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PENTAERYTHRITOL TETRANITRATE (PETN) 

CAS No. 78-11-5 

Molecular weight 316 1 

PETN,NF 

(pentaerythritol tetranitrate:o-lactose monohydrate) (1:4) 


Synonyms for PETN 2,2-bis((nitrooxy)methyl)-1,3-propanediol dinitrate (ester), 
2,2-bisdihydroxy-methyl-1,3-propanediol tetranitrate, niperyt, nitropentaerythritol, 
pentaerythrityl tetranitrate, penthrit 

Trade Names for PETN, NF Angitet, Cardiacap, Dilcoran-80, Dipentrate, Hasethrol, Lentrat, 
Metranil, Mycardol, Neo-Corovas, Nitropenta, Nitropenton, Pentafin, Pentanitrine, Pentitrate, 
Pentral80; Pentrite, Pentritol, Pentryate, Peridex, Pergitral, Peritrate, Perityl, Prevangor, 
Quintrate, Subicard, Terpate, Vasodiatol 

ABSTRACT 

Pentaerythritol tetranitrate (PETN, NF) is a drug used to prevent angina pectoris PETN without a 
lactose stabilizer is used as an explosive Toxicology and carcinogenesis studies were conducted by 
administering PETN, NF, to groups of F344/N rats and B6C3 F 1 mice of each sex once by gavage or in 
feed for 14 days, 13 or 14 weeks, or 2 years The PETN component was greater than 99% pure. Gene
tic toxicology studies were conducted with Salmonella typhimurium and Chinese hamster ovary 
(CHO) cells. 

Fourteen-Day and Thtrteen- or Fourteen-Week Studtes: All rats and mice lived to the end of the 14
day studies (dietary concentrations up to 50,000 ppm) Final mean body weights of dosed and control 
rats were comparable The final mean body weight offemale mice that received 50,000 ppm was 13% 
lower than that of controls No clinical signs or toxic lesions were attributed to PETN, NF, 
administration 

All rats and mice lived to the end of the 13-week (mice) and 14-week (rats) studies (dietary concentra
tions up to 50,000 ppm) Final mean body weights of dosed and control rats and mice were similar, al
though weight gains of female rats at 25,000 and 50,000 ppm were less than that of controls The 
nitrite level in urine of rats and methemoglobin levels in whole blood of rats and mice were not af
fected by administration of PETN, NF. An adenoma of the Zymbal gland was seen in a female rat 
that received 50,000 ppm A hepatocellular adenoma was seen in a female mouse that received 
50,000ppm 

Based on these results and the NTP convention of limiting concentrations in 2-year feed studies to 5% 
of the diet, the 2-year studies were conducted by administering 0, 25,000, or 50,000 ppm PETN, NF, 
in feed for 104 weeks to groups of 50 male rats and for 103 weeks to groups of 49 or 50 mice of each sex 
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Groups of 50 female rats were given feed containing 0, 6,200, or 12,500 ppm PETN, NF, for 104 
weeks. 

Body Weight and Survival in the Two-Year Studies: Mean body weights of high dose male rats were 
2%-9% lower than those of controls throughout the study; body weights of all groups of female rats 
were similar. No significant differences in survival were observed between any groups of rats of 
either sex (male: control, 23/50; low dose, 29/50; high dose, 29/50; female: 33/50; 33/50; 31/50). Mean 
body weights of dosed and control mice were similar. The survival of both groups of dosed male mice 
was significantly greater than that of the controls (26/49; 38/50; 38/50). No significant differences in 
survival were observed between any groups offemale mice (38/50; 30/50; 38/50). 

Nonneoplastic and Neoplastic Effects in the Two-Year Studies: No nonneoplastic lesions were attri 
buted to PETN, NF, administration in rats or mice. Neoplasms of the Zymbal gland occurred in dosed 
male (control, 0/49; low dose, 3/45; high dose, 2/41) and dosed female (0/36; 1137; 3/35) rats. The his
torical incidence of these neoplasms is 1% ± 2% in untreated males and 0.6% ± 1% in females. 

At no site was a significantly increased incidence of neoplasms observed in dosed male or female mice. 

Genetic Toxicology: PETN, NF, was not mutagenic inS. typhimurium strains TA98, TA100, TA1535, 
or TA1537 when tested with or without exogenous metabolic activation (89). When tested for cyto
genetic effects in cultured CHO cells, PETN, NF, induced sister chromatid exchanges (SCEs) in the 
presence and absence of metabolic activation; no induction of chromosomal aberrations was observed 
in CHO cells with or without activation. 

Audit: The data, documents, and pathology materials from the 2-year studies of PETN, NF, have 
been audited. The audit findings show that the conduct of the studies is documented adequately and 
support the data and results given in this Technical Report. 

Conclusions: Under the conditions ofthese 2-year feed studies, there was equivocal evidence ofcarci
nogenic activity* ofPETN, NF, for male and female F344/N rats, based on a marginal increase in neo
plasms of the Zymbal gland. Female rats might have tolerated a higher dose. There was no evidence 
ofcarcinogenic activity of PETN, NF, for male or female B6C3Fl mice fed diets containing 25,000 or 
50,000 ppm for 2 years. No nonneoplastic lesions were attributed to PETN, NF, administration. 

"Explanation of Levels of Evidence ofCarcinogenic Activity is on page 6. 

A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 9. 
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SUMMARY OF THE TWO-YEAR FEED AND GENETIC TOXICOLOGY STUDIES OF PETN,NF 

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

Dietary concentration 
0, 25,000, or 50,000 ppm 0, 6,200, or 12,500 ppm 
PETN,NF PETN,NF 

Body weights in the 2-year study 
Dosed and control groups Dosed and control groups 
similar similar 

Survival rates in the 2-year study 
23/50; 29/50; 29/50 33/50; 33/50; 31150 

Nonneoplastic effects 
None None 

Neoplastic effects 
Zymbal gland adenomas Zymbal gland adenomas 
(0/49; 1145; 0/41 l; Zymbal <0/36; 0/37; 2/35J; Zymbal 
gland carcmomas <0/49; 2/45; gland carcmomas <0/36; 1/37; 
2/41) 1135) 

Level of evidence of carcinogenic activity 
Equivocal ev1dence Eqmvocal evidence 

Genetic toxicology 

Salmonella 

0, 25,000, or 50,000 ppm 
PETN,NF 

Dosed and control groups 
similar 

26/49; 38/50; 38/50 

None 

None 

No evtdence 

CHO Cells in Vitro 

0, 25,000, or 50,000 ppm 
PETN,NF 

Dosed and control groups 
s1m1lar 

38/50; 30/50; 38/50 

None 

None 

No evtdence 

(gene mutation) SCE Aberration 
Negative with and Positive with and Negative with and 
wtthoutS9 wtthout S9 without S9 
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY 

The NatiOnal Toxrcology Program descnbes the results of mdividual expenments on a chemical agent and notes the strength of 
the evidence for conclusiOns regardmg each study Negative results, m wh1ch the study ammals do not have a greater mc1dence 
of neoplasia than control ammals, do not necessanly mean that a chemical Is not a carcmogen, masmuch as the expenments are 
conducted under a hm1ted set of cond1t10ns Pos1t1ve results demonstrate that a chem1cal1s carcmogemc for laboratory ammals 
under the cond1bons of the study and mdtcate that exposure to the chem1cal has the potential for hazard to humans Other 
orgamzatlons, such as the Internatwnal Agency for Research on Cancer, assign a strength of ev1dence for conclusiOns based on 
an exammatwn ofall ava1lable evidence mcludmg ammal stud1es such as those conducted by the NTP, epidemwlog1c stud1es, 
and estimates of exposure Thus, the actual determmatwn of nsk to humans from chem1cals found to be carcmogemc m labora 
tory ammals reqwres a w1der analysis that extends beyond the purv1ew ofthese studies 

Ftve categones ofevtdence ofcarcmogemc actiVIty are used m the Techmcal Report senes to summanze the strength of the evi 
dence observed m each expenment two categones for positive results ("Clear Evidence" and "Some Evidence"), one category 
for uncertam findmgs ("EqUivocal Evidence"), one category for no observable effects ("No Evidence"), and one category for ex 
penments that because of maJor flaws cannot be evaluated ("Inadequate Study") These categones ofmterpretatlve concluswns 
were first adopted 10 June 1983 and then rev1sed 10 March 1986 for use 10 the Techmcal Reports senes to mcorporate more 
specifically the concept of actual weight of evidence of carc10ogemc activ1ty For each separate expenment (male rats, female 
rats, male m1ce, female m1ce ), one of the follow10g qumtet IS selected to descnbe the find10gs These categones refer to the 
strength of the expenmental evidence and not to e1ther potency or mechamsm 

• 	 Clear Evidence of Carcinogenic Activity IS demonstrated by stud1es that are mterpreted as showmg a dose related 
(I) mcrease of malignant neoplasms, (u) mcrease of a combmatwn ofmahgnant and bemgn neoplasms, or (m) marked 
mcrease ofbemgn neoplasms 1f there IS an md1catwn from th1s or other stud1es of the ability of such tumors to progress 
to malignancy 

• 	 Some Evidence of Carcinogenic Activity 1s demonstrated by studies that are mterpreted as showmg a chemically 
related mcreased mc1dence of neoplasms (malignant, bemgn, or combmedl m wh1ch the strength of the response IS less 
than that reqUired for clear evidence 

• 	 Equivocal Evidence of Carcinogenic Activity 1s demonstrated by stud1es that are mterpreted as showmg a mar 
gmal mcrease of neoplasms that may be chemically related 

• 	 No Evidence of Carcinogenic Activity IS demonstrated by stud1es that are mterpreted as showmg no chemically re 
lated 10creases m mahgnant or bemgn neoplasms 

• 	 Inadequate Study of Carcinogenic Activity IS demonstrated by stud1es that because of maJor qualitative or quanti 
tatlve hm1tat1ons cannot be mterpreted as valid for showmg e1ther the presence or absence ofcarcmogemc activity 

When a conclusiOn statement for a particular expenment IS selected, cons1deratwn must be g1ven to key factors that would ex 
tend the actual boundary ofan mdiv1dual category of evidence Th1s should allow for mcorporatwn of scientific expenence and 
current understand10g of long term carc10ogenes1s studies m laboratory ammals, especially for those evaluatiOns that may be 
on the borderline between two adJacent levels These cons1deratwns should mclude 

• 	 The adequacy of the expenmental des1gn and conduct, 
• 	 Occurrence ofcommon versus uncommon neoplasm, 
• 	 ProgressiOn (or lack thereof) from bemgn to malignant neoplasia as well as from preneoplast1c to neoplastic leswns, 
• 	 Some bemgn neoplasms have the capacity to regress but others (of the same morphologic type) progress At present, 1t 

IS Impossible to 1dent1fy the difference Therefore, where progressiOn 1s known to be a poss1b1lity, the most prudent 
course IS to assume that bemgn neoplasms of those types have the potential to become malignant, 

• 	 Combmmg bemgn and malignant tumor mc1dences known or thought to represent stages of progressiOn m the same or 
gan or tissue, 

• 	 Latency 10 tumor mductwn, 
• 	 Multiphcity m s1te spec1fic neoplasia, 
• 	 Metastases, 
• 	 Supportmg 10format10n from proliferative leswns (hyperplasia) m the same Site of neoplasia or mother expenments 

(same leswn m another sex or species), 
• 	 The presence or absence ofdose relatwnsh1ps, 
• 	 The statistical s1gmficance of the observed tumor mcrease, 
• 	 The concurrent control tumor mc1dence as well as the h1stoncal control rate and vanab1lity for a specific neoplasm, 
• 	 Survival-adJusted analyses and false pos1t1ve or false negative concerns, 
• 	 Structure activity correlatiOns, and 
• 	 In some cases, genetic tox1cology 
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SUMMARY OF PEER REVIEW COMMENTS 

ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 


PETN,NF 


On October 4, 1988, the draft Technical Report on the toxicology and carcinogenesis studies of PETN, 
NF, received public review by the National Toxicology Program Board of Scientific Counselors' Tech
nical Reports Review Subcommittee and associated Panel of Experts. The review meeting was held at 
the National Institute of Environmental Health Sciences, Research Triangle Park, NC. 

Dr. J.R. Bucher, NIEHS, began the discussion by reviewing the experimental design, results, and pro
posed conclusions (equivocal evidence of carcinogenic activity for male and female rats, no evidence of 
carcinogenic activity for male and female mice). 

Dr. Newberne, a principal reviewer, agreed with the conclusions. He asked for an explanation of why 
the doses for female rats in the 2-year study were only one-fourth those for the other study groups. 
Dr. Bucher said that at the time the 2-year study was designed, the convention for setting doses in
cluded a reduction in body weight gain of 10% or more in 13-week studies, and that was the determi
nant for the markedly lower doses used. 

Dr. McKnight, the second principal reviewer, agreed with the conclusions. She commented on the 
three lotsofPETN, NF, and asked how they were used. Dr. Bucher said that they were used sequen
tially, with all of the formulated diets being made from the lot in use at a particular time. Dr. 
McKnight asked why so many Zymbal glands were missing from all three groups of female rats. Dr. 
Bucher said that the glands are very small and hard to find unless they are enlarged with a tumor. 
The sections are taken through the inner ear and certain other relevant tissues as well; sometimes 
the Zymbal gland is missed. 

Dr. Gold, the third principal reviewer, agreed with the conclusions. She requested clarification of a 
statement in the Discussion that all compounds in the NTP data base (except benzene and PETN, NF) 
that induce tumors of the Zymbal gland are also positive in the Salmonella assay. She indicated that 
all nine non-NTP chemicals that induced Zymbal gland tumors were also genotoxic. Dr. Bucher re
sponded that this represented one of the first complete assessments of tumor incidence vs. genotoxic
ity that NTP has put together and was included as a discussion point. He noted that the level of evi
dence chosen was based on the tumor incidence and not on whether PETN, NF, was genotoxic. 

Dr. Gold moved that the Technical Report on PETN, NF, be accepted with the revisions discussed and 
with the conclusions as written for male and female rats, equivocal evidence of carcinogenic activity, 
and for male and female mice, no evidence of carcinogenic activity. Dr. Newberne seconded the mo
tion, which was approved unanimously by seven members. 
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I. INTRODUCTION 


Physical Properties, Use, Production, and Exposure 
Pharmacologic Action 
Absorption, Distribution, Metabolism, and Excretion 
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Relaxation by Organic Nitrates 
Toxicity 
Reproductive Toxicity 
Genetic Toxicity 
Study Rationale 
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PENTAERYTHRITOL TETRANITRATE (PETN) 

CAS No 78-11-5 

Molecular weight 316 1 

PETN,NF 

(pentaerythritol tetranitrate:o-lactose monohydrate) (1:4) 


Synonyms for PETN 2,2-bis((nitrooxy)methyl)-1,3-propanedwl dinitrate (ester), 
2,2-bisdihydroxy-methyl-1,3-propanediol tetranitrate, niperyt, nitropentaerythritol, 
pentaerythrityl tetranitrate, penthrit 

Trade Names for PETN, NF Angitet, Cardiacap, Dilcoran-80, Dtpentrate, Hasethrol, Lentrat, 
Metranil; Mycardol; Neo-Corovas; Nitropenta, Nitropenton, Pentafin, Pentanitrine, Pentitrate, 
Pentral80, Pentrite, Pentritol, Pentryate; Peridex, Pergitral, Pentrate, Perityl, Prevangor, 
Quintrate, Subicard, Terpate, Vasodiatol 

Physical Properties, Use, Production, and Current production data for PETN were not 
Exposure found, but estimates in the NCI/SRI data base 

indicate that in 1973, 1 8-2 3 X 109 kg was used 
Pentaerythritol tetranitrate (PETN) is a nitric for production of explostves and approxtmately 
acid ester of a tetrahydric alcohol, pentaerythri  2 3 X 104 kg was used for production of ethical 
tol It is a white crystalline material first pre drugs PETN is produced by the mtration of 
pared in 1901 by Vignon and Gerin (Dept of the pentaerythritol, which is accomplished by slowly 
Army, 1967) Crystalline PETN has a melting adding pentaerythritol to 96% nitric actd at an 
point of 140° C and a specific gravity of 1 77 at initial temperature of 18° C (Dept of the Army, 
20° C (Merck, 1983) It is insoluble in water, 1967) The exothermic reaction is kept below 
slightly soluble in alcohol, and soluble in ace 23° C by regulating the addition of pentaerythri 
tone (von Oettingen eta! , 1944). to! PETN is precipitated from solution by addt 

tion of cold water and is then washed, dtssolved 
PETN is an explosive that came into general use in acetone, and reprectpitated by cold water 
after World War I. It is used as an admixture 
with TNT for loading small-caliber projectiles McConnell et al (1946) reviewed the industnal 
and grenades and has limited use in detonating hygiene and the incidence of occupational di
fuses, boosters, and detonators. PETN and ni sease in government-owned ordnance plants in 
troglycerin are approximately equivalent in ex the United States during World War II An ap
plosive power and are among the most potent of parent increase in the number of sudden deaths 
the standard military explosives (Dept. of the among explosives workers was observed, but in 
Army, 1967) PETN is also one of a number of 915,000 man-years of exposure to the vanous or
organic nitrates used in the treatment of angina ganic nitrates, no fatalities were attnbuted to 
pectoris (Gilman et al , 1985) For this purpose, the aliphatic nitrates An undetermined num
PETN is formulated with an inert ingredient, ber of episodes of mild illness or dermatitis were 
usually lactose, to decrease the hazard of explo attributed to exposure to PETN Workers In

sion (Merck, 1983) volved in the production of nitroglycerin and 
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other organic nitrates that are readily absorbed 
through the skin suffered at times from a syn
drome called "dynamite head" or "powder head
ache," which was manifested as severe head
ache, dizziness, and postural weakness upon ini
tial exposure (Gilman et al., 1985). These 
symptoms diminished with time but then often 
reappeared at the beginning of the work week. 
The initial symptoms reflected the vasodilator 
action of the nitrates, and the so-called "Monday 
disease" was attributed to tolerance to this ac
tion developed during the work week and to ex
pression of an organic nitrate dependence that 
became apparent after a several-day break in ex
posure. The risk of developing this condition 
while working with PETN is not considered to be 
high because of the relatively poor dermal ab
sorption of the chemical and because it is usually 
processed as a wet slurry or precipitate (Dept. of 
the Army, 1967). 

Pharmacologic Action 

The use of organic nitrites for treating angina 
dates from 1857, when Brunton first adminis
tered amyl nitrite by inhalation and noted relief 
of anginal pain within 30-60 seconds (Gilman et 
al., 1985). In 1879, William Murrell demon
strated that sublingual administration of nitro
glycerin provided similar relief of angina as well 
as prophylactic action if taken before exercise. 
Early studies with PETN were performed by 
Takeshita (1937), who demonstrated the ability 
of the compound to lower blood pressure in rab
bits. Further characterization of the pharmaco
logic and toxicologic action of PETN was carried 
out by the U.S. Government during World War 
II because of potential exposure during muni
tions manufacture (von Oettingen et al., 1944). 
After the war, research on PETN continued in 
efforts to develop antianginal agents that could 
be taken orally and would provide long-acting 
prophylaxis. This research (1943-69) has been 
reviewed by Dunning (1971). 

Angina pectoris is associated with ischemic 
heart disease and is usually secondary to ad
vanced atherosclerosis; its onset can be prompt
ed by increases in oxygen demand by the heart 
or by decreases in myocardial blood flow. Or
ganic nitrates are vasodilators, but their mode of 
action in the relief of angina is complicated and 

incompletely understood (Gilman et al., 1985). 
In the peripheral circulation, organic nitrates 
cause dilation of venous-capacitance and arterio
lar-resistance vessels, which in effect decreases 
the preload and afterload on the heart (Kafka et 
al., 1985). Nitrates also dilate large coronary 
vessels, but in typical angina, total coronary 
blood flow is not increased by nitrates; rather, 
blood flow tends to redistribute to areas of poor 
perfusion, especially the subendocardial regions 
(Uchida et al., 1972). Despite improved regional 
coronary blood flow, the primary benefit of ni
trate therapy appears to result from a reduction 
in the oxygen requirement of the heart. This ob
servation is supported by studies showing that 
angina occurs in patients at the same value of 
the "triple product" (aortic pressure X heart 
rate X ejection time) with or without nitrate 
therapy (Gilman et al., 1985). 

PETN is prescribed to reduce the number, inten
sity, and duration of angina attacks and to re
duce the need to use nitroglycerin for relief of 
acute attacks. The recommended dosage for 
adults is one 40-mg tablet four times per day, or 
about 2.5 mg/kg per day (PDR, 1987). This dose 
is higher than the doses recommended in the 
1960s and early 1970s after it was recognized 
that hepatic degradation was sufficient to rapid
ly and totally inactivate lower doses (Abrams, 
1980). 

Absorption, Distribution, Metabolism, and 
Excretion 

Von Oettingen et al. (1944) administered PETN 
by gavage with a tenfold excess of starch in a 
10% gum arabic solution (PETN concentration, 
20 mg/ml) to young female albino rats. Six 
hours later, the entire gastrointestinal tract was 
isolated, and only 13% of the PETN had been ab
sorbed. PETN was also mixed with acetone and 
rubbed onto the palm of a human hand; after 1 
hour, essentially all of the PETN could be re
covered by washing. In contrast, PETN was ab
sorbed after insufflation of 100 mg into the lower 
trachea of dogs. The resulting decrease in blood 
pressure peaked at about 90 minutes. 

DiCarlo et al. (1967a) studied the absorption of 
[14C]PETN from four ligated sections of the gas
trointestinal tract in female Wistar rats. 
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Absorption from the stomach was slow, and 
PETN was stable in stomach acid. Absorption 
was rapid from the small intestine and some
what slower from the large intestine. Although 
the drug remaining in the small intestine was 
unchanged, bacterial action appeared to cause 
denitration in the large intestine, resulting in 
the uptake of the denitrated metabolites. 

PETN binds to both plasma proteins and eryth
rocytes, and denitration reactions (the major 
metabolic pathway) occur in vitro with both 
blood components, primarily with erythrocytes. 
Denitration reactions appear to be most rapid 
with the more highly nitrated metabolites, re
sulting in accumulation of the mono- and dini
trated forms (DiCarlo et al., 1965). Denitration 
reactions can be catalyzed by subcellular frac
tions of heart (DiCarlo et al., 1967b) and by liver 
parenchymal and reticuloendothelial cells 
(DiCarlo et al., 1967c; Melgar et al., 1974). The 
reaction requires reduced glutathione and a 
rather nonspecific enzyme termed glutathione
organic nitrate reductase (Needleman and 
Hunter, 1965). Removal of one or more nitro 
groups allows the resulting alcohol to form glu
curonide conjugates. The conjugates of penta
erythritol mono-, di-, and trinitrate were iso
lated from the bile ofWistar rats given [14C]pen
taerythritol trinitrate by intravenous injection 
(Crew et al., 1971). 

DiCarlo et aL (1967d) administered [14C]PETN 
(10 mg/kg) by gavage to female Wistar rats. 
Approximately 8% of the radiolabel was ab
sorbed during the first hour, 14% after 2 hours, 
24% after 4 hours, and 60% after 18 hours. Ra
dioactivity was first found in feces after 2 hours, 
and 10% of the dose was eliminated by this route 
after 18 hours. Most of the radioactivity ab
sorbed during the first hour was cleared from 
blood and found in tissues, primarily fat and car
cass. Pentaerythritol was determined to be the 
major final metabolite in rats. 

Little or no carbon dioxide results from PETN 
metabolism (Crew et aL, 1966). Most of the ab
sorbed PETN is excreted in urine. Pentaerythri 
tol di- and mononitrate and pentaerythritol were 
found in the urine in different proportions, de
pending on the time after administration. Crew 
et al. (1971) found that urinary excretion of the 

radiolabel was reduced by 60% in biliary cannu
lated Wistar rats compared with noncannulated 
rats that had received [14C]pentaerythritol tri 
nitrate. This suggests that glucuronidated me
tabolites normally undergo enterohepatic cir
culation through reabsorption from the intestine 
after removal of glucuronic acid. Studies of me
tabolism patterns in mice have indicated a basic 
similarity to those of rats (Litchfield, 1971). 

A quantitative study of the pharmacokinetics of 
PETN after oral or intra-arterial dosing in 
Sprague Dawley rats was performed by King 
and Fung (1986). PETN appeared to be rapidly 
converted to the denitrated metabolites after 
oral or intra-arterial administration, and only 
the di- or mononitrated metabolites were de
tected after oral dosing. The half-life of PETN in 
blood was 5.8 minutes, and that of the trinitrate 
and dinitrate was about 62 minutes each. The 
clearance of total label was 620 ml/minute per 
kilogram, which exceeds the cardiac output by 
about one-third and exceeds the denitrating ca
pacity of blood plasma and erythrocytes. To ac
count for this, King and Fung proposed that 
PETN and its metabolites are extracted from 
blood by the blood vessels. 

Studies in humans have indicated absorption of 
at least 60% of an oral dose of[14C]PETN. Label 
appeared in the blood within 15 minutes, but 
only the mono- and dinitrated forms were found 
(Davidson et al., 1970). Predominant forms in 
the urine were the mononitrate and the com
pletely denitrated pentaerythritol. These re
sults are similar to those observed for rats. In 
vitro studies with human blood have indicated a 
capability to degrade PETN primarily to the tri 
nitrate but no further (King and Fung, 1985). 
The half-life for denitration of PETN in human 
blood was three to four times slower than that in 
rat blood. Studies of the in vivo pharmacody
namics of pentaerythritol trinitrate indicated 
that it was metabolized to pentaerythritol dini
trate and pentaerythritol mononitrate within a 
few minutes; the elimination half-life of penta
erythritol dinitrate from human blood was 10.5 
hours, and that of pentaerythritol mononitrate 
was 7.3 hours (Davidson et al., 1971). Taken to
gether, these results suggest a major role in hu
mans for the absorption of the trinitrate fol
lowing bacterial denitration of PETN in the 
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intestine. However, the studies of Carter and 
Goldman (1976) have shown no evidence for the 
involvement of intestinal microflora in the ab
sorption ofPETN in the rat. 

Proposed Mechanism of Vascular 
Smooth-Muscle Relaxation by Organic 
Nitrates 

Recently, considerable evidence has pointed to 
an activation of cGMP formation in the relaxa
tion of smooth muscle by organic nitrates (Kreye 
et al., 1986). Guanylate cyclase has been shown 
to be activated by some nitrates directly or by 
derivatives such as the S-nitrosothiols. In brief, 
this theory holds that organic nitrates enter 
smooth-muscle cells, where they undergo deni
tration. The nitrite formed is metabolically ac
tivated by thiols such as cysteine to form an un
stable S-nitrosothiol capable of activating 
guanylate cyclase (lgnarro et al., 1981). Activa
tion of guanylate cyclase and stimulation of 
cGMP production may result in phosphorylation 
of a protein kinase, which in turn activates a 
sarcolemmal ATPase responsible for the extru
sion of calcium (Kukovetz and Holzmann, 1986). 

Toxicity 

Toxicity associated with organic nitrate expo
sure is generally secondary to cardiovascular ef
fects. Symptoms of headache in munitions 
workers were described earlier, and weakness, 
dizziness, and other manifestations of cerebral 
ischemia associated with postural hypotension 
may develop. Even in the most severe cases of 
overdose, simple changes in position to restore 
venous flow to the heart is sufficient therapy 
(Gilman et al., 1985). Cutaneous sensitivity to 
PETN has been reported in humans and appears 
to be a common effect of exposure to all organic 
nitrates (Ryan, 1972). 

Von Oettingen et al. (1944) gave volunteers 64
mg capsules orally and measured various physi
ologic functions for several hours. No changes 
occurred in respiration or blood pressure, and no 
increase in blood nitrite was found. When dogs 
were given doses of 5 mg/kg orally, a gradual, 
transient decrease (about 28%) in blood pressure 

was noted with a corresponding increase in res
piratory rate and minute volume. No reports of 
LD5o determinations in animals were found in 
the literature (NIOSH, 1987). 

Von Oettingen et al. ( 1944) also studied the ef
fects of 1-year administration of PETN in feed to 
an unspecified strain of rats. Groups of 45 rats 
were given either a control diet or a diet contain
ing sufficient PETN to provide doses of 2 mg/kg 
body weight. No effects on body weight were 
noted, and deaths in both groups were attributed 
to parasitic infestations. Monthly blood collec
tions tended to show slightly higher values for 
hemoglobin and erythrocytes in the dosed ani
mals. Microscopic examination of the brain, 
heart, lungs, liver, spleen, kidney, adrenal 
glands, testis, and femur revealed no clear com
pound-related changes. 

Reproductive Toxicity 

No studies of reproductive or developmental 
toxicity or teratology in animals or humans were 
found in the literature. 

Genetic Toxicity 

Little information is available in the literature 
regarding the mutagenic potential of PETN, but 
available data suggest that the chemical is not 
mutagenic. PETN did not induce mutations in 
Salmonella typhimurium when tested with or 
without S9 metabolic activation in a variety of 
strains by the spot test, the plate incorporation 
test, and a preincubation protocol (Simmon et 
al., 1977; Whong et al., 1980; Mortelmans et al., 
1986). PETN was reported to be negative for in
duction of mitotic recombination when tested in 
Saccharomyces cerevisiae D3 (Simmon et al., 
1977). 

Pentaerythritol mononitrate was reported to in
duce gene mutations in the Escherichia coli bac
teriophage T4B (Kononova et al., 1972), but the 
completely denitrated metabolite pentaerythri 
tol was negative when tested for gene reversion 
in E. coli and S. typhimurium at doses up to 5 
mg/plate (Shimizu et al., 1985). 
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Study Rationale widespread use in angina therapy and because of 
the lack of adequate toxicologic and carcinogenic 

PETN was nominated for study by the National characterization in animals. The oral route of 
Cancer Institute from a review of vasodilator exposure was chosen to mimic the principal 
drugs and was selected because of its potential mode of human exposure. 
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PROCUREMENT AND magnetic resonance spectrum found in the lit 
CHARACTERIZATION OF PETN, NF erature) (Representative spectra of the study 

material are presented in Figures 1 to 5 ) 

Pentaerythntol tetranitrate D-lactose monohy
drate (1 4) (PETN, NF) was obtained in three 
lots lot no G23-H2 from ICI America, Inc (Wil
mington, DE) and lot nos 80124 and 81130 from 
R W Greeff and Company (Old Greenwich, CT) 
(Table 1) The PETN component was National 
Formulary grade, and the lactose was USP 
grade Purity and identity analyses were con
ducted at Midwest Research Institute (MRI) 
(Kansas City, MO) MRI reports on the analyses 
performed in support of the PETN, NF, studies 
are on file at the National Institute of Environ
mental Health Sciences 

Analysis of cumulative data on all lots of the 
study material indicated that the PETN was 
greater than 99% pure and was incorporated in a 
20 80 mixture of PETN lactose monohydrate 
All lots of the study chemical were identified as 
a mixture of PETN and lactose by infrared and 
nuclear magnetic resonance spectroscopy The 
mfrared and nuclear magnetic resonance spec
tra of the study material were consistent with a 
mixture ofPETN and lactose Isolation ofPETN 
from the study material by acetone extraction 
and subsequent infrared and nuclear magnetic 
resonance spectral analysis gave spectra that 
were consistent with that expected for the struc
ture of PETN and the literature spectra (Sadtler 
Standard Spectra, infrared only, no nuclear 

The purity of all lots was determined by ele
mental analysis, Karl Fischer water analysis, 
specific rotation measurements to determine lac
tose content, and thin-layer chromatography 
Thin-layer chromatographic analysis was per
formed on water (lot no G23-H2 only), water 
methanol (1 1), and acetone extracts of the study 
chemical by using aluminum oxide plates with 
two solvent systems toluene (system 1) and 
petroleum ether acetone (85 10, for acetone ex
tracts only) (system 2) Visualization for nitrate 
esters was performed under ultravwlet light 
with 5% diphenylamine in 95% ethanol and with 
50% aqueous sulfuric acid spray reagents High
performance liqmd chromatography was per 
formed concurrently for lot nos G23-H2 and 
81130 with a Waters J1Bondapak C18 column and 
a water methanol (45 55) solvent system, acet
anilide was the internal standard, and ultra
violet detection was at 210 nm The USP assay 
to determine the concentration of PETN was 
performed by extraction of the study material 
with acetone, reaction of the extracted PETN 
with phenoldisulfonic acid, measurement of the 
absorbance maximum near 409 nm, and com
parison with a potassium nitrate standard Ace
tone-insoluble material in lot no 81130 was de
termined by weighing the dried residue from a 
Soxhlet extraction of the study material with 
acetone 

TABLE 1. IDENTITY AND SOlJ RCE OF LOTS USED IN THE STUDIES OF PETN, NF 

Fourteen-Day Thirteen- and Fourteen Two-Year 
Studies Week Studies Studies 

Lot Numbers 
G23-H2 G23 H2, 80124 80124,81130 

Date of Initial Use 
10/15/80 Lot no 80124 2/26/81 Lotno 81130 8/17/83 

Supplier 
ICI Amenca, Inc 
<Wllmmgton, DE) 

G23 H2 same as 14 d studtes, 
80124- R W Greeffand Company
<Old Greenwtch, CTl 

R W Greeffand Company
<Old Greenwtch, CTl 
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Results of elemental analysis of lot no G23-H2 
for carbon, hydrogen, and nitrogen were in 
agreement with the theoretical values based on 
a 20 80 mixture of PETN and lactose monohy
drate Karl Fischer analysis indicated 3 95% 
water The USP assay determined the PETN 
concentration to be 21 1% Specific rotation in
dicated the presence of 79 8% lactose after cor
rection for water content Thin-layer chromato
graphic analysis ind1cated only spots for PETN 
and lactose 

Results of elemental analysis of lot no 80124 for 
carbon, hydrogen, and nitrogen were in agree
ment with the theoretical values Karl Fischer 
analysis indicated 4 07% water The USP assay 
determined the PETN concentration to be 
20 6% Specific rotation indicated the presence 
of79% lactose after correction for water content 
Thin-layer chromatographic analysis indicated 
only spots for PETN and lactose 

Results of elemental analysis of lot no 81130 for 
carbon were slightly high, those for nitrogen 
were slightly low, and those for hydrogen were 
in agreement with the theoretical values Karl 
Fischer analysis indicated 4 1% water The USP 
assay determined the PETN concentration to be 
20 7% Specific rotation data indicated the pres
ence of 72 9% lactose after correction for water 
content Acetone-insoluble material represent
ed 78 4% of the study material Thin-layer chro
matographic analysis by two systems indicated 
only spots for PETN and lactose High
performance liquid chromatographic analysis 

indicated that the PETN content of lot nos G23
H2 and 81130 was identical 

Stability studies on PETN were performed by 
extracting PETN from the lactose with acetone 
containing 0 02% diethyl phthalate as an in
ternal standard, followed by gas chromato
graphic analysis with nitrogen as the carrier, a 
flow rate of 70 ml/minute, a 3% SP2100 column, 
flame ionization detection, and an isothermal 
oven temperature of 145° C (Decomposition on 
the column occurred at temperatures above 
150° C ) PETN was found to be stable as a 20 80 
mixture in lactose when stored for 2 weeks, pro
tected from light, at temperatures up to 60° C 
The bulk chemical was reanalyzed by the study 
laboratory every 4 months over the course of the 
studies by infrared spectroscopy, high per
formance liquid chromatography, and thin-layer 
and gas chromatography Since no deterioration 
of the study material was seen by the study lab 
oratory, it was concluded that PETN remained 
stable during the studies 

PREPARATION AND 
CHARACTERIZATION OF DOSE 
MIXTURES AND FORMULATED DIETS 

Formulated diets were made by preparing a 
premix ofPETN, NF, and feed in a mortar with a 
pestle and then blending the premix w1th 
additional feed in a twin-shell blender for 15 
minutes (Table 2). Studies to determine the 
homogeneity of a formulated diet mixture indi
cated about a 2% deviation from the theoretical 
concentration for samples taken from three 

TABLE 2. PREPARATION AND STORAGE OF DOSE MIXTURES AND FORMULATED DIETS IN THE 
STUDIES OF PETN, NF 

Fourteen-Day Thirteen- and Fourteen Two-Year 
Studies Week Studies Studies 

Preparation 
Premix ofweighed PETN, NF, 
and feed layered between feed 
m a Patterson-Kelly V Twm 
Shell® blender eqmpped With an 
mtensifier bar, mixed for 15 mm 

Maximum Storage Time 
2wk 

Storage Conditions 
0° ± 5° C In double plastiC bags 

Same as 14-d studies, mixed for Same as 14-d studies 
20mm 

2wk 2wk 

0° ± 5° C In double plastiC bags 0° ± 5° c In double plastic bags 
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locations in the blender after 15 minutes of mix
ing, demonstrating homogeneity by the mixing 
procedure PETN, NF, at a concentration of 100 
ppm in feed, was stable for 2 weeks in the dark 
at 5° and 25° C and exhibited a loss of approxi
mately 6% after 2 weeks' storage at 45° C Dur
ing the 2-year studies, formulated diets were 
stored at 0° ± 5° C for no longer than 2 weeks 

Periodic analyses of formulated diet mixtures of 
PETN, NF, were conducted at the study labora
tory and the analytical chemistry laboratory 
Feed samples were extracted with acetonitrile 
containing acetanilide as an internal standard 
Extracts were clarified by centrifugation, and 
PETN, NF, was determined by high-per
formance liquid chromatographic analysis with 

a Waters pBondapak Cts column, a methanol 
water solvent system, and ultraviolet detection 
at 210 nm. Formulated diets were analyzed be
fore the start of, and midway through, the 13
and 14-week studies All results were within 
specifications and ranged from 93% to 100% of 
target concentrations (Table 3) During the 2
year studies, the formulated diets were analyzed 
at approximately 8-week intervals. For the 
PETN, NF, studies, the mixtures were formu
lated within ± 10% of the target concentrations 
approximately 98% (55/56) of the time through
out the 2-year studies (Table 4) Results of peri
odic referee analysis performed by the analytical 
chemistry laboratory indicated generally good 
agreement with the results from the study lab
oratory (Table 5) 

TABLE 3. RESULTS OF ANALYSIS OF FORMULATED DIETS IN THE THIRTEEN- AND FOURTEEN
WEEK FEED STUDIES OF PETN, NF 

Concentration of PETN, NF, in Feed (ppm) Determined as a 
Date Mixed Target Determined (a,b) Percent of Target 

12/31/80 

02/25/81 

3,100 
6,200 

12,500 
25,000 
50,000 

3,100 
6,200 

12,500 
25,000 
50,000 

3,100 
6,080 

12,200 
23,300 
46,900 

3,030 
6,000 

12,500 
24,000 
46,600 

100 
98 I 
97 6 
93 0 
93 8 
97 7 
96 8 

100 
96 0 
93 2 

(a) Samples stored for 10 weeks before analysts untt! method ofanalysts was developed 
(b) Results ofduphcate analysts 
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TABLE 4. RESULTS OF ANALYSIS OF FORMULATED DIETS IN THE TWO-YEAR FEED STUDIES OF 
PETN,NF 

Determined Concentration of PETN, NF, in Feed 
for Target Concentration ~J:!J:!m) (a) 

Date Mixed 6,200 12,500 25,000 50,000 

12/29/81 6,300 13,100 26,600 51,300 
04/08/82 6,400 12,100 25,000 50,200 
05/26/82 6,500 13,000 26,100 51,600 
06/24/82 6,250 12,900 25,600 50,500 
09/16/82 (b)6,333 12,400 25,500 (b)50,700 
10/21/82 6,250 12,500 25,500 50,700 
01/13/83 6,250 12,300 25,100 50,500 
02/03/83 6,400 13,000 26,200 50,600 
04/14/83 6,700 (c) 14,400 26,200 54,200 
04/15/83 (d) 12,700 
06/08/83 6,200 12,800 25,000 49,800 
08/03/83 6,500 12,700 25,500 51,500 
10/05/83 6,200 13,100 26,000 52,600 
11/09/83 6,300 12,700 24,900 49,100 
12/28/83 5,900 12,600 24,400 51,100 

Mean(ppm) 6,320 12,829 25,543 51,029 
Standard dev1at10n 184.6 545.5 621 1 1,241.2 
Coefficient ofvanation (percent) 2.9 4.3 24 2.4 
Range(ppm) 5,900-6,700 12,100-14,400 24,400-26,600 49,100-54,200 
Number of samples 14 14 14 14 

(a) Results ofduplicate analysis 
(b) Mean concentration for samples taken from three locatwns w1thm the blender 
(c) Out ofspec1ficat10ns; not used in the stud1es. 
(d) Rem1x; not mcluded in the mean. 

TABLE 5. RESULTS OF REFEREE ANALYSIS OF FORMULATED DIETS IN THE TWO-YEAR FEED 
STUDIES OF PETN, NF 

Determined Concentration (J:!pm) 
Target Concentration Study Referee 

Date Mixed (ppm) Laboratory (a) Laboratory (b) 

12/29/81 6,200 6,300 6,200 
09/16/82 25,000 25,500 26,500 
04/14/83 12,500 14,400 13,300 
10/05/83 50,000 52,600 52,300 

(a) Results of duplicate analysis 
(b) Results oftnplicate analysis 
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II. MATERIALS AND METHODS 


FOURTEEN-DAY STUDIES 

Male and female F344/N rats and B6C3Ft mice 
were obtained from Charles River Breeding Lab
oratories and were held for 15 days before the 
studies began. The rats were 6-7 weeks old 
when placed on study, and the mice were 7-8 
weeks old. 

Groups of five rats and five mice of each sex were 
fed diets containing 0, 3,100, 6,200, 12,500, 
25,000, or 50,000 ppm PETN, NF, for 14 con
secutive days. Animals were observed two times 
per day and weighed one time per week. Feed 
consumption was monitored throughout the 
studies. 

Animals were housed five per cage. Water and 
feed were available ad libitum. Details of ani
mal maintenance are presented in Table 6. A 
necropsy was performed on all animals. Histo
logic examination on the kidneys only was per
formed on mice fed diets containing 0, 25,000, or 
50,000 ppm PETN, NF. 

THIRTEEN-WEEK AND FOURTEEN
WEEK STUDIES 

Thirteen-week or 14-week studies were con
ducted to evaluate the cumulative toxic effects of 
repeated exposure to PETN, NF, and to deter
mine the concentrations to be used in the 2-year 
studies. 

Male and female F344/N rats and B6C3Ft mice 
were obtained from Charles River Breeding Lab
oratories and were held for 26-28 days (rats) or 
20-22 days (mice) before the studies began. Ani
mals were distributed to weight classes and as
signed to cages such that average cage weights 
for animals of each sex and species were approxi
mately equal. Groups of 10 rats and 10 mice of 
each sex were fed diets containing 0, 3,100, 
6,200, 12,500, 25,000, or 50,000 ppm PETN, NF, 
for 13 weeks (mice) or 14 weeks (rats). 

Rats and mice were housed five per cage. For
mulated diets, control diets, and water were 
available ad libitum. Animals were observed 
two times per day. Individual animal weights 

were recorded at day 0, once per week during the 
studies, and at necropsy. Feed consumption was 
monitored 2-3 days per week. Further experi
mental details are summarized in Table 6. 

An 18- to 24-hour sample of urine was collected 
during week 13 of the studies from rats placed in 
suspended stainless-steel metabolism cages. 
Only water was provided. Urinary nitrite was 
determined with an Ames Clini-Tek Semi-Auto
mated Urinalysis Analyzer, Model 5500. At the 
end of the studies, blood was collected from bar
biturate-anesthetized rats and mice by exsan
guination from the jugular vein for methemo
globin determination by spectrophotometry. 
The whole blood specimen was placed in a 2-ml 
Vacutainer® tube containing K3EDTA as an an
ticoagulant. The tubes were inverted several 
times to ensure proper mixing and then placed 
over ice for transport to the clinical laboratory. 
Methemoglobin levels were determined accord
ing to the spectrophotometric method outlined 
by Simmons (1976). A Coleman Junior spec
trophotometer (Model 6A) was used to read the 
samples. As a positive control, several aliquots 
of blood from control rats were spiked with sodi
um nitrite to produce an in vitro methemoglobin 
burden of approximately 7%-8%. 

A necropsy was performed on all animals. 
Weights of the brain, liver, right kidney, thy
mus, heart, and lungs were recorded. Histologic 
examinations were performed on all controls and 
on animals that received 50,000 ppm PETN, NF. 
Selected tissues were examined from other 
groups of animals. Tissues and groups examined 
are listed in Table 6. 

TWO-YEAR STUDIES 

Study Design 

Diets containing 0, 25,000, or 50,000 ppm PETN, 
NF, were fed to groups of 50 male rats for 103 
weeks. Diets containing 0, 6,200, or 12,500 ppm 
PETN, NF, were fed to groups of 50 female rats 
on the same schedule. Diets containing 0, 
25,000, or 50,000 ppm PETN, NF, were fed to 
groups of 49 or 50 male mice for 103 weeks and 
to groups of 50 female mice for 103 weeks. 

27 PETN, NF, NTP TR 365 




TABLE 6. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE STUDIES OF 
PETN,NF 

Fourteen-Day Thirteen· and Fourteen Two Year 
Studies Week Studies Studies 

EXPERIMENTAL DESIGN 

Size of Study Groups 
5 males and 5 females ofeach 
spectes 

Doses 
0, 3,100, 6,200, 12,500, 25,000, 
or 50,000 ppm PETN, NF, m 
feed 

Date of First Dose 
10/15/80 

Date of Last Dose 
10/28/80 

Duration of Dosing 
14 consecutive d 

10 males and 10 females ofeach 
speCies 

Same as 14 d studies 

Rats· male 
mice male 

Rats male 
mice male 

1112/81,female 1114/81, 
1126/81, female 1128/81 

4/20/81,female 4/22/81, 
4/27/81, female 4/29/81 

Rats 14 wk, miCe 13 wk 

Type and Frequency of Observation 
Observed 2 X d, weighed Observed 2 X d, weighed Initially 1 X wk, 
Initially, 1 X wk, and at and at the end of the studies, feed consump 
the end of the studies twn measured 2 3 d/wk 

Necropsy, Histologic Examinations, and Supplemental Studies 
Necropsy performed on all 
animals, kidneys of male and 
female miCe from the control, 
25,000 , and 50,000-ppm 
groups exammed hiSto· 
logically 

Necropsy performed on all animals. the follow 
mg tissues exammed histologically for control 
and high dose groups adrenal glands, bram, 
cecum, colon, duodenum, epididymis/semmal 
vesicles/prostate/testes or ovanes/uterus, 
esophagus, eyes ( 1fgrossly abnormal}, gall 
bladder (mice}, gross leswns and tissue masses 
With regwnallymph nodes, heart, Ileum,JeJU 
num, kidneys, liver, lungs and mamstem bron 
chi, mammary gland, mandibular and mesen 
tenc lymph nodes, nasal cavity and turbmates, 
pancreas, parathyroid glands, pitUitary gland, 
preputial or clitoral gland (rats), rectum, sali 
vary glands, skm, spmal cord (If neurologic 
Signs present), spleen, sternebrae mcludmg 
marrow, stomach, thymus, thyroid gland, 
trachea, urmary bladder, and Zymbal gland 
Tissues exammed from 25,000 ppm groups m 
elude Zymbal gland for female rats and liver 
for female mice Organ weights recorded at 
necropsy mclude bram, heart, nght kidney, 
liver, lungs, and thymus Unnary nitnte 
determmed for rats and whole blood methe 
moglobm determmed for rats and miCe 

ANIMALS AND ANIMAL MAINTENANCE 

Strain and Species 
F344/N rats, B6C3F1 mice F344/N rats, B6C3F1 mice 

49 or 50 males and 50 females ofeach 
species 

Male rats and all mice 0, 25,000, or 50,000 
ppm PETN, NF, m feed, female rats 0, 
6,200, or 12,500 ppm 

Rats male 1/19/82 female 1/26/82, 
mice male 1111182, female 114/82 

Rats male 1116/84, female 1/23/84, 
tnice male 1/2/84, female 12/26/83 

Rats 104 wk, mice 103 wk 

Observed 2 X d, weighed Initially, 1 X wk 
for 13 wk and then 1 X mo 

Necropsy performed on all animals, the fol 
lowmg tissues exammed histologically for 
low dose animals that d1ed before month 21 
and for all control and high dose animals 
adrenal glands, bram, cecum, colon, duode 
num, epididymis/semmal vesicles/tumca 
vagmalis/scrotal sac/prostate/testes or ova 
nes/uterus, esophagus, femur or sternebrae 
or vertebrae, gross leswns mcludmg mar 
row, gallbladder (mice} and tissue masses 
with regwnallymph nodes, heart and aorta, 
Ileum, Jejunum, kidneys, larynx, liver, 
lungs and bronchi, mammary gland, man 
d1bular and mesentenc lymph nodes, nasal 
cavity and turbmates, oral cavity, pancreas, 
parathyroid glands, pharynx, pitUitary 
gland, preputial or clitoral gland, rectum, 
salivary glands, skm, spleen, stomach, thy 
mus, thyroid gland, tongue, trachea, un 
nary bladder, and Zymbal gland Gross le 
swns exammed for all low dose animals 
Tissues exammed for low dose groups m 
elude bram, kidneys, liver, pancreas, and 
testes for male rats, esophagus, kidneys, 
liver,lungs, thyroid gland, and uterus for 
female rats, stomach for male miCe, and 
hver, spleen, and stomach for female mice 

F344/N rats, B6C3F1 mice 
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TABLE 6. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE STUDIES OF 
PETN, NF (Continued) 

Fourteen-Day Thirteen- and Fourteen Two-Year 
Studies Week Studies Studies 

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Animal Source 
Charles Rtver Breedmg Rats Charles Rtver Breedmg Laboratones 
Laboratones (Portage, Ml) ( Kmgston, NY), mtce- Charles Rtver Breedmg 

Laboratones (Portage, M[) 

Study Laboratory 
EG&G Mason Research EG&G Mason Research Instttute 
Instttute 

Method of Animal Identification 
Ear punch Ear punch 

Time Held Before Study 
15 d Rats--male 26 d, female 28 d, 

mtce male 20 d, female 22 d 

Age When Placed on Study 
Rats--6-7 wk, mtce--7-8 wk 8-9wk 

Age When Killed 
Rats--8-9 wk, mtce 9 10 wk Rats 22 23 wk, mtce 21 22 wk 

Necropsy Dates 
10/30/80-11/4/80 Rats 4/21181 4/24/81, mtce 4/28/81 5/1/81 

Method of Animal Distribution 
Asstgned to groups such that Same as 14 d studtes 
for a gtven sex and spectes all 
cage wetghts were approxt 
mately equal 

Feed 
NIH 07 Rat and Mouse Ratwn Same as 14 d studtes 
(Zetgler Bros., Inc , Gardners, 
PA); avatlable ad hbtturn 

Bedding 
Aspen Bed (Amencan Excel Same as 14 d studtes 
SIOr, Baltimore, MD) 

Water 
Automatic watenng system Same as 14-d studtes 
(Edstrom Industnes, Water 
ford, WI); avatlable ad hbttum 

Cages 
Polycarbonate (Lab Products, Same as 14-d studtes 
Inc, Rochelle Park, NJ) 

Cage Filters 
Nonwoven fiber filters (Snow Same as 14-d studtes and nonwoven fiber 
Ftltratwn, Cmcmnatl, OH) (Lab Products, Inc , Rochelle Park, NJ) 

Animals per Cage 
5 5 

Other Chemicals on Study in the Same Room 
None None 

Fredenck Cancer Research 
Facthty (Fredenck, MD) 

EG&G Mason Research Institute 

Ear punch 

Rats--19-20 d; mtce- 18-20 d 

Rats 8 wk, mtce--8-9 wk 

Rats 112-114 wk, mtce 112-113 wk 

Rats--1123/84-2/3/84, mtce -113/84 1112/84 

Asstgned to cages by one table of random 
numbers and then to groups by another 
table of random numbers 

Same as 14-d studtes 

Same as 14-d studtes 

Same as 14-d studtes 

Same as 14-d studtes 

Same as 14-d studtes 

5 

None 

29 PETN, NF, NTP TR 365 




TABLE 6. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE STUDIES OF 
PETN, NF (Continued) 

Fourteen-Day Thirteen· and Fourteen Two-Year 
Studies Week Studies Studies 

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Animal Room Environment 

Temp 20• 24•c, hum -42%- Temp 16 1 o 26 7" C, hum 25% 65%, Temp- 19• 27° C, hum 4% 62%, 

77%, fluort>scent hght 12 hid, fluorescent hght 12 hid, more than fluorescent hght 12 hid, 

10 12 room a1r changes/h 12 room a1r changes/h 13 room a1r change/h 


Source and Specifications of Animals 

The male and female F344/N rats and B6C3F1 
(C57BU6N, female X C3H/HeN MTV-, male) 
mice used in these studies were produced under 
strict barrier conditions at Frederick Cancer Re
search Facility under a contract to the Carcino
genesis Program Breeding stock for the founda
tion colonies at the production facility originated 
at the National Institutes of Health Repository 
Animals shipped for study were progeny of de
fined microflora-associated parents that were 
transferred from isolators to barrier-maintained 
rooms Rats were shipped to the study labora
tory at 5 weeks, and mice at 5-6 weeks of age 
The animals were quarantined at the study labo
ratory for 18-20 days Thereafter, a complete 
necropsy was performed on five animals of each 
sex and species to assess their health status 
The rats were placed on study at 8 weeks of age, 
and the mice at 8-9 weeks The health of the ani
mals was monitored during the course of the 
studies according to the protocols of the NTP 
Sentinel Animal Program (Appendix E) 

Animal Maintenance 

Animals were housed five per cage Feed and 
water were available ad libitum Cages were ro
tated during the studies Further details of ani
mal maintenance are given in Table 6 

Clinical Examinations and Pathology 

All animals were observed two times per day, 
and clinical signs were recorded at least one 
time per month Individual body weights were 
recorded one time per week for the first 13 weeks 
of the study and one time per month thereafter 
Mean body weights were calculated for each 

group Animals found moribund and those sur
viving to the end of the studies were humanely 
killed A necropsy was performed on all animals 
including those found dead, unless they were ex 
cessively autolyzed or cannibalized, missexed, or 
missing Thus, the number of animals from 
which particular organs or tissues were exam
ined microscopically varies and is not necessan
ly equal to the number of animals that were 
placed on study 

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
nation of tissues was performed according to an 
"inverse pyramid" design (McConnell, 1983a,b) 
That is, complete histopathologic examinations 
(Table 6) were performed on all high dose and 
control animals and on low dose animals dying 
before month 21 of the study In addition, histo
pathologic examinations were performed on all 
grossly visible lesions in all dose groups. Poten
tial target organs for chemically related neoplas
tic and nonneoplastic effects were identified 
from the short-term studies or the literature and 
were determined by examination of the patholo
gy data, these target organs/tissues in the lower 
dose group were examined histopathologically 

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 wet tissues were sent to the NTP Archives 
for inventory, slide/block match, and wet tissue 
audit The slides, individual animal data rec
ords, and pathology tables were sent to an inde
pendent quality assessment laboratory The 
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II. MATERIALS AND METHODS 


individual animal records and tables were com
pared for accuracy, slides and tissue counts were 
verified, and histotechnique was evaluated. All 
tumor diagnoses, all target tissues, and all tis
sues from a randomly selected 10% of the ani
mals were evaluated by a quality assessment pa
thologist. The quality assessment report and 
slides were submitted to the Pathology Working 
Group (PWG) Chairperson, who reviewed all 
target tissues and those about which there was a 
disagreement between the laboratory and qual
ity assessment pathologists. 

Representative slides selected by the Chairper
son were reviewed by the PWG, which included 
the laboratory pathologist, without knowledge of 
previously rendered diagnoses. The PWG Chair
person selected a subset of slides for PWG review 
which included all diagnosed Zymbal gland le
sions, all available pancreata with diagnosed 
acinar cell proliferative lesions, and other select
ed lesions of the liver, kidney, pituitary gland, 
uterus, prostate, forestomach, lung, and ovary of 
rats. For mice, selected lesions were examined 
from the stomach, adrenal gland, ovary, urinary 
bladder, and the vascular system. When the 
consensus diagnosis of the PWG differed from 
that of the laboratory pathologist, the laboratory 
pathologist was asked to reconsider the original 
diagnosis. This procedure has been described, in 
part, by Maronpot and Boorman (1982) and 
Boorman et al. (1985). The final diagnoses 
represent a consensus of contractor pathologists 
and the NTP Pathology Working Group. For 
subsequent analysis of pathology data, the 
diagnosed lesions for each tissue type are 
combined according to the guidelines of McCon
nell et al. (1986). 

Slides/tissues are generally not evaluated in a 
blind fashion (i.e., without knowledge of dose 
group) unless the lesions in question are subtle 
or unless there is an inconsistent diagnosis of le
sions by the laboratory pathologist. Nonneo
plastic lesions are not examined routinely by the 
quality assessment pathologist or PWG unless 
they are considered part of the toxic effect of the 
chemical. 

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 at the time they were found to 
be missing or dead from other than natural 
causes; animals dying from natural 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 differ
ences were detected, additional analyses using 
these procedures were carried out to determine 
the time point at which significant differences in 
the survival curves were first detected. All re
ported P values for the survival analysis are 
two-sided. 

