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N-METHYLOLACRYLAMIDE 

CAS No. 924-42-5 

Molecular weight 101.1 

Synonyms: N -(hydroxymethy l )aery !amide; N-(hydroxymethy l)-2-propenamide; 

N -methanolacry !amide; monomethylolacry lamide 


ABSTRACT 

N-Methylolacrylamide is a cross-linking agent used in adhesives, binders for paper, crease-resistant 
textiles, resins, latex film, and sizing agents. Toxicology and carcinogenesis studies were conducted 
by administering N-methylolacrylamide (98% pure) in water by gavage to groups of F344/N rats and 
B6C3Fl mice of each sex for 16 days, 13 weeks, or 2 years. In vitro genetic toxicology studies were 
conducted in Salmonella typhimurium and Chinese hamster ovary (CHO) cells; an in vivo bone mar
row micronucleus test was performed with B6C3Fl mice. Neurobehavioral assays were performed 
during the 13-week studies. 

Sixteen-Day Studies: The doses of N-methylolacrylamide used ranged from 25 to 400 mg/kg. All rats 
that received 400 mg/kg died within 4 days, and 3/5 male rats that received 200 mg/kg also died be
fore the end of the studies. Compound-related clinical signs seen with 200 mg/kg included ataxia, 
muscle tremors, and hyperirritability. Ataxia after dosing was observed from day 7 to the end of the 
studies for rats that received 100 mg/kg. The final mean body weight of male rats that received 100 or 
200 mg/kg was 10% or 27% lower than that of the vehicle controls. The final mean body weight of fe
male rats that received 200 mg/kg was 20% lower than that of the vehicle controls. Compound
related lesions in rats included hyperplasia of the bronchiolar and tracheal epithelium, dysplasia of 
the nasal and tracheal epithelium, centrilobular hepatocellular necrosis, lymphoid depletion of the 
spleen, and myelin degeneration of the lumbar ventral spinal nerve. 

All5 male and 4/5 female mice that received 400 mg/kg N-methylolacrylamide died on the second day 
of the 16-day studies. The surviving female mouse in the 400 mg/kg group and the male and female 
mice in the 200 mg/kg groups were ataxic after they were dosed, starting on day 2. Weight changes 
were inconsistent among dose groups. Bronchial epithelial hyperplasia (mild) appeared to be dose 
related in males and females. Sinusoidal congestion of the liver and vacuolar degeneration of myo
cardial fibers were seen in males and females given 400 mg/kg. 

Thirteen-Week Studies: The doses of N-methylolacrylamide used ranged from 12.5 to 200 mg/kg. All 
rats that received 100 or 200 mg/kg died before the end of the studies. Rats that received 100 or 200 
mg/kg had hind limb ataxia, which progressed to hind limb paralysis. Rats that received 50 mg/kg 
had hind limb ataxia beginning at week 8, which progressed to hind limb paresis by week 11. The fi
nal mean body weight ofrats that received 25 or 50 mg/kg was 8% or 16% lower than that of the vehi
cle controls for males and 6% or 10% lower for females. In neurobehavioral assessments, decreased 
forelimb and hind limb grip strength was seen at doses as low as 25 mg/kg for female rats and at doses 
as low as 12.5 mg/kg for male rats. A decreased startle response was seen for females at doses as low 
as 25 mg/kg. The landing foot spread was significantly increased for male and female rats that re
ceived 50 mg/kg. 
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Axon filament and myelin sheath degeneration of the brain stem, spinal cord, and/or peripheral 
nerves was seen in rats at increased incidences at 25 mg/kg and higher doses. Inflammation and/or 
hemorrhage and edema of the urinary bladder mucosa were seen with doses of 25 mg/kg or more in a 
few rats that had distended bladders at gross examination. 

All mice that received 200 mg/kg N-methylolacrylamide died before the end of the studies. Final 
mean body weights of dosed and vehicle control mice were similar. A decreased relative testis weight 
was observed for mice that received 12.5 mg/kg or more. The relative kidney weights for male mice 
receiving 50 or 100 mg/kg were greater than that for vehicle controls. Neurobehavioral studies indi
cated decreased forelimb grip strength in male and female mice at doses as low as 25 mg/kg. An exag
gerated startle response was seen for female mice given 100 mg/kg. A reduction in rotarod per
formance was seen for male and female mice receiving 100 mg/kg and for male mice receiving 25 
mg/kg. 

Hepatocellular necrosis and thymic lymphocytic necrosis were compound-related effects in mice 
given 200 mg/kg N-methylolacrylamide. Hemorrhage, necrosis, and mineralization of the zona retic
ularis of the adrenal gland were present in 3110 female mice given 200 mg/kg, and cytoplasmic vacu
olization of the adrenal cortex was seen with lower doses. 

Based on the results of these short-term studies, 2-year studies were conducted by administering 0, 6, 
or 12 mg/kg N-methylolacrylamide in water by gavage, 5 days per week for 103 weeks, to groups of 50 
rats of each sex. Groups of 50 mice of each sex were administered 0, 25, or 50 mg/kg on the same 
schedule. 

Body Weight and Survival in the Two-Year Studies: Mean body weights of dosed rats were within 6% 
of those of vehicle controls throughout most of the studies. Mean body weights of dosed mice were as 
much as 25% greater than those of vehicle controls for females and as much as 13% greater for males. 
The survival of female rats given 25 mg/kg per day was lower than that of vehicle controls after day 
550, but survival of female rats given 50 mg/kg per day was not different from that of vehicle controls 
(vehicle control, 35/50; low dose, 22/50; high dose, 33/50). No differences in survival were observed be
tween any other groups of rats or mice of either sex (male rats: 28/50; 22/50; 27 /50; male mice: 30/50; 
20/50; 21150; female mice: 41150; 35/50; 33/50). 

Nonneoplastic and Neoplastic Effects in the Two-Year Studies: In rats, no biologically important non
neoplastic or neoplastic lesions were attributed to administration of N-methylolacrylamide. Higher 
doses might have increased the sensitivity of the studies to determine the presence or absence of a 
carcinogenic response. 

In mice, the incidences of adenomas of the Harderian gland were increased in males given either dose 
of N-methylolacrylamide and in females given the top dose (male: vehicle control, 1148; low dose, 
14/49; high dose, 29/50; female: 5/47; 8/45; 20/48). The incidences of carcinomas of the Harderian 
gland were not significantly increased by N-methylolacrylamide administration (male: 1/48; 0/49; 
2/50; female: 0/47; 3/45; 2/48). 

The incidences of hepatocellular adenomas were increased in male and female mice given 50 mg/kg 
N-methylolacrylamide (male: 8/50; 4/50; 19/50; female: 3/50; 4/50; 17/49). The incidences of hepato
cellular carcinomas were also marginally increased in dosed male mice (male: 6/50; 13/50; 12/50; fe
male: 3/50; 3/50; 2/49). Hepatocellular adenomas and carcinomas (combined) occurred with positive 
trends, and the incidences in male and female mice receiving 50 mg/kg were increased compared with 
those in the vehicle controls (male: 12/50; 17/50; 26/50; female: 6/50; 7/50; 17/49). 
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Chronic inflammation and alveolar epithelial hyperplasia of the lung were observed at increased inci
dences in mice given N-methylolacrylamide. Sentinel mice were seropositive for Sendai virus at 18 
months. The incidences of alveolar/bronchiolar adenomas (3/49; 6/50; 11/50) and carcinomas (2/49; 
4/50; 10/50) were increased in male mice given 50 mg/kg. Alveolar/bronchiolar adenomas or carcino
mas (combined) occurred with a positive trend in male mice (5/49; 10/50; 18/50). The incidence of al
veolar/bronchiolar adenomas or carcinomas (combined) was increased in female mice given the top 
dose of 50 mg/kg (6/50; 8/50; 13/49). 

Ovarian atrophy was observed at increased incidences in female mice receiving N-methylolacryl
amide (3/50; 39/45; 38/47). The incidences of benign granulosa cell tumors were also increased in the 
dosed groups (0/50; 5/45; 5/47). 

The incidence of adenomas of the pars distalis in high dose female mice was significantly lower than 
that in vehicle controls (13/49; 5/14; 4/43). 

Genetic Toxicology: N-Methylolacrylamide was not mutagenic in S. typhimurium strains T A97, 
TA98, TA100, or TA1535 when tested with or without exogenous metabolic activation. N-Methylol
acrylamide induced both sister chromatid exchanges (SCEs) and chromosomal aberrations in CHO 
cells with and without metabolic activation. No increase in micronucleated polychromatic erythro
cytes (PCEs) was observed in the bone marrow of B6C3Fl mice after intraperitoneal injection of N
methy lolacry !amide. 

Conclusions: Under the conditions of these 2-year studies, there was no evidence of carcinogenic ac
tivity* of N-methylolacrylamide for male or female F344/N rats receiving doses of 6 or 12 mg/kg per 
day by aqueous gavage. There was clear evidence ofcarcinogenic activity of N-methylolacrylamide for 
male B6C3Fl mice, based on increased incidences of neoplasms of the Harderian gland, liver, and 
lung. There was clear evidence of carcinogenic activity of N-methylolacrylamide for female B6C3Fl 
mice, based on increased incidences of neoplasms of the Harderian gland, liver, lung, and ovary. 

In rats, because no biologically important toxic effects were attributed to N-methylolacrylamide ad
ministration, somewhat higher doses could have been used to increase the sensitivity of these studies 
for determining the presence or absence of a carcinogenic response. In female mice, ovarian atrophy 
was compound related. 

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 7. 

A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 10. 
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St:MMARY OF THE TWO-YEAR GAVAGE AND GENETIC TOXICOLOGY STUDIES OF 
N-METHYLOLACRYLAMIDE 

Male F344/N Rats Female F344/N Rats Male B6C3F 1 Mice Female B6C3F1 Mice 

Doses 
0, 6, or 12 mglkg 0,6,or 12 mglkg 0, 25, or 50 mg/kg 0, 25, or 50 mg/kg 
N-methylolacry !amide N-methylolacrylamide N-methylolacry !amide N- methyloI aery !amide 
in water, 5 d/wk in water, 5 d/wk in water, 5 d/wk in water, 5 d/wk 

Body weights in the 2-year study 
Dosed slightly lower than Dosed slightly lower than Dosed greater than vehicle Dosed greater than vehicle 
vehicle controls vehicle controls controls controls 

Survival rates in the 2-year study 
28/50; 22/50; 27/50 35/50; 22150; 33150 30150; 20150; 21/50 41150; 35/50; 33/50 

Nonneoplastic effects 
None None None Ovarian atrophy 

Neoplastic effects 
None None 	 Adenomas of the Harderian Adenomas of the Harderian 

gland (1/48; 14/49; 29/50l; gland (5/47; 8/45; 20/48); 
hepatocellular adenomas or hepatocellular adenomas 
carcinomas (combined) ( 12/50; (3/50; 4/50; 17/49>; benign 
17/50; 26/50>; alveolar/bron granulosa cell tumors of 
chiolar adenomas or carcino the ovary (Q/50; 5/45; 5/47); 
mas (combined> (5/49; 10/50; alveolar/bronchiolar ade
18/50) nomas or carcinomas (com

bined)(6/50; 8/50; 13/49> 

Level of evidence of carcinogenic activity 
No evidence No evidence Clear evidence Clear evidence 

Genetic toxicology 
S. typhimurium CHO Cells in Vitro 	 Mouse Bone Marrow 

(gene mutation) SCE Aberration Micronucleated PCE 

Negative with and Positive with and Positive with and Negative 

without89 without 89 without 89 
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY 

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

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

• 	 Clear Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a dose-related 
I il increase of malignant neoplasms, Iii) increase of a combination of malignant and benign neoplasms, or I iii l marked 
increase of benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress 
to malignancy. 

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

• 	 Equivocal Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a mar
ginal increase of neoplasms that may be chemically related. 

• 	 No Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing no chemically re
lated increases in malignant or benign neoplasms. 

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

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

• 	 The adequacy of the experimental design and conduct; 
• 	 Occurrence of common versus uncommon neoplasia; 
• 	 Progression lor lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions; 
• 	 Some benign neoplasms have the capacity to regress but others (of the same morphologic type l progress. At present, it 

is impossible to identify the difference. Therefore, where progression is known to be a possibility, the most prudent 
course is to assume that benign neoplasms of those types have the potential to become malignant; 

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

• 	 Latency in tumor induction; 
• 	 Multiplicity in site-specific neoplasia; 
• 	 Metastases; 
• 	 Supporting information from proliferative lesions !hyperplasia) in the same site of neoplasia or in other experiments 

(same lesion in another sex or species!; 
• 	 The presence or absence of dose relationships; 
• 	 The statistical significance of the observed tumor increase; 
• 	 The concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm; 
• 	 Survival-adjusted analyses and false positive or false negative concerns; 
• 	 Structure-activity correlations; and 
• 	 In some cases, genetic toxicology. 
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SUMMARY OF PEER REVIEW COMMENTS 

ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 


N-METHYLOLACRYLAMIDE 


On October 3, 1988, the draft Technical Report on the toxicology and carcinogenesis studies of N
methylolacrylamide received public review by the National Toxicology Program Board of Scientific 
Counselors' Technical Reports Review Subcommittee and associated Panel of Experts. The review 
meeting was held at the National Institute of Environmental Health Sciences, Research Triangle 
Park, NC. 

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

Dr. Ashby, a principal reviewer, agreed with the conclusions. He said that since there was more than 
one tumor site supporting the level of evidence, perhaps some indication could be given regarding the 
tumor incidence(s) from which the category of evidence was primarily derived. Dr. Bucher replied 
that each tumor site was evaluated separately and the inclusion of several sites in the conclusion in
dicated that all fulfilled the criteria for the category specified. Dr. Ashby asked whether the presence 
of Sendai virus might invalidate the findings for lung tumors in mice. He also noted that the chem
ical seemed to be a specific clastogen, much like acrylamide, so despite a negative Ames test, N-meth
ylolacrylamide should be considered to be genotoxic. 

Dr. Klaassen, the second principal reviewer, agreed with the conclusions. 

Dr. Popp, the third principal reviewer, agreed with the conclusions. He stated that the criteria used 
for dose selection for the 2-year studies in rats based on the shorter term study results were correct, 
even though the 2-year results indicated that higher doses could have been used. Dr. Popp also asked 
for clarification of the impact of Sendai virus infection on the incidence of lung tumors in mice. Dr. 
Bucher said that recent analysis of a large number of studies indicated no difference in the incidence 
of lung tumors between Sendai positive and Sendai negative control groups. This analysis also did 
not indicate a cocarcinogenic effect of Sendai in the induction of 1ung tumors by chemicals; however, a 
cocarcinogenic effect with N-methylolacrylamide could not be ruled out. 

Dr. Ashby moved that the Technical Report on N-methylolacrylamide be accepted with the revisions 
discussed and with the conclusions as written for male and female rats, no evidence of carcinogenic 
activity, and for male and female mice, clear evidence of carcinogenic activity. Dr. Klaassen seconded 
the motion, which was approved unanimously by the nine panelists. 
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I. INTRODUCTION 


0 
II 

CH2=CH-C -NH-CH20H 

N-METHYLOLACRYLAMIDE 

CAS No. 924-42-5 

Molecular weight 101.1 

Synonyms: N-(hydroxymethyl)acrylamide; N-(hydroxymethyl)-2-propenamide; 
N-methanolacrylamide; monomethylolacrylamide 

Physical Properties, Production, and Use 

N-methylolacrylamide is a stable, water-soluble, 
white, crystalline solid with a melting point of 
74''-75° C (Feuer and Lynch, 1953). The com
pound was first synthesized and isolated by 
Feuer and Lynch by the reaction of acrylamide 
with paraformaldehyde in the presence of cata
lytic amounts of colloidal sodium. Currently, 
the material is available for most commercial 
applications as an aqueous solution (48% by 
weight) that contains less than 5% acrylamide 
(by weight) and less than 2% formaldehyde. Pre
cise production data are not available, but the 
TSCA Inventory lists 12 manufacturers in the 
United States with a total production capacity of 
between 1 and 20 million pounds per year 
(USEPA, 1977). 

N-methylolacrylamide is a bifunctional mono
mer possessing both vinyl and hydroxymethyl 
groups. Polymers of the material can be formed 
through the vinyl group, leaving the hydroxy
methyl group free for subsequent cross-linking 
reactions without the need for an external cross
linker. The hydroxymethyl group also can be 
linked first to a substrate such as cellulose and 
subsequently cross-linked by free radical poly
merization (American Cyanamid, 1986a). N
methylolacry I amide is used in adhesives and 
binders for paper, textiles, and nonwoven ma
terials; in surface coatings; and in resins in var
nishes, latex films, and sizing agents (American 
Cyanamid, 1986b). Cross-linking with N-meth
ylolacrylamide is thought to impart a soft, 
smooth handle and crease resistance to finished 
cotton material (BASF, 1973). The Food and 
Drug Administration approves and regulates 
the use of N-methylolacrylamide in adhesives 

that come into contact with food (CFR, 1977). 
Acrylamide and related polymers cannot exceed 
2% of the weight of adhesives in food packaging. 

Human Exposure and Health Effects 

No data on human exposure to N-methylolacryl
amide were found in the literature. No occupa
tional standard for exposure to this compound 
has been established by the Occupational Safety 
and Health Administration. According to the 
American Cyanamid :\1aterial Safety Data 
Sheet (American Cyanamid, 1982), nervous sys
tem disturbances may follow repeated exposure 
by skin contact or inhalation of dry dusts. No 
epidemiologic studies or case reports of human 
health effects from exposure to N-methylolacryl
amide were found in the literature. No informa
tion was found on the environmental occurrence 
or fate of N-methylolacrylamide. 

Short-Term Toxicity Studies 

The LDso values of N-methylolacrylamide are 
0.4 g/kg for mice (oral administration) and ap
proximately 16 g/kg for rabbits (dermal adminis
tration) (American Cyanamid, 1982). N-Meth
ylolacrylamide caused mild-to-marked irritation 
after application of 2-16 g/kg to the skin of rab
bits and after application of an unspecified 
amount to the eye of rabbits. Toxicity appears 
largely restricted to the monomer; aery !amide 
polymers are thought to pose little hazard to 
public health or to the environment (Kirk
Othmer, 1978). Barnes (1970) gave seven aque
ous doses of 100 mg/kg N-methylolacrylamide by 
gavage to six rats over 12 days and followed this 
2 weeks later with two doses of 200 mg/kg. The 
only signs of gross toxicity were fine tremors. 
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No signs of urine retention, an effect commonly 
seen in rats dosed with acrylamide, were ob
served when the rats were killed 37 days after 
the initial dose. 

Acrylamide Toxicity 

Almost all published toxicology studies on N
methylolacrylamide have compared its toxicity 
with that of acrylamide and various acrylamide 
derivatives. Acrylamide is considered to be a po
tent neurotoxin that shows cumulative effects 
(for reviews, see McCollister et a!., 1964; 
Spencer and Schaumburg, 1974a,b; Tilson, 1981; 
IPCS, 1985; Miller and Spencer, 1985). A com
monly seen effect of exposure to acrylamide is 
degeneration of distal myelinated nerve fibers, 
termed "dying back," but effects are also seen in 
the central nervous system (Tilson, 1981; 
Cavanagh, 1982). Inhibition of slow, retrograde 
axonal transport has been found to precede func
tional signs of neuropathy (Miller and Spencer, 
1985). Acrylamide is known to react with sulf
hydryl groups, and enzyme inhibition has been 
postulated as a mechanism for acrylamide neu
rotoxicity (Spencer et a!., 1979). Acrylamide 
does not inhibit oxygen consumption by brain 
cortex slices or by isolated mitochondria (Hashi
moto and Aldridge, 1970), but Howland et a!. 
(1980a,b) identified a neuron-specific enolase ac
tivity that was sensitive to inhibition by acryl
amide, and they also showed that acrylamide in
hibited brain phosphofructokinase activity. 
Added glutathione was found to potentiate the 
acrylamide-induced enzyme inhibition in vitro, 
but glutathione depletion after diethylmaleate 
administration was associated with an earlier 
onset of hind limb paralysis than was seen in 
rats administered acrylamide only (Dixit et a!., 
1980a). Acrylamide dosing has also been shown 
to inhibit hepatic glutathione-S-transferase ac
tivity (Dixit eta!., 1980b). Kaplan eta!. (1973) 
suggested that acrylamide might produce toxic 
effects by interfering with the metabolism of 
pyridine nucleotides, and Tilson (1'981) docu
mented acrylamide-induced changes in dopa
mine receptor affinity and density in the central 
nervous system. Acrylamide is also a strong 
clastogen, as described below. Thus, acrylamide 
produces a variety of toxic effects, apparently 
through several mechanisms. 

Comparative Toxicity of 
N-Methylolacrylamide and Acrylamide 

Hashimoto and Aldridge (1970) determined the 
LDso value of N-methylolacrylamide for male 
Porton rats to be 563 ± 20 mg/kg, compared 
with 203 mg/kg for acrylamide. Intraperitoneal 
injections of up to 100 mg/kg of acrylamide or N
methylolacrylamide twice per week resulted in 
onset of ataxia and weight loss at 4 weeks in the 
acrylamide-dosed groups, but no effects were ob
served after 10 weeks in the N-methylolacryl
amide groups. However, feeding rats a diet con
taining 1,400 ppm N-methylolacrylamide for 1 
week preceding acrylamide injections and 700 
ppm during the week injections were adminis
tered caused an earlier onset of acrylamide tox
icity than that observed in acrylamide-injected 
rats fed control diets. Hashimoto and Aldridge 
found similar rate constants for the reaction in 
vitro of acrylamide and N-methylolacrylamide, 
under all conditions, with glutathione, protein 
sulfhydryl groups, and binding to hemoglobin. 
The extent of depletion of nonprotein sulfhydryl 
groups in the brain, spinal cord, and liver was 
similar after gavage administration of equal 
amounts of a-crylamide and N-methylol
acrylamide to rats, and the pattern of tissue and 
subcellular organelle distribution of the carbon
14 label was similar after administration of 
equal doses of [1-14C]acrylamide or [1-14C]N
methylolacrylamide. Radioactivity was found in 
all tissues examined, with high counts in the 
blood. Most of the label could not be extracted 
with 5% trichloroacetic acid, indicating protein 
binding. Radioactivity was found in all subcel
lular fractions of brain and liver in amounts re
lated to the protein content of the fractions. Lit
tle binding to nucleic acids was found. Reaction 
of sulfhydryl groups has been shown to occur 
with the vinyl group, which suggests that substi
tutions on the amide group may influence the 
neurotoxic effects. 

Edwards (1974) reported that N-methylolac
rylamide did produce neurotoxic effects similar 
to those of acrylamide, but was about one-fifth as 
potent, and that the neurotoxicity was probably 
not a result cf conversion to acrylamide in vivo. 
Male Porton rats given diets containing 1,800 
ppm N-methylolacrylamide for 1 week and then 
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diets containing 900 ppm for 5 weeks demon
strated slight ataxic effects that worsened when 
four additional intraperitoneal injections of N
methylolacrylamide at 50 mg/kg were given 
over the next 2 weeks (Edwards, 1975a). Tanii 
and Hashimoto (1983) gave male Wistar rats 
drinking water containing up to 13.8 mM N
methylolacrylamide for 90 days. They observed 
decreased weight gain and deficits in per
formance on a neurobehavioral test (rotarod). 
Examination of tibial and sural nerves showed 
microscopic evidence of shrinkage and loss of 
myelinated fibers, myelin retraction, and corru
gated myelin sheaths. [3H]Colchicine binding (a 
measure of neurotubulin content) was reduced 
by 50% in the sciatic nerve after 60 days of 
dosing with drinking water containing 13.8 mM 
N-methylolacrylamide. Similar effects on rota
rod performance were observed for male DDY 
mice given doses of N-methylolacrylamide at 
one-fifth to one-half the LDso value by gavage 
twice per week (Hashimoto et al., 1981). Neuro
behavioral effects were seen after 4 weeks. Si
multaneous intraperitoneal administration of 50 
mg/kg phenobarbital, 5 days per week, lessened 
the signs of neuropathy, presumably through 
stimulation of drug-metabolizing enzymes. 

Reproductive and Developmental Toxicity 

Hashimoto et al. (1981), as part of the above
mentioned study in mice, examined effects of N
methylolacrylamide dosing on the testis. These 
studies were conducted because of the reported 
degeneration of the testicular tubules of rats 
given acrylamide (McCollister et a!., 1964). 
Hashimoto et al. (1981) demonstrated degenera
tion of the epithelia of the seminiferous tubules 
including the spermatids and spermatocytes, re
duced spermatozoa, and reduced testicular 
weight after 8 weeks of gavage administration 
(twice per week with 2.9 mmoVkg N-methylol
acrylamide). 

Sakamoto and Hashimoto (1986) reported there
sults from reproductive toxicity (dominant 
lethal) and sperm morphology tests with N
methylolacrylamide, acrylamide, and two other 
structurally related compounds (N-methylacryl
amide andN-isopropylacrylamide) in DDY mice. 
They observed both significant increases in re
sorptions per dam and decreases in the number 

of fetuses per dam in females mated 1-8 days 
after exposure to males administered 4.3 mM N
methylolacrylamide in drinking water for 6 
weeks or 1.2 mM acrylamide for 4 weeks. Ad
ministration of acrylamide also caused a reduc
tion in the fertility of dosed males. Both acryl
amide and N-methylacrylamide produced signif
icant decreases in sperm count and increases in 
abnormal sperm morphology in males examined 
immediately after exposure. Reproductive toxic
ity was also observed with the other two acryl
amide analogs. 

Zenick et al. (1986) demonstrated impaired cop
ulatory behavior of male rats given acrylamide 
in drinking water and increased postimplanta
tion losses at doses that affected neurobeha vi
oral characteristics but not the morphology of 
ejaculated sperm or histopathology of the testis. 
They also found that lower weight pups were 
born to females that had been exposed through 
drinking water for 2 weeks before they were 
mated with untreated males and that had been 
continually exposed throughout gestation and 
lactation. Acrylamide given to pregnant rats at 
doses that caused neuropathy to the dams did 
not affect survival, growth, or development of 
the pups (Edwards, 1976). Studies of acrylamide 
distribution outlined below have shown a 
marked affinity of acrylamide for spermatids. 

Distribution and Metabolism 

The blood concentration of N-methylolacrylam
ide decreased, with a half-life of 1.55 hours after 
a single 140 mg/kg intravenous dose to male 
Porton rats (Edwards, 1975b). Extrapolation to 
zero time gave a concentration close to the theo
retical value for distribution in total body water. 
No studies on the excretion of N-methylolacryl
amide have been reported, but with [vinyl
14C]acrylamide, Miller et al. (1982) showed simi
lar kinetics for removal from plasma, with an 
initial half-life of approximately 2 hours. Elimi
nation of radioactivity from most tissues was hi
phasic, with a first-phase half-life of less than 5 
hours and a second phase of about 8 days, al
though unmetabolized acrylamide could no 
longer be isolated from any tissue after day 1. 
Distribution of label was as follows: muscle, 
48%; skin, 15%; blood, 12%; liver, 7%; and 
neural tissues, less than 1%. Only erythrocytes 
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concentrated radioactivity. Within 24 hours, 
62% of the radioactivity was excreted in the 
urine; 71% was excreted within 7 days by this 
route. No [14C]carbon dioxide was observed in 
expired air. Fecal excretion was minimal (6% by 
7 days), but within 6 hours, 15% of the radio
activity was found in the bile, suggesting entero
hepatic circulation. The major labeled material 
found in the urine was N-acetyl-S-(3-amino-3
oxypropyl)cysteine, a product of glutathione con
jugation. The only organ that showed a some
what delayed uptake was the testis (Miller et al., 
1982). This was confirmed in whole body auto
radiography studies by Marlowe et al. (1986). 
With acrylamide (with the vinyl moiety labeled), 
accumulation in the male reproductive tract 
peaked in the testis within 3 hours of oral 
dosing, and the label appeared to move subse
quently to the seminiferous tubules, to the head 
of the epididymis, and by 9 days to the crypts of 
the epithelium of the glans penis. This is not 
consistent with labeling of spermatogonia but 
could represent binding to spermatids or large 
molecules within the seminiferous tubules. As 
detailed below, Shelby et al. (1986) performed a 
dominant lethal test with acrylamide in various 
strains of mice and reported increased percent
ages of dead implants in a time pattern consis
tent with effects on late spermatids and early 
spermatozoa. 

Genetic Toxicity 

N-Methylolacrylamide was not mutagenic in 
several strains of Salmonella typhimurium in 
either the presence or absence of exogenous 
metabolic activation (Hashimoto and Tanii, 
1985; Zeiger et al., 1988). These results, coupled 
with the positive dominant lethal test in DDY 
mice (Sakamoto and Hashimoto, 1986; see page 
14, this report) indicate an activity profile sim
ilar to acrylamide, which is an in vitro and in 
vivo eukaryotic mutagen whose clastogenic ef
fect in vivo appears more pronounced in germ 
cells than in somatic cells (Dearfield et al., 
1988). Salmonella tests with acrylamide gen
erally indicate no mutagenic activity (Lijinsky 
and Andrews, 1980; Hashimoto and Tanii, 1985; 
Knaap et al., 1988), with one exception. Zeiger 
et al. (1988) reported that in one of two labora
tories that tested acrylamide for mutagenicity in 
S. typhimurium, a weakly positive response was 

observed over a dose range of 100-10,000 Jlg/ 
plate in strain TA100 in the presence of Aroclor 
1254-induced male Syrian hamster liver S9. 
This response was not repeated in the second 
laboratory. Results of unpublished NTP tests in 
cultured Chinese hamster ovary cells showed 
that acrylamide induced both chromosomal 
aberrations and sister chromatid exchanges 
(SCEs) with and without exogenous metabolic 
activation. 

Carlson and Weaver (1985) demonstrated in 
vivo binding of acrylamide to DNA of lung, tes
tis, stomach, and skin of mice, 6 hours after oral 
or dermal administration of radio labeled chemi
cal. This observation is consistent with the uni
formly positive in vivo genotoxicity test results 
with acrylamide. Acrylamide has been shown to 
induce dominant lethal mutations in both rats 
(Smith et al., 1986) and mice (Shelby et al., 
1986), inherited translocations in mice (Shelby 
et al., 1986), and SCEs, chromosomal aberra
tions, and micronuclei in mouse bone marrow 
cells (NTP, unpublished data). 

Smith et al. (1986) observed an increase in post
implantation losses in untreated Long-Evans fe
male rats mated to males that had received 30 or 
60 ppm acrylamide in drinking water for 72 
days; matings with males that had received 60 
ppm also resulted in increased preimplantation 
losses. No significant increase in chromosomal 
aberrations in spermatocytes was observed in 
males analyzed immediately or 12 weeks after 
completion of the breeding studies. The results 
indicate that acrylamide is less effective in pro
ducing clastogenic effects in spermatogenic cells 
than in postmeiotic sperm cells. 

Shelby et al. (1986) reported induction of domi
nant lethal mutations in (C3H X 101)Fl male 
mice mated to females of T -stock or of (SEC X 
C57BL6)Fl or (C3H X 101)Fl hybrid stock. 
Their studies demonstrated a peak response for 
an increased incidence of dead implants from 
matings 4.5-11.5 days after males were given a 
single intraperitoneal injection of 125 mg/kg; 
the magnitude of response was similar with T
stock and (SEC X C57BL6)Fl females. These 
results indicate that late spermatids and early 
spermatozoa are the stages most susceptible to 
clastogenic damage by acrylamide. Injection of 
males with acrylamide at 50 mg/kg per day for 5 
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days (total dose of 250 mg/kg) induced approxi
mately twice the dominant lethal effect of the 
single 125 mg/kg dose in matings with T-stock 
females, and the response with T-stock females 
was greater than that with (C3H X 100Ft hy
brid females. 

Shelby et al. (1987) reported positive results 
with acrylamide in the mouse heritable translo
cation test. They detected a high frequency of 
translocations in the offspring derived from 
matings performed 7-10 days postinjection be
tween untreated (SEC X C57BL)F 1 female mice 
and male (C3H X lOllFt mice injected once per 
day for 5 days with 50 mg/kg acrylamide (same 
dosing scheme that produced over 70% dominant 
lethality in the previous investigations). These 
F1 translocation carriers were derived from 
germ cells treated as late spermatids or early 
spermatozoa. 

The induction of chromosomal aberrations in the 
germ cells of mice fed 500 ppm acrylamide in 
feed for 3 weeks is further evidence of the in vivo 
genetic effects of acrylamide (Shiraishi, 1978). 
Shiraishi was not able to demonstrate induction 
of chromosomal aberrations in the bone marrow 
cells of these same mice. However, aneuploidy 
and polyploidy were observed in both the bone 
marrow and spermatogonial cells, leading the 
author to suggest that acrylamide exerts at least 
some of its effect through disruption of cyto
plasmic microtubules and spindle formation. No 
increase in the SCE frequency was observed in 
either tissUE!. 

Subsequent studies conducted by the NTP, in 
which male B6C3Ft mice were given intraperi
toneal injections of 40-160 mg/kg acrylamide, 
demonstrated that acrylamide can induce chro
mosomal aberrations and SCEs, as well as mi
cronuclei, in bone marrow cells but the response 
in somatic cells appeared to be less than that in 
germ cells (NTP, unpublished results). 

Carcinogenicity 

No reports of carcinogenicity studies of N-meth
ylolacrylamide in animals were found in the 
literature. Acrylamide has been studied for car
cinogenic effects in several animal species. 
Groups of 40 female Sencar mice were adminis
tered acrylamide by gastric intubation, by intra

peritoneal injection, or topically to the shaved 
back in six applications over a 2-week period, 
with cumulative doses of 75, 150, and 300 mg/kg 
(Bull et al., 1984). Two weeks later, a tumor
promotion regimen was begun with 1.0 pg 12-0
tetradecanoyl-phorbol-13-acetate applied to the 
back of each animal three times per week for 20 
weeks. A dose-related increased incidence of 
skin tumors was seen with each route of admin
istration, and acrylamide was found to be ap
proximately equal to urethane in potency as an 
initiator. These investigators also assessed the 
carcinogenicity of acrylamide in the strain A 
mouse lung bioassay. Groups of 40 male and fe
male NJ mice were given oral doses of 6.25, 
12.5, or 25 mg/kg three times per week for 8 
weeks. After 9 months, the mice were killed and 
lung tumor incidences were evaluated. Dose
related increased incidences of lung tumors were 
found in the oral administration studies and also 
when mice were evaluated 8 months after intra
peritoneal injections of 1-60 mg/kg acrylamide 
three times per week for 8 weeks. 

In a 2-year toxicity and carcinogenicity study of 
acrylamide, the chemical was administered in 
drinking water at doses of 0, 0.01, 0.1, 0.5, or 2 
mg/kg body weight (Johnson et al., 1986). In fe
male F344 rats, increased tumor incidences were 
observed in the mammary gland, central 
nervous system, thyroid gland follicular epithe
lium, oral tissues, uterus, and clitoral gland; 
males showed increased tumors of the scrotal 
mesothelium, thyroid gland follicular epithe
lium, and central nervous system. Based on this 
and other information, IARC has determined 
that there is sufficient evidence to consider ac
rylamide carcinogenic in experimental animals 
(IARC, 1986). 

Study Rationale 

N-methylolacrylamide was nominated for study 
by the National Cancer Institute from a group of 
specialty chemicals used in the textile industry. 
Concern centered around its structural relation
ship to the carcinogens acetamide and acryloni
trile, and this concern was justified by the subse
quent demonstration of carcinogenic effects of 
acrylamide. Gavage in water was chosen as the 
route of administration because of the high 
solubility of the compound in water and the 
dosing precision afforded by this method. 
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PROCUREMENT AND 
CHARACTERIZATION OF 
N-METHYLOLACRYLAMIDE 

N-:vlethylolacrylamide was obtained as a white, 
microcrystalline powder in one lot (lot no. 1-45
000) from the Gallard Schlesinger Chemical 
Manufacturing Corporation (Carle Place, NY). 
Purity and identity analyses were conducted at 
Midwest Research Institute (MRI) (Kansas City, 
MOl. MRI reports on the analyses performed in 
support of the N-methylolacrylamide studies are 
on file at the National Institute of Environ
mental Health Sciences. 

The study chemical was identified as N-methyl
olacrylamide by infrared, ultraviolet/visible, 
and nuclear magnetic resonance spectroscopy. 
The infrared spectrum (Figure 1) was consistent 
with that expected for the structure and with 
spectra found in the literature (Sadtler Standard 
Spectra). The ultraviolet/visible and nuclear 
magnetic resonance (Figure 2) spectra were con
sistent with those expected for the structure of 
N- methylolacry !amide. 

The purity of lot no. 1-45-000 was determined to 
be approximately 98% by elemental analysis, 
Karl Fischer water analysis, thin-layer chroma
tography, high-performance liquid chromatogra
phy, gas chromatography, and iodometric back 
titration with 0.1 N sodium thiosulfate (after 
bromination of the vinyl group with acidified 0.1 
N aqueous bromate-bromide solution followed 
by the addition of excess potassium iodide solu
tiorl). Thin-layer chromatography was per
formed with silica gel plates and a solvent sys
tem of toluene:acetone (50: 50) (system 1) or chlo
roform: methanol (75:25) (system 2). High-per
formance liquid chromatography was performed 
with a Whatman Partisil PXS PAC column with 
a solvent system of methylene chloride:meth
anol (98.5:1.5) and detection at 240 nm. Gas 
chromatographic analysis was performed with 
flame ionization detection, a nitrogen carrier, 
and a 10% Carbowax 20M column. The results 
of elemental analyses for carbon, hydrogen, and 
nitrogen were in agreement with the theoretical 
values. Water content was 0.11 %. Bromination 
of the vinyl group followed by back-titration in
dicated a purity of 98.1 %. Thin-layer chroma

tography by system 1 indicated a trace impurity 
and by system 2 indicated a trace impurity and a 
slight trace impurity. High-performance liquid 
chromatography indicated one impurity eluting 
before the major peak, with an area 0.21% that 
of the major peak. Gas chromatography indi
cated one impurity eluting before the major 
peak, with an area less than 0.1% of the major 
peak area. When N-methylolacrylamide solu
tions were analyzed, turbidity or undissolved 
particulate matter was noted. Evidence indi
cates that the insoluble impurity was present at 
less than 1% and may have been a polymer of N
methylolacrylamide, which would not have been 
detected by the analytical methods used. 

Stability studies performed with the gas chro
matographic system previously described indi
cated that N-methylolacrylamide was stable as a 
bulk chemical when kept for 2 weeks at tem
peratures up to 25° C. Marked decomposition of 
the compound was seen at 60° C. The study ma
terial was stored at 5° Cat the study laboratory. 
No deterioration of the study material was seen 
over the course of the studies. The purity of the 
chemical at the study laboratory was monitored 
by gas chromatography and titration with sodi
um thiosulfate. 

PREPARATION AND 
CHARACTERIZATION OF DOSE 
MIXTURES 

Weighed amounts of N-methylolacrylamide and 
deionized water were mixed to give the desired 
concentrations (Table 1 ). The stability of N
methylolacrylamide in water was determined by 
the gas chromatographic system previously de
scribed after dilution with methanol containing 
decyl alcohol as an internal standard; 1% solu
tions were stable when stored for 2 weeks at 
room temperature in the dark or when exposed 
for 3 hours to light and air. During the studies, 
N-methylolacrylamide/deionized water mix
tures were stored at 23° C for up to 2 weeks. 
Subsequent stability studies specifically de
signed to evaluate possible formaldehyde forma
tion during storage indicated a slow production 
offormaldehyde, with a maximum concentration 
of approximately 25 ppm in the high concen
tration mixture at the end of2 weeks. 
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TABLE 1. PREPARATION AND STORAGE OF DOSE MIXTURES IN THE GAVAGE STUDIES OF 
N-METHYLOLACRYLAMIDE 

Sixteen-Day Thirteen-Week Two-Year 

Studies Studies Studies 


Preparation 
N-methylolacrylamide was dissolved 
in deionized water, and serial dilu
tions were made for lower doses 

Maximum Storage Time 
2 wk 

Storage Conditions 
23° C in glass vials 

N-methylolacrylamide was placed in 
a graduated mixing cylinder, and de
ionized water was added and mixed. 
Serial dilutions with deionized water 
were made for lower doses 

2wk 

23° C in glass vials 

N-methylolacrylamide was added to a 
mixing column and diluted with de
ionized water. The solution was mixed 
by inversion, and serial dilutions with 
deionized water were made for lower 
doses 

2wk 

23° C in glass vials 

Periodic analysis of formulated N-methylol
acrylamide/deionized water dose mixtures was 
conducted at the study laboratory and the ana
lytical chemistry laboratory. Dose mixtures 
were diluted with methanol containing decyl al
cohol as an internal standard and analyzed by 
gas chromatography with a 10% Carbowax 20M
TPA column. Dose mixtures were analyzed once 
before the 13-week studies began and once 
during the 13-week studies (Table 2); the con
centration of one sample differed from the target 

concentration by more than 10%. 

During the 2-year studies, the dose mixtures 
were analyzed by the study laboratory at ap
proximately 8-week intervals. All 52 mixtures 
analyzed were formulated to within ± 10% of the 
target concentrations (Table 3). Results of the 
periodic referee analyses performed by the ana
lytical chemistry laboratory indicated generally 
good agreement with the results from the study 
laboratory (Table 4). 
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TABLE 2. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE THIRTEEN·WEEK GAVAGE STUDIES 
OF N·METHYLOLACRYLAMIDE 

Concentration of N·Methylolacrylamide 
in Water for Target Concentration (mg/ml) Determined as a 

Date Mixed Target Determined (a) Percent of Target 

07/07/81 

07/09/81 

08/20/81 

2.5 
5 

10 
20 
40 

10 

2.5 
5 

10 
20 
40 

2.5 
4.6 
8.9 

18.5 
37.4 

10.5 

2.6 
4.8 
9.4 

19.2 
39.1 

98.4 
92.8 

<b>89.1 
92.4 
93.6 

(C) 104.7 

104.0 
96.0 
94.0 
96.0 
97.8 

(al Results ofduplicate analysis 
(b) Out of specifications 
(c) Remix 

TABLE 3. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES OF 
N-METHYLOLACRYLAMIDE 

Concentration of N-Methylolacrylamide in Water 
for Target Concentration (mg/ml) (a) 

Date Mixed 1.2 2.4 5 10 

04/12/82 
04/26/82 
06/14/82 

(b) 08/16/82 
10/19/82 
12/13/82 
02/07/83 
04/12/83 
05/31/83 
08/02/83 
09/19/83 
11/14/83 
01/09/84 
03/06/84 

1.2 

1.24 
1.16 
1.09 
1.09 
1.16 
1.12 
1.18 
1.21 
1.20 
1.24 
1.13 
1.20 

2.3 

2.37 
2.25 
2.24 
2.14 
2.23 
2.24 
2.33 
2.22 
2.41 
2.44 
2.21 
2.39 

4.7 
4.92 
5.06 
4.79 
5.16 
4.83 
4.72 
5.02 
4.60 
4.68 
4.91 
4.72 
4.83 

9.4 
10.45 
10.02 
10.01 
9.80 
9.83 
9.26 

10.10 
9.33 
9.93 

10.24 
9.84 
9.82 

MPan (mg/mll 1.17 2.29 4.84 9.85 
Standard deviation 0.051 0.091 0.166 0.349 
Coe!1icient of variation (percent> 4.4 4.0 3.3 3.8 
Range (mg/mll 1.09-1.24 2.14-2.44 4.60-5.16 9.26-10.45 
Number of samples 13 13 13 13 

<a) Results ofduplicate analysis 
<b l Results offive analyses 
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TABLE 4. RESULTS OF REFEREE ANALYSIS OF DOSE MIXTURES IN THE TWO·YEAR GAVAGE 
STUDIES OF N·METHYLOLACRYLAMIDE 

Determined Concentration (mg/ml) 
Target Concentration Study Referee 

Date Mixed (mg/mll Laboratory (a) Laboratory (b) 

04/12/82 1.2 1.15 1.15 
10/19/82 2.4 2.24 2.35 
04/12/83 5.0 4.72 5.07 
11/14/83 10.0 10.24 9.82 

(a) Results of duplicate analysis 
(b) Results of triplicate analysis 

SIXTEEN-DAY STUDIES 

Male and female F344/.N' rats and B6C3F 1 mice 
were obtained from Harlan Industries and were 
held for 20 days before the studies began. The 
rats were approximately 7 weeks old when 
placed on study, and the mice were 9 weeks old. 

Groups of five rats and five mice of each sex were 
administered 0, 25, 50, 100, 200, or 400 mg/kg N
methylolacrylamide in deionized water by ga
vage 5 days per week for 12 doses over 16 days. 
Details of animal maintenance are presented in 
Table 5. 

Animals were housed five per cage. Water and 
feed were available ad libitum. The rats and 
mice were observed two times per day and were 
weighed on days 1 and 7 and at necropsy. A nec
ropsy was performed on all surviving animals. 
The liver, thymus, right kidney, heart, brain, 
and lungs were weighed at necropsy. Histologic 
examinations were performed. Groups and tis
sues examined are given in Table 5. 

THIRTEEN-WEEK STUDIES 

Thirteen-week studies were conducted to evalu
ate the cumulative toxic effects of repeated ad
ministration of N-methylolacrylamide and to de
termine the doses to be used in the 2-year 
studies. 

Four-week-old male and female F344/N rats and 
5-week-old male and female B6C3F1 mice were 
obtained from Charles River Breeding Labora
tories, observed for 19 or 20 days (rats) or 26 or 
27 days (mice), assigned to weight classes, and 

distributed to cages according to a table of ran
dom numbers. Cages were assigned to groups 
according to another table of random numbers. 

Groups of 10 rats and 10 mice of each sex were 
administered 0, 12.5, 25, 50, 100, or 200 mg/kg 
N-methylolacrylamide in deionized water by ga
vage, 5 days per week for 13 weeks. Animals 
were housed five per cage. Water and feed were 
available ad libitum. Details of animal main
tenance are presented in Table 5. 

Neurobehavioral tests were performed on all 
animals during weeks 6 and 13 of the studies. 
Tests performed included motor activity, fore
limb/hind limb grip strength, acoustic startle re
flex measurement, and landing foot spread. 
Grip strength was measured with a device and 
procedure similar to those described by Meyer et 
al. (1979). Auditory startle response was 
measured with a Respondex A Startle Monitor 
(Columbus Instruments, Columbus, Ohio). 
Landing foot spread measurements were mod
eled after a procedure described by Edwards and 
Parker (1977). Details are given in Appendix F. 

Animals were observed two times per day; mori
bund animals were killed. Individual animal 
weights were recorded once per week. 

At the end of the 13-week studies, survivors 
were killed. To determine the degree and extent 
of peripheral neurotoxicity of N-methylolacryl
amide in rats during the 13-week studies, spe
cial perfusion techniques were used to examine 
the plantar and tibial nerves to allow fixation of 
the pelvic limbs without compromising organ 
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TABLE 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES 
OF N·METHYLOLACRYLAMIDE 

Sixteen·Day Thirteen·Week Two·Year 

Studies Studies Studies 


EXPERIMENTAL DESIGN 

Size of Study Groups 
5 males and 5 females of each species 

Doses 
0, 25, 50, 100,200, or 400 mglkg N
methylolacrylamide in deionized 
water by gavage; dose vol--5 mVkg 

Date of First Dose 
Rats--417/81; mice--4/8/81 

Date of Last Dose 
Ra ts--4/22/81; rnice--4/23/81 

Duration of Dosing 
5 d/wk; 12 doses over 16 d 

10 males and 10 females of each species 50 males and 50 females of each species 

0, 12.5, 25, 50, 100, or 200 mglkg N
methylolacrylamide in deionized 
water by gavage; dose vol-·5 mVkg 

Rats--7 /14/81-7/15/81; 
mice--7 /21/81-7/22/81 

Rats--10/12/81-10/13/81; 
mice--10/19/81-10/20/81 

5 d/wk for 13 wk 

Type and Frequency of Observation 
Observed 2 X d: weighed initially Same as 16-d studies 
and 1 X wk thereafter 

Necropsy, Histologic Examinations, and Supplemental Studies 
Necropsy performed on all surviving 
animals; tissues were examined for 
all animals in the 200 and 400 mg/kg 
groups. Tissues examined histologi
cally for the vehicle control, 50, and 
100 mg/kg groups include lungs, sal
ivary glands, and trachea for both 
species and liver and nasal turbi
nates for rats. Organs weighed at 
necropsy include brain, heart, kid
ney (right), liver, lungs, and thymus 

Necropsy performed on all animals; 
the following tissues examined histo
logically for vehicle control, 100, and 
200 mglkg groups and the 50 mglkg rat 
groups: adrenal glands, brain, colon, 
esophagus, eyes Cif grossly abnormal), 
femur including marrow, gallbladder 
(mice), gross lesions and tissue mass
es with regional lymph nodes, kidneys, 
liver,lungs and mainstem bronchi, 
mammary gland, mandibular or mes
enteric lymph nodes, pancreas, para
thyroid glands, peripheral nerves 
(tibial lumbar and plantar), pituitary 
gland, prostate/testes or ovaries/ 
uterus, salivary glands, skin, small 
intestine, spleen, stomach, thymus, 
thyroid gland, trachea, and urinary 
bladder. Tissues examined for lower 
dose groups include adrenal glands 
for mice and medulla, pons, nerves 
(sciatic, plantar, and tibial), and spinal 
cord for rats. Neurobehavioral tests 
conducted during wks 6 and 13. Or
gans weighed at necropsy include 
brain, heart, kidney Crightl, liver, 
lungs, testis (rightl, and thymus 

ANIMALS AND ANIMAL MAINTENANCE 

Strain and Species 
F344/N rats; B6C3F1 mice 

Animal Source 
Harlan Industries (lndianapolis,INl 

F344/N rats; B6C3F1 mice 

Charles River Breeding Laboratories 
<Portage, M!) 

Rats--0, 6, or 12 mglkg N-methylol
acrylamide in deionized water by gavage; 
mice--0, 25, or 50 mglkg; dose vol--5 mVkg 

Rats--4/19/82; mice--4/26/82 

Rats--4/6/84; mice--4/13/84 

5 d/wk for 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 
following tissues examined histologically 
for all vehicle control and high dose ani
mals and all animals dying through mo 21: 
adrenal glands, brain, colon, esophagus, eyes 
<if grossly abnormal>, femur or sternebrae or 
vertebrae including marrow, gallbladder 
<mice), gross lesions and tissue masses 
with regional lymph nodes, kidneys, liver, 
lungs and mainstem bronchi, mammary 
gland, mandibular or mesenteric lymph 
nodes, pancreas, parathyroid glands, periph
eral nerve, pituitary gland, prostate/testes or 
ovaries/uterus, salivary glands, skin, small 
intestine, spleen, stomach, thymus, thyroid 
gland, trachea, and urinary bladder. Tissues 
examined for low dose animals include adre
nal glands, liver, spleen, and testes for male 
rats; adrenal and pituitary glands for female 
rats; Harderian gland, liver, lungs, periph
eral nerve, and stomach for male mice; and 
Harderian gland, liver, lungs, mammary 
gland, ovaries, and peripheral nerve for fe
male mice 

F344/N rats; B6C3F1 mice 

Charles River Breeding Laboratories 
cKingston, NYl 
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TABU: 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES 
OF N-METHYLOLACRYLAMIDE (Continued) 

Sixteen-Day Thirteen-Week Two-Year 

Studies Studies Studies 


ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Study Laboratory 
Battelle Columbus Laboratories 

Method of Animal Identification 
Toe clip 

Time Held Before Study 
20 d 

Age When Placed on Study 
Rats--7 wk; mice--9 wk 

Age When Killed 
Rats--9 wk; mice--11 wk 

Necropsy Dates 
Rats--4/23/81; mice--4/24/81 

Method of Animal Distribution 
Animals distributed to weight 
classes and then assigned to cages 
by one table of random numbers and 
to groups by another table of random 
numbers 

Feed 
NIH 07 Rat and Mouse Ration 
I Zeigler Bros., Inc., Gardners, PAl; 
available ad libitum 

Bedding 
Absorb-Dri, Inc., Garfield, NJ 

Water 
Automatic watering system 
I Edstrom Industries, Waterford, 
Wll; available ad libitum 

Cages 
Polycarbonate !Lab Products, Inc., 
Rochelle Park, NJl 

Cage Filters 
Spun-bonded polyester, Dupont 2024® 
!Snow Filtration, Cincinnati, OHl 

Animals per Cage 

Battelle Columbus Laboratories 

Toe clip 

Rats--19-20 d; mice--26-27 d 

Same as 16-d studies 

Rats--20 wk; mice--22 wk 

Rats--1 0/13/81-10/14/81; 
mice--1 0/20/81-10/21/81 

Same as 16-d studies 

Same as 16-d studies 

Same as 16-d studies 

Same as 16-d studies 

Same as 16-d studies 

Same as 16-d studies 

5 

Other Chemicals on Study in the Same Room 
~M 

Animal Room Environment 
Temp--71.6°·75.2° F; hum--40%-60%; 
fluorescent light 12 hid; 15 room air 
changeslh 

~M 

Temp--69.8°·73.4° F; hum--40%-60%; 
fluorescent light 12 hid; 15 room air 
changes/h 

Battelle Columbus Laboratories 

Toe and ear clip 

20d 

Rats--7 wk; mice--8 wk 

Rats--112 wk; mice--113 wk 

Rats--4/18/84-4/20/84; mice--4/25/84-4/27 /84 

Same as 16-d studies 

Same as 16-d studies 

Same as 16-d studies 

Same as 16-d studies 

Same as 16-d studies 

Same as 16-d studies 

5 

None 

Temp--65°-80° F; hum--33%-72%; fluorescent 
light 12 hid; 15 room air changeslh 
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II. MATERIALS AND METHODS 


weights. The rats were anesthetized with sodi
um pentobarbital given by intraperitoneal injec
tion, and the pelvic limbs were perfused initially 
with Ringer's solution for at least 1 minute fol
lowed by 4% phosphate-buffered paraformalde
hyde, pH 7.2, for 12 minutes at a pressure of 160 
mm mercury. Necropsy procedures for the rats 
were completed in the usual manner after com
pletion of the perfusion and removal of the pel vic 
limbs. The sciatic, tibial, sural, and plantar 
nerves and tibial branches to the gastrocnemius 
muscle were dissected and placed in 5% phos
phate-buffered glutaraldehyde, pH 7.2, for con
tinued fixation. Segments (approximately 5 mm 
long) of plantar nerves taken near the bifurca
tion of the medial and lateral branches and sec
tions of the small tibial branches to the gas
trocnemius muscle were dehydrated through 
graded alcohols, placed in propylene oxide, and 
embedded in Epon 812. One-micron sections 
were stained with toluidine blue. Peripheral 
neurotoxicity was assessed in five rats of each 
sex from each dose group. A necropsy was per
formed on all animals except those excessively 
autolyzed or cannibalized. The liver, thymus, 
right kidney, heart, brain, lungs, and right testis 
were weighed. Tissues and groups examined are 
listed in Table 5. 

TWO-YEAR STUDIES 

Study Design 

Groups of 50 rats of each sex were administered 
0, 6, or 12 mg/kg N-methylolacrylamide in de
ionized water by gavage, 5 days per week for 103 
weeks. Groups of 50 mice of each sex were ad
ministered 0, 25, or 50 mg/kg on the same 
schedule. 

Source and Specifications of Animals 

The male and female F344/N rats and B6C3Ft 
(C57BL/13N, female X C3H/HeN MTV-, male) 
mice used in these studies were produced under 
strict barrier conditions at Charles River Breed
ing Laboratories. 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 mieroflora-associated parents that were 
transferred from isolators to barrier-maintained 

rooms. Rats were shipped to the study labora
tory at 4 weeks of age and mice at 5 weeks of age. 
The animals were quarantined at the study labo
ratory for 3 weeks. Thereafter, a complete nec
ropsy was performed on five animals of each sex 
and species to assess their health status. The 
rats were placed on study at 7 weeks of age and 
the mice at 8 weeks of age. The health of the an
imals 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 and 
racks were rotated. Further details of animal 
maintenance are given in Table 5. 

Clinical Examinations and Pathology 

All animals were observed two times per day. 
Body weights were recorded once per week for 
the first 13 weeks of the study and once per 
month thereafter. Mean body weights were cal
culated for each group. Animals found mori
bund and those surviving to the end of the stud
ies were humanely killed. A necropsy was 
performed on all animals, including those found 
dead, unless they were missing. Some tissues 
were excessively autolyzed or cannibalized, and 
thus, the number of animals from which particu
lar organs or tissues were examined microscop
ically varies and is not necessarily 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 5) were performed on all high dose and 
vehicle control animals and on low dose animals 
dying through month 21 of the studies. In ad
dition, histopathologic examinations were per
formed on all grossly visible lesions in all dose 
groups. Potential target organs for chemically 
related neoplastic and nonneoplastic effects 
were identified from the short-term studies or 
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II. MATERIALS AND METHODS 


the literature and were determined by examina
tion of the pathology data; these target organs/ 
tissues in the lower dose group were examined 
histopathologically. If mortality in the highest 
dose group exceeded that in the vehicle control 
group by 15%, complete histopathologic exami
nations were performed on all animals in the 
second highest dose group in addition to those in 
the high dose group. 

When the pathology evaluation was completed, 
the slides, paraffin blocks, and residual wet tis
sues were sent to the NTP Archives for inven
tory, slide/block match, and wet tissue audit. 
The slides, individual animal data records, and 
pathology tables were sent to an independent 
quality assessment laboratory. The individual 
animal records and tables were compared for ac
curacy, slides and tissue counts were verified, 
and histotechnique was evaluated. All tumor di
agnoses, all target tissues, and all tissues from a 
randomly selected 10% of the animals were 
evaluated by a quality assessment pathologist. 
The quality assessment report and slides were 
submitted to the Pathology Working Group 
(PWG) Chairperson, who reviewed all target tis
sues and those about which there was a dis
agreement between the laboratory and quality 
assessment pathologists. 

Representative slides selected by the Chairper
son were reviewed by the PWG without knowl
edge of previously rendered diagnoses. When 
the consensus diagnosis of the PWG differed 
from that of the laboratory pathologist, the lab
oratory pathologist was asked to reconsider the 
original diagnosis. This procedure has been de
scribed, in part, by Maronpot and Boorman 
(1982) and Boorman eta!. (1985). The final di
agnoses represent a consensus of contractor pa
thologists 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 
McConnell eta!. (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. N onneo
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 

Data Recording: Data on this experiment were 
recorded in the Toxicology Data Management 
System. The data elements include descriptive 
information on the chemicals, animals, experi
mental design, survival, body weight, and indi
vidual pathology results, as recommended by the 
International Union Against Cancer (Beren
blum, 1969). 

