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NOTETOTHEREADER 


This study was performed under the direction of the National Institute of Environmental Health Sci- 
ences as a function of the National Toxicology Program. The studies described in this Technical Re- 
port have been conducted in compliance with NTP chemical health and safety requirements and must 
meet or exceed all applicable Federal, state, and local health and safety regulations. Animal care and 
use were in accordance with the U.S. Public Health Service Policy on Humane Care and Use of Ani- 
mals. All NTP toxicology and carcinogenesis studies are subjected to a data audit before being pre- 
sented for public peer review. 

Although every effort is made to prepare the Technical Reports as accurately as possible, mistakes 
may occur. Readers are requested to identify any mistakes so that corrective action may be taken. 
Further, anyone who is aware of related ongoing or published studies not mentioned in this report is 
encouraged to make this information known to the NTP. Comments and questions about the 
National Toxicology Program Technical Reports on Toxicology and Carcinogenesis Studies should be 
directed to Dr. J.E. Huff, National Toxicology Program, P.O. Box 12233,Research Triangle Park, NC 
27709 (919-541-3780). 

These NTP Technical Reports are available for sale from the National Technical Information Service, 
U.S.Department of Commerce, 5285Port Royal Road, Springfield, VA 22161 (703-487-4650). Single 
copies of this Technical Report are available without charge (and while supplies last) from the NTP 
Public Information Office, National Toxicology Program, P.O. Box 12233,Research Triangle Park, 
NC 27709. 
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DIMETHY L METHYLPHOSPHONATE 

CAS No. 756-79-6 

C3H903P Molecular weight 124.1 

Synonyms: Fyrol DMMP; Methyl phosphonic acid, dimethyl ester; DMMP; 
Methanephosphonic acid dimethyl ester; Dimethyl methanephosphonate 

ABSTRACT 

Dimethyl methylphosphonate (98% pure) is one of four chemicals nominated by the U S .  Army for 
toxicology and carcinogenesis studies because it was being considered for use to simulate the physical 
and spectroscopic (but not the biologic) properties of anticholinesterase (nerve) agents. Dimethyl 
methylphosphonate is also used as a flame retardant, a preignition additive for gasoline, an antifoam 
agent, a plasticizer and stabilizer, a textile conditioner and antistatic agent, and an  additive for sol-
vents and low-temperature hydraulic fluids. The United States produces 0.2-2 million pounds 
(91,000-910,000 kg) of dimethyl methylphosphonate per year. Gavage was chosen as the route of ad- 
ministration for all four candidate “simulants” to mimic potential oral exposure. 

Experimental Design: Dimethyl methylphosphonate was administered in corn oil by gavage to male 
and female F344/N rats and B6C3F1 mice in single-administration, 15-day, and 13-week studies to 
obtain toxicity data, to establish dose levels for the 2-year studies, and to identify target tissues. Ad- 
ditional studies were also performed to determine toxicity to the reproductive system of male F344/N 
rats and B6C3F1 mice and to study the potential for genetic damage in bacteria, mammalian cells, 
and Drosophila. 

Single-Administration Studies: In the single-administration studies, dimethyl methylphosphonate 
was given to rats and mice at doses up to 6,810 mg/kg body weight. No compound-related deaths were 
seen in male or female rats or male mice; two high dose female mice died. Rats exhibited inactivity, 
unsteady gait, and prostration after dosing; mice were inactive after dosing. 

Fifteen-Day Studies: Rats and mice received doses of 0, 1,250, 2,500, 5,000, 10,000, or 15,000 mg/kg 
dimethyl methylphosphonate per day. Compound-related deaths occurred in the three highest dose 
groups of rats and the two highest dose groups of mice. Rats receiving doses of 2,500 mg/kg or higher 
were inactive and a t  5,000 or 10,000 mg/kg had an unsteady gait after dosing; mice exhibited inac- 
tivity, shallow breathing, and prostration a t  doses of 10,000 mg/kg and higher. No lesions were re- 
ported in rats. Nonneoplastic lesions of the stomach were seen in some male mice at doses of 1,250 
mg/kg and higher and in some female mice a t  doses of 5,000 mg/kg and higher. 

Thirteen-Week Studies: Dimethyl methylphosphonate was given at  doses up to 8,000 mg/kg per day. 
Compound-related deaths occurred at  2,000, 4,000, and 8,000 mg/kg in rats and at  4,000 and 8,000 
mg/kg in mice. Mean body weights of rats a t  1,000 mg/kg and mice at  2,000 mg/kg were similar to 
those of the vehicle controls; decreased weight gain was seen at  higher doses. No compound-related 
clinical signs were reported. Minimal to mild renal and testicular lesions were seen a t  all doses in 
male rats, but the severity of these lesions did not increase with increasing dose of the chemical. No 
apparent target tissues were identified in female rats or male and female mice. 
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Doses selected for the 2-year studies were based on body weight effects and mortality seen in the 13-
week studies; the lesions seen in the kidney of male rats a t  the end of the 13-week studies were judged 
not to be life threatening. In the 2-year studies, dimethyl methylphosphonate was administered in 
corn oil by gavage at doses of 0,500, or 1,000 mg/kg per day to groups of 50 F344/N rats of each sex 
and at 0, 1,000, or 2,000 mg/kg per day to groups of 50 B6C3F1 mice of each sex. All animals were 
dosed 5 days per week for 103 weeks. 

Body Weight and Survival in the Two-year Studies: Mean body weights of high dose male rats were 
5%-10%lower than those of the vehicle controls between weeks 28 and 76 and were 10%-24%lower 
between weeks 80 and 104. Mean body weights of high dose female rats were 8%-12%lower than 
those of the vehicle controls after week 80. Survival of male rats was greater than 50%in all groups 
until week 80, and after this time, survival decreased in both dose groups, with the survival a t  the 
end of the study being 27/50 in vehicle control, 17/50 in low dose, and 4/50 in high dose groups. Sur- 
vival of low docie female rats was comparable to that of the vehicle controls, but final survival of high 
dose female rats was decreased (vehicle control, 30150; low dose, 33/50; high dose, 23/50). No other 
compound-related clinical signs were observed. 

Mean body weights of high dose male mice were 7%-16%lower than those of the vehicle control males 
between weeks 36 and 76, and those of high dose female mice were 6%-12%lower between weeks 88 
and 103. Decreased survival between weeks 23 and 45 in high dose male mice was associated with 
fighting. Seventeen high dose male and 22 high dose female mice died during week 45; these deaths 
were associated with the accidental administration of a dose mixture that had a concentration 34% 
greater than the targeted amount. Eleven low dose male mice died on the same day during week 77. 
By the end of the study, 29/50 vehicle control, 12/50 low dose, and 0/50 high dose male mice were 
alive; 41/50,30/50, and 2/50 female mice survived to the end of the study. 

Renal Effects in the Two-year Studies: Administration of dimethyl methylphosphonate to male rats 
increased the average severity of nephropathy and caused mineralization (calcification) of the collect- 
ing tubules in the renal papilla (12/50; 41/50; 36/49), hyperplasia of the transitional epithelium lining 
the renal pelvis and overlying the renal papilla 10/50; 23/50; 21/49), and focal hyperplasia of the renal 
tubular epithelium (0/50; 8/50; 9/49). Administration of dimethyl methylphosphonate to male rats 
was also associated with the occurrence of rare renal tubular cell adenocarcinomas (0150; 2/50; 3/49) 
and papillomas of the transitional epithelium lining the renal pelvis (0/50; 7/50; 3/49); a transitional 
cell carcinoma occurred in a low dose male rat. There were no tubular cell or transitional cell neo- 
plasms of the kidney in female rats. 

Hematopoietic System Effects in the Two-year Studies: The incidence of mononuclear cell leukemia 
was increased in high dose male rats (10/50; 11/50; 17/50). 

Genetic Toxicity: Dimethyl methylphosphonate was not mutagenic when tested in the Salmonella 
typhimuriumlmicrosome assay by the preincubation protocol with strains TA98, TA100, TA1535, or 
TA1537 with or without metabolic activation. The chemical did induce forward mutations in the 
mouse lymphoma L5178Y/TK+'- assay system in the absence of metabolic activation. Treatment of 
cultured Chinese hamster ovary cells with dimethyl methylphosphonate did not induce chromosomal 
aberrations; however, sister chromatid exchanges were induced after exposure to this chemical in 
both the presence and absence of metabolic activation. When fed to Drosophila, dimethyl methyl- 
phosphonate induced a significant increase in the frequency of sex-linked recessive lethal mutations 
but did not induce reciprocal translocations. Dimethyl methylphosphonate caused a dominant lethal 
effect in male rats and mice. 

Studies of Reproductive Effects: Dimethyl methylphosphonate caused a dose-related increase in the 
number of fetal resorptions in undosed female rats and mice mated with males that received the 
chemical by gavage in water 5 days per week for 13 weeks at  doses of 0-2,000 mg/kg per day. After 
the 13-week dosing period, histopathologic changes were seen in the kidney and testis of male rats 

Dimethyl Methylphosphonate, NTP TR 323 4 



but not in male mice; dosed male rats sired fewer litters and fewer pups per litter. Dose-related de- 
creases in sperm count and sperm motility occurred in male rats but not in male mice. Toxic effects to 
the reproductive system of male rats and mice were reversible after a 13-to 14-week recovery period. 

Data Audit: An audit of the experimental data was conducted for the 2-year studies on dimethyl 
methylphosphonate. No data discrepancies were found that influenced the final interpretations. 

Conclusions: Under the conditions of these 2-year gavage studies, there was some evidence of carcino-
genic activity* of dimethyl methylphosphonate for male F344/N rats as shown by increased incidences 
of tubular cell hyperplasia, tubular cell adenocarcinomas, hyperplasia of the transitional cell epithe- 
lium, and transitional cell papillomas of the kidney. There was an  increased incidence of mono- 
nuclear cell leukemia in male rats at 1,000 mg/kg. Renal toxicity and decreased survival occurred in 
dosed male rats. There was no evidence of carcinogenic activity of dimethyl methylphosphonate for fe- 
male F344/N rats given doses of 500 or 1,000 mg/kg. The study in male B6C3F1 mice was an  inude-
quate study of carcinogenic activity because of decreased survival in both dosed groups. There was no 
evidence of carcinogenic activity for female B6C3F1 mice receiving dimethyl methylphosphonate at 
1,000 mg/kg; decreased survival of female mice a t  2,000 mg/kg made this group inadequate for deter- 
mination of carcinogenic activity. 

SUMMARY OF THE TWO-YEAR GAVAGE AND GENETIC TOXICOLOGY STUDIES OF DIMETHYL 
METHYLPHOSPHONATE 

Male F344M Ra t s  Female F344/N Rats Male B6C3F1 Mice Female B6C3F1 Mice 

Doses 
0,500, or 1,000mg/kg 0,500,or 1,000mg/kg 0,1,00O,or2,000mg/kg 0,1,000,or 2,000mg/kg 
dimethyl methylphosphonate dimethyl methylphosphonate dimethyl methylphosphonate dimethyl methylphosphonate 
in corn oil in corn oil in corn oil in corn oil 

Nonneoplastic effects 
Renal tubular cell hyper- None None None 
plasia; renal transitional cell 
hyperplasia 

Neoplastic effects 
Renal tubular cell adenocar- None None None 
cinomas; renal transitional 
cell papillomas 

Level of evidence of carcinogenic activity 
Some evidence No evidence Inadequate study No evidence 

Other considerations _ _  Reduced survival of 
dosedgroups 

Genetic toxicology 
Not mutagenic in S. typhimurium strains TA98,TA100, TA1535,or TA1537 with or without metabolic activation. Induced 
forward mutations in the mouse lymphoma L5178YmK”- assay system in the absence of metabolic activation. Did not induce 
chromosomal aberrations in cultured CHO cells. SCEs significantly increased in both presence and absence of metabolic ac- 
tivation. Induced significant increase in frequency of sex-linked recessive lethal mutations in Drosophila. Caused dominant 
lethal effect in male rats and mice. 

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 6. 

A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 10. 
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY 

These studies are designed and conducted to characterize and evaluate the toxicologic potential, including carcinogenic activity, of selected 
chemicals in laboratory animals (usually two species, rats and mice). Chemicals selected for NTP toxicology and carcinogenesis studies are 
chosen primarily on the bases of human exposure, level of production, and chemical structure. Selection per se is not a n  indicator of a 
chemical’s carcinogenic potential. 
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 dem- 
onstrate that  a chemical is carcinogenic for laboratory animals under the conditions ofthe study and indicate that exposure to the chemical 
has the potential for hazard to humans. 

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the evi- 
dence for conclusions regarding each study. 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 laboratory animals requires a wider analysis that  extends beyond the purview ofthese studies. 

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

Clear Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a dose-related (i) increase 
of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked increase of benign neo- 
plasms if there is an  indication from this or other studies ofthe 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 in- 
creased incidence of neoplasms (malignant, benign, or combined) in which the strength ofthe response is less than that required for 
clear evidence. 
Equivocal Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as  showing a marginal increase of 
neoplasms that may be chemically related. 
No Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as  showing no chemically related in- 
creases in malignant or benign neoplasms. 

0 	 Inadequate  S tudy  of Carcinogenic Activity is demonstrated by studies that because of major qualitative or quantitative limita- 
tions cannot be interpreted as  valid for showing either the presence or absence of carcinogenic activity. 

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

The adequacy ofthe experimental design and conduct; 

0 Occurrence of common versus uncommon neoplasia; 

0 Progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic lesions; 

0 Some benign neoplasms have the capacity to regress but others (of the same morphologic type) 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 be- 
nign 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 organ or tissue; 


0 Latency in tumor induction; 

0 Multiplicity in site-specific neoplasia; 


Metastases; 

0 Supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments (same lesion in 


another sex or species); 

0 The presence or absence ofdose relationships; 


The statistical significance ofthe observed tumor increase; 

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

0 Survival-adjusted analyses and false positive or false negative concerns; 

0 Structure-activity correlations; and 

0 In some cases, genetic toxicology. 


These considerations together with the definitions as  written should be used as composite guidelines for selecting one of the five categories. 
Additionally, the following concepts (as patterned from the International Agency for Research on Cancer Monographs) have been adopted 
by the NTP to give further clarification of these issues: 

The term chemical carcinogenesis generally means the induction by chemicals of neoplasms not usually observed, the induction by 
chemicals of more neoplasms than are generally found, or the earlier induction by chemicals of neoplasms that are commonly observed. 
Different mechanisms may be involved in these situations. Etymologically, the term carcinogenesis means induction of cancer, that is, 
of malignant neoplasms; however, the commonly accepted meaning is the induction ofvarious types ofneoplasms or of a combination of 
malignant and benign neoplasms. In the Technical Reports, the words tumor and neoplasm are used interchangeably. 
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SUMMARY OF PEER REVIEW COMMENTS 

ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 


DIMETHYL METHYLPHOSPHONATE 


On August 19, 1986, the draft Technical Report on the toxicology and carcinogenesis studies of 
dimethyl methylphosphonate received peer review by the National Toxicology Program Board of Sci-
entific Counselors’ Technical Reports Review Subcommittee and associated Panel of Experts. The 
meeting was held at the National Institute of Environmental Health Sciences, Research Triangle 
Park, North Carolina. 

Dr. J.K.Dunnick, NTP, introduced the studies by reviewing the experimental design, results, and 
proposed conclusions (some evidence of carcinogenic activity for male rats; no evidence of carcino- 
genic activity for female rats; inadequate study of carcinogenic activity for male mice; no evidence of 
carcinogenic activity for female mice). 

Dr. Crowley, a principal reviewer, agreed with the conclusions for male and female rats and male 
mice. He proposed that the conclusion for female mice be changed to inadequate study of carcinogenic 
activity based on there being reasonable survival only in the low dose group. Dr. Popp said that since 
there was one valid dose group, he thought the study was adequate. 

As a second principal reviewer, Dr. Purchase commented that the substantial reduction in body 
weight and survival in high dose male rats indicated that the dose was excessive and made the find- 
ings diffkult to interpret. Regarding mononuclear cell leukemia in male rats, he said that it would be 
appropriate to analyze stage-1 and stage-2 (nonlethal) leukemia by the incidental tumor test and to 
analyze stage-3 (lethal) leukemia by the life table test. Dr. J. Haseman, NIEHS, said such analyses 
were done but because most of the leukemia was stage 3, this analysis gave results similar to those 
obtained for the life table test. Further, he noted that the kidney lesions rather than the leukemia 
were the primary basis for the conclusion of some evidence of carcinogenic activity in male rats. 

As a third principal reviewer, Dr. Gallo agreed with the conclusions as written. He thought that 
there could be some expanded discussion of the hypothesis regarding chemically induced renal lesions 
in male rats and increased renal tubular levels of a-2-microglobulin. [Seepage 57.1 

Dr.Crowley moved that the Technical Report on dimethyl methylphosphonate be accepted with the 
conclusion as written for male rats (some evidence of carcinogenic activity). Dr. Hooper seconded the 
motion, and it was approved unanimously with eight votes. Dr. Crowley then moved for acceptance of 
the conclusion as written for female rats (no evidence of carcinogenic activity) and of the conclusion as 
written for male mice (inadequate study of carcinogenic activity). Dr. Hooper seconded both motions, 
and they were approved unanimously with eight votes. Dr. Crowley moved that the conclusion for fe- 
male mice, no evidence of carcinogenic activity, be changed to inadequate study of carcinogenic ac- 
tivity. Dr. Chinchilli seconded the motion, which failed by six votes to two (Dr. Chinchilli and Dr. 
Crowley). Dr. Mirer moved that the conclusion as written be amended to state that higher doses 
might have been tolerated. Dr. Hooper seconded that motion, which failed by seven votes to one (Dr. 
Mirer). Dr. Purchase moved that the conclusion for female mice be accepted as written. Dr. Popp 
seconded the motion, and it was approved by five reviewers with three dissenting (Dr. Chinchilli, Dr. 
Crowley, and Dr. Mirer). 

Dimethyl Methylphosphonate, NTP TR 323 10 



CONTRIBUTORS 


The NTP Technical Report on the Toxicology and Carcinogenesis Studies of Dimethyl Methylphos- 
phonate is based on the first 13-week studies that began in December 1979and ended in March 1979, 
the second 13-week studies (rats) that began in August 1980 and ended in November 1980, and the 
2-year studies that began in July 1981 (rats)or November 1981(mice) and ended in July 1983(rats) 
or November 1983(mice)at Litton Bionetics, Inc. 

National Toxicology Program 

(Evaluated Experiment, Interpreted Results, and Reported Findings) 


June K. Dunnick, Ph.D., Chemical Manager 

Jack Bishop, Ph.D. E.E. McConnell, D.V.M. 
Scot L. Eustis, D.V.M., Ph.D. John Mennear, Ph.D. 
Joseph K. Haseman, Ph.D. G.N. Rao,D.V.M.,Ph.D. 
James Huff, Ph.D. B.A. Schwetz, D.V.M., Ph.D. 
C.W. Jameson, Ph.D. James K. Selkirk, Ph.D. 

NTP Pathology Working Group 

(Evaluated Slides and Prepared Pathology Report for Rats on 9/18/85) 


Frank Voelker, D.V.M. (Chair) Daniel Gould, D.V.M., Ph.D. 
Pathology Associates, Inc. Colorado State University 

Mudher Albassam, D.Y.M., Ph.D. LeRoy Hall, D.V.M., Ph.D. (NTP) 
Alberta Environmental Center Katsuhiko Yoshitomi, D.V.M., Ph.D. 

Gary A. Boorman, D.V.M., Ph.D. (NTP) NTP 
William Castleman, D.V.M., Ph.D. 

Cornel1 University 

NTP Pathology Working Group 
(Evaluated Slides and Prepared Pathology Report for Mice on 1/15/85) 

William C. Hall, V.M.D., Ph.D. (Chair) LeRoy Hall, D.V.M., Ph.D. (NTP) 
Pathology Associates, Inc. Kunitoshi Mitsumori, D.V.M., Ph.D. 

Gary A. Boorman, D.V.M., Ph.D. (NTP) NTP 
Richard Cardy, D.V.M. Jeffrey Wilson, B.V.Sc., M.%. 

Litton Bionetics, Inc. (Observer) NTP 

Principal Contributors at Litton Bionetics, Inc. 
(Conducted Studies and Evaluated Tissues) 

A. Manus, D.V.M., Principal Investigator J. Fitzgerald, Ph.D. 
R. Cardy, D.V.M., Pathologist Chemist 

Principal Contributors at Experimental Pathology Laboratories, Inc. 
(Provided Pathology Quality Assurance) 

Melvin Hamlin, D.V.M. (for rats) J. Hardisty, D.V.M. (for mice) 
J. Gauchat, Pathology Coordinator 

Principal Contributors at Carltech Associates, Inc. 
(Contractor for Technical Report Preparation) 

William D. Theriault, Ph.D. John Warner, M.S. 
Project Manager ChemistlStatistician 

Abigail C. Jacobs, Ph.D. 
Senior Scientist 

11 Dimethyl Methylphosphonate, NTP TR 323 



Dimethyl Methylphosphonate, NTP TR 323 12 



I. INTRODUCTION 

Use and Production 
Worker Exposure and Environmental Fate 
Studies in Animals 
Genetic Toxicity 
Study Rationale 

13 Dimethyl Methylphosphonate, NTP TR 323 



I. INTRODUCTION 
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DIMETHYL METHYLPHOSPHONATE 

CAS NO. 756-79-6 

C3H903P Molecular weight 124.1 

Synonyms: Fyrol DMMP; Methyl phosphonic acid, dimethyl ester; DMMP; 
Methanephosphonic acid dimethyl ester; Dimethyl methanephosphonate 

Use and Production 

Dimethyl methylphosphonate is used as a flame 
retardant (Fyrol DMMP) in epoxy resins, acrylic 
latexes, unsaturated polyesters, urethane coat- 
ings, urethane rigid foam, and vinyl copolymers 
because it is a good solvent with low viscosity. 
Dimethyl methylphosphonate is used as a preig-
nition additive for gasoline, an antifoam agent, a 
plasticizer and stabilizer, a textile conditioner, 
and an  antistatic agent and as  a n  additive to 
solvents and low-temperature hydraulic fluids; 
it is also used in heavy metal extraction and 
solvent separation (Kirk-Othmer, 1980; USEPA, 
1983a). Dimethyl methylphosphonate has been 
used experimentally as a nerve gas simulant to 
mimic the physical and spectroscopic (but not 
the biologic) properties of anticholinesterase 
agents (U.S. Naval Surface Weapons Center, 
1982; Jones et al., 1948). The U.S. production 
range for dimethyl methylphosphonate in 1977 
was 0.2-2 million pounds (91,000-910,000 kg). 
Dimethyl methylphosphonate  is made by 
molecular rearrangement of trimethyl phos- 
phite, which is catalyzed by a halogenated or- 
ganic compound (USEPA, 1983a). Some proper- 
ties of dimethyl methylphosphonate are summa- 
rized in Table 1. 

Worker Exposure and Environmental 
Fate 

No information is available on worker exposure 
to dimethyl methylphosphonate during the pro- 
duction process. Dimethyl methylphosphonate 
was identified in a liquid waste lagoon (Guze- 
wich et al., 1983).The average half-life in soil is 

estimated a t  12 days and in water a t  1-30 weeks, 
depending on temperature and initial concentra- 
tion (USEPA, 1983b). 

Studies in Animals 

The acute oral LD50 value is estimated a t  great- 
er than 3,000 mg/kg for rats and greater than 
6,000 mg/kg for mice. The compound is a n  irri- 
tant to the skin and eyes of rabbits (USEPA, 
1983b). 

Male F344/N rats and B6C3F1 mice adminis- 
tered dimethyl methylphosphonate by gavage in 
water, 5 days per week for 13 weeks at  doses of 0, 
250, 500, 1,000, or 2,000 mg/kg, showed dose- 
related toxicity to the reproductive system (Dun- 
nick et al., 1984a,b; Chapin et al., 1984); a domi- 
nant lethal effect (increased fetal resorptions) 
was seen after male rats and mice, dosed for 13 

TABLE 1. SOME PHYSICAL PROPERTIES OF 

DIMETHYL METHYLPHOSPHONATE (a) 


Boiling point 
Melting point 
Density
Solubility in water 
Index of refraction (nD) 
Flash point, Cleveland open cup 
Fire point, Cleveland open cup 
Viscosity (centistokes) 

77" F 

100"F 

210°F 


Vapor pressure (torr) 
10"-65°C 

181"C at 754 mm Hg
43O c 
1.I50 g/ml at 20" C 
>300mg/ml
1.4137 at20"C 
220" F 
350"F 

1.81 
1.48 
0.84 

co.1-20 

(a)USEPA,1983b;Mobil Chemical Co.; MRI, 1982,1986 
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weeks, were mated to undosed females. De-
creased body weight gain and histopathologic 
changes (including vacuolization and necrosis of 
the testis and lack of spermatogenesis) were 
seen in male rats but not in male mice at  2,000 
mg/kg. A dose-related decrease in sperm count 
and sperm motility was seen in male rats but not 
in male mice; dosed male rats sired fewer litters 
and fewer pups per litter than did vehicle control 
rats. The kidneys of dosed male rats (but not 
dosed male mice) had varying degrees of tubular 
cell regeneration, hyaline droplet degeneration, 
and cellular infiltrate. Toxicity to the reproduc- 
tive system was reversible after a 13- to 14-week 
recovery period. No metabolism studies have 
been reported in the literature. 

Hoilingshaus et al. (1981) reported no delayed 
neurotoxicity in adult hens after daily intra- 
peritoneal injections of dimethyl methylphos- 
phonate a t  50 mg/kg for 10 days. The NTP is 
currently conducting an  acute neurotoxicity 
study of dimethyl metbylphosphonate in hens, 
in which the chemical is administered by gavage 
a t  the LD50 dose. 

Genetic Toxicity 

Dimethyl methylphosphonate was not muta- 
genic in the Salmonella typhimurium strains 
TA98, TA100, TA1535, or TA1537 in either the 
presence or absence of S9 from Aroclor 1254- 
induced male Sprague Dawley rat  or Syrian 
hamster liver when tested in the standard plate 
incorporation assay (Aerospace Medical Re- 
search Laboratory, 1983) or in a preincubation 
protocol (Appendix E, Table E l ;  Mortelmans et 
al., 1986). Dimethyl methylphosphonate in- 
duced forward mutations in the mouse lympho- 
ma L5178YmK”- assay (Table E2) but not in 
the Chinese hamster ovary (CHO) cell/HGPRT 
assay (Aerospace Medical Research Laboratory, 
1983); both assays were performed in the ab- 
sence of S9. 

In NTP studies, dimethyl methylphosphonate 
induced sister chromatid exchanges (SCEs) in 
CHO cells in the absence of S9 over a concentra- 
tion range of 1.6-11 mg/ml (Table E3). No signif-
icant increases in SCEs were observed at doses 
up to 1 mg/ml in studies sponsored by the Air 

Force. SCEs were also induced in the presence of 
S9 from Aroclor 1254-induced male Sprague 
Dawley rat liver, but only in the concentration 
range of 11-22 mg/ml. Dimethyl methyl-  
phosphonate  did n o t  induce  n e o p l a s t i c  
transformation in the BALB/c 3T3 cell assay 
(Aerospace Medical Research Laboratory, 1983). 

In studies performed by the United States Air 
Force, dimethyl methylphosphonate induced 
chromosomal aberrations in CHO cells a t  the 
highest concentration tested (1 mg/ml) in the ab- 
sence of exogenous metabolic activation (Aero- 
space Medical Research Laboratory, 19831, but 
in NTP studies, it did not induce chromosomal 
aberrations either in the presence or absence of 
Aroclor 1254-induced Sprague Dawley rat  liver 
S9when tested at concentrations up to 22 mg/ml 
(Table E4). 

When tested for mutagenicity in vivo, dimethyl 
methylphosphonate significantly increased the 
frequency of sex-linked recessive lethal muta- 
tions in the germ cells of Drosophila males fed 
23,735 ppm in a 5% sucrose solution (Table E5). 
This procedure did not induce reciprocal translo- 
cations (Table E6). The results with Drosophila 
and the dominant lethal effects seen in rats and 
mice (Dunnick et al., 1984a,b) demonstrate that 
dimethyl methylphosphonate induces chromo- 
somal damage in postmeiotic germ cells. 

Study Rationale 

Dimethyl methylphosphonate was nominated in 
1976 by the U.S.Army for toxicology and carci- 
nogenesis studies because it was being consid- 
ered for use as an anticholinesterase agent simu- 
lant to mimic the physical and spectroscopic (but 
not biologic) properties of these agents. Recent- 
ly, toxicology and carcinogenesis studies have 
been completed on the three other candidate 
simulants nominated for testing by the U.S. 
Army: tris(2-ethylhexy1)phosphate (NTP, 1984), 
dimethyl morpholinophosphoramidate (NTP, 
1986a), and dimethyl hydrogen phosphite (NTP, 
1985a). All four chemicals were administered by 
the same route to facilitate comparison of re- 
sults. Corn oil was chosen as a common vehicle 
because of the potential for hydrolysis in water 
of some of the chemicals in the group. 
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II. MATERIALS AND METHODS 


PROCUREMENT AND 
CHARACTERIZATION OF DIMETHYL 
METHYLPHOSPHONATE 

Dime thy1 me thylphosphona te was obtained in 
five lots from either Edgewood Arsenal or Stauf-
fer Chemical Company (Table 2). All lots were 
obtained as clear colorless liquids. Identity and 
purity determinations were conducted by the 
analytical  chemistry laboratory (Midwest 
Research Institute, MRI). (MRI reports on the 
analyses performed in support of the dimethyl 
methylphosphonate s tud ies  a r e  on f i le  a t  
NIEHS.) The infrared, ultraviolet/visible, and 
nuclear magnetic resonance spectra of all lots 
were consistent with the spectra expected for the 
structure of dimethyl methylphosphonate (rep- 
resentative spectra presented in Figures 1 and 
2). Purity of all lots studied was determined by 
elemental analysis, Karl Fischer water analysis, 
thin-layer chromatography, and gas chromatog- 
raphy. Thin-layer chromatography was per- 
formed with silica gel plates with iodine vapor 
visualization and a mobile phase of either ace- 
tone (100%) or methanol (100%). Gas chroma-
tographic analysis was performed with flame 
ionization detection on either a 10% Carbowax 
2OM-TPA column ( s y s t e m  1) or a 20% 
SP2100/0.1% Carbowax 1500column (system 2). 
Results of the purity analyses are presented in 
Table 3. 

Stability studies with the gas chromatographic 
system described above for system 1 indicated 
that dimethyl methylphosphonate was stable as 

a bulk chemical when kept for 2 weeks at  temp- 
eratures of up to 60" C. Further confirmation of 
the stability of the bulk chemical during the tox- 
icity studies (storage a t  20" C)was obtained by 
gas chromatographic analysis with the same col- 
umn as that described above for system 2. No 
deterioration was seen over the course of the 
studies. Identity of the chemical a t  the study 
laboratory was confirmed by infrared spectros- 
COPY* 

PREPARATION AND 
CHARACTERIZATION OF DOSE 
MIXTURES 

Dimethyl methylphosphonate was mixed with 
corn oil as described in Table 4. Studies con- 
ducted by the study laboratory indicated that 
the preparation of homogeneous dose mixtures 
required both blending with a Polytron@ mixer 
and mechanical stirring and that dose mixtures 
could be resuspended adequately by handmixing 
and stirring with a magnetic stirrer. The ana- 
lytical chemistry laboratory conducted stability 
studies of dose mixtures by gas chromatography 
with the same column as that described above 
for system 1. The results of this study indicated 
that dimethyl methylphosphonate a t  0.6% in 
corn oil is stable when stored a t  room temp- 
erature for up to 7 days. A subsequent stability 
study performed at the study laboratory indi- 
cated that dimethyl methylphosphonatekorn oil 
mixtures are stable for 14 days under refrigera- 
tion. In the 2-year studies, dose mixtures were 
stored at 4" C for no longer than 13 days. 

TABLE 2. IDENTITY AND SOURCE OF LOTS USED IN THE GAVAGE STUDIES OFDIMETHYL 
METHYLPHOSPHONATE 

Single-Administration
Studies 

Fifteen-Day
Studies 

First Thirteen- 
Week Studies 

Second Thirteen- 
Week Studies 

Two-year
Studies 

Lot Numbers 
EA1 13077 EA113077 EA113077 4182-2 41 82-2; L1 2038 1; 1 1 14L-6-1; 

1114L-2-1 
Date of Initial Use 
8/2/78 Rats--8131/78;

mice--9/18i78 
12/29/78 (118179 for 8/29/80
the 8,000 mg/kg mice) 

4182-2,7116181; L120381,1/82; 
1114L-6-1,9/82; 1114L-2-1,10/83 

Supplier
Edgewood Arsenal, 
Aberdeen Proving 
Ground, Aberdeen, 
MD 

Same as single- 
administration 
studies 

Same as single- 
administration 
studies 

Same as single- 
administration 
studies 

Same as single-administration 
studies; or Stauffer Chemical Co., 
Westport,CT (lot nos. 
11146L-6-1 and 1114L-2-1) 
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TABLE 3. RESULTS O F  PURITY ANALYSIS O F  LOTS USED IN THE GAVAGE STUDIES OF 
DIMETHYL METHYLPHOSPHONATE 

Determined Purity Percent  Total Impurit ies 
Lot Number (percent) Percent  Water System 1 (a) System 2 (b) 

EA113077 >98 0.11 1.5 0.5 

4182-2 - 98 0.25 1.35 2.01 

1114L-6-1 >99 0.04 0.48 0.47 

1114L-2-1 - 99 0.06 1.1 1.1 


(a)A 10% Carbowax 2OM-TPA column 
(b)A 20% SP2100/0.1% Carbowax 1500 column 

TABLE 4. PREPARATION AND STORAGE O F  DOSE MIXTURES IN THE GAVAGE STUDIES OF 
DIMETHYL METHYLPHOSPHONATE 

Single-Administration Fifteen-Day First  Thirteen- Second Thirteen- Two-year
Studies Studies Week Studies Week Studies Studies 

Prepara t ion
Agitated in test tube; Dimethyl Mixed in a graduated Appropriate amount of corn Dimethyl 
mixed for 2 min with methylphosphonate cylinder by inversion oil added to dimethyl methyl- methylphosphonate 
stirring bar mixed with corn oil phosphonate; each dose mix- formulated with 

for 22 min with ture homogenized with a corn oil with a 
a vortex mixer and Polytron@ mixer for a t  least Polytrona mixer 
resuspended before 2 min a t  medium-high speed and resuspended 
dosing and then placed in five sepa- daily with a 

rate vials, one for each dose magnetic stirrer 
day of the week. Dose mix- 
tures rehomogenized for 
1min with the Polytron" 
no more than 1h before 
dosing. In animal room, 
each mixture stirred con- 
tinuously with a magnetic
stirrer throughout the 
dosing period to prevent 
separation. 

Maximum Storage Time 
N/A 7 d  1 wk 1wk 13 d 

Storage Conditions 
N/A 4"c 4 O  c 4 O  c 4 O  c 
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Periodic analysis of dimethyl methylphospho- 
natekorn oil dose mixtures were conducted a t  
the study laboratory and the analytical chem- 
istry laboratory by methanolic extraction of the 
dose mixtures followed by gas chromatographic 
analysis of the resultant extract with system 1. 
Dose mixtures were analyzed once during the 
second 13-week studies. The results ranged 
from 100% to 105% of the target concentration 
(Table 5) .  

During the 2-year studies, the dose preparations 
were analyzed at  approximately 8-week inter- 
vals. Because 44/47 mixtures analyzed were 
within + lo% of the target concentration, it is 
estimated that the dose mixtures were prepared 
within specifications 94% of the time (Table 6). 
The three dose formulations determined to be 
out of specifications were within f 1 3 %  of the 
target concentrations. Referee analysis was pe- 
riodically performed by the analytical chemistry 

laboratory. Generally, good agreement was 
found between the results at the two labora- 
tories (Table 7). 

Deaths occurred after dosing in September 1982 
in high dose mice and in April 1983 in low dose 
male mice. As a result, special analyses were 
performed on the contents of the dosing con- 
tainers and their corresponding archive sam- 
ples. The concentrations in the archive samples 
were within the specified limits, whereas that of 
the high-dose sample taken in the animal room 
was high (134% of target), and the low-dose sam- 
ple taken in the animal room was low (79%of 
target). Because the archive samples were de- 
termined to be within specifications, it would ap- 
pear that a dosing accident or misdosing due to 
improper handling or resuspending of the dose 
mixture occurred in the animal room on these 
days. 

TABLE 5. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE SECOND THIRTEEN-WEEK GAVAGE 
STUDIES OF DIMETHYL METHYLPHOSPHONATE 

Target Concentration 
Date Mixed (mg/ml) 

08/28/80 0 
38.4 
77.0 

153.8 
307.5 
615.0 

(a) Results of duplicate analysis 

Determined 
Concentration (mg/ml) (a) 

0 
40.2 
77.9 

154 
307 
632 

Determined as  a 
Percent of Target 

105 
101 
100 
99.8 

103 
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TABLE 8. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES 
OF DIMETHYL METHYLPHOSPHONATE 

Concentration of Dimethyl Methylphosphonate in Corn Oil (a) 
Date Mixed for Target Concentration (mg/ml) 

76.9 153.8 
 307.7 


07/08/81 70.7 (b)204 285 

07/09/81 _ _  (c)155 _ _  

0711 518 1 75.4 139 292 

07/i5/8I(d) 75.7 152 306 

09/02/81 78.4 149 301 

10/28/81 75.2 146 _ _  

11/18/81 76.9 148 296 

11/24/81 76.1 152 296 

11/24/81(d) 76.0 151 294 

01/13/82 74.1 141 289 

03110182 76.3 142 291 

05/05/82 69.1 (b)136 278 

05/05/82(d) 72.7 -_ 247 

0511 1/82 _ _  (c)142 _ _  
05/11/82(d) 148 

06/30/82 74.3 151 281 

08/25/82 76.4 149 (b)274 

08/27/82 ._ (c)287 

09/29/82 _ _  .- 312 

09/29/82(d) _ _  _ _  (e)411 

10120/82 77.6 150 302 

10/20/82(d) 77.3 153 307 

12/16/82 75.3 148 301 

02/09/83 78.4 156 302 

04/06/83 74.1 152 293 

04/06/83(d )  70.4 150 292 

04/29/83 _- 143 _ _  

04/29/83(d) _ _  (D121 --

0610 1/83 72.7 147 292 

07/27/83 _ _  144 291 

09/21/83 141 294 

09/21/83(d) 153 331 


~~ 

Mean (mg/ml) 75.1 149 293 
Standard deviation 2.57 14.2 9.4 
Coefficient of variation (percent) 3.4 9.5 3.2 
Range (mg/ml) 69.1-78.4 136-204 274-312 
Number of samples 16 19 18 

(a)Results of duplicate analysis 
(b)Out of specifications; not used in study. 
(c)Remix; not included in the mean. 
(d)Analysis of animal room samples. samples taken during dosing; not included in the mean. 
(e)Animal room sample; out of specifications; corresponds to deat s in high dose mice a t  week 45. 
(0Animal room sample; out of specifications; corresponds to death in low dose male mice at week 77. 

TABLE 7. RESULTS OF REFEREE ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE 
STUDIES OF DIMETHYL METHYLPHOSPHONATE 

Determined Concentration (mg/ml) 
Date Mixed Target Concentration Study Referee 

(mg/ml) Laboratory (a) Laboratory (b) 

07/08/81 307.7 285 (c)245 

05/05/82 76.9 69.1 69.8 

10/20/82 153.8 150 144 

02/09/83 153.8 156 144 

09121/83 307.7 294 280 

(a)Results of duplicate analysis 
(b)Results oftriplicate analysis 
(c)The 16% difference in results between the study laboratory and the referee laboratory was attributed to possible differences 
in resuspension techniques. 
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SINGLE-ADMINISTRATION STUDIES 

Male and female F344/N rats and B6C3F1 mice 
were obtained from Charles River Breeding Lab- 
oratories and held for 14 days before the studies 
began. Animals were 6 weeks old when placed 
on study. Groups of five males and five females 
were fasted and then administered a single dose 
of 1,470, 2,150, 3,160, 4,640, or 6,810 mg/kg di- 
methyl methylphosphonate in corn oil by ga- 
vage. Rats and mice were observed daily. A nec- 
ropsy was performed on all animals that  died 
before the end of the studies. Details of animal 
maintenance are presented in Table 8. 