Calculation of Incidence: The incidence of neo
plastic or nonneoplastic lesions is given as the 
ratio of the number of animals bearing such le
sions at a specific anatomic site to the number of 
animals in which that site was examined. In 
most instances, the denominators include only 
those animals for which the site was examined 
histologically. However, when macroscopic ex
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. 

Analysis of Tumor Incidence: The majority of 
tumors in this study were considered to be inci
dental to the cause of death or not rapidly lethal. 
Thus, the primary statistical method used was a 
logistic regression analysis, which assumed that 
the diagnosed tumors were discovered as the re
sult of death from an unrelated cause and thus 
did not affect the risk of death. In this approach, 
tumor prevalence was modeled as a logistic func
tion of chemical exposure and time. Both linear 
and quadratic terms in time were incorporated 
initially, and the quadratic term was eliminated 
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II. MATERIALS AND METHODS 


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 preva
lence 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, 1975), appropriate for 
rapidly lethal tumors, and the Fisher exact test 
and the Cochran-Armitage trend test (Armitage, 
1971; Gart et al., 1979), procedures based on the 
overall proportion of tumor-bearing animals. 

Tests of significance include pairwise compari
sons of each dosed group with controls and a test 
for an overall dose-response trend. Continuity
corrected tests were used in the analysis of tu
mor 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.) 

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 
control data base (Haseman et al., 1984, 1985) 
are included for those tumors appearing to show 
compound-related effects. 

GENETIC TOXICOLOGY 

Salmonella Protocol: Testing was performed as 
reported by Ames et al. (1975) with modifica
tions listed below and described in greater detail 
by Haworth et al. (1983) and Mortelmans et 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 strains 
(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 before 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 addi
tional 48 hours. Chemicals were tested in four 
strains; if all results were negative, the chemical 
was retested in all strains. 

Each test consisted of triplicate plates of concur
rent positive and negative controls and of at 
least five doses of the study chemical. The high 
dose was limited by toxicity or solubility but did 
not exceed 10 mg/plate. All negative assays 
were repeated, and all positive assays were re
peated under the conditions that elicited the 
positive response. 

A positive response was defined as a reproduci
ble, dose-related increase in histidine-indepen
dent (revertant) colonies in any one strain/ac
tivation combination. An equivocal response 
was defined as an increase in revertants which 
was not dose related, not reproducible, or of in
sufficient magnitude to support a determination 
of mutagenicity. A response was considered ne
gative when no increase in revertant colonies 
was observed after chemical treatment. 

Chinese Hamster Ovary Cytogenetics Assays: 
Testing was performed as reported by Galloway 
eta!. (1985, 1987) and is described briefly below. 
Chemicals were sent to the laboratories as 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 han
dled under gold lights to prevent photolysis of 
bromodeoxyuridine (BrdU)-substituted DNA. 
Each test consisted of concurrent solvent and 
positive controls and of at least three doses of the 
study chemical; the high dose was limited by 
toxicity or solubility but did not exceed 5 mg/ml. 
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In the SCE test without S9, CHO cells were in
cubated for 26 hours with the study chemical in 
McCoy's 5A medium supplemented with 10% fe
tal bovine serum, L-glutamine (2 mM), and anti 
biotics. BrdU was added 2 hours after culture 
initiation. After 26 hours, the medium contain
ing the study chemical was removed and re
placed with fresh medium plus BrdU and coke
mid, 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 medi
um, and S9 for 2 hours. The medium was then 
removed and replaced with medium containing 
BrdU and no study chemical; incubation pro
ceeded for an additional 26 hours, with colcemid 
present for the final 2 hours. Harvesting and 
staining were the same as for cells treated with
out 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 aberration 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 chromo
somal aberration test was based on the cell cycle 
information obtained in the SCE test; if cell 
cycle delay was anticipated, the incubation peri
od was extended approximately 5 hours. 

Cells were selected for scoring on the basis of 
good morphology and completeness of karyotype 
(21 ± 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; 100 
(more recently, 200) first-division metaphase 
cells were scored at each dose for the chromoso
mal aberration test. Classes of aberrations in
cluded simple (breaks and terminal deletions), 
complex (rearrangements and translocations), 
and other (pulverized cells, despiralized chro
mosomes, and cells containing 10 or more 
aberrations). 

Statistical analyses were conducted on both the 
slopes of the dose-response curves and the indi
vidual dose points. An SCE frequency 20% 
above the concurrent solvent control value was 
chosen as a statistically conservative positive re
sponse. The probability of this level ofdifference 
occurring by chance at one dose point is less than 
0.01; the probability for such a chance occur
rence at two dose points is less than 0.001. Chro
mosomal aberration data are presented as per
centage of cells with aberrations. As with SCEs, 
both the dose-response curve and individual dose 
points were statistically analyzed. A statis
tically significant (P<0.003) trend test or a sig
nificantly increased dose point (P < 0.05) was 
sufficient to indicate a chemical effect. 
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III. RESULTS: RATS 


FOURTEEN-DAY STUDIES 

All rats lived to the end of the studies (Table 7) 
Final mean body weights of dosed and control 
rats were comparable. Feed consumption by 
dosed male rats was lower than that by controls. 
No clinical signs or toxic lesions were related to 
PETN, NF, administration. 

FOURTEEN-WEEK STUDIES 

All rats lived to the end of the studies (Table 8) 
No clinical signs were attributed to the chem
ical Final mean body weights of dosed and 
control male rats were similar The final mean 
body weight of female rats that received 25,000 
or 50,000 ppm was 6% or 7% lower than that of 
controls. The relative brain and kidney weights 
for female rats that received 50,000 ppm were 
marginally higher than those for controls 

(Table 9). Nitrite was detected in the urine of 
one male rat in the 6,200-ppm group, one female 
rat in the 25,000-ppm group, and one female rat 
in the 50,000-ppm group. Methemoglobin levels 
in whole blood were not affected by 
administration of PETN, NF (Table 1 0). An 
adenoma of the Zymbal gland was seen in one 
female rat that received 50,000 ppm. 

Dose Selection Ratwnale. Because of the ab
sence of toxic effects in males in the 14-week 
study, the highest dietary concentrations recom
mended for a 2-year study (25,000 ppm and 
50,000 ppm PETN, NF) were selected for male 
rats. Because of lower mean body weight gain 
(-17% to -18%) by female rats at higher con
centrations in the 14-week study, dietary con
centrations of PETN, NF, selected for female 
rats for the 2-year study were 6,200 ppm and 
12,500 ppm. 

TABLE 7. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF RATS IN THE 
FOURTEEN-DAY FEED STUDIES OF PETN, NF 

Mean Body Weights (grams) Final Weight Relative Feed Con
Concentration Survival Initial (b) Final Change (c) to Controls sumption (d) 

(ppm) (a) (percent) Week 1 Week 2 

MALE 

0 5/5 
3,100 5/5 
6,200 5/5 

12,500 5/5 
25,000 5/5 
50,000 5/5 

FEMALE 

0 515 
3,100 5/5 
6,200 515 

12,500 5/5 
25,000 5/5 
50,000 5/5 

139 ± 3 
133 ± 5 
133 ± 5 
132 ± 4 
132 ± 4 
132 ± 4 

104±2 
107 ± 2 
106 ± 2 
106 ± 1 
107 ± 2 
107 ± 2 

208 ± 7 
207 ± 5 
213 ± 5 
213 ± 7 
209 ± 5 
209 ± 7 

145 ± 3 
144 ± 2 
145 ± 2 
147 ± 1 
145 ± 2 
138 ± 1 

+69 ± 8 
+74 ± 2 
+80 ± 1 
+81 ± 4 
+77 ± 2 
+77 ± 3 

+41 ± 2 
+37 ± 1 
+39 ± 2 
+41 ± 1 
+38 ± 1 
+31 ± 1 

100 
102 
102 
100 
100 

99 
100 
101 
100 
95 

27 25 
18 18 
18 20 
24 20 
23 19 
19 19 

15 16 
16 17 
17 17 
18 15 
16 17 
16 15 

(a) Number survtvmg/number 1mt1ally m group 
(b) lmtlal group mean body wetght ± standard error of the mean 
(c) Mean body wetght change of the group ± standard error of the mean 
(d) Grams per ammal per day; not corrected for scatter. 
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TABLE 8. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF RATS IN THE 
FOURTEEN-WEEK FEED STUDIES OF PETN, NF 

Mean Body Weights (grams) Final Weight Relative Feed Con· 
Concentration Survival Initial (b) Final Change (c) to Controls sumption (d) 

(ppm) (a) (percent) Week 7 Week 13 

MALE 

0 10/10 183 ± 6 339 ± 9 +156 ± 6 55 47 
3,100 10/10 184 ± 6 331 ± 8 + 147 ± 10 98 63 48 
6,200 10/10 183 ± 6 335 ± 7 +152 ± 6 99 71 46 

12,500 10/10 183 ± 6 351 ± 6 +168 ± 6 104 76 54 
25,000 10/10 183 ± 6 336 ± 8 +153 ± 5 99 66 36 
50,000 10/10 183 ± 6 336 ± 6 +153 ± 5 99 63 36 

FEMALE 

0 10/10 139 ± 4 215 ± 2 +76 ± 3 66 76 
3,100 10/10 140 ± 4 210 ± 3 +70 ± 2 98 69 69 
6,200 

12,500 
10/10 
10/10 

139 ± 4 
139 ± 4 

211 ± 3 
206 ± 4 

+72 ± 
+67 ± 

1 
2 

98 
96 

69 
80 

66 
74 

25,000 10/10 140 ± 3 203 ± 4 +63 ± 2 94 74 74 
50,000 10/10 139 ± 4 201 ± 4 +62 ± 2 93 83 66 

(a) Number surv1vmg/number 1mtially m group 
(b) Imtial group mean body we1ght ±standard error of the mean 
(c) Mean body we1ght change of the group ± standard error ofthe mean 
(d) Grams per k1logram ofbody we1ght per day, not corrected for scatter 

TABLE 9. ORGAN WEIGHT TO NECROPSY BODY WEIGHT RATIOS FOR RATS IN THE FOURTEEN· 
WEEK FEED STUDIES OF PETN, NF (a) 

0 ppm 3,100 ppm 6,200 ppm 12,500 ppm 25,000 ppm 50,000 ppm 

MALE 

Necropsy body 
we1ght (grams) 364 ±55 344 ± 7 8 352 ± 6 8 349 ±57 341 ± 8 2 344 ± 6 4 

Bram (b)52±015 (b)5 5 ± 011 (b)5 5 ± 0 12 (b)51±049 <h>5 4 ± 0 53 <h>56±012 
L1ver 37 0 ± 0 88 (c)30 6 ± 0 98 (dl32 5 ± 1 24 32 9 ± 1 61 33 1 ± 0 90 32 7 ± 1 52 
R1ght k1dney 4 6 ± 0 55 4 5 ± 0 60 4 4 ± 0 54 4 6 ± 0 61 4 5 ± 0 52 4 6 ± 0 55 
Thymus 1 0 ± 0 16 10±029 0 8 ± 0 10 1 0 ± 0 16 0 7 ± 0 02 0 8 ± 0 12 
Heart 27±006 2 7 ± 0 08 2 7 ± 0 08 2 9 ± 0 25 2 7 ± 0 08 2 6 ± 0 07 
Lungs (e)41 ±012 (b)3 7 ± 0 10 (bl39±02 (bl3 8 ± 0 18 (e)3 7 ± 0 10 (b)3 9 ± 0 09 

FEMALE 

Necropsy body 
we1ght (grams) 217±25 211 ± 3 4 208 ± 3 8 205 ± 3 8 (dl201 ± 3 9 (dl201 ± 4 0 

Bram 83±009 8 6 ± 0 15 8 7 ± 0 12 (d) 8 8 ± 0 13 (cl9 0 ± 0 13 (cl90±019 
L1ver 32 9 ± 0 41 32 5 ± 0 63 311 ±070 323 ±074 31 9 ± 0 85 33 1 ± 0 78 
R1ght k1dney 3 1 ± 0 05 3 1 ± 0 05 3 1 ± 0 05 3 2 ± 0 06 3 2 ± 0 05 (d) 3 3 ± 0 06 
Thymus 1 1 ± 0 10 1 0 ± 0 03 1 1 ± 0 02 1 0 ± 0 04 1 0 ± 0 04 0 9 ± 0 05 
Heart 2 8 ± 0 04 2 8 ± 0 05 2 8 ± 0 08 29±006 2 9 ± 0 07 3 0 ± 0 06 
Lungs 48±011 4 6 ± 0 08 4 7 ± 0 10 4 8 ± 0 08 48±011 4 7 ± 0 12 

(a) Mean ±standard error m m1lhgrams per gram for groups of 10 unless otherw1se specified, P values vs the controls by 
Dunnett's test (Dunnett, 1955) 
(b) S1x were we1ghed 
(c) P<O 01 
<dlP<O 05 
(e) F1ve were we1ghed 
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TABLE 10. METHEMOGLOBIN LEVELS FOR RATS IN THE FOURTEEN-WEEK FEED STUDIES OF 
PETN, NF (a) 

Concentration (ppm) Male Female 

0 
3,100 
6,200 

12,500 
25,000 
50,000 

(bJO 56± 0 08 
0 72 ± 0 11 
0 78 ± 0 12 
0 57± 0 08 
0 62 ± 0 12 
0 59± 0 07 

0 51 ± 0 05 
(c) 0 90 ± 0 09 

0 64 ± 0 09 
0 57± 0 08 
0 44 ± 0 03 
0 66 ± 0 12 

(a) Percent, mean ± standard error for groups of 10 unless otherWISe spectfied, P values vs the controls by Dunnett's test 
<Dunnett, 1955) 
(b) Nme were exammed 
(c) P<O 01 

TWO-YEAR STUDIES 

Body Weights, Feed Consumption, and 
Clinical Signs 

Mean body weights of high dose male rats were 
2% 9% lower than those of controls throughout 
the study (Table 11 and Figure 6) Mean body 
weights of high dose female rats were within 5% 

of those of controls throughout the study The 
average daily feed consumption by low dose or 
high dose rats was 98% or 97% that by controls 
for males and 97% or 103% for females (Ta 
bles F1 and F2) The average amount of PETN, 
NF, consumed per day was approximately 1,200 
or 2,500 mg/kg for low or high dose male rats 
and 400 or 830 mg/kg for low or high dose female 
rats No compound-related clinical signs were 
observed 
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TABLE 11. MEAN BODY WEIGHTS OF RATS IN THE TWO-YEAR FEED STUDIES OF PETN, NF 

Weeks Control Low Dose High Dose 
on 

Study 
Av. Wt. 
(grams) 

No. 
Weighed 

Av. Wt. 
(grams) 

Wt. (percent 
of controls) 

No. 
Weighed 

Av. Wt. 
(grams) 

Wt. (percent 
of controls) 

No. 
Weighed 

MALE 25,000 ppm 50,000 ppm 

1 165 50 160 97 50 160 97 ')() 

2 208 50 197 95 50 195 94 50 
3 235 50 222 94 50 217 92 50 
4 259 50 240 93 50 237 92 50 
5 278 50 262 94 50 258 93 50 
6 298 50 280 94 50 278 9J 50 
7 316 50 297 94 50 293 93 50 
8 319 50 311 97 50 309 97 50 
9 335 50 324 97 50 317 95 50 

10 141 50 329 96 50 326 96 50 
11 355 50 339 95 50 335 94 ')0 
12 368 50 343 93 50 335 91 50 
13 369 50 351 95 50 343 93 50 
17 386 50 375 97 50 370 96 50 
21 405 50 3q6 98 50 390 96 50 
25 415 ')0 407 98 ')0 402 97 50 
29 418 50 419 100 50 406 97 50 
33 4J1 50 430 100 50 409 95 50 
37 437 50 415 100 50 415 95 50 
41 449 50 447 100 50 430 96 50 
45 450 50 455 101 50 434 96 50 
49 467 50 463 99 49 447 96 '\0 
53 460 50 468 102 49 449 98 '\0 
57 470 50 472 100 49 448 95 50 
61 472 49 472 100 49 451 96 50 
65 475 49 479 101 49 458 96 50 
69 477 49 479 100 49 455 95 50 
73 479 48 484 101 48 462 96 50 
77 471 48 477 101 48 457 97 50 
81 467 47 472 101 47 455 97 49 
85 472 44 462 98 46 449 95 47 
89 463 44 458 99 46 447 97 47 
93 468 34 460 98 40 438 94 45 
97 465 30 457 98 38 436 94 43 

101 449 28 454 101 34 423 94 39 
105 441 22 428 97 (a) 28 409 93 29 

FEMALE 6,200 ppm 12,500 ppm 

1 119 50 120 101 50 120 101 50 
2 141 50 141 100 50 141 100 50 
3 152 50 150 99 50 152 100 50 
4 163 50 161 99 '\0 161 99 50 
5 173 50 168 97 50 169 98 50 

179 50 174 97 50 175 98 50 
7 185 50 180 97 '\0 180 97 50 
8 190 50 186 98 50 184 97 50 
9 196 50 188 96 '\0 189 96 50 

10 200 50 193 97 50 191 96 50 
11 202 50 196 97 50 195 97 50 
12 206 50 201 98 50 200 97 50 
13 205 50 200 98 50 201 98 50 
17 217 50 212 98 50 212 98 50 
21 2l5 50 219 97 (a) 49 224 100 50 
25 235 50 228 97 50 227 97 50 
29 239 50 233 97 50 236 99 50 
33 250 50 243 97 49 246 98 50 
37 255 50 252 99 49 253 99 50 
41 267 50 260 97 49 263 99 50 
45 275 50 274 100 49 278 101 50 
49 289 50 287 99 49 292 101 50 
53 299 50 297 99 49 299 100 50 
57 308 50 304 99 49 306 99 50 
61 318 50 313 98 49 316 99 50 
65 329 49 323 98 48 329 100 48 
69 340 49 332 98 48 333 98 48 
73 342 48 335 98 48 336 98 48 
77 342 48 335 98 48 339 99 46 
81 350 47 342 98 (a) 46 346 99 46 
85 355 45 338 95 43 345 97 45 
89 359 44 341 95 43 343 96 44 
93 384 40 348 96 40 351 96 42 
97 367 38 352 96 38 350 95 39 

101 365 37 348 95 36 349 96 34 
105 365 33 352 96 33 349 96 31 

(a) The number of ammals we1ghed was lower than the number of ammals survlVmg 
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III. RESULTS: RATS 


Survival 

Estimates of the probabilities of survival for 
male and female rats fed diets containing PETN, 
NF, at the concentrations used in these studies 
and for controls are shown in Table 12 and in the 
Kaplan and Meier curves in Figure 7. No signif
icant differences in survival were observed be
tween any groups of either sex. 

Pathology and Statistical Analyses of 
Results 

This section describes the statistically signifi

cant or biologically noteworthy changes in the 
incidences of rats with neoplastic or nonneoplas
tic lesions of the Zymbal gland, thyroid gland, 
and hematopoietic system. 

Summaries of the ineidences of neoplasms and 
nonneoplastic lesions, individual animal tumor 
diagnoses, statistical analyses of primary tu
mors that occurred with an incidence of at least 
5% in at least one animal group, and historical 
control incidences for the neoplasms mentioned 
in this section are presented in Appendixes A 
and B for male and female rats, respectively. 

TABLE 12. SURVIVAL OF RATS IN THE TWO-YEAR FEED STUDIES OF PETN, NF 

Control Low Dose High Dose 

MALE (a) 25,000 ppm 50,000 ppm 

Animals initially in study 50 50 50 

Natural deaths 
Moribund kills 

8 
20 

"'L' 
17 

5 
16 

Animals surviving until study termination 22 (b)29 29 

Survival P values (c) 0.086 0.177 0.099 

FEMALE (a) 6,200 ppm 12,500 ppm 

Animals initially in study 50 50 50 

Natural deaths 4 :~ 1 
Moribund kills 13 1'",) 18 
Animals surviving until study termination 33 3:l 31 

Survival P values (c) 0.774 0.885 0.846 

(a) First day of termination period: 735 
(b) One animal died or was killed in a moribund condition and was combined, for statistical purposes, with those killed at 
termination. 
(c) The result of the 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 


Zymbal Gland: Adenomas or carcinomas oc
curred only in dosed male and female rats (Ta
ble 13). Carcinomas were visible grossly as ul
cerated masses on the side of the head just below 
the ear canal. Histologically, they appeared as 
typical squamous cell carcinomas with extension 
to the subcutaneous tissue and replacement of 
the epidermis. Adenomas lacked squamous 
metaplasia and occurred as well-defined nodules 
of differentiated sebaceous-type cells with fewer 
undifferentiated reserve-type cells. In contrast 
to normal acini with a pattern of differentiation 
to sebaceous cells from the periphery to the 

center, sebaceous differentiation in the adenoma 
is more random and appears within multiple foci 
within the nodule. Adenomas were larger than 
adjacent normal lobules/acini, with numerous 
hyperchromatic cells. One adenoma was cystic 
with focal, disoriented proliferations of cells at 
the margin, and one had a thin fibrous capsule. 
The hyperplasia was smaller than the adenomas 
and exhibited less cellular proliferation. With 
the exception of one adenoma, all tumors were 
visible upon gross examination. Special efforts 
were made to collect and evaluate micro
scopically the Zymbal gland from all animals. 

TABLE 13. ZYMBAL GLAND LESIONS IN RATS IN THE TWO-YEAR FEED STUDIES OF PETN, NF (a,b) 

Control Low Dose High Dose 

MALE 

Hyperplasia 
Overall Rates 

Adenoma 
Overall Rates 

Carcinoma 
Overall Rates 

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

FEMALE 

Hyperplasia 
Overall Rates 

Adenoma 
Overall Rates 

Carcinoma 
Overall Rates 

Adenoma or Carcinoma (d) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Day ofFirst Observation 
Life Table Tests 
Logistic Regression Tests 

0/49 (0%) 

0/49 (0%) 

0/49 (0%) 

0/49 (0%) 
0.0% 
0122 (0%) 

P=0.231 
P=0.135 

1/36 (3%) 

0/36 (0%) 

0/36 (0%) 

0/36 (0%) 
0.0% 
0/24 (0%) 

P=0.060 
P=0.055 

25,000 ppm 50,000 ppm 

1/45 <2%) 0/41 (0%) 

l/45 (2o/ol 0/41 (0%) 

2/45 (4%) 2/41 (4%) 

3/45 (7%) 2/41 (7%) 
8.3% 6.9% 
1/24 (4%) 1122 (5%) 
562 687 
P=0.138 P=0.275 
P=0.108 P=0.219 

6,200 ppm 12,500 ppm 

0/37 (0%) 0/35 (0%) 

0/37 (0%) 2/35 (6%) 

1137 (3%) 1135 (3%) 

l/37 <3%) 3/35 (9%) 
4.3% 9.1% 
1123 (4%) 1/23 (4%) 
735 634 
P=0.492 P=0.121 
P=0.492 P=O.ll6 

(a) The statistical analyses used are discussed in Section II <Statistical Methods) and Table A3 (footnotes). 
(b) The estimated dose in milligrams per kilograms per day is given in Section III (Body Weights, Feed Consumption, and 
Clinical Signs) and in Appendix F. 
(c) Historical incidence at the study laboratory (mean ± SDl: 4/599 (0.7% ± 1%); historical incidence in NTP studies: 
19/1,936(1% ± 2%) 
(d) Historical incidence at the study laboratory (mean ± SDJ; 1/649 (0.2% ± 0.6%); historical incidence in NTP studies: 
11/1,983(0.6% ± 1%) 

43 PETN, NF, NTP TR 365 




III. RESULTS: RATS 


Unless enlarged with a tumor, however, this or
gan is small and is not collected as part of the 
typical sections taken from the head; therefore, 
sampling was incomplete in several groups. 

Thyroid Gland: Follicular cell adenomas or car
cinomas (combined) in female rats occurred with 
a significant positive trend (control, 0/50; low 
dose, 0/48; high dose, 3/50) (Table 83); although 
the incidence in the high dose group was not 
significantly greater than that in the controls, it 

exceeded the highest incidence observed in NTP 
untreated control female F344/N rats (2/49). 
Follicular cell adenomas or carcinomas (com
bined) were seen in 1/49 control, 2/15 low dose, 
and 0/50 high dose male rats. 

Hematopoietic SystEm: Mononuclear leukemia 
in male rats occurred with a significant negative 
trend; the incidence in the high dose group was 
significantly lower than that in the controls (Ta
ble 14). 

TABLE 14. MONONUCLEAR LEUKEMIA IN MALE RATS IN THE TWO-YEAR FEED STUDY OF 
PETN, NF (a) 

Control 25,000 ppm 50,000 ppm 

Overall Rates 29/50 <58%) (b) 27/50 (54%) 20/50 (40%) 
Adjusted Rates 70.9% 62.0% 54.4% 
Terminal Rates 11122 (50%) 13/29 (45%) 13/29 (45%) 
Day of First Observation 577 501 589 
Lllfe Table Tests P=0.009N P=0.157N P=0.011N 
Logistic Regression Tests P=0.035N P=0.405N P=0.036N 

(a) Historical incidence ofleukemia at study laboratory (mean± SOl: 145/599 <24% ± 9%l; historical incidence in NTP 
studies: 636/1,936 (33% ± 15%) 
(b) Gross lesions and target organs in low dose animals were examined according to protocol (see Table 6l; 36 spleens were 
examined microscopically. 
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III. RESULTS: MICE 


FOURTEEN-DAY STUDIES 

All mice lived to the end of the studies (Ta
ble 15). The final mean body weight of female 
mice that received 50,000 ppm was 13% lower 
than that of controls. Feed consumption by 
dosed and control mice was similar. No com
pound-related clinical signs or histopathologic 
lesions were observed. 

THIRTEEN-WEEK STUDIES 

All mice lived to the end of the studies (Ta
ble 16). No compound-related clinical signs were 
observed. Final mean body weights of dosed and 
control mice were similar. Feed consumption by 
dosed male mice was lower than that by controls. 
The relative liver and kidney weights for female 
mice that received 50,000 ppm were slightly 
greater than those for controls (Table 17). No 
compound-related increases in methemoglobin 
levels were observed (Table 18). A hepatocellu
lar adenoma was seen in 1/10 female mice that 
received 50,000 ppm. 

TABLE 15. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF MICE IN THE 
FOURTEEN-DAY FEED STUDIES OF PETN, NF 

Mean Body Weights (grams) Final Weight Relative Feed Con
Concentration Survival Initial (b) Final Change (c) to Controls sumption (d) 

(ppm) (a) (percent) Week 1 Week 2 

MALE 

0 515 
3,100 5/5 
6,200 5/5 

12,500 5/5 
25,000 515 
50,000 5/5 

FEMALE 

0 5/5 
3,100 5/5 
6,200 5/5 

12,500 5/5 
25,000 515 
50,000 515 

22.9 ± 0.9 
22.9 ± 0.9 
22.6 ± 0.9 
23.0 ± 0.9 
22.8 ± 1.0 
22.6 ± 0.7 

18.0 ± 0.3 
18.2 ± 0.4 
18.2 ± 0.2 
18.3 ± 0.4 
18.6 ± 0.4 
17.6±0.7 

25.6 ± 1.0 
25.1 ± 1.1 
25.6 ± 0.8 
26.1 ± 1.0 
27.1 ± 1.0 
25.9 ± 0.8 

20.6 ± 0.4 
20.2 ± 0.5 
20.1 ± 0.4 
20.1 ± 0.2 
19.7 ± 0.4 
18.0 ± 0.9 

+2.7 ± 0.3 
+2.2 ± 0.4 
+3.0 ± 0.3 
+3.1 ±0.5 
+4.3 ± 0.3 
+3.3 ± 0.2 

+2.6 ± 0.1 
+2.0±0.3 
+ 1.9 ± 0.2 
+ 1.8 ± 0.4 
+ 1.1 ± 0.4 
+0.4 ± 0.7 

98.0 
100.0 
102.0 
105.9 
101.2 

98.1 
97.6 
97.6 
95.6 
87.4 

6.5 6.5 
6.7 6.5 
6.0 5.9 
5.3 6.3 
6.9 6.8 
6.3 7.1 

5.9 6.1 
5.8 8.3 
8.6 8.9 
5.4 7.2 
6.9 6.4 
4.5 7.5 

(a) Number surviving/number initially in group 
(b) Initial group mean body weight ± standard error of the mean 
(c) Mean body weight change of the group ± standard error of the mean 
(d) Grams per animal per day; not corrected for scatter. 
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TABLE 16. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF MICE IN THE 
THIRTEEN-WEEK FEED STUDIES OF PETN, NF 

Mean Bodl': Weights (grams) Final Weight Relative Feed Con-
Concentration Survival Initial (b) Final Change (c) to Controls sumj2tion (d) 

(ppm) (a) (percent) Week 7 Week 13 

MALE 

0 10/10 
3,100 10/10 
6,200 10/10 

12,500 10/10 
25,000 10/10 
50,000 10/10 

FEMALE 

0 10/10 
3,100 10/10 
6,200 10/10 

12,500 10/10 
25,000 10/10 
50,000 10/10 

24.1 ± 0.4 
24.0 ± 0.4 
23.9 ± 0.4 
24.0 ± 0.4 
23.8 ± 0.4 
24.0 ± 0.4 

19.8 ± 0.3 
20.2 ± 0.3 
20.1 ± 0.2 
20.5 ± 0.3 
20.4 ± 0.3 
20.0 ± 0.3 

30.9 ± 0.3 
32.0 ± 0.6 
30.0 ± 0.8 
32.7 ± 0.8 
31.6 ± 0.6 
31.1 ± 0.6 

27.3 ± 0.6 
29.0 ± 0.7 
29.1 ± 0.7 
27.4 ± 0.6 
28.3 ± 0.7 
27.7 ± 0.8 

+6.8 ± 0.5 
+8.0 ± 0.4 
+6.1 ± 0.7 
+8.7 ± 0.5 
+7.8 ± 0.4 
+7.1 ± 0.7 

+7.5 ± 0.5 
+8.8 ± 0.6 
+9.0 ± 0.6 
+6.9 ± 0.5 
+7.9 ± 0.7 
+7.7 ± 0.5 

193 214 
103.6 178 159 
97.1 244 168 

105.8 145 143 
102.3 185 144 
100.6 214 132 

230 200 
106.2 277 226 
106.6 247 187 
100.4 253 191 
103.7 267 183 
101.5 312 195 

(a) Number surviving/number initially in group 
(b) Initial group mean body weight ± standard error of the mean 
(c) Mean body weight change of the group ± standard error of the mean 
(d) Grams per kilogram of body weight per day; not corrected for scatter. 

TABLE 17. ORGAN WEIGHT TO 	NECROPSY BODY WEIGHT RATIOS FOR MICE IN THE THIRTEEN
WEEK FEED STUDIES OF PETN, NF (a) 

0 ppm 3,100 ppm 6,200 ppm 12,500 ppm 25,000 ppm 50,000 ppm 

MALE 

Necropsy body 
weight (grams) 31.0 ± 0.49 31.4 ± 0.82 31.2 ± 0.82 31.5 ±0.89 30.5 ± 0.48 29.8 ± 0.61 

Brain 14.6 ± 0.34 14.5 ± 0.56 14.3 ± 0.40 14.1 ± 0.37 14.8 ± 0.34 15.2 ± 0.34 
Liver 52.9 ± 1.01 55.1 ± 0.97 56.3 ± 1.13 53.7 ± 1.49 55.4 ± 2.13 52.3 ± 1.34 
Right kidney 
Thymus 

8.8 ± 0.27 
1.3 ± 0.13 

8.9 ± 0.25 
1.2 ± 0.11 

8.8 ± 0.38 
1.3 ± 0.26 

8.7 ± 0.21 
1.2±0.17 

8.4 ± 0.16 
1.2 ± 0.11 

9.1 ± 0.21 
1.3 ± 0.24 

Heart 4.8 ± 0.15 (b) 4.8 ± 0.11 4.8 ± 0.14 4.5 ± 0.12 4.7 ± 0.15 4.8±0.11 
Lung 5.9 ± 0.19 6.2 ± 0.30 6.0 ± 0.33 6.0 ± 0.38 6.1 ± 0.23 6.3 ± 0.25 

FEMALE 

Necropsy body 
weight (grams) 26.4 ± 0.52 28.0 ± 0.78 27.8 ± 0.62 27.1 ± 0.52 27.3 ± 0.70 26.1 ± 0.65 

Brain 17.9 ± 0.35 17.4 ± 0.50 17.4 ± 0.41 17.7 ± 0.46 17.4±0.46 18.0 ± 0.41 
Liver 50.2 ± 0.71 51.7 ± 1.16 49.8 ± 0.94 51.7 ± 0.75 52.5 ± 1.10 (c) 53.8 ± 0.71 
Right kidney 
Thymus 
Heart 

6.4 ± 0.10 
1.8 ± 0.16 
4.5 ± 0.13 

6.8 ± 0.21 
1.6 ± 0.12 
4.3 ± 0.10 

6.3 ± 0.14 
1.8 ± 0.19 
4.1 ± 0.10 

6.6 ± 0.11 
1.8 ± 0.21 
4.4 ± 0.17 

6.7 ± 0.15 
1.8 ± 0.15 
4.4 ± 0.15 

(c)6.9 ± 0.12 
2.0 ± 0.14 
4.5 ± 0.10 

Lungs 7.2 ± 0.27 6.9 ± 0.24 6.3 ± 0.33 6.5 ± 0.31 6.6 ± 0.32 6.8 ± 0.28 

(a) Mean ± standard error in milligrams per gram for groups of 10 unless otherwise specified; P values vs. the controls by 
Dunnett's test (Dunnett, 1955). 
(b) Nine were weighed. 
(c)P<0.05 
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TABLE 18. METHEMOGLOBIN LEVELS FOR MICE IN THE THIRTEEN.WEEK FEED STUDIES OF 
PETN, NF (a) 

Concentration (ppm) Male Female 

0 
3,100 
6,200 

12,500 
25,000 
50,000 

0.58 ± 0.08 
0.61 ± 0.08 
0.48 ± 0.03 
0.57 ± 0.08 
0.56 ± 0.08 
0.73 ± 0.09 

0.79 ± 0.13 
0.79 ± 0.10 
0.84 ± 0.12 
0.72 ± 0.12 
0.60 ± 0.09 
0.73 ± 0.14 

(a) Percent, mean ± standard error for groups of 10; no significant differences vs. the controls were obtained by Dunnett's test 
!Dunnett, 1955). 

Dose Selection Rationale: Because of the ab
sence of toxic effects in the 13-week studies, the 
highest dietary concentrations recommended for 
2-year studies (25,000 ppm and 50,000 ppm 
PETN, NF) were selected for mice. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Mean body weights of dosed and control mice 

were generally similar throughout the studies 
(Table 19 and Figure 8). The average daily feed 
consumption per mouse by low dose or high dose 
mice was 100% or 98% that by controls for males 
and 100% and 98% for females (Tables F3 and 
F4). The average amount of PETN, NF, con
sumed per day was approximately 4,000 or 8,100 
mg/kg for low dose or high dose male mice and 
5,100 or 9,700 mg/kg for low dose or high dose fe
male mice. No compound-related clinical signs 
were observed. 
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TABLE 19. MEAN BODY WEIGHTS OF MICE IN THE TWO·YEAR FEED STUDIES OF PETN, NF 

Week Control 25,000 QQm 50,000 QQm 
on Av. Wt. No. Av. Wt. Wt. (percent No. Av. Wt. Wt. (percent No. 

Study (grams) Weighed (grams) of controls) Weighed (grams) of controls) Weighed 

MALE 

1 22.3 50 22.4 100.4 50 22.3 100.0 50 
2 23.7 50 24.2 102.1 50 23.4 98.7 50 
3 25.4 50 25.6 100.8 50 25.1 98.8 50 

26.5 50 26.0 98.1 50 25.9 97.7 50 
27.6 Ia I 48 27.3 98.9 50 26.1 94.6 lai49 
27.6 Ia I 48 28.1 101.8 50 28.2 102.2 Ia) 48 

7 27.7 Ia) 48 28.7 103.6 50 27.9 100.7 Ia I 48 
8 29.7 Ia) 48 29.8 100.3 50 29.3 98.7 (a) 48 
9 30.6 (a) 48 30.3 99.0 50 29.8 97.4 (al 48 

10 29.1 Ia) 48 28.7 98.6 50 28.0 96.2 la147 
11 31.3 Ia I 48 31.2 99.7 50 30.6 97.8 Ia) 47 
12 30.4 Ia) 48 31.3 103.0 50 30.8 101.3 Ia) 47 
13 32.0 Ia) 48 31.5 98.4 50 31.7 99.1 Ia I 47 
17 33.1 Ia) 48 33.0 99.7 50 32.7 98.8 lal 47 
21 35.3 Ia I 48 35.3 100.0 50 35.0 99.2 lal47 
25 35.8 Ia) 48 35.7 99.7 50 35.8 100.0 Ia) 47 
29 35.8 Ia) 47 36.6 102.2 50 36.2 101.1 lai46 
37 36.7 46 37.5 102.2 50 35.5 96.7 48 
41 36.8 46 38.4 104.3 49 38.9 105.7 48 
45 38.8 46 39.5 101.8 49 39.1 100.8 48 
49 39.8 46 40.7 102.3 49 39.4 99.0 48 
53 39.4 46 39.8 101.0 49 39.3 99.7 48 
57 40.8 46 40.8 100.0 49 40.1 98.3 48 
61 40.4 45 39.9 98.8 49 39.1 96.8 (al 43 
65 41.8 45 40.5 96.9 49 40.4 96.7 48 
69 42.4 43 42.2 99.5 48 41.4 97.6 48 
73 42.1 43 41.5 98.6 47 40.8 96.9 48 
77 40.2 43 40.6 101.0 47 38.7 96.3 48 
81 41.5 41 41.6 100.2 46 40.6 97.8 48 
85 41.7 38 41.3 99.0 46 39.4 94.5 47 
89 41.6 36 39.1 94.0 45 40.0 96.2 45 
93 40.2 35 39.3 97.8 44 39.3 97.8 45 
97 41.0 32 40.5 98.8 41 40.0 97.6 43 

101 40.1 29 40.1 100.0 39 38.5 96.0 39 
105 39.0 26 39.3 100.8 38 38.0 97.4 38 

FEMALE 

18.4 50 17.9 97.3 50 18.3 99.5 50 
2 19.0 50 18.8 98.9 49 19.1 100.5 50 
3 18.9 50 17.9 94.7 49 18.8 99.5 50 
4 20.3 50 20.4 100.5 49 20.1 99.0 50 
5 20.9 50 20.9 100.0 49 21.0 100.5 50 
6 21.5 50 21.7 100.9 49 21.7 100.9 50 

22.0 50 21.9 99.5 49 22.1 100.5 50 
21.0 50 22.2 105.7 49 22.3 106.2 50 

9 23.1 50 22.7 98.3 49 23.2 100.4 50 
10 23.5 50 23.0 97.9 49 23.5 100.0 50 
11 23.5 50 23.2 98.7 49 23.3 99.1 50 
12 24.1 50 23.6 97.9 49 24.3 100.8 50 
13 24.8 50 24.5 98.8 49 24.9 100.4 50 
17 27.3 50 26.0 95.2 49 27.3 100.0 50 
21 28.9 50 27.7 95.8 49 29.3 101.4 50 
25 30.1 50 29.8 99.0 49 30.9 102.7 50 
29 31.6 50 30.6 96.8 49 32.3 102.2 50 
33 31.8 50 29.6 93.1 49 33.0 103.8 50 
37 33.7 50 31.6 93.8 49 34.0 100.9 50 
41 34.9 50 33.2 95.1 49 35.3 101.1 49 
45 35.3 50 34.2 96.9 49 36.8 104.2 49 
49 38.4 50 35.9 93.5 49 38.8 101.0 49 
53 38.5 49 37.5 97.4 49 39.2 101.8 49 
57 40.0 49 38.3 95.8 49 40.0 100.0 49 
61 40.7 48 37.7 92.6 48 39.7 97.5 49 
65 42.5 48 38.4 90.4 48 41.3 97.2 49 
69 44.5 48 40.6 91.2 48 43.4 97.5 48 
73 45.4 48 41.5 91.4 48 43.3 95.4 48 
,, 44.0 47 41.8 95.0 46 44.1 100.2 48 
81 44.6 46 42.4 95.1 46 44.5 99.8 48 
85 44.9 46 43.6 97.1 42 44.5 99.1 47 
89 41.5 46 42.0 101.2 42 43.3 104.3 45 
93 41.5 45 41.8 100.7 40 42.9 103.4 45 
97 43.0 43 42.5 98.8 38 44.5 103.5 41 

101 41.6 40 42.3 101.7 34 44.7 107.5 39 
105 41.6 38 40.7 97.8 30 43.3 104.1 38 

(aJ The number of ammals we1ghed was lower than the number of ammals surv1V1ng. 
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III. RESULTS: MICE 


Survival 

Estimates of the probabilities of survival for 
male and female mice fed diets containing 
PETN, NF, at the concentrations used in these 
studies and for controls are shown in Table 20 
and in the Kaplan and Meier curves in Figure 9. 
The survival of the control group of male mice 
was significantly lower than that of both the low 
and high dose groups after day 715 . .\"o signifi
cant differences in survival were observed be
tween any groups offemale mice. 

Pathology and Statistical Analyses of 
Results 

This section describes the statistically signifi
cant or biologically noteworthy decreases in the 
incidences of mice with neoplastic lesions of the 
subcutaneous tissue and liver. At no site was a 
significantly increased incidence of neoplasms 
observed in dosed mice. 

Summaries of the incidences of neoplasms and 
nonneoplastic lesions, individual animal tumor 
diagnoses, statistical analyses of primary tu
mors that occurred with an incidence of at least 
5% in at least one animal group, and historical 
control incidences for the neoplasms mentioned 
in this section are presented in Appendixes C 
and D for male and female mice, respectively. 

Subcutaneous Tissue: Fibromas, fibrosarcomas, 
neurofibrosarcomas, or sarcomas (combined) in 
dosed male mice occurred with a significant neg
ative trend; the incidences in the dosed groups 
were significantly lower than that in controls 
(Table 21). The incidence in the controls is 
nearly six times greater than the mean histori
cal incidence (Table C4). 

Liver: Hepatocellular adenomas or carcinomas 
(combined) in female mice occurred with a sig
nificant negative trend (P<0.05); the incidences 
in the dosed groups were not significantly lower 
than that in the controls (control, 6/49; low dose, 
2/50; high dose, 1149). 

TABLE 20. SURVIVAL OF MICE IN THE TWO-YEAR FEED STUDIES OF PETN, NF 

Control 25,000 ppm 50,000 ppm 

MALE (a) 

Animals initially in study 50 50 50 

Natural deaths 8 6 3 
Moribund kills 15 6 9 
Animals missexed 1 0 0 
Animals surviving until study termination 26 38 38 

Survival P values (b l 0.014 0.025 0.023 

FEMALE (a) 

Animals initially in study 50 50 50 

Natural deaths 7 12 7 
Moribund kills 5 8 5 
Animals surviving until study termination 38 30 38 

Survival P values (bl 0.960 0.127 0.870 

(al First day of termination period: male··729; female-- 730 
(b) The result of the 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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TABLE 21 SUBCUTANEOUS TISSUE TUMORS IN MALE MICE IN THE TWO YEAR FEED STUDY OF 
PETN, NF (a) 

Control 25,000 ppm (b) 50,000 ppm (b) 

Fibroma 
Overall Rates 5/49 ( 10%) 2/50 (4%) 1150 (2%) 
Adjusted Rates 18 0% 53% 26% 
Term10al Rates 4/26<15%) 2/38 (5%) 1/38 (3%) 
Day ofF1rst ObservatiOn 682 729 729 
L1fe Table Te<>ts P=O 021N P=O 098N P=O 041N 
Log1st1c RegressiOn Tests P=O 027N P=O 125N P=O 053N 

Fibrosarcoma 
Overall Rates 14/49 ( 29%) 2/50 (4%) 8/50 (16%) 
Adjusted Rates J5 8% 49% 17 8% 
Term10al Rates 4/26 (15%) 0/38 (0%) 3/38 (8o/o) 
Day of F1rst ObservatiOn 456 656 564 
L1fe Table Te&ts P=O 026N P<O 001N P=O 042N 
Log1st1c RegressiOn Test& P=O 077N P=O 002N P=O 121N 

Fibroma or Fibro~arcom.t 
Overall Rates 19/49 (39%) 4/50 <8%) 9/'iO < 18%> 
Adjusted Rates 49 2% 99% 20 1o/o 
Term10al Rates 8/26<31%) 2/38 (5%) 4/38 (11 %l 
Day ofF1rst Observatwn 456 656 564 
L1fe Table Tests P=O 002N P<O OOlN P=O 005N 
Log1sttc RegressiOn Tests P=O 009N P<O OOlN P=O 019N 

Sarcoma 
Overall Rates 2/49 (4%) 2/50 <4%) 0/50 (0%) 

Neurofibro~arcoma 
Overall Rates 0/49 <0%) 1/50 <2%) 0150 <0%) 

Sarcoma, Fibrosarcoma, or Neurofibro~arcoma 
Overall Rates 15/49 (31 o/o) 5/50 (!()%) 8/50 (16%) 
Adjusted Rates 37 5% 12 1% 17 8% 
Term10al Rates 4/26 (15%) 2/38 (5%) 3/38 (8%) 
Day ofF1rst ObservatiOn 456 656 564 
L1fe Table Tests P=O 016N P=O 004N P=O 027N 
Log1sttc Regresswn Tests P=O 053N P=O 013N P=O 084N 

Fibroma, Sarcoma, Fibrosarcoma, or Neurofibro~arcoma (c) 
Overall Rates 20/49 (41%) 7/50 (14%> 9/50 (18%) 
Adjusted Rates 50 5% 17 0% 20 1% 
Term10al Rates 8/26(31%) 4/38 (11 o/o) 4/38 (11 o/o) 
Day ofF1rst ObservatiOn 456 656 564 
L1fe Table Tests P=O 001N P<O 001N P=O 003N 
Log1st1c Regress10n Tests P=O 006N P=O 002N P=O 012N 

(a) The stabst1cal analyses used are d1scussed m Sectwn II (Statistical Methods> and Table C3 (footnotes) 
(b) The estimated dose 10 mt!!tgrams per kilograms per day IS g1ven m Sect10n III <Body We1ghts, Feed ConsumptiOn, and 
C!tmcal S1gns> and 10 Appendix F 
(c) H1stoncal mc1dence at study laboratory (mean ± SO) 451746 (6% ± 5%), h1stoncal mc1dence m NTP stud1es 178/2,040 
(9% ± 8%) 
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III. RESULTS: GENETIC TOXICOLOGY 


PETN, NF, was not mutagenic in Salmonella 
typhimurium strains TA98, TAlOO, TA1535, or 
TA1537 when tested in a preincubation protocol 
with doses up to 10 mg/plate with or without 
Aroclor 1254-induced male Sprague Dawley rat 
or Syrian hamster liver S9 (Mortelmans et al., 
1986; Table 22). PETN, NF, induced an increase 
in sister chromatid exchanges (SCEs) in cul
tured Chinese hamster ovary (CHO) cells over a 
dose range of 160-2,500 pg/ml in the presence 
and absence of Aroclor 1254-induced male 

Sprague Dawley rat liver S9 (Table 23). The 
level of increased SCEs did not appear to cor
relate with dose, and the chemical did not induce 
cell cycle delay. Precipitation of the chemical 
was observed at concentrations of 500 pg/ml and 
above, which may account for the fluctuation in 
the magnitude of the responses at higher concen
trations. PETN, NF, did not induce chromoso
mal aberrations in CHO cells when tested over a 
similar dose range with and without S9 (Ta
ble 24). 
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TABLE 22. MUTAGENICITY OF PETN, NF, IN SALMONELLA TYPH/MURIUM (a} 

Revertants/Plate (b~ 
Strain Dose -89 + 89 (hamster) +89 ~rat) 

(pg/plate) Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 

TA100 0 79 ± 10 140 ± 1 5 78 ± 38 185 ± 68 70 ± 25 118 ± 4 1 
100 75 ± 60 139 ± 8 1 84 ± 54 151 ± 6 1 76 ± 68 121 ± 112 
333 76 ± 75 136 ± 66 83 ± 43 146 ± 29 71 ± 85 110 ± 7 1 

1,000 81 ± 98 161 ± 1 5 85 ± 3 1 164 ± 3 8 85 ± 85 114 ± 1 7 
3,333 71 ± 28 123 ± 9 1 83 ± 46 161 ± 9 1 82 ± 50 121 ± 6 1 

(c) 10,000 73 ± 10 4 137 ± 88 89 ± 78 169 ± 27 91 ± 58 115 ± 10 5 

Tnal summary 
Positive control <dJ 

Negative 
477 ± 27 

Negative 
505 ± 10 1 

Negative 
819 ± 98 9 

Negative 
2,617 ± 106 6 

Negative 
499 ± 49 5 

Negative 
697 ± 67 4 

TA1535 0 6 ± 1 5 16 ± 20 7 ± 1 2 8 ± 09 4 ± 06 9 ± 1 8 
100 8 ± 1 9 24 ± 26 12 ± 20 8 ± 1 5 5 ± 1 5 7 ± 1 2 
333 8 ± 3 8 26 ± 1 2 10 ± 1 8 9 ± 1 5 5 ± 1 7 8 ± 1 7 

1,000 7 ± 06 21 ± 09 7 ± 1 2 7 ± 26 6 ± 3 3 8 ± 1 3 
3,333 

(c) 10,000 
8 

11 
± 
± 

1 3 
29 

20 
19 

± 
± 

1 9 
27 

8 
10 

± 
± 

07 
1 5 

8 
7 

± 
± 

20 
26 

6 
7 

± 
± 

03 
1 5 

9 
10 

± 
± 

22 
35 

Tnal summary 
Positive control <d> 

Negative 
300 ± 62 

Negative 
523 ± 12 5 

Negative 
192 ± 21 5 

Negative 
597 ± 39 

Negative 
260 ± 15 4 

~egative 

265 ± 10 7 

TAI537 0 5 ± 09 5 ± 06 3 ± 03 5 ± 06 2 ± 0 3 6 ± 03 
100 5 ± 2 1 7 ± 07 9 ± 23 5 ± 06 4 ± 06 6 ± 1 7 
333 3 ± 1 5 7 ± 03 5 ± 1 0 9 ± 23 4 ± 1 3 10 ± 1 7 

1 000 5 ± 2 1 5 ± 03 4 ± 09 6 ± 09 6 ± 1 2 8 ± 06 
3,333 6 ± 03 5 ± 00 5 ± 07 7 ± 09 6 ± 1 3 9 ± 1 5 

(C) 10,000 4 ± 1 5 5 ± 03 6 ± 26 7 ± 09 7 ± 1 2 7 ± 1 5 

Tnal summary 
Positive control <d> 

Negative 
123 ± 22 2 

Negative 
162 ± 71 1 

Negative 
62 ± 14 9 

Negative 
455 ± 41 2 

Negative 
124 ± 13 2 

Negative 
203 ± 23 4 

TA98 0 13 ± 06 35 ± 40 18 ± 09 47 ± 1 2 17 ± 1 5 36 ± 47 
100 8 ± 07 33 ± 60 21 ± 50 37 ± 4 1 17 ± 1 8 37 ± 38 
333 6 ± 03 27 ± 58 20 ± 26 41 ± 39 14 ± 09 32 ± 23 

1,000 11 ± 23 29 ± 46 23 ± 1 9 32 ± 3 6 14 ± 25 36 ± 58 
3,333 14 ± 1 5 23 ± 3 1 17 ± 1 5 35 ± 44 14 ± 29 40 ± 1 9 

(c) 10,000 16 ± 3 5 28 ± 1 9 21 ± 27 35 ± 2 1 14 ± 1 2 43 ± 1 9 

Tnal summary 
Positive control (d) 

Negative 
848 ± 26 7 

Negative 
848 ± 37 3 

Negative 
415 ± 50 

Negative 
1,769 ±56 9 

Negative 
216 ± 15 2 

~egati\ e 
532 ± 34 5 

<a> Study performed at SRI International The detailed protocol Is presented by Haworth et al <1983>, and the data are pre 
sented m Mortelmans et al ( 1986) Cells and study compound or solvent (dimethyl sulfoxide) were mcubated m the absence of 
exogenous metabolic activatiOn (- S9) or with Aroclor 1254 mduced S9 from male Synan hamster liver or male Sprague 
Dawley rat liver High dose was limited by toxicity or solubility but did not exceed 10 mg/plate, 0 1-1g/plate dose 1S the solvent 
control 
<bJ Revertants are presented as mean ± standard error from three plates 
(c) Precipitate on plate at h1ghestdose 
(d) Positive control, 2 ammoanthracene was used on all strams m the presence of S9 In the absence of metabolic activatiOn, 
4 mtro o phenylened1amme was used w1th TA98 sodmm az1de was used w1th TA100 and TA1535, and 9 ammoacndme was 
used w1th TA1537 
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TABLE 23. INDUCTION OF SISTER-CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY 
CELLS BY PETN, NF (a) 

No. of SCEs/ Relative 
Dose Total Chromo No. of Chromo- SCEs/ Hour~ SCEs/cell 

(Jlg/ml) Cells ~omes SCEs some Cell in BrdU (percent) (b) 

-S9 (c)- Summary Pos1tive 

D1methyl sulfox1de 	 50 1,050 437 0 42 87 26 0 

PETN,NF 160 50 1,047 567 0 54 11 3 26 0 129 9 
(e)500 50 1,050 527 0 50 10 5 26 0 120 7 

1,600 50 1,047 525 0 50 10 5 26 0 120 7 
2,500 50 1,050 512 0 49 10 2 26 0 117 2 

M1tomycm C 	 0 0005 50 1,051 577 0 55 11 5 26 0 132 2 
0 005 10 210 290 1 38 29 0 26 0 333 3 

+S9 (d) 

Trial 1 Summary Pos1tlve 

Dimethyl sulfox1de 	 50 1,047 422 04 84 26 0 

PETN,NF 160 50 1,053 566 0 54 11 3 26 0 134 5 
(e)500 50 1,045 543 0 52 10 9 26 0 129 8 

1,600 50 1,050 595 0 57 11 9 26 0 141 7 
2,500 50 1,048 587 0 56 117 26 0 139 3 

Cyclophosphamide 	 0 15 50 1,046 534 0 51 10 7 26 0 127 4 
06 10 210 282 1 34 28 2 26 0 335 7 

Trial 2 Summary Pos1t1ve 

D1methyl sulfoxide 	 50 1,049 425 0 41 85 26 0 

PETN,NF 160 50 1,050 528 0 50 10 6 26 0 124 7 
(el500 50 1,050 614 0 58 12 3 26 0 144 7 

1,600 50 1,050 551 0 52 11 0 26 0 129 4 
2,500 50 1,050 598 0 57 12 0 26 0 141 2 

Cyclophosphamide 	 0 1 50 1,049 576 0 55 11 5 26 0 135 3 
06 10 210 247 1 18 24 7 26 0 290 6 

(a) Study performed at Environmental Health Research and Testmg, Inc SCE = s1ster chromatid exchange, BrdU = bromo 
deoxyundme A detalied descnptwn of the SCE protocol Is presented by Galloway eta! <1985, 1987) Bnefly, Chmese hamster 
ovary cells were mcubated with study compound or solvent as descnbed m (c) and (d) below and cultured for sufficient t1me to 
reach second metaphase diVISIOn Cells were then collected by m1tot1c shake off, fixed, a1r dned, and stamed 
(b) SCEs/cell of culture exposed to study chemical relat1ve to those ofculture exposed to solvent 
(c) In the absence ofS9, Chmese hamster ovary cells were mcubated with study compound or solvent for 2 hours at 37° C Then 
BrdU was added, and mcubatwn was contmued for 24 hours Cells were washed, fresh medmm contammg BrdU and colcem1d 
was added, and mcubatwn was contmued for 2 3 hours 
(d) In the presence ofS9, cells were mcubated w1th study compound or solvent for 2 hours at 37° C Cells were then washed, and 
medmm contammg BrdU was added Cells were mcubated for a further 26 hours, With coleemid present for the final 2 3 hours 
89 was from the hver ofAroclor 1254 mduced male Sprague Dawley rats 
(e) Prec1p1tate formed at th1s and h1gher concentratwns 
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TABLE 24. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS 
BY PETN, NF (a) 

-S9 (b~ +S9 (c) 
Dose Total No. of Abs/ Percent Dose Total No. of Abs/ Percent 

(llglml) Cells Abs Cell Cells (llglml) Cells Ab~o Cell Cell~o 
with Abs with Ab~o 

Harvest time 12 5 hours Harvest time 13 hours 

Dimethyl sulfoxide 
200 3 0 02 1 5 

Dimethyl sulfoxide 
200 2 0 01 1 0 

PETN,NF 
1,000 
1,600 
2,500 

200 
200 
200 

6 
0 
4 

0 03 
0 00 
0 02 

30 
00 
20 

PETN,NF 
1,000 
1,600 
2,500 

200 
200 
200 

6 
9 
8 

0 03 
0 05 
0 04 

30 
40 
35 

MttomycmC 
0 0625 
0 25 

200 
50 

31 
21 

0 16 
0 42 

13 5 
34 0 

Cyclophosphamide 
25 
75 

200 
50 

26 
26 

0 13 
0 52 

12 5 
34 0 

Summary Negative Summary Negative 

(a) Study performed at Environmental Health Research and Testmg Abs = aberratwns A detailed presentatwn of the tech 
mque for detectmg chromosomal aberratwns 1s found m Galloway et al ( 1985, 1987> Bnefly, Chmese hamster ovary cells were 
mcubated w1th study compound or solvent as mdtcated m (b) and (c) Cells were arrested m first metaphase by addttwn of 
colcem1d and harvested by mttottc shake off, fixed, and stamed m 6% Gtemsa 
(b) In the absence ofS9, cells were mcubated wtth study compound or solvent for 8 10 hours at 37° C Cells were then washed, 
and fresh mediUm contammg colcem1d was added for an addttlonal2 3 hours followed by harvest 
(c) In the presence of 89, cells were mcubated With study compound or solvent for 2 hours at 37° C Cells were then washed, 
mediUm was added, and mcubatwn was contmued for 8 10 hours Colcemtd was added for the last 2 3 hours of mcubatwn 
before harvest 89 was from the hver of Aroclor 1254 mduced male Sprague Dawley rats 
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Pentaerythritol tetranitrate (PETN) is an or
ganic nitrate used in munitions and as a drug for 
the prevention of angina pectoris. Toxicity and 
carcinogenicity studies were carried out by in
corporation of PETN into feed given to F344/N 
rats and B6C3F1 mice of each sex. The PETN 
formulation used contained lactose as a stabi
lizing agent (PETN:lactose, 1:4) and thus was 
similar to formulations used therapeutically. 
The dietary concentrations used in these studies 
ranged up to 5% by weight of the PETN/lactose 
mixture; thus, the maximum PETN concentra
tion was about 1%, and the maximum lactose 
concentration was 4%. Lactose is normally pre
sent in the NIH 07 diet at a concentration of 
about 1%. 