Suruiual 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: Three statistical 
methods are used to analyze tumor incidence 
data: life table tests, logistic regression, and 

27 N-Methylolacrylamide, NTP TR 352 



II. MATERIALS AND METHODS 


Fisher exact/Cochran-Armitage trend analyses. 
Tests of significance include pairwise compari
sons of each dosed group with vehicle controls 
and tests for overall dose-response trends. For 
studies in which administration of the study 
compound has little effect on survival, the re
sults of the three alternative analyses will gen
erally be similar. When differing results are ob
tained by the three methods, the final interpre
tation of the data will depend on the extent to 
which the tumor under consideration is regarded 
as being the cause of death. Continuity-cor
rected tests are used in the analysis of tumor in
cidence, and reported P values are one-sided. 
The procedures described below also were used 
to evalw:JLte selected nonneoplastic lesions. 

Life Table Analyses--This method of analysis as
sumes that all tumors of a given type observed in 
animals dying before the end of the study were 
"fatal"; i.e., they either directly or indirectly 
caused the death of the animal. According to 
this approach, the proportions of tumor-bearing 
animals in the dosed and vehicle control groups 
were compared at each point in time at which an 
animal died with a tumor of interest. The de
nominators of these proportions were the total 
number of animals at risk in each group. These 
results, including the data from animals killed 
at the end of the study, were then combined by 
the Mantel-Haenszel method (1959) to obtain an 
overall P value. This method of adjusting for in
tercurrent mortality is the life table method of 
Cox (1972) and of Tarone (1975). The under
lying variable considered by this analysis is time 
to death due to tumor. If the tumor is rapidly 
lethal, then time to death due to tumor closely 
approximates time to tumor onset. In this case, 
the life table test also provides a comparison of 
the time-specific tumor incidences. 

Logistic Regression Analyses--This method of 
analysis assumes that all tumors of a given type 
were "incidental"; i.e., they did not alter the risk 
of death and were discovered merely as the re
sult of death from an unrelated cause. Accord
ing to this approach, tumor prevalence was 
modeled as a logistic function of dose and time. 
Both linear and quadratic terms in time were 
incorporated initially, and the quadratic term 
was eliminated if it did not significantly en
hance the fit of the model. The dosed and vehicle 

control groups were compared on the basis of the 
likelihood score test for the regression coefficient 
of dose. This method of adjusting for inter
current mortality is the prevalence analysis of 
Dinse and Lagakos (1983), further described and 
illustrated by Dinse and Haseman (1986). If the 
tumor type is nonlethal, this comparison of the 
time-specific tumor prevalence also provides a 
comparison of the time-specific tumor incidences 
(McKnight and Crowley, 1984). 

Fisher Exact/Cochran-Armitage Trend Analy
ses--In addition to survival-adjusted methods, 
the results of the Fisher exact test for pairwise 
comparisons and the Cochran-Armitage linear 
trend test (Armitage, 1971; Gart et al., 1979) are 
given in the appendixes containing the analyses 
of tumor incidence. These two tests are based on 
the overall proportion of tumor-bearing animals 
and do not adjust for survival differences. 

Historical Control Data: Although the concur
rent control group is always the first and most 
appropriate control group used for evaluation, 
there are certain instances in which historical 
control data can be helpful in the overall assess
ment of tumor incidence. Consequently, control 
tumor incidences from the NTP historical con
trol data base (Haseman 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 Zeiger et al. (1988) and Haworth et al. (1983). 
Chemicals were sent to the laboratories as coded 
aliquots from Radian Corporation (Austin, TX). 
The study chemical was incubated with the Sal
monella typhimurium tester strains (TA97, 
TA98, TA100, and TA1535) either in buffer or 
S9 mix (metabolic activation enzymes and cofac
tors from Aroclor 1254-induced male Sprague 
Dawley rat or Syrian hamster liver) for 20 min
utes at 37° C before the addition of soft agar sup
plemented with L-histidine and o-biotin and sub
sequent plating on minimal glucose agar plates. 
Incubation was continued for an additional 48 
hours. 
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Chemicals were tested in four strains. If all re
sults were negative, the chemical was retested 
in all strains with a different concentration of 
89. Each test consisted of triplicate plates of 
concurrent 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 repeated 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 neg
ative when no increase in revertant colonies was 
observed after chemical treatment. 

Chinese Hamster Ovary Cytogenetics Assays: 
Testing was performed as reported by Galloway 
et al. (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 ham
ster 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 89 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. 

In the SCE test without 89, 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 
replaced with fresh medium plus BrdU and 
colcemid, and incubation was continued for 2 
more hours. Cells were then harvested by mi
totic shake-off, fixed, and stained with Hoechst 
33258 and Giemsa. In the SCE test with 89, 

cells were incubated with the chemical, serum
free medium, and 89 for 2 hours. The medium 
was then removed and replaced with medium 
containing BrdU and no study chemical; 
incubation proceeded for an additional 26 hours, 
with colcemid present for the final 2 hours. Har
vesting and staining were the same as for cells 
treated without 89. 

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; 25, 
50, 100, or 200 first-division metaphase cells 
were scored at each dose for the chromosomal 
aberration test. Classes of aberrations included 
simple (breaks and terminal deletions), complex 
(rearrangements and translocations), and other 
(pulverized cells, despiralized chromosomes, and 
cells containing 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 
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II. MATERIALS AND METHODS 


response. The probability of this level of differ
ence occurring by chance at one dose point is less 
than 0.01; the probability for such a chance oc
currence at two dose points is less than 0.001. 
Chromosomal aberration data are presented as 
percenta€re of cells with aberrations. As with 
SCEs, both the dose-response curve and indi
vidual dose points were statistically analyzed. A 
statistically significant (P < 0.003) trend test or 
a significantly increased dose point (P < 0.05) 
was sufficient to indicate a chemical effect. 

In Vivo Bone Marrow Micronucleus Test in Mice: 
Preliminary range-finding studies were per
formed to determine appropriate doses for the in 
vivo micronucleus test using N-methylol
acrylamide dissolved in corn oil. Factors affect
ing dose selection included solubility of the 

chemical, animal lethality, and/or cell cycle de
lay induced by chemical exposure. Male mice 
were given two intraperitoneal injections (at 24
hour intervals) of N-methylolacrylamide dis
solved in corn oil; the total dose volume was 0.4 
ml. Solvent control animals were injected with 
0.4 ml corn oil only. The positive control mice 
received injections of dimethylbenzanthracene. 
Twenty-four hours after the second injection, the 
mice were killed by cervical dislocation, and 
smears were prepared of the bone marrow cells 
obtained from the femurs. Air-dried smears 
were fixed and stained; 2,000 polychromatic 
erythrocytes were scored for the incidence of mi
cronucleated cells in each of five animals per 
dose group. The results were tabulated as the 
mean ± standard error of the mean of the pooled 
results from all animals within a dose group. 
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III. RESULTS: RATS 


SIXTEEN-DAY STUDIES 

All rats that received 400 mg/kg N-methylolac
rylamide died within 4 days, and 3/5 males that 
received 200 mg/kg also died before the end of 
the studies (Table 6). Rats that received 400 
mg/kg appeared to have increased motor activity 
and startle response. Compound-related clinical 
signs seen at 200 mg/kg included ataxia, muscle 
tremors, and hyperirritability. Ataxia after 
dosing was observed from day 7 to the end of the 
studies for rats that received 100 mg/kg. The fi
nal mean body weight of males that received 100 
or 200 mg/kg was 10% or 27% lower than that of 
the vehicle controls. The final mean body 
weight of females that received 200 mg/kg was 
20% lower than that of the vehicle controls. 

Lesions related to N-methylolacrylamide ad
ministration included hyperplasia of the bron
chiolar and tracheal epithelium, dysplasia of the 
tracheal and nasal epithelium, centrilobular 

hepatocellular necrosis, lymphoid depletion of 
the spleen, and myelin degeneration of the lum
bar ventral spinal nerve (Table 7). 

THIRTEEN-WEEK STUDIES 

All rats that received 100 or 200 mg/kg N-meth
ylolacrylamide died before the end of the studies 
(Table 8). Rats that received 100 or 200 mg/kg 
had hind limb ataxia, which progressed to hind 
limb paralysis. Rats that received 50 mg/kg had 
hind limb ataxia beginning at week 8, which 
progressed to hind limb paresis by week 11. The 
final mean body weight of rats that received 25 
or 50 mg/kg was 8% or 16% lower than that of 
the vehicle controls for males and 6% or 10% 
lower for females. The relative testis weight for 
male rats given 50 mg/kg and the relative kid
ney weight for female rats given 50 mg/kg were 
significantly greater than those for the vehicle 
controls (Table 9). 

TABLE e1. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE SIXTEEN-DAY GAVAGE 
STUDIES OF N-METHYLOLACRYLAMIDE 

Mean Body Weights (grams) Final Weight Relative 
Dos4J Survival (a) Initial (b) Final Change (c) to Vehicle Controls 

(mglkg) (percent) 

MALE 

0 
25 
50 

100 
200 
400 

FI<~MALE 

0 
25 
50 

100 
200 
400 

515 
5/5 
515 
515 

<d) 2/5 
(e) 0/5 

515 
5/5 
5/5 
5/5 
5/5 

<gJ0/5 

147 ± 4 
145 ± 4 
146 ± 4 
144 ± 4 
148 ± 4 
143 ± 5 

115 ± 5 
113 ± 4 
113 ± 2 
112 ± 2 
111 ± 3 
112 ± 3 

208 ± 
208 ± 
205 ± 
188 ± 
152 ± 

(f) 

146 ± 
142 ± 
139 ± 
138 ± 
117 ± 

(f) 

8 
5 
3 
4 

18 

4 
6 
2 
2 
7 

+61 ± 
+63 ± 
+59± 
+44 ± 
-3 ± 

(f) 

+31 ± 
+29 ± 
+26 ± 
+26 ± 

+6 ± 
(f) 

5 
4 
3 
5 

12 

2 
3 
2 
3 
5 

100 
99 
90 
73 
(f) 

97 
95 
95 
80 
(f) 

(a) Number surviving/number in group 
(b) Initial group mean body weight± standard error of the mean. Subsequent calculations are based on animals surviving to 
the end ofthe study. 
(c) Mean body weight change of the survivors ± standard error of the mean 
(d) Day ofdeath: 5,5; third death occurred on the day of scheduled necropsy. 
(eJDayofdeath: a113 
(f) No data are reported due to 100% mortality in this group. 
(gJ Day of death: 2,3,3,3,4 
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TABLE 7. NUMBERS OF RATS WITH SELECTED LESIONS IN THE SIXTEEN-DAY GAVAGE STUDIES 
OF N-METHYLOLACRYLAMIDE (a) 

Male Female 

Site/Lesion 
Vehicle 50 
Control mg!kg 

100 
mg/kg 

200 
mg/kg 

400 
mglkg 

Vehicle 50 100 
Control mg/kg mglkg 

200 400 
mg/kg mg/kg 

Nose, mucosa 
Dysplasia 0 0 0 4 0 0 0 0 3 

Trachea, mucosa 
Hyperplasia and 

dysplasia 0 0 1 4 5 0 0 1 4 4 
Subacute inflammation 0 0 0 3 4 0 0 0 2 4 

Lung 
Bronchiolar epithelial 

hyperplasia 0 0 2 3 3 0 0 0 3 2 
Liver 

Centrilobular hepato
cellular necrosis 0 0 0 3 0 0 0 4 

Spleen 
Lymphoid depletion 0 0 0 2 

Spinal nerve 
Myelin degeneration of 

the lumbar ventral nerve 0 0 2 0 0 0 

<a) Five rats of each sex were examined at each dose. 

TABLE 8. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF N-METHYLOLACRYLAMIDE 

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

(mglkg) (percent) 

MALE 

0 
12.5 
25 
50 

100 
200 

FEMALE 

0 
12.5 
25 
50 

100 
200 

10/10 
10/10 
10/10 
10/10 

{d) 0/10 
(f) 0/10 

10/10 
10/10 

(g) 10/10 
<h) 10/10 

(ilOilO 
(j)0/10 

137 ± 2 
135 ± 3 
142 ± 2 
145 ± 3 
136 ± 2 
142 ± 2 

115 ± 2 
113 ± 2 
115 ± 2 
113 ± 2 
117 ± 2 
117 ± 1 

347 ± 5 
329 ± 4 
319 ± 5 
290 ± 8 

{e) 
(e) 

206 ± 3 
197 ± 4 
194 ± 4 
185 ± 4 

(e) 
(e) 

+210 ± 5 
+ 194 ± 4 
+ 177 ± 6 
+ 145 ± 7 

<e> 
(e) 

+91 ± 3 
+84 ± 5 
+79 ± 3 
+72 ± 4 

<e> 
(e) 

95 
92 
84 
(e) 
(e) 

96 
94 
90 
<el 
(e) 

(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 survivors ± standard error of the mean 

<d) Week of death: 6,6,6,7,7,7,8,9,11,13 

(e) No data are reported due to 100% mortality in this group. 

(!)Week of death: 1,1 ,1 ,l ,1,1 ,1,1 ,3,3 

(g)One rat drowned 1 day before scheduled necropsy. 

<hi Five rats drowned 1 day before scheduled necropsy. 

(i) Week of death: 5,5,6,6,6,6,6,6,6,8 
(j) Week of death: 1,1,1,1,1,1,2,2,3,3 

33 N-Methylolacrylamide, NTP TR 352 



TABLE 9 .. ORGAN WEIGHT TO BODY WEIGHT RATIOS FOR RATS IN THE THIRTEEN-WEEK 
GAVAGE STUDfES OF N-METHYLOLACRYLAMIDE (a) 

Vehicle Control 12.5 mglkg 25 mg/kg 50 mglkg 

MALE 

Number weighed <b) 10 10 10 10 

Body weight (grams) 354 341 333 302 

Liver 35.7 ± 0.61 38.6 ± 1.39 38.0 ± 1.34 34.1 ± 1.65 
Thymus 1.0 ± 0.07 1.0 ± 0.05 1.0 ± 0.05 0.8 ± 0.04 
Right kidn•ey 3.2 ± 0.10 3.1±0.11 3.2 ± 0.09 3.3 ± 0.09 
Heart 2.7 ± 0.08 2.6 ± 0.03 2.6 ± 0.04 2.8 ± 0.08 
Brain 5.5 ± 0.08 5.1 ± 0.57 5.8 ± 0.10 6.1 ± 0.18 
Lungs 4.6 ± 0.17 4.7±0.15 (C) 5.0 ± 0.31 (C) 4.9 ± 0.15 
Right testi:; 4.1 ± 0.06 (C) 4.6 ± 0.28 4.5 ± 0.06 "'"'4.9 ± 0.16 

FEMALE 

Number weighed <bJ 10 10 9 5 

Body weight <grams) 207 195 196 172 

Liver 31.4 ± 0.53 29.9 ± 1.15 34.5 ± 1.45 41.3 ± 10.29 
Thymus 1.3 ± 0.08 1.1 ± 0.08 1.2 ± 0.06 1.3 ± 0.29 
Right kidn•ay 3.2 ± 0.09 3.3 ± 0.07 3.2 ± 0.05 "'4.2 ± 0.76 
Heart 3.0 ± 0.06 3.2 ± 0.06 3.1 ± 0.11 3.7 ± 0.61 
Brain 9.0 ± 0.12 9.3 ± 0.24 9.2 ± 0.26 10.8 ± 1.53 
Lungs 6.0 ± 0.22 <cJ6.1 ± 0.31 6.0 ± 0.20 7.5 ± 1.22 

(a) Mean± standard error in milligrams of organ per gram body weight; P values vs. the vehicle controls by Dunnett's test 

<Dunnett,1955). 

(b) Unless otherwise specified 
(c) Nine an.imals were weighed. 

'"P<0.05 

**P<0.01 


Decreased forelimb and hind limb grip strength significantly increased at 6 weeks for male and 
was seen at week 6 at the higher doses and at female rats that received 50 mg/kg. Clear hind 
week 13 at doses as low as 25 mg/kg for female limb paralysis was observed at higher doses. 
rats and at doses as low as 12.5 mg/kg for male Motor activity was not consistently affected by 
rats (Table 10). A decreased startle response at N-methylolacrylamide dosing, although it ap
6 weeks was seen for females given 100 mg/kg peared reduced at 6 weeks in female rats given 
and at 13 weeks at doses as low as 25 mg/kg 100 mg/kg (data on file at NTP). 
(Table 11). The landing foot spread was 
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TABLE 10. FORELIMB AND HIND LIMB GRIP STRENGTH FOR RATS IN THE THIRTEEN-WEEK 
GAVAGE STUDIES OF N-METHYLOLACRYLAMIDE 

Forelimb Grip Strength Hind Limb Grip Strength 

Week 6 Week 13 Week 6 Week 13 


Dose Mean Percent of Mean Percent of Mean Percent of Mean Percent of 
(mglkg) (a) Veh. Controls (a) Veh. Controls (a) Veh. Controls (a) Veh. Controls 

MALE 

0 0.76 ± 0.04 
12.5 0.76 ± 0.04 
25 0.79 ± 0.03 
50 0.75 ± 0.04 

100 **(b) 0.32 ± 0.06 

100 
104 
97 
42 

0.75 ± 0.03 
0.74 ± 0.03 
0.69 ± 0.04 

**0.50 ± 0.04 
(c) 0.21 

97 
92 
67 
28 

0.47 ± 0.02 
0.45 ± 0.02 
0.43 ± 0.02 

*0.40 ± 0.02 
**0.12 ± 0.02 

96 
91 
85 
26 

0.45 ± 0.02 
**0.37 ± 0.02 
**0.29 ± 0.01 
**0.16 ± 0.02 

(cJ0.06 

82 
64 
35 
13 

FEMALE 

0 0.73 ± 0.03 
12.5 0.67 ± 0.03 
25 0.70 ± 0.03 
50 *0.63 ± 0.03 

100 **tdJ0.14 ± 0.02 

92 
96 
86 
19 

0.69 ± 0.02 
0.62 ± 0.02 

**0.59 ± 0.03 
**0.39 ± 0.02 

<e> 

90 
86 
57 
(e) 

0.43 ± 0.02 
0.38 ± 0.03 
0.38 ± 0.02 

**0.28 ± 0.02 
"'*(d) 0.09 ± 0.01 

88 
88 
65 
19 

0.34 ± 0.02 
0.32 ± 0.02 
0.29 ± 0.02 

**0.08 ± 0.01 
<e> 

94 
85 
24 
tel 

(a) Mean ± standard error in kilograms for 10 animals; P values vs. the vehicle controls by Dunnett's test (Dunnett, 1955 l. 
tbl Nine animals were examined. 
(c) One animal was examined; not included in statistical evaluation. 
td> Six animals were examined. 
(e) No animals in this group were alive at the time of the test. 
*P<0.05 
**P<0.01 

TABLE 11. AUDITORY STARTLE RESPONSE AND LANDING FOOT SPREAD FOR RATS IN THE 
THIRTEEN-WEEK GAVAGE STUDIES OF N-METHYLOLACRYLAMIDE (a) 

Dose Auditory Startle Response Landing Foot Spread 
(mg/kg) Week 6 Week 13 Week 6 Week 13 

MALE 

0 
12.5 
25 
50 

100 

FEMALE 

0 
12.5 
25 
50 

100 

608 ± 24 
554 ± 40 
641 ±59 
523 ± 64 

**(c)307 ± 37 

628 ± 29 
641 ± 36 
607 ± 45 
659 ± 28 

**(e) 279 ± 31 

447 ± 28 
453 ±58 
355 ± 39 
383 ± 41 

(d) 

466 ± 25 
418 ± 33 

*348 ± 28 
**288 ± 42 

(d) 

72 ± 2.8 75 ± 3.5 
71 ± 2.5 79 ± 2.5 
71 ± 3.8 BB ± 5.1 

*85 ± 3.8 (b) 
(b) (b) 

55± 3.5 58 ± 1.6 
59± 3.8 62 ± 2.2 
58± 2.5 63 ± 3.2 

**73 ± 3.2 (b) 
(b) (d) 

(a) Mean ± standard error in millimeters for landing foot spread and in units of auditory startle response for 10 animals; 

P values vs. the vehicle controls by Dunnett's test (Dunnett, 1955). 

(b) Not testable because of hind limb paralysis 

(c) Nine animals were examined. 

<d) No animals in this group were alive at the time of the test. 

(e) Six animals were examined. 

*P<0.05 

**P<0.01 
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III. RESULTS: RATS 


Axon filament and myelin sheath degeneration 
of the brain stem, spinal cord, and/or peripheral 
nerves was seen at increased incidences at 25 
mg/kg and higher (Table 12). Brain lesions in 
high dos<e rats consisted primarily of degenera
tion and cellular necrosis in the granular cell 
layer of the cerebellum. Spinal cord lesions were 
limited to the white matter and consisted of 
shrunken or dilated axons, many of which were 
missing the axon filament. Peripheral nerve le
sions consisted of degenerative changes of vary
ing degrees in the myelin, including internal 
myelin blebs, myelin clumping, segmental ax
onal swelling, the presence of giant axonal fi
bers, and increased interstitial stroma. The 
brain and spinal cord were examined using the 
customary 5-!lm paraffin sections stained with 
hematoxylin and eosin. The no-effect level was 
determined to be 25 mg/kg with this procedure. 
Peripheral nerves were examined after perfu
sion fixation, preparation of l-11m sections of 
plastic-embedded tissues, and staining with 
toluidine blue. With this technique, the no
effect level was determined to be 12.5 mg/kg. 

Inflammation and/or hemorrhage and edema of 

the mucosal cells lining the urinary bladder 
were seen in 1110 males at 25 mg/kg, 3/10 fe
males at 50 mg/kg, 5110 males and 1110 females 
at 100 mg/kg, and 1110 females at 200 mg/kg. 
These lesions were seen in rats whose urinary 
bladders appeared distended upon gross 
examination. 

Dose Selection Rationale: Because of increased 
nervous system lesions and the degree of neuro
behavioral changes observed at 25 mg/kg and 
above, doses selected for rats for the 2-year stud
ies of N-methylolacrylamide were 6 and 12 
mg/kg, administered in water by gavage 5 days 
per week. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Mean body weights of high dose male rats were 
6%-7% lower than those of vehicle controls after 
week 94 (Table 13 and Figure 3). Mean body 
weights of high dose female rats were 5%-6% 
lower than those of vehicle controls after week 
98. No compound-related clinical signs were 
observed. 

TABLE 12. NUMBER OF RATS WITH NERVOUS SYSTEM LESIONS IN THE 

THIRTEEN-WEEK GAVAGE STUDIES OF N-METHYLOLACRYLAMIDE (a) 


Dose (mg!kg) Male Female 

0 1 1 
12.5 0 0 
25 4 2 
50 10 10 

100 9 10 
200 4 7 

(a) Ten animals were examined per group <9 per group for 25 mg/kg); lesions observed included 
axon filament and myelin sheath degeneration of the brain stem, spinal cord, and/or peripheral 
nerves. 
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TABLE 13. MEAN BODY WEIGHTS OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF 
N-METHYLOLACRYLAMIDE 

Week Vehicle Control 6 mg/kg 12 mlllkg 
on Av. Wt. No. Av. Wt. Wt. (percent of No. Av. Wt. Wt. (percent of No. 

Study (grams) Weighed (grams) veh. controls) Weighed (grams) veh. controls) Weighed 

MALE 

1 159 50 156 98 50 161 101 50 
2 177 50 175 99 50 181 102 50 
3 206 50 205 100 50 205 !00 50 
4 235 50 233 99 50 230 98 50 
5 252 50 250 99 50 246 98 50 
6 268 50 265 99 50 261 97 50 
7 281 50 279 99 50 275 98 50 
8 297 50 293 99 50 287 97 50 
9 300 50 299 100 50 296 99 50 

10 318 50 313 98 50 306 96 50 
11 327 50 322 9R 50 316 97 50 
12 335 50 329 98 50 322 96 50 
13 340 50 332 98 50 327 96 50 
17 353 50 354 100 50 341 97 50 
22 385 :;o 382 99 50 373 97 50 
26 398 50 397 100 50 389 98 50 
30 419 50 416 99 50 406 97 50 
35 416 50 412 99 50 401 96 50 
38 442 50 441 !00 50 427 97 50 
42 448 50 441 98 50 429 96 50 
46 454 50 4:\1 99 .'\0 435 96 50 
50 462 50 461 100 50 447 97 50 
54 471 50 465 99 50 457 97 49 
58 471 50 468 99 49 458 97 49 
62 467 48 463 99 47 452 97 48 
66 470 48 467 99 47 455 97 48 
70 468 48 466 100 47 454 97 47 
74 470 47 465 99 43 453 96 47 
79 463 46 458 99 43 445 96 47 
82 460 45 452 98 40 442 96 45 
87 467 43 459 98 35 444 95 44 
90 462 42 457 99 34 442 96 43 
94 450 40 442 98 32 424 94 40 
98 439 36 420 96 30 411 94 39 

102 433 31 414 96 25 404 93 33 
104 429 29 408 95 24 405 94 29 

FEMALE 

1 124 50 123 99 50 123 99 50 
2 134 50 131 98 50 131 98 50 
3 147 50 143 97 50 142 97 50 
4 159 50 155 97 50 155 97 50 
5 164 50 161 98 50 160 98 50 
6 170 50 167 98 50 166 98 50 
7 176 50 173 98 50 171 97 50 
8 180 50 176 98 50 175 97 50 
9 183 50 179 98 50 180 98 50 

10 188 50 183 97 50 184 98 50 
11 188 50 184 98 50 185 98 50 
12 192 50 188 98 50 188 98 50 
13 194 50 190 98 50 189 97 50 
17 202 50 194 96 .)0 197 98 50 
22 211 50 204 97 49 206 98 50 
26 217 50 212 98 49 209 96 50 
30 224 50 220 98 49 217 97 50 
35 224 50 220 98 49 217 97 50 
38 236 50 229 97 49 229 97 50 
42 245 50 237 97 49 237 97 50 
46 250 50 244 98 48 243 97 50 
50 260 50 255 98 48 251 97 50 
54 270 49 266 99 48 260 96 50 
58 278 48 271 97 48 269 97 49 
62 279 48 268 96 1a1 46 268 96 49 
66 285 48 278 98 44 277 97 48 
70 293 48 282 96 44 287 98 48 
74 299 48 289 97 43 290 97 48 
79 302 47 287 95 41 293 97 48 
82 305 47 294 96 39 294 96 47 
87 317 46 303 96 36 305 96 44 
90 321 45 305 95 35 314 98 42 
94 324 44 305 94 32 313 97 lai39 
98 322 41 305 95 28 307 95 39 

102 324 37 311 96 24 306 94 38 
104 322 36 309 96 23 307 95 34 

(a) The number of animals weighed was lower than the number of animals surviving. 
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III. RESULTS: RATS 


Survival 

Estimates of the probabilities of survival for The survival of low dose female rats was signifi
male and female rats administered N-methylol cantly lower than that of vehicle controls after 
acrylamide at the doses used in these studies day 550. No significant differences in survival 
and for vehicle controls are shown in Table 14 were observed between any other groups of 
and in the Kaplan and Meier curves in Figure 4. either sex. 

TABLE 14. SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF 

N-METHYLOLACRYLAMIDE 


Vehicle Control 6 mglkg 12 mglkg 

MALE (a) 

Animals initially in study 50 50 50 

Natural deaths 7 7 4 
Moribund kills 15 22 19 
Animals surviving until study termination 28 (b)22 27 

Survival P values (c) 0.964 0.226 0.910 

FEMALE (a) 

Animals initially in study 50 50 50 

Natural deaths 5 8 5 
Moribund kills 10 20 12 
Animals surviving until study termination 35 22 33 

Survival P values (c) 0.747 0.007 0.788 

(a) First day of termination period: 731 
(b) One animal died or was killed in a moribund condition during the termination period and was combined, for statistical 
purposes, with those killed at termination. 
(c) The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise comparisons 
with the vehicle controls are in the dosed columns. 
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III. RESULTS: RATS 


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 skin, testis, and 1iver. 

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 A 
and B for male and female rats, respectively. 

Skin: The incidence of keratoacanthomas in 
male rats given the low dose of N-methylolacryl
amide was significantly greater than that in the 
vehicle controls (vehicle control, l/50; low dose, 
6150; high dose, 3/50). The combined incidences 
of skin neoplasms (basal cell adenomas, baso
squamous tumors, keratoacanthomas, squamous 

papillomas, or sebaceous adenomas) (5/50; 8/50; 
5/50) were not increased in dosed male rats. 

Testis: The incidence of interstitial cell adeno
mas was increased in high dose male rats (vehi
cle control, 40/50; low dose, 41/48; high dose, 
46/50). This increase was not considered biolog
ically significant, since these tumors generally 
appear in nearly all male F344/N rats in 2-year 
studies. 

Liver: Cystic degeneration was observed at a 
marginally increased incidence in high dose 
male rats (male: vehicle control, 10/50; low dose, 
8/50; high dose, 19/50; female: 0/50; 0/21; 2/50). 
Neoplastic nodules and neoplastic nodules or 
hepatocellular carcinomas (combined) in male 
rats occurred with significant negative trends; 
the incidences in the dosed groups were not sig
nificantly different from those in the vehicle con
trols (neoplastic nodules or hepatocellular carci
nomas, combined: vehicle control, 4/50; low 
dose, 2/50; high dose, 0/50). 
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III. RESULTS: MICE 


SIXTEEN-DAY STUDIES 

All males and 4/5 females that received 400 mg/ 
kg N-methylolacrylamide died within 24 hours 
of i!)eing dosed (Table 15). No other compoun&
related deaths occurred. The surviving female 
in the 400 mg/kg grottp and the males anc!l fe
males in the 200 mg/kg gro-ups were ataxic after 
they were dosed, starting on say 2. Weight 
changes eould not be interpret~ beeause the fi
nal mean body weight of vehicle control male 
mice was lower than the initial weight, and the 
initial mean weight of the vehicle control female 

mice was about 3 g lower than those of the dosed 
groups. 

Bron(!hial epithelial hyperplasia (mild) was seen 
in 4/5 males and 2/5 females given 400 mg/kg N
methylolacrylamide, in 2/5 males and 2/5 fe
males given 2QO mg/kg, and in 115 male and 115 
female vehicle controls. Sinusoidal congestion of 
the 1iver was seen in 5/5 males and 3/5 females 
receiving 400 mg/kg. In the heart, vacuolar de
generation of the myocardial fibers was seen in 
1/5 males and 2/5 females given 400 mg/kg. 

TABLE 15. SURVIVAL AND MEAN 80DY WEfGMTS OF MtCE IN THE SIXTEEN-DAY GAVAGE 
STUDIES Of' lW-l'itETHYLOCAC ItYLAMIDE 

Final Weight Relative 
Su-rvival (a) lfti._. (")t~tll'l Change (c) to Vehicle Controls 

(percent) 

MALE 

0 
25 
50 

100 
200 
4{)0 

FEMALE: 

0 
25 
50 

100 
200 
400 

515 
515 
515 
5/5 
5/5

(a lOr'S 

5/5 
5/5 
5/5 

(f) 4/5 
5/5 

(d) 115 

23.4 ± 0.2 
24.0 ± 0.5 
24.2 ± 0.7 
24.4 ± 0.2 
22.8 ± 0.4 
23.8 ± o.s 

16.4 ± 0.4 
19.0 ± 0.3 
19.6 ± 0.2 
17.2±0.9 
19.2 ± 0.2 
19.& ± 0.2 

23.2 ± 0.4 
24.0 ± 0.5 
24.2 ± 0.7 
25.0 ± 0.3 
25.8 ± 0.4 

(e) 

21.2 ± 0.4 
21.2 ± 0.4 
21.4 ± 0.6 
20.0 ± 1.2 
21.2 ± 0.5 
21.0 ± 0.0 

-0.2 ± 0.2 
0.0 ± 0.3 
0.0 ± 0.0 

+0.6 ± 0.4 
+3.0 ± 0.3 

(e) 

+4.8 ± 0.2 
+2.2 ± 0.2 
+ 1.8 ± 0.6 
+2.3 ± 0.5 
+2.0 ± 0.3 
+ 1.0 ± 0.0 

103.4 
104.3 
107.8 
111.2 

(e) 

100.0 
100.9 
94.3 

100.0 
99.1 

(a) Number survivin.g/m.lftleer in gr&U(Il 

(b) Initial group mean body weight ± standard erro·r efthe m1lan. Subsequent calculations are based on animals surviving to 

the end of the study. 

(cl Mean body weight change of the survivors± standard error of the mean 

(d) Day of death: all 2 

(e l No data are reported due to 100% mortality in this group. 

(f) Day of death: 8 
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III. RESULTS: MICE 


THIRTEEN- WEEK STUDIES 

All mice that received 200 mg/kg died within 5 
weeks (Table 16). One of 10 males that received 
100 mg/kg, 1110 males that received 50 mg/kg, 
and 1110 male vehicle controls also died as a re
sult of possible gavage error. Hind leg paresis 
was observed in the high dose mice, starting dur
ing the second week of the studies. Final mean 
body weights of dosed and vehicle control mice 
were similar. A decreased relative testis weight 
was observed for male mice that received 12.5 
mg/kg or more (Table 17). The relative kidney 
weights for male mice at 50 and 100 mg/kg were 
significantly greater than that for the vehicle 
controls. Changes in other organs did not ap
pear biologically significant. 

Dose-related decreases in forelimb grip strength 
were seen at weeks 6 and 13 in male and female 
mice given doses of N-methylolacrylamide as 
low as 25 mg/kg, and decreases in hind limb grip 
strength were also seen in males and females at 
week 13 at doses as low as 25 mg/kg (Table 18). 
An exaggerated startle response was seen at 
week 13 for female mice receiving 100 mg/kg, 
but changes at other doses and times were incon
sistent (Table 19). A reduction in rotarod perfor
mance was seen at week 6 for male and female 
mice receiving 100 mg/kg and for male mice re
ceiving 25 mg/kg (Table 20). Performance at 13 
weeks was not significantly reduced for dosed 
mice compared with that for vehicle controls. 
Motor activity measures were not significantly 
different for dosed and vehicle control mice (data 
on file at NTP). 

TABLE 16. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF N-METHYLOLACRYLAMIDE 

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

(mg/kg) (percent) 

0 
12.5 
25 
50 

100 
200 

FEMALE 

0 
12.5 
25 
50 

100 
200 

(d) 9/10 
10/10 
10/10 

Id) 9/10 
(d)9/10 
(e) 0/10 

10/10 
10/10 
10/10 
10/10 
10/10 

(g) 0/10 

22.8 ± 0.4 
22.9 ± 0.5 
23.2 ± 0.2 
23.5 ± 0.3 
22.8 ± 0.2 
22.9 ± 0.3 

19.4 ± 0.4 
19.9 ± 0.3 
19.5 ± 0.3 
19.9 ± 0.3 
20.3 ± 0.4 
19.1 ± 0.2 

30.4 ± 0.8 
28.5 ± 1.2 
30.6 ± 0.8 
30.2 ± 0.6 
30.0 ± 0.4 

(f) 

25.9 ± 0.4 
26.1 ± 0.8 
26.3 ± 0.9 
26.6 ± 0.9 
26.1 ± 0.4 

(f) 

+7.6 ± 0.7 
+5.6 ± 0.9 
+7.4 ± 0.7 
+6.6 ± 0.4 
+7.2 ± 0.5 

(f) 

+6.5 ± 0.4 
+6.2 ± 0.6 
+6.8 ± 0.6 
+6.7 ± 0.8 
+5.8 ± 0.4 

(f) 

93.8 
100.7 
99.3 
98.7 
(f) 

100.8 
101.5 
102.7 
100.8 

(f) 

Ia) Number surviving/number initially in group 
1bl Initial group mean body weight ± standard error of the mean. Subsequent calculations are based on those animals 
surviving to the end of the study. 
Ic) Mean body weight change of the survivors ± standard error of the mean 
I d) Death due to gavage error 
1e) Week of death: 1 ,1,1,1,2,3,5,5,5,5 
If) No data are reported due to 100% mortality in this group. 
1g) Week of death: 1,2,2,2,3,4,4,5,5,5 
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TABLE 17. ORGAN WEIGHT TO BODY WEIGHT RATIOS FOR MICE IN THE THIRTEEN-WEEK GAVAGE 

STUDIES OF N-METHYLOLACRYLAMIDE (a) 


Vehicle Control 12.5 mg/kg 25 mg/kg 50 mg/kg 100 mg/kg 

MALE 

Number weighed 9 10 10 9 9 

Body weight (grams) 30.4 30.4 32.3 31.6 30.9 

Liver 54.5 ± 1.44 52.6 ± 0.57 "'59.0 ± 1.48 55.8 ± 1.55 56.3 ± 0.81 
Thymus 1.4 ± 0.15 1.2 ± 0.10 1.0 ± 0.09 1.2 ± 0.08 1.3 ± 0.09 
Kidney 9.2 ± 0.32 9.3 ± 0.21 10.0 ± 0.33 *10.2 ± 0.22 """10.5 ± 0.12 
Heart 5.0±0.31 4.6 ± 0.07 5.0 ± 0.18 5.0 ± 0.20 4.7 ± 0.17 
Brain 15.5 ± 0.44 14.6 ± 0.43 **13.8 ± 0.30 14.5 ± 0.26 14.7 ± 0.30 
Lungs 8.0 ± 0.41 8.0 ± 0.36 8.6 ± 0.30 8.0 ± 0.37 8.6 ± 0.46 
Right testis 4.0 ± 0.11 *3.6 ± 0.12 **3.3 ± 0.09 *"'3.3 ± 0.06 """2.5 ± 0.06 

FEMALE 

Number weighed lbl 10 10 10 10 10 

Body weight Igrams l 26.4 25.5 25.8 26.5 26.4 

Liver 52.4 ± 0.87 49.2 ± 1.52 49.8 ± 1.19 50.4 ± 0.78 **57.8 ± 0.88 
Thymus 
Kidney 
Heart 

1.8 ± 0.11 
7.5 ± 0.20 
4.5±0.19 

(C) 1.5 ± 0.16 
8.0 ± 0.15 
4.9 ± 0.12 

1.6 ± 0.04 
7.7 ± 0.15 
4.7 ± 0.18 

1.7 ± 0.14 
8.0 ± 0.20 
4.7 ± 0.21 

1.6 ± 0.09 
7.9 ± 0.09 
5.0 ± 0.20 

Brain 18.1 ± 0.55 18.6 ± 0.50 18.5 ± 0.56 17.8±5.81 17.6 ± 0.50 
Lungs 8.7 ± 0.29 (C) 8.8 ± 0.28 9.1 ± 0.57 8.4 ± 0.26 9.0 ± 0.33 

(a) Mean ± standard error in milligrams of organ per gram body weight; P values vs. the vehicle controls by Dunnett's test 
<Dunnett, 1955). 
(b) lJ nless otherwise specified 
(cl Nine animals were weighed. 
'"P<0.05 
'"'"P<O.Ol 

TABLE 18. FORELIMB AND HIND LIMB GRIP STRENGTH FOR MICE IN THE THIRTEEN·WEEK 
GAVAGE STUDIES OF N-METHYLOLACRYLAMIDE 

Forelimb Gri(! Strength 
Weel< 6 Weel< 13 

Hind Limb Gri(! Strength 
Weel< 6 Weel< 13 

Dose Mean Percent of Mean Percent of Mean Percent of Mean Percent of 
(mglkg) (a) Veh. Controls (a) Ve h. Controls (a) Veh. Controls (a) Veh. Controls 

MALE 

() 138 ± 5.7 
12.5 123 ± 5.7 
25 **113 ± 4.4 
50 **102 ± 3.5 

100 **(b) 114 ± 3.2 

89 
82 
74 
83 

143 ± 5.4 
128 ± 4.1 

'"*120 ± 5.1 
"""<bJ 113 ± 3.7 

lbJ 131 ± 4.7 

90 
84 
79 
92 

80 ± 3.8 
71 ± 6.6 
66 ± 5.7 
63 ± 6.6 

**43 ± 5.1 

89 
82 
79 
54 

68 ±4.4 
66 ± 4.1 

**48 ± 3.8 
**(b) 45 ± 4.0 

**32 ± 2.2 

97 
70 
66 
47 

FEMALE 

0 
12.5 
25 
50 

100 

122 ± 4.4 
111 ± 4.4 

••tot ± 3.2 
**94 ± 3.2 
**99 ± 3.2 

91 
83 
77 
81 

129 ± 3.5 
**114±4.1 
**112 ± 4.4 
**100 ± 3.2 
**111 ± 4.7 

88 
87 
78 
86 

54 ± 2.8 
49 ± 3.5 
46 ± 1.9 
45 ± 3.5 

**26 ± 3.5 

91 
85 
83 
46 

49 ± 1.9 
42 ± 2.2 

*40 ± 3.5 
"""36 ± 2.2 
**29 ± 1.9 

86 
82 
73 
59 

(a) Mean± standard error in grams for 10 animals; P values vs. the vehicle controls by Dunnett's test <Dunnett, 1955J. 

lbJ Nine animals were examined. 

*P< 0.05 

**P<O.Ol 
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TABLE 19. AUDITORY STARTLE RESPONSE FOR MICE lN THE THIRTEEN·WEEK GAVAGE STUDIES 
OF N·METHYLOLACRYLAMIDE (a) 

Dose (mgfkg) Week 6 Week 13 

MALE 

0 
12.5 
25 
50 

100 

FEMALE 

0 
12.5 
25 
50 

100 

398 ±54 
332 ± 37 
339 ± 34 
388 ± 44 

(b) 363 ± 45 

284 ± 39 
325 ± 41 
363 ± 46 
385 ± 43 
291 ± 32 

(b) 257 ± 40 
228 ±51 
237 ± 17 

lb) 260 ± 31 
!b) 200 ± 43 

192 ± 27 
231 ± 21 
292 ±52 
266 ± 22 

**409 ±59 

Ia) Mean± standard error in units of auditory startle response for 10 animals 

Ib) Nine animals were examined. 

••p <0.01 vs. the vehicle controls by Dunnett's test I Dunnett, 1955) 


TABLE 20. ROTAROD PERFORMANCE FOR MICE lN THE THIRTEEN·WEEK GAVAGE STUDIES OF 
N·METHYLOLACRYLAMIDE 

Week 6 Week 13 
Dose 

(mg/kg) 
Mean 

(seconds) 
Median 

(seconds) 
Number 

(a) 
Percent Mean 

(seconds) 
Median 

(seconds) 
Number 

(a) 
Percent 

MALE 

0 
12.5 

120 ± 0 
97 ± 40 

120 
120 

10/10 
7/10 

100 
70 

lb) 120 ± 0 
97 ± 38 

120 
120 

9/9 
7/10 

100 
70 

25 
50 

85 ± 43 
102 ± 40 

120 
120 

(c) 5/10 
8/10 

50 
80 

100 ± 29 
(b) 118 ± 6 

120 
120 

6/10 
8/9 

60 
89 

100 (b)72 ± 41 58 (c) 3/9 33 lb)84 ± 45 120 5/9 56 

I<'EMALE 

0 
12.5 

120 ± 
120 ± 

0 
0 

120 
120 

10/10 
10/10 

100 
100 

113 ± 23 
112 ± 25 

120 
120 

9/10 
9/10 

90 
90 

25 120 ± 0 120 10/10 100 117 ± 10 120 9/10 90 
50 120 ± 0 120 10/10 100 99 ± 35 120 7/10 70 

100 67 ± 47 74 (c) 3/10 30 90 ± 42 120 6/10 60 

Ia) Number of mice achieving 120 seconds rod time/number of mice tested 
(b) Nine animals were examined. 
(c) Significantly different from vehicle control proportion by the chi-square test IP<0.05l 
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III. RESULTS: MICE 


Hepatocelllular necrosis was observed in 6/10 
males and 2/10 females receiving 200 mg/kg N
methylolacrylamide but not in mice given lower 
doses. Thymic lymphocytic necrosis was seen in 
2/10 males and 4/10 females given 200 mg/kg 
but not in mice receiving lower doses. Hemor
rhage, necrosis, and mineralization of the zona 
reticularis of the adrenal gland were present in 
3/10 female mice at the 200 mg/kg dose. With 
the 100 mg/kg dose, 10/10 female mice had cyto
plasmic vacuolization of the adrenal cortex. 
Vacuolization was also observed at lower doses 
and in vehicle controls. The lesion decreased in 
severity and incidence with decreasing dose. 

Dose Selection Rationale: Because of deaths at 
200 mg/kg and the severity of the adrenal gland 

lesions at 100 mg/kg in females, doses selected 
for mice for the 2-year studies of N-methylolac
rylamide were 25 and 50 mg/kg, administered in 
water by gavage 5 days per week. Neurobehav
ioral changes were seen at 25 mg/kg and higher, 
but no microscopic lesions were seen in tissues of 
the nervous system at any dose. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Mean body weights of dosed mice were up to 25% 
greater than those of vehicle controls for females 
and up to 13% greater for males (Table 21 and 
Figure 5). No compound-related clinical signs 
were observed. 
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TABLE: 21. MEAN BODY WEIGHTS OF MICE IN THE TWO-YI:Ail GAVAGE iTUDIES OF 
N·METMYLOLACilYLAMIDE 

Week Vehicle Control 25 IDi{/lu[ 58 -..flu[ 
on Av. Wt. No. Av. Wt. Wt. (perceat of Na. Av. Wt. Wt. (perceAt of No. 

Study (grams) Weighed (grams) veh. c-triMs) w~ (graas) veil. eeAkuls) Weiihed 

MALE 

23.3 50 23.7 101.7 50 23.5 100.9 50 
25.3 50 25.3 100.0 50 25.4 100.4 50 
26.1 50 27.0 103.4 50 26.8 102.7 50 
27.5 50 27.8 101.1 50 28.0 101.8 50 
28.3 50 29.6 104.6 so 29.3 103 5 50 

6 30.0 50 30.5 101.7 50 30.3 101.0 50 
7 29.9 50 30.9 103.3 50 30.5 102.0 50 
8 31.3 50 32.0 102.2 49 31.5 100.6 50 
9 32.1 50 :12.8 102.2 49 32.2 100.3 50 

10 .'12.8 50 33.2 101.2 49 33.2 101.2 50 
11 .'!3.3 50 34.3 10:1.0 49 33.6 100.9 50 
12 33.6 so 34.3 10~.1 49 34.1 l(Jl.5 50 
13 .'13.8 50 3.'\.0 103.6 49 .'14.4 101.8 50 
17 .15.6 49 35.7 100.3 48 36.4 102.2 50 
22 .'16.4 49 37.7 111.'1.6 4.'\ :18.6 106.0 50 
26 .'l8.0 Ia I 48 .'!8.7 i01.8 44 39.7 104.5 50 
31 39.7 47 411.2 . 11.3 4.'! 41.9 105.5 49 
34 :!8.7 46 40.5 1114.7 42 40.9 105.7 49 
38 41.3 46 42.8 103.6 42 43.9 106.3 48 
42 41.2 4fi 4.'1.2 104.9 42 43.6 105.8 48 
46 41.3 45 43.5 105.3 42 45.0 109.0 48 
.'\0 40.8 45 4.'!.8 107.4 42 4S.4 111.3 48 
54 41.6 4:> 45.7 109.9 42 47.1 113.2 47 
58 42.2 45 4.'>.2 107.1 42 46.8 110.9 47 
62 42.2 45 45.0 106.6 41 47.3 112.1 47 
66 43.3 44 45.7 105.5 39 47.6 109.9 46 
70 41.6 42 44.9 107.9 37 47.1 113.2 41 
75 42.5 42 45.5 107.1 35 48.0 112.9 39 
79 42.9 41 45.4 105.8 35 47.5 110.7 :18 
82 43.3 41 45.2 104.4 35 47.0 1085 ~t> 

86 43.7 40 46.0 105.3 35 48.7 111.4 34 
90 42.6 38 45.4 106.6 32 46.9 110.1 33 
94 41.5 37 43.8 105.5 29 44.7 107.7 29 
98 39.8 34 42.1 105.8 29 44.1 110.8 26 

102 39.5 31 42.4 107.3 22 43.5 110.1 23 
104 39.2 31 42.2 107.7 21 43.0 109.7 2.'1 

FEMALE 

1 18.2 50 18.1 99.5 50 17.6 96.7 50 
2 19.9 50 19.7 99.0 50 19.9 100.0 50 
3 19.5 50 20.4 104.6 50 20.2 111.'1.6 50 
4 21.4 .'iO 21.7 101.4 50 22.0 102.8 50 
5 22.4 .)0 22.4 100.0 50 22.9 102.2 .)0 
6 23.2 50 23.2 100.0 50 23.7 102.2 .)0 
7 23.7 50 23.5 99.2 50 23.8 100.4 50 
8 23.7 50 24.2 102.1 50 24.2 102.1 ;;o 
9 24.6 50 24.8 100.8 50 24.9 101.2 50 

10 25.0 50 24.7 98.8 50 25.3 101.2 50 
11 24.8 ,){) 25.0 100.8 50 25.4 102.4 50 
12 25.4 SO 2.'>.8 101.6 50 26.1 102.8 50 
13 25.6 50 25.8 100.8 50 26.1 102.0 50 
17 26.7 50 26.4 98.9 50 27.2 101.9 ;;o 
22 27.7 50 27.9 100.7 5G 29.9 104.7 50 
26 29.0 50 29.6 102.1 50 31.1 107.2 50 
31 30.1 50 32.2 107.0 50 33.4 111.0 50 
34 30..5 50 .11.4 103.0 50 33.1 108.5 50 
38 33.0 50 35.3 107.0 50 36.8 111.5 50 
42 33.6 50 36.8 109.5 50 38.2 113.7 50 
46 34.2 50 37.6 109.9 50 39.6 115.8 50 
50 :14.9 50 38.3 109.7 50 40.8 116.9 50 
54 36.1 50 40.3 111.6 49 43.3 119.9 50 
58 36.4 49 42.0 115.4 49 45.2 124.2 50 
62 37.8 49 44.1 116.7 48 47.4 125.4 50 
66 40.4 49 46.7 115.6 48 49.2 121.8 50 
70 39.9 49 47.5 119.0 48 49.0 122.8 50 
75 40.2 49 48.6 120.9 48 49.9 124.1 50 
79 41.1 49 49.2 119.7 48 48.5 118.0 48 
82 42.7 48 50.2 117.6 47 49.4 115.7 47 
86 44.5 48 53.4 120.0 45 52.1 117.1 45 
90 43.8 48 51.9 118.5 44 50.8 116.0 45 
94 44.1 48 53.0 120.2 44 51.5 116.8 41 
98 44.6 46 52.5 117.7 41 50.6 113.5 37 

102 44.9 43 53.1 118.3 36 48.4 107.8 36 
104 44.1 42 51.7 117.2 35 47.5 107.7 36 

ial The number of animals weighed was lower than the number of animals surviving. 
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III. RESULTS: MICE 


Survival 

Estimates of the probabilities of survi val for a urinary infection; all other early deaths of low 
male and female mice administered N-methylol dose males and the majority of early deaths of 
acrylamide at the doses used in these studies high dose male mice were attributed to the pres
and for vehicle controls are shown in Table 22 ence of tumors. No significant differences in sur
and in the Kaplan and Meier curves in Figure 6. vival were observed between any groups of 
Deaths of eight low dose male mice between either sex. 
week 8 and week 32 were considered to be due to 

TABLE 22. SURVIVAL OF MICE IN THE TWO·YEAR GAVAGE STUDIES OF 

N-METHYLOLAC RYLAMIDE 


Vehicle Control 25 mg/kg 50mg/kg 

MALE: (a) 

Animals initially in study 50 50 50 

Natural deaths 9 16 19 
Moribund kills 12 14 11 
Animals surviving until study termination lbl30 20 (b) 21 

Survival P values lcl 0.125 0.070 0.128 

FEMALE (a) 

Animals initially in study 50 50 50 

Natural deaths 5 9 10 
Moribund kills 3 6 6 
Accidentally killed 1 0 0 
Animals missing 0 0 1 
Animals surviving until study termination 41 35 33 

Survival P values (c) 0.074 0.142 0.081 

Ia) First day of termination period: 731 
ib) One animal died or was killed in a moribund condition during the termination period and was combined, for statistical 
purposes, with those killed at termination. 
Ic) The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise comparisons 
with the vehicle controls are in the dosed columns. 
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III. RESULTS: MICE 


Pathology and Statistical Analyses of 
Results 

This section describes the statistically signifi
cant or biologically noteworthy changes in the 
incidences of mice with neoplastic or nonneo
plastic lesions of the Harderian gland, liver, 
lung, ovary, forestomach, spleen, kidney, and 
anterior pituitary gland. 

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. 

1/arderian Gland: Incidences of adenomas of the 
Harderian gland were increased in male and fe
male mice receiving N-methylolacrylamide (Ta
ble 23). Incidences of Harderian gland carcino
mas were not significantly increased in dosed 
mice. Adenomas were well-demarcated masses 
that compressed the adjacent parenchyma and 
consisted of glandular structures composed of 
one or two layers of large, often tall, columnar 
epithelial cells with foamy cytoplasm. Frond
like projections of fibrovascular stroma covered 
by epithelial cells were present in glandular 

lumens. Carcinomas were distinguished from 
adenomas by the presence of greater cellular 
atypia, invasion, and metastasis. Some carcino
mas contained solid sheets of pleomorphic epi
thelial cells, which often contained a large, clear 
intracytoplasmic vacuole. 

Liver: Hepatocellular adenomas in male and fe
male mice, hepatocellular carcinomas in males, 
and hepatocellular adenomas or carcinomas 
(combined) in males and females occurred with 
significant positive trends; the incidences of hep
atocellular adenomas in high dose males and 
high dose females, hepatocellular carcinomas in 
dosed males, and hepatocellular adenomas or 
carcinomas (combined) in dosed males and high 
dose females were significantly greater than 
those in the vehicle controls (Table 24). Adeno
mas were well-demarcated lesions that com
pressed the adjacent parenchyma and consisted 
of closely packed hepatocyte cords with no asso
ciated central veins or portal areas and often no 
obvious sinusoids. The hepatocytes varied from 
smaller to larger than normal with slightly ba
sophilic, eosinophilic, or vacuolated cytoplasm. 
Carcinomas were characterized by hepatocytes 
arranged in broad trabeculae that were four or 
more cells thick, or in solid sheets, or in a com
bination of both. Some carcinomas also 
metastasized. 
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TABLE 23. HARDERIAN GLAND LESIONS IN MICE IN THE TWO-YEAR GAVAGE STUDIES OF 
N-METHYLOLACRYLAMIDE (a) 

Vehicle Control 25 mg!kg 50 mg!kg 

MALE 

Hyperplasia 
Overall Rates 

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

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 (d) 
Overall Rates 
<\djusted Rates 
Terminal Rates 
Day of First Observation 
[,tfe Table Tests 
[,ogistic Regression Tests 

Carcinoma 
0 verall Rates 

Adenoma or Carcinoma (e) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
L1fe Table Tests 
Logistic Regression Tests 

1/48 (2%) 

1/48 <2%) 
3.4% 
1/29 <3%) 
731 
P<0.001 
P<0.001 

l/48 <2%> 

2/48 (4%) 
6.9% 
2129 <7%> 
731 
P<0.001 
P<0.001 

1/47 (2%) 

5/47 (11 %) 
12.5% 
5/40 <13%l 
731 
P<O.OOl 
P<0.001 

0/47 <0%) 

5/47 (11%) 
12.5% 
5/40 (13%) 
731 
P<0.001 
P<0.001 

0/49 (0%) 2/50 <4%) 

14/49 (29%) 29/50 <58%) 
54.8% 77.6% 
9/20 <45%) 13/21 <62%) 
485 476 
P<0.001 P<O.OOl 
P<0.001 P<O.OOl 

0/49<0%) 2/50 <4%) 

14/49<29%) 30/50 <60%) 
54.8% 80.4% 
9/20 <45%) 14/21 <67%l 
485 476 
P<0.001 P<0.001 
P<0.001 P<0.001 

2/45 <4%) 1148 (2%) 

8/45 <18%) 20/48 (42%) 
25.0% 49.1% 
8/32 <25%) 13/33 (39%) 
731 589 
P=0.146 P<0.001 
P=0.146 P<0.001 

3/45 <7%) 2/48 (4%) 

11/45 (24%) 22/48 <46%l 
33.1% 54.2% 
10/32(31%) 15/33 <45%) 
710 589 
P=0.030 P<0.001 
P=0.031 P<0.001 

(a) The statistical analyses used are discussed in Section II (Statistical Methods) and Table C3 <footnotes). 
(b) Historical incidence in water gavage vehicle controls (mean± SOl: 20/350 (6% ± 4%); historical incidence in untreated 
controls in NTP studies: 73/2,040 <4% ± 3%> 
(c) Historical incidence in water gavage vehicle controls (mean ±SO>: 22/350 (6% ± 4%); historical incidence in untreated 
controlsinNTPstudies: 79/2,040<4% ± 3%1 
(ell Historical incidence in water gavage vehicle controls (mean± SOl: 9/350 (3% ± 4%>; historical incidence in untreated 
controls in NTP studies: 41/2,040 <2% ± 2%) 
(el Historical incidence in water gavage vehicle controls (mean ±SO>: 12/350 (3% ± 4%l; historical incidence in untreated 
controls in NTPstudies: 48/2,040 <2% ± 2%1 
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TABLE 24. HEPATOCELLULAR TUMORS IN MICE IN THE TWO·YEAR GAVAGE STUDIES OF 
N·METHYLOLACRYLAMIDE 

Vehicle Control 25 mglkg 50 mglkg 

MALE 

Adenoma (a) 
Overall Rates 8/50 (16%) 4/50 18%) 19/50 138%) 
Adjusted Rates 26.7% 18.5% 68.4% 
Terminal Rates 8/30 127%) 3/20 (15%) 13/21 (62%) 
Day of First Observation 731 691 366 
Life Table Tests P<0.001 P=0.413N P<0.001 
Logistic Regression Tests P=0.002 P=0.375N P=0.004 

Carcinoma (b) 
Overall Rates 6/50 112%) 13/50 126%) 12/50 (24%) 
Adjusted Rates 19.4% 45.9% 38.3% 
Terminal Rates 5/30117%) 6/20 130%) 5/21 (24%) 
Day of First Observation 729 455 502 
Life Table Tests P=0.027 P=0.012 P=0.031 
Logistic Regression Tests P=0.064 P=0.023 P=0.078 

Adenoma or Carcinoma (c) 
Overall Rates 12/50 (24%) 17/50 134%) 26/50 (52%) 
Adjusted Rates 38.7% 59.3% 76.8% 
Terminal Rates 11130 137%) 9/20 (45%) 14/21 167%) 
Day of First Observation 729 455 366 
Life Table Tests P<0.001 P=0.023 P<O.OOl 
Logistic Regression Tests P<0.001 P=0.055 P=0.001 

FEMALE 

Adenoma (d) 
Overall Rates 3/50 (6o/o) 4/50 18%> 17/49 (35%) 
Adjusted Rates 7.3% 10.4% 48.2% 
Terminal Rates 3/41 (7%) 2/35 (6%> 15/33 145%) 
Day of First Observation 731 616 653 
Life Table Tests P<0.001 P=0.423 P<0.001 
Logistic Regression Tests P<0.001 P=0.487 P<0.001 

Carcinoma (e) 
Overall Rates 3/50 (6%) 3/50 16%> 2/49 (4%> 

Adenoma or Carcinoma (0 
Overall Rates 6/50 (12%) 7/50 (14%> 17/49 (35%) 
Adjusted Rates 13.7% 18.5% 48.2% 
Terminal Rates 4/41 (10%) 5135 (14%> 15/33 145%) 
Day of First Observation 675 616 653 
Life Table Tests P=0.001 P=0.392 P=0.002 
Logistic Regression Tests P=0.002 P=0.472 P=0.003 

(a) Historical incidence in water gavage vehicle controls !mean ± SOl: 54/347 !16% ± 4%>; historical incidence in untreated 

controls in NTP studies: 259/2,032 (13% ± 7%> 

lbJ Historical incidence in water gavage vehicle controls (mean ± SOl: 56/347 (16% ± 8%); historical incidence in untreated 

controls in NTP studies: 379/2,032 09% ± 7%) 

(c) Historical incidence in water gavage vehicle controls (mean ± SDJ: 106/347 (31% ± 6%>; historical incidence in untreated 

controls in NTP studies: 609/2,032 <30% ± 8%J 

Id) Historical incidence in water gavage vehicle controls (mean ± SDl: 22/348 (6% ± 5%>; historical incidence in untreated con

trolsinNTPstudies: 107/2,03215% ± 4%> 

(e) Historical incidence in water gavage vehicle controls (mean ±SOl: 9/348 (3% ± 2%>; historical incidence in untreated con

trols in NTP studies: 8112,03214% ± 2%> 

(f) Historical incidence in water gavage vehicle controls (mean ± SDJ: 29/34818% ± 5%>; historical incidence in untreated con

trols in NTP studies: 184/2,032 (9% ± 5%) 


53 N-Methylolacrylamide, NTP TR 352 



III.. RESULTS: MICE 


Lung: Incidences of alveolar/bronchiolar adeno
mas and carcinomas were increased in high dose 
male mice, and the neoplasms occurred with sig
nificant positive trends (Table 25). The inci
dence of alveolar/bronchiolar adenomas or carci
nomas (combined) also occurred with a positive 
trend in female mice. Adenomas were well-de
mareated masses that compressed the adjacent 
lung parenchyma and consisted of irregular al
veolar or tubular structures lined by a single 
layer or cuboidal to columnar epithelial cells 
with a moderate amount of cytoplasm and hy
perchromatic nuclei. Carcinomas often were 
less well demarcated than adenomas and some
times demonstrated local invasion or metastasis. 
Neoplastic epithelial cells in carcinomas often 
were pleomorphic with large nuclei and scant cy
toplasm and tended to grow in multiple layers or 
form solid areas. 