FIFTEEN-DAY STUDIES 

Male and female F344/N rats and B6C3F1 mice 
were obtained from Charles River Breeding Lab- 
oratories and held for 16 days (rats) or 18 days 
(mice) before the studies began. Rats were 6 
weeks old when placed on study. Groups of five 
males and five females of each species were 
administered 0, 1,250, 2,500, 5,000, 10,000, or 
15,000 mg/kg dimethyl methylphosphonate in 
corn oil by gavage for 15 consecutive days. The 
15,000 mg/kg dose for mice was administered 
neat. Rats and mice were observed twice per day 
and were weighed on day 0, and mice were 
weighed also on day 15. A necropsy was per- 
formed on all animals. Stomachs of mice were 
examined microscopically. Details of animal 
maintenance are presented in Table 8. 

FIRST THIRTEEN-WEEK STUDIES 

Thirteen-week studies were conducted to evalu- 
a te  the cumulative toxic effects of repeated 
administration of dimethyl methylphosphonate 
and to determine the doses to be used in the 
2-year studies. 

Five- to six-week-old male and female F344/N 
rats  and B6C3F1 mice were obtained from 
Charles River Breeding Laboratories, observed 
for 16 days, and assigned to groups according to 
a series of tables of random numbers. Groups of 
10 rats and 10 mice of each sex were admin- 
istered 0, 250, 500, 1,000, 2,000, or 8,000 mg/kg 

dimethyl methylphosphonate, 5 days per week 
for 13weeks. The 8,000 mg/kg group of mice had 
only seven males and six females. The original 
report does not explain the discrepancy in the 
number of animals, but it may have been due to 
a shortage of animals. The 250 mg/kg groups of 
rats and the 8,000 mg/kg groups of mice were 
started 1-2weeks after the other groups. 

Animals were housed five per cage. Feed and 
water were available ad libitum. Animals were 
checked two times per day; moribund animals 
were killed. Individual animal weights were 
recorded weekly. 

At the end of the 13-week studies, survivors 
were killed. A necropsy was performed on all 
animals except those excessively autolyzed or 
cannibalized. Tissues and groups examined are 
listed in Table 8. 

SECOND THIRTEEN-WEEK STUDIES 

Thirteen-week studies in rats were repeated 
because of gavage accidents in the lower dose 
groups in the first 13-week studies. 

Five- to six-week old male and female F344/N 
rats were obtained from Charles River Breeding 
Laboratories, observed for 16 days, and assigned 
to groups according to a table of random num- 
bers. Groups of 10 rats of each sex were adminis- 
tered 0, 250, 500, 1,000, 2,000, or 4,000 mg/kg 
dimethyl methylphosphonate, 5 days per week 
for 13 weeks. 

Animals were housed five per cage. Feed and 
water were available ad libitum. Animals were 
checked two times per day; moribund animals 
were killed. Individual animal weights were 
recorded weekly. 

At the end of the 13-week studies, survivors 
were killed. A necropsy was performed on all 
animals except those excessively autolyzed or 
cannibalized. Liver weights were taken, and 
liver weight to body weight ratios were calcu- 
lated. Tissues and groups examined are listed in 
Table 8. 
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TABLE 8. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES O F  
DIMETHYL METHYLPHOSPHONATE 

Single-Administration Fifteen-Day First  Thirteen- Second Thirteen- Two-year 

Studies Studies Week Studies Week Studies Studies 


EXPERIMENTAL DESIGN 

Size of S tudy  Groups  
5 males and 5 5 males and 5 females 10 males and 10 10 malesand 10 50 males and 50 females 
females of each of each species females of each species females (rats only) of each species 
species (high dose mice- 

7 males and 6 females) 

Doses 
1,470,2,150,3,160, 0,1,250,2,500,5,000, 0,250,500,1,000,2,000, 0,250,500,1,000,2,000, Rats--0,500,or 1,000 
4,640, or 6,810 mg/kg 10,000,or 15,000 4,000, or 8,000mg/kg or 4,000 mg/kg dimethyl mg/kg dimethyl methyl- 
dimethyl methylphos- mg/kg dimethyl dimethyl methylphos- methylphosphonate in phosphonate in corn oil 
phonate in corn oil by methylphosphonate phonate in corn oil by corn oil by gavage; by gavage; dose VOL-6.5 
gavage in corn oil by gavage gavage; dose Vol--rats: dose VOL-6.5 mlkg  m a g ;  mice-0, 1,000, or 

(15,000 mg/kg dose 	 6.5 mlkg  during wk 1 2,000 mgkgdimethyl 
administered neat) 	 (double the intended methylphosphonate in 

dose); from wk 2, dose corn oil by gavage; 
VOL-3.33mlkg, except for dose VOL-6.5 mlkg  
the 8,000 mgkg group: 
6.5 mlkg; mice: 3.3 mlkg  
12/29/78- 1/5/79, then 
6.5mlkg after 1/8/79 

Date of First  Dose 

8/2/78 Rats--8/3 1/78; Rats--12/29/78 (250 8/29/80 Rats--7/16/8 1; 


mice--9/18/78 	 mg/kg group started mice--1 1/24/81 
a t  week 2); mice- 
12/29/78 (1/8/79 for the 
8,000 mgkg group) 

Date of Last Dose 
NIA RatS--9/14/78; 3/28/79 11/28/80 Rab-711 1/83; 

mice- 10/2/78 mice--1 1/18/83 

Duration of Dosing 
Single dose only 15 consecutive d 5 d/wk for 12 or 13 wk 5 d/wk for 13 wk 5 d/wk for 103 wk 

Type a n d  Frequency of Observation 
Observed imme- Rats--observed 2 X d; Observed 2 X d; Same as first 13-wk Observed 2 X d; palpated 
diately after dosing, weighed on d 0; weighed 1 X wk studies 1 X 4 wk; weighed 
a t  1h and 4 h, and mice--observed 2 X d; 1 X wk for 13 wk, 
1 X dfor 14d  weighed on d 0 and d 15 1 X 4 wk thereafter 

Necropsy and  Histologic Examination 
Necropsy performed Necropsy performed Necropsy performed on Same as first 13-wk Necropsy and histologic 
on all animals that  on all animals; all animals. Histologic studies exam performed on all 
died during the histologic exam exam performed on all animals; the following 
studies of the stomach animals that died before tissues were examined: 

performed on all 	 the end of the studies, on adrenal glands, brain, 
mice 	 vehicle controls, on high- cecum, colon, costo- 

est dose groups of rats, chondral junction, duo- 
and on two highest dose denum, esophagus, eyes, 
groups of mice; tissues gallbladder (mice), gross 
examined include: lesions and tissue masses, 
adrenal glands, brain, heart, ileum, jejunum, 
colon, esophagus, eyes (if kidneys, larynx, liver, 
grossly abnormal), gall- lungs and mainstem 
bladder (mice), gross bronchi, mammary gland, 
lesions and tissue mandibular and mesen- 
masses, heart, kidneys, teric lymph nodes, nasal 
liver, lungs and main- cavity, pancreas, para- 
stem bronchi, mammary thyroids, pituitary gland, 
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TABLE 8. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF 
DIMETHYL METHYLPHOSPHONATE (Continued) 

Single-Administration
Studies 

Fifteen-Day
Studies 

First Thirteen- 
Week Studies 

Second Thirteen- 
Week Studies 

Two-year
Studies 

EXPERIMENTAL DESIGN (Continued) 

F344/N rats 

Same as single- 
administration 
studies 

Litton Bionetics, Inc. 

Ear tag 

16 d 

7-8 wk 

21-22 wk 

12/1/80-12/2/80 

Same as first 13-wk 
studies 

prostate/testes/seminal
vesicles or ovaries/uterus, 
rectum, regional lymph 
nodes, salivary glands, 
sciatic nerve, skin, 
spinal cord, spleen, 
sternum including 
marrow, stomach, thyroid 
gland, thigh muscle, 
thymus, trachea, and 
urinary bladder. 

F344/N rats; 
B6C3F1 mice 

Frederick Cancer 
Research Center 
(Frederick,MD) 

Litton Bionetics, Inc. 

Same as first 13-wk 
studies 

20 d 

Rats--male,8wk; 
female, 7 wk; m i c e 4  wk 

Rats-113 wk; 
mice-112-113 wk 

Rats--7/19/83-7/20/83;
mice--1 1/28/83-11129/83 

Randomized to cages by 
one table of random 
numbers, then to 
groups by another table 

Strain and Species
F344/N rats; 
B6C3F1 mice 

Animal Source 
Charles River Breed- 
ing Laboratories 
(Portage,MI) 

Study Laboratory 
Litton Bionetics, Inc. 

gland, mandibular or 
mesenteric lymph node, 
pancreas, parathyroids, 
pituitary gland, prostatel 
testes or ovaries/uterus, 
regional lymph nodes, 
salivary glands, skin, 
small intestine, spinal 
cord (ifneurologic signs 
present), spleen, sterne- 
brae or femur or verte-
brae including marrow, 
stomach, thymus, thy- 
roid gland, trachea, and 
urinary bladder; tissues 
examined for other 
groups of rats: kidneys, 
salivary glands, and 
testes. 

ANIMALS AND ANIMAL MAINTENANCE 

Method of Animal Identification 
Ear punch Ear notch 

Time Held Before Study 
14 d 	 Rats-16 d; mice--18 d 

Age When Placed on Study
6 wk 	 Rats-6 wk; 

mice--not available 

Age When Killed 
8wk 	 RaW-8wk; 

mice--not available 

Necropsy Dates 
8/16/78 	 Rats--9/15/78;

mice--1 0/3/78 

Method of Animal Distribution 

F344/N rats; 
B6C3F1 mice 

Same as  single- 
administration 
studies 

Litton Bionetics, Inc. 

Assigned to cages
such that cage 
weights were 
approximately 
equal for each 
sex and species 

Same as single-
administration 
studies 

F344/N rats; 
B6C3F1 mice 

Same as  single- 
administration 
studies 

Litton Bionetics, Inc. 

Rats-ear tag; mice- 
ear punch, toe clip 

16 d 

7-8 wk 

21-22 wk 

Rats--4/3/79-4/4/79;
rnice--3/30/79-4/4/79 

Assigned to groups
according to a series 
of tables of random 
numbers 
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TABLE 8. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF 
DIMETHYL METHYLPHOSPHONATE (Continued) 

Single-Administration 
Studies 

Fifteen-Day 
Studies 

First  Thirteen- 
Week Studies 

Second Thirteen- 
Week Studies 

Two-year 
Studies 

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Feed 
Purina Lab Chow* 
meal (Ralston Purina 
Co., St. Louis, MO); 
available ad libitum 

Same as single-
administration 
studies 

Purina Lab Chow* pel- 
lets (Ralston Purina 
Co., St. Louis, MO); 
available ad libitum 

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

Same as second 13-wk 
studies 

Bedding
Absorb-Dri@ 
(Lab Products, 
Garfield, NJ) 

Same as  single- 
administration 
studies 

Same as single-
administration studies 

Absorb-Dri@ (Lab 
Products, Inc., 
Gaithersburg, MD) 

Rats-Absorb-Dri@ heat- 
treated hardwood chips 
(LabProducts, Inc., 
Gaithersburg, MD) used 
until 9l23181; Sani- 
Chips@, hardwood chip 
animal bedding (P.J. 
Murphy Forest Products 
Corp., Rochelle Park, 
NJ) used thereafter; 
mice--Sani-Chips* (P.J. 
Murphy Forest Products 
Corp., Rochelle Park, NJ) 

Water 
Acidified to pH Same as'single- Same as  single- Same as  single- Same as single- 
2.5; available ad administration studies administration studies administration studies administration studies 
libitum in bottles 

Cages
Polycarbonate (Lab 
Products, Inc., 
Garfield, NJ, and 
Rochelle Park, NJ) 

Same as single- Same as  single- 
administration studies administration studies 

Same as  single- 
administration studies 

Polycarbonate (Lab Prod- 
ucts, Inc., Garfield, NJ, 
and Hazleton Systems, 
Aberdeen, MD) 

Cage Filters 
Nonwoven polyester Same as  single- Same as single- Same as  single- Same as single- 
(Snow Filtration, 
Cincinnati, OH) 

administration studies administration studies administration studies administration studies 

Animals per Cage
5 5 5 5 5 

Other  Chemicals on Study in the  Same Room 
None Dimethyl hydrogen None 

phosphite 
None None 

Animal Room Environment 
Not available Temp--22.2*-24.4'C;

hum--30%-70%; 
fluorescent light 
12 h/d; 12-15 room air 
changes/h 

Temp--22.2'-24.4"C; 
hum--30%-70%; 
light 12 h/d; 
15 room air changes/h 

Same as first 13-wk 
studies except 12-15 
room air changes/h 

Temp-usually
22.2O-24.4"C; 
hum--30%-70%; 

12-15 room air changes/h 
fluorescent light 12 h/d; 
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II. MATERIALS AND METHODS 


TWO-YEAR STUDIES 

Study Design 

Groups of 50 rats of each sex were administered 
0, 500, or 1,000 mg/kg dimethyl methylphospho- 
nate in corn oil by gavage, 5 days per week for 
103 weeks. Groups of 50 mice of each sex were 
administered 0, 1,000, or 2,000 mg/kg dimethyl 
methylphosphonate on the same schedule. The 
mouse studies were started 4 months after the 
rat  studies because the first 2-year mouse stud- 
ies were terminated after 2 months due to the 
large number of deaths that were related to ga- 
vage technique. 

Source and Specifications of Animals 

The male and female F344/N rats and B6C3F1 
(C57BL/6N, female, X C3H/HeN MTV-, male) 
mice used in these studies were produced under 
strict barrier conditions a t  Frederick Cancer Re- 
search Center under a contract to the Carcino- 
genesis Program. Breeding stock for the founda- 
tion colonies a t  the production facility originated 
at the National Institutes of Health Repository. 
Animals shipped for study were progeny of de- 
fined microflora-associated parents that  were 
transferred from isolators to barrier-maintained 
rooms. Animals were shipped to the study labo- 
ratory a t  4-5 weeks of age and were quarantined 
for 20 days. Thereafter, a complete necropsy was 
performed on five animals of each sex and spe- 
cies to assess their health status. Male rats and 
mice of each sex were placed on study at  8 weeks 
of age, and female rats a t  7 weeks of age. The 
health of the animals was monitored during the 
course of the study according to the protocols of 
the NTP Sentinel Animal Program (Appen- 
dix F). 

Animal Maintenance 

Animals were housed five per cage; neither the 
cages nor racks were rotated during the studies. 
Cages for each dose group were arranged in 
columns on the rack. Feed and water were avail- 
able ad libitum. Further details of animal main- 
tenance are given in Table 8. 

Clinical Examinations and Pathology 

All animals were observed two times per day, 
and clinical signs were recorded once per week. 
Body weights by cage were recorded once per 
week for the first 13 weeks of the studies and 
once per month thereafter. Mean body weights 
were calculated for each group. Animals found 
moribund and those surviving to the end of the 
studies were humanely killed. A necropsy was 
performed on all animals including those found 
dead, unless they were excessively autolyzed, 
cannibalized, missexed, or found missing. Thus, 
the number of animals from which particular or- 
gans or tissues were examined microscopically 
varies and is not necessarily equal to the num- 
ber 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. Tissues examined mi- 
croscopically are listed in Table 8. 

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 
accuracy, slides and tissue counts were verified, 
and histotechnique was evaluated. All tumor 
diagnoses, 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, which includes 
the laboratory pathologist, without knowledge of 
previously rendered diagnoses. When the 
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II. MATERIALS AND METHODS 


consensus diagnosis of the PWG differed from 
that of the laboratory pathologist, the laboratory 
pathologist was asked to reconsider the original 
diagnosis. This procedure has been described, in 
part, by Maronpot and Boorman (1982)and 
Boorman et al. (1985). The final diagnoses 
represent a consensus of contractor pathologists 
and the NTP Pathology Working Group. For 
subsequent analysis of pathology da ta ,  the 
diagnosed lesions for each t issue type a r e  
combined according to  t h e  guide l ines  of 
McConnell et al. (1986). 

Slidesftissues 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 
lesions by the laboratory pathologist. Nonneo-
plastic lesions are not examined routinely by the 
quality assessment pathologist or PWG unless 
they are considered part of the toxic effect of the 
chemical. 

Statistical Methods 

Data Recording: Data on this experiment were 
recorded in the Carcinogenesis Bioassay Data 
System (Linhart et al., 1974).The data elements 
include descriptive information on the chemi- 
cals, animals, experimental design, survival, 
body weight, and individual pathologic results, 
as recommended by the International Union 
Against Cancer (Berenblum, 1969). 

Survival Analyses: The probability of survival 
was estimated by the product-limit procedure of 
Kaplan and Meier (1958)and is presented in the 
form of graphs. Animals were censored from the 
survival analyses at the time they were found 
dead of other than natural causes or were found 
to be missing; animals  dying from na tura l  
causes were not censored. Statistical analyses 
for a possible dose-related effect on survival used 
the method of Cox (1972)for testing two groups 
for equality and Tarone’s (1975)life table test for 
a dose-related trend. When significant survival 
differences were detected, additional analyses 
using these procedures were carried out to deter- 
mine the time point at which significant dif- 
ferences in  the survival curves were f i r s t  
detected. All reported P values for the survival 
analysis are two-sided. 

Calculation of Incidence: The incidence of neo-
plastic or nonneoplastic lesions is given as the 
ratio of the number of animals bearing such 
lesions a t  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 
a t  multiple sites (e.g., lymphomas), the denom- 
inators 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. The two that adjust for intercurrent mor- 
tality employ the classical method for combining 
contingency tables developed by Mantel and 
Haenszel (1959).Tests of significance included 
pairwise comparisons of high dose and low dose 
groups with vehicle controls and tests for overall 
dose-response trends. 

For studies in which compound administration 
has little effect on survival, the results of the 
three alternative analyses will generally be sim- 
ilar. When differing results are obtained by the 
three methods, the final interpretation of the 
data will depend on the extent to which the tu- 
mor under consideration is regarded as being the 
cause of death. Continuity-corrected tests are 
used in the analysis of tumor incidence, and re- 
ported P values are one-sided. 

Life Table Analyses--The first method of anal-
ysis assumed that all tumors of a given type ob- 
served in animals dying before the end of the 
study were “fatal”; i.e., they either directly or in-
directly caused the death of the animal. Accord- 
ing 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 denominators of these proportions were the 
total number of animals a t  risk in each group. 
These results, including the data from animals 
killed at  the end of the study, were then com- 
bined by the Mantel-Haenszel method to obtain 
an  overall P value. This method of adjusting for 
intercurrent mortality is the life table method of 
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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. 

Incidental Tumor Analyses--The second method 
of analysis assumed that all tumors of a given 
type observed in animals that died before the 
end of the study were “incidental”; i.e., they 
were merely observed at necropsy in animals dy- 
ing of an unrelated cause. According to this ap- 
proach, the proportions of tumor-bearing ani- 
mals in dosed and vehicle control groups were 
compared in each of five time intervals: weeks 
0-52, weeks 53-78, weeks 79-92, week 93 to the 
week before the terminal-kill period, and the 
terminal-kill period. The denominators of these 
proportions were the number of animals actually 
examined for tumors during the time interval. 
The individual time interval comparisons were 
then combined by the  previously described 
method to obtain a single overall result. (See 

Haseman, 1984, for the computational details of 
both methods.) 

Unadjusted Analyses--Primarily, survival-  
adjusted methods are used to evaluate tumor in- 
cidence. In addition, 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 appen- 
dixes containing the analyses of primary tumor 
incidence. These two tests are based on the over- 
all 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. 
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SINGLE-ADMINISTRATION STUDIES 

FIFTEEN-DAY STUDIES 
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Body Weights and Clinical Signs 
Survival 
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FIFTEEN-DAY STUDIES 

THIRTEEN- WEEK STUDIES 

TWO-YEAR STUDIES 
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III. RESULTS: RATS 

SINGLE-ADMINISTRATION STUDIES 

No compound-related deaths occurred at doses 
up to 6,810 mg/kg. Compound-related clinical 
signs were observed in all but the lowest dose 
groups and included transitory (1-4hours after 
dosing) inactivity, unsteady gait, and prostra- 
tion. 

Because of a lack of dose-related mortality in the 
single-administration studies, doses selected for 
the 15-day studies were 0, 1,250, 2,500, 5,000, 
10,000, and 15,000 mg/kg. 

FIFTEEN-DAY STUDIES 

All rats that received 10,000 or 15,000 mg/kg 
dimethyl methylphosphonate and 4/5 male and 
4/5 female rats that received 5,000 mg/kg died 
before the end of the studies (Table 9). No com-
pound-related gross pathologic effects were re- 
ported. Dosed rats that received 2,500 mg/kg or 
more were inactive after dosing; dosed animals 
at 5,000 and 10,000 mg/kg had a n  unsteady gait. 

Doses selected for the 13-week studies were 0, 
250, 500, 1,000, 2,000, 4,000, and 8,000 mg/kg 
because of the mortality a t  10,000 and 15,000 
mg/kg. Even though mortality occurred at  5,000 
mg/kg in the 15-day studies, 8,000 mg/kg was 
selected as the high dose so that rats and mice 
would be administered the same doses in the 13- 
week studies. 

FIRST THIRTEEN-WEEK STUDIES 

All rats that  received 8,000 mg/kg dimethyl 
methylphosphonate died before the end of the 
studies (Table 10). The final mean body weight 
of rats that received 4,000 mg/kg was more than 
10% lower than that of the vehicle controls. Ani- 
mals a t  8,000 mg/kg had rough hair coats and 
decreased activity; decreased activity was ob- 
served by week 10 in 4,000 mg/kg males and 
females. 
Lesions were seen in the kidney, testis, epididy- 
mus, or salivary gland (Table 11). Degeneration 
and atrophy of the testis (minimal severity) were 
observed in dosed male rats. The incidence and 
severity of the testicular atrophy were approxi- 
mately the same in the three lowest dose groups. 
Degeneration of the epididymus was minimal or 
mild. A mild to moderate nephrosis of the kid- 
ney, characterized by hypertrophy and vacuola- 
tion of the proximal and distal tubular epithe- 
lium with accumulation of a finely granular 
proteinaceous material in the lumens, was seen 
a t  8,000 mg/kg. 

The 13-week studies were repeated because the 
deaths attributed to gavage error in lower dose 
groups prevented accurate dose selection for the 
2-year studies. The doses selected for the second 
13-week studies in rats were 0, 250, 500, 1,000, 
2,000, and 4,000 mg/kg because all rats in the 
8,000 mg/kg group died in the first 13-week 
studies. 

TABLE 9. SURVIVAL OF RATS IN THE FIFTEEN-DAY GAVAGE STUDIES OF 
DIMETHYL METHYLPHOSPHONATE 

Male 
Dose (mg/kg) Survival (a) 

0 515 
1,250 (b) 4/5 
2,500 515 
5,000 (c) 115 

10,000 (e) 0/5 
15,000 (g)0/5 

(a)Number surviving/number in group 
(b)Day of death: 2 (probable gavage accident) 
(c) Day of death: all 12 
(d)Day of death: all 14 
(e)Day of death: 1,7,9,9,9 
(f,Day ofdeath: 3,9,9,12,12 
(g)Day of death: all 1 

Female 
Dose (mg/kg) Survival (a) 

0 515 
1,250 5/5
2,500 515 
5,000 (d)115 

10,000 (0015 
15,000 (g)015 

Dimethyl Methylphosphonate, NTP TR 323 32 



TABLE 10. SURVIVAL AND MEAN BODY WEIGHTS O F  RATS IN THE FIRST THIRTEEN-WEEK 
GAVAGE STUDIES O F  DIMETHYL METHYLPHOSPHONATE 

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

(mg/kg) (percent) 

MALE 

0 10110 173 311 +138 -_ 
250 10110 (C) 307 -- 98.7 

500 10110 181 304 +123 97.7 


1,000 10110 174 295 +121 94.9 

2,000 (d) 3/10 176 295 +119 94.9 

4,000 (e) 8110 168 252 +84 81.0 

8,000 cn0110 176 (g) (g) (€9 


FEMALE 

0 10110 133 194 +61 _ _  
250 10110 (C) 192 _ _  99.0 
500 10110 132 194 +62 100.0 

1,000 (h) 8/10 134 188 +54 96.9 

2,000 (i) 7/10 129 183 +54 94.3 

4,000 (i)3110 130 172 +42 88.7 

8,000 (k) 0110 127 (g) (g) (g) 


(a) Number surviving/number in group 
(b)Initial group mean body weight 
(c) Initial body weight not recorded 
(d)Week of death: 6,9,9,9,10,11,12; 6/7 deaths attributed to gavage accidents. 
(e)Week of death: 7,lO 
(DWeekofdeath: 1,1,1,1,1,1,1,1,2,5 
(g)No data are reported due to the 100% mortality in this group. 
(h)Week of death: 6,lO; deaths attributed to gavage accidents. 
(i)Week of death: 9,9,10 
c j )  Weekofdeath: 1,2,2,7,9,9,9 
(k)Weekofdeath: 1,1,2,2,2,2,2,3,4,5 

TABLE 11. INCIDENCES O F  RATS WITH SELECTED LESIONS IN THE FIRST THIRTEEN-WEEK 
GAVAGE STUDIES O F  DIMETHYL METHYLPHOSPHONATE 

Vehicle 
S i tenes ion  Control 250 mg/kg 500 mg/kg 1,000 mg/kg 2,000 mg/kg 4,000 mgkg 8,000 mg/kg 

MALE 

Kidney nephrosis Of10 (a) (a) (a) 0110 0110 (b) 4/10 
Testis 

Atrophy 0110 1/10 2110 2110 319 10110 (b) 219 
Degeneration 0110 0110 0110 0110 019 0110 (b) 219 

Epididymus 
Degeneration 0110 0110 0110 0110 0110 9/10 (b) 319 

Salivary gland 
Atrophy 0110 (a) (a) (a) 0110 0110 (b)6110 

FEMALE 

Salivary gland 
Atrophy 0110 (a) (a) 012 0110 0/10 4110 

(a) Not examined 
(b)Nine of 10 rats dead by week 2; 10th rat  dead by week 5. 
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SECOND THIRTEENdWEEK STUDIES of the renal cortex in all dosed groups of male 
rats. At the time of this study, these lesions 

All ra ts  that  received 4,000 mg/kg and 6/10 were not considered to be life threatening. 
males and 3/10 females that received 2,000 
mg/kg died before the end of the studies (Ta- Hypospermatogenic tubules (minimal to mild) 
ble 12). Final mean body weights of rats that re- were seen in the testis of dosed male rats in the 
ceived 2,000 mg/kg were 6% lower than that of higher dose groups. The severity of the lesion 
the vehicle controls for males and 7% lower for was not increased with increasing dose of
females. No compound-related clinical signs chemical. 
were seen. The liver weight to body weight 
ratios were significantly increased (P<0.01) for 

Inflammation of the salivary gland, suggestive rats that received 2,000 mg/kg compared with 
of viral sialodacryoadenitis, was seen in some those of the vehicle controls (Table 13). 
high dose male and female rats. 

Kidney lesions characteristic of spontaneous 
progressive nephropathy were seen in all groups Dose Selection Rationale: Based on the incidence 
of male rats (Table 14). Although the incidences of deaths and weight gain depression observed in 
of this lesion (diagnosed as nephrosis) were both 13-week studies, doses selected for the 2-
greater in all dosed groups except that receiving year studies in rats were 500 and 1,000 mg/kg 
4,000 mg/kg, the severity of the lesions in dosed dimethyl methylphosphonate, administered in 
and vehicle control rats was similar. Accumula- corn oil by gavage, 5 days per week for 103 
tion of hyaline droplets in the cytoplasm of epi- weeks. The kidney lesions were not considered 
thelial cells was observed in convoluted tubules to be life threatening. 

TABLE 12. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE SECOND THIRTEEN-WEEK 

GAVAGE STUDIES OF DIMETHYL METHYLPHOSPHONATE 


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

(mg/kg) (percent) 

MALE 

0 10110 125 f 3 340f 5 +215f 4 _ _  

250 10110 123 f4 324 f 14 +201 It 12 95 

500 10110 121 f 4 336 f 12 +215f 10 99 


1,000 loll0 126 f 3 336 f 4 +210f 4 99 

2,000 (d)4/10 126 f 4 321 f 15 +190 f 10 94 

4,000 (e)0110 126 * 3 (D (D (0 


FEMALE 

0 10/10 104 f 1 197 f 3  +93k 2 _ _  

250 (e)9/10 104 f 3 194 ? r 6  +89f 5 98 

500 loll0 105 f 3 205 f 6  +look 4 104 


1,000 (e)9/10 100 f 2 190 f 6  +91f 5 96 

2,000 (g)7/10 105 f 2 184 f 2 +77f 2 93 

4,000 (e)0110 103 k 2 (0 (D (0 


(a)Number surviving/number initially in the group 
(b) Initial group mean body weight f standard error of the mean. Subsequent calculations are based on those animals 
surviving to the end of the study 
(c)Mean body weight change of the survivors f standard error of the mean 
(d)Weekofdeath: 7,7,11,12,13,13 
(e)Week of death: 1 

(DNo data are reported due to the 100% mortality in this group. 

(g)Weekofdeath: 1,6,10 
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TABLE 13. ABSOLUTE AND RELATIVE LIVER WEIGHTS OF RATS IN THE SECOND THIRTEEN- 
WEEK GAVAGE STUDIES OF DIMETHYL METHYLPHOSPHONATE (a) 

Dose 
(mgfltg) 

No. of Animals 
Examined 

Necropsy
Body Weight 

Liver 
Weight 

Liver Weight/ 
Body Weight 

(grams) (mg) (mg/g) 

MALE 

0 
250 
500 

1,000 
2,000 

(b) 9 
10 
10 
10 
4 

329 f 17 
310 f 40 
321 f 34 
322 f 13 
306 f 30 

11,165 f 1,485 
10,425 & 1,432 
11,721 f 2,060 
11,718 f 1,396 

(c) 13,990 f 2,767 

33.3 f 3.99 
33.7 f 3.21 
36.3 f 4.21 
36.4 f 3.69 

(dl45.7 f 7.98 

FEMALE 

0 
250 
500 

1,000 
2,000 

(e) 9 
9 

10 
9 
7 

187 f 11 
187 f 22 
195 f 17 
179 f 17 
176 f 6 

5,845 f 1,118 
6,476 f 1,009 
6 ,450f  742 
6 ,048f  517 
6 ,519f  779 

31.1 f 4.87 
34.5 f 2.85 
33.1 f 3.20 
34.0 f 2.27 

(dl37.0 f 4.20 

(a)Mean f standard deviation; Pvalues are versw the vehicle controls by Dunnett’s test (Dunnett, 1955). 
(b)Ten livers examined; one body weight not recorded. 
(c)P<O.O5
(d)P<0.01 
(e)Ten body weights; one liver weight not recorded. 

TABLE 14. INCIDENCES OF RATS WITH SELECTED LESIONS IN THE SECOND THIRTEEN-WEEK 
GAVAGE STUDIES OF DIMETHYL METHYLPHOSPHONATE 

SiteLesion Vehicle Control 250 mg/kg 500 mg/kg 1,000 mg/kg 2,000 mg/kg 4,000 mg/kg 

MALE 

Kidney 

Nephrosis 2110 9110 loll0 10/10 5A 0110 

Hyaline droplet degeneration 0110 8110 10110 10110 4/9 3110 

Hemorrhage 0110 0110 0110 0110 1A 2/10


Testis 

Hyposper matogenesis 0110 1/10 0110 2110 4/9 1/10

Giant cell degeneration 0110 0110 0110 1/10 OA 0110 


Salivary gland 

Acute inflammation 0110 (a) (a) 0110 0110 2110 


FEMALE 

Salivary gland 

Acute inflammation 0110 (a) (a) (a) 1/10 1/10 


(a)Not examined 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 8%-12% lower than those of the vehicle controls 
after week 80. Mean body weights of low dose 

Mean body weights of high dose male rats were male and female rats were comparable to those 
5%-10%lower than those of the vehicle controls of the vehicle controls throughout most of the 
between weeks 28 and 76 and 10%-24% lower be- studies. No compound-related clinical signs 
tween weeks 80 and 104 (Table 15 and Figure 3). were recorded. 
Mean body weights of high dose female rats were 
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0.0 

TABLE 15. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES 
OF DIMETHYL METHYLPHOSPHONATE 

Vehicle Control 500 mg/kg 1,000 m&kg

Weeks v. 0.0 v. t. t. percen 0.0 v. . t. percen 


on Study ,",a:!) Su%vofs &a:s) ofyed.contrAs) Su5iv;s &a::) ofyet!. c o n t r i s )  Su%o:s 

MALE 
0 

1 

2 

3 

4 

5 

6 

7 

8 

9 


10 

11 

12 

13 

16 

20 

24 

28 

32 

36 

40 

44 

48 

52 

56 

60 

64 

68 

72 

76 

80 

84 

88 

92 

96 


100 

104 


FEMALE 
0 

1 

2 

3 

4 

5 

6 

7 

8 

9 


10 

11 

12 

13 

16 

20 

24 

28 

32 

36 

40 

44 

48 

52 

56 

60 

64 

68 

72 

76 

80 

84 

88 

92 

96 


100 

104 


163 

194 

222 

244 

261 

278 

289 

298 

310 

311 

325 

335 

343 

348 

371 

391 

410 

424 

436 

439 

450 

456 

484 

467 

475 

484 

487 

485 

488 

487 

489 

484 

479 

480 

473 

468 

451 


119 

134 

145 

153 

163 

168 

174 

176 

179 

181 

185 

188 

192 

193 

200 

206 

213 

219 

227 

229 

231 

238 

245 

254 

262 

266 

276 

283 

291 

298 

303 

304 

306 

310 

313 

314 

318 


50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

49 

49 

49 

49 

48 

47 

43 

42 

40 

40 

39 

39 

38 

37 

36 

35 

29 

27 


50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

49 

49 

49 

49 

49 

49 

48 

48 

47 

46 

44 

43 

37 

34 

30 


162 

194 

219 

241 

256 

272 

285 

295 

303 

305 

319 

933 

341 

346 

369 

387 

408 

419 

430 

437 

439 

448 

455 

463 

468 

472 

478 

480 

478 

478 

477 

471 

466 

468 

457 

459 

416 


126 

141 

151 

158 

167 

173 

178 

181 

185 

186 

191 

193 

195 

198 

202 

209 

214 

218 

225 

225 

227 

251 

236 

247 

254 

258 

269 

276 

283 

286 

287 

294 

293 

301 

296 

293 

293 


99 

100 

99 

99 

99 

98 

99 

99 

98 

98 

98 

99 

99 

99 

99 

99 


100 

99 

99 


100 

98 

96 

98 

99 

99 

98 

98 

99 

98 

98 

98 

97 

97 

98 

97 

98 

92 


106 

105 

104 

103 

102 

103 

102 

103 

103 

103 

103 

103 

102 

103 

101 

101 

100 

100 

99 

98 

98 

97 

96 

97 

97 

97 

97 

98 

97 

96 

95 

97 

96 

97 

95 

93 

92 


50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

49 

49 

46 

45 

41 

39 

38 

37 

34 

32 

30 

25 

24 

23 

19 

17 


50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

49 

46 

46 

45 

44 

44 

44 

44 

44 

42 

39 

35 

33 


158 

194 

219 

239 

256 

269 

263 

289 

300 

302 

314 

327 

333 

341 

357 

370 

392 

402 

413 

417 

418 

425 

428 

435 

438 

445 

450 

445 

439 

437 

434 

423 

413 

406 

386 

369 

343 


123 

136 

149 

156 

163 

170 

173 

176 

178 

182 

187 

189 

192 

193 

198 

204 

208 

215 

223 

223 

226 

230 

235 

245 

252 

254 

265 

274 

277 

285 

278 

276 

283 

283 

281 

283 

280 


97 

100 

99 

98 

98 

97 

98 

97 

97 

97 

97 

98 

97 

98 

96 

95 


' 96 

95 

95 

95 

93 

93 

92 

93 

92 

92 

92 

92 

90 

90 

89 

67 

86 

85 

82 

79 

76 


103 

101 

103 

102 

100 

101 

99 


100 

99 


101 

101 

101 

100 

100 

99 

99 

98 

98 

98 

97 

98 

97 

96 

96 

96 

95 

96 

97 

95 

96 

92 

91 

92 

91 

90 

90 

88 


50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

49 

49 

49 

49 

49 

49 

49 

49 

46 

43 

43 

40 

37 

35 

27 

24 

17 

10 

10 

8 

4 


50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

49 

49 

49 

49 

45 

42 

42 

40 

40 

37 

30 

29 

27 

26 

26 

24 

23 
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FIGURE 3. GROWTH CURVES FOR RATS ADMINISTERED DIMETHYL 

METHYLPHOSPHONATE IN CORN OIL BY GAVAGE FOR TWO YEARS 
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III. RESULTS: RATS 


Survival 	 Lesions in male rats are summarized in Appen- 
dix A. Histopathologic findings on neoplasms 
are summarized in Table A l .  Table A2 gives the Estimates of the probabilities of survival for 
survival and tumor status for individual male male and female rats  administered dimethyl 
rats. Table A3 contains the statistical analyses methylphosphonate at the doses used in these 
of those primary tumors that occurred with an studies and for vehicle controls are shown in the 
incidence of a t  least 5% in one of the three Kaplan and Meier curves in Figure 4. In male 
groups. The statistical analyses used are dis- rats, the number of survivors in both the low 
cussed in Chapter II (Statistical Methods) and dose group (after week 88) and the high dose 
Table A3 (footnotes). Historical incidences of tu- group (after week 82) was significantly lower 
mors in corn oil vehicle control male rats arethan that in the vehicle controls (Table 16). The 
listed in Table A4. Findings on nonneoplastic survival of high dose female rats was signifi- 
lesions are summarized in Table A5. cantly lower than that of the vehicle controls 

after week 63 (P<0.05; P<0.01 between weeks 
Lesions in female rats are summarized in Ap- 76 and 101). Survival of low dose female rats 
pendix B. Histopathologic findings on neo- was comparable to that of the vehicle controls. 
plasms are summarized in Table B1. Table B2 
gives the survival and tumor status for individ-

Pathology and Statistical Analyses of ual female rats. Table B3 contains the statisti- 
Results cal analyses of those primary tumors that occur- 

red with an incidence of a t  least 5% in one of the 
This section describes the significant or note- three groups. The statistical analyses used are 
worthy changes in the incidences of ra ts  with discussed in Chapter II (Statistical Methods) and 
neoplastic or nonneoplastic lesions of the kidney, Table B3 (footnotes). Historical incidences of tu- 
hematopoietic system, adrenal gland, oral cavi- mors in corn oil vehicle control female rats are 
ty, thyroid gland, multiple organs, and naso- listed in Table B4. Findings on nonneoplastic le- 
lacrimal duct. sions are summarized in Table B5. 