PETN, NF, was found to be essentially nontoxic 
to both rats and mice in 14-day and in 13- or 14
week studies. No effects were seen on survival, 
clinical signs, or body weight gains, except for 
female rats, which showed weight gains of 83% 
and 82% those of controls during the 14-week 
study at dietary concentrations of 25,000 ppm 
and 50,000 ppm. No nonneoplastic lesions were 
attributed to PETN administration in the short
term studies, but a Zymbal gland adenoma was 
seen in one high dose female rat and a hepato
cellular adenoma was observed in one high dose 
female mouse. 

Although denitration is a recognized pathway 
for metabolism of PETN, urinary nitrite levels 
were not consistently increased at any dose in 
rats or mice. Comparable data on human uri
nary nitrite levels following PETN administra
tion were not found in the literature. In other 
studies, denitration reactions of organic nitrates 
were shown to lead to increased nitrate and ni
trite levels in the urine of rats (unspecified 
strain) administered 60 mg/kg ethylene glycol 
dinitrate (Litchfield, 1973), and somewhat in
creased nitrite levels were found in the blood of 
dogs administered oral doses of PETN at 5 
mg/kg (von Oettingen et al., 1944). No increases 
in methemoglobin were noted in any group of 
rats or mice, suggesting the lack of significant 
blood nitrite levels during the studies or that the 
capacity of methemoglobin reductase was suffi
cient to prevent the accumulation of increased 
levels of methemoglobin in erythrocytes. No re
ports of increased methemoglobin in human 

users of PETN were found in the literature. The 
typical therapeutic doses for humans are in the 
range of 2-3 mg/kg per day (PDR, 1987). Top 
doses for rats and mice in the short-term studies 
ranged from 3 to 15 g/kg per day of the PETN/ 
lactose mixture, or about 0.6-3 g/kg per day of 
PETN. 

Since there was no evidence of toxicity of PETN, 
NF, in the 14-day and 13- or 14-week studies, 
doses for the 2-year studies were based on the 
maximum dietary concentrations recommended 
for 2-year studies (NCI, 1976). Thus, doses of 
25,000 ppm and 50,000 ppm were chosen for 
male rats and male and female mice. Doses for 
female rats were set at 6,200 ppm and 12,500 
ppm because higher doses resulted in a some
what lower weight gain than for controls in the 
14-week study, although final weights were 
within 7% of those of controls. 

In the 2-year studies, body weights of high dose 
male rats were up to 9% lower than those of con
trols; body weights offemale rats were similar to 
those of controls. Feed consumption by the dosed 
groups was 97%-103% that by the controls, and 
the estimated amounts of PETN, NF, consumed 
per day for low and high dose groups were 1,200 
and 2,500 mg/kg for males and 400 and 830 
mg/kg for females. 

No compound-related clinical signs were 
observed. Survival of dosed male rats was some
what greater than that of controls and was typi
cal of that for current NTP 2-year studies. Sur
vival of control male rats fell below that of the 
dosed groups after about week 90; no reasons for 
this were apparent. Survival of female rats was 
also typical and not affected by PETN, NF, 
administration. 

No nonneoplastic lesions in rats were attributed 
to PETN, NF, administration. It is likely, there
fore, that female rats could have been given 
doses of PETN, NF, as high as those adminis
tered to males, which were limited by the con
vention of not exceeding 5% in a dietary 
admixture. 

Neoplasms of the Zymbal gland were observed in 
three low and two high dose male rats and in one 
low and three high dose female rats. The 
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incidences did not reach statistical significance 
when compared with the zero incidences in each 
control group. The incidences did exceed the 
mean historical incidences for each sex but were 
within the upper ranges previously seen in con
trol groups (male: mean, 1%; range, 0%-8%; fe
male: mean, 0.6%; range, 0%-6%). The inci
dences of hyperplasia did not suggest an in
crease in proliferative lesions in the Zymbal 
gland. Nonetheless, the occurrence of nine neo
plasms in dosed rats compared with none in con
trols, coupled with the observation of a Zymbal 
gland tumor in a high dose female rat in the 13
week study, suggests a possible chemical-related 
effect. 

Ashby and Tennant (1988) have reported that 
compounds found to induce neoplasms in the 
Zymbal gland of male and female rats (9 of 222 
chemicals studied by the NCI/NTP) are all mu
tagens or show genotoxic activity. Seven (3
amino-9-ethylcarbazole hydrochloride, C.I. Ba
sic Red 9 monohydrochloride, cupferron, 2,4-di
aminoanisole sulfate, hydrazobenzene, 5-nitro-o
anisidine, 4,4' -thiodianiline) of these nine chem
icals contain aromatic amino or aromatic nitro 
groups, and eight (the seven mentioned plus 
benzene) are carcinogenic for both rats and mice. 
A similar relationship with genotoxic activity 
was observed in the chemicals reported to cause 
Zymbal gland neoplasms recorded in the Carci
nogenic Potency Database (Gold et al., 1984; L. 
Gold, personal communication to J. Bucher, 
NIEHS, 1988). These chemicals include the non
aromatic compounds acrylonitrile and vinyl 
chloride. In the current studies, PETN, NF, was 
found to be at most very weakly genotoxic, and a 
very marginal response was noted in Zymbal 
gland neoplasms in male and female rats. 

Thyroid gland follicular cell adenomas or carci
nomas occurred in three high dose female rats. 
The incidence is greater than the average his
torical incidence in NTP studies (1%, Table B4), 
but follicular cell hyperplasia and follicular cell 
tumors were not increased in male rats. For 
these reasons, this marginal increase is not con
sidered related to PETN, NF. 

In the 2-year studies with mice, mean body 
weights of dosed and control mice were similar, 
and no chemically related clinical signs were 
noted. Feed consumption by the dosed groups 

was 98%-100% that of the controls, and the esti
mated amounts ofPETN, NF, consumed per day 
for low and high dose mice were 4,000 and 8,100 
mg/kg for males and 5,100 and 9,700 mg/kg for 
females. Survival of dosed male mice was signif
icantly greater than that of controls, and sur
vival of dosed female mice was similar to that of 
controls. 

No increases in neoplastic or nonneoplastic le
sions were observed in dosed mice. Combined 
tumors of the subcutaneous tissues occurred 
with a negative trend in male mice, and the inci
dences in the low and high dose groups were sig
nificantly lower than that in the controls. Sub
cutaneous tumors occurred in the control group 
at a rate nearly six times that customarily seen 
in historical control male mice (Tables C3 and 
C4). The reasons for this are not clear; the pres
ence of these masses could account for the higher 
number of animals killed in a moribund condi
tion in this group compared with the number in 
the dosed groups, and this may be the primary 
reason for the reduced survival of the control 
group. 

No reports of long-term studies with other or
ganic nitrates were found in the literature. 
Studies of many chemicals containing aromatic 
nitro groups have resulted in positive indica
tions of carcinogenicity in animals (Haseman et 
al., 1987; IARC, 1987), and alkyl nitroso com
pounds, including nitrosamines and nitroso
amides, are among the most widely recognized 
and studied classes of chemical carcinogens 
(Weisburger and Williams, 1980). Aromatic 
nitro compounds are usually mutagenic in Sal
monella unless the reactivity of the nitro group 
is reduced by steric hindrance, and certain alkyl 
nitrosamines or aryl nitroso compounds are con
sidered structural alerts for potential genotoxic 
activity (Ashby and Tennant, 1988). PETN, NF, 
was found to be negative in the Salmonella mu
tagenicity assay with or without metabolic acti
vation and did not induce chromosomal aber
rations in Chinese hamster ovary (CHO) cells. 
PETN, NF, produced a small increase in sister 
chromatid exchanges in CHO cells, but the 
response was not dose related. Thus, if the 
results of these studies with PETN, NF, apply to 
other organic nitrates, it would appear that 
these chemicals have a much lower potential for 
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genotoxic or carcinogenic activity than the alkyl 
nitrosamines or aryl nitroso compounds 

The experimental and tabulated data for the 
NTP Technical Report on PETN, NF, were ex 
amined for accuracy, consistency, completeness, 
and compliance with Good Laboratory Practice 
regulations As summarized in Appendix H, the 
audit revealed no major problems with the con
duct of the studies or with collection and docu
mentation of the experimental data No discrep
ancies were found that influenced the final in
terpretation ofthe results of these studies 

Under the conditions of these 2-year feed stud
ies, there was equwocal evzdence of carcmogemc 
actwzty* of PETN, NF, for male and female 
F344/N rats, based on a marginal increase in 
neoplasms of the Zymbal gland Female rats 
might have tolerated a higher dose There was 
no evzdence ofcarcznogentc actwzty of PETN, NF, 
for male or female B6C3Ft mice fed diets con
taming 25,000 or 50,000 ppm for 2 years No 
nonneoplastic lesions were attributed to PETN, 
NF, administratiOn 

•Explanatwn ofLevels ofEv1dence ofCarcmogemc Act1v1ty IS on page 6 
A summary ofthe Peer Review comments and the pubhc d1scuss1on on th1s Techmcal Report appears on page 9 
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APPENDIX A 

SUMMARY OF LESIONS IN MALE RATS IN 

THE TWO-YEAR FEED STUDY OF PETN, NF 

TABLE Al 

TABLE A2 

TABLE A3 

TABLE A4a 

TABLE A4b 

TABLE A5 

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO
YEAR FEED STUDY OF PETN, NF 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR 
FEED STUDY OF PETN, NF 

ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR FEED 

STUDY OF PETN, NF 


Untreated Control Low Dose High Dose 

Ammals 1mbally m study 50 50 50 
Ammals removed 50 50 50 
Ammals exammed h1stopatholog1cally 50 50 50 

ALIMENTARY SYSTEM 
lntestme large, cecum (46) "'(50> (47) 

Leukemia mononuclear 1 (2%) 
Intestme large, colon (47) "'(50) (48) 

Leukem1a mononuclear 1 (2%) 
Intestme small, duodenum (48) "'(50) <46) 

Leukemia mononuclear 1 (2%) 
Intestme small, 1leum (47) "'(50) (47) 

Leukemia mononuclear 1 (2%) 
Intestme small, Jejunum (45) "'(50) (46) 

Leukem1a mononuclear 1 (2%) 
L1ver (49) (50) (50) 

Hepatocellular carcmoma 1 (2%) 
Leukem1a mononuclear 29 (59%) 27 (54%) 20 (40%) 
Neoplastic nodule 2 (4%) 1 (2%) 

Mesentery "'<50) "'(50) "'(50) 
Leukemia mononuclear 2 (4%) 
Mesothelioma malignant 1 (2%) 

Pancreas (49) (49) (48) 
Leukemia mononuclear 4 (8%) 4 (8%) 3 (6%) 
Mesothelioma mahgnant 1 (2%) 
M1xed tumor bemgn 1 (2%) 
Acmus, adenoma 1 (2%) 4 (8%) 3 (6%) 
Acmus, adenoma, mult1ple 1 (2%) 

Sahvary glands (48) "'(50) (49) 
Leukemia mononuclear 1 (2%) 

Stomach (49) "'(50) (49> 
Leukemia mononuclear 1 (2%) 2 (4%) 

Stomach, forestomach (49) *(50) (49) 
Leukemia mononuclear 1 (2%) 

Stomach, glandular (48) "'(50) (47) 
Leukemia mononuclear 1 (2%) 1 (2%) 1 (2%) 

Tongue "'(50) *(50) "'<50) 
Paptlloma squamous 2 (4%) 1 (2%) 

CARDIOVASCULAR SYSTEM 
Heart (49) *(50) (50) 

Leukemia mononuclear 11 (22%) 7 04%) 8 (16%) 

ENDOCRINE SYSTEM 
Adrenal gland (49) *(50) <48) 

Leukemia mononuclear 1 (2%) 1 (2%) 
Adrenal gland, cortex (49) "'(50) (48) 

Leukemia mononuclear 7 (14%) 6 (12%) 5 (10%) 
Adrenal gland, medulla (49) *(50) <48) 

Leukemia mononuclear 7 <14%) 6 02%) 5 00%) 
Pheochromocytoma mahgnant 2 (4%) 3 (6%) 
Pheochromocytoma bemgn 12 (24%) 8 (16%) 11 (23%) 
Btlateral, pheochromocytoma bemgn 7 04%) 4 (8%) 

Islets, pancreatic (49) *(50) (47) 
Adenoma 6 02%) 2 (4%) 1 (2%) 
Adenoma, multiple l (2%) 
Carcmoma (2%) 
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TABLE AI. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR FEED 

STUDY OF PETN, NF (Continued) 


Untreated Control Low Dose High Dose 

ENDOCRINE SYSTEM IContmuedl 
PitUitary gland <49) •(50) 150) 

Leukemia mononuclear 5 (10%) 4 <8%) 1 (2%) 
Pars distahs, adenoma 13 (27%) 11 (22%) 11 122%) 
Pars distahs, adenoma, multiple 1 (2%) 1 <2%) 

Thyrmd gland (49) '"(50) (50) 
Leukemia mononuclear 1 (2%) 1 (2%) 1 <2%) 
C-cell, adenoma 5 (10%) 2 (4%) 7 04%) 
C-cell, carcmoma 2 <4%) 
Follicular cell, adenoma (2%) 
Follicular cell, carcmoma 1 (2%) (2%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Epididymis <48) *(50) (50) 

Mesothelioma mahgnant 1 <2%) 
Preputial gland (46) *150) (50) 

Adenoma 11 (24%) 10 (20%) 13 (26%) 
Carcmoma 3 (7%) 1 (2%) 1 (2%) 
Bilateral, adenoma 1 (2%) 
Bilateral, carcmoma 1 (2%) 

Prostate (48) '"<50) (50) 
Adenocarcmoma 1 (2%) 
Leukemia mononuclear 3 (6%) 1 (2%) 1 (2%> 

Serumal vesicle (49) *(50) (50) 
Leukemia mononuclear 3 (6%) 1 (2%) 1 (2%) 

Testes (49) '"(50) (50) 
Leukemia mononuclear 1 12%) 
Bilateral, mterstihal cell, adenoma 39 (80%) 36 (72%) 42 (84%) 
Interstitial cell, adenoma 8 (16%) 8 (16%) 7 (14%) 
Tumc, mesothehoma malignant 1 (2%) l (2%> 1 (2%) 

HEMATOPOIETIC SYSTEM 
Bone marrow (48) '"(50) (50) 

Leukemia mononuclear 4 (8%) 1 (2%) 1 (2%) 
Lymph node (48) "150) (50) 

Axillary, leukemia mononuclear 1 (2%) 
Bronch1al, leukemia mononuclear 1 (2%) 
Ihac, leukemia mononuclear 1 (2%) 
Lumbar, leukemia mononuclear 1 (2%) 3 (6%) 1 (2%) 
Mediastmal, leukemia mononuclear 6 (13%) 11 122%) 7 (14%) 
Pancreatic, leukemia mononuclear 4 (8%) 6 (12%) 2 (4%) 
Renal, leukemia mononuclear 1 (2%) 2 14%) 1 (2%) 

Lymph node, mandibular (46) ..(50) (49) 
Leukemia mononuclear 9 (20%) 5 (10%) 7 (14%) 
Liposarcoma, metastatic, skin 1 (2%) 

Lymph node, mesentenc <47l •(50) (48) 
Leukemia mononuclear 9 (19%) 6 (12%) 8 (17%) 

Spleen (48) ·<50) (50) 
Leukemia mononuclear 28 (58%) 25 (50%) 20 (40%) 

Thymus 136) "(50) (45) 
Leukemia mononuclear 5 (14%) 7 (14%) 6 (13%) 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR FEED 

STUDY OF PETN, NF (Continued) 


Untreated Control Low Dose High Dose 

INTEGUMENTARY SYSTEM 
Mammary gland <37) +(50) (38) 

Adenocarcmoma 1 (3%) 1 (3%) 
F1broadenoma 3 (8%) (2%) 1 (3%) 
F1broadenoma, multiple 1 (3%) 

Skm (48) ·<50) (50) 
Basal cell adenoma 1 (2%) 
Keratoacanthoma 3 (6%) 1 (2%) 
Pap1lloma squamous 1 (2%) 1 (2%) 1 (2%) 
Squamous cell carcmoma 1 (2%) 
Scrotal, fibroma 1 (2%) 
Subcutaneous tissue, fibroma 4 (8%) 2 (4%) 1 <2%) 
Subcutaneous tissue, fibroma, multiple 1 (2%) 
Subcutaneous tissue, fibrosarcoma 2 (4%) 
Subcutaneous tissue, leukemia mononuclear 1 (2%) 
Subcutaneous t1ssue, hposarcoma (2%) 
Subcutaneous tissue, sarcoma (2%) 
Tat!, keratoacanthoma (2%) 1 (2%) 

MUSCULOSKELETAL SYSTEM 
None 

NERVOUS SYSTEM 
Bram (49) <48> (50) 

Astrocytoma mahgnant 2 (4%) 
Leukemia mononuclear 2 (4%) 4 (8%) 
Cerebellum, carcmoma, metastatic, Zymbal 

gland 1 (2%) 

RESPIRATORY SYSTEM 
Lung (49) +(50) (50) 

Alveolarlbronch1olar adenoma 3 (6%) 3 (6%) 4 (8%) 
Alveolarlbronchwlar carcmoma 1 (2%) 
Carcmoma, metastatic, Zymbal gland (2%) 
Carcmoma adenosquamous 1 (2%) 
Leukemia mononuclear 15 (31%) 12 (24%) 10 (20%) 
Liposarcoma, metastatic, skm 1 (2%) 

Nose (47) +(50) (50) 
Chondroma 1 (2%) 

SPECIAL SENSES SYSTEM 
Ear •(50) •(50) •(50) 

Sarcoma 1 (2%) 
Eye '"(50) •(50) '"(50) 

Leukemia mononuclear 1 (2%) 
Zymbal gland •(50) '"(50) '"(50) 

Adenoma 1 (2%) 
Carcmoma 2 (4%) 2 (4%) 

URINARY SYSTEM 
K1dney (49) (50) (50) 

Leukemia mononuclear 6 (12%) 18 (36%) 4 (8%) 
Renal tubule, adenoma 1 (2%) 
Renal tubule, carcmoma 1 (2%) 

Urmary bladder (46) •(50) (48) 
Adenocarcmoma, metastatic, prostate 1 (2%) 
Leukemia mononuclear 2 <4%> (2%) 2 (4%) 
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TABLE AI. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR FEED 

STUDY OF PETN, NF (Continued) 


Untreated Control Low Dose High Do~e 

SYSTEMIC LESIONS 
Multiple organs 

Mesothelioma malignant 
Leukemia mononuclear 

"'(50) 
1 (2%) 

29 (58%) 

'"(50) 
1 (2%) 

27 (54%) 

'"(50) 
1 (2%) 

20 (40%) 

ANIMAL DISPOSITION SUMMARY 
Ammals tmtlally m study 50 50 50 
Termmal sacnfice 22 28 29 
Monbund 20 17 16 
Dead 8 5 5 

TUMOR SUMMARY 
Total ammals wtth pnmary neoplasms"''" 49 49 50 

Total pnmary neoplasms 163 133 151 
Total ammals w1th bemgn neoplasms 49 48 50 

Total bemgn neoplasms 123 96 114 
Total ammals with malignant neoplasms 33 32 31 

Total malignant neoplasms 40 37 37 
Total ammals with secondary neoplasms ,.,.,. 1 1 2 

Total secondary neoplasms 2 1 2 

'"Number ofammals receivmg complete necropsy exammatton, all gross leswns mcludmg masses exammed mtcroscoptcally. 
'""' Primary tumors: all tumors except secondary tumors 
"'"''"Secondary tumors: metastatic tumors or tumors mvasive mto an adJacent organ 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO·YEAR FEED 
STUDY OF PETN, NF: UNTREATED CONTROL 

r}Jl-l ON 
0 
5 

0 
6 

0 
7 

0 
8 

0 
8 

0 
8 

0 
8 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

1 
0 

1 
0 

1 
0 

1 
0 

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

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

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

ALIMENTARY SYSTEM 
Esophagus
Intestwe large 
Intestine large, cecum 

M 
M 
M 

+ 
+ 
+ 

+ 
+ 
A 

M 
+ 
+ 

+ 
A 
A 

+ 
+ 
+ 

+ 
A 
A 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

M 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

Intestme large, colon 
Leukemta mononuclear 

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

Intesttne large, rectum 
Intestine small 
Intesttne small, duodenum 
Intestine small, Ileum 

Leukemta mononuclear 

M 
M 
M 
M 

+ 
+ 
+ 
+ 

A 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

A 
+ 
+ 
A 

+ 
+ 
+ 
+ 

A 
A 
A 
A 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
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+ 
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+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

Intesttne small, jejunum 
Leukemia mononuclear 

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

LIVer 
Hepatocellular caretnoma 

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

Leukemta mononuclear X X X X X X X X X X X X X X X X 
Neoplastic nodule X 

Mesentery + 
Mesothehoma maltgnant 

Pancreas 
Leukemia mononuclear 

M + + + + + + 
X 

+ 
X 

+ + 
X 

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

Mesothehoma mahgnant 
Mtxed tumor bentgn X 
Acmus, adenoma 

Saltvary glands 
Leukemia mononuclear 

M + + + + + + + 
X 

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

Stomach 
Leukemia mononuclear 

M + + + + + + + 
X 

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

Stomach, forestomach 
Stomach, glandular 

Leukemia mononuclear 

M 
M 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
A 

+ 
+ 

+ 
+ 

+ 
+ 

+
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

Tongue 
Paptlloma squamous 

+ 
X 

CARDIOVASCULAR SYSTEM 
Heart 

Leukemia mononuclear 
M + + + + + + + 

X 
+ 
X 

+ 
X 

+ + + + 
X 

+ + + + + 
X 

+ + 
X 

+ + + + 
X 

ENDOCRINE SYSTEM 
Adrenal gland 

Leukemia mononuclear 
M + + + + + + + +

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

Adrenal gland, cortex 
Leukemia mononuclear 

M + + + + + + + 
X 

+ + 
X 

+ + + + 
X 

+ + + + + 
X 

+ + + + + + 
X 

Adrenal gland, medulla 
Leukemia mononuclear 

M + + + + + + + 
X 

+ + 
X 

+ + + + 
X 

+ + + + + 
X 

+ + + + + + 
X 

Pheochromocytoma bemgn X X X 
Btlateral, pheochromocytoma bemgn X X X 

Islets, pancreatic M + + + + + + + ~ + + + + + + + + + + + + + + + ~ 

Adenoma X 
Parathyrotd gland 
Pttmtary gland 

Leukemia mononuclear 

M 
M 

M 
+ 

M 
+ 

M 
+ 

+ 
+ 

+ 
+ 

M 
+ 

M 
+ 
X 

M 
+ 

M 
+ 
X 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
X 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
X 

Pars distahs, adenoma X X X X X 
Thyr01d gland 

Leukemia mononuclear 
M + + + + + + + + + + + + + + + + + + + + + + + + 

C cell, adenoma X X 
Folhcular cell, carcmoma X 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
~~~!td~~~g gland 

Mesothelioma mahgnant 
M 

+ 
+ 

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

P~S:~~%!Iand M + + + 
X 

+ + + 
X 

+ + + + + + 
X 

+ + 
X 

+ 
X 

+ + 
X 

M + + + + + 
1{ 

+ 

Carcinoma X X X 
Prostate 

Leukemia mononuclear 
M + + + + + + + 

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

X 
Semmal vesicle M + + + + + + + + + + + + + + + + + + + + + + + + 

Leukemia mononuclear X X 
Testes 

Bilateral, mterstitial cell, adenoma 
M + 

X 
+ 
X 

+ + + + 
X 

+ + 
X 

+ 
X 

+ 
X 

+ 
X 

+ 
X 

+ 
X 

+ 
X 

+ 
X 

+ + 
X 

+ + 
X 

+ 
X 

+ 
X 

+ 
X 

+ 
X 

+ 

Interstitial cell, adenoma X X X X X 
Tumc, mesothelioma rnahgnant 

+ Tissue exammed miCroscopically M M1ssmg
Not exammed A Autolysis precludes exammat10n 
Insufficient tissue X Inctdence of hsted morphology 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: UNTREATED CONTROL 
(Continued) 

~EJJ': UN 

CARCASS 
ID 

l 1 
0 0 
2 3 

0 1 
8 0 
2 4 

1 
0 
5 

0 
7 
2 

1 
0 
6 

0 
1 
1 

1 
0 
6 

0 
1 
2 

1 
0 
6 

0 
1 
3 

1 
0 
6 

0 
1 
4 

1 
0 
6 

0 
2 
1 

1 
0 
6 

0 
2 
2 

1 
0 
6 

0 
4 
1 

1 
0 
6 

0 
4 
2 

1 
0 
6 

0 
6 
1 

1 
0 
6 

0 
6 
2 

1 
0 
6 

0 
6 
3 

1 
0 
6 

0 
6 
4 

1 
0 
6 

0 
7 
1 

1 
0 
6 

0 
8 
1 

1 
0 
6 

0 
9 
1 

1 
0 
6 

1 
0 
1 

1 
0 
6 

0 
2 
3 

1 
0 
6 

0 
3 
1 

1 
0 
6 

0 
5 
1 

1 
0 
6 

0 
9 
2 

1 
0 
6 

1 
0 
2 

1 
0 
6 

1 
0 
3 

I TOTAL 
\TISSUES
TUMORS 

---
47 
47 
46 
47 

1 
46 
48 
48 
47 

1 
45 

1 
49 

1 
29 

2 
4 
1 

49 
I 4 
I 1 

1 
1 

48 
1 

49 
1 

49 
48 

1 
2 
2 

---
49 
11 

---

49 
I 1 

I 49 
7 

I 
49 

7 
I 12 
I 7 
I .j9 
I 6I 

40 

I 
.j9 

5 

I 
13 
49 

1 
I 5 

1 

~----

'_I 
I 9 

48 
1 

46 
I 11 

3 
48 

I 3 
.j9 

3 
49 
39 

8 
1 

~~~-

ALIMENTARY SYSTEM 
Esophagus 
Intestme large 
Intestme large, cecum 
Intestme large, colon 

Leukem1a mononuclear 
Intestme large, rectum 
Intestme small 
Intestme small, duodenum 
Intestme small, 1leum 

Leukem1a mononuclear 
Intestme small, JOJunum 

LeukemJa mononuclear 
L1ver 

Hepatocellular carClnoma 
Leukemia mononuclear 
Neoplastic nodule 

Mesentery 
Mesothehoma malignant 

Pancreas 
Leukemia mononuclear 
Mesothehoma mahgnant 
M1xed tumor bentgn 
Ac1nus, adenoma 

Sal1vary glands 
Leukemia mononuclear 

Stomach 
Leukemia mononuclear 

Stomach, forestomach 
Stomach. glandular 

Leukemia mononuclear 
Tongue 

Papilloma squamous 

CARDIOVASCULAR SYSTEM 
Heart 

Leukemia mononuclear 

ENDOCRINE SYSTEM 
Adrenal gland 

Leukemia mononuclear 
Adrenal gland, cortex 

Leukemia mononuclear 
Adrenal gland, medulla 

Leukemia mononuclear 
Pheochromocytoma bemgn 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 
Adenoma 

Parathyroid gland 
P1tmtary gland 

Leukemia mononuclear 
Pars distalis, adenoma 

Thyr01d gland 
Leukem1a mononuclear 
C cell, adenoma 
Folhcular cell, carcmoma 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
~~~~~~g gland 

Mesothehoma mahgnant 

P~:~~%!land 
Carcmoma 

Prostate 
Leukemia mononuclear 

Semmal vestcle 
Leukemia mononuclear 

Testes 
Bilateral, mterstttlal cell, adenoma 
Interstitial cell, adenoma 
Tumc, mesothehoma mahgnant 
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+ 
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+ 

X 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

X 

+ 

+ 
+ 

X 
+ 

+ 
+ 

+ 

+ 

+ 

+ 
X 

I 
I 
I 

I 

I 

I 


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

I 

I 
I 

I 

WEEKS ON 
STUDY 

CARCASS 
ID 

HEMATOPOIETIC SYSTEM 
Bone marrow 

Leukemia mononuclear 
Lymph node 

Ax:1llary, leukemia mononuclear 
Bronchial, lPukemia mononuclear 
Lumbar, leukemia mononuclear 
Med1astmal, leukemia mononuclear 
Pancreatic, leukemia mononuclear 
Renal, leukemia mononuclear 

Lymph node, mandibular 
Leukemia mononuclear 
Liposarcoma, metastatic, skm 

Lymph node. rnesentenc 
Leukemia mononuclear 

Spleen 
Leukemia mononuclear 

Thymus 
Leukemia mononuclear 

INTEGUMENTARY SYSTEM 
Mammary gland 

Adenocarcinoma 
Frbroadenoma 
Fibroadenoma, multiple 

Skm 
Keratoacanthoma 
Papilloma squamous 
Subcutaneous t1ssue, fibroma 
Subcutaneous tissue, liposarcoma 
Subcutaneous t1ssue, sarcoma 
Tall, keratoacanthoma 

MUSCULOSKELETAL SYSTEM 
Bone 

NERVOUS SYSTEM 
Bram 

Leukemia mononuclear 

RESPIRATORY SYSTEM 
Lung 

Alveolar1bronch10lar adenoma 
Alveolar1bronch10lar rarcmoma 
Carcinoma adenosquamous 
Leukemia mononuclear 
L1po~arcoma, metastatic, skm 

Nose 
Trachea 

SPECIAL SENSES SYSTEM 
Eye
Zymoal gland 

0 
5 
9 

0 
6 
5 

M 

M 

M 

M 

M 

M 

0 0 
6 7 
9 7 

0 0 
5 8 
5 .'> 

+ + 

+ + 

+ + 

+ + 

+ + 

+ M 

0 
8 
l 

0 
8 
4 

+ 

+ 

+ 

X 
+ 

+ 

+ 

0 
8 
3 

0 
5 
4 

+ 

+ 

+ 

+ 

+ 
X 
+ 

0 0 
8 8 
5 8 

0 0 
2 9 
5 5 

+ A 

+ + 

+ + 

+ A 

+ A 
X 
+ A 

0 
9 
0 

0 
4 
5 

+ 
X 
+ 
X 

X 

+ 
X 

+ 
X 
+ 
X 
+ 
X 

0 0 
9 9 
0 1 

0 0 
8 4 
3 4 

+ + 

+ + 

X 
X 

+ + 
X X 

+ + 
X X 
+ + 
X X 
+ + 

X 

0 
9 
2 

0 
5 
3 

+ 

+ 

+ 

+ 

+ 

+ 

0 
9 
2 

0 
4 
3 

+ 

+ 

+ 

+ 

+ 

+ 

0 
9 
2 

0 
2 
4 

+ 

+ 

+ 

+ 

+ 
X 
+ 

0 
9 
2 

0 
7 
5 

+ 
X 
+ 

X 
X 
X 
X 
+ 
X 

+ 
X 
+ 
X 
M 

0 
9 
2 

0 
9 
4 

+ 

+ 

+ 

+ 

+ 
X 
+ 

0 
9 
3 

0 
9 
3 

+ 

+ 

+ 

+ 

+ 

+ 

0 
9 
5 

0 
1 
.'> 

+ 

+ 

+ 
X 

+ 
X 
+ 
X 
+ 

0 
9 
5 

0 
3 
4 

+ 

+ 

+ 

+ 

+ 
X 
+ 

0 
9 
5 

0 
:J 
5 

+ 

+ 

"{ 

+ 
X 

+ 
X 
+ 
X 
+ 
X 

0 0 
9 9 
6 8 

T-o 
0 3 
5 3 

+ + 

+ + 

+ + 

+ + 

+ + 
X X 
+ + 

1 
() 

0 

0 
7 
4 

+ 

+ 

X 

+ 

+ 

+ 
X 

1 
0 
1 

0 
3 
2 

+ 

j

+ 

+ 

+ 

M 

1 
0 
2 

1 
0 
2 

rr-o
5 7 
2 3 

+ + 
X 

+ + 

X 

+ + 
X 

+ + 
X 

+ + 
X 
+ 
X 

M 

M 

+ + 

X 

+ + 

+ 

+ 

X 

M 

+ 

+ M 

+ + 

M 

+ 

+ M 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

j

+ 

j

+ 

+ 

+ 

+ 

+ 

M 

+ 

X 

+ 

+ 

X 

+ j

+ + 
X 

X 

M 

+ 
X 

X 

X 

M 

+ 

+ + 

+ + 

X 

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

M + + + + + + + 
X 

+ + 
X 

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

M 

M 
M 

+ + 

+ + 
+ + 

+ 

X 
+ 
+ 

+ 
X 

M 
+ 

+ + 

X 

+ + 
+ A 

+ 

X 

+ 
+ 

+ + 

X X 

+ + 
+ + 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

X 

+ 
+ 

+ 

X 

+ 
+ 

+ 

+ 
+ 

+ 

X 

+ 
+ 

+ 

+ 
+ 

+ 

X 

+ 
+ 

+ + 

X 
X 

+ + 
+ + 

+ 

X 

+ 
+ 

+ 

+ 
+ 

+ + 

X 

+ + 
+ + 

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

+ 
+ + 

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

URINARY SYSTEM 
Ktdney 

Leukemia mononuclear 
Unnary bladder 

Leukem1a mononuclear 

M 

M 

+ + 

+ + 

+ 

+ 

j

+ 

+ + 

+ M 

+ 
X 
+ 
X 

+ + 
X X 
+ + 

X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

M 

+ + 

+ M 

+ 

+ 

+ 

+ 

+ + 
X 

+ + 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: UNTREATED CONTROL 
(Continued) 

~TEJri'-~ ON 

CARCASS 
ID 

l 
0 
2 

0 
8 
2 

l 
0 
3 

1 
0 
4 

1 
0 
5 

0 
7 
2 

1 
0 
6 

0 
1 
1 

l 
0 
6 

0 
1 
2 

1 
0 
6 

0 
1 
3 

l 1 
0 0 
6 6 

0 0 
1 2 
4 1 

1 
0 
6 

0 
2 
2 

1 1 
0 0 
6 6 

0 0 
4 4 
1 2 

1 
0 
6 

0 
6 
1 

1 
0 
6 

0 
6 
2 

1 
0 
6 

0 
6 
3 

1 
0 
6 

0 
6 
4 

1 
0 
6 

0 
7 
1 

1 
0 
6 

0 
8 
l 

1 
0 
6 

0 
9 
1 

1 
0 
6 

1 
0 
1 

1 
0 
6 

0 
2 
3 

1 
0 
6 

0 
3 
1 

1 
0 
6 

0 
5 
1 

1 
0 
6 

0 
9 
2 

1 
0 
6 

1 
0 
2 

1 
0 
6 

1 
0 
3 

TOTAL 
TISSUES 
TUMORS 

--- 

48 
4 

48 
1 
1 
1 
6 
4 
1 

46 
9 
1 

47 
9 

48 
28 
36 

5 

---~ 

37 
1 
3 
1 

48 
3 
1 
4 
1 
1 
1 

--- 
49 

--- 
49 

2 

--- 
49 

3 
1 
1 

15 
1 

47 
48 

--- 
5 

49 

---~ 

49 
6 

46 
2 

---~ 

HEMATOPOIETIC SYSTEM 
Bone marrow 

Leukemia mononuclear 
Lymph node 

Axillary, leukemia mononuclear 
Bronchial, leukemia mononuclear 
Lumbar, leukemia mononuclear 
Mediastinal, leukemia mononuclear 
Pancreat1c, leukemza mononuclear 
Renal, leukemia mononuclear 

Lymph node, mandibular 
Leukemia mononuclear 
Liposarcoma, metastatic, skm 

Lymph node, mesentenc 
Leukemia mononuclear 

Spleen 
Leukemia mononuclear 

Thymus 
Leukemia mononuclear 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 
+ 

X 

X 

+ 
X 

+ 
X 
+ 
X 
+ 
X 

+ 

+ 

+ 

+ 

+ 
X 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ + 

+ + 

+ + 
X 

M + 

+ 

+ 

+ 

+ 

+ 
X 
+ 

+ + 

+ + 

X 

+ + 
X 

+ + 
X 

+ + 
X X 
+ M 

+ 

+ 

+ 

+ 

+ 
X 
+ 

+ 

+ 

+ 

+ 

+ 
X 
+ 

+ 

+ 

+ 

+ 

+ 
X 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 
+ 

+ 

+ 

+ 

+ 

+ 
X 
+ 

+ 

+ 

+ 

+ 

+ 

M 

+ 

+ 

M 

+ 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 
+ 

+ 

+ 

+ 

+ 

+ 
X 
M 

INTEGUMENTARY SYSTEM 
Mammary gland 

Adenocarcznoma 
Fibroadenoma 
Fibroadenoma, mulbple

Skm 
Keratoacanthoma 
Papilloma squamous 
Subcutaneous bssue, fibroma 
Subcutaneous t1ssue, liposarcoma 
Subcutaneous t1ssue, sarcoma 
Ta1l, keratoacanthoma 

+ 

+ 

+ 

+ 
X 

+ 

X 
+ 

+ 
X 

+ 

X 

+ 

+ 

M 

+ 

+ M 

+ + 

M 

+ 

+ M 

X 

+ + 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 

M 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

MUSCULOSKELETAL SYSTEM 
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

NERVOUS SYSTEM 
Bram 

Leukemia mononuclear 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

RESPIRATORY SYSTEM 
Lung 

Alveolarfbronchwlar adenoma 
Alveolarfbronchwlar carcmoma 
Carcmoma adenosquamous 
Leukemia mononuclear 
L1posarcoma, metastatlc, skm 

Nose 
Trachea 

+ 

+ 
+ 

+ 

X 

+ 
+ 

+ 

X 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ + 

+ + 
+ + 

+ 

+ 
+ 

+ + 

X 

+ + 
+ + 

+ 

+ 

+ 

X 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
X 

+ 
+ 

+ 
X 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

X 

+ 
+ 

+ 

+ 
+ 

SPECIAL SENSES sYSTEM 
Eye
Zvmbal gland + + + 

+ 
+ + + + + + + + + + 

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

URINARY SYSTEM 
K1dney 

Leukemia mononuclear 
Unnary bladder 

Leukerma mononuclear 

+ 

+ 

+ 
X 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ 

+ 

+ + 
X 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR FEED 
STUDY OF PETN, NF: LOW DOSE 

---'"o~"o--n--no--oo-·-coe- 6--o---,o.-"o~"o~"o--"o--"o--,1--,1--,1--1.-~1,-c1c-·c1;--c1·--,1--,1--'1WEEKS ON 
47 8899999999900000000000 
7 2 1 9 0 2 2 2 3 4 6 7 7 0 0 2 3 3 4 5 5 6 6 6 

STUDY 

-,-,-~--r~~r-·-,1--T1--1r-'1.-~z--~-.1--1,_,--,1--,1--,-,1--,--~CARCASS 
8 9 0 5 5 2 '\ 1 6 7 7 6 0 7 5 9 4 4 1 
55 45 43'\454 33 4 4 3 

----------- - -----------------·-------------- 

lD 

ALIMENTARY SYSTEM 
Esophagus + M + + + + + + + + + + + + 
Intestme large + + +- + + + + + + + 
Intestme large, cecum A + + + + M + + + 

Leukemta mononuclear X 
Intestme large, colon + + + + + + + + + + 
Intestme large, rectum A + + + + + + + + + 
Intestme small A + + + + + + + + + 
Intestme small, duodenum A + + + + + + + + + 

Leukerma mononuclear X 
Intestme small, tleum A + A M + + + t + 
Intestme small, JBJUnum A + + + + + + + + 
Ltver + + + + + + + + + + + + + + + + + + + + + + + 

Leukemta mononuclear X X X X X X X X X X X X X X X 
Mesentery + 

Leukemia mononuclear X 
Pancreas A + + + + + + + + + + + + + + + + + + + 

Leukemia mononuclear X X X X 
Acmus, adenoma 

Acmus, adenoma, multtp\e 


+ + + + + + + +
~~~~:~glands 
t + + + + + + 

Stomach, forestomach + + + + + + + + + + + 
Stomach, glandular A + + +- + + + + + 

Leukemia mononuclear X 
Tongue 

Papilloma squamous 

---·------------·-·----------------- CARDIOVASCULAR SYSTEM 
Heart ++++++++++ + 

Leukemia mononuclear X X X X X 

ENDOCJUNE SYSTEM 
Adrenal gland ++++ +++++ + 
Adrenal gland, cortex + + + r + + + + + + + + + 

Leukemia mononuclear X X X X X 
Adrenal gland, medulla ++++++++ ++ + + 

Leukemia mononuclear X X X X X 

Pheochromocytoma maltgnant 

Pheochromocytoma bemgn 
 X X X X X 

Islets, pancreatic A + + + + M + + + + + + + + + + + + + + + + + + + 
Adenoma 

Adenoma, mult1ple 
 X 

Parathyr01d gland + M M + + M + M M M + + + + 
P1tmtary gland + + + + + + + + + + + + + 


Leukemia mononuclear 
 X X X X 

Pars d1stahs, adenoma 
 X X X X X 
Pars d1stahs, adenoma, multiple 

Thyr01d gland +++++++++++ + + + 
Leukemia mononuclear X 

C cell, adenoma 
 X X 

Folhcular cell, adenoma 
 X 
Follicular cell, carcmoma X 

GENERAL BODY SYSTEM 
None 

GENI'I'AL SYSTEM 
EpididymiS + + + + + + + + + + + + + 

M + + + + ++++++ ++ +P~S:~~~:Iand X X X X X X 

Carcmoma 

Bilateral, adenoma 

Btlateral, carcmoma 
 X 

Prostate + + + + + +++++ + + 

Leukemia mononuclear 
 X 

Semmal vestcle + + + + + +++++ + + + 
Leukemia mononuclear X 

Testes + + + + + +++-++++++++++ + + + + + + 

Leukemia mononuclear 
 X 

Bilateral, mterst1tial cell, adenoma 
 X X X X X X X X X X X X X X 
Intersbttal cell, adenoma X X X X X X X 

Tumc, mesothehoma mahgnant 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE 
(Continued) 

~VJoKl uN 1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 
TOTAL 

CARCASS 
ID 

1 
2 

1 
2 

1 
2 

1 
2 

I 
3 

I 
3 

I 
4 

1 
4 

1 
4 

1 
5 

1 
6 

1 
6 

1 
6 

1 
7 

1 
7 

1 
8 

1 
8 

1 
8 

1 
8 

I 
9 

1 
9 

1 
9 

2 
0 

2 
0 

2 
0 

TISSUES 
TUMORS 

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

--- ALIMENTARY SYSTEM 
Esophagus + 14 
Intestine large 10 
lntestme large, cecum 8 

Leukem1a mononuclear 1 
Intest1ne large, colon 10 
Intestme large, rectum 9 
Intestme small 9 
Intestme small, duodenum 9 

Leuk.emta mononuclear 1 
Intestme small, Ileum ' Intestme small, JeJunum 9 
Ltver + + + + + + + + + + + + + + + + + + + + + + + k + 50 

Leu.kemta mononuclear X X X X X X X X X X X X 27 
Mesentery + 2 

Leukemta mononuclear X 2 
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 49 

Leu.kemta mononuclear 4 
Acmus, adenoma X X X X 4 
AClnus, adenoma, multtple X 1 

~~~:;;~3; glands + 
+ + 

+ 
+ 

+ 
+ + + 

13 
18 

Stomach, forestomach + + + 14 
Stomach, glandular + + + + 15 

Leukemta mononuclear 1 
Tongue + 1 

Paptlloma squamous X 1 

CARDIOVASCULAR SYSTEM 
Heart + + + 14 

Leukemza mononuclear X X 7 

ENDOCRINE SYSTEM 
Adrenal gland + + + + + 18 
Adrenal gland, cortex 

Leukemta mononuclear 
+ + 

X 
+ + + 18 

6 
Adrenal gland, medulla + + + + + 18 

Leukemta mononuclear X 6 
Pheochromocytoma mahgnant X X 2 
Pheochromocytoma bemgn X X X 8 

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + 45 
Adenoma X X 2 
Adenoma, multdle 1 

ParathyrOid glan + 9 
Pituitary gland + + + + + + + 20 

Leukemia mononuclear 4 
Pars d1stahs, adenoma X X X X X X 11 
Pars d1stahs, adenoma, mulbple X 1 

Thyroid gland + 15 
Leukemia mononuclear 1 
C cell, adenoma 2 
Follicular cell, adenoma 1 
Folhcular cell, carcmoma 1 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Epididymis 13 

P~S:~~%:land + + 
X 

+ + 
X 

+ 
X 

+ + 
X 

22 
10 

Carcmoma X 1 
Bilateral, adenoma X 1 
Btlateral, carcinoma 1 

Prostate 
Leukemia mononuclear 

+ 13 
1 

Semmal vestcle 
Leukem1a mononuclear 

+ + + + + + + + + + 23 
1 

Testes + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Leukemia mononuclear 1 
Bilateral, mterst1t1al cell, adenoma X X X X X X X X X X X X X X X X X X X X X X 36 
lntersttttal cell, adenoma X 8 
Tumc, mesothehoma maltgnant X 1 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE 
(Continued) 

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~~J'~ ON 4 7 8 8 8 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 
7 2 1 1 9 0 2 2 2 3 4 6 7 7 0 0 2 3 3 4 5 '> 6 6 6 

1 1 2 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 
lD 
CARCASS 

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

HEMATOPOIETIC SYSTEM 
Bone marrow + + + + + + + + + + 

Leuk.emta mononuclear X 
Lymph node + + + + + + + + + + + + + + + + + 

!hac leu.kemta mononuclear 

Lumbar,leukemta mononuclear 
 X 

X X X X X X XMedtastmal,leukemta mononuclear 
X X X X 


Renal, leukemta mononuclear 

Pancreatic, leukemta mononuclear 

X 
Lymph node, mand1bular + + + + + + + + + + + + + + + 

X X X X 
Lymph node, mesentenc 

Leukemta mononuclear 
+ + + + + + + + + + + + 

Leukemia mononuclear X X X X 
Spleen + + + + + + + + + + + + + + + + + + + + + 

Leukemta mononuclear X X X X X X X X X X X X X X X 
Thymus + + + + M + M + M + + + + + + 

Leuk.emta mononuclear X X X X X X 

INTEGUMENTARY SYSTEM 
Mammary gland + + M M M + + + + + I 

Ftbroadenoma 
Sk1n + + + + + + + + + + + 

Paptlloma squamous 

Squamous cell carctnoma 
 X I 
Scrotal, fibroma 

Subcutaneous ttssue, fibroma 
 X 

MUSCULOSKELETAL SYSTEM I
Bone + + + + + + + + + + 

NERVOUS SYSTEM 
Bram + + + + + + + + + + + + + + + + + + + + + + + + 

Leukemta mononuclear X X X X I 
Spmal cord + I 
RESPIRATORY SYSTEM 
Lung + + + + + + + + + + + + + + + + + 

Alveolar!bronchtolar adenoma X I 
ICarcmoma, metastatic, Zymbal gland X 

Leukemta mononuclear X X X X X X X X 
Nose + + + + + + + + + + 
Trachea + + + + + + + + + + + + + + + + 

SPECIAL SENSES SYSTEM 
Ear 

Sarcoma 
Eye + + + + + + + 

Leukemta mononuclear X 
Hardenan gland + + + + + + 
Zymbal gland + + + + + + + + + + + + + + + + + + + + + + M + + 

Adenoma 

Carcmoma 
 X X 

URINARY SYSTEM 
K1dney + + + + + + + + + + + + + + + + + + + + + + + + + 

Leukemta mononuclear X X X X X X X X X X X X 
Unnary bladder + + A + + + + + + + 

Leukemia mononuclear X 

PETN, NF, NTP TR 365 78 




----

----

----

----

----

----

----

----

TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE 
(Continued) 

WEEKS ON 
STUDY 

CARCASS 
lD 

HEMATOPOIETIC SYSTEM 
Bone marrow 

Leukemia mononuclear 
Lymph node 

lilac, leukemia mononuclear 
Lumbar, leukemia mononuclear 
Medtastmal, leukenua mononuclear 
Panf'reabc, leukemia mononuclear 
Renal, leukemta mononuclear 

Lymph node, mandibular 
Leukemia mononuclear 

Lymph node, mesentenc 
Lt>ukemta mononuclear 

Spleen 
Leukemia mononuclear 

Thvmus 
Leukemia mononuclear 

INTEGUMENTARY SYSTEM 
Mammary gland 

Ftbroadenoma 
Skm 

Paptl!oma squamous 
Squamous cell carcmoma 
Scrotal, fibroma 
<.::;ubcutaneous tissue, fibroma 

MUSCULOSKELETAL SYSTEM 
Bone 

NERVOUS SYSTEM 
Brain 

Leukem1a mononuclear 
S~nnal rord 

RESPIRATORY SYSTEM 
Lung 

Alveolar!bronch10lar adenoma 
C'arcmoma, metastatic, Zymbal gland 
Leukemia mononuclear 

Nose 
Trachea 

SPECIAL SENSES SYSTEM 
Ear 

Sarcoma 
Eve 

Leukemia mononuclear 
Hardenan gland 
Zymbal gland 

Adenoma 

Carcmoma 


!JR!NARy SYSTEM 
Kidney 

Leukemia mononuclear 
Unnary bladder 

Leukemia mononuclear 

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 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 
TOTAL 

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 TISSUES 
2 2 2 2 3 3 4 4 4 5 6 6 6 7 7 8 8 8 8 9 9 9 0 0 0 TUMORS 
1 2 3 4 1 2 2 3 1 1 1 2 4 1 2 1 2 3 4 1 2 3 1 2 d 

10 
1 

30 
X 

+ + + + + + + + + + + + + 
1 

X X 3 
X X X X 11 

X X 6 
X 2 

20 
X 
+ t + + + 

5 
15 

X X 
+ + + 

6 
36 


X X X X X X X X X "{ 

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

25 
17+ + + + + 

7X 

9 
X 

+ + 
1 


+ + t + + t + 
 18 
X 1 

1 
X 1 

2X 

10 

48 
4 
1 

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

' 
+ + + + + + + + + + + 28 

X X 3 
1 

X X X X 12 
\ lO 

27+ + + + + + + + + + + 

1 
X 
+ 

1 
+ + 9 

1 
7 

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

45 
X 1 

2 

50 
X X X X X X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
18 
10 

1 
+ 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR FEED 
STUDY OF PETN, NF: HIGH DOSE 

~TEJri'; ON 
0 
8 
0 

0 
8 
1 

0 
8 
5 

0 
8 
9 

0 
9 
2 

0 
9 
3 

0 
9 
6 

0 
9 
7 

0 
9 
8 

0 
9 
8 

0 
9 
9 

1 
0 
1 

1 
0 
1 

1 
0 
2 

1 
0 
2 

1 
0 
3 

1 
0 
3 

1 
0 
4 

1 
0 
4 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

CARCASS 
ID 

2 
1 
5 

2 
2 
5 

2 
4 
2 

2 
1 
4 

2 
5 
5 

2 
8 
5 

2 
4 
5 

2 
2 
4 

2 
2 
3 

2 
3 
5 

2 
5 
4 

2 
4 
4 

2 
6 
5 

2 
4 
3 

2 
3 
4 

3 
0 
5 

2 
7 
5 

2 
2 
2 

2 
7 
4 

2 
7 
3 

2 
8 
4 

2 
1 
1 

2 
1 
2 

2 
1 
3 

2 
2 
1 

ALIMENTARY SYSTEM 
Esophai§Us 
Intestme large 
Intestme large, cecum 
Intestme large, colon 
Intestme large, rectum 
Intestme small 
Intestme small, duodenum 
Intestme small, Ileum 
lntestme small, JeJunum 
Ltver 

Leukem1a mononuclear 
Neoplastic nodule 

Mesentery 
Pancreas 

Leukemia mononuclear 
Acmus, adenoma 

Salrvary glands 
Stomach 

Leukemia mononuclear 
Stomach, forestomach 

Leukem1a mononuclear 
Stomach, glandular 

Leukemia mononuclear 

+ 
A 
A 
A 
A 
A 
A 
A 
A 
+ 

+ 
M 

+ 
A 

A 

A 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

M 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
X 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
T 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
X 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

X 
+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

t

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
X 

+ 
M 

+ 
+ 

+ 
X 
+ 
X 

M 
A 
A 
A 
A 
A 
A 
A 
A 
+ 

+ 

+ 
+ 

+ 

A 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
X 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
X 

+ 

+ 
+ 
X 
+ 

+ 

+ 
+ 
A 
+ 
+ 
+ 
+ 
A 
A 
+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
X 

+ 
X 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
A 
+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
X 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

M 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

t

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

CARDIOVASCULAR SYSTEM 
Heart 

Leukemia mononuclear 

-- 
+ + + 

X 
+ + + 

X 
+ + + + + + 

X 
+ + 

X 
+ 
X 

+ + + + 
X 

+ + + + + + 

ENDOCRINE SYSTEM 
Adrenal gland 

Leukemia mononuclear 
Adrenal gland, cortex 

Leukem1a mononuclear 
Adrenal gland, medulla 

Leukemia mononuclear 
Pheochromocytoma malignant 
Pheochromocytoma bemgn 
B1lateral, pheochromocytoma bemgn 

Islets, pancreatic 
Adenoma 
Carcmoma 

Parathyroid gland 
P1tmtary gland 

Leukemia mononuclear 
Pars distahs, adenoma 
Pars d1stahs, adenoma. multiple 

Thyro1d gland 
Leukemia mononuclear 
C cell, adenoma 
C cell, carcmoma 

GENERAL BODY SYSTEM 
T1ssue, NOS 

+ 

+ 

+ 

X 

M 

M 
+ 

+ 

+ + 

+ + 
X 

+ + 
X 

X 

+ + 

+ M 
+ + 

+ + 

+ 

+ 

+ 

+ 

X 

+ 

+ 
+ 

X 

+ 

+ 

+ 

+ 

X 
+ 

+ 
+ 

X 

+ 

X 

+ 

+ 
X 
+ 
X 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

X 

+ 

+ 

+ 

+ 

X 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

M 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
X 
+ 
X 

M 

+ 
+ 
X 
X 

+ 

+ 

+ 

+ 

X 

A 

M 
+ 

X 

+ 

+ 

+ 
X 
+ 
X 

X 

+ 

+ 
+ 

+ 

X 

+ 
X 
+ 

+ 

+ 

X 
+ 
+ 

+ 

+ 

+ 

+ 

X 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

X 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

X 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

X 

+ 

+ 

+ 

+ 

+ 
+ 

X 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

X 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

X 

+ 

M 

M 

M 

+ 

+ 
+ 

+ 

X 

I 

GENITAL SYSTEM 
Coai§Ulatmg gland 
Ep1d1dymls 

P~d:~~~:tand 
Carcmoma 

Prostate 
Adenorarcmoma 
Leukemia mononuclear 

Semmal vesicle 
Leukemia mononuclear 

Testes 
Bilateral, mterst1t1al cell, adenoma 
Interstitial cell, adenoma 
Tumc, mesothehoma malignant 

+ 
+ 

+ 

+ 

+ 

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 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE 
(Continued) 

WEEKS ON 1 1 1 1 --1--1-1~11--1--1---1--l-C 1 1 1 1 1 1 1 1 l 1 l 
STUDY 0 0 0 0 0 0 0 0 0 [) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 5 5 '> 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 

CARCASS 2 2 2 2~ 2 2 2 2 2 2--z 2 2 2 2 2 2 -y-2 2 3 3 3 'l 
TOTAL 

TISSUES 
ID 3 :J 3 4 5 5 5 6 6 6 6 7 7 8 8 8 9 9 9 9 9 0 0 0 0 TUMORS 

1 2 3 l 1 2 3 2 3 4 l l z l 2 3 1 2 3 4 '; l 2 3 4 
--- 

ALIMENTARY SYSTEM 
Esophagus 
Intestme large 

+ 
+ 

+ 
+ 

+ 
t 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
t 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

48 
48 

Intestme large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 47 
Intestine large, colon f + + t + + + + + + + + + t + + + + + + + + + + + 48 
Intestme large, rectum + + + + + + + + + + + + t + t + + + + + + + + + + 48 
Intestme small + t + + + + + + + + + t + + + + + + + + + t + + t 48 
Intestme small, duodenum t M + + + + + + + + + + + + + + + + + + + + M + + 46 
Intestme <;mall, 1leum + + + + + + + + + + + + + + + + + + + + + + + + + 47 
lntestme small, JBJUnum + + + + + + + + + + + + t t + + + + + + + + + + + 46 
L1ver 

Leukemra mononuclear 
+ 
X 

+ t + + + + 
X 

+ + 
X 

t 
X 

+ 
X 

+ t + 
X 

+ + 
X 

+ + 
X 

+ + + 
X 

+ 
X 

+ 
X 

+ + 
X 

50 
20 

Neoplastrc nodule X l 
Mesentery + + + + 8 
Pancreas + + + + + + + + + + + + + + + + + + + + + t + + + 48 

Leukemra mononuclear X X 3 
Acmus, adenoma X X 3 