Chronic inflammation and alveolar epithelial 
hyperplasia were observed at slightly increased 
incidences in dosed mice (chronic inflammation-
male: vehicle control, 8/49; low dose, 12/50; high 
dose, 20/50; female: 12/50; 28/50; 14/49; alveolar 
epithelial hyperplasia--male: 10/49; 17/50; 
19/50; female: 8/50; 26/50; 17/49). These two le
sions generally occurred together and appeared 
to be part of the same lesion. The lesions con
sisted of clusters of alveoli adjacent to bronchi
oles that were lined by flattened to cuboidal to 
columnar cells, many of which were ciliated, and 
were filled with mucus mixed with inflamma
tory cells. The lesions were similar in appear
ance to chronic lesions of Sendai virus infection. 
Seven of 10 sentinel mice were found to be 
seropositive for Sendai virus at 18 months. 

Ovary: Atrophy was observed at increased inci
dences in female mice given N-methylolacryl
amide (vehicle control, 3/50; low dose, 39/45; 
high dose, 38/47). Atrophy was characterized by 

a complete absence offollicular and luteal activi
ty, often accompanied by a decrease in ovarian 
size. Benign granulosa cell tumors occurred at 
significantly greater incidences in dosed female 
mice than in vehicle controls (Table 26). The 
neoplasms were discrete masses that had re
placed some or all of the affected ovary and were 
composed of cells that resembled normal ovarian 
granulosa cells and formed follicular, tubular, 
solid, or adenomatous structures. 

Forestomach: Squamous papillomas occurred in 
the forestomach of a few male and female mice 
that received N-methylolacrylamide (male: ve
hicle control, 0/50; low dose, 1/49; high dose, 
2/48; female: 0/46; 0/6; 2/44). The highest ob
served incidence of forestomach neoplasms in 
water gavage vehicle control B6C3Ft mice is 
3/50 for males and 2/49 for females. 

Spleen: Hematopoietic cell proliferation was ob
served at increased incidences in high dose mice 
(male: vehicle control, 11/50; low dose, 13/26; 
high dose, 38/50; female: 15/50; 10/19; 40/48). 
The proliferation was considered a secondary re
sponse to neoplastic and inflammatory lesions in 
various organs. 

Kidney: Chronic nephropathy was observed at 
increased incidences in high dose female mice 
(male: vehicle control, 21150; low dose, 4/22; 
high dose, 22/50; female: 10/50; 3/11; 23/48). 
The nephropathy was generally of minimal to 
mild severity and was consistent with changes 
in the kidney of aging B6C3Ft mice. 

Anterior Pituitary Gland: The incidence of ade
nomas of the pars distalis in high dose female 
mice was significantly lower than that in vehicle 
controls (vehicle control, 13/49; low dose, 5/14; 
high dose, 4/43). 
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TABLE 25. ALVEOLAR/BRONCHIOLAR TUMORS IN MICE IN THE TWO-YEAR GAVAGE STUDIES OF 
N-METHYLOLACRYLAMIDE 

Vehicle Control 25 mg/kg 50 mg/kg 

MALE 

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

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

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

FEMALE 

Adenoma (d) 
Overall Rates 

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

Adenoma or Carcinoma <0 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logistic Regression Tests 

3/49 <6%) 
10.3% 
3/29 !10%) 
731 
P=0.005 
P=0.010 

2/49 <4%) 
6.3% 
1/29 (3%1 
675 
P=0.003 
P=0.005 

5/49 !10%> 
16.3% 
4/29 <14%> 
675 
P<0.001 
P<0.001 

4/50 (8%) 

2/50 (4%) 
4.9% 
2/41 (5%) 
731 
P=0.034 
P=0.061 

6/50 (12%) 
14.6% 
6/41 (15%) 
731 
P=0.019 
P=0.042 

6/50(12%) 11/50 <22%1 
21.6% 40.1% 
2/20{10%) 6/21 (29%) 
600 366 
P=0.129 P=0.006 
P=0.184 P=0.015 

4/50 (8%) 10/50 (20%) 
18.3% 34.6% 
3/20 ( 15%) 4/21 (19%) 
687 589 
P=0.213 P=0.006 
P=0.253 P=O.Oll 

10/50 (20%> 18/50 (36%> 
37.2% 58.2% 
5/20 <25%) 9/21 <43%> 
600 366 
P=0.045 P<0.001 
P=0.073 P=0.001 

4/50 (8%> 7/49 (14%) 

5150 <10%) 7/49 <14%) 
13.2% 19.2% 
4/35 (11 %) 5/33 (15%) 
421 580 
P=0.167 P=0.045 
P=0.243 P=0.076 

8/50 (16%) 13/49 (27%) 
20.6% 33.8% 
5/35 (14%) 9/33 (27%> 
421 580 
P=0.284 P=0.025 
P=0.387 P=0.057 

(a) Historical incidence in water gavage vehicle controls (mean ± SOl: 46/347 (13% ± 8%); historical incidence in untreated 

controls in NTP studies: 255/2,034 ( 13% ± 6%1 

(b) Historical incidence in water gavage vehicle controls (mean ± SD>: 22/347 <6% ± 5%>; historical incidence in untreated con

trols in NTP studies: 102/2,034 <5% ± 3%1 

(c) Historical incidence in water gavage vehicle controls <mean ± SDI: 65/347 <19% ± 8%1; historical incidence in untreated 

controls in NTP studies: 348/2,034 ( 17% ± 7%1 

(d) Historical incidence in water gavage vehicle controls (mean± SD>: 25/349 <7% ± 3%1; historical incidence in untreated con

trols in NTP studies: 101/2,026 ( 5% ± 4% > 

(e) Historical incidence in water gavage vehicle controls (mean ± SD>: 8/349 <2% ± 2%>; historical incidence in untreated con

trols in NTP studies: 45/2,026 (2% ± 2%) 

d) Historical incidence in water gavage vehicle controls (mean ± SD): 33/349 (9% ± 4%); historical incidence in untreated con

trols in NTP studies: 145/2,026 <7% ± 4%) 
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TABLE 26. BENIGN OVARIAN GRANULOSA CELL TUMORS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (a) 

Vehicle Control 25 mg/kg 50 mg/kg 

Overall Rates 0150 <0%) 5/45 (11 %) 5/47<11%) 
Adjusted Rates 0.0% 16.1% 15.6% 
Terminal Rates 0/41 (0%) 5/31 <16%) 5/32 (16%) 
Day of First Observation 731 731 
Life Table Tests P=0.017 P=0.015 P=0.016 
Logistic Regression Tests P=0.017 P=0.015 P=0.016 

(a) Historical incidence of luteomas or granulosa cell tumors (combined) in water gavage vehicle controls (mean ± SDJ: 2/339 
<0.6% ± 1.0%); historical incidence in untreated controls in NTP studies: 13/1,867 (0.7% ± 2%) 
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III. RESULTS: GENETIC TOXICOLOGY 


N-Methylolacrylamide was not mutagenic in 
Salmonella typhimurium strains T A97, T A98, 
TA100, or TA1535 when tested with or without 
Aroclor 1254-induced male Sprague Dawley rat 
or Syrian hamster liver S9 at doses up to 10 mg/ 
plate (Table 27; Zeiger et al., 1988). When tested 
for cytogenetic effects in cultured Chinese ham
ster ovary cells, N-methylolacrylamide induced 
dose-related increases in both sister chromatid 
exchanges (SCEs) and chromosomal aberrations 
with and without Aroclor 1254-induced male 
Sprague Dawley rat liver S9 (Tables 28 and 29). 

Cells receiving the highest doses in the SCE tri
als without S9 required delayed harvest to offset 
chemical-induced cell cycle delay, as did all the 
cell cultures in the chromosomal aberration test. 
Results from a short-term in vivo mouse bone 
marrow micronucleus test with N-methylolac
rylamide dissolved in corn oil were negative; 
doses up to 150 mg/kg (administered twice by in
traperitoneal injection at 24-hour intervals) did 
not cause an increase in micronucleated poly
chromatic erythrocytes (Table 30). 
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TABLE 27. MUTAGENICITY OF N-METHYLOLACRYLAMIDE IN SALMONELLA TYPHIMURIUM (a) 

Strain Dose (llg/plate) Revertants/Plate (b) 

TAlOO 

0 
100 
333 

1,000 
3,333 

10,000 

Trial summary 
Positive control (c) 

TA1535 

0 
100 
333 

1,000 
3,333 

10,000 

Trial summary 
Positilve control (c) 

TA9'i' 

0 
33 

100 
333 

1,000 
3,333 

10,000 

Trial summary 
Positive control (c) 

TA98 

0 
100 
333 

1,000 
3,333 

10,000 

Trial summary 
Positive control (c) 

-89 +89 (hamster) 

Trial 1 Trial 2 10% 30% 


134 ± 8.2 120 ± 14.3 140 ± 7.2 140 ± 3.5 

129 ± 3.2 141 ± 0.7 129 ± 11.0 140 ± 9.6 

133 ± 8.2 107 ± 4.7 153 ± 9.4 115 ± 6.4 

144 ± 4.8 99 ± 14.6 138 ± 8.0 145 ± 6.8 

143 ± 3.9 120 ± 6.1 134±11.6 141 ± 5.2 

147 ± 2.7 83 ± 9.2 162 ± 3.5 151 ± 15.8 


Negative Negative Negative Negative 
791 ± 116.5 455 ± 9.3 2,033 ± 59.0 459 ± 27.0 

-89 +89 (hamster) 

Trial 1 Trial 2 10% 30% 


19 ± 1.9 17 ± 2.9 10 ± 0.7 11 ± 0.6 

19 ± 1.3 19 ± 5.2 10 ± 0.7 7 ± 1.2 

18 ± 1.0 20 ± 4.4 11 ± 2.3 10 ± 0.3 

18 ± 3.5 14 ± 2.3 8 ± 0.9 10 ± 0.6 

19 ± 0.7 15 ± 4.9 8 ± 2.1 13 ± 2.4 

9 ± 0.9 9 ± 5.5 8 ± 0.3 14 ± 6.0 


Negative Negative Negative Negative 
519 ± 13.4 391 ± 27.1 403 ± 46.4 383 ± 25.1 

-89 +89 (hamster) 
Trial 1 Trial 2 10% 10% 30% 

100 ± 4.3 147 ± 8.7 112± 1.2 133 ± 10.1 181 ± 4.5 
155 ± 9.0 139 ± 11.6 173 ± 15.6 

90 ± 5.1 151 ± 4.3 97 ± 6.6 146 ± 4.9 169 ± 10.7 
84 ± 4.2 157 ± 4.6 96 ± 2.6 143 ± 4.1 163 ± 4.7 
81 ± 6.6 164 ± 14.0 95 ± 1.2 145 ± 3.0 182 ± 6.7 
70 ± 3.9 157 ± 6.7 90 ± 7.5 159 ± 8.8 186 ± 5.9 

1 ± 0.9 36 ± 16.9 

Negative Negative Negative Negative Negative 
1,717 ± 106.6 901 ± 40.4 1,771 ± 39.6 1,682 ± 19.4 1,011 ± 61.6 

-89 +89 (hamster) 

Trial 1 Trial 2 10% 30% 


15 ± 0.3 17 ± 1.8 32 ± 2.0 29 ± 2.9 
17 ±0.3 24 ± 2.9 28 ± 2.3 34 ± 1.2 
18 ± 1.5 16 ± 2.3 31 ± 4.1 29 ± 1.2 
13±1.5 22 ±6.2 29 ±0.0 39 ± 1.5 
19 ± 3.1 14 ± 3.8 28 ± 6.8 30 ± 6.4 
12 ± 2.9 8 ± 0.5 24 ±7.5 32 ± 1.2 

Negative Negative Negative Negative 
1,731 ± 50.2 1,894 ± 105.9 1,218 ± 172.0 236 ± 18.5 

+89 (rat) 

10% 30% 


139 ± 5.2 111 ± 11.5 
133 ± 14.4 132 ± 17.6 
143 ± 7.7 141 ± 4.9 
145 ± 9.3 140 ± 9.3 
133 ± 3.5 129 ± 3.4 
138 ± 11.2 152 ± 6.4 

Negative Equivocal 
508 ± 21.6 338 ± 13.3 

+89 (rat) 

10% 30% 


9 ± 1.2 7 ± 0.6 

9 ± 0.3 15 ± 2.6 

8 ± 1.8 12 ± 1.9 


11 ± 2.0 12 ± 2.3 

10 ± 1.7 10 ± 1.0 

9 ± 1.2 11 ± 0.9 


Negative Negative 

J95 ± 0.6 189 ± 10.5 


+89 (rat) 

10% 30% 


142 ± 3.0 197 ± 4.0 

155 ± 20.3 200 ± 3.2 
153 ± 4.4 196 ±3.5 
155 ± 12.3 195 ± 3.1 
164 ± 5.9 194 ± 4.4 
158±17.6 196 ± 2.1 

Negative Negative 
959 ± 48.4 596 ± 12.7 

+89 (rat) 

10% 30% 


25 ± 1.7 18 ± 2.7 
29 ± 2.6 21 ± 3.1 
29 ± 0.9 25 ± 0.3 
23 ± 2.1 20 ± 2.7 
24 ± 1.9 22 ± 4.8 
22 ± 1.3 23 ± 9.5 

Negative Negative 
254 ± 25.5 157 ± 6.6 

(a) Study performed at SRI International. The detailed protocol is presented by Haworth eta!. (1983), and the data, with pro
tocol modifications, are included in Zeiger eta!. (1988l. Cells and study compound or solvent (dimethyl sulfoxide) were incu
bated in the absence of exogenous metabolic activation (- S9l or with Aroclor 1254-induced S9 from male Syrian hamster liver 
or male Sprague Dawley rat liver. High dose was limited by toxicity or solubility but did not exceed 10 mg/plate; 0 l,lg/plate dose 
is the solvent control. 
(b) Revertants are presented as mean ± standard error from three plates. 
(c) Positive control; 2-aminoanthracene was used on all strains in the presence of S9. In the absence of metabolic activation, 
4-nitro-o-phenylenediamine was used with TA98, sodium azide was used with TA100 and TA1535, and 9-aminoacridine was 
used with TA97. 
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TABLE 28. INDUCTION OF SISTER-CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS 
BY N-METHYLOLACRYLAMIDE (a) 

No. of SCEs/ Relative 
Dose Total Chromo- No. of Chromo- SCEs/ Hours SCEs/Cell 

(llg/ml} Cells somes 8CEs some Cell in BrdU (percent) (b) 

-89 (c) 

Trial 1--Summary: Weakly positive 

Dimethyl sulfoxide 50 1,045 457 0.44 9.1 25.8 

N- Methylolacrylamide 16.7 50 1,045 520 0.50 10.4 25.8 114.3 
50 50 1,046 524 0.50 10.5 25.8 115.4 

166.7 50 1,043 589 0.56 11.8 tdl30.8 129.7 

MitomycinC 0.001 50 1,051 569 0.54 11.4 25.8 125.3 
0.01 5 105 197 1.88 39.4 25.8 433.0 

Trial 2--Summary: Positive 

Dimethyl sulfoxide 25 525 276 0.53 11.0 25.8 

N- Methylolacry !amide 125 25 525 283 0.54 11.3 25.8 102.7 
166.7 25 525 372 0.71 14.9 25.8 135.5 
250 25 525 405 0.77 16.2 tdl33.0 147.3 

MitomycinC 0.001 25 525 327 0.62 13.1 25.8 119.1 
0.01 5 105 214 2.04 42.8 25.8 389.1 

+89 (e)--Summary: Weakly positive 

Dimethyl sulfoxide 50 1,050 377 0.36 7.5 25.8 

N- Methylolacry !amide 166.7 50 1,050 407 0.39 8.1 25.8 108.0 
500 50 1,049 436 0.42 8.7 25.8 116.0 

1,700 50 1,043 565 0.54 11.3 25.8 150.7 

Cyclophosphamide 0.4 50 1,049 586 0.56 11.7 25.8 156.0 
2 5 103 181 1.76 36.2 25.8 482.7 

ta) Study performed at Litton Bionetics, Inc. SCE = sister chromatid exchange; BrdU = bromodeoxyuridine. A detailed de
scription of the SCE protocol is presented by Galloway et al. ( 1985, 1987). Briefly, Chinese hamster ovary cells were incubated 
with study compound or solvent (dimethyl sulfoxide) as described in (cl and (e) below and cultured for sufficient time to reach 
second metaphase division. Cells were then collected by mitotic shake-off, fixed, air dried, and stained. 
<b) SCEs/cell of culture exposed to study chemical relative to those of culture exposed to solvent 
(c) In the absence ofS9, Chinese hamster ovary cells were incubated with study compound or solvent for 2 hours at 37° C. Then 
BrdU was added, and incubation was continued for 24 hours. Cells were washed, fresh medium containing BrdU and colcemid 
was added, and incubation was continued for 2-3 hours. 
<d> Because some chemicals induce a delay in the cell division cycle, harvest times are occasionally extended to maximize the 
proportion of second division cells available for analysis. 
(e) In the presence ofS9, cells were incubated with study compound or solvent for 2 hours at 37° C. Cells were then washed, and 
medium containing BrdU was added. Cells were incubated for a further 26 hours, with colcemid present for the final 2-3 hours. 
S9 was from the liver of Aroclor 1254-induced male Sprague Dawley rats. 
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TABLE 29. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS 
BY N·METHYLOLACRYLAMIDE (a) 

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

(llg/ml) Cells Abs Cell Cells (llg/ml) Cells Ahs Cell Cells 
with Ahs with Abs 

Triall--Harvest time: 20.2 h (d) Harvest time: 20.2 h <d) 

Dimethyl sulfoxide 
200 2 0.01 0.5 

Dimethyl sulfoxide 
200 3 0.02 0.5 

N-Methylolacrylamide 
250 200 
375 200 
500 50 

16 
48 
57 

0.08 
0.24 
1.14 

7.0 
18.5 
52.0 

N-Methylolacrylamide 
2,500 200 
3,750 25 
5,000 25 

95 
95 

149 

0.48 
3.80 
5.96 

11.5 
56.0 
92.0 

Summary: Positive Summary: Positive 

MitomycinC 
0.05 
0.08 

200 
25 

67 
15 

0.34 
0.60 

24.0 
40.0 

Cyclophosphamide 
6.25 200 

12.5 25 
34 
42 

0.17 
1.68 

14.0 
72.0 

Tl·iai2--Harvest time: 20.2 hours <dJ 

Dimethyl sulfoxide 
100 0 0.00 0.0 

N-Methylolacrylamide 
375 100 
437.5 50 
500 50 

42 
53 
79 

0.42 
1.06 
1.58 

26.0 
64.0 
66.0 

Summary: Positive 

MitomycinC 
0.05 
0.08 

100 
25 

20 
29 

0.20 
1.16 

19.0 
40.0 

(al Study performed at Litton Bionetics, Inc.; Abs =aberrations. A detailed presentation of the technique for detecting chromo

somal aberrations is found in Galloway et al. ( 1985, 1987). Briefly, Chinese hamster ovary cells were incubated with study com

pound or solvent (dimethyl sulfoxide I as indicated in (b) and (c). Cells were arrested in first metaphase by addition of colcemid 

and harvested by mitotic shake-off, fixed, and stained in 6% Giemsa. 

<b I In the absence ofS9, cells were incubated with study compound or solvent for 8-10 hours at 37° C. Cells were then washed, 

and fresh medium containing colcemid was added for an additional2-3 hours followed by harvest. 

(c) In the presence ofS9, cells were incubated with study compound or solvent for 2 hours at 37° C. Cells were then washed, me

dium was added, and incubation was continued for 8-10 hours. Colcemid was added for the last 2-3 hours of incubation before 

harvest. 89 was from the liver of A roc lor 1254-induced male Sprague Dawley rats. 

(d I Because of significant chemical-induced cell cycle delay, incubation time prior to addition of colcemid was lengthened to pro

vide sufficient metaphases at harvest. 
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TABLE 30. INCIDENCE OF MICRONUCLEI IN BONE MARROW POLYCHROMATIC ERYTHROCYTES OF 

MALE B6C3F1 MICE EXPOSED TO N-METHYOLACRYLAMIDE (a) 


Dose Micronucleated PCE/ 

(mg!kg per injection) 2,000 Cells (b) Number of Animals 


Corn oil (c) 3.0 ± 0.9 5 

N·me thy lolacryamide 
37.5 3.0 ± 0.6 5 
75 1.4 ± 0.4 5 

150 1.6 ± 0.6 5 

Dimethylbenzanthracene (d) 
100 73.6 ± 20.7 5 

(a) Study performed at Environmental Health Research and Testing, Inc. PCEs = polychromatic erythrocytes. Male mice were 

given two intraperitoneal injections (at 24-h intervals) of N-methylolacrylamide dissolved in corn oil. Bone marrow smears 

were prepared 24 h after the second injection; 2,000 PCEs were scored for the incidence of micronuclei in each of five animals 

per dose group. 

(b) Mean± standard error of the mean of the pooled results from all animals scored within a dose group. Results were negative 

(P>0.1). 

(c l Solvent control animals received 0.4 ml corn oil per injection. 

(dl Positive control 


61 N-Methylolacrylamide, NTP TR 352 



N-Methylolacrylamide, NTP TR 352 62 



IV. DISCUSSION AND CONCLUSIONS 


f)3 N-Methylolacrylamide, NTP TR 352 




IV. DISCUSSION AND CONCLUSIONS 


N-Methylolacrylamide was evaluated for toxici
ty and carcinogenicity in 16-day, 13-week, and 
2-year studies. The chemical was administered 
by gavage in water to F344 rats and B6C3FI 
miee of each sex. N-Methylolacrylamide was 
studied because of its widespread use in textiles, 
paints, and other products. Results of recent 
long-term carcinogenicity studies of acrylamide 
in rodents were positive (IARC, 1986), suggest
ing that N-methylolacrylamide also might be a 
carcinogen. 

N-VIethylolacrylamide, like acrylamide, is 
clearly clastogenic to mammalian cells in vitro. 
Although it does not induce gene mutations in 
bacteria, it has been shown to induce chromoso
mal aberrations in cultured Chinese hamster 
ovary cells in both the absence and presence of 
89. However, the one in vivo test for which re
sults are available showed no induction of micro
nudei in the bone marrow polychromatic eryth
rocytes of mice injected intraperitoneally with 
the chemical. Acrylamide, on the other hand, in 
addition to inducing chromosomal aberrations in 
vitro, has also been shown to be clastogenic in 
vivo It induces chromosomal aberrations and 
mkronuclei in mouse bone marrow cells and 
dominant lethal mutations and inherited trans
locations in mouse germ cells. 

Acrylamide may exert its mutagenic effects 
through interaction with proteins and microtu
bules, as well as with DNA. Based on aneu
ploidy and polyploidy observed in mouse bone 
marrow and spermatagonial cells, Shiraishi 
(1978) speculated that acrylamide may disrupt 
cytoplasmic microtubules. In studies with 
[14CJacrylamide, Sega et al. (1988) found that 
the chromosome breakage and dominant lethal 
effects reported for acrylamide in mouse germ 
cells correlated with the levels of protamine al
kylation but not those of DNA alkylation and 
speculated that stress on the chromosome struc
ture caused by protamine alkylation might be 
the mechanism for acrylamide's chromosome
damaging effects. 

Acrylamide and related compounds have also 
been recognized as neurotoxins and are con
sidered good examples of compounds that show 
cumulative toxicity. Clinical signs of neurologic 
effects were seen in the 16-day studies of 

N-methylolacrylamide at doses of 100-400 mg/ 
kg in rats and 200 and 400 mg/kg in mice. At 
the highest dose, rats appeared to have in
creased motor activity and exaggerated startle 
responses, but most animals died before develop
ing ataxia or other signs of peripheral neurop
athy, signs that were seen later at lower doses. 
Weight gains were dose related in rats but were 
difficult to interpret in mice because of poor 
weight gain in vehicle control males and non uni
formity of starting weights in females. N euro
toxicity was a possible cause of death in these 
studies, although no major neural lesions were 
observed histopathologically. A number of mi
croscopic changes, including dysplasia of the na
sal and tracheal epithelium, hyperplasia of the 
tracheal and bronchiolar epithelium, and hepa
tocellular necrosis, were noted in various organs 
of dosed animals. Certain changes, inc! uding 
vacuolar degeneration of the myocardial fibers 
and sinusoidal congestion of the liver, were ob
served only in mice that died early. 

In the 13-week studies, all rats and mice that re
ceived 200 mg/kg died during the first 5 weeks, 
and most of the rats that received 100 mg/kg 
died during weeks 5-8. Neurotoxic effects were 
evident; the time of onset of hind limb ataxia 
and progression to hind limb paralysis was re
lated to the cumulative dose of N-methylolacryl
amide. A battery of neurobeha vioral assess
ments was performed on both rats and mice 
during weeks 6 and 13. Measures of forelimb 
and hind limb grip strength showed dose-related 
deficits in male and female rats and mice at both 
testing periods and increased landing foot 
spread in rats. Mice were tested in the rotarod 
performance assay. Results showed a rather in
consistent pattern of poorer performance by 
dosed animals. Motor activity did not appear to 
be affected consistently in dosed rats or mice, but 
startle response appeared decreased in dosed 
rats. These results suggest the presence of pe
ripheral neuropathy in both rats and mice ad
ministered N-methylolacrylamide. Peripheral 
nerve lesions were seen in rats, primarily vari
ous degenerative lesions in the myelin; degen
eration and cellular necrosis also were noted in 
the granular cell layer of the cerebellum in rats, 
along with axon filament and myelin sheath 
degeneration of the brain stem and spinal cord. 
However, no neural lesions were evident 
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microscopically in mice. Peripheral nerve le
sions were detected in rats at doses as low as 25 
mg/kg. This was accomplished with special his
topathologic procedures outlined in the Materi
als and Methods section. These procedures were 
not used on the mice. However, brain stem and 
spinal cord lesions were also noted in rats at 50 
mg/kg and higher by the traditional histopatho
logic methods. These lesions were not seen in 
mice at doses as high as 200 mg/kg in the 13
week studies. Increased sensitivity to the neuro
toxic effects of N-methylolacrylamide for rats 
compared with those for mice also was suggested 
by a variety of urinary bladder lesions in rats, 
which included hemorrhage and inflammation, 
hyperplasia, and edema of the mucosal cells. 
These lesions resulted from urinary bladder dis
tension that was probably secondary to deficits 
in the neural control of urination. 

Doses for the 2-year studies in rats were set at 0, 
6, and 12 mg/kg per day for both males and fe
males because 12 mg/kg was the highest dose at 
which no evidence of histopathologic or neurobe
havioral effects was seen in the 13-week studies. 
The severity of the neural lesions at 25 mg/kg 
was not believed to be life threatening, but the 
recognized cumulative nature of the neurotoxic 
effects of this and other acrylamide-like com
pounds and the degree ofneurobehavioral effects 
in the 13-week studies with 25 mg/kg indicated 
selection of a lower dose. 

Lesions used as the basis for dose selection for 
mice in the 2-year studies were different from 
those used for rats. Although neurobehavioral 
effects were seen at doses down to 25 mg/kg, neu
ropathologic effects were not seen micro
scopically. All mice given 200 mg/kg died by 
week 5, and necrosis of hepatocytes, thymic lym
phocytes, and adrenal cells of the zona reticu
laris was seen in these animals. A separate 
adrenal cortical lesion, cytoplasmic vacuoliza
tion, was seen at lower doses and appeared dose 
related in severity. The significance of this le
sion during a 2-year study could not be pre
dicted, and a high dose of 50 mg/kg was chosen 
for the 2-year studies, based on the mild-to-mod
erate severity of the lesion at this dose. 

In the 2-year studies in rats, body weights of 
high dose males and females were similar to 

those of vehicle controls, and survival also was 
similar, except for low dose females. Seven low 
dose females died during weeks 61-77, compared 
with one each in the vehicle control and high 
dose groups. After this period, the number of 
deaths was similar in all groups. Six of the 
seven low dose females dying during weeks 61
77 had neoplastic lesions. Two had uterine 
stromal sarcomas, two had mammary gland fi
broadenomas, one had mononuclear cell leuke
mia, and one had a clitoral gland adenoma. This 
cluster of somewhat early neoplasms is unusual 
but is not attributable to N-methylolacrylamide 
administration. 

There were no clinical observations in the 2-year 
studies that would suggest the development of 
peripheral neuropathy, but specific neurobehav
ioral assessments were not performed. Nonethe
less, the lack of clinical signs suggests that the 
doses used in these studies were sufficiently low 
to prevent cumulative neurotoxic effects. No 
biologically significant increases in neoplastic or 
nonneoplastic lesions in rats were attributed to 
the administration of N-methylolacrylamide. 
Cystic degeneration of the liver was increased 
slightly in high dose male rats. Administration 
of somewhat higher doses to rats might have 
provided a more rigorous assessment of the car
cinogenic potential of N-methylolacrylamide, 
but a top dose of no more than 20-25 mg/kg could 
have been used, based on the collected observa
tions of the 13-week studies. 

The N-methylolacrylamide rat study results 
contrast with the results of 2-year studies of ac
rylamide given in drinking water to F344 rats 
(Johnson et al., 1986). The doses in the Johnson 
studies ranged up to 2 mg/kg per day. No clini
cal signs of neuropathy were seen, but the num
ber of deaths increased during the last 4 months 
of the studies in high dose males and females. In 
females, increased tumor incidences were ob
served in the mammary gland, central nervous 
system, thyroid gland, follicular epithelium, oral 
tissues, uterus (adenocarcinomas unrelated to 
stromal sarcomas), and clitoral gland. In males, 
the incidences of thyroid gland follicular cell tu
mors and scrotal mesotheliomas were increased. 
No evidence has been obtained which would sug
gest significant metabolism of N-methylolacryl
amide to acrylamide in vivo (Edwards, 1974). 
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The results of the 2-year studies of N-methylol
acrylamide in mice differed sharply from the re
sults of the studies in rats. In mice, no signifi
cant clinical signs or obvious neurotoxic effects 
were observed, but body weights were substan
tially higher in the dosed animals than in the ve
hicle controls. The body weight patterns of ve
hicle controls did not differ from those normally 
observed in 2-year studies, and those of dosed 
mice were towards the high end of the vehicle 
control range. The reasons for this finding are 
not entirely clear, although subclinical toxic ef
fects on the nervous system, and perhaps on the 
neuroendocrine system, may have reduced the 
gHnerallevel of activity of the animals receiving 
the chemical. 

Survival of dosed male and female mice was 
somewhat lower than that seen in vehicle con
trols, primarily because of an increase in neo
plastic lesions. In addition, eight low dose male 
miee with urinary tract infections died early 
during the first year. These infections are com
mon in situations of urine retention, but it is not 
clear why high dose males did not also die more 
frequently from similar infections if this was in
volved. Fighting among the group-housed male 
miee may have contributed to the infections. 

Substantially increased incidences of tumors of 
the Harderian gland, liver, lung, and ovary were 
observed in mice administered N-methylolacryl
amide for 2 years. The incidences of Harderian 
gland adenomas in high dose mice (male, 58%; 
female, 42%) were far in excess of the vehicle 
control incidences (male, 2%; female, 11%) or the 
historical control incidences (male, 4%; female, 
2%; Tables C4a and D4a). The incidences of hy
perplasia and carcinomas were not increased in 
dosed mice compared with those in vehicle con
trols. Harderian gland neoplasms have been de
scribed in a number of strains of mice (Sheldon 
et al., 1983). The majority of adenocarcinomas 
observed among these spontaneous tumors ap
peared to arise from adenomas, suggesting the 
progression of benign to malignant neoplasms in 
this organ. 

The incidences of alveolar/bronchiolar neo
plasms of the lung were increased in dosed male 
and female mice. The vehicle control incidences 
for the neoplasms in these studies were close to 

the expected values (Tables C4c and D4c). The 
incidences of both adenomas and carcinomas 
were increased in dosed male mice; in females, 
the increased incidences of carcinomas and the 
combined tumors were statistically significant. 
Alveolar/bronchiolar adenomas and carcinomas 
are generally similar in morphologic appear
ance; the distinction between them often is 
based primarily on size. Adenomas are smaller 
than carcinomas, and growth of these tumors is 
usually accompanied by an increase in cellular 
anaplasia and foci of malignant cells (Ward et 
al., 1979). 

The serology assessments and certain of the lung 
lesions in mice indicated that a Sendai infection 
had occurred during the studies. Although it ap
pears unlikely that the Sendai infection alone 
could have influenced the lung tumor incidence 
(Rao et al., 1989), an interaction between the 
viral effects and effects of N-methylolacryamide 
administration, possibly affecting the lung tu
mor response, cannot be ruled out. 

Ovarian atrophy was increased in dosed female 
mice. This lesion was characterized by an in
crease in interstitial cells and an accumulation 
ofphagocytes that contained pigment. Increased 
numbers and hypertrophy of interstitial cells oc
curred with increased follicular atresia. Benign 
granulosa cell tumors of the ovary were observed 
in five low dose and five high dose female mice. 
The incidences in dosed animals are markedly 
greater than those in concurrent or historical ve
hicle controls (approximately 0.6%; Table D4d). 
Although seen infrequently, granulosa cell tu
mors (benign and malignant) are the most com
monly observed ovarian tumors in control 
B6C3Ft mice (Alison and Morgan, 1987). Evi
dence has been presented suggesting a relation
ship between follicular atrophy and the develop
ment of ovarian neoplasia (Maronpot, 1987). 
This theory proposes that oocyte destruction and 
the subsequent decrease in estrogen production 
lead to a compensatory increase in pituitary 
gonadotropin release. The increased stimula
tion by gonadotropins stimulates cell prolifera
tion in the ovary which, in some manner, pro
motes the eventual development of neoplasia. 
On the surface, the observation of ovarian atro
phy in 87% of low dose mice and 81% of high dose 
mice and the occurrence of five tumors in the low 
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dose groups and five in the high dose groups ap
pear consistent with such a hypothesis. If this 
theory is correct, the reason that a higher inci
dence of tumors was not seen is not clear. None
theless, in these studies, serum hormone levels 
were not measured, and the applicability of the 
proposed mechanism to the neoplasms observed 
is not known. 

Hepatocellular adenomas were increased in high 
dose male and female mice, and hepatocellular 
carcinomas were increased in dosed male mice. 
The incidences of these neoplasms in the vehicle 
•:nntrol groups of males and females were similar 
to those normally seen in 2-year studies (see Ta
ble 24), and the incidences of adenomas or carci
nomas (combined) in high dose males and fe
males exceeded the highest observed vehicle 
control incidences for water gavage studies (Ta
bles C4b and D4b), although higher incidences 
have been observed in untreated control male 
mice. No increase in metastases was observed in 
dosed mice. 

1\ number of factors have been shown to influ
ence the occurrence of liver neoplasms in mice 
(Maronpot et a!., 1987). Castration decreases 
the spontaneous and carcinogen-induced inci
dence in males, and ovariectomy increases the 
incidence in females. As noted above, ovarian 
atrophy was observed in dosed female mice. De
creased body weight is thought to lead to a lower 
incidence of liver neoplasms in male mice (Rao 
d a!., 1987). In the current study, the dosed 
male mice were 10%-13% heavier than vehicle 
controls during the peak weight period in the 
study. Increased cell turnover in the liver has 
been associated with increased incidences of 
i.iver neoplasms (Maronpot eta!., 1987). No in
crease in liver weight was seen in males or fe
males in the 13-week studies at the doses used in 
the 2-year studies, and although hepatocellular 
nElcrosis was observed at the top dose (200 mg/ 
kg), none was observed at lower doses in the 13
week studies. 

The mouse liver has been shown to be sensitive 

to the development of neoplasms after adminis
tration of both genotoxic and nongenotoxic 
chemicals (Ashby and Tennant, 1988). Most of 
the factors described above that affect the inci
dence of liver neoplasms in mice are presumed to 
work through nongenotoxic mechanisms. The 
increases in liver neoplasms in the current stud
ies may reflect the effects of a combination of fac
tors. N-Methylolacrylamide is genotoxic, and 
the ultimate liver tumor response may have 
been influenced by the ovarian atrophy in fe
males and the increased weight gain in dosed 
males. 

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

Under the conditions of these 2-year studies, 
there was no evidence of carcinogenic activity* of 
N-methylolacrylamide for male or female 
F344/N rats receiving doses of 6 or 12 mg/kg per 
day by aqueous gavage. There was clear evi
dence of carcinogenic activity of N-methylol
acrylamide for male B6C3Ft mice, based on 
increased incidences of neoplasms of the Har
derian gland, liver, and lung. There was clear 
evidence of carcinogenic activity of N-methylol
acrylamide for female B6C3Ft mice, based on in
creased incidences of neoplasms of the Harderi
an gland, liver, lung, and ovary. 

In rats, because no biologically important toxic 
effects were attributed to N-methylolacrylamide 
administration, somewhat higher doses could 
have been used to increase the sensitivity of 
these studies for determining the presence or ab
sence of a carcinogenic response. In female mice, 
ovarian atrophy was compound related. 

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 7. 

A summary ofthe Peer Review comments and the public discussion on this Technical Report appears on page 10. 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE 

Vehicle Control Low Dose High Dose 

Ammals initially in study 50 50 50 
Ammals removed 50 50 50 
Ammals examined histopathologically 50 50 50 

ALIMENTARY SYSTEM 
Intestine large, colon 149) *(50) 150) 

Mesothelioma malignant 1 (2%) 
Intestine large, rectum (49l *<50) 149J 

Mesothelioma malignant 1 (2%) 
Intestine small, ileum (48l *(50) 1501 

Mesothelioma malignant 1 (2%) 
Intestine small, jejunum 149) *1501 1501 

Mesothelioma malignant 1 (2%) 

Liver 150) <50) 1501 
Hepatocellular carcinoma 1 (2%) 
Histiocytic sarcoma 1 (2%) 
Leukemia mononuclear 17 (34%) 18 (36% l 24 148%) 
Neoplastic nodule 4 18% l 1 <2%) 

tvfesentery "'<50) "'(50) *<50) 
Leukemia mononuclear 2 (4%) 
Lipoma t2%1 
Mesothelioma malignant 1 (2%) 

Pancreas <50) "'(50) 1501 
Leukemia mononuclear 1 (2%) 1 (2%) 
Mesothelioma malignant 1 (2%) 

Salivary glands (50) "'(50) 1491 
Leukemia mononuclear 2 (4%) 

Stomach, forestomach (50) *(50) 150) 
Leukemia mononuclear 1 (2%) 
Papilloma squamous 1 (2%1 

Stomach, glandular 1501 *<50) 1501 
Leukemia mononuclear 1 12%l 

Tongue "'<SOl *(50) "'<SOl 
Papilloma squamous 1 12% I 

Tooth "'<50) *(50) *<501 
Leukemia mononuclear 1 12%l 

CARDIOVASCULAR SYSTEM 
Heart <50) *(50) 1501 

Leukemia mononuclear 6 (12%) 9 118%1 

E~:DOCRINE SYSTEM 
Adrenal gland, cortex (50) (50) 1501 

Adenoma 2 (4%) 1 12% I 
Leukemia mononuclear 12 (24%) 7 (14%) 15 130%) 

Adrenal gland, medulla (49) (50) (50) 
Leukemia mononuclear 12 (24%) 7 (14%1 15 130%1 
Pheochromocytoma malignant 2 14%) 2 (4%) 
Pheochromocytoma benign 10 120%) 7 (14%) 11 t22%J 
Bilateral, pheochromocytoma benign 8 (16%) 2 (4%1 

Islets, pancreatic (50) *(50) 150) 
Adenoma 2 14%) 
Leukemia mononuclear 1 i2%l 

Parathyroid gland (48) *150) (45) 
Adenoma 1 12%1 

Pituitary gland <SOl *(50) 150) 
Leukemia mononuclear 4 <8%) 3 16%) 
Pars distalis, adenoma 18 <36%) 14 (28%) 13 (26%) 
Pars distalis, adenoma, multiple 1 12%1 
Pars distalis, carcinoma (2%) 
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TABLE At. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

Jo:NDOCRINE SYSTEM (Continued) 
Thyroid gland 

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

(50) 
7 
1 

(14%) 
(2%) 

*<50) 
4 (8%) 

(2%) 

(50) 
9 
1 

(18%) 
(2%J 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Epididymis (50) *(50) (49) 

Mesothelioma malignant 1 (2%) 1 (2%) 
Preputial gland (49) *(50) (48) 

Adenoma 2 (4%) 2 (4%) 3 (6%) 
Leukemia mononuclear 1 (2%) 
Squamous cell carcinoma 1 (2%) 

Prostate (50) *(50) (49) 
Leukemia mononuclear 1 (2%) 

Testes (50) *(50) (50) 
Mesothelioma malignant 1 (2%) 2 (4%) 
Bilateral, mesothelioma malignant 1 (2%) 
Bilateral, interstitial cell, adenoma 33 (66%) 33 (66%) 38 (76%) 
Interstitial cell, adenoma 7 (14%) 8 (16%) 8 (16%) 

HEMATOPOIETIC SYSTEM 
Blood *(50) *(50) *(50) 

Leukemia mononuclear 1 (2%) 2 (4%) 
Bone marrow (50) *(50) (50) 

Femoral, leukemia mononuclear 7 (14%) 1 (2%) 13 (26%) 
Femoral, vertebral, histiocytic sarcoma 1 (2%) 
Vertebral, leukemia mononuclear 7 (14%) 12 (24%) 

Lymph node (50) *(50) (50) 
Deep cervical, leukemia mononuclear 1 <2%) 
Inguinal, leukemia mononuclear 1 (2%) 
Mandibular, leukemia mononuclear 13 (26%) 4 (8%) 18 (36%) 
Mediastinal, carcinosarcoma, metastatic, lung 1 (2%) 
Mediastinal, leukemia mononuclear 12 <24%) 10 (20%) 20 (40%) 
Pancreatic, leukemia mononuclear 3 (6%) 2 (4%) 
Renal, leukemia mononuclear 1 (2%) 2 (4%) 2 (4%) 

Lymph node, mesenteric (15) "'(50) (8) 
Leukemia mononuclear 6 (40%) 3 (6%) 5 (63%) 

Spleen (50) (47) (50) 
Hemangioma 1 (2%) 
Leukemia mononuclear 18 (36%) 18 (38%) 24 (48%) 
Sarcoma 1 (2%) 

Thymus (37) "'(50) (35) 
Leukemia mononuclear 5 (14%) 2 (4%) 3 (9%) 

INTEGUMENTARY SYSTEM 
Mammary gland (37) "'(50) <39J 

Adenocarcinoma 1 (3%J 
Adenoma 1 (3%) 
Fibroadenoma 2 (5%) 1 (2%) 1 (3%J 
Leukemia mononuclear 1 (3%) 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued} 

Vehicle Control Low Dose High Dose 

INTEGUMENTARY SYSTEM (Continued) 
Skin 

Basal cell adenoma 
Basosquamous tumor benign 
Keratoacanthoma 
Leukemia mononuclear 
Papilloma squamous 
Sebaceous gland, adenoma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, fibroma, multiple 

(50) 
1 
1 
1 
1 
1 
1 
3 

(2%} 
(2%} 
(2%) 
(2%) 
(2%) 
(2%) 
(6%) 

*(50) 
1 (2%) 

6 (12%) 

2 (4%) 
1 (2%) 
1 (2o/o) 
1 (2%) 

(50} 
1 (2%) 

3 (6%) 

1 (2%) 
2 (4%) 

MUSCULOSKELETAL SYSTEM 
Skeletal muscle 

Leukemia mononuclear 
*(50) 

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

NERVOUS SYSTEM 
Brain 

Astrocytoma malignant 
Carcinoma, metastatic, pituitary gland 
Glioma malignant 
Leukemia mononuclear 

(48) 

3 (6%) 

*<50) 

1 (2%) 
1 <2%) 

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

RESPIRATORY SYSTEM 
Lung (50) *<50) (49) 

Alveolar/bronchiolar adenoma 1 (2o/o) 
Carcinosarcoma 1 (2%) 
Leukemia mononuclear 14 (28%) 7 (14%) 20 (41%) 
Pheochromocytoma malignant, metastatic, 

adrenal gland 1 (2%) 
Nose (50) *(50) (50) 

Leukemia mononuclear 2 (4%) 
Nasolacrimal duct, squamous cell carcinoma 1 (2o/o) 

SPECIAL SENSES SYSTEM 
Zymbal gland <50) *(50) *(50) 

Adenoma 1 (2%) 
Carcinoma (2o/o) 

URINARY SYSTEM 
Kidney <50) *<50) (50) 

Leukemia mononuclear 12 (24%) 14 (28%) 20 (40%) 
Pheochromocytoma malignant, metastatic, 

adrenal gland 1 (2%) 
Urinary bladder (50) *(50) (49) 

Leukemia mononuclear 3 (6%) 
Mesothelioma malignant (2%) 

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

Leukemia mononuclear 18 (36%) 18 (36%) 24 (48%) 
Mesothelioma malignant 1 (2%) 1 (2%1 2 (4%) 
Hemangioma 1 (2%) 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 50 50 
Terminal sacrifice 28 21 27 
Moribund 15 22 19 
Dead 7 7 4 

TUMOR SUMMARY 
Total animals with primary neoplasms •• 49 49 49 

Total primary neoplasms 132 109 129 
Total animals with benign neoplasms 48 48 49 

Total benign neoplasms 105 84 98 
Total animals with malignant neoplasms 23 23 29 

Total malignant neoplasms 27 25 31 
Total animals with secondary neoplasms ••• 3 1 

Total secondary neoplasms 3 1 

"Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
*'" Primary tumors: all tumors except secondary tumors 
••• Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO·YEAR GAVAGE 
STUDY OF N·METHYLOLACRYLAMIDE: VEHICLE CONTROL 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1~t'bKi' ON 5 6 7 7 8 8 8 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 
9 1 4 6 0 5 5 0 0 1 4 6 7 7 9 9 0 2 2 3 3 4 5 5 5 

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

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

Jl.TJJi1ENTARY SYSTEM 
Esop hagus + + + + + + + + + + + + + + + + + + + + + + + + + 
Intes·tine large + A + + + + + + + + + + + + + + + + + + + + + + + 

Intes tine large, cecum 
 + A + + A A + A + + + + + + + + + + + + + + + + + 

Int~s tine large, colon 
 + A + + + + + + + + + + + + + + + + + + + + + + + 

Intes tine large, rectum 
 + A + + + + + + + + + + + + + + + + + + + + + + + 
Intes tine small + A + + + + + + + + + + + + + + + + + + + + + + + 

Intes·tine small, duodenum 
 ~+ A + + + + + + + + + + + + + + + + + + + + + + 
Intes tine small, ileum + A + + + + + A + + + + + + + + + + + + + + + + + 

Intf!.'> tme small, jejunum 
 + A + + + + + + + + + + + + + + + + + + + + + + + 

L1ve 
,. + + + + + + + + + + + + + + + + + + + + + + + + + 

H1stiocytic sarcoma 

Le1Jkem1a mononuclear 
 X X X X X X X X X X X X 
Nee>plastic nodule 

Mese ntery + + + + + + + + + + + + + + + + + + + + + + + 
X XLe11kem1a mononuclear 

Pa1c ~aas + + + + + + + + + + + + + + + + + + + + + + + + + 
XLeukemia mononuclear 

Sahv.ary glands + + + + + + + + + + + + + + + + + + + + + + + + + 
Le\1kemia mononuclear X X 

~Stcn·.ach + + + + + + + + + + + + + + + + + + + + + + + + 
Stcn: ach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 

Le11kemia mononuclear X 
Pa!nlloma squamous 

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 
Leu kemia mononuclear X 

Toot!l + + + + + + + + + + + + + + + + + + + + + + + + 
XLe·1kemia mononuclear 

IJ!OVASCULAR sYsTEM 
;. vessel I + + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
1kem1a mononuclear X X X X X X 

ENTiOCR!NE sYsTEM 
~Adro nal gland + + + + + + + + + + + + + + + + + + + + + + + + 

Adre aal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + + 
L"1kem1a mononuclear X X X X X X X X X X 


Ad·e aal gland, madulla 
 + + + + + + + + + + + + + + + + + + + + + + + + + 
Let ~kemta mononuclear X X X X X X X X X X 

Phe.ochromocytoma malignant 
 X X 

Pheochromocytoma ben1gn 
 X X X X 

Bli<iteral, pheochromocytoma bemgn 
 X X X X X 

Is!E't';, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 
L:n~karma mononuclear X 

Parat hyr01d gland + + + + + + + + + + + + + + + + + + + + + + + + + 
Ade.noma 

Pi tell tary gland + + + + + + + + + + + + + + + + + + + + + + + + + 
L~:c K.emia mononuclear X X X X 

P,:ns d1sta!is, adenoma 
 X X X X X X X X X 
P,j,r' s distahs, adenoma, multiple X 

Th'rr >ld gland + + + + + + + + + + + + + + + + + + + + + + + + + 
X X X X X 

c 1~1~ ll, carcmoma 
c·,,~ll. adenoma 

GENlcRAL BODY SYSTEM 
N(1r:e 

m;mTAL sYSTEM 
CoCtgnlating gland + + + + + + + + + + + + + + + + + 
Ducr,t ;s deferens + + + + + + + + + 

EpHhdym1s + + + + + + + + + + + + + + + + + + + + + + + + + 
Per.1· + + + 
Prep1:t1al gland + + + + + + + + + + + + + + + + + + + + + + + + 

X X 

Lf!U kemta mononuclear 

A118 :1oma 

X I 
Prost ate + + + + + + + + + + + + + + + + + + + + + + + + + 

Lot:.kem1a mononuclear X 
Sen11rtal vestcle + + + + + + + + + + + + + 
TestE' 'i + + + + + + + + + + + + + + + + + + + + + + + + + 

M8sothelioma malignant X 

B•ia :eral, interstitial cell, adenoma 
 X X X X X X X X X X X X X 
I nlf~ rstlt1al cell, adenoma X X X X X 

Tissue examined microscoplcally M: Missing 
Present but not examined microscopically A: Autolysis precludes examinatwn 
Insufficient tissue X: Incldence of hsted morphology 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL 
(Continued) 

~'ifD~ 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 

l 
0 

1 
0 

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

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

ALIMENTARY SYSTEM 
r;sophagus 
fntesbne large 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

50 
49 

Intestine large, cecum + + + + + + + + + M + + + + + -t -t + + + + -t + + + 45 
Intestine large, colon -t + -t + + + + + -t + -t + + + + + + + + + + + + + + 49 
Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Intestjne small + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Intestine small, 1leum + + + + + + + + + + + + + + + + + + + + + + + + + 48 
Intestine small, jejunum + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Liver + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Histiocytic sarcoma X 1 
Leukemia mononuclear X X X X X 17 
Neoplastic nodule X X X X 4 

Mesentery + + + + + + + + + + + + + + + + + + + + + + + + 47 
Leukemia mononuclear 2 

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Leukem1a mononuclear 1 

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Leukemia mononuclear 2 

Stomach + + + + + + + + + + + + + + + + + + + + + + + + + 50 
:;to mach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Leukem1a mononuclear l 
Pap1lloma squamous X 1 

:~tomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Leukem1a mononuclear 1 

Tooth + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Leukem1a mononuclear 1 

CARDIOVASCULAR SYSTEM ---
Blood vessel + + + + + + + + + + + + + + + + + + + + + + + + 49 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Leukem1a mononuclear 6 

E:NDOCR!NE SYSTEM ---
Adrenal gland + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Leukem1a mononuclear X X 12 
Adrenal gland, medulla + + + + + + + + + + + + + + + + + + + + + + + + M 49 

Leukem1a mononuclear X X 12 
Pheochromocytoma malignant 2 
Pheochromocytoma benign X X X X X X 10 
Bllateral, pheochromocytoma benign X X X 8 

lslets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Leukemia mononuclear 1 

ParathyroJd gland + + + + + + + M + M + + + + + + + + + + + + + + + 48 
Adenoma X 1 

Pituitary gland + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Leukemia mononuclear 4 
Pars distalis, adenoma X X X X X X X X X 18 
Pars distalis, adenoma, multiple l 

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + + 50 
C-cell, adenoma X X 7 
C-cell, carcinoma X l 

iJENERAL BODY SYSTEM ---
None 

GENITAL SYSTEM ---
Coagulating gland 
Ductus deferens 

+ 
T

+ + + + + 
+ 

+ + + 
+ 

+ + 
+ 

+ + 
+ 

+ + + + + + 
+ 

36 
15 

~pididymls + + + + + + + + + + + + + + + + + + + + + + + + + 50 
.Penis 3 

P~J':;~%:land + + + + + + + + + + + + + + + + + + + + + + + + + 49 
2 

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

Leukemia mononuclear 1 
Seminal vesicle + -t + + + + + + + + + + + + + + + + + + + + 35 
'restes + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Mesothelioma malignant l 
Bilateral, interstltlal cell, adenoma X X X X X X X X X X X X X X X X X X X X 33 
Interstitial cell, adenoma X X 7 

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

~~rf: UN 
0 
5 

0 
6 

0 
7 

0 
7 

0 
8 

0 
8 

0 
8 ~ 0 

9 
0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

l 
0 

l 
0 

l 
0 

l 
0 

l 
0 

1 
0 

1 
0 

1 
0 

1 
0 

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

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

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

ATOPO!ET!c SYSTEMHEM 
Blood + 

Leu kem1a mononuclear X 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 

F•moral, leukemia mononuclear X X X X X X X 
Fernoral, vertebral, htstiOcyttc sarcoma 
Vnrtebral, leukemta mononuclear X X X X X X X 

Lymph node + + + + + + + + + + + + + + + + + + + + + + + + + 
Deep cervtcal, leukemta mononuclear X 
lngumal, leukemia mononuclear X 
Mandtbular, leukemta mononuclear X X X X X X X X X X 
Med1asttnal, carcmosarcoma, 

tastattc, lungme X 
Lastmal, leukemta mononuclearMod X X X X X X X X X X X 

Pancreattc, leukemta mononuclear X X 
Renal, leukemta mononuclear X 

h node, mesentencLymp M M M M + + M M + M + + M + + + M + M M + M + M M 
Leukemta mononuclear X X X X X 

nSplee + + + + + + + + + + + + + + + + + + + + + + + + + 
ang1omaHom 

Leukem1a mononuclear X X X X X X X X X X X X 
Sarcoma 

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

UUMENTARY SYSTEM!NTE 
Marnmary gland M + + + + + + + M + + + + M M + M M + + + + M + 

Fwroadenoma 
Leukemta mononuclear X 

Skm + + + + + + + + + + + + + + + + + + + + + + + + + 
1cell adenomaBasd 

Ba<tosquamous tumor bemgn X 
Kora toacanthoma 
Leukernta mononuclear X 
Pap1 llama squamous 
Sebaceous gland, adenoma X 
Subcutaneous tissue, fibroma X X X 

MUseULOSKELETAL SYSTEM 
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 
Skeletal muscle + + + + + + + + + + + + + + + + + + + + + + + + + 

Leuk em1a mononuclear X 

NERVoUS SYSTEM 
Bra1n + + + + + + + + + + + + + + + + + + + + + + + + 

Leuk em1a mononuclear X X X 
Penpheral nerve M + + + M + + + + + + + + M + + + + + + M + + + + 
Spmal cord + + + + + + + + + + + + + + + + + + + + + + + + + 

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

Alvaolarlbronch10lar adenoma 
CarCl nosarcoma X 
Leukem1a mononuclear X X X X X X X X X X X 
Pheochromocytoma mahgnant, 

t astatic, adrenal glandme X 
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 