TABLE 16. SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF DIMETHYL 
METHYLPHOSPHONATE 

~~~ ~ 

Vehicle Control 500 mg/kg 1,000 mg/kg 

MALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Accidentally killed 
Killed at  termination 

50 
22 
1 
26 

50 
33 
0 
17 

50 
45 
1 
4 

Died during termination period 
Survival P values (c) 

1 
<0.001 

0 
0.031 

0 
<0.001 

FEMALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b)
Killed at termination 

50 
20 
30 

50 
17 
32 

50 
27 
23 

Died during termination period 
Survival P values (c) 

0 
0.044 

1 
0.720 

0 
0.049 

(a) Terminal-kill period: week 105 
(b)Includes animals killed in a moribund condition 
(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 

Kidney: Compound-related nonneoplastic and tubular epithelium, tubular dilatation with at- 
neoplastic lesions were seen in male but not in tenuation and atrophy of the epithelium, granu- 
female rats (Table 17). The incidence of ne- lar casts in tubules of the outer stripe of the out- 
phropathy was similar among groups of male er medulla, thickening of basement membranes, 
rats, but the average severity of this lesion was minimal to mild accumulation of interstitial 
greater in male rats receiving dimethyl methyl- collagen, and minimal inflammatory cell infil- 
phosphonate. The average severity for the vehi- trates. There were increased incidences of min- 
cle control, low dose, and high dose groups was eralization (calcification) of collecting tubules in 
1.9,2.5, and 2.8, respectively (severity was grad- the renal papilla, focal hyperplasia of renal tu- 
ed from 1to 4,minimal to marked). This lesion bular epithelium, and hyperplasia of the pelvic 
was characterized by the occurrence of several epithelium overlying the renal papilla of dosed 
interrelated changes, including degeneration of male rats compared with those of the vehicle 

TABLE 17. ANALYSIS OF KIDNEY LESIONS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
DIMETHYL METHYLPHOSPHONATE (a) 

~~~ ~~ 

Vehicle Control 500 mg/kg 1,000 mg/kg 

Nephropathy 

Overall Rates 36/50 (72%) 43/50(86%) 40149 (82%) 

Severity (b) 1.9 2.5 2.8 


Calcification of the  Renal Papilla 

Overall Rates 12/50 (24%) 41/50 (82%) 36/49 (73%) 


Cortical Tubular Cell Hyperplasia 

Overall Rates 0150 (0%) 8/50 (16%) 9/49 (18%) 


Tubular Cell Adenocarcinoma (c) 

Overall Rates 0/50(0%) 2/50 (4%) 3/49(6%)

Adjusted Rates 0.0% 9.2% 19.4% 

Terminal Rates 0127(0%) 1/17(6%) 014(0%)

Week of First Observation 88 77 

Life Table Tests P=0.014 P =0.160 P =0.043 

Incidental Tumor Tests P =0.091 P=0.288 P =0.167 


Pelvic Epithelial Hyperplasia 

Overall Rates 0/50 (0%) 23/50 (46%) 21/49 (43%) 


Transitional Cell Papilloma (d)

Overall Rates 0150 (0%) 7/50 (14%) 3/49(6%)

Adjusted Rates 0.0% 38.5% 17.5% 

Terminal Rates 0/27 (0%) 6/17(35%) 014 (0%)

Week of First Observation 99 85 

Life Table Tests P=O.OOl P<O.OOl P=0.031 

Incidental Tumor Tests P=0.014 P=O.OOl P=0.301 


Transitional Cell Carcinoma 

Overall Rates 0150(0%) 1/50 (2%) 0149 (0%) 


Transitional Cell Papilloma or Carcinoma 

Overall Rates 0150(0%) 8/50 (16%) 3/49(6%)

Adjusted Rates 0.0% 44.1% 17.5% 

Terminal Rates 0/27(0%) 7/17(41%) 014(0%)

Week of First Observation 99 85 

Life Table Tests P<O.OOl P<O.OOl P =  0.031 

Incidental Tumor Tests P=O.OlO P<O.OOl P =0.301 


-

(a)The statistical analyses used are discussed in Chapter II (Statistical Methods) and Appendix A, Table A3 (footnotes).
(b) Severity of lesion graded from 1 to 4,minimal to marked 
(c)Historical incidence of tubular cell adenomas or adenocarcinomas a t  study laboratory (mean): 31450 (0.7%); historical 

incidence in NTP studies: 8/1,448 (0.6%) 

(d) Historical incidence at study laboratory (mean): 0/450;historical incidence in NTPstudies: 111,448 (<0.1%) 
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III. RESULTS: RATS 


controls. The mineralization in vehicle control 
rats was minimal in severity and consisted of 
one or several small foci of minera.1 deposition. 
In dosed rats, there were many linear deposits of 
mineral, some extending almost the full depth of 
the papilla. Focal hyperplasia of the renal tubu- 
lar epithelium consisted of single or multiple 
cross-sections of tubules filled or partially filled 
with stratified epithelial cells. The stratifica- 
tion of these cells and loss of basement mem- 
brane dependency differentiate this lesion from 
the epithelial regeneration occurring in re- 
sponse to the degenerative changes of spontane- 
ous nephropathy. Hyperplasia of the renal pel- 
vic epithelium was characterized by thickening 
and folding of the transitional epithelium to 
form small nodular structures protruding into 
the pelvic lumens. 

Tubular cell adenocarcinomas in males occurred 
with a significant positive trend by the life table 
test, and the incidence in the high dose group 
was significantly greater than that in the vehi- 
cle controls by the life table test (Table 17). 
Transitional cell papillomas of the renal pelvis 
occurred in 7/50 low dose and 3/49 high dose 
rats; a transitional cell carcinoma occurred in a 
low dose male rat. Transitional cell papillomas 
and transitional cell papillomas or carcinomas 
(combined) in male rats occurred with signifi- 
cant positive trends; the incidences in the low 
dose group were greater than those in the ve- 
hicle controls. 

Hematopoietic System: Mononuclear cell leuke- 
mia in male rats occurred with a significant pos- 
itive trend; the incidence in the high dose group 
was significantly greater than that in the vehi- 
cle controls (Table 18); most of the leukemias 
were stage 3 and contributed to the deaths of the 
animals. Criteria for staging mononuclear cell 
leukemia are given below. 

Stage 1. Spleen not enlarged or only slightly en- 
larged with small numbers of neoplastic mono- 
nuclear cells in the red pulp; no or very few 
mononuclear cells in the liver sinusoids. No 
identifiable neoplastic cells in other organs. 

Stage 2. Spleen moderately enlarged with mod- 
erate to large numbers of mononuclear cells in 
the red pulp; architectural features including 
lymphoid follicles and periarteriolar lympho- 
cytic sheaths remain intact. Minimal to mod- 
erate involvement of the liver. Mononuclear 
cells may be evident in blood vessels in other or- 
gans, but aggregatedmasses of neoplastic cells 
generally limited to spleen and liver. 

Stage 3. Advanced disease with multiple organ 
involvement. Spleen usually markedly enlarged 
with effacement of normal architectural features 
by accumulated neoplastic cells. Liver mod- 
erately to markedly enlarged and nodular; hepa- 
tic parenchyma shows variable degenerative 
changes associated with the accumulation of 
neoplastic cells. Accumulations of neoplastic 
mononuclear cells in other organs including 
lung, lymph nodes, kidney, brain, and adrenal 
gland. 

TABLE 18. ANALYSIS OF MONONUCLEAR CELL LEUKEMIA IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (a) 

Vehicle Control 500 mg/kg 1.000 mg/kg 
-

Overall Rates 10/50 (20%) 11/50 (22%) 17/50 (34%) 

Adjusted Rates 30.0% 38.5% 100.0% 

Terminal Rates 4/27(15%) 4/17 (24%) 414(100%)

Week of First Observation 91 63 76 

Life Table Tests P<O.OO1 P=0.188 P<O.OOl 

Incidental Tumor Tests P=0.048 P=0.493 P=0.032 


Stage 
1 0 3 0 
2 4 2 4 
3 6 6 13 

Average stage leukemia 2.60 2.27 2.76 

(a) Historical incidence of leukemia a t  study laboratory (mean k SD): W450 (19% f 9%); historical incidence in NTP 
studies: 202/1,450 (14% +- 8%) 
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III. RESULTS: RATS 

Oral Cavity (mouth, palate, or tongue): Squa- Adrenal Gland: Pheochromocytomas and pheo- 
mous cell papillomas or carcinomas (combined) chromocytomas or malignant pheochromocy- 
in female rats occurred with a marginally sig- tomas (combined) in male rats occurred with 
nificant positive trend by the life table test (ve- significant positive trends (Table 19). 
hicle control, 1/50; low dose, 0/50; high dose, 
4/50; P=0.045). The incidence in the high dose 
group was not significantly greater than that in 
the vehicle controls. 

TABLE 19. ANALYSIS OF ADRENAL GLAND LESIONS IN MALE RATS IN THE TWO-YEAR GAVAGE 

STUDY OF DIMETHYL METHYLPHOSPHONATE 


Vehicle Control 500 mg/kg 1,000 mg/kg 
~~ ~ ~ ~ ~~ ~~ ~ 

Medullary Focal Hyperplasia 
Overall Rates 12/50 (24%) 8/50(16%) 10149(20%) 

Pheochromocytoma 
Overall Rates 12/50 (24%) 14/50 (28%) 18/49 (37%) 

Adjusted Rates 35.5% 57.8% 91.3% 

Terminal Rates 7/27 (26%) 8/17 (47%) 314 (75%) 

Week of First Observation 55 70 65 

Life Table Tests P<0.001 P=O.O92 Pc0.001 

Incidental Tumor Tests P=0.022 P=0.284 P=0.071 


Malignant Pheochromocytoma 
Overall Rates 0150 (0%) 4/50 (8%) 0149(0%)

Adjusted Rates 0.0% 18.5% 0.0% 

Terminal Rates 0127(0%) 2/17 (12%) 014(0%)

Week of First Observation 86 

Life Table Tests P=0.236 P=0.026 (a) 

Incidental Tumor Tests P=0.486 P=0.052 (a) 


Pheochromocytoma or Malignant Pheochromocytoma (b)
Overall Rates 12/50 (24%) 18/50 (36%) 18/49 (37%) 
Adjusted Rates 35.5% 69.7% 91.3% 
Terminal Rates 7/27 (26%) 10117 (59%) 314 (75%) 
Week ofFirst Observation 55 70 65 
Life Table Tests P<0.001 P=0.012 P<O.OOl 
Incidental Tumor Tests P=0.017 P=0.069 P=0.071 

(a) No P value is reported because no tumors were observed in the 1,000mgkgand vehicle control groups. 
(b)Historical incidence of pheochromocytomas or malignant pheochromocytomas a t  study laboratory (mean k SD): 981449 
(22% k 9%):historical incidence in NTP studies: 34711,442 (24% f 9%) 
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III. RESULTS: RATS 

Thyroid Gland: C-cell carcinomas, considered a tumor test (Table 20). The incidences of follic- 
nonfatal tumor, occurred in male rats with a sig- ular cell adenomas or carcinomas (combined) in 
nificant positive trend; the incidence in the high dosed male rats were increased by the life table 
dose group was significantly greater than that in trend test but only marginally by the incidental 
the vehicle controls, but the incidences of C-cell tumor trend test, the latter being the more ap- 
adenomas or carcinomas (combined) in dosed propriate test for nonfatal tumors (Table 21). 
male rats were not significantly different from The incidences of thyroid gland tumors were not 
that in the vehicle controls by the incidental increased in female rats. 

TABLE 20. ANALYSIS OF THYROID GLAND C-CELL LESIONS IN MALE RATS IN THE TWO-YEAR 

GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE 


Vehicle Control 500 mgkg 1,000mgkg 

Hyperplasia 
Overall Rates 6/49 (12%) 6/50 (12%) 3/49(6%) 

Adenoma 
Overall Rates 3/49 (6%) 0150 (0%) 1/49 (2%) 

Carcinoma 
Overall Rates 1/49 (2%) 4/50(8%) 4/49 (8%) 

Adjusted Rates 3.7% 20.6% 54.3% 

Terminal Rates 1/27 (4%) 3/17 (18%) 214(50%)

Week of First Observation 105 88 79 

Life Table Tests P=0.002 P=0.075 P=0.004 

Incidental Tumor Testa P=0.022 P=0.122 P=0.030 


Adenoma or Carcinoma (a)
Overall Rates 4/49(8%) 4/50(8%) 5/49 (10%) 

Adjusted Rates 14.8% 20.6% 57.3% 

Terminal Rates 4/27 (15%) 3/17 (18%) 214(50%) 

Week of First Observation 105 88 79 

Life Table Tests P=0.008 P=0.387 P=0.008 

Incidental Tumor Testa P=0.112 P=0.486 P=O.llS 


(a)Historical incidence a t  study laboratory (mean fSD): 39/437 (9% k 3%); historical incidence in NTP studies: 181/1,417
(13% k 6%) 