~~~~:~glands + 
+ 

+ 
+ 

t 
+ 

+ 
+ 

+ 
t 

+ 
+ 

t 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
t 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

49 
49 

Leukemia mononuclear X 2 
Stomach, forestomach t + + + + + + + + + + + + t + + + + + + + + + + + 49 

Leukeima mononuclear 1 
Stomach, glandular + + M + + + t + + + + + + + + + + + + + + + + + + 47 

Leukemia mononuclear 1 

CARDIOVASCULAR SYSTEM -------  --- 

Heart + f + t + + + + + + + + + + + + + + + + + + + + + 50 
Leukemia mononuclear X X 8 

ENDOCRINE SYSTEM -  ----  ---~ 

Adrenal gland + + + + + + + + + + + + + + + + + + + + + M + + + 48 
Leukemia mononuclear l 

Adrenal gland, cortex t + + + + + + + + + + + + + + + + + + + + M + + + 48 
Leukemia mononuclear X 5 

Adrenal gland, medulla + + + + + + + + + + + + t + + + + + + + + M + + + 48 
Leukemia mononuclear X 5 
Pheochromocytoma mahgnant 3 
Pheochromocytoma bemgn X X X X X X X X 11 
B1lateral, pheochromocytoma benign 4 

Islets, pancreatic + + + t + + + + + + + + f + + + + + + + + + + + + 47 
Adenoma X l 
Carctnorna l 

Parathyr01d gland + + + + + M + + + + + M + + + + M M + + + + + + + 42 
PitU1tary gland + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Leukemia mononuclear l 
Pars d1stahs, adPnoma X X X 11 
Pars dtstahs. adenoma. multiple X 1 

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Leukemia mononuclear X l 
C cell, adenoma X X X X 7 
C cell, carcmoma X 2 

--- GENERAL BODY SYSTEM 
Tissue, NOS l 

GENITAL SYSTEM ---~ 

Coagulatmg gland + + 6 
Epididymis + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Prepuhal gland + + + + + + t + + + + + + + + + + + + + + + + + + 50 

Adenoma X X X X X 13 
Carcmoma l 

Prostate + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Adenocarcinoma 1 
Leukemia mononuclear 1 

Semmal vesiCle + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Leukemia mononuclear 1 

Testes + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Bilateral, mtersbtml cell, adenoma 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 42 
Interstitial cell, adenoma ' Tumc, mesothehoma mahgnant 1 

--- 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE 
(Continued) 

~~rf; ON 0 
8 

0 
8 

0 
8 

0 
8 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

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

CARCASS 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 
ID 1 2 4 1 5 8 4 2 2 3 5 4 6 4 3 0 7 2 7 7 8 l l l 2 

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

HEMATOPOIETic SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 

Leukemta mononuclear X 
Lymph node + + + + + + + + + + + + + + + + + + + + + + + + + 

Lumbar, leukem1a mononuclear 
Me<hastmal, leukem1a mononuclear X X X X 
Pancreatic, leukem1a mononuclear 
Renal, leukem1a mononuclear 

Lymph node, mand1bular + + + + + + + + + + + + + + + + + + + + + + M + + 
Leukem1a mononuclear X X X X X 

Lymph node, mesentenc 
Leukem1a mononuclear 

+ + + 
X 

+ + + 
X 

+ + M + + + 
X 

A + 
X 

+ + + + + 
X 

+ + + + + + 

Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 
Leuk.em1a mononuclear X X X X X X X X 

Tbymus M + + + + + + + + + M + + + + + + + + + + + M 
Leukemia mononuclear X X X X 

INTEGUMENTARY SYSTEM 
Mammary gland M M + M M M M + + M + + M + + + + M + + + + + + + 

Adenocarcmoma X 
Ftbroadenoma X 

Skm + + + + + + + + + + + + + + + + + + + + + + + + + 
Basal cell adenoma 
Keratoacanthoma 
Pab1lloma squamous 
Su cutaneous tissue, fibroma X 
Subcutaneous ttssue, fibroma, mult1ple 
Subcutaneous tissue, fibrosarcoma X X 
Subcutaneous tzssue,leukerma 

mononuclear 
Tatl, keratoacanthoma X 

MuscuLOsKELETAL SYSTEM 
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

NERVOus SYSTEM 
Bram + + + + + + + + + + + + + + + + + + + + + + + + + 

Astrocytoma mal1gnant X X 
Cerebellum, carcmoma, metastat1c, 

Zymbal gland X 

RESPIRATORY SYSTEM 
Lung + + + + + + + + + + + + + + + + + + + + + + + + + 

Alveolarlbronchtolar adenoma X X X 
Leukem1a mononuclear X X X X X X 

Nose + + + + + + + + + + + + + + + + + + + + + + + + + 
Chondroma X 

Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 

SPECIAL SENSES SYSTEM 
Ear + + 
Eye + + + + 
Hardenan gland + 
Zymbal gland + + + + + + + + + + + + M + + + + + M + + + M + + 

Carcmoma X X 

URINARY SYSTEM 
K1dney + + + + + + + + + + + + + + + + + + + + + + + + + 

Leukem1a mononuclear X X 
Renal tubule, adenoma 
Renal tubule, carcmoma 

Unnary bladder 
Adenocarc1noma, metastattc, prostate 

A + 
X 

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

Leukemta mononuclear X 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE 

~Vifli ON 

CARCASS 
lD 

HEMATOPOIETic SYSTEM 
Bone marrow 

Leukero1a mononuclear 
Lymph node 

Lumbar, leukem1a mononuclear 
Med1astmal, leukemia mononuclear 
Pancreatic, leukemia mononuclear 
Renal, leukemia mononuclear 

Lymph node, mand1bular 
Leukemia mononuclear 

Lymph node, mesentenc 
Leukemia mononuclear 

Spleen 
Leukemia mononuclear 

Thymus 
Leukemia mononuclear 

INTEGUMENTARY SYSTEM 
Mammary gland 

Adenocarcmoma 
Ftbroadenoma 

Skm 
Basal cell adenoma 
Keratoacanthoma 
Paptlloma squamous 
Subcutaneous tissue, fibroma 
Subcutaneous tlssue, fibroma, multlple 
Subcutaneous ttssue, fibrosarcoma 
Subcutaneous bssue, leukemia 

mononuclear 

Tatl, keratoacanthoma 


MUSCULOSKELETAL SYSTEM 
Bone 

NERVOUS SYSTEM 
Bram 

Astrocytoma mal1gnant 
Cerebellum, carcmoma, metastatic, 

Zymbal gland 

RESPIRATORY SYSTEM 
Lung 

Alveolarlbronchwlar adenoma 
Leukemia mononuclear 

Nose 
Chondroma 

Trachea 

SPECIAL SENSES SYSTEM 
Ear 
Eye 
Hardenan gland 
Zymbal gland 

Carcmoma 

URINARY SYSTEM 
K1dney 

Leukemia mononuclear 
Renal tubule, adenoma 
Renal tubule, carcmoma 

Unnary bladder 
Adenocarcinoma, metastat1c, prostate 
Leukemia mononuclear 

(Continued) 

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 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 

TOTAL. 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 TISSUES 
3 3 3 4 5 5 5 6 6 6 6 7 7 8 8 8 9 9 9 9 9 0 0 0 0 TUMORS 
1 2 3 1 1 2 3 2 3 4 1 1 2 1 2 3 1 2 3 4 5 1 2 3 4 

50 
1 

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

50 
X 

+ + + + + + + 	 + + + + + + + + + + + + + + + + + + 
1 

X X X 7 I2 
1 IX 

X 	 X 

49+ + + + + + + 	 + + + + + + + + + + + + + + + + + + i 
X 	 X ' I 

48+ + + + + + + 	 + + T + + + + + + + + + + + + + + + 
X 	 X X 

50 

X X X X X X X X X X X X 


8 I+ + + + + + + 	 + + + + + + + + + + + + + + + + + + 
20 

I45+ + + + + + + 	 + + + + + + + + + + + + + + + + + + I 
f\X 	 X ' 

I 
+ + + M + + + + + M + + M + + + + + + + + + + + + 38 I 

l 
r1 

50 
X 

+ + t + + + + 	 + + + + + + + + + + + + + + + + + + 
1 

X l 
X l 

l 
X lI 2 

X I l 
l 

+ + + + + + + 	 + + + + + + + + + + + + + + + + + + 
1 50 

50 
2 

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

I l 

50+ + + + + + + 	 + + + + + + + + + + + + + + + + + 
4 

X X X X 
I + 

X 
10 

I + I 50+ + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + I s6 
~----, 

+ 
+ 	 + " 6 
+ + + 	 4 

+ + + + + + + M M + M M + + + + + M + + + + M 41 

+ + + + + + + 	 + + + + + + + + + + + + + + + + '>0 
X X 4 

X 
X 1 

+ + + + + + + + + + + + + + + + + + + + + + + 48 
1 

X 2 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY OF 
PETN,NF 

Control 25,000 ppm 50,000 ppm 

Adrenal Medulla: Pheochromocytoma 
Overall Rates (a) 19/49(39%) (b) 8/18 (44%) 15/48{31%) 
Adjusted Rates (c) 613% 43.1% 
Termmal Rates {d) 11/22 {50%) 9/27 (33%) 
Day ofFtrst ObservatiOn 479 589 
Ltfe Table Test {e) P=0.092N 
Logtstlc Regresswn Test (e) P=0.198N 
Ftsher Exact Test (e) P==0.287N 

Adrenal Medulla: Malignant Pheochromocytoma 
Overall Rates (a) 0/49 (Qo/o) (b)2/18{ll%) 3/48 (6%) 
Adjusted Rates (c) 0 0% 64% 
Termmal Rates {d) 0/22 CO%> 0/27 (0%) 
Day ofFtrst ObservatiOn 560 
Ltfe Table Test {e) P==0.154 
Logtstlc Regresswn Test {e) P==O 032 
Ftsher Exact Test {e) P==0.117 

Adrenal Medulla: Pheochromocytoma or Malignant Pheochromocytoma 
Overall Rates (a) 19/49 {39%) (b) 10/18 <56%) 18/48 <38%) 
Adjusted Rates (c) 61.3% 46.7% 
Termmal Rates <d) 11122 (50%) 9/27 (33%) 
Day of Ftrst Observatwn 4 79 560 
Ltfe Table Test {e) P==0.230N 
Logtstlc Regresswn Test (e) P==0.504N 
Ftsher Exact Test {e) P==O 532N 

Preputial Gland: Adenoma 
Overall Rates (a) 11/46 (24%) (b) 11/22 {50%) 13/50 {26%) 
Adjusted Rates {c) 32 6% 36.7% 
Termmal Rates <d) 2/20 { 10%) 8/29 (28%) 
Day ofFtrst Observatwn 564 641 
Ltfe Table Test (e) P==0.442N 
Logtstlc Regresswn Test (e) P==0.484 
Ftsher Exact Test {e) P==0.501 

Preputial Gland: Carcinoma 
Overall Rates (a) 3/46 (7%) (b) 2/22 (9%) l/50 (2%) 
Adjusted Rates {c) 78% 2 4% 
Termmal Rates {d) 0/20 <0%) 0/29 (0%) 
Day ofFtrst Observatwn 479 681 
Ltfe Table Test (e) P=O 230N 
Logtstlc Regresswn Test (e) P=0.510N 
Ftsher Exact Test (e) P=0.278N 

Preputial Gland: Adenoma or Carcinoma 
Overall Rates (a) 14/46 (30%) (b) 13/22 (59%) 14/50 (28%) 
Adjusted Rates (c) 37.9% 38.2% 
Termmal Rates (d) 2/20 (10%) 8/29 (28%) 
Day ofFtrst Observation 479 641 
Ltfe Table Test (e) P=0.266N 
Logtstlc RegressiOn Test (e) P=0.563 
Ftsher Exact Test (e) P=0.485N 

Pancreas: Adenoma 
Overall Rates (a) l/49 (2%) 5/49(10%) 3/48 (6%) 
Adjusted Rates (c) 45% 17.2% 90% 
Termmal Rates (d) 1122 (5%) 5/29(17%) 2/29(7%) 
Day ofFirst ObservatiOn 735 735 669 
Ltfe Table Tests (e) P=0.382 P=0.172 P=0.416 
Logtstlc RegressiOn Tests (e) P=0.376 P=0.172 P=0.366 
Cochran-Armitage Trend Test (e) P=0.255 
Ftsher Exact Test (e) P=0.102 P=0.301 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO·YEAR FEED STUDY OF 
PETN, NF (Continued) 

Control 25,000 ppm 50,000 ppm 

Pancreatic Islets: Adenoma 
Overall Rates (a) 6/49 (12%) 3/45 (7%) 1147 (2%) 
Adjusted Rates (c) 25 0% 10 3% 3 4% 
Termmal Rates (d) 5/22 <23%) 2/26 (8%) 1/29(3%) 
Day of First ObservatiOn 660 696 735 
Life Table Tests (e) P=O 014N P=O 165N P=O 024N 
Logistic Regresswn Tests (e) P=0017N P=O 198N P=O 028N 
Cochran Armitage Trend Test (e) P=O 102N 
Fisher Exact Test (e) P=O 288N P=O 062N 

Pancreatic Islets: Adenoma or Carcinoma 
Overall Rates (a) 6/49 (12%) 3/45 (7%) 2/47 (4%) 
Adjusted Rates (c) 25 0% 10 3% 61% 
Termmal Rates (d) 5/22 (23%) 2/26 (8%) 1129 (3%) 
Day ofF1rst ObservatiOn 660 696 711 
L1fe Table Tests (e) P=O 041N P=O 165N P=O 064N 
Logistic Regresswn Tests (e) P=O 051N P=O 198N P=O 075N 
Cochran Armitage Trend Test (e) P=O 102N 
Fisher Exact Test (e) P=O 288N P=O 148N 

Liver: Neoplastic Nodule or Hepatocellular Carcinoma 
Overall Rates (a) 3/49 (6%) 0/50 (0%) 1150 (2%) 
Adjusted Rates (c) 11 6% 00% 3 4% 
Termmal Rates (d) 1122 (5%) 0/29 (0%) 1/29 <3%) 
Day ofF1rst ObservatiOn 711 735 
LifeTableTests(e) P=O 120N P=O 083N P=O 213N 
Log1stic RegressiOn Tests (e) P=O 126N P=O 094N P=O 220N 
Cochran Arm1tage Trend Test (e) P = 0 171N 
Fisher Exact Test (e) P=O 117N P=O 301N 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 3/49 (6%) (b) 3/28 (11 o/o) 4/50 (8%) 
Adjusted Rates (c) 111% 10 4% 
Termmal Rates (d) 2/22 (9%) 1/29 (3%) 
Day ofF1rst Observation 577 674 
Life Table Test (e) P=O 641 
Log1st1c RegressiOn Test (e) P=O 486 
F1sher Exact Test (e) P=O 511 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a) 5/49 (10%) (b) 3/28 (11 %) 4/50(8%) 
AdJusted Rates (c) 18 2% 10 4% 
Termmal Rates (d) 3/22 (14%) 1/29 (3%) 
Day ofF1rst ObservatiOn 577 674 
L1fe Table Test (e) P=O 337N 
Log1st1c RegressiOn Test (e) P=O 503N 
F1sher Exact Test (e) P=O 487N 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 4/50<8%) 1150 (2%) 1150 (2%) 
Adjusted Rates (c) 14 9% 3 4% 29% 
Termmal Rates (d) 2/22 (9%) 1129 (3%) 0/29 (0%) 
Day ofF1rst ObservatiOn 534 735 718 
Life Table Tests (e) P=O 063N P=O 125N P=O 120N 
Log1stic RegressiOn Tests (e) P=O 093N P=O 172N P=O 182N 
Cochran Armitage Trend Test (e) P=O lOIN 
Fisher Exact Test (e) P=O 181N P=O 181N 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY OF 
PETN, NF (Continued) 

Control 25,000 ppm 50,000 ppm 

Mammary Gland: Fibroadenoma or Adenocarcinoma 
Overall Rates (a) 5/50 (10%J 
AdjustedRates(c) 19.1% 
Termmal Rates (d) 3/22 ( 14%) 
Day ofFtrst Observatton 534 
Ltfe Table Tests (el P=0.085N 
Logtsttc Regresston Tests (e) P=0.139N 
Cochran-Armttage Trend Test< e) P=0.133N 
Ftsher Exact Test< e) 

Pancreas: Adenoma 
Overall Rates (a) 1/49 <2%) 
Adjusted Rates (c) 4.5% 
Termmal Rates (dl 1/22(5%) 
Day ofFtrst ObservatiOn 735 
Ltfe Table Tests (e) P=0.293N 
Logtstic Regresston Tests (e) P=0.293N 
Cochran-Arm1tage Trend Test (e l P=0.384N 
F'1sher Exact Test (e) 

Pituitary Gland/Pars Distalis: Adenoma 
Overall Rates (a) 13/49<27%) 
Adjusted Rates (c) 43.5% 
Termmal Rates (d) 8/22 (36%) 
Day of Ftrst Observatton 534 
Life Table Test (e) 
Logtstic Regresston Test (e) 
Ftsher Exact Test (e) 

Skin: Keratoacanthoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (c) 10.5% 
Termmal Rates (d) 0/22(0%) 
Day ofFtrst Observatton 672 
Life Table Tests (e) P=0.305N 
Logtstlc Regresston Tests (e) P=0.430N 
Cochran-Arm1tage Trend Test(e) P=0.390N 
F'tsher Exact Test (e) 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (c) 12.8% 
Terminal Rates (d) 0/22(0%) 
Day of First Observatton 660 
Ltfe Table Tests (e l P=0.168N 
Logistic Regression Tests (e) P=0.254N 
Cochran-Armttage Trend Test (e) P=0.264N 
Fisher Exact Test (e) 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
OverallRates(aJ 4/50<8%> 
Adjusted Rates (c) 12.8% 
Termmal Rates (dl 0/22 (0%) 
Day of Ftrst Observation 660 
Life Table Tests (e) P=0.433N 
LogJStic Regresston Tests (e) P=0.551 
Cochran-Arm1tage Trend Test(e) P=0.576 
Fisher Exact Test (e) 

1150 <2%) 
3.4% 
1129 <3%) 
735 
P=0.062N 
P=0.091N 

P=0.102N 

3/49 (6%) 
10.3% 
3/29 (10%) 
735 
P=0.407 
P=0.407 

P=O 309 

(bl 12/20 <60%) 

0/50(0%) 
0.0% 
0/29<0%) 

P=0.084N 
P=0.115N 

P=0.121N 

3/50(6%) 
9.1% 
2/29 (7%) 
641 
P=0.394N 
P=0.489N 

P=0.500N 

3/50(6%) 
9.1% 
2/29(7%) 
641 
P=0.394N 
P=0.489N 

P=0.500N 

2/50 (4%) 
5.0% 
0/29 (0%) 
589 
P=0.144N 
P=0.248N 

P=O 218N 

0/48 <0%) 
0.0% 
0/29 (0%) 

P=0.445N 
P=O 445N 

P=O 505N 

12/50 <24%) 
31.1% 
5/29 <17%) 
622 
P=0.257N 
P=0.517N 
P=0.477N 

2/50 (4%) 
5.4% 
1/29 (3%) 
562 
P=0.386N 
P=0.568N 

P=0.500N 

2/50 (4%) 
5.8% 
1129 (3%) 
681 
P=0.220N 
P=0.336N 

P=0.339N 

4/50 (8%) 
9.9% 
1129 (3%) 
622 
P=0.488N 
P=0.590 

P=0.643 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY OF 
PETN, NF (Continued) 

Control 25,000 ppm 50,000 ppm 

Subcutaneous Tissue: Fibroma, Sarcoma, or Fibrosarcoma 
Overall Rates (a l 5/50(10%) 3/50 (6%) 4/50 (8%) 
Adjusted Rates (c) 15 4% 91% 9 9% 
Termmal Rates (d) 0/22<0%) 2/29 17%) 1/29 (3%) 
Day ofF1rst ObservatiOn 660 641 622 
Life Table Tests (e) P=O 290N P=O 263N P=O 341N 
Logistic Regresswn Tests (e) P=O 462N P=O 352N P=O 578N 
Cochran Armitage Trend Test (e) P=O 427N 
F1sher Exact Test (e) P=O 357N P=O 500N 

Testis: Interstitial Cell Adenoma 
Overall Rates (a) 47/49(96%) 44/50 (88%) 49/50 ( 98%) 
AdJusted Rates (c) 100 0% 956% 100 0% 
Termmal Rates (d) 22/22 (100%) 27/29 (93%) 29/29 ( 1 00%) 
Day of Fust ObservatiOn 479 562 560 
L1fe Table Tests (e) P=O 076N P=O 034N P=O 082N 
Logistic RegressiOn Tests (e) P=O 507N P=O 101N P=O 734 
Cochran Armitage Trend Test (e) P=O 407 
F1sher Exact Test (e) P=O 141N P=O 492 

Thyroid Gland: C-Cell Adenoma 
Overall Rates (a) 5/49 (10%) (b) 2/15 (13%) 7/50 (14%) 
AdJUSted Rates (c) 18 5% 22 1 o/o 
Termmal Rates (d) 3/22(14%) 5/29 ( 17%) 
Day of F1rst Observatwn 589 709 
Life Table Test (e) P=O 571 
Logistic RegressiOn Test (e) P=O 512 
Fisher Exact Test (e) P=O 394 

Thyroid Gland: C-Cell Adenoma or Carcinoma 
Overall Rates (a) 5/49 00%) <bl2/15(13%) 9/50 (18%) 
Adjusted Rates (c) 18 5% 26 9% 
Termmal Rates (d) 3/22 (14%) 6/29 (21 o/o) 
Day ofFirstObservatwn 589 641 
Life Table Test (e) P=O 368 
Logistic Regresswn Test (e) P=O 279 
F1sher Exact Test (e) P=O 205 

Zymbal Gland: Adenoma or Carcinoma 
Overall Rates (a) 0/49(0%) 3/45 (7%) 2/41 (7%) 
Adjusted Rates (c) 00% 83% 69% 
Termmal Rates (d) 0/22 (Q%) 1/2414%) 1/22 (5%) 
Day ofF1rst ObservatiOn 562 687 
Life Table Tests (e) P=O 231 P=O 138 P=O 275 
Logistic RegressiOn Tests (e) P=O 135 P=O 108 P=O 219 
Cochran Armitage Trend Test (e) P=O 157 
F1sher Exact Test (e) P=O 106 P=O 205 

Hematopoietic System: Mononuclear Leukemia 
Overall Rates (a) 29/50 (58%) (f) 27/50<54%) 20/50 <40%> 
Adjusted Rates (cl 709% 620% 54 4% 
Termmal Rates Id) 11/22150%) 13/29<45%) 13/29 145%) 
Day ofF1rst ObservatiOn 577 501 589 
Life Table Tests (e) P=O 009N P=O 157N P=O OliN 
Logistic RegressiOn Tests (e) P=O 035N P=O 405N P=O 036N 
Cochran Armitage Trend Test (e) P=O 045N 
F1sher Exact Test (e) P=O 420N P=O 055N 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY OF 
PETN, NF (Continued) 

(a) Number oftumor-beanng ammals/number ofammals examined at the s1te 
<b) Incomplete sampling oftissues 
(c) Kaplan-Me1er estimated tumor inCidences at the end of the study after adJusting for intercurrent mortahty 
(d) Observed tumor mc1dence at termmal k1ll 
(e) Beneath the control mc1dence are the P values assoCiated w1th the trend test. Beneath the dosed group inCidence are the 
P values correspondmg to pairwise compansons between that dosed group and the controls The hfe table analysis regards tu 
mors mammals dying pnor to termmal k1ll as bemg (directly or md1rectly) the cause of death. The logiStiC regression test re 
gards these les1ons as nonfatal The Cochran-Arm1tage and F1sher exact tests compare directly the overall mc1dence rates 
A negative trend or lower mc1dence m a dosed group IS indicated by (N) 
(f) Th1rty s1x spleens were exammed microscopically. 
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TABLE A4a. HISTORICAL INCIDENCE OF ZYMBAL GLAND TUMORS IN MALE F344/N RATS 
RECEIVING NO TREATMENT (a) 

Incidence of Carcinomas 
Study in Controls 

Historical Incidence at EG&G Mason Research Institute 

4,4' Methylenediamlme dihydrochlonde 
C I Basic Red 9 monohydrochlonde 
Monuron 
8 Hydroxyqumohne 
DI(2 ethylhexyl)phthalate 
0I(2-ethylhexyl)adipate 
Guargum 
Locust bean gum 
Gum arabic 
Agar 
Tara gum 
2 Biphenylamme hydrochlonde 

TOTAL 

SD<d) 


Range !e) 
Htgh 
Low 

Overall Historical Incidence at All Laboratories 

TOTAL 

SD(dl 


Range (e) 
High 
Low 

0/50 
1/50 
0/50 

(b) 1/50 

0/50 

0/49 


(c) l/50 

0/50 

0/50 

0/50 

0/50 


(b) 1/50 

4/599 (0 7%) 
0 98% 

l/50 
0/50 

(f) 19/1,936 (l 0%) 
1.71% 

4150 
0/50 

(a) Data as ofApnl29, 1987, for stud1es ofat least 104 week~>, no bemgn tumors have been observed 
(b) Squamous cell carcmoma 
(c) Cerummous carcmoma 
(d) Standard deviatwn 
(e) Range and SD are presented for groups of35 or more ammals 
(0 Includes mne squamous cell carcmomas and one cerummous carcmoma 
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TABLE A4b. HISTORICAL INCIDENCE OF HEMATOPOIETIC SYSTEM TUMORS IN MALE F344/N RATS 

RECEIVING NO TREATMENT (a) 


Incidence of Leukemia 
Study in Controls 

Historical Incidence at EG&G Mason Research Institute 

4,4' -Methylened!amlme d1hydrochlonde 
C.I Bas1c Red 9 monohydrochlonde 
Monuron 
8-Hydroxyqumohne 
Di(2-ethylhexyl)phthalate 
0!(2 ethylhexyl)ad1pate 
Guargum 
Locust bean gum 
Gumarab1c 
Agar 
Tara gum 
2-Biphenylamme hydrochlonde 

TOTAL 
SD(b) 

Range(c) 
H1gh 
Low 

Overall Historical Incidence at All Laboratories 

TOTAL 
SD{b) 

Range(c) 
H1gh 
Low 

{a) Data as of Apnl29, 1987, for stud1es of at least 104 weeks 
(b) Standard dev1atlon 
(c) Range and SD are presented for groups of 35 or more ammals 

12/50 
7/50 
5/50 

17/50 
13/50 
9/49 

13/50 
21/50 
10/50 
9/50 

14/50 
15/50 

145/599 (24 2%) 
8 86% 

21/50 
5/50 

636/1,936 (32 9%) 
14 62% 

36/50 
5/50 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR FEED STUDY OF PETN, NF 

Untreated Control Low Dose High Dose 

Animals initially in study 50 50 50 
Animals removed 50 50 50 
Animals examined histopathologically 50 50 50 

ALIMENTARY SYSTEM 
Intestine large, colon (47) (10) (48) 

Parasite 6 <13%> 2 (20%) 14 (29%) 
Intestine large, rectum <46) (9) {48) 

Parasite 1 <2%) 2 (4%) 
Intestine small, ileum <47) m <47) 

Lymphoid tissue, hyperplasia 1 (2%) 
Liver (49) (50) <50) 

Angiectasis 5 <10%) 7 (14%) 8 <16%) 
Basophilic focus 25 (51%) 19 (38%) 25 <50%) 
Clear cell focus 2 (4%) 4 (8%) 3 (6o/o) 
Congestion 1 (2%> 1 (2%) 
Degeneration, cystic 3 (6%> 6 02%> 6 (12%> 
Developmental malformation 2 <4%) 1 (2%) 
Eosinophilic focus 1 <2%) 1 (2%) 
Fatty change, diffuse 3 (6%) 1 (2%) 1 (2%) 
Fatty change, focal 7 <14%) 4 (8%) 5 <10%) 
Focal cellular change 2 <4%) 8 ( 16%) 
Hemorrhage 2 (4%) 
Hepatodiaphragmatic nodule 4 <8%) 1 (2%) 
Hyperplasia 3 (6%) 2 <4%) 
Hyperplasia, focal 1 <2%) 1 (2%) 5 00%) 
Hyperplasia, multifocal 1 (2%) 1 (2%) 
Inflammation 1 (2%) 
Inflammation, granulomatous 1 <2%) 
Mixed cell focus 4 <8%) 9 08%) 3 (6%) 
Necrosis 3 (6%) 1 <2%) 4 (8%) 
Pigmentation 1 (2%) 
Thrombus 2 (4%) 
Vacuolization, cytoplasmic 1 <2%) 
Bile duct, hyperplasia 39 (80%) 31 <62%) 35 (70%) 
Oval cell, hyperplasia 1 <2%) 

Mesentery (4) (1) (8) 
Hemorrhage 1 <13%) 
Fat, mineralization 2 <50%) 1 <13%) 
Fat, necrosis 2 (50%) <100%) 6 (75%) 
Fat, pigmentation 3 (38%) 

Pancreas (49) (49) <48) 
Fibrosis (2%) 
Acinus, atrophy 1 (2%) 2 (4%) 
Acinus, hyperplasia 3 <6%) 6 (12%) 2 (4%) 
Acinus, hyperplasia, focal 1 (2%) 1 (2%) 
Artery, hemorrhage 1 <2%) 
Artery, inflammation, chronic active 2 (4%) 
Artery, mineralization 1 <2%) 
Artery, necrosis, fibrinoid 4 <8%) 2 (4%) (2%) 
Duct, hyperplasia 1 <2%) 

Pharynx (l) 
Palate, epithelium, hyperplas1a 1 (100%) 

Salivary glands <48) (13) <49) 
Inflammation, chronic active 1 <8%) 

Stomach, forestomach <49) (14) <48) 
Acanthosis 3 <6%) 4 (29%) 2 (4%) 
Edema 1 ( 2%) 1 (2%) 
Fibrosis 1 <2%) 
Hyperkeratosis 4 <8%) 7 (14%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR FEED STUDY OF PETN, NF (Continued} 

Untreated Control Low Dose High Dose 

ALIMENTARY SYSTEM 
Stomach, forestomach (Contmued) (49) (14) (48) 

Hyperplasia, basal cell 1 (2%) 
lnflammat10n, chrome active 2 (4%) 1 (2%) 
Necrosis 2 (4%) 
Ulcer 2 (14%) 

Stomach, glandular (48) (15) (47) 
Degenerat10n 1 (2%) 
Eros10n 3 (20%) 
Hyperplasia 3 (6%) 
Infiltration cellular, lymphocytic 2 (13%) 2 (4%) 
Inflammat10n, chrome 2 <13%) 
Mmerahzat10n (2%) 2 (4%) 
Necrosis <2%) (7%) 1 (2%) 
PigmentatiOn 1 (2%) 

Tooth (1) 

Gmgiva, mflammatwn, chrome 1 (100%) 
Tongue (2) (1) 

Hyperkeratosis 1 (50%) 

CARDIOVASCULAR SYSTEM 
Heart (49) <15) (50) 

Cardwmyopathy 37 (76%) 13 (87%) 47 (94%) 
Inflammatwn, acute 1 (2%) 
lnflammat10n, chrome active (2%) 
Mmerahzatwn (2%) 
Thrombus 3 (20%) 
Artery, mmerahzat10n 2 (4%) 

ENDOCRINE SYSTEM 
Adrenal gland, cortex (49) (18) (48) 

Hemorrhage 1 (2%) 
Hyperplasia (2%) 2 (4%) 
Hypertrophy (6%) 
Vacuohzatwn cytoplasmtc, dtffuse 1 (2%) 

Adrenal gland, medulla (49) (18) (48) 
Hyperplasia 25 (51 o/o) 5 (28%) 21 (44%) 

Islets, pancreatic (49) (45) (47) 
Hyperplasia 2 (4%) 
Hyperplasia, focal 1 (2%) 

ParathyrOid gland (40) (9) (42) 
Hyperplasia 2 (5%) 

Pitwtary gland (49) (20) (50) 
Pars distahs, angiectasis 12 (24%) 11 (55%) 6 (12%) 
Pars distahs, cyst 2 (4%) 
Pars distahs, hyperplasia 10 (20%) 3 (15%) 21 (42%) 
Pars distahs, hyperplasia, focal 1 (2%) 
Pars mtermedia, hyperplasia 1 (2%) 1 (5%) 3 (6%) 

Thyroid gland (49) (15) (50) 
C cell, hyperplasia 4 (8%) 6 (12%) 
Follicle, cyst 1 (2%) 
Folhcular cell, hyperplasia (2%) 

GENERAL BODY SYSTEM 
Tissue, NOS (1) 

Necros1s 1 (100%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR FEED STUDY OF PETN, NF (Continued) 

Unh·eated Control Low Dose High Dose 

GENITAL SYSTEM 
Eptdtdymts <48) (13) (50) 

Mmerahzatwn 4 (8%) 
Preputial gland (46) (22) (50) 

D1latatwn 1 (2%) 1 <2%) 
Hyperplasia 1 (2%) 
Inflammatwn, acute 2 (9%) 
InflammatiOn, chrome active 2 (4%) 3 (6%) 
Necros1s 7 (15%) 1 (5%) 7 (14%) 

Prostate (48) (13) (50) 
Inflammatwn 1 (2%) 
InflammatiOn, <-hromc active 12 (25%) 3 (23%) 9 (18%) 
Mmerahzatwn 1 (2%) 
Necrosis 1 <2%) 
P1gmentatwn 1 (2%) 
Ep1thehum, hyperplasia 1 (2%) 4 (8%) 

Semmal vesicle <49> (23) (50) 
Atrophy 3 (6%) 

Testes (49) (50> (50) 
Interstitial cell, hyperplasia 28 (57%) 23 (46%) 25 <50%) 
Sem1mferous tubule, atrophy 43 (88%) 32 <64%) 44 <88%) 
Semm1ferous tubule, mmerahzatwn 4 (8%) 2 <4%) 

HEMATOPOIETIC SYSTEM 
Bone marrow <48J (10) (50) 

Hyperplasia, reticulum cell 1 <2%) 
Lymph node (48) (30) (50) 

Ax1llary, mfiltratwn cellular, plasma cell 1 (3%) 
Ingumal, mfiltratwn cellular, plasma cell 1 (3%) 
Lumbar, congestwn (2%) 
Lumbar, mfiltration cellular, plasma cell (2%) 
Lumbar, mfiltratwn cellular, histwcytic (3%) 
Lumbar, p1gmentat10n (2%) 
Med1astmal, ang1ectas1s 2 <4%) 2 (7%) 
Medtastmal, congestwn <2%) 
Medtastmal, depletiOn lympho1d (2%) 
Medtastmal, mfiltratwn cellular, h1stwcytic 1 (3%) 
Med1astlnal, p1gmentatron 3 (6%) 1 (3%) 2 (4%) 
Pancreatic, angiectasis 1 (3%) 
Pancreatic, cyst 1 (2%) 
Pancreatic, depletion lymphoid 1 (2%) 
Pancreatic, hematocyst 1 <2%) 
Pancreatic, hemorrhage 1 (2%) 
Pancreat1c, mfiltratwn cellular, plasma cell 1 (2%) 1 (2%) 
Pancreatic, mfiltratwn cellular, h1stwcyt1c 3 (10%) 1 (2%) 
Ren11I, mfiltratwn cellular, htsbocybc 2 (7%) 1 (2%) 
Renal, p1gmentatwn 1 (2%) 2 (4%) 

Lymph node, mandibular (46) (20) (49) 
Angtectasis 1 (5%) 
Cyst 4 (9%) 2 (4%) 
Degeneratwn, cystic <5%) 1 (2%) 
Erythrophagocytosis 1 (2%) 
Hemorrhage 2 (4%) 
Infiltration cellular, plasma cell 2 (10%) 

Lymph node, mesentenc <47) (15) (48) 
Ang~ectas1s 1 (7%) 1 (2%) 
Degeneratwn, cyst1c (2%) 2 (4%) 
Hemorrhage (2%) (7%) 1 (2%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR FEED STUDY OF PETN, NF (Continued) 

Untreated Control Low Dose High Do"e 

HEMATOPOIETIC SYSTEM 
Lymph node, mesentenc (Contmuedl (47) (15) (48) 

Infiltration cellular, plasma cell 1 (2%) 1 (7%) 
Infiltratwn cellular, htstlocytlc 2 (4%) 
Necrosis 1 (2%) 

Spleen (48) (36) (50> 
Atrophy l (2%) 
Congestwn 2 (4%) 
DepletiOn lymphoid l (2%) l (3%) 2 (4%) 
Fibrosis l (2%) 2 (6%) 2 (4%) 
Hematopoietic cell prohferatwn 26 (54%) 14 (39%) 28 (56%) 
Hemorrhage 4 (11%) 
Mmerahzatwn 1 <3%> 
Necrosis l (2%) 1 (3%) 
Ptgmentatwn 6 (13%) 2 (6%) 15 (30%) 
Thrombus 1 <3%) 

Thymus (36) (17) (45) 
DepletiOn lymphoid 3 (8%) l (6%) 3 (7%) 
Ep1theilal cell, hyperplasia 1 <3%) 

INTEGUMENTARY SYSTEM 
Mammary gland (37) (9) (38) 

Galactocele 4 <11%) 6 (16%) 
Acmus, hyperplasia 1 (3%) 1 (3%) 

Skm (48) (18) (50) 
Acanthosis 3 <6%) 4 (22%) 4 (8%) 
Cystep1thehal mcluswn 2 (11%) 
Erosion l <2%) 
Hemorrhage l (2%) 
Hyperkeratosis 4 (8%) 4 (22%) 5 (10%) 
InflammatiOn, chrome active 1 (2%) 
NecroSIS 2 (4%) 2 (4%) 

MUSCULOSKELETAL SYSTEM 
Bone (49) (10) <50) 

Tarsal, hyperostoSIS 1 (2%) 

NERVOUS SYSTEM 
Bram (49) (48) (50) 

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

Hemorrhage 1 (100%) 

RESPIRATORY SYSTEM 
Lung (49) (28) (50) 

AtelectasiS 1 (2%) 1 (4%) 
Congestion 10 (20%) 10 (36%) 11 (22%) 
Edema 3 (6%) 1 (4%) 2 (4%) 
Embolus tumor 1 {2%) 
Fibrosis 1 {2%) 
Hemorrhage 6 (12%) 2 (7%) 6 (12%) 
InfiltratiOn cellular, histiocytic 4 (8%) 1 (4%) 11 (22%) 
Inflammation, acute 1 {2%) 
InflammatiOn, chrome active 1 (2%) 5 (10%) 
Alveolar epithelium, hyperplasia 2 (4%) 1 (2%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO·YEAR FEED STUDY OF PETN, NF (Continued) 

Untreated Control Low Dose High Dose 

RESPIRATORY SYSTEM (Contmued) 
Nose (47) (10) (50) 

Hemorrhage 1 (2%) 
Inflammation, acute 2 (4%) 8 (16%) 
Inflammation, chrome active 1 (2%) 1 (2%) 
Metaplasia, osseous 1 (2%) 

SPECIAL SENSES SYSTEM 
Eye (5) (9) (6) 

Cornea, mflammatwn, acute 1 (20%) 
Lens, cataract 1 (20%) 3 (33%) 1 (17%) 

Zymbal gland (49) (45) {41) 
Cyst 6 (12%) 1 (2%J 
Hyperplasia 1 {2%) 
Inflammation, granulomatous (2%> 

URINARY SYSTEM 
Kidney <49> {50) <50) 

Ang1ectas1s 1 <2%> 
Cyst 4 (8%) 1 (2%) 1 (2%) 
F1bros1s 1 (2%) 
HydronephrosiS 2 (4%) 
Necrosis 1 (2%) 
Nephropathy 49 ( 100%) 49 C98%J 49 (98%) 
Capsule, fibrosis 1 (2%) 
Cortex, mmerahzatwn 5 (10%) 7 (14%) 
Pap1lla, mmerahzatwn 4 (8%) (2%) 9 (18%) 
Renal tubule, dilatatwn 1 (2%) 
Renal tubule, hyperplasia 3 (6%> 
Renal tubule, necrosis 1 (2%) 1 (2%) 
Renal tubule, pigmentatiOn 3 (6%) 1 (2%) 5 (10%) 
Transitional ep1thehum, hyperplasia 2 (4%) 8 06%) 3 (6%) 

Urmary bladder (46) (10) 148) 
Calculus gross observatwn 1 (10%) 1 (2%) 
Calculus m1cro observatwn only (2%) 2 (20%) 1 (2%) 
F1bros1s 1 (2%) 
Hemorrhage 1 (2%) 
Inflammatwn, chrome active 1 {2%) 
Artery, necrosis, fibnno1d 1 (2%) 
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
FEED STUDY OF PETN, NF 

Untreated Control Low Dose High Dose 

Ammals Imtially m study 50 50 50 
Ammals removed 50 50 50 
Ammals exammed histopathologiCally 50 50 50 

ALIMENTARY SYSTEM 
Intestme large, colon (48) *(50) (50) 

Leukemia mononuclear 1 <2%) 
Intestme small, duodenum (48) *(50) (49) 

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

Intestme small, Ileum (46) '"(50) (49) 
Leukemia mononuclear 1 (2%) 

Liver (50) (50) (50) 
Fibrous histiocytoma, metastatic, skm 1 (2%) 
Leukemia mononuclear 14 <28%) 14 (28%) 9 <18%) 

Pancreas (50) '"<50) (49) 
Leukemia mononuclear 3 (6%) 1 (2%) 
Acmus, adenoma <2%) 1 12%) 

Pharynx *(50) *<50) "<50) 
Palate, squamous cell carcmoma 1 (2%) 

Salivary glands (50) *(50) (49) 
Leukemia mononuclear 1 <2%) 
Sarcoma, metastatic, skm 1 (2%) 

Stomach <50) *(50) (50) 
Leukemia mononuclear 1 (2%) 

CARDIOVASCULAR SYSTEM 
Heart (50) *(50) (50) 

Leukemia mononuclear 5 (10%) 3 (6%) 6 (12%) 

ENDOCRINE SYSTEM 
Adrenal gland, cortex (49) *(50) (49) 

Leukemia mononuclear 7 (14%) 2 (4%) 2 (4%) 
Adrenal gland, medulla (49) *(50) (49) 

Leukemia mononuclear 7 <14%) 2 (4%) 2 (4%) 
Pheochromocytoma bemgn 1 (2%) 4 (8%) 
Bilateral, pheochromocytoma bemgn 1 (2%) 

Islets, pancreatic (49) *(50) (48) 
Adenoma 1 (2%) 1 (2%) 

Parathyroid gland (43) *(50) (44) 
Adenoma 1 (2%) 

Pitwtary gland (50) *(50) (49) 
Leukemia mononuclear 4 (8%) 1 (2%) 3 (6%) 
Pars d1stahs, adenoma 16 (32%) 13 (26%) 18 (37%) 
Pars distahs, adenoma, multiple 3 (6%) 1 (2%) 5 (10%) 
Pars d1stahs, carcmoma 1 (2%) 
Pars d1stahs,leukem1a mononuclear 1 (2%) 

Thyrmd gland (50) (48) (50) 
Sarcoma, metastatic, skm 1 (2%) 
Bilateral, C-cell, adenoma 2 (4%) 
C-cell, adenoma 5 <10%) 3 (6%) 4 (8%) 
C-cell, carcmoma 1 (2%) 1 (2%) 3 (6%) 
Follicular cell, adenoma 1 (2%) 
Follicular cell, carcmoma 2 (4%) 

GENERAL BODY SYSTEM 
None 
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO YEAR 
FEED STUDY OF PETN, NF (Continued) 

Untreated Control Low Dose High Dose 

GENITAL SYSTEM 
Chtoral gland <39> *(50) (41) 

Adenoma 5 <13%) 4 (8%) 6 (15%) 
Carcmoma 1 (2%) 1 (2%) 
Bilateral, adenoma 2 (4%) 

Ovary <50) *(50) (50) 
Granulosa cell tumor bemgn 1 <2%) 
Leukemia mononuclear 5 (10%) 2 (4%) 3 (6%) 

Uterus (50) (48) (50) 
Letomyosarcoma 1 (2%) 
Leukemia mononuclear 2 (4%) 2 (4%) 1 (2%) 
Polyp stromal 8 (16%) 9 <19%) 12 (24%) 
Bilateral, polyp stromal 1 (2%) 

HEMATOPOIETIC SYSTEM 
Bone marrow <50) *(50) <50) 

Leukemta mononuclear 1 (2%) 1 (2%) 
Lymph node (50) *<50) (49) 

Axtllary, leukemia mononuclear 3 (6%) 
Deep cervical, leukemia mononuclear 1 (2%) 
Ingumal, leukemia mononuclear 1 <2%) 
Lumbar, leukemia mononuclear 1 (2%) 
Mediastmal, leukemia mononuclear 6 (12%) (2%) 5 (10%) 
Pancreatic, leukemia mononuclear 4 <8%) 1 (2%) 

Lymph node, mandibular (46) *(50! (47) 
Leukemia mononuclear 7 (15%) 2 (4%) 4 (9%> 

Lymph node, mesentenc (49) *(50) <48) 
Leukemia mononuclear 7 (14%) 3 (6%) 5 (10%) 

Spleen (49) *(50) (50! 
Leukemia mononuclear 13 (27%) 14 (28%) 9 08%> 

Thymus (46) *(50) (44) 
Leukemia mononuclear 7 (15%) 1 (2%) 6 (14%) 

INTEGUMENTARY SYSTEM 
Mammary gland (46) *(50) (48l 

Adenocarcmoma 1 (2%) 2 <4%) 
Adenoma 1 <2%) 
Fibroadenoma 18 <39%) 15 (30%) 18 <38%) 
Fibroadenoma, multiple 9 <20%) 8 (16%) 11 <23%) 
Leukemia mononuclear 2 <4%) 

Skm (49) *(50) (50) 
Keratoacanthoma 1 (2%) 
Subcutaneous tissue, fibroma 4 (8%) (2%) 
Subcutaneous tissue, fibrosarcoma 1 (2%) (2%) 
Subcutaneous tissue, fibrous histiOcytoma (2%) 
Subcutaneous tissue, hemangwma (2%) 
Subcutaneous tissue, sarcoma 1 (2%) 

MUSCULOSKELETAL SYSTEM 
None 

NERVOUS SYSTEM 
Bram 

Astrocytoma malignant 
Leukemia mononuclear 

Spmalcord 
Leukemia mononuclear 

(50) 

3 
*(50) 

(6%) 

*(50) 
1 (2%) 
2 ( 4%) 

*(50) 
1 (2%) 

(50) 

3 (6%) 
*(50) 

1 (2%) 
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TABLE 81. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
FEED STUDY OF PETN, NF (Continued) 

Untreatred Control Low Do,e High Dose 

RESPIRATORY SYSTEM 
Lung 

Alveolar/bronchtolar adenoma 
(50) 

2 (4%) 
(50) 

1 (2%) 
(50) 

F1brous histwcytoma, metastatic, ~km 1 (2%> 
Leukem1a mononuclear 8 (16%) 8 (16%) 8 (16%) 

Nose (50) *(50) (50) 
Leukemia mononuclear 1 (2%) 

SPECIAL SENSES SYSTEM 
Ear *(50) *(50) *(50) 

Basosquamous tumor benrgn 1 (2%) 
Fibrosarcoma (2%) 

Zymbal gland *(50) *(50) *<50) 
Adenoma 2 (4%) 
Carcmoma <2%) 1 (2%> 

URINARY SYSTEM 
K1dney (50) (50) <50> 

Leukemia mononuclear 7 (14%> 4 <8%) 4 <8%) 
Unnary bladder <49) *(50) (49) 

Leukemra mononuclear 1 <2%) 1 (2%> 1 <2%) 

SYSTEMIC LESIONS 
Multiple organs *(50> *(50) *(50) 

Leukemia mononuclear 14 <28%) 14 (28%) 9 (18%) 
Hemangtoma 1 (2%) 

ANIMAL DISPOSITION SUMMARY 
Ammals m1ttally m study 50 50 50 
Termmal sacnfice 33 33 31 
Monbund 13 15 18 
Natural death 4 2 1 

TUMOR SUMMARY 
Total ammals With pnmary neoplasms** 46 47 50 

Total pnmary neoplasms 95 83 106 
Total ammals wtth bemgn neoplasms 43 40 47 

Total bemgn neoplasms 78 61 84 
Total ammals with mahgnant neoplasms 17 20 18 

Total malignant neoplasms 17 22 22 
Total ammals w1th secondary neoplasms*** 1 1 

Total secondary neoplasms 2 2 

'"Number of ammals rece1vmg complete necropsy exammatwn, all gross leswns mcludmg masses exammed microscopiCally 
*"' Pnmary tumors all tumors except secondary tumors 
*"'"'Secondary tumors metastatic tumors or tumors mvastve mto an adJacent organ 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR FEED 
STUDY OF PETN, NF: UNTREATED CONTROL 

WEEKS ON 
STUDY 

CARCASS 
ID 

ALIMENTARY SYSTEM 
Esophagus 
Intestme large 
lntestme large, cecum 
Intestme large, colon 
Intestme large, rectum 
Intestme small 
Intestme small, duodenum 
Intestme small, Ileum 
Intestme small, JeJunum 
LIVer 

Leukem1a mononuclear 
Mesentery 
Pancreas 

Leukemta mononuclear 
Pharynx 

Palate, squamous cell earnnoma 

§~~~:~glands 
Leukemia mononuclear 

Stomach, forestomach 
Stomach, glandular 

CARDIOVASCULAR SYSTEM 
Heart 

Leukem1a mononuclear 

ENDOCRINE SYSTEM 
Adrenal gland 
Adrenal gland, cortex 

Leukemia mononuclear 
Adrenal gland, medulla 

Leukemia mononuclear 
Pheochromocytoma bemgn 
Bilateral, pheochromocytoma bemgn 

Islets, pancreatiC 
Auenoma 

Parathyro1d gland 
P1tmtary gland 

Leukemia mononuclear 

Pars d1stahs, adenoma 

Pars d1stahs, adenoma, mulhple 


Thyro1d gland 
Bilateral. C cell, adenoma 
C cell, adenoma 
C cell. carcmoma 

G"'"'E"'N"'E"'RA'"'L-,B""O""D"Y"'S"'Y"'S""T"'E"M,-----
None 

GENITAL SYSTEM 
Chtoral gland 

Adenoma 
Ovary 

Leukemia mononuclear 
Ov1duct 
Uterus 

Leukem1a mononuclear 
Polyp stromal 

Vag1na 

0 
8 
0 

0 
8 
1 

0 
8 
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0 
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X 	 X X X 

X X 

X X 

+ 

++++ ++ 
+ + +I 

X 	 I 
+ + 
X 

+ + 

M + + + M 
+ + + 

X 
X 

+ + 
X 

X 

M M + M 
X X 
+ + + 
X 

+ + 
+ + + + 

X 

+ · 	 Ttssue exammed mtrro'>ropH''lllv M· MlSSlll>r 
Not exammed A AutoLV'>JS precluaes exammatwn 
Insufficient tissue X Inc1dence ot hs~ed 'T10rphology 
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: UNTREATED CONTROL 
(Continued) 

~~JVON 1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

l 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

l 
0 

1 
0 

1 
0 

1 
0 

1 
0 

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 I TOTAL 
CARCASS 
JD 

3 
4 

3 
3 

3 
3 

3 
4 

3 
5 

3 
5 

3 
5 

3 
5 

3 
6 

3 
6 

3 
6 

3 
7 

3 
7 

3 
8 

3 
9 

3 
9 

3 
9 

4 
0 

4 
0 

3 
2 

3 
4 

3 
5 

3 
8 

3 
9 

4 
0 

!TISSUES
TUMORS 

ALIMENTARY SYSTEM 

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

[- 
Esophagus 
Intestme large 
Intestme large, cecum 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

1 

I 

49 
48 
47 

Intestme large, colon 
Intestme large, rectum 
Intestme small 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
M 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ I 

48 
46 
48 

Intestme small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 48 
Intestme small, Ileum 
Intestme small, JeJunum 
Ltver 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ I 