Leukem1a mononuclear X X 
Na'IOlacnmal duct, squamous cell 
c'"Tra<.'J.e 

·moma 
a + + + + + + + + + + + + + + + + + + + + + + + + + 

AL SENSES SYSTEMSPEM 
Eye + + + 
Harde1,an gland + + + + + + + 
Zymba!gland 

Adenoma 

Y SYSTEMURTI'<AR 
yK1dne + + + + + + + + + + + + + + + + + + + + + + + + + 

Leokem1a mononuclear X X X X X X X X X X X 
Pheo :;hromocytorna mahgnant, 

tastattc, adrenal glandme X 
Ureter + + + + + + + + + + + + + + + + + + 
Urethra + + + + + + + + + 
Unna ry bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

Le11kemta mononuclear X X X 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL 
(Continued) 

I 

B 

N 

p 
s 
R 

s 
E 
H 
z 

u 
K 

u 
u 
u 

~TEJli ON 

CARCASS 
lD 

1 1 1 
0 0 0 
5 5 5 

0 0 0 
4 4 6 
1 2 1 

1 1 
0 0 
5 5 

0 0 
8 8 
2 4 

1 
0 
5 

0 
9 
1 

1 
0 
5 

0 
9 
2 

1 1 
0 0 
5 5 

0 0 
9 2 
3 2 

1 
0 
5 

0 
3 
1 

1 
0 
5 

0 
5 
4 

1 
0 
5 

0 
6 
5 

1 
0 
5 

0 
7 
1 

1 
0 
5 

0 
7 
3 

1 
0 
5 

0 
7 
5 

1 
0 
5 

0 
1 
1 

1 1 
0 0 
5 5 

0 0 
1 2 
2 3 

1 
0 
5 

0 
5 
3 

1 
0 
5 

0 
5 
5 

1 
0 
5 

0 
6 
3 

1 
0 
5 

0 
7 
2 

1 1 1 
0 0 0 
5 5 5 

1 1 1 
0 0 0 
1 3 5 

TOTAL. 
TISSUES 
TUMORS 

---
1 
1 

50 
7 
1 
7 

50 
1 
1 

13 

1 
12 
3 
1 

15 
6 

50 
1 

18 
1 

37 
5 

---
37 

2 
1 

50 
1 
1 
1 
1 
1 
1 
3 

---
50 
50 

1 

---
48 

3 
43 
50 

---
50 

1 
1 

14 

1 
50 

2 

1 
50 

---
3 
8 
1 
1 

---
50 
12 

1 
35 
18 
50 

3 

---

ftEMATOPOIETIC SYSTEM 
Blood 

Leukam1a mononuclear 
Bone marrow 

Femoral, leukemta mononuclear 
Femoral, vertebral, htst10cyt1c sarcoma 
Vertebral, leukem1a mononuclear 
ymph node 
Deep cervtcal, leukemta mononuclear 
Ingumal, leukemta mononuclear 
Mandtbular, leukemta mononuclear 
Medtastmal, carcmosarcoma, 

metastatic, lung 
Medtastmal, leukemta mononuclear 
Pancreatic, leukem1a mononuclear 
Renal, leukernta mononuclear 
ymph node, mesentenc 
Leukemta mononuclear 

L 

spleen 
HemangiOma 
Leukemia mononuclear 
Sarcoma 

T hymus 
Leukenna mononuclear 

+ + + 

+ + + 

M + M 

+ + + 

X X 
X 
+ M + 

+ + 

+ + 

M M 

+ + 
X 

r M 

+ 

+ 

M 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ + 

+ + 

X 

X 

+ M 
X 
+ + 

X 

+ + 

+ 

+ 

M 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

M 

+ 

M 

+ 

+ 

X 

M 

+ 

X 

M 

+ 

+ 

M 

+ 

M 

+ 

+ 

X 

M 

+ 

X 

+ 

+ 

+ 

X 

M 

+ 

X 

+ 

+ + 

+ + 

+ M 

+ + 

+ + 

+ 

+ 

M 

+ 

+ 

+ 

X 

+ 

M 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ + + 

+ + + 

+ M M 

+ + + 

M + M 

NTEGUMENTARY SYSTEM 
Mammary gland 

Ftbroadenoma 
Leukemta mononuclear 

skm 
Basal cell adenoma 
Basosquamous tumor bemgn 
Keratoacanthoma 
Leukem1a mononuclear 
Papilloma squamous 
Sebaceous gland, adenoma 
Subcutaneous t1ssue, fibroma 

M + + 
X 

+ + + 

+ M 

+ + 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 

M 

+ 
X 

+ 

+ 

+ + 

+ + 

+ 

+ 

M 

+ 

+ 

+ 

+ 

+ 

X 

M + + 
X 

+ + + 

USCULOSKELETAL SYSTEM 
one 

M 

skeletal muscle 
Leukemia mononuclear 

+ + + 
+ + + 

+ + 
+ + 

+ 
+ 

+ 
+ 

+ + 
+ + 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ + 
+ + 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ + + 
+ + + 

ERVOUS SYSTEM 
Bram 

Leukemia mononuclear 
enpheral nerve 
pmal cord 

+ + + 

+ + M 
+ + + 

+ + 

+ M 
+ + 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

M + 
+ + 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ + 

+ + 
+ + 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ + + 

+ + + 
+ + + 

ESP!RATORY SYSTEM 
Lung 

Alveolaribronchwlar adenoma 
Carcinosarcoma 
Leukemia mononuclear 
Pheochromocytoma mahgnant, 

metastatic, adrenal gland 
N ose 

Leukemia mononuclear 
Nasolacnmal duct, squamous cell 

carcmoma 
Trae he a 

+ + + 

+ + + 

+ + + 

+ + 

+ + 

+ + 

+ 

+ 

+ 

+ 

+ 

t

+ + 

X 

+ + 

X 
+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 

+ 

+ 

+ 

+ 

+ 

+ 

X 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + + 
X 

+ + + 

+ + + 

PECIAL SENSES SYSTEM 
ye 
ardenan gland 
ymbal gland 
Adenoma 

I 

+ 
X 

+ 

R!NARY SYSTEM 
1dney 
Leukemia mononuclear 
Pheochromocytoma malignant, 

metastatic, adrenal gland 
rater 
rethra 
nnary bladder 
Leukerrna mononuclear 

+ + + 

+ + 
+ 

+ + + 

+ + 

+ + 

+ + 

+ 

+ 

+ 

+ 

+ + 
X 

+ 
+ 

+ + 

+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ 

r 
+ 
+ 

+ + 

+ 
+ 
+ + 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ + + 

+ + 
+ 

+ + + 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF N-METHYLOLACRYLAMIDE: LOW DOSE 

~~rfi' ON 
0 
5 

0 
5 

0 
6 

0 
7 

0 
7 

0 
7 

0 
7 

0 
7 

0 
8 

0 
8 

0 
8 

0 
8 

0 
8 

0 
8 

0 
8 

0 
8 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

1 
0 

1 
0 

1 
0 

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

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

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

AUMENTARY SYSTEM 
Esuphagus + + + + + + + + + + + + + + + + 
Intestme large + + + + + + + + + A + + + + + + 
Intestme large, cecum + A + A + + + + + A + + A + + + 
Inte<;1me large, colon + A + + + + + + + A + + + + + + 

sothehoma mahgnantMe X 
Intest,me large, rectum + + + + + + + + + A + + + + + + 

<;Othehoma malignantMe X 
Inte~!me small + A + + + + + + + A + + + + + + 
Int"Ime small, duodenum + A + + + + + + + A + + + + + + 
Into3sIme small, Iiemn + A + + + + + + + A + + + + + + 

.:;othehoma mahgnantMe X 
Intestme small, JeJunum + A + + + + + + + A + + + + + + 

Me'lOthehoma mahgnant X 
Liver + + + + + + + + + + + + + + + + + + + + + + + + + 

atocellular carcmomaHep 
LEH11temia mononuclear X X X X X X X X X X X 
Neo plasttc nodule 

nteryMe ...e + + + + + + + + + + + + + + + + 
Mesothehoma mahgnant X 

Panrreas + A + + + + + + + A + + + + + + 
Lou kemta mononuclear X 
Mesothehoma mahgnant X 

Salv 
Sto-n

~~~glands + 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
A 

+ 
+ 

+ 
+ 

M 

' 
+ 
+ 

+ 
+ 

+ 
+ 

Stonach, forestomach + + + + + + + + + A + + + + + + 
Stonach, glandular + A + + + + + + + A + + + + + + 
Tooth + + + + + + + + + + + + + + + + 

!OVASCULAR SYSTEMCARD 
Blo<>d vessel + + + + + + + + + + + + + + + + 
He;;;rt + + + + + + + + + + + + + + + + + + + + 

EN"'lOCRINE SYSTEM 
Adre nal gland + + + + + + + + + + + + + + + + + + + + + + + + + 
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + + 

Ade noma 
Leu i...emta mononuclear X X X X X 

nal gland medullaAdre + + + + + + + + + + + + + + + + + + + + ' + + + + 
Le>kemta mononuclear X X X X X 
Ptec..~chromocytoma mahgnant 
Pte t chromocytoma bemgn X X 

, pancreabcIsle! oc; + A + + + + + + + A + + + + + + 
hyr01d glandPant + + + + + M + + + + + + M + + + 

PitJI t<>ry gland + I + + + M + M M + + + + + + + + + + + 
dtstahs, adenomaPa"S X X X X X X X X X X 

ThyroJd gland + A + + + + + + + A + + M + + + + 
C ·e II, adenoma X 
Foil1rular cell, carcmoma X 

,RAL BODY SYSTEM 

" 
1'AL SYSTEMLiENT 
latmg glandCoagu + t + + + + + + + + + + + 
' deferensDuctu + + + + + + 

EpiL.1dymts + + + + + + + + + + + + + + + + 
Me•othehoma mahgnant X 

PAd~ttial gland + + + + + + + + + + + + + + + + 
noma X 
amous cell ca1c1nomaSq X 

Prostd~e + + + + + + + + + + + + + + + + + 
Semm,d vesicle + + + + + + + + + + + + + + + 
Teste ' + + + + + + + + + + + + + + + + + + + + + + + 

Bliatdral, mesothehoma malignant X 
Blia I oral, mterstltial cell adenoma X X X X X X X X 
Jnter,tittal cell, adE'noma X X X X X X X X 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE 
(Continued) 

~TtErfi 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 

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

CARCASS 2 2 2 2 2 2 2 3 3 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 3 
TOTAL. 

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

2 1 1 5 2 2 2 2 4 4 5 2 1 2 3 3 1 2 1 1 4 3 1 3 5 
---LIMENTARY SYSTEMA 

F;sophagus 16 
I ntest1ne large 15 
tntestme large, cecum 12 
I ntestlne large, colon 14 

Mesothehoma mal1gnant 1 
ntestme large, rectum 15 
Mesothehoma mahgnant 1 

ntestme small 14 
ntestme small, duodenum 14 
ntestme small, 1leum 14 
Mesothehoma mahgnant 1 

ntestme small, JeJunum 14 
Mesothehoma mahgnant 1 

-'tver + + + + + + + + + + + t + + + + + + + + + + + + + 50 
Hepatocellular carcmoma X 1 
Leukemi.a mononuclear X X X X X X X 18 
N eoplast1c nodule X 1 

M esentery 16 
Mesothehoma mahgnant 1 

>ancreas + + + 17 
Leukemia mononuclear 1 
Mesothehoma mahgnant 1 

s~~~;:~glands 15 
15 

'tomach, forestomach 15 
tomach, glandular 14 

T ooth 16 
---cARDIOVASCULAR SYSTEM 

ll lood vessel 16 
Heart + 21 

---NDOCR!NE SYSTEME 
drenal glandA + + + + + + + + + + + + + + + + + + + + + + + + + 50 
drenal gland, cortexA + + + + + + + + + + + t + + + + + + + + + + + t + ')0 
Adenoma X X 2 
Leukemta mononuclear X X 7 

Adrenal gland, medulla + + + + + + + + + + + t + + + + + + + + + + + + + 50 
Leukemia mononuclear X X 7 
Pheochromocytoma malignant X X 2 
Pheochromocytoma bemgn X X X X X 7 

slats, pancreatic 14 
p arathyr01d gland 14 
p1tmtary gland + + + + + + + 23 

Pars d1st.ahs, adenoma X X X X 14 
Thyro1d gland + + + 17 

C cell, adenoma X X X 4 
Folhcular cell, carcmoma l 

---'ENERAL BODY SYSTEM 
None 

---ENITAL SYSTEMG 
oagulat1ng gland c 13 

])uctus deferens 6 
J;;p1d1dym1s 16 

Mesothehoma mahgnant 1 
p~d:~~~!land + 

X 
17 
2 

Squamous cell carcmoma 1 
p rostate,,

emmal ves1cle 
+ + 

+ 
19 
16 

estes + + + + + + + + + + + + + + + + + + + + + + + + + 48 
Bilateral, mesothehoma mahgnant 1 
Bilateral, mterstit1al 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 33 
Interst1ttal cell, adenoma 8 

---
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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 0 0 0 0 0 0 0 0 1 1 1~TFifDKYS ON 5 5 6 7 7 7 7 7 8 8 8 8 8 8 8 8 9 9 9 9 9 9 0 0 0 
5 9 1 1 3 4 4 9 0 1 3 6 6 6 6 7 2 2 7 7 8 9 0 0 2 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 
ID 
CARCASS 

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

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

Fe moral, leukem1a mononuclear X 
Lyn1ph node + + + + + + + + + + + + + + + + + + + 

M ,andibular, leukemia mononuclear X X X 

Mediastinal, leukemia mononuclear 
 X X X X X X X 
p,.ncreatic, leukemia mononuclear X X 
Re nal, leukemia mononuclear X 

Lyrr1ph node, mesenteric M M M M M M M M M M + M M M M M + + 
Le ukemia mononuclear X X 

Sole·en + A + + + + + + + A + + + + + + + + + + + + + + + 
Le ukemia mononuclear X X X X X X X X X X X 


Thy mus 
 + + M + + + + + + + + + M + + + 
Le ukemta mononuclear X X 

EGUMENTARY SYSTEM 

nmary gland 
 + + + + + + M + + + M + + M + + 
broadenoma 

+ + + + + + + + + + + + + + + + + 
sal cell adenoma 

1tatoacanthoma I X 

pilloma s1uamous 

baceous g and, adenoma 

bcutaneous tissue, fibroma 
 X 
bcutaneous tissue, fibroma, mult1ple X 

,;cuLOsKELETAL SYSTEM 
+ + + + + + + + + + + + + + + + 

~eta! muscle + + + + + + + + + + + + + + + + 

vOus SYSTEM 
+ + + + + + + t + + + + + + + 

·.a rna malignant X " 
ukem1a mononuclear X 
pheral nerve + + M + + + + + + + + + + + + + 
al cord + A + + + + + + + + + + + + + + 

PIRATORY SYSTEM 
+ + + + + + + + + + t + + + + + 

ukemia mononuclear X X X X X X 
+ + + + + + + + + + + + + + + + 
+ + + + + + + + + A + + + + + + 

ctAL SENSES SYSTEM 
+ + + + 

lerian gland M M + + + M + + + M + + + + + + 

uRlNARY SYSTEM 
K',dr>ey + + + + + + + + + A + + + + + + + + + + + 

Le .1kemia mononuclear X X X X X X X X X 
U·et er + + + + + + + A + + + + + 
U--inary bladder + + + + + + + + + A + + + + + + + + 

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

~tEoKi' 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 

4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
TOTAL: 

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

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

----lEMA'tOPOIETic SYSTEM 
Bone marrow 16 

Femoral, leukemia mononuclear 1 
.. ymph node + + + + + + 25 
Mandibular, leukemia mononuclear 
Mediastinal, leukemia mononuclear X 

X 
X X 

4 
10 

Pancreatic, leukemia mononuclear 2 
Renal, leukemia mononuclear X 2 

,ymph node, mesenteric 
Leukemia mononuclear 

+ + 
X 

+ 6 
3 

:olean + + + + + + + + + + + + + + + + + + + + + + + + 47 
Leukemia mononuclear X X X X X X X 18 

"'hymus 
Leukemia mononuclear 

14 
2 

NTEGUMENTARY sYsTEM --- 
llammary gland 
Fibroadenoma 

+ + 
X 

15 
1 

:ttm 
Basal cell adenoma 

+ + + 
X 

+ + + + + 
i 

25 
1 

Keratoacanthoma X X X X X 6 
Papilloma squamous X X 2 
Sebaceous gland, adenoma 
Subcutaneous tissue, fibroma 

X 1 
1 

Subcutaneous tissue, fibroma, multiple 1I__ 
MuscOLOSKELETAL SYSTEM i
Hone 16 
s''K.eletal muscle 16 

NERVOOs SYSTEM 
Bram 16 


Glioma malignant 
 1 
Leukemia mononuclear 1 

l )enpheral nerve 15 
s'ptnal cord 15

I 
RESPIRATORY SYSTEM 
I.ung 17 


Leukemia mononuclear 

+ 
X 7 

Nose 16 
T rachea 15 

sPECIAL SENSES SYSTEM 1 
E:.ye + + ' 6 
l{ardenan gland 12 

r:IR!NARY SYSTEM 
li:idney 36+ + + + + + + + + + + + + + + + 

Leukemia mononuclear X X X X X 14 

rreter 
 12 

Jrinary bladder 
 18 

Mesothelioma malignant 


+ 
1 

,____
I 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF N-METHYLOLACRYLAMIDE: HIGH DOSE 

0 0 0 0 0 0 0 0 0 0 0 0 l l l l l 1 l 1 1 1 l l l~~D~ON 5 6 7 7 8 8 8 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 l 0 9 0 2 7 0 4 4 4 9 0 0 2 2 2 2 2 3 4 4 4 5 5 

4 4 4 4 4 4 4 4 4 5 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 
ID 
CARCASS 

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

A"!JM F:NTARY SYSTEM 
Esopha gus + + + + + + + + + + + + + + + + + + + + + + + + + 
Inte~t1 ne large + + + + + + + + + + + + + + + + + + + + + + + + + 
Inte;t·, ne large, cecum + + + + + A + + + + + + + + + + + + + + + + + + + 
Intest:~ne large, colon + + + + + + + + + + + + + + + + + + + + + + + + + 
Inte;.t:·ne large, rectum + + + + + + + + + + + + + + + + + + + + + + + + M 
Inte~.t1 ne small + + + + + + + + + + + + + + + + + + + + + + + + + 
Inte~ ttne small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 
Inte;t: ne small, ileum + + + + + + + + + + + + + + + + + + + + + + + + + 
Inte~t1 ne small, jeJunum + + + + + + + + + + + + + + + + + + + + + + + + + 
Live· + + + + + + + + + + + + + + + + + + + + + + + + + 

X X X X X X X X X X X X XLeukE~mia mononuclear 
MesE1n t.ery + + + + + + + + + + + + + + + + + + + + + + + + + 

XLipOlna 
Pancre. as + + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + +Sah'a~h glands
Storr a + + + + + + + + + + + + + + + + + + + + + + + + + 
Storr a c h, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 
Storr a ch, glandular + + + + + + + + + + + + + + + + + + + + + + + + +,,Tong1.1 

Papi I lorna squamous 
Tootn + + + + + + + + + + + + + + + + + + + + + + + + + 

CDmOVASCULAR SYSTEM 
Blood·:essel .,. + + + + + + + + + + + + + + + + + + + + + + + + 
Hear-:: I + + + + + + + + + + + + + + + + + + + + + + + + + 

Lenk ~~mia mononuclear I X X X X X X X X 
I 

Em:COi~RINE SYSTEM 
Adren,'d gland 
Adn::-1.::·d gland, cortex 

Ad;r oma 
Le·Jk 'am1a mononuclear 

Adre.1',,[ gland, medulla 
Lenk'3mia mononuclear 
Ph·>Oehromocytoma benign 
BihlE~ral, pheochromocytoma benign 

Islet;, pancreatic 
Ad>r.oma 

ParatJIyroJd gland 
Pitu.t<1ry gland 

Le•Jkemia mononuclear 
Pa ·s distalis, adenoma 
Pa ·s distalis, carcinoma 

T2';~J :, 
d gland 

adenoma 
C-rel L, carcinoma 

~ERAI: BOilY SY!!TEM 
Nom1 

GEm'AI: SYSTEM 
CoaguJ'atmg gland 
Ductus deferens 
Epidid ·ymis 

Mesothehoma malignant 
Pems 

ial glandp~J~~oma 
Pros tel:e 
Sem.rJ<d vesicle 
Test?~H 

Mesothelioma malignant 
Bil~b~ral, interstitial cell, adenoma 
Inter ';titJaJ cell, adenoma 

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

X 
X X X .,. + + + + + + + 
X X X 

+ + + + + + + + 

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

X 

+ + + + + + + + 
X X X 

+ + + .,. + + + 
+ 
+ + 

+ 
+ - + 

+ 
+ + 

+ 
+ 

+ + + .,. M + + + 
X 

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

X X 
X X X X 

+ 
+ 

X 
+ 
X 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

X 

+ 
+ 

+ 

X 

+ 
X 
+ 
+ 

X 

+ 
X 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

X 

+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

X 
+ 

+ 

+ 

+ 

+ 
+ 
+ 

X 

+ 
+ 

+ 

X 

+ 

+ 
+ 

X 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

X 

+ 
+ 

X 
+ 
X 
X 

+ 

+ 
+ 
X 
X 

+ 

+ 

+ 

+ 

+ 
+ 
+ 

X 

+ 
+ 

+ 

+ 

M 
+ 

X 

+ 

+ 

+ 
+ 

+ 
+ 
+ 

X 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 

X 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

M 

+ 

+ 

X 

+ 
+ 

+ 

X 

+ 

+ 
+ 

+ 
X 

+ 

+ 

+ 

+ 

X 

+ 
+ 

X 
+ 
X 

X 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 

X 

+ 
+ 

X 
+ 
X 
X 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

X 

+ 
+ 

+ 

+ 
X 
M 
+ 

X 

+ 

+ 

+ 
X 
+ 
+ 
+ 

X 

+ 
+ 

X 
+ 
X 
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+ 
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+ 
+ 

X 
+ 
X 

+ 

M 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

X 

+ 
+ 

X 
+ 
X 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH 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 1~"lfoV uN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I) 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 4 4 4 4 4 4 5 5 4 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 TISSUES 

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

ID 

ALIMENTARY SYSTEM 
,;,ophagus + + + + + + + + + + + + + + + + + + + + + + + + + 50 
lr.testme large + + + + + + + + + + + + + + + + + + + + + + + + + 50 

lr.te stine large, cecum 
 49 

rr,te stme large, colon 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

+lr.te stine large, rectum 49 

lr.te stine small 


+ + + + + + + + + + + + + + + + + + + + + + + + 
~+ + + + + + + + + + + + + + + + + + + + +- + + + 50 

Inte stine small, duodenum + + + + + + + + + + + + + + T + + + + + + + + + + 50 

lJ'.te stme small, ileum 
 + + + + + + + + + + + + + + + + + + + + + + + + + 50 
llotestine small, jejunum 50+- + + + + + + + + + + + + + + + + + + + + + + + + 
Lwe r + + + + + + + + + + + + +- + + + + + + + + + + + + 50 


Le ukemia mononuclear 
 X X X X X X X X X X X 24 

Mesentery 
 50 


Lipoma 

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

1 

Panereas 
 50 

Sali 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
49 


Slom 

+ + + + + + + + + + + + + M + + + + + + + + + + +v:~ glands 

50 

St. omach, forestomach 


+ + + + + +- + + + + + + + + + + + + + + + + + + + 
50 


Slomach, glandular 

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

50 
Tongue 

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


Patbilloma squamous 
 X 1 

T···o 
 50+ + + + + +- + + + + + + + + + + + + + + + + + + + 

CARD!OVASCULAR SYSTEM 
fl:ood vessel 48 

Hea rt 


+ + + + + + + + + + + + + + + + + + + + + + + 
50 


Leukem1a mononuclear 

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

X 9 

8~'1DOCRINE SYStEM 
Adrenal gland .so+ + + + + +- + + + + + + + + + + + + + + + + + + +-
Adrenal gland, cortex 50 


Adenoma 

+ + + + + +- + + T + + + + + + + + + + + + + + + + 

1 

Le ukem1a mononuclear 
 X X X X X 15 

Adrenal gland, medulla 50 

Leukem1a mononuclear 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
X X X X X 15 


Pheor:hromocytoma bemgn 
 X X X X X 11 

lli lateral, pheochromocytoma benign 
 X 2 

Islets, pancreat1c I 
50 


Adenema 

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

2 
Parathyroid gland 45 
PltU rtary gland 

+ M + + + + + M + + + + + + + + + + + + + + + + + 
50 


Leukem1a mononuclear 

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

X 3 

!'a rs distalis, adenoma 
 X X X X X 13 

Pa rs distalis, carcmoma 
 1 

Thyroid gland 50 

C·cell, adenoma 


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


(~-cell, carcmoma 
 X 1I 
9 

i1EN ERAL BODY SYSTEM 
None 

CH~N!TAL SYSTEM 
c~)agu lating gland 32 
Ductus deferens 

+ + + + + + + + + + + + + + + + + + 
19 

~:pididymis 
+ + + +- + + + + + + 

49 

;ytesothelioma malignant 


+ + + + + M + + + + + + + + + + + + + + + + + + + 
X 1 

~J'?iDls 2 
utial gland 

+ 
~ 48+ + + + + + + + + + + + + + + + + + + + + + + +?:~ga noma X 3 

?rostate 49 
:·;~~mmal ves1cle 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
40 

T'stes 
+ + + + + + + + + + +- + + + + + +- + + + + + 
+ + + + + + + + + + + + + + + + + + + +- + + + + + 50 


:v!e sothelwma malignant 
 X X 2 

llilateral, 1nterstitial 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 38 

lnterst1t1al cell, adenoma 
 X 8I

'--- 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE 

I 

HnL 
Blo,xf 

~ 
M 
R< 

Ly 
L 

Sp 
L 

Th 
L 

lN'T'E' 
Ma 

Sk 
B 
K 
s 
s 

Mt 

Bo 

Sk 


NEID 
Bram 

A 
c 

Pe 
Sp 

RE 
Lung 

L 
No 

Tra 


SP 
Ea 
Ey 
Ha 
Zym 

Uil 
Kid nf)Y 

Ur 
Ur 
Ur 

·->< 

;t'Tt"bK.f UN 

CARCASS 
ID 

. ATOPOIETIC SYSTEM 

L €lUkemia mononuclear 

Ff1moral, leukem1a mononuclear 
v~rtebral, leukem1a mononuclear 

andibular, leukemta mononuclear 
ediastinal, leukemia mononuclear 
mal, leukemia mononuclear 

mph node, mesenteric 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE 
(Continued) 
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TIIHLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF N-METHYLOLACRYLAMIDE 

Vehicle Control 6 mg/kg 12 mg/kg 

Adrenal Medulla: Pheochromocytoma 
Overall Rates laJ 18/49 137%) 7/50 04%J 13/50 126%J 
Adjusted Rates lbJ 50.7% 26.2% 36.9% 
Terminal Rates (cJ 10/27 137%) 4/22118%) 6/27 (22%) 
Day of First Observation 637 608 654 
Life Table Tests ldJ P=0.161N P=0.051N P=O.l98N 
Logistic Regression Tests Id) P=0.115N P=0.022N P=O.l43N 
Cochran-Armitage Trend Test (d) P=O.l36N 
Fisher Exact Test idJ P=0.008N P=0.175N 

Adrenal Medulla: Pheochromocytoma or Malignant Pheochromocytoma 
OverallRateslaJ 20/49(41%) 9/5008%J 13/50 126%) 
Adjusted Rates lbJ 53.0% 34.4% 36.9% 
Terminal Rates (c) 10/27 i37%J 6/22 127%J 6/27 (22%) 
Day of First Observation 422 608 654 
LifeTableTestsldJ P=0.088N P=0.070N P=0.115N 
l•Jgistic Regression Tests (d) P = 0.055N P = 0.024N P=0.078N 
Cochran- Armitage Trend Test (d) P = 0.065N 
Fisher Exact TestldJ P=0.011N P=0.088N 

Preputial Gland: Adenoma 
Overall Rates Ia) 2/49 (4%) leJ2/17<12%J 3/48 (6%) 
Aajusted Rates lbJ 5.9% 8.9% 
Terminal Rates (c) 0/27 10%) 1/27 (4%) 
Day of First Observation 688 548 
Ld'e Table Test idJ P=0.528 
Logistic Regression Test id) P=0.488 
fo'isher Exact Test idJ P=0.490 

Liver: Neoplastic Nodule 
Overall Rates (a) 4/50 18%J 1150 12%J 0/50 10%) 
·"djusted Rates ibJ 14.3% 4.5% 0.0% 
Terminal Rates lcJ 4/28 (l4%J 1/22 15%) 0/27 10%) 
Day of First Observation 731 731 
Ltfe Table Tests idJ P=0.031N P=0.255N P=0.066N 
l...ogistic Regression Tests ldJ P=0.031N P=0.255N P=0.066N 
Cnchran-Armitage Trend Test (dJ P=0.026N 
l''isher Exact Test idJ P=0.181N P=0.059N 

Livell": Neoplastic Nodule or Hepatocellular Carcinoma 
Overall Rates laJ 4/50 i8%J 2/50 (4%) 0/50 10%) 
Adjusted Rates lb J 14.3% 8.4% 0.0% 
Terminal Rates lcJ 4/28 04%J 1122 (5o/o) 0/27 10%) 
Day of First Observation 731 722 
Life Table Tests idJ P = 0.044N P=0.445N P=0.066N 
Logistic Regression Tests idJ P = 0.041 N P=0.448N P=0.066N 
Cochran-Armitage Trend Test (d J P = 0.037N 
~'tsher Exact Test (d J P=0.339N P=0.059N 

Mammary Gland: Adenoma, Fibroadenoma, or Adenocarcinoma 
Overall Rates Ia) 2/50 (4%J 1/50 12%) 3/50 (6%) 
AdjustedRateslbJ 7.1% 4.5% 9.5% 
Terminal Rates (c) 2/28 17%) 1122 (5o/oJ 1/27 (4%J 
Day of First Observation 731 731 708 
Life Table Tests (d) P = 0.402 P=0.585N P=0.501 
Logistic Regression Tests (d) P = 0.417 P=0.585N P=0.516 
Cochran-Armitage Trend Test (d) P = 0.399 
~,isher Exact Test (d) P=0.500N P=0.500 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF N·METHYLOLACRYLAMIDE (Continued) 

Vehicle Control 6 mg/kg 12 mg/kg 

Pituitary Gland/Pars Distalis: Adenoma 
Overall Rates (a) 19/50 (38%) (e) 14/23 (61%) 13/50 (26%) 
Adjusted Rates (b) 49.1% 35.4% 
Terminal Rates (c) 10/28 (36%) 6/27 (22%) 
Day of First Observation 410 425 
Life Table Test (d) P=0.172N 
Logistic Regression Test (d) P=0.143N 
Fisher Exact Test (d) P=0.142N 

Pituitary Gland/Pars Distalis: Adenoma or Carcinoma 
Overall Rates (a) 19/50 (38%) (e) 14/23 (61 %) 14/50 (28%) 
Adjusted Rates (b) 49.1% 37.1% 
Terminal Rates (c) 10/28 (36%) 6/27 (22%) 
Day of First Observation 410 425 
Life Table Test (d) P=0.226N 
Logistic Regression Test (d) P=0.199N 
Fisher Exact Test (d) P=0.198N 

Skin: Keratoacanthoma 
Overall Rates (a) 1/50 (2%) 6/50 (12%) 3/50 (6%) 
Adjusted Rates (b) 3.6% 23.1% 8.4% 
Terminal Rates (c) 1/28 <4%) 3/22 (14%) 0/27 (0%) 
Day of First Observation 731 608 695 
Life Table Tests (d) P=0.291 P=0.033 P=0.323 
Logistic Regression Tests (d) P=0.286 P=0.035 P=0.311 
Cochran-Armitage Trend Test (d) P=0.274 
Fisher Exact Test (d) P=0.056 P=0.309 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 3/50 (6%) 2/50 (4%) 2/50 (4%) 
Adjusted Rates <b) 7.3% 5.5% 5.8% 
Terminal Rates (C) 0/28 (0%) 0/22 (0%) 1127 (4%) 
Day of First Observation 624 549 573 
Life Table Tests (d) P=0.403N P=0.570N P=0.496N 
Logistic Regression Tests (d) P=0.405N P=0.438N P=0.501N 
Cochran-Armitage Trend Test (d) P=0.406N 
Fisher Exact Test (d) P=0.500N P=0.500N 

Testis: Interstitial Cell Adenoma 
Overall Rates (a) 40/50(80%) 41/48 (85%) 46/50 (92%) 
Adjusted Rates (b) 90.9% 100.0% 100.0% 
Terminal Rates (c) 24/28 (86%) 22/22 (100%) 27/27 (100%) 
Day of First Observation 593 492 487 
Life Table Tests (d) P=0.186 P=0.087 P=0.201 
Logistic Regression Tests (d) P=0.021 P=0.041 P=0.044 
Cochran-Armitage Trend Test (d) P=0.057 
Fisher Exact Test (d) P=0.330 P=0.074 

Thyroid Gland: C-Cell Adenoma 
Overall Rates (a) 7/50 (14%) (e) 4/17 (24%) 9/50 (18%) 
Adjusted Rates (b) 19.5% 24.4% 
Terminal Rates (c) 3/28(11%) 4/27 (15%) 
Day of First Observation 593 425 
Life Table Test (d) P=0.402 
Logistic Regression Test (d) P=0.388 
Fisher Exact Test (d) P=0.393 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control 6 mg/kg 12 mglkg 

Thyroid Gland: C-Cell Adenoma or Carcinoma 
Overall Rates (a) 8/50 (16%) (e) 4/17 (24%) 10/50 (20%) 
Adjusted Rates (b) 22.7% 27.7% 
Terminal Rates (c) 4/28 (14%) 5/27 (19%) 
Day of First Observation 593 425 
Life Table Test (d) P=0.402 
Logistic Regression Test (d) P=0.393 
Fisher Exact Test (d) P=0.398 

Hematopoietic System: Mononuclear Leukemia 
Overall Rates (a) 18/50 (36%) 18/50 (36%) 24/50 (48%) 
Adjusted Rates (b) 46.1% 49.2% 60.3% 
Terminal Rates (c) 8/28 (29%) 6/22 (27%) 12/27 ( 44%) 
Day of First Observation 554 509 548 
Life Table Tests (d) P=0.185 P=0.333 P=0.200 
Logistic Regression Tests (d) P=0.133 P=0.547 P=0.159 
Cochran-Armitage Trend Test (d) P=0.131 
Fisher Exact Test (d) P=0.582N P=0.156 

(a) Number of tumor-bearing animals/number of animals examined at the site 
(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regres
sion test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) Incomplete sampling of tissues 
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TABLE A4a. HISTORICAL INCIDENCE OF INTEGUMENTARY SYSTEM TUMORS IN CONTROL MALE 
F344/N RATS (a) 

Incidence of Keratoacanthomas 
Study in Controls 

Historical Incidence for All Water Gavage Vehicle Controls 

Iodinated glycerol (b) 
Malonaldehyde, sodium salt (c) 
Chlorpheniramine maleate (c) 
Tetrakis(hydroxymethyl)phosphonium chloride (c) 
Tetrakis(hydroxymethyl)phosphonium sulfate (c) 
Methyl carbamate (d) 

TOTAL 
SD(e) 

Range(f) 
High 
Low 

Overall Historical Incidence for Untreated Controls 

TOTAL 
SD<el 

Range (f) 
High 
Low 

(a) Data as of April29, 1987, for studies of at least 104 weeks 
(b) Study performed at EG&G Mason Research Institute 
(c) Study performed at Battelle Columbus Laboratories 
(d) Study performed at Microbiological Associates 
(e) Standard deviation 
(f) Range and SD are presented for groups of35 or more animals. 

3/50 
3/50 
1/50 
1/50 
2/50 
0/50 

10/300 (3.3%) 
2.42% 

3/50 
0/50 

3111,936 (1.6%) 
2.98% 

7/49 
0/50 
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TABLE A4b. HISTORICAL INCIDENCE OF TESTICULAR INTERSTITIAL CELL TUMORS IN CONTROL 
MALE F344/N RATS (a) 

Study Incidence in Controls 

Historical Incidence for All Water Gavage Vehicle Controls 

Iodinated glycerol (b) 
Malonaldehyde, sodium salt (c) 
Chlorpheniramine maleate (c) 
Tetrakis(hydroxymethyl)phosphonium chloride (c) 
Tetrakis(hydroxymethyllphosphonium sulfate (c) 
Methyl carbamate (d) 

TOTAL 
SD<el 

Range (f) 
High 
Low 

Overall Historical Incidence for Untreated Controls 

TOTAL 
SD<el 

Range (f) 
High 
Low 

(a) Data as of April29, 1987, for studies of at least 104 weeks 
(b) Study performed at EG&G Mason Research Institute 
(c) Study performed at Battelle Columbus Laboratories 
(d) Study performed at Microbiological Associates 
(e) Standard deviation 
(f) Range and SD are presented for groups of35 or more animals. 

46/50 
40/50 
44/49 
44/50 
40/50 
43/50 

257/299 (86.0%) 
5.03% 

46/50 
40/50 

1,677/1,910 (87.8%) 
7.70% 

49/50 
32/50 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE 

Vehicle 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 
Esophagus (50) (16) 150) 

Foreign body l 16%) 
Inflammation, necrotizing 1 12%) 

Intestine large, colon 149) <l4l 150) 
Parasite metazoan 4 18%) 6 <12%) 

Intestine large, rectum 149) 115) 149) 
Inflammation, chronic active l <7%> 
Parasite metazoan 3 t6%l 1 <7%) 4 18%) 

Liver (50) <50> 150) 
Basophilic focus 7 114%) 14 128%> 5 <10%) 
Clear cell focus 1 12%) 1 12%) 1 12%) 
Clear cell focus, multiple 1 12%) 
Degeneration, cystic 10 120%> 8 116%) 19 138%l 
Eosinophilic focus 1 12%) 
Fatty change 2 14%) 
Hepatodiaphragmatic nodule 2 14%) l 12%) 1 12%) 
Inflammation, chronic 3 16%) 7 (14%) 7 114%l 
Inflammation, necrotizing 1 12%) 
Leukocytosis 12%) 
Mineralization 1 (2%) 1 12%) 
Necrosis, coagulative 2 14%) 2 14%) 5 110%) 
Vacuolization cytoplasmic 1 12%) 4 18%) 1 12%) 

Pancreas (50) 117) <50> 
Cyst 1 16%) 
Inflammation, chronic 12%) 
Pigmentatiou, hemosiderin 1 12%) 
Acinus, atrophy 15 130%) 9 153%) 15 130%) 
Acinus, hyperplasia 1 12%) 
Artery, inflammation, proliferative 3 118%) 

Salivary glands 150) <15) 149) 
Inflammation, chronic active 1 12%) 

Stomach, forestomach <50> <15) (50) 
Inflammation, chronic active 2 14%) 2 (13%) 1 12%) 
Mineralization 1 12%) 
Epithelium, hyperplasia 17%) 

Stomach, glandular 150) 114) (50) 
Mineralization 1 12%) 3 (6%) 
Necrosis, coagulative 1 12%) 

Tooth 149) <16) ISOl 
Inflammation, suppurative 1 12%) 

CARDIOVASCULAR SYSTEM 
Blood vessel (49) ( 16) 148) 

Aorta, mineralization 1 12%) 
Mesenteric artery, mineralization 12%) 
Mesenteric artery, intima, proliferation 12%) 
Pulmonary artery, mineralization 1 12%) 

Heart <50) 12ll !SOl 
Cardiomyopathy, chronic 48 (96%) 16 (76%l 48 (96%) 
Infarct 1 12%) 
Mineralization 3 (6%) 
Atrium, thrombus 3 16%) 6 129%) 1 12%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

ENDOCRINE SYSTEM 
Adrenal gland (50) (50) (50) 

Accessory adrenal cortical nodule 1 (2%) 
Mineralization 1 (2%) 

Adrenal gland, cortex (50) (50) (50) 
Degeneration, fatty 8 (16%) 12 (24%) 9 (18%) 
Hyperplasia 10 (20%) 10 (20%) 15 (30%) 
Hypertrophy 1 (2%) 2 (4%) 4 (8%) 
Necrosis, coagulative 1 (2%) 

Adrenal gland, medulla (49) (50) (50) 
Angiectasis 1 (2%) 
Atypical cells 1 (2%) 
Hyperplasia 13 (27%) 24 (48%) 16 <32%) 
Necrosis, coagulative 2 (4%) 

Islets, pancreatic (50) (14) (50) 
Vacuolization cytoplasmic 1 (7%) 

Parathyroid gland (48) (14) (45) 
Hyperplasia 1 (2%) 2 (14%) 3 <7%) 

Pituitary gland (50) (23) (50) 
Pars distal is, cyst 4 (8%) 1 (4%) 2 (4%) 
Pars distal is, hyperplasia 18 (36%) 3 (13%) 15 (30%) 
Pars distalis, pigmentation, hemosiderin 1 (2%) 
Pars intermedia, angiectasis 1 (2%) 
Pars intermedia, cyst 2 (4%) 2 (4%) 

Thyroid gland (50) (17) (50) 
Mineralization 1 (2%) 
C-cell, hyperplasia 9 (18%) 5 (29%) 17 (34%) 
Follicular cell, hyperplasia 1 <2%) 7 (41%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Coagulating gland (36) (13) (32) 

Inflammation, chronic active 2 (6%) 
Epididymis (50) (16) (49) 

Angiectasis 1 (2%) 
Inflammation, chronic 1 (2%) 
Pigmentation, hemosiderin 1 (2%) 

Preputial gland (49) (17) (48) 
Hyperplasia 1 (2%) 1 (2%) 
Inflammation, chronic active 42 (86%) 16 (94%) 42 (88%) 

Prostate (50) (19) <49) 
Abscess 1 (2%) 
Atrophy 1 (2%) 
Inflammation, chronic active 29 (58%) 14 (74%) 30 <61 %) 

Seminal vesicle (35) (16) (40) 
Inflammation, chronic active 1 (6%) 

Testes (50) (48) (50) 
Hyperplasia 2 (4%) 
Mineralization 17 (34%) 19 (40%) 10 <20%) 
Interstitial cell, hyperplasia 25 (50%) 28 (58%) 27 (54%) 
Perivascular, atrophy 1 (2%) 
Rete testes, hyperplasia 1 (2%) 
Seminiferous tubule, atrophy 40 (80%) 40 (83%) 46 <92%) 

HEMATOPOIETIC SYSTEM 
Bone marrow (50) (16) (50) 

Femoral, hyperplasia 1 (2%) 
Femoral, hyperplasia, reticulum cell 1 (2%) (2%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO·YEAR GAVAGE STUDY OF N·METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM 
Bone marrow (Continued) (50) (16) (50) 

Femoral, myelofibrosis 1 (6%) 1 (2%) 
Vertebral, hyperplasia (2%) 
Vertebral, hyperplasia, reticulum cell 1 (2%) 
Vertebral, myelofibrosis 1 (2%) 

Lymph node (50) (25) (50) 
Bronchial, pigmentation, hemosiderin 3 (6%) 1 (2%) 
Mandibular, cyst 4 (8%) 1 (2%) 
Mandibular, hyperplasia, plasma cell 3 (6%) 1 (4%) 1 (2%) 
Mediastinal, hemorrhage 1 (2%) 
Mediastinal, hyperplasia, plasma cell (4%) 
Mediastinal, infiltration cellular, histiocytic (2%) 
Mediastinal, inflammation, chronic active (4%) 
Mediastinal, pigmentation, hemosiderin (2%) 2 (4%) 
Renal, hemorrhage (2%) 
Renal, pigmentation, hemosiderin 1 (2%) 

Lymph node, mesenteric (15) (6) (8) 
Cyst 1 (17%) 
Hemorrhage 2 (13%) 
Infiltration cellular, histiocytic 1 (7%) 
Inflammation, proliferative 1 (17%) 

Spleen (50) (47) (50) 
Fibrosis 5 (10%) 10 (21%) 9 (18%) 
Hematopoietic cell proliferation 18 (36%) 1 (2%) 8 (16%) 
Hyperplasia, lymphoid 1 (2%) 
Infarct (2%) 
Infiltration cellular, lipocyte (2%) 
Necrosis, coagulative (2%) 
Pigmentation, hemosiderin 3 (6%) 

Thymus (37) (14) (35) 
Cyst 3 (8%) 

lNTEGUMENTARY SYSTEM 
Mammary gland (37) (15) (39) 

Hyperplasia, cystic 37 (100%) 12 (80%) 36 (92%) 
Skin (50) (25) (50) 

Cyst epithelial inclusion 1 (4%) 
Fibrosis (2%) 
Inflammation, chronic active 2 (4%) 2 (8%) 

MUSCULOSKELETAL SYSTEM 
Bone (50) (16) (50) 

Cranium, fibrous osteodystrophy 1 (2%) 2 (4%) 
Femur, fibrous osteodystrophy 1 (2%) 2 (4%) 
Vertebra, fibrous osteodystrophy 1 (2%) 2 (4%) 

NERVOUS SYSTEM 
Brain (48) (16) (50) 

Compression 4 (8%) 4 (25%) 9 (18%) 
Hemorrhage 3 (6%) 1 (6%) 1 (2%) 
Hydrocephalus 2 (4%) 5 (31 %) 2 (4%) 
Inflammation, chronic 1 (2%) 
Pigmentation, hemosiderin 1 (2%) 
Thrombus (2%) 
White matter, degeneration 1 (2%) 

Spinal cord (50) (15) (49) 

Hemorrhage, acute 1 (2%) 
White matter, degeneration 19 (38%) 21 (43%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

RESPIRATORY SYSTEM 
Lung (50) (17) (49) 

Bacterium 1 (6%) 
Granuloma 2 (12%) 
Inflammation, chronic active 4 (8%) 2 (12%) 1 (2%) 
Metaplasia, osseous 1 (6%) 
Mineralization (2%) 
Alveolar epithelium, hyperplasia 
Alveolar epithelium, hyperplasia, adenomatous 3 (6%) 2 \12%) 

1 \2%) 
3 (6%) 

Artery, mediastinum, necrosis, fibrinoid 
Interstitium, inflammation, chronic 

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

Mediastinum, inflammation, chronic active 1 (2%) 1 (2%) 
Nose (50) (16) (50) 

Inflammation, chronic active 4 (8%) 1 (6%) 2 (4%J 
Inflammation, suppurative 1 (6%) 
Nasolacrimal duct, inflammation, chronic 15 (30%) 12 (24%) 
Nasolacrimal duct, inflammation, suppurative 4 (8%) 3 (6%) 

Trachea (50) (15) (50) 
Inflammation, chronic active 1 (2%) 1 (7%J 

SPECIAL SENSES SYSTEM 
F.:ye (3) (6) (6) 

Hemorrhage 1 (17%) 1 (17%) 
Lens, cataract 1 (33%) 1 (17%) 2 <33%) 
Retina, atrophy 1 <33%) 2 (33%) 2 (33%) 

Harderian gland (8) (12) (8) 
Hemorrhage 1 (13%) 

URINARY SYSTEM 
Kidney (50) (36) (50) 

Cyst 6 (12%) 8 (22%) 6 (12%) 
Hydronephrosis 1 (2%) 
Inflammation, chronic (3%) 
Mineralization 1 (2%) 
Nephropathy, chronic 50 (100%) 36 (100%) 50 (100%) 

l)rinary bladder (50) (18) (49) 
Inflammation, chronic active 1 (2%) 2 (11%) 1 (2%) 
Transitional epithelium, hyperplasia 1 (2%) 1 (2%) 
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TABLE 81. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE 

Vehicle 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 small, duodenum <49> "(50) <50) 

Leukemia mononuclear 1 <2%) 
Intestine small, ileum (46) "(50) !48> 

Leukemia mononuclear 1 (2%) 1 (2%) 
Intestine small, jejunum (48> "<50) <48) 

Leukemia mononuclear 1 (2%) 
Liver (50) "(50) (50) 

Leukemia mononuclear 14 <28%) 8 (16%) 14 128%) 
Mesentery *<50) "(50) *<50) 

Leukemia mononuclear 2 (4%) 1 <2%) 
Pancreas (50) "'(50) <50) 

Leukemia mononuclear 1 <2%) 2 (4%) 
Salivary glands (50) *(50> !50) 

Leukemia mononuclear 1 <2%) 
Stomach, forestomach (49) "(50) <50> 

Papilloma squamous 1 <2%) 
Stomach, glandular 149) *(50) <50> 

Leukemia mononuclear 1 (2%> 
Tongue "(50) *(50) "<50> 

Squamous cell carcinoma 1 <2%) 

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

Leukemia mononuclear 2 (4%) 6 112%) 

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

Adenoma 3 (6%) 1 (2%) 1 (2%) 
Leukemia mononuclear 4 (8%) 8 (16%) 4 (8%) 

Adrenal gland, medulla (50) (50) <50) 
Leukemia mononuclear 4 (8%) 8 (16%) 4 (8%) 
Pheochromocytoma benign 1 (2%) 1 (2%) 2 (4%) 

Islets, pancreatic (50) *(50) <50) 
Adenoma 2 14%) 

Parathyroid gland (34) *(50) 142) 
Adenoma 1 12%) 

Pituitary gland (49) *(50) !50> 
Leukemia mononuclear 3 16%) 2 (4%) 4 18%) 
Pars distalis, adenoma 19 (39%) 19 (38%) 14 <28%) 
Pars distalis, leukemia mononuclear 2 (4%) 

Thyroid gland (50) *(50) 150) 
C-cell, adenoma 11 (22%) 2 (4%) 7 <14%> 
C-cell, carcinoma 1 <2%) 
Follicular cell, adenoma 2 14%) 2 14%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Clitoral gland <45) *(50) <50) 

Adenoma 2 (4o/o) 2 (4%) 4 18%) 
Leukemia mononuclear 1 (2%) 
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TABLE 81. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

GEt<lTAL SYSTEM <Continued) 
Ovary <50) *{50) (50) 

Granulosa cell tumor benign 1 (2%) 
Leukemia mononuclear 2 (4%) 1 (2%) 2 (4%) 

Uterus <50) *(50) (50) 
Leukemia mononuclear 2 (4%) 
Polyp 1 (2%) 1 <2%) 
Polyp stromal 6 <12%1 2 (4%) 6 (12%) 
Polyp stromal, multtple 1 (2%) 2 (4%) 
Sarcoma stromal 3 (6%) 

HEI,!ATOPOIETIC SYSTE:\1 
Hune marrow (50) "(50) (50) 

Femoral, leukemia mononuclear 2 (4%) 1 (2%) 3 (6%) 
Vertebral, leukemia mononuclear 1 (2%) 1 (2%) 4 (8%) 

L:>'mph node (50) '"(50) <50) 
lngumal,leukemia mononuclear 1 (2%) 1 (2%) 
Lumbar,leukemia mononuclear 1 (2%) 1 (2%) 
Mandibular,leukemia mononuclear 5 (10%) 2 (4%) 7 (14%) 
Mediastinal, leukemia mononuclear 5 (10%) 5 (1 0%) 7 (14%1 
Pancreatic, leukemia mononuclear 5 (10%) 1 (2%) 
Renal, leukemia mononuclear 1 (2%) 1 (2%) 2 (4%) 

i.Nmph node, mesenteric (3) *(50) 16) 
Leukemia mononuclear 1 (33%) 2 (4%) 5 <83%1 

Spleen (50) *(50) (50) 
Leukemia mononuclear 14 (28%) 10 (20%) 15 (30%) 

Thymus <38) +(50) (41) 
Leukemia mononuclear 1 <3%) 2 (4%) 1 (2%} 

INTEGUMENTARY SYSTEM 
'\1ammary gland (491 *(50) (50) 

Adenocarcinoma 1 (2%) 1 (2%) 1 <2%) 
Fibroadenoma 15 (31%) 9 (18%} 13 (26% I 
Fibroadenoma, multiple 4 (8%} 4 (8%} 
Leukemia mononuclear 

:;:kin (50) 
1 (2%} 

*(50) 
1 (2%) 

(50) 
Trichoepithelioma 1 (2%) 
Sebaceous gland, adenoma (2%1 
Subcutaneous tissue, fibroma (2%) 
Subcutaneous tissue, fibrosarcoma (2%) (2%) 
Subcutaneous tissue, myxoma (2%) 

:\1l.r~;CULOSKELETAL SYSTEM 
Bone 

Cranium, osteosarcoma 
(50) *(50) 

1 (2%) 
(50) 

NI:l•tVOUS SYSTEM 
Spinal cord 

Leukemia mononuclear 
(50) *(50) 

2 (4%) 
(50) 

RF:SPIRA TORY SYSTEM 
Lung 

Alveolar/bronchiolar carcinoma 
Leukemia mononuclear 

(50) 

7 (14%) 

•(50) 

5 (10%) 

(50) 
1 

10 
(2%) 
(20%) 
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TABLE 81. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

SPECIAL SENSES SYSTEM 
Zymbal gland 

Carcinoma 
(50) 

1 (2%) 
*(50) 

1 (2%) 
*(50) 

URINARY SYSTEM 
Kidney (50) *(50) (50) 

Leukemia mononuclear 5 (10%) 4 (8%) 9 (18%) 

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

Leukemia mononuclear 14 (28%) 11 (22%) 15 (30%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 50 50 
Terminal sacrifice 35 22 33 
Moribund 10 20 12 
Dead 5 8 5 

TUMOR SUMMARY 
Total animals with primary neoplasms** 45 36 42 

Total primary neoplasms 86 56 78 
Total animals with benign neoplasms 39 28 36 

Total benign neoplasms 68 38 60 
Total animals with malignant neoplasms 18 16 18 

Total malignant neoplasms 18 18 18 

• Number ofanimals receiving complete necropsy examination; all gross lesions including masses examined microscopically.
** Primary tumors: all tumors except secondary tumors 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF N·METHYLOLACRYLAMIDE: VEHICLE CONTROL 

--···
~tt;ri\:S UN 

CARCASS 
ID 

ALIMENTARY sYSTEM 
Esophagus 
Int~stme large 
Int~s:me large, cecum 
Intestme large, colon 
Intestine large, rectum 
Intestme small 
Int~!stme small, duodenum 
Intost1ne small, Ileum 
Intestine small, jeJunum 
Ltver 

Lnukemta mononuclear 
Mesentery 
Pancreas 

Leukemta mononuclear 

~~;~~~3; glands 

Stomach, forestomach 
Stomach, glandular 
Tooth 

~ 
1 

0 
5 
5 

0 
7 
6 

0 
8 
3 

0 
8 
8 

0 
9 
2 

0 
9 
4 

0 
9 
7 

0 
9 
7 

1 
0 
0 

1 
0 
l 

1 
0 
l 

1 
0 
1 

1 
0 
3 

l 
0 
4 

l 
0 
5 

l 
0 
5 

1 
0 
5 

1 
0 
5 

l 
0 
5 

1 
0 
5 

l 
0 
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1 
0 
5 
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1 
2 
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1 
9 
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1 
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1 
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1 
6 
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1 
6 
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1 
3 
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1 
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3 

1 
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4 
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Leukemia mononuclear 

Ad·enal gland, medulla 
Leukemia mononuclear 
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Islets, pancreat1c 
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C-cell, adenoma 
C-cedl, carcmoma 
Follicular cell, adenoma 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
X 

+ 
+ 
X 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

X 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

X 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

X 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
X 

X 

+ 
+ 

+ 

+ 
M 
+ 

X 
+ 

+ 
+ 

X 
+ 
X 

+ 
M 
+ 
X 
X 
+ 

+ 
+ 

X 
+ 
X 

+ 
+ 
+ 
X 

+ 

+ 
+ 

X 
+ 
X 

+ 
M 
+ 
X 

+ 

+ 
+ 

X 
+ 
X 

+ 
+ 
M 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

X 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

X 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

X 
+ 

+ 
+ 

+ 

+ 
M 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

X 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
M 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
X 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

X 
+ 
M 
+ 

+ 

+ 
+ 

+ 

+ 
M 
+ 

X 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
X 

+ 

+ 
+ 
+ 

+ 
X 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Clitoral gland 

Adenoma 
Leukemia mononuclear 

Ovary 
Granulosa cell tumor benign 
Leukemia mononuclear 

Oviduct 
Ut•MJS 

Leukemia mononuclear 
Polyp 
Polyp stromal 
Pnlyp stromal, multiple 

-·-·

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

M 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

X 

+ 

+ 

X 

+ 
X 

+ 

X 
+ 

X 
+ 
+ 
X 

+ 

+ 

+ 
+ 

X 

M 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

X 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

M 

+ 

.. 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

X 

M 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 

+ 

+ 
+ 

X 

M 

+ 

+ 
+ 

+·: Tissue examined microscopically M: Missing 
Present but not examined microscopzcally A: Autolysis precludes examination 

I: Insufficient tissue X: Incidence of listed morphology 

N-Methylolacrylamide, NTP TR 352 106 



--

TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: VEHICLE CONTROL 
(Continued) 

~~DKi' ON 

CARCASS 
ID 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

l 
I 

5 

1 
0 
5 

1 
0 
5 

1 1 
0 0 
5 5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

TOTAL: 
TISSUES 
TUMORS 

---
50 
48 
48 
48 
46 
50 
49 
46 
48 
50 
14 
49 
50 

1 
50 
49 
49 
49 
50 

---

50 
50 

2 

---
50 
50 

3 

I 
4 

50 
4 
1 

50 
34 
49 

3 
19 
50 
11 

1 
2 

---

---
45 

2 
1 

50 
1 
2 

34 
50 

2 
1 
6 
l 

---

1 
8 
3 

2 
0 
3 

2 
0 
5 

1 
1 
1 

1 
1 
2 

1 
3 
3 

1 
4 
3 

1 
4 
4 

1 
4 
5 

1 
5 
1 

1 
5 
2 

1 
6 
5 

1 1 
8 9 
2 1 

1 
9 
5 

2 
0 
2 

2 
0 
4 

1 
1 
3 

1 
2 
1 

1 
3 
4 

1 
3 
5 

1 
7 
2 

1 
7 
4 

1 
7 
5 

2 
0 
1 

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

Leukemia mononuclear 
Mesentery 
Pancreas 

Leukemia mononuclear 
~~~:;;:3; glands 

Stomach, forestomach 
Stomach, glandular 
Tooth 

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

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

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

+ 
+ 
+ 
+ 
+ 

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

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

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

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

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

+ 
+ 
+ 
+ 
+ 

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

X 
+ + 
+ + 

+ + 
+ + 
+ + 
+ + 
+ + 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

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

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ .,. 
+ 
X 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
t 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ .,. 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

CARDIOVASCULAR SYSTEM 
Blood vessel 
Heart 

Leukemia mononuclear 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ + 
+ + 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

ENDOCRINE SYSTEM 
Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Leukemia mononuclear 

Adrenal gland, medulla 
Leukemia mononuclear 
Pheochromocytoma ben1gn 

Islets, pancreatic 
Parathyroid gland 
Pituitary gland

Leukemia mononuclear 
Pars distalis, adenoma 

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

+ 
+ 

+ 

+ 
M 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
X 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
M 
+ 

+ 
X 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

X 
+ 
X 

+ 
+ 

+ 

+ 
+ 
+ 

X 
+ 
X 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
X 

+ 
+ 

+ 

+ 
M 
+ 

X 
+ 
X 

+ + 
+ + 

+ + 

+ + 
+ M 
+ + 

X 
+ + 

+ 

+ 

+ 

+ 
M 
+ 

X 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
X 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

X 
+ 

+ 
+ 

+ 

+ 
t 
+ 

+ 
X 

+ 
+ 

+ 

+ 
M 
+ 

X 
+ 

X 

+ 
+ 

+ 

+ 
M 
+ 

X 
+ 

+ 
+ 

+ 

+ 
M 
+ 

+ 

X 

+ 
+ 
X 

+ 

+ 
t 
+ 

+ 

+ 
+ 

+ 

+ 
M 
+ 

X 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
X 

GENERAL BODY sYSTEM 
None 

GENITAL SYSTEM 
Clitoral gland 

Adenoma 
Leukemia mononuclear 

Ovary 
Granulosa cell tumor benign 
Leukemia mononuclear 

Oviduct 
Uterus 

Leukemia mononuclear 
Polyp 
Polyp stromal 
Polyp stromal, multiple 

+ 
X 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

X 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

X 

+ 

+ 

+ 

+ + 

+ + 

+ + 
+ + 

X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

...... 

