 

Adenoma 
Parathyroid gland 

Adenoma 
P ~ t u ~ t a r y  gland 

Pars  distalls. adenoma 
Pars  distalis, carcinoma 

Thvro~d land 
~ b i l ~ c u ~ r  cell, adenoma 
Follicular cell, adenoma, two 

None 

. . . . . . . . . . . . . . . . . . . . . . . .  A + c - + s + ~ t + + + + + + + + + + + + + + + ~ i  
A + i + + + + T + + + + + + + + - + + + + + + ~ + l  

+ 

+ + - t + ? + - + + + +  + + + +  + + + + + +  + i 
. . . . . . . . . . . . . . . . . . . . . . . . .  
A + + + + + + + + + + + + i r + + i + * + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
+ ~ + + + + + + + + + + + + + + + + + + - + +  

X 
M + - + M + + - + M + + + + ~ M + + + + + + t + c i  

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

X X X  X X  
X X 

A + + + + + + + + + + + + + + + + + + + + + + +  
X X 



DAYS ON 
STUDY 

CARCASS 
ID 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1  1 1  1 1  ___.. 

Eso ha s 
G a l h a &  
Intestine large 
Intestine large cecum 
intestine large: colon 
Intestine large rectum 
intestine smad 
Intestine small, duodenum 
Intestine small ileum 
Intestine smaii: plunum 
Liver 

I 

Pancreas &ih;x glands 

Stomach, forestomach 
Stomach. glandular 
Tooth 

Heart 

M 
Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Adrenal gland, medulla 
Islets, pancreatic 

Adenoma 
Parathyroid gland 

Adenoma 
Pituitary gland 

Pars distalis. adenoma 
Pars distalis, carcinoma 

Thyroid land 
Follicukar cell, adenoma 
Follicular cell, adenoma, two 

None 

CEFITAL SYSTEM 
Clitoral gland 

%S 
Adenocarcinoma 
Hemanposarcoma 
Polyp stromal 

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

( l l l l l l l l l l l  L 1  L l l l L l 1 1 l 1 1 1  

+ + + t + + + + + + + + + + t + + + + + + + + + t  
M + + + + + + + M t + + + + + + + + M + + + t + t  
t + + + + + + + + + + t + + + + + + + + + + t + +  
t + + + + t + + + + + + + + t + + + + + M + + + +  
+ + + + + t + + + + + + + t t + + + + + + + + + +  
+ t t + + t + t + + + + t + + + + + + + + + + + +  
+ + t + + + + t + + t + + + t + + + + + + + t + +  
+ t + + + + + t + + t + + + + t + + + + + + + + +  
+ + + t + t + t + t + + + + t t + M + + + t t + +  
+ M + t + + + + + + + t + + + t M + + + t + + + +  
+ + + + + + + ' t + t t + + + + t + + + + t + t +  x 

x x x x  
t * 

~ t + + + + + + + + t + + + + + t t + + + + + t t  
+ t + + + + + t t t + + + + + + t + + + + + + t +  
r + + + + ~ + M t t + + + + t + + + t t + + + + +  
+ + + + t + +  t + + + t + + + + t + + t + + + +  
+ M + + + + +  + + + t t t + + + t + + + + + + +  

t 

l t t t + + + t  t + t + + + + + + t + t + + t + t  

IUIAL: 
TISSUES 
TUMORS 

I- 
49 
42 
50 
47 
49 
46 
50 
47 
45 
45 
49 
4 
8 
1 
3 
49 
48 
49 
48 
47 
2 

47 

+ + + t + t + + + t + t t + + + + + + t t + + + +  
t + + + + t t + + + + t t t + + + + + t + + ~ + +  

+ t + + + t + t + + t + + t t t + + t + + + + + M  
t + + + t + + + t + t + + + + t + + t + + + * + t  

t + + + t M t t t + M t + + + + M M M t + M + + +  

t + + + + t + r + + + t + + + + + + + + + + t t t  

X 

X x 

x x x  x x x  x x x x x  
+ + + + + + t + + M + + + + + + t + t + + + + t  

X 

+ 
t + + + + + + t + + t M + + + + + + t + + + + + +  
+ + + t + + + + t + t + t + t + + + t t + + + + +  

X 
X 

49 
49 
1 
48 
49 
3 
39 
1 
49 
18 
2 
48 
2 
1 

2 

49 
1 
2 
1 

48 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: CHAMBER CONTROL 

DAYS ON 
STUDY 

ChRCASS 
ID 

Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesentenc 
S leen 
Tiymus 

Mammary gland 
Skin 

Subcutaneous tissue. hemanpxarcoma 

Bone 
Osteosarcoma 

Skeletal muscle 

Brain 

Larvnx 
LU& 

Alveolar/bronchiolar adenoma 
Alveolarbronc hiolar carcinoma 
Hepatocellular carcinoma, metastatic. 

Osteosarcoma. metastatic. multiple. bone 
liver 

Nose 
Trachea 

Hardenan gland 
Adenoma 

Kidney 
Unnary bladder 

S 
MultiDle organs 

Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lym homa malignant undifferentlated 

ced'type 

Tetranitromethane, NTP TR 386 

(Continued) 
2 3 4 5 1  
1 8 8 4 6 9 0 0 0 1 1 1 2 2 4 4 5 5 0 2 2 2 2 2 2  
4 2 0 4 3 0 3 5 6 3 9 9 7 9 2 2 5 7 4 9 9 9 9 9 9  

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

M + + + + + + + + + t + + t + + + + + + t + + t t  
. . . . . . . . . . . . . . . . . . . . . . . . .  
M + + + + + + + + + + + + M + + + + + + + + + + +  
M + M * + + + + + + + + + A + + + + + t M + + M M  
M . . . . . . . . . . . . . . . . . . . . . . .  

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

A + t t t + + + t + + + + t M t + + + + t + t + +  
A + + + + + + t + + + + t t + + + t + + t + t + +  

X 

M + t f + + t t t t + t + t t + + t + + + + + + +  
X + r 

A + t + + + + + t t + + t + + + + + + + t + + + +  

M M + - t + + + t + + + t + + + + + + + M M + + +  
A + + + + + + t t + + + + + + + + + + + + t t t +  

K X 

X 
X 

M + + + + + + + + + + + t + + + + + + + + + + + +  + + + + +  + t + t +  + + + t + t t t  + t f + +  + + 

A + + t + + + + + + + + + + + + + + + + + + + + +  
A + + + + + + + + t + + + + + + + + + + + + + +  

+ t + + + + + + T + + + + + + + + + + + + + t t t  
X 

X X x x  
X 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: CHAMBER CONTROL 
(Continued) 

DAYS ON 
STUDY 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1  

CARCASS 
ID 

Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
S leen 
Tfiymus 

Mammary gland 
Skin 

Subcutaneous tissue, hemangiosarcoma 

Bone 
Osteosarcoma 

Skeletal muscle 

Brain 
EM 

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

. . . . . . . . . . . . . . . . . . . . . . .  + . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + M + + + + + + M + + + + + + + + + M + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + t + + + + + + + + + + + + M + + + +  

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

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

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

Kidney 
Urinary bladder 

Multiple organs 
NS 

Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lym homa malignant undifferentiated 

' ce~ftype 

Larynx 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Hepatocellular carcinoma. metastatic. 

l W B *  

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

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

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

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

X 

rOTAL: 
ISSUES 
UMORS 

48 
50 
48 
41 
48 
40 

48 
48 
1 

49 
1 
2 

49 

46 
49 
1 
3 

1 
1 

49 
50 

1 
1 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE: 0.5 ppm 

+ M + + + + + + + + + + + f + + + + + + + + + + +  
A + + +  + + +  + + A M + + A  + M +  + A  + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
A + M M + + + + + + + + + t A + + + + A + + + + +  
+ + + + + + + + + + A +  + t +  + + M + . \  + +  + + + 
A M + + + + + + + + + + + t + + + + + + + + + + +  
+ + + + + + + + + + A + + t + + + + + + + + + + +  
A + + + + + + + + + A M + t A  - + + + + + + + + +  
A + + M + + + + + + A + +  + +  M + t M + +  + + +  
A + + +  + + + + + + A + +  + A  - + + + A  + +  t + +  
+ + + + + + + + + + + + + + + + + + + + + + + + +  

E 
+ 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + A + + + + + + + + + + + + + + + + + + + + + +  

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

/ M t + i -  + + + + + + + + + + + + + + + + + + + + + 

DAYS ON 
STUDY 

CARCASS 
ID 

ALIMENTARY SYSTEM 
E60 ha s 
GalPbla%r 
Intestine large 
Intestine large, cecum 
Intestine large colon 
Intestine large: rectum 
Inteshne small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small,jeiunum . .  
Liver 

Mesentery 
Pancreas 
Saliva glands 
S t o m a 3  
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 

Blood vessel 
Heart 

Hepatocellular carcinoma 
Hepatocellular adenoma 

Alveolarhronchiolar carcinoma. 
metastatic, lung 

Adrenal gland 
Adrenal gland cortex 

metastatic, lung 
Adrenal gland, medulla 

Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Thyroid land 

Alveolarhrohchiolar carcinoma. 

Pheochromocytoma benign 

Parsdistalu, adenoma 
Pars distalis adenoma, multiple 

Follicukar cell, adenoma 
Follicular cell, adenoma, multiple 

None 

Clitoral gland 
Ovarv 

Lut'eoma 

Carcinoma 
Heman@osarcoma 
Polyp stromal 

Uterus 

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

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

+ + + + M + + + + + + + + + + + + + + + + + t + +  
+ + + + M + + + + + + + + + + + + + M + t + + + +  

X 
+ + + + M + + + + + + + + + + M + + M + + + + + +  

X . . . . . . . . . . . . . . . . . . . . . . . . .  
+ M + t M + + + M + + + M + + + + + + + + + M + M  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X E X  x x x x  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

+ 
+ + + + + + + + M + + + + + + + + + + + + + + + t  

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

X 
X X 
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DAYS ON 
STUDY 

CARCASS 
ID 

7 7 7 7 7 7 7 7 7 - 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 ~ 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 0 0 1 1  1 1  1 1  1 1  1 1  1 2  2 2 2 2 2 2 2 2 2 m ~ m r ,  

2 2 2 2 s 2 z 2 2 2 z 2 2 2 2 2 !L 2 2 2 2 2 2 2 2 
1 1  1 1  1 1  2 2 2 2 2 2 2 3 4 3 3 3 4 4 4 4 4 4 4 
1 2 3 4 7 9 2 3 4 5 7 8 9 3 5 0 2 4 0 1 3 4 6 7 8  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

+ + * + + + + + + + * * + + + * + + + + + * + + +  
+ c + t + * + ~ t + + * * + + + t + + * * + M *  
+ f f + + + + + + + * * + + + + f + + C J r + * + +  
+ + + + + + + + + + + t + + + + + + + + + + M + +  
+ * * t + + + + * C + + + + + + + + + + + + * + +  
+ + + C * f + * * + f C + C + + + f + + + + * * *  
+ + * * + + + * + + + + f + + + + + + + + * * t +  
+ + t f + + + + * + f + C + t + + + + + * + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
* * * + f C + + + f + + + + + C C + C + + i - + * +  
+ + t + t + * ~ + + + + + + r + + * + * + * * + +  

X 
X 

T%U% 
TUMORS 

ALIMENTARY SYSTEM 

& % X r  
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 %:;;fi: glands 

Stomach, forestomach 
Papilloma squamous 

Stomach. glandular 

Blood vessel 
Heart 

Hepatocellular carcinoma 
Hepatocellular adenoma 

Alveolarlbronchiolar carcinoma. 
metastatic. lung 

Adrenal gland 
Adrenal gland, cortex 

metastatx luna 
Alveolar/bronchiolar carcinoma, 

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

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

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

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

+ + + t t + f + + + * t + + T + f t + + + + + + +  

+ * 
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + t + + + f f + + + + + + + + C * + t * * +  
C + + + + + f + + C C + + + r + + + f * + + + + *  

49 
40 
50 
44 
47 
48 
49 
46 
43 
46 
50 

2 
1 L 

50 
50 
50 
50 
1 

49 

2 
50 

1 

49 
48 

Adrenaigknd, meaulla 

Islets, pancreatic 
Pheochromocytoma benign 

Parathymid gland 

+ + + + + + + + + + + + + + + + + + M + + + + + *  46 

I:i I f + + + + C + * + + + + + + + f + + + f * * * * +  
M + M + + + + + + M + + + M + + + + + + M + + +  

P i t u i t a j  gland f + + + + + + + * + f + + f + * + + f f * * + * +  
Pars distalis, adenoma I x x x x x  X X x x x x x  
Pars distalis. adenoma. multiole 

-I . 
Thyroid land + + + + + + + * * + f + + + t * + f C * * + + * +  

Follicu&rcell, adenoma 
Follicular cell, adenoma, multiple X 

m E R 4 L  B- 
None 

Clitoral gland 
Ovary 

Luteoma 

Carcinoma 
Hemangiosarcoma 
Polyp stromal 

Uterus 

I I- 
I I- 

+ + + f + + + + r + * + + C ~ - + + f f * + t f f f  

+ * * + * + + + + + + + + + + + + + + * + * * + +  X 

1 
49 
1 

50 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: 0.5 ppm 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

s HEMAT 
Bone marrow 

L mphnode 

Lymph node, mandibular 
Lymph node, mesentenc 
S h e n  
Tgymus 

Mammary gland 

Skin 

Bone 
Skeletal muscle 

Brain 

Larynx 
Lung 

Heman@ona 

bediastiual, alveolarhronchiolar 
camnoma, metastatic. lung 

Adenocamnoma 

ETAL SYSTEM 

Alveolarhronchiolar adenoma 
Alveolar/bronchiolar adenoma multiple 
Alveolar/bronchiolar carcinomb 
Alveolarhronchiolar carcinoma, 

Hemannosarcoma 
multiple 

Nose 
Trachea 

Eye 
EM 

Hardenan gland 
Adenoma 

Kidney 
Unnary bladder 

Multiple organs 
NS 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lym homa malignant undifferentiated 

ce t type  

Tetranitromethane, NTP TR 386 

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

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

~~ ~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + * + + + + + + + * + + + + * + +  

+ + + + + + + + + + + + + M + + + + + + + M + M +  
M + M + + + M t + + M M + M + + + M M + M M M + +  
+ + + + + + + + + + + A + + + + + + + + + + + + +  

+ + + + + t + + + + + + + + + M t + M + + + M +  

X 

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

A + + + + + + + + + + + + + + + + + + + + + + + +  

+ + + * + + + + * + * * * * + + + * + + * + + * +  * 
+ + + + + + + + * + * * + * + + * + + * + * * * +  

~~ ~~~~~ ~ 

+ t M M t + + * + + + + + + M * M + + + + * + + +  + + + + + + + + + * + * + ~ + * + + + + * * * + +  
X x x x  X X 

X 
X 

X X 
X + + + + + + + + + + + + + + + + + * + * * + + * +  

+ f f + + + + + + f + + + t + + + C + + + + + + +  

+ 

. . . . . . . . . . . . . . . . . . . . . . . . .  * + + + + + + + * + + + * + + + + * + + + + + +  

* + + + * + + + + + + * + + * + + + + + + + + + *  
Y 

X X X 
X X X X 

X X 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: 0.5 ppm 
(Continued) 

DAYS ON 
STUDY 

HEMATOPOIETIC SYS TEM 
Bone marrow 

Hemangioma 
L mphncde 

Lymph node, mandibular 
Lymph node, mesentenc 
S leen 
Tiymus 

Mammary gland 

Skm 

%edlaatinal. alveolarhronchiolar 
carnnoma, metastatic, lung 

E- 
Adenocarnnoma 

Bone 
Skeletal muscle 

Brain 

Larynx 
Lung 

Alveolarhronchiolar adenoma 
Aiveolarhrnnchiolar adenoma, multiple 
Alveolarhronchiolar carcinoma 
Alveolarhronchiolar carcinoma, 

Hemankosarcoma 
multiple 

Nose 
Trachea 

%denan gland 
Adenoma 

M 
Kidney 
Urinary bladder 

NS 
Multiple organs 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lymphoma malignant undifferentiated 

cell type 

u 
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 0 0 0 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2  

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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
i 2 3 4 7 9 2 3 4 ~ 7 a 9 3 5 0 2 4 0 ~ 3 4 6 ~ a  

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

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

+ + + + + + M M + + + + + + M + + + + + + + M + +  
+ + + M + + + + + + + + + + M + + + + + + + M + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + M + + + + + M t + + + + + + + + +  