I 

46 
47 
50 

Leukemta mononuclear X X X X X X I 14 
Mesentery + 3 
Pancreas 

Leukemta mononuclear 
+ + + + + + + + + + + + + + + + + + + T + + + + + I 50 

3 
Pharynx + I l 

Palate, squamous cell carcmoma '{ l 

~~~::;:2; glands + 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

I so 
50 

Leukemia mononuclear 
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 

I l 
)0 

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 50 

CARDIOVASCULAR SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

---~ 

I 
oO 

Leukemta mononuclear 5 

ENDOCRINE SYSTEM ---~ 

Adrenal gland + + + + + + + + + + + + + + + + + + + + T + + + M 49 
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + '>! 49 

Leukemta mononuclear 
Adrenal gland, medulla + + + + + + + + + + + + + + + + + + + + + + + + M 

I 7 
49 

Leukemia mononuclear 7 
Pheochromocytoma bemgn 
Btlateral, pheochromocytoma bentgn '{ I 

l 
l 

Islets, pancreatic + + + + + + + + + + + + + + + + + + + T + + + + + 49 
Adenoma X 1 

Parathyr02d gland + + + + + + + + + + + + + + + + + + + + + + + + + 4J 
P1tmtary gland 

Leukemia mononuclear 
+ + + + + + + + + + + + + + + + + + + + + + + + + I 50 

4 
Pars d1stahs, adenoma X X '{ X X X X X '{ 16 
Pars dtstahs, adenoma mulbple 

Thyro1d gland + + + + + + + + + + + + + + + 
X 
+ + + + + 

'{ 

+ + + + + 
I 3 

50 
Bilateral, C cell, adenoma 
C cell, adenoma X X 

X 
X I 

2 
5 

C cell carcmoma 1 

GENERAL BODY SYSTEM 
None 

-

I_ 
GENITAL SYSTEM 
Chtoral gland + M M + + + + + + + + + M + + M + + M + + + + + M I 39 

Adenoma X X 5 
Ovary 

Leukemia mononuclear 
+ + + + + + + + + + + + + + + + + + + + + + + + + I 

50 
5 

Oviduct 
Uterus 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ I 

50 
50 

Leukemia mononuclear 2 
Polyp stromal 

Vag'lna 
'{ 

+ 
'{ '{ 

+ 
'{ I 

I 
I 

8 
3 

---~ 
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: UNTREATED CONTROL 
(Continued) 

WEEKS ON 
STUDY 

CARCASS 
lD 

HEMATOPOIETIC SYSTEM 
Bone marrow 

Leukemia mononuclear 
Lymph node 

Axlllary,leukem1a mononuclear 
Deep cervical, leukemia mononuclear 
lngumal, leukemia mononuclear 
Lumbar, leukemia mononuclear 
Med1astmal, leukemia mononuclear 
Pancreat1c, leukemia mononudear 

Lymph node, mandibular 
Leukemia mononuclear 

Lymph node, mesentenc 
Leukemia mononuclear 

Spleen 
Leukemia mononuclear 

Thymus 
Leukemia mononuclear 

INTEGUMENTARY SYSTEM 
Mammary gland 

Adenoma 
Fibroadenoma 
Fibroadenoma, multiple 
Leukemia mononuclear 

Skm 
Keratoacanthoma 
Subcutaneous t1ssue, fibroma 
Subcutaneous tlssue, fibrosarcoma 

MUSCULOSKELETAL SYSTEM 
Bone 

NERVOUS SYSTEM 
Braw 

Leukemia mononuclear 
Spmal cord 

RESPIRATORY SYSTEM 
Lung 

Alveolartbronchwlar adenoma 
Leukemia mononuclear 

Nose 
Leukemia mononuclear 

Trachea 

SPECIAL SENSES SYSTEM 
Ear 

Basosquamous tumor bemgn 
Eye 
Hardenan gland 
Zymbal gland 

URINARY SYSTEM 
K1dney 

Leukemia mononuclear 
Unnary bladder 

Leukerma mononuclear 

0 ~0-0 0 0 0 0 0 0 
8 8 8 9 9 9 9 9 9 
1 1 8 0 2 2 3 3 5 

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

+ + 

+ + + 

+ + 

+ + 

+ + + + + + 	 + + + 

+ + + + + + 	 + + + 

X X 	 X 
X 

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

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

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

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

0 
9 
8 

3 
9 
5 

+ 

+ 

+ 

+ 

+ 

+ 

1 
0 
2 

3 
6 
4 

+ 
X 
+ 
X 

+ 
X 
+ 
X 
+

X 
+ 
X 

1 
0 
3 

3 
4 
4 

+ 

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

1 
0 
4 

3 
3 
4 

+ 

+ 

X 
X 
+ 
X 
+ 
X 
A 

+ 
X 

1 
0 
4 

3 
1 
5 

+ 

+ 

+ 

+ 

+ 

1 
0 
6 

+ 

+ 
X 

X 
X 
+ 
X 
+ 
X 
+ 
X 
+ 
X 

1 
0 
6 

3 
1 
3 

1 
0 
6 

3 
1 
4 

1 
0 
6 

3 
2 
1 

1 
0 
6 

3 
2 
2 

1 1 
0 0 
6 6 

~ 
3 

3 3 

+ + + + + + + 

+ + + + + + + 

M + + + + + + 

+ + + + + + + 

+ + + + + + + 

+ + + M + + M 

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

X X X X X X X 
X X X 

+ + + + + + 

X 
X 

+ + ++++++ 

+ + 

X 

+ 

+ 

+ 

+ 

+ 

X 
+ 

+ 

X 
+ 

+ 

+ 

+ 

+ + 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 

I + + + : 
+ 
X 

1-+-+-~- ~---:- + 

X 
+ + + + + 

X 
+ + + + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 

+ 

X 
+ 

+ 

+ 

+ 

X 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 
+ 

+ 

+ 

+ 

X 
+ 

+ 

+ 
X 

+ 

X 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

M ~ + + + + M M + M + + + + M ~ 

+ 

+ + + M + + M + 

+++++++ 
X 

+++++A+ 

+ + 
X 

+ + 

+ 
X 
+ 

+ 

+ 

+ 
X 
+ 

+ 

+ 

+ 

+ 

+ 
X 
+ 

+ 
X 
+ + 

+ 
X 
+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: UNTREATED CONTROL 
(Continued) 

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 
STUDY 
WEEKS ON 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 1\ 6 6 

TOTAL. 
TISSUES3 :J 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 3 3 3 3 3 4CARCASS 
TUMORS 

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

HEMATOPOIETIC SYSTEM 
Bone marrow 50 


Leukem1a mononuclear 

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

l 
50 


Ax1llary, leukemia mononuclear 

Lymph node + + + + + + + + + + + + + + + + + + + + + + + + + 

3 

Deep cerncal, leukenua mononuclear 
 1 

Ingumal, leukemia mononuclear 
 1 

1Lumbar, leukemia mononuclear 
6 


Pancreatic, leukemia mononuclear 

Medtastmal, leukem1a mononuclear 

4 
Lymph node, mandtbular 46 


Leukemia mononuclear 

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

7 
+ t 49 


Leukemia mononuclear 

Lymph node, mesentenc + + + + + + + + + + + M + + + + + + + + + + + 

7 
Spleen 49+ + + + + + + + + + + + + + t + + + + + + + + + + 

13 
Thymus + + + + + + t T + + ;- + + + + + + + + + + + M + 

Leukern1a mononuclear I X X X X X X 
46 

Leukemia mononuclear I 
+ 

7 

INTEGUMENTARY SYSTEM 

Mammary gland I + + + + + + + + + + t + + + M + + + + + M + + + + 
 46 


Adenoma 
 1 
18 

Fibroadenoma, mult1ple 
Fibroadenoma X X X '[ X X X X X X 

9 
Leukemia mononuclear 

X X X X X X 
2 

Skm 49 
Keratoacanthoma 

+ + M + + + + + + + + + + t + + + + + + + + + + + 
1X 
4 

Subcutaneous t1ssue, fibrosan::oma 
Subcutaneou-; tlssue, fibroma X X 

l 

MUSCULOSKELETAL SYSTEM 
Bone 50+ + + + + + + + + + + + + + + + + + + + + + + + + 

NERVOUS SYSTEM 
Bram 50 

Leukemia mononuclear 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

3 
Sp>nal cord 1 

RESPIRATORY SYSTEM 
Lung 50 

Alveolarlbronchwlar adenoma 
+ -+ + + + + + + -+ + + + -+ + + + + + + + + + + + + 

2 
Leukem1a mononuclear 

X X 
8 

Nose 50 
Leukem1a mononuclear 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
1 

50Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 

SPECIAL SENSES SYSTEM 
Ear 2 

Basosquamous tumor bemgn 
+ + 

1X 
6Eye + + + 
3 

Zymbal gland 
Hardenan gland + + + 

36+ + + + + M + + + + + + M + + M t + M + M M + M + 

URINARY SYSTEM 
K1dney 50 

Leukem1a mononuclear 
+ + + + + + + + + + + + + + t + + + + + + + + + + 

7 
U nnary bladder 49 

Leukem1a mononuclear 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

1 

I 
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR FEED 
STUDY OF PETN, NF: LOW DOSE 
no~WEEKS ON 

~TUDY 

-o- ~~-o~~o-"o-"o·~~~oc--n--oo.-~1.--1.--.~-.-1-.-1-.1-,l-,-----,1-,1c--,~ T-1~ 


267 ~889 9 900 0000 00 

949 444 2 700 3466 66 


r-.r-r--. '4--,4-,------,-----,4--,4~~---c4.--,.---4,---,4 ~·4-'4-4~'4.-'4_4'1!1 

677827 464659 

o54o 3 544345 541 


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

X 

+ + + + + + +

+ + + + + + + t + + + 

+t-+++++ + + + 


X 


X 


+ + + + + + + + + 


X 


+ + + + + + + + 


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


+ + + + +- + + + + + 


t + + + + + + + + 


+ + + + + + + + + + 


+ + 


+ + + + + + + 


M + t + + + + + + + 


+ + + + + + + + + 


+ + + + + +- t + + 


+ + + + + 


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


X X X X X X X X X X 


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

+ + + +- + + + + + + 

X X X 


+ + + + + + + + + + + 

+ + + + + + + + + + + 


X X 

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


X X 

+- + + + + + + + + + 


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

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


X 

X X X X X X X X 


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


+ + + + + + + + + + 


X X 


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

X X 


X 


X X X X 


M M M + + + + M M 


+ 


X 


00 

66. 

CARCASS 

ID 
 321112221:1 

J12J12 

ALIMENTARY SYSTEM 
Esophagus + + 

+ IIntestme large 
Intesttne large, cecum 
Intestme large, colon 

Leukemia mononuclear 
Intestme large, rectum 
Intestme small 
Intestme small, duodenum 

Leukemia mononuclear 
Intestme small, Ileum 

Leukemia mononudear 
Intestme small, JeJunum 
L1ver + + + + 

F1brous hJstwcytoma, metastatic, '>ktn 

Leukemia mononuclear 
 X 

Mesentery 
Pancreas + 

Acmus, adenoma 
Salivary glands 

Leukemia mononuclear 
Stomach 
Stomach, forestomach 
Stomach, glandular 

--~CARIT!UVASCULAR SYSTEM 
Heart 

Leukemia mononuclear 

ENDOCRINE SYSTEM 
Adrenal gland 
Adrenal gland, cortex 

Leukemia mononuclear 
Adrenal gland, medulla 

Leukerma mononuclear 
Islets, pancreatic 

Adenoma 
Parathyr01d gland + + 
P1tmtary gland + + 

Leukemia mononuclear 

Pars dtstabs, adenoma 
 X 
Pars dtstahs, adenoma, multipiP 

Thyr01d gland + + + + 
C cell, adenoma 

C cell, carcmoma 


GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Chtoral gland 

Adenoma 
Carcmoma 
Btlateral, adenoma 

Ovary + 
Granulosa cell tumor bemgn 
Leukem1a mononuclear 

Ov1duct 
Uterus + + + 

Leukem1a mononuclear 

Polyp stromal 

Bilateral. polyp s.trornal 
 X 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE 
(Continued) 

~~rfl ON 

CARCASS 
ID 

1 
0 
6 

4 
3 
3 

1 
0 
6 

4 
3 
4 

1 
0 
6 

4 
4 
1 

1 
0 
6 

4 
4 
2 

1 
0 
6 

4 
4 
3 

1 
0 
6 

4 
5 
1 

1 
0 
6 

4 
5 
2 

1 
0 
6 

4 
5 
3 

1 
0 
6 

4 
6 
1 

1 
0 
6 

4 
6 
2 

1 
0 
6 

4 
7 
1 

1 
0 
6 

4 
7 
2 

1 
0 
6 

4 
8 
1 

1 
0 
6 

4 
8 
2 

1 
0 
6 

4 
8 
3 

1 
0 
6 

4 
8 
4 

1 
0 
6 

4 
9 
1 

1 
0 
6 

4 
9 
2 

1 
0 
6 

4 
9 
3 

1 
0 
6 

4 
9 
4 

1 
0 
6 

5 
0 
1 

1 
0 
6 

5 
0 
2 

1 
0 
6 

5 
0 
3 

1 
0 
6 

5 
0 
4 

1 
0 
6 

5 
0 
5 

ITOTAL 
TISSUES 
TUMORS 

---

44 
11 
10 
10 

1 
10 
14 
11 

1 
13 

1 
10 
50 

1 
14 

4 
17 

1 
13 

1 
11 

I 
11 
11 

1-10

I 3 

1-12

12 
2 

12 
2 

17 
1 

35 
30 

1 
!3 

1 
48 

3 
1 

---

I 
1~1-2-

I 4 
1 

I 2 
15 

I 1 
I 2 

I 1 
48 

I 2 

I 9 

I 
1 

---

ALIMENTARY SYSTEM 
Esophagus 
Intestme large 
Intest1ne large, cecum 
Intestme large, colon 

Leukemia mononuclear 
Intestine large, rectum 
Intestme small 
Intestme small, duodenum 

Leukemia mononuclear 
Intestme small, Ileum 

Leukemza mononuclear 
Intestine small, JeJunum 
L1ver 

Ftbrous hiStiOcytoma, metastatlc, skm 
Leukemia mononuclear 

Mesentery 
Pancreas 

Acmus, adenoma 
Salivary glands 

Leukemia mononuclear 
Stomach 
Stomach, forestomach 
Stomach, glandular 

CARDIOVASCULAR SYSTEM 
Heart 

Leukemia mononuclear 

ENDOCRINE SYSTEM 
Adrenal gland 
Adrenal gland, cortex 

Leukemia mononuclear 
Adrenal gland, medulla 

Leukem1a mononuclear 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
PitUitary gland 

Leukemia mononuclear 
Pars d1stahs, adenoma 
Pars d1stahs, adenoma, mult1ple 

Thyroid gland 
C cell, adenoma 
C cell, carcmoma 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Clitoral gland 

Adenoma 
Carcmoma 
Btlateral, adenoma 

Ovary 
Granulosa cell tumor bemgn 
Leukem1a mononuclear 

Ov1duct 
Uterus 

Leukem1a mononuclear 
Polyp stromal 
Bilateral, polyp stromal 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 

+ 

X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 

+ 

+ 

+ 

+ 

+ 

+ 
"( 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 

+ 

+ 

+ 
+ 

+ 

X 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 

+ 
+ 

+ 

+ 
+ 

X 

+ 

+ 
X 

+ 

+ 

+ 

+ 

+ 
X 

+ 

X 

+ 

+ 

+ 
+ 

X 

+ 

+ 

+ 

+ 

+ 
+ 

X 

+ 

+ 
X 

+ 

+ 
X 

+ 

+ 

+ 
X 
+ 
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE 
(Continued) 

WEEKS ON 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 
STUDY 2 6 1 8 8 8 8 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 

I 9 4 9 2 4 4 4 2 2 2 4 1 0 0 2 3 4 6 6 6 6 6 6 6 6 

CARCASS 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
ID 6 7 1 8 2 1 5 1 4 6 4 6 5 9 1 3 2 1 1 1 2 2 2 3 3 

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

HEMATOPOIETIC SYSTEM 
Bone marrow + + + + + + + + + + 
Lymph node + + + + + + + + + + + 	 + + I 

Medtastmal, leukemia mononuclear 

+ + + + M + M M + + + +
Ltn:~:er:n~e~r:;~~~~~J~:~ X X 

Lymph node, mesentenc + + + + + + + + + + 
Leukemta mononuclear X X I

Spleen + + + + + + + + + + + + + + + + + 	 + 
Leukemta mononuclear X X X X X X X X X X 

Thymus M + + + + + + + 
Leukemta mononuclear 

INTEGUMENTARY SYSTEM 
Mammary gland + + + + + + + + + + + + + + + + 

Adenocamnoma XI: ; : 
Ftbroadenoma X X X X X X 

Ftbroadenoma, muibple X X 


Slun I++++ + + + ++ + 
Subcutaneous bssue, fibrosarcoma X 
Subcutaneous ttssue, fibrous 

htsttocytoma 

Subcutaneous tlssue, hemangwma 
 ~~--------------------------~--MUsCULOSKELETAL SYSTEM 

Bone 
Skeletal muscle 

NERVOUS SYSTEM 
Bram 

Astrocytoma mahgnant 
Leukemia mononuclear 

Sp1nal cord 

+ + + + + + + + + + 

+ 
X 

+ + 

X 
+ 
X 

+ 

X 

+ + + + + + 

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

+ + 
X 
+ 

X 
+ + 

X 
+ + + + 

X X X X 

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

I 
Leukemta mononuclear I 

RESPIRATORY SYSTEM I 
Lung I 

Alveolarlbronchwlar adenoma 

Ftbrous htstwcytoma, metastatic, skm 
 I 
Leukemta mononuclear 

Nose I 
Trachea 

SPECIAL SENSES SYSTEM 
Ear I+ 

Fibrosarcoma 
Eye + + I 
Hard.enan gland I + + + 
Zymbal gland I + + M + + + + + + + + M + ~! + M M M M + + + + 

Carcmorna I X 	 I 

iURINARY SYSTEM 
K1dney I + + + + + + + + + + + + + + + + + + + I 


Leukemia mononuclear X X X X I 


Unnary bladder ! + + + + + + + + I 

Leukemia mononuclear 	 X 

I 

PETN, NF, NTP TR 365 	 108 




TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE 
(Continued) 

---- WEEKS or;r  ---  I ~- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 t 1 l t 1 1 1 1 
STUDY 

I ~ 
0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

0 
6 

TOTAL. 
CARCASS --:r-4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 --r 4 5 5 5 5 5 TISSUES 
ID 3 3 4 4 4 5 5 5 6 6 7 7 8 8 8 8 9 9 9 9 0 0 0 0 0 TUMORS 

I 3 4 l 2 3 1 2 3 1 2 1 2 1 2 3 4 l 2 3 4 1 2 3 4 5 

----HEMATOPmETIC SYSTEM 
Bone marrow I 10 
Lymph node + + + + 17 

Med1astmal,leukem1a mononuclear X 1 
Lymph node, mand1bular + + 11 

Leukemia mononuclear 2 
Lymph node, mesentenc + + 12 

Leukemia mononuclear X 3 
Spleen + + + + + + + + 26 

Leukemia mononuclear X X X 14 
Thymus 

Leukemia mononuclear I 10 
1 

--- 
INTEGUMENTARY SYSTEM 
Mammary gland + + + + + + + + + + + + + + T T 34 

Adenocarcmoma 1 
Fibroadenoma X X X X X X X X 15 
Fibroadenoma, multiple X X X X X X 8 

Skm + + + + 15 
Subcutaneous tissue, fibrosarcoma 1 
Subcutaneous tissue, fibrous 

histlocytoma 
Subcutaneous tissue, hernangwma 

I X 
X 

1 
1 

--- MUSCULOSKELETAL SYSTEM 
Bone 10 
Skeletal muscle + 1 

--- NERVOUS SYSTEM 
Bram 

Astrocytoma malignant 
Leukemia mononuclear I 

10 
1 
2 

Spmal cord I 1 
Leukemia mononuclear l 

RESPIRATORY SYSTEM I --- 
Lung 

Alveolarlbronchwlar adenoma 
Ftbrous histiocytoma, metastatic, skin 
Leukemia mononuclear 

I 
+ 

I 
I 

+ + + + + + + + T 

X 
+ 

X 

+ + + + + + + + + 

X 

+ + + + + 50 
1 
1 
8 

Nose I 10 
Trachea + + + + + + + + + + + + + + + + + + 40 

--- SPECIAL SENSES SYSTEM 
Ear + 2 

Fibrosarcoma X 1 
Eye + + + 7 
Hardenan gland 3 
Zymbal gland M + + + + M + + + + M + + + M M M + + + + + T + + 37 

Carcmoma 1 

--- URINARY SYSTEM 
K1dney + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Leukemia mononuclear 4 
Unnary bladder 10 

Leukem1a mononuclear 1 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR FEED 
STUDY OF PETN, NF: HIGH DOSE 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1~tEnK.f ON 6 6 7 7 8 8 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 
3 4 3 3 5 6 1 2 5 6 6 8 8 9 9 1 2 2 4 5 5 5 5 5 5 

:; ,---CARCASS 5 5 5 5 6 5 5 5 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 
ID 3 5 7 2 0 7 2 9 4 7 0 8 6 5 8 8 4 5 1 1 1 1 1 2 2 

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

ALIMENTARY SYSTEM 
E>ophagus ~+ + + + + M + + + + + + + + + + + + + + + + + + 

~Intestme large + + + + + + + + + + + + + + + + + + + + + + + + 
Intestme large, cecum M + M M + A + + + + + + + + + + + + + + + + + + + 
Intestme large, colon + + + + + + + + + + + + + + + + + + + + + + + + + I 
Intestme large, rectum + + + M + A + + + + + + + + + + + + + + + + + + + ,_Intestme small + + + + + + + + + + + + + + + + + + + + + + + + 
Inte-;tme small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 

Adenocarcmoma X 
Intestme .;;mall, Ileum ,_+ + + + + A + + + + + + + + + + + + + + + + + + 
Intestine small, Jejunum + + + + + A + + + + + + + + + + + + + + + + + + + 
LlVer + + + + + + + + + + + + + + + + + + + ~ + + + + + 

Leukem1a mononuclear X X X X X X 
Mesentery + + 
Pancreas + + + + + + + + + + + M + + + + + + + + + + + + + 

Leukemia mononuclear 

Acmus, adenoma 
 X 

Sahvary glands + + + + + + M + + + + + + + + + + + + + + + + + + 
Sarcoma, metastatic, skm X 

Stomach + + + + + + + + + + + + + + + + + + + + + T + + + 
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + +

,_ ,_Stomach, glandular + + + + + + + + + + + + + + + + + + +- + + + + 
---------~CARDIOVASCULAR SYSTEM 

Heart + + + + + + + + + + + + + T + + + + + + + + + +- + 
Leukemia mononuclear X X X X X 

ENDOCRINE SYSTEM 
Adrenal gland + + + + + + + + + + + + + ~ + + + + + + + + + + + 
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + + 

Leukemta mononuclear X X 
Adrenal gland, medulla + + + + + + + + + + + + + + + + + + +- + + + + + + 

Leukemia mononuclear X X 

Pheochromocytoma bemgn 
 X 

Islets, pancreatlc M + + + + + + + + + t M + + + + + + + + + + + + + 
Parathyroid gland + M + M + + + + + M + + + + + + + + + + + + + M + 

Adenoma 
P1tmtary gland + + + + + + + + + + + + + + + + + + + + + + + + + 

Leukemia mononuclear X X X 

Pars distabs. adenoma 
 X X X X X X X X I 
Pars d1stahs, adenoma, multiple X X 

Pars distahs, can·moma 
 X 

Pars d1stahs, leukemia mononuclear 
 X 

Thyroid gland + + + + + + + + + + + + + + + T + + + + + + + + + 
Sarcoma, metastat1c, skm X 

C cell, adenoma 
 X X 

C cell, carcmoma 
 X X 

Follicular cell, adenoma 

Follicular cell, camnoma 
 X 

GENERAL BODY SYSTEM 
None 

~-~~GENITAL SYSTEM 
Chtoral gland M M + + + + + + + + + + + M M M + + M + + + + + + 

Adenoma X X 

Carcmoma 
 X 

Ovary + + + + + + + + + + + + + + + + + + + + t + + + + 
Leukemia mononuclear X X X 

Oviduct + + + + + + + + + + + + + + + + + + + + + + + + + 
Uterus + + + + + + + + + + + + + + + + + + + + + + + T + 

LeiOmyosarcoma X 
Leukemia mononuclear X 
Polyp stromal X X X X X X 

Vagma + 
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE 

WEEKS ON 
STUDY 

CARCASS 
ID 

ALIMENTARY SYSTEM 
Esophagus 
Intestme large 
Intestme large, cecum 
Intestme large, colon 
lntestme large, rectum 
Intestme small 
Intestme small, duodenum 

Adenocarctnoma 
Intestme small, deum 
Intestme small, JBJunum 
Ltver 

Leukemia mononuclear 
Mesentery 
Pancreas 

Leukemia mononuclear 
Acmu'i, adenoma 

Sahvary glands 
Sarcoma, metastatic, skm 

Stomach 
Stomach, forestomach 
Stomach, glandular 

CARDIOVASCULARSYSTEM___ 
Heart 

Leukem1a mononuclear 

ENDOCIDNE SY~----
Adrenal gland 
Adrenal gland, cortex 

Leukemia mononuclear 
Adrenal gland, medulla 

Leukemia mononuclear 
Pheochromocytomd bemgn 

Islets, pancreatic 
Parathyr01d gland 

Adenoma 
P1tmtary gland 

Leukemia mononucle<'lr 
Pars dtstahs, adenoma 
Pars d1stahs, adenoma, mulhple 
Pars dtstahs, Larcmoma 
Pars d1stahs, leukemia mononuclear 

Thyro1d gland 
Sarcoma, meta:.tatic, skm 
C cell. adenoma 
C cell, carcmoma 
Folhcular cell adenoma 
Folhcular cell carcmoma 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Chtoral gland 

Adenoma 
Carcmoma 

Ovary 
Leukemia mononuclear 

Ov1duct 
Uterus 

Le10myosarcoma 

Leukemia mononuclear 

Polyp stromal 


Vagma 

(Continued) 

'1-11T-1--1- -1 --1-!T '1--.-1-,1--.-1--1-1,--1,---.-1-.-1-.-1--.-1--.-1--,1---,1---,~1·.-~·0TA-L 
000000000000000000000000 
55555555'\566666666666666 

'5.--'5.--'5.---,5-'"'>--,.5--,.">-_,-,---,--,-5-,-5--,5,---,5,.--'5,----,5:---.5,--.5,----.5-~--,6~"6-~6- TISSUES 
2 3 3 3 l 4 4 4 5 7 5 6 6 6 6 7 8 8 9 ~ 9 9 0 0 0 
312341~12~112141121~141231 

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

+ + + + + + + + + + + 
+ 1- !- + + + + + + + + 
+ + + + + + + + + + + 

+ + + + + + + + + + + 

+ + t- + + + + + + + + 

! + + + + + + + + + + 
+ + + + + + + + + + + 
+ + + + t + + + t t + 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
t

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
t 
+ 
+ 

+ 
+ 
+ 
_,.. 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ I 

+ + + + + + + + -r + + + + + 
+ + + + + + + t + + + + + + 
+ + + + + + t + + + + + + + 

+ + + + + + + + t + + + + + 
t + + + + + + + + 1"" + + + + 
+ + + + + + + + + + + + + + 

X X X 
+ + 

+ + + + + + + t t + t + + + 
'{ 

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

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

+ + + + + + ~ + + + + + + + + + + + + ~ + + + + + 
X 

+ + + + + + + + + + + 
+ + + 1 + + + + + + + 

+ + + + + + + + + + + 

X 
! + + + + + + + + + + 
+ + M + + + + + + + M 

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

X X X X 
X X 

+ + + + + + + + + + + 

X 

X 

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

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

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

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

X X X X X X 

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

X 
X 

X 

+ + + + + + + M + + + + + + + + + + M + M + + 
'{ '{ X X 

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

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

'C X X X X X 

TUMORS 

49 
50 
46 
50 
48 
50 
49 

1 
49 
49 
50 
9 
4 

49 
1 
1 

49 
1 

50 
48 
50 

50 
6 

49 
49 

2 
49 

2 
4 

48 
44 

1 
49 

3 
18 

5 
1 
1 

50 
1 
4 
3 
1 
2 

41 
6 
1 

50 
3 

50 
50 

1 
1 

12 
1 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE 
(Continued) 

~"Jrf; vN 

CARCASS 
ID 

REMATOPffiET!c SYSTEM 
Bone marrow 

Leukemia mononuclear 
Lymph node 

Med1astmalf leukemia mononuclear 
Pancreatic, eukem1a mononuclear 

Lymph node, mand1bu!ar 
Leuk.emta mononuclear 

Lymph node, mesentenc 
Leukemia mononuclear 

Spleen 
Leukemia mononuclear 

Thymus 
Leukemia mononuclear 

0 0 
6 6 
3 4 

0 0 
7 7 
3 3 

0 
8 
5 

0 
8 
6 

0 
9 
1 

0 
9 
2 

0 
9 
5 

0 
9 
6 

0 
9 
6 

0 
9 
8 

0 
9 
8 

0 
9 
9 

0 1 
9 0 
9 1 

1 
0 
2 

1 
0 
2 

1 
0 
4 

1 
0 
'\ 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
I0 

5 

5 5 
3 5 
5 5 

5 5 
7 2 
5 5 

6 
0 
5 

5 
7 
4 

5 
2 
4 

5 
9 
5 

5 
4 
5 

5 
7 
3 

6 
0 
4 

5 
8 
5 

5 
6 
5 

5 
5 
4 

5 5 
8 8 
4 3 

5 
4 
4 

5 
5 
3 

5 
1 
5 

5 
1 
1 

5 
1 
2 

5 
1 
3 

5 
1 
4 

5 
2 
1 

5 
2 
2 

+ + 

M + 

M + 

M + 

+ + 

+ + 

+ + 

+ + 
X 

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

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 
+ 
X 
+ 
X 

+ 

+ 

M 

+ 

+ 

M 

+ 

+ 

M 

+ 

+ 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

M 

+ 

+ 
X 

+ 

+ 

+ 
X 
+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 
X 

+ + 
X 

+ + 
X 

+ + 
X 

+ + 
X 

+ + 
X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 

+ 
X 
+ 
X 
+ 
X 
+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 
X 
+ 
X 
+ 
X 
+ 
X 
+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

INTEGUMENTARY sYsTEM 
Mammary gland 

Adenocarcmoma 
Fibroadenoma 
Fibroadenoma. multiple 

Skm 
Subcutaneous tlssue, fibroma 
Subcutaneous tlssue, sarcoma 

MuscuLOsKELETAL sYSTEM 
Bone 

+ M 

X 

+ + 

+ M 

+ + 

+ 

X 

+ 

+ 

X 

+ 

+ 

+ 

+ 

X 

+ 

+ 

+ 

+ 

+ 

+ 

X 
+ 

+ 

+ 

+ 

X 

+ 

+ 

X 
+ 

+ + 

X 

+ + 

X 

-
X 
+ 

+ 

X 

+ 

+ 
X 
X 

+ 

+ 

X 

+ 

+ 

X 
+ 

+ 

+ 
X 

+ 

,_ 

+ 

+ 

+ 

+ 

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

NERVOUS SYSTEM 
Bram 

Leukemia mononuclear 
Spmal cord 

Leukemia mononuclear 

+ + + + 
X 

+ + 
X 

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

+ + + + + + + + + 

RESPIRATORY SYSTEM 
Lung 

Leukemia mononuclear 
Nose 
Trachea 

SPECIAL SENsEs sYsTEM 
Eye 
Hardenan gland 
Zymbal gland 

Adenoma 
Carcmoma 

+ + 

+ + 
+ + 

+ + 
X 
+ + 
+ + 

+ 

+ 
+ 

+ 
X 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
X 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ + 
X 

+ + 
+ + 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
X 
+ 
+ 

+ 

+ 
,_ 

+ 

+ 
+ 

+ 

+ 

+ 

,_ 

X 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ M + + + + 

+ 

+ 

X 

+ 

M + + + + M M 

+ 
+ 

+ M 
X 

M 

+ 
+ 
M + + 

X 
+ M + + + 

URINARY sYsTEM 
K1dney + + + + + + + + + + + + + + + + + + + + + + + + + 

Leukemia mononuclear X X X X 
Unnary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

Leukemia mononuclear X 

I 
I 
I 

I 

I 

I 

I 

I 

I 

I 
I 
I 

I 

I 


I 
I 
I 
I 

I 

I 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE 
(Continued) 

I 

~~DKi UN 

CARCASS 
ID 

1 
0 
5 

5 
2 
3 

1 
0 
5 

5 
3 
1 

1 
0 
5 

5 
3 
2 

1 
0 
5 

5 
3 
3 

1 
0 
5 

5 
3 
4 

1 
0 
5 

5 
4 
1 

1 
0 
5 

5 
4 
2 

1 
0 
5 

5 
4 
3 

1 
0 
5 

5 
5 
2 

1 
0 
5 

5 
7 
2 

l 
0 
6 

5 
5 
1 

1 
0 
6 

5 
6 
1 

1 
0 
6 

5 
6 
2 

1 1 
0 0 
6 6 

5 5 
6 6 
3 4 

1 
0 
6 

5 
7 
1 

1 
0 
6 

5 
8 
1 

1 1 
0 0 
6 6 

5 5 
8 9 
2 1 

1 
0 
6 

5 
9 
2 

1 
0 
6 

5 
9 
3 

1 
0 
6 

5 
9 
4 

1 
0 
6 

6 
0 
1 

1 
0 
6 

6 
0 
2 

1 
0 
6 

6 
0 
3 

TOTAL 
TISSUES 
TUMORS 

--- 
50 

1 
49 

5 
1 

47 
4 

48 
5 

50 
9 

44 
6 

--- 
48 

2 
18 
11 
50 

1 
1 

--- 
51) 

--- 

I 

50 
3 
1 

I 
1 

1-50

I 8 
I ')0 

')0 

--- 
5 
3 

35 

I 
2 
1 

--- 
50 
4 

49 
1 

HEMATOPOIETIC SYSTEM 
Bone marrow 

Leukemia mononuclear 
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TABLE 83. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO YEAR FEED STUDY OF 
PETN,NF 

Control 6,200 ppm 12,500 ppm 

Adrenal Medulla: Pheochromocytoma 
Overall Rates (a) 
AdJusted Rates (c) 
Termmal Rates (d) 
Day ofFtrst Observatwn 
Ltfe Table Test (e) 
Logtstlc Regresswn Test (e) 
Ftsher Exact Test (e) 

Clitoral Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (c) 
Termmal Rates (d) 
Day ofFtrst Observatwn 
Ltfe Table Test (e) 
LogtstLc Regresswn Test (e) 
Ftsher Exact Test (e) 

Mammary Gland· Fibroadenoma 
Overall Rates (a) 
Adjusted Rates (cJ 
Termmal Rates (d) 
Day ofFtrst Observatwn 
Ltfe Table Tests (e) 
LogtstLc Regresswn Tests (e) 
Cochran-Armttage Trend Test (e) 
Ftsher Exact Test (e) 

2/49 (4%) 
57% 

1/32 (3%) 

710 


5/39 03%) 
16 3% 
3/26 (12%) 
682 


(h) 27/50 (54%) 

689% 

21/33 (64%> 

441 

P=O 307 

P=O 363 

P=O 380 


Mammary Gland: Fibroadenoma or Adenocarcinoma 
Overall Rates (a) 

Adjusted Rates (c) 

Termmal Rates (d) 

Day ofFtrst Observatwn 

Ltfe Table Tests (eJ 

Logtsttc Regresswn Tests (e) 

Cochran Armttage Trend Test (e) 

Ftsher Exact Test (e) 


Pituitary Gland/Pars Distalis: Adenoma 
Overall Rates (a) 
Adjusted Rates (c) 
Termmal Rates (d) 
Day ofFtrst Observatwn 
Ltfe Table Test (e) 
Logtsttc Regresswn Test (e) 
Ftsher Exact Test (e) 

(h) 27/50 <54%) 

68 9% 

21/33 (64%) 

441 

P =0 306 

P=O 363 

P = 0 381 


19/50 (38%) 

47 3% 

13/33 (39%) 

504 


Pituitary Gland/Pars Distalis: Adenoma or Carcinoma 
Overall Rates (a) 

AdjustedRates(cJ 

Termmal Rates (d) 

Day ofFtrst Observatwn 

Ltfe Table Test (e) 

LogtstLc Regresswn Test (e) 

Ftsher Exact Test (e) 


19/50 (38%) 

47 3% 

13/33 (39%) 

504 


(b) 0/12 (Q%) 

(b,f) 6/12 (50%) 

23/50 (46%> 

56 6% 

16/33 (48%) 

443 

P=O 295N 

P=O 289N 


P=O 274N 

24/50 (48%) 

57 9% 

16/33 (48%) 

443 

P=O 364N 

P=O 363N 


P=O 345N 

(b) 14/30 (47%) 

(b) 14/30 (47%) 

4/49 (8%) 

12 3% 

3/30 (10%) 

680 

P=O 311 

P=O 328 

P=O 339 


(g) 6/41 (15%) 

21 4% 

6/28 (21%) 

735 

P=O 537 

P=O 552 

P=O 536 


29/50 <58%) 

68 5% 

18/31 (58%) 

441 

P=O 336 

P=O 399 


P=O 420 


29/50 (58%) 

68 5% 

18/31 (58%) 

441 

P=O 336 

P=O 399 


P=O 420 


23/49 (47%) 

612% 

16/30 (53%) 

442 

P=O 201 

P=O 236 

P=O 243 


24/49(49%) 

621% 

16/30 (53%) 

442 

P=O 157 

P=O 181 

P=O 184 
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TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR FEED STUDY OF 
PETN, NF (Continued) 

Control 6,200 ppm 12,500 ppm 

Skin: Fibroma 
Overall Rates !a) 4/50 (8%) 0/50 (Q%) l/50 (2%) 
Adjusted Rates !cl 10 5% 0 0% 32% 
Termmal Rates !di 2/33 (6%) 0/33 (Qo/o) l/31(3%) 
Day ofFtrst Observatwn 639 735 
Ltfe Table Tests (e I P=0.090N P=0.067N P=0.193N 
Log1sttc Regresswn Tests ( e I P=0.084N P=0.062N P=0.180N 
Cochran-Arm1tage Trend Test (e) P=0.083N 
Fisher Exact Test lei P=0.059N P=0.181N 

Skin: Fibroma or Fibro;,arcoma 
Overall Rates (a) 5/50 (10%) l/50 <2%) 1150 <2%) 
Adju5ted Rates (c) 12.3% 3.0% 3.2% 
Termmal Rates (d) 2/33 (6%) 1133 <3%1 1/31 (3%) 
Day ofF1rst Observatwn 504 735 735 
Life Table Tests (e l P=0.056N P=O 110N P=0.116N 
Log!&tic Regresswn Tests !e I P=0.047N P=O 091N P=O 095N 
Cochran Armitage Ttend Test lei P=0.049N 
F1she1 Exact Test (e) P=O 102N P=O 102N 

Skin: Fibroma, Sarcoma, or Fibrosarcoma 
Overall Rates !a) 5/50 (lOo/oJ 1150 <2%) 2/50 (4%) 
Adjusted Rates !cl 12.3% 3 0% 58% 
Termmal Rates!dl 2/33 !6%) 1133 (3%) l/31!3%1 
Day ofF1rst Observatwn 504 735 689 
Life Table Tests !e) P=0.147N P=O 110N P=0.234N 
Log1stlc Regresswn Tests !el P=0.131N P=0.091N P=0.205N 
Cochran-Armttage Trend Test (e I P=0.135N 
F1sher Exact Test (e) P=0.102N P=0.218N 

Thyroid Gland: C-Cell Adenoma 
Overall Rates !a) 7/50 (14%) 3/48 (6%1 4/50 (8%) 
Adjusted Rates (c) 20.1% 9.4% 11.1% 
Termmal Rates!di 6/33 (18%) 3/32 (9%) 2/31 (6%) 
Day of Ftrst ObservatiOn 644 735 662 
L1fe Table Tests (el P=0.217N P=O l71N P=0.286N 
Logistic Regression Tests (e) P=0.203N P=0.172N P=0.268N 
Cochran-Arm1tage Trend Test lei P=0.198N 
Ftsher Exact Test !e) P=O 176N P=O 262N 

Thyroid Gland: C-Cell Carcinoma 
Overall Rates (a) 1/50 (2%) 1/48 <2%) 3/50 !6%) 
Adjusted Rates (c) 2.5% 31% 93% 
Termmal Rates (d) 0/33 (0%) l/32 (3%J 2/31 !6%) 
Day of Ftrst Observatwn 647 735 709 
Ltfe Table Tests (e) P=0.192 P=0.754 P=0.291 
Logistic RegressiOn Tests !e) P=0.200 P=O 755 P=0.302 
Cochran-Armttage Trend Test! e) P=0.203 
F1sher Exact Test (e) P=0.742 P=0.309 

Thyroid Gland: C-Cell Adenoma or Carcinoma 
Overall Rates !a) 8/50 !16%) 4/48 !8%) 7/50 !14%) 
Adjusted Rates (c) 22.1% 12.5% 19.8% 
Termmal Rates !d) 6/33 08%) 4/32 <13%) 4/31 (13%) 
Day of First Observatwn 644 735 662 
Life Table Tests (e) P=0.477N P=0.195N P=0.532N 
Logtstlc RegressiOn Tests (e) P=0.453N P=0.197N P=0.509N 
Cochran-Armttage Trend Test (e) P=0.443N 
Fisher Exact Test (e) P=0.199N P=0.500N 
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TABLE 83. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR FEED STUDY OF 
PETN, NF (Continued) 

Control 6,200 ppm 12,500 ppm 

Thyroid Gland: Follicular Cell Adenoma or Carcinoma 
Overall Rates (a) 0/50 (Q%) 0/48 (Qo/o) 3/50 (6%) 
Adjusted Rates (c) 00% 00% 97% 
Termmal Rates (d) 0/33 (Qo/o) 0/32 (Qo/o) 3/31 (10%) 
Day of First ObservatiOn 735 
Ltfe Table Tests (e) P=O 033 (I) P=O 110 
Logtsttc RegressiOn Tests (e) P=O 033 (I) P=O 110 
Cochran Armitage Trend Test (e) P=O 038 
Ftsher Exact Test (e) (I) P=O 121 

Uteru;,: Stromal Polyp 
Overall Rates (a) 8/50 ( 16%) 10/48 (21 o/o) 12/50 <24%> 
Adjusted Rates (c) 19 7% 27 5% 314% 
Termmal Rates <dl 4/33 <12%) 6/31 <19%) 7/31 (23%> 
Day ofFtrst ObservatiOn 504 585 508 
Ltfe Table Tests (e) P=O 184 P=O 352 P=O 217 
Logtstlc Regresswn Tests (e) P=O 196 P=O 374 P=O 237 
Cochran Armttage Trend Test (el P=O 192 
Ftsher Exact Test (e) P=O 361 P=O 227 

Zymbal Gland: Adenoma or C.ucinoma 
Overall Rates (a) 0/36 (Qo/o) 1/37 <3%) 3/35 (9%) 
Adjusted Rates (c) 0 Oo/o 43% 91% 
Termmal Rates <d> 0/24 (Qo/o) 1123 (4o/o) 1/23 (4%) 
Day of F1rst ObservatiOn 735 634 
Ltfe Table Tests (e) P=O 060 P=O 492 P=O 121 
Logistic Regresswn Tests <e) P=O 055 P=O 492 P=O 116 
Cochran Armttage Trend Test (e) P=O 055 
Ftsher Exact Test (e) P=O 507 P=O 115 

Hematopoietic System: Mononuclear Leukemia 
Overall Rates (a) 14/50 (28%) (j) 14/50 (28%) 9/50 (18%) 
Adjusted Rates (c) 343% 317% 23 5% 
Termmal Rates (d) 7/33<21%) 4/33 (12%) 4/31 (13%) 
Day ofFtrst ObservatiOn 610 547 506 
Ltfe Table Tests (e) P=O 202N P=O 566 P=O 225N 
Logistic RegressiOn Tests (e) P=O 143N P=O 577N P=O 171N 
Cochran Armttage Trend Test (e) P=O 148N 
Ftsher Exact Test (e) P=O 588N P=O 171N 

(a) Number of tumor beanng ammals/number ofammals exammed at the stte 
(b) Incomplete sampling oftissues 
(c) Kaplan Meter esttmated tumor mctdences at the end of the study after adju&tmg for mtercurrent mortality 
(d) Observed tumor mctdence at termmal kill 
(e) Beneath the control mctdence are the P values associated wtth the trend test Beneath the dosed group mctdence are the 
P values correspondmg to patrwtse compansons between that dosed group and the controls The life table analysts regards tu 
mors mammals dymg pnor to termmal ktll as bemg (dtrectly or mdtrectly) the cause of death The logistic regressiOn test re 
gards these leswns as nonfatal The Cochran Armttage and Fisher exact tests compare directly the overall mcidence rates 
A negative trend or lower mctdence m a dosed group IS mdtcated by IN) 
(f) A carcmoma was also observed 
(g) A carcmoma was present man ammal also bearmg an adenoma 
(h) An adenoma was present man ammal also bearmg a fibroadenoma 
(1) No P value IS reported because no tumors were observed m the 6,200-ppm and control groups 
(J) Twenty stx spleens were exammed mtcroscoptcally 
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TABLE B4a. HISTORICAL INCIDENCE OF ZYMBAL GLAND TUMORS IN FEMALE F344/N RATS 
RECEIVING NO TREATMENT (a) 

Study Incidence of Carcinomas in Controls 

Historical Incidence at EG&G Mason Research Institute 

4,4'-Methylenedtamlme dthydrochlonde 
C I Baste Red 9 monohydrochlonde 
Monuron 
8-Hydroxyqumolme 
Butyl benzyl phthalate 
Dt(2 ethylhexyl)phthalate 
Dt(2-ethylhexyl)adtpate 
Guargum 
Locust bean gum 
Gumarabtc 
Agar 
Tara gum 
2 Btphenylamme hydrochlonde 

TOTAL 

SD(cl 


Range (d) 
Htgh 
Low 

Overall Historical Incidence at All Laboratories 

TOTAL 

SD(c) 


Range (d) 
Htgh 
Low 

0/50 
0/50 

(b) 1/50 

0/50 

0/49 
0/50 
0/50 
0/50 
0/50 
0/50 
0150 
0/50 
0/50 

11649 (0 2%) 
0 55% 

1150 
0/50 

( e l 11/1,983 (0 6%) 
1 28% 

3/50 
0/50 

(a) Data as of Apnl29,1987, for studtes of at least 104 weeks, no bemgn tumors have been observed 
(b) Squamous cell carcmoma 
(c) Standard devtatwn 
(d) Range and SD are presented for groups of35 or more ammals 
(e) Includes five squamous cell carcmomas, two adenosquamous carcmomas, and one adenocarcinoma, NOS 
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TABLE B4b. HISTORICAL INCIDENCE OF THYROID GLAND FOLLICULAR CELL TUMORS IN FEMALE 

F344/N RATS RECEIVING NO TREATMENT (a) 


Incidence in Controls 
Study Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence at EG&G Mason Research Institute 

4,4'- Methylenedtamline dthydrochlonde 0/47 
C.I. Baste Red 9 monohydrochlonde 0/47 
Monuron 0/49 
8-Hydroxyqumolme 0/48 
Butyl benzyl phthalate 0/47 
Dt(2-ethy lhexy l)phthalate 0/48 
DI(2-ethylhexyl)adipate 0150 
Guargum 0/48 
Locust bean gum 0150 
Gum arabic <cl 1/49 
Agar 0/49 
Tara gum 0/46 
2-Biphenylamme hydrochlonde l/49 

TOTAL 2/627 <0.3%) 

SD(dl 0 77% 


Range (e) 
Htgh 1/49 
Low 0/50 

Overall Historical Incidence at All Laboratories 

TOTAL (f) 12/1,938 <0.6%) 
SD<d> 094% 

Range(e) 
Htgh 1/48 
Low 0/50 

0/47 
0/47 
0/49 
0/48 
0/47 
0/48 

(b) 1150 

0/48 

0/50 

1149 

1149 

0/46 

0/49 


3/627 <0.5%) 
0.89% 

l/49 
0150 

(g) 7/1,938 <0.4%) 
0.78% 

l/47 
0/50 

0/47 
0/47 
0/49 
0/48 
0/47 
0/48 
1150 
0/48 
0/50 
2/49 
1149 
0/46 
1149 

5/627 (0.8%) 
1.32% 

2/49 
0/50 

(f,gl 19/1,938 ( 1.0%) 
1.22% 

2/49 
0/50 

(a) Data as of Apnl29, 1987, for studtes of at least 104 weeks 
(b) Paptllary cystadenocarcmoma, NOS 
(c) Paptllary cystadenoma, NOS 
(d) Standard deviatiOn 
(e) Range and SD are presented for groups of35 or more ammals 
(f) Includes one paptllary adenoma and one papillary cystadenoma. NOS 
(g) Includes one papillary carcmorna and one pap!llary cystadenocarcmorna, NOS 
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TABLE 85. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY OF PETN, NF 

Untreated Control Low Dose High Dose 

Ammals 1mtlally m study 50 50 50 
Ammals removed 50 50 50 
Ammals exammed histopathologically 50 50 50 

ALIMENTARY SYSTEM 
Esophagus (49) (44) <49) 

HyperkeratoSIS 1 (2%1 
lntestme large, colon (48) (10) (50) 

Parasite 5 (10%) 7 (14%) 
Intestme large, rectum (461 (10) (481 

Parasite 1 <2%) 
Intestme small, Ileum (46) (13) (491 

Lymphoid nodule, hyperplasia 2 (15%) 1 (2%) 
Intestme small, JeJunum (47) (10) (49) 

Lymphoid nodule, hyperplasia 1 (2%) 
Liver (50) (50) <50) 

Angiectasis 1 (2%) 2 (4%) 3 (6%) 
Basoph1hc focus 41 (82%) 41 (82%) 43 (86%) 
Clear cell focus 2 (4%) 1 (2%1 
CongestiOn 1 (2%) 1 (2%) 
Developmental malformatiOn 2 (4%) 3 (6%) 
Eosmoph1hc focus 1 (2%) 3 (6%) 1 (2%) 
Fatty change, diffuse 6 (12%) 5 (10%) 4 (8%) 
Fatty change, focal 4 (8%) 4 (8%) 8 (16%) 
Focal cellular change 2 (4%) 3 (6%) 
Hepatod1aphragmatlc nodule 2 (4%) 7 (14%) 3 (6%) 
Hyperplasia 1 (2%) 2 (4%) 
InflammatiOn, chrome, focal 1 (2%) 
Inflammation, chrome active 1 (2%) (2%) 
InflammatiOn, granulomatous l <2%) 
Mixed cell focus 3 (6%) l (2%) 3 (6%) 
Necros1s 1 (2%) 2 (4%) 1 (2%) 
81le duct, hyperplasia 4 (8%) 2 (4%) 2 (4%) 

Mesentery (3) (4) (4) 
Artery, mflammatlon, chrome active 1 <25%) 
Artery, pigmentation 1 (25%) 
Artery, thrombus 1 (25%) 
Fat, hemorrhage 1 (33%) 1 <25%) 
Fat, necros1s 2 (67%) 2 (50%) 3 (75%) 
Fat, p1gmentatwn 1 (25%) 

Pancreas (50) (17) (49) 
Acmus, atrophy l (2%) 1 (2%) 
Artery, mflammat10n, chrome active 1 (6%) 

Pharynx (1) (1) 

Palate, ep1thelmm, hyperplasia 1 (100%) 
Salivary glands (50) (13) (49) 

Inflammation, acute l (8%) 
Stomach, forestomach (50) (11) (48) 

Acanthosis 2 <4%) 1 (9%) 4 (8%) 
Hyperkeratosis 2 (4%) l (9%) 7 (15%) 
InflammatiOn, chrome active 2 (18%) 
Necrosis 2 (18%) 1 (2%) 

Stomach, glandular (50) {11) (50) 
Hyperplasia 4 (8%) 
InfiltratiOn cellular, lymphocytic 1 (2%) 
Mmerahzatlon 2 (4%) 2 (4%) 
Necrosis 1 (2%) 1 (9%) 
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TABLE 85. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY OF PETN, NF (Continued) 

Untreated Control Low Do;,e High Dose 

CARDIOVASCULAR SYSTE\1 
Heart (50) <10) (50) 

CardiOmyopathy 28 (56%) 3 <30%) 23 (46%) 
Artery, necrosis, fibnnoid 1 (2%) 1 (2%) 

ENDOCRINE SYSTEM 
Adrenal gland, cortex (49> (12) (49) 

Degeneratwn 1 <2%) 
Hyperplasia 1 (2%) 2 (4%) 
Necrosis 1 (2%) 

Adrenal gland, medulla (49> (12) (49) 
Hyperplasia 6 (12%) 1 <8%) 7 (14%) 
Necrosis 1 (2%) 

PitUitary gland (50> <30) (49) 
Hyperplasia 2 (4%) 
Hyperplasia, focal 1 (2%) 1 (3%) 1 <2%) 
Pars distahs, angiectasis 28 <56%! 18 (60%) 26 (53%) 
Pars distahs, cyst 2 <4%> 3 (10%) 2 <4%) 
Pars distahs, cyst, multiple (2o/ol 
Pars dtstalis, hemorrhage 1 (2%> 
Pars dtstalis, hyperplasia 15 (30%) 3 (10%) 16 (33%) 
Pars dtstalis, ptgmentatwn 2 (4%> 
Pars mtermed1a, hyperplasia 2 (7%) 
Pars nervosa, cyst, multtple 1 (2%) 

Thyrmd gland <50) (48) (50> 
Necrosis 1 <2%) 
C cell, hyperplasia 7 (14%) 9 <19%> 5 (10%) 
Follicular cell, hyperplasia 1 (2%) 1 (2%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Clitoral gland <39J <12) (41) 

Dtlatatwn 1 (2%) 
Hyperplasia 3 <8%l 1 (8%) 2 (5%) 
InflammatiOn, acute 1 (8%) 
InflammatiOn, chrome active 1 (3%) 2 (17%) 2 (5%) 
Necrosis 7 (18%> 1 (8%) 3 (7%) 

Ovary <50> (15) <50) 
Cyst 4 (8%) 4 (27%) 3 (6%) 

Uterus (50) (48) (50) 
Necrosis 2 (4%) 
PigmentatiOn <2%) 
Endometnum, hyperplasia (2%) 

HEMATOPOIETIC SYSTEM 
Lymph node (50) (17) <49J 

Medtastmal, angtectasts 1 (2%) 1 (6%) 
Mediastmal, congestiOn (2%> 
Mediastmal, hemorrhage (2%) 
Mediastmal, mfiltratwn cellular, histwcyttc 1 (6%) 
Medtastmal, pigmentatiOn 2 (4%) 3 (6%) 
Pancreatic, mfiltratwn cellular, histiOcytic 2 (12%) 
Pancreatic, pigmentation (2%) 
Renal, angiectasis 1 (6%) 1 (2%) 
Renal, mfiltratwn cellular, histiOcytic 1 (6%) 
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TABLE 85. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY OF PETN, 1\[F (Continued) 

Untreated Control Low Do~>e High Dose 

HEMATOPOIETIC SYSTEM (Contmuedl 
Lymph node, mandibular <46J (ll) <47) 

Angiectasis 1 <2%> 
Degeneratwn, cystic <9%) 
Infiltratton cellular, plasma cell <9%) 2 (4%) 

Lymph node, mesentenc <491 (12) <48> 
Angiectasts 1 (2%) 
Congestwn 2 <4%) 
Hemorrhage (2%) 
Infiltratwn cellular, htstwcytt( <8%) 
Necrosis 1 <2%> 

Spleen <49> <26) <50> 
Angtectasts 1 (2%> 
Depletwn lymphoid 1 (2%) (4%) 
Ftbrosts 1 (2%1 
Hematopotettc cell prohferatwn 33 (67%) 12 (46%> 41 <82%> 
Hemorrhage 1 (2%) 
Hyperplasia, reticulum cell 1 <2%) 
Necrosis 1 (2%) 1 <4%) 1 <2%) 
Pigmentatwn J3 <67%1 10 <38%) 38 <76%) 

Thymus (46> (10) <44) 
DepletiOn lymphOid 1 <2%) 
Eptthehal cell, hyperpla'lta 2 <4%) 2 (5%) 

INTEGUMENTARY SYSTEM 
Mammary gland <46) <341 (48) 

Galactocele 35 !76%) 15 (44%) 32 (67%) 
Aemus, hyperplasia 1 <2%) 1 <3%) 3 (6%) 

Skm <49> (15) (50) 
Acanthosis 1 (2%) 1 (2%) 
Hemorrhage 1 (2%) 
Hyperkeratosis 2 (4%) 

MUSCULOSKELETAL SYSTEM 
None 

NERVOUS SYSTEM 
Bram (50) (10) <50) 

Hemorrhage 1 (2%) 1 (2%) 
Hydrocephalus (10%1 
Mmerahzatwn (2%) 

RESPIRATORY SYSTEM 
Lung (50) (50) <501 

Congestwn 4 (8%) 30 (60%) 2 (4%) 
Edema 1 <2%) 2 (4%) 
Ftbrosts l (2%) 
Hemorrhage 6 (12%) 3 (6%> 5 (10%) 
lnfiltratwn cellular, htstwcyttc 5 <IO%> 7 (14%) 
lnflammatwn, chrome active (2%) 
Mmerahzatwn 1 (2%) 
Necrosis 1 (2%) 
Alveolar eptthehum, hyperplasia 1 (2%) 2 (4%) 
Goblet cell, hypertrophy (2%) 
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TABLE 85. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY OF PETN, NF (Continued) 

Untreated Control Low Dose High Do~>e 

SPECIAL SENSES SYSTEM 
Ear (2) (2) 

Acanthosis 1 (50%) 
Hyperkeratosis 2 t100%J 

Eye (6} (7) <5J 
Cornea, mflammatwn, chrome active 1 (20%J 
Lens, cataract 1 (14%) 
Retma, atrophy 2 (29%) 

Hardenan gland (3) (3) (3) 
Abscess 1 (33%) 
P1gmentatwn 1 (33%) 

Zymbal gland (36) (37> <35) 
Cyst 1 (3%) 1 (3%) 
Hyperplasia (3%) 

URINARY SYSTEM 
K1dney (50) (50) (50) 

F1bros1s 1 (2%) 
Nephropathy 46 (92%) 39 (78%) 49 (98%) 
Cortex, mmerahzatwn 4 (8%) 1 (2%) 7 (14%) 
Cortex, necrosis 1 (2%) 
Pap1lla, mmerahzatwn 1 (2%> 4 (8%) 
Pelv1s, mmerahzatwn 1 (2%) 1 (2%) 
Renal tubule, hyperplasia 1 (2%) 1 (2%) 
Renal tubule, p1gmentatwn (2%) 1 (2%) 2 (4%> 
Transitional ep1thehum, hyperplasia 2 (4%) 

Urmary bladder <49) (10) <49) 
Hemorrhage 1 (10%J 
InflammatiOn, chrome act1ve 1 (10%) 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR FEED 

STUDY OF PETN, NF 


Untreated Control Low Dose High Dose 

Ammals Initially m study 50 50 50 
Ammals removed 50 50 50 
Ammals exammed histopathologiCally 49 50 50 

ALIMENTARY SYSTEM 
Intestme large, colon (47) "(50) (47) 

Lymph01d nodule, lymphoma mahgnant m1xed l (2%) 
Intestme small, !leum (44) "(50) (47) 

Lymphoid nodule, lymphoma mahgnant mixed 2 (5%) l (2%) 
Intestme small, Jejunum <44) "(50) (47) 

Lymphoid nodule, lymphoma mahgnant 
lymphocytic (2%) 

Lymphoid nodule, lymphoma mahgnant mixed l (2%) 
L1ver (48) "(50) (49) 

Fibrosarcoma, metastatic, skm l (2%) 
HemangiOsarcoma I (2%) 2 (4%) 
Hepatocellular carcmoma 3 (6%) 4 (8%) 5 (10%) 
Hepatocellular adenoma 8 (17%) 6 <12%) 7 (14%> 
Hepatocellular adenoma, multiple l (2%) I (2%) 
Ito cell tumor bemgn l (2%) 
Lymphoma mahgnant histiocytic (2%) (2%) 
Lymphoma malignant m1xed (2%) 
Squamous cell carcmoma, metastatic, stomach l (2%) 

Salivary glands (46) "(50) (47) 
Lymphoma malignant lymphocytic l (2%) 

Stomach, forestomach <47) (49) (46) 
Papilloma squamous 1 (2%) 
Squamous cell carcmoma l <2%) 

CARDIOVASCULAR SYSTEM 
Heart (48) "(50) (50) 

Carcmoma, metastatic, lung 1 (2%) 
Fibrosarcoma, metastatic, skm (2%) 

ENDOCRINE SYSTEM 
Adrenal gland, cortex (46) "(50) (48) 

Adenoma 1 (2%) 
Adrenal gland, medulla (45) "(50) (47) 

Pheochromocytoma bemgn 1 (2%) l (2%) 1 (2%) 
Pttuttary gland (45) *(50) (48) 

Pars d1stalis, adenoma 1 (2%) 
Thyroid gland (46) *(50) (46) 

Follicular cell, adenoma 1 (2%) 1 (2%) 
Follicular cell, carcmoma 1 (2%) l (2%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Epididymis (48) *(50) (49) 

Lymphoma mahgnant lymphocytic 1 (2%) 
Prostate (43) *(50) (48) 

Lymphoma malignant lymphocytic 1 (2%) 
Testes <48) "(50) (49) 

Lymphoma malignant lymphocytic 1 (2%) 
Interstitial cell, adenoma 1 (2%) 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF l'lEOPLASMS IN MALE MICE IN THE TWO-YEAR FEED 

STUDY OF PETN, NF (Continued) 


Untreated Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM 
Lymph node <46) "'<50> (47) 

Lumbar, lymphoma mahgnant mn:ed 1 ( 2%) 1 <2%) 
Medmstmal, carcmoma, metastatic, lung <2%) 
1\fedlastmal, lymphoma mahgnant m1xed 2 (4%) 
Pancreatic, lymphoma malignant mixed l <2%) (2%) 
Renal, lymphoma mahgnant mixed 2 (4%) l <2%) 

Lymph node, mandibular (25) *(50) <28) 
Lymphoma mahgnant m1xed l <4%) 
Pancreatic, hemangiOsarcoma, metastatic 1 (4%) 

Lymph node, mesentenc (44) "'<50> (45) 
HemangiOma 1 <2%) l <2%) 
Lymphoma malignant m1xed 4 (9%) 2 (4%) 3 <7%> 

Spleen <47) *(50) <47) 
Ftbrosarcoma, metastatic, skm 1 (2%) 
HemangiOsarcoma 2 (4%) 
Lymphoma malignant h1stiocyt1c 1 <2%) 
Lymphoma malignant lymphocytic l <2%) 
Lymphoma mahgnant m1xed 3 (6%) 1 <2%) 3 <6%) 

Thymus <36> *(50) <42) 
Lymphoma mahgnant lymphocytic 1 <2%) 
Lymphoma mahgnant m1xed <3% 1 

INTEGUMENTARY SYSTEM 
Skm <48) *<50) <47) 

Basal cell adenoma 1 <2%) 
Papilloma squamous (2%) 
Subcutaneous t1ssue, fibroma 1 <2%) 2 <4%) (2%) 
Subcutaneous t1ssue, fibroma, multiple 4 <8%) 
Subcutaneous t1ssue, fibrosarcoma 12 <25%> 2 <4%) 5 (llo/ol 
Subcutaneous t1ssue, fibrosarcoma, multiple 2 (4%) 3 <6%) 
Subcutaneous t1ssue, hemangiOsarcoma 1 (2%) <2%) 1 <2%) 
Subcutaneous t1ssue, neurofibrosarcoma, 

mult1ple 1 <2%) 
Subcutaneous tissue, sarcoma 2 <4%) 2 (4%) 

MUSCULOSKELETAL SYSTEM 
Bone (481 *(50) <50) 

Mand1ble, osteosarcoma 1 (2%1 
Synovml tissue, sarcoma <2%) 

NERVOUS SYSTEM 
None 

RESPIRATORY SYSTEM 
Lung (47) *(50) (50) 

Alveolar/bronchiOlar adenoma 9 (19%) 5 (10%) 1 (2%) 
Alveolar/bronchwlar adenoma, mult1ple 2 (4%) 2 (4%) 
Alveolar/bronchwlar carcmoma 1 (2%) 3 (6%) 5 (10%) 
Carcmoma l (2%) 
F1brosarcoma,metastat1c,sk1n (2%) 
Lymphoma mahgnant m1xed (2%) 
Med1astmum, carcmoma, metastatic, lung 1 <2%) 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR FEED 

STUDY OF PETN, NF (Continued) 


Untreated Control Low Do~e High Do~e 

SPECIAL SENSES SYSTEM 
Hardenan gland 

Adenoma 
~1491 

1 12%1 
*<50l 

2 14%1 
*(501 

3 16%) 

URINARY SYSTEM 
Ktdney (471 *(50) (491 

Lymphoma mahgnant lymphocytic 1 12%) 
Lymphoma mahgnant mtxed 12%) 
Renal tubule, adenoma 1 12%1 

Unnary bladder (451 ~1501 (47) 
Lymphoma malignant lymphocyttc I 12%) 

SYSTEMIC LESIONS 
Multtple organs ~149) *(501 *(501 

Lymphoma maltgnant mned 4 18%1 2 14%1 3 16%1 
Hemangwsarcoma 1 (2%) 5 (10%1 1 12%) 
Lymphoma maltgnant htstwcyttc 1 12%1 I 12%) 
Lymphoma maltgnant lymphocyttc 2 14%1 
Hemangwma 1 (2%) 12%1 

ANIMAL DISPOSITION SUMMARY 
Ammals tmttally m study 50 50 50 
Termmal sacnfice 26 38 38 
Monbund 15 6 9 
Dead 8 6 3 
Wrong sex 1 

TUMOR SUMMARY 
Total ammals wtth pnmary neoplasms** 36 28 32 

Total pnmary neoplasms 56 46 45 
Total ammals wtth bemgn neoplasms 25 16 19 

Total bemgn neoplasms 30 21 20 
Total ammals wtth maltgnant neopla:;ms 21 21 20 

Total mahgnant neoplasms 26 25 25 
Total ammals wtth secondary neoplasms~~* 2 2 

Total secondary neopla&ms 5 4 

~Number of ammals recmvmg complete necropsy exammatwn, all gross leswns mcludmg masses exammed nucroscoptcally 
*'" Pnmary tumors all tumors except secondary tumors 
~**Secondary tumors. metastatic tumors or tumors mva&tve mto an adJacent organ 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO·YEAR FEED 
STUDY OF PETN, NF: UNTREATED CONTROL 

WEEKS N 
STUDY 

CARCASS 
lD 

ALIMENTARY SYSTEM 