TABLE 21. ANALYSIS OF THYROID GLAND FOLLICULAR CELL LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE 

~~~~~~ ~ 

Vehicle Control 500 mgkg 1,000 mg/kg 
~ ~ ~~ 

Hyperplasia
Overall Rates 0149(0%) 1/50(2%) 0149 (0%) 

Adenoma 
Overall Rates 0149(0%) 0150 (0%) 2/49(4%) 

Carcinoma 
Overall Rates 0149(0%) 2/50 (4%) 1/49(2%) 

Adenoma or Carcinoma (a)
Overall Rates 0149 (0%) 2/50 (4%) 3/49 (6%) 

Adjusted Rates 0.0% 11.8% 22.9% 

Terminal Rates 01.27(0%) 2/17 (12%) 014(0%)

Week of First Observation 105 88 

Life Table Tests P=0.003 P=0.143 P=0.014 

Incidental Tumor Tests P=0.050 P=0.143 P=0.301 


(a) Historical incidence at study laboratory (mean k SD): 61437(1% k 2%); historical incidence in NTP studies: 3511,417 
(2% * 3%) 
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III. RESULTS: RATS 

Multiple Organs: Mesotheliomas in the tunica 
vaginalis in male rats occurred with a signifi-
cant positive trend; however, the incidence of 
total mesotheliomas a t  all sites was only mar- 
ginally increased when analyzed by the inci- 
dental tumor trend test, and the incidence of 
mesotheliomas (all sites) in dosed animals was 
not greater than the vehicle control incidence in 

pairwise comparisons with the vehicle controls 
by the life table test (Table 22). 

Nasolacrimal Duct: Chronic inflammation was 
observed a t  an increased incidence in high dose 
male rats (male: vehicle control, 1/50; low dose, 
1/50;high dose, 8/50); this lesion was not notably 
increased in dosed females (060; 0/50; 2/50). 

TABLE 22. ANALYSIS OF MESOTHELIOMAS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF DIMETHYL METHYLPHOSPHONATE 

Tunica  Vaginalis 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Testa 
Incidental Tumor Testa 

All Sites (a) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Testa 
Incidental Tumor Testa 

Vehicle Control 

0150(0%) 
0.0% 
0127(0%) 


P<O.OOl 

P=0.007 


(b)2/50 (4%) 
6.4% 
1/27 (4%)
96 
P=O.O02 
P=0.034 

500 mg/kg 1,OOO meflrg 

4/50 (8%) 6/50 (12%) 
20.2% 34.3% 
3/17(18%) 014(0%)
82 68 
P= 0.025 P=0.002 
P=0.044 P=0.046 

5/50 (10%) 6/50 (12%) 
25.9% 34.3% 
4/17 (24%) 0/4(0%) 
82 68 
P=0.083 P=0.009 
P=0.130 P=0.141 

(a) Historical incidence of mesotheliomas a t  all sites at study laboratory (mean f SD): 201450 (4% f 3%); historical 
incidence in NTP studies: 55/1,450 (4% f 3%) 
(b)Includes one malignant mesothelioma 
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III. RESULTS: MICE 

SINGLE-ADMINISTRATION STUDIES FIFTEEN-DAY STUDIES 

Two of five female mice in the highest (6,810 
mg/kg) dose group died before the end of the 
studies; all other mice survived to the end of the 
studies.. No gross pathologic effects were ob- 
served in the two female mice that died. Transi- 
tory inactivity (1-4 hours after dosing) was ob- 
served in the two highest dose groups. Higher 
doses (0, 1,250,2,500, 5,000,10,000,and 15,000 
mg/kg) were selected for the 15-day studies 
because the oral LD50 value was judged to be 
greater than 6,810mg/kg. 

All the mice that received 15,000mg/kg and 415 
males and 515 females that received 10,000 
mg/kg died before the end of the studies (Ta- 
ble 23). Inactivity, prostration, and shallow 
breathing were seen in animals dying after dos- 
ing in the 10,000 and 15,000 mg/kg groups. Var- 
ious stomach lesions were observed a t  increased 
incidences in the three highest dose groups of fe- 
males (gastropathy, gastritis, hyperkeratosis, or 
epithelial ulceration) and in all dosed groups of 
males (squamous atrophy, gastropathy, or gas-
tritis) (Table 24). Based on the mortality at the 
10,000 and 15,000 mg/kg doses, a high dose of 
8,000 mg/kg was selected for the  13-week 
studies. 

TABLE 23. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FIFTEEN-DAY GAVAGE 
STUDIES OF DIMETHYL METHYLPHOSPHONATE 

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

MALE 

-_0 515 28 27 -1 

1,250 (c) 4/5 28 28 0 103.7 
2,500 515 28 26 -2 96.3 
5,000 515 27 28 +1 103.7 
10,000 (d) 115 27 22 -5 81.5 
15,000 (e)015 27 (D (D (D 

FEMALE 

0 5/5 20 20 0 ._ 
1,250 515 20 20 0 100.0 
2,500 515 20 19 - 1  95.0 
5,000 515 20 20 0 100.0 
10,000 (g)015 20 (D tn (D
15,000 (h)015 20 0 (D (D 

(a)Number surviving/number initially in group 
(b)Initial group mean body weight 
(c) Day of death: 8,death judged not compound related 
(d)Day of death: 2,7,8,15 
(e)Day of death: 2,2,2,2,3

(0No data are reported due to the 100%mortality in this group. 

(g)Day ofdeath 2,7,10,11,15 
(h)Day ofdeath: all 1 
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TABLE 24. NUMBERS OF MICE WITH STOMACH LESIONS IN THE FIFTEEN-DAY GAVAGE STUDIES 
OF DIMETHYL METHYLPHOSPHONATE 

Lesion 0 1,250 
Dose (mg/kg) 

2,500 5,000 10,Ooo 15,000 

MALE 

No. of animals examined 5 5 5 5 5 
Insufficient tissue for 
evaluation 0 1 0 1 0 

Autolysis
Epithelial necrosis 

0 
0 

Submucosal necrosis 0 
Squamous atrophy 
Hyperplastic gastropathy 
Hyperplastic gastritis, 
acutelchronic 0 

0 
1 

0 
Hyperkeratosis
Epithelial ulceration 

0 
0 

0 
0 

FEMALE 

No. of animals examined 

Autolysis 
Epithelial necrosis 
Submucosal necrosis 
Squamous atrophy 
Hyperplastic gastropathy 
Hyperplastic gastritis, 
acutelchronic 0 

Hyperkeratosis
Epithelial ulceration 

0 
0 
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III. RESULTS: MICE 


THIRTEEN-WEEK STUDIES 

Seven of seven males and 516 females tha t  
received 8,000 mg/kg and 9/10 males and 9/10 fe- 
males tha t  received 4,000 mg/kg dimethyl 
methylphosphonate died before the end of the 
studies (Table 25). The final mean body weights 
of the dosed and vehicle control groups were 
comparable, No compound-related clinical signs 
or gross or microscopic lesions were observed. 

Dose Selection Rationale: Based on the in-
cidences of deaths and body weight effects, doses 
selected for mice for the 2-year studies were 
1,000 and 2,000 mg/kg dimethyl methyl-

phosphonate, administered in  corn oi l  by 
gavage, 5 days per week for 103 weeks. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Mean body weights of high dose male mice were 
7%-16% lower than those of vehicle controls be- 
tween weeks 36 and 76 (Table 26, and Figure 5 ) .  
Mean body weights of high dose female mice 
were 6%-12% lower than those of the vehicle 
controls between week 88 and week 103. No 
compound-related clinical signs were reported. 

TABLE 25. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF DIMETHYL METHYLPHOSPHONATE 

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

( m a g )  (percent) 

MALE 

_-0 10110 23 29 +6 
250 I0110 23 30 + 7  103.4 
500 10/10 24 32 +8 110.3 

1,000 10110 24 32 +8 110.3 
2,000 10/10 24 32 +8 110.3 
4,000 (d)1/10 25 28 +3 96.6 
8,000 (e)OR (0 (g) _ _  (g) 

FEMALE 

0 10110 19 24 +5 _ _  
250 10110 19 24 +5 100.0 
500 10110 18 24 +6 100.0 

1,000 10/10 19 24 +5 100.0 
2,000 10/10 19 24 +5 100.0 
4,000 (h)1/10 19 23 +4 95.8 
8,000 (i)116 tn 25 _ _  104.2 

(a)Number surviving/number initially in group 
(b) Initial group mean body weight 
(c)Mean body weight change of the survivors 
(d)Week of death: 2,5,6,6,6,6,6,9,9 
(e)Week ofdeath: 1,3,3,3,3,3,4
(0Initial weights not reported 
(g)No data are reported due to the 100% mortality in this group. 
(h)Week ofdeath: 8,9,9,10,10,12,12,12,12 
(i) Week of death: 2,6,6,10,11 
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TABLE 26. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES OF 
DIMETHYL METHYLPHOSPHONATE 

Vehicle Control 1.000 mg/kg 2,000 mg/kg

Weeks Av.Wt. No. of Av. Wt. Wt. (percent No. of Av. Wt. Wt. (percent No. of 


on Study (grams) Survivors (grams) of veh. controls) Survivors (grams) of veh. controls) Survivors 


MALE 

0 22.4 50 23.0 103 50 22.0 98 50 
I 21.9 49 23.8 109 50 23.1 105 50 
2 24.6 49 25.0 102 49 24.4 99 50 
3 26.4 49 26.1 99 49 25.3 96 50 
4 26.8 49 27.0 101 49 26.1 97 49 
5 27.4 49 27.4 100 49 26.2 96 49 
6 28.4 49 28.7 101 49 27.7 98 49 
7 28.6 49 29.2 102 49 28.5 100 49 
8 29.4 49 29.3 100 49 28.9 98 49 
9 30.3 49 30.7 101 49 30.1 99 49 

10 30.8 49 30.9 100 49 30.4 99 49 
11 31.1 48 30.9 99 49 30.6 98 48 
12 31.3 48 31.2 100 49 30.5 97 48 
13 31.3 48 31.6 101 49 30.9 99 48 
16 32.4 47 32.7 101 49 31.7 98 48 
20 34.3 47 33.8 99 46 33.1 97 44 
24 35.0 47 34.7 99 45 33.3 95 39 
28 36.4 45 35.9 99 45 34.8 96 37 
32 37.5 44 37.2 99 45 35.8 95 36 
36 38.9 44 38.2 98 45 36.1 93 33 
40 38.7 44 38.7 100 44 35.9 93 32 
44 41.3 43 40.7 99 44 37.4 91 28 
48 41.4 41 41.2 100 44 36.3 88 11 
52 41.9 41 42.5 101 44 37.1 89 11 
56 42.8 41 43.5 102 42 38.3 89 11 
60 44.8 40 44.4 99 42 37.5 e4 11 
61 42.4 40 43.6 103 41 38.8 92 11 
68 44.1 40 43.1 98 41 39.1 89 10 
72 44.1 40 43.5 99 41 39.5 90 8 
76 45.0 40 43.1 96 40 39.5 88 6 
80 44.8 38 43.7 98 29 42.8 96 4 
84 44.3 38 43.4 98 27 45.3 102 3 
88 44.1 36 42.3 96 26 45.0 102 3 
92 43.0 35 43.0 100 25 45.3 105 3 
96 41.3 32 41.1 100 19 

100 40.6 31 42.3 104 13 
104 39.4 30 39.8 101 12 

FEMALE 

17.6 50 18.3 104 50 18.0 102 50 
18.1 
18.9 

50 
50 

19.1 
19.7 

106 
104 

50 
50 

18.5 
19.2 

102 
102 

50 
50 

20.0 50 20.2 101 50 19.8 99 50 
20.0 
20.2 

50 
50 

20.4 
20.5 

102 
101 

50 
50 

20.0 
20.3 

100 
100 

50 
50 

21.1 50 21.2 100 50 21.1 100 50 
21.1 50 21.7 103 50 21.4 101 50 

9 
10 

21.6 
21.9 
22.2 

50 
50 
50 

22.1 

22.8 
22.8 

102 
104 
103 

50 
50 
50 

21.4 
22.3 
22.7 

99 
102 
102 

50 
50 
50 

11 
12 

22.5 
22.4 

50 
50 

23.0 
22.9 

102 
102 

50 
50 

22.8 
22.5 

101 
100 

50 
50 

13 22.5 50 23.3 104 50 22.9 102 50 
16 23.5 50 23.7 101 50 23.4 100 50 
20 
24 

24.5 
24.7 

50 
50 

25.0 
25.3 

102 
102 

49 
49 

24.3 
24.6 

99 
100 

47 
47 

28 25.6 50 26.0 102 49 25.9 101 47 
32 27.2 50 27.6 101 49 26.9 99 46 
36 28.3 50 28.7 101 47 27.9 99 45 
40 28.4 50 29.1 102 47 28.1 99 45 
44 30.6 48 30.8 101 47 29.7 97 43 
48 30.7 48 31.4 102 47 30.4 99 21 
52 31.5 48 32.4 103 47 31.0 98 21 
56 33.4 48 34.0 102 47 32.4 97 20 
60 35.0 48 35.3 101 47 33.1 95 19 
64 
68 
72 
76 

34.2 
35.2 
36.5 
37.4 

47 
47 
47 
47 

35.8 
36.6 
37.1 
38.4 

105 
104 
102 
103 

46 
45 
45 
44 

34.0 
35.5 
35.1 
36.1 

99 
101 
96 
97 

19 
18 
10 
8 

80 
84 

38.0 
38.6 

47 
47 

38.9 
39.9 

102 
103 

44 
44 

37.4 
36.5 

98 
95 

7 
6 

88 38.3 47 39.6 103 44 36.0 94 4 
92 
96 

100 

38.9 
38.3 
38.1 

46 
45 
44 

40.4 
39.6 
40.0 

104 
103 
105 

44 
38 
35 

34.3 
34.3 
35.3 

88 
90 
93 

3 
3 
3 

104 37.3 42 39.0 105 31 36.5 98 2 
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III. RESULTS: MICE 


Survival 	 amount. For purposes of survival analysis, these 
deaths were censored. Eleven low dose male Estimates of the probabilities of survival for mice died a t  week 77.male and female mice administered dimethyl 

methylphosphonate a t  the doses used in these 
studies and for vehicle controls are shown in the The survival of both the low dose (after week 95) 
Kaplan and Meier curves in Figure 6. Between and the high dose (after week 23) groups of male 
weeks 23 and 44, there was a gradual decrease mice was significantly lower than that of the ve- 
in survival in high dose male mice which was at- hicle controls (Table 27). The survival of the 
tributed to fighting; lesions around the penis high dose group of female mice was significantly 
were noted in many of these animals. Aggres- lower than that of the vehicle controls after 
sive animals were housed separately to prevent week 52. The survival of the low dose female 
animal attrition. At week 45, 17 high dose male mice was comparable to that of the vehicle con-
mice and 22 high dose female mice were found trols. Unadjusted survival curves (with acciden- 
dead; chemical analysis of the dose preparation tal deaths not censored) for male and female 
found the dose to be 134% of the targeted mice are shown in Figure 7. 

TABLE 27. SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES OF DIMETHYL 
METHYLPHOSPHONATE 

Vehicle Control 1,000 mg/kg 2,000 mg/kg 

MALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Accidentally killed 
Killed at termination 

50 
17 
4 

28 

50 
33 

5 
12 

50 
33 
17 
0 

Died during termination period 
SurvivalPvalues (c) 

1 
<0.001 

0 
0.004 

0 
<0.001 

FEMALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Accidentally killed 
Animals missing 
Killed at termination 

50 
7 
0 
2 

41 

50 
14 
6 
0 

30 

50 
24 
23 

1 
2 

SurvivalPvalues (c) <0.001 0.109 <0.001 

(a) Terminal-kill period: week 105 
(b)Includes animals killed in a moribund condition 
(c)The result of the life table trend test is in the vehicle control column, and the results of the life table painvise 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 significant or note-
worthy changes in the incidences of mice with 
neoplastic or nonneoplastic lesions of the liver, 
hematopoietic system, and lung. 

Lesions in male mice are summarized in Appen- 
dix C. Histopathologic findings on neoplasms 
are  summarized in Table Cl.Table C2 gives the 
survival and tumor status for individual male 
mice. Table C3 contains the statistical analyses 
of those primary tumors that occurred with an  
incidence of at least 5% in one of the three 
groups. The statistical analyses used are dis- 
cussed in Chapter II (Statistical Methods) and 
Table C3 (footnotes). Historical incidences of tu-
mors in corn oil vehicle control male mice are 
listed in Table C4. Findings on nonneoplastic le- 
sions are summarized in Table C5. 

Lesions in female mice are summarized in Ap- 
pendix D. Histopathologic findings on neo- 
plasms are summarized in Table D1. Table D2 
gives the survival and tumor status for individ- 
ual female mice. Table D3 contains the statisti- 
cal analyses of those primary tumors that oc-
curred with a n  incidence of a t  least 5% in one of 
the three groups. The statistical analyses used 
are discussed in Chapter II (Statistical Methods) 
and Table D3 (footnotes). Findings on nonneo- 
plastic lesions are summarized in Table D4. The 
increased mortality in the high dose groups re- 
sulted in little overlap of survival times; thus, 
the sensitivity of the incidental tumor test for 
detecting carcinogenic effects was reduced. 

Liuer: Hepatocellular adenomas and hepatocel- 
lular adenomas or carcinomas (combined) in 
male mice occurred with significant positive 
trends by the life table test (P<O.OOl)but not by 
the incidental tumor test (P=0.156),the more 
appropriate test for nonfatal tumors such as 
these (vehicle control, 17/50;low dose, 21/50; 
high dose, 4/46). Hepatocytomegaly was ob- 
served a t  increased incidences in dosed male 
mice (5150; 17/50; 10J46). No increase in neo- 
plastic or nonneoplastic liver lesions was seen in 
dosed female mice. 

Hematopoietic System: Malignant lymphomas 
in male mice occurred with a significant positive 
trend by the life table test (vehicle control, 2/50; 
low dose, 3/50;high dose, 1/50; P=0.026). One 
vehicle control male mouse had granulocytic 
leukemia. Because final survival in high dose 
animals was lower than that in the other groups, 
there were fewer high dose animals a t  risk for 
leukemia. Female mice showed no significant 
increases in the incidence of either malignant 
lymphomas or leukemia. 

Lung: Congestion was observed at  increased in- 
cidences in dosed male mice (vehicle control, 
2/50;low dose, 8/49;high dose, 16/45)and dosed 
female mice (0/48;2/50; 14/49). The lung con- 
gestion was associated with early death, dosing 
errors, or gavage accidents. All animals (with 
the exception of one low dose female) with lung 
congestion died early in the studies; 14/16high 
dose male mice and 11/14high dose female mice 
with lung congestion died a t  week 45 when a 
dosing error was observed. Six of eight low dose 
male mice with lung congestion died a t  week 77, 
the week of an  unexplained clustering of deaths. 
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IV. DISCUSSION AND CONCLUSIONS 


Dimethyl mcthylphosphonate was nominated 
for study in 1976 by the U.S.Army because it 
was a candidate nerve gas simulant. Three 
other candidate simulants were nominated for 
study at the same time, and i t  was recommended 
that all chemicals be studied in the same way so 
that toxicity data could be compared. In the 
short-term and 2-year studies, the chemicals 
were administered by gavage in corn oil t o  
F344/N rats and B6C3F1 mice to mimic potential 
oral exposure. Water was used as the vehicle in 
the studies of reproductive effects in male 
rodents. 

Short-Term Studies 

In the single-administration studies, dimethyl 
methylphosphonate was given to rats and mice 
a t  doses up to 6,810 mg/kg. No compound- 
related deaths were seen in rats or in male mice; 
two high dose female mice died. In the 15-day 
studies, rats and mice received doses up  to 
15,000 mg/kg per day. Compound-related 
deaths occurred a t  5,000, 10,000, and 15,000 
mg/kg in rats and a t  10,000 and 15,000 mg/kg in 
mice. No compound-related lesions were seen in 
rats in these studies, but stomach lesions were 
seen in mice at 5,000, 10,000, and 15,000 mg/kg 
in the 15-day studies. 

In the 13-week studies, dimethyl methylphos- 
phonate was given at  doses up to 8,000 mg/kg. 
Compound-related deaths occurred a t  2,000, 
4,000, and 8,000 mg/kg in rats and a t  4,000 and 
8,000 mg/kg in mice. During the single-admin- 
istration and 15-day studies, clinical signs re- 
ported in rats and mice after dosing included in- 
activity, unsteady gait, and prostration; these 
clinical signs were not observed in the 13-week 
studies. No weight effects were obs,erved in rats 
a t  1,000 mg/kg or in mice a t  2,000 mg/kg; re- 
duced body weights and deaths were seen a t  
higher doses. Minimal to mild renal and testic- 
ular lesions were seen in dosed male rats; no tar- 
get tissues were identified in female rats or male 
and female mice. Doses selected for the 2-year 
studies were based on body weight effects and 
deaths observed in the short-term studies. The 
severity of the kidney lesions, which were ob- 
served in male rats a t  all doses, did not increase 

with increasing dose of the chemical. These 
lesioris were not  cons idered  t o  be l i f e  
threatening. 

Like the kidney lesions, the testicular lesions in 
male rats were seen at  all doses, and the severity 
was not increased as the dose increased. The re- 
productive effects of the chemical in male rats 
and mice were studied to further assess the ef- 
fects of the chemical. In these studies, male 
F344/N rats and B6C3F1 mice were adminis- 
tered dimethyl methylphosphonate by gavage in 
water at doses up to 2,000 mg/kg for 13 weeks 
and were mated to undosed females; necropsies 
were performed, and the testis, kidney, and 
sperm were examined. An increase in the num- 
ber of fetal resorptions was seen when dosed 
male rats and mice were mated to undosed fe- 
males. Lesions of the kidney and testis were 
seen in male rats but not in male mice, and de- 
creased sperm count and motility were seen in 
male rats but not in male mice. Toxic effects to 
the reproductive system were seen in both male 
rats and mice. These effects were more severe in 
rats but were reversible after a 13- to 14-week 
recovery period without dosing. No clinical 
signs were observed after dosing (Dunnick et al., 
1984a,b; Chapin et al., 1984). 

Two-year Studies in Rats 

In the 2-year studies, dimethyl methylphos- 
phonate was administered to rats a t  doses of 0, 
500, or 1,000 mg/kg. Survival of dosed male rats 
was greater than 50% in all groups until week 
80 but was reduced in both dosed groups in the 
last weeks of the study (final survival: vehicle 
control, 27/50; low dose, 17/50; high dose, 4/50).  
This decreased survival in dosed male rats was 
due in part to chemically related kidney toxicity. 
Final survival in high dose female rats was re- 
duced (30/50; 33/50; 23/50). Mean body weights 
of high dose male rats were 5%-10% lower than 
those of the vehicle controls between weeks 28 
and 76 and were 10%-24% lower between weeks 
80 and 104. Mean body weights of high dose fe- 
male rats were 8%-12% lower than those of the 
vehicle controls after week 80. No compound-
related clinical signs were observed. 

Dimethyl methylphosphonate administration 
was associated with increased severi ty  of 
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nephropathy and increased incidence of miner- 
alization (calcification) in the kidney of dosed 
male rats. Renal tubular cell adenocarcinomas 
(vehicle control, 0150; low dose, 2/50; high dose, 
3/49) and transitional cell papillomas or carci- 
nomas (combined) of the pelvic epithelium (0150; 
8/50; 3/49) were seen in the kidney of dosed male 
rats. These are uncommon tumors in F344/N 
rats and are believed to be related to the admin- 
istration of dimethyl methylphosphonate. This 
is supported by the incidences of tubular cell hy- 
perplasia in dosed male rats. The incidence of 
tubular cell hyperplasia is often increased in as- 
sociation with the induction of tubular cell neo- 
plasms, and there appears to be a morphologic 
spectrum suggesting progression from hyper- 
plasia to adenoma to adenocarcinoma. Similar- 
ly, there is a morphologic spectrum from hyper- 
plasia of the transitional epithelium to papil- 
loma and carcinoma of the renal pelvis. The re- 
duced survival of the high dose male rats may 
account for the smaller number of these neo- 
plasms in this group. 

The spectrum of renal toxicity in male rats given 
dimethyl methylphosphonate by gavage for 13 
weeks and 2 years is similar to that in male rats 
exposed to gasoline vapors, related petroleum 
naphthas, or light hydrocarbons consisting of 
paraffins or cycloparaffins or to alkyl aromatic 
hydrocarbons, decalin (Mehlman et al., 19841, or 
1,4-dichlorobenzene (NTP, 1987). Degeneration 
and regeneration of epithelium in proximal con- 
voluted tubules and dilated tubules filled with 
granular proteinaceous material were observed 
in male rats exposed to light hydrocarbon com- 
pounds in short-term inhalation studies (Mehl- 
man et al., 1984); similar lesions were seen in 
the short-term studies of 1,4-dichlorobenzene 
(NTP, 1987) and dimethyl methylphosphonate. 
Early lesions consisting of the accumulation of 
hyaline droplets in epithelial cells in the kidney 
of male rats have been demonstrated to be 
phagolysosomes filled with amorphous electron- 
dense material. Hyaline droplets formed within 
renal tubular cells of male rats after exposure to 
hydrocarbons were reported to be primarily a-2-
microglobulin, a protein that is produced in the 
liver of male rats under the influence of tes- 
tosterone (Phi l l ips  a n d  Cockre l l ,  1984) .  
Whether this protein plays a role in the patho- 
genesis of lesions associated with long-term 

administration of dimethyl methylphosphonate 
in male rats is unknown. 

In contrast to the kidney lesions seen in male 
rats after exposure to dimethyl methylphospho- 
nate, the major nonneoplastic lesions seen in the 
kidney of both rats and mice after exposure to 
halogenated hydrocarbons such as  trichloro- 
ethylene (NTP, unpublished), 2-chloroethanol 
(NTP, 1985b), and tetrachloroethylene (NTP, 
1986b) are cytomegaly, karyomegaly, and toxic 
nephrosis. 

The incidence of mononuclear cell leukemia was 
increased in high dose male rats (vehicle control, 
10/50; low dose, 11/50; high dose, 17/50), and the 
incidence exceeded the highest incidence seen in 
historical vehicle control groups in the NTP 
studies. Staging of the leukemia indicated that 
most of the tumors were stage 3. 

Dosed male rats had marginally increased in- 
cidences of pheochromocytomas of the adrenal 
gland (vehicle control, 12/50; low dose, 14/50; 
high dose, 18/49). Four malignant pheochromo- 
cytomas also were seen in low dose male rats. 
The incidences in the dosed male rats slightly 
exceeded the highest incidence recorded for his- 
torical vehicle controls a t  the study laboratory 
(Appendix A, Table A ~ c ) ,  but the results of pair- 
wise comparisons of low and high dose incidence 
to vehicle control incidence were not significant 
by the incidental tumor test, the test more ap- 
propriate for analysis of this nonfatal tumor. 

Squamous cell papillomas or carcinomas (com- 
bined) of the oral cavity (mouth, palate, or 
tongue) in female rats occurred with a marginal- 
ly significant (P=0.045) positive trend by the 
life table test (vehicle control, 1/50; low dose, 
0150;high dose, 4/50). The incidence in the high 
dose group was not significantly greater than 
that in the vehicle controls, and this lesion was 
not considered to be clearly compound related. 

Incidences of nonfatal neoplasms in the thyroid 
gland of high dose male rats were significantly 
increased by the life table test but not by the in- 
cidental tumor test. The latter test is considered 
more appropriate, and thus, these incidences 
were considered not to be clearly compound rela- 
ted. C-cell adenomas or carcinomas (combined) 
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in the thyroid gland of male rats were seen in 
4/49 vehicle control, 4/50 low dose, and 5/49 high 
dose animals, and follicular cell adenomas or 
carcinomas (combined) in the thyroid gland were 
seen in 0/40 vehicle control, 2/50 low dose, and 
3/49 high dose animals. Mesotheliomas in the 
tunica vaginalis, nonfatal tumors,  were in- 
creased in dosed male rats, but the combined in- 
cidence of mesotheliomas at all sites was not sig- 
nificant by the incidental tumor test. 

Two-year Studies in Mice 

In the 2-year studies, dimethyl methylphos- 
phonate was administered to mice at doses of 0, 
1,000, or 2,000 mg/kg. Deaths in high dose male 
mice between weeks 23 and 45 were associated 
with fighting. At week 45, 17 high dose male 
and 22 high dose female mice died from an  ap- 
parent overdose that appeared to be due in part 
to improper resuspension of the dose mixture. 
Eleven low dose male mice died on the same day 
during week 77, and although the cause of death 
was not determined, it might also have been due 
partly to improper handling of the dose mixtures 
in the animal room. Lung congestion was seen 
in mice that died at weeks 45 and 77 but not in 
mice surviving to the end of the studies. Final 
survival in dosed groups of male mice was re- 
duced, and the number of animals surviving to 
the end of the study was considered inadequate 
for carcinogenicity determination (final survi- 
val: vehicle control, 29/50; low dose, 12/50; high 
dose, 0/50). The number of high dose female 
mice surviving to the end of the study also was 
inadequate for a determination of carcinogenic 
activity (final survival: 41/50; 30/50; 2/50). 

Mean body weights of high dose male mice were 
7%-17% lower than those of vehicle control 
males between weeks 36 and 76, and those of 
high dose female mice were 6%-12% lower be- 
tween weeks 88and 103. 

No increases in neoplastic lesions were consid- 
ered to be compound related in male or female 
mice. In male mice, the incidences of hepato-
cellular adenomas or carcinomas (combined), le- 
sions considered to be nonfatal, were signifi- 
cantly increased when assessed by the life table 
test but not by the incidental tumor test (vehicle 
control, 17/50; low dose, 21/50; high dose, 4/46); 

this finding was not considered to be compound 
related. The incidences of malignant lympho- 
mas were increased in dosed male mice by the 
life table trend test (vehicle control, 7/50; low 
dose, 3/50; high dose 1/50); the low rate in the 
high dose group was due in part to decreased 
survival in this dose group. The incidences of 
lymphomas are considered not to be related to 
chemical administration. Dimethyl methyl- 
phosphonate caused increased incidences of 
hepatocytomegaly in dosed male mice (5150; 
17/50; 10/46). 

Genetic Toxicology 

Dimethyl methylphosphonate induced forward 
mutations in mouse lymphoma cells in the ab- 
sence of metabolic activation, induced SCEs in 
CHO cells both with and without metabolic acti- 
vation, gave limited evidence of clastogenicity in 
CHO cells in the absence of metabolic activation, 
and induced sex-linked recessive lethal muta- 
tions and translocations in Drosophila (Appen- 
dix E). Dimethyl methylphosphonate was nega- 
tive in bacterial mutagenicity tests (Aerospace 
Medical Research Laboratory, 1983; Table El) .  
A dominant lethal effect was seen in male rats 
and mice (Dunnick et al., 1984a,b). 

Other NTP Studies 

The NTP has reported studies conducted on 
other nerve gas simulants nominated for study 
by the U.S.Army. Tris(2-ethylhexy1)phosphate 
was found to have equivocal evidence of carcino- 
genicity for male rats because of increased inci- 
dence of pheochromocytomas of the adrenal 
glands (NTP, 1984). There was no evidence of 
carcinogenicity for female F344/N rats or male 
B6C3F1 mice. There was some evidence of car- 
cinogenicity for female B6C3F1 mice as shown 
by an increased incidence of hepatocellular car- 
cinomas. 

In the 2-year studies of dimethyl morpholino- 
phosphoramidate, there was some evidence of . 
carcinogenicity for male and female F344/N rats 
as indicated by increased incidences of mononu- 
clear cell leukemia (NTP, 1986a). There was no 
evidence of carcinogenicity for male and female 
B6C3F1 mice. 
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There was clear evidence of carcinogenicity for 
dimethyl hydrogen phosphite for male F344/N 
rats, as shown by increased incidences of lung 
and forestomach neoplasms (NTP, 1985a).  
There was equivocal evidence of carcinogenicity 
for female F344/N rats as shown by marginally 
increased incidences of lung and forestomach 
neoplasms. There was no evidence of carcino- 
genicity for male and female B6C3F1 mice. 

Data Audit 

The experimental and tabulated data for the 
NTP Technical report on dimethyl methylphos- 
phonate were examined for accuracy, consisten- 
cy, and compliance with Good Laboratory Prac- 
tice requirements (Appendix H) .  No dis-
crepancies were found that influenced the final 
interpretation of the results of these studies. 

Conclusions: Under the conditions of these 2-
year gavage studies, there was some evidence 

of carcinogenic activity* of dimethyl methylphos- 
phonate for male F344/N rats as shown by in- 
creased incidences of tubular cell hyperplasia, 
tubular cell adenocarcinomas, hyperplasia of the 
transitional cell epithelium, and transitional 
cell papillomas of the kidney. There was a n  in- 
creased incidence of mononuclear cell leukemia 
in male rats a t  1,000 mg/kg. Renal toxicity and 
decreased survival occurred in dosed male rats. 
There was no evidence of carcinogenic activity of 
dimethyl methylphosphonate for female F344/N 
rats given doses of 500 or 1,000 mg/kg. The 
study in male B6C3F1 mice was an inadequate 
study of carcinogenic activity because of de- 
creased survival in both dosed groups. There 
was no evidence of carcinogenic activity for fe- 
male B6C3F1 mice receiving dimethyl methyl- 
phosphonate a t  1,000 mg/kg; decreased survival 
of female mice a t  2,000 mg/kg made this group 
inadequate for determination of carcinogenic 
activity. 

*Explanationof Levels of Evidence of Carcinogenic Activity is on page 6. 

A summary of the 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 DIMETHYL METHYLPHOSPHONATE 

Vehicle Control Low Dose High Dose 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

50 
50 
50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
+Skin (50) (50) (50)

Squamous cell papilloma 2 (4%) 1 (2%)
Squamous cell carcinoma 1 (2%)
Keratoacanthoma 3 (6%)

*Subcutaneous tissue (50) (50) (50)
Neoplasm, benign, NOS 1 (2%)
Sarcoma, NOS 1 (2%) I (2%)
Fibroma 4 (8%) 3 (6%) 1 (2%) 

RESPIRATORY SYSTEM 
"Nasal cavity 

Squamous cell carcinoma 
Chondroma 

#Lung 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 

HEMATOPOIETIC SYSTEM 
+Multiple organs 

Leukemia, mononuclear cell 
#Spleen

Fibrosarcoma 
Leukemia, mononuclear cell 

#Lymph node 
Pheochromocytoma, metastatic 

#Thymus 
Thymoma, benign 

CIRCULATORY SYSTEM 
#Heart (50)

Neurilemoma 

DIGESTIVE SYSTEM 
"Palate 

Squamous cell papilloma 
+Tongue 

Carcinoma, NOS 
#Salivary gland 

Neurilemoma 
#Liver 

Neoplastic nodule 
#Pancreas 

Adenocarcinoma, NOS 
Acinar cell adenoma 
Pheochromocytoma, metastatic 

#Forestomach 
Papilloma, NOS 

#Jejunum
Adenocarcinoma, NOS 
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TABLE Al.  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control Low Dose High Dose 

URINARY SYSTEM 
#Kidney 

Tubular cell adenocarcinoma 
Lipoma

#Kidney/pelvis 
Transitional cell papilloma 
Transitional cell carcinoma 

ENDOCRINE SYSTEM 
#Pituitary intermedia 

Adenoma, NOS 
#Antmior pituitary 

Adenoma, NOS 
#Pituitary posterior 

Pheochromocytoma, metastatic 
#Adrenal medulla 

Pheochromocytoma
Pheochromocytoma, malignant 

#Thyroid
Follicular cell adenoma 
Follicular cell carcinoma 
C-cell adenoma 
C-cell carcinoma 

#Parathyroid 

Adenoma, NOS 


#Pancreatic islets 

Islet cell adenoma 

Islet cell carcinoma 


REPRODUCTIVE SYSTEM 
*Mammary gland 

Fibroadenoma 
*Preputial gland 


Carcinoma, NOS 

Adenoma, NOS 


#Prostate 

Adenoma, NOS 


#Testis 

Interstitial cell tumor 


*Epididymis

Mesothelioma, NOS 


*Scrotum 

Mesothelioma, NOS 


NERVOUS SYSTEM 
#Brain 

Astrocytoma

#Cerebral cortex 


Astrocytoma 


SPECIAL SENSE ORGANS 
*Ear canal 

Papilloma, NOS 
*Zymbal gland 


Carcinoma, NOS 

Squamous cell carcinoma 

Adenoma, NOS 


(50) 

(50)  
13 (26%) 

(50) 

(50) 
12 (24%) 

(49) 

3 (6%) 
1 (2%)

(39) 

(49) 
4 (8%) 
2 (4%) 

(50) 
2 (4%) 

(50) 

(50) 
1 (2%)

(50) 
10 (20%)

(50) 
1 (2%)

(50) 
14 (28%) 
4 (8%) 

(50) 

2 (4%) 

4 (8%)
(37) 

(49) 
3 (6%) 

(50) 
2 (4%) 

(50) 

2 (4%) 
(49) 

3 (6%) 
(50)

39 (78%) 
(50)  

(50) 

(50)
1 (2%) 

(50) 

(46) 
1 (2%)

(46) 
7 (15%)

(46) 

(49) 
18 (37%) 

(49) 
2 (4%) 
1 (2%) 
1 (2%) 
4 (8%)

(42) 
1 (2%) 

(49) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 
1 (2%) 
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TABLE Al .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control Low Dose High Dose 

MUSCULOSKELETAL SYSTEM 
+Skull 

Osteoma 
(50) 

BODY CAVITIES 
*Mediastinum 

"Mesentery 

'Tunica vaginalis 

Pheochromocytoma, metastatic 

Lipoma 

Mesothelioma, NOS 

ALL OTHER SYSTEMS 
*Multiple organs 

Adenocarcinoma, NOS, metastatic 
Mesothelioma, NOS 
Mesothelioma, malignant 

Tail 

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

(50) 

1 (2%) 

(50) 

Squamous cell papilloma 1 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
50 
18 

50 
24 

50 
27 

Moribund sacrifice 5 9 18 
Terminal sacrifice 26 17 4 
Dosing accident 1 1 

TUMOR SUMMARY 
Total animals with primary tumors++ 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors## 

Total animals with tumors uncertain- 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

46 
117 
45 
93 
18 
21 
1 
1 

45 
133 
44 
95 
23 
29 
1 
4 

43 
118 
43 
79 
28 
31 

Total uncertain tumors 
benign or malignant 3 

3 
7 
9 

7 
8 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
++ Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically at this site 
## Secondary tumors: metastatic tumors or tumors invasive into an  adjacent organ 
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TABLE Al .  INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF DIMETHYL METHYLPHOSPHONATE: VEHICLE CONTROL 

NUMBER 

WEEKS ON 
STUDY 

Slun + + + +  ~ + + + + t + + + + + t t + t + + + + + t  
Squamousn l l  paprlloma

Subcutanmutissue + + + + + + + + + + + + + + + + + + + + + + + + +  
Neoplasm. bnign, NOS x 
Sarcoma. NOS 
Fibroma X X 

Lun and bronchi + + + + + + + + + + + + + + + + + + + + + + + + +  
Tnc%.a + + + + + + + + + + + + + + + + + + + + + + + + +  
N i u l  canty N N N N N N N N + + + + + + + + + + N + + N + + +  

Sqnamou nll camnoma X 
~~ ~~ ~ ~~ 

Bone mamr + + + + + + + + + + + + + + + + + + + + + + - + +  
Splren . . . . . . . . . . . . . . . . . . . . . . . . . 

L mphnodec - + + + + + + + + + + + + + + + + + + + + + + + +  
TKymw + + + + + + + + + - + + + - - + + + + - - + + + -

ne** . . . . . . . . . . . . . . . . . . . . . . . . .  

Neunlrmoma 

On1 a n t y  N N N N N N N N N N N N N N N N N N N N N N N N N  
sqtumous n l l  papilloma X

saliva ghnd . . . . . . . . . . . . . . . . . . . . . . . . .  

NeIl%moma X

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

NIoplutic nodule x

Bile duct . . . . . . . . . . . . . . . . . . . . . . . . .  

Pancnac . . . . . . . . . . . . . . . . . . . . . . . . .  


Menoamnoma N 0 8  X

ACIM~~ l l  X
adendma . . . . . . . . . . . . . . . . . . . . . . . . .  
E w P V

St0-c . . . . . . . . . . . . . . . . . . . . . . . . . 

small int4ltrnl . . . . . . . . . . . . . . . . . . . . . . . . .  

hrgniat4atina . . . . . . . . . . . . . . . . . . . . . . . . .  


K i d ~ y  + + + + t + + + + + + + + + + + + + + + t + + + t  
Lipoma

Ulinay bladder . . . . . . . . . . . . . . . . . . . . . . . . .  


RtUltary + + + + + + + + + + + + + + + + + + + + + + + + +  
Adenoma. NOS x x x x  X X 

MnMl . . . . . . . . . . . . . . . . . . . . . . . . .  

Pboochromocytonu X X x x

Th rod . . . . . . . . . . . . . . . . . . . . . . . . .  
2n11uianoma 
C 4 l  amnoma 

Panthymd - - + + + + - - + - + + + + + + + - + + + + + + +  
PaIICn.hc ubtI . . . . . . . . . . . . . . . . . . . . . . . . .  


Islet ~ l ladenoma X X 
I h t  ~ l l  XUrnnoma 

Mammary ghnd . . . . . . . . . . . . . . . . . . . . . . . . .  

Fibroadenoma 

Tectu . . . . . . . . . . . . . . . . . . . . . . . . .  

1nkntltl.l ~ l l  x x x x x x x xtumor x x x x x x x x  

Prn1t.L. . . . . . . . . . . . . . . . . . . . . . . . . .  

Adenoma NOB 

PnputuUchonl  land S N N N N N N N N N N N N N W N N N N N N N N N N  
Camay,NOBt X 
M*MM OS 

E drdymd S N N N N N N N N N N N N N N N N N N N N N U N N
pb.&blwma. N08 X 

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


Y N N N N N N N N N N N + N N N N N N N N N N N N  
X 

U N N N N N N N N N N N N N W N N N N N N N N N N  

Y N N N N N N N N N N N N N N H N N W N N N N N N  
X 

X 
X x x x x x  

' No t i m u  information cubm~t td  
C Nwropcy. W histolog, due Lo probml
k A u t a l d  
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TABLE AB. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS VEHICLE CONTROL 

NUMBER 

Skm 
Squamotu all pap~lloma

Suhcuunwtu tiuur 
Nwphsm, banign.NOS 
Sarmnu. N09 
Fibroma 

Lun and bronchi 
Tnc%.. 
N a ~ lunty

Squamoor a l l  urnnoma 

Bone mamw 
Salrrn 
L' mph nodu 
Tiymru 

(Continued) 
b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

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

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

__-pp---
1 - r T 1 m 7 7 7 7 TISSUES 

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 TUMORS 

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  


. . . . . . . . . . . . . . . . . . . . . . . . .  $50 

+ + + + + + + + + + + + + + + + + + + + + + + + +I,' 5 0X X 

i
X 

X x i  


. . . . . . . . . . . . . . . . . . . . . . . . . 50
+ + + + + + + + + + + + + + + + + + + + + + + + +  50
+ + + + + + + + + + + + + + N + + + + + + + + + + 050 
1 


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


. . . . . . . . . . . . . . . . . . . . . . . . .  so
+ + + + + + + + + + + + + + + + + + ~ + + + + + + 49
+ + + + + + + + + + + + + - + + + - + + + + + + +  42 


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


N N N N N N N N N N N N N N N N N N N N N N N N N  '50 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 

I


X 2 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  50
+ + + + + + + + + + + + + + + + + + + + + + + + +  45
+ + + + + + + + + + + + + + + + + + + + + + + + +  47 


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

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

+ + + + + + + + + + + + + + + + + + + + + + + + +  50 
x x  x x x x x  13
+ + + + + + + + + + + + + + + + + + + + + + + + +  50 
x x  X X X X X L2
+ + + + + + + + + + + + + + + + + + + + + + + + +  49

X X X 3


X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  39
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 

X X 4 


X 2 


+ N + + + + + + + + + + + t + + + + + + + + + + N  '50 

X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  J0


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  41 

+ + + + + + + + + + + + + + + + + + + + + + + + +  47


X X 2 

N N N N N N N N N N N N N N N N N N N N N N N N N  '50 
X 2


X 1 

N N N N N N N N N N N N N N N N N N N N N N N N N  5 0  


I 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
x x 2 


H N N N N N N N N N N N N N N N N N N N N N N N N  *SO 
1 


N N N N N N N N N N N N N N N N N N N N N N N N N  '50 
X 1 


N N N N N N N N N N N N N N N N N N N N N N N N N  '50 

1


X 1 

L 


x x x x  10 


X L 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 

NUMBER 

WEEKS ON 
STUDY 

Skln 
Keratoacanthoma 


Subeutaneoua tirrua 

Sarcoma. NOS 

Fibroma 


Lung8 and bronchi 
Alvaobribronchiolar adenoma 

Trachea 
N a ~ lu n t y

Chondroma 

Bone marrow 
Spleen

Fibmaamma 
hulumu,  mononucleard l  


Lymph nodas 

Pheochromocytoma. metaitatic 

Th mna 

Tiymom.  bmign 


Heart 

On1 cant$ 

Squamousnil papilloma


Salivary gland 

Liver 

Nwpbshc noduh 
Bile duct 
P a n c n u  


h n a r  ~ l l 
denoma 
Phaochmmoeytoma. metastatic 

: t % r  
Pa illom NOS 

smaPi inuaiine 

Manournnoma. NOS 


Lam inbatme 


Kidney

Tubular cell admocamnonu 


Kidney/plna 

Transitional cell papilloma 

Tnnat ional  call camnoma 


Unnay  bladder 

R t u i h y
Adenoma. NOS 
Phoochromocytoma, metastatic 

Adnnal 
Phwchmrnocytoma
Phwchromoytonu. m l i p s n t  

Thurnid 
F&&r n l l  camnoma 
C.cell camnoma 

Pan thy  mid 
Panenatlc l ~ l * t r  

Islet nlladenoma 

Mammary g h d  
Fibmadanoma 

Teatia 
Inbmtihrl a l l  tumor 

Pm1L.t. 

Brain 
Aatroeybma 

Zymbalgland
C a m n n a u  NOS 

Mduahnum 
Phwchromocytoma, matmtatic 

Tunicava nalu 
Mewthefnma. N09 

M e n n b r y
Lipoma 

Multiple org8nr. N09 
Yewthdiomr NOS 
h h r n u .  mo)nonue~..rn~~ 

STUDY OF DIMETHYL METHYLPHOSPHONATE: LOW DOSE 
~ o o o o ~ O O 
2 0 3 4 4 1 0 2 3 1 3 4 5 2 0 0 1 2 3 0 2 3 1 2 4  
0 6 2 4 5 8 7 1 6 4 1 6 0 7 1 2 0 4 3 8 9 8 7 3 8  

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

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

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


+ + + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N + + + N + + + + + + + + +  


. . . . . . . . . . . . . . . . . . . . . . . . .
+ + + + + + + + + + + - + + + + + + + + + + + + +  
X- + + + + + + + + + + + + + + + + + + + + + + + +  

X+ + + + + + + + + + + - + + + - + - + + + + + + +  

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


N N N N N N N N N N N N N N N N N N N N N N N N N  

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

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

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

+ + + + + + + - + e + - + + + + + + + + + + + + +  
+ + + + + + + - + + + - + + + + + + + + + + + + +  
+ + + + + - + - + + + - + + + + + + + + + + + + +  

~~ 

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


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

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

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

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

X X X 

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

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


X X X 

+ + N + + + N + + + N	 + + N N + N + + + + + + + + 

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

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


X 
Y N N N N N N N N N N N N N N N N N N N N N N N N  

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

Y N N N N N N N N N N N N N N N N N N N N N N N N  

Y N N N N N N N N N N N N N N N N N N N N N N N N  
X 

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

X 

Y N N N N N N N N N N N N N N N N N N N N N N N N  

V N N N N N N N N N N N N N N N N N N N N N N N N  
x x X X X 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS LOW DOSE 
(Continued) -

a O O O O O O O O O O O O o O O O O O O ~ 0 0 ~ ~ 
NUMBER 	 4 4 0 3 3 4 0 1 0 0 1 1 1 1 1 2 2 2 2 3 3 3 4 4 4 

9 1 3 1 5  9 ) l I 2 ) 3 ) 5 1 ~ ~ 5 / 6d l 4 1 9  4 2 / 77 1 3 1 i / B ! 5  	 8 
pTu:

WEEKS ON 	 ISSUE:
STUDY 	 'UMOR: 

-
S h n  . . . . . . . . . . . . . . . . . . . . . . . . .  '50 

Keratoacanthoma X X 3 
Subcutaneous tilsue . . . . . . . . . . . . . . . . . . . . . . . . .  '50 

Sarcoma, NOS X L 
Fibmma X X X 3 -

L u n p  and bronchi . . . . . . . . . . . . . . . . . . . . . . . . .  50 
Alveolarhmnchiolar r d r n o m  X 1 

Trachri  . . . . . . . . . . . . . . . . . . . . . . . . .  41 
N a u l  canty . . . . . . . . . . . . . . . . . . . . . . . . . '50 

Chondmma X 1 

Boar nurmr 	 . . . . . . . . . . . . . . . . . . . . . . . . .  49 

s lern . . . . . . . . . . . . . . . . . . . . . . . . .  49 

k b r o u r m m a  X 1 
Lruk.mia. mononuclrir call 	 1 

Lymph n d r s  	 . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Phroehmmocytoma. matartatic 	 1 

Th mui + + + - * + - - - + + + + + + + + + + + + + + + +  43 
Tiymoma. k n i p  X 1-

Hmi* 	 . . . . . . . . . . . . . . . . . . . . . . . . .  50
-
Oralc i n t y  N N N N N N N N N N N N N N N N N N N N N N N N N  ' 50  

Squimour dlpapilloma X 1 
Salivary gland + + + + + + + + + + + + + + + + + + + + + + + + +  50 
Liver + + + + + + + + + + + + + + + + + + + + + * + + +  49 

Nwpiirtac nalulr x x X 4 
B h  duct 	 . . . . . . . . . . . . . . . . . . . . . . . . .  49

Pancn.1 . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Acinar cell idraonu X 1 
Phoochmmwytema, matuc.hc 1+ + + + + + + + + + + + + + + + + + + + + + + + +  50:E%r 	 + + + + + + + + + + + + + + + + + + + + + + + + +  48 
Pa I l l O n u  NOS 	 X 1s m i t  intmriinm 	 + + + + + + + + + + + + + + + + + * + + + + + + +  48
Mrnocimnoma. NC4 X 	 1

Lim intl1tinr 	 . . . . . . . . . . . . . . . . . . . . . . . . .  47 


+ + + + + + + + + + + + * + + + + + + + + + + + +  

Kidney
Tubular cell adrnarmnomr 

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

50 
2 

Kidnmy/p.lna 

U n n i y  hliddmr 

Transitionala l l  papilloma
Tranntionil cell umnoau 

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

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

50 
7 
1 

43 

Rtui tary 

Adrenal 

Thymid 

Panthymid
Pancni t ic  idmu 

Adenoma NOS 
Phrofhmmocytonu. mrtattatic 

PheochmrnocgLonu
Pheochmmocytom, malignant 

Follicularnll camnonu 
C.c.11 c i m a o m i  

Idat n l l  adanorm 