+ + + + + + + + + + + + + + + t + + + + + + + + +  

+ + + + + + + + + + M + + + + t + + + + + + + M M  
X 

~~ 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
~~~~ 

+ + + + + + + + + t + + + + + t + + + + t + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
X X X X x x  

X X x x  x x x  X x x  X x x  

X 

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

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

+ 
x 

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

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

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

X 
X 

X 

50 
1 

50 

1 
43 
36 
49 
44 

46 
1 

46 

50 
1 

50 

45 
50 
12 

7 
8 

3 
1 

50 
50 

2 
1 
1 

50 
49 

50 
1 
4 
5 

3 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF TETRANITROMETHANE: 2 ppm 

I I 
. . . . . . . . . . . . . . . . . . . . . . . . .  

x x  x x  

DAYS ON 
STUDY 

CARCASS 
ID 

u u  
Intestine large 
Intestine large. cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, lelunum 
Liver 

Hemanposarcoma 
Hernanposarcoma, metastatic. spleen 
Hepatocellular carmama 
Hepatocellular adenoma 

E!;:er 

Mesentery 
Pancreas ;;:3;~ glands 

Stomach, forestomach 
Stomach, glandular 
Tooth 

Pendontal tissue 
alveolar/bronch;olar carnnoma, 
metastatic. lung 

Heart 
Alveolar/bronchiolar carnnoma. 

metastatic. lung 

Adrenal gland 
Extra adrenal tissue, 

alveolarhronchiolar carcinoma, 
metastatic. lung 

Subca sular adenoma 
Adrenafgland, cortex 

Alveolar/bronchiolar camnoma. 
metastatic, lung 

Adrenal gland. medulla 
Alveolar/bronchiolar camnoma. 

metastatic. lung 
Pheochromocytoma benign 

Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Thyroid land 

Pars distalis. adenoma 
Pars distalis, adenoma. two 

Follicukar cell, adenoma 

L BOD- 
Tissue, NOS 

Alveolar/bronchiolar carnnoma, 
metastatic, lung 

Clitoral gland 

%:oIar/bronchiolar carnnoma. 

Uterus 
metastatic, lung 

Hemanposarcoma 
Polyp stromal 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1  1 1  1 

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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ,  

M + + + + + + + + + + + + + + + + + + + + + + + +  
M + + A A A A + A  + + +  A + A + + + + M + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
A M + A A + + + + + + + + + + + A + + + + + + + +  
A + M + A + A + + + + + + + + + + + + + + + + + +  
A + + + + + A + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
A + + A + + + + + + + + + + + + A + + + + + + + +  
A M + + A * A + + + + + + + + + A + + + + + + + M  
A + + A  A + A  + A  + + + + + + + A  + + + + + + + + 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X + + +  

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + M + + + + + + + t + +  
+ + + + + + + + + + + + + + M + + + + + + + + + +  
+ + + + + + + + + + + + + + M + + + + + + + + + +  + + 

X 

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

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

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

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

X X  x x  X 

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

X 

+ +  
X X  

+ 
+ I  . . . . . . . . . . . . . . . . . . . . . . . .  

i x x  
. . . . . . . . . . . . . . . . . . . . . . . . . .  

X 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: 2 ppm 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
6 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

TOTAL: 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  TISSUES 
3 0 0 0 0 0 0 1  1 1  
1 1 3 4 6 7 9 1 3 4 8 9 1 4 5 6 9 3 5 8 9  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

ALIMENTARY S YSTEM 
Eso ha s 
GaiPblager 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small. duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

He manposa rco ma 
Hemanposarcoma. metastatic, spleen 
Hepatocellular carcinoma 
Hepatocellular adenoma 

Mesentery 
Pancreas %:3;~ glands 

Stomach, forestomach 
Stomach, glandular 
Tooth 

Pendontal tissue 
alveo1aribronch;oiar carcinoma, 
metastatic. lung 

EM 
Haart 

Alveolarhronchiolar carcinoma, 
metastatic, lung 

Adrenal gland 
Extra adrenal tissue, 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ M M + + + + t + + + + + + M + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + M + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

x 
X X 

X x X X + + 
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  + + + + + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + +  

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

49 
36 
50 
45 
46 .. 
48 
49 
46 
44 
44 
50 
1 
2 
3 
4 
5 
50 
50 
49 
49 
49 

2 

1 

50 

5 

alveolarhronchiolar carcinoma, 
metastatic. lung 

Admnafgland, cortex 

metastatic. lung 
Adrenal gland, medulla 

metastatic. lung 

Subca sular, adenoma 

Alveolar/bronchiolar camnoma, 

Alveolarhronchiolar camnoma, 

Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Thyroid land 

Pars distalis, adenoma 
Pars distalis. adenoma, two 

Follicukar cell. adenoma 

L B- 
Tissue, NOS 

Alveolarhronchiolar camnoma. 
metastatic. lung 

m T A L  SYSTEM 
Clitoral gland 

%zolarhronchiolar carcinoma. 

Uterus 
metastatic, lung 

Hemanposarcoma 
Polyp stromal 

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
M + + M + + + + + + + + + + + + M M + M + + + + +  
+ + + + + + + + + + + M + + + +  + + + ' +  + + + + +  x x  x X X X x x  

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

I 50 

1 
1 
50 

1 
47 

1 
1 

49 
40 
48 
13 
1 

50 
3 
- 

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

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

1 
50 

2 
50 
1 
1 

I 1-1 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: 2 ppm 
(Continued) 

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

CARCASS 
ID 

HEMATO POIETIC SYST EM 
Bone marrow 

Hemangiosarcoma, metastatic, spleen 

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

L mphnode 
bronchial, alveolar/bronchiolar 

carnnoma, metastatic. lung 
Mediastinal. alveolarforonchiolar 

carnnoma. metastatic. lung 

Sarcoma, metastatic. skin 
Mediastinal, aiveolaribronchiolar 

Lymph d e ,  mandibular 

camnoma metastatic, lung 
Lymph node. mesentenc 
Spleen 

Thymus 
Hemankosarcoma 

Alveolar/bronchiolar carcinoma. 
metastatic, lung 

Mammary gland 

S h n  
Adenocarcinoma 

Subcutaneous tissue fibrosarcoma 
Subcutaneous tissue: hemanposarcoma, 

Subcutaneous tissue, sarcoma 
metsstatic, spleen 

ETAL 
Bone 

Alveolar/bronchiolar carcinoma, 
metastatic, metastatic, lung 

Brain 

M 
Larynx 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma, multiple 
Alveolar/bronchiolar carcinoma 
Alveolar/bronchiolar carcinoma, 

multiple 
Sarcoma, metastatic skin 
Mediastinum, alveofar/bronchiolar 

carcinoma, metastatic, lung 

Mucosa, alveolarbronchiolar 
carnnoma, metastatic, lung 

NOS0 

Trachea 

Harderian gland 

Kidney 
Alveolar/bronchiolar carcinoma, 

metastatic, lung 
Bilateral, alveolar/bmnchiolar 

carcinoma, metastatic, lung 
Ureter 
Urinary bladder 

S 
Multiple organs 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lym homa malignant undifferentiated 

CelPtype 

. . . . . . . . . . . . . . . . . . . . . . . . .  I- 

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

X 
h t + + + + + + + + + + + + + + + + + + M t + + + +  

X 

X 
M + +  + + + + M + + + M M + + + M + M M M M + M  . . . . . . . . . . . . . . . . . . . . . . . . .  

+ M M + + + M + M M + M + + M t A + + + M + M M  
X 

M + + + + + + i + M + + M + + + M + + t  + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  x 

X 

X 

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

X 

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

+ + i  + + + 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 

x x  X X X 

X 

X x 
. . . . . . . . . . . . . . . . . . . . . . . . .  l x  . . . . . . . . . . . . . . . . . . . . . . . . .  
-~ ~~~~ ~ 

+ 

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

x Y 

X + 
M + t + + + + + + + + + + + + + + + + + M + + + M  

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

X 
X x x  x x x  

X 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: 2 ppm 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

HEMATOPOIETIC SYSTE M 
Bone marrow 

L mphnode 
Hemangiosarcoma, metastatic, spleen 

bronchial. alveolarhronchiolar 
eareinoma, metastatic, lung 

Mediastinal. alveolarhronchiolar 
camnoma. metastatic, lung 

Sarcoma. metastatic. skin 
Lymph node, mandibular 

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

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

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

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

Bone 

Brain 

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

Larynr 
Lung 

Alveolarbmnchiolar adenoma 
Alveolarbmnchiolar adenoma multiple 
Alveolarhronchiolar carcinomi 
Alveolarbronchiolar carcinoma, 

multiple 
Sarcoma metastatic skin 
Mediasthum, alveo<arforonchiolar 

carcinoma, metastatic, lung 

Mucosa. alveolarhronchiolar 
camnoma. metastatic. lung 

Nose 

Trachea 

Hardenan gland 

Kldney 
Alveolarforonchiolar carcinoma. 

metastatic. lung 
Bilateral. alveolarhronchiolar 

carnnoma, metastatic. lung 
Ureter 
Unnary bladder 

Multiple organs 
NS 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocvtic 
Lymphoma malignant mixed 
Lymphoma malignant undifferentiated 

cell type 

. . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
x x  x x x  j 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 x x x x x x  

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

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

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

X 

j + t + + + + + + + t + + + + + + + + + + + + + + +  

l x  
. . . . . . . . . . . . . . . . . . . . . . . . . .  

X x x  
I X X 

I 
TOTAL: 

TISSUES 
TUMORS 

I- 
50 
1 
50 

1 

1 
45 
1 

1 
37 
50 
4 
32 

1 

IT 1 5P 

1 
1 

50 

1 

50 

47 
50 
10 
31 
5 

40 
1 

2 
50 

1 
50 

1 

50 

3 

1 
1 
47 

50 
1 
3 
8 

3 
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TABLE D3. ANALYSIS OF PRIMARY NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR INHALATION 
STUDY OF TETRANITROMETHANE 

Chamber Control 0.5 ppm 2 Ppm 

Pancreatic Islets: Adenoma 
Overall Rates (a )  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests td) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma 
Overall Rates ( a )  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d)  

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 
Adjusted Rates (b)  
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a )  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Lung: Alveolar/Bronc hiolar Adenoma 
Overall Rates (a )  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Lung: Alveolar/Bronchiolar Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Tetranitromethane, NTB.TR 386 

3/49 (6%) 
8.9% 
2/31 (6%) 
627 
P=0.133N 
P=O.l17N 
P=O.l15N 

9/49 (18%) 
23.4% 
4/31 (13%) 
563 
P = 0.277N 
P = 0.207N 
P = 0.205N 

4/49 (8%) 
12.3% 
3/31 (10%) 
655 
P=0.600 
P = 0.558N 
P = 0.532N 

13/49 (27%) 
33.9% 
7/31 (23%) 
563 
P = 0.329N 
P=0.216N 
P = 0.208N 

1/49 (2%) 
3.2% 
1/31 (3%) 
729 
P<O.OOl 
P<O.OOl 
P<O.OOl 

3/49 (6%) 
8.8% 
2/31 (6%) 
619 
P < 0.00 1 
P < 0.00 1 
P < 0.00 1 

162 

0/50 (0%) 
0.0% 
0128 (0%) 

P=0.132N 
P=O.l19N 

P=O.l17N 

1/50 (2%) 
3.6% 
1/28 (4%) 
729 
P=0.014N 
P = 0.009N 

P = 0.007N 

2/50 (4%) 
7.1% 
2/28 (7%) 
729 
P =0.364N 
P=0.315N 

P=0.329N 

3/50 (6%) 
10.7% 
3/28 (11%) 
729 
P =  0.01 1 N  
P = 0.007N 

P=0.005N 

19/50 (38%) 
56.6% 
14/28 (50%) 
60 1 
P < 0.00 1 
P<O.OOl 

P<O.OOl 

11/50 (22%) 
34.2% 
8/28 (29%) 
601 
P=0.017 
P=0.023 

P=0.022 

0149 (0%) 
0.0% 
0124 (0%) 

P = 0.149N 
P = 0.123N 

P=  0.121N 

4/50 (8%) 
14.7% 
3/24 (13%) 
645 
P = 0.1 74N 
P=O.llON 

P = 0.109N 

3/50 (6%) 
11.9% 
2/24 (8%) 
714 
P =  0.601N 
P = 0.505N 

P = 0.489N 

7/50 (14%) 
25.8% 
5/24 (2  1%) 
645 
P = 0.193N 
P=0.102N 

P=0.096N 

41/50 (82%) 
93.0% 
21/24 (88%) 
444 
P <  0.001 
P <  0.001 

p<o:001 

45/50 (90%) 
97.8% 
23/24 (96%) 
444 
P <  0.001 
P <  0.001 

P < O . O O l  



TABLE D3. ANALYSIS O F  PRIMARY NEOPLASMS I N  FEMALE MICE I N  T H E  TWO-YEAR INHALATION 
STUDY OF TETRANITROMETHANE (Continued)  

C h a m b e r  Control  0.5 p p m  2 P p m  

Lung: Alveolar/Bronchiolar Adenoma or Carc inoma 
Overall Rates (a) 4/49 (8%) 
Adjusted Rates (b) 11.9% 
Terminal Rates (c) 3/31 (10%) 
Day of First Observation 619 
Life Table Tests td) P <o.oo 1 
Logistic Regression Tests (d) P<O.OOl 
Cochran-Armitage Trend Test td) P<O.OOl 
Fisher Exact Test td) 

Pituitary G l a n d p a r s  Distalis: Adenoma 
Overall Rates(a) 18/49 (37%) 
Adjusted Rates (b)  
Terminal Rates (c) 14/31 (45%) 
Day of First Observation 590 
Life Table Tests td) P = 0.484N 
Logistic Regression Tests ( d )  P=0.219N 
Cochran-Armitage Trend Test (d) P=0.216N 
Fisher Exact Test td) 

5 1 .O% 

Pituitary Cland/Pars  Distalis: Adenoma or Carc inoma 
Overall Rates ( a )  
Adjusted Rates (b)  
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d)  
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test td) 
Fisher Exac, Test (d )  

Thyroid Gland: Follicular Cell Adenoma 
Overall Rates(a)  
Adjusted Rates ( b )  
Terminal Rates (c) 
Day of First Observation 
Life Table Tests td) 
Logistic Regression Tests td) 
Cochran-Armitage Trend Test (d)  
Fisher Exact Test td) 

Uterus: Stromal  Polyp 
Overall Rates ( e )  
Adjusted Rates (b)  
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d)  
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test td) 
Fisher Exact Test td) 

Circulatory System: Hemangiosarcoma 
Overall Rates (e) 
Adjusted Rates (b)  
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d)  
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

20149 (41%) 
53.2% 
14/31 (45%) 
563 
P=0.356N 
P =0.132N 
P=0.132N 

3/48 ( 6% ) 
9.6% 
2/30 (7%)  
704 
P=0.468 
P=0.546 
P=0.586 

1/49 (2%) 
3.2% 
1/31 (3%)  
729 
P=0.582N 
P=0.527N 
P =0.512N 

3/50 (6%) 
9.3% 
213 1 (6%) 
657 
P=O.101 
P =  0.125 
P =  0.128 

163 

24/50 (48%) 
69.7% 
18/28 (64%) 
60 1 
P < 0.00 1 
P <  0.001 

P<O.OOl 

19/49 (39%) 
56.9% 
14/28 (50%) 
592 
P = 0.40 1 
P = 0.543 

P = 0.500 

19/49 (39%) 
56.9% 
14/28 (50%) 
592 
P=0.559 
P=0.494N 

P=0.500N 

2/50 (4%) 
6.9% 
1/28 (4%) 
718 
P=0.525N 
P =0.462N 

P = 0.480N 

3/50 (6%) 
9.5% 
2/28 (7%) 
665 
P=0.298 
P=0.317 

P=0.3  16 

2/50 ( 4% ) 
5.1% 
0/28 (0%) 
665 
P=0.466N 
P=0.498N 

P=0.500N 

49/50 (98%) 
100.0% 
24/24(100%) 
444 
P <o.oo 1 
P <0.001 

P<O.OOl 

14/48 (29%) 
48.1% 
9/23 (39%) 
674 
P=0.532N 
P = 0.278N 

P=0.282N 

14/48 (29%) 
48.1% 
9/23 (39%) 
674 
P = 0.373N 
P = 0.159N 

P=0.161N 

3/50 (6%)  
12.5% 
3/24 (13%) 
729 
P=0.561 
P =0.650 

P = 0.641 N 

1/50 (2%)  
4.2% 
1/24(4%) 
729 
P=0.704 
P=0.704 

P=0.747N 

6/50 (12%) 
21.1% 
4/24 ( 1 7% ) 
666 
P=O.190 
P=0.239 

P=O.243 
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TABLE D3. ANALYSIS OF PRIMARY NEOPLASMS IN FEMALE MICE IN T H E  TWO-YEAR INHALATION 
STUDY OF TETRANITROMETHANE (Continued)  

Chamber  Control  0.5 ppm 2 Ppm 

Circulatory System: Hemangioma or Hemangiosarcoma 
Overall Rates (e) 3/50 (6%) 
Adjusted Rates (b) 9.3% 
Terminal Rates (c) 2/31 (6%) 
Day of First Observation 657 
Life Table Tests (d) P = 0.1 27 
Logistic Regression Tests (d)  P=0.160 
Cochran-Armitage Trend Test td) P=0.165 
Fisher Exact Test (d) 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (e) 11/50 (22%) 
Adjusted Rates (b) 29.9% 
Terminal Rates (c) 7/31 (23%) 
Day of First Observation 480 
Life Table Tests (d) P=0.168 
Logistic Regression Tests td) P = 0.237 
Cochran-Armitage Trend Test td) P = 0.238 
Fisher Exact Test (d) 

All Sites: Benign Tumors  
Overall Rates (e)  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: Malignant Tumors  
Overall Rates (e) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: All Tumors  
Overall Rates (e) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d )  
Fisher Exact Test (d) 

29/50 (58%) 
70.2% 
19/31 (61%) 
554 
P<O.OOl 
P<O.OOl 
P<O.OOl 

22/50 (44%) 
52.7% 
12/31 (39%) 
480 
P<O.OOl 
P<O.OOl 
P<O.OOl 

40150 (80%) 
85.0% 
24/31 (77%) 
480 
P=0.012 
P=0.004 
P=0.005 

3/50 (6%) 
8.5% 
1/28 (4%) 
665 
P= 0.639N 
P = 0.659N 

P = 0.661N 

13/50 (26%) 
33.4% 
4/28 (14%) 
263 . 
P=0,394 
P=0.408 

P= 0.408 

36/50 (72%) 
92.2% 
25/28 (89%) 
592 
P = 0.086 
P=0.093 

P=0.104 

24/50 (48%) 
56.0% 
10128 (36%) 
263 
P = 0.408 
P = 0.420 

P=0.421 

44/50 (88%) 
97.7% 
27/28 (96%) 
263 
P=0.216 
P=0.162 

P = 0.207 

6/50 (12%) 
21.1% 
4/24 ( 1 7% ) 
666 
P=O.190 
P = 0.239 

P = 0.243 

15/50 (30%) 
40.6% 
6/24 (25%) 
444 
P=0.185 
P = 0.247 

P=0.247 

45/50 (90%) 
97.8% 
23/24 (96%) 
444 
P < 0.001 
P<O.OOl 

P < 0.00 1 

47/50 (94%) 
100.0% 
24/24 (100%) 
444 
P<O.OOl 
P<O.OOl 

P<O.OOl 

49/50 (98%) 
100.0% 
24/24 (100%) 
444 
P = 0.022 
P = 0.004 

P = 0.004 

(a)  Number oftumor-bearing animals/number of animals examined microscopically a t  the site 
(b) Kaplan-Meier estimated tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence in animals killed a t  the end ofthe study 
(d) Beneath the control incidence a re  the P values associated with the trend test. Beneath the dosed group incidence are the 
P values corresponding to pairwise comparisons between that  dosed group and the controls. The life table analysis regards 
tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regression test 
regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates. A 
negative trend or lower incidence in a dosed group than in controls is indicated by (N). 
(e) Number of tumor-bearing animals/number of animals examined grossly a t  the site 
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TABLE D4. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR NEOPLASMS IN FEMALE 
B6C3F1 MICE (a) 

Study 
Incidence in Controls 

Adenoma Carcinoma Adenoma o r  Carcinoma 

Historical Incidence for  Chamber Controls in NTP Studies (b) 

Propylene oxide 
Methyl methacrylate 
Propylene 
1,2-Epoxybutane 
Dichloromethane 
Ethylene oxide 
Bromoethane 
Tetrachloroethylene 

TOTAL 
SD (c) 

Range (d) 
High 
Low 

4/50 
1/49 
6/50 
2/50 
2/50 
2/49 
3/50 
4/48 

015 0 
1/49 
0150 
2/50 
1/50 
0149 
3/50 
2/48 

241396 (6.1%) 91396 (2.3%) 
3.22% 2.27% 

6/50 
1/49 

3/50 
Of50 

Overall Historical Incidence for  Untreated Controls in NTP Studies 

TOTAL 
SD (c) 

Range (d) 
High 
Low 

7311,676 (4.4%) 3511,676 (2.1%) 
3.35% 1.68% 

6/49 
0150 

3/50 
Of50 

4/50 
2/49 
6/50 
4/50 
3/50 
2/49 
6/50 
6/48 

33/396 (8.3%) 
3.51% 

6/48 
2/49 

10711,676 (6.4%) 
3.76% 

8/50 
0150 

(a) Data as  of March 1,1989, for studies of a t  least 104 weeks 
(b) All inhalation studies included in the NTP historical data  base were conducted a t  Battelle Pacific Northwest Laboratories. 
(c) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE 

Chamber Control 0.5 ppm 2 Ppm 

DISPOSITION SUMMARY 
Animals initially in study 
Early deaths 
Natural death 
Accidentally killed 
Moribund sacrifice 

Terminal sacrifice 
Natural death 
Moribund sacrifice 

Survivors 

Animals examined microscopically 

50 

5 
2 

12 

30 
1 

50 

50 

4 
1 

17 

27 

1 
50 

50 

10 

16 

23 

1 
50 

ALIMENTARY SYSTEM 
Gallbladder 

Intestine large, cecum 

Intestine large, colon 

Intestine small, jejunum 

Liver 

Infiltration cellular, lymphocytic, multifocal 

Peyer's patch, hyperplasia, lymphoid 

Infiltration cellular, lymphocytic, multifocal 

Inflammation, granulomatous, focal 

Basophilic focus 
Cytomegaly 
Eosinophilic focus 
Fatty change, focal 
Granuloma, multifocal 
Hematopoietic cell proliferation, multifocal 
Infiltration cellular, lymphocytic, focal 
Infiltration cellular, lymphocytic, multifocal 
Inflammation, acute, multifocal 
Inflammation, subacute, multifocal 
Necrosis, acute, multifocal 
Necrosis, chronic, multifocal 
Necrosis, subacute, focal 
Vacuolization cytoplasmic, focal 
Vacuolization cytoplasmic, multifocal 
Bile duct, hyperplasia, multifocal 
Centrilobular, fatty change, diffuse 
Centrilobular, necrosis, acute, diffuse 
Periportal, vacuolization cytoplasmic, diffuse 

(42) 

(47) 

(49) 

(45) 

(49) 

1 (2%) 

I (2%) 

1 (2%) 

3 (6%) 

1 (2%) 
1 (2%) 

4 (8%) 

4 (8%) 
3 (6%) 

2 (4%) 
1 (2%) 

Portal, inflammation, chronic; multifocal 
Right lateral lobe, hepatodiaphragmatic nodule 1 (2%) 
Vein, thrombus 

Infiltration cellular, lymphocytic, multifocal 
Inflammation, suppurative 

Pancreas 
Abscess, multiple 
c y s t  
Infiltration cellular, lymphocytic, multifocal 
Acinus, atrophy, diffuse 
Acinus, atrophy, multifocal 

Infiltration cellular, lymphocytic, focal 
Infiltration cellular, lymphocytic, multifocal 

Abscess 
Epithelium, hyperplasia, diffuse 
Epithelium, hyperplasia, focal 
Epithelium, hyperplasia, multifocal 

Mesentery 

Salivary glands 

Stomach, forestomach 

(3) 
3 (100%) 

(49) 

10 (20%) 

1 (2%) 
(48) 

26 (54%) 
(48) 

2 (4%) 
1 (2%) 

(40) 

(44) 

(47) 

(46) 

(50) 

1 (3%) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

10 (20%) 
1 (2%) 
2 (4%) 
1 (2%) 
3 (6%) 
4 (8%) 
1 (2%) 
2 (4%) 

1 (2%) 

1 (2%) 
2 (4%) 

(1) 

(50) 

1 (2%) 
9 (18%) 
1 (2%) 

(50) 
1 (2%) 

17 (34%) 

1 (2%) 
1 (2%) 

(50) 

(36) 

(45) 

(46) 

(44) 

(50) 

1 (2%) 

1 (2%) 

1 (2%) 
7 (14%) 

6 (12%) 

3 (6%) 

1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (20%) 
1 (20%) 

1 (2%) 

7 (14%) 
1 (2%) 

(5) 

(50) 

(50) 
1 (2%) 

19 (38%) 
(49) 
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TABLE D5. SUMMARY OF T H E  INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN T H E  
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued)  