107 N-Methylolacrylamide, NTP TR 352 



TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: VEHICLE CONTROL 
(Continued) 

--··-
~Vrfv" ON 

CARCASS 
ID 

l'I'EM:XTOPOIETIC SYSTEM 
Bone marrow 

Femoral, leukemJ.a mononuclear 
Vertebral, leukem1a mononuclear 

Lt~~~~~~:ukem1a mononuclear 
Mandibular, leukemia mononuclear 
Mediastinal. leukem1a mononuclear 
Renal, leukemia mononuclear 

Lymph node, mesentenc 
Le1Jkemia mononuclear 

Spleon 
Leukemia mononuclear 

Thymus 
Leukemta mononuclear 

INTEGUMENTARY SYSTEM 
Mammary gland 

Adenocarcinoma 
Fibroadenoma 
Fibroadenoma, mult1ple 

Skm 
Tnehoep1thelioma 
Subrutaneous tissue, fibrosarcoma 
Su:,rutaneous tlssue, myxoma 

MUS"rULOSKELETAL SYSTEM 
Bon1~ 
Skeima.l muscle 

fm<Vous SYST!:M 
Bram 
Penpheral nerve 
Sp1na., cord 

RESPIRATORY SYSTEM 
Lung 

Lenkem1a mononuclear 
Nosa 
Tra(:hea 

SPECIAL SENSES SYSTEM 
Eye 
Harderian gland 
Zymbal gland 

Carcmoma 

URTNARY SYSTEM 
Kidney 

Leukemia mononuclear 
Ureter 
Urinary bladder ___ ,. 

0 
5 
1 

g 0 
7 

5 6 

0 0 
8 8 
3 8 

0 
9 
2 

0 0 
9 9 
4 7 

0 1 1 
9 0 0 
7 0 1 

1 
0 
1 

1 1 
0 0 
1 3 

1 
0 
4 

l 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

~ 
5 

i ~ 
5 4 

~ ~ 
1 5 

i 
4 

1 
4 5 
2 5 

1 1 1 
6 6 3 
1 2 2 

1 
9 
2 

1 1 
9 8 
3 4 

1 
2 
2 

l 
1 
4 

1 
2 
3 

l 
3 
1 

1 
4 
1 

l 
5 
3 

1 
5 
4 

1 
6 
3 

1 
6 
4 

1 
7 
1 

1 
7 
3 

+ 

+ 

M 

+ 

+ 

+ + 

+ + 

M M 

+ + 

+ M 

+ + 

+ + 

M M 

+ + 

+ M 

+ 

+ 

M 

+ 

+ 

+ + 
X 
X 

+ + 

X 
X 

+ M 

+ + 
X 

+ + 
X 

+ + + 
X 

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

+ 

+ 

M 

+ 

+ 

+ + 

+ + 

M M 

+ + 

+ + 

+ 

+ 

M 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

M 

+ 
X 
+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

M 

+ 
X 
+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

M 

+ 

M 

+ 

+ 

M 

+ 

M 

+ 

+ 

X 

+ + 

X 

+ + 

+ + 

X X 

+ + 

+ 

+ 

X 

+ + 

+ + 

+ + + 

X 
+ + + 

+ 

+ 

+ + 

+ + 

+ 

X 

+ 

+ 

X 

+ 

+ 

+ 

+ 

X 

+ 

+ 

X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ + 
+ + 

+ + 
+ + 

+ 
+ 

+ t 
+ + 

+ + + _,. + + 
+ 
+ 

+ + 
+ + 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ : 

I 

+ 
+ 
+ 

+ + 
+ + 
+ + 

+ + 
M + 
+ + 

t 
+ 
+ 

+ + 
+ + 
+ + 

+ + + 
+ + + 
+ + + 

+ _,. 
+ 

+ + 
+ M 
+ + 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ + 

+ + 
+ + 

+ + 

+ + 
+ + 

+ 

+ 
+ 

+ + 
X 

+ + 
+ + 

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

+ 

+ 
+ 

+ + 

+ + 
+ + 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
X 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ + + + 
+ + 

+ 
+ 
X 

+ 
+ 
+ + 

+ 

+ 

+ + 

+ + 

+ + 

+ + 
+ + 

+ 

+ 

+ + 
X 
+ 

+ + 

+ + + 
X X X 

+ + + 

+ 

+ 
+ 

+ + 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: VEHICLE CONTROL 
(Continued) 

... 
~EJ;~Ki' ON 1 

0 
1 
0 

1 
0 

1 
0 

1 
0 

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

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

---HEMATOPOIETIC SYSTEM 
Bone marrow 

Ei'emoral, leukemia mononuclear 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

2 
Vertebral, leukemia mononuclear 1 

Lymph node + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Lumbar, leukemia mononuclear 1 
Mandibular, leukemia mononuclear X 5 
Mediastinal, leukemia mononuclear X 5 
Renal, leukemia mononuclear l 

Lymph node, mesenteric M M M M M M M M M M M M M M M M + M M M M M M M M 3 
Leukemia mononuclear 1 

Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Leukemia mononuclear X X X X X X X X 14 

Thymus M M + + M + + M + M + + + M + + + + + + + + + + + 38 
Leukemia mononuclear l 

---INTEGUMENTARY SYSTEM 
Mammary gland M + + + + + + + + + + + + + + + + + + + + + + + + 49 

Adenocarcinoma X 1 
Fibroadenoma X X X X X X X 15 
Ei'ibroadenoma, multiple X X X 4 

Skin + + + + + + + + + + + + + + + + + + + + + + + + + oo 
Trichoepithelioma X 1 
Subcutaneous ttssue, fibrosarcoma 1 
Subcutaneous tissue, myxoma 1 

MUSCuLOSKELETAL SYSTEM ---
Bone + ~ + + + + + + + + + + + + + + + + + + + + + + + 50 
Skeletal muscle + + + + + + + + + + + + + + + + + + + + + + + + + 50 

NERVOUS SYSTEM ---
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 
~~!npheral ner.~e + + + + + M + + + + M + + + M + + + + + + + + + + 45 
Sptnal cord + + + + + + + + + + + + + + + + + + + + + + + + + 50 

RESPIRATORY SYSTEM ---

Lung + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Leukemia mononuclear X X 7 

Nose + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50 

SPECIAL SENSES SYSTEM ---
,;ye + + 5 
Harderian gland + + 10 
Zymbal gland l 

Carcinoma l 

URINARY SYSTEM ---
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Leukemia mononuclear X 5 
IJreter + + + + + + + + + + + + 17 
IJrinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 50 

---
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE: LOW DOSE 

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

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

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

ALIMENTARY SYSTEM 
Esophagus + + + + + + + + + + + + + + + + 

+Intest1ne large + + + + + + + + + + + + + + + 
Intestme large, cecum A + + + + + + A + + + + + + + + 
In testme large, colon + + + + + + + + + + + + + + + + 
Intest1ne large, rectum A + + + + + + + + + + + + + + + 
Intest1ne small + + + + + + + + + + + + + + + + 
Intestine small, duodenum + + + + + + + + + + + + + + + + 

Leuk~~mia mononuclear X 
Intestine small, ileum + + + + + + + + + + + + + + + + 

Leukemia mononuclear X 
Intes.tine small, jejunum + + + + + + + + + + + + + + + + 

XLeu kamia mononuclear 
Live!' + + + + + + + + + + + + + +- + + + 	 + -1

Leu kernia mononuclear X X X X X X 
Mesant,ery + +- + + + + + + + + + + + + + + + + 

Leukemia mononuclear X X 
Pancreas + f- + + + + + + + -1- + + + + + + 

Leukemia mononuclear X 
Saliva ry glands + . + + + + + + + + + + -r + + + 

XLeukemia mononuclear 
Stomach + + + + + + + + + + + -r + + +" Stomach, forestomach f- + + + + + + + + + + + + + + + 

Pap1lloma squamous X 
-rStoma ch, glandular +- + + + + + + + +- + + + + + + 

Tooth + + + + + + + + +- + + + + -1- + + 

CAJ<DIOVASCULAR SYSTEM 

Blood vessel + + + + + + +- + + -1- + + + + + + 

HeaJ"t + + + + -1- + -1- + + + + + + + + + 


EmilYCRINE SYSTEM IAdn;n al gland + + + + + + + + + + + + + + + + + + + + + + + + + 
Ad ron al gland, cortex -1- f- + + + + + + + + -1- + + + + + + + + + + + + + +IAde noma 


Le1.1 kem1a mononuciear 
 X X X X X X 
Adr•nal gland, medulla + + + + + + + + + + + + + + + + + + + + 	 + + + + + 

Le·okemia mononuclear X X X X X X 
Ph•ochromocytoma ben1gn 

Islets, pancreatic + + + + + + + + + + + + + + + + 
Para:hyroid gland + + + + M + + + + + + + + + + + 
Pitultary gland I + + + + + + + + + + + + -1- + + + + + + + + + + + 

LeJkemia mononuclear i X X 
Pars distahs, adenoma X X X X X X X X X X X 
Pars distalis, leukemta mononuclear X 	 X 

Thyi'O td gland + + + + + + + + + + + + + + + + 
C-ce II, adenoma X 

GENERAL BODY SYSTEM 
Non• 

GENtTAL SYSTEM 
Clitoral gland ,_+ + + + + + + + + + + + + + + 

Adenoma X 
Ova:·y + + + + + + + + + + -r + + + + + + + 

Le:tkemia mononuclear X 
Ovtc.uct + 	 + + + ,,Utet~Ll + + + + + + + + + + + + + + + + 

Po,yp stromal X 
Sa.·c oma stromal X X 	 ; 

I 
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE 
(Continued) 

· 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I. 1 1 1 1 1~EJ~{ UN 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 
2 3 4 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 4 4 3 3 3 a 3 3 3 3 3 TISSUES 

TUMORS 
2 3 3 2 2 3 4 3 5 1 2 3 2 5 2 3 1 1 5 4 5 2 2 3 2 
4 1 5 1 2 2 5 6 8 9 3 3 5 7 0 0 1 2 2 ~I 4 6 7 7 9ID 

ALIMENTARY SYSTEM 
Esophagus 16 

Intestine large 
 17 

Intestine large, cecum 


+ 
14 


Intestine large, colon 
 16 

Intestine large, rectum 
 16 

Intestine small 


+ 
16 


Intestine small, duodenum 
 16 

Leukemia mononuclear 
 1 


Intestine small, ileum 
 16 

Leukemia mononuclear 
 1 


Intestine small, jeJunum 
 16 

Leukemia mononuclear 
 1 


Liver 
 21 

Leukemia mononuclear 


+ + 
X X 8 

Mesentery 18 

Leukemia mononuclear 
 2 


Pancreas + 

I 

17 
Leukemia mononuclear X 2 

Salivary glands ! 
I 

16 

Leukemia mononuclear I 

I 
 1 
Stomach 16 
Stomach, forestomach I 16 


Papilloma squamous i 
 1 
Stomach, glandular i 16 
Tooth 

i 
1.6! 

CARDIOVAScuLAR SYSTEM i 
Blood vessel l6 

lfeart ! 
 1e 

! 

ENDOCRINE SYSTEM I 


Adrenal gland + + + + + + + + + + + + + + + + + + + + + + + + ... 
 50 
I .,. 50 


Adenoma X 

Adrenal gland, cortex + + + + + + + + + + + + + + + + + + +- + + + + + 

l 

Leukemia mononuclear X X 
 8 

Adrenal gland, medulla + + + + + + + + + + + + + + + + + + + t + + + + + .00 

Leukem1a mononuclear X X 
 8 

Pheochromocytoma benign X 
 1 

Islets, pancreatic 16 
Parathyroid gland 15 
Pituitary gland I t + + + + + + + + + + +- + + + + 40 


Leukem1a mononuclear 
 2IPars d1stalis, adenoma I X X X X X X X X 19 

Pars distahs, leukemia mononuclear 
 2 

Thyroid gland + 
I 

l7 

C-cell, adenoma X 
 2 

GENERAL BODY SYSTEM I 
None 

GENITAL SYSTEM 

Clitoral gland + 
 l7IAdenoma X 2 
Ovary I + + 20 


Leukem1a mononuclear 
 1 
Ov1duct 4 
Uerus + + + 19 


Polyp stromal 
 X 2 
Sarcoma stromal X 3

I 
'--- 
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE 
(Continued) 

~"lfoK.f UN 0 
1 

0 
4 

0 
6 

0 
6 

0 
6 

0 
6 

0 
7 

0 
7 

0 
7 

0 
7 

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 

1 
0 

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

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

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

TOPOIETIC SYSTEMFf'EN"A 
Bone,marrow + + + + + + + + + + + + + + + + 

FE!moral, leukemia mononuclear X 
vf~rt ebral, leukemia mononuclear 

Lr::;,h node 
inal, leukemia mononuclear 

I + + + + + + 
X 
+ + + + + + + + 

X 
+ + + + + 

Lumbar, leukemia mononuclear X 
Man dibular, leukemia mononuclear X X 
Med iastinal, leukemia mononuclear X X X X 
Pan(:reatic, leukemia mononuclear X X X 
R~mc1l, leukemia mononuclear X 

h node, mesentericLyr:ctp + + M M M M + M M M M M M M M M + 
Loukernia mononuclear X X 

SplHen + + + + + + + + + + + + + + + + + + + + 
Leukemia mononuclear X X X X X X X X 

Thymus + + + + + + + + + + + + + + + + 
Ltlukemia mononuclear X X 

IN'l'FGUMENTARY SYSTEM 
ary glandMa:nrn + + + + + + + + + + + + + + + + + + + + + 
ocarcinomaAden X 

F:broadenoma X X X X X X 
Lt!L1kem1a mononuclear X 

Skin + + + + + + + + + + + + + + + + + + + + + 
Subc utaneous t1ssue, fibroma X 
S11bc utaneous t1ssue, fibrosarcoma X 

MU~C'OLOSKELETAL SYSTEM 

1um, osteosarcoma 
Bone 

C1·.1n 
+ + + + + + + + + + 

X 
+ + + + + + 

Ske.etal muscle + + + + + + + + + + + + + + + + 

NEll.Vous SYSTEM 
I 

Brau~ + + + + + + + + + + + + + + + + 
Peripheral nerve + + M + + M + + + + + + + M M + 
Sp1".al 
Le~uk 

cord 
em1a mononuclear 

+ + + + + + + 
X 

+ + + + 
X 

+ + + + + 

RATORY SYSTEMRESP! 
Lung 

LHukemia mononuclear 
+ + + + + + + 

X 
+ + + + 

X 
+ + + 

X 
+ + 

X 
+ 
X 

Nose + + + + + + + + + + + + + + + + 
Traehea + + + + + + + + + + + + + + + + 

SPEC!AL SENSES SYSTEM 
Eye + + + 
Harde rian gland + M M M M M + + M + I + M + + + 
Zymba.l gland 

CarC'lnoma 

uruNARY SYSTEM 
Kidney 

emia mononuclearL~Juk 
+ + + + + + + 

X 
+ + + + 

X 
+ + + 

X 
+ + 

X 
Ure'~Elr + + + + 
Ure:hra + + 
Unnary bladder + + + + + + + + M + + + M + + + 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE 
(Continued) 

;frtE0~<ys UN 

CARCASS 
ID 

1 
0 
2 

3 
4 
2 

1 
0 
3 

3 
1 
3 

1 
0 
4 

3 
5 
3 

1 
0 
5 

3 
1 
2 

1 
0 
5 

3 
2 
2 

1 
0 
5 

3 
2 
3 

1 
0 
5 

3 
5 
4 

1 
0 
5 

3 
6 
3 

1 
0 
5 

3 
8 
5 

1 
0 
5 

3 
9 
1 

1 
0 
5 

3 
3 
2 

1 
0 
5 

3 
3 
3 

1 
0 
5 

3 
5 
2 

1 
0 
5 

3 
7 
5 

1 
0 
5 

4 
0 
2 

1 
0 
5 

4 
0 
3 

1 
0 
5 

3 
l 
1 

1 
0 
5 

3 
2 
1 

1 
0 
5 

3 
2 
5 

1 
0 
5 

3 
3 
4 

1 
0 
5 

3 
4 
5 

1 
0 
5 

3 
6 
2 

1 
0 
5 

3 
7 
2 

1 
0 
5 

3 
7 
3 

1 
0 
5 

3 
9 
2 

TOTAL: 
TISSUES 
TUMORS 

EMA'i'0P01ET1C SYSTEMH 
8one marrow 

Femoral, leukemta mononuclear 
Vertebral, leukemia mononuclear 
rmph node 
nguinal, leukemia mononuclear 

Lumbar, leukemia mononuclear 
Mandibular, leukemia mononuclear 

L 

Mediastinal, leukemia mononuclear 
Pancreattc, leukemia mononuclear 
Renal, leukem1a mononuclear 

..ymph node, mesenteric 
Leukemia mononuclear 

'pleen 
Leukemia mononuclear 

s 
Thymus 

Leukemia mononuclear 

+ 

X 
X 

+ 
X 

+ 
X 

+ 

X 

---
16 

1 
1 

21 
1 
1 
2 
5 
5 
1 
4 
2 

22 
10 
16 

2 

NTEGUMENTARY SYSTEM 
Mammary gland 

Adenocarctnoma 
Fibroadenoma 
Leukemia mononuclear 

'kins 
Subcutaneous t:ssue, fibroma 
Subcutaneous t1ssue, fibrosarcoma 

+ 

X 

+ 

+ 

X 

+ 

+ 

X 

+ 

---
24 

1 
9 
1 

24 
1 
1 

USCULOSKELETAL SYSTEMM 
Bone 

Cramurn, osteosarcoma 
ke letal muscles 

---
16 

1 
16 

N 
B 
p 

ERVOus SYSTEM 
ram 
enphera1 nerve 

spmal cord 
Leukemia mononuclear 

---
16 
12 
16 

2 

ESPIRATORY SYSTEMR 
L ung 

Leukem1a mononuclear 
Nose 
Trae he a 

---
17 
5 

16 
16 

PECIAL SENSES SYSTEMs 
E 
H 
z 

ye 
arderian gland 
ymbal gland 
Carcmoma 

+ + 

+ 
X 

---
5 
8 
1 
1 

u 
K 

RINARY SYSTEM 
tdney 
Leukemia mononuclear 

u 
u 
u 

reter 
rethra 
rinary bladder 

+ 
---

17 
4 
4 
2 

14 

---
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO·YEAR 
GA V AQE STUDY OF N·METHYLOLACRYLAMIDE: HIGH DOSE 

~tEJ'; ON 0 
5 

0 
6 

0 
8 

0 
8 

0 
8 

0 
8 

0 
8 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

l 
0 

l 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 1 
0 0 

l 
0 

l 
0 

l 
0 

l 
0 

l 
0 

5 4 0 3 3 5 9 0 4 4 6 9 2 2 3 3 4 5 5 5 5 5 5 5 5 

CARCASS 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 
ID 5 3 2 l 3 4 2 7 3 4 5 5 3 4 2 9 7 l l 3 5 6 6 7 8 

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

ENTARY SYSTEMALIM 
Esophi9.g\lS + + + + + + + + + + + + + + + + + + + + + + + + + 
Intest1 ne large + + + + + + + + + + + + + + + + + + + + + + + + + 
Intest1 ne large, cecum + + + + + + A A + + + + + + + + + + + + + + + + + 
Intest1 ne large, colon + + + + + + + + + + + + + + + + + + + + + + + + + 
Intest1 ne large, rectum + + + + + + + A + + + + + + + + + M + + + + + + + 
Intest1 
Intest1 

ne small 
ne small, duodenum 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ +. + 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

IntestJ ne small, tleum + + + + + + A M + + + + + + + + + + + + + + + + + 
Lenk.em1a mononuclear X 

Intest1 ne small, jejunum + + + + + + A A + + + + + + + + + + + + + + + + + 
L1ver + + + + + + + + + + + + + + + + + + + + + + + + + 

Leukemia mononuclear X X X X X X X X 
Me sentery + T + + + + + + + + + + + + + + + + + + + + + + + 

·emia mononuclearLeuk X 
Panere 
Saliva 

as
J; glands 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ T 

+ + 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

Stoma I + + + + + + + + + + + + + + + + + + + + + + + + + 
Stomach, forestomach I + + + + + + + + + + + + + + + + + + + + + + + + + 
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + +- + + 

XLeuk·emia mononuclear 
Tongue + 

Squa mous cell carcmoma X 
Tooch + + + + + + + + + + + + + + + + + + + + + + + + + 

CA:HDIOVASCULAR SYSTEM 
Blood 
Heart 

vessel 

LeuRem1a mononuclear 
I 
I 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+

+ 
+ 

+ 
+ 
X 

+ 
+ 

+ 
+ 

+ 
+ 
X 

+ 
+ 
X 

+ 
+ 
+ 

+ 
+ 
X 

+ 
+ 
X 

+ 
+ 

+ 
+ 
X 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

CRINE SYSTEMENlJO 
Ad rena I gland + + + + + + + + + + + + + + + + + + + + + + + + + 
Ad rena I gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + + 

Adenoma 
LeuKemia mononuclear X X X X 

Adrt•naJ gland, medulla + + + + + + + + + + + + + + + + + + + + + + + + + 
Le ukemta mononuclear X X X X 
Pheochromocytoma bemgn X 

Isle:s, pancreat1c + + + + + + + + + + + + + + + + + + + + + + + + + 
Adenoma 

Panthyro1d gland M + + + + + + + + M + M + + + + M + + + + + + + M 
Ader1om a 

P1t1.lit.a ry gland + + + + + + + + + + + + + + + + + + + + + + + + + 
Le·ukemia mononuclear X X X X 
PZtr~ distalis, adenoma X X X X X X X X X 

Thy:;md gland + + + + + + + + + + + + + + + + + + + + + + + + + 
C·c:el1, adenoma X X X X X 
FCtlllcular cell, adenoma XI 

R:Ar: SOOY SYSTEM 

amrrAr: SYSTEM 
ClitoraI gland + + + + +- + + + + + + + + + + + + + + + + + + + + 

Ade!1om a X X 
Ove.r.: + + + + + + + + + + + + + + + + + + + + + + +I T

I + 
LE!t:.kernia mononuclear I X X 

Ovd·1ct + + + + + + + + + + 
Uter'""lS + + + + + + + + + + + + + + + + + + + + + + + + + 

Pulvp 
P(llvp stromal X X X 

Polvp stromal, multtple 
 X 
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE 
(Continued) 

~~tl 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 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 Eo 5 5 5 5 5 
TOTAL; 

CARCASS 5 5 6 5 5 5 5 5 5 5 6 6 5 5 5 5 5 5 5 6 5 5 5 6 6 TISSUES 
ID 9 9 0 1 2 4 6 7 7 9 0 0 1 2 4 5 6 6 8 8 8 8 9 0 0 TUMORS 

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

---ALIMENTARY SYSTEM 
B:sophagus 
Intestme large •+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

50 
50 

Intastine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 48 
Intestme large, colon 
Intestine iarge, rectum 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
M 

+ 
+ 

M 
M 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

49 
46 

Intestine small + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Intastme small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Intestme small, ileum + + + + + + + + + + + + + + + + + + + + + + + + + 48 

Leukem1a mononuclear 1 
Intestine small, jejunum + + + + + + + + + + + + + + + ! + + + + + + + + + 48 
Liver + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Leukemia mononuclear X X X X X X 14 
Mesentery + + + + + + + + + + + + + + + + + + + + + + + + 49 

Leukem1a mononuclear 1 
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 50 
~~~;:~glands + 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

50 
50 

Stomach, forestomach 
Stomach, glandular 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
!

+ 
+ 

+ 
+ 

50 
50 

Leukem1a monunuclear 1 
Tongue 1 

Squamous cell carcmoma 1 
Tooth + + + + + + + + + + + + + + + + + + + + + + + + + 50 

CARDIOVASCULAR SYSTEM ---
Blood vessel 
Heart I + 

!
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ + 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ r 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

47 
50 

Leukem1a mononuclear ' 6 

ENDOCRINE SYSTEM 
Adrenal gland 
Adrenal gland, cortex 

I 

i 
i + 
I + 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

---
50 
50 

Adenoma X 1 
Leukem1a mononuclear 

Adrenal gland, medulla 
Leukem1a mononuclear 

I + + + + + + + + + + + + + + + + + + + + + + + + + 
4 

50 
4 

Pheochromocytoma bentgn X 2 
Jslets, pancreabc 

Adenoma 
Parathyroid gland 

Adenoma 
P1tu1tary gland 

Leukemla mononuclear 

+ + 

+ + 

• + 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 
+ 

+ 

+ 
X 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

M 

+ 

+ + 

+ + 

• + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

• + 

+ 

+ 

+ 

+ 

+ 

+ 

50 
2 

42 
1 

50 
4 

Pars d1stalis, adenoma 
Thyroid gland 

C-cell, adenoma 
Follicular cell, adenoma 

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

X 
+ 

X 
+ 

X 
+ 
X 

+ + + + 
X 
+ + 

X 

X 
+ + 

14 
50 

7 
2 

GENERAL BODY SYSTEM ---
None 

UENITAL SYSTEM ---
Clitoral gland 

Adenoma 
Ovary 

Leukernta mononuclear 
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE 
(Continued) 

I 

m:M·· 
Blood 
Bone marrow 
F~m 
Vert 

Lymp 
lrtlfl 
Mar 
Med 
p,n 
Ran 


Lymp 

L>u 


Splee 
L-:-u 

Thym 
Leu 

r'Tt~K; ON 

CARCASS 
ID 

ATOPOIETIC SYSTEM 

0 
5 
5 

0 
6 
4 

0 
8 
0 

0 
8 
3 

0 
8 
3 

0 0 
8 8 
5 9 

0 
9 
0 

0 
9 
4 

0 
9 
4 

0 
9 
6 

0 
9 
9 

1 
0 
2 

1 
0 
2 

1 
0 
3 

1 1 
0 0 
3 4 

1 
0 
5 

1 
0 
5 

1 
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5 

1 
0 
5 

1 
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5 

1 
0 
5 

1 
0 
5 

l 
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5 
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5 
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3 
1 
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2 
1 

5 
1 
1 

5 
3 
5 

5 5 
4 2 
5 4 

5 
7 
2 

5 
3 
2 

5 
4 
2 

5 
5 
2 

5 
5 
3 

5 
3 
3 

5 
4 
1 

5 
2 
2 

5 5 
9 7 
3 5 

5 
1 
3 

5 
1 
5 

5 
3 
4 
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5 
4 

5 
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4 

5 
6 
5 

5 
7 
1 

5 
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5 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE 
(Continued) 

llllllllllllllllllll11111 
0000000000000000000000000 
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 l~s--~s--~e--~s--y5--ys--ys--~s--sr-•sr-•er-•sr-•sr-•sr-~s--~s--~s--ys--ys--,;·.--~s--~s--sr-~s~•sr-TT~lt(i8 
ID 9 9 0 1 2 4 6 7 7 9 0 0 1 2 4 5 6 6 8 8 8 8 9 0 0 TUMORS 

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

HEMATOPOIETIC SYStEM 
Blood l+ 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + 50 

Femoral, leukemia mononuclear 3 

Vertebral, leukemia mononuclear 
 4 

Lymph node + + + + + + + + + + + + + + + + + + + + + + + + 50 

Inguinal, leukemia mononuclear 
 1 

Mandibular, leukemia mononuclear 
 7 

Mediastinal, leukemia mononuclear 
 7!Pancreatic, leukemia mononuclear 1 
Renal, leukem1a mononuclear 2 

Lymph node, mesenteric M M M + M M M M M M M M M M M M M M M I MMMMM! 
1 

6 
Leukemia mononuclear X 5 

Spleen + + + +++++++ + + + + + + + + + + + + + + + 50 
Leukemia mononuclear X X X X :c X 15 

Thymus + + + ++MM++M + + + M M + + + + + + + + + + 41 
Leukemia mononuclear l 

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

Adenocarctnoma X l 
Fibroadenoma X X X X X X X 13 
Ftbroadenoma, multiple X X X X 4 
Leukemta mononuclear l 

Skm + + + + + + + + + + + + + + + + + + + + + + + + 50 
Sebaceous gland, adenoma X 1 

~!VSCULOSKELETAL SYSTEM 
Bone ';0 

keletal muscie 


+ + + +- + + + + + + + + + + + + + + + + + + + + + 
50 !+ + + + + + + + + + + + + + + + + + + +- + + + + + 

------------------·----------------------------------------,:"l"ERVOus SYSTEM 
Bram + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Penpheral nerve + + + M + + + + + M + + + + + + M + + + + + + + + 45 


pmal cord 
 + + + + + + + + + + + + + + + + + + + +- + + + + + 50 

--------------------------------------------------------------------1RESPIRATORY SYSTEM 
Lung + + + + + + + + + + + + + + + + + + + +- + + + + + 50 


Alveola rlbronchiolar carcmoma 
 X l 
Leukemia mononuclear X X X 1 10 

Nose + + + + + + + + + + + + + + + + + + + + + + + I so
Trachea + + + + + + + + + + + + + + + + + + + +- + + + + + ' 50 

SPECIAL SENSES SYSTEM l--------------------------------------------------1-----
E:ar + 

+ + I ~r:ye 
Hardenan gland 

1--------------------------------------+_________________ l__l_l__
URINARY SYSTEM 
Kidney + + + + + + + + + + + + + + + + + + ++-+++++1590 

Leukemia mononuclear X X 
Ureter 
Urinary bladder __:____________+ +____________________________________________________________: + + ____ + + + + + + : + + + + + + ~ + + : : +_)~I 
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TABLE 83. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF N-METHYLOLACRYLAMIDE 

Vehicle Control 6 mg/kg 12 mglkg 

Adrenal Cortex: Adenoma 
Overall Rates (a) 3/50 <6%) 1/50 (2%) 1/50 <2%) 
Adjusted Rates (b) 8.6% 4.0% 3.0% 
Terminal Rates (c) 3/35 <9%) 0/22 (Q%) 1/33 <3%) 
Day of First Observation 731 711 731 
Life Table Tests (d) P=0.229N P=0.475N P=0.326N 
Logistic Regression Tests (d) P=0.227N P=0.424N P=0.326N 
Cochran-Armitage Trend Test (dl P=0.202N 
Fisher Exact Test (d) P=0.309N P=0.309N 

Clitoral Gland: Adenoma 
Overall Rates (a) 2/45<4%) (el2/17<12%) 4/50 <8%) 
Adjusted Rates (b) 6.3% 11.8% 
Terminal Rates(c) 2/32 <6%) 3/33 <9%J 
Day of First Observation 731 726 
Life Table Test (d) P=0.347 
Logistic Regression Test ( d J P=0.358 
Fisher Exact Test <dl P=0.390 

Mammary Gland: Fibroadenoma 
Overall Rates <al 19/50 <38%) 9/50 (18%) 17/50 (34%) 
Adjusted Rates(bl 46.7% 26.6% 48.1% 
Terminal Rates (c) 14/35<40%1 2/22 (9%) 15/33 (45%) 
Day of First Observation 529 443 443 
Life Table Tests (dl P=0.447N P=0.217N P=0.495N 
Logistic Regression Tests <dl P=0.381N P=0.027N P=0.432N 
Cochran-Armitage Trend Test <dl P=0.372N 
Fisher Exact Test (dl P=0.022N P=0.418N 

Mammary Gland: Fibroadenoma or Adenocarcinoma 
Overall Rates (a) 19/50 (38%) 10/50 <20%) 17/50(34%) 
Adjusted Rates (bl 46.7% 29.4% 48.1% 
Terminal Rates (c) 14/35 (40%) 2/22 (9%) 15/33 (45%) 
Day of First Observation 529 443 443 
Life Table Tests (dl P=0.450N P=0.303N P=0.495N 
Logistic Regression Tests (d) P=0.382N P=0.048N P=0.432N 
Cochran-Armitage Trend Test (d) P=0.372N 
Fisher Exact Test <d) P=0.038N P=0.418N 

Pituitary Gland/Pars Distalis: Adenoma 
Overall Rates (al 19/49 (39%l (el 19/40 <48%l 14/50 <28%) 
Adjusted Rates (bl 43.4% 32.1% 
Terminal Rates (c) 11/35(31%) 6/33<18%) 
Day of First Observation 529 443 
Life Table Test (d) P=0.275N 
Logistic Regression Test (d) P=0.167N 
Fisher Exact Test (d) P=0.178N 

Thyroid Gland: C-Cell Adenoma 
Overall Rates (a) 11/50 <22%) (e) 2/17 i12%J 7/50 <14%) 
Adjusted Rates(bl 30.2% 19.4% 
Terminal Rates (c) 10/35 <29%) 5/33 <15%l 
Day of First Observation 639 625 
Life Table Test (d) P=0.258N 
Logistic Regression Test (d) P=0.236N 
Fisher Exact Test (dl P=0.218N 
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TABLE 83. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control 6 mg/kg 12 mg!kg 

Thyroid Gland: C-Cell Adenoma or Carcinoma 
Overall Rates (a) 12/50 (24%) (e) 2/17 (12%) 7/50 (14%) 
Adjusted Rates (b) 33.0% 19.4% 
Terminal Rates (c) 11/35 (31%) 5/33 (15%) 
Day of First Observation 639 625 
Life Table Test (d) P=0.188N 
Logistic Regression Test (d) P=0.170N 
Fisher Exact Test (d) P=0.154N 

Uterus: Stromal Polyp 
Overall Rates (a) 8/50 (16%) (e,f) 2/19 (11 %) 9/50 (18%) 
Adjusted Rates (b) 20.3% 25.7% 
Terminal Rates (c) 5/35 (14%) 7/33(21%) 
Day of First Observation 656 715 
Life Table Test (d) P=0.449 
Logistic Regression Test (d) P=0.466 
Fisher Exact Test (d) P=0.500 

Hematopoietic System: Mononuclear Leukemia 
Overall Rates (a) 14/50 (28%) (e,gl 11150 (22%) 15/50 (30%) 
Adjusted Rates (b) 35.2% 37.6% 
Terminal Rates (c) 10/35 (29%) 9/33 (27%) 
Day of First Observation 676 595 
Life Table Test (d) P=0.437 
Logistic Regression Test (d) P=0.477 
Fisher Exact Test (dl P=0.500 

(a) Number of tumor-bearing animals/number ofanimals examined at the site 
{b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c l Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regres
sion test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
(e l Incomplete sampling of tissues 
(f) Three stromal sarcomas were also observed. 
(g) Twenty-one livers and 22 spleens were examined microscopically. 
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TABLE 84. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO·YEAR GAVAGE STUDY OF N·METHYLOLACRYLAMIDE 

Vehicle 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 
Esophagus <50) (16) (50) 

Foreign body 1 (6%) 1 (2%) 
Inflammation, chronic active 1 (6%) 
Inflammation, suppurative 1 (2%) 

Intestine large, cecum (48) (14) (48) 
Parasite metazoan 1 (7%) 

Intestine large, colon <48) (16) (49) 
Parasite metazoan 1 <2%) 4 (8%) 

l n ~estine large, rectum (46) (16) (46) 
Parasite metazoan 3 <7%1 1 (6%) 1 (2%) 

l ntestine small, duodenum <49) (16) (50) 
Diverticulum 1 <2%> 

L.1ver <50> (21) (50) 
Angiectasis 1 <2%) 
Basophilic focus 40 (80%) 7 (33%) 37 (74%) 
Clear cell focus 1 <2%) 
Degeneration, cystic 2 (4%) 
Hepatodiaphragmatic nodule 6 (12%) 2 (lQ%) 5 (10%) 
Inflammation, chronic 27 (54%) 7 (33%) 29 <58%) 
Inflammation, necrotizing 4 <8%) 
Necrosis, coagulative 1 (2%) 2 (4%) 
Vacuolization cytoplasmic 2 (4%) 1 <5%) 
Portal vein, necrosis, fibrinoid 1 (2%) 
Portal vein, intima, proliferation 1 (2%) 

Mesentery (49) (18) (49) 
Inflammation, chronic active 1 (2%) 2 <11%> 1 (2%) 
Necrosis 2 <11%) 1 (2%) 

Pancreas (50) ( 17) <50) 
Acinus, atrophy 6 (12%) 2 <12%) 10 (20%) 
Duct, ectasia 1 (2%) 

Salivary glands (50) (16) (50) 
Atrophy 1 (2%) 

Stomach, forestomach (49) (16) (50) 
Inflammation, chronic active 2 (4%) 1 (6%) 
Ulcer 1 <2%) 
Epithelium, hyperplasia 1 (2%) 

Stomach, glandular <49) <16) <50) 
Inflammation, chronic active 2 (13%) 
Mineralization (2%) 

CARDIOVASCULAR SYSTEM 
Blood vessel (50) <16) (47) 

Pulmonary artery, mineralization 1 <2%) 
Heart (50) (16) <50) 

Cardiomyopathy, chronic 47 ( 94%) 7 (44%) 48 (96%) 
Inflammation, chronic active 1 (2%) 
Mineralization 1 (2%) 
Atrium, thrombus 1 (6%) 1 (2%) 
Valve, bacterium 1 (6%) 1 (2%) 
Valve, inflammation, chronic active 1 (6%) 
Valve, thrombus 1 <6%) (2%) 
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TABLE 84. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

ENDOCRINE SYSTEM 
Adrenal gland (50) (50) (50) 

Accessory adrenal cortical nodule 1 (2%) 1 (2%) 
Capsule, inflammation, chronic 1 (2%) 

Adrenal gland, cortex (50) (50) (50) 
Cyst 1 (2%) 
Degeneration, fatty 10 (20%) 17 (34%) 16 (32%) 
Hyperplasia 13 (26%) 16 (32%) 18 (36%) 
Hypertrophy 2 (4%) 5 ( 10%) 8 (16%) 
Infiltration cellular, lymphocytic 1 (2%) 

Adrenal gland, medulla (50) (50) (50) 
Hyperplasia 4 (8%) 5 ( 10%) 6 (12%) 

Pituitary gland (49) (40) (50) 
Pars distalis, angiectasis 6 (12%) 
Pars distalis, cyst 14 (29%) 10 (25%) 25 (50%) 
Pars distalis, hyperplasia 11 (22%) 11 (28%) 12 <24%) 
Pars intermedia, hyperplasia 1 (2%) 

Thyroid gland (50) (17) <50) 
C-cell, hyperplasia 20 (40%) 3 (18%) 14 <28%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Clitoral gland (45) (17) (50) 

Hyperplasia 1 (2%) 1 (2%) 
Inflammation, chronic active 2 (4%) (6%) 1 (2%) 
Duct, dilatation 1 (2%) 

Ovary (50) (20) (50) 
Cyst 4 (8%) 4 (20%) 3 (6%) 

Uterus (50) (19) (50) 
Dilatation 6 (12%) 6 (12%) 
Diverticulum (5%) 1 (2%) 
Hemorrhage 1 (2%) 
Inflammation, chronic active (2%) 2 (11%) 
Cervix, fibrosis 1 (2%) 
Endometrium, hyperplasia, cystic, glandular 8 (16%) (5%) 14 (28%) 

liEMATOPOIETIC SYSTEM 
Bone marrow (50) (16) (50) 

Femoral, hyperplasia 1 (2%) 
Femoral, hyperplasia, reticulum cell 5 (10%) 3 (19%) 3 <6%) 
Femoral, myelofibrosis 1 (6%) 1 (2%) 
Femoral, myeloid cell, hyperplasia 1 (6%) 
Vertebral, hyperplasia 1 (2%) 

Lymph node (50) (21) (50) 
Mandibular, hyperplasia, plasma cell 1 (5%) 1 (2%) 
Mandibular, pigmentation, hemosiderin 1 (2%) 
Mediastinal, inflammation, necrotizing 1 (5%) 
Mediastinal, pigmentation, hemosiderin 37 (74%) 37 (7 4%) 
Pancreatic, pigmentation, hemosiderin 1 (2%) 

Spleen (50) (22) (50) 
Fibrosis 1 (5%) 
Hematopoietic cell proliferation 26 (52%) 2 (9%) 32 (64%) 
Pigmentation, hemosiderin 31 (62%) 32 (64%) 
Thrombus 1 (5%) 

Thymus (38) (16) (41) 
Cyst 2 (5%) 4 (10%) 
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TABLE 84. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

INTI<~GUMENTARY SYSTEM 
Mammary gland 

Hyperplasia, cystic 
Skin 

Inflammation, chronic active 

(49) 
48 

(50) 
(98%) 

(24) 
18 

(24) 
(75%) 

(50) 
48 (96%) 

(50) 
1 (2%) 

MUSCULOSKELETAL SYSTEM 
Bone 

Femur, fibrous osteodystrophy 
(50) (16) (50) 

1 (2%) 

NE:RVOUS SYSTEM 
Brain 

Compression 
Hydrocephalus 
Inflammation, chronic active 

Spinal cord 
White matter, degeneration 

(50) 
14 

<50) 
18 

(28%) 

(36%) 

(16) 
4 (25%) 
2 (13%) 
1 (6%) 

(16) 

(50) 
13 
2 

(50) 
11 

(26%) 
(4%) 

(22%) 

RESPIRATORY SYSTEM 
Lung 

Granuloma 
Inflammation, chronic active 
Pigmentation, hemosiderin 
Alveolar epithelium, hyperplasia 

Nose 
Inflammation, chronic active 
Nasolacrimal duct, granuloma 
Nasolacrimal duct, inflammation, chronic 
Nasolacrimal duct, inflammation, suppurative 

(50) 

1 
<50) 

3 

20 
1 

(2%> 

(2%) 

(6%) 

(40%) 
(2%) 

(17) 
7 

(16) 

(41%) 

(6%) 

(50) 
5 ( 10%) 
1 (2%) 

3 (6%l 
(50) 

1 (2%) 
1 <2%) 

20 (40%) 
2 (4%) 

SPECIAL SENSES SYSTEM 
F;ye (5) (5) (6) 

Lens, cataract 2 (40%) 2 (40%) 5 (83%) 
Retina, atrophy 2 (40%) 1 (20%) 3 (50%) 

URINARY SYSTEM 
Kidney (50) (17) (50) 

Bacterium 1 (6%) 1 (2%) 
Calculus micro observation only 2 (4%) 
Hydronephrosis 2 (4%) 
Infarct (6%) 
Inflammation, chronic active 2 ( 4%) (6%) 1 (2%) 
Mineralization 1 (2%) 
Nephropathy, chronic 48 (96%) 11 (65%) 44 (88%) 
Pigmentation, hemosiderin 1 (6%) 
Renal tubule, atrophy 1 (2%) 
Transitional epithelium, hyperplasia 1 (2%) 

Urinary bladder (50) (14) (50) 
Calculus micro observation only 1 (2%) 
Dilatation (7%) 
Inflammation, chronic active (7%) 
Transitional epithelium, hyperplasia 2 (4%) (7%} 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE 

Vehicle 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 
Esophagus (50) '"(50) 148) 

Lymphoma malignant histiocytic 1 (2%) 
Gallbladder 144) '"(50) (33) 

Alveolar/bronchiolar carcinoma, metastatic, 
lung 1 (3%) 

Intestine small, duodenum 145) *(50) <40) 
Alveolar/bronchiolar carcinoma, metastatic, 

lung <3%) 
Polyp adenomatous 1 12%) 

Intestine small, jejunum <45) "'(50) <40) 
Adenocarcinoma 1 (2%> 
Lymphoma malignant histiocytic 1 (2%) 

Liver 150> (50) <50) 
Alveolar/bronchiolar carcinoma, metastatic, 

lung 12%) 
Hemangiosarcoma 2 14%) 
Hepatocellular carcinoma 3 16%) 7 <14%) 10 (20%) 
Hepatocellular carcinoma, multiple 3 16%) 6 (12%) 2 14%) 
Hepatocellular adenoma 3 (6%> 3 (6%> 13 <26%) 
Hepatocellular adenoma, multiple 5 110%) 1 (2%> 6 112%) 
Lymphoma malignant histiocytic 4 18%) 2 14%) 1 12%) 
Lymphoma malignant lymphocytic 2 (4%) 
Lymphoma malignant 1 12%) 

Mesentery '"150) '"(50) '"150) 
Adenocarcinoma, metastatic, stomach 1 (2%) 
Alveolar/bronchiolar carcinoma, metastatic, 

lung 12%) 
Lymphoma malignant histiocytic 2 14%> <2%l 
Lymphoma malignant lymphocytic 3 16%) 

Pancreas 149) '"<50> 147) 
Alveolar/bronchiolar carcinoma, metastatic, 

lung 1 12%) 
Lymphoma malignant lymphocytic 1 (2%) 1 12%> 

Salivary glands 149) '"(50) 150) 
Lymphoma malignant lymphocytic 1 I 2%) 

Stomach, forestomach (50) (49) 148) 
Mast cell tumor benign 1 (2%) 
Papilloma squamous 1 (2%) 2 14%) 

Stomach, glandular (50) (20) 145) 
Adenocarcinoma 1 15%) 
Lymphoma malignant histiocytic 1 (5%) 

CARDIOVASCULAR SYSTEM 
Heart <50) *(50) 150) 

Adenocarcinoma, metastatic, stomach 1 (2%) 
Alveolar/bronchiolar carcinoma, metastatic, 

lung 2 14%) 
Lymphoma malignant histiocytic 2 14%) 
Lymphoma malignant lymphocytic 12%) 

ENDOCRINE SYSTEM 
Adrenal gland, cortex 148) *(50) (48) 

Capsule, adenoma 1 12%) 
Capsule, alveolar/bronchiolar carcinoma, 

metastatic, lung 1 (2%) 
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TABLE Ct. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

ENDOCRINE SYSTEM (Continued) 
Adrenal gland, medulla (48) *(50) (50) 

Pheochromocytoma benign 1 (2%) 1 (2%) 2 (4%) 
Bilateral, pheochromocytoma benign 1 (2%) 1 (2%) 

Islets, pancreatic (50) *(50) (47) 
Alveolar/bronchiolar carcinoma, metastatic, 

lung 1 <2%) 
Pituitary gland (48) *(50) (42) 

Pars distalis, adenoma 1 (2%) 
Pars intermedia, adenoma 1 (2%) 

Thyroid gland (50) *(50) (49) 
Follicular cell, adenoma 1 (2%) 2 (4%) 

GENI':RAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Ductus deferens *(50) *(50) *(50) 

Lymphoma malignant lymphocytic 1 (2%) 
Epididymis (50) *(50) (50) 

Lymphoma malignant lymphocytic 1 (2%) 
Prostate (49) *(50) (50) 

Lymphoma malignant lymphocytic 2 (4%) 
Seminal vesicle *(50) *(50) *(50) 

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

Testes (50) *(50) (50) 
Adenocarcinoma, metastatic, stomach 1 (2%) 

HEMATOPOIETIC SYSTEM 
Blood *(50) *(50) *<50) 

Lymphoma malignant lymphocytic 1 (2%) 
Bone marrow (50) *(50) <50) 

Femoral, adenocarcinoma, metastatic, stomach 1 (2%) 
Femoral, lymphoma malignant histiocytic (2%) 1 (2%) 
Femoral, lymphoma malignant lymphocytic 2 <4%) 
Vertebral, lymphoma malignant histiocytic (2%) 
Vertebral, lymphoma malignant lymphocytic 

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

<50) 
Axillary, fibrosarcoma, metastatic, skin 1 (2%) 
Bronchial, alveolar/bronchiolar carcinoma, 

metastatic, lung (2%) 
Inguinal, lymphoma malignant lymphocytic (2%) 
Lumbar,lymphoma malignant lymphocytic (2%) 
Lumbar, lymphoma malignant mixed (2%) 
Mandibular, lymphoma malignant histiocytic 2 (4%) (2%) 
Mandibular, lymphoma malignant lymphocytic 1 (2%) 
Mandibular, lymphoma malignant mixed (2%) 2 (4%) 
Mediastinal, alveolar/bronchiolar carcinoma, 

metastatic, lung 1 <2%) 
Mediastinal, lymphoma malignant histiocytic 2 (4%) 2 (4%) 1 (2o/o) 
Mediastinal, lymphoma malignant lymphocytic 1 (2%) 2 <4%) 
Mediastinal, lymphoma malignant mixed 1 <2%) 
Mediastinal, mandibular, alveolar/bronchiolar 

carcinoma, metastatic, lung (2%) 
Pancreatic, lymphoma malignant histiocytic (2%) 
Renal, lymphoma malignant lymphocytic (2%) (2%) 
Renal, lymphoma malignant mixed 1 (2%) 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
Lymph node, mesenteric (19) *(50) (24> 

Lymphoma malignant histiocytic 3 (16%) 3 (6%) 
Lymphoma malignant lymphocytic 1 (5%) 2 (8%) 
Lymphoma malignant mixed 3 (6%) 2 (8%) 
Mediastinal, adenocarcinoma, metastatic, 

stomach 1 (2%) 
Spleen (50) *(50) (50> 

Hemangiosarcoma 2 (4%) 
Lymphoma malignant histiocytic 5 (10%) 2 (4%) 1 (2%) 
Lymphoma malignant lymphocytic 1 (2%) 3 (6%) 
Lymphoma malignant 1 (2%) 
Lymphoma malignant mixed 1 (2%) 2 (4%) 

Thymus (36) *(50) (39) 
Alveolar/bronchiolar carcinoma, metastatic, 

lung 3 (8%) 
Lymphoma malignant histiocytic (3%) 
Lymphoma malignant lymphocytic (3%) 4 (10%) 
Lymphoma malignant mixed 1 (3%) 

INTEGUMENTARY SYSTEM 
Skin (50) *(50) (50> 

Adenocarcinoma, metastatic, stomach 1 (2%) 
Basal cell adenoma 1 (2%) 
Subcutaneous tissue, fibroma 4 (8%) 3 (6%) 
Subcutaneous tissue, fibrosarcoma 13 (26%) 14 (28%) 10 (20%) 
Subcutaneous tissue, fibrosarcoma, multiple 2 (4%) 1 (2%) 1 (2%> 

MUSCULOSKELETAL SYSTEM 
Bone (50) *(50) (50) 

Fibrosarcoma, metastatic, skin 1 (2%) 
Skeletal muscle *(50) *(50) *(50) 

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

Fibrosarcoma, metastatic, skin 3 (6%) 7 (14%) 3 (6%) 
Lymphoma malignant lymphocytic 2 (4%) 
Diaphragm, alveolar/bronchiolar carcinoma, 

metastatic, lung (2%) 

NERVOUS SYSTEM 
Brain (50) *(50) (50) 

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

Carcinoma, metastatic, harderian gland (2%) 
Lymphoma malignant histiocytic 2 (4%) 
Lymphoma malignant lymphocytic 1 (2%) 
Meningioma benign 1 (2%) 

Spinal cord (48) *(50) (49) 
Lymphoma malignant histiocytic 1 (2%) 

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

Adenocarcinoma, metastatic, stomach 1 (2%) 
Alveolar/bronchiolar adenoma 3 (6%) 6 !12%) 10 (20%) 
Alveolar/bronchiolar adenoma, multiple 1 (2%) 
Alveolar/bronchiolar carcinoma 2 (4%) 3 (6%) 9 (18%) 
Alveolar/bronchiolar carcinoma, multiple 1 (2%) 1 (2%) 
Carcinoma, metastatic, harderian gland 1 (2%) 
Fibrosarcoma, metastatic, skin (2%) 1 (2o/ol 
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TABLE Ct. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

RESPIRATORY SYSTEM 
Lung (Continued) (49) (50) (50) 

Hepatocellular carcinoma, metastatic, liver 2 (4%) 2 (4%) 1 (2%) 
Lymphoma malignant histiocytic 3 (6%) 2 (4%) 1 (2%) 
Lymphoma malignant lymphocytic 1 (2%) 2 (4%) 
Lymphoma malignant 1 (2%) 
Lymphoma malignant mixed (2%) 
Mediastinum, alveolar/bronchiolar carcinoma, 

metastatic, lung 2 (4%) 
Mediastinum, lymphoma malignant histiocytic 1 (2%) 

Nose (50) *(50) (50) 
Lymphoma malignant lymphocytic 1 (2%) 

SPECIAL SENSES SYSTEM 
Harderian gland (48) (49) (50) 

Adenoma 1 (2%) 13 (27%) 27 (54%) 
Carcinoma 1 (2%) 2 (4%) 
Lymphoma malignant lymphocytic 1 (2%) 
Bilateral, adenoma 1 (2%) 2 (4%) 

URINARY SYSTEM 
Kidney (50) *(50) (50) 

Adenocarcinoma, metastatic, stomach 1 (2%) 
Alveolar/bronchiolar carcinoma, metastatic, 

lung 2 <4%) 
Fibrosarcoma, metastatic, skin 1 (2%) 
Lymphoma malignant histiocytic 3 (6%) 2 (4%) 1 (2%) 
Lymphoma malignant lymphocytic 2 (4%) 4 (8%) 
Lymphoma malignant mixed 2 (4%) 

Urethra *(50) *(50) *(50) 
Lymphoma malignant lymphocytic 1 (2%) 

Urinary bladder (49) *(50) <49) 
Alveolar/bronchiolar carcinoma, metastatic, 

lung (2%) 
Lymphoma malignant lymphocytic 1 (2%) <2%) 

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

Lymphoma malignant lymphocytic 2 (4%) 4 (8%) 
Lymphoma malignant histiocytic 6 (12%) 3 (6%) 2 (4%) 
Hemangiosarcoma 2 (4%) 2 (4%) 
Lymphoma malignant mixed 3 (6%) 2 (4%) 
Lymphoma malignant 1 (2%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 50 50 
Terminal sacrifice 29 20 20 
Moribund 12 14 11 
Dead 9 16 19 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

TUMOR SUMMARY 

Total animals with primary neoplasms •• 35 


Total primary neoplasms 54 

Total animals with benign neoplasms 16 


Total benign neoplasms 22 

Total animals with malignant neoplasms 28 


Total malignant neoplasms 32 

Total animals with secondary neoplasms ••• 5 


Total secondary neoplasms 6 


39 

71 

22 

29 

33 

42 

10 

18 


47 

116 

38 

70 

35 

46 


9 

33 


• Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically . 
.,. Primary tumors: all tumors except secondary tumors 
••• Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF N-METHYLOLACRYLAMIDE: VEHICLE CONTROL 
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yp adenomatousPol 
Intestine small, ileum + M + + + + A A + + + A A + + + + + + + + + + + + 
Intestine small, jejunum + A + + + + A A + + + A A + + + + + + + + + + + + 
Liver + + + + + + + + + + + + + + + + + + + + + + + + + 

atocellular carcinomaHep X 
Hepatocellular carcinoma, multiple 
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Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 
Mast cell tumor benign 

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 
Tooth + + + + + + + + + + + + + + + + + + + + + + + + + 

CARDIOVASCULAR SYSTEM 
Blood vessel + + + + + + + + + + + + + + + + + + + + + + + + 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

Lyrr1phoma malignant histiocytic X X 

ENDOCRINE SYSTEM 
Adre nal gland + + + + + + + + + + + + + + + + + + + + + + + + + 
Adre nal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + 
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Pheochromocytoma ben1gn X 
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t · Tissue exammed microscopically M: Missing 
Present but not exammed microscopically A: Autolysis precludes exammation 

r. Insuffie1ent t1ssue X: Incidence of listed morphology 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE CONTROL 
(Continued) 

~EJ~: 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 

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 
ID 

0 
8 

{) 
1 

0 
1 

0 
1 

0 
1 

0 
2 

0 
2 

0 
2 

0 
5 

0 
5 

0 
5 

0 
6 

0 
8 

0 
8 

0 
9 

1 
0 

0 
2 

0 
5 

0 
6 

0 
7 

0 
9 

0 
9 

0 
9 

1 
0 

1 
0 

TISSUES 
TUMORS 

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

---ALIMENTARY SYSTEM 
Esopharos

Lfirnp oma malignant histiocytic 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
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Polyp adenomatous X 1 
Intestine small, Ileum + + + + + + + + + + A + + + + + + + + + + + + + + 44 
Intestine small, jejunum + + + + + + + + + + + + + + + + + + + + + + + + + 45 
Liver + + + + + + + + + + + + + + + + + + + + + + + + + 50 
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Lymphoma malignant histiocytic 2 

ENDOCRINE SYSTEM ---

Adrenal gland + + + + + + + + + + t + + + + + + + + + + + + + 49 
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + 48 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE CONTROL 
(Continued) 
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Ma 

Me 
hi 

Me 
ly 

Pan 
hi 

Ren 
Lym 

Lym 
Lym 

Splee 
Lym
L:;m 

Th)rm 
Lyrr 

Mam 
Skw 

Sub 
Sub 
Sub 

Bone 

NER 
Brain 

Lym 
Penp 
Spina 

RESP 
Lary 
Lung 

Alv 
Alv 
Hep 

Lym 
Lym 
Med 

Nose 

~~Jif: ON 

CARCASS 
ID 

ATOPOIETIC SYSTEM 

ht 

d 
mphome malignant lymphocytic 

marrow 
oral.Irmphoma malignant 

stiocytic 
ebral.lymphoma malignant 

1stiocytic 
ph node 

bar, lymf,homa malignant lymphocytic 
ndibular, ymphoma malignant 
·stiocytic 
ndibular, lymphoma malignant 

lymphocytic 
diastinal, lymphoma malignant 
"stiocytic 
diastinal, lymphoma malignant 
mphocytic 
creatic.lymphoma mahgnant 

·stiocyttc 
al, lymphoma mahgnant lymphocytic 

ph node, mesenteric 
phoma mahgnant histiOcytic 
phoma malignant lymphocytic 
n 
phoma malignant htstrocyttc 
phoma malignant lymphocyttc 
us 
.phoma mahgnant htstwcytic 

mary gland 

eutaneous tissue, fibroma 
cutaneous tissue, fibrosarcoma 
cutaneous ttssue, fibrosarcoma, 

lllu!tiple 

vOus SYSTEM 

pboma malignant histiocytic 
hera! nerve 
I cord 

!RATORY sYSTEM 
nx 

eolarJbronchiolar adenoma 
eolarlbronchiolar carcinoma 
atocellular carcinoma, rnetastatlc, 

!iver 
phoma malignant histiocytic 
phoma malignant lymphocytic 
iastinum, lymphoma malignant 

histiocytic 

~ AL SENSEs SYSTEM 

c1noma 
phoma mahgnant lymphocytrc 

Y SYSTEM 
y 
sarcoma, metastatic, skin 

phoma malignant histiocytic 
phoma malignant lymphocytic 

ra 
phoma malignant lymphocytic 
rybladder 
phoma malignant lymphocytic 
- 

LYrt.phoma mallgnant lymphocyttc 

lNTEGUMENTARY SYSTEM 

MusCULOSKELETAL SYSTEM 

Skelet.al muscle 
Fibrosarcoma, metastatic, skrn 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE 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~EJli' 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 
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 TISSUES0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 t 0 0 0 0 0 0 0 t 1 

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

HE!MATOPO!ET!c SYSTEM 

Blood 
 3 

Lymphoma malignant lymphocytic 1 
50 

remoral,lymphoma malignant 
histiocytic 

Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 

1 
Vertebral, lymphoma malignant 

histiocytic l 
49 

Lumbar, lymp,homa malig. lymphocytic 
Lymph node + + + M + + + + + + + + + + + + + + + + + + + + + 

l 
Mandibular, ymphoma malignant 


histiocytic 
 2 

Mandibular, lymphoma malignant 


lymphocytic 
 l 
Mediastinal, lymphoma malignant 


histiocytic 
 2 

Mediastinal, lymphoma malignant 


lymphocytic 
 1 

Pancreatic, lymphoma malignant 


histiocytic 
 l 
Renal, lymphoma mahg. lymphocytic 1 


Lymph node, mesenteric 
 + M M M M M M M + M M M M + M M + M + M + + M + + 19 

Lymphoma malignant histiocytic 
 3 

Lymphoma malignant lymphocyt1c 
 1 


Spleen 
 50 

Lymphoma malignant histiocytic 


t t + + + + + + + + + + + + + + + + + + + + + + + 
X X 5 


Lymphoma malignant lymphocybc 
 l 

Thymus 
 36 


Lymphoma malignant histiOcytic 

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

1 

Lymphoma mahgnant lymphocyt1c 
 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 M M M M 1 

Sk.in 
 50 


Subcutaneous tissue, fibroma 

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

X X X X 4 
Subcutaneous tissue, fibrosarcoma X X X X X X X 13 

Subcutaneous tissue, fibrosarcoma, 


multiple 
 2 

MUSCULOSKELETAL SYSTEM 
Bone 50 
Skeletal muscle 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
50 


Fibrosarcoma, metastatic, skin 

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

3 

NERVOus SYSTEM 
Brain 50 


Lymphoma malignant histiocytic 

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

2 
Peripheral nerve 47 
Spinal cord 

+ + + + + + + + + + -r + t + + + + + + + + + + + + 
48+ + + + + + + + + + + + + + + + + + + + + + + + + 

Lymphoma malignant histiocytic 1 

rtESP!RATORY SYSTEM 
Larynx + l 
Lung 49 


Alveolar/bronchiolar adenoma 

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

X X 3 

Alveolar/bronchiolar carcinoma 
 X 2 

Hepatocellular carcinoma, metastatic, 


liver 
 X X 2 

Lymphoma mahgnant histiocytic 
 3 

Lymphoma mallgnant lymphocytic 
 1 
Mediastinum, lymphoma malignant 


h1stiocytic 
 1 
~cse + + + + + + + + + + + + + + + + + + + + + + + + + 50 
'fra.chea + + + + + + + + + + + + + + + + + + + + + + + + + 50 

SPECIAL SENSES SYSTEM 
r:ve l 
H~:r.rdenan gland + + + M + + + + + + + + + + + + + + + + + + + + + 48 


Adenoma 
 X 1 

Care1noma 
 X 1 
Lymphoma malignant lymphocytic l 

UfliNARY SYSTEM 
K1dney 50 


F'ibrosarcoma, metastatic, skin 

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

1 

Lymphoma malignant histiocytic 
 3 

Lymphoma malignant lymphocytic 
 2 

Ureter 39 
Urethra 

+ + + + + + + + + + + + + + + + + + 
30 


Lymphoma malignant lymphocytic 

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

1 
Utinary bladder 49 


Lymphoma malignant lymphocytic 

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

1 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF N-M.E:THYLOLACRYLAMIDE: LOW DOSE 

~~l: ON 0 
0 

0 
1 

0 
1 

0 
1 

0 
2 

0 
2 

0 
2 

0 
3 

0 
6 

0 
6 

0 
6 

0 
6 

0 
7 

0 
7 

0 
7 

0 
8 

0 
8 

0 
8 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

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

CARCASS 2 2 2 2 2 2 \! \! \! \! \! 2 2 3 2 2 2 2 \! 3 2 2 2 2 2 
ID 2 1 1 2 1 3 2 7 4 7 9 5 6 0 4 3 5 6 9 0 7 6 6 3 1 

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

IMENTARY SYSTEMAL 
Eso 
Ga lrb~!f.l!r + 

+ 
+ 
+ 

+ 
M 

+ 
A 

+ 
A 

+ 
+ 

+ 
+ 

+ 
A 

+ 
A 

+ 
+ 

+ 
+ 

+ 
A 

+ 
M 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
A 

+ 
+ 

+ 
+ 

+ 
+ 

Intestlne large + + + + + + + A A + + + + + + + A + + + 
Intestine large, cecum + + + + + + + M A + + + A + + + A A + + 
Intestine large, colon M + + + + + + A A + + + + + + + A + + + 
Intestine large, rectum M + M + M + A A A + + + A M + + A + + + 
Intestme small + + + + + + + A A + + + A + + + A + + + 
Intestme small, duodenum + + + + + + + A A + + + A + + + A + + + 
Intestine small, ileum + + + + A + + A A + + + A + + + A A + + 
Intestine small, jejunum + + + + + + + A A + + + A + + + A M + + 

Adenocarcinoma 
Lymphoma malignant histiocytic X 

LIVHr + + + + + + + + + + + + + + + + + + + + + + + + + 
HHmangiosarcoma 
HHpatocelluiar carcinoma X 
IIepatocellular carcinoma. multiple X X X X 
Hapatocellular adenoma 
Hepatocellular adenoma, multiple 
Ly mphoma malignant histtocytic X X 

Mesentery + + + + + + + + + + + + + + + + + + 
Adenocarcinoma, metastatic, stomach X 
[,y mphoma malignant histiocytic X 

Panereas + + + + + + + + A + + + + + + + + + + + + 
Sal 
St.•J 

~~:~glands + 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ A + + + + 

St.omach, forestomach + + + + + + + + + + + + + + + + + + + + A + + + + 
Papilloma squamous X 

St.~' mach, glandular + + + + + + + + + + + + A + + + + + + + 

"'ienocarcmoma X 
L:rmphoma malignant histiocytic X 

Ton gue M 
Toot.h + + + + + + + + + + + + + + + + + + + + 

DIOVASCULAR SYSTEMC:l\.1'{ 
Blood vessel + + + + + + + + + + + + + + + + + + + 
Hea rt 

Adenocarcinoma, metastatic, stomach 
+ + + + + + + + + + + + + + + + + + 

X 
+ + 

DOCRINE SYSTEMEN 
Adrenal gland + + + + + + + + + + + + + + + + + + + + + 
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + 
Adrenal gland, medulla + + + + + + + + + + + + + + + M + + + + + 

Pheochromocytorna benign X 
Isie ts, pancreatic + + + + + + + + A + + + + + + + + + + + 
Para thyroid gland M + M M + + M M I + M + + + + + + M + + 
Pitu1tary gland + + + + + M + M M + + + I + + M + + M M 

Pars distalis, adenoma 
Thy •·otd f,land + + + + + + + + + + + + + + + + + + + + 

Follicu ar cell, adenoma X 

ERAL BODY SYSTEMGEN 
Tis.sue,NOS + 

!TAL SYSTEMGEN 
gulatmg glandCc·.'l + + + + + + + + + + + + + + + + + + 

Duetus deferens + + + + + + + + + + + + + + + + 
Eptd1dym1S + + + + + + + + + + + + + + + + + + + + 
Pen15 + + 
Prermt1al gland + + + + + + + + + 
Pro!' 
Sem 

,:ate 
J nal vestcle 

+ 
M 

+ 
+ 

+ 
M 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ + 
+ 

+ 
+ 

+ + 
+ 

+ 
+ 

+ 
M 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

Test,E~S 
Adenocarcmoma, metastatic, stomach 

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

+ + 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE 
(Continued) 

() 0 l l l l l l 1 1 l 1 1 l 1 1 1 l l l 1 1 l l 1~EJ~ON ~ 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 9 2 2 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

TOTAL: 
CARCASS TISSUES2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 2 2 2 2 3 2 2 2 2 2 

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

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

A.1:IMENTARY SYSTEM 

20 

12 


Intestine large 

~!'!lb~!frl!r 

17 

Intestme large, cecum 
 15 

Intestine large, colon 
 16 

Intestine large, rectum 
 11 

Intestine small 
 17 

Intestine small, duodenum 


+ 
16 


Intestine small, ileum 
 14 

Intestine small, jejunum 
 16 


Adenocarcinoma 

+ 
X 1 


Lymphoma malignant histiocytic 
 1 

Liver 
 50 


Hemangiosarcoma 

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

2 

Hepatocellular carcinoma 


X X 
X X X X X X 7 


Hepatocellular carcinoma, multiple 
 X X 6 

Hepatocellular adenoma 
 X X X 3 

Hepatocellular adenoma, mult1ple 
 X 1 

Lymphoma malignant histiocytic 
 2 


Mesentery 
 18 

Adenocarcinoma, metastatic, stomach 
 1 

Lymphoma malignant histiocyttc 
 1 


Pancreas 
 21 
20 