.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  x x  x x x x x  x x 
+ + + + + + + + + + * + + + + + + + + + + + + + +  
X x x X x x x  x x  
.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

X X 

X X x x x  

X X X X- + + + + - + + + + + + - + + - + - + + + - + + +
+ + + + + + + + + + + * + + + + + + + + + + + + +  

50 
11 
1 

50 
14 
4 

50 
2 
4 

37 
49 
3 

. . . . . . . . . . . . . . . . . . . . . . . . . *50 x x 2 
50 x x x x x  x x x x x x x x x x x  x x x x x x x  39 . . . . . . . . . . . . . . . . . . . . . . . . .  49 

X X 3 
3 N N N N N N N N N N N N N H N N N N N N N N N N  '50 

X X 2 
~ 

Brain 	 . . . . . . . . . . . . . . . . . . . . . . . . .  50 

btroytoM X 	 I I  

Zymbal gland 	 i N N N N N N + N N N N N N N N N N N N N N N N N  
Cimnoma. N08 	 X 

M d u m n u m  	 i N N N N N N N N N N N N N N N N N N N N N N N N  
Phwchmmocytom. mrtaatatic L 

Tunica v i  niiu k + + + + + + + + + + + + + + + + + + + + + + + + *50 
Mrlothrfonu, NOB X X X 4 

Meuntrry i N N H N N N N N N N N N N N N N N N N N N N N N  '50 
Lipoma x x 2 

Multipl. O V U 8 .  NOS i N N N N N N N ti N N N N N N N N N N N N N N N N 
Mrlothrliomr. N08 	 x 
L.uk.mu. monoauclrar~ l l  X 	 X X x x  

, 
* Animals n r c m p u d  
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 

ANIMAL 
NUMBER 

WEEKSON 
STUDY 

M 

Skin 


Squamous cell papilloma 

Squamous cell carcinoma 


Subcutaneous tissue 

Fibroma 


Lungs and bronchi 
Alveolar/bronchiolar carcinoma 

Trachea 

Bone marrow 
Spleen
L mphnodes
Txymus 

Heart -

Oral cavity 

Carcinoma, NOS 

Salivary gland 

Liver 


Neoplastic nodule 

Bile duct 

Pancreas 


Acinarcell adenoma 


E,"%g"
Small intestine 
Large intestine 

Kidnev 
T u b d a r  cell adenocarcinoma 

Kidney/pelvis
Transitional cell papilloma 

Urinary bladder 

Pituitary
Adenoma, NOS 

Adrenal 
Pheochromocytoma

Thyroid
Follicular cell adenoma 
Follicular cell carcinoma 
C-cell adenoma 
C-cell carcinoma 

Parathyroid
Adenoma, NOS 

Pancreatic islets 
Islet cell adenoma 

Mammary gland 
Testis 

Interstitial cell tumor 
Prostate 

Adenoma. NOS 

Brain 
Astrocytoma 

ANS 

Ear 

P a  illorna. NOS 
Zymgal gland 

Squamous cell carcinoma 

Tunica va nalis 
Mesotheroma, NOS 

ALL -s 

I_"...)..--
asothelioma, NOS 

STUDY OF DIMETHYL METHYLPHOSPHONATE: HIGH 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 0  
1 2 4 4 1 0 3 2 3 3 4 5 1 4 0 2 0 4 1 0 0 2 4 2 3  
7 8 2 7 5 1 2 5 6 7 3 0 2 0 2 4 6 5 0 3 8 6 9 0 4  

o o o o o o o u o o u o o o o o o o o o o o o o o  
2 5 5 5 5 5 5 6 6 6 6 6 6 7 7 1 7 7 7 7 7 7 7 8 8  
3 4 5 5 7 9 9 5 5 5 8 8 9 2 6 6 7 7 6 9 9 9 9 3 3  

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

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


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


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


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


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

+ - - - + t +  - + + + + +  - + + + + + + + + +  - +  

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


N N N N N N N N N N N N N N N N N N N N N N N N N  


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

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


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

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

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


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

- - + + + + + + + + - - + + + + + + + + + + + + +  
X X X . . . . . . . . . . . . . . . . . . . . . . . . .  


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


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

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


+ N + + + N + + + + + + N + N N N + + + + + N + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
x x  x x x x x x x x x x x x x . . . . . . . . . . . . . . . . . . . . . . . . .  


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


N N N N N N N N N N N N N N N N N N N N N N N N N  


N N N N N N N N N N N N N N N N N N N N N N N N N  


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

X x x 

N N N N N N N N N N N N N N N N N N N N N N N N N  

x x x x x 

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

(Continued) 


ANIMAL 	 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  
NUMBER 	 3 2 3 4 0 2 1 1 1 1 0 2 4 2 3 0 1 1 0 2 4 3 3 3 4 


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

FOTAL: 

D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 ISSUES 
8 8 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9 0 0 0 0 0 0 0 0 'UMORS 
4 ~ 5 5 5 6 6 7 8 8 8 9 9 9 0 0 8 9 0 1 1 1 5 5 5 5 

Skin . . . . . . . . . . . . . . . . . . . . . . . . . *50 

Squamous cell papilloma X 1 

Squamous cell carcinoma 1 


Subcutaneous tissue . . . . . . . . . . . . . . . . . . . . . . . . . '50 

Fibroma 	 X 1 


Lungs and bronchi 	 . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Alveolarbmnchiolar carcinoma X 	 X 2 


Trachea 	 . . . . . . . . . . . . . . . . . . . . . . . . . 48 

~ 

Bone marrow 	 . . . . . . . . . . . . . . . . . . . . . . . . . 49 

Spleen 	 . . . . . . . . . . . . . . . . . . . . . . . . . 48 

L mphnodes 	 . . . . . . . . . . . . . . . . . . . . . . . . . 48 

Tgymus 	 . . . . . . . . . . . . . . . . . . . . . . . . . 41 
-
Heart 	 . . . . . . . . . . . . . . . . . . . . . . . . . 50 


Oral cavity N N N N N N N N N N N N N N N N N N N N N N N N N  *50 

Carcinoma, NOS X 1 


Salivary gland . . . . . . . . . . . . . . . . . . . . . . . . . 49 

Liver . . . . . . . . . . . . . . . . . . . . . . . . . 49 


Neoplastic nodule X 1 

Bile duct . . . . . . . . . . . . . . . . . . . . . . . . . 49 

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . . 49 


Acinar cell adenoma X X 2 
. . . . . . . . . . . . . . . . . . . . . . . . . 472:;kr . . . . . . . . . . . . . . . . . . . . . . . . . 47 
Small intestine . . . . . . . . . . . . . . . . . . . . . . . . . 42 
Large intestine . . . . . . . . . . . . . . . . . . . . . . . . . 42 

-

Kidney . . . . . . . . . . . . . . . . . . . . . . . . . 49 


Tubular cell adenocarcinoma 	 X 3 

Kidney/plvis 	 . . . . . . . . . . . . . . . . . . . . . . . . . 49 


Transitional call papilloma x x  	 X 3 

Urinary bladder 	 . . . . . . . . . . . . . . . . . . . . . . . . . 41 


-

Pituitary . . . . . . . . . . . . . . . . . . . . . . . . . 46 


Adenoma. NOS X X x x X 8 

Adrenal . . . . . . . . . . . . . . . . . . . . . . . . . 49 


Pheochromocytoma x x x x  x x x x x  x x x x  18 

Thyroid . . . . . . . . . . . . . . . . . . . . . . . . . 49 


Follicular cell adenoma X X 2 

Follicular cell carcinoma 1 

C-cell adenoma X 1 

C-cell carcinoma X x x  4 


Parathyroid . . . . . . . . . . . . . . . . . . . . . . . . .  42 

Adenoma, NOS h 1 


Pancreatic islets 	 . . . . . . . . . . . . . . . . . . . . . . . . . 49 

Islet cell adenoma 	 X 1 


~ ~~ 

Mammary gland 	 + + + + + + + + N + N N + + + + N + + N + + + + +  *50 

Testis 	 . . . . . . . . . . . . . . . . . . . . . . . . . 49 


Interstitial cell tumor Y x x x x x x x x  x x x x x x x x x x x x x x x  39

Prostate 	 . . . . . . . . . . . . . . . . . . . . . . . . . 47


Adenoma, NOS X 	 1 


Brain . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Astrocytoma X 1 


-
ANS 

Ear t N N N N N N N N N N N N N N N N N N N N N N N N  '50 

Pa illoma NOS c 1 


Zymtal g la id  t N N N N N N N N N N N N N N N N N N N N N N N N  *50 

Squamous cell carcinoma c 	 1 


Tunica va 'nalis C + + + + + + + + + + + + + + + + + + + + + + + + *50 

Mesotheroma. NOS X x x 6 


-S 

Multi le organs, NOS J N N N N N N N N N N N N N N N N N N N N N N N N  '50 

Leufemia. mononuclear cell 	 x x x x x  x x  x x x x x  17 

Scrotum. NQS 


Mesothelioma,NOS 1 


* Animals necropsied 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
DIMETHYL METHYLPHOSPHONATE 

Vehicle Control 500 mg/kg 1,000 mg/kg 

0/50(0%)

0.0% 
0/4 (0%) 

(e)
(e) 

(e) 

1/50 (2%)
8.3% 
0/4 (0%)
90 
P= 0.664 
P =0.189N 

P=0.181N 

1/50 (2%)
8.3% 
0/4 (0%)
90 
P=0.707 
P=0.164N 

P =  0.102N 

17/50 (34%) 

100.0% 

4/4 (100%) 

76 

P <0.001 

P=0.032 


P =0.088 

1/49(2%)
25.0% 
1/4 (25%) 
105 
P =0.302 
P=0.302 

P=0.748 

3/49 (6%) 
17.5% 
0/4 (0%)
85 
P=0.031 
P =0.301 

P=0.117 

Skin: Keratoacanthoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


Subcutaneous Tissue: Fibroma 
Overall Rates (a)
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma or Sarcoma 
Overall Rates (a)

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


Hematopoietic System: Mononuclear Cell Leukemia 

0/50(0%) 3/50 (6%) 
0.0% 13.2% 
0/27 (0%) 1/17 (6%) 

88 
P=0.322 P=0.065 
P=0.637 P =0.129 
P =0.640 

P=0.121 

4/50 (8%) 3/50 (6%) 
13.5% 16.4% 
3/27 (1 1%) 2/17 (12%) 
91 100 
P =0.497 P=0.565 
P=0.283N P=0.622N 
P =0.133N 

P=0.500N 

5/50(10%) 4/50 (8%)
17.1% 20.6% 
4/27 (15%) 2/17 (12%) 
91 99 
P=0.523 P=0.491 
P=0.244N P=0.626 
P =O.08ON 

P=0.500N 

Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


Liver: Neoplastic Nodule 
Overall Rates (a)

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


Kidney: Transitional Cell Papilloma 
Overall Rates (a)

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


10/50 (20%) 11/50 (22%) 
30.0% 38.5% 
4/27 (15%) 4/17 (24%) 
91 63 
P<0.001 P=0.188 
P =0.048 P =0.493 
P=0.068 

P =0.500 

1/50 (2%) 4/49 (8%)
3.7% 20.2% 
1/27 (4%) 3/17 (18%) 
105 82 
P=0.104 P =0.079 
P =0.188 P=0.122 
P =0.593 

P=0.175 

0/50 (0%) 7/50 (14%) 
0.0% 38.5% 
0/27 (0%) 6/17 (35%) 

99 
P=O.OOl P<O.OOl 
P =0.014 P=O.OOl 
P=0.151 

P =0.006 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
DIMETHYL METHYLPHOSPHONATE (Continued) 

~~ ~~ ~~ 

Vehicle Control 300 mg/kg 

Kidney: Transitional Cell Papilloma o r  Carcinoma 
Overall Rates (a) 0150(0%) 8/50 (16%) 
Adjusted Rates (b) 0.0% 44.1% 
Terminal Rates (c) 0127(0%) 7/17 (41%) 
Week ofFirst Observation 99 
Life Table Tests (d) P<0.001 P<O.OOl 
Incidental Tumor Tests (d) P=O.OlO P 0.001 
Cochran-Armitage Trend Test (d) P=0.161 
Fisher Exact Test (d) P =0.003 

Kidney: Tubular  Cell Adenocarcinoma 
Overall Rates (a) 0150(0%) 2/50 (4%) 
Adjusted Rates (b) 0.0% 9.2% 
Terminal Rates (c) 0127(0%) 1/17 (6%) 
Week of First Observation 88 
Life Table Tests (d) P=0.014 P=0.160 
Incidental Tumor Tests (d) P=O.O91 P=O.288 
Cochran-Armitage Trend Test (d) P=0.079 
Fisher Exact Test (d) P=0.247 

Pituitary Gland: Adenoma 
Overall Rates (a) 13/50 (26%) 10150(20%)
Adjusted Rates (b) 39.6% 38.5% 
Terminal Rates (c) 8/27 (30%) 3/17 (18%) 
Week ofFirst Observation 96 63 
Life Table Tests (d) P=0.126 P=0.426 
Incidental Tumor Tests (d) P =0.319N P=0.539N 
Cochran-Armitage Trend Test (d) P-0.119N 
Fisher Exact Test (d) P=0.318N 

Adrenal Gland: Pheochromocytoma 
Overall Rates (a) 12/50 (24%) 14/50(28%) 
Adjusted Rates (b) 35.5% 57.8% 
Terminal Rates (c) 7/27 (26%) 8/17 (47%) 
Week of First Observation 55 70 
Life Table Tests (d) P<O.OOl P=O.O92 
Incidental Tumor Tests (d) P=0.022 P=0.284 
Cochran-Armitage Trend Test (d) P=O.101 
Fisher Exact Test (d) P=0.410 

Adrenal  Gland: Malignant Pheochromocytoma 
Overall Rates (a) 0150(0%) 4/50(8%)

Adjusted Rates (b) 0.0% 18.5% 

Terminal Rates (c) On7(0%) 2/17 (12%) 

Week ofFirst Observation 86 

Life Table Tests (d) P=0.236 P=0.026 

Incidental Tumor Tests (d) P=0.486 P=0.052 

Cochran-Armitage Trend Test (d) P=0.616 

Fisher Exact Test (d) P=0.059 


Adrenal Gland: Pheochromocytoma o r  Malignant Pheochromocytoma 
Overall Rates (a) 12/50 (24%) 18/50 (36%) 
Adjusted Rates (b) 35.5% 69.7% 
Terminal Rates (c) 7/27 (26%) 10117 (59%) 
Week of First Observation 55 70 

Life Table Tests (d) P<O.OOl P=0.012 

Incidental Tumor Tests (d) P=0.017 P=0.069 

Cochran-Armitage Trend Test (d) P=0.105 

Fisher Exact Test (d) P=0.138 


1,000mg/kg 

3/49 (6%) 

17.5% 

014(0%)

85 

P=0.031 
P=0.301 


P=0.117 


3/49 (6%) 

19.4% 

014(0%)

77 

P=0.043 
P =0.167 


P=0.117 


7/46 (15%) 

46.9% 

114 (25%) 

65 

P=O.101 

P=0.516N 

P=0.148N 

18/49 (37%) 

91.3% 

314 (75%) 

65 

P<O.OOf 

P=0.071 


P=0.123 


0149(0%) 

0.0% 
014(0%) 


(e) 
( 8 )  

(e) 

18/49 (37%) 

91.3% 

314 (75%) 

65 

P<O.OOl 

P=0.071 


P=0.123 

77 Dimethyl Methylphosphonate, NTP TR 323 



TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY O F  
DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control 

Thyroid Gland: Follicular Cell Adenoma or Carcinoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c)

Week of First Observation 

Life Table Testa (d) 

Incidental Tumor Testa (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


Thyroid Gland: C-cell Adenoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Testa (d) 

Incidental Tumor Testa (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


Thyroid Gland: C-cell Carcinoma 
Overall Rates (a)

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Testa (d) 

Incidental Tumor Testa (d)* 

Cochran-Armitage Trend Test (d)

Fisher Exact Test (d) 


Thyroid Gland: C-cell Adenoma or Carcinoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Tests (d) 

Incidental TumorTesta (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


Pancreatic Islets: Islet Cell Adenoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Testa (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


0149 (0%)
0.0% 
0127 (0%) 

P =0.003 
P =0.050 
P =0.081 

3/49 (6%) 
11.1% 
3/27 (11%)
105 
P =0.567N 
P =0.317N 
P =0.175N 

1/49 (2%) 
3.7% 
1/27 (4%) 
105 
P=0.002 
P=0.022 
P =  0.145 

4/49 (8%)
14.8% 
4/27 (15%) 
105 
P =0.008 
P=0.112 
P =0.429 

4/49 (8%)
12.6% 
2/27 (7%) 
91 
P=0.434N 
P=0.112N 
P =0.133N 

Pancreatic Islets: Islet Cell Adenoma or Carcinoma 
Overall Rates (a) 6/49(12%)

Adjusted Rates (b) 18.8% 

Terminal Rates (c) 3/27(11%)

Week of First Observation 91 

Life Table Tests (d) P =0.259N 

Incidental Tumor Testa (d) P=0.042N 

Cochran-Armitage Trend Test (d) P =0.036N 

Fisher Exact Test (d) 


500 mg/kg 

2/50 (4%) 
11.8% 
2/17(12%)
105 
P=0.143 
P=0.1 43 

P=0.253 

0150 (0%) 
0.0% 
0117 (0%) 

P =0.212N 
P =0.212N 

P=O.l17N 

4/50 (8%)
20.6% 
3/17(18%)
88 
P=0.075 
P=0.122 

P=0.187 

4/50 (8%)
20.6% 
3/17 (18%)
88 

P =0.387 
P =0.486 

P=0.631N 

3/49 (6%)
7.3% 
0117 (0%)
58 

P=0.647N 
P=0.400N 

P =0.500N 

3/49 (6%) 
7.3% 
0117 (0%)
58 
P=0.425N 
P=0.203N 

P=0.243N 

1,000 mgkg 

3/49 (6%) 
22.9% 
014 (0%)
88 
P =0.014 
P =0.301 

P=0.121 

1/49 (2%)
6.7% 
014 (0%)
89 
P=0.596 
P =  0.643N 

P=0.309N 

4/49 (8%)
54.3% 
214 (50%) 
79 
P =0.004 
P =0.030 

P=0.181 

5/49 (10%) 
57.3% 
214 (50%) 
79 
P =0.008 
P=O.l18 

P =0.500 

1/49 (2%) 

12.5% 

014 (0%)

100 

P =0.678 

P =0.289N 


P =0.18lN 

1/49 (2%) 
12.5% 
014 (0%)
100 
P=0.606N 
P =0.153N 

P =0.056N 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control 500 mg/kg 1,000 mg/kg 

Preputial  Gland: Adenoma or Carcinoma 

Overall Rates (a) 3/50 (6%) 2/50 (4%) 0150 (0%)

Adjusted Rates (b) 9.4% 11.8% 0.0% 

Terminal Rates (c) 2/27 (7%) 2/17(12%) 014 (0%)

Week of First Observation 57 105 

Life Table Tests (d) P=0.350N P=0.669N P=0.356N 

Incidental Tumor Tests (d) P =0.293N P=0.622N P =0.261N 

Cochran-Armitage Trend Test (d) P =0.082N 

Fisher Exact Test (d) P =0.500N P-0.121N 

Prostate: Adenoma 

Overall Rates (a) 2/47 (4%) 3/49 (6%) 1/47 (2%) 

Adjusted Rates (b) 7.4% 13.9% 4.2% 

Terminal Rates (c) 2/27 (7%) 1/17 (6%) 014 (0%)

Week of First Observation 105 82 85 

Life Table Tests (d) P=0.360 P=0.319 P= 0.585 

Incidental Tumor Tests (d) P =0.465N P=0.472 P=0.730N 

Cochran-Armitage Trend Test (d) P =0.399N 

Fisher Exact Test (d) P =0.520 P=0.500N 


Testis: Interstitial Cell Tumor 
Overall Rates (a) 41/50 (82%) 39/50 (78%) 39/49 (80%)
Adjusted Rates (b) 100.0% 97.4% 100.0% 
Terminal Rates (c) 27/27 (100%) 16/17 (94%) 414 (100%)
Week of First Observation 58 49 65 
Life Table Tests (d) P <o.oo 1 P=0.028 P<0.001 
Incidental Tumor Tests (d) P=0.283 P=0.512 P=0.320 
Cochran-Armitage Trend Test (d) P=0.430N 
Fisher Exact Test (d) P=0.402N P =0.480N 

Tunica Vaginalis: Mesothelioma 
Overall Rates (a) 0150 (0%) 4/50 (8%) 6/50 (12%) 
Adjusted Rates (b) 0.0% 20.2% 34.3% 
Terminal Rates (c) 0127 (0%) 3/17(18%) 014 (0%)
Week of First Observation 82 68 
Life Table Tests (d) P<0.001 P=0.025 P =0.002 
Incidental Tumor Tests (d) P =0.007 P =0.044 P =0.046 
Cochran-Armitage Trend Test (d) P=0.01 4 
Fisher Exact Test (d) P =0.059 P=0.013 

All Sites: Mesothelioma 
Overall Rates (a) (02/50(4%) 5/50 (10%) 6/50 (12%) 

Adjusted Rates (b) 6.4% 25.9% 34.3% 

Terminal Rates (c) 1/27 (4%) 4/17 (24%) 014 (0%)

Week ofFirst Observation 96 82 68 

Life Table Tests (d) P =0.002 P =0.083 P=0.009 

Incidental Tumor Tests (d) P =0.034 P =0.130 P=0.141 

Cochran-Armitage Trend Test (d) P =0.107 

Fisher Exact Test (d) P =0.218 P =0.134 


(a)Number oftumor-bearing animals/number of animals examined a t  the site 
(b)Kaplan-Meier estimated tumor incidences at the end ofthe study after adjusting for intercurrent mortality 
(c)Observed tumor incidence a t  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 incidental tumor 
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)No P value is reported because no tumors were observed in the 1,000 mgkg  and vehicle control groups. 
(0Includes one malignant mesothelioma 
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TABLE A4a. HISTORICAL INCIDENCE OF RENAL TUMORS IN MALE F344/N RATS ADMINISTERED 
CORN OIL BY GAVAGE (a) 

No. Examined No. of Tumors Diagnosis 

Transitional Cell 

Historical Incidence at Litton Bionetics, Inc. 

No renal transitional cell tumors have been observed in 450 corn oil vehicle control male rats. 

Overall Historical Incidence 1,448 1 (<0.1%) Transitional cell papilloma 

Tubular Cell 

Historical Incidence at Litton Bionetics, Inc. 

450 

Total 

(b) 2 
(c) 1 
3 (0.7%) 

Tubular cell adenoma 
Adenocarcinoma, NOS 

Overall Historical Incidence 
3 Tubular cell adenoma 
2 
3 

Adenocarcinoma, NOS 
Tubular cell adenocarcinoma 

Total 8(0.6%) 

(a)Data as ofAugust 30,1985,for studies of a t  least 104 weeks. No more than one tumor was observed in any vehicle control 
group.
(b)Observed in the dimethylvinyl chloride and 4-vinylcyclohexene studies 
(c)Observed in the 2,4-toluene diisocyanate study 
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TABLE A4b. HISTORICAL INCIDENCE O F  LEUKEMIA IN MALE F344/N RATS ADMINISTERED 
CORN OIL BY GAVAGE (a) 

Study Incidence in  Vehicle Controls 
~~ ~~~ ~ 

Historical Incidence at Litton Bionetics, Inc. 

Diallyl phthalate 13/50 
Dimethyl morpholinophosphoramidate 14/50
Tris(2-ethylhexy1)phosphate 2/50 
Dimethyl hydrogen phosphite 9/50 
Dimethylvinyl chloride 3/50 
3-Chloro-2-methylpropene 9/50 
4-Vinylcyclohexene 14/50 
Dimethyl methylphosphonate 10150 
2,4-Toluene diisocyanate 11/50 

TOTAL 851450 (18.9%) 

SD (b) 8.78% 


Range (c) 
High 14/50 

LOW 2/50 


Overall Historical Incidence at All Laboratories 

TOTAL 202/1,450 (13.9%) 

SD (b) 7.55% 


Range (c) 
High 14/50 
LOW 1/50 

(a)Data asof August 30,1985, for studies of a t  least 104 weeks 
(b)Standard deviation 
(c)Range and SD are presented for groups of 35 or more animals. 
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TABLE A4c. HISTORICAL INCIDENCE O F  ADRENAL GLAND TUMORS IN MALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Pheochromocytoma

Study 

Historical Incidence at Litton Bionetics, Inc. 

Diallyl phthalate 13/50 
Dimethyl morDholinoohosohorarnidate 9/49
Tris(2-eihylheiyl)ph&.phate 
Dimethyl hydrogen phosphite 
Dimethylvinyl chloride 
3-C hloro-2-methylpropene 
4-Vinylcyclohexene
Dimethyl methylphosphonate 
2,4-Toluene diisocyanate 

TOTAL 

SD (b) 


Range (c) 
High 
Low 

Overall Historical Incidence 

TOTAL 

SD (b) 


Range (c) 
High
Low 


2/50 
6/50

11/50
14/50
17/50
12/50
12/50 

961449 (21.4%) 
8.93% 

17/50 
2/50 

33811,442 (23.4%) 
8.72% 

20149 
2/50 

(a)Data as  of August 30,1985, for studies of a t  least 104 weeks 
(b) Standard deviation 
(c)Range and SD are presented for groups of 35or more animals. 
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Malignant

Pheochromocytoma 


0150 
0149 
0150 
0150 
2/50
0150 
0150 
0150 
0150 

21449 (0.4%) 
1.33% 

2/50 
0150 

1311,442 (0.9%) 
1.27% 

2/50 
0150 

Pheochromocytoma or 

Malignant Pheochromocytoma 


13/50 
9/49
2/50
6/50

13/50
14/50
17/50
12/50
12/50 

981449 (21.8%) 
9.06% 

17/50 
2/50 

34711,442 (24.1%) 
8.66% 

20149 
2/50 



TABLE A4d. HISTORICAL INCIDENCE OF THYROID GLAND FOLLICULAR CELL TUMORS IN MALE 
F344/N RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Study Adenoma Carcinoma Adenoma or  Carcinoma 

Historical Incidence at Litton Bionetics, Inc. 

Diallyl phthalate 
Dimethyl morpholinophosphoramidate
Tris(2-ethylhexy1)phosphate
Dimethyl hydrogen phosphite 
Dimethylvinyl chloride 
3-C hloro-2-methylpropene 
4-Vinylcyclohexene
Dimethyl methylphosphonate 
2,4-Toluene diisocyanate 

0149 
2150 
0146 
0150 
1/50 
0149 
0148 
0149 
0146 

0149 
0150 
1146 
2150 
0150 
0149 

0149 
0146 

0148 

0149 
2150 
1 I46 
2/50
1150 
0149 
0148 
0149 
0146 

TOTAL 
SD (b) 

31437 (0.7%)
1.41% 

31437 (0.7%) 
1.44% 

61437 (1.4%) 
1.74% 

Range (c) 
High 
LOW 

2/50
0150 

2150 
0150 

2150 
0149 

Overall Historical Incidence 

TOTAL 
SD (b) 

(d) 1511,417 (1.1%) 
1.92% 

2011,417 (1.4%) 
1.95% 

(d) 3511,417 (2.5%) 
2.66% 

Range (c)
High 
LOW 

4/49 
0150 

4150 
0150 

5/50 
0150 

(a)Data as of August 30,1985, for studies of a t  least 104 weeks 
(b)Standard deviation 
(c)Range and SDare presented for groups of 35 or more animals. 
(d) Includes one cystadenoma, NOS 
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TABLE A4e. HISTORICAL INCIDENCE OF MESOTHELIOMAS IN MALE F344/N RATS ADMINISTERED 
CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 

Study Tunica Vaginalis All Sites Combined 


Historical Incidence at Litton Bionetics, Inc. 

Diallyl phthalate 0150 1/50
Dimethyl morpholinophosphoramidate 0150 1/50
Tris(2-ethylhexy1)phosphate 2/50 2/50
Dimethyl hydrogen phosphite 0150 6/50
Dimethylvinyl chloride 0150 2/50
3-Chloro-2-methylpropene 1/50 1/50
4-Vinylcyclohexene 2/50 3/50
Dimethyl methylphosphonate 0150 2/50
2,CToluene diisocyanate 0150 2/50 

TOTAL 51450(1.1%) 201450(4.4%)
SD (b) 1.76% 3.13% 

Range (c) 
High 2/50 6/50
Low 0150 1/50 

Overall Historical Incidence 

TOTAL 2411,450 (1.7%) 5611,450(3.8%) 
SD (b) 2.27% 2.74% 

Range (c) 
High 3/50 6/50
Low 0150 0150 

(a)Data as  of August 30,1985,for studiesof a t  least 104weeks; includes mesothelioma, NOS,benign and malignant. 
(b)Standard deviation 
(c)Range and SD are presented for groups of 35or more animals. 
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TABLE A4f. HISTORICAL INCIDENCE OF THYROID GLAND C-CELL TUMORS IN MALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Study Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence at Litton Bionetics, Inc. 

Diallyl phthalate 2/49
Dimethyl morpholinophosphoramidate 4/50
Tris(2-ethylhexy1)phosphate 4/46
Dimethyl hydrogen phosphite 2/50
Dimethylvinyl chloride 3/50
3-Chloro-2methylpropene 3/49
4-Vinylcyclohexene 4/48
Dimethyl methylphosphonate 3/49
2,4-Toluene diisocyanate 2/46 

TOTAL 271437 (6.2%) 

SD(b) 1.83% 


Range (c)
High 4/46
Low 2/50 

Overall Historical Incidence 

TOTAL 12511,417(8.8%)

SD(b) 5.55% 


Range (c) 
High 10149 
LOW 0150 

(a)Data as ofAugust 30,1985, for studies of a t  least 104 weeks 
(b)Standard deviation 
(c)Range and SD are presented for groups of 35 or more animals. 

0149 
0150 
2/46
2/50
2/50
4/49
0148 
1/49 
1/46 

121437 (2.7%) 
2.70% 

4/49 
0150 

5911,417 (4.2%) 
3.24% 

6/50 
0150 

2/49
4/50 
6/46
4/50
5/50
7/49
4/48 
4/49 
3/46 

391437 (8.9%)
3.14% 

7/49
2/49 

181/1,417 (12.8%) 
6.36% 

12/49 
2/50 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE 

Vehicle Control Low Dose High Dose 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

INTEGUMENTARY SYSTEM 
'Skin 


Epidermal inclusion cyst 

Hyperkeratosis 

Acanthosis 


RESPIRATORY SYSTEM 
*Nasal cavity 


Foreign body, NOS 

Inflammation, serous 

Inflammation, suppurative 

Inflammation, acute focal 

Inflammation, acutekhronic 

Inflammation, chronic 

Inflammation, chronic focal 

Reaction, foreign body 

Inflammation, pyogranulomatous 

Granuloma, pyogenic 

Infection, fungal 

Polyp, NOS 

Metaplasia, squamous 


#Trachea 

Inflammation, chronic 

Inflammation, chronic focal 


#Lung/bronchus 

Lymphocytic inflammatory infiltrate 

Reaction, foreign body 


#Lung

Congestion, NOS 

Edema, NOS 

Hemorrhage 

Bronchopneumonia, NOS 

Lymphocytic inflammatory infiltrate 

Inflammation, interstitial 

Inflammation, suppurative 

Pneumonia, interstitial chronic 

Inflammation, chronic focal 

Inflammation, granulomatous focal 

Granuloma, foreign body 

Reaction, foreign body 

Calcification, focal 

Hyperplasia, adenomatow 

Hyperplasia, alveolar epithelium 


#Lung/alveoli

Histiocytosis 


HEMATOPOIETIC SYSTEM 
#Bone marrow 


Hemorrhage

Inflammation, granulomatous focal 

Fibrosis, focal 

Necrosis, focal 

Hypoplasia, NOS 

Mastocytosis 


50 50 50 
50 50 50 
50 50 50 

(50)
1 (2%) 

(50) (50) 

2 (4%) 
2 (4%) 

(50) (50) 

9 (18%) 

1 (2%) 

3 (6%) 
1 (2%) 

1 (2%) 

(50) 

(50) 
1 (2%) 

(50) 
7 (14%) 

1 (2%) 

1 (2%) 
2 (4%) 

1 (2%)
7 (14%) 

2 (4%) 
(50)

10 (20%) 
(50)

8 (16%) 

(49) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS I N  THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

HEMATOPOIETIC SYSTEM (Continued) 
#Spleen


Fibrosis 

Fibrosis, focal 

Necrosis, NOS 

Hemosiderosis 

Depletion, lymphoid 

Hyperplasia, stromal 


#Lymph node 

Plasmacytosis


#Mandibular lymph node 

Dilatationhinus 

Plasmacytosis 

Hyperplasia, lymphoid 


#Mediastinal lymph node 

Hemorrhage

Plasmacytosis 

Mastocytosis


#Mesenteric lymph node 

Congestion, NOS 

Hemorrhage 


#Ileum 

Hyperplasia, lymphoid 


#Adrenal 

Hematopoiesis 


#Thymus

Hemorrhage 


CIRCULATORY SYSTEM 
#Heart 

Inflammation, chronic focal 
XHearVatriurn 


Thrombosis, NOS 

Thrombus, organized 


#Myoca rdi urn 

Degeneration, NOS 

Necrosis, focal 


+Blood vessel 

Periarteritis 

Calcification, NOS 


*Pulmonary artery 

Calcification, NOS 

Calcification, focal 


#Pancreas 

Periarteritis 


DIGESTIVE SYSTEM 
#Parotid gland 


Inflammation, suppurative 

Necrosis, focal 

Atrophy, NOS 


#Liver 

Hernia, NOS 

Dilatation/sinus

Congestion, NOS 


Vehicle Control 	 Low Dose High Dose 

(50) 	 (49) (48) 
1 (2%) 2 (4%) 1 (2%) 
1 (2%) 1 (2%) 1 (2%) 
1 (2%) 1 (2%) 

1 (2%) 
1 (2%) 

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


1 (2%) 

(49) 	 (49) 

1 (2%) 

(49) 

(49) 

(50) 

(43) 

(50 )  
1 (2%)
7 (14%) 

(49) 
1 (2%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

DIGESTIVE SYSTEM 
#Liver (Continued) 

Hemorrhage 
Inflammation, chronic focal 
Inflammation, granulomata 
Degeneration, lipoid 
Necrosis, focal 
Lipoidosis
Basophilic cyto change 
Ground glass cyto change 
Focal cellular change 
Eosinophilic cyto change 
Clear cell change 
Regeneration, NOS 

#Livedcaudate lobe 

Infarct, NOS 


#Liver/centrilobular 

Dilatationhinus 

Necrosis, NOS 

Lipoidosis


#Liver/periportal 
Inflammation, chronic 
Degeneration, lipoid 
Necrosis, NOS 
Lipoidosis 

#Liver/hepatocytes

Hypertrophy, focal 

Regeneration, NOS 


#Bile duct 

Retention of content 

Cyst, NOS 

Hyperplasia, NOS 


#Pancreas 
Inflammation, chronic focal 

#Pancreatic duct 

Hyperplasia, focal 

Hyperplasia, cystic 


#Pancreatic acinus 

Necrosis, focal 

Atrophy, NOS 

Atrophy, focal 

Hyperplasia, focal 


#Stomach 
Inflammation, acutekhronic 

#Glandular stomach 

Dilatation, NOS 

Ulcer, NOS 

Necrosis, focal 

Calcification, focal 


#Forestomach 
Ulcer, NOS 
Inflammation, acute focal 
Inflammation, acutekhronic 
Hyperplasia, epithelial 
Dysplasia, epithelial 

#Duodenum 

Ectopia

Inflammation, chronic 


Vehicle Control 

(50) 


2 (4%) 

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

(50) 

(50) 


2 (4%) 
3 (6%) 

(50) 

1 (2%) 
(50) 

(50) 


40 (80%) 
(49) 

(49) 

1 (2%) 
(49) 

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

(50) 


(50) 


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

150) 

1 (2%) 

(45) 
1 (2%) 

Low Dose 

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

1 (2%) 

3 (6%) 

4 (8%) 

(49) 
1 (2%) 

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

(49) 

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

(49) 

1 (2%) 
(49) 

1 (2%) 

39 (80%) 
(49) 

(49) 
1 (2%) 

(49) 
1 (2%) 
1 (2%) 
9 (18%) 
4 (8%) 

(48) 

(48) 

(48) 
1 (2%) 

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

(48) 

High Dose 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN  THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

DIGESTIVE SYSTEM (Continued) 
#Duodenal mucosa 


Inflammation, chronic 

Fibrosis, focal 


#Ileal mucosa 

Inflammation, chronic focal 

Calcification, NOS 


#Colon 

Parasitism 


#Colonic mucosa 

Calcification, NOS 


#Cecum 

Calcification, NOS 


'Rectum 

Parasitism 


URINARY SYSTEM 
#Kidney 


Hydronephrosis

Pyelonephritis, focal 

Nephropathy 

Calcification, focal 

Hyperplasia, tubular cell 


XKidneylcortex 

Cyst, NOS 

Abscess, NOS 

Inflammation, chronic focal 

Hyperplasia, tubular cell 


#Renal papilla 

Congestion, NOS 

Degeneration, NOS 

Necrosis, NOS 

Calcification, NOS 


#Kidney/tubule 

Pigmentation, NOS 


XKidneylpelvis 

Calcification, focal 

Hyperplasia, epithelial 


#Urinary bladder 
Hemorrhage
Lymphocytic inflammatory infiltrate 
Inflammation, chronic focal 
Granuloma, NOS 

ENDOCRINE SYSTEM 
#Pituitary

Hemorrhage 
#Pituitary intermedia 

Cyst, NOS 
#Anterior pituitary 

Cyst,NOS
Hyperplasia, focal 

Angiectasis


#Pituitary posterior 

Metaplasia, osseous 


#Adrenal 

Necrosis, NOS 


Vehicle Control 

(45) 

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

36 	 (72%) 
1 (2%) 

(50) 

(50) 

Low Dose 

(47) 
2 (4%) 

(47) 

(47) 

3 (6%) 


(50) 
2 (4%) 

(50) 

4 (8%) 
43 (86%) 

1 (2%) 
(50)

2 (4%) 

1 (2%)
8 (16%) 

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

41 (82%) 
(50) 

1 (2%) 
(50) 

23 (46%) 
(43) 

1 (2%) 
1 (2%) 

1 (2%) 

(50) 
1 (2%) 

(50) 
1 (2%) 

(50)
5 (10%) 

14 (28%) 
1 (2%) 

(50) 
1 (2%) 

(50) 
1 (2%) 

High Dose 

(49) 

1 (2%) 
40 (82%) 
1 (2%) 

(49) 

1 (2%) 

9 (18%) 
(49) 

36 (73%) 
(49) 

(49) 
3 (6%) 

21 (43%) 
(41) 

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

ENDOCRINE SYSTEM (Continued) 
#Adrenal cortex 

Degeneration, lipoid 
Lipoidosis
Cytoplasmic vacuolization 
Hyperplasia, focal 

#Adrenal medulla 

Fibrosis, focal 

Hyperplasia, focal 

Angiectasis


#Thyroid 
Ultimobranchial cyst 
Hyperplasia, C-cell 
Hyperplasia, follicular cell 

#Parathyroid 

Hyperplasia, focal 


REPRODUCTIVE SYSTEM 
*Mammary gland 


Dilatatiodducta 

Galactocele 

Lactation 


*Mammary lobule 

Hyperplasia, NOS 


*Preputial gland 
Dilatatiodducta 
Abscess, NOS 
Inflammation, acutekhronic 
Inflammation, chronic focal 
Hyperplasia, NOS 
Hyperplasia, epithelial 

#Prostate 
Inflammation, suppurative 
Abscess, NOS 
Inflammation, chronic 
Inflammation, chronic focal 
Necrosis, focal 
Hyperplasia, focal 

#Testis 
Atrophy, NOS 
Hyperplasia, interstitial cell 

#Spermatid

Cytomegaly


*Epididymis
Inflammation, chronic 
Inflammation, chronic focal 
Fibrosis, focal 
Atrophy, NOS 
Hyperplasia, mesothelial 

NERVOUS SYSTEM 
#Brain 


Hemorrhage 

Infarct, NOS 


#Cerebral cortex 

Hemorrhage


#Medulla oblongata 

Demyelinization 


Vehicle Control Low Dose High Dose 

(50)
6 (12%) 

(49)
8 (16%) 

1 (2%) 

2 (4%) 

1 (2%)
8 (16%) 

(50) 
4 (8%) 

10 (20%) 

(49) 

1 (2%) 
(50) (49) 

6 (12%) 
1 (2%)

(37) 

3 (6%) 

(42) 
1 (2%) 

(50) 

1 (2%) 
(50) 

(50)
3 (6%) 

(47) 
1 (2%) 

(47) 

4 (9%) 

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

12 (26%) 
(50) 

5 (10%) 

1 (2%) 
(50) 

(50) 

9 (19%) 

2 (4%) 
3 (6%) 

(49) 

(49) 

(50) 

1 (2%) 

1 (2%) 

(50) 

Dimethyl Methylphosphonate, NTP TR 323 90 



TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control Low Dose High Dose 

SPECIAL SENSE ORGANS 
*Eye 

Hemorrhage 
Cataract 

*Eye/sclera
Metaplasia, osseous 

*Eye/retina 
Atrophy, NOS 

*Nasolacrimal duct 
Inflammation, suppurative 
Inflammation, chronic 

Inflammation, suppurative 
*Ear canal 

(50)
1 (2%) 
4 (8%) 

3 (6%) 

4 (8%) 

1 (2%) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

4 (8%) 

1 (2%) 

1 (2%) 
(50) 

(50) 

2 (4%) 

5 (10%) 

4 (8%) 

2 (4%) 
8 (16%) 

1 (2%) 

(50) 

(50) 

(50) 

(50) 

MUSCULOSKELETAL SYSTEM 
*Sternum 

Traumatic abnormality 
(50) 

BODY CAVITIES 
*Mediastinum 

Inflammation, suppurative 
Abscess, NOS 

*Abdominal cavity 
Necrosis, fat 

*Mesentery 
Necrosis, NOS 
Necrosis, fat 

ALL OTHER SYSTEMS 
*Multiple organs 

Congestion, NOS 
Periorbital region 

Hemorrhage
Inflammation, suppurative 

Necrosis, fat 
Adipose tissue 

1 

3 

2 
1 

1 

SPECIAL MORPHOLOGY SUMMARY 
No lesion reported 1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically at this site 
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TABLE B1. SUMMARY OF THE INCIDENCE O F  NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY O F  DIMETHYL METHYLPHOSPHONATE 

Vehicle Control Low Dose High Dose 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

50 
50 
50 

50 
50 
50 

50 
50 
49 

INTEGUMENTARY SYSTEM 
*Subcutaneous tissue 

Fibroma 
Fibrosarcoma 
Myxosarcoma 
Rhabdomyosarcoma
Osteosarcoma 

(50)
3 (6%) 

1 (2%) 

(50)
3 (6%) 

1 (2%) 

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

1 (2%) 

RESPIRATORY SYSTEM 
#Lung 

Squamous cell carcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Fibrosarcoma, metastatic 

(50) 

1 (2%) 

(50) 

1 (2%) 

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

HEMATOPOIETIC SYSTEM 
*Multiple organs 

#Spleen 

#Mandibular lymph node 

#Thymus 

Malignant lymphoma, NOS 
Leukemia, mononuclear cell 

Leukemia, mononuclear cell 

Squamous cell carcinoma, metastatic 

Malignant lymphoma, lymphocytic type 

(50) 

(50) 

(50) 

(44) 

10 (20%) 

(50) 

(50) 

(50) 

(49) 

9 (18%) 

1 (2%) 

(50) 

(49) 

(46) 

(46) 

1 (2%) 

1 (2%) 

1 (2%) 

12 (24%) 

CIRCULATORY SYSTEM 
None 

DIGESTIVE SYSTEM 
*Mouth 

Squamous cell carcinoma 
*Palate 

Squamous cell papilloma 
*Tongue

Squamous cell papilloma 
Squamous cell carcinoma 

#Salivary gland 
Adenocarcinoma, NOS 
Fibrosarcoma 

#Liver 
Neoplastic nodule 

#Jejunum
Adenomatous polyp, NOS 

*Rectum 
Endometrial stromal sarcoma, invasive 

(50) 
1 (2%)

(50)
2 (4%)

(50) 

1 (2%) 
(49) 

URINARY SYSTEM 
#Urinary bladder 

Endometrial stromal sarcoma, invasive 
(42) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control Low Dose High Dose 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Carcinoma, NOS 
Adenoma, NOS 

Cortical adenoma 
Cortical carcinoma 

Pheochromocytoma 
Pheochromocytoma, malignant 

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

#Pancreatic islets 
Islet cell adenoma 

#Adrenal 

#Adrenal medulla 

#Thyroid 

(50) 
1 (2%)

17 (34%) 

1 (2%) 
(50) 

(50)
5 (10%) 

(49) 
1 (2%) 

2 (4%) 
3 (6%) 

1 (2%) 
(49) 

(50) 
1 (2%) 

21 (42%) 

1 (2%) 

5 (10%) 
3 (6%) 

(50) 

(50) 

(50) 

3 (6%) 
4 (8%) 

(50) 

(48) 

(49) 

(49) 

(48) 

2 (4%) 
10 (21%) 

2 (4%) 
1 (2%) 

1 (2%) 

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

1 (2%) 
(49) 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Adenoma, NOS 
Adenocarcinoma, NOS 
Fibroadenoma 

Carcinoma,NOS 
Adenoma, NOS 

Sarcoma, NOS 

*Clitoral gland 

*Vagina 

(50) 
2 (4%) 
2 (4%) 

12 (24%) 

1 (2%) 
4 (8%) 

(50) 

(50) 

Adenocarcinoma, NOS 
#Uterus (50) 

Sarcoma, NOS 
Leiomyosarcoma 
Endometrial stromal polyp 
Endometrial stromal sarcoma 

#Cervix uteri 
Fibroma 

#Ovary
Sertoli cell tumor 

1 (2%) 

5 (10%) 

(50) 

(50)
1 (2%) 

6 (12%) 
1 (2%) 

1 (2%) 
(49) 

(49) 

NERVOUS SYSTEM 
#Brain 

Carcinoma, NOS, invasive 
Granular cell tumor, NOS 
Glioma, NOS 
Astrocytoma 

SPECIAL SENSE ORGANS 
*Ear 

Fibrosarcoma 
Neurilemoma 

*Zymbal gland 
Carcinoma, NOS 
Squamous cell carcinoma 

MUSCULOSKELETAL SYSTEM 
None 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 


Vehicle Control Low Dose High Dose 


BODY CAVITIES 
None 

ALL OTHER SYSTEMS 
Head 

Squamous cell papilloma 1 
Lumbar region 

Chordoma 1 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 50 50 

Natural death 10 5 13 
Moribund sacrifice 10 13 14 
Terminal sacrifice 30 32 23 

TUMOR SUMMARY 
Total animals with primary tumors** 40 42 40 

Total primary tumors 78 93 72 
Total animals with benign tumors 34 36 29 

Total benign tumors 58 58 42 
Total animals with malignant tumors 19 23 26 

Total malignant tumors 20 33 29 
Total animals with secondary tumors## 1 2 3 

Total secondary tumors 1 4 4 
Total animals with tumors uncertain-- 

benign or malignant 2 1 
Total uncertain tumors 2 1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
*+Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically at this site 
# #  Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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ANIMAL 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  
NUMBER 2 2 0 4 2 1 2 2 2 5 1 3 2 4 3 0 1 3 3 1 0 0 0 0 0  

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

WEEKS ON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1  
STUDY 4 7 8 8 8 8 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0  


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

Subcutaneous tissue . . . . . . . . . . . . . . . . . . . . . . . . .  

Fibroma 
Osteosarcoma X 

M 
Lungs and bronchi . . . . . . . . . . . . . . . . . . . . . . . . .  


Alveolar/bronchiolar adenoma X 
Trachea . . . . . . . . . . . . . . . . . . . . . . . . .  


Bone marrow . . . . . . . . . . . . . . . . . . . . . . . . .  

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

L mphncdes . . . . . . . . . . . . . . . . . . . . . . . . .  

d y m u s  . . . . . . . . . . . . . . . . . . . . . . . . .  


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


Oral cavity N N N N N N N N N N N N N N N N N N N N N N N N N  
Squamous cell papilloma X 

Salivary gland . . . . . . . . . . . . . . . . . . . . . . . . .  

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

Bile duct . . . . . . . . . . . . . . . . . . . . . . . . .  

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
:;:::r . . . . . . . . . . . . . . . . . . . . . . . . .  

Small intastine . . . . . . . . . . . . . . . . . . . . . . . . .  

Large intestine + + + + - + + + + + + - - - - + + + - + + + + + +  

Kidney . . . . . . . . . . . . . . . . . . . . . . . . .  

Urinary bladder + + - + - + + + + - + + - + + + + + + + - + - + +  

Pituitary . . . . . . . . . . . . . . . . . . . . . . . . .  

Carcinoma,NOS X 
Adenoma, NOS x x x  x x x x x  

Adrenal . . . . . . . . . . . . . . . . . . . . . . . . .  

Cortical adenoma 
Pheochromocytoma x x  

Thyroid . . . . . . . . . . . . . . . . . . . . . . . . .  
Follicular cell adenoma X 
C-cell adenoma X 
C-cell Carcinoma X X 

Parathyroid . . . . . . . . . . . . . . . . . . . . . . . . .  

Pancreatic islets . . . . . . . . . . . . . . . . . . . . . . . . . 

Islet cell adenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + , LMammary gland 
Adenoma NOS X 
Adenocarknoma. NOS 
Fibroadenoma X X X X 

PreputiaYclitoral gland N N N N N N N N N N N N N N N N N N N N N N N N N  
Carcinoma, NOS X 
Adenoma. NOS x x x x 

Uterus . . . . . . . . . . . . . . . . . . . . . . . . .  

Sarcoma,NOS X 
Fibroma X 
Endometrial stromal polyp X 

Ovary . . . . . . . . . . . . . . . . . . . . . . . . .  
M 

Brain . . . . . . . . . . . . . . . . . . . . . . . . .  

Carnnoma, NOS, invasive X 
Astrocytoma X 

ANS 

Ear N N N N N N N N N N N N N N N N N N N N N N N N N  

Neunlemoma 

Multi leorpans NOS 
d e m i a ,  mohonuclear cell 

Head, NOS 
Squamous cell papilloma 

+: Tissue examined microscopically : No tissue information submitted -. Required tissue not examined microscopically C: Necropsy, no histology due to protocol 
XI Tumor incidence A Autolysis
N: Necropsy, no autolysis, no microscopic examination M: Animal missing 
S: Animal missexed B: No necropsy peltormed 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS VEHICLE CONTROL 

(Continued) 


ANIMAL 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  

NUMBER 0 0 1 1 1 1 1 1 2 2 2 3 3 3 3 3 3 4 4 4 4 4 4 4 4 


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

TOTAL: 

WEEKS ON 	 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1  1 TISSUES 

STUDY 	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 TUMORS 


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 


Subcutaneoustissue . . . . . . . . . . . . . . . . . . . . . . . . .  '50 

Fibroma X x x 3 

Osteosarcoma 1 


Lungs and bronchi 	 . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Alvaolaribronchiolar adenoma 

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

I-


Bone marmw 	 . . . . . . . . . . . . . . . . . . . . . . . . .  
' 

49 

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

L mphnodes 	 . . . . . . . . . . . . . . . . . . . . . . . . .  
1 !HTKymus 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


.-
Heart 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


. _ _ _50
I 

Oral canty N N N N N N N N N N N N N N N N N N N N N N N N N  '50 


Squamous cell papilloma 1 

Salivary gland . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Liver . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Bile duct . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  50
:;::P 	 . . . . . . . . . . . . . . . . . . . . . . . . . 48 

Small intestine 	 . . . . . . . . . . . . . . . . . . . . . . . . .  45 

Large intestine . . . . . . . . . . . . . . . . . . . . . . . . .  44 


I-

Kidney 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Unnary bladder 	 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  1 :; 

~~ 

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


x x  	 x x x  x x x x  

Adrenal 	 . . . . . . . . . . . . . . . . . . . . . . . . .  
1 :i 

Cortical adenoma X 1 

Pheochromocytoma X X X 5 


Thyroid . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Follicular cell adenoma 1 

C-cell adenoma X 2 

C-cell carcinoma X 3 


Parathyroid . . . . . . . . . . . . . . . . . . . . . . . . .  46 

Pancreatic islets . . . . . . . . . . . . . . . . . . . . . . . . .  49 


Islet cell adenoma X 1
I 

Mammary gland . . . . . . . . . . . . . . . . . . . . . . . . .  '50 


Adenoma, NOS X 2 

Adenocarnnoma. NOS x x 2 

Fibroadenoma x x x  X x x  x x 12 


N N N N N N N N N N N N N N N N N N N N N N N N N  '50 

1 


u te rus  	 . . . . . . . . . . . . . . . . . . . . . . . . . .

I x  	

5?4
Sarcoma. NOS 
Fibroma 1 

Endometrial stromal polyp X X 5 


Ovary + e + + +  + + +  + +  + + + + +  + + +  + +  + + + t + l5: 
I l-

Brain . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Camnoma, NOS,invasive 1 

Astrocytoma 1 


ANS 

Ear N N N + N N N N N N N N N N N N N N N N N N N N N  '50 


Neunlemoma 1 


Multi leorgans NOS N N N N N N N N N N N N N N N N N N N N N N N N N  

t e d e m i a ,  mo~onuclear  cell X X x x  X 


Head. NOS 

Squamous cell papilloma 


* Animals necropsied 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 

GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE: LOW DOSE 


ANIMAL 	 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  
NUMBER 	 4 2 3 3 3 0 3 1 2 3 1 4 1 2 5 3 3 0 0 0 0 0 0 0 0 

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

WEEKS ON 	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 
STUDY 	 5 5 5 6 6 7 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 

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

Subcutaneous tissue 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Fibroma X 

Myxosarcoma X 


Lungs and bronchi 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Fibrosarcoma, metastatic 

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

EM 

Bone marrow 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

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

L mphncdes 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Tgymus 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Malignant lymphoma, lymphocytic type 

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

M 


Salivary gland 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Adenocarcinoma, NOS X 

Fibrosarcoma 


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

Neoplastic nodule 	 X X 

Bile duct 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
:;::W 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Small intestine 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Adenomatous polyp, NOS 
Large intestine 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Rectum 	 N N N N N N + + + + + + + + + + + + + N + + + + +  


Endometnal stromal sarcoma, invasive 	 X 

M 
Kidney 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Unnary bladder 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Endometnal stromal sarcoma, invasive 	 X 

Pituitary 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Carcinoma NOS 
Adenoma, kOS x x  x x x  x x x x  X 

Adrenal 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Cortical adenoma X 

Pheochromocytoma X 

Pheochromocytoma. malignant X 


Thyroid 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

C-cell adenoma X 

C-cell carcinoma 


Parathyroid 	 - - - - + + + + - - + + - - + + + + + + + + - - +  

Mammary gland 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Adenoma, NOS 
Adenocarcinoma, NOS 
Fibroadenoma X x x 

PreputiaUclitoral gland N N N N N N N N N N N N N N N N N N N N N N N N N
Carcinoma. NOS 

Adenoma, NOS 


U b N S  	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Adenocarcinoma. NOS 

Leiomyosarcoma X X 

Endometnal stromal polyp X x x  

Endometnal stromal sarcoma X 


Ovary 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Sertoli cell tumor 	 X 

Brain 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Carcinoma. NOS,invasive 

Glioma, NOS X 


~~ ~~ 

Ear 	 N N N N N N N N N N N N N N N N N N N N N N N N N  
Fibrosarcoma 

Zymbal gland N N N N N N N N N N N N N N N N N N N N N N N N N  
Carcinoma, NOS 

Multi le organs, NOS 	 N N N N N N N N N N N N N N N N N N N N N N N N N  
LeuKemia, mononuclear cell 	 x x  x x  x 

Dimethyl Methylphosphonate, NTP TR 323 100 



TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE 
(Continued) 

ANIMAL 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 

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


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


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l i l l  

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 