~~~ ~ 

2 Ppm C h a m b e r  Control  0.5 ppm 

ALIMENTARY SYSTEM (Continued) 
Stomach, glandular (47) (49) (49) 

Infiltration cellular, lymphocytic, focal 1 (2%) 
Infiltration cellular, lymphocytic, multifocal 1 (2%) 1 (2%) 
Necrosis, acute, multifocal 1 (2%) 
Mucosa, degeneration, multifocal 1 (2%) 

Tooth (2) (2) 
Abscess 1 (50%) 
Developmental malformation 1 (50%) 
Inflammation, chronic active 1 (50%) 

CARDIOVASCULAR SYSTEM 
Blood vessel 

Aorta, inflammation, chronic active, focal 
Artery, inflammation, chronic, multifocal 

Heart 0 (47) 
Cardiomyopathy 1 (2%) 
Infiltration cellular, lymphocytic, multifocal 1 (2%) 
Inflammation, acute, multifocal 1 (2%) 
Inflammation, chronic, multifocal 
Mineralization, multifocal 
Necrosis, acute, focal 
Pigmentation 
Artery, mineralization, multifocal 
Atrium left, thrombus 
Epicardium, inflammation, chronic, focal 
Epicardium, inflammation, chronic active, focal 1 (2%) 
Epicardium, inflammation, suppurative 
Mitral valve, bacterium 2 (4%) 
Mitral valve, inflammation, chronic active 2 (4%) 
Valve, pigmentation 

(2) 
1 (50%) 
1 (50%) 

(50) 

1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 

(50) 

1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 

ENDOCRINE SYSTEM 
Adrenal gland 

Capsule, accessory adrenal cortical nodule 
Capsule, accessory adrenal cortical nodule, 

Capsule, inflammation, suppurative, chronic 

Subcapsular, hyperplasia, diffuse 
Subcapsular, hyperplasia, focal 
Subcapsular, hyperplasia, multifocal 

Adrenal gland, cortex 
cys t  
Hemorrhage, acute 
Hyperplasia, focal 
Hyperplasia, multifocal 

Adrenal gland, medulla 
Hyperplasia, focal 

Islets, pancreatic 
Hyperplasia, focal 
Hyperplasia, multifocal 
Hypoplasia 

Pituitary gland 
Congestion 
cyst 
Pars distalis, angiectasis 
Pars distalis, hyperplasia 

multiple 

active 

(49) 
1 (2%) 

1 (2%) 

4 (8%) 
1 (2%) 

43 (88%) 
(49) 

1 (2%) 

2 (4%) 
(48) 

(49) 

10 (20%) 

(49) 

2 (4%) 
8 (16%) 
1 (2%) 

167 

(49) 
2 

4 

43 
(48) 

1 

1 

(46) 

(50) 
3 
2 
1 

(49) 

7 

(4%) 

(8%) 

(88%) 

(2%) 

(2%) 

(6%) 
(4%) 
(2%) 

(14%) 

(50) 
1 

1 
4 
1 

43 
(50) 

1 
1 

(47) 
2 

(49) 
3 
3 

(48) 
1 
1 
3 

(2%) 

(2%) 
(8%) 
(2%) 
(86%) 

(2%) 
(2%) 

(4%) 

(6%) 
(6%) 

(2%) 
(2%) 
(6%) 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

2 Ppm Chamber Control 0.5 ppm 

ENDOCRINE SYSTEM 
Pituitary gland (Continued) 

Pars distalis, hyperplasia, focal 
Pars distalis, hyperplasia, multifocal 
Pars distalis, hypertrophy, focal 
Pars distalis. hypertrophy, multifocal 

Thyroid gland 
c y s t  
Infiltration cellular. lymphocytic. focal 
Infiltration cellular, lymphocytic, multifocal 
Inflammation, acute, focal 
Inflammation, chronic, focal 
Inflammation, chronic, multifocal 
Inflammation, chronic active, focal 
Inflammation. chronic active, multifocal 
C-cell, hyperplasia, focal 
Follicle, cyst 
Follicle, cyst, multiple 
Follicular cell, hyperplasia, diffuse 
Follicular cell, hyperplasia, focal 
Follicular cell, hyperplasia, multifocal 

(49) 
4 (8%) 

5 (10%) 
1 (2%) 

(48) 

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

4 (8%) 
1 (2%) 
2 (4%) 
1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 
7 (15%) 

(49) 
4 (8%) 
2 (4%) 
1 (2%) 

(50) 
2 (4%) 
2 (4%) 
1 (2%) 
1 (2%) 
1 (2%) 
2 (4%) 
2 (4'70) 
2 (4%) 

1 (2%) 
2 (4%) 

3 (6%) 
9 (18%) 

(48) 
4 (8%) 

(50) 
1 (2%) 

2 (4%1 
2 (4%) 
1 (2%) 

3 (6%) 

2 (4%) 
5 (10%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Clitoral gland 

Atrophy 
cys t  
Cyst, multiple 

Abscess 
Angiectasis, focal 
cys t  
Metaplasia, osseous, focal 
Mineralization 
Pigmentation 
Thrombus 
Interstitium, hyperplasia 
Periovarian tissue, infiltration cellular, 

Periovarian tissue, inflammation, chronic 

Ovary 

lymphocytic 

active 

Abscess 
Abscess, multiple 
Adenomyosis 
Amyloid deposition 
Angiectasis, multifocal 
cys t  
Dilatation 
Hyperplasia, atypical, glandular, focal 
Hyperplasia, cystic 

Uterus 

(2) 
1 (50%) 

1 (50%) 
(48) 

8 (17%) 

1 (2%) 
1 (2%) 

3 (6%) 

(49) 

1 (2%)  
1 ( 2 % )  
1 (2%)  

1 12%) 

(1 )  

1 (100%) 
(49) 

8 (16%) 

1 ( 2 % )  
1 ( 2 % )  

1 ( 2 % )  

(50)  

1 (2%) 
2 (4%) 
1 (2%)  
3 (6%) 

(1)  

1 (100%) 

(50) 
1 (2%) 
1 (2%) 
9 (18%) 
1 ( 2 % )  

1 (2%) 

2 (4%) 

1 (2%) 

1 (2%) 
1 (2%) 

(50)  

3 (6%) 
1 (2%) 

3 (6%) 
Inii'ltration celiular, lymphocytic, multifocal 1 (2%) 
Inflammation, chronic active 1 (2%) 
Thrombus 1 (2%)  
Thrombus, multiple 1 (2%) 
Bilateral, hyperplasia, cystic 33 (67%) 40 (80%) 35 (70%) 
Epithelium, hyperplasia, focal 1 (2%) 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

~~ ~~ 

Chamber Control 0.5 ppm 

HEMATOPOIETIC SYSTEM 

Atrophy, diffuse 
Atrophy, focal 
Myeloid cell, hyperplasia 

Hemorrhage, acute 
Inguinal, hyperplasia, lymphoid 
Lumbar, hyperplasia, lymphoid 
Mediastinal, hyperplasia 
Mediastinal, hyperplasia, lymphoid 
Pancreatic, hemorrhage, acute 
Renal, hematopoietic cell proliferation 
Renal, hemorrhage, subacute 
Renal, hyperplasia, lymphoid 

Lymph node, mandibular 
Cyst 
Hemorrhage, acute 
Hemorrhage, subacute 
Hyperplasia 
Hyperplasia, lymphoid 
Hyperplasia, re cell 
Infiltration cellular, histiocytic 
Inflammation, subacute 
Pigmentation, hemosiderin 

Lymph node, mesenteric 
Angiectasis 
Depletion lymphoid 
Hematopoietic cell proliferation 
Hemorrhage, acute 
Hemorrhage, subacute 
Hyperplasia, lymphoid 

Ectasia, focal 
Edema 
Hematopoietic cell proliferation 
Hyperplasia, lymphoid 
Infarct 
Pigmentation, hemosiderin 
Capsule, ectopic tissue 
Capsule, inflammation, chronic active 

Angiectasis, focal 
Depletion lymphoid 
Ectopic parathyroid gland 
Hyperplasia, lymphoid 
Metaplasia, osseous, focal 

Bone marrow 

Lymph node 

Spleen 

Thymus 

(48) (50) 
1 (2%) 

1 (2%) 
(50) 

3 (6%) 

1 (2%) 
1 (2%) 

(50) 

1 
3 

(50) 
1 

(2%) 
(6%) 

(50) 
(2%) 

(2%) 
(2%) 
(8%) 
(2%) 

2 (4%) 

1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 

(48) (43) 
3 (7%) 
2 (5%) 

(45) 

1 (2%) 
1 (2%) 
6 (13%) 

1 
1 
7 
1 
1 
1 
2 

(37) 