+ 
~~~~~~~glands 49 

Stomach, forestomach 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
49 


Papilloma squamous 

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

1 

Stomach, glandular 
 20 


Adenocarc1noma 

+ 

l 
Lymphoma malignant histiocytic 1 

:~~:~~fhe 20 

CARDIOVASCULAR SYSTEM 
Blood vessel 19 

Heart 
 20 


Adenocarcmoma, metastatic, stomach 
 l 

ENDOCRINE SYSTEM 
Adrenal gland 21 
Adrenal gland, cortex 21 
Adrenal gland, medulla 20 


Pheochromocytoma benign 
 1 
ls!t~ts, pancreatic 19 
Parathyroid gland 12 
Pituitary gland 14 


Pars distalis, adenoma 

+ 
X 1 

Thyroid f,land 20 

Follicu ar cell, adenoma 
 1 

GENERAL BODY SYSTEM 
Tissue, NOS l 

GENITAL SYSTEM 
Coagulating gland 18 
Ductus deferens 16 
Ep1didymis 20 
Penis 2 
Pmputtal gland 9 
Prostate 20 
Seminal ves1cle 18 
Testes 

+ + + 
20 


Adenocarcmoma, metastatic, stomach 
 1 

135 N-Methylolacrylamide, NTP TR 352 



TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE 
(Continued) 

~~rfyS ON 0 
0 

0 
1 

0 
1 

0 
1 

0 
2 

0 
2 

0 
2 

0 
3 

0 
6 

0 
6 

0 
6 

0 
6 

0 
7 

0 
7 

0 
7 

0 
8 

0 
8 

0 
8 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

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

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

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

HEMATOPO!ETIC SYSTEM 
Blood + + 
Bone marrow + + + + + + + + + + + + + + + + + + + + 

fernoral, adenocarcinoma, metastatic, 
stomach X 

Fernoral, lymphoma malignant 
h istiocytic X 

Lym ph node + + + + + + + + + + f + f + + + + f + f-

Lnmbar, lymf,homa malignant mixed 
Ma ndibu!ar, ymphoma mahgnant 

hlstiocytic X 
Ma ndibular, lymphoma malignant mixed 
Mediastinal, lymphoma malignant 

"'stiocytic X X 
Renal, lymphoma malignant rmxed 

ph node, mesentericLym M M M A M M M M M + M M M + M + M + f + 
L•tmphoma malignant h1stiocytic X X 
L;;mphoma malignant m1xed 
Mediastinal, adenocarcmoma, 

etastatic, stomachm X 
Spl~~~ n + + + + + + + + + + + + + + + + + + + + 

Lvt 
L;,m

nphoma malignant histiOcytic 
phoma mahgnant mixed 

X 

Th)·nIUS + + + + M + + + + M + + M M + + M M + M 

..GUMENTARY SYSTEMINTE 
Ma::n mary gland M M M M M M M M M M M M M M M M M M M M 
Skto + + + + + + + + + + + + + f- f + + + f + + + j. 

_nocarcmoma, metastatiC, stomachAde X 
Sui >cutaneous tissue, fibrosarcoma X X X X X X X 
Subcutaneous t1ssue, fibrosarcoma, 

m '1it1ple 

CULOSKELETAL SYSTEMMTm 
Bone 
Skeletat muscle 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

~ 

+ ,. + 

Ftbrosa reorna, metastatic, skm X X X X 

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

ningioma bemgnMe X 
Penphera! nerve + M M + + M + + + M + + + + + M + M + M + M + + + 
Sptna i cord + + + + + + + + + + + + + + + + + + + + 

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

Ade nocarcinoma, metastatic, stomach X 
Alveolar/bronchiolar adenoma X X X 
Alveolarlbronchiolar carcinoma 
Alveolar!bronchiolar carcinoma, 

multiple X 
F1brosarcoma, metastatic, skin X 
HHpatocellular carcinoma, metastatic, 

lnter 
Lymphoma malignant histiocytic X X 
Lymphoma mahgnant miXed 

Nose + + + + + + + + + + + + + + + + + + + + 
Traehea + + + + + + + + + + + + + + + + + + + + 

SPE( :tAL SENSES SYSTEM 
Ear· + 
Eye 
Hard onan gland + + + + + + + M + + + + + + + + + + + + + + + + + 

Ace noma X X 
Bdatara!, adenoma 

UR1NARY SYSTEM 
yK1dne + + + + + + + + + + + + + + + j. + + + + 
r10carcmoma, metastatic, stomachAde X 

Lymphoma malignant histiocytic X X 
Urate r + + + + + + + + + + + + + + + 
Ur<>'h ra + + + + + + + + 
Unna ry bladder + + + + + + + + M + + + + + + + + + + + + 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE 
(Continued) 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1~~rf: ON 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 9 2 2 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

TOTAL: 
CARCASS TISSUES 
ID 

2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 2 2 2 2 3 2 2 2 2 2 
TUMORS 

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

H'EMATOPO!ET!c SYSTEM 
Blood 2 

Bone marrow 
 20 


Femoral, adenocarcinoma, metastatic, 

stomach 
 1 


Femoral, lymphoma malignant 

histiocytic 
 1 

32 

Lumbar, lymf,horna malignant mixed 


Lymph node + + + + + + + + + + + + 
X 1 


Mandibular, ymphoma maL htstiocytic 
 1 

Mandibular, lymphoma malignant 


mixed 
 X 1 

Mediastinal, lymphoma malignant 


histiocyttc 
 2 

Renal, lymphoma malignant mtxed 
 X 1 


;~.ymph node, mesenteric 
 17 

Lymphoma malignant histiocytic 


+ + + + + + + + + + + 
3 


Lymphoma malignant mtxed 

X 

X X X 3 

Mediastinal, adenocarcmoma, 


metastatic, stomach 
 1 
Spleen 26+ + + + + + 

Lymphoma maltgnant histiOcytic X 2 
Lymphoma malignant mixed X 1 

Thymus 13 

:NTEGUMENTARY SYSTEM 
.\1ammary gland 
Skin 33 


Adenocarctnoma, metastatic, stomach 

+ + + + + + + + + + 

1 

Subcutaneous ttssue, tl.brosarcoma 
 14 

Subcutaneous tissue, fibrosarcoma, 


multiple 


X X X X X X X 

1X 

MUSCULOSKELETAL SYSTEM 
Bone 34 
,';keletal muscle 

+ + + + + + + + + + + + + 
24 


Fibrosarcoma, metastatic, skin 

+ + + 

7X X X 

tiERVOUs SYSTEM 
Brain 20 


Meningioma bemgn 
 1 
Peripheral nerve 39 
Spmalcord 

+ + + M + + + + + + + + + + + M + + + + + M + + + 
20 

RESPIRATORY SYSTEM 
Lung 50 


Adenocarcinoma, metastatic, stomach 

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

1 

Alveolar/bronchiolar adenoma 
 6X X X 
Alveolar/bronchiolar carcinoma X X X 3 

Alveolar/bronchiolar carcinoma, 


multiple 
 1 

Fibrosarcoma, metastatic, skin 
 1 

Hepatocellular carcinoma, metastatic, 


liver 
 2 

Lymphoma malignant histiocytic 


X X 
2 


Lymphoma malignant mixed 
 X 1 
Nose 20 
T:"achea 20 

SPECIAL SENSES SYSTEM 
Ear 1 
r:ye 2 
Hardenan gland 

+ + 
49 


Adenoma 

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

X X X X X X X X X X X 13 

Bilateral, adenoma 
 X 1 

URINARY SYSTEM 
Kidney 22 


Adenocarcinoma, metastatic, stomach 

+ + 

1 

Lymphoma malignant hist10cyt1c 
 2 

Ureter 15 
Urethra 8 
Ulinary bladder 21+ 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR :PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF N-METHYLOLACRYLAMIDE: HIGH DOSE 

i:"li.rEtl ON 
0 
2 

0 
3 

0 
5 

0 
6 

0 
6 

0 
6 

0 
6 

0 
7 

0 
7 

0 
7 

0 
7 

0 
7 

0 
7 

0 
8 

0 
8 

0 
8 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

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

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

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

AIJMENTARY SYSTEM 

~!tfb1l!f.l!r + 
+ 

+ 
A 

+ 
A 

+ 
A 

+ 
+ 

+ 
A 

+ 
A 

+ 
A 

+ 
A 

+ 
+ 

+ 
M 

+ 
M 

+ 
A 

+ 
A 

M 
A 

+ 
+ 

+ 
A 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
A 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
A 

Alveoiarlbronchio!ar carcinoma, 
m<ltastatic, lung X 

Intestine large + + + + + + A A + + + + A A + + + + + + + + + + + 
!ntest.ine large, cecum M A A A + M A A + + + A A A + + + + + + + + + 
Intestine large, colon + + + + + ! A A + + + A A + + + + + + + + + + 
Intest.ine large, rectum M + + + + + A A + + + A A + + + + + + + + + + 
Intestmesmall A A + + + + A A + + + + A A + + + + + + + + + + + 
lntestme small, duodenum A A + + + + A A + + + A A + + + + + + + + + + 

Alveolarlbronchiolar carcinoma, 
metastatic, lung X 

Intestme small, deum A A A A + + A A + + + A A + + + + + + + + + + 
Intestme small, jeJtmum A A A + + + A A + + + A A + + + + + + + + + + 
Liver + + + + + t + + + t + + + t + + + + + + + + + + + 

Alveolarlbronchwlar carcinoma, 
me tastatic, lung X 

Hepatocellular carcinoma X X X X X 
Hepatocellular carcmoma, multiple X X 
Hepatocellular adenoma X X X X 
He[>atocellular adenoma, multiple X 
Lymphoma malignant h1stwcytic X 
Lymphoma malignant lymphocytic X 
Lymphoma malignant X 

Me<;e ntery + + + + + + + + t + + + + + + + + + + + + + + + 
Al•1eolarlbronchiolar can~moma, 

rll>-1 tastatic, lung X 
Lvn1phoma malignant lymphocytic X 

PaDcreas + + + + + + A A + + + + A + + + + + + + + ! + + + 
Alve.olarfbronchiolar carCinoma, 

rne~tastat1c, lung X 
Lymphoma malignant lymphocytic 

Sahv.1~ glands + + + + + + + + + + + + + + + + + + + + + + + + + 
1p oma malignant lymphocyttcLyn 

Stomach + + + A t + A + + + + + + + + + + + + + + + ! + + 
Stoma 

Pap 
ch, forestomach 

llloma squamous 
+ + + A + + A + + + ! + + + + + + + + + + + + + 

X 
+ 

Stomach, glandular + A + A + + A + + + + A + + + + + + + + + + + + 
Tooth + + + + + + + + + + + + + + + + + + + + + + + + + 

CARD!OVASCULAR SYSTEM 
Blood vessel + + + + + + + + + + + + + + + + + + + + 
Heart + + + + + + + + + + + + + + + + + + + + + + t + + 

Alveolarlbronchiolar carcinoma, 
rr:etastatic, lung X X 

Lymphoma malignant lymphocytic X 

ENOOCRINE SYSTEM 
Adrenal gland + + + + + + + + + + + + + + + + + + + + + + + + + 
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + + 

sule, alveolarfbronchiolarCap 
ca rei noma, metastatic, lung X 

Adrenal gland, medulla + + + + + + + + + + + + + + + + + + + + + + + + + 
Pheochromocytoma bemgn 
Bilateral, pheochromocytoma benign 

Islets , pancreatic + + + + + + A A + + + + A + + + + + + + + + + + + 
Alveolarlbronchwiar carcmoma, 

tastatlc, lungme X 
hyro1d gland Parat + + M + + + A + + + + + + + M + + + + M + M + M + 

Pitmtary ~land + M + .\1 + M A + M + + + M M + + + + + + + + + + + 
Thyro1d g and + t + + + + + + + + + + + + + + + + + + + + + + + 

Foilkular cell, adenoma 

.RAL BODY SYSTEMi:IEN'E 
Tissue,NOS 

TAL SYSTEMGENt 
Coagu lating gland + + + + + + + + + + + + + + + + + + + + + + + 
Ductu.s deferens + + + + + + + + + + + + + + + + 

phoma malignant lymphocyticLym X 
Epididymts + + + ~ + + + + + + + + + + + + + + + + + + + + + 

phoma mahgnant lymphocyticLym 
Pems + + + 
Preputtal gland + + + + 
Prestate + + + ! + + + + + + + + + + + + + + + + + + + + + 

phoma malignant lymphocyticLym X 
Seminal vesicle + ! + + + + + + + + + + + + + + + + 

Alvaolar/bronch10lar carcmoma, 
metastatic, lung X 

Testes + + + + + + + + + + + + + + + + + + + + + + + + + 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1~~~YS ON 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 9 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 