~~~ ~ 

Subeutaneous tissue . . . . . . . . . . . . . . . . . . . . . . . . . '50 

Fibroma X X 3 

Myxosarcoma 1 


Lungs and bronchi . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Fibrosarcoma, metastatic X 1 


Trachea . . . . . . . . . . . . . . . . . . . . . . . . . 50 


Bone marrow . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Spleen . . . . . . . . . . . . . . . . . . . . . . . . . 50 

L mphnodes . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Tzymus . . . . . . . . . . . . . . . . . . . . . . . . . 49 


Malignant lymphoma, lymphocytic type X 1 


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


M 
Salivary gland . . . . . . . . . . . . . . . . . . . . . . . . . 50 


Adenocarcinoma, NOS 1 

Fibrosarcoma X 1 


Liver . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Neoplastic nodule 2 


Bile duct . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . . 50 
. . . . . . . . . . . . . . . . . . . . . . . . . 50
!2Ik,, . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Small intestine . . . . . . . . . . . . . . . . . . . . . . . . . 50 


Adenomatous polyp, NOS X 1 

Large intestine . . . . . . . . . . . . . . . . . . . . . . . . . 49 

Rectum + + + + + + N + N N + + + + + + + + + + + + + N + '50 


Endometrial stromal sarcoma, invasive 1 


Kidney . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . . 45 


Endometrial stromal sarcoma, invasive 1 


Pituitary . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Carcinoma, NOS X 1 

Adenoma, NOS X x x  x x x  x x  x x  x 21 


Adrenal . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Cortical adenoma 1 

Pheochromocytoma x x x  X 5 

Pheochromocytoma, malignant x x  3 


Th mid . . . . . . . . . . . . . . . . . . . . . . . . . 50 

'?cell adenoma X X 3 

C-cell carcinoma x x x  X 4 


Parathyroid . . . . . . . . . . . . . . . . . . . . . . . . . 37 


Mammary gland 
M . . . . . . . . . . . . . . . . . . . . . . . . . *50 


Adenoma, NOS X X 2 

Adenocarcinoma, NOS X X 2 

Fibroadenoma x x  x x x x x  x X 
 '50 

12 

PreputiaYchtoral land N N N N N N N N N N N N N N N N N N N N N N N N N  

Carcinoma NO# 1 

Adenoma. &OS X X 2 


Uterus . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Adenocarcinoma, NOS X X 2 

Leiomyosarcoma 2 

Endometnal stromal polyp X x x  x 7 

Endometnal stromal sarcoma X 2 


Ovary . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Sertoli cell tumor 1 


~ ~~ ~~ ~ ~~ ~ ~ 

Brain . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Carcinoma NOS, invasive X 1 

Glioma, N 6 S  1 


S 

Ear N N N N N N N N N N N N N N N N N + + N N N N N N  '50 

Fibrosarcoma X 1 

Zymbal gland N N N N N N N N N N N N N N N N N + + N N N N N N  '50 


Carcinoma, NOS X 1 


S 

Multi leorgans NOS N N N N N N N N N N N N N N N N N N N N N N N N N  '50 


Leuiemia, mohonuciear cell K X X X 9 


'Animals necropsied 

-1 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE: HIGH DOSE 

AL 	 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 
NUMBER 	 1 4 0 4 2 0 3 2 2 1 3 1 3 1 3 3 1 4 2 5 1 3 3 0 1 

I 6 7 8 9 2 7 5 8 3 2 1 5 8 0 6 4 7 3 0 0 1 3 1 9 ---------	 ------_--WEEKS ON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
STUDY 3 5 5 5 5 5 5 8 6 6 1 7 1 7 7 7 7 7 8 8 8 8 8 8 9 

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

Subcutaneous tissue . . . . . . . . . . . . . . . . . . . . . . . . .  