(2%) 
(2%) 
(16%) 
(2%) 
(2%) 
(2%) 
(4%) 

6 (14%) 

1 (2%) 

1 (2%) 
1 (2%) 
4 (10%) 

10 (24%) 
2 (5%) 
1 (2%) 

(41) 

(48) 

1 (2%) 
10 (21%) 
2 (4%) 
1 (2%) 
1 (2%) 

(36) 

1 (3%) 
4 (11%) 
4 (11%) 
1 (3%) 
3 (8%) 

(49) 

5 
9 

(14%) 
(24%) 

(50) 
1 (2%) 

(28%) 
(10%) 

9 (18%) 
5 (10%) 

2 (4%) 
1 (2%) 

14 
5 

1 
(32) 

(2%) 
(48) 

1 (2%) 
4 (8%) 
3 (6%) 
3 (6%) 

(44) 

6 (14%) 
1 (2%) 
6 (14%) 

(19%) 
(6%) 
(13%) 
(3%) 

6 
2 
4 
1 

INTEGUMENTARY SYSTEM 

Ectasia, multifocal 
Hyperplasia, diffuse 
Inflammation, chronic active, multifocal 

Inflammation, chronic active, focal 
Inflammation, chronic active, multifocal 
Hair follicle, inflammation, chronic active 
Subcutaneous tissue, edema 
Subcutaneous tissue, inflammation, chronic 

Mammary gland 

Skin 

active 

(48) (46) (45) 
8 (17%) 4 (9%) 2 (4%) 
7 (15%) 8 (17%) 6 (13%) 
1 (2%) 

1 (2%) 
1 (2%) 

(48) (46) (50)  

1 (2%) 
1 (2%) 

1 (2%) 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued) 

2 Ppm Chamber Control 0.5 ppm 

MUSCULOSKELETAL SYSTEM 
Bone 

Fibrous osteodystrophy 
Osteoporosis, focal 

Inflammation, chronic, focal 
Skeletal muscle 

(49) (50) (50) 
12 (24%) 10 (20%) 10 (20%) 

1 (2%) 
(2)  (1) 

1 (50%) 

NERVOUS SYSTEM 
Brain (49) (50) (50)  

Abscess 1 (2%) 
Compression 9 (18%) 2 (4%) 8 (16%) 
Hemorrhage, multifocal 1 (2%) 
Hydrocephalus 2 (4%) 1 (2%) 
Mineralization, multifocal 26 (53%) 26 (52%) 20 (40%) 
Meninges, infiltration cellular, lymphocytic, 

multifocal 1 (2%) 
Perivascular, infiltration cellular, 

lymphocytic, multifoca1 2 (4%) 3 (6%) 

RESPIRATORY SYSTEM 
Larynx 

Exudate 
Infiltration cellular, lymphocytic, multifocal 
Mineralization 

Embolus tumor, multiple 
Hemorrhage, acute, focal 
Hemorrhage, acute, multifocal 
Hemorrhage, subacute, multifocal 
Infiltration cellular, lymphocytic, diffuse 
Infiltration cellular, lymphocytic, focal 
Infiltration cellular, lymphocytic, multifocal 
Inflammation, acute, focal 
Pigmentation, hemosiderin, diffuse 
Alveolar epithelium, hyperplasia, focal 
Alveolar epithelium, hyperplasia, multifocal 
Alveolus, infiltration cellular, histiocytic, 

Alveolus, infiltration cellular, histiocytic, 

Alveolus, infiltration cellular, histiocytic, 

Bronchiole, hyperplasia, focal 
Bronchiole, hyperplasia, multifocal 
Interstitium, inflammation, chronic active, 

Mediastinum, infiltration cellular, 

Mediastinum, inflammation, chronic 
Pleura, hyperplasia 
Pleura, infiltration cellular, lymphocytic 

Lumen, exudate 
Lumen, foreign body 
Mucosa, inflammation, chronic 
Mucosa, inflammation, chronic active 
Mucosa, ulcer 
Nasolacrimal duct, exudate 
Nasolacrimal duct, inflammation, chronic 

Lung 

diffuse 

focal 

multifocal 

focal 

lymphocytic, multifocal 

Nose 

Tetranitromethane, NTP TR 386 

(46) 

2 

(49) 

1 
16 

2 

1 (2%) 
1 (2%) 
1 (2%) 

(2%) 
(33%) 2 (4%) 

1 (2%) 
1 (2%) 

(4%) 13 (26%) 
7 (14%) 

(2%) 2 (4%) 

(2%) 

(2%) 

(49) 
3 (6%) 

2 (4%) 
9 (18%) 
1 (2%) 

170 

8 (16%) 
2 (4%) 
5 (10%) 

(47) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

(50) 

2 (4%) 

41 (82%) 

32 (64%) 

41 (82%) 

1 (2%) 

2 (4%) 
1 (2%) 
1 (2%) 

2 (4%) 

30 (60%) 
1 (2%) 
1 12%) 

10 (20%) 
2 (4%) 
1 (2%) 
1 (2%) 

(50) (50)  
33 (66%) 

23 (46%) 



TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRANITROMETHANE (Continued)  

2 Ppm C h a m b e r  Control  0.5 ppm 

RESPIRATORY SYSTEM 
Nose (Continued) (49) 

Nasolacrimal duct, inflammation, chronic active 1 (2%) 
Olfactory epithelium, atrophy 2 (4%) 
Respiratory epithelium, hyperplasia 2 (4%) 
Respiratory epithelium, metaplasia, squamous 
Sinus, hyperplasia 
Sinus, inflammation, chronic active 

Inflammation, chronic 2 (4%) 
Inflammation, chronic active 2 (4%) 

Trachea (50) 

(50)  (50) 
1 (2%) 
4 (8%) 2 (4%) 
5 (10%) 17 (34%) 
2 (4%) 8 (16%) 

1 (2%) 
1 (2%) 

(50) (50) 
2 (4%) 

SPECIAL SENSES SYSTEM 
Eye 

Abscess 
Atrophy 

Inflammation, chronic active 
Harderian gland (1) 

(2 ) 
1 (50%) 
1 (50%) 

1 (100%) 
(1) (1) 

URINARY SYSTEM 
Kidney (49) 

Cytoplasmic alteration, multifocal 1 (2%) 
Infarct 
Infiltration cellular, lymphocytic 20 (41%) 
Inflammation, acute, multifocal 1 (2%) 
Metaplasia, osseous, focal 1 (2%) 
Nephropathy, chronic 
Pigmentation, diffuse 
Cortex, mineralization, multifocal 
Interstitial tissue, inflammation, chronic, 

Renal tubule, hyperplasia, focal 
Renal tubule, necrosis, acute, multifocal 

Infiltration cellular, lymphocytic, focal 3 (6%) 
Infiltration cellular, lymphocytic, multifocal 18 (38%) 
Artery, inflammation, chronic active, multifocal 

multifocal 

Urinary bladder (48) 

(50) (50) 

3 (6%) 
14 (28%) 15 (30%) 

2 (4%) 
1 (2%) 

1 (2%) 
1 (2%) 

2 (4%) 
1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 

(49) (47) 

17 (35%) 17 (36%) 
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APPENDIX E. RESULTS OF SEROLOGIC ANALYSIS 

Methods 

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in op- 
timally clean facilities to eliminate potential pathogens that may affect study results. 

Blood was collected from six control, two low dose, and two high dose male mice B6C3F1 mice killed a t  
12 months. Data from animals surviving 24 months were collected from 5/50 randomly selected con- 
trol animals of each sex and species. The blood from each animal was collected and clotted, and the 
serum was separated. The serum was cooled on ice and shipped to Microbiological Associates’ Com- 
prehensive Animal Diagnostic Service for determination of the viral antibody titers. The following 
tests were performed: 

Mice 

Rats 

Results 

Hemagglutination 
Inhibition 

PVM (pneumonia virus of mice) 
Reo 3 (reovirus type 3) 
GDVII (Theiler’s 

encephalomyelitis virus) 
Poly (polyoma virus) 
MVM (minute virus of mice) 
Sendai 

Sendai 
KRV (Kilham rat  virus) 
H-1 (Toolan’s H-1 virus) 

Complement 
Fixation ELISA 

M. Ad. (mouse adenovirus) 
LCM (lymphocytic chorio- 

MHV (mouse hepatitis 
virus) (1 2,24 mo) 

ectromelia) 
meningitis virus Ectro (infectious 

RCV (rat coronavirus) 
PVM 

Results are  presented in Table E l .  

TABLE E l .  MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE TWO-YEAR 
INHALATION STUDIES OF TETRANITROMETHANE (a) 

Number of 
Interval (months) Animals 

Positive Serologic 
Reaction for 

RATS 

24 _ -  None positive 

MICE 

12 
24 

_- 
7/10 

None positive 
MVM 

(a) Blood samples were taken from six control, two low dose, and two high dose male mice when they were killed 12 months after 
the start of dosing and from the control animals just before they were killed at the end ofthe studies at 24 months; samples were 
sent to Microbiological Associates, Inc. (Bethesda, MD) for determination of antibody titers. 
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APPENDIX F 

INGREDIENTS, NUTRIENT COMPOSITION, AND 

CONTAMINANT LEVELS IN 

NIH 07 RAT AND MOUSE RATION 

Pellet Diet: March 1982 to March 1982 

(Manufactured by Zeigler Bros., Inc., Gardners, PA) 

TABLE F1 
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VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION 

NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION 

CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 
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TABLE F1. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a) 

Ingredients (b) Percent by Weight 

Ground #2 yellow shelled corn 
Ground hard winter wheat 
Soybean meal (49% protein) 
Fish meal (60% protein) 
Wheat middlings 
Dried skim milk 
Alfalfa meal (dehydrated, 17% protein) 
Corn gluten meal (60% protein) 
Soy oil 
Dried brewer’s yeast 
Dry molasses 
Dicalcium phosphate 
Ground limestone 
Salt 
Premixes (vitamin and mineral) 

24.50 
23.00 
12.00 
10.00 
10.00 
5.00 
4.00 
3.00 
2.50 
2.00 
1.50 
1.25 
0.50 
0.50 
0.25 

(a)  NCI, 1976; NIH, 1978 
(b) Ingredients ground to  pass through a U.S. Standard Screen No. 16 before being mixed 

TABLE F2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION (a) 

Amount Source 

Vitamins 

A 
D3 
K3 
d-a-Tocopheryl acetate 
Choline 
Folic acid 
Niacin 
d-Pantothenic acid 
Riboflavin 
Thiamine 
B12 
Pyridoxine 
Biotin 