~~~~:r.J:r 
Intestme large 
Intestme large, cecum 
Intestme large, colon 

Lymph01d nodule, lymphoma malignant 
m1xed 

Intestme large, rectum 
Intestme small 
Intestme small, duodenum 
Intesbne small, tleum 

Lymphotd nodule, lymphoma malignant 
m1xed 

Intestme small, JeJunum 
Lympho1d nodule, lymphoma mahgnant 

m1xed 
LlVer 

Fibrosarcoma, metastatlc, skm 
Hemangwsarcoma 
Hepatocellular carnnoma 
Hepatocellular adenoma 
Hepatocellular adenoma, mult1pie 
Ito cell tumor bemgn 

Mesentery 
Pancreas 

~~~~!~glands 
Stomach, forestomach 
Stomach, glandular 
Tooth 

CARDIOVASCULAR SYSTEM 
Heart 

Fibrosarcoma, metastat1c, skm 

ENDOCRINE SYSTEM 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma ben1gn 
Islets, pancreatlc 
Parathyrotd gland 
Pttmtary gland 
Thyrotd gland 

Folhcular cell, adenoma 

Folhcular cell, carcmoma 


GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Ep1dtdym1s 
Preputtal gland 
Prostate 
Semmal vesicle 
Testes 

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

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

M A + + A + + + 
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+ · Tissue exammed microscopically M: Missmg 
Notexammed A: Autolysis precludes exam1nat10n 

I. Insufficient t1ssue X: Inctdence of hsted morphology 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: UNTREATED CONTROL 
(Continued) 

WEEKS ON 
~~ 

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 
STUDY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
TOTAL 

CARCASS TISSUES 
ID 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
TUMORS 

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

~~~~ 

ALIMENTARY SYSTEM 
+ + + + + + + + + + M + + + + + + + + + M + + + + 43g~~lb~~f.l!r 41 

Intestme large 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

47 
Intestme large, cecum 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
44 

Intestme large, colon 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

47 

Lymphmd nodule, lymphoma mahgnant 


m1xed 


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

1 
Intestme large, rectum 40 
Intestme small 

+ + + + + + + + + + + + + + + + + M + + + + + + + 
45 

Intestme small, duodenum 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

44 
Intestme small, Ileum 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
44 


Lymphoid nodule, lymphoma mahgnant 

m1xed 


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

2 
Intestme small, JeJunum 

X 
44 

Lymphoid nodule, lymphoma mahgnant 
mixed 

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

1 
L1ver 48 


Fibrosarcoma, metastatic, sk1n 

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

1 

Hemangtosarcoma 
 1 

Hepatocellular carcmoma 
 3 

Hepatocellular adenoma 


X X 
8 

Hepatocellular adenoma, multiple 
X X X 

1 
Ito cell tumor bemgn 

X 
X 1 

Mesentery 4 
Pancreas 

+ + 
47 

Salivary glands 
+ + + c + + + + + + + + + + + + + + + + + + + + + 

46 
Stomach 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
47 

Stomach, forestomach 
+ + + c + + + + + + + + + + + + + + + + + + + + + 

47+ + + + + + + + + + + + + + + + + + + + + + + + + 
47 

Tooth 
Stomach, glandular + + + + + + + t + + + + + + + + + + + + + + + + + 

l+ 
~~~~

CARDIOVASCULAR SYSTEM 
Heart 48 


Fibrosarcoma, metastatic, skm 
I 
I 1 


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

ENDOCRINE SYSTEM 
Adrenal gland 46 
Adrenal gland, cortex 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
46 

Adrenal gland, medulla 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

45 

Pheochromocytoma bemgn 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
l 

47 
ParathyrOid gland 
Islets, pancreat1c + + + + + + + + + + + + + + + + + + + + + + + + + 

il 
32+ + M + M + + M + + + + M + + M + + + + + + + + M 

P1tmtary gland + + + + + + + + + + + + + + M + + + + + + -1- + + + 
Thyro1d f,land + + + + + + + + + + + + + + + + + + + + + + + + + 

X 

Follicular cell, carcmoma 

Folhcu ar cell, adenoma 

X 

GENERAL BODY SYSTEM 
None 

1~-GENITAL SYSTEM 
Ep1d1dym1s 48+ + + + + + + + + + + + + + + + + + + + + + + + + 

19 
Prostate 
Preput1al gland + + + + + + + + + + + + 

43 
Sernmal ves1cle 

+ M M + + + + + + + + + + + + + + + + + + + + + + 
47+ + + + + + + + + + + + + + + + + + + + + + + + + 
48Testes + + + + + + + + + + + + + + + + + + + + + + + + + 

~~~~ 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: UNTREATED CONTROL 
(Continued) 

WEEKS ON 
STUDY 

0 
0 
4 

0 
2 
7 

0 
3 
0 

0 
3 
6 

0 
6 
0 

0 
6 
6 

0 
6 
6 

0 
7 
8 

0 
7 
9 

0 
8 
1 

0 
8 
3 

0 
8 
4 

0 
8 
6 

0 
8 
6 

0 
8 
9 

0 
9 
5 

0 
9 
5 

0 
9 
6 

0 
9 
8 

0 
9 
8 

1 
0 
0 

1 
0 
3 

1 
0 
3 

1 
0 
4 

1 
0 
5 

I 

CARCASS 
lD 

0 
9 
1 

0 
2 
5 

0 
2 
4 

0 
2 
3 

1 
0 
4 

0 
8 
1 

0 
9 
4 

1 
0 
3 

0 
4 
5 

0 
7 
5 

0 
9 
3 

0 
7 
4 

1 
0 
2 

0 
5 
5 

0 
8 
5 

0 
5 
3 

0 
5 
4 

0 
4 
4 

0 
1 
4 

0 
1 
5 

0 
6 
5 

0 
5 
2 

1 
0 
1 

0 
3 
5 

0 
1 
1 

HEMATOPOIETIC SYSTEM 
Bone marrow 
Lymph node 

Lumbar, lymphoma mahgnant mtxed 
Mediastmalhlymphoma malignant mixed 
Renal, lymp oma malignant mtxed 

Lymph node, mandibular 
Pancreatic, hemang10sarcoma, metastatic 

Lymph node, mesentenc 
Lymphoma malignant mtxed 

Spleen 
Ftbrosarcoma, metastatic, sktn 
Lymphoma malignant mtxed 

Thymus 
Lymphoma mahgnant mtxed 

+ 
+ 

+ 

M 

+ 

+ 

+ 
M 

M 

M 

A 

M 

+ 
M 

M 

M 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

A 
A 

A 

A 

A 

A 

+ 
+ 

M 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

M 

+ 

+ 

+ 

+ 
+ 

M 

+ 

+ 

+ 

+ 
+ 
X 
X 
X 
+ 

+ 
X 
+ 

X 
+ 
X 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

M 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

M 

+ 

+ 
X 

+ 

+ 
+ 

M 

+ 

+ 

M 

+ 
+ 

M 

+ 

+ 

+ 

+ 
+ 

M 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 
X 
+ 
X 
+ 

X 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

M 

+ 
+ 

+ 

+ 

+ 

+ 

INTEGUMENTARY SYSTEM 
Mammary gland 
Skm 

Basal cell adenoma 
Subcutaneous ttssue, fibroma 
Subcutaneous ttssue, fibroma, multiple 
Subcutaneous tissue, fibrosarcoma 
Subcutaneous tlssue, fibrosarcoma, 

multiple 
Subcutaneous t1ssue, hemang~osarcoma 
Subcutaneous t1ssue, sarcoma 

M 
+ 

M 
+ 

M 
~ 

M 
+ 

M 
A 

M 
+ 

X 

M 
+ 

X 

M 
+ 

X 

M 
+ 

X 

M 
+ 

M 
+ 

X 

+ 
+ 

X 

M 
+ 

M 
+ 

X 

M 
+ 

X 

M 
+ 

M 
+ 

X 

M 
+ 

X 

M 
+ 

X 

X 

M 
+ 

X 

M 
+ 

M 
+ 

X 

M 
+ 

M 
+ 

MUSCULOSKELETAL SYSTEM 
Bone 

NERVOUS SYSTEM 
Bram 

RESPIRATORY SYSTEM 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiOlar adenoma. multiple 
Alveolar/bronchiolar carcmoma 
F1brosarcoma. metastatic, sk1n 
Lymphoma mahgnant mixed 

Nose 
Trachea 

SPECIAL SENSES SYSTEM 
Eye 
Hardenan gland 

Adenoma 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

A 

M 
A 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

A 

A 

A 

A 
A 

+ 

+ 

+ 

+ 
+ 

+ 
X 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

X 
+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

X 

+ 
+ 

+ 

+ 

+ 

M 
+ 

+ 

+ 

+ 

M 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

T 

+ 
X 

+ 
+ 

+ 

+ 

+ 

X 

+ 
+ 

URINARY SYSTEM 
Kidney 

Lymphoma mahgnant m1xed 
Unnary bladder 

+ 

+ 

A 

A 

+ 

+ 

+ 

+ 

A 

A 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

A 

+ 

+ 

+ 

A 

+ 

+ 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: UNTREATED CONTROL 
(Continued) 

~~li' ON 
1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 I 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
TOTAL 

CARCASS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 TISSUES 
ID 1 1 2 3 3 3 4 4 4 6 6 6 6 2 3 5 7 7 7 8 8 8 9 9 0 TUMORS 

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

HEMATOPOIETIC SYSTEM 
~~~-

Bone marrow 
Lymph node 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

48 
46 

Lumbar, lymphoma mahgnant mtxed 1 
Med1astmalhlymphoma mahg m1xed X 2 
Renal, lymp oma mahgnant m1xed X 2 

Lymph node, mand1bular M M M M + M M + M + + + + M + + M + M M + + M M + 25 
Pancreatic, hemangiosarcoma, metast 1 

Lymph node, mesentenc + + + + + + + + + + + M + + + + + + + + + + + + + 44 
Lymphoma mahgnant mixed X X 4 

Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 47 
Ftbrosarcoma, metastatic, sktn 1 
Lymphoma mahgnant m1xed X 3 

Thymus + + M + + + + + M M + M + + + + M M M + M + M + + 36 
Lymphoma mahgnant mtxed 1 

--- INTEGUMENTARY SYSTEM 
Mammary gland + M M M M M M M M M M M M M M + M M + M M M + M M 5 
Skm + + + + + + + + + + + + + + + + + + + + + + + + + 48 

Basal cell adenoma X 1 
Subcutaneous tissue, fibroma X 1 
Subcutaneous tissue, fibroma, multiple X X X 4 
Subcutaneous tissue, fibrosarcoma X X X 12 
Subcutaneous tissue, fibrosarcoma, 

multiple X 2 I 
Subcutaneous tlssue, hemangiosarcoma 1 
Subcutaneous bssue, sarcoma 2 

MUSCULOSKELETAL SYSTEM 
~~~-

Bone + + + + + + + + + + + + + + + + + + + + + + + + + 48 

NERVOUS SYSTEM 
--~-

Bram + + + + + + + + + + + + + + + + + + + + + + + + + 48 

--- RESPIRATORY SYSTEM 
Lung + + + + + + + + + + + + + + + + + + + + + + + + + 47 

Alveolarlbronch10lar adenoma '{ X X X X X '{ X 9 
Alveolarlbronch10lar adenoma, mulbple '{ 2 
Alveolarfbronch10lar carcmoma X 1 
Fibrosarcoma, metastatiC skm 1 
Lymphoma mahgnant m1xed 1 

Nose + + + + M + M + + + M + + + + + M + + + + + M + + 40 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 47 

SPECIAL SENSES SYSTEM --~-

Eye 
Hardenan gland 

Adenoma [_~ 
URINARY SYSTEM 
K1dney 

Lymphoma mahgnant m1xed 
Unnary bladder 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
I 474~ I 
__ I 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR FEED 
STUDY OF PETN, NF: LOW DOSE 

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~Vif~i UN 3 6 6 7 8 8 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 7 9 8 6 9 4 4 4 9 0 4 5 5 5 5 5 5 5 5 5 5 5 5 5 

CARCASS 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 
ID 9 4 5 1 9 4 5 9 5 8 4 5 1 1 1 1 2 2 2 2 2 3 3 3 3 

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

ALIMENTARY SYSTEM 
+ + + + + + + + + +~~lb~!f.l!r A A A + + A + + + + + + + + 

Intestme large + + A + + + + + + 
Intestme large, cecum A A A + + + A + + 
lntestme large, colon + + A + + A + + + 
Intestme large, rectum A A A + M A A + + 
Intestme small A A A + + A + + + + 
lntestme small, duodenum A A A -!- + A + + + 
Intestme small, rleum A A A + + A A + + 


Lymphoid nodule, lymphoma malignant 

mtxed 

Intestme small, JeJunum A A A + + A A + + + 
Lj,mph01d nodule, lymphoma malignant 


ymphocytic 
 1{ 

L1ver + + + + + + + + + + + + + + + + + + + + 
HemangiOsarcoma X X 
Hepatocellular carc1noma X X X X 
Hepatocellular adenoma X X X 

Hepatocellular adenoma, multiple 
 X 
Lymphoma mahgnant h1St1ocyhc X 
Squamous cell carcmoma, metastatic, 


stomach 
 X 
Mesentery + + + 
Pancreas + + + + + + + + + + + 
Saliva~ glands + + + + + A + + + 

Lymp oma mahgnant lymphocytic X 
Stomach + + + + + + + + + + + A + + + + + + + + + + + + + IStomach, forestomach + + + + + + + + + + + A + + + + + + + + + + + + + 

Pap1lloma squamous 
Squamous cell carcmoma X 

Stomach, glandular + A A + + + + + + + + A + + + + + + + + + + + + + I 
CARDIOVASCULAR SYSTEM I 
Heart + + + + + + + + + 

Carcmoma, metastatic, lung X 

ENDOCRINE SYSTEM 
Adrenal gland + + + + + + + + + + + 
Adrenal gland, cortex + + + + + + + + + + + 
Adrenal gland, medulla 

Pheochromocytoma bemgn 
+ + + + + 

X 
+ + + + + + 

Islets, pancreatic 
ParathyrOid gland 
Pitmtary gland 
Thyroid gland 

+ 
M 
+ 
M 

+ 
+ 
M 
+ 

+ 
M 
+ 
+ 

+ 
M 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
M 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
M 
+ 
+ 

+ 
M 
+ 
+ 

+ + 

GENERAL BODY ~YSTEM 
None I_________ 

GENITAL SYSTEM 
Epididymis I + + + + + + + + + 

Lymphoma malignant lymphocytic X 
Pems + 
Preputial gland + + + + + + + + + 
Prostate + + A + + + + + + 

Lymphoma malignant lymphocytic X 
A -1Semmal ves1cle + + + + + + + + + 

Testes I + + + + + + + + 
Lymphoma mahgnant lymphocytic X 
Interstltlal cell, adenoma XI 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE 
(Continued) 

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 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

CARCASS 1-,r--•r--•r--,r--TI--Tr--xr--rr--xr-~rr-,rr-,r--•r--•r--Tt--Tf--Tf--rr--rr-~r.-~2,-,2.-~2.-~2--~2--Ti~l~s 
ID 3 4 4 5 6 6 6 6 6 7 7 7 7 7 8 8 8 8 9 9 0 0 0 0 0 TUMORS 

4121123451234512341212345 

ALIMENTARY SYSTEM 
Esophagus 10 
Gallbladder 10 
Intestme large 8 
Intest1ne large, cecum 5 
Intestme large, colon 7 
Intestme large, rectum 3 
Intesttne small + + + + 10 
Intestme small, duodenum 5 
Intestme small, 1leum + + 6 

Lymphotd nodule, lymphoma mahgnant 
mlXed X 1 

Intestme small, JeJunum + + 7 
Lymphoid nodule, lymphoma mahgnant 

lymphocytic 1 
L1ver 

Hemang1osarcoma 
+ + + + 24 

2 
Hepatocellular care1noma 4 
Hepatocellular adenoma X X X 6 
Hepatocellular adenoma, multiple 1 
Lymphoma malignant h1st1ocyt1c 1 
Squamous cell carcmoma, metastatic, 

stomach 1 
Mesentery + 4 
Pancreas + + 13 
Sahvary glands + 9 

Lymphoma mahgnant lymphocytic 1 
Stomach + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Stomach, forestomach 

Pap11loma squamous 
Squamous cell carcmoma 

Stomach, glandular 

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

+ + + + + + + + + + 

,__+____+___+___+___+___+___+___+___+___+___+___+___+____+___+___+___+___+___+___+___+___+___+____+___+___ [ 

49 
1i,--

CARDioVASCULAR SYSTEM 
Heart 

Camnoma, metastatic, lung 

1------------------------1-ENDOCRINE SYSTEM 
Adrenal gland 11 
Adrenal gland, cortex 

+ + 
13 

Adrenal gland, medulla 
+ + 

13 

Pheochromocytoma bemgn 


+ + 
1 

Islets, pancreatic 13 
Parathyr01d gland 
PttU>tary gland 
Thyrotd gland 

+ + 

I i 
GENERAL BODY SYSTEM 

None 

GENITAL SYSTEM 
Eptdtdymis 9 


Lymphoma mahgnant lymphocytic 
 1 
Pen1s 1 
Preputtal gland 19 
Prostate 

+ + + + + + + + + + 
8 


Lymphoma mahgnant lymphocyttc 
 1 
11 

Testes 
Sem1nal ves1cle + 

9 

Lymphoma mahgnant lymphocytic 
 1 

1Intersttttal cell, adenoma 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE 
(Continued) 

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~~JJ'i' ON 3 6 6 7 8 8 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 7 9 8 6 9 4 4 4 9 0 4 5 5 5 5 5 5 5 5 5 5 5 5 5 I 

CARCASS 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 
ID 9 4 5 1 9 4 5 9 5 8 4 5 1 1 1 1 2 2 2 2 2 3 3 3 3 

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

HEMATOPOIETIC SYSTEM 
Bone marrow + + + + + + + + + 
Lymph node M + + + + A + + + + + + + + + + 

Medtastmal, carctnoma, metastatic, lung X 

Pancreattc, lymphoma mahgnant mtxed 

Renal, lymphoma mahgnant muted 


Lymph node. mand1bular M M M + + M M + M 
Lymph node, mesentenc M + + + + A + + + + + + M + + + 

Hemangtoma 
Lymphoma mahgnant mlXed 

Spleen + + + + + + + + + + + + + 	 + + + + + 
HemangiOsarcoma 

Lymphoma mahgnant htstwcyttc 
 X 

Lymphoma mahgnant lymphocybc 
 X 
Lymphoma m.ahgnant mtxed 

Thymus M + A + + M + + + 	 + 
Lymphoma mahgnant lymphocybc X 

IINTEGUMENTARY SYSTEM 
Mammary gland M M M M M M M M M 
Skm + + + M + + + + + + + + 	 + + + + 

Subcutaneous tissue, fibroma X X 

Subcutaneous tissue, fibrosarcoma 
 X X 

Subcutaneous ttssue, hemangtosarcorna 
 X 

Subcutaneous ttssue, 


neurofibrosarcoma, multtple 
 ! 
Subcutaneous ttssue, sarcoma X 	 X I 

MuscULOSKELETAL SYSTEM I
Bone + + + + + + + + + + + + + + + + 

Synovtal ttssue, sarcoma 

NERVOus SYSTEM 
Bram + + + + + + + + + 

RESPIRATORY SYSTEM 
Lung + + + + + + + + + + + + + 

Alveolar/bronchiOlar adenoma X X 

Alveolarfbronch1olar carc1noma 
 X X 
Carcmoma X 

Med1astmum, carcmorna, metastatiC, lung 
 X 

Nose M + + + + + + + M 
Trachea + + + + + + + + + + + + + 

SPECIAL SENSES SYSTEM 
Hardenan gland + 	

X 
+ 

IAdenoma 

URINARY SYSTEM i 
K1dney + + + + + + + + + 	 + 

Lymphoma mahgnant lymphocytic X 	 I 
Renal tubule, adenoma 

U nnary bladder + + A + + + + + + 	 + + + 
Lymphoma mahgnant lymphocytic X 	 I 

I-
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE 
(Continued) 

EEKS ONw 
sTUDY 

c 
I 

ARCASS 
D 

lrE"MATOPOIET 
Bone marrow 
Lymph node 

IC SYSTEM 

rcmoma, metastat1c, lungMed1astmal, ca 
Pancreatic, lym 
Renal, lympho 

phoma rnahgnant mixed 
rna mahgnant m1xed 

Lymph node, ma 
Lymph node, me 

HemangiOma 
Lymphoma rna 

nd1bular 
sentenc 

hgnant m1xed 

oma 
Spleen 

HemangiOsarc 
Lymphoma rna 
Lymphoma ma 
Lymphoma rna 

hgnant h1stwcytlc 
hgnant lymphocyt1c 

Thymus 
Lymphoma rna 

hgnant m1xed 

hgnant lymphocytic 

ARY SYSTEMINTEGUMENT 
Mammary gland 
&km 

Subcutaneous 
Subcutaneous 
Subcutaneous 
Subcutaneous 

bssua, fibroma 
tlssue, fibrosarcoma 
t1ssue, hemangiosarcoma 
t1ssue, 

neurofibrosa 
Subcutaneous 

rcoma, multiple 
t1ssue, sarcoma 

MUSCULOSKELETAL SYSTEM 
Bone 

Synov1al tlssue, sarcoma 

NERVOus SYS 
Bram 

TEM 

RESPIRATORY SYSTEM 
Lung 

Alveolar/bronc 
Alveolar/bronc 
Carcmoma 
Med1astmum, 

hwlar adenoma 
hwlar rarcmoma 

carcmoma, meta , lung 
Nose 
Trachea 

SES SYSTEMSPECIAL SEN 
Hardenan gland 

Adenoma 

TEMURINARY SYS 
Kidney 

Lymphoma rna 
Renal tubule, 

Unnary bladder 

l1gnant lymphocyt1c 
adenoma 

Lymphoma rna llgnant lymphocyt1c 

1 
0 
5 

1 
3 
4 

I 
+ 

1 
0 
5 

1 
4 
1 

+ 

1 
0 
5 

1 
4 
2 

+ 

+ 

+ 

+ 
X 

+ 

+ 

1 
0 
5 

1 
5 
1 

+ 

+ 

+ 
X 

+ 

1 
0 
5 

1 
6 
1 

+ 

+ 

T 

X 

+ 

+ 
X 

1 
0 
5 

[ 
6 
2 

+ 

+ 
X 

+ 

+ 

1 
0 
5 

1 
6 
3 

+ 

1 
0 
5 

1 
6 
4 

T 

+ 

1 
0 
5 

1 
6 
5 

1 
0 
5 

1 
7 
1 

+ 

1 
0 
5 

1 
7 
2 

+ 

+ 

+ 

+ 

+ 

1 
0 
5 

1 
7 
3 

+ 

X 

1 
0 
5 

1 
7 
4 

+ 

+ 
X 

+ 

1 
0 
5 

1 
7 
5 

+ 

X 
X 

+ 

X 
+ 

X 

+ 

+ 
X 

1 
0 
5 

1 
8 
1 

+ 

+ 

X 

+ 

+ 

X 

1 
0 
5 

1 
8 
2 

+ 

+ 

+ 

1 
0 
5 

1 
8 
3 

+ 

+ 

+ 

1 
0 
5 

1 
8 
4 

1 
0 
5 

1 
9 
1 

T 

1 
0 
5 

1 
9 
2 

+ 

+ 

+ 

X 

+ 

1 
0 
5 

2 
u 
1 

+ 

+ 

+ 

1 
0 
'i 

2 
0 
2 

+ 

1 
0 
5 

2 
0 
3 

+ 

+ 

t 
X 

+ 

+ 

1 
0 
5 

2 
0 
4 

1 
0 
5 

2 
0 
5 

+ 

TOTAL 
TISSUES 
TUMORS 

--- 

9 
23 

1 
1 
1 
3 

22 
1 
2 

26 
2 
1 
1 
1 
7 
1 

-- 

22 
2 
2 
1 

1 
2 

--- 

31 
1 

-- 

9 

--- 
17 

5 
3 
1 
1 
7 

17 

--- 

3 
2 

!3 
1 
1 

15 
1 

I 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR FEED 
STUDY OF PETN, NF: HIGH DOSE 

~EJriV ON 0 
0 

0 
2 

0 
8 

0 
8 

0 
8 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

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

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

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

ALIMENTARY SYSTEM 

~~~lb1!£1! r 
M 
A 

A 
M 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
A 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

Intestme large M A + + + A + + + + + + + + + + + T + + + + + + + 
Intestme large, cecum 
Intestme large, colon 

M 
M 

A 
A 

+ 
+ 

+ 
+ 

+ 
+ 

A 
A 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

Intestme large, rectum 
Intestme small 

M 
M 

A 
A 

+ 
+ 

+ 
+ 

+ 
+ 

A 
A 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

Intestme small, duodenum 
Intestme small, Ileum 

M 
M 

A 
A 

+ 
+ 

+ 
+ 

+ 
+ 

A 
A 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

Intestme small, JBJunurn M A + + + A + + + + + + + + + + + + + + + + + + + 
Ltver + + + + + A + + + + + + + + + + + + + + + + + + + 

Hepatocellular carcmoma X X X 
Hepatocellular adenoma X X X 
Lymphoma malignant h1st1ocyt1C X 
Lymphoma mahgnant mtxed 

Mesentery 
Pancreas M A + + + M + + + + + + + + + + + + + + + + + + + 
Sal!vary glands M A + + + A + + + + + + + + + + + + + + + + + + + 
Stomach M A + + + + + + + + + + + + + + + + + + + + + + + 
Stomach, forestomach M A + + + + + + + + + + + + + + + + + + + M + + + 
Stomach, glandular M A + + + A + + + + + + + + + + + + + + + + + + + 

CARDIOVASCULAR SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

ENDOCRINE SYSTEM 
Adrenal gland + M + + + M + + + + + + + + + + + + + + + + + + + 
Adrenal gland, cortex + M + + + M + + + + + + + + + + + + + + + + + + + 

Adenoma X 
Adrenal gland, medulla + M + + + M + + + M + + + + + + + + + + + + + + + 

Pheochromocytoma bemgn 
Islets, pancreatic M A + + + M + + + + + + + + + + + + + + M + + + + 
Parathyroid gland M M M + + M + + + M + + M + M + + + M M + + + + M 
Pttmtary gland + + + + + + + + + + + + + M + + + + + + M + + + + 

Pars dtstahs, adenoma X 
Thyroid gland M A + + + M + + + M + + + + + + + + + + + + + + + 

Folhcular cell, adenoma 
Folhcular cell, carcmorna X 

GENERAL BODY sYs't EM 
None 

GENITAL SYSTEM 
Ep1d1dym1s + + + + + A + + + + + + + + + + + + + + + + + + + 
Preputial gland + + + + + + + 
Prostate + A + + + A + + + + + + + + + + + + + + + + + -1 + 
Semmal ves1cle + A + + + A + + + + + + + + + + + + + + + + + + + 
Te~tes + + + + + A + + + + + + + + + + + + + + + + + + + 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

WEEKS ON 
STUDY 

CARCASS 
ID 

1 
0 
5 

2 
4 
2 

1 
0 
5 

2 
4 
3 

1 
0 
5 

2 
4 
4 

1 1 
0 0 
5 5 

2 2 
5 5 
2 3 

1 
0 
5 

2 
5 
4 

1 
0 
5 

2 
6 
1 

1 
0 
5 

2 
6 
2 

1 
0 
5 

2 
6 
3 

1 
0 
5 

2 
6 
4 

1 
0 
5 

2 
6 
5 

1 
0 
5 

2 
7 
1 

1 
0 
5 

2 
7 
2 

1 
0 
5 

2 
7 
3 

1 
0 
5 

2 
8 
1 

1 
0 
5 

2 
8 
2 

1 
0 
5 

2 
8 
3 

1 
0 
5 

2 
8 
4 

1 
0 
5 

2 
9 
1 

1 
0 
5 

2 
9 
2 

1 
0 
5 

2 
9 
3 

1 
0 
5 

2 
9 
4 

1 
0 
5 

3 
0 
2 

1 
0 
5 

3 
0 
3 

1 
0 
5 

3 
0 
4 

TOTAL 
TISSUES 
TUMORS 

--- 
48 
47 
47 
47 
47 
46 
47 
cl7 
47 
47 
49 

5 
7 
1 
1 
2 

47 
47 
48 
46 
47 

--- 

';0 

--- 
48 
48 

1 
47 

1 
46 
27 
48 

1 
46 

1 
1 

--- 

--- 

49 
18 
48 
48 
49 

--- 

ALIMENTARY SYSTEM 

~~~lb~:f,j!r
Intestme large 
Intestme large, cecum 
Intestme large, colon 
Intestme large, rectum 
Intestme small 
Intestme small, duodenum 
Intestme small, 1leurn 
Intestme small,JBJunum 
L1ver 

Hepatocellular carcinoma 
Hepatocellular adenoma 
Lymphoma malignant histwcyt1c 
Lymphoma malignant m1xed 