Fibroma 

Fibrosarcoma 

Rhabdomyorarcoma X 


M 
Lungs and bronchi 	 + + + + + + A + + + + + + + + + + + + + + + + + + 

uamous cell carcinoma, metastatic X 

%eolar/bronch/olar adenoma 

Alveolar/bronchiolar camnoma 


Trachea 	 + + - + + + A + + + + + + + - + + + + + + + + + + 

Bone marrow + + + + + + A + + + + + + + + + + + + + + + + + + 

S leen . . . . . . . . . . . . . . . . . . . . . . . . . 


Leukemia, mononuclear cell 

Lymph nodes . . . . . . . . . . . . . . . . . . . . . . . . . 

Squamouscell carcinoma, mahstatic X 


Thymus . . . . . . . . . . . . . . . . . . . . . . . . . 


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

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

Oral cavity N N N N N N N N N N N N N N N N N N N N N N N N N  

Squamous cell papilloma X 

Squamous cell carcinoma X 


Salivary gland + + + + + + A + + + + + + + + + + + + + + + + + t 

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

Bile duct + + + + + + A + + + + + + + + + + + + + + + + + t 

Pancreas + + + + + + A + + + + + + + + + + + + + + + + + t 


+ + + + + + A + + + + + + + + + + + + + + + + + t
:t%r + + + + + + A + + + + + + + + + + + + + + + + + t 

Small intestine - + + + + + A + + + + + + + + + + + + + + + + + t 

L a r p  intestine - + + + + + A + + + + + + + + + + + + + + + + + + 


~ ~~ 	 ~ ~ ~ ~ ~ 

Kidney + + + + + + A + + + + + + + + + + + + + + + + + + 

Urinary bladder + + + + + + A + + - + + + + - + - + - + + - + + + 


Pituitary . . . . . . . . . . . . . . . . . . . . . . . . . 

Carcinoma. NOS X 

Adenoma,NOS 	 x x X 


Adrenal + + + + + + A + + + + + + + + + + + + + + + + + + 

Cortical adenoma 

Cortical carcinoma 

Pheochromocytoma


Thyroid + + + + + + A + + + + + + + + + + + + + + + + + + 
Follicular cell adenoma X 
Follicular call carcinoma X 
C-cell adenoma 
C-cell carcinoma 

Parathyroid + - + - - + A - + + + - + + + + + + + + + + + - + 
Pancreatic islets + + + + + + A + + + + + + + + + + + + + + + + + + 

Islet call adenoma 

Mammaru d a n d  	 . . . . . . . . . . . . . . . . . . . . . . . . . 

Adenoma NOS 
Fibrn.de Aoma 	 x x x  

Pre utiaYclitonl gland V N N N N N N N N N N N N N N N N N N N N N N N N  
Jenoma. NOS X 

Vagina 	 ~ N N N N N N N N N N N N N N N N N N N N N N N N  
Sarcoma.,NOS 	 X 


Uteius + + + + + + A + + + + + + + + + + + + + + + + + + 
Fibroma 
Endometrial atmmal polyp 	 x x x x X 
Endometrial stromal sarcoma 	 X 

0va.y 	 + + + + + + A + + + + + + + + + + + + + + + + + + 

Brain + + + + + + A + + + + + + + + + + + + + + + + + + 
Carcinoma. NOS,invasive X 
Granular cell tumor, NOS 

Ear i N N N N N N N N N N N N N N N N N N N N N N N +  
Neurilemoma 

Zymbal gland 	 ~ N N N N N N N N N N N N N N N N N N N N N N N +  
Squamous cell carcinoma X 


s 

Multipla organs. NOS 	 J N N N N N N N N N N N N N N N N N N N N N N N N  

Malignant lymphoma, NOS 
Leukemia. mononuclear cell 	 X x x x 

Lumbar region
Chordoma 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Subcutaneous tissue

Fibroma
Fibrosarcoma
Rhabdomyosarcoma

RESPIRATORY SYSTEM
Lungs and bronchi

Squamous cell carcinoma, metastatic
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen

Leukemia, mononuclearcell
Lymph nodes

Squamous cell carcinoma, metastatic
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Oral cavity

Squamous cell papilloma
Squamous cell carcinoma

Salivary gland
Liver
Bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Carcinoma, NOS
Adenoma, NOS

Adrenal
Cortical adenoma
Cortical carcinoma
Pheochromocytoma

Thyroid
Folhcular cell adenoma
Follicular cell carcinoma
C cell adenoma
C cell carcinoma

Parathyroid
Pancreatic islets

Islet cell adenoma

REPRODUCTIVE SYSTEM
Mammary gland

Adenoma, NOS
Fibroadenoma

Preputial/chtoral gland
Adenoma, NOS

Vagina
Sarcoma, NOS

Uterus
Fibroma
Endometnal stromal polyp
Endometnal stromal sarcoma

Ovary

NERVOUS SYSTEM
Brain

Carcinoma, NOS, invasive
Granular cell tumor, NOS

SPECIAL SENSE ORGANS
Ear

Neunlemoma
Zymbal gland

Squamous cell carcinoma

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, NOS
Leukemia, mononuclearcelL

Lumbar region
Chordoma

01 01 0 0 0 0 0 0 01 0 0 0 0 0 0 0 01  0 0 01 0 0 0 0 0

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

0 1 11 1 11 11 11 1 11 1 11 1 11 1 11 1 1 1 1 1 11 11 1 1  1
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 2 5\ 5 5| 5| 5| 5 5\ 5 5\ 5 5| 5 5\ 5 5 5 5 5 5| 5| 5 5 5

X X
X

X
X

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

X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

X

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

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

X X X  X X  X X

X X
X

X

X
X X

X

X
X X X X X X X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

N N N N N N N N N N N N N N N N N N N N N N N N N

X
X

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

X
X

N N N N N + N N N N N N N N N N N N N N N N N N N
X

N N N N N + N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N N
X

X X X X  X X X X

X

TOTAL
TISSUES
TUMORS

•50
2
1
1

49
1
1
1

47

48
49
1

46
1

46

49

•50
2
2

49
49
49
49
49
49
47
47

49
44

48
2

10
49

2
1
1

48
1
1
1
2

40
49
1

•50
1

10
*50

2
•50

1
49
1
6
1

49

49
2
1

•50
1

•50
1

•50
1

12

1

* Animals necropsied
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TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF DIMETHYL METHYLPHOSPHONATE 

Vehicle Control 500 mg/kg 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 3/50 (6%) 3/50 (6%) 
Adjusted Rates (c) 10.0% 9.1% 
Terminal Rates (d) 3/30(10%) 3/33 (9%) 
Week of First Observation 105 105 
Life Table Tests (e) P=0.533N P=0.620N 
Incidental Tumor Tests (e) P=0.573N P=0.620N 
Cochran-Armitage Trend Test (e) P=0.412N 
Fisher Exact Test (e) P=0.661 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 10/50 (20%) 9/50 (18%) 
Adjusted Rates (c) 27.8% 22.8% 
Terminal Rates (d) 6/30 (20%) 4/33 (12%) 
Week of First Observation 84 91 
Life Table Tests (e) P=0.083 P=0.448N 
Incidental Tumor Tests (e) P=0.090 P=0.480 
Cochran-Armitage Trend Test (e) P=0.271 
Fisher Exact Test (e) P=0.500N 

Oral Cavity: Squamous Cell Papilloma or Carcinoma 
Overall Rates (a) 1/50 (2%) 0150 (0%)
Adjusted Rates (c) 2.9% 0.0% 
Terminal Rates (d) 0/30(0%) 0133(0%) 
Week of First Observation 102 
Life Table Tests (e) P=0.045 P=0.494N 
Incidental Tumor Tests (e) P=0.083 P=0.521N 
Cochran-Armitage Trend Test (e) P=0.082 
Fisher Exact Test (e) P=0.500N 

Pituitary Gland: Adenoma 
Overall Rates (a) 17/50(34%) 21/50 (42%) 
Adjusted Rates (c) 45.7% 52.9% 
Terminal Rates (d) 11/30 (37%) 15/33 (45%) 
Week of First Observation 92 65 
Life Table Tests (e) P=0.334N P=0.372 
Incidental Tumor Tests (e) P=0.257N P=0.299 
Cochran-Armitage Trend Test (e) P=0.103N 
Fisher Exact Test (e) P=0.268 

Pituitary Gland: Adenoma or Carcinoma 
Overall Rates (a) 18/50(36%) 22/50 (44%) 
Adjusted Rates (c) 46.9% 55.5% 
Terminal Rates (d) 11/30 (37%) 16/33 (48%) 
Week of First Observation 86 65 
Life Table Tests (e) P=0.455N P=0.376 
Incidental Tumor Tests (e) P=0.362N P=0.261 
Cochran-Armitage Trend Test (e) P=0.155N 
Fisher Exact Test (e) P=0.270 

Adrenal Gland: Cortical Adenoma or Carcinoma 
Overall Rates (a) 1/50 (2%) 1/50 (2%) 
Adjusted Rates (c) 3.3% 3.0% 
Terminal Rates (d) 1/30 (3%) 1/33 (3%) 
Week of First Observation 105 105 
Life Table Tests (e) P=0.130 P= 0.741N 
Incidental Tumor Tests (e) P=0.102 P=0.741N 
Cochran-Armitage Trend Test (e) P=0.196 
Fisher Exact Test (e) P=0.753 

1,000mg/kg 

(b)2/50 (4%) 
8.3% 
1/23(4%)
102 
P=0.627N 
P=0.672 

P=0.500N 

13/50(26%)
45.0% 
8/23 (35%) 
76 
P=0.098 
P=0.125 

P=0.317 

4/50 (8%)
13.9% 

2/23 (9%) 

77 

P=0.104 

P=0.163 


P=0.181 


10/48 (21%) 

35.1% 

6/23 (26%) 

77 

P=0.354N 

P =0.306N 


P=0.109N 


12/48 (25%)
41.2% 
7/23 (30%) 
77 
P=0.494N 
P=0.420N 

P=0.168N 


3/49 (6%) 

12.2% 

2/23 (9%) 

97 

P=0.210 

P=0.152 


P=0.301 
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TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control 500 mg/kg 1,000 mg/kg 

1/49 (2%) 

4.3% 

1/23 (4%) 

105 

P =0.169N 

P =0.169N 


P =  0.107N 

0149 (0%) 

0.0% 

0123 (0%) 


(D

(D 


(D 

1/49 (2%) 
4.3% 
1/23 (4%) 
105 
P=0.169N 
P=0.169N 

P=0.107N 

1/48 (2%) 
4.3% 
1/23 (4%) 
105 
P=0.593N 
P=0.593N 

P=0.508N 

2/48 (4%) 
8.7% 
2/23 (9%) 
105 
P =0.642N 
P=0.596N 

P =0.510N 

3/48 (6%) 
13.0% 
3/23 (13%) 
105 
P=0.527N 
P=0.489N 

P=0.369N 

Adrenal Gland: Pheochromocytoma 
Overall Rates (a)

Adjusted Rates (c) 

Terminal Rates (d) 

Week of First Observation 

Life Table Tests (e) 

Incidental Tumor Tests (e) 

Cochran-Armitage Trend Test (e) 

Fisher Exact Test (e) 


Adrenal Gland: Malignant Pheochromocytoma 
Overall Rates (a)

Adjusted Rates (c) 

Terminal Rates (d) 

Week of First Observation 

Life Table Tests (e) 

Incidental Tumor Tests (e) 

Cochran-Armitage Trend Test (e) 

Fisher Exact Test (e) 


Adrenal Gland: Pheochromocytoma or Malignant Pheochromocytoma 

5/50(10%) 5/50(10%)
16.7% 14.2% 
5/30(17%) 4/33 (12%) 
105 92 
P =0.152N P=0.578N 
P=0.143N P=0.612 
P =0.094N 

P=0.630 

0150 (0%) 3/50 (6%)
0.0% 8.5% 
0130 (0%) 2/33 (6%)

97 
P =0.568 P=0.138 
P=0.506 P =0.128 
Pt0 .634  

P=0.121 

Overall Rates (a) 

Adjusted Rates (c) 

Terminal Rates (d) 

Week of First Observation 

Life Table Tests (e) 

Incidental Tumor Tests (e) 

Cochran-Armitage Trend Test (e) 

Fisher Exact Test (e) 


Thyroid Gland: C-cell Adenoma 
Overall Rates (a)

Adjusted Rates (c) 

Terminal Rates (d)

Week of First Observation 

Life Table Tests (e) 

Incidental Tumor Tests (e) 

Cochran-Armitage Trend Test (e) 

Fisher Exact Test (e) 


Thyroid Gland: C-cell Carcinoma 
Overall Rates (a)

Adjusted Rates (c) 

Terminal Rates (d) 

Week of First Observation 

Life Table Tests (e) 

Incidental Tumor Tests (e) 

Cochran-Armitage Trend Test (e) 

Fisher Exact Test (e) 


Thyroid Gland: C-cell Adenoma or Carcinoma 
Overall Rates (a) 

Adjusted Rates (c) 

Terminal Rates (d) 

Week of First Observation 

Life Table Tests (e) 

Incidental Tumor Tests (e) 

Cochran-Armitage Trend Test (e) 

Fisher Exact Test (e) 


5/50 (10%) 7/50 (14%) 
16.7% 19.2% 
5/30 (17%) 5/33 (15%) 
105 92 
P=O.l90N ~ = 0 . 4 3 a  
P=0.199N P=0.356 
P=0.112N 

P=0.380 

2/49 (4%) 3/50 (6%)
6.7% 8.2% 
2/30 (7%) 2/33 (6%) 
105 91 
P =0.514N P=0.535 
P =0.481N P =0.423 
P=0.407N 

P=0.510 

3/49 (6%) 4/50 (8%)
8.8% 12.1% 
2/30 (7%) 4/33 (12%) 
92 105 
P =0.555N P =0.543 
P =0.526N P =0.450 
P =0.426N 

P=0.511 

5/49 (10%) 7/50 (14%) 
15.3% 20.0% 
4/30 (13%) 6/33(18%)
92 91 
P =0.482N P=0.434 
P=0.440N P =0.290 
P =  0.320N 

P=0.394 

105 Dimethyl Methylphosphonate, NTP TR 323 



TABLE B3. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS IN  THE TWO-YEAR GAVAGE STUDY 
O F  DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 
Adjusted Rates (c) 
Terminal Rates (d) 
Week of First Observation 
Life Table Tests (e) 
Incidental Tumor Tests (e) 
Cochran-Armitage Trend Test (e) 
Fisher Exact Test (e) 

Mammary Gland: Adenoma or Fibroadenoma 
Overall Rates (a) 
Adjusted Rates (c) 
Terminal Rates (d) 
Week of First Observation 
Life Table Tests (e) 
Incidental Tumor Tests (e) 
Cochran-Armitage Trend Test (e) 
Fisher Exact Test (e) 

Mammary Gland: Adenoma or Adenocarcinoma 
Overall Rates (a) 
Adjusted Rates (c) 
Terminal Rates (d) 
Week of First Observation 
Life Table Tests (e) 
Incidental Tumor Tests (e) 
Cochran-Armitage Trend Test (e) 
Fisher Exact Test (e) 

Clitoral Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (c) 
Terminal Rates (d) 
Week of First Observation 
Life Table Tests (e) 
Incidental Tumor Tests (el 
Cochran-Armitage Trend Test (e) 
Fisher Exact Test (e) 

Clitoral Gland: Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (c) 
Terminal Rates (d) 
Week of First Observation 
Life Table Tests (e) 
Incidental Tumor Tests (e) 
Cochran-Armitage Trend Test (e) 
Fisher Exact Test (e) 

Uterus: Endometrial Stromal Polyp 
Overall Rates (a) 
Adjusted Rates (c) 
Terminal Rates (d) 
Week of First Observation 
Life Table Tests (e) 
Incidental Tumor Tests (e) 
Cochran-Armitage Trend Test (e) 
Fisher Exact Test (e) 

12/50 (24%) 
36.8% 
10/30 (33%) 
92 
P=0.459 
P =0.454N 
P=0.360N 

14/50 (28%) 
41.2% 
11/30 (37%) 
86 
P=0.510 
P =0.390N 
P =0.284N 

4/50 (8%)
12.0% 
3/30 (10%) 
86 
P=0.227N 
P=0.212N 
P =0.146N 

4/50 (8%) 
11.7% 
1/30 (3%) 
98 
P=0.373N 
P =  0.459N 
P=0.252N 

5/50 (10%) 
14.8% 
2/30 (7%) 
98 
P=0.262N 
P=0.328N 
P =0.158N 

5/50 (10%) 
16.7% 
5/30 (17%) 
105 
P=0.268 
P =0.510N 
P =0.424 

500 mg/kg 

12/50 (24%) 
35.1% 
11/33 (33%) 
98 
P =0.497N 
P =  0.568N 

P =0.592 

14/50 (28%) 
41.0% 
13/33 (39%) 
98 
P =0.486N 
P=0.578 

P =0.588 

4/50 (8%)
12.1% 
4/33 (12%) 
105 
P =0.601N 
P=0.610 

P =0.643 

2/50 (4%) 
6.1% 
2/33 (6%)
105 
P =  0.308N 
P=0.338N 

P=0.339N 

3/50 (6%)
9.1% 
3/33 (9%) 
105 
P =0.318N 
P =0.345N 

P =0.357N 

7/50 (14%) 

20.0% 

6/33 (18%)

91 

P =0.441 

P =0.366 


P=0.380 


1,000 mg/kg 

10150 (20%) 

35.9% 

7/23 (30%) 

73 

P =0.496 

P=0.413N 


P =0.405N 

11/50 (22%) 

39.9% 

8/23 (35%) 

73 

P=0.541 

P =0.346N 


P=0.322N 

1/50 (2%) 
4.3% 
1/23 (4%) 
105 
P =0.287N 
P =0.249N 

P=0.181N 

2/50 (4%) 
7.9% 
1/23 (4%) 
89 
P =0.504N 
P=0.657N 

P =0.339N 

2/50 (4%) 
7.9% 
1/23 (4%) 
89 
P=0.372N 
P=0.502N 

P=0.218N 

6/49 (12%) 

16.0% 

1/23 (4%) 

57 

P=0.340 

P =0.406N 


P =0.486 
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TABLE B3. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
O F  DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control 500 m%kg 1,OOO mg/kg 

Uterus: Endometrial Stromal Polyp or Sarcoma 
Overall Rates (a) 5/50 (10%) 9/50(16%) 7/49 (14%) 
Adjusted Rates (c) 16.7% 24.9% 18.5% 
Terminal Rates (d) 5/30 (17%) 7/33 (21%) 1/23(4%)
Week of First Observation 105 91 57 
Life Table Tests (e) P=0.171 P=0.244 P=0.229 
Incidental Tumor Tests (e) P=0.442 P=0.182 P=0.561N 
Cochran-Armitage Trend Test (e) P=0.318 
Fisher Exact Test (e) P=0.194 P=0.365 

(a)Number oftumor-bearing animals/number of animals examined a t  the site 
(b)A fibrosarcoma was also observed in an animal bearing a fibroma. 
(c)Kaplan-Meier estimated tumor incidences a t  the end 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 teat. 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 incidental tumor 
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).
(0No P value is reported because no tumors were observed in the 1,000mg/kg and vehicle control groups. 
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TABLE B4. HISTORICAL INCIDENCE OF ORAL CAVITY TUMORS IN FEMALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

No. of Animals No. of Tumors in 
Examined Vehicle Controls Site Diagnosis 

Historical Incidence at Litton Bionetics, Inc. 

No tumors observed in 450animals 

Overall Historical Incidence 

1.450 3 
1 
1 

Tongue
Tongue (dorsum) 
Palate 

Squamous cell papilloma 
Squamous cell papilloma 
Squamous cell papilloma 

TOTAL 5(0.3%) 

(a) Data as  of August 30,1985,for studiesofa t  least 104weeks 
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TABLE BS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE 

Vehicle Control Low Dose High Dose 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

50 
50 
50 

50 
50 
50 

50 
50 
49 

INTEGUMENTARY SYSTEM 

Epidermal inclusion cyst 
*Skin 

RESPIRATORY SYSTEM 
*Nasal cavity 

Inflammation, suppurative 
Inflammation, chronic focal 
Reaction, foreign body 

Inflammation, chronic focal 

Lymphocytic inflammatory infiltrate 

Atelectasis 
Congestion, NOS 
Hemorrhage
Lymphocytic inflammatory infiltrate 
Inflammation, interstitial 
Pneumonia, interstitial chronic 
Inflammation, chronic focal 
Inflammation, granulomatous focal 
Reaction, foreign body 
Calcification, focal 
Hyperplasia, alveolar epithelium 

Histiocytosis 

#Trachea 

RLunglbronchus 

#Lung 

CLunglalveoli 

(50)
3 (6%) 

(50) 

(50) 

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

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

(50) 
19 (38%) 

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

(47) 

(49) 

(49) 

1 (2%) 

1 (2%) 

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

1 (2%) 
1 (2%) 

2 (4%) 
1 (2%) 

18 (37%) 
(49) 

HEMATOPOIETIC SYSTEM 
#Bone marrow 

Inflammation, granulomatous focal 
Fibrosis, focal 
Hypoplasia, NOS 
Atrophy, focal 
Hyperplasia, granulocytic 

Congestion, NOS 
Granuloma, NOS 
Hemosiderosis 
Metaplasia, osseous 
Hematopoiesis

#Splenic capsule 
Hyperplasia, focal 

#Lymph node 
Plasmacytosis

#Lung/bronchus
Hyperplasia, lymphoid 

#Ileum 
Hyperplasia, lymphoid 

#Colon 
Hyperplasia, lymphoid 

#Spleen 

(49) 

(50) 
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TABLE B5. SUMMARY O F  THE INCIDENCE OF NONNEOPLAS’I’IC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY O F  DIMETHYL METHYLPHOSPHONATE (Continued) 

HEMATOPOIETIC SYSTEM (Continued) 
#Thymus


Cyst, NOS 

Hemorrhage

Atrophy, NOS 

Hyperplasia, epithelial 


CIRCULATORY SYSTEM 
*Multiple organs 

Periarteritis 
#Mediastinal lymph node 

Lymphangiectasis 
#Myocardium


Fibrosis, focal 

Degeneration, NOS 


#Endocardium 

Inflammation, chronic 


*Blood vessel 

Aneurysm

Inflammation, chronic 


*Pulmonary artery 

Thrombosis, NOS 

Calcification, focal 


#Kidney

Periarteritis 


DIGESTIVE SYSTEM 
*Tongue 

Hyperplasia, epithelial 
*Tooth 

Inflammation, acutekhronic 
#Parotid duct 

Necrosis, NOS 
#Major sublingual duct 

Hyperplasia, epithelial 
#Liver 

Congenital malformation, NOS 
Hernia, NOS 
Deformity, NOS 
Bile stasis 
Congestion, NOS 
Hemorrhage
Inflammation, acute necrotizing 
Inflammation, chronic focal 
Inflammation, granulomatous 
Inflammation, granulomatous focal 
Necrosis, focal 
Lipoidosis
Basophilic cyto change 
Ground glass cyto change 
Focal cellular change 
Eosinophilic cyto change 
Clear cell change 
Hyperplasia, nodular 
Angiectasis 
Regeneration, NOS 

#Liver/centrilobular 

Degeneration, NOS 

Necrosis, NOS 

Lipoidosis 


Vehicle Control 

(44) 

1 (2%) 
2 (5%) 

(50) 

1 (2%) 

(50) 

(50) 

30 (60%) 
(50) 

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

(50) 

9 (18%) 
(50) 

1 (2%) 

16 (32%) 

1 (2%) 

1 (2%)


17 (34%) 

3 (6%) 

1 (2%) 

1 (2%)

3 (6%) 


3 (6%) 
(50) 

1 (2%)
1 (2%) 

Low Dose 

(49)
3 (6%) 

(50) 


(50) 


(50) 


31 (62%) 
(50)


1 (2%)
(50) 


(50) 


11 (22%)
(50) 


(50) 

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

1 (2%) 
1 (2%) 

18 (36%) 

1 (2%) 
2 (4%) 
2 (4%) 
7 (14%) 
5 (10%) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 
2 (4%) 
3 (6%) 

(50) 
1 (2%) 

1 (2%) 

High Dose 

(46)
1 (2%) 
2 (4%) 

1 (2%) 

(50) 

1 (2%) 

(46) 
1 (2%) 

(49) 
1 (2%)

27 (55%) 
(49) 

(50) 


(50) 

1 (2%)
8 (16%) 

(49) 

(49) 

(49) 
1 (2%) 
4 (8%) 

1 (2%) 


1 (2%) 

1 (2%) 


17 (35%) 

1 (2%) 


1 (2%) 

1 (2%)

5 (10%) 

5 (10%) 

1 (2%) 


1 (2%) 


(49) 
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TABLE B5. SUMMARY O F  THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

DIGESTIVE SYSTEM (Continued) 
XLiverlpariportal

Inflammation, chronic 
Metamorphosis, fatty 
Lipoidosis

XLiverhepatocytes

Hyperplasia, diffuse 


#Bile duct 

cys t  

Hyperplasia,NOS 


#Pancreas 
Dilatatioxdducts 
Inflammation, chronic focal 
Atrophy, NOS 

#Pancreatic acinus 

Atrophy, NOS 

Atrophy, focal 

Hyperplasia, focal 


#Periesophageal tissue 

Hemorrhage


#Glandular stomach 

Dilatation, NOS 

Inflammation, serous 


#Forestomach 
Ulcer, NOS 
Inflammation, acute 
Inflammation, chronic focal 
Hyperplasia, epithelial 

#Duodenum 
Ulcer, NOS 
Inflammation, chronic 

#Colon 

Parasitism 


#Colonic mucosa 

Calcification, NOS 


#Cecum 

Parasitism 

Calcification, NOS 


*Rectum 

Parasitism 


URINARY SYSTEM 
#Kidney


Nephropathy

Calcification, focal 


#Kidney/cortex 

Cyst, NOS 

Fibrosis, focal 


#Renal papilla 

Calcification, NOS 


#Kidney/pelvis 
Dilatation, NOS 
Calcification, focal 
Hyperplasia, epithelial 

ENDOCRINE SYSTEM 
#Pituitary intermedia 

Hemorrhage 

Vehicle Control 

(50) 

2 (4%) 
(50) 

(50) 

30 (60%) 
(49) 

(50) 
2 (4%) 

(50)
9 (18%) 
2 (4%) 

(50) 

(50)
22 (44%) 

(50) 

22 (44%) 

(50) 

Low Dose 

(50) 
2 (4%)

10 	 (20%) 
1 (2%) 

(50) 
1 (2%) 

(50) 

1 (2%)
(50) 

(50)
17 	 (34%) 
3 (6%) 

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

(50)
12 (24%) 

(50) 

27 (54%) 
1 (2%) 

(50) 

High Dose 

(49)
2 (4%) 

2 (4%) 
(49) 

(49) 

28 (57%) 
(49) 

1 (2%) 
1 (2%) 

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

(49) 

(49) 

(49) 

(47) 

f 47) 
1 (2%) 

(47) 
1 (2%) 

(47) 
1 (2%) 
3 (6%) 

(50) 

(49)
14 (29%) 
1 (2%) 

(49) 

(49)
7 (14%) 

(49) 
1 (2%) 

13 (27%) 
2 (4%) 

(48) 
1 (2%) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

ENDOCRINE SYSTEM (Continued) 
#Anterior pituitary 


Cyst, NOS 

Hemorrhage

Hyperplasia, focal 
Angiectasis 

#Pituitary posterior 

Gliosis 

Pigmentation, NOS 

Metaplasia, osseous 


#Adrenal cortex 

Cyst, NOS 

Degeneration, lipoid 

Necrosis, NOS 

Necrosis, focal 

Lipoidosis

Cytomegaly

Hyperplasia, focal 


#Adrenal medulla 

Hyperplasia, focal 


#Thyroid 

Ultimobranchial cyst 

Hyperplasia, cystic 

Hyperplasia, C-cell 


REPRODUCTIVE SYSTEM 
*Mammary gland 


Galactocele 

Inflammation, chronic 

Lactation 


*Mammary duct 

Hyperplasia, NOS 

Hyperplasia, focal 


*Mammary lobule 

Hyperplasia, NOS 


*Clitoral gland 
Dilatatiodducts 
Retention of content 
Inflammation, acute 
Inflammation, acute/chronic 
Hyperplasia, NOS 

#Uterus 
Abscess, NOS 
Decidual alteration, NOS 

#Cervix uteri 

Abscess, NOS 

Hyperplasia, epithelial 


#Uterus/endometrium 
Cyst, NOS 
Inflammation, suppurative 
Hyperplasia, cystic 
Hyperplasia, stromal 

#Endometrial gland 

Cyst, NOS 

Hyperplasia, NOS 


#Ovary

Cyst, NOS 

Corpus luteum cyst 

Atrophy, NOS 


Vehicle Control 

(50)
13 (26%) 
3 (6%)

16 (32%) 
6 (12%) 

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

(50) 
2 (4%) 

12 (24%) 

1 (2%) 
2 (4%) 

8 (16%) 
(50) 

5 (10%) 
(49) 

14 (29%) 

(50)
2 (4%) 

37 (74%) 
(50) 

1 (2%) 

(50) 
1 (2%) 

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

(50 )  

(50) 

1 (2%) 
(50) 

2 (4%) 

2 (4%) 
1 (2%)

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

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

Low Dose 

(50)
17 (34%) 

13 (26%) 
5 (10%) 

(50) 


1 (2%)
(50) 


11 (22%) 
1 (2%) 
1 (2%) 
2 (4%) 

8 (16%) 
(50) 

5 (10%) 
(50) 

1 (2%) 

10 (20%) 

(50) 

35 (70%) 
(50) 


(50) 

(50) 

2 (4%) 
1 (2%) 

(50)  
1 (2%) 

(50) 
1 (2%) 

(50) 
1 (2%) 

3 (6%) 
1 (2%) 

(50) 

(50) 
3 (6%) 

High Dose 

(48)
19 (40%) 

12 (25%) 
6 (13%) 

(48) 

(49) 

10 (20%) 

1 (2%) 
7 (14%) 

(49) 

4 (8%) 


(48) 

1 (2%) 
7 (15%) 

(50) 

1 (2%)
26 (52%) 

(50) 

1 (2%) 
(50) 

1 (2%) 
(50)

2 (4%) 
2 (4%) 

(49) 

1 (2%)
(49) 

(49) 
1 (2%) 
1 (2%)
2 (4%) 

(49) 

(49) 
2 (4%) 

1 (2%) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control Low Dose High Dose 

NERVOUS SYSTEM 

#Lateral ventricle 


Dilatation, NOS 

#Aqueduct of Sylvius 


Dilatation, NOS 

*Choroid plexus 


Hyperplasia, NOS 

#Brain 


Scar 

Infarct, hemorrhagic 


~ 

SPECIAL SENSE ORGANS 
*Eye (50) (50) (50)

Cataract 7 (14%) 7 (14%) 3 (6%) 
*Eye/sclera (50) (50) (50)

Inflammation, acutekhronic 1 (2%) 
Metaplasia, osseous 1 (2%) 3 (6%) 2 (4%) 

*Eyelretina (50) (50) (50) 
Degeneration, NOS 1 (2%)
Atrophy, NOS 5 (10%) 9 (18%) 5 (10%) 

*Nasolacrimal duct (50) (50) (50)
Inflammation, suppurative 1 (2%)
Inflammation, chronic 2 (4%) 

MUSCULOSKELETAL SYSTEM 
*Cartilage, NOS (50) (50) (50) 

Necrosis, NOS 1 (2%) 

BODY CAVITIES 
*Mediastinum (50) (50) (50) 

Hemorrhage 1 (2%)
Inflammation, suppurative 1 (2%)
Inflammation, fibrinous 1 (2%)
Abscess, NOS 1 (2%) 
Hemosiderosis 1 (2%)

*Pericardium (50) (50) (50) 
Inflammation, fibrinous 1 (2%)

*Mesentery (50) (50) (50)
Necrosis, fat  1 (2%) 1 (2%) 

ALL OTHER SYSTEMS 
+Multiple organs (50) (50) (50) 