Minerals 

Iron 
Manganese 
Zinc 
Copper 
Iodine 
Cobalt 

5,500,000 IU 
4,600,000 IU 

2.8 g 
20,000 IU 

560.0 g 
2.2 g 

30.0 g 
18.0 g 
3.4 g 

10.0 g 
4,000 pg 

1.7 g 
140.0 mg 

Stabilized vitamin A palmitate or acetate 
D-activated animal sterol 
Menadione 

Choline chloride 

d-Calcium pantothenate 

Thiamine mononitrate 

Pyridoxine hydrochloride 
d-Biotin 

120.0 g Iron sulfate 
60.0 g Manganous oxide 
16.0 g Zinc oxide 
4.0 g Copper sulfate 
1.4 g Calcium iodate 
0.4 g Cobalt carbonate 

~~~~ ~ 

( a )  Per ton (2,000 Ib) offinished product 

Tetranitromethane, XTP TR 386 176 



TABLE F3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION 

Nutrients 
Mean f Standard 

Deviation Range Number of Samples 

Protein (percent by weight) 
Crude fat (percent by weight) 
Crude fiber (percent by weight) 
Ash (percent by weight) 

Amino Acids (percent of total diet) 

Arginine 
Cystine 
Glycine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Tyrosine 
Valine 

23.26 f 1.04 
5.07 f 0.55 
3.44 f 0.51 
6.56 f 0.42 

1.320 f 0.072 
0.319 f 0.088 
1.146 f 0.063 
0.571 k 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 f 0.086 
1.108 f 0.043 

Essential Fatty Acids (percent of total diet) 

Linoleic 
Linolenic 

Vi tamins 

Vitamin A ( IUkg)  
Vitamin D (IUkg) 
a-Tocopherol (ppm) 
Thiamine (ppm) 
Riboflavin (ppm) 
Niacin (ppm) 
Pantothenic acid (ppm) 
Pyridoxine (ppm) 
Folic acid (ppm) 
Biotin (ppm) 
Vitamin BIZ (ppb) 
Choline (ppm) 

Minerals 

Calcium (percent) 
Phosphorus (percent) 
Potassium (percent) 
Chloride (percent) 
Sodium (percent) 
Magnesium (percent) 
Sulfur (percent) 
Iron(ppm) 
Manganese (ppm) 
Zinc(ppm) 
Copper (ppm) 
Iodine (ppm) 
Chromium (ppm)  
Cobalt (ppm) 

2.290 f 0.313 
0.258 f 0.040 

12,423 f 
4,450 f 
43.58 f 
16.96 f 
7.6 f 
97.8 f 
30.06 f 
7.68 f 
2.62 f 
0.254 & 
24.21 f 
3,122 f 

1.28 
0.97 
0.900 
0.513 
0.323 
0.167 
0.304 
410.3 
90.29 
52.78 
10.72 
2.95 
1.85 
0.681 

f 
& 
& 
k 
& 
f: 
-I- 
& 
& 
k 
& 
+- 
f: 
-e - 

4,794 
1,382 
6.92 
3.40 
0.85 
3 1.68 
4.3 1 
1.31 
0.89 
0.053 
12.66 
416.8 

0.11 
0.05 
0.098 
0.114 
0.043 
0.012 
0.064 
94.04 
7.15 
4.94 
2.76 
1.05 
0.25 
0.14 

21.3-26.3 
3.3-5.7 
2.9-5.6 
5.7-7.3 

1.310-1.390 
0.218-0.400 
1.060-1.210 
0.53 1-0.603 
0.881-0.944 
1.850-1.990 
1.200-1.370 
0.306-0.699 
0.665-1.05 
0.824-0.898 
0.156-0.67 1 
0.564-0.769 
1.050-1.170 

1.83-2.52 
0.210-0.308 

3,600-24,000 
3,000-6,300 
3 1 .l-48.0 
12.0-27.0 
6.10-8.20 
65.0- 150.0 
23.0-34.0 
5.60-8.8 
1.80-3.7 
0.19-0.32 
10.6-38.0 
2,400-3,430 

1.1 1-1.54 
0.89-1.10 

0.772-0.971 
0.380-0.635 
0.258-0.371 
0.1 51 -0.181 
0.268-0.420 
262.0-523.0 
81.7-99.4 
46.1-58.2 
8.09-15.39 
1.52-3.82 
1.44-2.09 
0.490-0.780 

26 
26 
26 
26 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 

26 
4 
5 
26 
5 
5 
5 
5 
5 
5 
5 
5 

26 
26 
3 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
4 
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TABLE F4. CONTAiMINANT LEVELS I N  NIH 07 RAT AND MOUSE RATION 

Contaminants  
Mean f Standard 

Deviation Range Number  of Samples  

Arsenic (ppm) 
Cadmium (ppm) ( a )  
Lead(ppm1 
Mercury (ppm) (a) 
Selenium (ppm) 
Aflatoxins (ppb) (al 
Yitrate nitrogen (ppm1 [ b )  
Nitrite nitrogen (ppm) tb) 
BHA (ppm) (cl 
BHT(ppm) (c) 
Aerobic plate count tCFL'/g) (d)  
Coliform tMPN/g) ( e )  
E. coli (MPN/g) 
Total nitrosamines(ppb) (f) 
N-Nitrosodimethylamine (ppbl (fr 
N-Nitrosopyrrolidine (ppbl (f) 

Pesticides (ppm) 

a-BHC ta,g) 
0-BHC ( a )  
y-BHC ( a )  
8-BHC (a l  
Heptachlor (al 
Aldrin (al  
Heptachlor epoxide (a) 
DDE ( a )  
DDD (a) 
DDT (a) 
HCB ( a )  
Mirex ( a )  
Methoxychlor ( a )  
Dieldrin (a) 
Endrin ( a l  
Telodrin ( a )  
Chlordane (al 
Toxaphene ( a )  
Estimated PCBs ( a )  
Ronnel ( a )  
Ethion ( a )  
Trithion ( a )  
Diazinon(a1 
Methyl parathion ( a )  
Ethyl parathion tal 
Malathion th)  
Endosulfan I ( a )  
Endosulfan I I  ( a )  
Endosulfan sulfate ( a )  

0.51 f 0.15 
<0.10 

0.76 f 0.63 
<0.05 

0.30 k 0.07 
<5.0 
8.66 f 4.49 
2.05 ?r 2.04 
4.31 ?r 4.70 
2.59 f 2.53 

40,765 k 33,607 
46.12 f 122.68 

<3.00 
5.16 f 5.84 
4.13 f 5.83 
1.03 5 0.25 

<0.01 
<0.02 
CO.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
< O . O l  
<0.01 
<0.01 
<0.01 
<0.05 
<0.01 
<0.01 
<0.01 
<0.05 
<0.1 
<0.2 
<0.01 
<0.02 
c0.05 
< O . l  
<0.02 
<0.02 

0.10 k 0.09 
<0.01 
< 0.0 1 
<0.03 

0.17-0.77 

0.33-3.37 

0.13-0.42 

0.10-22.0 
0.10-7.20 
2.00- 17.0 
1 .oo-12.0 

4.900-130.000 
c3.00-460 

1.70-30.90 
0.80-30.00 
0.81-1.00 

0.05-0.45 

26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 

26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 

( a )  All values were less than the detection limit, given in the table as the mean. 
tb) Source of contamination: alfalfa, grains, and fish meal 
(c)  Source ofcontamination: soy oil and fish meal 
td) CFU = colony-forming unit 
( e )  .MPN = most probable number 
tf? Al l  values were corrected for percent recovery. 
( g )  BHC = hesachlorocyclohexane or benzene hexachloride 
th1 Fourteen lots contained more than 0.05 ppm. 
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APPENDIX G. CHEMICAL CHARACTERIZATION 

PROCUREMENT AND CHARACTERIZATION OF TETRANITROMETHANE 

Tetranitromethane was obtained in four lots; lot nos. TNM-80-154 and TNM-80-294 were from Hum- 
mel Chemical Co., Inc. (South Plainfield, NJ), and lot nos. F101882 and F081882 were from Fluoro- 
chem, Inc. (Azusa, CA) (Table Gl) .  Purity and identity analyses of all lots of the bulk chemical were 
conducted a t  Midwest Research Institute (MRI) (Kansas City, MO) except for lot TNM-80-154, which 
was used only in the 14-day studies. MRI reports on the analyses performed in support of the tetra- 
nitromethane studies are  on file a t  the National Institute of Environmental Health Sciences. 

The study material was a clear, colorless, slightly viscous liquid. The identity of the lots analyzed 
was confirmed by infrared, ultraviolet/visible, and nuclear magnetic resonance spectroscopy. Infra- 
red spectra were consistent with those expected for the structure and with literature spectra of tet- 
ranitromethane (Sadtler Standard Spectra). Nuclear magnetic resonance and visible/ultraviolet 
spectra were consistent with those expected for the structure of tetranitromethane. (Representative 
spectra are  presented in Figures G1 through G4.) 

The purity of the analyzed lots was determined by titration, thin-layer chromatography, and gas 
chromatography. Titration was carried out by dissolving the study material in excess aqueous potas- 
sium iodide and titrating the liberated iodine with 0.1 N sodium thiosulfate using a starch indicator. 
Thin-layer chromatography was performed on silica gel 60 F-254 plates with solvent systems of either 
hexane:methylene chloride (9O:lO) or isooctane:ether (9O:lO). Visualization was with ultraviolet 
light (254 nm) and a sodium hydroxide spray observed under visible and ultraviolet light. Gas chro- 
matographic analysis was performed with a thermal conductivity detector, a helium carrier a t  70 
muminute, and either a 10% SP2100 column (system 1) or a 5% SPlOOO column (system 2). 

For lot no. TNM-80-294, a purity of 100.3% was determined by titration. No impurities were detected 
by either thin-layer chromatographic system. No impurities having areas 0.1% or greater relative to 
the major peak area were detected by either gas chromatographic system. 

TABLE G1. IDENTITY AND SOURCE OF TETRANITROMETHANE USED IN THE INHALATION STUDIES 

Fourteen-Day Thirteen-Week One-Year 
Studies Studies Study 

Two-year 
Studies 

Lot Numbers 
TNM-80-154 

Date of Initial Use 
12/3/80 

Supplier 
Hummel Chemical Co. Inc. 
(South Plainfield, NJ )  

TNM-80-294 

5/19/81 

TNM-80-294 TNM-80-294: F101882; 
FOS1882 

3 12 418 2 TNM-80-294--3/13/82 
F10 1882--5/2/83 
F081882--2/21/84 

Same as 14-d studies Same as  14-d studies TNM-80-294-same as 14-d 
studies; F101882 and 
F081882--Fluorochem Inc. 
(Azusa. CA, 
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APPENDIX G. CHEMICAL CHARACTERIZATION 

For lot no. F101882, a purity of 100.4% was determined by titration. No impurities were detected by 
either thin-layer chromatographic system. Gas chromatographic system 1 indicated three impuri- 
ties, with a combined area 0.45% relative to the major peak. Gas chromatographic system 2 indicated 
two impurities, with a combined relative area of 0.59%. 

For lot no. F081882, a purity of 100.4% was indicated by titration. No impurities were detected by 
either thin-layer chromatographic system or by gas chromatographic system 2; one impurity, with a 
relative area of 0.1%, was detected by gas chromatographic system 1. 

Stability studies performed by gas chromatography with the same column as  previously described for 
system 1, with methylene chloride as  an  internal standard, indicated that tetranitromethane was 
stable as  a bulk chemical when stored protected from light a t  temperatures up to 25" C. During these 
studies, the bulk chemical was stored a t  5" C. Periodic analyses by gas chromatography and iodo- 
metric titration indicated no notable degradation of the study material throughout the studies. 

GENERATION AND MONITORING OF CHAMBER CONCENTRATIONS 

Vapor Generation System 

Tetranitromethane vapor was generated a t  room temperature from a gas dispersion bottle by 
bubbling nitrogen through the liquid. The vapor entered the airstream a t  the top of the chamber 
(Hazleton 2000@, Lab Products, Inc.) and was mixed and diluted with air in the chamber plenum be- 
fore entering the chamber. During the l- and 2-year studies, tetranitromethane vapor and the carrier 
nitrogen were transferred to secondary dilution flasks and further diluted with filtered nitrogen and 
channeled through stainless steel lines to the appropriate intake port of the study chamber where 
chamber intake air diluted the vapors to the desired concentration (Table G2). An individual genera- 
tion system contained within an  isolation box specially designed to operate under negative pressure 
was used for each exposure chamber. 

TABLE G2. GENERATION OF CHAMBER CONCENTRATIONS IN THE INHALATION STUDIES OF 
TETRANITROMETHANE 

Fourteen-Day Thirteen-Week 0 ne - Y ear 
Studies Studies Study 

Two-year 
Studies 

Tetranitromethane was evapo- 
rated at room temperature 
from a gas dispersion bottle 
by nitrogen. Tetranitrometh- 
ane vapor entered the airstream 
a t  the top of the chamber 

Same as 14-d studies Similar to 14-d studies except that  
the tetranitromethane vapor was fur- 
ther diluted with nitrogen in second- 
ary flasks before final dilution with 
chamber intake air 

Same as 1-y study 
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APPENDIX G. CHEMICAL CHARACTERIZATION 

Vapor Concentration Monitoring 

The concentration of tetranitromethane in the study chambers was monitored by a Wilks Miran 1A- 
CVF Infrared Process Analyzer (14-day studies) or a Miran@ I1 Infrared Gas Analyzer (13-week and 2- 
year studies). The analytical and reference wavelengths were 7.04 and 4.90 pm, respectively. The 
gas analyzers were standardized once per day against air containing known tetranitromethane con- 
centrations prepared by delivering accurately measured amounts of tetranitromethane into Tedlar 
gas sampling bags. Samples of study chamber atmosphere were drawn directly from the chambers 
and pulled into the gas analyzer. During the 1- and 2-year studies, samples of each study atmosphere 
and control atmosphere were analyzed every 10-15 minutes. The concentrations in the 0.5-ppm 
chamber were corrected for the slight effect of water vapor on the measured concentrations. The 
distribution of the mean daily concentrations in the chambers is summarized in Table G3. 

TABLE G3. DISTRIBUTION OF MEAN DAILY CONCENTRATIONS OF TETRANITROMETHANE DURING 
THE TWO-YEAR INHALATION STUDIES 

Range of Concentration Number of Days Mean Within Specified Range 
(percent of target) 0.5 ppm 2 PPm 5 PPm 

Not exposed (c) 2 2 2 

(a) Rats 
(b)  Mice 
(c) Number of days animals not exposed because of equipment failurelanalytical malfunctions 
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APPENDIX H. GENETIC TOXICOLOGY 

METHODS 

Salmonella Protocol: Testing was performed a s  reported by Ames et  al. (1975) with modifications 
listed below and described in greater detail by Zeiger et  al. (1987) and Mortelmans e t  al. (1986). 
Chemicals were sent to the laboratories as coded aliquots from Radian Corporation (Austin, TX). The 
study chemical was incubated with the Salmonella typhimurium tester s t ra ins  (TA98, TA100, 
TA1535, and TA1537) 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 be- 
fore the addition of soft agar supplemented with L-histidine and D-biotin and subsequent plating on 
minimal glucose agar plates. Incubation was continued for an additional 48 hours. 

Chemicals were tested in four strains. Each test consisted of triplicate plates of concurrent positive 
and negative controls and of a t  least five doses of the study chemical. The high dose was limited by 
toxicity or solubility but did not exceed 215 pg/plate. All negative assays were repeated, and all posi- 
tive assays were repeated under the conditions that elicited the positive response. 

A positive response was defined a s  a reproducible, dose-related increase in histidine-independent (re- 
vertant) colonies in any one straidactivation combination. An equivocal response was defined as an 
increase in revertants which was not dose related, not reproducible, or of insufficient magnitude to 
support a determination of mutagenicity. A response was considered negative when no increase in re- 
vertant colonies was observed after chemical treatment. 

Chinese Hamster Ovary Cytogenetics Assays: Testing was performed as reported by Galloway et  al. 
(1985) and is described briefly below. Chemicals were sent to the laboratories a s  coded aliquots from 
Radian Corporation (Austin, TX). Chemicals were tested in cultured Chinese hamster ovary (CHO) 
cells for induction of sister chromatid exchanges (SCEs) and chromosomal aberrations 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 (BrdU)-substi- 
tuted DNA. Each test consisted of concurrent solvent and positive controls and of a t  least three doses 
of the study chemical; the high dose was limited by toxicity or solubility but did not exceed 5 mg/ml. 

In the SCE test without S9, CHO cells were incubated for 26 hours with the study chemical in 
McCoy's 5A medium supplemented with 10% fetal bovine serum, L-glutamine (2  mM), and antibiotics. 
BrdU was added 2 hours after culture initiation. After 26 hours, the medium containing the study 
chemical was removed and replaced with fresh medium plus BrdU and colcemid, and incubation was  
continued for 2 more hours. Cells were then harvested by mitotic shake-off, fixed, and stained with 
Hoechst 33258 and Giemsa. In the SCE test with S9, cells were incubated with the chemical, serum- 
free medium, and S9 for 2 hours. The medium was then removed and replaced with medium con- 
taining BrdU and no study chemical; 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 chromosomal aberration test without S9, cells were incubated in McCoy's 5A medium with the 
study chemical for 8 hours: colcemid was added, and incubation was continued for 2 hours. The cells 
were then harvested by mitotic shake-off, fixed, and stained with Giemsa. For the chromosomal aber- 
ration test with S9, cells were treated with the study chemical and S9 for 2 hours, after which the 
treatment medium was removed and the cells were incubated for 10 hours in fresh medium, with 
colcemid present for the final 2 hours. Cells were harvested in the same manner as for the treatment 
without S9. 

For the SCE test, if significant chemical-induced cell cycle delay was seen, incubation time was 
lengthened to ensure a sufficient number of scorable cells. The harvest time for the chromosomal 
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APPENDIX H. GENETIC TOXICOLOGY 

aberration test was based on the cell cycle information obtained in the SCE test; if cell cycle delay was 
anticipated, the incubation period was extended approximately 5 hours. 

Cells were selected for scoring on the basis of 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 usually scored for frequency of 
SCEs per cell from each dose; 200 first-division metaphase cells were scored a t  each dose for the chro- 
mosomal aberration test. Classes of aberrations included simple (breaks and terminal deletions), 
complex (rearrangements and translocations), and other (pulverized cells, despiralized chromosomes, 
and cells containing 10 or more aberrations). 

Statistical analyses were conducted on both the slopes of the dose-response curves and the individual 
dose points. An SCE frequency 20% above the concurrent solvent control value was chosen as  a sta- 
tistically conservative positive response. The probability of this level of difference occurring by 
chance a t  one dose point is less than 0.01; the probability for such a chance occurrence a t  two dose 