Mesentery 
Pancreas 

~~~~:~glands 
Stomach, forestomach 
Stomach, glandular 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

X 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
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X 
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! + 
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X 
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+ 
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+ 
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+ 
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+ 
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+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

X 

+ 
+ 
+ 
+ 
+ 

CARDIOVASCULAR SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

ENDOCRINE SYSTEM 
Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Adrenal gland, medulla 

Pheochromocytoma bemgn 
Islets, pancreatlc 
ParathyrOid gland 
P1tmtary gland 

Pars du;tahs, adenoma 
Thyrotd f,land 

Folhcu ar cell, adenoma 
Folhcular cell, carcmoma 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
M 
+ 

+ 

+ + 
+ + 

+ + 

+ + 
+ M 
+ + 

+ + 

+ 
+ 

+ 

+ 
M 
+ 

+ 

+ 
+ 

+ 

+ 
M 
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+ 

+ 
+ 

+ 

+ 
M 
+ 

+ 

+ 
+ 

+ 

+ 
M 
+ 

+ 

+ 
+ 

+ 

+ 
M 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 
X 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
M 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 
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+ 
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+ 

+ 
+ 
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+ 
M 
+ 

+ 
X 

+ 
+ 

+ 

+ 
M 
+ 

+ 

+ 
+ 

+ 

+ 
M 
+ 

+ 

+ 
+ 

+ 

+ 
M 
+ 

+ 

+ 
+ 

+ 

+ 
M 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Ep1dtdym1s 
Preputial gland 
Prostate 
Semmal ves1cle 
Testes 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ + 
+ 

+ + 
+ + 
+ + 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ 
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+ 
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+ 
+ 
+ 
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+ 
+ 
+ 
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+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
_._ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 
c 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

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~~t.fUN 0 2 8 8 8 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 7 1 5 8 4 5 8 8 9 0 3 5 5 5 5 5 5 5 5 5 5 5 5 5 

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

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

HEMATOPOIETic SYSTEM 
Bone marrow + A + + + + + + + + + + + + + + + + + + + + + + + 
Lymph node M A + + + M + + + + + + + + + + + + + + + + + + + 

Lumbar, lymphoma mahgnant mtxed 
Pancreatic, lymphoma malignant mixed 

Lymph node, mand1bular M A M M M M M + + + + + + + M + M + + + + + + M + 

Lymphoma malignant m1xed 
 X 

Lymph no.!e, mesentenc M A + + + M + + + + + M + + + M + + + + + + + + + 
Hemangioma X 

XLymphoma maltgnant m1xed 
Spleen M A + + + M + + + + + + + + + + + + + + + + + + + 

XLymphoma mahgnant nnxed 
Thymus M M + + + M + + + + + + + + + + + + + + + + + + + 

INTEGUMENTARY SYSTEM 
Mammary gland M M + M M M + M M M M M M M M + + M M M M + M + M 
Skm M + + + + + + + + + + + + + M + + + + + + + + M + 

Pa~tlloma squamous 

Su cutaneous tissue, fibroma 

Subcutaneous tissue, fibrosarcoma 
 X X X 
Subcutaneous tissue, fibrosarcoma, 


multiple 
 X X X 
Subcutaneous ttssue, hemangJosarcoma X 

MUsCULOSKELETAL SYSTEM 
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

Mandtble, osteosarcoma 

NERVOUS SYSTEM 
Bram + + + + + + + + + + + + + + + + + + + + + + + + + 

RESPIRATORY SYSTEM 
Lung + + + + + + + + + + + + + + + + + + + + + + + + + 

Alveolarlbronchwlar adenoma 

Alveolarfbronchtolar adenoma, mulbple 
 X 
Alveolarlbronchwlar carcmoma X X X 

Nose + A + + + + + + + + + M + + + + + + + + + + + + + 
Trachea + A + + + + + + + + + + + + + + + + + + + + + + + 

SPECIAL SENSES SYSTEM 
Ear + 
Eye + 
Hardenan gland + + + 

Adenoma X X 

UIDNARY SYSTEM 
Kidney + + + + + A + + + + + + + + + + + + + + + + + + + I 
Unnary bladder M A + + + A + + + + + + + + + + + + + + + + + + + I 

I 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

~t~iuN 

CARCASS 
ID 

1 
0 
5 

2 
4 
2 

1 
0 
5 

2 
4 
3 

1 
0 
5 

2 
4 
4 

1 1 
0 0 
5 5 

2 2 
5 5 
2 3 

1 
0 
5 

2 
5 
4 

1 
0 
5 

2 
6 
1 

1 
0 
5 

2 
b 
2 

1 
0 
5 

2 
6 
3 

1 
0 
5 

2 
6 
4 

1 
0 
5 

2 
6 
5 

1 
0 
5 

2 
7 
1 

1 1 1 1 
0 0 0 0 
5 5 5 5 

2 2 2 2 
7 7 8 8 
2 3 1 2 

1 1 
0 0 
5 5 

2 2 
8 8 
3 4 

1 
0 
5 

2 
9 
1 

1 
0 
5 

2 
9 
2 

1 
0 
5 

2 
9 
3 

1 
0 
5 

2 
9 
4 

1 
0 
5 

3 
0 
2 

1 
0 
5 

3 
0 
3 

1 
0 
'> 

3 
0 
4 

TOTAL 
TISSUES 
TUMORS 

--- 

49 
47 

1 
1 

28 
1 

45 
1 
1 

47 
1 

42 

---~ 

9 
47 

1 
1 
') 

3 
1 

---~ 

50 

--- 

'>0 
---~ 

50 
1 
2 
5 

48 
49 

____ 

I 
1 
1 
5 
l 

--- 

49 
47 

___ 

HEMATOPOIETIC SYSTEM 
Bone marrow 
Lymph node 

Lumbar, lymphoma mahgnant m1xed 
Pancreatlc, lymphoma mahgnant m1xed 

Lymph node, mandibular 
Lymphoma malignant mixed 

Lymph node, mesentenc 
Hemangioma 
Lymphoma mahgnant muced 

Spleen 
Lymphoma mahgnant mtxed 

Thymus 

+ 
+ 

M 

+ 

+ 

+ 

+ 
+ 

M 

+ 

+ 

+ 

+ 
+ 

+

+ 

+

M 

+ + 
+ + 

+ M 

+ + 

+ + 

+ + 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

M 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

M 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ + + + 
+ + + + 

+ + M M 

+ + + + 

X 
+ + .,. + 

X 
+ + + + 

+ + 
+ + 

+ M 

+ + 

+ + 

+ + 

+ 
+ 

M 

+ 

+ 

+ 

+ 
+ 
X 
X 
M 

+ 

X 
+ 
X 
M 

+ 
+ 

M 

+ 

+ 

M 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+

+ 

+ 

+ 

+ 

+ 
+ 

M 

+ 

+ 

+ 

+ 
+ 

M 

+ 

+ 

M 

INTEGUMENTARY SYSTEM 
Mammary gland 
Skm 

Pabtlloma squamous 
Su cutaneous tissue, fibroma 
Subcutaneous ttssue, fibrosarcoma 
Subcutaneous tissue, fibrosarcoma 

multiple 
Subcutaneous tissue, hemang10sarcoma 

MUSCuLOSKELETAL SYSTEM 
Bone 

Mandtble, osteosarcoma 

M 
+ 

M 
+ 

M 
+ 

+ M 
+ + 

M 
+ 

M 
+ 

M 
+ 

M 
+ 

X 

M 
+ 

M 
+ 

M 
+ 

+ M + M 
+ + + + 

X 

M M 
+ + 

'{ 

M 
+ 

M 
+ 

M 
+ 

M 
+ 

M 
+ 
'{ 

M 
+ 

M 
+ 

+ + + + + + + + + + + + + + + + + + + + + + + 
'{ 

+ + 

NERVOUS SYSTEM 
Bram + + + + + + + + + + + + + + + + + + + + + + + + + 

RESPIRATORY SYSTEM 
Lung 

Alveolar/bronchiOlar adenoma 
Alveolarlbronch10lar adenoma, multiple 
Alveolarlbronchtolar carctnoma 

Nose 
Trachea 

SPECIAL SENSES SYSTEM 
Ear 
Eye 
Hardenan gland 

Adenoma 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ + 

+ + 
+ + 

+ 

+ 
+ 

+ 

'{ 
'{ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ + + + 

+ + + + 
+ + + + 

+ + 

+ + 
+ + 

+ 

+ 
+ 

+ 

'{ 

+ 
+ 

+ 

+ 
+ 

+ 
X 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ + 
'{ 

URINARY SYSTEM 
Kidney 
Unnary bladder 

+ 
+ 

+ 
+ 

+ 
+ 

+ + 
+ + 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ + + + 
+ + + + 

+ + 
+ + 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

I 


I 

I 


I 


I 
I 

I 

I 

I 

I 

I 
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TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY OF 
PETN,NF 

Control 25,000 ppm 50,000 ppm 

Harderian Gland: Adenoma 
Overall Rates (a) 1/49 (2%) 2/50 (4%) 3/50 (6%) 
Adjusted Rates (b) 2.2% 5.3% 7.2% 
Termmal Rates (cJ 0/26 (0%) 2/38 (5%) 1/38 (3%) 
Day ofFtrst ObservatiOn 456 729 682 
Ltfe Table Tests (d) P=0.314 P=O 597 P=0.403 
Logtstlc Regresswn Tests (d) P=0.219 P=O 467 P=0.290 
Cochran-Armttage Trend Test (d) P=0.228 
Ftsher Exact Test (d) P=0.508 P=O 316 

Liver: Hepatocellular Adenoma 
Overall Rates(aJ 9/48 (19%) (e) 7/24(29%) 7/49 (14%) 
Adjusted Rates (bJ 266% 18.4% 
Termmal Rates (c) 4/26 (15%) 7/38 (18%) 
Day of Ftrst Observation 414 729 
Ltfe Table Test (d) P=0.169N 
Logtstlc Regresswn Test !d) P=0.343N 
Ftsher Exact Test (d) P=0.375N 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 3/48 (6%) (e) 4/24 <17%) 5/49(10%) 
Adjusted Rates <bl 10.2% 13.2% 
Termmal Rates (c) 2/26 (8%) 5/38 (13%) 
Day ofFustObservatwn 601 729 
Ltfe Table Test <dl P=0.563 
Logtsttc Regresswn Test <dl P=0.455 
Ftsher Exact Test <d) P=0.369 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 11/48 (23%) (e) 11/24 <46%) 11/49 <22%) 
AdJusted Rates< b l 33 2% 28.9% 
Termmal Rates (c) 6/26 (23%> 11/38<29%> 
Day ofFtrst Observation 414 729 
Ltfe Table Test (d) P=O 258N 
Logtstlc Regresswn Test <dl P=O 496N 
Ftsher Exact Test (d) P=O 574N 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 11/47 <23%) (e) 5/17 <29%) 3/50 (6%) 
Adjusted Rates <b l 407% 7.9% 
Termmal Rates (c) 10/26 (38%) 3/38 (8%) 
Day of Ftrst ObservatiOn 727 729 
Ltfe Table Test (d) P=O 002N 
Logtsttc Regresswn Test <dJ P=0.003N 
Ftsher Exact Test (d) P=0.015N 

Lung: Alveolar/Bronchiolar Carcinoma 
Overall Rates (a) 1147 (2%) (e) 4/17 <24%) 5/50 (10%) 
Adjusted Rates (b) 3.8% 11.6% 
Termmal Rates (c) 1126 (4%) 2/38 (5%) 
Day ofFtrst Observation 729 652 
Ltfe Table Test (d) P=0.196 
Log1sbc Regresswn Test (d) P=0.128 
Ftsher Exact Test (d) P=0.117 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a) 11/47 (23%) (e) 9/17 (53%) 7/50 (14%) 
Adjusted Rates (b) 40.7% 16.5% 
Termmal Rates (c) 10/26 (38%) 4/38 (11 %) 
Day ofFtrst ObservatiOn 727 652 
L1fe Table Test (d) P=0.053N 
Logtsbc Regresswn Test (d) P=0.086N 
F1sher Exact Test(d) P=0.176N 
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TABLE C3 ANALYSIS OF PRIMARY TUMORS IN MALE MICE I~ THE TWO-YEAR FEED STUDY OF 
PETN, NF (Continued) 

Control 25,000 ppm 50,000 ppm 

Subcutaneous Tissue: Fibroma 
Overall Rates (al 
Adjusted Rates (b) 
Termmal Rates <c) 
Day of Ftrst ObservatiOn 
Ltfe Table Tests (d) 
Logtstlc RegressiOn Tests (d) 
Cochran Armttage Trend Test (d) 
Ftsher Exact Test (d) 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a) 
Adjusted Rates (bl 
Termmal Rates (c) 
Day ofFtrst Observatwn 
Ltfe Table Tests (dl 
Logtsbc Regresston Tests (d) 
Cochran Armttage Trend Test (d) 
Ftsher Exact Test (d) 

5/49 (10%) 2150 <4%) 
18 0% 53% 
4/26(15%) 2/38 <5%) 
682 729 
P=O 021N P=O 098N 
P=O 027N P=O 125N 
P=O 057N 

P=O 210N 

14/49(29%) 2/50 (4%) 
35 8% 49% 
4/26(15%) 0/38 (Q%) 
456 656 
P=O 026N P<O 001N 
P=O 077N P=O 002N 
P=O 061N 

P<O 001N 

Subcutaneous Tis;,ue: Sarcoma, Fibrosarcoma, or Neurofibrosarcoma 
Overall Rates (a) 

Adjusted Rates (b) 

TermmalRates(c) 

Day ofFtrst Observatwn 

LtfeTableTests(d) 

Log~sttcRegresswnTests(d) 
Cochran Armttage Trend Test Id) 

Ftsher Exact Test(d) 


Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 
Adjusted Rates (bl 
Termmal Rates (c) 
Day ofFtrst Observatwn 
Ltfe Table Tests (d) 
Logistic Regression Tests (dl 
Cochran Armitage Trend TestldJ 
Fisher Exact Test <d) 

15/49 (31% l 5/50 00%) 
37 5% 12 1% 
4/26(15%) 2/3815%) 
456 656 
P=0016N P=0004N 
P=0053N P=0013N 
P =0 043N 

P=O OlON 

19/49139%1 4/50 (8%) 
49 2% 99% 
8/26 (31 o/o) 2/38 15%) 
456 656 
P = 0 002N P<O 001N 
P = 0 009N P<O OOlN 
P=O 009N 

P<O OOlN 

Subcutaneous Tissue: Fibroma, Sarcoma, Fibrosarcoma, or Neurofibrosarcoma 
OverallRates(al 

AdJusted Rates (b) 


TermmalRates<cl 

Day of First Observatwn 

Life Table Tests (d) 

Logistic Regresswn Tests (d) 

Cochran Armitage Trend Test (d) 

Fisher Exact Test (d) 


20/49141%) 
50 5% 
8/26(31%) 
456 
P=O OOlN 
P=O 006N 
P = 0 006N 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 

Adjusted Rates (bl 

Termmal Rates (c) 

Day ofFtrst Observatwn 

Life Table Tests (dJ 

Logistic Regresswn Tests (d) 

Cochran Armitage Trend Test (d) 

Fisher Exact Test (d) 


4/49 (8%) 
13 0% 
2/26 (8%) 
578 
P = 0 373N 
P=O 479N 
P = 0 558N 

7/50(14%) 
17 0% 
4/38(11%) 
656 
P<O OOlN 
P=O 002N 

P = 0 003N 

(e,D 5/50 (10%l 
12 6% 
4/38 (11 %) 
655 
P=O 576N 
P=O 579 

P=O 513 

l/50(2%) 
26% 
l/38 (3%) 
729 
P=O 041N 
P=O 053N 

P=O 098N 

8/50(16%) 
17 8% 
3/38 (8%) 
564 
P=O 042N 
P=O 121N 

P==O 103N 

8/50<16%) 
17 8% 
3/38 <8%1 
564 
P==O 027N 
P=O 084N 

P=O 069N 

9/50(18%) 
20 1% 
4/38 (11 o/o) 
564 
P==O 005N 
P=O Ol9N 

P=O 019N 

9/50 <18%) 
20 1% 
4/38 (11 o/o) 
564 
P=O 003N 
P==O 012N 

P==O 011N 

4/50 (8%) 
10 5% 
4/38 (11 %) 
729 
P=O 451N 
P=O 561N 

P=O 631N 
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TABLE C3 ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO YEAR FEED STUDY OF 
PETN, NF (Contmued) 

(a) Number of tumor beanng ammals/number of ammdls exammed at the stte 
(b) Kaplan Meter esttmated tumor mctdences at the end of the study after adJustmg for mtercurrent mortahty 
(c) Observed tumor mctdence at termmal ktll 
(d) Beneath the control mctdence are the P values associated wtth the trend test Beneath the dosed group metdence are the 
P values correspondmg to patrwtse compansons between that dosed group and the controls The ltfe table analysts regards tu 
mors mammals dymg pnor to termmal ktll as bemg (dtrectly or mdtrectly I the cause of death The logtsttc regressiOn test re 
gards these leswns as nonfatal The Cochran Armttage and Ft5her exact tests compare dtrectly the overall mctdence rates 
A negative trend or lower mctdence m a dosed group ts mdtcated by (Nl 
(e) Incomplete samphng ofttssues 
(f) Twenty stx spleens were e"ammed mtcroscoptcally 
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TABLE C4. HISTORICAL INCIDENCE OF INTEGUMENTARY SYSTEM TUMORS IN MALE 86C3F1 MICE 
RECEIVING NO TREATMENT (a) 

Incidence in Controls 
Study Fibroma Fibrosarcoma Fibroma or Fibrosarcoma 

Historical Incidence at EG&G Mason Research Institute 

4,4' Methylenedtamlme d1hydrochlonde 
Monuron 
8 Hydroxyqwnohne 
Butyl benzyl phthalate 
01(2 ethylhexyl)phthalate 
01(2 ethylhexyl)ad1pate 
Guargum 
Locust bean gum 
Gum arab1c 
Tara gum 
Agar 
C I Bas1c Red 9 monohydrochlonde 
Bone ac1d 
Pentachloron1trobenzene 
2 B1phenylamme hydrochlonde 

TOTAL 
SD(cl 

Range(d) 
H1gh 
Low 

0/49 
0/50 
1150 
1150 
2/50 
1/50 
0150 
0150 
0/49 
0/50 
1/49 
0150 
1150 
1149 
0150 

81746 (1 1%) 
1 28% 

2/50 
0/50 

Overall Historical Incidence at All Laboratories 

TOTAL (e) 42/2,040 (2 1 %> 
SD{c) 2 85% 

Range(d) 
H1gh 6150 
Low 0150 

4/49 
2/50 
6/50 
1150 
0/50 
4/50 
6/50 
1150 
3/49 
0/50 
0/49 
0/50 
l/50 
6/49 
4/50 

<b>381746<51%) 
469% 

6/49 
0/50 

(f) 143/2,040 (7 0%) 
7 20% 

15/50 
0150 

4/49 
2/50 
7/50 
2/50 
2/50 
5/50 
6/50 
1/50 
3/49 
0150 
1/49 
0150 
2/50 
6/49 
4/50 

(b)451746<6 0%) 
450% 

7/50 
0/50 

(e,f) 178/2,040 <8 7%> 
8 36% 

19150 
0/50 

(a) Data as of Apnl29, 1987, for stud1es ofat least 104 weeks 
(b) Includes 20 sarcomas, NOS, and 1 neurofibrosarcoma 
(c) Standard dev1atlon 
(d) Range and SO are presented for groups of 35 or more ammals 
(e) Includes one neurofibroma 
(f) Includes 43 sarcomas, NOS, and 6 neurofibrosarcomas 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF PETN, NF 

Untreated Control Low Dose High Dose 

Animals initially in study 50 50 50 
Animals removed 50 50 50 
Animals examined histopathologically 49 50 50 

ALIMENTARY SYSTEM 
Intestine large (47) (8) (47) 

Anus, necrosis 1 (2%) 
Intestine small, ileum (44) (6) (47) 

Lymphoid nodule, hyperplasia 1 (2%) 1 (17%) 3 (6%) 
Intestine small, jejunum (44) (7) (47) 

Lymphoid nodule, hyperplasia 2 (29%) 2 (4%) 
Liver (48) (24) (49) 

Angiectasis 2 (8%) 
Clear cell focus 1 (2%) 
Cyst 1 (2%) (4%) 2 (4%) 
Eosinophilic focus 1 (2%) 
Fatty change, diffuse 1 (2%) 
Fatty change, focal 6 (13%) 
Fibrosis 1 (2%) 
Hematopoietic cell proliferation (2%) 
Hemorrhage 1 (4%) 
Infarct 1 (2%) 
Mineralization 1 (2%) 
Mixed cell focus 1 (2%) 2 (4%) 
Necrosis 2 (4%) 3 (13%) 2 (4%) 
Pigmentation 1 (2%) 
Bile duct, hyperplasia 1 (2%) 

Mesentery (4) (4) (2) 
Inflammation, acute 1 (25%) 
Fat, mineralization 1 (25%) 1 (25%) 1 (50%) 
Fat, necrosis 3 (75%) 4 (100%) 2 (100%) 

Pancreas (47) (13) (47) 
Acinus, atrophy 1 (2%) 
Acinus, necrosis 1 (2%) 
Artery, necrosis, fibrinoid 1 (2%) 

Stomach, forestomach (47) (49) (46) 
Acanthosis 3 (6%) 1 (2%) 
Hyperkeratosis 3 (6%) 4 (8%) 2 (4%) 
Inflammation, chronic active 1 (2%) 1 (2%) 

Stomach, glandular (47) (47) (47) 
Hyperplasia 1 (2%) 1 (2%) 
Inflammation, chronic active 2 (4%) 6 (13%) 6 (13%) 
Mineralization 1 !2%) 

Tooth (1) 
Incisor, developmental malformation 1 !100%) 

CARDIOVASCULAR SYSTEM 
None 

ENDOCRINE SYSTEM 
Adrenal gland (46) (13) (48) 

Accessory adrenal cortical nodule 1 (2%) 1 (2%) 
Capsule, hyperplasia 37 (80%) 13 (100%) 45 (94%) 

Adrenal gland, cortex (46) (13) (48) 
Hyperplasia 3 <7%) 1 (8%) 6 (13%) 
Hypertrophy 7 (15%) 2 (15%) 13 (27%) 

Adrenal gland, medulla (45) (13) (47) 
Hyperplasia 4 (9%) 1 (8%) 8 (17%) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF PETN, NF (Continued) 

Untreated Control Low Dose High Dose 

ENDOCRINE SYSTEM <Contmuedl 
Islets, pancreatic <47) ( 13) (46) 

Hyperplasta J <6%) 
Pttmtary gland <451 (8) 148) 

Pars dtstahs, cyst 5 (10%) 
Pars mtermedta, hyperplasta 

Thyrotd gland <46l 
<2%) 

(8) 
1 

(46) 
(2%) 

Folhcle, cyst l <2%> 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Preputial gland <19) (19) (18) 

Atrophy 1 (6%) 
Dilatation 8 (42%) 5 (26%) 9 (50%) 
InflammatiOn, acute 1 (6%> 
Inflammatwn, chrome act!ve 7 (37%) 6 (32%) 3 <17%) 
Mmerahzatwn 1 (5%) I (5%) 
Necrosts 5 <26%> 6 (32%) 5 (28%) 

Prostate (43J (8) <48) 
Inflammatwn, chrome act1ve 1 <2%) 1 <2%) 

Serumal vestcle <47) (11) (48) 
Bactenum l <2%) 
Concretwn l <2%1 
F1brosts l <2%> 

Testes <48) (9) (49) 
Artery, necrosts, fibnnotd 
Semmtferous tubule, atrophy 

1 
2 

<2%J 
(4%) (2%) 

Semmtferous tubule, mmerahzatwn 1 (2%) (2%) 

HEMATOPOIETIC SYSTEM 
Lymph node <46> (23) (47) 

Ax1llary, angrectas1s 1 <2%) 
Axtllary, mfiltratwn cellular, lymphocytic 1 (2%) 
Ilrac, cyst (4%) 
Lumbar, hematopOietic cell prohferatwn <2%) 
Med1astmal, hematoporet1c cell prohferatwn (4%) 
Med1astmal, mfiltratwn cellular, plasma cell (4%) 
Medtastmal, mfiltratwn cellular, hrstwcytlc (4%) 
Pancreatic, angtectasrs (4%) 
Renal, hematoporet1c cell proliferatiOn l (2%) 

Lymph node, mandtbular (25) (3) (28) 
Hematopmetrc cell prohferatwn 1 (4%) 

Lymph node, mesentenc (44) <22) (45) 
Angrectasts 22 <50%) 18 (82%) 24 (53%) 
Hematopmettc cell prohferatwn 15 <34%) 10 (45%) 20 (44%) 
Hemorrhage 1 (2%) 
Hyperplasia, lymphotd 1 (5%) 

Spleen <47> (26) (47) 
Angtectasts 1 <2%) 1 (2%) 
Atrophy (4%) 
Depletion lymphotd 1 (2%) 
Ftbrosts 1 (2%) 
Hematopmettc cell proliferatiOn 38 <81%) 12 (46%) 36 (77%) 
Hemorrhage 2 <8%) 

Thymus <36> <7) <42) 
Atrophy 3 <8%1 
Depletion lympho1d (2%) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO·YEAR FEED STUDY OF PETN, NF (Continued) 

Untreated Control Low Do!.e High Dose 

INTEGUMENTARY SYSTEM 
Skm (48) <22J (47) 

AcanthosiS 2 (4%) 1 (2%) 
Hemorrhage 2 <4%) 
Hyperkeratosis 1 <2%) 
InflammatiOn, acute (5%) 1 (2%) 
Mmerahzatwn 1 <2%) 
NecroSIS 6 (13%) 3 (14%J 4 (9%) 
Prepuce, fibros1s 1 <2%J 
Prepuce, hemorrhage 1 <2%) 1 <5%) 
Prepuce, mflammatwn, acute 2 (4%) 2 <9%) 
Prepuce, mflammatwn, chrome active 1 <5%) 
Prepuce, necroSIS 2 (4%) 2 <9%) 1 (2%) 
Scrotal, ep1thehum, hyperplasia, basal cell 1 (2%) 
Subcutaneous tissue, mmerahzatwn 1 (2%) 
Subcutaneous t1ssue, necros1s 1 (5%) 

MUSCULOSKELETAL SYSTEM 
Bone (48) (31) (50) 

Jomt, hyperostoSIS 2 <6%) 
Tarsal, hyperostoSIS 23 <48%) 21 (68%) 25 (50%) 

NERVOUS SYSTEM 
Bram (48) (9) (50) 

Mmerahzatwn 4 (8%) 4 (8%) 

RESPIRATORY SYSTEM 
Lung (47) (17) (50) 

AtelectasiS 1 (2%) 
Congestwn 2 (4%) (6%) 4 (8%) 
Edema 1 (2%) 
Hemorrhage 6 (13%) 1 (6%) 4 (8%) 
Infiltratwn cellular, h1stwcyttc 3 (6%) 3 (18%) 3 (6%) 
Inflammatwn, chrome act1ve 1 (2%) 1 <2%J 
Alveolar ep1thehum, hyperplasia 2 (4%) 1 (6%) 3 (6%) 

1\fose (40) (7) (481 
Inflammatwn, acute 1 (3%) 1 <2%) 

SPECIAL SENSES SYSTEM 
Hardenan gland (1) (3) (5) 

Hyperplasia 1 <20%J 

URINARY SYSTEM 
K1dney (47) (13) (49) 

Casts protem 1 (8%) 1 (2%) 
Congestwn 1 <2%) 2 <4%) 
Cyst 1 (2%) 
F1bros1s l (2%) 
Inflammatwn, acute 1 (2%) 1 (2%) 
Cortex, mmerahzatwn 12 (26%) 3 (23%) 8 (16%) 
Pap1lla, mmerahzatwn 1 (2%) 1 (8%) 1 (2%) 
Pap1lla, necrosis 1 <2%) 
Renal tubule, regeneratiOn (8%) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF PETN, NF (Continued) 

Untreated Control Low Dose High Dose 

URINARY SYSTEM (Contmuedl 
Urmary bladder (45) (15) (47) 

Angiectasis l (2%) 
Calculus gross observatwn 4 (27%) 2 (4%) 
Calculus micro observatwn only 2 (4%) 5 <33%) 8 07%) 
Inflammatwn, chrome active 2 (4%) 1 (2%) 
Mmerahzatwn 1 (2o/ol 
TransitiOnal epithelium, hyperplasia (2%) 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
FEED STUDY OF PETN, NF 

Untreated Control Low Dose High Dose 

Ammals Initially m study 50 50 50 
Ammals removed 50 50 50 
Ammals exammed histopathologically 50 50 50 

ALIMENTARY SYSTEM 
Gallbladder (46) •(50) (43) 

Lymphoma mahgnant m1xed 1 (2%) 1 (2%) 
Intestme large, colon (49) •(50) (49) 

Lymphoma mabgnant m1xed 1 (2%) 1 (2%) 
Lymphoma mahgnant undifferentiated cell type 1 (2%) 
Lymphoid nodule, lymphoma mahgnant m1xed 2 (4%) 1 (2%) 

Intestme small, Ileum (47) "'(50) (46) 
Lymphoma mahgnant m1xed 2 (4%) 
Lymphoma malignant undifferentiated cell type (2%) 
Lymphoid nodule, lymphoma malignant mixed 3 (6%) (2%) 
Lymphmd nodule, lymphoma malignant 

undifferentiated cell type 1 (2%) 
Intestine small, JeJunum (46) "(50) (44) 

Lymphoma malignant mtxed 1 (2%) 2 (5%) 
Lymphoma mahgnant undifferentiated cell type 1 (2%) 
Lymphotd nodule, lymphoma malignant mtxed 2 (4%) 1 (2%) 

Ltver (49) (50) (49) 
HemangiOsarcoma 1 (2%) 2 (4%) 
Hepatocellular carcmoma 1 (2%) 
Hepatocellular adenoma 5 (10%) 2 ( 4%) (2%) 
Htsttocyttc sarcoma, metastatic, uterus (2%) 
Lymphoma malignant htstlocytic 3 (6%) 3 (6%) 
Lymphoma mahgnant lymphocytic 1 (2%) 
Lymphoma mahgnant 2 (4%) 
Lymphoma mahgnant mtxed 7 ( 14%) 5 (10%) 5 (10%) 
Lymphoma mahgnant undifferentiated cell type 5 (10%) 1 (2%) 1 (2%) 
Sarcoma, metastatic, uncertam pnmary s1te 1 (2%) 

Mesentery "'(50) *(50) "(50) 
Sarcoma, metastatic, uncertam pnmary site 1 (2%) 

Pancreas (49) "(50) (49) 
H1stlocyt1c sarcoma, metastatic, uterus 1 (2%) 
Lymphoma mahgnant histiOcytic (2%) 
Lymphoma malignant lymphocytic 1 (2%) 
Lymphoma malignant m1xed 1 (2%) (2%) 
Lymphoma mahgnant und1fferent1ated cell type (2%) 
Sarcoma, metastatic, uncertam pnmary stte 1 (2%) 

Sahvary glands (49) "(50) (48) 
Lymphoma malignant miXed 1 (2%) 
Lymphoma mahgnant undifferentiated cell type 1 (2%) 1 (2%) 

Stomach (49) (50) (49) 
Lymphoma malignant undtfferent1ated cell type 1 (2%) 

Stomach, forestomach (49) (50) (49) 
Pap1lloma squamous 1 (2%) 1 (2%) 

CARDIOVASCULAR SYSTEM 
Heart (50) *(50> (49) 

Adenocarcinoma, metastatic, uterus 1 (2%) 
Lymphoma mahgnant h1St10cytlc 1 (2%) 
Lymphoma malignant 1 (2%) 
Lymphoma malignant undifferentiated cell type (2%) 

ENDOCRINE SYSTEM 
Adrenal gland (49) "(50) (49) 

Lymphoma mahgnant histiocytic 1 (2%) 
Lymphoma mahgnant lymphocytic (2%) 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
FEED STUDY OF PETN, NF (Continued) 

Untreated Control Low Dose High Dose 

ENDOCRINE SYSTEM 
Adrenal gland <Contmued) <49) *<50) (49) 

Lymphoma mahgnant undifferentiated cell type 2 (4%) 1 (2%1 
Sarcoma, metastatic, uncertam pnmary s1te 1 (2%1 

Adrenal gland, medulla (47) *(50) <47) 
Pheochromocytoma bemgn l (2%1 

Islets, pancreatic <491 *<50) (48) 
Adenoma 1 <2%1 

P1tL11tary gland (451 *(50) (421 
Lymphoma malignant h1stwcyt1C l <2%1 
Lymphoma malignant lymphocytic l (2%) 
Pars d1stahs, adenoma 8 ( 18%) 3 (6%1 5 (12%) 
Pars dJstahs, carcmoma l <2%1 
Pars mtermed1a, adenoma 1 (2%) 

Thyroid gland <47) *<50) (47) 
Lymphoma malignant 1 (2%) 
Lymphoma malignant m1xed (2%) 
Follicular cell, adenoma l (2%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Ovary (50) *(50) (48) 

Adenocarcmoma, metastatic, uterus 1 (2%) 
Chonocarcmoma (2%) 
Cystadenoma l (2%) 2 (4%) 
Granulosa cell tumor bemgn 2 (4%) (2%) 
Luteoma (2%) 
Lymphoma malignant h1stwcyt1c (2%) 
Lymphoma malignant lymphocytic (2%) 
Lymphoma malignant mixed 2 (4%) (2%) 
Lymphoma malignant undifferentiated cell type 4 (8%) (2%) (2%) 
Sarcoma, metastatic, uncertam pnmary s1te (2%) 
Teratoma (2%) 
Teratoma malignant l <2%) 

Uterus (49) *(50) (49) 
Adenocarcmoma l <2% I 
H1stwcyt1c sarcoma <2%) 
Lewmyoma (2%) 
Lymphoma malignant histwcytic (2%) 
Lymphoma malignant lymphocytiC <2%) 
Lymphoma malignant undifferentiated cell type (2%1 
Polyp stromal 3 (6%) 

HEMATOPOIETIC SYSTEM 
Bone marrow (49) *(50) (49) 

Lymphoma malignant h1stwcyt1c 1 (2%) 
Lymphoma malignant mixed (2%) 
Lymphoma malignant undifferentiated cell type 1 (2%) 

Lymph node (50) *(50) (48) 
Lymphoma mahgnant 1 (2%) 
Axillary, lymphoma malignant lymphocytiC (2%) 
Axlilary, lymphoma malignant mixed (2%) (2%) 
Axlilary, lymphoma malignant undifferentiated 

cell type (2%) 
Deep cerviCal, lymphoma malignant mixed (2%) 
Lumbar, lymphoma malignant histiocytiC 1 (2%) 
Lumbar, lymphoma malignant lymphocytic 1 (2%) 
Lumbar, lymphoma malignant 1 <2%) 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
FEED STUDY OF PETN, NF (Continued) 

Untreated Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM 
Lymph node <Contmued) (50) *(50) (48) 

Lumbar, lymphoma mahgnant mixed 2 (4%) 1 (2%) 2 (4%) 
Lumbar, lymphoma maltgnant undtfferentiated 

cell type 1 (2%J 
Mediastmal, lymphoma mahgnant histwcyttc 1 (2%) 2 (4%) 
1\![ediastmal, lymphoma mahgnant lymphocytic l <2%) l (2%l 
Mediastmal, lymphoma maltgnant mixed 7 (14%) 2 (4%) 3 (6%) 
Medtastmal, lymphoma mahgnant 

undifferentiated cell type 3 (6%) (2%) 
Pancreatic, lymphoma mahgnant lymphocytic l (2%) 
Pancreatic, lymphoma maltgnant mixed 5 (10%) 4 (8%) 
Pancreatic, lymphoma malignant 

undifferentiated cell type 3 (6%) 
Renal, lymphoma malignant histwcytic 1 (2%) 
Renal, lymphoma mahgnant lymphocytic 1 (2o/ol 
Renal, lymphoma malignant 2 (4%) 
Renal, lymphoma mahgnant mixed 3 (6%) 2 (4%) 3 (6%) 
Renal, lymphoma malignant undifferentiated 

cell type (2%) 
ThoraciC, lymphoma malignant undifferentiated 

cell type 1 (2%) 
Lymph node, mandibular (40) *(50) (42) 

Lymphoma malignant histiOcytic 1 (3%) 1 (2%) 
Lymphoma malignant lymphocytic l <3%) 1 (2%) 
Lymphoma malignant mixed 5 (13%) 2 (4%) 5 (12%) 
Lymphoma mahgnant undtfferenttated cell type 5 (13%) 1 (2%) 

Lymph node, mesentenc (48J *(50) <46) 
Lymphoma malignant histiOcytic 1 (2%) 
Lymphoma malignant lymphocytic 1 (2%) 
Lymphoma malignant m1xed 9 (19%) 5 (10%) 9 <20%J 
Lymphoma malignant undifferentiated cell type 4 <8%J 1 (2%) 
Sarcoma, metastatic, uncertam pnmary site 1 (2%) 

Spleen (50) (50) (50) 
HemangiOsarcoma 1 (2%) 
Lymphoma malignant histiOcytic 2 (4%) 2 <4%) 
Lymphoma malignant lymphocytic 1 (2%) 
Lymphoma malignant 2 (4%) 1 (2%) 
Lymphoma malignant mned 8 <16%) 3 <6%) 5 <10%) 
Lymphoma malignant undifferentiated cell type 6 (12%) 1 (2%) 1 (2%) 
Sarcoma, metastatic, uncertam pnmary stte 1 (2%) 

Thymus <42) *(50) <40) 
Lymphoma malignant lymphocytic 1 <2%J 1 <2%) 
Lymphoma mahgnant mtxed 5 (12%) 1 (2%) 5 03%) 
Lymphoma malignant undifferentiated cell type 5 (12%) 1 (3%J 

INTEGUMENTARY SYSTEM 
Mammary gland (39) *(50) <34) 

Adenoacanthoma 1 (2%) 
Adenocarcmoma 1 (3%) 2 (4%) 1 (3%) 

Skm (49) *(50) <46) 
Subcutaneous tissue, fibrosarcoma 2 (4%) 1 (2%) 

MUSCULOSKELETAL SYSTEM 
Skeletal muscle *(50) *(50) *(50) 

Lymphoma malignant lymphocytic 1 (2%) 
Lymphoma malignant m1xed 1 (2%) 
Lymphoma mahgnant undifferentiated cell type 1 (2%) 
Diaphragm, sarcoma, metastatic, uncertam 

pnmary stte 1 (2%) 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
FEED STUDY OF PETN, NF (Continued) 

Untreated Control Low Dose High Dose 

NERVOUS SYSTEM 
Bram (50) *<50) (49) 

Carcmoma, metastatic, pttmtary gland 1 (2%) 
Spmalcord *(50) *(50) *(50) 

Lymphoma malignant histwcyttc 1 <2%) 

RESPIRATORY SYSTEM 
Lung <50> *(50) (49) 

Adenocarcinoma, metastatic, uterus 1 (2%) 
Alveolar/bronchwlar adenoma 2 (4%) 2 <4%) 4 (8%) 
Alveolar/bronchwlar carcmoma 1 (2%) 1 (2%) 
Carcmoma, metastatic, hardenan gland 1 (2%) 
Lymphoma malignant histiocytic 2 <4%) <2%) 
Lymphoma malignant lymphocytic (2%) 
Lymphoma malignant (2%J 
Lymphoma malignant mtxed 2 (4%) (2%) 
Lymphoma malignant undifferentiated cell type 4 <8%) (2%> (2%) 
Alveolar epithelium, alveolar/bronchwlar 

adenoma (2%> 
Pleura, sarcoma, metastatic, uncertam pnmary 

Site (2%) 

SPECIAL SENSES SYSTEM 
Hardenan gland *(50) *(50) *(50) 

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

URINARY SYSTEM 
Ktdney (50) *(50) (49) 

Histwcytic sarcoma, metastatic, uterus 1 (2%) 
Lymphoma malignant histwcytic 3 (6%) 
Lymphoma malignant lymphocytic 1 (2%) 
Lymphoma malignant mixed 2 (4%) 2 (4%) 3 <6%) 
Lymphoma malignant undifferentiated cell type 4 (8%) 1 (2%> 

Urmary bladder (47) *<50) (48) 
Lymphoma malignant lymphocytic 1 (2%) 
Lymphoma malignant 1 <2%> 
Lymphoma malignant mixed 1 (2%) 1 (2%) 
Lymphoma malignant undifferentiated cell type 3 <6%> 1 (2%) 

SYSTEMIC LESIONS 
Multiple organs "<50) *(50) *(50) 

Lymphoma malignant mn:ed 10 (20%) 10 <20%) 10 (20%) 
Lymphoma malignant undifferentiated cell 6 <12%> 1 <2%) 1 (2%) 
Lymphoma malignant histwcyttc 3 (6%) 3 <6%) 
Lymphoma malignant lymphocytic 1 (2%) 1 (2%) 
Hemangwsarcoma 1 <2%) 2 <4%> (2%) 
Lymphoma malignant 2 (4%) (2%) 

ANIMAL DISPOSITION SUMMARY 
Ammals Imtlally m study 50 50 50 
Termmal sacnfice 38 30 38 
Dead 7 12 7 
Monbund 5 8 5 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
FEED STUDY OF PETN, NF (Continued) 

Untreated Control Low Dose High Dose 

TUMOR SUMMARY 
Total ammals with pnmary neoplasms*" 37 

Total pnmary neoplasms 54 
Total ammals With bemgn neoplasms 18 

Total bemgn neoplasms 26 
Total ammals With malignant neoplasms 28 

Total malignant neoplasms 28 
Total ammals with secondary neoplasms*** 3 

Total secondary neoplasms 5 
Total ammals With malignant neoplasms 

uncertam pnmary site 

29 
38 
12 
12 
22 
26 

28 
38 
18 
22 
16 
16 

2 
12 

*Number ofammals rece1vmg complete necropsy exammatwn, all gross leswns mcludmg masses exammed mtcroscopically 
*" Pnmary tumors: all tumors except secondary tumors 
**"Secondary tumors: metastatic tumors or tumors mvas1ve mto an adJacent organ 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR FEED 
STUDY OF PETN, NF: UNTREATED CONTROL 

~ 
9 

g 
7 

0 
7 
5 

0 
7 
9 

g 
1 

~ 
3 

~ 
4 

g 
9 

1 
0 
0 

1 
0 
0 

1 
0 
3 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
s 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

CARCASS 
lD 

3 
7 
5 

3 
3 
5 

3 
8 
5 

3 
8 
4 

3 
7 
4 

3 
9 
5 

3 
7 
3 

4 
0 
5 

3 
6 
5 

3 
5 
5 

4 
0 
4 

3 
6 
4 

3 
1 
2 

3 
1 
3 

3 
1 
4 

3 
1 
5 

3 
2 
2 

3 
2 
3 

3 
2 
4 

3 
2 
5 

3 
3 

3 
3 
3 

3 
3 
4 

ALIMENTARY SYSTEM 

~~11b~!£i!r 
Lymphoma mahgnant m1xed 

Intestme large 
Intestme large, cecum 
Intestme large, colon 

Lymphoma mahgnant m1xed 
Lymphoma mahgnant und1fferent!ated 

cell type 
Lymph01d nodule, lymphoma mahgnant 

m1xed 
lntestme large, rectum 
!ntestme small 
Intestme small, duodenum 
Intestme small, lleum 

Lymph01d nodule, lymphoma mal1gnant 
mixed 

Lymphoid nodule, lymphoma mahgnant 
und1fferent1ated cell type 

Intestme small, JeJunum 
Lymphoma mahgnant nuxed 
Lymphoma mahgnant undifferentiated 

cell type 
L1ver 

Hemangiosarcoma 
Hepatocellular carcmoma 
Hepatocellular adenoma 
Lymphoma mahgnant histiocytic 
Lymphoma mahgnant m1xed 
Lymphoma mahgnant undifferentiated 

cell type 
Pancreas 

Lymphoma rnahgnant histiOcytic 
Lymphoma mahgnant undifferentiated 

cell type 
8ahvary glands 

Lymphoma rnahgnant und1fferent1ated 
cell type 

Stomach 
Stomach, forestomach 

Pap11lorna squamous 
Stomach, glandular 

CARDIOVASCULAR SYSTEM 
Heart 

Adenocarcmoma, metastatic, uterus 
Lymphoma mahgnant h1stwcyt1c 
Lymphoma mahgnant undifferentiated 

cell type 

ENDOCRINE SYSTEM 
Adrenal gland 

Lymphoma mahgnant h1stwcyt1c 
Lymphoma malignant undllferentlated 

cell type 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma bemgn 
Islets, pancreatic 
ParathyrUld gland 
Pttuttary gland 

Lymphoma mahgnant histiOcytic 

Pars d1stahs, adenoma 

Pars d1stahs, carcmoma 


T}~f~~~f~~~~ll. adenoma 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Clitoral gland 
Ovary 

Adenocarcmoma, metastatic, uterus 
Cystadenoma 
Granulosa cell tumor bemgn 
Lymphoma mahgnant h1stwcyt1c 
Lymphoma malignant m1xed 
Lymphoma mahgnant undifferentiated 

cell type 
Teratoma mahgnant 

0Vlduct 
Uterus 

Adenocarcmoma 

Polyp stromal 


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

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

X 

X 

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

X 

+ + + +- + 	 + + + A + M A + + + + + + + + + + 

+ + + + +- + 	 + + + + + + + + + + + + + + + 
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X 

X X 	 '{ 

X X 

X 	 X '{ X 
+ + + + + 	 + + + + + + + + + + + + + + + + 

X 

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

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

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

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

X 

X 

+ + + + + + + + + + + + + + + + + + + 
'{ 

'{ X 
+ + i  + + + + + + + + + + + + + + + + + + 

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

+ 
+ 

+ 
+ 

+ 
M 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
M 

+ 
M 

+ 
+ 

+ 
A 

+ 
+ 
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+ 

+
M 

+ 
+ 

+ 
+ 

+ 
M 

+ 
+ 

+ 
+ 

+ 
M 

+ 
M 

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

I 
I + 
I 

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

X 

+ + + 
X 

+ 

X 

+ 'VI + 

I 

I 
M

I t + + +++++++++++++++++++ 

X 
X 

X 
X 

'{ 	 X X 
X 

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

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


X 

+ 
+ 

+ 
+ 
+ 

+ 
;

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
X 
+ 
+ 
+ 

X 
+ 
+ 
+ 
+ 

+ 

+ 

X 

+ 

+ 

+ 
+ 

+ 

+ 

M 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

X 
-

~ 

+ 

+ 

-

+ 

I 
I 


I 

I 

I 
I 

I 
I
I 

I 


I 


+ + 

+ + 
+ 

+ 

+ 

+ 
M 

X 

+ + I 

+ 	 + + I 

+ + + 
+ + + 

'{ 

+ 	 T1ssue exammed m1croscopically M M1ssmg 
Not exarmned A Autolysis precludes exammatlon 
Insufficient tissue X Incidence of listed morphology 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: UNTREATED CONTROL 
(Continued) 

~Vifti UN 
1 
0 

1 
0 

1 
0 

1 
0 ~ 1 

0 
1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

5 5 5 5 5 5 5 5 s 5 5 5 s s 5 5 5 5 5 5 5 5 5 5 5 
TOTAL. 

CARCASS 3 3 3 3 3 3 3 3 3 3 3 3 'l 3 3 3 3 3 4 4 3 3 3 3 4 TISSUES 
ID 4 4 4 4 5 5 5 5 6 6 7 8 8 8 9 9 9 9 0 0 1 2 6 7 0 TUMORS 

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

--- ALIMENTARY SYSTEM 

~~~ll,~~~~r + 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
t 

+ 
+ 

M 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
t 

+ 
+ 

+ 
+ 

+ 
+ 

47 
46 

Lymphoma mahgnant m1xed 1 
Intestme large 
Intestme large, cecum 
Intestme large, colon 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

50 
48 
49 

Lymphoma malignant m1xed 1 
Lymfhoma malignant und1fferent1ated 

eel type 1 
Lymph01d nodule, lymphoma mahgnant 

m1xed 2 
Intestme large, rectum 
Intestme small 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
~ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ .,. + 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

M 
+ 

+ 
+ 

45 
50 

Intestme small, duodenum + + + + + + + + + M + + + + + + + + + + + + + + + 46 
Intestme small, Ileum + + + + M + + + + + + + + + + + + + + + + + + + + 47 

Lymphmd nodule, lymphoma mahgnant 
m1xed X X 3 

Lym~hmd nodule, lymphoma malignant 
un Ifferent1ated cell type 1 

Intestme small, JBJunum + M + + + + + + + + + + + + + + + + + + + + + + + 46 
Lymphoma malignant m1xed X 1 
Lymphoma mahgnant und1fferent1ated 

cell type 1 
Lwer + + + + + + + + + + + + + + + + + + + + + + + + 49 

Hernangwsarcoma X 1 
Hepatocellular carcmoma 1 
Hepatocellular adenoma X X X X 5 
Lymphoma mahgnant hlsbocytiC 3 
Lymphoma mahgnant mixed X X X X 7 
Lymphoma malignant undifferentiated 

cell type X 5 
Pancreas + + + + + + + + + + + + M + + + + + + + + + + + + 49 

Lymphoma mahgnant h1stlocytlc 1 
Lymfhoma malignant undifferentiated 

eel type X 1 
Sahva3', glands + + + + + + + + + + + + + + + + + + + M + + + + + 49 

Lymp oma mahgnant undifferentiated 
cell type X 1 

Stomach + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 49 

Paptlloma squamous X 1 
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + I 47 

CARDIOVASCULAR SYSTEM ----~1----

Heart + + + + + + + + + + + + + + + + + + + + + + + + + 30 
Adenocarcinoma, metastatic, uterus X 1 
Lymphoma mahgnant histlocytlc 1 
Lymphoma mahgnant undifferentiated 

cell type 1 

--- ENDOCRINE SYSTEM 
Adrenal gland M + + + + + + + + + + + + + + + + + + + + + + + + 49 

Lymphoma malignant histiocytic 1 
Lymfhoma mahgnant undifferentiated 

eel type 2 
Adrenal gland, cortex 
Adrenal gland, medulla 

M 
M 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
M 

+ 
+ 

49 
47 

Pheochromocytoma bemgn 1 
Islets, pancreatic + + + + + + + + + + + + M + + + + + + + + + + + + 49 
Parathyr01d gland 
P1tmtary gland 

M 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

M 
+ 

M 
M 

+ 
+ 

M 
+ 

+ 
+ 

+ 
M 

+ 
+ 

M 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

M 
+ 

M 
+ 

M 
+ 

+ 
+ 

M 
+ 

+ 
+ 

+ 
+ 

+ 
M 

32 
45 

Lymphoma mahgnant h1sbocyttc 1 
Pars d1stahs, adenoma X X X X X 8 
Pars d1stahs, carcinoma 1 

Thyrmd gland + + + + + + + + + + + + + + + + + M + + + + + + + 47 
Follicular cell, adenoma 1 

--- GENERAL BODY SYSTEM 
None 

--- GENITAL SYSTEM 
Clitoral gland 
Ovary + + + + + + + + + + + + + + + + + + r + + + + + + 50 

AdenocarCinoma, metastatiC, uterus X 1 
Cystadenoma 1 
Granulosa cell tumor bemgn X 2 
Lymphoma mahgnant htsbocyttc 1 
Lymphoma maltgnant mtxed X 2 
Lymfhoma mahgnant undtfferent1ated 

eel type X 4 
Teratoma malignant 1 

Ov1duct + + + + + + + + + + + + + + + + + + + + + + + + 49 
Uterus + + + + + + + + + + + + + + + + + + + I + + + + + 49 

Adenocarc1noma X 1 
Polyp stromal X 3 

--- 
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TABLE 02. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: UNTREATED CONTROL 
(Continued) 

~~"D~ UN 
0 
4 

0 
5 

0 
7 

0 
7 

0 
9 

0 
9 

0 
9 

0 
9 

l 
0 

l 
0 

l 
0 

l 
0 

l 
0 

l 
0 

l 
0 

l 
0 

1 
0 

l 
0 

1 
0 

1 
0 

l 
0 

l 
0 

l 
0 

l 
0 

l 
0 

9 7 5 9 l 3 4 9 0 0 3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

CARCASS 3 3 3 3 3 3 3 4 3 3 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 
lD 7 3 8 8 7 9 7 0 6 5 0 6 1 l l l 2 2 'l 2 3 3 3 3 4 

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

ATOPOIETIC SYSTEMHEM 
Bone 

Lym 
marrow 
phorna mahgnant h1st1ocyttc 

+ + + + + + + + + + 
X 

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

Lymphoma mahgnant und1fferent1ated 
ce11 type X 

h nodeLymp + + + + + + + + + + + + + + + + + + + + + + + + + 
Ax! llary, lymphoma malignant mtxed X 
Ax!uag. lymphoma mahgnant 

und1 erentiated cell type X 
Deep cerv1cal, lymphoma malignant 

m1xed X 
Lumbar, lymphoma mahgnant mtxed X 
Lumbar, lymphoma rnahgnant 

undifferentiated cell type 
1astmal, lymphoma mahgnantMed 

histtocytlc X 
Med1ast1nal, lymphoma mahgnant 

lymphocyttc 
Med1astmal, lymphoma mahgnant mtxed X X X X 
Medtastmal, lymShoma mahgnant 

undtfferenttate cell type X X 
Pancreat1c, lymphoma mahgnant m1xed X X X X 
Pancreabc, lymphoma mahgnant 

undifferentiated cell type X X X 
al, lymphoma mahgnant mtxedRen X 
al, lymphoma mahgnantRen 

undifferentiated cell type 
Thoractc, lymphoma mahgnant 

undtfferentlated cell type 
h node, mandibularLymp 

Lvmphoma mahgnant h1st10cytlc 
+ + + + + + M + M + 

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

Lymphoma mahgnant lymphocytlc 
Lymphoma mahgnant mtxed X X 
Lymphoma mahgnant undtfferentlated 

II typece X X X X 
h node, mesentencLymp 

Lymphoma mahgnant histlOcyttc 
+ + + + + + + + + + 

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

Lymphoma mahgnant mtxed X X X X 
Lymphoma mahgnant und1fferent1ated 

re II type X X X 
Splee n + + + + + + + + + + + + + + + + + + + + + + + + + 

Lymphoma malignant hist10cyttc X X 
Lymphoma mahgnant rmxed X X X X 
Lymphoma malignant undifferentiated 

re 11 type X X X X X 
Thym us + M + M M + M + M M + A + + + + + + + + + + + + + 

Lymphoma malignant lymphocytic 
Lymphorna mahgnant mixed X 
Lymphoma mahgnant undtfferent1ated 

ce it type X X X X 

INTE GUMENTARY SYSTEM 
Mammary gland M M M + M M + + + + M + + + + + + + + + + + + + + 

Ade nocarcmoma X 
Skm + + + + M + + + + + + + + + + + + + + + + + + + + 

- CULOSKELETAL SYSTEMMUS 
Bone 
Skeletal muscle 

+ + + + + + 
+ 

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

Lymphoma malignant m1xed X 

NERVOUS SYSTEM 
Bram 

cmoma, metastatic, pttmtary glandCar 
+ + + + 

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

SpmaI cord 

RESPIRATORY SYSTEM 
Lung + + + + + + + + + + + + + + + + + + + + + + + + + 

nocarcmoma, metastatic, uterusAde 
Alveolar!bronch10lar adenoma X 
Alveolar/bronch10lar carcmoma 
Carcmoma, metastatic, hardenan gland 
Lyrnphoma mahgnant h1stlocyttc X X 
Lymphorna mahgnant rntxed X 
Lymphorna mahgnant undifferentiated 

II typece X X X 
Nose 
Trachea 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

M 
+ 

M 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

M 
+ 

M 
+ 

SPECIAL SENSES SYSTEM 
Eye 
Hardenan gland 

Adenoma 
Carcmoma 

ARY SYSTEMURIN 
eyK1dn + + + + + + + + + + + + + + + + + + + + + + + + + 

Lymphoma mahgnant histwcyt1c X X X 
Lymphoma mahgnant mixed X 
LymGhoma mahgnant undifferentiated 

I typece X X X 
Unna 

Lyrn 
ry bladder 
phoma mahgnant mixed 

+ + + A + + + + + + + A + + + + + + + + + + + + 
X 

+ 

Lymphoma malignant undifferentiated 
ce II type X X X 
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TABLE 02. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: UNTREATED CONTROL 
(Continued) 

WEEKS ON 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1 
STUDY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 :; 5 
TOTAL 

CARCASS 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 3 3 3 3 4 TISSUES 
lD 4 4 4 4 5 5 5 5 6 6 7 8 8 8 9 9 9 9 0 0 1 2 6 7 0 TUMORS 

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

HEMATOPOIETIC SYSTEM - --- 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 49 

Lymphoma mahgnant hisbocytlc 1 
Lymphoma malignant undtfferent1ated 

cell type 1 
Lymph node + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Axzllary, lymphoma malignant mixed 1 
Alnllafle, lymphoma rnahgnant 

und1 erenttated cell type 1 
Deep cervical, lymphoma mahgnant 

m1xed 1 
Lumbar, lymphoma mahgnant m1xed X 2 
Lumbar, lymphoma malignant 

undtfferenttated cell type X 1 
Mediastinal, lymphoma maltgnant 

histiocytic 1 
Med1astmal, lymphoma mahgnant 

lymphocytic X 1 
Med1astmal, lymphoma mahg. mlXed X X X 7 
Med1astmal, lymJhoma mahgnant 

und1fferent1ate cell type X 3 
Pancreatic, lymphoma mahgnant m1xed X 5 
Pancreatic, lymphoma mahgnant 

undifferentiated cell type .3 
Renal. lymphoma mahgnant mixed X X .3 
Renal, lymphoma mahgnant 

undtfferentlated cell type X 1 
Thoracic, lymphoma mahgnant 

undliTerentlated cell type X 1 
Lymph node, mandrbular + + M + + M + + + + + + + + M + + + + M M + + M + 40 

Lymphoma mahgnant histwcytic 1 
Lymphoma malignant lymphocytic X 1 
Lymphoma malignant m1xed X X X 5 
Lymphoma malignant undifferentiated 

cell type X 5 
Lymph node, mesentenc + + + + + + + + + + + + + + + + + + + + + + + + M 48 

Lymphoma malignant h1stwcyt1c 1 
Lymphoma mahgnant mixed X X X X X 9 
Lymphoma malignant undifferentiated 

cell type X 4 
Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Lymphoma mahgnant histwcytic 2 
Lymphoma mahgnant mixed X X X X 8 
Lymfhoma mahgnant undifferentiated 

eel type X 6 
Thymus + + + + + + + + + + + + + + + + M + + + + + + + + 42 

Lymphoma malignant lymphocytic X 1 
Lymphoma mahgnant mixed X X X X .5 
Lymphoma mahgnant undifferentiated 

cell type X 5 

--- INTEGUMENTARY SYSTEM 
Mammary gland + + + + t + + + + + + + M M M M M + + + + + + + + 39 

Adenocarcinoma 1 
Skm + + + + + + + + + + + + + + + + + + + + + + + + + 49 

--- 
MUSCULOSKELETAL SYSTEM 
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Skeletal muscle 1 

Lymphoma malignant nnxed 1 

--- 
NERVOUS SYSTEM 
Bram + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Carcmorna, metastatic, pitUltary gland 1 
Spmal cord + 1 

--- RESPIRATORY SYSTEM 
Lung + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Adenocarcmoma, metastatiC, uterus X 1 
Alveolarlbronchwlar adenoma X 2 
Alveolarlbronchwlar carcinoma X 1 
Carcmoma, metastatic, hardenan gland X 1 
Lymphoma malignant h1sbocyt1c 2 
Lymphoma mahgnant mixed X 2 
Lymphoma mahgnant undifferentiated 

cell type X 4 
Nose + + + + + + M + + M + + + + + + M + + + + + + + + 43 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50 

--- SPECIAL SENSES SYSTEM 
Eye + + 2 
Hardenan gland + + + 3 

Adenoma X X 2 
Carcinoma X 1 

--- URINARY SYSTEM 
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Lymphoma mahgnant histiOcytic 3 
Lymphoma rnahgnant mixed X 2 
Lymphoma mal1gnant undifferentiated 

cell type X 4 
U nnary hladder + + + + + M + + + + + + + + + + + + + + + + + + + 47 

Lymphoma mahgnant mixed l 
Lymphoma rnahgnant undifferentiated 

eel type 3 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR FEED 
STUDY OF PETN, NF: LOW DOSE 

8~¥¥g~g g g g 0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

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

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

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

ALIMENTARY SYSTEM 

~!1!b1:£1!r M 
A 

+ 
A 

+ 
A 

+ + 
+ A 

+ 
A 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
A 

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

Lymphoma mahgnant m1xed X 
Intestme large 
Intestme large, cecum 
Intestme large, colon 
Intestme large, rectum 
Intestme small 

+ 
A 
+ 
A 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

A 
A 
A 
A 
+ 

+ 
+ 
+ 
t 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
M 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
A + 

Intestme small, duodenum 
Intestme small, .leum 

+ M 
A + 

+ 
+ 

+ 
+ 

A 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

A 
A 

+ 
+ 

Lymphoma mahgnant undtfferentlated 
cell type X 

Lymph01d nodule, lymphoma mal!gnant 
muted X 

Intestme small, JeJunum A A + + A + + + + A + A + 
Lymph01d nodule, lymphoma mahgnant 

muc:ed 
L1ver + + + + + + + + + + + + + + + + + + + + + + + + 

HemangiOsarcoma 
Hepatocellular adenoma X X 
Lymphoma mahgnant h1stlocyt1c X X 
Lymphoma mahgnant lymphocytic X 
Lymphoma mahgnant X 
Lymphoma mahgnant m1xed X 
Lymphoma mahgnant und1fferent1ated 

cell type X 
Mesentery + + + + 
Pancreas + + + + M + + + + + + A + 

Lymphoma mahgnant lymphocvt1c X 
Lymphoma mahgnant m1xed X 

Sahvary glands + + + + M + + + + + + + + 
Lymphoma mahgnant m1xed X 
Lymphoma mahgnant und1fferenbated 

cell type X 
Stomach 

Lymphoma mahgnant und1fferentlated 
cell type 

Stomach, forestomach 
Stomach, glandular 

CARDIOVASCULAR SYSTEM 
Heart 

Lymphoma mahgnant 

ENDOCRINE SYSTEM 
Adrenal gland 

Lymphoma mahgnant lymphocvt1c 
Adrenal gland, cortex 
Adrenal gland, medulla 
Islets, pancreat1c 
Parathyro1d gland 
P1tmtary gland 

Lymphoma mahgnant lymphocyt1c 

Pars d1stahs, adenoma 

Pars mtermedta, adenoma 


Thyro1d gland 
Lymphoma mahgnant 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Ovary 

Chonocamnoma 
Granulosa cell tumor bemgn 
Lymphoma mahgnant lymphocytiC 
Lymphoma mahgnant m1xed 
Lymphoma mahgnant undifferentiated 

cell type 
Ov1duct 
Uterus 

Letornyoma 
Lymphoma mal1gnant htstwcyt1c 
Lymphoma mahgnant lymphocyt1c 
Lymphoma mahgnant undlfferent1ated 

cell type 

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

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

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

+ + + + + -I

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

X 

+ + + + + 
X 

+ 

t 
+ 
+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 
M 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ 

+ 
M 
A 
M 
A 

+ 

+ 

+ 

X 

+ 
X 

+ 

+ 

+ 

+ 

X 

+ 

X 

+ 

+ 

+ 

+ 

+ 

X 
+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 
+ 

X 

+ 
+ 

+ 

+ + + A + 

X 

+ 

+ 

X 

+ + + 

+ 

+ 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE 
(Continued) 

~VoKi' oN 1 6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

CARCASS 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
ID 2 2 3 3 3 4 4 4 4 5 5 6 6 7 7 7 7 7 8 8 9 9 9 

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

ALIMENTARY SYSTEM 

~~~lb~:f.i!r + + + + + + + + + + + + + + + + + + + + + + + 
Lymphoma mahgnant mixed 

Intestme large 
Intestme large, cecum 
Intestme large, colon 
Intestme large, rectum 
Intestine small + + + 
Intestme small, duodenum + 
Intestme small, Ileum 

Lymfhoma mahgnant undtfferent1ated 
eel type 

Lymphoid nodule, lymphoma mahgnant 
mtxed 

Intestme small, JE!Junum + + + 
Lymphoid nodule, lymphoma malignant 

mtxed X X 
LIVer + + + + + + + + + + + + + + + + + + + + + + + 

Hemang1osarcoma X X 
Hepatocellular adenoma 
Lymphoma mahgnant htstiocytlc X 
Lymphoma mahgnant lymphocytic 
Lymphoma mahgnant 
Lymphoma mahgnant mtxed X X X 
Lymfhoma mahgnant undtfferenttated 

eel type 
Mesentery + + 
Pancreas + + 

Lymphoma mahgnant lymphocytlc 
Lymphoma mahgnant mtxed 

Sahva~ glands
Lymp oma mahgnant muted 
Lymphoma mahgnant undtfferentiated 

cell type 
Stomach + + + + + + + + + + + + + + + + + + + + + + + 

Lymphoma mahgnant und1fferenbated 
cell type 

Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + 
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + 

CARDIOVASCULAR SYSTEM 
Heart 

Lymphoma malignant 

ENDOCRINE SYSTEM 
Adrenal gland 

Lymphoma mahgnant lymphocytlc 
Adrenal gland, cortex 
Adrenal gland, medulla 
Islets, pancreatic + 
Parathyroid gland 
Pitmtary gland + + + 

Lymphoma malignant lymphocytic 
Pars d1stahs, adenoma '{ X X 
Pars mtermed1a, adenoma 

Thyroid gland 
Lymphoma mahgnant 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Ovary + + 

Chonocarcmoma 
Granulosa cell tumor bemgn 
Lymphoma mahgnant lymphocytic 
Lymphoma mahgnant mtxed 
Lymphoma mahgnant und1fferent1ated 

cell type 
Oviduct 
Uterus + + + + + + + + + + + + + + + + 

Leiomyoma '{ 

L)' mphoma mahgnant hlstwcybc 
Lymphoma mahgnant lymphocytic 
Lym~homa mahgnant undifferentiated 

eel type 

1 1 
0 0 
5 5 

TOTAL 
5 5 TISSUES 
0 0 TUMORS 
1 2 

12 
+ + 41 

1 
11 
10 
11 

9 
15 
11 
11 

' 1 

1 
11 

2 
+ + 50 

2 
2 
3 
1 
2 

X I s 
I l 

6 

I 
1J 

1 
I 1 

12 
I 1 

I 1 
+ + 50 

I 

! 
1 

+ + '\0 
+ ~ 49 

I 
--- 

12 

I 1 

1--~ 

12 
I 1 
I 12 
I 11 

12 
I B 

I 
15 

1 

I 
3 
1 

I 

12 
1 

~---

I 

+ 
1-19

I 

1 
1 
1 
1 

I 
1 
4 

+ 37 

I 
1 
1 
1 

j_l_ 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE 
(Continued) 

~'frrfi ON 
0 
0 

0 
6 

0 
7 

0 
7 

0 
8 

0 
8 

0 
8 

0 
8 g 0 

9 
0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

1 
0 

1 
0 

1 
0 

l 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

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

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

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

HEMATOPOIETIC SYSTEM 
Bone marrow 
Lymph node 

Axlllary, lymphoma mahgnant 

~ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
M 

+ 
+ 

+ 
+ 

+ + 
+ + 

+ 
+ 

+ 
+ + + + 

lymphocytic X 
Lumbar, lymphoma mahgnant htstlocyt1c X 
Lumbar, lymphoma malignant lymphocytic X 
Lumbar, lymphoma malignant X 
Lumbar, lymlhoma malignant mixed X 
Mediastmal, ymphoma malignant 

h1stwcybc X X 
Mediastinal, lymphoma rnahgnant 

lymphocytic X 
Mediastmal,lymhhoma mahgnant mixed X X 
Pancreatic, lymp oma mahgnant 

lymf.hocybc X 
Rena , lymphoma mahgnant h1shocyttc X 
Renal, lymphoma mahgnant lymphocytic X 
Renal, lymphoma rnahgnant X X 
Renal, lymphoma mahgnant mixed X X 

Lymph node, mandtbular + M + M M M + + + M + + + 
Lymphoma rnahgnant htst10cyt1c X 
Lymphoma malignant lymphocytiC X 
Lymphoma mahgnant mtxed '{ X 

Lymph node, mesentenc 
Lymphoma mahgnant lymphocyttc 

M M + 
X 

+ A M t + j + + + + 

Lymphoma mahgnant mixed X X X I 

Spleen 
Lymphoma mahgnant htstwcyttc 
Lymphoma malignant lymphocytic 
Lymphoma mahgnant 

+ + + 

X 

+ + 

X 

+ + + + + + + 

X 

+ 
X 

+ + + + + 
X 

+ + + + + + + I 
I 
I 
I 

Lymphoma mahgnant mtxed 
Lymphoma mahgnant undifferentiated 

X I 

cell type X 
Thymus 

Lymphoma mahgnant lymphocyttc 
+ M + 

X 
+ t M t + t + + + 

Lymphoma rnahgnant rruxed X 

INTEGUMENTARY SYSTEM 
Ylammary gland 

Adenoacanthoma 
M M + 

X 
M M M + + + M M M + 

AdenocarC'tnoma X X 
Skm + + + + + + + + + t + + 

Subcutaneous ttssue. fibrosarcoma X 

MUSCULOSKELETAL SYSTEM 
Bone 
Skeletal muscle 

Lymphoma malignant lymphocytic 

+ + + 
+ 
X 

+ + + 
+ 

+ + + + + + 

Lymphoma malignant undifferentiated 
cell type X 

NERVOUS SYSTEM 
Bram 
Spmal cord 

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

Lymphoma mahgnant h1stwcvttc X 

RESPIRATORY SYSTEM 
Lung + + + + + + + + + + + + + + + 

Alveolarlbronchwlar adenoma X 
Alveolarfbronch10lar carcmoma X 
Lymphoma rnahgnant htstwcytlc X 
Lymphoma mahgnant lymphocytic X 
Lymphoma malignant X 
Lymphoma mahgnant mtxed X 
Lymphoma mahgnant und1fferenhated 

cell type X 
Nose 
Trachea 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

M 
+ 

M 
+ 

+ 
+ 

+ 
+ 

+ 
+ + 

+ 
+ 

M 
+ + + + 

SPECIAL SENSES SYSTEM 
Eye + 
Hardenan gland 

Adenoma 

URINARY SYSTEM 
Kidney + + + + + + + + + + + + 

Lymphoma mahgnant lymphocytic X 
Lymphoma mahgnant mtxed X 
Lymphoma malignant undtfferenbated 

cell type X 
Unnary bladder + + + + + + + + + + + A 

Lymphoma mahgnant lymphocytic X 
Lymphoma mahgnant X 
Lymphoma mahgnant m1xed X 
Lymphoma mahgnant undifferentiated 

cell type X 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE 
(Continued) 

S"T"lfri'": UN 

CARCASS 
ID 

1 
0 
5 

4 
2 
3 

1 
0 
5 

4 
2 
4 

1 
0 
5 

4 
3 
1 

1 
0 
5 

4 
3 
2 

1 
0 
5 

4 
3 
3 

1 
0 
5 

4 
4 
1 

1 
0 
5 

4 
4 
2 

1 
0 
5 

4 
4 
3 

1 
0 
5 

4 
4 
4 

1 
0 
5 

4 
5 
1 

1 
0 
5 

4 
5 
2 

1 
0 
5 

4 
6 
1 

1 
0 
5 

4 
6 
2 

1 
0 
5 

4 
7 
1 

1 
0 
5 

4 
7 
2 

~ 
5 

4 
7 
3 

1 
0 
5 

4 
7 
4 

1 
0 
5 

4 
7 
5 

1 
0 
5 

4 
8 
1 

1 
0 
5 

4 
8 
2 

1 
0 
5 

4 
9 
1 

1 
0 
5 

4 
9 
2 

1 
0 
5 

4 
9 
3 

1 
0 
5 

5 
0 
1 

1 
0 
5 

5 
0 
2 

TOTAL 
TISSUES 
TUMORS 

--- 

12 
17 

1 
1 
1 
1 
1 

2 

1 
2 

1 
1 
1 
2 
2 
8 
1 
1 
2 

12 
1 
5 

50 
2 
1 
2 
3 

1 
10 

1 
1 

--- 
5 
1 
2 

13 
2 

--- 

12 
2 
1 

1 

--- 
12 

1 
1 

--- 

16 
2 
1 
1 
1 
1 
1 

1 
9 

16 

--- 
l 
2 
2 

--- 

14 
1 
2 

1 
11 

1 
1 
1 

1 

--- 

HEMATOPOIETIC SYSTEM 
Bone marrow 
Lymph node 

Axlllary, lymphoma mahgnant 
lymphocytic 

Lumbar, lymphoma mahg h1stiOcyt1c 
Lumbar, lymphoma mahg lymphocytic 
Lumbar, lymphoma mahgnant 
Lumbar, lym}homa mahgnant m1xed 
Med1astmal, ymphoma mal1gnant 

h1st1ocyt1c 
Med1astmal, lymphoma mahgnant 

lymphocyt1c 
Med1astmal, lymhhoma mahg mixed 
Pancreatic, lymp oma mahgnant 

lymr.hocytlc 
Rena , lymphoma mahgnant h1st1ocyt1c 
Renal, lymphoma mahg lymphocyt1c 
Renal, lymphoma mahgnant 
Renal, lymphoma mahgnant m1xed 

Lymph node, mand1bular 
Lymphoma mahgnant h1stiOcyt1c 
Lymphoma mahgnant lymphocytic 
Lymphoma mahgnant m1xed 

Lymph node, mesentenc 
Lymphoma mahgnant lymphocytic 
Lymphoma mahgnant m1xed 

Spleen 
Lymphoma mahgnant h1st10cytic 
Lymphoma mahgnant lymphocytic 
Lymphoma mahgnant 
Lymphoma mahgnant m1xed 
Lym~homa mahgnant undifferentiated 

eel type 
Thymus 

Lymphoma malignant lymphocytic 
Lymphoma mahgnant m1xed 

+ + + + + + + + + + 

X 

+ + 

+ 

+ 

X 
+ + + + + + + 

+ 

+ 

+ + + + 

+ 

+ 

X 
+ 

X 

+ 

INTEGUMENTARY SYSTEM 
Mammary gland 

Adenoacanthoma 
Adenocarcmoma 

Skm 
Subcutaneous tissue, fibrosarcoma 

+ 
X 

MusCuLOSKELETAL SYSTEM 
Bone 
Skeletal muscle 

Lymphoma mahgnant lymphocyt1c 
Lym~homa mahgnant und1fferent1ated 

eel type 

NERVOUS SYSTEM 
Bra1n 
Sp1nal cord 

Lymphoma mahgnant h1st1ocytlc 

RESPIRATORY SYSTEM - 

Lung 
Alveolar/bronchiolar adenoma 
Alveolarlbronch10lar carcmoma 
Lymphoma mahgnant h1StiOcyt1c 
Lymphoma mahgnant lymphocytic 
Lymphoma mal1gnant 
Lymphoma mahgnant m1xed 
Lymrhoma mahgnant und1fTerentlated 

eel type 
Nose 
Trachea 

+ 
X 

+ 

SPECIAL SENSES SYSTEM 
Eye 
Hardenan gland 

Adenoma 

+ 
+ 
X 

+ 
X 

UffiNARY SYSTEM 
K1dney 

Lymphoma mahgnant lymphocytic 
Lymphoma mahgnant mtxed 
LymGhoma mahgnant undifferentiated 

eel type 
Unnary bladder 

Lymphoma mahgnant lymphocytic 
Lymphoma malignant 
Lymphoma mahgnant m1xed 
Lymfhoma mahgnant und1fTerent1ated 

eel type 

+ 

X 

+ 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR FEED 
STUDY OF PETN, NF: HIGH DOSE 

~VJJi UN 
0 
3 g ~ 0 

8 ~ 0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

7 7 4 7 7 3 4 5 5 7 9 2 5 5 5 5 5 5 5 5 5 5 5 5 s 
CARCASS 5 5 6 5 5 6 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
10 4 3 0 2 9 0 9 9 0 2 3 1 1 1 1 1 2 2 2 3 3 3 4 4 4 

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

ALIMENTARY SYSTEM 

~!~R,~!~!r + 
A 

M 
M 

+ 
+ 

+ 
+ 

+ 
+ 

M 
A 

+ 
A 

+ 
+ 

+ 
M 

+ 
+ 

+ 
+ 

+ 
A 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
M 

+ 
+ 

Intestme large 
Intestlne large, cecum 
Intestlne large, colon 

+ 
+ 
+ 

A 
A 
A 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
A 
+ 

+ 
+ 
+ 

+ 
A 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
A 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

Lymphoma mahgnant mtxed 
Lymphoid nodule, lymphoma mahgnant 

m1xed X 
Intesttne large, rectum + A + + + A + A + + + A + + + + + + + + + + + + + 
Intestine small + A + + A + + A + + + A + + + + + + + + + + + + + 
lntestme small, duodenum A A + + A A A A + + + A + + + + + + + + + + + + + 
Intestme small, Ileum + A + + A + + A + + + A + + + + + + + + + + + + + 

Lymphoma malignant mtxed 1{ 

Intestine small, J8JUnum A A + + A A + A + + + A + + + + + + + + + + + + + 
Lymphoma mahgnant mixed X 
Lymphoid nodule, lymphoma mahgnant 

mtxed X 
Ltver + A + + + + + + + + + + + + + + + + + + + + + + + 

Hepatocellular adenoma X 
HtstiOcyttc sarcoma, metastatic, uterus 
Lymphoma mahgnant m1xed X X 
Lymfhoma mahgnant undtfferenttated 

eel type X 
Sarcoma, metastattc, uncertam pnmary 

stte 1{ 

Mesentery + 
Sarcoma, metastatic, uncertam pnmary 

stte X 
Pancreas + M + + + + + + + + + + + + + + + + + + + + + + + 

Htstlocyttc sarcoma, metastatic, uterus 
Lymphoma mahgnant mtxed X 
Sarcoma, metastattc, uncertam pnmary 

s1te X 
~~~:~~glands + 

+ 
A 
A 

+ 
+ 

+ 
+ 

+ 
+ 

M 
+ 

t 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

Stomach, forestomach + A + + + + + + + + + + + + + + + + + + + + + + + 
Paptlloma squamous 

Stomach, glandular A A + + + + + + + + + + + + + + + + + + + + + + + 
Tooth 

CARDIOVASCULAR SYSTEM 
Heart + A + + + + + + + + + + + + + + + + + + + + + + + 

ENDOCRINE sYsTEM 
Adrenal gland 

Lymphoma mahgnant undtfferenttated 
+ M + + + T + + + + + + + + + + + + + + + + + + + 

cell type 1{ 

Sarcoma, metastatic, uncertam pnmary 
stte X 

Adrenal gland, cortex 
Adrenal gland, medulla 

+ 
+ 

M 
M 

+ 
+ 

+ 
+ 

+ 
+ 

T 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
M 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

Islets, pancreat1c + M + + + + + + + + + M + + + + + + + + + + + + + 
Adenoma 

Parathyro1d gland + M + M + M + + + M + M M + + + + + M M + M + + M 
P1tu1tary gland 

Pars dtstahs, adenoma 
+ M + + M + + M + M M M + + + + + + + + 

1{ 
+ + + + + 

X 
Thyr01d gland + M + + + M + + + + + M + + + + + + + + + + + + + 

Lymphoma mahgnant mtxed 

GENERAL BODY SYSTEM 
None 

GENITAL sYSTEM 
Ovary

Cystadenoma 
+ M + + + + + + + + + + + + + + + 

1{ 
+ + + + + + + + 

Luteoma 1{ 

Lymf.homa mahgnant undtfferenttated 
eel type X 

Sarcoma, metastatlc, uncertam pnrnary 
stte X 

Teratoma X 
Oviduct + T + + + M + + + + + + + + + + + + + 
Uterus + M T + + + + + + + + + + + + + + + + + + + + + + 

Htstlocyttc sarcoma 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE 
(Continued) 

~T~~ON 1 
0 ~ 1 

0 ~ ~ 1 
0 

1 
0 ~ 

1 
0 

1 
0 ~ 1 

0 ~ ~ 1 
0 

1 
0 

1 
0 ~ ~ ~ 1 

0 ~ 1 
0 

1 
0 

1 
0 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
TOTAL. 