4 4 4 4 4 4 4 4 4 4 5 4 4 4 4 5 4 4 4 4 4 4 4 5 5 
TUMORS 

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

ALIMENTARY SYSTEM 

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

33 

Alveolar/bronchiolar carcinoma, 


metastatic, lung 


~~~lfb~!fi!r + + A A + + + + + + + + + + + + + + + + + + + + + 

l 
46 


Intestine large, cecum 

Intestine large + + + + + + + + + + + + + + + + + + + + + + + + + 

37 

Tntestine large, colon 


+ + + A + + + + + + + + + + + + + + + + + + + + + 
43 


Intestme large, rectum 

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

42 

Intestine small 


+ + + A + + + + + + + + + + + + + + + + + + + + + 
44 


Intestine small, duodenum 

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

40 

Alveolar/bronchiolar carcinoma, 


metastatic, lung 


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

1 

rntestine small, ileum 
 37 

rntesti.ne small, jejunum 


+ + + A + + + + + M + + + + + + + + + + + + + + 
40 


Liver 

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

50 

Alveolar/bronchiolar carcinoma, 


metastatic, lung 


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

1 

Hepatocellular carcmoma 
 X X X X X 10 

Hepatocellular carcmoma. multiple 
 2 

Hepatocellular adenoma 
 X X X X X X X X X 13 

Hepatocellular adenoma, multiple 
 X X X X X 6 

Lymphoma mahgnant h1stiocytic 
 1 

Lymphoma malignant lymphocytic 
 X 2 

Lymphoma mal1gnant 
 1 


Mesentery 
 49 

Alveolarlbronchwlar carcmoma, 


metastatic, lung 


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

1 

Lymphoma malignant lymphocytic 
 X X 3 


Pancreas 
 47 

Alveolarlbronchwlar care1noma, 


metastatic, lung 


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

1 

Lymphoma malignant lymphocytic 
 lX 

50 

Lymp oma malignant lymphocytic 


Saliva~ glands + + + + + + + + + + + + + + + + 1- + + + + + + + + 
1 


Stomach 

X 

48 

Stomach, forestomach 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
48 


Papilloma squamous 

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

X 2 
Stomach, glandular 45 

Tooth 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
50+ + + + + + + + + + + + + + + + + + + + + + + + + 

CARDIOVASCULAR SYSTEM 
Blood vessel 34 

Heart 


+ + + + + + + + + + + + + + 
50 


Alveolarfbronchiolar carcinoma, 

metastatic, lung 


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

2 

Lymphoma malignant lymphocytic 
 1 

ENDOCRINE SYSTEM 
Adrenal gland 50 
Adrenal gland, cortex 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
48 


Capsule, alveolar/bronchiolar 

carcinoma, metastatic, lung 


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

1 
Adrenal gland, medulla 50 


Pheochromocytoma benign 

+ + + + + + + + + + + + + + 1- + + + + + + + + + + 

2 

Bilateral, pheochromocytoma benign 


X X 
1 

[slats, pancreatic 
X 

47 

Alveolar/bronchiolar carcinoma, 


metastatic, lung 


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

1 
ParathyrOid gland 38 
Pitmtary gland 

+ M + + + M + + + + + + + + M + + M M M + + + + + 
42 

Thyroid gland 
+ + + + + + + + + + + . + + + + + + + + M + + 1- + 

49 

Follicular cell, adenoma 


+ + + + + + + + + + + + + + + + + + + M + + + + + 
X X 2 

GENERAL BODY SYSTE:M 
Tissue, NOS 1+ 

GENITAL SYSTEM 
Coagulating gland 46 
Ductus deferens 

+ + + + + + + + + + + + + + + + + + + + + + + 
28 


Lyml,ho~a malignant lymphocytic 

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

1 
Ep1di ym1s 50 


Lymphoma malignant lymphocyttc 

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

1 
Pems 

X 
4 

Preputial gland 
+ 

6 
Prostate 

+ + 
50 


Lymphoma malignant lymphocytic 

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

2 
Seminal vesicle 

X 
36 


Alveolar/bronchiolar carcinoma, 

metastatic, lung 


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

1 
Testes 50+ + + + + + + + + + + + + + + + + + + + + + + + + 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

~Ff;Erfi ON 0 
2 

0 
3 

0 
5 

0 
6 

0 
6 

0 
6 

0 
6 

0 
7 

0 
7 

0 
7 

0 
7 

0 
7 

0 
7 

0 
8 

0 
8 

0 
8 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

0 
9 

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

1 
8 
5 

1 
5 

1 
1 

4 
1 

8 
4 

2 
4 

7 
1 

5 
5 

2 
1 

2 
5 

0 
1 

3 
5 

5 
3 

4 
2 

6 
5 

5 
2 

1 
2 

6 
3 

6 
2 

3 
1 

4 
5 

9 
5 

9 
3 

8 
3 I 

HEMATOPOIET!C SYSTEM 
Bone m arrow + + + + + + + + + + + + + + + + + + + + + + + + + 

Femoral, lymphoma malignant 
lymphocytic X 

Vertel>ral, lymphoma malignant 
lymphocytic 

Lymph node + + + + + + + + + + + + + + + + + + + + + + + + + 
AJnlla ry, fibrosarcoma, metastatic, skm X 
Bronchial, alveolar/bronchiolar 

carClnoma. metastat1c, lung 
Ingmnal, lymphoma malignant I 

lymphocyt1c 
Mand1 
Media 

carc1 

bular, lymphoma malignant m1xed 
stmal, alveolar/bronchiolar 
noma, metastatic, lung X I 

Mediastinal, lymphoma malignant 
histlocytic X 

Mediastinal, lymphoma mahgnant 
lymphocytic X 

Mediastinal, lymphoma mahgnant mtxed 
Mediastinal, mandibular, 

alva(>larlbronchiolar carcmoma. 
static, lungmeta X 
. lymphoma mahgnant lymphocyticRenal 
node, mesentencLymph M + M M M M M M M + + M M + M + + M M + M M + + + 

Lymphoma mahgnant lymphocytic X 
Lymphoma malignant mixed 

Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 
ng1osarcomaHe rna 
homa malignant histiocyticLymp X 

Lymp·noma malignant lymphocytic X X 
Lymphoma malignant X 
Lymp:noma malignant mixed 

'Thymm M + + + + + A M + + M + + + M + + M + + M + M + + 
.arlhronchiolar carcinoma,Alveo 

metastatic, lung X X X 
Lymp ~'lorna malignant lymphocytic X X 
Lymp b.oma malignant mixed 

INTEGUMENTARY SYSTEM 
Marnrn<1ry gland M M M N: M M M M + + M M M M M M M M M M M M M M M 
Skin + + + + + + + t + + + + + + + + + + + + + + + + + 

Basal cell adenoma 
Subn1taneous tissue, fibroma X X 
Subrutaneous tissue, fibrosarcoma X X X X X 
SubC'utaneous t1ssue, fibrosarcoma, 
m·~dt iple 

MUS"ClJLOSKELETAL SYSTEM 
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 
Fibro~:arcoma. metastat1c. skm 

Skeleta l muscle + + + + + ~ + + + + + + + + + + + + + + + + + + + 
Alvo:oo tar/bronchiolar carcmoma, 

tstatic, lungffil7t~ X 
Ftb:-osarcoma, metastatic, skm X 
Lymp homa malignant lymphocytic X 
Diaph ragm, alveolar/bronchiolar 

can·1 noma, metastatic, lung X 

N'Em/(>Us SYSTEM 
Bra1n 

Alveo larlbronchiolar carcmoma, 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

m~t~tstatlc, lung X 
Carnrwma, metastatic, harderian gland X 
Lymp b.oma mahgnant lymphocytic X 

Periphe ral nerve M + M + + + + + + M + M + + + + + + + + + + + + + 
Spmalcord M + + + + + + + + + + + + + + + + + + + + + + + + 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

~VJli ON 
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 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

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

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

HEMATOPOIETIC SYSTEM i--
I 

Bone marrow 
Femoral, lymphoma malignant 

+ + + + + + + + + + + + + + + + + + + + + + + + + i 50 

lymphocytic 
Vertebral, lymphoma malignant 

X I 
2 

lymphocytic X 1 
Lymph node + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Axillary, fibrosarcoma, metastatic, skm 1 
Bronchial, alveolarfbronchwlar 

carcinoma, metastat1c, lung X 1 
Inguinal, lymphoma malignant 

lymphocytic X 1 
Mandibular, lymphoma malig. mixed X X 2 
Mediastmal. alveolar/bronchiolar 

carcinoma, metastatic, lung 1 
Mediastinal, lymphoma malignant 

histiocytic 1 
Mediastinal, lymphoma malignant 

lymphocytic X 2 
Mediastinal, lymphoma malig. mixed X 1 
Mediastinal, mandibular, 

alveolar/bronchiolar carcmoma, 
metastatic, lung 1 

Renal, lymphoma malig. lymphocyt1c X 1 
Lymph node, mesenteric + M + M + + M M M M + M + + + + M + M + M M + + + 24 

Lymphoma mahgnant lymphocytiC X 2 
Lymphoma malignant mixed X X 2 

Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Hemangiosarcoma X X 2 
Lymphoma malignant histiocytic 1 
Lymphoma malignant lymphocytic X 3 
Lymphoma malignant 1 
Lymphoma malignant mixed X X 2 

Thymus + + + + + + M + + + M + + + + + + + + + M + + + + 39 
Alveolar/bronchiolar carcinoma, 

metastatic, lung 3 
Lymphoma malignant lymphocytic X X 4 
Lymphoma malignant mixed X 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 M M M 3 
Skin + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Basal cell adenoma X 1 
Subcutaneous t1ssue, fibroma X 3 
Subcutaneous tissue, fibrosarcoma X X X X X 10 
Subcutaneous tissue, fibrosarcoma, 

multiple X I 1 

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

I 
1--
I 
I .')0 

Ftbrosarcoma, metastatic, skm X 1 
Skeletal muscle 

Alveolartbronch10lar carcmoma, 
+ + + + + + + + + + + + + + + + + + + + + + + + + ! 50 

metastatiC, lung l 
Fibrosarcoma, metastatic, skin X X 3 
Lymbhoma malignant !ymbhocyt1c X '2 
Dtap ragm, alveo!artbronc 10lar 

carcinoma, metastatic, lung 
! 
I l 
I 

NERVOUS sYSTEM ;----

Bram + + + + + + + + + + + + + + + + + + + + + + + + + I :)0 

AlveolarlbronchiOiar carcinoma, 
metastatic, lung 1 

Carcmoma, metastatic, harderian gland l 
Lymphoma malignant lymphocytic 1 

Panpheral nerve + + + + + + + + + + + + + M + + + + M M + + + + + ! 43 
Spmal cord + + + + + + + + + + + + + + + + + + + + + + + + + I 49 

;____ 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

--·--·

;;\Elfr5\~ ON 

CARCASS 
ID 

RESPIRATORY SYSTEM 
Lung 

Alveolar/bronchiolar adenoma 
Alvoolarlbronchiolar adenoma, multiple 
Alveoiarlbronchiolar carcinoma 
Alveolar/bronchiolar carc1noma, 

multiple 
Carri.noma. metastatic, harderian gland 
Fibrosarcoma, metastatic, skin 
Hepatocellular carcinoma, metastatic, 

liver 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant 
Mediastinum, alveolarfbronchwlar 

carr.moma, metastatic, lung 
Nose 

Lymphoma malignant lymphocytic 
Trachea 

SPECIAL SENSES SYSTEM 
Eye 
Hardenan gland 

Adenoma 
Carnnoma 
B1lateral, adenoma 

IJliDlARY SYSTEM 
Kidnev 

Alve()!arlbronchiolar carcmoma, 
metastatic, lung 

Lymphoma malignant hist10cytic 
Lymphoma malignant lymphocytic 
Lyophoma malignant mixed 

Ureter 
Urethra 
Unnary bladder 

Alveolarlbronch10lar carcinoma, 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1~~J<lUN 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 9 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 4 4 4 4 4 4 4 4 4 4 5 4 4 4 4 5 4 4 4 4 4 4 4 5 5 TISSUES 
ID 2 3 1 7 1 3 6 7 7 8 0 7 8 9 9 0 2 3 4 4 5 5 9 0 0 TUMORS 

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

RESPIRATORY SYSTEM 
Lung 50 


Alveolarlbronch10lar adenoma 

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

10 

Alveolar/bronchiolar adenoma, multiple 


X X X X X X X 
1 


Alveolar/bronchiolar carcinoma 

X 

9 

Alveolar/bronchiolar carcinoma, 


multiple 


X X X X 

1 

Carcinoma, metastatic, harderian gland 


X 
1 


Fibrosarcoma, metastatic, skin 
 1 

Hepatocellular carcinoma, metastat1c, 


liver 


X 

1 

Lymphoma malignant histiocytic 
 1 

Lymphoma malignant lymphocytic 
 2 
Lymphoma malignant 1 
Mediastinum, alveolar/bronchiolar 


carcinoma, metastatic, lung 
 2 
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 50 


Lymphoma malignant lymphocyt1c I 
 1 
Trachea + + + + + + + + + + + + + + + + + + + M + + + + + 49 

SPECIAL SENSES SYSTEM i 
E:ye 4 
Harderian gland 

+ + + 
50 


Adenoma 

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

X X X X X X X X X X X X X X X 27 
Carcinoma X 2 
Bilateral, adenoma X 2 

URINARY SYSTEM 
Kidney 50 


Alveolar/bronchiolar carcinoma, 

metastatic, lung 


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

2 
Lymphoma malignant histiocyttc X 1 

Lymphoma malignant lymphocytic 
 X X 4 

Lymphoma malignant mtxed 
 X X 2 

TUreter 38 
Urethra 

+ + + + + + + + + + + + + + + + + 
35 

Unnary bladder 
+ + + + + + + + + + + + + + + + + + + 

49 

Alveolar/bronchiolar carcmoma, 


metastatic, lung 


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

1 

Lymphoma malignant lymphocytic 
 X 1 
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TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF N-METHYLOLACRYLAMIDE 

Vehicle Control 25 mg/kg 50 mg/kg 

Adrenal Medulla: Pheochromocytoma 
Overall Rates (a) 2/48 (4%) (b) 1121 (5%) 3/50 (6%) 
Adjusted Rates (c) 6.6% 14.3% 
Terminal Rates (d) 1128 (4%) 3/21 (14%) 
Day of First Observation 683 731 
Life Table Test (e) P=0.377 
Logistic Regression Test (e) P=0.424 
Fisher Exact Test (e) P=0.520 

Harderian Gland: Adenoma 
Overall Rates (a) 1148 (2%> 14/49 (29%) 29/50 (58%> 
Adjusted Rates (c) 3.4% 54.8% 77.6% 
Terminal Rates (d) 1/29 (3o/o) 9/20 (45%) 13/21 (62%> 
Day of First Observation 731 485 476 
Life Table Tests (e) P<0.001 P<0.001 P<0.001 
Logistic Regression Tests (e) P<0.001 P<O.OOl P<0.001 
C:ochran-Armitage Trend Test (e) P<0.001 
Fisher Exact Test (e) P<0.001 P<0.001 

Harderian Gland: Adenoma or Carcinoma 
Overall Rates (al 2/48(4%) 14/49 (29%) 30/50 (60%) 
Adjusted Rates (c) 6.9% 54.8% 80.4% 
Terminal Rates (d) 2/29 (7%) 9/20 ( 45%) 14/21 (67%) 
Day of First Observation 731 485 476 
Life Table Tests (e) P<0.001 P<0.001 P<0.001 
Logistic Regression Tests (e) P<0.001 P<0.001 P<0.001 
Cochran- Armitage Trend Test(e) P<O.OOl 
Fisher Exact Test (e) P<0.001 P<0.001 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 8/50 (16%) 4/50 (8%) 19/50 (38%) 
Adjusted Rates (c) 26.7% 18.5% 68.4% 
Terminal Rates (d) 8/30 (27%) 3/20 05%) 13/21 (62%) 
Day of First Observation 731 691 366 
Life Table Tests (e) P<0.001 P=0.413N P<0.001 
Logistic Regression Tests (e) P=0.002 P=0.375N P=0.004 
Cochran-Armitage Trend Test(el P=0.005 
Fisher Exact Testcel P=0.178N P=0.012 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 6/50 (12%> 13/50 (26%) 12/50 (24%) 
1\djusted Rates (c) 19.4% 45.9% 38.3% 
Terminal Rates Cdl 5/30 (17%) 6/20 <30%) 5/21 (24%) 
Day of First Observation 729 455 502 
Life Table Tests (el P=0.027 P=O.Ol2 P=0.031 
Logistic Regression Tests (e) P=0.064 P=0.023 P=0.078 
Cochran-Armitage Trend Test(e) P=0.087 
Fisher Exact Testcel P=0.062 P=0.096 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 12/50(24%) 17/50 (34%) 26/50 (52%) 
Adjusted Rates (c) 38.7% 59.3% 76.8% 
Terminal Rates Cdl 11/30 (37%) 9/20 (45%) 14/21 (67%) 
Day of First Observation 729 455 366 
Life Table Tests (e) P<0.001 P=0.023 P<0.001 
Logistic Regression Tests (e) P<0.001 P=0.055 P=0.001 
Cochran-Armitage Trend Test (e) P=0.003 
Fisher Exact Test (e J P=0.189 P=0.004 
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TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO·YEAR GAVAGE STUDY 
OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control 25mg/kg 50mg/kg 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 3/49 (6%) 6/50 (12%) 11/50(22%) 
Adjusted Rates (c) 10.3% 21.6% 40.1% 
Terminal Rates (d) 3/29 (10%) 2/20 (10%) 6/21 (29%) 
Day of First Observation 731 600 366 
Life Table Tests (e) P=0.005 P=0.129 P==0.006 
Logistic Regression Tests (e) P=0.010 P=0.184 P==0.015 
Cochran-Armitage Trend Test (e) P=0.015 
Fisher Exact Test (e) P==0.254 P==0.022 

Lung: Alveolar/Bronchiolar Carcinoma 
Overall Rates (a) 2/49 (4%) 4/50 (8%) 10/50 (20%) 
Adjusted Rates (c) 6.3% 18.3% 34.6% 
Terminal Rates (d) 1129 (3%) 3/20 (15%) 4/21 (19%) 
Day of First Observation 675 687 589 
Life Table Tests (e) P=0.003 P==0.213 P==0.006 
Logistic Regression Tests (e) P=0.005 P==0.253 P=,O.Oll 
Cochran-Armitage Trend Test (e) P=0.008 
Fisher Exact Test (e) P==0.349 P=,0.015 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a) 5/49 (10%) 10/50 (20%) 18/50 (36%) 
Adjusted Rates (c) 16.3% 37.2% 58.2% 
Terminal Rates (d) 4/29 (14%) 5/20 (25%) 9/21 (43%) 
Day of First Observation 675 600 366 
Life Table Tests (e) P<0.001 P=0.045 P<0.001 
Logistic Regression Tests (e) P<0.001 P=0.073 p,=0.001 
Cochran-Armitage Trend Test (e) P=0.001 
Fisher Exact Test (e) P=0.140 p,=0.002 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 4/50 (8%) 0/50 (0%) 3/SO (6%l 
Adjusted Rates (c) 13.3% 0.0% 10.4% 
Terminal Rates (d) 4/30 (13%) 0/20 (0%) 1/!n(5%) 
Day of First Observation 731 626 
Life Table Tests (e) P=0.539N P=0.123N P==0.652N 
Logistic Regression Tests (e) P=0.465N P=0.123N P==0.569N 
Cochran-Armitage Trend Test (e) P=0.406N 
Fisher Exact Test (e) P=0.059N P==0.500N 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a) 15/50 (30%) 15/50 (30%) 11/50 (22%) 
Adjusted Rates (c) 39.4% 46.3% 3€>.3% 
Terminal Rates <d) 8/30 (27%) 4/20 (20%) 5/:21 (24%) 
Day of First Observation 464 432 485 
Life Table Tests (e I P=0.498N P=0.271 Po=0.520N 
Logistic Regression Tests (e) P=0.247N p =: 0.450 P=0.273N 
Cochran- Armitage Trend Test (e) P=0.216N 
Fisher Exact Test (e) P=0.586N P=0.247N 

Skin: Fibroma or Fibrosarcoma 
Overall Rates (a) 17/50 (34%) 15/50 (30%) 1:!/50 (24%) 
Adjusted Rates (c) 44.9% 46.3% 40.3% 
Terminal Rates (d) 10/30 (33%) 4/20 (20%) 6/21 (29%) 
Day of First Observation 464 432 485 
Life Table Tests (e) P==0.450N P=0.384 P=0.480N 
Logistic Regression Tests (e) P==0.193N P==0.567N P==0.220N 
Cochran-Armitage Trend Test (e) P=0.161N 
Fisher Exact Test (e) P=0.415N P=0.189N 
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TABLE C3. ANALYSIS OF PRIMARY TUMOFtS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF N-METHYI.OLACRYLAMIDE (Continued) 

Vehicle Control 25 mg/kg 50 mglkg 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 8/50 (16%) (b,f) 6/50 (12%) 9/50 (18%) 
Adjusted Rates (c) 20.4% 28.8% 
Terminal Rates (d) 2/30 (7%) 3/21 (14%) 
Day of First Observation 432 257 
Life Table Test (e) P==0.343 
Logistic Regression Test (e) P==0.505 
~'isher Exact Test (e) P==0.500 

(a) Number of tumor-bearing animals/number of animals examined at the site 
(b) Incomplete sampling of tissues 
(c) Kaplan-Meier estimated tumor incidences at the e11d of the study after adjusting for intercurrent mortality 
(d) Observed tumor incidence at terminal kill 
(e) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons bl!tween that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kilL as being (directly or indirectly) the cause of death. The logistic regres
sion test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
(f) Twenty-six spleens were examined microscopically. 
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TABLE C4a. HISTORICAL INCIDENCE OF HARDERIAN GLAND TUMORS IN CONTROL MALE B6C3F1 
MICE (a) 

Incidence in Controls 
Study Adenoma Adenoma or Carcinoma 

Historical Incidence for All Water Gavage Vehicle Controls 

Iodinated glycerol (b) 4/50 4/50 
Chlorpheniramine maleate (c) 6/50 (d) 7/50 
Tetrakis(hydroxymethyllphosphonium chloride (c) 
Malonaldehyde, sodium salt (c) 

1150 
3/50 

1/50 
3/50 

Tetrakis(hydroxymethyl)phosphonium sulfate (c) 1150 (e) 2/50 
Methyl carbamate (f) 2/50 2/50 
Chlorinated trisodium phosphate (b) 3/50 3/50 

TOTAL 
SD(g) 

20/350 (5. 7%1 
3.55% 

22/350 (6.3%) 
3.90% 

Range (h) 
High 
Low 

6/50 
1/50 

7/50 
1/50 

Overall Historical Incidence for Untreated Controls 

TOTAL (i) 73/2,040 (3.6%) (i,j) 79/2,040 (3.9%) 
SD(g) 3.26% 3.22% 

Range <h) 
High 6/50 6/50 
Low 0/50 0/50 

Ia) Data as of April29, 1987, for studies of at least 104 weeks 
tb) Study performed at EG&G Mason Research Institute 
Ic) Study performed at Battelle Columbus Laboratories 
(d) Includes one adenocarcinoma, NOS 
(e) Includes one papillary adenocarcinoma 
d) Study performed at Microbiological Associates 
Ig) Standard deviation 
Ih) Range and SD are presented for groups of 35 or more animals. 
1i) Includes five papillary adenomas, five cystadenomas, NOS, and six papillary cystadenomas, NOS 
lj) Includes one adenocarcinoma 
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TABLE C4b. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN CONTROL MALE B6C3Ft 
MICE (a) 

Incidence in Controls 
Adenoma Carcinoma Adenoma or 

Study Carcinoma 

Historical Incidence for All Water Gavage Vehicle Controls 

Iodinated glycerol (b) 8/50 2/50 10/50 
Chlorpheniramine maleate (c) 10/50 6/50 16/50 
Tetrakis(hydroxymethyl)phosphonium chloride (c) 8/49 10/49 17/49 
Malonaldehyde, sodium salt (c) 4/50 14/50 17/50 
Tetrakis(hydroxymethyl)phosphonium sulfate (c) 9/48 10/48 18/48 
Methyl carbamate (d) 9/50 5/50 14/50 
Chlorinated trisodium phosphate (b) 6/50 9/50 14/50 

TOTAL 54/347 (15.6%) 56/347 (16.1 %) 106/347 (30.5%) 
SD(e) 4.21% 8.03% 5.83% 

Range (f) 
High 10/50 14/50 18/48 
Low 4/50 2/50 10/50 

Overall Historical Incidence for Untreated Controls 

TOTAL 259/2,032 (12.7%) 379/2,032 (18.7%) 609/2,032 <30.0%) 
SD(e) 7.21% 6.50% 7.59% 

Range (f) 
High 22/50 15/50 29/50 
Low 0/49 4/50 8/50 

(al Data as of April29, 1987, for studies of at least 104 weeks 
(bl Study performed at EG&G Mason Research Institute 
(c) Study performed at Battelle Columbus Laboratories 
(d) Study performed at Microbiological Associates 
(e) Standard deviation 
(f) Range and SD are presented for groups of 35 or mor'3 animals. 
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TABLE C4c. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR TUMORS IN CONTROL MALE 
B6C3F1 MICE (a) 

Incidence in Controls 
Adenoma Carcinoma Adenoma or 

Study Carcinoma 

Historical Incidence for All Water Gavage Vehicle Controls 

Iodinated glycerol (b) 8/50 1150 9/50 
Chlorpheniramine maleate (c) 12/50 5/50 16/50 
Tetrakis(hydroxymethyl)phosphonium chloride (c) 1150 3/50 4/50 
Malonaldehyde, sodium salt (c) 7/47 5/47 10/47 
Tetrakis(hydroxymethyl)phosphonium sulfate (c) 5/50 2/50 7/50 
Methyl carbamate (d) 11150 0/50 11/50 
Chlorinated trisodium phosphate (b) 2/50 6/50 8/50 

TOTAL 46/347 (13.3%) 22/347 (6.3%) 65/347 (18.7%) 
SD(e) 8.42% 4.63% 7.51% 

Range (f) 
High 12/50 6/50 16/50 
Low 1/50 0/50 4/50 

Overall Historical Incidence for Untreated Controls 

TOTAL 255/2,034 (12.5%) 102/2,034 (5.0%) 348/2,034 (17.1 %) 
SD(el 6.15% 3.42% 7.26% 

Range (f) 
High 14/50 8/50 17/50 
Low 1/50 0150 3/50 

Ia) Data as of April 29, 1987, for studies of at least 104 weeks 
I b) Study performed at EG&G Mason Research Institute 
Ic) Study performed at Battelle Columbus Laboratories 
Id) Study performed at Microbiological Associates 
I e) Standard deviation 
If) Range and SD are presented for groups of 35 or more animals. 
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TABLE C4d. HISTORICAL INCIDENCE OF FORESTOMACH SQUAMOUS CELL TUMORS IN CONTROL 
MAll.E B6C3F1 MICE (a) 

Incidence in Controls 
Carcinoma Papilloma or 

Study Carcinoma 

Historical Incidence for All Water Gavage Vehicle Controls 

Iodinated glycerol (b) 0/49 0/49 0/49 
Chlorpheniramine maleate (c) 1150 1/50 2/50 
Tetrakis(hydroxymethyl)phosphonium chloride (c) 0/47 1/47 1147 
Malonaldehyde, sodium salt (c) 0/44 0/44 0/44 
Tetrakis(hydroxymethyl)phosphonium sulfate (c) 0/41 0/41 0/41 
Methyl carbamate (d) 2/50 0/50 2/50 
Chlorinated trisodium phosphate (b) 3/50 0/50 3/50 

TOTAL 6/331 (1.5%) 2/331 (0.6%) 8/331 (2.4%) 
SD(e) 2.43% 1.01% 2.43% 

Range (f) 
High 3/50 1147 3150 
Low 0/50 0/50 0/49 

Overall Historical Incidence for Untreated Co11:trols 

TOTAL 
SD(e) 

I g) 7/1,986 <0.4%) 
0.91% 

1/1,986 (0.1 %) 
0.31% 

(g) 8/1,986 (0.4%) 
0.94% 

Range (f) 
High 2/49 1150 2/49 
Low 0/50 0/50 3/50 

(a) Data as of April29, 1987, for studies of at least 10~, weeks 
(b) Study performed at EG&G Mason Research Institute 
(cl Study performed at Battelle Columbus Laboratories 
(d) Study performed at Microbiological Associates 
(e) Standard deviation 
(f) Range and SD are presented for groups of 35 or more animals. 
(g) Includes one papilloma, NOS 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO·YEAR GAVAGE STUDY OF N·METHYLOLACRYLAMIDE 

Vehicle 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 
Gallbladder <44) (12) <33} 

Inflammation, chronic active 1 <2%> 1 \3%} 
Intestine large, colon \45} (16) \43l 

Parasite metazoan 1 \2%) 
Intestine large, rectum <43} (11) (42l 

Parasite metazoan 1 (2%) 
Liver (50) <50) <50) 

Basophilic focus 1 <2%J 
Clear cell focus (2%) 
Cyst 1 12%} 
Hematopoietic cell proliferation 2 (4%) (2%) 
Hemorrhage 1 \2%) 
Hepatodiaphragmatic nodule 2 (4%) 
Inflammation, chronic (2%) 
Inflammation, necrotizing 1 (2o/o) 
Leukocytosis 2 (4%) 3 (6%) 
Mineralization 1 \2%) 
Necrosis, coagulative 5 (10%) 3 (6o/o) 8 <16%} 
Pigmentation, hematoidin 1 <2%) 
Vacuolization cytoplasmic 2 (4%} 

Mesentery <43) (18) (49) 
Inflammation, chronic active 1 (2%) 3 \6%) 
Necrosis 1 \2%) 

Pancreas (49) (2ll \47) 
Cyst 1 15%) 
Inflammation, chronic active (2%} 
Necrosis, coagulative (5%} (2%} 
Acinus, atrophy 1 12%) 

Salivary glands (49) <20) (50) 
Inflammation, chronic active 1 15%) 
Necrosis, coagulative 1 \2%} 

Stomach, forestomach (50) (49) <48) 
Acanthosis 20 140%) 23 (47%} 26 (54%} 
Acanthosis, multiple 1 \2%) 
Hyperkeratosis 4 (8%) (2%) 8 <17%} 
Inflammation, chronic active 2 (4%) 1 <2%) 

Stomach, glandular (50) <20J <45l 
Cyst 1 \5%} 
Inflammation, chronic active 1 (2%) 

Tooth (50) (20} \50) 
Dysplasia 2 \4%) 8 \16%) 
Foreign body 1 ( 2%) 
Inflammation, chronic active 4 \8%) 2 (4%} 

CARDIOVASCULAR SYSTEM 
Blood vessel (47) (19} <34) 

Mesenteric artery, inflammation, chronic active 1 (2%) 
Mesenteric artery, necrosis, fibrinoid 1 (2%) 
Pulmonary artery, inflammation, chronic active 1 (2o/ol 
Pulmonary artery, necrosis, fibrinoid 1 \2%) 
Renal artery, inflammation, chronic active 1 \2%) 
Renal artery, necrosis, fibrinoid 1 <2%) 
Renal artery, thrombus 1 (2%) 
Thoracic, inflammation, chronic active 1 <2%) 
Thoracic, necrosis, fibrinoid 1 (2%) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO·YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

CARDIOVASCULAR SYSTEM (Continued) 
Heart (50) (20) (50) 

Cardiomyopathy, chronic 4 (8%) 
Inflammation, suppurative 2 (4%) 
Mineralization (2%) 
Atrium, thrombus (2%) 
Coronary artery, inflammation, chronic active (2%) 
Coronary artery, necrosis, fibrinoid (2%) 
Valve, bacterium (2o/o) 2 ( 10%) 4 (8%) 
Valve, inflammation, suppurative 2 (10%) 
Valve, thrombus (2%) 2 (10%) 5 ( 10%) 

ENDOCRINE SYSTEM 
Adrenal gland, cortex (48) (21) (48) 

Accessory adrenal cortical nodule 1 (2%) 2 (4%) 
Hyperplasia 2 (4%) (5%) 1 (2%) 
Hypertrophy 3 (6%) 5 ( 10%) 

Adrenal gland, medulla (48) (20) (50) 
Hyperplasia 3 (6%) 1 (5%) 5 (10%) 

Islets, pancreatic (50) (19) (47) 
Hyperplasia 2 (4%) 

Pituitary gland (48) (14) (42) 
Pars distalis, cyst 2 (4%) 2 (5%) 
Pars distalis, hyperplasia 1 (2%) 

Thyroid gland (50) (20) (49) 
Inflammation, chronic active 1 (2%) 
Necrosis, fibrinoid 1 (2%) 
Ultimobranchial cyst (5%) 
Follicular cell, hyperplasia (2%) 5 (10%) 

GE:NERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Coagulating gland (26) (18) (46) 

Dilatation 2 (4%) 
Inflammation, suppurative 1 (2%) 

E:pididymis (50) (20) (50) 
Inflammation, chronic active 1 (5%) 

Penis (3) (2) (4) 
Inflammation, chronic active 1 (50%) 1 (25%) 
Mineralization 1 (33%) 

Preputial gland (3) (9) (6) 
Inflammation, chronic active 3 (100%) 1 (11%) 4 (67%) 
Duct, ectasia 1 (11%) 
Lymphatic, ectasia 1 (11%) 1 (17%) 

Prostate (49) (20) (50) 
Inflammation, chronic active 4 (8%) 3 (15%) 1 (2%) 
Artery, necrosis, fibrinoid 1 (2%) 

Seminal vesicle (29) (18) (36) 
Dilatation 5 (17%) 1 (6%) 4 (11%) 
Inflammation, chronic active 2 (7%) 1 (6%) 1 (3%) 
Inflammation, suppurative 1 (3%) 

Testes (50) (20) (50) 
Mineralization 1 (5%) 
Interstitial cell, hyperplasia (2%) 1 (5%) 
Seminiferous tubule, atrophy (2%) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM 
Blood (3) (2) 

Neutrophilia 1 (33%) 2 (100%) 
Bone marrow (50) (20) (50) 

Femoral, hyperplasia 2 (4%) 3 (15%) 6 (12%) 
Lymph node (49) (32) (50) 

Hematopoietic cell proliferation 1 (3%) 
Axillary, hemorrhage, acute (2%) 
Axillary, hyperplasia, lymphoid (2%) 
Lumbar, hyperplasia, plasma cell (3%) 
Mandibular, hematopoietic cell proliferation (3%) 
Mandibular, hyperplasia (3%) 
Mandibular, hyperplasia, lymphoid 1 (2%) 1 (2%) 
Mandibular, hyperplasia, plasma cell 1 (2%) 3 (6%) 
Mandibular, inflammation, suppurative 1 (2%) 
Mandibular, necrosis 1 <2%) 
Mediastinal, inflammation, suppurative 2 (4%) 
Renal, hematopoietic cell proliferation 1 (3%) 

Lymph node, mesenteric (19) (17) (24) 
Angiectasis 10 {53%) 10 (59%) 14 (58%) 
Hematopoietic cell proliferation 11 (58%) 11 (65%) 10 (42%) 
Hyperplasia, lymphoid 1 (5%) 1 (4%) 
Hyperplasia, reticulum cell 1 (5%) 

Spleen (50) (26) (50) 
Depletion lymphoid 2 (4%) 
Fibrosis 1 (2%) 
Hematopoietic cell proliferation 11 (22%) 13 (50%) 38 (76%) 
Infarct 2 (4%) 
Necrosis 1 (2%) 1 (4%) 

Thymus (36) (13) (39) 
Cyst 3 <8%) 
Necrosis 1 <3%) 6 (46%) 

INTEGUMENTARY SYSTEM 
Skin (50) (33) (50) 

Abscess 2 (6%) 
Acanthosis 3 (6%) (2%) 
Alopecia 1 (2%) 
Edema 1 (2%) 
Fibrosis 1 (2%) 2 (4%) 
Hyperkeratosis 2 (4%) 1 (2%) 
Inflammation, chronic active 7 (14%) 9 (27%) 6 (12%) 
Inflammation, suppurative 1 (2%) 1 (3%) 2 (4%) 
Metaplasia, osseous 1 (3%) 
Necrosis, coagulative (2%) 
Lymphatic, ectasia (2%) 
Prepuce, concretion (3%) 
Prepuce, dilatation (3%) 

MUSCULOSKELETAL SYSTEM 
Bone (50) (34) (50) 

Joint, femur, tibia, metaplasia, osseous 1 (2%) 1 (3%) 
Joint, tarsal, metaplasia, osseous 24 <48%) 16 (47%) 11 (22%) 
Sternum, developmental malformation 1 (3%) 

NERVOUS SYSTEM 
Brain (50) (20) (50) 

Hemorrhage, acute 1 (2%) 
Inflammation, chronic active 1 (2%) 
Artery, cerebrum, necrosis, fibrinoid 1 (2%) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN TH:E: 
TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

NERVOUS SYSTEM (Continued) 
Peripheral nerve (47) (39) (43) 

Sciatic, degeneration 1 (3%) 3 (7%) 
Spinal cord (48) (20) (49) 

White matter, degeneration 2 (4%) 3 (6%) 

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

Hemorrhage, acute 2 (4%) 2 (4%) 
Inflammation, chronic 8 (16%) 12 (24%) 20 (40%) 
Leukocytosis 1 (2%) 1 (2%) 1 (2%) 
Alveolar epithelium, hyperplasia 10 (20%) 17 (34%) 19 (38%) 

Nose (50) (20) <50} 
Foreign body 1 (5%) 
Granuloma 1 (5%) 
Inflammation, chronic active 1 (2%) 1 (2%) 
Nasolacrimal duct, inflammation, suppurative 3 (6%) (5%) 3 (6%} 

SPECIAL SENSES SYSTEM 
E:ye (1) (2) (4) 

Cornea, inflammation, chronic active 1 (25%) 
Lens, cataract 2 (100%) 1 <25%) 
Retina, atrophy 1 (50%) 

Harderian gland (48) (49) <50l 
Hyperplasia 1 (2%) 2 (4%) 

URINARY SYSTEM 
Kidney (50} (22) (50) 

Atrophy 1 (2%) 
Bacterium (5%) 
Cyst (2%) 
Hemorrhage 1 (2%} 
Hydronephrosis 1 (2%) 1 (5%) 
Infarct 2 (4%) 3 (14%) 8 (16%) 
Inflammation, suppurative 3 (6%) 3 (14%) 1 (2%) 
Mineralization 3 (14%) 8 (16%) 
Nephropathy, chronic 21 (42%) 4 (18%) 22 (44%) 
Thrombus 1 (2%) 
Artery, inflammation, chronic active 2 (4%) 
Artery, necrosis, fibrinoid 2 (4%) 

Ureter <39) (15) <38) 
Inflammation, chronic active 1 (3%) 
Inflammation, suppurative 1 (3%) 

Urethra <30) (8) (35) 
Concretion 2 (7%) 4 (50%) 
Inflammation, chronic active 1 (3%) 2 (25%) 1 (3%) 
Inflammation, suppurative 1 (3%) 

Urinary bladder (49) (21) (49) 
Dilatation 3 (6%) 8 (38%) 2 (4%) 
Inflammation, chronic active 2 (4%) 1 (5%) 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE 

Vehicle Control Low Dose High Dose 

Animals initially in study 50 50 50 
Animals removed 50 50 50 
Animals examined histopathologically 50 50 49 

ALIMENTARY SYSTEM 
Gallbladder 1451 *(50) (39) 

Lymphoma malignant lymphocytic 1 12%1 
Lymphoma malignant mixed 1 12%) 

Intestine large, cecum 146) *(50) (42) 
Leiomyoma 1 (2%) 
Lymphoma malignant lymphocytic 1 (2%) 

Intestine large, rectum (46) *(50) (431 
Lymphoma malignant mixed 1 12%1 

Intestine small, duodenum (44) *(50) 141) 
Lymphoma malignant lymphocytic 1 (2%) 1 12%) 

Intestine small, ileum (44) *(50) 143) 
Lymphoma malignant undifferentiated cell type 1 12%) 

Intestine small, jejunum (45) *(50) 142l 
Lymphoma malignant histiocytic 1 (2%) 1 (2%) 
Lymphoma malignant lymphocytic 1 (2%) 

Liver (50) (50) 149) 
Adenocarcinoma, metastatic, mammary gland 1 (2%) 
Hemangioma, multiple 1 12%1 
Hemangiosarcoma 1 12%1 1 (2%) 
Hemangiosarcoma, metastatic, skin 1 (2%1 
Hepatocellular carcinoma 3 16%1 3 (6%) 2 (4%) 
Hepatocellular adenoma 2 14%) 3 (6%) 15 (31 o/o) 
Hepatocellular adenoma, multiple 1 <2%) 1 (2%) 2 (4%) 
Lymphoma malignant histiocytic 3 16%) 2 14%) 6 (12%) 
Lymphoma malignant lymphocytic 2 14%l 4 (8%) 3 (6%) 
Lymphoma malignant mixed 1 12%> 1 12%> 1 (2%) 

Mesentery *<50> *150) *149) 
Fibrosarcoma, metastatic, skin 1 <2%1 
Hemangiosarcoma I 2%) 
Lymphoma malignant histiocytic 12%) 2 14%1 
Lymphoma malignant lymphocytic 12%1 2 (4%1 
Lymphoma malignant 12%) 
Lymphoma malignant mixed 2 14%) 4 18%) 

Pancreas (50) *(50) 1471 
Fibrosarcoma, metastatic, skin 1 (2%l 
Lymphoma malignant histiocytic (2% 1 1 (2%1 
Lymphoma malignant lymphocytic (2%) (2%1 3 16%) 
Lymphoma malignant 12%) 
Lymphoma malignant mixed 1 (2%) 3 (6%) 

Salivary glands (501 *(50) 147) 
Lymphoma malignant histiocytic 2 (4%) 
Lymphoma malignant lymphocytic 4 18%) (2%) 2 14%) 
Lymphoma malignant mixed 2 14%) 1 <2%> 

Stomach, forestomach (46) *(50) 144) 
Papilloma squamous 2 (5%) 

Tongue *(50) *(50) *(49) 
Papilloma squamous 1 (2%) 

CARDIOVASCULAR SYSTEM 
Heart (50) "'(50) (49) 

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

Lymphoma malignant histiocytic (2%) 
Lymphoma malignant mixed (2%) 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAH. 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

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

Pheochromocytoma benign 1 (2%) 
Adrenal gland, cortex (50) *(50) (47) 

Lymphoma malignant histiocytic 1 (2%) 
Lymphoma malignant lymphocytic (2%) 1 (2%) 
Lymphoma malignant mixed (2%) 
Capsule, carcinoma 1 (2%) 

Islets, pancreatic (50) "'(50) (47) 
Lymphoma malignant histiocytic 1 (2%) 1 (2%) 
Lymphoma malignant lymphocytic 2 (4%) 
Lymphoma malignant (2%) 
Lymphoma malignant mixed 2 (4%) 1 (2%) 

Pituitary gland (49) "'(50) (43) 
Pars distalis, adenoma 12 (24%) 5 (10%) 4 (9%) 
Pars distalis, adenoma, multiple 1 (2%) 
Pars intermedia, adenoma 1 (2%) 
Pars intermedia, carcinoma 1 (2%) 1 (2%) 

Thyroid gland (48) "'(50) (48) 
Lymphoma malignant histiocytic 1 (2%) 
Lymphoma malignant mixed (2%) 
Bilateral, follicular cell, adenoma, multiple 1 (2%) 
Follicular cell, adenoma 3 (6%) 3 (6%) 

GE~ERAL BODY SYSTEM 
~one 

GENITAL SYSTEM 
Clitoral gland *(50) "'(50) "'(49) 

Adenocarcinoma 1 (2%) 
Ovary (50) (45) <47) 

Granulosa cell tumor benign 5 (11%) 5 (llo/o) 
Lymphoma malignant histiocytic (2%) 3 (6%) 
Lymphoma malignant lymphocytic (2%> 2 (4%) 4 (9%) 
Lymphoma malignant 1 (2%) 
Lymphoma malignant mixed 1 (2%) 

Uterus (50) "'(50) <49) 
Hemangioma 1 (2%) 
Hemangiosarcoma (2%) 1 (2%) 
Leiomyoma 1 (2%) 
Lymphoma malignant histiocytic 2 (4%) 
Lymphoma malignant lymphocytic 1 (2%) 
Lymphoma malignant mixed 2 (4%) 
Polyp stromal 2 (4%) 1 (2%) 

Vagina "'<50) "'(50) "'(49) 
Lymphoma malignant histiocytic 1 (2%) 

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

Femoral, hemangiosarcoma 1 (2%) 
Femoral, lymphoma malignant histiocytic 1 (2%) 
Femoral, lymphoma malignant lymphocytic 1 (2%) 
Vertebral, hemangiosarcoma 1 (2%) 
Vertebral, lymphoma malignant histiocytic 2 (4%) 
Vertebral, lymphoma malignant lymphocytic 1 (2%) 
Vertebral, lymphoma malignant mixed 1 (2%) 

Lymph node (50) *(50) (46) 
Deep cervical, lymphoma malignant histiocytic 1 (2%) 
Deep cervical, lymphoma malignant lymphocytic (2%) 1 (2%) 
Iliac, lymphoma malignant mixed 1 (2%} 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM 
Lymph node <Continued) (50) *(50) (46) 

Inguinal, lymphoma malignant histiocytic 1 (2%) 
Inguinal, lymphoma malignant lymphocytic 2 ( 4%) 1 (2%) 
Inguinal, lymphoma malignant mixed (2%) 
Lumbar, lymphoma malignant lymphocytic (2%) 2 (4%) (2%) 
Lumbar, lymphoma malignant 1 (2%) 
Lumbar, lymphoma malignant mixed 1 (2%) 
Mandibular, lymphoma malignant histiocytic 2 (4%) 3 (7%) 
Mandibular, lymphoma malignant lymphocytic 5 (1 0%) 2 (4%) 7 (15%) 
Mandibular, lymphoma malignant 1 (2%) 
Mandibular, lymphoma malignant mixed 3 (6%) 7 (15%) 
Mediastinal, alveolar/bronchiolar carcinoma, 

metastatic, lung (2%) 
Mediastinal, hepatocellular carcinoma, 

metastatic, liver 1 (2%) 
Mediastinal, lymphoma malignant histiocytic 
Mediastinal, lymphoma malignant lymphocytic 

2 
1 

(4%) 
(2%) 

(2%) 
(2%) 

2 
2 

(4%) 
(4%) 

Mediastinal, lymphoma malignant (2%) 
Mediastinal, lymphoma malignant mixed 2 (4%) 6 (13%) 
Pancreatic, lymphoma malignant histiocytic 2 (4%) 
Pancreatic, lymphoma malignant lymphocytic 1 (2%) 
Pancreatic, lymphoma malignant 1 (2%) 
Pancreatic, lymphoma malignant mixed 1 <2%) 
Renal, lymphoma malignant histiocytic (2%) 1 (2%) 2 (4%) 
Renal, lymphoma malignant lymphocytic (2%) 2 (4%) 1 (2%) 
Renal, lymphoma malignant 1 (2%) 
Renal, lymphoma malignant mixed 1 (2%) 2 (4%) 

Lymph node, mesenteric (11) *(50) (13) 
Lymphoma malignant histiocytic 5 (45%) 1 (2%) 3 (23%) 
Lymphoma malignant lymphocytic 1 (9%) 2 (4%) 3 (23%) 
Lymphoma malignant 1 (2%) 
Lymphoma malignant mixed 2 (18%) 6 (46%) 

Spleen (50) *(50) (48) 
Hemangiosarcoma 1 (2%) 
Hemangiosarcoma, metastatic, skin 1 (2%) 
Lymphoma malignant histiocytic 5 (10%) 1 (2%) 5 (10%) 
Lymphoma malignant lymphocytic 7 (14%) 6 (12%) 6 (13%) 
Lymphoma malignant mixed 3 (6%) 8 (17%) 

Thymus <48) "(50) (38) 
Lymphoma malignant histiocytic 3 (6%) 1 (2%) 2 (5%) 
Lymphoma malignant lymphocytic 5 (10%) 3 (8%) 
Lymphoma malignant mixed 3 (6%) 2 (5%) 

INTEGUMENTARY SYSTEM 
Mammary gland (29) (48) (33) 

Adenoacanthoma 1 (2%) 1 (3%) 
Adenocarcinoma 1 (3%) 1 (3%) 
Adenoma 2 (7%) 4 (8%) 
Fibroadenoma 1 (3%) 

Skin (50) "(50) (48) 
Lymphoma malignant 1 (2%) 
Sebaceous gland, adenoma 1 (2%) 
Subcutaneous tissue, fibrosarcoma 2 (4%) 2 (4%) 4 (8%) 
Subcutaneous tissue, fibrosarcoma, multiple 1 (2%) 
Subcutaneous tissue, hemangiosarcoma 3 (6%) 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

MUSCULOSKELETAL SYSTEM 
Skeletal muscle *(50) *(50) •(49) 

Fibrosarcoma, metastatic, skin 1 (2%) 1 (2%) 2 (4%) 
Hemangiosarcoma 1 (2%) 
Lymphoma malignant histiocytic 2 (4%) 1 (2%) 
Lymphoma malignant lymphocytic 1 (2%) 1 (2%) 
Lymphoma malignant 1 (2%) 
Lymphoma malignant mixed (2%) 

NE:RVOUS SYSTEM 
Brain (50) •(50) (48) 

Carcinoma, metastatic, pituitary gland 1 (2%) 
Lymphoma malignant histiocytic 1 (2%) 
Lymphoma malignant lymphocytic 1 (2%) 
Meningioma benign 1 (2%) 

Peripheral nerve (47) (43) (42) 
Sciatic, lymphoma malignant mixed 1 (2%) 

Spinal cord (50) *(50) (49) 
Lymphoma malignant histiocytic 2 (4%) 
Lymphoma malignant lymphocytic 1 (2%) 
Lymphoma malignant mixed 1 <2%) 

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

Adenoacanthoma, metastatic, mammary gland 1 (2%) 
Adenocarcinoma, metastatic, mammary gland 1 (2%) 
Alveolar/bronchiolar adenoma 4 (8%) 3 (6%) 6 (12%1 
Alveolar/bronchiolar adenoma, multiple 1 (2%) 1 (2%) 
Alveolar/bronchiolar carcinoma 2 (4%) 4 (8%) 7 (14%l 
Alveolar/bronchiolar carcinoma, multiple 1 (2%) 
Basosquamous tumor malignant 1 (2%) 
Carcinoma, metastatic, harderian gland 1 (2%) 
Fibrosarcoma, metastatic, skin (2%) 
Hemangiosarcoma, metastatic, skin 1 (2%) 
Hepatocellular carcinoma, metastatic, liver 1 (2%) 1 (2%) 1 (2%) 
Lymphoma malignant histiocytic 3 (6%) 1 (2%) 4 (8%) 
Lymphoma malignant lymphocytic 5 (10%) 2 (4%) 2 ( 4%) 
Lymphoma malignant 1 (2%) 
Lymphoma malignant mixed (2%) <2%) 
Mediastinum, alveolar/bronchiolar carcinoma, 

metastatic, lung (2%) 
Mediastinum, hemangiosarcoma 1 (2%) 
Mediastinum, lymphoma malignant histiocytic 1 (2%) 
Mediastinum, lymphoma malignant lymphocytic 1 (2%) 
Mediastinum, lymphoma malignant mixed 1 (2o/o) 

Nose (50) *(50) (48) 
Lymphoma malignant histiocytic 1 (2%) 
Lymphoma malignant lymphocytic 1 (2%) 
Lymphoma malignant mixed 1 (2%) 

SPECIAL SENSES SYSTEM 
Harderian gland (47) (45) (48) 

Adenoma 5 (11%) 6 (13%) 12 <25%) 
Adenoma, multiple 1 (2%) 1 (2o/ol 
Carcinoma 3 (7%) 2 (4%) 
Bilateral, adenoma 1 (2%) 7 (15%) 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF N·METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

URINARY SYSTEM 
Kidney (50) "'(50) (48) 

Lymphoma malignant histiocytic 2 (4%) 4 (8%) 
Lymphoma malignant lymphocytic 4 (8%) 3 (6%) 5 (10%) 
Lymphoma malignant 1 (2%) 
Lymphoma malignant mixed 3 (6%) 5 (10%) 

Urinary bladder (43) "'(50) (47) 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 

1 
2 

(2%) 
(5%) 

2 (4%) 
1 (2%) 

Lymphoma malignant 
Lymphoma malignant mixed (2%) 

1 (2%) 
(2%) 

SYSTEMIC LESIONS 
Multiple organs "'(50) "'(50) *(49) 

Lymphoma malignant histiocytic 5 (10%) 2 (4%) 6 (12%) 
Lymphoma malignant mixed 4 (8%) 1 (2%) 9 (18%) 
Lymphoma malignant lymphocytic 7 (14%) 7 (14%) 8 (16%) 
Lymphoma malignant undifferentiated cell 1 (2%) 
Hemangiosarcoma 4 (8%) 5 (10%) (2%) 
Hemangioma 1 (2%) 1 (2%) 
Lymphoma malignant 1 (2%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 50 50 
Terminal sacrifice 41 35 33 
Dead 5 9 10 
Moribund 3 6 6 
Accident 1 
Missing 

TUMOR SUMMARY 
Total animals with primary neoplasms •• 33 41 47 

Total primary neoplasms 66 67 105 
Total animals with benign neoplasms 24 24 39 

Total benign neoplasms 36 35 61 
Total animals with malignant neoplasms 24 26 33 

Total malignant neoplasms 30 32 44 
Total animals with secondary neoplasms ••• 2 7 5 

Total secondary neoplasms 5 9 9 

"'Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
•• Primary tumors: all tumors except secondary tumors 
.,...., Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABI.E 02. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE: VEHICLE CONTROL 
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+ 
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+ 

+ 

+ 

+ 
X 

+ 

+ 

+ 
+ 
+ 
+ 

CA!rOIOVASCULAR SYSTEM 
Bl00<l vessel 
Heart 

ENDOCRINE ~Y~TEM 
Adrena 1gland 
Adrenal gland, cortex 

Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

Adrenal gland, medulla 
Islets, pancreatic 

Lymphoma malignant htstiocytic 
Lymphoma malignant muz:ed 

Parathyroid gland 
Pitmtary gland 

Par'S distalis, adenoma 
Pars distalis, adenoma, multiple 
Pars mtermedia, carcinoma 

Thyroid gland 
Lymphoma malignant histiocytic 
Bil.>teral, follicular cell, adenoma, 

n:ultir,le 
Follicu ar cell, adenoma 

GENERAL BODY SYSTEM 
Tissue, NOS 

GENITAL sYsTEM 
Oval'y 

Lymphoma malignant histiocytic 
Ly:nphoma malignant lymphocytic 

Oviduct 
Uterus 

Hemangiosarcoma 
Poiyp stromal 

Vagma 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
M 

+ 

+ + 
+ + 

+ + 
+ + 

+ + 
+ + 

+ + 
+ + 

+ + 
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+ 
+ 
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+ 

+ 
+ 

M 
+ 
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X 

+ M 
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X 
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+ 

X 
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+ 

+ 
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X 

+ 

+ 

+ 

+ 
+ 

+ 
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+ 

+ 

+ 
+ 

+ 
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+ 

,_ 
-

+ 

+ 
+ 

1- · Tissue examined microscopicaUy M: Missing 
A: Autolysis precludes examinationr::~:i~~; ~~~::amined microscopically X: Incidence of listed morphology 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL 
(Continued) 

~~6\~ 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 

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

4 4 3 4 1 3 4 2 3 3 5 4 5 2 4 1 3 5 2 3 5 2 5 5 3 
---LIMENTARY SYSTEMX' 

E 
G~YJb~!f.i!r 

Lymphoma malignant lymphocytic 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
M 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

50 
45 

1 
Lymphoma malignant mixed X 1 

Intest1ne large 
Intestine large, cecum 

Lymphoma malif.nant lymphocytic 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ + 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

49 
46 

1 
testine large, co on[n 

In 
In 
In 

testine large, rectum 
testine small 
testine small, duodenum 

+ 
+ 
+ 
+ 

M 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

45 
46 
48 
44 

Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + 44 
Lymfhoma malignant undifferentiated 

eel type 1 
lritestine small, .Jejunum 

Lymphoma mahgnant histiocytic 
+ + + + + + + + + + + + + + + + + + + + + + + 45 

1 
ver + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Adenocarcmoma, metastatic, mammary 

gland 1 
Hemangioma, multiple X 1 
Hemangiosarcoma X 1 
Hepatocellular carcinoma X 3 
Hepatocellular adenoma X 2 
Hepatocellular adenoma, multiple X 1 
Lymphoma malignant histiocytic X 3 
Lymphoma malignant lymphocytic X 2 
Lymphoma malignant mixed X 1 

Mesentery + + + + + + + + + + + + + + + + + + + + + + + + + 48 
Hemangiosarcoma 1 
Lymphoma malignant histiocytic 1 
Lymphoma malignant lymphocytic 1 
Lymphoma malignant mixed X 2 

pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Lymphoma malignant histiocytic 1 
Lymphoma malignant lymphocytic 1 
Lymphoma malignant mixed X 1 

Sa livary glands + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Lymphoma malignant histiocytic X 2 
Lymphoma malignant lymphocytic X X 4 
Lymphoma malignant mixed X 2 

Sta mach + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Stomach, forestomach + + + + + + + + + + + + M + + + + + + + + + + + 46 
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + 47 
'l'ooth + + + + + + + + + + + + + + + + + + + + + + + + + 50 

1:: ARDlOVASCULAR SYSTEM ---
B 
f! 

lood vessel 
eart 

+ 
+ 

+ 
+ + 

+ 
+ + 

+ 
+ + + + 

+ 
+ 

+ 
+ + + 

+ 
+ + + + + 

+ 
+ 

+ 
+ 

+ 
+ + 

+ 
+ + 

+ 
+ 

27 
50 

t NDOcRINE SYSTEM ---
Adrenal gland + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Lymphoma malignant lymphocytic 1 
Lymphoma malignant m1xed X 1 
drenal gland, medulla A + + + + + + + + + + + + + + + + + + + + + + + + + 50 

[s lets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Lymphoma malignant histiocytic 1 
Lymphoma malignant :mxed X 2 

parathyro1d gland 
p,tuitary gland 

Pars distalls, adenoma 

+ 
<1

+ 
+ 
X 

+ 
+ 

+ 
+ 

+ 
+ 

M 
+ 

M 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
X 

M 
+ 
X 

M 
+ 
X 

+ 
+ 

M 
+ 

+ 
+ 
X 

M 
+ 
X 

M 
+ 

+ 
+ 

+ 
+ 

M 
+ 

M 
+ 
X 

M 
+ 

+ 
+ 

+ 
+ 

M 
+ 
X 

31 
49 
12 

Pars distalis, adenoma, multiple 1 
Pars intermedia, carcinoma X 1 

Thyroid gland + + + + + M + + + + + + + + + + + + + + + + + + + 48 
Lymphoma malignant histiocytic X 1 
Bilateral, follicular cell, adenoma, 

multip,le X 1 
Follicu ar cell, adenoma X X 3 

GENERAL BODY SYSTEM ---
1'1'ssue, NOS + 1 

ENITAL SYSTEM(} ---
()vary + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Lymphoma malignant histiocytic 1 
Lymphoma malignant lymphocytic 1 

()viduct 
uterns 

+ 
+ 

+ 
+ 

+ 
+ + 

+ 
+ 

+ 
+ 

+ ,_ + 
+ 

+ 
+ + 

+ 
+ 

+ 
+ + + 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

40 
50 

Hemangiosarcoma 1 
Polyp stromal X 2 

vagina + 1 

---
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL 
(Continued) 

0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1--1

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

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

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

HEMATOPOIETIC SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 
Lymph node + + + + + + + + + + + + + + + + + + + + + + + + + 

Deep cervical, lymphoma malignant 
histiocytic X 

Ingumal, lymphoma malignant mixed 
Lumbar, lymphoma malignant lymphocytic X 
Lumbar, lymphoma malignant mixed 
Mandibular, lymphoma malignant 

histiocytic X 
Mandibular, lymphoma malignant 

I ymphocytic X X 
Mandibular, lymphoma malignant mixed X 
Medtastinal, hepatocellular carcinoma, 

metastatic, liver X 
Med:astinal, lymphoma malignant 

histiocytic X 
Mt~d~astinal, lymphoma malignant 

I yrnphocytic X 
M!!d·tastinal, lymphoma malignant m1xed X 
Renal, lymphoma malignant histiocytic X 
Renal, lymphoma malignant lymphocytic X 
Renal, lymphoma malignant mixed 

Lymph node, mesenteric M M + M + + M A + M M M + M M M M M M M M M M M M 
Lymphoma malignant histwcytic X X 
Lymphoma malignant lymphocytic X 
Lymphoma malignant mixed 

Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 
Lymphoma mahgnant histiocyt1c X X 
Lymphoma malignant lymphocytic X X X X 
Lymphoma malignant mixed X 

Thymus + + M + M + + + + + + + + + + + + + + + + + + + + 
Lymphoma malignant h1stlocyt1c 
Lymphoma malignant lymphocytic i X X X 
Lymphoma malignant mixed I X 

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

Aae nocarcmoma 
Adenoma I X 

X 
Fioroadenoma X 

Skin + + + + + + + + + + + + + + + + + + + + + + + + + 
Sebaceous gland, adenoma 
Subcutaneous tissue, fibrosarcoma X X 

MlJSCULOSKELETAL SYSTEM 
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 
Skeletal muscle + + + + + + + + + + + + + + + + + + + + + + + + + 

FiOrosarcoma, metastat1c, skin X 
Lymphoma mahgnant histwcybc X 
Lymphoma malignant lymphocytlc X 

NERVOUS SYSTEM 
I 
I 

Bratr. + + + + + + + + + + + + + + + + + + + + + + + + + 
Pe~pheral nerve M + + + + + + + + + + + + + + + + + + + M + + + + 
Spina! cord + + + + + + + + + + + + + + + + + + + + + + + + + 

RESPIRATORY SYSTEM 
Lung 

Adenocarcinoma, metastatic. mammary 

Af~=~~rlbronchiolar adenoma 
Alveolarlbronchwlar carcinoma 
HE!patocellular carcinoma, metastatic, 

liVE!f 


Lymphoma malignant hist10cyt1c 

Lymphoma malignant lymphocyt1c 

Lymphoma malignant mixed 

Medlastinum, hemangiosarcoma 


Nose 
Trachea 

SPECIAL SENSES SYSTEM 
Harderian gland 

Adenoma 

uroNARY SYSTEM 
K1dney 

Lymphoma malignant histiocyt1c 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

Ureter 
Unnary bladder 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

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

X 
X 

X 

X 


X X 

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

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

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

X 
X 

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

X 
X 
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TABLE 02. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL 
(Continued) 

.. 
SVTtfo~ 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 5 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 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 2 TISSUES 
ID 0 3 4 4 5 5 5 6 6 7 7 8 8 9 9 0 1 1 2 2 3 4 4 6 0 TUMORS 

4 4 3 4 1 3 4 2 3 3 5 4 5 2 4 1 3 5 2 3 5 2 5 5 3 
---HEMATOPOIETIC SYSTEM 

Bane marrow 
Lymph node 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

50 
50 

Deep cervical, lymphoma malignant 
bistioc[.1ic

Inguina , lymphoma malignant mixed X 
1 
1 

Lumbar, lymphoma malig. lymphocytic 1 
Lumbar, lymr,homa malignant mixed X 1 
Mandibular, ymphoma mahgnant 

histiocytic X 2 
Mandibular, lymphoma malignant 

lymphocytic X X X 5 
Mandibular, lymphoma mahg. mixed X X 3 
Mediastinal, hepatocellular carcinoma, 

metastatic, liver 1 
Mediastmal, lymphoma malignant 

histiocyt1c X 2 
Mediastinal, lymphoma malignant 

lymphocyt1c 1 
Mediastinal, lymphoma mall mixed X 2 
Renal, lymphoma malignant istiocytic 1 
Renal, lymphoma malig. lymphocytic 1 
Renal, lymphoma malignant mixed X 1 

Lymph node, mesenteric M M M M M M M M + M M M + M M M + M + M M M + M + 11 
Lymphoma malignant histiocytic X X X 5 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

Spleen 
Lymphoma malignant histiocytic 

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

X 
+ 

X 
+ + + + + 

X 
+ + 

X 
I 

1 
2 

50 
5 

Lymphoma malignant lymphocytic X X X 7 
Lymphoma malignant mixed X X 3 

Thymus 
Lymphoma malignant histiocytic 

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

+ + + + + + 
X 

+ + 
X 

48 
3 

Lymphoma malignant lymphocytic X X .s 
Lymphoma malignant mixed X X 3 

---INTEGUMENTARY SYSTEM 
Mammary gland 

Adenocarcinoma 
+ M M + M M M M + M + + + + M M M + + M + M + + + 29 

1 
Adenoma X 2 
Fibroadenoma 1 

Skin 
Sebaceous gland, adenoma 

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

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

Subcutaneous ttssue, fibrosarcoma 2 

---MUSCULOSKELETAL SYSTEM 
Bone 
Skeletal muscle 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

50 
50 

Fibrosarcoma, metastatic, skin 1 
Lymphoma malignant histiocytic X 2 
Lymphoma malignant lymphocyt1c 1 

---NERVOUS SYSTEM 
Bram + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Peripheral nerve + + + + + + + + + + + + + + + + M + + + + + + + + 47 
Spinal cord + + + + + + + + + + + + + + + + + + + + + + + + + 50 

---RESPIRATORY SYSTEM 
Lung + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Adenocarcinoma, metastatic, mammary 

Af~=~~r!bronchwlar adenoma X X X 
1 
4 

Alveolar/bronchiolar carcmoma X X 2 
Hepatocellular carcinoma, metastatic, 

llver 1 
Lymphoma malignant histiocytic X X 3 
Lymphoma malignant lymphocytic X X 5 
Lymphoma malignant mixed X 1 
Mediastinum, hemang1osarcoma 1 

Nose + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 49 

---SPECIAL SENSES SYSTEM 
HardeMan gland 

Adenoma 
+ + + + + + + + + 

X 
M + + + + + + + + + 

X 
+ + 

X 
+ + + + 47 

5 

---URINARY SYSTEM 
Kidney 

Lymphoma malignant hiStiocytic 
+ + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + 50 

2 
Lymphoma malignant lymphocytic X X X 4 
Lymphoma malignant mixed X X 3 

Ureter + + M + + 10 
Urinary bladder + + M + + + + + + + M + + + + + + + + + + + 43 

Lymphoma malignant hiStiocytic X 
Lymphoma malignant lymphocyt1c 
Lymphoma malignant mixed 

X ~-~-
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO·YEAR 
GAVAGE STUDY OF N·METHYLOLACRYLAMIDE: LOW DOSE 

--·-· 
~J\;suN 0 

5 
0 
6 

0 
7 g 0 

8 
0 
8 g 0 

9 
0 
9 

0 
9 g l 

0 
l 
0 

l 
0 

l 
0 

l 
0 

l 
0 

l 
0 

l 
0 

l 
0 

l 
0 

l 
0 

l 
0 

l 
0 

l 
0 

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

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

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

ALIMENTARY SYSTEM 
Esolbhaf.ls
Gal Ia der 

+ 
+ 

+ 
+ 

+ 
A 

+ 
+ 

+ 
+ 

+ 
A 

Intestine large + + + + + + 
Intestine large, cecum + + A + + M 

Leiomyoma 
Intestine large, colon + + + + + + 
Intestine large, rectum + + + + + + 
Intestine small + + + + + + 
Intestine small, duodenum + + A + + + 

Lymphoma malignant lymphocytic X 
Intestine small, ileum + + A + + M 
Intestine small, jejunum 
Liver 

+ 
+ 

+ 
+ 

A 
+ 

+ 
+ 

+ 
+ 

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

Hemangiosarcoma X 
Hemangiosarcoma, metastatic, skin X 
Hepatocellular carcinoma X X 
Hepatocellular adenoma X X 
Hepatocellular adenoma, multiple X 
Lymphoma malignant histiocytic X X 
Lymphoma malignant lymphocytic X X X 
Lymphoma malignant mixed X 

Mesentery + + + + + + 
Lymphoma malignant X 

Pancreas + + + + + + 
Lymphoma malignant lymphocytic X 
Lymphoma malignant X 

Saliva~ glands + + + + + + + 
Lymp oma malignant lymphocytic X 

Stomach + + + + + + 
Stomach, forestomach + + + + + + 
Stomach, glandular + + + + + A 
Tooth + + + + + + 
CARDIOVASCULAR SYSTEM 
Blood vessel + + + + + + 
Heart + + + + + + 

Alveolar/bronchiolar carcinoma, 
metastatic, lung X 

ENDOCRINF. SYSTEM 
Adrenal gland + + + + + + + 

Pheoc:hromocytoma benign X 
Adrenal gland, cortex + + + + + + 
Adrenal gland, medulla + + + + + + 
Islets, pancreatic + + + + + + 

Lymphoma malignant X 
Parathyroid gland + + + + + M 
Pituctary gland + + + + + + + + + + + 

Pars distahs, adenoma X X X 
Thyro1d gland + + + + + + 
GENERAL BODY SYSTEM 

None 

GENITAL SYSTEM 
Clitoral gland 

Adenocarcinoma 
Ovary 

Granulosa cell tumor benign 
+ + + + + + + + + + + M + + + + + + + + 

X 
+ + 

X 
+ + M 

Lymphoma malignant lymphocytiC X X 
Lymphoma malignant X 

Oviduct + + + + + + 
Uterus + + + + + + + + + + + + + + + + + + 

Hemangioma 
Hemangiosarcoma X 
Leiomyoma 
Polyp stromal 

Vagina + + 
Lymphoma malignant histiocytic X 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE 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 15 1~~If: UN 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 TISSUES3 4 4 3 3 3 3 3 3 3 3 3 4 3 3 3 3 3 3 3 3 3 3 3 4 

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

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

ALIMENTARY SYSTEM 
6~~~~~:f.l!r 4 

Intestine large 7+ 
Intestine large, cecum 5 


Leiomyoma 

+ 

1X 
Intestine large, colon 6 
Intestine large, rectum 6 
Intestine small 6 
Intestine small, duodenum 5 


Lymphoma malignant lymphocytic 
 1 
Intestme small, ileum 4 
Intestine small, jejunum 4 
L1ver 50+ + + + + + + + + + + + + + + + + + + + + + + + + 

Hemangiosarcoma 1 
Hemangiosarcoma, metastatic, skin 1 

Hepatocellular carcinoma 
 3X 
Hepatocellular adenoma 3X 
Hepatocellular adenoma, multiple 1 
Lymphoma malignant histiocytic 2 

Lymphoma malignant lymphocytic 
 4 

Lymphoma malignant mixed 


X 
1 

Mesentery 6 
Lymphoma malignant 1 

Pancreas 6 

Lymphoma malignant lymphocytiC 
 1 

Lymphoma malignant 
 1 

Saliva~ glands 7 

Lymp oma malignant lymphocytic 
 1 

Stomach 6 
Stomach, forestomach 6 
Stomach, glandular 5 
Tooth 6 

cARDIOVASCuLAR SYSTEM 
Blood vessel 6 
Heart 6 

Alveolar/bronchiolar carcmoma, 

metastatic, lung 
 1 

ENDOCRINE SYSTEM 
Adrenal gland 7 

Pheochromocytoma benign I 1 
Adrenal gland, cortex 6 
Adrenal gland, medulla 6 
Islets, pancreatic 6 


Lymphoma malignant 
 1 
Parathyroid gland 5 
Pituitary gland 14+ + + 

Pars distalis, adenoma X X 5 
Thyroid gland 6 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Clitoral gland 1+ 

Adenocarcinoma 1 
Ovary 

X 
45+ + + + + I + + + + + + I + I + + + + + + + + + + 

Granulosa cell tumor benign X X X 5 
Lymphoma malignant lymphocytic 2 

Lymphoma malignant 
 1 

Oviduct 6 
Uterus 35+ + + + + + + + + + + + + + + + + 

Hemangioma X 1 
Hemangiosarcoma 1 
Leiomyoma 1 

Polyp stromal 


X 
1X 

Vagina 2 
Lymphoma malignant histiocytic 1 

-
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE 
(Continued) 

HEM 
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Lym 

Dee 
ly 

In111 
ly 

Lum 
Lum 
Ma 

ly 
Ma 
Me 

ca 
Me 

ht 
Me 

ly 
Me 
Par 

ly 
Par 
Rer 
Rer 
Rer 

Lym 
Lyr 
Lyr 
Lyr 

Splee 
He 
Lyr 
Lyr 

Thyn 
Lyr 

lN'I'Ell 
Mam 

Ad< 
Ad< 

Skin 
Lyr 

~~J\~ ON 
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ID 

ATOPOIET!C SYSTEM 
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ph node 
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nph~tic
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:nphocytic 
bar, lymphoma mahgnant lymphocytlc 
bar, lymf,homa mahgnant 

nd1bular, ymphoma malignant 
mphocytic 
ndlbular,lymphoma malignant 
dtastinal, alveolar/bronchiolar 
rr.moma, metastatic, lung 

dtastinal,lymphoma malignant 
st10cytic 
d1astinal, lymphoma malignant 
mphocytic 
diastinal, lymhhoma malignant 
creatic, lymp oma malignant 
mphocytic 
creatic, lymphoma malignant 
a,, lymphoma malignant histiocytic 
a., lymphoma malignant lymphocytic 
.a1, lymphoma malignant 
ph node, mesentenc 
nphoma malignant histiOcytic 
nphoma malignant lymphocytic 
nphoma malignant 
·n 
mnngiosarcoma, metastatic, skin 
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lUS 
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, ,UMENTARY SYSTEM 
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fCJ:.taneous tissue, fibrosarcoma 
1n.taneous tissue, hernang10sarcoma 
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Sur 
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MUSCULOSKELETAL SYSTEM 
Bone 
SkelHtal muscle 

Fibrosarcoma, metastatic, skm 

Lymphoma malignant 


NrnVous sYSTEM 
Brain 
Periphoral nerve 
Spin:ll •oord 

RESPIRATORY SYSTEM 
Larynx 
Lun!: 

Adenoacanthoma, metastatic, mammary 

Af~:~j~rfbronchiolar adenoma 
Alveu larfbronchiolar adenoma, multiple 
Al,.. ec larlbronchiolar carcmoma 
Alveolarfbronchtolar carcinoma, 

m·J1tiple 
Basosquamous tumor malignant 
Carcmoma, metastatic, harderian gland 
Hemangiosarcoma, metastatic, skin 
Hepatocellular carcinoma, metastatic, 

b1.•e-r 

Lymphoma malignant histiocytic 

Lymphoma malignant lymphocytic 

Lymphoma malignant 


Nose· 
TrachHa 

sPECIAL SENSES SYSTEM 
Hardenan gland 

Adenoma 
Ad?noma, multiple 
Carcmoma 
Bilateral, adenoma 

UlmrARY SYSTEM 
Kidr.ey 

Ly.:nphoma malignant lymphocytic 
Ly::nphoma malignant 

Urinary bladder 
Ly:nphoma malignant 
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TABLE 02. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE 
(Continued) 

~~lJl: ON 

CARCASS 
lD 

HEMATOPOIETIC SYSTEM 
Bload 
Bone marrow 
Lymph node 

Deep cervical, lymphoma malignant 
lymphoc~tic

Inguinal, ymphoma malignant 
lymphocytic 

Lumbar, lymphoma malig. lymphocytic 
Lumbar, lym~homa malignant 
Mandibular, ymphoma malignant 

lymphocytic 

Mandibular, lymphoma malignant 

Mediastinal, alveolar/bronchiolar 


carcinoma, metastatic, lung 

Mediastinal, lymphoma malignant 


histiocytic 

Mediastinal, lymphoma malignant 


lymphocytic 

Mediastinal, lymhhoma malignant 

Pancreatic, lymp oma malignant 


lymphocytic 
Pancreatic, lymphoma malignant 
Renal, lymphoma malignant histwcytic 
Renal, lymphoma mahg. lymphocytic 
Renal, lymphoma malignant 

Lymph node, mesentenc 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant 

Sp leen 
Hemangiosarcoma, metastatic, skin 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic

Thymus 
Lymphoma malignant histiocytic 

rNTEGUMENTARY SYSTEM 
M ammary gland 

Adenoacanthoma 
Adenoma 

skm 
Lymphoma malignant 
Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue, hemangiosarcoma 

MUSCULOSKELETAL SYSTEM 
Bone 
Skeletal muscle 

Fibrosarcoma, metastatic, skm 

Lymphoma malignant 


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 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

TOTAL: 
3 4 4 3 3 3 3 3 3 3 3 3 4 3 3 3 3 3 3 3 3 3 3 3 4 TISSUES 
9 0 0 1 1 3 3 4 5 6 6 9 0 1 2 3 4 5 5 6 6 7 7 8 0 TUMORS 
4 1 5 1 5 2 5 2 3 2 5 2 3 2 4 4 4 1 5 3 4 1 5 5 2 
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'--- 
7 

43 
6 

R 
L 
L 

ESP!RATORY SYSTEM 
arynx 
ung 
Adenoacanthoma, metastatic, mammary 

Af~!~~rlbronchiolar adenoma 
Alveolar/bronchiolar adenoma, multiple 
Alveolar/bronchiolar carcinoma 
Alveolar/bronchiolar carcinoma, 

multiple 
Basosquarnous tumor malignant 
Carcinoma, metastatic, harderian gland 
Hemangiosarcoma, metastatic, skin 
Hepatocellular carcinoma, metastatic, 

liver 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant 

Nose 
Trachea 

+ + + + + + 

X 

+ + + + + + + 

X 

+ + 

X 

+ + + + + + + + + + 

--- 
1 

50 

1 
3 
1 
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1 
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1 
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2 
1 
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6 

PEC!AL SENSES SYSTEMs 
Harderian gland 

Adenoma 
Adenoma, multiple 
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Bilateral, adenoma 
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X 
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X 
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X 

+ + + 
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+ 
X 

+ + + + 
X 
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--- 

45 
6 
1 
3 
1 
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K 

RINARY SYSTEM 
tdney 
Lymphoma malignant lymphocytic 
Lymphoma malignant 

urinary bladder 
Lymphoma malignant 

+ + 
X 

--- 
11 
3 
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- --- 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF N-METHYLOLACRYLAMIDE: HIGH DOSE 

~-

~tED~ ON 

CARCASS 
ID 

AIJMENTARY SYSTEM 
Eso 
Gallb~:f.J!r 
Intestinelarge 
Intestine large, cecum 
Intestine large, colon 
Inte.stine large, rectum 

L.vmphoma malignant mixed 
Intestine small 
Inte.stine small, duodenum 

Lymphoma malignant lymphocytic 
lntestine small, ileum 
Intestine small, jejunum 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 

Liver 
Hepatocellular carcmoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Lvmphoma malignant histiocyticLvrnphoma malignant lymphocyticLymphoma malignant mixed 

Mesentery 
F1"brosarcoma, metastatic, skm 
Lyrnphoma malignant histiocytic 
Lvmphoma malignant lymphocytic
L~vmphoma malignant mixed 

Paftereas 
Fibrosarcoma, metastatic, skin 
Lyrnphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

Sal ,va~ glands 
Lymp oma malignant lymphocytic 
L ymphoma malignant mixed 

Sto mach 
Sto mach, forestomach 

Paptlloma squamous 
Sto mach, glandular 
Tongue 

p,·~t~lloma squamous
Too 

CARD!CVASCULAR SYSTEM 
Blood vessel 
He'lrt 

A lvHolarlbronchiolar carcmoma, 
metastatic, lung 

Lymphoma malignant histiocytic 
Lymphoma malignant mixed 

ENDOCRINE SYSTEM 
Adre nal gland 
Ad1·enal gland, cortex 

Lymphoma malignant histiocytic 
Lyrnphoma malignant lymphocytic 
c.apsule, carcinoma 

Adranal gland, medulla 
Islets, pancreatic 

L ymphoma malignant histiocytic 
L ymphoma malignant lymphocytic 
Lymphoma malignant mixed 

Parathyroid gland 
Pit uit.ary gland 

pars distalis, adenoma 
pars interrnedia, adenoma 

p.us intermedia, carcinoma 


Thvrmd gland 
Lymphoma mal~nant mixed 
Folhcular cell, a enoma 

GENERAL BODY SYSTEM 
Tissue, NOS 

GENITAL SYSTEM 
Ovary 

Granulosa cell tumor benign 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

Ov1duct 
Uterus 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
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TABLE 02. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE 
(Continued) 

~"Jn~s 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 

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

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

---AWMENTARY SYSTEM 

~~~:£r!r + 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
M 

+ 
+ 

49 
39 

Intestine large + + + + + + + + + + + + + + + + + + + + + + + + + 46 
Intestine large, cecum 
Intestine large, colon 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

42 
44 

Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + 43 
Lymphoma malignant mixed X 1 

Intestine small + + + + + + + + + + + + + + + + + + + + + + + + + 45 
Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + 41 

Lympgma malignant lymphocytic 1 
Intesti small, ileum + + + + + + + + + + + + + + + + + + + + + + + 43 
Intestine small, jeJunum + + + + + + + + + + + + + + + + + + + + + + + 42 

Lymphoma malignant histiocyt1c 1 
Lymphoma malignant lymphocytic 1 

LlVer + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Hepatocellular carcinoma X 2 
Hepatocellular adenoma X X X X X X X X X 15 
Hepatocellular adenoma, mult1ple X 2 
Lymphoma mahgnant hist10cyt1c 6 
Lymphoma malignant lymphocytic 3 
Lymphoma malignant mixed X 1 

Mesentery + + + + + + + + + + + + + + + + + + + + + + + + + 47 
Fibrosarcoma, metastatic, skin 1 
Lymphoma malignant hist10cyt1c 2 
Lymphoma malignant lymphocyt1c 2 
Lymphoma malignant mixed X X 4 

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 47 
Fibrosarcoma, metastatic, skin 1 
Lymphoma malignant histiocytic 1 
Lymphoma malignant lymphocytic 3 
Lymphoma malignant mixed X 3 

Saliva~ glands + + + + + + + + + + + + + M + + + + + + + + + + + 47 
Lymp oma malignant lymphocytic X 2 
Lymphoma malignant mixed 1 

Stomach + + + + + + + + + + + + + + + + + + + + + + + + + 44 
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 44 

Papilloma squamous X 2 
St.omach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 44 
Tongue 1 

Papilloma squamous 1 
Tooth + + + + + + + + + + + + + + + + + + + + + + + + + 48 

CARDIOVASCULAR SYSTEM ---

Blood vesse I + + + + + + + + + + + + + + + + + 34 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 49 

Alveolar/bronchiolar carc1noma. 
metastatic, lung 1 

Lymphoma malignant histwcyt1c 1 
Lymphoma malignant mixed 1 

---ENDOCRINE SYSTEM 
Adrenal gland + + + + + + + + + + + + + + M + + + + + + + + + + 48 
Adrenal gland, cortex + + + + + + + + + + + + + M + + + + + + + + + + 47 

Lymphoma malignant histiocytic 1 
Lymphoma malignant lymphocybc 1 
Capsule, carcinoma X 1 

Adrenal gland, medulla + + + + + + + + + + + + + + M + + + + + + + + + + 48 
Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 47 

Lymphoma malignant histiocytic 1 
Lymphoma malignant lymphocytic X 2 
Lymphoma malignant mixed 1 

Parathyroid gland M M + M + + M + M M + M + + + + M M + M M + + + + 28 
P1tuitary gland + + + + + + + + M + + + + + + + + + + + + + + + + 43 

Pars distalis, adenoma X X X X 4 
Pars intermedia, adenoma X 1 
Pars intermedia, carcinoma 1 

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + + 48 
Lymphoma mali!nant mixed 1 
Follicular cell, a enoma X 3 

GENERAL BODY SYSTEM ---
T1ssue,NOS + + 3 

---GENITAL SYSTEM 
Ovary + + + + + + I + + + + + + + + + + + + + + + + + + 47 

Granulosa cell tumor benign X X X X 5 
Lymphoma malignant histiocytic 3 
Lymphoma malignant lymphocytic 4 
Lymphoma malignant mixed 1 

Oviduct + + + + + + + + + + + + + + + + + + + + + + + + 37 
Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 49 

Lymphoma malignant histiocytic 2 
Lymphoma malignant lymphocytic 1 
Lymphoma malignant mixed 2 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE 
(Continued) 

~tfti ON 0 
7 

0 
7 

0 
7 

0 
8 

0 
8 

0 
9 

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 

6 6 9 3 5 3 4 4 4 6 6 6 7 2 4 5 5 5 5 5 5 5 5 5 5 

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

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

OPQIETIC SYSTEMIIEM"AT 
Bone ma 

Femor 
rrow 

al, hemangiosarcoma 
+ + + + + + + + M + + + + + + + + + 

X 
+ + + + + + 

Femoral, lymphoma malignant 
histH 

Femor
::f.1ic 

, ymphoma malignant 
X 

v~:O'bhocyt1c 
ral, hemangiosarcoma X 

Vertebral, lymphoma malignant 
histH>Cyt1C X X 

Ver1.ebral, lymphoma mahgnant 

v~:O'bhocyt.ic 
ral, lymphoma malignant mixed X 

Lymph node 
Deepcervical, lymphoma malignant 

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

n!~;.~fhocyt.!C X 
ymphoma malignant mixed 

Inguinal, lymphoma malignant
hist1(>cytic X 

Ingtnn al, lymphoma malignant 
lymphocytic X 

Lumb11r, lym~homa malignant lymphocytic X 
Mandibular, ymphoma malignant 

hist1(>cytiC X X X 
bular, lymphoma malignantMand1 

lymp hocytic X X X X X 
Mandtbular,lymphoma malignant mixed X X 
Mediastinal, lymphoma malignant 

hist1ocyt1c X X 
Mediastinal, lymphoma malignant 

lymphocytic X 
Mediastinal, lymhhoma malignant mixed X X 
Pancreatic, lymp oma mahgnant 

hlStl•:>cytlc X X 
Pancre~atic, lymphoma mahgnant mixed 
Renal, lymphoma malignant histiocytic X X 
Renal. lymphoma malignant lymphocytic X 
Renal, lymphoma malignant m1xed X 

node, mesentencLymph + M M M M M M + M M + M + + + + M + M M M M M M 
Lymphoma mahgnant hist1ocyt1c X X X 
Lymp"ooma malignant lymphocytic X X X 
Lympo. oma mahgnant mixed X 

ng10sarcoma 
Spleen 

He rna 
+ + + + + + + + A + + + + + + + + + 

X 
+ + + + + + 

Lymphoma mahgnant h1sbocytlc X X X X X 
Lymphoma malignant lymphocytic X X X X 
Lymphoma malignant mixed X X 

Thymus + M + + + M + + M + + + M + + + + M + + + + + + 
oma malignant histiocyticLymph X X 
oma malignant lymphocyticLymph X X 

Lymphoma malignant mixed X 

!NTF.CuMENTARY SYSTEM 
Mammary gland + + + + + + M M + M + + M M + M M + M + M M M + 

Adenoacanthoma X 
Adenocarcinoma X 

Skm + + + + + + + + A + + + + + + + + + + + + + + + 
Subcutaneous tissue, fibrosarcoma X X 
Subc•.1taneous t1ssue, fibrosarcoma, 

mu:tiple X 

MUSeULOSKELETAL SYSTEM 
Bone 
Skektal muscle 

arcoma, metastatic, skinFibros 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

M 
A 

+ 
+ 

+ 
+ 

+ 
+ 
X 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
X 

Hemangiosarcoma X 
Lymphoma mahgnant histiocytic X 
Lymphoma malignant lymphocytic X 
Lymphoma malignant mixed X 

NERVOus SYSTEM 

oma, metastatic, p1tmtary gland 
Bram 

Carcm 
+ + + + + 

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

Lymphoma malignant histiocytic X 
Lymphoma malignant lymphocytic X 
Meningioma benign X 

ral nervePeliphe M + M M + + + + M + + + + + + + + M + + + + + + 
Sciat1c, lymphoma malignant mixed X 

Spinaleord 
Lymphoma mal1gnant h1st10cytic 

+ + + + + + 
X 

+ + + + 
X 

+ + + + + + + + + + + + + + 
Lymphoma malignant lymphocytic X 
Lymphoma malignant mixed X 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE 
(Continued) 

~lJJ<.f 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 

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

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

HEMATOPOIETIC SYSTEM ---
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 48 

Femoral, hemangiosarcoma 1 
Femoral, lymphoma malignant 

histioJ.1ic 1 
Femora , lymphoma malignant 
lym~hocytic X 1 

Verte ral, hemangiosarcoma 1 
Vertebral, lymphoma malignant 

histiocytic 2 
Vertebral, lymphoma malignant 
lym~hocytic X 1 

Verte ral, lymphoma malignant mixed 1 
Lymph node + + + + + + + + + + + + + M + + + + + + + + + + + 46 

Deep cervical, lymphoma malignant 
lymf,hocytic 1 

Iliac,. ymyhoma malignant mixed X 1 
Ingumal, ymphoma malignant 

histiocytic 1 
Ingmnal,lymphoma malignant 

lymphocytic 1 
Lumbar, lymj,homa malig. lymphocytic 1 
Mandibular, ymphoma malignant 

histiocyt1c 3 
Mandibular, lymphoma malignant 

lymJi.hocytlc X X 7 
Man ibular,lymphoma malig. mixed X X X X X 7 
Mediastinal, lymphoma malignant 

histiocytic 2 
Mediastinal, lymphoma malignant 

lymphocytic X 2 
Mediasti~al,lymhhoma malig. mixed X X X X 6 
Pancreatic, lymp oma malignant 

histiocytic 2 
Pancreatic, lymphoma malignant mixed X 1 
Renal, lymphoma malignant histiocytic 2 
Renal, lymphoma malig lymphocytic 1 
Renal, lymphoma malignant mixed X 2 

Lymph node, mesenteric M M + M + M M M M M M + M M M M M M M M M M M + + 13 
Lymphoma malignant histiocytic 3 
Lymphoma malignant lymphocyt1c 3 
Lymphoma malignant mixed X X X X X 6 

Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 48 
Hemangiosarcoma 1 
Lymphoma malignant histiocytic 5 
Lymphoma malignant lymphocytic X X 6 
Lymphoma malignant mixed X X X X X X 8 

Thymus M M + + M + + + + + + + M + M + + + + + + + M + + 38 
Lymphoma malignant histiocytic 2 
Lymphoma malignant lymphocytic X 3 
Lymphoma malignant m1xed X 2 

INTEGUMENTARY SYSTEM ---
Mammary gland + + + + + + M M + + + + + + + + + + M M + M + + + 33 

Adenoacanthoma 1 
Adenocarcinoma 1 

Skm + + + + + + + + + + + + + + + + + + + + + + + + + 48 
Subcutaneous tissue, fibrosarcoma X X 4 
Subcutaneous tissue, fibrosarcoma, 

multiple 1 

MusCuLOSKELETAL SYSTEM 
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 48 
Skeletal muscle + + + + + + + + + + + + + + + + + + + + + + + + + 48 

Fibrosarcoma, metastatic, skin 2 
Hemangiosarcoma 1 
Lymphoma malignant histiocytic 1 
Lymphoma malignant lymphocytic 1 
Lymphoma malignant mixed 1 

NERVOus SYSTEM 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 48 

Carcinoma, metastatic, pituitary gland 1 
Lymphoma malignant histiocytic 1 
Lymphoma malignant lymphocytic 1 
Meningioma benign 1 

Peripheral nerve + + + + + + + + + + + + + + + + + + + + + + M I + 42 
Sciatic, lymphoma malignant mixed 1 

Spmal cord + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Lymphoma malignant histiocytic 2 
Lymphoma malignant lymphocytic 1 
Lymphoma malignant m1xed 1 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE 
(Continued) 

~"JJ'4' UN 0 
7 

0 
7 

0 
7 

0 
8 

0 
8 

0 
9 

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 

6 6 9 3 5 3 4 4 4 6 6 6 7 2 4 5 5 5 5 5 5 5 5 5 5 

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

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

RATORY SYSTEMRES!'! 
Lung + + + + + + + + + + + + + + + + + + + + + + + + 

Alveo larlbronchiolar adenoma X X 
Alvao larlbronchiolar adenoma, multiple X 
Alveo larlbronchiolar carcinoma X X X 
Fibresarcoma, metastatic, skin X 
Hepatocellular carcinoma. metastatic, 

rlive X 
horna malignant histiocytic Lyrop X X X X 

Lymphoma malignant lymphocytic X X 
Lyrnphoma malignant mixed X 
Me1hastinum, alveolar/bronchiolar 

care .noma, metastatic, lun~ X 
Mediastinum, lymphoma ma ignant 

h1stwcytic X 
Mediastinum, lymphoma malignant 

lymphocytic 
Mediastinum, lymphoma malignant mixed X 

Nose + + + + + + + + M + + + + + + + + + + + + + + + 
Lymphoma malignant histiocytic X 
Lymphoma malignant lymphocytic X 
Lymphoma malignant mixed X 

Trachea M + + + + + + + + + + + + + + + + + + + + + + + 

S'PE"ITAL SENSES SYSTEM 
Ear 
Eye 
Harder1an gland + + + + + 

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

Aden<>ma X X X X X X X 
Aden<>rna, multiple X 
Carc1noma 
Bilate ral, adenoma X X X X 

Y SYSTEM·RlN'AR 
~~1dney 

Lyrnp homa malignant histiocytic 
+ + + + + + 

X 
+ + A + 

X 
+ + + 

X 
+ + + 

X 
+ + + + + + + + 

Lyrnphoma malignant lymphocytic X X X 
Lyrnp homa malignant mixed X X 

bladder 
Ureter 
Urinary 

Lymphoma malignant hist10cyt1c 
M + 

+ 
M + + 

+ 
+ 

+ 
+ + + + 

X 
+ 

+ 
+ + + 

+ 
+ 
X 

+ 
+ + 

+ 
+ + 

;

+ + + 
+ 
+ 

+ 
;-

Lymphoma malignant lymphocytic 
Lymphoma malignant mixed X 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH 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 1~.fJrWUN 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 TISSUES5 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 6 