points is less than 0.001, Chromosomal aberration data are  presented as  percentage of cells with 
aberrations. As with SCEs, both the dose-response curve and individual dose points were statistically 
analyzed. A statistically significant (P < 0.003) trend test or a significantly increased dose point 
(PC0.05) was sufficient to indicate a chemical effect. 

RESULTS 

Tetranitromethane was tested for mutagenicity in four strains of S. typhimurium according to a 
preincubation protocol with concentrations of 0.03-215 pg/plate in the presence and absence of 
Aroclor 1254-induced male Sprague Dawley ra t  or Syrian hamster liver S9 (Zeiger et  al., 1987; Table 
H1 ). Mutagenic activity was observed in strains TA98, TA100, and TA1535 with and without S9, but 
no increase in mutant colonies occurred in strain TA1537. In cytogenetic tests with CHO cells, tetra- 
nitromethane induced SCEs in the absence, but not the presence, of Aroclor 1254-induced male 
Sprague Dawley rat liver S9 (Table H2). In the second trial without S9, a delayed harvest protocol 
was used to offset chemical-induced cell cycle delay at the two highest doses; which had also produced 
a positive response; positive responses occurred a t  lower doses in the first trial without S9, where 
normal culture times were used. Chromosomal aberrations were also induced in CHO cells treated 
with tetranitromethane, but in contrast to the SCE results, positive responses occurred only in the 
presence of S9 (Table H3); standard harvest times were used for these cultures. 
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TABLE H1. MUTAGENICITY OF TETRANITROMETHANE IN SALMONELLA TYPHlMURlUM (a) 

Strain Dose 
(pdpiate) 

RevertantslPlate (b) 

- s9 
Trial 1 Trial 2 

TA100 0 124 f 11.9 122 k 7.9 
0.03 127 f 11.9 
0.1 147 f 4.0 
0.3 138 f 2.7 139 f 3.8 
1 164 f 7.2 163 f 2.7 
2 203 k 6.0 
2.5 223 k 10.7 
3.3 (c)299 f 3.1 (c)255 f 7.9 

10 
20 
33 
50 
75 

100 
150 
215 

Trial summary Positive Positive 
Positive control (d) 2,202 f 24.8 1,371 f 29.9 

TA1535 0 28 f 3.6 18 f 1.2 
0.03 21 f 0.3 
0.1 27 f 1.5 
0.3 28 f 1.7 25 f 0.9 
1 ( d 3 3  f 1.5 28 f 5.2 
2 48 f 4.0 
2.5 62 f 2.1 
3.3 (c )73  f 6.8 67 f 5.0 

10 
20 
33 
50 
75 

100 
150 
215 

Trial summary Equivocal Positive 
Positivecontrol(d) 1,452 f 99.3 1,012 f 33.3 

Tetranitromethane, NTP TR 386 

+ S9 (hamster) 
10% 30% 

130 f 6.1 123 k 4.8 

113 f 9.0 
150 f 1.8 132 k 4.4 
213 f 12.8 
373 f 21.2 300 f 13.9 

(c)604 f 7.1 
(c)257 k 12.5 

W 4 1 9  f 65.0 

Toxic 

Positive Positive 
3,128 f 44.7 2,331 f 12.0 

7 f 1.5 12 f 2.5 

14  f 1.2 
12 ? 1.2 23 f 3.2 
57 f 7.4 

184 f 2.9 165 f 9.8 
299 f 8.4 

(c) 123 f 3.9 
Toxic 

Toxic 

Positive Positive 
167 f 2.6 148 f 9.0 

190 

+S9 (rat) 
10% 30% 

142 f 1.9 130 f 3.8 

158 f 9.5 

190 f 4.8 
227 f 4.3 
387 f 15.8 
418 f 17.8 
507 f 11.3 

Positive 
1,547 f 31.0 

13 f 2.5 

137 f 8.2 
138 k 8.8 

203 f 9.5 

(c)357 k 17.8 

(c)661 f 27.0 

Positive 
1,150 k 88.1 

11 f 0.7 

15 k 0.9 
16 f 1.8 22 f 2.3 

42 f 18.2 50 k 6.6 
87 f 8.1 

182 f 11.6 
202 f 21.9 (c)191 f 9.0 
276 k 9.5 

(c )200  f 9.0 

Positive Positive 
89 k 21.1 85 f 4.3 



TABLE H1. MUTAGENICITY OF TETRANITROMETHANE IN SALMONELLA TYPHlMURlUM (Continued) 

Strain Dose 
(Wplate) 

RevertantdPlate (b) 

TA1537 0 
0.03 
0.1 
0.3 
1 
3.3 

10 
33 

100 
215 

Trial summary 
Positive control (d) 

TA98 0 
0.03 
0.1 
0.3 
1 
2 
2.5 
3.3 

10 
20 
33 
50 
75 

100 
150 
215 

Trial summarv 

- s 9  

17 k 2.2 
17 k 0.3 
19 f 1.2 
18 f 2.7 
21 f 2.6 

(c)8 f 0.9 

Negative 
278 f 11.5 

- 59  
Trial 1 Trial 2 

17 f 0.7 19 f 0.9 
23 f 1.9 
19 f 2.9 
21 If: 0.6 18 f 2.8 
26 If: 0.7 26 k 2.9 

32 f 6.9 
42 f 11.8 

(c) 78 f 9.3 (c) 24 f 4.9 

Positive Weaklv vositive 
Positive control (d) 1,826 f 84.5 1,856 i 22.4 

t 3 0 %  S9 (hamster) 

21 f 4.0 

23 f 2.0 
18 f 3.2 
17 f 4.0 
Toxic 
Toxic 

Negative 
164 f 6.4 

t S9 (hamster) 
10% 30% 

25 f 1.2 28 f 2.3 

33 f 3.8 
30 f 2.9 

48 k 4.1 

29 f 2.9 
35 f 5.2 
28 f 5.6 
51 f 8.4 
86 f 8.2 

Toxic 

Toxic 

Positive Equivocal 
2,581 k 40.1 1,975 f 22.1 

t 3 0 %  S9 (rat) 

15 f 1.2 

16 f 1.3 
18 f 0.7 
20 f 0.9 
19 f 2.9 

(c) 11 f 3.8 

Negative! 
144 k 3.6 

t S 9  (rat) 
10% 30% 

34 f 1.5 36 f 1.9 

29 f 1.3 
31 f 4.7 

35 f 3.3 

30 f 1.0 

36 f 1.9 
46 f 1.5 
45 f 3.5 
50 f 3.5 

(c) 70 f 5.4 
60 f 4.7 

Toxic 

Weakly positive Equivocal 
1,228 k 9.8 1,115 f 45.6 

(a)  Study performed a t  EG&G Mason Research Institute. The detailed protocol and data  are presented in Zeiger e t  al. (1987). 
Cells and study compound or solvent (dimethyl sulfoxide) were incubated in the absence of exogenous metabolic activation 
(-S9) or with Aroclor 1254-induced S9 from male Syrian hamster liver or male Sprague Dawley ra t  liver. High dose was 
limited by toxicity or solubility but  did not exceed 10 mg/plate; 0 pg/plate dose is the solvent control. 
(b) Revertants are  presented as  mean k standard error from three plates. 
(c) Slight toxicity 
(d) Positive control; 2-aminoanthracene was used on all strains in the presence of S9. In the absence of metabolic activation, 
4-nitro-o-phenylenediamine was used with TA98. sodium azide was used with TA100 and TA1535, and 9-aminoacridine was 
used with TA1537. 
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TABLE H2. INDUCTION OF SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS 
BY TETRANITROMETHANE (a) 

No. of SCEs/ Relative SCEs/ 
Dose Total Chromo- No. of Chromo- SCEs/ Hours Chromosome 

Compound (pg/ml) Cells somes SCEs some Cell in BrdU (percent) (b) 
~~ 

-s9 (Cl 

Trial 1--Summary: Positive 

Dimethyl sulfoxide 50 

Tetranitromethane 0.50 50 
1.7 50 
5 50 

Mitomycin C 0.001 50 
0.01 5 

Trend test: P < O . O O l  

Trial B--Summary: Positive 

Dimethyl sulfoxide 25 

Tetranitromethane 2.5 25 
5 25 
7.5 25 

Mitomycin C 0.001 25 
0.01 5 

Trend test: P<O.OOl 

t S9 (e) Summary: Negative 

Dimethyl sulfoxide 50 

Tetranitromethane 1.7 50 
5 50 

16.8 50 

Cyclophosphamide 0.4 50 
2 5 

Trend test: P = 0.524 

1,030 

1,016 
1,028 
1,035 

1,029 
105 

513 

516 
512 
511 

518 
102 

1,024 

1,032 
1,011 
1,035 

1,018 
103 

497 

530 
627 
813 

620 
245 

203 

223 
332 
396 

256 
200 

494 

467 
499 
484 

655 
195 

0.48 9.9 25.5 

0.52 10.6 25.5 
0.60 12.5 25.5 
0.78 16.3 25.5 

0.60 12.4 25.5 
2.33 49.0 25.5 

0.39 8.1 26.0 

0.43 8.9 26.0 
0.64 13.3 (d)33.1 
0.77 15.8 td)33.1 

0.49 10.2 26.0 
1.96 40.0 26.0 

0.48 9.9 25.5 

0.45 9.3 25.5 
0.49 10.0 25.5 
0.46 9.7 25.5 

0.64 13.1 25.5 
1.89 39.0 25.5 

8.11 
"26.40 
*62.79 

24.87 
383.57 

9.21 
*63.86 
*95.84 

24.89 
395.51 

- 6.20 

- 3.07 

33.37 
292.44 

2.31 

(a) Study performed at  Litton Bionetics, Inc. SCE = sister chromatid exchange; BrdU = bromodeoxyuridine. A detailed de- 
scription of the SCE protocol is presented by Galloway e t  al. (1985). Briefly, Chinese hamster ovary cells were incubated with 
study compound or solvent as described in (c) and (e) below and cultured for sufficient time to reach second metaphase division. 
Cells were then collected by mitotic shake-off, fixed, air  dried, and stained. 
(b) Percentage change in the value of SCEskhromosome for exposed culture compared with that  for solvent control culture. An 
increase of20% or more was considered to be a significant response. 
(c) In the absence of S9, Chinese hamster ovary cells were incubated with study compound or solvent for 2 hours a t  37" C. Then 
BrdU was added, and incubation was continued for 24 hours. Cells were washed, fresh medium containing BrdU and colcemid 
was added, and incubation was continued for 2-3 hours. 
(d) Because some chemicals induce a delay in the cell division cycle, harvest times a re  occasionally extended to maximize the 
proportion of second division cells available for analysis. 
(e) In the presence of S9, cells were incubated with study compound or solvent for 2 hours at  37" C. Cells were then washed, and 
medium containing BrdU was added. Cells were incubated for a further 26 hours, with colcemid present for the final 2-3 hours. 
S9 was from the liver ofAroclor 1254-induced male Sprague Dawley rats. 
*P<0.05 
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TABLE H3. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS 
BY TETRANITROMETHANE (a) 

-S9 (b) ts9 (c) 
Dose Total No. of Abs/ Percent Dose Total No. of Abs/ Percent 

with Abs with Abs 
(pg/ml) Cells Abs Cell Cells (pg/ml) Cells Abs Cell Cells 

Harvest time: 20 hours td) 

Dimethyl sulfoxide 
200 

Tetranitromethane 
1.1 200 
1.5 200 
3.7 135 

Summary: Negative 

Mitomycin C 
0.05 200 
0.08 25 

Trend test: P = 0.251 

Trial 1--Harvest time: 12 hours (d)  

Dimethyl sulfoxide 
3 0.02 1 .o 200 3 0.02 1.5 

Tetranitromethane 
0 0.00 0.0 8 200 4 
2 0.01 1 .o 19.9 200 2 
2 0.01 1.5 39.7 200 34 

Summary: Weakly positive 

Cyclophosphamide 
90 0.45 19.5 7.5 200 20 
29 1.16 68.0 37.5 25 25 

Trend test: P<O.OOl 

Trial 2-Harvest time: 12 hours td) 

Dimethyl sulfoxide 
100 2 

Tetranitromethane 
10 100 4 
20 100 13 

Summary: Weakly positive 

C yclophosphaniide 
7.5 100 9 

37.5 25 23 

Trend test: P=0.003 

0.02 
0.01 
0.17 

0.10 
1 .oo 

0.02 

0.04 
0.13 

0.09 
0.92 

1.5 
1 .o 

*12.0 

8.5 
40.0 

2.0 

4.0 
*11.0 

8.0 
44.0 

(a )  Study performed at Litton Bionetics, Inc. Abs = aberrations. A detailed presentation of the technique for detecting chro- 
mosomal aberrations is found in Galloway e t  al. (1985). Briefly, Chinese hamster ovary cells were incubated with study corn- 
pound or solvent as indicated in ( b )  and (c). Cells were arrested in first metaphase by addition of colcemid and harvested by 
mitotic shake-off, fixed, and stained in6% Giemsa. 
tb) In the absence of S9, cells were incubated with study compound or solvent for 8-10 hours a t  37" C. Cells were then washed, 
and fresh medium containing colcemid was added for an additional 2-3 hours followed by harvest. 
(c) In the presence of S9, cells were incubated with study compound or solvent for 2 hours a t  37°C. Cells were then washed, nie- 
dium was added, and incubation was continued for 8-10 hours. Colcemid was added for the last 2-3 hours of incubation before 
harvest. S9 was from the liver of Aroclor 1254-induced male Sprague Dawley rats. 
(d) Because of significant chemical-induced cell cycle delay, incubation time prior to addition of colcemid was lengthened to pro- 
vide sufficient metaphases a t  harvest. 
*P < 0.05 
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Activation of the K-ras Protooncogene in Lung Tumors from Rats and Mice 
Chronically Exposed to Tetranitromethane 
S. Jill Stowers,' Paul L. Glover, Steven H. Reynolds, Lawrence R. Boone, Robert R. Maronpot, and 
Marshall W. Anderson 
Laboraror)' of Biochrmical Risk Analysis, Biomrrty and Risk Assessmrnr Promam IS. J .  S.. S. H. R.. M. W. 4.1. Crllular and Generic Toxicolo#y Branch If. L. G.. 
L. R. B.]. and Chrmical Parholom Branch IR. R. M.I. Toxicolom Research and Tesrinf ProKram. National lnsriturr of Enrironmrntal Hralrh Scirncrs, Rrsearch 
Trianxlr Park. Nonh Cardino 27709: and Torirdom, Profram. Konh Carolina Sratr l'nivrrsiry, Ralrixh. Nonh Carolina 27630 [S. J. S.1 

ABSTRACT' 

Dominant transforming genes were detected in lung N m O n  from 
Fischer 344 rats and CS7BL/6 x C 3 H  FI mice chronically exposed by 
inhalation to tetranitromethane, a highly volatile compound used i n  
several industrial processes. The rat lung neoplasms were classified as 
adenocarcinomas, squamous cell carcinomas (epidermoid carcinomas), or 
adenosquamous carcinomas. The mouse luna tumors were classified as 
papillary adenocarcinomas or adenomas. I n  both species. the tumors were 
morphologically similar to lung tumors in humans. The transfection assay 
using N I H / 3 T 3  mouse fibroblasts detected transforming genes in 7490 
(14 o f  19) o f  the rat lung tumors and in 100% (4 of  4) o f  the mouse lung 
tumors. Southern blot analysis Indicated that transforming gene was an 
activated K-rac protooncogene In  both species. The first exon of  the K- 
10s gene in  normal D N A  and in  D N A  from two cell lines transformed by 
tumor D N A  was compared by cloning and sequencing the gene. Expcri- 
ments showed that there was a CC-AT transition in  the second base of 
the 12th codon of the Ii-ras oncogene In the hvo transfectant DNAs. 
Oligonucleotide hybridization indicated that all of the rat and mouse 
transfectants had this activating lesion. Additional tumor D N A  was then 
tested for the presence of a mutated allele with the CC-AT transition. 
A l l  o f  the rat tumors tested and all o f  the mouse tumors tested had this 
mutation present. Hybridization using the normal oligonucleotide se- 
quence around the 12th d o n  indicated that the normal allele VIS also 
present in  the majority o f  the tumors. suggesting that the loss of  normal 
allele i s  not necessar) for the development of neoplasia. One rat lung 
tumor had no normal allele presenl, posslbly suggesting that this tumor 
could ha*e been in a more advanced stage than the other tumors. This i s  
the first stud:, to detect activated protooncogenes in  rodent tumors induced 
under conditions which mimic human exposure to a chemical in  the 
workplace. Tetranitromethane m y  exerf its carcinogenic action by both 
activation of  the Lras  oncogene and stimulation of  cell proliferation by 
i t s  irritant properties. 

INTRODUCTIOK 

Recent studies suggest that the activation of protooncogenes 
b! genetic alterations ma) play a role in leading a cell to 
neoplastic development. These genetic alterations include gross 
chromosomal rearrangements, amplification of genes, and 
point mutations. Oncogenes that have been shown to acquire 
transforming activit) by point mutation in their coding se- 
quence include members of the ras oncogene family. the H-ras. 
K-ras. and the N-ro.r (1-13) and the neu oncogene (14). The 
actitation of the ras famil) of genes usuall) occurs \ia a point 
mutation at the 12th, 13th. or 61st codons in human tumors 
and tumor cell lines ( 1  - 1  3). Studies in a variety of animal model 
systems have shown that specific activation of a protooncogene 
by point mutation can be caused by chemical or physical insult 

Animal model systems for carcinogenesis have provided a 
good means to stud! protooncogene activation in tumor debel- 

( I  -8). 
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opment. The H-rac protooncogene has reproducibly been found 
activated in rat mammary carcinomas induced by a single 
injection of N-methyl-N-nitrosourea given during sexual devel- 
opment (3). The H-ras protooncogene has also been found 
activated in mouse skin papillomas and carcinomas induced by 
DMBA' followed by phorbol ester ( I  2-O-tetradecanoylphorbol- 
13-acetate) promotion ( 1 .  2. 7). I n  b o t h  models. the H-ras 
protooncogene was found to be activated in 90-100% of all of 
the tumors examined. Other studies have found K-rus and N- 
rus activation in X-ray- or N-methyl-N-nitrosourea-induced 
mouse thymomas and in rat mesenchymal kidney tumors in- 
duced by treatment with methyl(methoxy-methy1)nitrosamine 
(4. 5. IS). One conclusion from these studies is that exposure 
to carcinogens either by relatively high single or multiple doses 
causes changes in the DKi\ resulting in activation of oncogenes. 
However. no studies have examined protooncogene activation 
in tumors that develop after long term. chronic exposure to 
chemicals. The identification of chemicals as potential human 
carcinogens is often made on the basis of long term rodent 
bioassays which are designed to consider route of human ex- 
posure and concentrations similar to those present in the envi- 
ronment, workplace or home. 

In a recent bioassay conducted by the National Toxicology 
Program. chronic exposure to the industrial chemical TNM 
induced a high incidence of primar). lung tumors in Fischer 344 
rats and C57BL/6 X C3H FI (hereafter called B6C3F1) mice.' 
TNM is a highly volatile compound used as a reagent in 
industrial nitrosating processes. as an oxidant in rocket fuel. 
and as an explosive when mixed with toluene (tetranitro- 
toluene). Because of its irritant properties, TNM has also been 
proposed as a war gas. The threshold limit for occupational 
exposure to TNM based on its irritant properties has been set 
at I ppm. In the bioassay, groups of 50 male and 50 female 
Fischer 344 rats or B6C3F1 mice were exposed to TNM by 
inhalation for 6 h a day, 5 days a week for 2 years. The rats 
were exposed to 0. 2. and 5 ppm of TNM while the mice were 
exposed to 0, 0.5, and I ppm. Based on histomorphological 
examination, the TNM-induced primary lung tumors were ad- 
enomas, adenocarcinomas, squamous cell carcinomas, and ad- 
enosquamous carcinomas in rats and papillary adenomas and 
adenocarcinomas in mice. These tumors were morphologically 
similar to primary lung tumors in humans. The purpose of this 
study was to identify and characterize any activated oncogenes 
that might be present in lung tumors from rats and mice after 