CARCASS 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 TISSUES 
ID 4 5 5 5 5 5 6 6 6 6 6 7 7 7 7 7 8 8 8 8 8 9 9 0 0 TUMORS 

4 1 2 3 4 5 3 4 5 1 2 1 2 3 4 5 1 2 3 4 5 1 2 1 2 
---ALIMENTARY SYSTEM 

~~fb~!f.i!r 
Intestlne large 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

48 
43 
49 

Intestine large, cecum 
Intestine large, colon 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

46 
49 

Lymphoma mahgnant muted X 1 
Lympho1d nodule, lymphoma mahgnant 

muted 1 
Intesttne large, rectum + + + M + + + + + M + + + + + + + + + + + + + + + 44 
Intestme small + + + + + + + + + + + + + + + + + + + + + + + + + 46 
Intestine small, duodenum 
Intesttne small, Ileum 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

43 
46 

Lymphoma mahgnant m1xed X 2 
Intestme small, JeJunum + + + + + + + + + + + + + + + + + + + + + + + + + 44 

Lymphoma mahgnant m1xed X 2 
Lympho1d nodule, lymphoma mahgnant

m1xed 1 
LlVer + + + + + + + + + + + + + + + + + + + + + + + + + 49 

Hepatocellular adenoma 1 
H1stwcyt1c sarcoma, metastabc, uterus X l 
Lymphoma mahgnant m1xed X X X 5 
Lymphoma mal1gnant und1fferent1ated 

cell type 1 
Sarcoma, metastatic, uncertam pnmary 

s1te 1 
Mesentery 1 

Sarcoma, metastat1c, uncertam pnrnary 
s1te 1 

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 49 
H1stlocytlc sarcoma, metastatiC, uterus X 1 
Lymphoma mahgnant m1xed l 
Sarcoma, metastatic, uncertam pnmary

s1te l 

~~~~!3: glands + 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

48 
49 

Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Papllloma squamous X l 

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 48 
Tooth + l 

---cARDIOVASCULAR SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 49 

---ENDOCRINE SYSTEM 
Adrenal gland 

Lymfhoma mahgnant und1fferent1ated 
eel type 

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

I 
49 

l 
Sarcoma. metastatlc, uncert.a1n pnmary 

s1te 
I 

l 
Adrenal gland, cortex 
Adrenal gland, medulla 
Islets, pancreatic 

Adenoma 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
M 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
X 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

I 49 
47 

I 48 
l 

Parathyroid gland + + + + + + + + + + + + M M M + M + + + + + M + M 34 
Pitmtary gland + M + + + + + + + + + + + + + + + + + + + + + M + 42 

Pars d1stahs, adenoma X X X 5 
Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + + 47 

Lymphoma malignant m1xed X l 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM r= 
Ovary + + + + + + + + + + + + + + + + + + + + M + + + + 48 

Cystadenoma X 2 
Luteoma l 
Lymphoma mahgnant und1fferenbated 

cell type ' l 
Sarcoma, metastatic, uncertam pnrnary i 

s1te 
Teratoma 

Oviduct 
Uterus 

H1stwcyt1C sarcoma 

+ 
+ 

+ 
+ 

+ 
+ 
X 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

I 
l 
l 

I 43 

I 49 

I 
1 

I____ 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE 
(Continued) 

CARCASS 
ID 

HEMATOPOIETIC SYSTEM 
Bone marrow 

Lymphoma mahgnant m1xed 
Lymph node 

Lymphoma mahgnant 
Axlllary,lymphoma mahgnant m1xed 
Lumbar, lymphoma mahgnant m1xed 
Medtastmal, lymphoma mahgnant mtXed 
Med1astmal, lymphoma mahgnant 

undlfferenttated cell type 
Pancreattc, lymphoma mahgnant m1xed 
Renal, lymphoma mahgnant mtxed 

Lymph node, mand1bular 
Lymphoma mahgnant m1xed 
Lymphoma mahgnant undifferentiated 

cell type 
Lymph node, mesentenc 

Lymphoma mahgnant m1xed 
Lymphoma malignant und1fferent1ated 

cell type 
Sarcoma, metastatlc, uncertam pnmary

s1te 
Spleen 

Hemangtosarcoma 
Lymphoma mahgnant 
Lymphoma mahgnant m1xed 
Lymphoma mahgnant undifferentiated 

cell type 
Sarcoma, metastatic, uncertam pnmary 

s1te 
Thymus 

Lymphoma mahgnant muted 

~ g
7 7 

~ 
4 

~ 
7 

~ 
7 

g g g g 
3 4 5 5 

~ ~ 
7 9 

~ 
2 

1 
0 
5 

1 
0 
5 

1 
0 
5 

~ 
5 

~ 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

5 5 
4 3 
5 5 

6 
0 
5 

5 
2 
5 

5 
9 
5 

6 
0 
4 

5 
9 
4 

5 
9 
3 

6 
0 
3 

5 5 
2 3 
4 4 

5 
1 
5 

5 
1 
1 

5 
1 
2 

5 
1 
3 

5 
1 
4 

5 
2 
1 

5 
2 
2 

5 
2 
3 

5 
3 
1 

5 
3 
2 

5 
3 
3 

5 
4 
1 

5 
4 
2 

5 
4 
3 

+ A 

+ + 
X 

+ M 

+ M 

+ + 

X 

M M 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 

+ 

+ 

+ + + + 

M M + + 

X 
X 

M M M M 

M M + + 
X 

+ + + + 
X 

X 

M + M M 

+ + 

+ + 

+ M 

+ + 

+ + 

+ + 

+ 

+ 

X 

+ 

X 
+ 

X 

+ 

X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

M 

+ 

+ 

X 

+ 

+ 
X 

+ 

+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

+ 

M 

+ 

+ 

M 

+ 
X 
+ 

X 
X 
X 

X 
X 
+ 
X 

+ 
X 

+ 

X 

+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

+ 

+ 

X 
+ 

X 
M 

+ 

+ 

+ 

+ 

+ 

+ 

Lymphoma mahgnant und1fferentlated 
cell type 

INTEGUMENTARY SYSTEM 
Mammary gland 

Adenocamnoma 
Skm 

Subcutaneous ttssue, fibrosarcoma 

MUSCULOSKELETAL SYSTEM 
Bone 
Skeletal muscle 

Dtaphragm, sarcoma, metastatic, 

uncertam pnmary site 


NERVous SYSTEM 
Bram 

RESPIRATORY SYSTEM 
Lung 

Alveolar/bronchiolar adenoma 
Lymphoma mahgnant undl±Terentlated 

cell type 

A~l!~~i~:th~~dh~~~r adenoma 
Pleura, sarcoma, metastatic, uncertam 

pnmary s1te 
Nose 
Trachea 

SPECIAL SENSES SYSTEM 
Eye 
Hardenan gland 

Adenoma 

URINARY SYSTEM 
K1dney 

Htstlocyt1c sarcoma. metastat1c. uterus 
Lymphoma mahgnant m1xed 

Unnary bladder 

X 

,--------------------------------------------------------------------------1 
M M M + + + + + M + + M + + M M + + + + + + + + i 
+ 	 M + + + + + + + + + + + + + + + + + + + + 


X 
 + I
l--------------------------------------------------------------------
1++++++++++++++-++++++++ +•I 

+I::::::::: .. :.:::::.::::; + 
I X X 

! X 

X 

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

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

+ 	 + 
+ + 	 + 

X 

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

X 
+ + + + + + + + + + ++++++ + + + + ++ M! 
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TABLE 02. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE 
(Continued) 

r'T~ti UN 

CARCASS 
ID 

5 5 5 5 1 
0 

5 5 5 5 5 

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

1 
0 
5 

5 
5 
5 

1 
0 
5 

5 
6 
3 

1 
0 
5 

5 
6 
4 

5 1 1 
0 0 

5 5 5 

5 5 5 
6 6 6 
5 1 2 

5 1 
0 

5 5 

5 5 
7 7 
1 2 

5 1 1 
0 0 

5 5 5 

5 5 5 
7 7 7 
3 4 5 

~ 1 1 5 5 1 
~0 0 0 

5 5 5 5 5 5 5 

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

~ 1 
0 

5 5 

6 6 
0 0 
1 2 

TOTAL: 
TISSUES 
TUMORS 

--- 
49 

1 
48 

1 
1 
2 
3 

1 
4 
3 

42 
5 

1 
46 

9 

1 

1 
50 

1 
1 
5 

1 

1 
40 

5 

1 

--- 
34 

1 
46 

1 

--- 
50 

1 

1 

--- 

49 
--- 

49 
4 

1 

1 

1 
48 
49 

--- 

3 
7 
5 

--- 
49 

1 
3 

48 

---- 

HEMATOPOIETIC SYSTEM 
Bone marrow 

Lymphoma mahgnant m!Xed 
Lymph node 
Lym~homa mahgnant
Axil ry,lymphoma malignant m1xed 
Lumbar, lymphoma mahgnant m1xed 
Med1astmal, lymphoma mahg m1xed 
Med1astmal, lymShoma malignant 

undU:Terent1ate cell type 
Pancreatic, lymphoma mahgnant m1xed 
Renal, lymphoma mahgnant m1xed 

Lymph node, mandibular 
Lymphoma mahgnant mixed 
Lymphoma malignant und1fferenttated 

cell type 
Lymph node. mesentenc 

Lymphoma mahgnant mixed 
Lymphoma malignant undtfferent1ated 

cell type 
Sarcoma. metastatic, uncertam pnrnary 

stte 
Spleen 

Hemangwsarcoma 
Lymphoma malignant 
Lymphoma mahgnant mtxed 
Lymphoma mahgnant undtfferenttated 

cell tyPe 
Sarcoma, metastatic, uncertam pnmary 

s1te 
Thvmus 

Lymphoma mahgnant mtxed 
Lymphoma mahgnant undifferentiated 

cell type 

+ + + + + 

+ + + + + 

+ + + + + 
X 

+ + + + + 
X 

+ + + + + 

X 

+ + + + + 
X 

+ 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 

+ 
X 

+ 
X 

+ 

+ 
X 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + 

+ + 

X 
X 

X 
+ + 
X 

+ + 
X 

+ + 

X 

+ + 
X 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + + + + + 

+ + + + + + + 

X 

+ + + + + + + 

+ + + + + + + 
X 

+ + + + + + + 

X 

+ + + M + + + 

+ + 

+ + 

+ + 
X 

+ + 
X 

+ + 

+ + 

INTEGUMENTARY SYSTEM 
Mammary gland 

Adenocarctnoma 
Skm 

Subcutaneous tissue, fibrosarcoma 

I 
+ + + M M 

+ + + M + 

+ 

+ 

+ 

+ 

+ 

+ 

M + M 

+ + M 

M M 

+ M 

M + M 

+ + + 

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

+ + 

+ + 

MUSCULOSKELETAL SYSTEM 
Bone 
Skeletal muscle 

Dtaphragm, sarcoma, metastatic, 
uncertam pnmary s1te 

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

NERVOUS SYSTEM 
Bram 

RESPIRATORY SYSTEM 
Lung 

Alveolar/bronchiOlar adenoma 
Lymphoma mahgnant undtfferenbated 

cell type 

A~l~~~i~:rb~~hn~Vl~~~r adenoma 
Pleura, sarcoma, metastattc, uncertam 

pnmarystte 
Nose 
Trachea 

+ + + + + 

+ + + + + 
X 

+ + .. + + 
+ + + + + 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ + + 

+ + + 

+ + M 
+ + + 

+ + 

+ + 

+ + 
+ + 

+ + + 

+ + + 

+ + + 
+ + + 

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

+ + + + + + + + + 
X 

X 

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

SPECIAL SENSES SYSTEM 
Eye 
Hardenan gland 

Adenoma 

+ 
+ + + + 
X X X X 

URINARY SYSTEM 
K1dney 

HtstlOcyttc sarcoma, metastattc, uterus 
Lymphoma mahgnant mixed 

Unnary bladder 

+ + + .. + 
X 

X 
+ + + + + 

+ 

+ 

+ 

+ 

+ 

+ 

+ + + 

+ + + 

+ + 

X 
+ + 

+ + + 

+ M + 

+ + + + + + + + + 

+ + + + + + + + + 
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TABLE 03. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY OF 
PETN,NF 

Control 25,000 ppm 50,000 ppm 

Harderian Gland: Adenoma 
Overall Rates (a) 2/50 (4%) 2/50 <4%) 5/50 (1 0%) 
Adjusted Rates (b) 53% 67% 12 7% 
Termmal Rates (c) 2/38 (5%) 2/30 (7%) 4/38 (11 o/o) 

Day ofF1rst ObservatiOn 730 730 663 
L1fe Table Tests (d) P=O 154 P""O 607 P=O 217 
Logistic Regresswn Tests (d) P=O 143 P""O 607 P=O 212 
Cochran Armttage Trend Test (d) P=O 146 
F1sher Exact Test (d) P=O 691N P=O 218 

Harderian Gland: Adenoma or Carcinoma 
Overall Rates (a) 3/50 (6%) 2/50 <4%) 5/50(10%) 
Adjusted Rates (b) 79% 67% 12 7% 
Termmal Rates (c) 3/38 (8%) 2/30 <7%) 4/38 (11 o/o) 

Day ofF1rst ObservatiOn 730 730 663 
Ltfe Table Tests (d) P=O 279 P=O 608N P=O 355 
Logtstlc RegressiOn Tests <d> P=O 267 P=0608N P=O 348 
Cochran Armttage Trend Test(dl P=O 274 
Ftsher Exact Test <d> P=O SOON P=O 357 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 5/49 (10%) 2/50 <4%) 1/49 (2%) 
Adjusted Rates\bl 13 5% 55% 26% 
Termmal Rates (cl 5/37 (14%) 0/30 (0%) 1138 (3o/ol 
Day ofF1rst ObservatiOn 730 662 730 
Ltfe Table Tests (d) P=O 065N P=O 301N P=O 096N 
Logtstlc RegressiOn Tests <d> P=O 061N P=O 247N P=O 096N 
Cochran Armttage Trend Test tdl P=0059N 
Ftsher Exact Test (d) P=O 210N P=O 102N 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates(a) 6/49 (12%) 2/50 (4%) 1/49 <2%) 
Adjusted Rates (bJ 15 5% 55% 26% 
Termmal Rates (c) 5/37 (14%) 0/30 <0%) 1138 (3%) 
Day ofFtrst ObservatiOn 654 662 730 
Ltfe Table Tests <d) P=O 033N P=O 203N P=O 056N 
Logtst1c Regresswn Tests <dJ P=O 029N P=O 145N P=O 056N 
Cochran-Armttage Trend Test <dJ P=0029N 
Ftsher Exact Test <dJ P=O 128N P=O 056N 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 2/50(4%) (e) 2/16 <13%) 5/49 (10%) 
Adjusted Rates <b J 53% 12 7% 
Termmal Rates (cl 2/38 (5%) 4/38 <11 o/o) 
Day ofFtrst ObservatiOn 730 663 
Ltfe Table Test (d) P=0217 
Logistic Regression Test <dl P=O 210 
Ftsher Exact Test (d) P=O 210 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a) 3/50 ( 6% J (el 3/16 <19%> 5/49 (10%) 
Adjusted Rates (b) 7 9% 12 7% 
Termmal Rates (c) 3/38 <8%J 4/38 (11 o/o) 

Day of Ftrst ObservatiOn 730 663 
Ltfe Table Test (d) P=O 355 
Logtstlc RegressiOn Test (d) P=O 347 
Ftsher Exact Test (d) P=O 346 
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TABLE D3 ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY OF 
PETN, NF (Continued) 

Control 25,000 ppm 50,000 ppm 

Pituitary Gland/Pars Distalis: Adenoma 
Overall Rates (a) 8/45(18%) (e) 3/15 120%) 5/42 (12%) 
Adjusted Rates (b) 229% 13 9% 
Termmal Rates (c) 8/35(23%) 5/36 (14%) 
Day ofFtrst ObservatiOn 730 730 
Ltfe Table Test(d) P=O 253N 
Logtsttc Regression Test (d) P=O 253N 
Ftsher Exact Test (d) P=O 322N 

Pituitary Gland/Pars Distalis: Adenoma or Carcinoma 
Overall Rates (a) 9/45 (20%) (e) 3/15 (20%> 5/42 (12%) 
Adjusted Rates (b) 24 5% 13 9% 
Termmal Rates (c) 8/35 (23%) 5/36 ( 14%) 
Day ofFtrst ObservatiOn 549 730 
Ltfe Table Test (d) P=O l76N 
Logtsttc RegressiOn Test (d) P=O 217N 
Ftsher Exact Test(dl P=O 232N 

Uterus: Stromal Polyp 
Overall Rates (a) (f) 3/50 (6%) (g) 0/50 (0%) (f) 0/50 <0%) 
Adjusted Rates (b) 79% 0 0% 00% 
Termmal Rates (c) 3/38 (8%) 0/30 (0%) 0/38 (Q%) 

Day ofFtrst ObservatiOn 730 
Ltfe Table Tests (d) P=O 043N P=O 165N P=O 121N 
Logtstlc RegressiOn Tests <dl P=O 043N P=O 165N P=O 121N 
Ftsher Exact Test (d) P=O 037N P=O 121N P=O 121N 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 20/50 <40%> 17/50 (34%) 12/50 ( 24%) 
Adjusted Rates (b l 44 1 o/o 413% 280% 
Termmal Rates (cl 13/38 <34%> 8/30 (27%) 8/38 <21 o/o) 
Day of Ftrst ObservatiOn 522 521 463 
LtfeTableTests(dl P=O 085N P=O 551 P=O 092N 
Logtsttc RegressiOn Tests <dl P =0 055N P=O 342N P=O 067N 
Cochran-Armttage Trend Test <dl P=O 055N 
Ftsher Exact Test<dl P=O 339N P=O 066N 

(a) Number of tumor beanng ammals/number ofammals exammed at the s1te 
(b) Kaplan Meter estimated tumor mctdences at the end of the study after adjustmg for mtercurrent mortahty 
(c) Observed tumor mctdence at termmal ktll 
(dl Beneath the controlmctdence are the P values associated wtth the trend test Beneath the dosed group mctdence are the 
P values correspondmg to patrwtse compansons between that dosed group and the controls The hfe table analysrs regards tu 
mors mammals dymg pnor to termmal kill as bemg (dtrectly or mdtrectlyl the cause of death The logtsttc regresswn test re 
gards these leswns as nonfatal The Cochran Armttage and Ftsher exact tests compare dtrectly the overall mc1dence rates 
A negative trend or lower mc1dence m a dosed group IS md1cated by (Nl 
(e) Incomplete samphng oftissues 
(f) Insufficient tissue for mtcroscoptc e'!:ammatwn for one ammal 
(g) Thirty seven uteruses were exammed mtcroscoptcally 
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TABLE 04. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN FEMALE 86C3F1 MICE 
RECEIVING NO TREATMENT (a) 

Incidence in Controls 
Study Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence at EG&G Mason Research Institute 

4,4' Methylenedtamlme dthydrochlonde 3/50 
C I Basic Red 9 monohydrochlonde 2/49 
Monuron 5/50 
8 Hydroxyqumolme 2/49 
Butyl benzyl phthalate 0/50 
Dt(2 ethylhexyl)phthalate 1150 
Dt(2 ethylhexylladipate 2/50 
Guar gum 2/50 
Locust bean gum 1149 
Gum arabic 2/49 
Tara gum 9/49 
Agar 1150 
&~~d mo 
Pentachloromtrobenzene 2/50 
2 Biphenylamme hydrochlonde 3/49 

TOTAL 371744(5 0%) 
SD(bl 4 34% 

Range(c) 
Htgh 9/49 
Low 0/50 

Overall Historical Incidence at All Laboratories 

TOTAL 107/2,032 (53%) 
SD(bl 4 34% 

Range(c) 
High 9/49 
Low 0/50 

(a) Data as of Apnl29, 1987, for studtes ofat least 104 weeks 
(b) Standard deviatiOn 
<c) Range and SD are presented for groups of35 or more ammals 
(d) One hepatoblastoma also was observed 

1/50 
3/49 
2/50 
3/49 
2/50 
0/50 
1/50 
4/50 
2/49 
1149 
1149 
3/50 
3/50 
1150 
4/49 

311744 (4 2%) 
247% 

4/49 
0/50 

(d) 8112,032 (4 0%) 
2 42% 

4/48 
0/50 

4/50 
5/49 
6/50 
5/49 
2/50 
1150 
3/50 
5/50 
3/49 
3/49 

10/49 
4/50 
5/50 
3/50 
7/49 

661744 (8 9%) 
4 49% 

10/49 
1150 

184/2,032 (9 1 %) 
470% 

10/49 
1/50 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF PETN, NF 

Untreated Control Low Dose High Dose 

Ammals tmtially m study 
Ammals removed 
Ammals exammed htstopathologically 

50 
50 
50 

50 
50 
50 

50 
50 
50 

ALIMENTARY SYSTEM 
Gallbladder (46) (41) (43) 

Inflammation, acute 1 (2%) 
Intestme large, colon (49) (11) (49) 

Parasite 1 (2%) 
Intestme small, duodenum (46) (11) (43) 

Ep1thehum, hyperplasia 1 (2%) 1 (2%) 
Lymphoid nodule, hyperplasia 1 (9%) 

Intestme small, Ileum (47) (11) (46) 
Lymphoid nodule, mmerahzatwn 1 (2%) 

Intestme small,JeJunum (46) (11) (44) 
Hyperplasia 1 (9%) 

Liver (49) (50) (49) 
Basophilic focus 1 (2%) 1 (2%) 2 (4%) 
Clear cell focus 1 (2%) 3 (6%) 1 (2%) 
Eosmoph1lic focus 3 (6%) 
Fatty change, diffuse 2 (4%) 1 (2%) 
Fatty change, focal 1 (2%) 5 (10%) 2 (4%) 
Fibrosis 1 (2%) 
HematopOietic cell proliferatiOn 6 (12%) 
Hemorrhage 1 (2%) 
Mmerahzabon 1 (2%) 
Necrosis 6 (12%) 3 (6%) 2 (4%) 
PigmentatiOn 1 (2%) 1 (2%J 
Thrombus 1 (2%) 

Mesentery (6) (1) 

Inflammation, acute 3 (50%) 
Fat, necrosis 3 (50%) 

Pancreas (49) (13) (49) 
Cyst 1 <8%) 
Fibrosis 1 (2%) 
InflammatiOn, chrome acttve 2 (4%) 2 (4%) 
Necrosis 2 (4%) 
Acmus, atrophy 2 (4%) 3 <23%) 3 (6%) 
Acmus, hypertrophy 1 (2%) 
Duct, dilatation 1 (8%) 

Stomach, forestomach (49) (50) (49) 
Acanthosis 2 (4%) 5 (10%) 4 (8%) 
Edema 1 (2%) 
Hyperkeratosis 11 <22%) 10 (20%) 13 (27%) 
Inflammation, chrome acttve 2 <4%) 1 (2%) 
Necrosis 2 (4%) 

Stomach, glandular (47) (49) (48) 
Hemorrhage 1 (2%) 
Hyperplasia 1 (2%) 
InflammatiOn, chrome active 3 (6%) 4 (8%) 10 (21%) 
Mmerahzatwn 2 <4%) 1 (2%) 1 (2%) 

Tooth (1) 

Incisor, developmental malformation 1 (100%) 
Incisor, mflammation, acute 1 (100%) 

CARDIOVASCULAR SYSTEM 
Heart (50) (12) (49) 

Inflammation, chrome active 1 (2%) 
Mmerahzatwn <2%) 
Thrombus (2%) 
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TABLE 05. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF PETN, NF (Continued) 

Untreated Control Low Dose High Dose 

ENDOCRINE SYSTEM 
Adrenal gland (49) (12) (49) 

Hematopo1et1c cell prohferatwn 1 <2%) 
Capsule, hyperplasia 40 (82%) 7 (58%) 43 <88%) 

Adrenal gland, cortex (49) (12) (49) 

Hyperplasia 36 (73%) 7 <58%) 38 <78%> 
Hypertrophy 3 (6%) 2 <4%) 

Adrenal gland, medulla (47) (11) (47) 
Hyperplasia 1 (2%) 1 (2%) 

Islets, pancreat1c (49) (12) (48) 
Hyperplasia 1 <2%) 

Pttmtary gland (45) (15\ (421 
Pars d1stahs, ang1ectas1s 4 (9%) 2 <13%) 1 <2%) 
Pars d1stahs, hyperplasia 8 (18%) 2 (13%) 10 (24%) 

Thyro1d gland (47) (12) (47) 
Folhcular cell, hyperplasia 1 <2%) 2 (4%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Ovary (50) (19) (48) 

Abscess 2 (11%) 
Ang1ectas1s 3 <6%) 
Cyst 9 <18%> 2 (llo/o) 9 (19%) 
Degeneration, cyst1c 1 <2%) 6 (32%) 2 (4%) 
Hemorrhage 1 <2%> 1 (5%) 2 <4%) 
Hyperplasia, papillary 1 <2%) 
Mmerahzatwn 2 <4%) 
Necrosis 1 <2%) 
P1gmentat10n 2 <4%) 
Thrombus l <2%) 
B1lateral, abscess 2 <11%) 1 <2%) 

Uterus (49) <37) (49) 
Abscess l <3%) 
Angtectasts 2 <4%) l (3%) 
Hemorrhage l <3%) 
InflammatiOn, chrome act1ve 3 <6%) 3 <8%) 2 <4%) 
Necros1s l <2%> 
P1gmentat10n 1 <3%) 
Endometnum, hyperplasta 36 <73%) 19 (51%) 38 <78%> 

HEMATOPOIETIC SYSTEM 
Bone marrow (49) (12) (49) 

Myelofibrosis 5 (10%> 4 (8%) 
Lymph node (50> (17) <48) 

A xtllary, hematopoietic cell prohferatwn 1 (6%) 
Aullary, mfiltratwn cellular, plasma cell l (6%) 
Lumbar, ang1ectas1s 1 (2%> 
Lumbar, hematopoietic cell prohferatwn <6%) 
Lumbar, mfiltrat10n cellular, plasma cell <6%> 1 <2%) 
Medtastmal, ang1ectas1s 1 <2%> 
Med1astmal, mfiltratton cellular, plasma cell 2 (12%) 
Pancreatic, hematopmettc cell prohferatton (2%) 
Renal, hematopoietic cell prohferatton 1 (6%) 
Renal, mfiltratwn cellular, plasma cell 1 (6%) 1 <2%) 

Lymph node, mand1bular <40) <8> <42) 
Hematopoietic cell proliferatiOn 2 (5%) 2 <25%) 
Hyperplasia, lymphotd 1 (3%) 
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TABLE D5. SUMMARY OF THE lNCIDENCE OF NONNEOPLASTIC LESIONS lN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF PETN, NF (Continued) 

Untreated Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Contmuedl 
Lymph node, mesentenc <48) <12) <46) 

Ang1ectas1s 3 (6%) 1 (8%) 1 <2%) 
Hematopoietic cell prohferatwn 1 (2%) 3 (25%) 3 (7%) 

Spleen (50) (50) (50> 
Ang1ectas1s 1 (2%) 
HematopOietic cell prohferat10n 35 (70%) 20 <40%) 34 <68%) 
Hemorrhage 1 (2%) 
NecroSIS 1 (2%) 

Lympho1d folhcle, hyperplasia 4 (8%) 5 <10%) 2 <4%) 
Thymus (42) (10) (40) 

Hyperplasia, lymphoid 1 (10%) 

INTEGUMENTARY SYSTEM 
Mammary gland <39) (5) <34) 

NecrosiS 1 <20%) 
Acmus, hyperplasia 1 <3%) 

Skm <49) (13) <46) 
Inflammatwn, chrome act1ve 1 <2%) 
Necrosis <8%) 

MUSCULOSKELETAL SYSTEM 
None 

NERVOUS SYSTEM 
Bram (50) <12) (49) 

Mmerahzatwn 5 <10%) 2 <4%) 

RESPIRATORY SYSTEM 
Lung <50) (16) (49) 

Congestwn 1 <2%) 
Edema 2 <4%) 1 <2%) 
Hemorrhage 6 (12%) (6o/ol 3 <6%) 
lnfiltratwn cellular, htstwcytlc 3 <6%) (6%) 
InflammatiOn, acute (6%) 
InflammatiOn, chrome active <2%) 
Alveolar eptthehum, hyperplasia (2o/o) 1 <2%) 
Pleura, mtlammatwn, acute 1 <2%) 

Nose (43) <9l <48) 
Nasolacnmal duct, mflammatwn, acute 1 <11 o/o) 

SPECIAL SENSES SYSTEM 
None 

URINARY SYSTEM 
K1dney <50) (14> (49) 

Casts 1 <2%) 
Cyst 2 (4%) 
Glomerulosclerosis 1 <2%) 
InflammatiOn, acute (7%) 
Inflammatwn, chrome act1ve 1 (2%) 
Paptlla, mmerahzatlon 2 <14%) 1 (2%) 
Renal tubule, p1gmentatwn 1 (2%) 
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APPENDIX E. SENTINEL ANIMAL PROGRAM 


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. The Sentinel 
Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic 
evaluation of chemical compounds. Under this program, the disease state of the rodents is monitored 
via viral serology on sera from extra (sentinel) animals in the study rooms. These animals are un
treated, and these animals and the study animals are both subject to identical environmental condi
tions. The sentinel animals come from the same production source and weanling groups as the ani
mals used for the studies ofchemical compounds. 

Fifteen B6C3F1 mice and 15 F344/N rats of each sex were selected at the time of randomization and 
allocation of the animals to the various study groups. Five animals of each designated sentinel group 
were killed at 6, 12, and 18 months on study. Data from animals surviving 24 months were collected 
from 5/50 randomly selected control 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' Comprehensive Animal Diagnostic Service for determination of the viral 
antibody titers. The following tests were performed: 

Hemagglutination 
Inhibition 

Complement 
Fixation ELISA 

Mice PVM (pneumonia virus of mice) 
Reo 3 (reovirus type 3) 
GDVII (Theiler's encephalo

myelitis virus) 
Poly (polyoma virus) 
MVM (minute virus of mice) 
Ectro (infectious ectromelia) 
Sendai(12,18,24 mo) 

M. Ad. (mouse adenovirus) 
LCM (lymphocytic chorio

meningitis virus) 
Sendai (6 mo) 

MHV (mouse hepatitis virus) 

Rats PVM 
KRV (Kilham rat virus) 
H-1 (Toolan's H-1 virus) 
Sendai( 12,18,24 mo) 

RCV (rat corona virus) 
Sendai (6 mo) 

RCV/SDA (sialodacryo
adenitis virus) (24 mo) 

Results 

No positive titers were seen in rats at 6, 12, 18, or 24 months or in mice at 6, 12, or 18 months. Posi
tive titers to MHV were seen in 10/10 control mice tested at 24 months. 
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TABLE Fl. FEED AND COMPOUND CONSUMPTION BY MALE RATS IN THE TWO-YEAR FEED STUDY 
OF PETN, NF 

Control Low Dose High Dose 
Grams Body Grams Body Dose/ Grams Body Dose/ 

Week 
Feed/ 

Day (a) 
Weight 
(grams) 

Feed/ 
Day (a) 

Weight 
(grams) 

Day (b) Feed/ 
Day (a) 

Weight 
(grams) 

Day (b) 

1 19 165 17 160 2,656 16 160 5,000 
2 18 208 16 197 2,030 16 195 4,103 
3 17 235 19 222 2,140 19 217 4,378 
4 19 259 18 240 1,875 18 237 3,797 
5 18 278 18 262 1,718 18 258 3,488 
6 18 298 17 280 1,518 17 278 3,058 
7 19 316 18 297 1,515 17 293 2,901 
8 19 319 19 311 1,527 18 309 2,913 
9 18 335 17 324 1,312 18 317 2,839 

10 18 341 18 329 1,368 18 326 2,761 
11 18 355 17 339 1,254 17 335 2,537 
12 18 368 17 343 1,239 16 335 2,388 
13 17 369 19 351 1,353 18 343 2,624 
17 18 386 17 375 1,133 17 370 2,297 
21 18 405 17 396 1,073 18 390 2,308 
25 16 415 15 407 921 15 402 1,866 
29 14 418 16 419 955 16 406 1,970 
33 20 431 19 430 1,105 20 409 2,445 
37 12 437 12 435 690 12 415 1,446 
41 17 449 18 447 1,007 18 430 2,093 
45 18 450 18 455 989 18 434 2,074 
49 16 467 17 463 918 17 447 1,902 
53 16 460 15 468 801 16 449 1,782 
57 17 470 16 472 847 17 448 1,897 
61 18 472 17 472 900 18 451 1,996 
65 20 475 20 479 1,044 19 458 2,074 
69 16 477 17 479 887 16 455 1,758 
73 16 479 15 484 775 16 462 1,732 
77 18 471 18 477 943 17 457 1,860 
81 18 467 17 471 902 17 455 1,868 
85 18 472 17 462 920 18 449 2,004 
89 18 463 18 458 983 18 447 2,013 
93 19 468 20 460 1,087 17 438 1,941 
97 20 465 18 457 985 18 436 2,064 
101 18 449 17 454 936 17 423 2,009 
105 23 441 21 427 1,230 19 409 2,323 

Mean 17 8 395 17.4 389 1,209 17.2 376 2,459 
SD(c) 1 8 1 6 429 8 1.4 808.9 
CV(d) 10 3 95 35 5 8 1 32.9 

(a) Grams of feed removed from the feeder per ammal per day; not corrected for scatter. 
(b) Estimated milhgrams ofPETN, NF, consumed per day per kilogram of body weight 
(c) Standard deviation 
(d) Coefficient ofvanatwn =(standard devmtwn/mean) X 100 
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TABLE F2. FEED AND COMPOUND CONSUMPTION BY FEMALE RATS IN THE TWO-YEAR FEED 
STUDY OF PETN, NF 

Control 
Grams Body Grams 

Low Dose 
Body Dose/ Grams 

High Dose 
Body Dose/ 

Week 
Feed/ 

Day (a) 
Weight 
(grams) 

Feed/ 
Day (a) 

Weight 
(grams) 

Day (b) Feed/ 
Day (a) 

Weight 
(grams) 

Day (b) 

l 15 119 14 120 723 14 120 1,458 
2 15 141 13 141 572 13 141 1,152 
3 14 152 14 150 579 16 152 1,316 
4 14 163 15 161 578 15 161 1,165 
5 14 173 14 168 517 15 169 1,109 
6 14 179 15 174 534 16 175 1,143 
7 15 185 16 180 551 17 180 1,181 
8 15 190 15 186 500 16 184 1,087 
9 15 196 15 188 495 16 189 1,058 

10 14 200 14 193 450 15 191 982 
11 15 202 15 196 474 17 195 1,090 
12 15 206 15 201 463 17 200 1,063 
13 15 205 15 200 465 16 201 995 
17 15 217 15 212 439 16 212 943 
21 14 225 14 219 396 14 224 781 
25 16 235 14 228 381 15 227 826 
29 15 239 14 233 373 15 236 794 
33 16 250 14 243 357 15 246 762 
37 13 255 14 252 344 14 253 692 
41 16 267 15 260 358 16 263 760 
45 15 275 15 274 339 16 278 719 
49 15 289 15 287 324 15 292 642 
53 16 299 16 297 334 15 299 627 
57 16 308 15 304 306 15 306 613 
61 16 318 15 313 297 16 316 633 
65 16 329 15 323 288 16 329 608 
69 16 340 15 332 280 15 333 563 
73 16 342 15 335 278 15 336 558 
77 15 342 15 335 278 17 339 627 
81 16 350 16 342 290 16 346 578 
85 16 355 15 338 275 16 345 580 
89 15 359 14 341 255 16 343 583 
93 12 364 12 348 214 13 351 463 
97 16 367 16 350 283 16 350 571 

101 16 365 15 348 267 16 348 575 
105 16 365 16 352 282 16 349 573 

Mean 15.1 260 14.7 253 393 15.5 255 830 

SD(c) 1.0 0.8 121.1 1.0 262.5 

CV(d) 6.4 5.8 30.8 6.5 31.6 


(a) Grams of feed removed from the feeder per animal per day; not corrected for scatter. 
(b) Estimated milligrams ofPETN, NF, consumed per day per kilogram of body weight 
(c) Standard deviation 
(d) Coefficient of variation = (standard deviation/mean) X 100 
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TABLE F3. FEED AND COMPOUND CONSUMPTION BY MALE MICE IN THE TWO-YEAR FEED STUDY 
OF PETN, NF 

Control Low Dose High Dose 
Grams Body Grams Body Dose/ Grams Body Dose/ 
Feed/ Weight Feed/ Weight Day (b) Feed/ Weight Day (b) 

Week Day (a) (grams) Day (a) (grams) Day (a) (grams) 

2 6 23 8 6 24 2 6,198 6 23 4 12,821 
3 6 25 5 6 25 6 5,859 6 25 1 11,952 
4 6 26 6 6 26 0 5,769 6 25 9 11,583 
5 6 27 6 7 27 3 6,410 7 26 1 13,410 
6 6 27 6 6 28 1 5,338 6 28 2 10,638 
7 5 27 7 6 28 7 5,226 6 27 9 10,753 
8 6 29 7 6 29 8 5,034 6 29 3 10,239 
9 6 30 6 6 30 3 4,950 6 29 8 10,067 

10 5 29 1 5 28 7 4,355 5 28 0 8,929 
11 6 31 3 6 31 2 4,808 6 30 6 9,804 
12 5 30 4 5 31 3 3,994 5 30 8 8,117 
13 6 32 0 6 31 5 4,762 6 31 7 9,464 
21 5 35 3 6 35 3 4,249 5 35 0 7,143 
25 5 35 8 6 35 7 4,202 5 35 8 6,983 
29 5 35 8 5 36 6 3,415 5 36 2 6,906 
37 5 36 7 5 37 5 3,333 5 35 5 7,042 
41 5 36 8 6 38 4 3,906 5 38 9 6,427 
45 5 38 8 5 39 5 3,165 5 39 1 6,394 
49 5 39 8 5 40 7 3,071 5 39 4 6,345 
53 5 39 4 5 39 8 3,141 5 39 3 6,361 
57 5 40 8 5 408 3,064 5 401 6,234 
61 5 404 5 39 9 3,133 5 39 1 6,394 
65 5 41 8 5 40 5 3,086 5 40 4 6,188 
69 5 42 4 5 42 2 2,962 6 41 4 7,246 
73 5 42 1 5 415 3,012 5 40 8 6,127 
77 5 40 2 5 406 3,079 5 38 7 6,460 
81 6 415 6 416 3,606 5 40 6 6,158 
85 6 41 7 5 41 3 3,027 5 39 4 6,345 
89 6 41 6 5 39 1 3,197 5 40 0 6,250 
93 6 40 2 6 39 3 3,817 6 39 3 7,634 
97 5 41 0 5 40 5 3,086 5 40 0 6,250 
101 7 401 5 40 1 3,117 5 38 5 6,494 
105 7 39 0 6 39 3 3,817 6 38 0 7,895 

Mean 55 35 5 55 35 5 4,036 54 349 8,093 
SD(cJ 06 06 1,058 06 2,203 
CV(dl 109 10 9 26 2 111 27 2 

(a) Grams offeed removed from the feeder per ammal per day, not corrected for scatter 
(b) Estimated milligrams of PETN, NF, consumed per day per kilogram ofbody weight 
(c) Standard deviation 
(d) Coefficient ofvanabon =(standard deviatiOn/mean) X 100 

PETN, NF, NTP TR 365 180 




TABLE F4. FEED AND COMPOUND CONSUMPTION BY FEMALE MICE IN THE TWO-YEAR FEED 
STUDY OF PETN, NF 

Control Low Dose High Dose 

Week 

Grams 
Feed/ 

Day (a) 

Body 
Weight 
(grams) 

Grams 
Feed/ 

Day (a) 

Body 
Weight 
(grams) 

Dose/ 
Day (b) 

Grams 
Feed/ 

Day (a) 

Body 
Weight 
(grams) 

Dose/ 
Day (b) 

2 6 19.0 6 18.8 7,979 6 19.1 15,707 
3 5 18.9 6 17.9 8,380 6 18.8 15,957 
5 6 20.9 6 20.9 7,177 6 21.0 14,286 
6 7 21.5 7 21.7 8,065 7 21.7 16,129 
7 6 22.0 6 21.9 6,849 6 22.1 13,575 
8 6 21.0 6 22.2 6,757 6 22.3 13,453 
9 6 23.1 5 22.7 5,507 6 23.2 12,931 

10 6 23.5 6 23.0 6,522 6 23.5 12,766 
11 6 23.5 5 23.2 5,388 5 23.3 10,730 
12 6 24.1 5 23.6 5,297 5 24.3 10,288 
13 6 24.8 5 24.5 5,102 5 24.9 10,040 
21 6 28.9 6 27.7 5,415 6 29.3 10,239 
25 5 30.1 6 29.8 5,034 5 30.9 8,091 
29 6 31.6 6 30.6 4,902 6 32.3 9,288 
33 5 31.8 5 29.6 4,223 5 33.0 7,576 
37 7 33.7 6 31.6 4,747 7 34.0 10,294 
41 6 34.9 6 33.2 4,518 6 35.3 8,499 
45 5 35.3 5 34.2 3,655 5 36.8 6,793 
49 6 38.4 6 35.9 4,178 6 38.8 7,732 
53 5 38.5 6 37.5 4,000 5 39.2 6,378 
57 7 40.0 6 38.3 3,916 6 40.0 7,500 
61 6 40.7 5 37.7 3,316 5 39.7 6,297 
65 7 42.5 6 38.4 3,906 7 41.3 8,475 
69 6 44.5 7 40.6 4,310 6 43.4 6,912 
73 6 45.4 6 41.5 3,614 6 43.3 6,928 
77 7 44.0 7 41.8 4,187 6 44.1 6,803 
81 7 44.6 7 42.4 4,127 7 44.5 7,865 
85 7 44.9 7 43.6 4,014 6 44.5 6,742 
89 7 41.5 8 42.0 4,762 7 43.3 8,083 
93 7 41.5 8 41.8 4,785 7 42.9 8,159 
97 7 43.0 7 42.5 4,118 7 44.5 7,865 
101 7 41.6 7 42.3 4,137 7 44.7 7,830 
105 8 41.6 9 40.7 5,528 8 43.3 9,238 

Mean 6.2 33.4 6.2 32.2 5,103 6.1 33.7 9,680 
SD(c) 0.8 1.0 1,368 0.8 2,993 
CV(d) 12.9 16.1 26.8 13.1 30.9 

(a) Grams offeed removed from the feeder per animal per day; not corrected for scatter. 
(b) Estimated milligrams ofPETN, NF, consumed per day per kilogram ofbody weight 
(c) Standard deviation 
(d) Coefficient ofvariation = (standard deviation/mean) X 100 
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(Manufactured by Zeigler Bros., Inc., Gardners, PA) 
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TABLE Gl. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a) 

Ingredients (b) Percent by Weight 

Ground #2 yellow shelled corn 24 50 
Ground hard wmter wheat 23 00 
Soybean meal (49% protem) 12 00 
Fish meal (60% protem) lO 00 
Wheat m1ddhngs 10 00 
Dned skim mtlk 5 00 
Alfalfa meal (dehydrated, 17% protem) 4 00 
Corn gluten meal (60% protem) 3 00 
Soyml 2 50 
Dned brewer's yeast 2 00 
Dry molasses 1 50 
Dicalcmm phosphate 1 25 
Ground limestone 0 50 
Salt 0 50 
Premixes (vitamm and mmerall 0 25 

(a) NCI, 1976, NIH, 1978 
(b) Ingredients ground to pass through aU S Standard Screen No 16 before bemg mixed 

TABLE G2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION (a) 

Amount Source 

Vitamins 

A 
03 
K3 
d-a Tocopheryl acetate 
Chohne 
Fohc acid 
Niacm 
d-Pantothemc acid 
Riboflavm 
Thiamme 
812 
Pyndoxme 

Bwtm 


Minerals 

Iron 

Manganese 

Zmc 

Copper 

lodme 

Cobalt 


5,500,000 IU 
4,600,000 IU 

28g 
20,000 IU 

560 Og 
22g 

30 0 g 
18 0 g 
34g 

10 0 g 
4,000 pg 

17g 
140 0 mg 

120 0 g 
60 Og 
16 0 g 
40g 
14g 
04g 

Stabilized vitamm A palmitate or acetate 
D activated ammal sterol 
Menadwne 

Cholme chlonde 

d Calcmm pantothenate 

Thiamme monomtrate 

Pyndoxme hydrochlonde 
d Bwtm 

Iron sulfate 
Manganous oxide 
Zmc oxide 
Copper sulfate 
Calcmm wdate 
Cobalt carbonate 

(a) Per ton (2,000 !b) offimshed product 
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TABLE G3 NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION 

Mean ± Standard "'umber of 
Nutrients Deviation Range Samples 

Protem (percent by weight) 23 34 ± 112 21 2 25 9 26 
Crude fat <percent by weight> 5 00 ± 0 49 4259 26 
Crude fiber (percent by weight) 3 40 ± 0 42 2445 26 
Ash (percent by weight) 6 60 ± 0 27 5 97 7 11 26 

Ammo Acids (percent of total diet) 

Argmme 1 32 ± 0 072 1 310 1 390 5 
Cystme 0 319 ± 0 088 0 218 0 400 5 
Glycme 1 146 ± 0 063 1 060 1 210 5 
Histidme 0 571 ± 0 026 0 531 0 603 5 
Isoleucine 0 914 ± 0 030 0 881 0 944 5 
Leucme 1946 ± 0 056 l 850 1 990 5 
Lysme 1 280 ± 0 067 1 200 1 370 5 
Methwmne 0 436 ± 0 165 0 306 0 699 5 
Phenylalamne 0 938 ± 0 158 0 665 1 05 5 
Threomne 0 855 ± 0 035 0 824 0 898 5 
Tryptophan 0 277 ± 0 221 0 156 0 671 5 
Tyrosme 0 618 ± 0 086 0 564 0 769 5 
Valine 1 108 ± 0 043 1 050 1 170 5 

Essential Fatty Acids (percent of total diet) 

Lmoleic 2 290 ± 0 313 1 83 2 52 5 
Linolemc 0 258 ± 0 040 0 210 0 308 5 

Vitamins (a) 

Vitamin A (lU/kg) 11,927 ± 4,111 4,200 22,000 26 
VItamin D (IU/kg) 4,450 ± 1,382 3,000 6,300 4 
a Tocopherol (ppm) 43 58 ± 6 92 31 1 48 0 5 
Thiamme (ppm) 18 42 ± 3 43 12 0 26 0 26 
Riboflavm (ppm) 76 ± 0 85 610 8 2 5 
Nmcin(ppm) 97 8 ± 31 68 65 0 150 0 5 
Pantothemc aCid (ppm) 30 06 ± 4 31 23 0 34 0 5 
Pyndoxine (ppm) 7 68 ± 1 31 5 60 8 8 5 
Fohc aCid (ppm) 2 62 ± 0 89 1 80 3 7 5 
Bwtm (ppmJ 0 254 ± 0 053 0 19 0 32 5 
Vitamm B12 (ppbl 24 21 ± 12 66 10 6 38 0 5 
Chohne <ppm) 3,122 ± 416 8 2,400 3,430 5 

Minerals (a) 

Calcmm <percent) 1 24 ± 0 10 1 04 1 43 26 
Phosphorus (percent) 0 94 ± 007 0 69 1 10 26 
PotassiUm <percent) 0 900 ± 0 098 0 772 0 971 3 
Chlonde (percent> 0 513 ± 0114 0 380 0 635 5 
Sodmm (percent) 0 323 ± 0 043 0 258 0 371 5 
Magnesmm (percent) 0167 ± 0 012 0 151 0 181 5 
Sulfur (percent) 0 304 ± 0 064 0 268 0 420 5 
Iron(ppmJ 410 3 ± 94 04 262 0 523 0 5 
Manganese (ppm) 90 29 ± 7 15 81 7 99 4 5 
Zmc <ppm) 52 78 ± 494 46 1 58 2 5 
Copper (ppm) 10 72 ± 2 76 8 09 15 39 5 
Iodme (ppm) 2 95 ± 1 05 1 52 3 82 4 
ChromiUm (ppm) 1 85 ± 0 25 l 44 2 09 5 
Cobalt(ppm) 0 681 ± 014 0 490 0 780 4 

(a) Two to four lots offeed analyzed for nutnents reported m this table were manufactured m 1983 and 1984 
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TABLE G4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 

Mean ± Standard 'lumber of 
Contaminants Devmbon Range Samples 

Arsemc (ppm) 0 51 ± 0 14 0 18 0 74 26 
CadmiUm lppml <al <0 10 26 
Lead (ppm) <b> 0 59 ± 0 24 0 27 1 0 25 
Lead(ppm)(c) 0 69 ± 0 52 0 27 2 93 26 
Mercury (ppm) !a) <0 05 26 
Selemum (ppm) 0 30 ± 0 06 0 22 0 40 26 
Aflatoxms (ppbl (a) <50 26 
Nttrate mtrogen (ppml (d) 9 51 ± 4 50 2 5 19 0 26 
N1tnte mtrogen (ppm) (dl 1 81 ± 1 61 <0 1 6 1 26 
BHA (ppm> \e) 4 59 ± 5 07 <2 0 20 0 26 
BHT(ppm)(el 2 86 ± 2 57 < 1 0 13 0 26 
Aerobic plate count !CFU/gJ <f,gJ 105,129 ± 87 795 6,200 310 000 24 
Aerob1c plate count !CFU/gJ <h) 129,350 ± 120 053 6,200 420,000 26 
Coliform ( MPN/g J < 1) 701 6 ± 907 2 <3 0 to >2,400 26 
E colt<MPN/g){J) 5 36 ± 5 92 <3 Oto >23 0 25 
E colz <MPN/gJ !kl 10 92 ± 28 95 <3 0 150 0 26 
Total mtrosammes ( ppb) (!) 5 42 ± 5 98 0 9 30 0 26 
N Nttrosodtmethylamme <ppb) (!) 4 75 ± 5 95 0 9 30 0 26 
N Nttrosopyrrohdme (ppbl (m) l 34 ± 0 6b <0932 17 

Pesticides (ppm) 

a BHC(a,n) <0 01 26 
13 BHC<al <002 26 
y BHC Lmdane (a) <0 01 26 
8 BHC(al <0 01 26 
Heptachlor (a) <0 01 26 
Aldrm(a) <0 01 26 
Heptachlor epox1de (a) <0 01 26 
DDE<al <0 01 26 
DDD(al <001 26 
DDTiaJ <0 01 26 
HCB(a) <0 01 26 
Mirex(a) <0 01 26 
Methoxychlor <oJ <0 05 0 06 (6/24/82) 26 
Dteldnn(ol <0 01 0 02 (7/27/82) 26 
Endnn (a) <0 01 26 
Telodnn(al <0 01 lb 
Chlordane (a) <005 26 
Toxaphene Ia) <01 2b 
Estimated PCBs (a) <02 26 
Ronnel (a) <0 01 26 
Ethwn(a) <0 02 26 
Tnthwn (al <0 05 26 
Dtazmon(a) <01 26 
Methyl parathwn (a) <0 02 26 
Ethylparath1on(a) <002 26 
MalathiOn (p) 0 13 ± 0 17 <0 05 0 81 26 
Endosulfan I (a) <0 01 26 
Endosulfan II (a) <001 26 
Endosulfan sulfate (a) <0 03 26 
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TABLE G4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION (Continued) 

(a) All values were less than the detection hmit,lrsted m the table as the mean 
ibl Mean, standard dev1at10n, and range exclude one h1gh value of2 93 obtamed for the lot produced on 7/27/82 
(c) Mean, standard deviatiOn, and range mclude the h1gh values listed m footnote lbJ 
I d) Source ofcontammatwn alfalfa, grams, and fish meal 
(e) Source ofcontammatwn soy oil and fish meal 
(f) CFU = colony-formmg unrt 
(g) Mean, standard deviatiOn, and range exclude two very high values of 420,000 for the lots produced on 3/23/83 and 7/12/83 
(h) Mean, standard deviatiOn, and range mclude the very high values listed m footnote lgJ 
(I) MPN = most probable number 
(J) Mean, standard deviatiOn, and range exclude one h1gh value of 150 for the lot produced on 8/26/82 
lkl Mean, standard deviation, and range mclude the very high value hsted m footnote (Jl 
(!)All values were corrected for percent retovery 
(m) The values were less than the detectiOn limit for the lots produted on 6/24/82 and 6/22/83 through 1/19/84 
In) BHC = hexachlorocyclohexane or benzene hexachlonde 
loJ There was one observatwn above the detectwn limit The value and the date It wa& obtamed IS h&ted under the range 
I p J Twelve lots contamed more than 0 05 ppm 
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APPENDIX H. AUDIT SUMMARY 


The pathology specimens, experimental data, study documents, and preliminary draft (April 1988) of 
NTP Technical Report No. 365 for the 2-year studies ofPETN, NF, in rats and mice were audited for 
the National Institute of Environmental Health Sciences (NIEHS) at the National Toxicology Pro
gram (NTP) Archives by Argus Research Laboratories, Inc. The audit included review of: 

(1) 	 All records concerning animal receipt, quarantine, randomization, and disposition prior to 
study start. 

(2) 	 All inlife records including protocol, correspondence, animal husbandry, environmental con
ditions, dosing, external masses, mortality, animal identification, and serology. 

(3) 	 Feed consumption, body weight and clinical observation data; all data were scanned before a 
random 10% sample ofanimals in each study group was reviewed in detail. 

(4) 	 All chemistry records. 
(5) 	 All postmortem records for individual animals concerning date of death, disposition codes, 

condition codes, tissue accountability, correlation of masses or clinical signs recorded at the 
last inlife observation with gross observations and microscopic diagnoses, and correlations be
tween gross observations and microscopic diagnoses. 

(6) 	 All wet tissue bags for inventory and wet tissues from a random 20% sample of animals in 
control and high dose groups, plus other relevant cases, to evaluate the integrity of individual 
animal identity and to examine for untrimmed potential lesions. 

(7) 	 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. 

(8) 	 Necropsy record forms for data entry errors and all original and updated microscopic diag
noses for a random 20% sample of animals to verify computer data entry and their incorpo
ration into the final pathology tables. 

(9) 	 Correlation between the data, results, and procedures for the 2-year studies presented in the 
preliminary draft of the Technical Report and the records available at the NTP Archives. 

Procedures and events during the exposure phase of the studies were documented adequately by the 
archival records with some exceptions: disposition of extra animals, the randomization of animals to 
the study groups, and the light cycle and air change rate for the animal room were not documented. 
Tissue bags were not present for one high dose rat (but which had documents and diagnoses present) 
and for one control male rat. Review of data from the entire exposure phase indicated that husbandry 
practices were consistently followed during the course of the studies. Records documented that for
mulated diets were prepared, stored, analyzed, and administered to animals according to protocols. A 
few body weight fluctuations occurred during the first 5 months of the studies but showed no apparent 
association with husbandry or environmental factors. Clinical observations of signs and masses for 
individual animals were made consistently. A few inconsistencies were noted among various inlife 
documents for recording clinical observations. Three inlife masses were recorded within 30 days of 
necropsy, one each in control, low dose, and high dose male rats; there were no corresponding lesions 
in the residual wet tissues or in microscopic diagnoses. Survival records for all animals were re
viewed and found to be correct except for the mode of death for one control male rat and the date of 
death for one low dose male rat and one high dose male mouse. These differences had no effect on the 
overall survival values for their study groups. 

Review of the pathology specimens showed that identifiers (punched ears) were saved consistently 
and read correctly for 44/55 rats examined and 62178 mice examined. The review of residual wet tis
sues resolved all but two identification discrepancies in both species which were attributed to either 
improper ear punching or mutilation. Inspection of the residual wet tissues for 55 rats and 78 mice 
detected untrimmed potential lesions in the stomach (nontarget organ) of three rats and in the liver 
(target organ) of one rat. Gross observations made at necropsy correlated with microscopic observa
tions in all cases. 

Full details about these and other audit findings are presented in the audit reports on file at the 
NIEHS. In conclusion, the data and factual information presented in the preliminary draft of the 
Technical Report are supported by the study records at the NTP Archives. 
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