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

RESPIRATORY SYSTEM 
Lung 49+ + + + + + + + + + + + + + + + + + + + + + + + + 

6 

Alveolar/bronchiolar adenoma, multiple 

Alveolar/bronchiolar adenoma X X X X 

1 

Alveolar/bronchiolar carcinoma 
 X X X X 7 

Fibrosarcoma, metastatic, skin 
 1 

Hepatocellular carcinoma, metastatic, 


liver 
 l 
Lymphoma malignant histiocytic 4 

Lymphoma malignant lymphocytic 
 2 

Lymphoma malignant mixed 
 1 

Mediastinum, alveolar/bronchiolar 


carcinoma, metastatic,lun~ 
 1 

Mediastinum, lymphoma rna ignant 


histiocytic 
 1 

Mediastinum, lymphoma malignant 


lymphocytic 
 1 

Mediastinum, lymphoma malig. m1xed 


X 
l 

Nose 48+ + + + + + + + + + + + + + + + + + + + + + + + + 
Lymphoma malignant histiocytic 1 

Lymphoma malignant lymphocytic 
 1 

Lymphoma malignant mixed 
 l 

Trachea 48+ + + + + + + + + + + + + + + + + + + + + + + + + 

SPECIAL SENSES SYSTEM 
~ar 1+ 
~ye 2 
Harderian gland 

+ 
~ 48+ + + + + + + + + + + + + + + + + + + + + + + + 

Adenoma X X X X X 12 

Adenoma, mult1ple 
 1 

Carcinoma 
 2 

Bilateral, adenoma 


X X 
X X X 7 

URINARY SYSTEM 
Kidney 48+ r + + + + + + + + + + + + + + + + + + + + + + + 

Lymphoma malignant histiocytlc 4 

Lymphoma malignant lymphocytic 
 X X 5 

Lymphoma malignant m1xed 
 X X X 5 

Ureter 26 
Urinary bladder 

+ + + + + + + + + + + + + + + + 
47 


Lymphoma malignant histiocytic 

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

2 

Lymphoma malignant lymphocytic 
 1 

Lymphoma malignant mixed 


X 
1 
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TABLE 03. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF N-METHYLOLACRYLAMIDE 

Vehicle Control 25 mg/kg 50 mg/kg 

Harderian Gland: Adenoma 
Overall Rates (a) 5/47 (11 %) 8/45 (18%) 20/48 ( 42%) 
Adjusted Rates (b) 12.5% 25.0% 49.1% 
Terminal Rates (c) 5/40 (13%) 8/32 (25%) 13/33 (39%) 
Day of First Observation 731 731 589 
Life Table Tests <d) P<0.001 P=0.146 P<0.001 
Logistic Regression Tests (d) P<0.001 P=0.146 P<0.001 
Cochran-Armitage Trend Test (d) P<0.001 
Fisher Exact Test (dl P=0.248 P<0.001 

Harderian Gland: Carcinoma 
Overall Rates (a) 0/47 (0%) 3/45 (7%) 2/48 (4%) 
Adjusted Rates (b) 0.0% 8.8% 6.1% 
Terminal Rates (c) 0/40 (Q%) 2/32 (6%) 2/33 <6%) 
Day of First Observation 710 731 
Life Table Tests (d) P=0.161 P=0.090 P=0.197 
Logistic Regression Tests (d) P=0.174 P=0.096 P=0.197 
Cochran-Armitage Trend Test (d) P=0.209 
Fisher Exact Test (dl P=0.113 P=0.253 

Harderian Gland: Adenoma or Carcinoma 
Overall Rates (a) 5/47 (11 %) 11/45(24%) 22/48 (46%) 
A.djusted Rates (b) 12.5% 33.1% 54.2% 
Terminal Rates (c) 5/40 (13%) 10/32(31%) 15/33 (45%) 
Day of First Observation 731 710 589 
Life Table Tests (d) P<0.001 P=0.030 P<0.001 
Logistic Regression Tests (d) P<0.001 P=0.031 P<0.001 
Cochran-Armitage Trend Test (d) P<0.001 
F'isher Exact Test (d) P=0.070 P<0.001 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 3/50 (6%) 4/50 (8%) 17/49 (35%) 
Adjusted Rates (b) 7.3% 10.4% 48.2% 
Terminal Rates (c) 3/41 (7%) 2/35 (6%) 15/33 (45%) 
Day of First Observation 731 616 653 
Life Table Tests <d) P<0.001 P=0.423 P<0.001 
Logistic Regression Tests (d) P<0.001 P=0.487 P<0.001 
C ochran-Armitage Trend Test (d) P<0.001 
Fisher Exact Test (d) P=0.500 P<0.001 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 3/50 (6%) 3/50 (6%) 2/49 (4%) 
Adjusted Rates <bJ 6.7% 8.6% 6.1% 
Terminal Rates (c) 1/41 (2%) 3/35(9%) 2/33 (6%) 
Day of First Observation 675 731 731 
Life Table Tests (d) P=0.514N P=0.590 P=0.595N 
Logistic Regression Tests (d) P=0.461N P=0.639 P=0.528N 
Cochran-Armitage Trend Test (d) P=0.421N 
fisher Exact Test (d) P=0.661N P=0.510N 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 6/50 (12%) 7/50 (14%) 17/49 (35%) 
Adjusted Rates <bl 13.7% 18.5% 48.2% 
Terminal Rates (cJ 4/41 (10%) 5/35 (14%) 15/33 (45%) 
Day of First Observation 675 616 653 
Life Table Tests <d) P=0.001 P=0.392 P=0.002 
Logistic Regression Tests (dJ P=0.002 P=0.472 P=0.003 
Cochran-Armitage Trend Test (d) P=0.004 
F'isher Exact Test (d) P=0.500 P=0.007 
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TABLE 03. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control 25 mg!kg 50 mg/kg 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 4/50 (8%) 4/50 (8%) 7/49 (14%) 
Adjusted Rates (b) 9.8% 10.8% 17.9% 
Terminal Rates (c) 4/41 (10%) 2/35 (6%) 4/33 (12%) 
Day of First Observation 731 710 580 
Life Table Tests (d) P=0.135 P=0.554 P=0.176 
Logistic Regression Tests (d) P=0.194 P=0.584 P=0.272 
Cochran-Armitage Trend Test (d) P=0.193 
Fisher Exact Test (d) P=0.643N P=0.251 

Lung: Alveolar/Bronchiolar Carcinoma 
Overall Rates (a) 2/50 (4%) 5/50 (10%) 7/49 (14%) 
Adjusted Rates (b) 4.9% 13.2% 19.2% 
Terminal Rates (c) 2/41 (5%) 4/35 (11 %) 5/33 (15%) 
Day of First Observation 731 421 580 
Life Table Tests (d) P=0.034 P=0.167 P=0.045 
Logistic Regression Tests (d) P=0.061 P=0.243 P=0.076 
Cochran-Armitage Trend Test (d) P=0.057 
Fisher Exact Test (d) P=0.218 P=0.075 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (al 6/50 ( 12%) 8/50 (16%) 13/49 (27%) 
Adjusted Rates (b) 14.6% 20.6% 33.8% 
Terminal Rates (c) 6/41 (15%) 5/35 (14%) 9/33 <27%) 
Day of First Observation 731 421 580 
Life Table Tests (d) P=0.019 P=0.284 P=0.025 
Logistic Regression Tests <dl P=0.042 P=0.387 P=0.057 
Cochran-Armitage Trend Test (d) P=0.041 
Fisher Exact Test (d) P=0.387 P=0.056 

Mammary Gland: Adenoma 
Overall Rates <a> 2/50 (4%) 4/50 (8%) 0/49 (0%) 
Adjusted Rates (b) 4.9% 9.5% 0.0% 
Terminal Rates <c> 2/41 (5%) 0/35 (0%) 0/33 (0%) 
Day of First Observation 731 616 
Life Table Tests (d) P=0.285N P=0.287 P=0.287N 
Logistic Regression Tests (d) P=0.216N P=0.358 P=0.287N 
Cochran-Armitage Trend Test (d) P=0.228N 
Fisher Exact Test <d) P=0.339 P=0.253N 

Mammary Gland: Adenoma or Fibroadenoma 
Overall Rates (a} 3/50 (6%) 4/50 (8%) 0/49 (0%) 
Adjusted Rates (b) 7.1% 9.5% 0.0% 
Terminal Rates (c) 2/41 (5%) 0/35 (0%) 0/33 (0%) 
Day of First Observation 716 616 
Life Table Tests (d) P=0.169N P=0.431 P=0.161N 
Logistic Regression Tests (d) P=0.115N P=0.521 P=0.143N 
Cochran-Armitage Trend Test (d) P=0.122N 
Fisher Exact Test (d) P=0.500 P=0.125N 

Mammary Gland: Adenoma, Fibroadenoma, or Adenocarcinoma 
Overall Rates (a) 3/50 (6%) 4/50 (8%) 1/49 (2%) 
Adjusted Rates (b) 7.1% 9.5% 2.6% 
Terminal Rates (c) 2/41 (5%) 0/35 (0%) 0/33 (0%) 
Day of First Observation 716 616 674 
Life Table Tests (d) P=0.332N P=0.431 P=0.383N 
Logistic Regression Tests (d) P=0.246N P=0.521 P=0.317N 
Cochran-Armitage Trend Test (d) P=0.259N 
Fisher Exact Test (d) P=0.500 P=0.316N 

177 N-Methylolacrylamide, NTP TR 352 



TABLE 03. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO·YEAR GAVAGE STUDY 
OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control 25 mg/kg 50 mglkg 

Ovary: Granulosa Cell Tumor 
Overall Rates (a) 0/50 (0%) 5/45 (11 %) 5/47 (11%) 
Adjusted Rates (b) 0.0% 16.1% 15.6% 
Terminal Rates (c) 0/41 (0%) 5/31 (16%) 5/32 (16%) 
Day of First Observation 731 731 
Ltfe Table Tests (d) P=0.017 P=0.015 P=0.016 
Logistic Regression Tests (d) P=0.017 P=0.015 P=0.016 
Cochran-Armitage Trend Test (d) P=0.031 
Fisher Exact Test (d) P=0.021 P=0.024 

Pituitary Gland/Pars Distalis: Adenoma 
Overall Rates (a) 13/49 (27%) (e) 5/14 (36%) 4/43 (9%) 
Adjusted Rates (b l 30.1% 12.5% 
Terminal Rates (c) 11/41 (27%) 4/32 (13%) 
Day of First Observation 690 731 
Life Table Test (d) P=0.055N 
Logistic Regression Test ( d l P=0.046N 
Fisher Exact Test (d) P=0.030N 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a) 2/50 (4%) 2/50 (4%) 5/49 (10%) 
Adjusted Rates (b) 4.6% 4.8% 13.8% 
Terminal Rates (c) 1141 (2%) 1/35 (3%) 3/33 (9%) 
Day of First Observation 690 347 672 
Life Table Tests (d) P=0.103 P=0.653 P=0.147 
Logistic Regression Tests (d) P=0.152 P=0.508N P=0.208 
Cochran-Armitage Trend Test (d) P=0.140 
Fisher Exact Test (d) P=0.691N P=0.210 

Thyroid Gland: Follicular Cell Adenoma 
Overall Rates (a) 4/48 (8%) (e) 016 (0%) 3/48 (6%) 
Adjusted Rates <bl 9.4% 9.4% 
Terminal Rates (c) 3/40 (7%) 3/32 (9%) 
Day of First Observation 655 731 
Life Table Test (d) P=0.613N 
Logistic Regression Test (d) P=0.537N 
Fisher Exact Test (d) P=0.500N 

Circulatory System: Hemangiosarcoma 
Overall Rates <a) 4/50 (8%) (e,f) 5/50 (10%) 1/49 (2%) 
Adjusted Rates <b l 9.3% 3.0% 
Terminal Rates (cl 3/41 (7%) 1/33 (3%) 
Day of First Observation 675 731 
IAe Table Test Cdl P=0.254N 
Logistic Regression Test (d) P=0.202N 
l"isher Exact Test (d) P=0.187N 

Circulatory System: Hemangioma or Hemangiosarcoma 
Overall Rates (a) 5/50 (10%) (e,f) 6/50 <12%) 1149 (2%) 
Adjusted Rates <b) 11.7% 3.0% 
'Terminal Rates (c) 4/41 (10%) 1/33 (3%) 
Day of First Observation 675 731 
Life Table Test (d) P=0.163N 
Logistic Regression Test (d) P=0.124N 
l"isher Exact Test (d) P=0.107N 
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TABLE 03. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control 25 mg/kg 50 mg/kg 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 16/50 (32%) (e,f) 11150 (22%) 21/49 (43%) 
Adjusted Rates (b) 35.4% 48.4% 
Terminal Rates (c) 12/41 (29%) 11/33 (33%) 
Day of First Observation 655 527 
Life Table Test (d) P=0.086 
Logistic Regression Test (d) P=0.179 
Fisher Exact Test (d) P=0.182 

tal Number of tumor-bearing animals/number ofanimals examined at the site 
tb) Kaplan-Meier estimated tumor incidences at the end ofthe study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
td) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regres
sion test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) Incomplete sampling oftissues 
(f) Nineteen spleens were examined microscopically. 
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TABLE D4a. HISTORICAL INCIDENCE OF HARDERIAN GLAND TUMORS IN CONTROL FEMALE 
B6C3F1 MICE (a) 

Incidence in Controls 
Adenoma Carcinoma Adenoma or 

Study Carcinoma 

Historical Incidence for All Water Gavage Vehicle Controls 

Iodinated glycerol (b) 
Chlorpheniramine maleate (c) 

6/50 
2/50 

0/50 
0/50 

6/50 
2/50 

Tetrakis(hydroxymethyl)phosphonium chloride (c) 0/50 0/50 0/50 
Malonaldehyde, sodium salt (c) 0/50 0/50 0/50 
Tetrakis(hydroxymethyl)phosphonium sulfate (c) 0/50 (d) 2/50 (d) 2/50 
Methyl carbamate (e) 1150 0/50 1150 
Chlorinated trisodium phosphate (b) 0/50 1150 1150 

TOTAL 9/350 (2.6%) 3/350 (0.9%) 12/350 (3.4%) 
so (f) 4.43% 1.57% 4.12% 

Range (g) 
High 6/50 2/50 6/50 
Low 0/50 0/50 0/50 

Ov1~rall Historical Incidence for Untreated Controls 

TOTAL <h) 4112,040 (2.0%) (i) 712,040 (0.3%) (h,i) 48/2,040 (2.4%) 
so (f) 2.06% 0.88% 2.19% 

Range (g) 
High 
Low 

4/50 
0/50 

2/50 
0/50 

4/50 
0/50 

(a) Data as of April29, 1987, for studies of at least 104 weeks 
<bl Study performed at EG&G Mason Research Institute 
(c) Study performed at Battelle Columbus Laboratories 
(d) Papillary adenocarcinomas 
(e) Study performed at Microbiological Associates 
(f) Standard deviation 
(g) Range and SD are presented for groups of35 or more animals. 
(h) Includes three papillary adenomas, one cystadenoma, NOS, and two papillary cystadenomas, NOS 
(i) Indudes one adenocarcinoma, NOS, two papillary adenocarcinomas, and one papillary cystadenocarcinoma, NOS 
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TABLE D4b. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN CONTROL FEMALE B6C3Ft 

MICE (a) 


Incidence in Controls 
Adenoma Carcinoma Adenoma or 

Study Carcinoma 

Historical Incidence Cor All Water Gavage Vehicle Controls 

Iodinated glycerol (b) 0/50 0/50 0/50 
Chlorpheniramine maleate (c) 4/50 2/50 6/50 
Tetrakis(hydroxymethyl)phosphonium chloride (c) 3/49 1/49 4/49 
Malonaldehyde, sodium salt (c) 0/50 2/50 2/50 
Tetrakis(hydroxymethyl)phosphonium sulfate (c) 5/50 3/50 7/50 
Methyl carbamate (d) 4/49 1/49 4/49 
Chlorinated trisodium phosphate (b) 6/50 0/50 6/50 

TOTAL 22/348 (6.3%) 9/348 (2.6%) 29/348 (8.3%) 
SD(e) 4.69% 2.22% 4.95% 

Range (f) 
High 6/50 3/50 7/50 
Low 0/50 0/50 0/50 

Overall Historical Incidence for Untreated Controls 

TOTAL 107/2,032 (5.3%) (g) 8112,032 (4.0%) 184/2,032 (9.1 o/o) 
SDiel 4.34% 2.42% 4.70% 

Range (f) 
High 9/49 4/48 10/49 
Low 0/50 0/50 1/50 

<:a> Data as of April29, 1987, for studies of at least 104 weeks 
(b) Study performed at EG&G Mason Research Institute 
(c) Study performed at Battelle Columbus Laboratories 
(d) Study performed at Microbiological Associates 
(e) Standard deviation 
(f) Range and SD are presented for groups of35 or more animals. 
(g) A hepatoblastoma was also observed. 
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TABLE D4c. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR TUMORS IN CONTROL FEMALE 

B6C3F1 MICE (a) 


Incidence in Controls 
Adenoma Carcinoma Adenoma or 

Study Carcinoma 

Historical Incidence for All Water Gavage Vehicle Controls 

Iodinated glycerol (b) 3/50 1/50 4/50 
Chlorpheniramine maleate (c) 
Tetrakis(hydroxymethyl)phosphonium chloride (c) 
Malonaldehyde, sodium salt (c) 
Tetrakis(hydroxymethyllphosphonium sulfate (c) 
Methyl carbamate (d) 

5/50 
3/50 
4/50 
1150 
6/49 

1/50 
0/50 
1150 
1150 
1/49 

6/50 
3/50 
5/50 
2/50 
7/49 

Chlorinated trisodium phosphate (b) 3/50 3/50 6/50 

TOTAL 25/349 (7.2%) 8/349 (2.3%) 33/349 (9.5%) 
SD(e) 3.30% 1.80% 3.66% 

Range (f) 
High 
Low 

6/49 
1150 

3/50 
0/50 

7/49 
2/50 

Overall Historical Incidence for Untreated Controls 

TOTAL 
SD(e) 

101/2,026 (5.0%) 
3.65% 

45/2,026 (2.2%) 
1.78% 

145/2,026 (7.2%) 
4.21% 

Range (f) 
High 
Low 

7/50 
0/50 

3/50 
0/50 

8/50 
0/50 

(a) Data as of April29, 1987, for studies of at least 104 weeks 
<b) Study performed at EG&G Mason Research Institute 
(c) Study performed at Battelle Columbus Laboratories 
(d) Study performed at Microbiological Associates 
(e) Standard deviation 
(f) Range and SD are presented for groups of35 or more animals. 
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TABLE D4d. HISTORICAL INCIDENCE OF OVARIAN GRANULOSA CELL TUMORS IN CONTROL 
FEMALE 86C3F1 MICE (a) 

Study Incidence in Controls 

Historical Incidence for All Water Gavage Vehicle Controls 

Iodinated glycerol (b) 
Chlorpheniramine maleate (c) 
Tetrakis(hydroxymethyl)phosphonium chloride (c) 
Malonaldehyde, sodium salt (c) 
Tetrakis(hydroxymethyllphosphonium sulfate (c) 
Methyl carbamate (e) 
Chlorinated trisodium phosphate (b) 

TOTAL 
SD (f) 

Range(g} 
High 
Low 

Overall Historical Incidence for Untreated Controls 

TOTAL 
SD (f) 

Range (g) 
High 
Low 

(a) Data as of April29, 1987, for studies of at least 104 weeks 
(b) Study performed at EG&G Mason Research Institute 
(c) Study performed at Battelle Columbus Laboratories 
(d) Luteoma 
(e) Study performed at Microbiological Associates 
(f) Standard deviation 
(g) Range and SD are presented for groups of35 or more animals. 
(h) Includes four luteomas and one granulosa cell carcinonoma 

0/48 
(d) 1150 
(d) 1150 


0/44 

0/50 

0/49 

0/48 


2/339 (0.6%) 

0.98% 


1150 
0/50 

(h) 13/1,867 (0.7%) 
1.50% 

3/47 
0/50 

183 N-Methylolacrylamide, NTP TR 352 



TABLE D4e. HISTORICAL INCIDENCE OF FORESTOMACH SQUAMOUS CELL TUMORS IN CONTROL 
FEMALE B6C3F1 MICE (a) 

Incidence in Controls 
Study Papilloma Papilloma or Carcinoma 

Historical Incidence for All Water Gavage Vehicle Controls 

Iodinated glycerol (b) 1149 
Chlorpheniramine maleate (c) 0/48 
Tetrakis(hydroxymethy!)phosphonium chloride (c) 2/49 
Malonaldehyde, sodium salt (c) 1146 
Tetrakis(hydroxymethyllphosphonium sulfate (c) 0/50 
Methvl carbamate (d) 0/47
Chlo~inated trisodium phosphate (b) 0/50 

TOTAL 4/339 (1.2%) 
SD(e) 1.62% 

Range (f) 
High 2/49
Low 0/50 

OvE1rall Historical Incidence for Untreated Controls 

TOTAL (g) 17/1,994 (0.9%) 
Sll<el 1.56% 

Range (f) 
High 3/50 
Low 0/50 

(a) Data as of April29, 1987, for studies of at least 104 weeks 
(b l Study performed at EG&G Mason Research Institute 
(c) Study performed at Battelle Columbus Laboratories 
(d) Study performed at Microbiological Associates 
(e) Standard deviation 
(f) Range and SD are presented for groups of35 or more animals. 
(g) Includes one papilloma, NOS, and three diagnoses of papillomatosis 

1149 
0/48 
2/49 
1146 
0/50 
0/47 
0/50 

4/339 (1.2%) 
1.62% 

2/49 
0/50 

(g) 18/1,994 (0.9%) 
1.75% 

4/50 
0/50 
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TABLE D4f. HISTORICAL INCIDENCE OF ANTERIOR PITUITARY GLAND TUMORS IN CONTROL 
FEMALE B6C3F1 MICE (a) 

Incidence in Controls 
Adenoma Carcinoma Adenoma or 

Study Carcinoma 

Historical Incidence for All Water Gavage Vehicle Controls 

Iodinated glycerol (bl 4/46 1/46 5/46 
Chlorpheniramine maleate (c) 5/46 0/46 5/46 
Tetrakis(hydroxymethyl)phosphonium chloride (c) 11/50 0/50 11/50 
Malonaldehyde, sodium salt (c) 2/43 0/43 2/43 
Tetrakis(hydroxymethy!Jphosphonium sulfate (c) 8/43 0/43 8/43 
Methyl carbamate (d) 9/49 0/49 9/49 
Chlorinated trisodium phosphate (b) 8/45 0/45 8/45 

TOTAL 47/322 (14.6%) 11322 (0.3%) 48/322 (14.9%) 
SD(eJ 6.36% 0.82% 6.08% 

Range {f) 
High 11150 1/46 11/50 
Low 2/43 0/50 2/43 

Overall Historical Incidence for Untreated Controls 

TOTAL (g) 23111,782 (13.0%) (h) 13/1,782 (0.7%) (g,h) 244/1,782 (13.7%) 
SD(el 10.20% 1.34% 10.58% 

Range (f) 
High 18/49 3/50 19/49 
Low 0/48 0/49 0/48 

Ia) Data as of April29, 1987, for studies of at least 104 weeks 
lb) Study performed at EG&G Mason Research Institute 
I.e) Study performed at Battelle Columbus Laboratories 
I d) Study performed at Microbiological Associates 
(e) Standard deviation 

1f) Range and SD are presented for groups of35 or more animals. 

(g) Includes eight chromophobe adenomas 
(h) Includes three adenocarcinomas, NOS, and one chromophobe carcinoma 

185 N-Methylolacrylamide, NTP TR 352 



TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO·YEAR GAVAGE STUDY OF N·METHYLOLACRYLAMIDE 

Vehicle Control Low Dose High Dose 

Animals initially in study 50 50 50 
Animals removed 50 50 50 
Animals examined histopathologically 50 50 49 

ALIMENTARY SYSTE.\1: 
Intestine large, colon <45) (6} (44) 

Infarct 1 (2%) 
Parasite metazoan 1 (2%) 

Intestine large, rectum <46) (6} (43) 
Parasite metazoan 1 (2%) 

Intestine small, duodenum (44) (5} (41) 
Inflammation, chronic active 1 (20%) 
Ulcer 1 (20%) 

Intestine small, ileum (44) (4} (43) 
Inflammation, necrotizing 1 <2%) 

Intestine small, jejunum (45) (4) (42) 
Necrosis, coagulative 1 (2%) 

Ltver (50) (50) <49) 
Amyloid deposition 1 (2%) 
Angiectasis (2%) <2%) 
Atypical cells 2 (4%) 
Clear cell focus 2 (4%) 
Degeneration, cystic 1 (2%) 
Hematopoietic cell proliferation 4 (8%) 2 <4%) 
Infiltration cellular,lymphocytic 1 (2%) 
Inflammation, chronic 1 <2%) 
Inflammation, chronic active 2 <4%) 
Leukocytosis 1 <2%) 2 (4%) 1 (2%) 
Necrosis, coagulative 4 <8%) 3 (6%) 
Pigmentation, hematoidin 1 <2%) 
Pigmentation, hemosiderin 1 (2%) 
Vacuolization cytoplasmic <2%) 2 (4%) 
Artery, necrosis, fibrinoid <2%) 
Bile duct, cyst 1 (2%) 

Mesentery <48) (6) <47) 
Inflammation, chronic active 2 <4%) 1 (2%) 
Necrosis 2 (4%) 
Thrombus 2 (4%) 

Pancreas (50) <6) <47) 
Inflammation, chronic active 2 (4%) 
Acinus, atrophy 3 (6%l (17%) 4 (9%) 
Duct, ectasia 1 (2%) 

Stomach, forestomach (46) (6) (44) 
Acanthosis 3 (7%) 5 <11%) 
Hyperkeratosis 1 (2%) 1 (2%) 
Inflammation, chronic active 1 (2%) 1 (2%) 

Stomach, glandular <47) (5} (44) 
Inflammation, chronic active 1 (2%) 1 (2%) 

Tooth <50) <6) <48) 
Dysplasia 1 (2%) 3 <6%) 
Foreign body 1 (2%) 
Inflammation, chronic active 2 (4%) 

CARDIOVASCULAR SYSTEM 
Heart <50) (6) <49) 

Cardiomyopathy, chronic 1 (2%) 4 (8%) 
Inflammation, chronic active 2 (4%) 
Mineralization 1 (2%) 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF N·METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

ENDOCRINE SYSTEM 
Adrenal gland 

Corticomedullary junction, degeneration, fatty 
(50) (7) (48) 

1 (2%) 
Adrenal gland, cortex 

Accessory adrenal cortical nodule 
(50) (6) (47) 

3 (6%) 
Cyst 
Hematopoietic cell proliferation 2 (33%) 

1 
1 

(2%) 
(2%) 

Hyperplasia 1 (2%) 
Hypertrophy 1 (2%) 

Adrenal gland, medulla (50) (6) (48) 
Hematopoietic cell proliferation 1 (2%) 
Hyperplasia 5 ( 10%) 2 (4%) 

Islets, pancreatic (50) (6) (47) 
Hyperplasia 2 (4%) 

Parathyroid gland (31) (5) (28) 
Cyst 1 (4%) 

Pituitary gland (49) (14) (43) 
Pars distalis, cyst 1 (2%) 
Pars distalis, hyperplasia 22 (45%) 4 (29%) 13 (30%) 

Thyroid gland (48) (6) (48) 
Inflammation, chronic active 2 (4%) 1 (2%) 
C-cell, hyperplasia 1 (2%) 1 (2%) 
Follicle, cyst 1 (2%) 3 (6%) 
Follicular cell, hyperplasia 9 ( 19%) 11 (23%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Ovary (50) (45) (47) 

Atrophy 3 (6%) 39 (87%) 38 (81 %) 
Cyst 10 (20%) 9 (20%) 6 (13%) 
Hemorrhage, acute 2 (4%) 
Inflammation, suppurative (2%) 1 (2%) 
Mineralization (2%) 1 (2%) 
Thrombus 1 (2%) 

Uterus (50) (35) (49) 
Dilatation 2 (6%) 4 (8%) 
Hemorrhage 5 (14%) 1 (2%) 
Inflammation, suppurative <2%) 2 (4%) 
Thrombus (2%) 
Artery, hyperplasia, cystic, glandular 1 (3%) 
Endometrium, hyperplasia, cystic, glandular 47 (94%) 31 (89%) 45 (92%) 

HEMATOPOIETIC SYSTEM 
Blood (2) 

Neutrophilia 2 <100%) 
Bone marrow (50) (6) (48) 

Femoral, hyperplasia 2 (33%) 1 <2%) 
Femoral, hyperplasia, reticulum cell 1 (2%) 
Femoral, myelofibrosis 3 (6%) 1 (2%) 
Vertebral, hyperplasia 1 <2%) 
Vertebral, myelofibrosis 29 (58%) 10 (21%) 

Lymph node (50) (13) (46) 
Iliac, thrombus 1 (2%) 
Lumbar, hyperplasia, lymphoid (2%) 
Mandibular, hematopoietic cell proliferation 2 ( 15%) (2%) 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM 
Lymph node (Continued) 

Mandibular, hyperplasia, plasma cell 
(50) (13) (46) 

3 (7%) 
Mandibular, infiltration cellular, histiocytic 1 (2%) 
Renal, hyperplasia, lymphoid (8%) 
Renal, thrombus 1 (2%) 

Lymph node, mesenteric (11) (7) (13) 
Angiectasis 
Hematopoietic cell proliferation (9%) (14%) 

3 (23%) 

Hyperplasia, lymphoid 
Hyperplasia, plasma cell 
Thrombus 

(14%) 
1 (8%) 
1 (8%) 

Spleen (50) (19) (48) 
Cyst 
Hematopoietic cell proliferation 

1 
15 

(2%) 
(30%) 10 (53%) 40 (83%) 

Hyperplasia, lymphoid 
Infarct 

1 (5%) 
1 (2%) 

Thymus (48) (4) (38) 
Cyst 1 (2%) 

INTI':GUMENTARY SYSTEM 
Mammary gland (29) (48) (33) 

Hyperplasia 1 (3%) 
Hyperplasia, cystic 20 (69%) 40 (83%) 29 (88%) 

Skin (50) (14) (48) 
Abscess 1 (7%) 
Alopecia 1 (7%) 
Foreign body 1 (7%) (2%) 
Inflammation, chronic active 1 (7%) <2%) 

MUSCULOSKELETAL SYSTEM 
Skeletal muscle (50) (6) <48) 

Fibrosis, focal 1 (2%) 
Hemorrhage, acute 1 (2%) 
Inflammation, chronic active 2 (4%) 
Artery, necrosis, fibrinoid 1 (2%) 

NERVOUS SYSTEM 
Brain (50) (7) (48) 

Hemorrhage, acute 1 (2%) 
Inflammation, chronic 1 (2%) 

Peripheral nerve (47) (43) (42) 
Sciatic, degeneration 4 (9%) 

Spinal cord (50) (6) (49) 
White matter, degeneration 5 <10%) 1 (17%) 1 (2%) 

RESPIRATORY SYSTEM 
Lung <50) (50) (49) 

Hemorrhage, acute 1 (2%) 1 (2%) 
Inflammation, chronic 12 (24%) 28 (56%) 14 (29%) 
Pigmentation, hemosiderin 3 (6%) 
Alveolar epithelium, hyperplasia 8 (16%) 26 (52%) 17 (35%) 

Nose (50) (6) (48) 
Inflammation, chronic active 1 <2%) 
Nasolacrimal duct, foreign body 1 (2%) 
Nasolacrimal duct, granuloma 1 (2%) 
Nasolacrimal duct, inflammation, suppurative 1 (2%) 5 (10%) 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE (Continued) 

Vehicle Control Low Dose High Dose 

SPECIAL SENSES SYSTEM 
Eye (2) 

Lens, cataract 2 (100%) 
Retina, atrophy 2 (100%) 

Harderian gland (47) (45) (48) 
Hyperplasia 1 (2%) 2 (4%) 1 (2%) 

URINARY SYSTEM 
Kidney 

Amyloid deposition 
Atrophy 
Hydronephrosis 
Infarct 
Inflammation 
Metaplasia, osseous 
Mineralization 
Necrosis 
Nephropathy, chronic 
Renal tubule, regeneration 

Urinary bladder 
Hemorrhage 
Inflammation, chronic active 

(50) (11) (48) 
1 (9%) 
1 (9%) 

1 (2%) 
5 (10%) 

(9%) 
2 (4%) 3 (6%) 

1 (2%) 
1 12%) 

10 (20%) 3 (27%) 23 (48%) 
1 (2%) 

(43) (6) (47) 
1 (17%) 

(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
timiilly 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 
eva! uation 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 of chemical compounds. 

Fifteen B6C3F 1 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 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) M. Ad. (mouse adenovirus) 
Reo 3 (reovirus type 3) LCM (lymphocytic chorio-
GDVII (Theiler's encephalo meningitis virus) 

myelitis virus) (6,18 mo) Sendai (6 mo) 
Poly (polyoma virus) 
MVM (minute virus of mice) 
Ectro (infectious ectromelia) 
Sendai (18 mo) 

MHV (mouse hepatitis virus) 
GDVII (24 mo) 

Rats PVM 
KRV (Kilham rat virus) 
H-1 (Toolan's H-1 virus) 

RCV (rat corona virus) 
(6 mo) 

RCV/SDA (sialodacryoadenitis 
virus) (18,24 mo) 

Sendai 

Results 

Results are presented in Table E 1. 
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TABLE El. MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE TWO-YEAR 
GAVAGE STUDIES OF N-METHYLOLACRYLAMIDE (a) 

Number of Positive Serologic 
Interval (months) Animals Reaction for 

RATS 

6 

18 

24 

MICE 

6 

18 

10/10 

1/10 
10/10 

1/10 
7/10 

2/10 

7/10 

KRV 

KRV 
Sendai 

KRV 
Sendai 

MHV 

Sendai 

(a) Blood samples were taken from sentinel animals at 6 and 18 months after the start of dosing and from the vehicle control 
animals just before they were killed; samples were sent to Microbiological Associates (Bethesda, MD) for determination of anti
body titers. 
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APPENDIX F. BEHAVIORAL TESTING PROCEDURES 


The behavioral tests were performed during the sixth week of dosing (rats: August 19-21, 1981; mice: 
August 25-28, 1981) and again on the same animals during the last week of dosing (rats: October 6-9, 
1981.; mice: October 13-16, 1981) in the 13-week studies. The test battery was performed over a 2-day 
period--all males during the first 2 days and all females during the next 2 days. Spontaneous motor 
activity was tested in the morning of the first day, and grip strength was tested in the afternoon. On 
the second day, startle measurements were taken in the morning and landing foot spread measure
ments (rats) or rotarod training and testing (mice) in the afternoon. Animals from the different dose 
groups of the same sex and species, including vehicle controls, were run simultaneously or in mixed 
sequence so that there were no systematic differences among the animals at time of testing or among 
the environmental conditions during testing. Dosing was delayed on test days until after testing had 
been completed so that the influence of any acute pharmacologic effects after dosing was minimized 
during behavioral testing. 

On the day of behavioral testing, animals were transferred to clean cages on a clean rack and trans
ported by elevator from the second to the fourth floor where the Behavioral Testing Laboratory is lo
cated. After a brief period of accommodation following transport, one animal from each dose group 
was placed individually into one of the 21 X 29 em test cages that were installed inside individual 
sound-isolating test cubicles for measurement of spontaneous motor activity. The cubicles were 
darkened, and 80-db "white noise" was introduced through speakers mounted on the cubicle walls. 
Three photobeamlphotoresistor pairs were mounted in U-shaped holder units along the cage sides so 
that the infrared photobeams divided the cage area approximately into thirds and so that the photo
beams were interrupted by animal movement within the cage. Signals from these sensors were fed 
through Coulbourn Instruments signal-processing equipment to a 10-channel microprocessor-based 
printer. Activity counts within an individual cage were accumulated silently and totaled separately 
every 5 minutes during the 20-minute testing session. When the session was over, animals were re
moved and placed in fresh cages, and the next set of animals was placed in the activity cages. 

Grip strength was measured with a device and procedure similar to those described by Meyer et al. 
(1979). Briefly, the animal was allowed to grip a triangular ring with its forepaws and was gently 
pulled back along a platform until its grip was broken. As the backward motion continued, its hind 
paws reached aT-shaped rear-limb grip bar that it was allowed to grasp and then was forced tore
lease by continued pulling. Chatillon push-pull strain gauges were used to record the maximum 
strain required to break the animal's grip in each case. The average of three valid measurements was 
taken as the animal's score for either forelimb or hind limb grip strength. 

Auditory startle response was measured with a Respondex A Startle Monitor (Columbus Instru
ments, Columbus, Ohio). This device detects movement as a capacitance change in the electrical field 
above the sensor. Each animal was placed inside a plastic cage (21.5 X 23.5 X 21.5 em high) for rats 
or a clean, covered 1,000-ml beaker for mice which rested on the movement detector inside an Indus
trial Acoustics sound-isolating cubicle. Fifteen brief (0.4 seconds for rats, 0.2 seconds for mice), in
tense 7,000-Hz, 124-db auditory stimuli were presented approximately 5-10 seconds apart, and the 
magnitude of startle response to each stimulus was recorded. 

The procedure for measurement of landing foot spread was modeled after that described by Edwards 
and Parker (1977) for measurement of acrylamide neuropathy in rats. After the hind paws of each rat 
had been lightly inked, the rat was suspended and dropped a distance of 32 em onto a white blotter 
that provided a permanent record of hind foot splay. The distance between the outermost digits on the 
two hind paws was measured on each test card. The average of three valid measurements was used as 
the rat's test score. 
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APPENDIX F. BEHAVIORAL TESTING PROCEDURES 


For rotarod training, mice were placed on a 2.5-cm diameter horizontal wooden dowel that was rota
ting (rolling) at 12 rpm and elevated approximately 38 em over cages containing wood chip bedding 
material. Up to three mice were trained or tested at any one time. Aluminum disks separated the 
three test areas on the rod. During the 2-minute training period, mice that fell from the rod were re
placed as often as necessary. For testing, the mice were placed on the rod, and the total time they re
mained on the rod was recorded up to a maximum of 2 minutes. Training and testing were separated 
by approximately 25 minutes. 
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PAGE 

TABLE Gl INGREDIENTS OF NIH 07 RAT AND MOUSE RATION 200 

TABLE G2 VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION 200 

TABLE G3 ~UTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION 201 

TABLE G4 CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 202 

199 N-Methylolacrylamide, NTP TR 35:2 



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 winter wheat 23.00 
Soybean meal (49% protein) 12.00 
Fish meal (60% protein) 10.00 
Wheat middlings 10.00 
Dried skim milk 5.00 
Alfalfa meal (dehydrated, 17% protein) 4.00 
Corn gluten meal (60% protein) 3.00 
Soy oil 2.50 
Dried brewer's yeast 2.00 
Dry molasses 1.50 
Dicalcium phosphate 1.25 
Ground limestone 0.50 
Salt 0.50 
Premixes (vitamin and mineral) 0.25 

(al NCI, 1976; NIH, 1978 
(b) Ingredients ground to pass through a U.S. Standard Screen No. 16 before being mixed 

TABLE G2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION (a) 

Amount Source 

Vitamins 

A 
D3 
K3 
d-a-Tocopheryl acetate 
Choline 
Folic acid 
Niacin 
d-Pantothenic acid 
Riboflavin 
Thiamine 
812 
Pyridoxine 

Biotin 


Minerals 

Iron 

Manganese 

Zinc 

Copper 

Iodine 

Cobalt 


5,500,000 IU 
4,600,000 IU 

2.8 g 
20,000 IU 

560.0 g 
2.2 g 

30.0 g 
18.0 g 
3.4g 

10.0 g 
4,000 !lg 

1.7g 
140.0mg 

120.0 g 
60.0 g 
16.0 g 
4.0 g 
1.4 g 
0.4g 

Stabilized vitamin A palmitate or acetate 
D-activated animal sterol 
Menadione 

Choline chloride 

d-Calcium pantothenate 

Thiamine mononitrate 

Pyridoxine hydrochloride 
d-Biotin 

Iron sulfate 
Manganous oxide 
Zinc oxide 
Copper sulfate 
Calcium iodate 
Cobalt carbonate 

(a) Per ton (2,000 lbl of finished product 
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TABLE G3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION 

Mean ± Standard 
Nutrients Deviation Range Number of Samples 

Protein (percent by weight) 23.26 ± 1.04 21.3-26.3 26 
Crude fat (percent by weight) 5.07 ± 0.55 3.3-5.7 26 
Crude fiber (percent by weight) 3.44 ± 0.51 2.9-5.6 26 
Ash (percent by weight) 6.56 ± 0.42 5.7·7.3 26 

Amino Acids (percent of total diet) 

Arginine 1.32 ± 0.072 1.310-1.390 5 

Cystine 0.319 ± 0.088 0.218-0.400 5 

Glycine 1.146 ± 0.063 1.060-1.210 5 

Histidine 0.571 ± 0.026 0.531-0.603 5 

Isoleucine 0.914 ± 0.030 0.881-0.944 5 

Leucine 1.946 ± 0.056 1.850-1.990 5 

Lysine 1.280 ± 0.067 1.200-1.370 5 

Methionine 0.436 ± 0.165 0.306-0.699 5 

Phenylalanine 0.938 ± 0.158 0.665-1.05 5 

Threonine 0.855 ± 0.035 0.824-0.898 5 

Tryptophan 0.277 ± 0.221 0.156-0.671 5 

Tyrosine 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) 

Linoleic 2.290 ± 0.313 1.83-2.52 5 

Linolenic 0.258 ± 0.040 0.210-0.308 5 


Vitamins 

Vitamin A (IU/kg) 12,423 ± 4,794 3,600-24,000 26 

Vitamin D (!U/kg) 4,450 ± 1,382 3,000-6,300 4 

a-Tocopherol (ppm) 43.58 ± 6.92 31.1-48.0 5 

Thiamine (ppml 16.7 ± 3.42 12.0-27.0 26 

Riboflavin (ppm) 7.6 ± 0.85 6.10-8.2 5 

Niacin (ppml 97.8 ± 31.68 65.0-150.0 5 

Pantothenic acid (ppm) 30.06 ± 4.31 23.0-34.0 5 

Pyridoxine (ppm) 7.68 ± 1.31 5.60-8.8 5 

Folic acid (ppm) 2.62 ± 0.89 1.80-3.7 5 

Biotin (ppm) 0.254 ± 0.053 0.19-0.32 5 

Vitamin B12 (ppbl 24.21 ± 12.66 10.6-38.0 5 

Choline (ppm) 3,122 ± 416.8 2,400-3,430 5 


Minerals 

Calcium (percent> 1.30 ± 0.13 1.11-1.63 26 

Phosphorus (percent) 0.97 ± 0.05 0.89-1.10 26 

Potassium (percent> 0.900 ± 0.098 0.772-0.971 3 

Chloride (percent) 0.513 ± 0.114 0.380-0.635 5 

Sodium (percent) 0.323 ± 0.043 0.258-0.371 5 

Magnesium (percent) 0.167 ± 0.012 0.151-0.181 5 

Sulfur (percent) 0.304 ± 0.064 0.268-0.420 5 

Iron (ppm) 410.3 ± 94.04 262.0-523.0 5 

Manganese (ppm) 90.29 ± 7.15 81.7-99.4 5 

Zinc(ppm) 52.78 ± 4.94 46.1-58.2 5 

Copper (ppm) 10.72 ± 2.76 8.09-15.39 5 

Iodine (ppm) 2.95 ± 1.05 1.52-3.82 4 

Chromium (ppm) 1.85 ± 0.25 1.44-2.09 5 

Cobalt (ppm) 0.681 ± 0.14 0.490-0.780 4 
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TABLE G4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 

Contaminants 

Arsenic (ppm) 

Cadmium (ppm) 

Lead <ppm) 

Mercury (ppm) (a) 

Selenium (ppm) 

Aflatoxins (ppb) 

Nitrate nitrogen (ppm) (b) 

Nitrite nitrogen {ppm) (b) 

BHA (ppm) (c) 

BHT (ppm) (cl 

Aerobic plate count (CFU/g) (d) 

Coliform (MPN/g) (e) 

E. coli <MPN/g) 

Total nitrosamines (ppbl (f} 

N -N itrosodimethylamine (ppb) (f) 

N-Nitrosopyrrolidine (ppb) (f} 


Pesticides (ppm) 

G-.BHC (a,gl 

f:i-BHC<al 

y .. J3HC-Lindane (a) 

8-BHC<al 

Heptachlor (a) 

Aldrin(aJ 

t leptachlor epoxide (a) 

DDE (al 

DDD (al 

DDT(al 

HCB(al 

Mirex<aJ 

Methoxychlor fal 

D1eldrin (a) 

E:ndrin (a) 

Telodrin (a) 

Cftlordane(a) 

Toxaphene fa) 

Ji:stimated PCBs (a) 

Honnel(a) 

J<:thion(al 

Trithion (a) 

Diazinon (a) 

Methyl parathion (a) 

E:thyl parathion (a) 

Malathion (h) 

r:ndosulfan I (a) 

Endosulfan II (a) 

Endosulfan sulfate (a) 


Mean ± Standard 
Deviation 

0.51 ± 0.15 
<0.10 

0.76 ± 0.63 
<0.05 

0.30 ± 0.07 
<5.0 

8.66 ± 20.15 
2.05 ± 2.04 
4.31 ± 4.70 
2.59 ± 2.53 

40,765 ± 33,607 
46.12 ± 123 

S3.00 
5.16 ± 5.84 
4.13 ± 5.83 
1.03 ± 0.25 

<0.01 
<0.02 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.05 
<0.01 
<0.01 
<0.01 
<0.05 
<0.1 
<0.2 
<0.01 
<0.02 
<0.05 
<0.1 
<0.02 
<0.02 

0.10 ± 0.09 
<0.01 
<0.01 
<0.03 

Range Number of Samples 

0.17-0.77 

0.33-3.37 

0.13-0.42 

0.10-22.00 
0.10-7.10 

2.00-17.00 
1.00-12.00 

4,900-130,000 
3.00-460 

1.70-30.90 
0.80-30.00 
0.81-1.70 

0.05-0.45 

26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 

26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 

(a) All values were less than the detection limit, given in the table as the mean. 
(b) Source of contamination: alfalfa, grains, and fish meal 
(c) Source of contamination: soy oil and fish meal 
(d) CFU =colony-forming unit 
(e) MPN = most probable number 
(f) All values were corrected for percent recovery. 
(g) BHC = hexachlorocyclohexane or benzene hexachloride 
(hJ l<'ourteen lots contained more than 0.05 ppm. 
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APPENDIX H. AUDIT SUMMARY 


The pathology specimens, experimental data, study documents, and draft NTP Technical Report No. 
352 for the 2-year gavage studies of N-methylolacrylamide .in rats and mice were audited for the 
National Institute of Environmental Health Sciences (NIEHS) at the National Toxicology Program 
(NTP) Archives during September and October 1987 by Dynamac Corporation. The laboratory stud
ies were conducted for the NTP by the Battelle Columbus Laboratories, Columbus, OH. Animal expo
sures to the chemical in water by gavage began in April 1982. The full audit report is on file at the 
NIEHS. The audit included a review of: 

( 1) All records concerning animal receipt, quarantine, randomization, and disposition prior to 
study start. 

(2) All inlife records including protocol, correspondence, environmental conditions, dosing, 
masses, mortality, animal identification, and serology. 

( 3) Body weight and clinical observation data for a random 10% sample of animals in each study 
group. 

(4) All chemistry records. 
(5) All postmortem records for individual animals concerning disposition codes, condition codes, 

and correlations between clinical and mass observations recorded during the last 3 months of 
life, necropsy observations, and microscopic diagnoses. 

(6) All wet tissue bags for inventory and wet tissues from a random 20% sample of animals in all 
study groups, plus other relevant cases to verify animal identity and to examine for un
trimmed potential lesions 

(7) Blocks and slides of tissues from a random 20% sample of animals from each study group to 
examine for proper match and inventory 

(8) Comparison of tabulated pathology diagnoses to verify that update changes were made on the 
final pathology tables 

Procedures and events were documented adequately in the archival records with the exception of dis
position of surplus animals, rack changes, temperature, and humidity Review of the in life toxicology 
data and chemistry data revealed no significant discrepancies. Inspection of wet tissues for individ
ual animal identifiers showed that 65176 rats and 68175 mice were identified correctly by their residu
al tissues. The toxicology and pathology study records for the animals with incorrect or incomplete 
identification received further review. The results indicated that 10/11 rats and 4/8 mice did not 
represent misidentification during life or subsequent tissue mixup. The identification discrepancies 
were related to inconsistent saving of the identifiers. Audit of the data records for the remaining one 
rat and four mice contained noncorroborative evidence in the toxicology and/or pathology study rec
ords. Review of the wet tissues identified 12 untrimmed potential lesions in 12176 rats and 12 un
trimmed potential lesions in 11/75 mice examined. The untrimmed potential lesions were distributed 
across groups and appeared in various organs. Review of these findings suggested that resolution of 
these potential lesions would have no impact on the overall study results; therefore, no further action 
was taken. 

In conclusion, the data, documents, and records of the 2-year gavage studies of N-methylolacrylamide 
were considered adequate to support the conclusions presented in the Technical Report. 

N-Methylolacrylamide, NTP TR 352 204 


	TOXICOLOGY AND CARCINOGENESISSTUDIES OFN-METHYLOLACRYLAMIDE(CAS NO. 924-42-5)IN F344/N RATS AND B6C3F1 MICE(GAVAGE STUDIES)
	CONTENTS
	TABLES
	TABLE 1. PREPARATION AND STORAGE OF DOSE MIXTURES IN THE GAVAGE STUDIES OFN-METHYLOLACRYLAMIDE
	TABLE 2. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE THIRTEEN-WEEK GAVAGE STUDIESOF N-METHYLOLACRYLAMIDE
	TABLE 3. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES OF N-METHYLOLACRYLAMIDE
	TABLE 4. RESULTS OF REFEREE ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGESTUDIES OF N-METHYLOLACRYLAMIDE
	TABLE 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIESOF N-METHYLOLACRYLAMIDE
	TABLE 6. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE SIXTEEN-DAY GAVAGE STUDIES OF N-METHYLOLACRYLAMIDE
	TABLE 7. NUMBERS OF RATS WITH SELECTED LESIONS IN THE SIXTEEN-DAY GAVAGE STUDIESOF N-METHYLOLACRYLAMIDE
	TABLE 8. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK GAVAGESTUDIES OF N-METHYLOLACRYLAMIDE
	TABLE 9. ORGAN WEIGHT TO BODY WEIGHT RATIOS FOR RATS IN THE THIRTEEN-WEEK GAVAGE STUDZES OF N-METHYLOLACRYLAMIDE
	TABLE 10. FORELIMB AND HIND LIMB GRIP STRENGTH FOR RATS IN THE THIRTEEN-WEEKGAVAGE STUDIES OF N-METHYLOLACRYLAMIDE
	TABLE 11. AUDITORY STARTLE RESPONSE AND LANDING FOOT SPREAD FOR RATS IN THETHIRTEEN-WEEK GAVAGE STUDIES OF N-METHYLOLACRYLAMIDE
	TABLE 12. NUMBER OF RATS WITH NERVOUS SYSTEM LESIONS IN THETHIRTEEN-WEEK GAVAGE STUDIES OF N-METHYLOLACRYLAMIDE
	TABLE 13. MEAN BODY WEIGHTS OF RATS IN THE TWO-YEAR GAVAGE STUDIES OFN-METHYLOLACRYLAMIDE
	TABLE 14. SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF N-METHYLOLACRYLAMIDE
	TABLE 15. SURVIVAL AND MEAN BODY WEWHTS OF MICE IN THE SIXTEEN-DAY GAVAGE STUDIES OF N-METHYLOLACRYLAMIDE
	TABLE 16. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEEK GAVAGESTUDIES OF N-METHYLOLACRYLAMIDE
	TABLE 17. ORGAN WEIGHT TO BODY WEIGHT RATIOS FOR MICE IN THE THIRTEEN-WEEK GAVAGESTUDIES OF N-METHYLOLACRYLAMIDE
	TABLE 18. FORELIMB AND HIND LIMB GRIP STRENGTH FOR MICE IN THE THIRTEEN-WEEKGAVAGE STUDIES OF N-METHYLOLACRYLAMIDE
	TABLE 19. AUDITORY STARTLE RESPONSE FOR MICE IN THE THIRTEEN-WEEK GAVAGE STUDIESOF N-METHYLOLACRYLAMIDE
	TABLE 20. ROTAROD PERFORMANCE FOR MICE IN THE THIRTEEN-WEEK GAVAGE STUDIES OFN-METHYLOLACRYLAMIDE
	TABLE 21. MEAN BODY WEIGHTS OF MICE IN THE TWO-YEAR GAVAGE STUDIES OF N-METHYLOLACRYLAMIDE
	TABLE 22. SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES OFN-METHYLOLACRYLAMIDE
	TABLE 23. HARDERIAN GLAND LESIONS IN MICE IN THE TWO-YEAR GAVAGE STUDIES OF N-METHYLOLACRYLAMIDE
	TABLE 24. HEPATOCELLULAR TUMORS IN MICE IN THE TWO-YEAR GAVAGE STUDIES OFN-METHYLOLACRYLAMIDE
	TABLE 25. ALVEOLAR/BRONCHIOLAR TUMORS IN MICE IN THE TWO-YEAR GAVAGE STUDIES OF N-METHYLOLACRYLAMIDE
	TABLE 26. BENIGN OVARIAN GRANULOSA CELL TUMORS IN FEMALE MICE IN THE TWO-YEARGAVAGE STUDY OF N-METHYLOLACRYLAMIDE
	TABLE 28. INDUCTION OF SISTER-CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLSBY N-METHYLOLACRYLAMIDE
	TABLE 29. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLSBY N-METHYLOLACRYLAMIDE
	TABLE 27. MUTAGENICITY OF N-METHYLOLACRYLAMIDE IN SALMONELLA TYPHlMURlUM
	TABLE 30. INCIDENCE OF MICRONUCLEI IN BONE MARROW POLYCHROMATIC ERYTHROCYTES OFMALE B6C3F1 MICE EXPOSED TO N-METHYOLACRYLAMIDE

	FIGURES
	FIGURE 1. INFRARED ABSORPTION OF N-METHYLOLACRYLAMIDE (LOT NO. 1-45-000) 
	FIGURE 2. NUCLEAR MAGNETIC RESONANCE SPECTRUM OF N-METHYLOLACRYLAMIDE (LOT NO. 1-45-000)  
	FIGURE 3. GROWTH CURVES FOR RATS ADMINISTEREDN-METHYLOLACRYLAMIDE IN WATER BY GAVAGE FOR TWO YEARS
	FIGURE 4. KAPLAN-MEIER SURVIVAL CURVES FOR RATS ADMINISTEREDN-METHYLOLACRYLAMIDE IN WATER BY GAVAGE FOR TWO YEARS
	FIGURE 5. GROWTH CURVES FOR MICE ADMINISTEREDN-METHYLOLACRYLAMIDE IN WATER BY GAVAGE FOR TWO YEARS
	FIGURE 6. KAPLAN-MEIER SURVIVAL CURVES FOR MICE ADMINISTEREDN-METHYLOLACRYLAMIDE IN WATER BY GAVAGE FOR TWO YEARS


	ABSTRACT
	EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY
	CONTRIBUTORS
	PEER REVIEW PANEL
	SUMMARY OF PEER REVIEW COMMENTS
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	III. RESULTS
	RATS
	MICE
	GENETIC TOXICOLOGY

	IV. DISCUSSION AND CONCLUSIONS
	V. REFERENCES
	APPENDIXES
	APPENDIX A SUMMARY OF LESIONS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE
	TABLE A1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE
	TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGESTUDY OF N-METHYLOLACRYLAMIDE
	TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE
	TABLE A4a. HISTORICAL INCIDENCE OF INTEGUMENTARY SYSTEM TUMORS IN CONTROL MALEF344/N RATS
	TABLE A4b. HISTORICAL INCIDENCE OF TESTICULAR INTERSTITIAL CELL TUMORS IN CONTROLMALE F344/N RATS
	TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE

	APPENDIX B SUMMARY OF LESIONS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE
	TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEARGAVAGE STUDY OF N-METHYLOLACRYLAMIDE
	TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE
	TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDYOF N-METHYLOLACRYLAMIDE
	TABLE B4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE

	APPENDIX C SUMMARY OF LESIONS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE
	TABLE C1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE
	TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE
	TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE
	TABLE C4a. HISTORICAL INCIDENCE OF HARDERIAN GLAND TUMORS IN CONTROL MALE B6C3F1MICE
	TABLE C4b. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN CONTROL MALE B6C3F1MICE
	TABLE C4c. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR TUMORS IN CONTROL MALEB6C3F1 MICE
	TABLE C4d. HISTORICAL INCIDENCE OF FORESTOMACH SQUAMOUS CELL TUMORS IN CONTROL MALE B6C3F1 MICE
	TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE

	APPENDIX D SUMMARY OF LESIONS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE
	TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEARGAVAGE STUDY OF N-METHYLOLACRYLAMIDE
	TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE
	TABLE D3. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDYOF N-METHYLOLACRYLAMIDE
	TABLE D4a. HISTORICAL INCIDENCE OF HARDERIAN GLAND TUMORS IN CONTROL FEMALEB6C3F1 MICE
	TABLE D4b. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN CONTROL FEMALE B6C3F1MICE
	TABLE D4c. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR TUMORS IN CONTROL FEMALEB6C3F1 MICE
	TABLE D4e. HISTORICAL INCIDENCE OF FORESTOMACH SQUAMOUS CELL TUMORS IN CONTROLFEMALE B6C3F1 MICE
	TABLE D4d. HISTORICAL INCIDENCE OF OVARIAN GRANULOSA CELL TUMORS IN CONTROL FEMALE B6C3F1 MICE
	TABLE D4f. HISTORICAL INCIDENCE OF ANTERIOR PITUITARY GLAND TUMORS IN CONTROLFEMALE B6C3F1 MICE
	TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THETWO-YEAR GAVAGE STUDY OF N-METHYLOLACRYLAMIDE

	APPENDIX E SENTINEL ANIMAL PROGRAM
	TABLE E1. MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE TWO-YEAR GAVAGE STUDIES OF N-METHYLOLACRYLAMIDE

	APPENDIX FBEHAVIORAL TESTING PROCEDURES
	APPENDIX G INGREDIENTS, NUTRIENT COMPOSITION, AND CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION
	TABLE G1. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION
	TABLE G2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION
	TABLE G3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION
	TABLE G4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION

	APPENDIX HAUDIT SUMMARY