chronic exposure to TNM. 

MATERIALS AND METHODS 
Lung Tumor Generation. Two-year toxicity and carcinogenicity stud- 

ies of TNM were performed under National Toxicology Program 

The abbreviations used are: DMBA. 7.12-dimethylbenzanthra~ne; TNM. 
trtranitromcthane. 

J The National Toxicology Program has not yet completed i ts  evaluation of 
the data collected during thc studies with TYhl .  Therefore. the apparent asroci. 
ation of TNM exposure with lung tumors in rats or mice should k considered 
preliminar).. pending approval of the National Toxicolog! Program Technical 
Report on TNM by the National Toxicolog! Program Board of Scientific Coun- 
selors Technical Repons Review Subcommittee. 
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PROTOONCOGENE ACTIVATION IN RAT AND MOUSE LUNG TUMORS 

Contract NOI-ES-38042 from March 1982 to March 1984 at Midwest 
Research Institute. Kansas City. MO. Complete experimental details 
are contained in the Midwest Research Institute Report on Project 
7801 -E( I ). TBM (99% pure) was generated uringcarrier grade nitrogen 
and a two-stage dilution system. Test atmospheres were monitored 
using a hliran I I  IR  gas analyzer eIery 10-15 min during exposures. 
Groups of 50 male and 50 female Fischer 344 rats were eiposed to 0. 
2.  or 5 ppm of TVS1 h! inhalation for 6 h/da!. I da!s'ueet, for 2 
!ears. Similar groups of B6C3F, mice were exposed to 0. 1 1  5 .  and I 
ppm. All animals receibed a complete necrops). and tiswes were 
collected for microscopic evaluation which was performed by Patholog) 
Associates Ijamsville. MD. At necropsy lungs were inflated to normal 
inspiratory solume with 10% neutral buffered formalin and immersed 
in the same fixative. Hematoxylin- and eosin-stained paramn sections 
were prepared according to routine pathological procedures. During 
thc terminal sacrifice. lung tumors and normal lung tissue were col- 
lected for this stud!. 41 this  time represenlatibe portions of selected rat 
and mouse lung tumors Here fixed in  3'7 glutaraldehyde and suhse. 
quentl) processed for transmissinn electron microscopic eramination. 

DNA Isolation. High molecular weight DNA was isolated from 
normal or tumor tissues by using Pronase-sodium dodecyl sulfate lysis. 
Following phenol-chloroform extraction and ethanol precipitation, the 
DNA samples were treated with RNase and additional phenol-chloro- 
form extractions and ethanol precipitation (16). The size of the DNA 
Mas checked on a 0.75 agarose gel. 

lrsnsfection Asss!. High molecular weight DSA from the rat or 
mouse lung tumors was transfected onto NIH/3T3 mouse fibroblasts 
(30  uglplate. four plates/sample) b! the calcium phosphate precipita- 
tion method described previousl) (16). The cells were maintained with 
Dulbecco's modified Eagle's medium (GIBCO. Grand Island, NY) 
supplemented with 5 %  calf serum (Colorado Serum Co., Denver, CO) 
for 21 days until the foci were scored. Isolated foci were grown in 10% 
calf serum Dulbecco's modified Eagle's medium and stored as cell 
pcllets until needed for DNA isolation and subsequent transfection or 
h! hridiiations. 

Southern Blot 4nol!sic. High molecular Height D% 4 Has isolated. 
dipc\tcd w i t h  l l tndlll  1Boehringer.hlannheim. Indianapolis. I>), and 
electrophoresed on a 0.7% agarose gel (20 &lane). The DNA was 
then transferred to nitrocellulose (16). After baking and prehybridiza- 
tion. the blot was hybridized under stringent conditions (50% form- 
amide/0.7S hi NaC1/0.075 M sodium citrate: 42'C) to the Ssrll-XbuI 
fragment containing the first. second. and part of the third exons 
(HiHi380) of the b-&is oncogene for rat DNA and the Ssfll-Hincll 
fragment (Oncor. Gaithersburg. MD) for the mouse DhA (17). The 
hlnt Ha( Mashed to a final stringency oTO.2x sodium citrate solution- 
O . l ' ,  sodium dodeql sulfate at SO'C. The blot was exposed to film 
wernight at -7O'C nith intensifying screens. 

Cloning and Squenclng. Total normal rat DNA or transfectani DNA 
derived from an adenocarcinoma or a squamous cell carcinoma was 
digested with Hindlll. ligated to phage A Charon 28 Hindlll  arms. and 
packaged using the Promega Packagene System (Madison. WI). Posi- 
the plaques containing the first exon of the rat K-ras oncogene were 
identified by hybridization to the Ssrll.Sau3A I fragment (containing 
the first eton) of the \ . A i s  oncogene (17). Phage from the positibe 
plaques were groun and the si7e Has checked b! digestion with Hindlll 
and electrophoresis on an agarose gel, Southern transfer and subsequent 
h!bridization to the first exon probe confirmed the presence of the K -  
rus first exon 2.6-kilobase insert. This insert was subcloned into 
Hindlll-cut pBR322. A restriction map was obtained by a combination 
of single and double digests of various enzymes. The first exon was 
localized to a 0.6-kilobase EcoRI-Hindlll fragment. This fragment was 
then subcloned into M13mp19 for dideoxy sequencing using the BRL 
Cloning and Sequencing Ki t  (Bethesda. MD) (18). 

Oliponuclmlide Hybridization. Hindlll- or EcoRI-digested DNA was 
electrophoresed on a 0.7';; agarose gel. hybridized. and washed accord- 
ing to the method of Bos et a/. (19) with the following modifications: 
50% formamide was used in the hybridization buffer; gels were hybrid- 
ized at 42'C: and the gels were washed io a final stringency of two IS- 
min washes at 62'C in 2x sodium citrate solution. After being wrapped 
in plastic wrap. the gels were exposed io film for 1-3 days. The 

Fig. I .  Photomicrographs of lung tumors from rats chronicall! expored to 
TNM. A. adenocarcinoma from a female rat exposed IO 5 ppm o f  TSM for 2 
years. Gland formation is e\idence alone u i ih  connectibe tissue proliferation. H 
K E. x IRO. B. squamous cell carcinoma lrom a female rat (\posed to S ppm of 
TYV for 2 )ears. There arc irrepular glands filled with necrottc cellular debris in 
the loner part of the phoiomicropraph. Squamous cells and heratin are present 
a i  the top of the figure. H gi E. x 150. 

sequences of the oligonucleotide probes used in these experiments are 
the normal sequence 5'-TTGG.4GCTGCTGGCGTAGG-3' from E. 
P. Reddy or the mutated sequence S'-TTGGAGCTCATGGCGT.4GG- 
3' (OCS Laboratories. Denton. TS).  

RESULTS 

Activated Oncogenes in Rat Lung Tumors 

Tumor Generation. In  contrast to  the absence of primar). lung 
tumors in controls. male and female rats exposed to  TNM had 
a high incidence of benign and/or malignant lung tumors. There 
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Table I Transformrnr rrnes in T.V.U-indurrd /unr tumors in rats 

Transforming Transformation 

D N A  source tntcd ( C X  positive) (focilrg D S A )  
Samples senes eNtcienc) 

Primar) &nocarcinoma 12 9/12 (75) 0.003-0.009 
Squamous a l l  carcinoma 4 314 (75) 0.003 
Adcnorquamour carci- 3 2J3 (67) 0.006 

noma 
Normal tinuc 8 010 (0) 
DNA was isolated from rat lune tumors and transfected onto SIH./JT.\ mouse 

fihroblastc b! the calcium phosphate precipiiation method described prr\iousl\ 
16) The cells mere maintained with Dulkrco's modified Eagle's medium 
(C IBCO)  supplemented with 55 calf u r u m  (Colorado &rum Co ) for !I da!s 
until the foci were scored Isolated foci were grown in 10% calf serum-Dulkrro's 
m o d t k d  t g k ' s  medium for DhA isolation and subsequent transfection 

Kb 

23.1 W 

1 2 3 4 5 6 7 8  

2.3 W 

9 
i 

2.0 W 

0.6 W 

K-ras 
Fip. 2. High molecular weight D N A  was isolated. digested with Hind111 

I Boehrin@er.htannheim). and electrophorrvd on a 0.7% agarose gel. h4olecular 
ucipht ciandardc from Hindlll.diprsted wild.t)pc A DSA are noted a i  lcfl Bands 
ai 1 d and 2.6 kilnhrwc I A A I  cnniain ral wqucnrcc thai are homolopous to thr 
.Sttlt.At~al frapment (HiHi3ROI of the 5.ki . i  onco@ene(l') l a n r  1 .  20 U S  nf Y IH 
3T.l D\ 4: Lunrr 2 - 5 .  20 U P  of ucondaq transfectani D %  4 eencrited iniiiall! 
from adenocarcinomas: Laws 6-7. 20 p g  of w o n d a q  transfectant D S A  Ecner. 
sled initisll) from squamous cell carcinomas: Lunr 8. 20 p g  of secondar) trans. 
frctant D N A  Beneraicd initiall) from an adenosquamous carcinoma: Lanr 9. 20 
p g  normal rat D N A  from ihe spleen. 

was a dose-related increased incidence. increased multiplicity. 
and increased frequency of local invasion as well as distant 
metastases o f  the lung tumors in TNhl-e\posed rats. The 
earliest occurrencc of lung iumorc was ohscncd in rats that 
died after 12 months of exposurc t o  TSXI. The benign lung 
tumors were solid bronchioalveolar adenomas (20. 2 I ) .  The 
malignant tumors were adenocarcinomas usually with a signif- 
icant amount of stromal proliferation (Fig. I A ) .  squamous cel l  
carcinomas with abundant keratin formation (Fig. I E ) .  and 
adenosquamous carcinomas. Based on electron microscopic 
examination of some of the adenocarcinomas. the cel ls in some 
tumors were compatible with Clara cel ls and others with type 
I I  cells. Because of the small tumor size. no benign tumors were 
available for oncogene analysis from this bioassay. 

Transfection Assay. Fourteen of 19 tumor DNA (74%) in- 
duced morphological transformation o f  the NIH/3T3 cells. 
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indicating the presence of a dominant transforming gene (see 
Table I ) .  Individual tumor types had similar results: 75% of the 
primary adenocarcinoma D N A  were positive; 75% of the squa- 
mous cell carcinoma D N A  were positive: and 67% of the 
adenosquamous carcinoma D N A  were positive. Eight samples 
of rat lung D N A  obtained from the air-expcsed controls were 
negative in this assay. The transforming frequency ranged from 
0.01 2-0.036 foci/pg D N A  for the first cycle of the transfection 
and was IO-fold higher for the second cycle. No histomorpho- 
logical differences could be detected between those rat samples 
with or without transforming activity as detected by this assay. 

Southern Analysis. Frequently. the transforming gene de- 
tected by the NIH/3T3 assay has been a mutated version of a 
member o f  the ros gene family (1-13. 19, 22-24). HiddIll- 
digested ra t  transfectant D N A  was tested for the presence of 
novel or amplified restriction fragments that hybridized to H- 
ras-. K-ras-. or N-ras-specific oncogene probes using Southern 
blot analysis. An activated H-rm or 5-ras  could not be detected 
in an! of the transfectant DN.4 from the rat lung tumors 
induced by T N M  (data not shown). .As shown in Fig. 2 .  the K- 
ras probe hybridized to two Hindlll fragments (at 7.4 and 2.6 
kilobases) in each secondan transfectant D N A  (Fig. 2. Lunes 
2-8) in addition to the three NIH/3T3 mouse K-ras Hindlll 
fragments ( I  7.3. 3.6. and 1.6 kilobases in Lanes 1-8). These 
two novel bands appear to be amplified and comigrate with 
normal rat K-ras bands ( L a n t  Y )  suggesting that the transform- 
ing properties of the TNh1 lung tumor DNA were due IO the 
transfer o f  an activated cellular homologue of the rat K-ras 
protooncogene into the NIH/3T3 cells. 

Cloning and !Sequencing. The most prominent lesion in acti- 
vated K-ras protooncogenes to date has involved mutations in 
the 12th codon (4. 6. 9-11). Upon examination o f  TNM- 
activated K-ras protein products, i t  was found that these pro- 
teins comigrate with the normal ras proteins on a sodium 
dodecyl sulfate-polyacrylamide gel. which indicated no appar- 
ent mutation at the 12th or 61st codons (data not shown). To 
determine if there was a mutation present at the 12th codon o f  
the K-rar oncogene in these rat lung tumors. the first exon o f  
the normal rat K-ras protooncogene and the protooncogene 
activated in two T N M  transfectant DNAs were cloned and the 
nucleotide sequences were determined. Total normal rat DNA 
or transfectant DNA derived from an adenocarcinoma and a 
squamous cel l  carcinoma H ~ S  digesfrd ir i th Hindlll and cloned 
into A Charon 28 veuor, Restriction mapping of the 2.6-  
kilobase Hindll l  fragment after subcloning into the plasmid 
pBR322 localized the first exon of the K-ras gene in normal rat 
DNA and the two transfectant DNAs to a 0.6-kb EcoRI-Hindl l l  
fragment. This fragment was then subcloned into M13mp19 
for dideoxy sequencing (18). Only a single base difference 
between the normal rat and both T N h l  transfectant cloned 
sequences was found invohinp a G C - 4 T  transition in the 
second base of the lriplet coding for amino acid 11. changing 
glycine to aspartic acid. This GC-AT transition Has seen in 
both of the cloned transfectants indicating that the activating 
lesions were the same regardless of the morphological appear- 
ance of the original tumors. 

Oligonucleotide Hybridization. Normal and mutated radio- 
active oligonucleotide probes centered on the second base o f  
the 12th codon were hybridized to the Hindlll-digested trans- 
fectant D K A  and cloned bersions of the normal and mutated 
K-ras first exons to determine i f  more of the transfectants had 
this same activating lesions. GC-PAT (see Fig. 3). There was 
no hybridization of the mutated oligonucleotide probe to DNA 
from the normal clone (Fig. 38, Lunes 10 and 12) under 
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Fig. 3. Detection of the point mutation. 
with a specific oligonucleotide. The oligonu- 
cleotides used in these experiments arc the 
normal sequences 5"ITCGAGCTCGTGG- 
CCTAGG-3' from E. P. Reddy or the mutated 
sequence 5'.TTGGAGCTGATGGCGT- 
AGG.3' (OCS Laboratories). A. hybridization 
of the normal oligonucleotide p r o k  to 
Hindlll-digested DNA. B. hybridization of 
murarcd oligonucleotidr p r o k  IO Hindll l -di.  
pcrtcd DNA. In A and B: Lune 1. 20 up of 
NIHI3T3 DNA: Lunes 2-8.20rg ofsecondar) 
transfectant DNA 8enerntcd initially from rat 
adenocarcinomas or squamous cell cnrcino- 
mas: Lunr 9.20 rg of normal nt DNA, Luna  
10 and I I .  0.3 and 3.0 ng of normal A n t  exon 
clone in pBR322. respectively. Lunrs 11 and 
IJ. 0.3 and 3.0 ng of the mutated tint exon 
clone in pBR322. respectively. 

A Normal Probe 
1 2 3  4 5  6 7 8  9 

' 0  - 0  . 
e ' 0  a:, e 

4 2.6 W , , .. 
e 

0 
* 

B Mutated Probe 
1 2 3 4 5  6 7 8  9 

2.6 * ,, . . . * r * *  

10 11 12 13 

0 

10 11 12 13 

A Normal Probe 

*I . 
1 2  3 4 5 6 7 8 9 1 0  11 12 

B Mutated Probe 
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  

'il. 3.7* W W W *e W W 

Fig. 4. Detection of mutated stquences in the K-ros oncogene in the original rat tumon. R81 tumors wee digested with EcoRI. run on a 0.7% agprost gel. and 
dried as described previously (19). A. hybridization of the normal p r o k  to the rat tumor DNA. B. hybridization of the mutated probe to the rat tumor DNA. In  A 
and E Lanes /-J. IO. and I I .  20 rg DNA from TNM-induced rat lun8 turnon that were positive on transfection: Lanes 6-9, 20 rg DNA from TNM-induced rat 
lung lumon that were negative o n  transfection; Lam 12. 10 rg DNA from normal rai lung. 

conditions where strong hybridization was observed with the 
normal oligonucleotide probe (Fig. 3A. Lunes I I  and 13). In 
contrast. strong hybridization to the mutated transfectant clone 
was observed with the mutated (Fig. 38. Lunes I I  and 13) but 
not the normal oligonucleotide probe (Fig. 3A, Lunes I I  and 
13). The mutated oligonucleotide probe also bound to each of 
the seven TNM rat transfectant first exons (Fig. 3 8 .  Lunes 2- 
8 )  and not to normal rat DNA (Fig. 38, Lune 9 )  or to NIH/ 
3T3 DNA (Fig. 38. Lane I), The normal oligonucleotide probe 
bound only to the normal K-ras first exon in the rat genomic 

DNA (Fig. 3A, Lune 9)  and not to the transfectant DNA (Fig. 
3R. Lunes 2-8). Taken together these data indicate that the 
same activating lesion i s  present in each of the transfectants 
derived from tumors induced by chronic exposure to TNM. 
To see if the mutation could be detected in the tumor directly, 

seven tumor DNA that were positive on the transfection assay 
and four tumor DNA that were negative on the assay were 
examined by oligonucleotide hybridization. Complete digestion 
of rat lung tumor DNA was not possible with the restriction 
enzyme Hind111 used to digest the transfectant DNA probably 
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I i y  5 Phiiirimicribpraph ;inn rlrclrrin mirroprnph of ii papill;in ildvnociirt'i. 
nomil frrirn I frmslr mouw n p i n r d  III I ppm of '1 'c \ l  for 2 >riir* 1. pholiinli 
crograph shouine tumor comporrd of cuhotdal 10 columnar epithrlial ctllr 
forming irregular glands H 8 E. x 1 0 .  6. electron micrograph of the samr 
tumor ohouing cells forming a eland hate micro\illi on their luminal surface and 
containing developing and mature c)toplarmic lamellar bodies. Tubular myelin 
(rurfacrant protein) and lamellar bodies are pr rvn l  in the lumen of thr gland. 
X 6000. 

because of inhibitors present in the tumor tissue. Therefore. the 
rat lung DNA was digested with EcoRl for complete digestion. 
The mutated oligonucleotide allowed detection of a 3.7-kilohase 
band indicating that the mutated allele was in each of the tumor 
samples tested whether they were positive (Fig. 48. Lanes 1 -5 .  
10 and I I )  or  negative (Fig. 48. Lunes 6-9) on the transfection 
assay. The mutated oligonucleotide did not hybridize to the 
normal rat DNA (Fig. 48, Lune 12). Inconsistencies between 
the transfection data and the oligonucleotide hybridization data 
may be due to the fact that the K-ras is such a large gene and 

may be difficult to isolate and transfect into the mouse fibro- 
blasts emciently. The normal allele was also detected in IO of 
1 I of the tumors tested (Fig. 4A. Lunes 1-11) and in normal 
DNA (Fig. 4A. Lune 12). 

I t  appears that the tumor DN,4 examined in Fig. 4 hybridizes 
to the mutant probe with different Ietels resulting in variations 
in the intensities of the bands. This could be due to several 
reasons. One possibilit! could he that the mutant probe is 
hybridizing. although less efficientl!. to other mutations in  the 
12th codon such as those coding for valine (GTT) or alanine 
(GCT), I t  must be pointed out. however. that one of those faint 
bands in Fig. 48. Lane II. is  the tumor DKA corresponding to 
the transfectant DNA in Fig. 38. Lane 7 .  This transfectant 
DS,4 has  characterized as ha\.ing a GC-AT transition in the 
12th codon. Thereforc. i t  is possihlc that thc faint bands in the 
rest of  the tumor DhA are the result of perfect h!hridization 
of the mutant probe with tumor DlVA ha\,ing thr same niuta- 
tion. I t  is also unlikely that cross-hybridization occurs because 
all of these gels were washed above the critical temperature 
where mismatches should wash off. .Another possibility could 
he differences in the amount of DS.4 loaded into each well. 
The most probahlr cause of the differences in the intensities of 
hands in the tunior DS;\ is thr diffrrrnce in the rcl:iti\c 
;inioiiiit$ of normal D\.\ coniparcd t o  { t i c  niirt;int DSA present 
in a N - u g  sample of tumor D\..\. 

Activated Oncogenes in TNhl-induced >louse Lung Tumors 

A low incidence of spontaneous benign and malignant lung 
tumors was observed in control mice while mice exposed to 
TNM had a dramatic dose-related increase of primary lung 
tumors. As in the rars. there was a dose-related increased 
incidence. mutiplicit!, and frequenc! of metastasis and inbasion 
of the TNb1-induced lung tumors in  male and female mice. 
The earliest obsenation of a lung tumor was after 51 weeks of 
treatment in a high dose male. Lung tumors in treated mice 
were morphologically similar to but larger than those in con- 
trols. Morphological features of the tumors were compatible 
with solid papillary adenomas and adenocarcinomas (Fig. S A )  
haling minimal stromal proliferation. Seseral of the tumors in 
trratcd mice werc composed of t!pr I I  crlls u ith lamellar bodies 
and. in sonic instances. tuhular m!clin was present in glands 
formed h! these cells (Fig. 5B). Other tunlors had ultrastruc- 
tural cytological features compatible w i t h  Clara cells. 

Four of four mouse lung tumor DS.4 tested induced mor- 
phological transformation of the NIHi3T3 mouse fibroblasts 
after transfection. The transforming frequenc! ranged from 
0.067-0.23.1 foci/Ug D N \ .  This slightl! higher frequency com- 
pared to the rat tumor DN:\-transl'orniing frequenc! wits proh- 
ahl! due to a better qualit! DNA obtained from the mouse 
tumors than that obtained from the rat tumors. 

The mouse transfectants were then esamined for an activated 
K-ras protooncogene. The transfectant DNA and normal mouse 
lung DNA were digested with Hind111 and probed with the 
Ssr II-Hinclll fragment of v-kis.  Rearranged bands were de- 
tected in three of the transfectants (Fig. 6.4. Lunes 1-3) .  and 
amplified signals were detected in one of the transfectants (Fig. 
6.4. Lane 4) in addition to the background TIH/3T3 DSA 
hands (Fig. 6A. Lanes 1 - 4 )  and the normal mouse lung DNA 
bands (Fig. 6 A .  Lane 5 )  at 17.3. 3.6. and 1.6 kilobases. The 
rearrangements and the amplification of these bands indicated 
that there was a transfer of the K-ras oncogene in these trans- 
fectants. similar to that observed in the rat transfectants. 

Hybridization of the oligonucleotide probe containing the 
sequence around the 12th codon with the mutation seen in the 
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A V-Kis Probe 
1 2 3 4 5  

l Z 3 *  ' - a - - B Normal Probe 
1 2 3 4 5 6  

0 
Fig.6. Aaivated K-rar oncogenes with 

12th-codon mutations in TNM mouse inns- 

fied b - k h  sequences in Hindlll-digested TNM 
mouse trrnrfectants using the HiHi:! +&is 
probe. B. detection of the normal 12th codon 
of !he h-ras oncogene in the Hindlll.digesrcd 
transfectant DNA (background). in normal 
lung DNA. and in NIH/3T3 DNA. C. de tm 
tion of a mutated 12th codon in the K-ras 
oncogene of Hindllldigerted mouse transfec- 
tan! DNA using the mutated p r o k  d e r r i k d  
in Fig. 3. In A, B. and C: Lanes I-4. IO rg 
four TNM mouse transfertan! DNAs; Lanr 5. 
I O  pg normal mouse lung DNA. I n  B and C: 
Lonr 6.  IO pg NIH/3T3 DNA. 

fectants. A. detection of rearringed or rmpli. 17.3 * 

* 

4 

0 
a 

4 e -  
. 

0 
0 

C Mutated Probe 
1 2 3 4 5 6  

17.3 * .. 
Y 

A Normal Probe 
1 2 3 4  5 6 7 8  

W W l m  .,W 
W 

1 7 . 3 ~ -  . *  rylo 

9 10 

B Mutated Probe 
1 2 3 4 5 6  7 8 9 1 0  

Fig. 7. Detection o i a  mutated 12th codon in TNM-induced mouse tumors by oligonucleotide hybridization. A. detection of the normal allele in the mouse tumor 
DSA.  B.  detection of the mutated sequence in the mouse tumor DNA using the mutated oligonucleotide probe described in Fig. 3. In A and B :  Lone 1. 20 p g  of 
normal mouse lung DNA: &nrr 2-4 and 8-10. 20 f ig o f  Hindlll-digested mouse adenwarcinoma DNA; Lonr 5. 20 rg of Hindlll.digerted mouse adenoma DNA: 
and Lone$ 6 and 7. 20 ug of Hindlll-digested mouse adcnocarcinorna!adcnoma D\, \ .  

rat DNA indicated that the same mutation was presenl in each 
of the mouse transfectants (Fig. 6C, Lunes 1-4) .  N o  hybridiza- 
tion of this probe could be seen with normal mouse lung DNA 
or NIH/3T3 DNA as expected (Fig, 6C, Lanes 5-6). The 
normal probe hybridized to all transfectants indicating the 
background NIH/3T3 DNA (Fig, 68. Lunes 1 - 4 )  and to the 
normal and NIH/3T3 mouse DNA (Fig. 6B. Lunes 5 and 6). 

E\amination b! oligonucleotide h)bridization o f  nine mouse 

lung  rumor DNA. including the four transfected into NIH/3T3 
cells. showed that all of  these tumors had the same GC+AT 
transition as  that found in rat TNM-induced lung tumors (Fig. 
7 A ,  Lunes 2-10). These tumors range from benign adenomas 
(Fig. 7. Lone 5 )  to mixtures of adenomas and carcinomas (Fig. 
7. Lanes 6 and 7) to carcinomas (Fig. 7. Lanes 2-4 and 8-10). 
Another adenoma (data not shown) also had this GCdAT 
transition. Each of these tumor DNA also had a normal allele 
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present that could be detected by oligonucleotide hybridization 
(Fig. 78. Lunes 2 - I O ) .  As with normal rat DNA. only the 
normal oligonucleotide would hybridize to normal mouse DNA 
(Fig. 7, t o n e  1 ) .  

DISCUSSION 

This is the first study to show ras protooncogene activation 
in a system where tumors can be induced under conditions 
similar to human occupational exposure to chemicals. Lung 
tumors were obtained from two species. the B6C3F1 mouse and 
the Fischer 344 rat. after long-term chronic exposure to TNM. 
Histomorphological and ultrastructural features of these tu- 
mors are similar to those described for human lung tumors. An 
activated K-ras protooncogene was detected in 100% of the 
mouse tumors tested and 74% of the rat tumors tested by the 
NIH/3T3 transfection assay. The detection of the activated K- 
rus gene in two benign mouse tumors suggests that the activa- 
tion of this gene may be an early event in TNM-induced lung 
tumors. 

The K-ras oncogene has been the only oncogene detected by 
the transfection assay with DNA from human lung tumors and 
tumor cell lines. with the exception of the HS242 and SW1271 
lung tumor cell lines which have activated H-ras and N-rus 
oncogenes. respectively (9-1 3, 23-27). Amplification or in- 
creased expression of members of the myc oncogene family and 
rtx nryb oncogene has been detected in a number of the human 
tumors as well (28-32). TNM-induced rodent tumors are the 
first rodent lung tumors that have been examined for activated 
oncogenes. Activation of the K-ras oncogene in these rat and 
mouse lung tumors is consistent with the published human lung 
data. Human and rodent data seem to suggest a tissue-specific 
activation of a particular protooncogene, at least in the case of 
the activation of the K-rus oncogene in the lung. 

A variety of point mutations have been detected in activated 
rus genes from primary tumors and tumor cell lines. At present. 
K-rus protooncogene activation in vivo has involved mutations 
at the 12th codon except in two cases. In one case there is 
amplification of the normal gene and in another there is a AT-, 
T A  transversion in the 61st codon of K-ras (4. 6, 9-1 1, 23-27). 
The GC-,AT transition observed in all of the TNM-induced 
lung tumors tested may be indicative of a specific lesion in 
D U A  caused by T N M .  Point mutations resulting in the acti- 
tat ion of  protooncogenes in several chemically induced rodent 
tumors hate been consisteni with the known alkylation patterns 
of the carcinogen (1-3. 33-35). For example. mutations at the 
l2rh codon of the H-rus detected in rat mammary tumors 
induced by methylnitrosourea (3) are consistent with the for- 
mation of the 06-methylguanine adduct, and the activating 
mutation found in DMBA-induced mammary and skin tumors 
is consistent with DMBA binding IO adenosine residues ( I .  2. 
33. 34). 

A I  present. no information concerning the possible interac- 
tion of TNM with DhA is available, However. TNM causes 
the mutant bacterial strains that detect base pair substitutions 
TA1535 and TAlOO to revert to the wild type by the same 
G C d A T  transition that is observed in the activated K-ras 
oncogene in TNM lung tumors.' Since TNM is a known 
nitrating agent at physiological pH. it could possibly interact 
with DNA through this mechanism to damage DNA (36). I t  
has also been suggested that nitro-containing compounds may 
deaminate a base such as cytosine IO cause later base rnispairing, 
' E. Zeiger. manuscript in preparation. 

R A T  A N D  M O U S E  LUNG T U M O R S  

Several studies have shown that the loss of the normal allele 
of oncogenes such as c-H-ros and c-myb can be correlated with 
the aggressiveness and/or stage of development of human tu- 
mors (37.38). In this study. we obsened that one of 1 1  rat lung 
tumors and none of the mouse lung tumors examined had lost 
the normal allele of the K-ras oncogene. A similar loss of the 
normal N-rrrr allele was seen in a chemically induced thymic 
lymphoma (39). In that study. Guerrero et ul. (39) found one 
tumor with a CG+TA transversion in the 61s1 codon of N-rus 
and not the normal N-ras allele. However. they also found that 
no tumors were heterozygous in their allelic composition. The 
presence of the mutated and normal allele in almost all of the 
TNM-induced lung tumors indicates that the loss of the normal 
allele is not a prerequisite for tumor formation in these rats 
and mice. However, this loss could be a sign of aggressiveness 
or progression as  has been suggested by the human tumor data. 

Reproducible detection of specific transforming genes in an- 
imal model systems strongly suggests that oncogenes play a 
significant role in the development of these tumors. This is the 
first study to show that long-term chronic elposure to a chem- 
ical is capable of reproducibly activating oncogenes similar to 
those observed in single dose and initiation-promotion studies. 
TNM may exert its carcinogenic action by both activation of 
the K-rus oncogene and stimulation of cell proliferation by its 
irritant properties. 
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The pathology specimens, experimental data, study documents, and draft NTP Technical Report for 
the 2-year studies of tetranitromethane in rats and mice were audited for the National Institute of 
Environmental Health Sciences at the National Toxicology Program (NTP) Archives. The audit in- 
cluded review of  

All records concerning animal receipt, quarantine, randomization, and disposition prior to the 
start of dosing. 
All inlife records including protocol, correspondence, animal identification, animal husband- 
ry, environmental conditions, dosing external masses, mortality, and serology. 
Body weight and clinical observation data; all data were scanned before individual data for 
the random 10% sample in each study group were reviewed in detail. 
All study chemical records. 
All postmortem records for individual animals concerning date of death, disposition code, con- 
dition code, tissue accountability, correlation of masses or clinical signs recorded at or near 
the last inlife observation with gross observations and microscopic diagnoses, consistency of 
data entry on necropsy record forms, and correlation between gross observations and micro- 
scopic diagnoses. 
Inventory for wet tissue bags from all animals and residual wet  tissues from a random 20% 
sample of animals in each study group, plus other relevant cases, to evaluate the integrity of 
individual animal identity and the thoroughness of necropsy and trimming procedure 
performance. 
Blocks and slides of tissues from a random 20% sample of animals from each study group, plus 
animals with less than complete or correct identification, to examine for proper inventory, la- 
beling, matching of tissue sections, and preservation. 
All microscopic diagnoses for a random 10% sample of animals, plus 100% of the changes in 
diagnoses made to preliminary pathology tables, to verify their incorporation into the final 
pathology tables. 
The extent of correlation between the data, factual information, and procedures for the 2-year 
studies a s  presented in the draft Technical Report and the study records available a t  the NTP 
Archives. 

Procedures and events for the exposure phase of the studies were documented adequately by records 
at the Archives. Review of the archival records indicated that protocol-specified procedures for ani- 
mal care were followed adequately. Records that documented the generation, analysis, distribution, 
and delivery of doses to animals were complete and accurate. Recalculation of the mean body weight 
values in the Technical Report showed only minor differences in 8/50 values checked. 

Data entries on necropsy forms were made appropriately with only minor discrepancies. The date of 
death recorded a t  necropsy for each unscheduled-death animal had matching entries among the inlife 
records for 182/187 rats and 135/139 mice; the date for 1 high dose female rat  (carcass ID no. 1191) 
was transcribed incorrectly (day 356 vs. day 7221, and the remaining 8 discrepancies involved differ- 
ences of 1 to 5 days. Given the overwhelming concentration-related tumor incidences, these relative- 
ly minor discrepancies would have no effect on the statistical analyses. The reason for animal remov- 
al recorded among the inlife records was in agreement with the disposition code recorded at necropsy 
for all bu t  7/600 animals; the overall survival information in the Technical Report reflects corrected 
mode-of-death data. The condition code for each animal was consistent with the disposition code and 
gross observations assigned at necropsy. 

An individual animal identifier (ear tag) was present and correct in the residual tissue for 63/64 rats 
and 68/68 mice examined. Review of the entire data trail for the one animal whose ear  tag was miss- 
ing indicated that the integrity of its individual animal identity had been maintained throughout the 
study, A total of 17 untrimmed potential lesions were  found in the wet tissues of 64 rats examined, 
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and 16 were found in those of 68 mice. Intestinal segments were opened incompletely for 14/64 ra ts  
and 8/68 mice examined; however, no untrimmed potential lesions were evident by external examina- 
tion, and other organs had been opened or incised properly. Each gross observation made a t  necropsy 
had a corresponding microscopic diagnosis for all but 16 in rats and 8 in mice; after microscopic re- 
view of the slides involved in these noncorrelations, only 2 remained. All slides were present, and 
tissue sections in corresponding blocks matched properly. All post-Pathology Working Group 
changes in diagnoses had been incorporated into the final pathology tables. The P values and inci- 
dences of neoplasms given in the Technical Report were the same as those in the final pathology ta- 
bles a t  the Archives. 

In conclusion, examination of the archival records supports the data and results presented in the 
Technical Report, with the few exceptions indicated above. 
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