Congestion, NOS 1 (2%) 
Adipose tissue 

Necrosis, NOS 1 

SPECIAL MORPHOLOGY SUMMARY 
No lesion reported 1 
Autofnecropsylno histocytic 1 

~~~ ~~ ~ 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number ofanimals examined microscopically at this site 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE 

Vehicle Control 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

INTEGUMENTARY SYSTEM 
+Subcutaneous tissue 

Sarcoma, NOS 
Fibroma 
Fibrosarcoma 
Rhabdomyosarcoma 

(50) 
1 (2%) 
2 (4%) 
4 (8%) 
2 (4%) 

RESPIRATORY SYSTEM 
#Lung

Squamous cell carcinoma 
Bile duct carcinoma, metastatic 

(50) 
1 (2%) 

Hepatocellular carcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Carcinosarcoma, metastatic 

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

HEMATOPOIETIC SYSTEM 
'Multiple organs 

Malignant lymphoma, lymphocytic type 
Malignant lymphoma, mixed type 
Granulocytic leukemia 

Squamous cell carcinoma, metastatic 
Fibrosarcoma, metastatic 

Carcinosarcoma, metastatic 

Fibrosarcoma, metastatic 

Bile duct carcinoma, metastatic 

#Lymph node 

#Hepatic lymph node 

#Inguinal lymph node 

#Thymus 

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

1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 

(46) 

(46) 

(46) 

(38) 

Carcinosarcoma, metastatic 1 (3%) 

CIRCULATORY SYSTEM 
*Multiple organs 

#Spleen 

#Heart 

Hemangiosarcoma 

Hemangiosarcoma 

Bile duct carcinoma, metastatic 

(50) 

(50) 

(50) 

1 (2%) 

2 (4%) 

Sarcoma, NOS 
#Liver 

Hemangiosarcoma 
#Pancreas 

Hemangioma
# Urinary bladder 

Hemangioma 

1 (2%) 

3 (6%) 

1 (2%) 

1 (2%) 

(50) 

(49) 

(46) 

DIGESTIVE SYSTEM 
#Liver 

Bile duct carcinoma 
(50) 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Carcinosarcoma, metastatic 

12 (24%) 
6 (12%) 
1 (2%) 

Low Dose High Dose 

50 50 

50 50 

50 47 


(50) 	 (50) 

3 (6%) 

1 (2%) 

3 (6%) 


1 	(2%) 

(49) 	 (45) 

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

(38) 

(50)  	 (46) 
1 (2%) 

15 (30%) 3 (7%)
6 (12%) 1 (2%) 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued)

Vehicle Control Low Dose High Dose

DIGESTIVE SYSTEM (Continued)
#Pancreas

Bile duct carcinoma, metastatic
Carcinosarcoma

#Forestomach
Papilloma, NOS
Squamous cell carcinoma

(49)

1 (2%)
(46)

1 (2%)
1 (2%)

(49)
1 (2%)

(48)

(46)

(43)

URINARY SYSTEM
None

ENDOCRINE SYSTEM
#Adrenal/capsule

Adenoma, NOS
#Adrenal medulla

Pheochromocytoma
#Thyroid

Follicular cell adenoma
Follicular cell carcinoma

(50)
1 (2%)

(50)
4 (8%)

(49)
2 (4%)
1 (2%)

(49)

(49)

(46)

(44)

(44)

(43)

REPRODUCTIVE SYSTEM
*Preputial gland

Carcinoma, NOS
(50)

1 (2%)
(50) (50)

NERVOUS SYSTEM
None

SPECIAL SENSE ORGANS
"Harderian gland

Adenoma, NOS
(50)

2 (4%)
(50) (50)

MUSCULOSKELETAL SYSTEM
None

BODY CAVITIES
*Mediastinum

Bile duct carcinoma, metastatic
(50) (50)

1 (2%)
(50)

ALL OTHER SYSTEMS
Adipose tissue

Carcinosarcoma, metastatic

ANIMAL DISPOSITION SUMMARY
Animals initially in study

Natural death
Moribund sacrifice
Terminal sacrifice
Dosing accident

50
15
3

28
4

50
26
7

12
5

50
25
8

17
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

~~ ~~~ ~~~ 

Vehicle Control Low Dose High Dose 

TUMOR SUMMARY 
Total animals with primary tumors** 34 27 10 

Total primary tumors 60 33 10 
Total animals with benign tumors 24 16 5 

Total benign tumors 30 16 5 
Total animals with malignant tumors 23 14 5 

Total malignant tumors 30 17 5 
Total animals with secondary tumors## 5 2 1 

Total secondary tumors 10 6 1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically at this site 
# #  Secondary tumors: metastatic tumors or tumors invasive into an  adjacent organ 
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'FASLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF DIMETHYL METHYLPHOSPHONATE: VEHICLE CQNTROL 

."-..-----_I --

W E E K S  ON b 0 0 0 0 01 0 0 0 0 0 

STUDY 0 1 1 7 2 3 1 4  J
I 1 5 i 7 2 1 2 6 ,4 

SubcutAnaour ti1rur + + + + + + + + + + + + + + + + + + + + + + + + + 
Sarcoma.NOS X 
Fibroma 

F i b m u m m a  X 

Rhabdomyourcoma X X 


Lunga and bronchi + + + + + + + + + + + + + + + + + + + + + + + + +  
Squamous call carcinoma 
Hepatocrllular camnoma. mrtastatrc X 
Alveolar/bronchiolaradonoma X 
AlveoLr/bmnchiolar camnoma 

Camnournma. metAIL.tic X 


Tnchra  . . . . . . . . . . . . . . . . . . . . . . . . . 


Boa. rmrmr + + + + - + + + + + + + + + + + + + + + + + + + +  
Splmrn . . . . . . . . . . . . . . . . . . . . . . . . . 


Hamanprournma
Lymph ncdrs + + + + - + - - - + + + + + + + + + + + + + + + +  

umoua call camnoma. mawt . t l c7Fi maarmma. mrtastatic 

Camnournma, matart.tic x@ x 


Thvma. + - - + + + + + + + + - - + + + + - - - + + - + +  
X 


~~ ~ 

Htart + + + + + + + + + + + + + + + + + + + + + + + + +  
Sarcoma, NOS X 

S . l l V Y  glad . . . . . . . . . . . . . . . . . . . . . . . . . 

Livrr + + + + + + + + + + + + + + + + + + + + + + + + +  

Hrp.baUrrlr  adrnnma X x x x  
HeprtoalluLr carnuom X X x x 
Camnourmma, mrtaatatic X 

Hrmangloumma X 


BiIr d u d  . . . . . . . . . . . . . . . . . . . . . . . . . 

Gallbladdrr & commonbile d u d  . . . . . . . . . . . . . . . . . . . . . . . . .  

P a n c n u  . . . . . . . . . . . . . . . . . . . . . . . . . 


Carcmoumnu X 
Hrmnproma - + + + + + + + + + + + + + + + + + + + + + + + +22gJ1 . . . . . . . . . . . . . . . . . . . . . . . . . 

Papillomr NOS 
Fqumotunll omnoma 

Small inhatma - + - + - + - + - + + - - - + + + - + + - + + + +  
Lam intmhnr + + - + + + - + - + + + - + + + + - + + + + + + +  

Kidney + + + + + + + + + + + + + + + + + + + + + + + + +  
Unmy bladder + + - + + + + + - + + + - + + + + - + + + + + + +  

Hamanproma 

RtUltnry + + + + + + + + - + + + - + - - + + + + + + + + +  
A d n d  . . . . . . . . . . . . . . . . . . . . . . . . . 


Adrnoma, NOS 
Pheochromocytoma X X 

Thyroid - + + + + + + + + + + + + + + + + + + + + + + + +  
Follicular call adenoma X 

Follicular call C ~ K I U O ~  


Panthymold - + - - - - - + - - - - + + + + - - - - - - - + +  

Mammary gland N N N N N N W N N N N N N N N N N N N N N N N N N  
Teutu + + + + + + + + + + + + + + + + + + + + + + + + +  
Proatah - + + + + + + + + + - + + + + + + + + + + + + + +  
PnputuUchtonl  land N N N N N N N N N N N N N N N N N N N N N N N N N  

Camnoma. ~d 
Bnin  . . . . . . . . . . . . . . . . . . . . . . . . . 


N N N N N N N N N N N N N N N N N N N N N N N N N  


N N N N N N N N N N N N N N N N N N N N N N N N N 

X 


X 

X 


X 


T+:+: T ww r u m i n dr u m i n d  micmmpiul lymicmmpiul ly  . No t i uu r  information m b m i t t d  
-red-.-. -red tiuuatiuua notnot ruminadruminad nucrompicallynucrompically Ci Necmpay. no hutoloe duo to p m b l 


EE TumOrinndrnnTumOrinndrnn A: Autolyau

NN NecropsyNecropsy nono aubYIyea,aubYIyea, nono micmmpicmicmmpic ruminat ionruminat ion M: Animal miuing

SISI hnulm'1ru.dhnulm'1ru.d B No nrcmpsy prlormd

@@ MulkpbMulkpb OSCIV~MOSCIV~M ofof motphololgmotphololg 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE CONTROL 

ANIMAL 
NUMBER 

Subcutaneous tissue 

Sarcoma, NOS 

Fibroma 

Fibrosarcoma 

Rhabdomyosarcoma 


L u n p  and bronchi 

Squamoua cell carnnoma 

Hepatocellular camnoma. mata6tatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar camnoum 
Camnourcoma. momstatic 


Trachea 


Bone marrow 

"b 

Sploen

Hemanporarcoma


Lymph nodes 

uamous 011 camnoma. matastatre 


Fi rowcoma. metastatic 

Camnosarcoma, momstatic 


Thymus

Camnommma.  metditatic 


Y 

Heart 

Sarmilu. NOS 

Salivary gland
Liver 


Hepawl lu l a r  adenoma 

Hepataallular camnomi 

C6mnorsreomr. meustatre 

Hemanpourcoma 


Bile duct 
Oallbladder b common bile duet 
Pancnas 


Camnomreoma 

Hemanpoma
:t%w 
Papilloma. NOS 

Squamous call camnoma 


SmA11iOtOStln# 
Large intestine 

Kidney
Unnary bladder 

Himanpoma 

EM 

RtUitnry
Adrenal 

Adenoma. NOS 
Pheochromocytoma

Thymid
Follicular cell adenoma 
Follimiar cell carcinoma 

Parathyroid 

Mammary gland 
Tertii 

Bmin 

AN9 
Hardemn gland 

Menoma, NOS 

Multiploarp.ni. NOS 
Hemanpourcoma
Milignint lymphoma. lymphocytic t y p
Malignant lymphoma, m m d  t y p
Gnnulocytic leukamu 

Mipoutiasue 
Camnourcoma. metastatic 

(Continued) 

l-
. . . . . . . . . . . . . . . . . . . . . . . . . '50 


1

X X 2


X X X 4 

2 


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

X 1 


X 2 

X X X 4 


X X 2 


+ + + + + + + + + + + + + + + + + + + + + + * + +  4a 
1 


. . . . . . . . . . . . . . . . . . . . . . . . .  46 


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

X X 2 


t + + + + + + + + + + + + t + t + + t + + t + + +  46

X 1 


1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  38 

1 


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

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  49
+ + + + + + + + + + + + + + + + + + + + + + + + +  50
X X x x x  x x X 12

X X 6 


1

X X 3 


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

+ + + + + + + + + t + + + + + + + t + + + + + t +  '50 

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


1

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 

+ + + + + + t + t + + + + + + + + + + t t + + + +  46 


X 1 

X 1 


t + t + + + + + + + + + + + + + + + + + + + + t +  40 

t + + + + - + + + t + + + + + + + + + + + t + t +  44 


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


. . . . . . . . . . . . . . . . . . . . . . . . .  46 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  43 


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

X 1


X X 4 

+ + + + + + + t + + + + t + + + + + + + t + + + +  49


X 2 

1 


20 


N N N N N N N N N N N N N N N N N N N N N N N N N  '50 
. . . . . . . . . . . . . . . . . . . . . . . . .  49
+ + + + + + + + + + + + + + + + + + + + + + + + +  48

N N N N N N N N N N N N N N N N N N N N N N N N N  
50


X 1 


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


N N N N N N N N N N N N N N N N N N N N N N N N N  '50 

X X 2 


N N N N N N N N N N N N N N N N N N N N N N N N N  '50 

1 

1 

1 


X 1 


1 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE
STUDY OF DIMETHYL METHYLPHOSPHONATE: LOW DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Subcutaneous tissue

Sarcoma, NOS
Fibroma
Fibrosarcoma

RESPIRATORY SYSTEM
Lungs and bronchi

Bile duct carcinoma, metastatic
Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes

Fibrosarcoma, metastatic
Thymus

Bile duct carcinoma, metastatic

CIRCULATORY SYSTEM
Heart

Bile duct carcinoma, metastatic

DIGESTIVE SYSTEM
Salivary gland
Liver

Bile duct carcinoma
Hepatocellular adenoma
Hepatocellular carcinoma

Bile duct
Gallbladder & common bile duct
Pancreas

Bile duct carcinoma, metastatic
Esophagus
Stomach
Small intestine
Large intestine

URINAKY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary
Adrenal
Thyroid
Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland
Testis
Prostate

NERVOUS SYSTEM
Brain

BODY CAVITIES
Mediastinum

Bile duct carcinoma, metastatic

ALL OTHER SYSTEMS
Multiple organs, NOS

He mangiosarcoma
Malignant lymphoma, lymphocytic type
Malignant lymphoma, mixed type

01 0 01 0 0 0 0 0 0 0 0 0 0 0 01 0 01 0 01  0 0
0 0 2 2 2 3 1 3 4 2 0 0 0 0 0 1  1 1 1 4 4
3| 2  2 | 1 3 7 2 2 2 6 4 6 7 8 9 | l 3 | 4  7 |  5 6

01 0 01 01 0 0 01 0 0 D 0 01 0 0 01 01 01 0 0 0 01
0 1 1 1 2 3 5 5 6 7 7 7 7 7 7 7 7 7 7 7 7
l| 6 7| 8| 3 9 5| 5 4 2 7 7| 7 7 7| 7| 7| 7 7 7 7|

X

X

X

X

X
X X  X X

X X

X

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

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

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

0 01 01 0
1 4 0 3
8 l| l| 1

0 0 0 0
8 8 8 9
1 2 8 0

+ + + +

+ + + +

+ + + +

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

^ + + +

+ + + +

+ + + +

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

N N N N N N N N N N N N N N N N N N N N N N N N N

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

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

N N N N N N N N N N N N N N N N N N N N N N N N N
X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

X
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE 

(Continued) 


ANIMAL 	 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  
NUMBER 	 0 3 2 3 3 3 1 1 3 4 1 3 2 1 2 2 2 2 3 4 4 4 4 4 5  


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

TOTAL: 

WEEKS ON 0 0 0 0 0 0 0 0 0 0 0 0 1 1  1 1  1 1  1 1  1  1  1 1  1 TISSUES 

STUDY 9 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 TUMORS 


3 3 4 4 5 5 6 7 7 7 9 9 0 5 5 5 5 5 5 5 5 5 5 5 5  


EM 
Subcutaneous tissue . . . . . . . . . . . . . . . . . . . . . . . . . '50 


Sarcoma, NOS X X 

Fibroma 

Fibrosarcoma xX x X 
 I I 


Lungs and bronchi 	 . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Bile duct carcinoma, metastatic 	 1 


Trachea 	 . . . . . . . . . . . . . . . . . . . . . . . . .  48 


. Bonemarrow 	 . . . . . . . . . . . . . . . . . . . . . . . . .  47 

Spleen 	 . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Lymph nodes 	 . . . . . . . . . . . . . . . . . . . . . . . . .  43 


Fibrosarcoma, metastatic 	 X 1 

Thymus 	 + + + - - - + + - - + + - + + + + + + + + + + - +  41. 

Bile duct carcinoma, metastatic 	 1 


Heart 	 . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Bile duct carcinoma, metastatic 	 1 


Salivary gland 	 . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Liver . . . . . . . . . . . . . . . . . . . . . . . . . 50 


Bile duct carcinoma 
 1 1

Hepatocellular adenoma X X x x  x x x  x x  X X 15 

Hepatocellular carcinoma X X X X 6 


Bile duct . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Gallbladder h common bile duct + + + + N + N + + + + + + + + + N + + + + + + + + $50 

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  49 


Bile duct carcinoma. metastatic 	 1 

. . . . . . . . . . . . . . . . . . . . . . . . . 40 


:t%:ffla . . . . . . . . . . . . . . . . . . . . . . . . .  40 

Small intestine 	 . . . . . . . . . . . . . . . . . . . . . . . . .  41 

Large intestine 	 . . . . . . . . . . . . . . . . . . . . . . . . .  46 


Kidney 	 . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Unnary bladder 	 . . . . . . . . . . . . . . . . . . . . . . . . .  45 


Pituitary 	 + + + + - + + + + + + + + + + - + + + + + + + + A  45 

Adrenal 	 . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Thyroid 	 . . . . . . . . . . . . . . . . . . . . . . . . .  46 


+ - - - - -Parathyroid 	 + - + - - - - + - + - - - + - + + + - 21 


M 
Mammary gland N N N N N N N N N N N N N N N N N N N N N N N N N  '50 
Testis 	 . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Prostate 	 . . . . . . . . . . . . . . . . . . . . . . . . . 46 


Brain 	 + + + + - + + t + + + + t + t + + + + + t + + t +  49 


Mediastinum N N N N N N N N N N N N N N N N N N N N N N N N N  '50 

Bile duct carcinoma, metastatic 1 


Multiple organs, NOS N N N N N N N N N N N N N N N N N N N N N N N N N *SO1 I 

Hemangiosarcoma

Malignant lymphoma, lymphocytic type 

Malignant lymphoma, mixed type X 


I 


* Animals necropsied 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF DIMETHYL METHYLPHOSPHONATE: HIGH DOSE 

ANIMAL 

NUMBER 


WEEKS ON 

STUDY 


Subcutaneous tissue N + + + + + + + N + + + + + + + N + + + + + + + + 
Rhabdomyosarcoma 

KESPfRATORYSYSTEM 
Lungs and bronchi A + + + + + + t A + + t + + + + + + + + + + + + + 

Hepatocellular carcinoma. metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 

Trachea A + + - t + + + A + + + + + - t + t + + + + + + + 

Bone marrow A - + + + t + + A t + + + + + + t + + + + + + + + 

Spleen A + + + + + + + A + + t + + + + + + + t + + + + + 

L mphnodes A + + + + + + - A - - + + + - + - + + + + - - + - 

Tgymus A - + + + + + + A + + + - - + + + + + + + t + + +  


Heart 
 . . . . . . . . . . . . . . . . . . . . . . . . . 
 + I  
Salivary eland A t + + + t + + A + + + + + + + + + + + + + + + +. -
Liver . . . . . . . . . . . . . . . . . . . . . . . . . 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Hemanqosarcoma X 

Bile duct A + + + + t + + A t + + + + t + + + + + + + + + t 
Gallbladder & common bile duct N + + + + N + N N N + N + + + + + + N + + + + + +  
Pancreas A + + + + t + + A + + + + + + + + + + + + + + + + 

A t - - + + + + A + + + + + + + + + + + + t + + +:;::CY A + + + + t + t A + + + t + + + + + - + + + + + + 
Small intestine A + + + + + + + A t - f - + + + - + - + + + - + + 
Large intestine A + + + + + + + A + + + + + + + + + - + + + + t + 

Kidney A + + + t + + + A + + + + + + + + + + + + + + + + 
Unnary bladder A + + + + + + + A + + t + + + + + + - + + + - + + 

Pituitary . . . . . . . . . . . . . . . . . . . . . . . . . 
Adrenal A + + + + + + + A + + - + + + + t + + + + - + + + 
Thyroid A + + - + + + + A + + + - + + + + + + + + + + + + 
Parathyroid A + - - - + - - A + - + - - + - - - + - . + + - + +  

- _ -
Mammary gland N N N N N N N N N N N N N N N N N N N N + N N + N  
Testis A t + + + + + + A + + + + + + + + + + + + + + + + 
Prostate A + + t + + + + A + + + + + + + + + + + + + + - + 

__. 

Brain A + + + t + + t A + + + + + + + + + + + + + + + + 

S 

Multiple organs, NOS N N N N N N N N N N N N N N N N N N N N N N N N N  

Malignant lymphoma, lymphocytic type 
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T A ~ L Eca. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

ANIMAL 	 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 
NUMBER 	 1 1 1 2 2 2 3 3 3 3 3 4 4 5 3 4 4 1 4 1 0 2 4 4 4 


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

TOTAL 

WEEKS ON 	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 TISSUES 
STUDY 	 4 4 4 4 4 4 4 4 4 4 4 4 4 4 6 I I I I 1 7 8 9 9 9 TUMORS 


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


Subcutaneous tissue + + + + + + + + + + + + + + N N + + + + + + + + +  

Rhabdomyosarcoma X 


RESPIRAT~XW%WEM 
Lungs and bronchi 	 . . . . . . . . . . . . . . . . . . . . . . . . . 


Hepatocellular carcinoma, metastatic 	 X 

Alveolarhmnchiolar adenoma 	 X X ' 2 

Alveolar/bronchiolar carcinoma X 1 


Trachea . . . . . . . . . . . . . . . . . . . . . . . . . 42 


Bone marrow . . . . . . . . . . . . . . . . . . . . . . . . . 45 

Spleen . . . . . . . . . . . . . . . . . . . . . . . . . 46 

L mphnodes + + + + - - - - - - - - - + - A + + + + + - + - + 27 

Tgymus . . . . . . . . . . . . . . . . . . . . . . . . . 41 


Heart 	 + + + + - + + + + + + + + + - A + + + + + + + + + 45 


Salivary gland + + + + + + + + + + + + + + - A + + + + + + + + + 48 

Liver . . . . . . . . . . . . . . . . . . . . . . . . . 48 


Hepatocellular adenoma x x X 3 

Hepatocellular carcinoma X 1 

Hemangiosarcoma 1 


Bile duct . . . . . . . . . . . . . . . . . . . . . . . . . 46 

Gallbladder h common bile duct + + + + N + + + N + + + + + N N + + + + + N + + + $50 

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . . 46 


. . . . . . . . . . . . . . . . . . . . . . . . . 42 

:t%Y . . . . . . . . . . . . . . . . . . . . . . . . . 43 

Small intestine + - + - + + + + - + + - + + - A + + + + + - - - + 34 

Largo intestine + + + - + + + + - + + + + + - A + + + + + - + - + 41 


Kidney + + + + + + + + + + + + + + - A + + + + + + + + + 46 

Urinary bladder + - + - + + + + - + + - + + - A + + + + + + - - + 38 


Pituitary . . . . . . . . . . . . . . . . . . . . . . . . . 45 

Adrenal . . . . . . . . . . . . . . . . . . . . . . . . . 44

Thyroid + + + + - + + + + + + + + + - A + + + + + + + + + 43 

Parathyroid - + - + - - - - - + + - - + - A + - - + - - + + +  20 


Mammary gland N N N N N N N N N N N + N N N N N N N N N N N N N  '50 

Testia + + + + + + + + + + + + + + - A + + + + + + + + + 48 

Prostate + + + + + + + + + - + - + + - A + + + + + + + + + 43 


Brain 	 + + + + + + + + + + + + + + + A + + + + + + + + + 41 


S 

Multiple organa. NOS N N N N N N N N N N N N N N N N N N N N N N N N N  '50 


Malignant lymphoma. lymphocytic type X 1 


* Animals necropsied 
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TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF 
DIMETHYL METHYLPHOSPHONATE 

Vehicle Control 

Subcutaneous Tissue: Sarcoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Subcutaneous Tissue: Sarcoma o r  Fibrosarcoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Testg (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


Subcutaneous Tissue: Fibroma, Sarcoma, or 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Lung: Alveolar/Bronc hiolar Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

1/50 (2%) 
3.3% 
0129 (0%)
104 
P =0.220 
P =0.569N 
P =0.378N 

4/50 (8%) 
12.6% 
3/29 (10%) 
80 
P=0.481 
P =0.466N 
P=0.049N 

5/50(10%) 
15.6% 
3/29 (10%) 
80 
P=0.202 
P=0.388N 
P=0.042N 

6/50 (12%) 
19.4% 
5/29 (17%) 
ao 
P=0.634N 
P =0.318N 
P=O.OlON 

Fibrosarcoma 
7/50 (14%) 
22.1% 
5/29 (17%) 
80 
P= 0.326 
P= 0.270N 
P= 0.010N 

4/50 (8%)
12.8% 
3/29 (10%) 
90 

P =0.285 
P=0,523K 
P =0.253N 

1,000 mg/kg 

3/50 (6%) 
13.8% 
0/12 (0%)
64 
P=0.149 
P=0.714N 

P=0.309 

3/50 (6%) 
17.5% 
1/12 (8%)
95 
P =0.452 
P =  0.646N 

P =0.500N 

6/50 (12%) 
28.9% 
1/12 (8%)
64 
P =0.145 
P =0.612N 

P=0.500 

3/50 (6%) 
17.5% 
1/12 (8%) 
95 
P =0.628 
P= 0.456N 

P=0.243N 

6/50 (12%) 
28.9% 
1/12 (8%)
64 
P=0.262 
P=0.448N 

P=0.500N 

0149 (0%) 
0.0% 
0/12 (0%) 

P=0.191N 
P=0.184N 

P=0.061N 

2,000 mg/kg 

0/50 (0%) 
0.0% 
010 

(e)
(e) 

P=0.500N 

0/50 (0%) 
0.0% 
o/o 
P =  0.919N 
P=0.500N 

P=0.059N 

0150 (0%) 
0.0% 
010 

P =0.919N 
P =0.500N 

P =0.028N 

0150 (0%) 
0.0% 
010 

P =  0.919N 
P=0.500N 

Pr0.013N 

060 (0%) 
0.0% 
010 

P =0.919N 
P=0.500N 

P=0.006N 

2/45 (4%) 
35.8% 
010 
45 
P=0.060 
P =  0.650 

P=0.390N 
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TABLE c3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF 
DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control 

Lung: AlveolarBronchiolar Adenoma or Carcinoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Tests (d)

Incidental Tumor Tests (d)

Cochran-Armitage Trend Test (d)

Fisher Exact Test (d) 


Hematopoietic System: Lymphoma, 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week o f  First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

6/50 (12%)
19.5% 
5/29 (17%) 
90 
P=0.168 
P=0.592N 
P =  0.177N 

All Malignant 

Hematopoietic System: Lymphoma or Leukemia 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Circulatory System: Hemangiosarcoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

2/50 (4%) 
6.6% 
1/29 (3%) 
102 
P =  0.026 
P=0.268 
P=0.399N 

3/50 (6%)
9.9% 
2/29 (7%) 
102 
P =0.054 
P =0.344 
P=0.238N 

6/50(12%2-
18.6% 
4/29 (14%) 
87 
P =  0.51 1N 
P =  0.125N 
P=0.023N 

Circulatory System: Hemangioma or Hemangiosarcoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Tests (d) 

Incidental Tumor Testa (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


Liver: Hepatocellular Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

8/50(16%)
25.1% 
6/29 (21%) 
87 
P =0.369N 
P =0.078N 
P =  0.005N 

12/50 (24%) 
38.5% 
10129 (34%) 
93 
P<O.OOl 
P=0.051 
P =  0.026N 

1,000 mg/kg 

0/49 (0%)
0.0% 
0112 (0%) 

P=O.lOlN 
P =0.097N 

P =0.014N 

3/50 (6%) 
19.9% 
2/12 (17%) 
90 
P =  0.182 
P =0.327 

P =0.500 

3/50 (6%)

19.9% 

2/12(17%)

90 

P=0.283 

P=0.441 


P=0.661 


1/50 (2%)

3.7% 

0/12 (0%)

88 

P =0.220N 

P=0.139N 


P =0.056N 


1/50 (2%) 

3.7% 

0112 (0%)

88 

P =  0.128N 

P=0.077N 


P=0.016N 


15/50 (30%) 

70.1% 

7/12 (58%) 

55 

P =0.006 

P =0.180 


P=0.326 


2,000 mg/kg 

3/45 (7%) 
43.8%
o/o
45 
P=0.006 
P=0.485 

P=0.299N 

1/50 (2%) 
33.3% 
010 
92 
P=0.059 
P=0.500 

P =0.500N 

1/50 (2%) 
33.3% 
010 
92 
P=0.059 
P=0.500 

P=0.309N 

1/50 (2%) 
3.6% 
010 

45 
P =0.478 
P=0.616N 

P=0.056N 

1/50 (2%) 
3.6% 
010 
45 
P =0.478 
P =0.616N 

P =  0.016N 

3/46 (7%) 
5 1.4% 
010 
74 
P <0.001 
P=0.196 

P =0.018N 
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TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE I N  THE TWO-YEAR GAVAGE STUDY 
OF DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control 1,000 m f l g  2,000 mg/kg 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 6/50 (12%) 6/50 (12%) 1/46 (2%) 
Adjusted Rates (b) 16.8% 24.8% 20.0% 
Terminal Rates (c) 2/29 (7%) 1/12(8%) 010 
Week of First Observation 58 77 79 
Life Table Tests (d) P=0.175 P =0.319 P=0.430 
Incidental Tumor Tests (d) P =0.245N P=0.215N P=0.419N 
Cochran-Armitage Trend Test (d) P =0.069N 
Fisher Exact Test (d) P=0.620N P =0.070N 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 17/50 (34%) 21/50 (42%) 4/46 (9%) 
Adjusted Rates (b) 49.4% 80.5% 61.1% 
Terminal Rates (c) 12/29 (41%) 8/12 (67%) 010 
Week of First Observation 58 55 74 
Life Table Tests (d) P <0.001 P=0.003 P e0.001 
Incidental Tumor Tests (d) P=0.156 P=0.341 P=0.500 
Cochran-Armitage Trend Test (d) P =0.005N 
Fisher Exact Test (d) P=0.268 P=0.003N 

Adrenal Gland: Pheochromocytoma 
Overall Rates (a) 4/50 (8%) 0149 (0%) 0144 (0%)
Adjusted Rates (b) 12.7% 0.0% 0.0% 
Terminal Rates (c) 3/29 (10%) 0112 (0%) 010 
Week of First Observation 85 
Life Table Tests (d) P=O.l85N P=0.192N P =0.949N 
Incidental Tumor Tests (d) P =  0.1 14N P=0.184N P =0.500N 
Cochran-Armitage Trend Test (d) P =0.018N 
Fisher Exact Test (d) P =0.061 N P =0.076N 

Thyroid Gland: Follicular Cell Adenoma o r  Carcinoma 
Overall Rates (a) 3/49 (6%) 0146 (0%) 0143 (0%)
Adjusted Rates (b) 9.0% 0.0% 0.0% 
Terminal Rates (c) 2/29 (7%) 0112 (0%) 010 
Week of First Observation 42 
Life Table Tests (d) P =  0.165N P =0.235N P =0.564N 
Incidental Tumor Tests (d) P=0.049N P=0.298N P =  0.215N 
Cochran-Armitage Trend Test (d) P=0.045N 
Fisher Exact Test (d) P =0.133N P=0.147N 

(a)Number of tumor-bearing animals/number of animals examined at the site 
(b)Kaplan-Meier estimated tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
(c)Observed tumor incidence a t  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 (directiy or indirectly) the cause of death. The incidental tumor 
test regards these lesions as nonfatal. The Cdchran-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)No P value is reported because all high dose animals died before the vehicle control tumor was observed. 
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TABLE C4a. HISTORICAL INCIDENCE OF HEMATOPOIETIC SYSTEM TUMORS IN MALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Study Lymphoma 

Historical Incidence at Litton Bionetics, Inc. 

Dimethyl hydrogen phosphite 
Dimethyl methylphosphonate 
2,4-Toluene diisocyanate 
Diallyl phthalate 
Dimethyl morpholinophosphorarnidate
Tris(2-ethylhexy1)phosphate 
3-C hloro-2-methylpropene 
4-Vinylcyclohexene 
Dimethylvinyl chloride 

3/50
2/50 
6/50
6/50 
3/50
7/50 
4/50 
4/50 
6/50 

TOTAL 
SD (b) 

411450 (9.1%) 
3.48% 

Range (c) 
High
Low 

7/50
2/50 

Overall Historical Inc idence  

TOTAL 
SD (b) 

181/1,497(12.1%) 
4.41% 

Range (c) 
High 
Low 

11/50
2/50 

(a)Data as of August 30,1985, for studies of a t  least 104 weeks 
(b)Standard deviation 
(c)Range and SD are presented for groups of 35 or more animals. 

Lymphoma or Leukemia 

5/50
3/50
6/50 
6/50 
3/50 
7/50 
4/50 
4/50 
6/50 

441450 (9.8%) 
2.91% 

7/50
3/50 

18511,497(12.4%) 
4.21% 

11/50 
3/50 

129 Dimethyl Methylphosphonate, NTP TR 323 



TABLE C4b. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN MALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Study Adenoma 

Historical Incidence at Litton Bionetics, Inc. 

Dimethyl hydrogen phosphite 12/50 
Dimethyl methylphosphonate 10150 
2,4-Toluene diisocyanate 5/49 
Diallyl phthalate 0150 
Dimethyl morpholinophosphorarnidate 6/50
Tris(2-ethylhexy1)phosphate 7/50 
3-Chloro-2-methylpropene 4/50
4-Vinylcyclo hexene 7/49
Dimethylvinyl chloride 8/49 

TOTAL 591447 (13.2%) 
SD (b) 6.95% 

Range (c) 
High 12/50
Low 0150 

Overall Historical Incidence 

TOTAL 201/1,490 (13.5%) 
SD (b) 6.45% 

Range (c) 
High 14/50
Low 0150 

(a)Data as  of August 30,1985, for studies of at least 104 weeks 
(b)Standard deviation 
(c)Range and SD are presented for groups of 35 or more animals. 

Carcinoma 

9/50 
6/50 
6/49
7/50 
6/50
9/50 

19/50
11/49 
3/49 

761447 (17.0%) 
9.17% 

19/50
3/49 

30611,490 (20.5%) 
7.70% 

19/50 
3/49 

Adenoma or  Carcinoma 

19/50 
15/50 
11/49 
7/50 

11/50
15/50 
22/50
18/49
11/49 

1291447 (28.9%) 
9.54% 

22/50 
7/50 

47711,490 (32.0%) 
8.99% 

25/50 
7/50 
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T-ZLGE C5. SI XMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE 

Vehicle Control 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

INTEGUMENTARY SYSTEM 
*Skin (50)

Epidermal inclusion cyst 
Ulcer, NOS 1 (2%)
Inflammation, acute 
Inflammation, acute/chronic 
Inflammation, chronic 1 (2%)
Fibrosis 1 (2%)
Fibrosis, focal 1 (2%)
Exfoliative dermatitis 1 (2%)
Hyperplasia, NOS 
Acanthosis 

RESPIRATORY SYSTEM 
*Nasal cavity (50)

Congenital malformation, NOS 
Ectopia 1 (2%)

#Lung (50)
Bronchiectasis 1 (2%)
Atelectasis 
Congestion, NOS 2 (4%)
Hemorrhage 2 (4%)
Bronchopneumonia, focal 
Lymphocytic inflammatory infiltrate 1 (2%)
Inflammation, interstitial 1 (2%)
Inflammation, chronic 1 (2%)
Fibrosis, focal 1 (2%)
Hyperplasia, adenomatous 1 (2%) 

HEMATOPOIETIC SYSTEM 
#Bone marrow 


Hyperplasia, NOS 

Hyperplasia, granulocytic 


#Spleen
Hemosiderosis 

Hyperplasia, lymphoid 

Hematopoiesis 


#Splenic follicles 

Necrosis, NOS 


#Lymph node 

Plasmacytosis 

Mastocytosis


#Mandibular lymph node 

Necrosis, NOS 

Plasmacytosis

Hyperplasia, lymphoid 


#Pancreatic lymph node 

Hyperplasia, lymphoid 


#Mesenteric lymph node 
Congestion, NOS 
Hemorrhage 5 (11%)
Hyperplasia, lymphoid 1 (2%)
Hematopoiesis 1 (2%) 

Low Dose 

50 

50 

50 


(50)

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

1 (2%) 

(50)
1 (2%) 

(49) 

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

1 (2%) 
1 (2%) 

(47) 

5 (11%) 
(49) 

1 (2%) 
42 (86%) 

(49) 

(43) 

High Dose 

50 

50 

47 


(50) 


5 (10%) 

2 (4%) 

2 (4%) 

(50) 

(45) 

2 (4%)
16 (36%) 

1 (2%) 

131 Dimethyl Methylphosphonate, NTP TR 323 



TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

HEMATOPOIETIC SYSTEM (Continued) 
#Renal lymph node 


Hyperplasia, NOS 

Plasmacytosis


#Axillary lymph node 

Hyperplasia, lymphoid 


#Inguinal lymph node 

Hyperplasia, NOS 

Plasmacytosis


#Femoral lymph node 

Plasmacytosis


#Lung 

Leukocytosis, NOS 

Leukemoid reaction 


#Liver 

Hematopoiesis


#Pancreas 

Hematopoiesis


#Thymus 

Cyst, NOS 

Hemorrhage 

Atrophy, NOS 


#Thymic lymphocytes 

Necrosis, NOS 


CIRCULATORY SYSTEM 
#Inguinal lymph node 

Lymphangiectasis 
*Lymphatics of lung 

Sequestration 
#Lung

Thrombus, fibrin 
#Heart 


Inflammation, suppurative 

Periarteritis 


#Myocardium 

Inflammation, chronic focal 

Necrosis, focal 

Calcification, NOS 


#Aortic valve 

Pigmentation, NOS 


#Pancreas 

Periarteritis 


DIGESTIVE SYSTEM 
*Tooth 

Congenital malformation, NOS 
*Pulp of tooth 

Abscess, NOS 
*Alveolus dentalis 

Inflammation, acutekhronic 
#Sublingual gland 

Atrophy, focal 
#Liver 


Cyst, NOS 

Hemorrhagic cyst 

Inflammation, chronic focal 

Necrosis, NOS 

Necrosis, focal 


Vehicle Control 

(46) 
1 (2%) 

(46) 
1 (2%)

(46) 
1 (2%) 

(46) 

(50) 

1 (2%) 
(50) 

(49) 
1 (2%)

(38) 

1 (3%) 
(38) 

Low Dose 

(43) 

1 (2%)
(43) 

(43) 

(43) 
1 (2%)

(49) 

(50) 

1 (2%)

(49) 

(41) 
1 (2%) 
1 (2%) 
1 (2%) 

(41) 

High Dose 

(27) 

(27) 

(27) 
1 (4%)
1 (4%)

(27) 

(45)
1 (2%) 

(46) 

(46) 

(41) 

1 (2%) 
(41) 

1 (2%) 

(45) 

(45) 

(46) 

2 (4%) 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 DIMETHYL METHYLPHOSPHONATE (Continued) 

DIGESTIVE SYSTEM 
#Liver (Continued) 


Infarct, NOS 

Lipoidosis 

Ground glass cyto change 

Focal cellular change 

Regeneration, NOS 


#Portal tract 

Atrophy, NOS 


#Liver/centrilobular 

Necrosis, NOS 

Lipoidosis 

Hepatocytomegaly 


#Liver/hepatocytes
Hyperplasia, focal 

*Gallbladder 
Inflammation, acutekhronic 

#Bile duct 
Hyperplasia, NOS 

#Pancreas 
Inflammation, acutekhronic 
Inflammation, chronic focal 

#Pancreatic acinus 

Atrophy, focal 

Atrophy, diffuse 

Hyperplasia, NOS 


#Esophagus/muscularis 

Degeneration, NOS 


#Esophageal adventitia 

Hemorrhage 


#Gastric mucosa 

Necrosis, focal 


#Glandular stomach 

Dilatation, NOS 

Ulcer, NOS 

Calcification, focal 

Pigmentation, NOS 


#Gastric submucosa 
Edema, NOS 
Eosinophilic leukocytic infiltrate 

#Forestomach 

Ulcer, NOS 

Inflammation, acute focal 

Inflammation, chronic focal 

Necrosis, focal 

Hyperplasia, epithelial 


#Colonic serosa 

Hemorrhage


#Cecum 

Ulcer, NOS 


+Anus 

Ulcer, NOS 


URINARY SYSTEM 
#Kidney

Calculus, gross observation only 
Mineralization 
Cast, NOS 
Hydronephrosis
Pyelonephritis, NOS 
Lymphocytic inflammatory infiltrate 

Vehicle Control Low Dose High Dose 

(50) 
1 (2%) 

(46) 

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

(50) 

(50)  

1 (2%) 
17 (34%) 

(50) 

(50) 

(50 )  
1 (2%) 

1 (2%) 
(49) 

1 (2%) 

2 (4%) 
(49) (46) 

1 (2%) 

(48) 
1 (2%) 

(48) 

(43) 

(43) 

1 (2%) 
1 (2%) 

(46) (43) 

(43) 

1 (2%) 

(50) 

4 (8%) 
1 (2%) 

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

1 (2%) 

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

1 (2%) 
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 DIMETHYL METHYLPHOSPHONATE (Continued) 

URINARY SYSTEM 
#Kidney (Continued) 

Plasma cell infiltrate 
Metaplasia, osseous 

#Kidney/cortex

Cyst, NOS 

Atrophy, focal 


#Kidney/tubule
Regeneration,NOS 

#Kidney/pelvis
Inflammation, suppurative 

#Urinary bladder 
Distention 
Hemorrhage 
Inflammation, suppurative 
Inflammation, chronic 

+Urethra 
Retention of content 
Inflammation, necrotizing 

*Prostatic urethra 
Hyperplasia, epithelial 

ENDOCRINE SYSTEM 
#Anterior pituitary 


Cyst, NOS 

Hyperplasia, focal 


#AdrenaVcapsule 

Hyperplasia, NOS 


#Adrenal cortex 

Pigmentation, NOS 

Hypertrophy, focal 

Hyperplasia, focal 


#Adrenal medulla 
Inflammation, suppurative 
Hyperplasia, focal 

#Periadrenal tissue 
Inflammation, granulomatous 

#Thyroid 
Follicular cyst, NOS 
Degeneration, NOS 
Atrophy, focal 
Hyperplasia, follicular cell 

#Pancreatic islets 

Hypertrophy, NOS 

Hyperplasia, NOS 


REPRODUCTIVE SYSTEM 
+Penis 

Retention of content 
Obstruction, NOS 
Inflammation, NOS 
Hyperplasia, epithelial 

'Prepuce 
Retention of content 
Obstruction, NOS 
Ulcer, NOS 
Inflammation, acute 
Abscess, NOS 
Necrosis, focal 

Vehicle Control Low Dose High Dose 

(46) 

(43) 

(50) 
1 (2%) 

(44) 

(44) 

(43) 

(46) 
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TABLE CS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control Low Dose High Dose 

REPRODUCTIVE SYSTEM (Continued) 
*Preputial gland 

Retention of content 
Cystic ducts 
Inflammation, NOS 
Inflammation, suppurative 
Abscess, NOS 
Hyperplasia, NOS 
Hyperplasia, epithelial 

Inflammation, suppurative 
Abscess, NOS 

#Prostate 

(50) 

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

(50) 
1 (2%) 
1 (2%) 
2 (4%) 
1 (2%) 
4 (8%) 
1 (2%) 

3 (7%)
(43) 

Inflammation, chronic 
Hyperplasia, NOS 
Hyperplasia, focal 

Dilatation, NOS 

Calcification, focal 
Atrophy, NOS 
Hyperplasia, interstitial cell 

#Testis/tubule 
Cytomegaly 

*Epididymis 
Granuloma, spermatic 

*Seminal vesicle 

#Testis 

(50) 

(49) 
5 (10%) 

14 (29%) 
1 (2%) 

1 (2%) 
(50) 

(46)
10 (22%) 

(46) 

(50) 

NERVOUS SYSTEM 
#Brain 

Calcification, focal 
(50)

30 (60%) 
(49)

21 (43%) 
(47)

9 (19%) 

SPECIAL SENSE ORGANS 
None 

MUSCULOSKELETAL SYSTEM 
*Sternum 

Necrosis, NOS 
*Skeletal muscle 

Degeneration, NOS 

BODY CAVITIES 
*Mediastinum 

Hemorrhage
Inflammation, suppurative 
Abscess, NOS 
Inflammation, acutekhronic 
Foreign material, NOS 

*Peritoneum 
Inflammation, suppurative 

*Pleura 
Inflammation, suppurative 
Inflammation, acutekhronic 

*Epicardium
Inflammation, acutekhronic 

*Mesentery
Necrosis, fat 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control Low Dose High Dose 

ALL OTHER SYSTEMS 
Tail 

Granuloma, NOS 1 

SPECIAL MORPHOLOGY SUMMARY 
Autolnecropsylno histo 3 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically a t  this site 
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TABLE DI. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE 

Vehicle Control Low Dose High Dose 

ANIMALS INITIALLY IN STUDY 
ANIMALS MISSING 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

50 
2 

48 
48 

50 

50 
50 

50 
1 

49 
49 

INTEGUMENTARY SYSTEM 
*Skin 

Basal cell carcinoma 
*Subcutaneous tissue 

Fibrosarcoma 

RESPIRATORY SYSTEM 
#Lung

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Adenosquamou carcinoma, metastatic 

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

(50)
5 (10%) 

(49) 
1 (2%) 

1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organa 

Malignant lymphoma, lymphocytic type 
Malignant lymphoma, histiocytic type 
Malignant lymphoma, mixed type 
Lymphocytic leukemia 
Granulocytic leukemia 

Malignant lymphoma, NOS 
Malignant lymphoma, mixed type 

Malignant lymphoma, histiocytic type 

Sarcoma, NOS 

#Mesenteric lymph node 

#Duodenum 

#Thymus 

(48) 
4 (8%) 
3 (6%) 
6 (13%) 

1 (2%) 

1 (2%) 

(43) 

(46) 

(46) 

(50) 
3 (6%) 
3 (6%)
7 (14%) 
1 (2%) 

(49) 

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

(39) 
1 (3%) 

CIRCULATORY SYSTEM 
*Multiple organs 

*Mediastinum 

#Ovary 

#Adrenal 

Hemangiosarcoma 

Hemangioma 

Hemangioma 

Hemangioma 

DIGESTIVE SYSTEM 
#Liver 

#Forestomach
Hepatocellular adenoma 

Papilloma, NOS 

URINARY SYSTEM 
None 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control Low Dose High Dose 

ENDOCRINE SYSTEM 
#Anterior pituitary 

#Adrenal 

#AdrenaYcapsule 

#Adrenal medulla 

#Thyroid 

Carcinoma, NOS 
Adenoma, NOS 

Cortical adenoma 

Adenoma, NOS 

Pheochromocytoma 

Follicular cell adenoma 

Islet cell adenoma 
#Pancreatic islets 

(46) 

(48) 

(48) 

(48) 

(47) 

1 (2%) 
5 (11%) 

1 (2%) 

1 (2%) 
(43) 

(50) 

(50) 

(50) 

(50) 

(49) 

3 (6%) 

1 (2%) 

1 (2%) 

(50)  

(45) 

(49) 

(49) 

(49) 

(40)
1 (3%) 

(49) 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Adenoma, NOS 
Adenocarcinoma, NOS 
Adenosquamous carcinoma 

Adenocarcinoma, NOS 

Granulosa cell tumor 
Tubular adenoma 

#Uterus/endometrium 

#Ovary 

(48) 
1 (2%) 

1 (2%) 

(48) 

(44) 

(50) 

2 (4%) 

2 (4%) 

2 (4%) 
1 (2%) 

(50) 

(48) 

(49) 

1 (2%)
1 (2%) 

(49) 

(49) 

NERVOUS SYSTEM 
#Brain 

#Cerebellum 
Carcinoma, NOS, invasive 

Neoplasm, NOS 

(49) 

(49) 
1 (2%) 

SPECIAL SENSE ORGANS 

Adenoma, NOS 
*Harderian gland (48) 

1 (2%) 
(50) 

1 (2%) 
(49) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
*Abdominal wall 

Sarcoma, NOS 
(48) 

ALL OTHER SYSTEMS 
None 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control Low Dose High Dose 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 50 50 

Natural death 4 5 17 
Moribund sacrifice 3 9 7 
Terminal sacrifice 41 30 2 
Dosing accident 4 22 
Accidentally killed, nda 2 1 
Animal missing 2 1 

TUMOR SUMMARY 
Total animals with primary tumors** 27 31 

Total primary tumors 36 42 
Total animals with benign tumors 14 14 

Total benign tumors I5 18 
Total animals with malignant tumors 18 20 

Total malignant tumors 20 22 
Total animals with secondary tumors## 1 

Total secondary tumors 1 
Total animals with tumors uncertain-- 

benign or malignant 1 2 1 
Total uncertain tumors 1 2 1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically a t  this site 
# #  Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE: VEHICLE CONTROL 

ANIMAL 
NUMBER 

Subcutaneous tissue 
Fibrosarcoma 

RESPIRAT~~EYTBTEM 
Lungs and bronchi 


Alveolarhronchiolar adenoma 

Alveolarhronchiolar carcinoma 


Trachea 

Bone marrow 
Spleen
Lym hnodes 

Mayignant lymphoma, mixed type 
Thymus 

Heart 

Salivary gland . -
Liver 

Hepatocellular adenoma 
Bile duct 
Gallbladder & common bile duct 
Pancreas 

:t%2= 
Pa illoma NOS 

s m a t  intesiine 
Large intestine 

Kidney
Urinary bladder 

Pituitary
Carcinoma. NOS 
Adenoma, NOS 

Adranal 
Adenoma, NOS 

Thyroid
Parathyroid
Pancreatic islets 

Islet cell adenoma 

Mammary gland 
Adenoma, NOS 

Uterus 
Ovary

Granulosa cell tumor 

Brain 
Carcinoma. NOS,invasive 

A N S  
Hardenan gland

Adenoma, NOS 

Mediastinum 
Hemansoma 

ALL OT-
Multiple organs, NOS 

HemanGosarcoma 
Malignant lymphoma, lymphocytic type 
Malignant lymphoma, histiocytic type 
Malignant lymphoma, mixed type 
Granulocytic leukemia 

+: Tissue examined microscopically 
-: Required tissue not examined microscopically 
X: Tumor incidence 

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

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

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


a o o o o o o i i i ~ l ~ i i i ~ i i i i i i i r  

4 4 6 6 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

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


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

X 

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

X 


X

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


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

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

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


X
M M + + + + + - + + + + + + + + + + + + + + + + +  


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


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

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


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

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

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

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

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


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

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


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

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


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

X 

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


X
M M + - + + + + + + + + + + + + + + + + + + + + + 

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


X 

M M + + + + + + + + + + + N + + + + + + + + + + +  

X 

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

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


~~ 

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

X 

M M N N N N N N N N N N N N N N N N N N N N N N N  


M M N N N N N N N N N N N N N N N N N N N N N N N  


M M N N N N N N N N N N N N N N N N N N N N N N N  


X 
x x  

' No tissue information submittad 
CI Necropsy, no histology due to protocol 
A: Autolysis

N Necropsy, no autolysis, no microscopic examination M Animal missing 
S: Animal misaexed B: No necropsy performed 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL 
(Continued) 

ANIMAL 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 

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


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

TOTAL

WEEKS ON 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 TISSUES 

STUDY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 TUMORS 

5 5 5 5 5 9 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 


Subcutaneous tissue . . . . . . . . . . . . . . . . . . . . . . . . .  '48 

Fibrosarcoma 1 


P 
Lungs and bronchi . . . . . . . . . . . . . . . . . . . . . . . . .  48 


Alveolar/bronchiolar adenoma 1 

Alveolar/bronchiolar carcinoma X 2 


Trachea . . . . . . . . . . . . . . . . . . . . . . . . .  48 


Bone marrow . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Spleen . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Lym hnodes + + - - . . . . . . . . . . . . . . . . . . . . .  43 


Mayignant lymphoma, mixed type 1

Thymus . . . . . . . . . . . . . . . . . . . . . . . . .  46 


Heart . . . . . . . . . . . . . . . . . . . . . . . . .  48 


Salivary gland . . . . . . . . . . . . . . . . . . . . . . . . .  47 

Liver . . . . . . . . . . . . . . . . . . . . . . . . .  48 


Hepatocellular adenoma X X 3 

Bile duct . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Gallbladder & common bile duct . . . . . . . . . . . . . . . . . . . . . . . . .  '48 

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  47 


. . . . . . . . . . . . . . . . . . . . . . . . .  47 
. . . . . . . . . . . . . . . . . . . . . . . . .  47 

Pa illoma NOS X 1 


SmaPl intesiine . . . . . . . . . . . . . . . . . . . . . . . . .  46 

Large intestine . . . . . . . . . . . . . . . . . . . . . . . . .  48 


Kidney . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Unnary bladder . . . . . . . . . . . . . . . . . . . . . . . . .  46 


Pituitary . . . . . . . . . . . . . . . . . . . . . . . . .  46 

Carcinoma, NOS 1 

Adenoma, NOS X X X 5 


Adrenal . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Adenoma, NOS 1 


Thymid . . . . . . . . . . . . . . . . . . . . . . . . .  47 

Parathyroid + + - + - + + - - + - - + - + - - + + - + + + + +  21 

Pancreatic islets . . . . . . . . . . . . . . . . . . . . . . . . .  47 


Islet cell adenoma 1 


Mammary gland . . . . . . . . . . . . . . . . . . . . . . . . . $48 

Adenoma, NOS 1 


Utervs  . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Ovary . . . . . . . . . . . . . . . . . . . . . . . . .  44 


Granulosa cell tumor X 1 


Brain . . . . . . . . . . . . . . . . . . . . . . . . .  

Carcinoma, NOS,invasive 

ORGANS 
Hardenan gland N N N N N N N N N N N N N N N N N N N N N N N N N  '48 

Adenoma, NOS X 1 


Mediastinum N N N N N N N N N N N N N N N N N N N N N N N N N  $48 

Hemanpoma X 1 


.-
Multiple organs, NOS N N N N N N N N N N N N N N N N N N N N N N N N N  '48 

Hemanposarcoma X 1 

Malignant lymphoma lymphocytic type X 4 

Malignant lymphoma: histiocytic type 3 

Malignant lymphoma. mixed type x x  X X 6 

Granulocytic leukemia X 1 


I
 1-1 


* Animals necropsied 
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TABLE D2. INDIVIDUAL ANIMAL
GAVAGE STUDY

TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR
OF DIMETHYL METHYLPHOSPHONATE: LOW DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Skin

Basal cell carcinoma

RESPIRATORY SYSTEM
Lungs and bronchi

Alveolar/bronchiolar adenoma
Trachea

HEMATOFOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

Sarcoma, NOS

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach
Small intestine

Malignant lymphoma, histiocytic type
Large intestine

URINARY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal

Cortical adenoma
Pheochromocytoma

Thyroid
Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Adenocarcinoma, NOS
Uterus

Adenocarcinoma, NOS
Ovary

Granulosa cell tumor
Tubular adenoma
Hemangioma

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Adenoma, NOS

BODY CAVITIES
Pentoneum

Sarcoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, lymphocytic type
Malignant lymphoma, histiocytic type
Malignant lymphoma, mixed type
Lymphocytic leukemia

01 0 0 01 0 0 01 0 0 0 0 0 0 0 01 01 01 01 01 0 0
2 3 4  1 3 1 0 3 3 4 2 4 1 4 3 3 2 2 0 1 0
2| 8 1 l| 2 7 3| 1 7 5 5 6 6 8 4| 5| 8| 9| 8| 5 1

01 01 0 01 0 0 01 0 0 01 01 01 01 01 01 11 11 11 11 1 1
1 3 3 6 6 7 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0
6| 5| 5 3| 5 4 2| 3 3 3| 4J 5\ 1\ 8\ S\ 0| 2\ 2\ 3| 4 5

X  X X

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

X

0 0 0 0
0 0 0 0
2 4 5 6

1 1 11 1
0 0 0 0
5 5 5| 5

+ + + +
X

4  + + +

4  + + +

+ + + +

+ + + +
+ + + +
X X

+ + + + + + + + + N + N + + + +N + + + +

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

+ + + +

+ + + +

+ + + +

+ + + + + ++ +

^ + + +

 + + +

X

X X
H + + +

X

f + + +

N N N N N N N N N N N N N N N N N N N N N N N N N
X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

N N N N N N N N N N N N N N N N N N N N N N N N N
X X

X X X
X X

X
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE 
(Continued) 

ANIMAL 	 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  
NUMBER 	 0 0 1 1 1 1 1 1 2 2 2 2 2 2 3 3 3 3 4 4 4 4 4 4 5  


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

TOTAL: 


WEEKS ON 1 1  1 1  1 1  1 1  1  1  1 I  1  1  1  1  1  1  1  1  1  1 1  1 1  TISSUES 

STUDY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  TUMORS 


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 


Skin 	 . . . . . . . . . . . . . . . . . . . . . . . . . '50 

Basal cell carcinoma 	 1 


RESPIRATORY SYSTEM 
Lungs and bronchi 	 . . . . . . . . . . . . . . . . . . . . . . . . . 50 


Alveolarfbronchiolar adenoma X 	 X 5 

Trachea 	 . . . . . . . . . . . . . . . . . . . . . . . . . 49 


Bone marrow 	 . . . . . . . . . . . . . . . . . . . . . . . . . 49 

Spleen 	 . . . . . . . . . . . . . . . . . . . . . . . . . 50 

L mphnodes 	 . . . . . . . . . . . . . . . . . . . . . . . . . 49 

Tgymus 	 . . . . . . . . . . . . . . . . . . . . . . . . . 44 


Sarcoma, NOS 	 1 


Heart 	 . . . . . . . . . . . . . . . . . . . . . . . . . 50 


Salivary gland 	 . . . . . . . . . . . . . . . . . . . . . . . . . 49 

Liver 	 . . . . . . . . . . . . . . . . . . . . . . . . . 50 


Hepatocellular adenoma X X 	 X 5 

Bile duct 	 . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Gallbladder Br common bile duct . . . . . . . . . . . . . . . . . . . . . . . . .  '50 

Pancreas 	 . . . . . . . . . . . . . . . . . . . . . . . . . 50 
. . . . . . . . . . . . . . . . . . . . . . . . . 50
:;::2rg 	 . . . . . . . . . . . . . . . . . . . . . . . . . 49 

Small intestine 	 . . . . . . . . . . . . . . . . . . . . . . . . . 47 


Malignant lymphoma, histiocytic type 	 X 1 

Large intestine 	 . . . . . . . . . . . . . . . . . . . . . . . . . 46 


Kidney 	 . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Urinary bladder 	 ......................... 49 


Pituitary . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Adenoma, NOS X X X 3 


Adrenal . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Cortical adenoma X 1 

Pheochromocytoma X 1 


Thyroid . . . . . . . . . . . . . . . . . . . . . . . . . 49 

Parathyroid . . . . . . . . . . . . . . . . . . . . . . . . . 32 


EM 
. _ _ _  


Mammary gland 	 . . . . . . . . . . . . . . . . . . . . . . . . . '50 

Adenocarcinoma. NOS 	 X X 2 


Uterus 	 . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Adsnocarcinoma, NOS 	 2 
. . . . . . . . . . . . . . . . . . . . . . . . . 48
%Losscell tumor x x  2 

Tubular adenoma 1 

Hemangioma 1 


Brain 	 . . . . . . . . . . . . . . . . . . . . . . . . . 50 


GANS 

Harderian gland 	 N N N N N N N N N N N N N N N N N N N N N N N N N  $50 

Adenoma, NOS 	 1 


IES  
Peritoneum 	 N N N N N N N N N N N N N N N N N N N N N N N N N  

Sarcoma.NOS 

Multiple organs, NOS N N N N N N N N N N N N N N N N N N N N N N N N N  '50 

Malignant lymphoma, lymphocytic type X 3 

Malignant lymphoma. histiocytic type 3 

Malignant lymphoma, mixed type X x x X X 7 

Lymphocytic leukemia 1 


I 


* Animals necropsied 

1-
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE: HIGH DOSE 

ANIMAL 	 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
NUMBER 	 0 2 2 1 3 2 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 3 

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

Lungs and bronchi 

Alveolar/bmnehiolar adenoma 

Adenosquamous carcinoma, metastatic 


Trachea 

Bone marrow 
Spleen
Lym hnodes 

Mafignant lymphoma, NOS 
Thymus 

Heart 	 + + M + + + + + + + + + + + + + + + + + + + + + +  

Salivary gland 	 + + M + + + + + + + + + + + + + + + + + + + + + +  
Liver 	 + + M + + + + + + + + + + + + + + + + + + + + + +  
Bile duct 	 + + M + + + + + + + + + + + + + + + + + + + + + +  
Gallbladder & common bile duct + N M + + + + + N N + + + N + N + + + + + + + + +  

Pancreas + + M + + + + + + + + + + + + + + + + + + + + + + 


. . . . . . . . . . . . . . . . . . . . . . . . .
:;:2Y + + M + + + + + t + + + + + + t + + + + + + + + +  

Small intestine + + M - - + + - + + + + + - - - + + - + + + - + + 

Large intestine + + M + + + + + + + + + + - + + + + + + + + - + +  


Kidney 	 + + M + + + + + + + + + + + + + + t + + + + + + +  
Unnary bladder 	 + + M + + + + + + + + + + + - - + + + + + + + + +  

Pituitary 	 + + M + + + + + + + + + + + + + + + + + + + + + +  
Adrenal . . . . . . . . . . . . . . . . . . . . . . . . . 

Hemansoma 
Thyroid + + M + + + + + - + + + - + - + - - - + + + + - -

Follicular cell adenoma 
Parathyroid 	 - - M - - + + - - + - + - + - + - - - - - - + - -

M 

Mammary gland 	 + + M + + + + + + + + + + + + + + + + + + + + + + 

Adenocarnnoma. NOS 
Mmosquamous camnoma 

Utems + + M + + + + + + t + + + + + + + + + + + + + + +  
Ovary 	 + + M + + + + + + + + + + + + + + + + + + + + + + 

Brain + + M + + + + + + + + + + + + + + + + + + + + + + 
Neoplasm, NOS 

Multiple organs NOS 	 N N M N N N N N N N N N N N N N N N N N N N N N N  
Malignant lydphoma, lymphocytic t y p  x 

Malignant lymphoma, histiocytic t y p  
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE 

ANIMAL 

NUMBER 

WEEKSON 
STUDY 

EM 
Lungs and bronchi 

Alveolar/bronchiolar adenoma 
Adenosquamous carcinoma, metastatic 

Trachea 

Bone marrow 
Spleen
Lym hnodes 

Mayignant lymphoma, NOS 
Thymus 

Heart 

Salivary gland 
Liver 
Bile duct 
Gallbladder 8 common bile duct 
Pancreas 

Small intestine 
Large intestine 

Kidney
Unnary bladder 

Pituitary
Adrenal 

Hemancoma 
Thymid

Follicular cell adenoma 
Parathyroid 

Mammary gland 
Adenocaninoma NOS 
Adenosquamous 'earnnoma 

Uterus 
Ovary 

Brain 
Neoplasm, NOS 

ALL 
Multiple organs NOS 

Malignant lygphoma, lymphocytic type 
Malignant lymphoma, histiocytic type 

Animals necropsied 

(Continued) 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

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

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


TOTAL:
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 

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

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


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

1 


X 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  47 

~ ~~ ~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  39 

X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 


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


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


. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  '49 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  48
+ + + + + + - + + + + + + + + + - - + + + + + + +  46
+ + + + - + - - - + + + + + - + - + + - + + + + +  34
+ + + + - + - - - + + + + + - + - + + - + + + + +  40 


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


. . . . . . . . . . . . . . . . . . . . . . . . .  43 


. . . . . . . . . . . . . . . . . . . . . . . . .  45 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  40 


Y 1
- + - - - + - + + + - + - + + - + - - + + - + - - 19 


. . . . . . . . . . . . . . . . . . . . . . . . .  '49 

X 1 


X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 


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

X 1 


N N N N N N N N N N N N N N N N N N N N N N N N N  '49 

1 


X 1 
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TABLE D3. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF DIMETHYL METHYLPHOSPHONATE 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Vehicle Control 

1/48 (2%) 
2.4% 
1/41 (2%) 
105 
P =0.051 
P=0.292 
P =0.585N 

Lung: Alveolar/Bronchiolar Adenoma o r  Carcinoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


3/48 (6%) 
6.9% 
2/41 (5%) 
61 
P=0.224 
P=0.403N 
P=  0.254N 

Hematopoietic System: Malignant Lymphoma, Lymphocytic Type 
Overall Rates (a)  

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Tests (d)

Incidental Tumor Tests (d)

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


4/48 (8%) 
9.1% 
2/41 (5%) 
92 
P =  0.585 
P=  0.020N 
P=  0.126N 

Hematopoietic System: Malignant Lymphoma, Histiocytic Type 
Overall Rates (a) 3/48 (6%) 
Adjusted Rates (b) 6.6% 
Terminal Rates (c) 1/41(2%) 
Week of First Observation 61 
Life Table Testa (d) P=0.224 
Incidental Tumor Tests (d) P =0.441N 
Cochran-Armitage Trend Test (d) P=0.243N 
Fisher Exact Test (d) 

Hematopoietic System: Malignant Lymphoma, Mixed Type 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


7/48 (15%)
17.1% 
7/41 (17%) 
105 
P =0.520 
P =0.582 
P =0.01 1N 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c)

Week of First Observation 

Life Table Tests (d)

Incidental Tumor Tests (d)

Cochran-Armitage Trend Test (d)

Fisher Exact Test (d) 


14/48(29%) 
30.9% 
10141 (24%) 
61 
P=0.150 
P =  0.1 18N 
P =0.004N 

1,000 mg/kg 

5/50 (10%) 

14.0% 

2/30 (7%) 

93 

P=0.062 

P=0.194 


P=O.112 

5/50 (10%) 

14.0% 

2/30 (7%) 

93 

P =0.250 

P =0.526 


P=0.381 


3/50 (6%) 

8.1% 

1/30 (3%) 

35 

P =0.61 ON 

P=0.242N 


P=0.477N 


4/50 (8%) 

10.6% 

1/30 (3%) 

93 

P =0.409 

P =0.499N 


P =0.523 


7/50 (14%) 
21.9% 
6/30 (20%)
93 
P =0.380 
P=0.443 

P =0.581N 

14/50 (28%) 
37.0% 
8/30 (27%) 
35 
P=0.311 
P=0.397N 

P=0.538N 

2,000 mg/kg 

1/49 (2%) 

2.3% 

012 (0%)

45 

P= 0.514 

P =0.984N 


P =0.747N 

1/49 (2%) 

2.3% 

012 (0%)

45 

P=0.683 

P =  0.153N 


P =  0.301N 

1/49(2%) 
2.1% 
0/2 (0%) 
32 
P=0.619 
P =0.157N 

P =0.175N 

1/49 (2%) 
33.3% 
012 (0%)
103 
P =0.475 
P =  0.616N 

P=0.301N 

0149 (0%) 
0.0% 
012 (0%) 

P=0.632N 
P=0.632N 

P=0.006N 

3/49 (6%)
42.9% 
012 (0%)
32 
P=0.213 
P=0.127N 

P =0.003N 
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TABLE D3. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control 1,000 m g k g  2,000 m g k g  

Hematopoietic System: Lymphoma or Leukemia 
Overall Rates (a) 15/48 (31%) 15/50 (30%) 3/49 (6%) 

Adjusted Rates (b) 33.1% 38.4% 42.9% 

Terminal Rates (c) 11/41 (27%) 8/30(27%) 012 (0%) 

Week of First Observation 61 35 32 

Life Table Tests (d) P=0.165 P=0.305 P=0.228 

Incidental Tumor Tests (d) P =  0.062N P=0.396N P=0.120N 

Cochran-Armitage Trend Test (d) P=0.002N 

Fisher Exact Test (d) P =0.534N P =0.002N 


Liver: Hepatocellular Adenoma 
Overall Rates (a) 3/48 (6%) 5/50 (10%) 0149 (0%) 

Adjusted Rates (b) 7.3% 16.7% 0.0% 

Terminal Rates (c) 3/41 (7%) 5/30 (17%) 012 (0%) 

Week of First Observation 105 105 

Life Table Tests (d) P =0.301 P =0.199 P=0.844N 

Incidental Tumor Tests (d) P=0.301 P =0.199 P=0.844N 

Cochran-Armitage Trend Test (d) P =0.126N 

Fisher Exact Test (d) P=0.381 P=O.l18N 


Pituitary Gland: Adenoma 
Overall Rates (a) 5/46 (11%) 3/50 (6%) 0145(0%) 

Adjusted Rates (b) 12.5% 10.0% 0.0% 

Terminal Rates (c) 5/40 (13%) 3/30 (10%) 012 (0%)

Week of First Observation 105 105 

Life Table Tests (d) P=0.426N P =0.521N P =0.719N 

Incidental Tumor Tests (d) P =  0.426N P =0.521N P=0.719N 

Cochran-Armitage Trend Test (d) P =  0.022N 

Fisher Exact Test (d) P=  0.31 1N P =0.029N 


Pituitary Gland: Adenoma or Carcinoma 
Overall Rates (a) 6/46 (13%) 3/50 (6%) 0145 (0%) 

Adjusted Rates (b) 14.5% 10.0% 0.0% 

Terminal Rates (c) 5/40 (13%) 3/30 (10%) 012 (0%) 

Week of First Observation 102 105 

Life Table Tests (d) P =0.312N P=0.397N P =0.649N 

Incidental Tumor Tests (d) P=0.239N P =  0.309N P=0.541N 

Cochran-Armitage Trend Test (d) P=  0.010N 

Fisher Exact Test (d) P=0.203N P= 0.014N 


Ovary: Granulosa Cell Tumor or Tubular Adenoma 
Overall Rates (a) 1/44 (2%) 3/48 (6%) 0/49 (0%) 

Adjusted Rates (b) 2.6% 10.0% 0.0% 

Terminal Rates (c) 1/39 (3%) 3/30 (10%) 012 (0%) 

Week of First Observation 105 105 

Life Table Tests (d) P =0.295 P=0.216 P =0.982N 

Incidental Tumor Tests (d) P =0.295 P=0.216 P=0.982N 

Cochran-Armitage Trend Test (d) P =0.344N 

Fisher Exact Test (d) P =0.342 P=0.473N 


(a)Number of tumor-bearing animals/number of animals examined at the site 
(b)Kaplan-Meier estimated tumor incidences at the end o f  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 incidental tumor 
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). 
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TABLE D4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE 

Vehicle Control Low Dose High Dose 

ANIMALS INITIALLY IN STUDY 
ANIMALS MISSING 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

50 
2 

48 
48 

50 

50 
50 

50 
1 

49 
49 

INTEGUMENTARY SYSTEM 
*Skin (48) (50) (49)

Epidermal inclusion cyst 1 (2%)
Ulcer, NOS 1 (2%)
Inflammation, chronic focal 1 (2%) 

RESPIRATORY SYSTEM 
*Nasal cavity (49) 

Inflammation, suppurative 
Inflammation, acutehhronic 

"Nasal gland 
Necrosis, focal 

*Nasal turbinate 
Reaction, foreign body 

#Bronchial mucous gland 
Dilatation, NOS 

#Lung
Atelectasis 
Congestion, NOS 
Hemorrhage 
Lymphocytic inflammatory infiltrate 
Inflammation, chronic focal 

#Lung/alveoli
Histiocytosis 

HEMATOPOIETIC SYSTEM 
#Bone marrow (48) (49) (49) 

Granuloma,NOS 1 (2%)
Myelofibrosis 34 (71%) 37 (76%) 9 (18%) 
Hyperplasia, granulocytic 1 (2%)

#Spleen (48) (50) (49) 
Hemosiderosis 2 (4%) 6 (12%) 3 (6%)
Hyperplasia, lymphoid 6 (13%) 2 (4%) 3 (6%)
Hematopoiesis 37 (77%) 45 (90%) 46 (94%)

#Splenic follicles (48) (50) (49) 
Necrosis, NOS 2 (4%)

#Lymph node (43) (49) (39)
Hemorrhage 1 (2%)
Hyperplasia, NOS 1 (3%)
Plasmacytosis 1 (2%)
Hyperplasia, lymphoid 1 (2%)

#Mandibular lymph node (43) (49) (39)
Fibrosis 1 (2%)

#Mediastinal lymph node (43) (49) (39)
Hyperplasia, NOS 1 (2%)

#Lumbar lymph node (43) (49) (39)
Histiocytosis 1 (2%) 
Plasmacytosis 1 (2%) 1 (3%)

#Mesenteric lymph node (43) (49) (39)
Hemorrhage 1 (2%)
Histiocytosis 1 (3%)
Hyperplasia, lymphoid 1 (3%) 

#Lung (48) (50) (49)
Hematopoiesis 1 (2%) 
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TABLE D4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
#Liver 

Hematopoiesis 
#Ileum 

#Thymus
Hyperplasia, lymphoid 

Inflammation, suppurative 
Atrophy, NOS 
Hyperplasia, lymphoid 

CIRCULATORY SYSTEM 
#Lung

Embolism, NOS 
#Myocardium 

#Cardiac valve 
Degeneration, NOS 

*Aorta 
Pigmentation, NOS 

Calcification, focal 
#Liver 

Thrombus, fibrin 
#Pancreas 

Periarteritis 

DIGESTIVE SYSTEM 
*Intestinal tract 

Infarct, NOS 
#Salivary gland 

Fibrosis 
#Liver 

Lymphocytic inflammatory infiltrate 
Inflammation, chronic focal 
Necrosis, focal 
Lipoidosis
Cytoplasmic vacuolization 
Basophilic cyto change 
Ground glass cyto change 
Focal cellular change 
Angiectasis

#Liver/centtilobular 
Necrosis, NOS 
Hepatocytomegaly

#Liver/periportal 
Necrosis, NOS 
Atrophy, NOS 

Inflammation, suppurative 

Dilata tiodducts 

'Gallbladder 

#Pancreas 

2 (4%)
2 (4%) 

2 (4%)
3 (6%) 

(50)
1 (2%) 

(50) (49) 

(49) 

(49) 

Cyst, NOS 
Inflammation, acutekhronic 
Metamorphosis, fatty 

#Pancreatic acinus 
Necrosis, focal 

(49) 

Cytoplasmic vacuolization 
Atrophy, NOS 
Atrophy, focal 

Inflammation, suppurative 
#Esophageal adventitia (47) 

1 (2%) 

1 (2%) 
(50) (48) 
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TABLE D4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

DIGESTIVE SYSTEM (Continued) 
#Gastric fundal gland 

Retention of content 
#Glandular stomach 


Dilatation, NOS 

Ulcer, NOS 

Inflammation, chronic 

Calcification, focal 


#Gastric submucosa 

Cyst, NOS 


#Forestomach 

Ulcer, NOS 

Inflammation, focal 

Erosion 

Hyperplasia, epithelial 


#Peyer's patch 

Ulcer, NOS 

Inflammation, acutekhronic 


#Duodenum 

Polyp, NOS 


*Rectum 

Ulcer, NOS 


URINARY SYSTEM 
#Kidney

Hydronephrosis 
Pyelonephritis, NOS 
Lymphocytic inflammatory infiltrate 
Metaplasia, osseous 

# Kidneyhortex 
Atrophy, focal 

#Renal papilla 
Calcification, NOS 

#Urinary bladder 
Lymphocytic inflammatory infiltrate 

ENDOCRINE SYSTEM 
#Anterior pituitary 


Hyperplasia, NOS 

Hyperplasia, focal 

Angiectasis 

#Adrenal 

Congestion, NOS 

Hemorrhage

Atrophy, brown 


#Adrenalkapsule 

Hyperplasia, NOS 

Hyperplasia, focal 


#Adrenal cortex 

Hemorrhage

Degeneration, NOS 

Hypertrophy, focal 

Hyperplasia, focal 

Metaplasia, osseous 


#Adrenal medulla 

Hemorrhage

Hyperplasia, focal 


Vehicle Control 

(47) 

(47)
1 (2%) 

1 (2%) 

(47) 

(47) 

1 (2%) 

(46) 

(46) 

(48) 

(48)
1 (2%) 

2 (4%) 
2 (4%) 

(48) 

(48) 

(46) 
1 (2%) 

(46) 

9 (20%) 

(48) 

1 (2%) 
1 (2%) 

(48) 
44 (92%) 

(48) 

1 (2%) 

1 (2%) 
(48) 

2 (4%) 

Low Dose 

(50) 

1 (2%) 

2 (4%) 
(50)

3 (6%) 
(50) 

(49) 

(50) 
1 (2%) 
8 (16%)
1 (2%) 

(50) 

(50) 
43 (86%) 
1 (2%)

(50)  
1 (2%) 

1 (2%) 
2 (4%) 

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

High Dose 

(46) 

(46 ) 

1 (2%) 

(34) 

(34) 

(49) 

(49) 

2 (4%) 

(49) 
1 (2%) 

(49) 
1 (2%)

(43) 
1 (2%) 

(45) 

1 (2%) 

(49)
2 (4%) 

(49) 
18 (37%) 

(49) 

(49) 
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TABLE D4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

ENDOCRINE SYSTEM (Continued) 
#Thyroid 

Atrophy, focal 
Hyperplasia, C-cell 
Hyperplasia, follicular cell 

#Parathyroid

Hyperplasia, focal 


REPRODUCTIVE SYSTEM 

+Mammary gland 


Lactation 

*Mammary duct 


Hyperplasia, NOS 

*Mammary lobule 


Hyperplasia, NOS 

#Uterus 

Dilatation, NOS 
Inflammation, suppurative 
Abscess, NOS 
Polyp, NOS 

#Cervix uteri 
Inflammation, suppurative 
Inflammation, chronic 
Hyperplasia, epithelial 

XUteruslendometrium 

Hyperplasia, NOS 

Hyperplasia, cystic 


#Endometrial gland 

Dilatation, NOS 


#Uteruslmyometrium 

Degeneration, mucoid 


XOvarylparovarian

Fibrosis 


#Ovary 
Cyst, NOS 
Hemorrhagic cyst 
Abscess, NOS 
Inflammation, acute/chronic 
Atrophy, NOS 

NERVOUS SYSTEM 
#Braidmeninges 

Perivascular cuffing 
#Brain 

Epidermal inclusion cyst 
Hemorrhage
Calcfication, focal 

SPECIAL SENSE ORGANS 
*Eye 

Cataract 
+Eye/cornea 

Inflammation, chronic focal 
+Nasolacrimal duct 

Inflammation, suppurative 
*Ear 

Inflammation, suppurative 

Vehicle Control 

1 	 (2%) 

(48) 
1 (2%) 
1 (2%)
3 (6%) 

(48) 

45 (94%) 
(48) 

(48) 

(44) 
1 (2%)

(44) 
8 (18%) 
1 (2%)
3 (7%) 

(48) 

(48) 
1 (2%) 

24 (50%) 

~~ ~~ 

Low Dose High Dose 

(40) 

(19) 

(50) 

1 (2%)


(50) 


(50) 

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

1 	 (2%)
(50) 	 (49) 

1 (2%) 

1 	 (2%) 
(50) 	 (49) 

1 (2%) 
43 (86%) 35 (71%) 

(50) 	 (49) 
1 (2%) 

(50) 	 (49) 
1 (2%) 

(48) 	 (49) 

(48) 	 (49)
11 (23%) 

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

1 (2%) 1 (2%) 

(50) 	 (49) 
1 	 (2%) 

(50) 	 (49) 

1 (2%) 
24 (48%) 13 (27%) 
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TABLE D4. SUMMARY O F  THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL METHYLPHOSPHONATE (Continued) 

. 

Vehicle Control Low Dose High Dose 

MUSCULOSKELETAL SYSTEM 
*Sternum 

Necrosis, NOS 

BODY CAVITIES 
*Mediastinum 

Inflammation, suppurative 
Foreign material, NOS 

Inflammation, suppurative 
*Abdominal cavity 

*Peritoneum 
Inflammation, suppurative 

*Pericardium 
Inflammation, suppurative 
Foreign material, NOS 

ALL OTHER SYSTEMS 
Tail 

Necrosis, NOS 

SPECIAL MORPHOLOGY SUMMARY 
Animal missinglno necropsy 2 1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically at this site 
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TABLE E l .  MUTAGENICITY OF DIMETHYL METHYLPHOSPHONATE IN SALMONELLA TYPHlMURlUM (a) 

Strain Dose 
(pdplate)  

-s9 
Trial 1 Trial 2 

Revertants/plate (b) 
tS9 (hamster)

Trial  1 Trial  2 
tS9 ( ra t )

Trial 1 Trial  2 

TAlOO 0 129 f 4.3 130 f 6.2 125 f 1.7 132 f 4.4 142 f 6.1 129 f 0.9 
100 138 f 3.8 135 f 8.7 141 f 9.4 118 f 5.0 145 f 8.3 133 f 4.7 
333 138 f 3.1 117 f 7.0 137 f 11.0 119 f 6.8 145 f 5.8 118 f 10.7 

1,000 
3,333 

10,000 

140 f 9.3 
142 f 6.5 
149 f 9.3 

133 f 
129 f 
138 f 

2.7 
6.6 
2.8 

143 f 11.6 
129 f 11.1 
131 f 2.6 

132 f 4.3 
135 f 7.6 
132 k 3.5 

151 f 6.9 
136 f 4.0 
135 f 3.4 

140 f 6.7 
125 f 10.1 
127 f 4.6 

Trial Summary 
Positive 

Negative Negative Negative Negative Negative Negative 

control(c) 1,066 f 24.3 934 f 19.0 891 f 18.7 527 f 84.8 784 k 10.7 650 f 67.0 

TA1535 0 26 f 2.3 26 f 2.4 11 f 2.3 12 f 1.5 13 f 3.3 12 f 1.9 
100 25 f 3.8 25 f 2.6 8 f 0.7 8 f 0.9 13 f 2.1 10 f 0.3 
333 27 f 5.0 21 f 2.5 8 f 1.2 10 f 1.7 11 f 1.2 13 f 0.9 

1,000 
3,333 

10,000 

26 f 2.6 
28 f 3.2 
27 f 4.7 

26 f 3.2 
25 f 2.3 
22 f 1.5 

9 f 
10 f 
12 f 

1.3 
0.6 
0.7 

9 f 1.9 
8 f 1.9 

12 f 1.9 

13 f 1.2 
11 f 1.2 
14 f 2.6 

13 f 1.7 
9 f 0.6 

10 f 2.1 

Trial Summary 
Positive 

Negative Negative Negative Negative Negative Negative 

control(c) 823 f 9.9 689 f 35.2 59 f 6.8 30 f 3.3 62 f 8.5 27 f 2.2 

TA1537 0 
100 

7 f 0.7 
8 f 1.2 

6 f 
5 f 

1.5 
2.3 

4 f 
8 f 

1.3 
0.6 

8 f 0.9 
9 f 1.8 

8 f 0.9 
5 f 0.7 

11 f 2.6 
9 f 2.1 

333 7 f 0.3 5 f 1.3 8 f 0.3 9 k 2.7 7 f 2.3 7 f 0.6 
1,000 
3,333 

10,000 

4 f 0.6 
10 k 2.2 
6 f 1.5 

5 f 1.0 
7 f 0.3 
8 f 0.0 

7 f 1.2 
7 f 0.6 
5 f 1.2 

9 f 3.5 
9 f 2.7 
9 f 1.7 

7 f 0.3 
11 f 2.3 
8 f 0.7 

8 f 1.2 
6 f 0.7 

10 f 0.3 

Trial Summary 
Positive 

Negative Negative Negative Negative Negative Negative 

control(c) 231 f 57.8 294 k 52.6 68 f 8.2 74 f 4.8 52 f 4.7 63 f 4.2 

TA98 0 21 f 0.3 19 f 3.4 31 f 2.6 30 f 2.6 31 f 3.2 28 f 1.7 
100 20 f 1.5 14 f 0.9 30 f 3.6 27 f 0.7 38 f 4.1 23 f 3.8 
333 22 f 3.1 15 f 3.8 26 f 3.2 27 f 1.9 35 f 2.9 21 f 4.4 

1,000 
3,333 

10,000 

21 f 4.4 
24 f 4.1 
18 rt 2.2 

15 f 0.3 
17 f 3.5 
18 f 5.1 

32 f 3.1 
33 f 2.3 
25 k 2.6 

30 f 3.0 
23 f 2.2 
25 f 1.0 

31 f 2.3 
25 f 2.0 
34 f 3.2 

31 f 4.3 
27 f 2.0 
20 f 1.5 

Trial Summary 
Positive 

Negative Negative Negative Negative Negative Negative 

control(c) 1,352 f 60.1 1,129 f 34.0 816 f 30.5 396 f 61.9 697 f 6.7 447 f 41.3 

(a)Study performed a t  EG&G Mason Research Institute. The detailed protocol is presented in Haworth e t  al. (1983). Cells and 
study compound or solvent (distilled water) were incubated in the absence of exogenous metabolic activation (-S9) or with 
Aroclor 1254-induced S9 from male Syrian hamster liver or male Sprague Dawley rat  liver. High dose was limited by toxicity 
or solubility but did not exceed 10 mg/plate; 0 pg/plate dose is the solvent control. 
(b)Revertants are presented as  mean f 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 TAlOO and TA1535, and 9-aminoacridine was used 
with TA1537. 
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TABLE E2. MUTAGENICITY OF DIMETHYL METHYLPHOSPHONATE IN MOUSE L5178Y LYMPHOMA 
CELLS (a,b) 

Cloning Relative Mutant Mutant 

Compound Concentration Efficiency Total Growth Count Fraction (c) 


(pVml) (percent) 


-s9 
Trial 1 

Distilled water 67.5 k 5.0 100.0 f 5.4 86.0 k 1.9 43.3 f 3.0 

Dimethyl methylphosphonate 
(d)0.25 62.0 f 13.6 106.7 k 14.1 62.3 _+ 5.2 36.3 f 6.2 

0.5 63.7 k 2.0 87.7 f 5.8 94.3 f 5.6 49.3 f 1.3 
1.o 64.7 f 12.0 75.7 f 12.8 108.7 f 10.2 58.0 f 5.9 
1.5 70.3 f 11.3 61.0 f 10.0 157.7 f 22.4 75.3 & 5.9 
3.0 74.7 k 6.6 76.0 k 7.4 185.0 k 5.1 (e)83.3 f 4.9 
5.0 78.7 f 5.2 69.0 k 6.7 209.7 k 15.4 (e)89.7 f 10.7 

Methyl methanesulfonate 

5.0pg/ml 54.7 f 10.5 36.7 k 10.9 592.0 k 27.2 (e)387.0 f 68.2 


Trial 2 

Distilled water 85.8 f 6.5 100.3 k 10.7 58.8 f 3.9 23.5 f 3.1 

Dimethyl methylphosphonate 
0.25 76.3 f 7.7 83.0 f 7.2 87.7 f 12.2 (e)40.7 k 10.2 
0.5 58.3 f 11.6 73.7 f 7.9 83.3 f 12.2 (e)48.7 k 4.1 
1.o 59.0 f 3.0 72.5 f 10.5 87.5 k 13.5 (el50.5 f 10.5 

(d)2.0 66.7 k 4.2 67.3 2 3.3 105.0 f 5.0 (e)53.0 k 2.5 
3.0 61.0 k 5.5 62.3 _+ 6.4 116.7 k 19.2 (e)62.7 k 5.8 
5.0 86.5 f 6.5 48.5 k 4.5 198.0 f 12.0 (e)77.0 f 10.0 

Methyl niethanesulfonate 

5.Opglml 72.7 k 5.9 50.3 f 3.2 315.3 f 22.1 (e)145.3 f 2.8 


(a)Study performed a t  Litton Bionetics, Inc. The experimental protocol is presented in detail by Myhr et al. (1985) and follows 
the basic format of Clive e t  al. (1979). The highest dose of study compound is determined by solubility or toxicity and may not 
exceed 5 mg/ml. Cells (6 X lO5/ml) were treated for 4 hours a t  37” C in medium, washed, resuspended in medium, and 
incubated for 48 hours a t  37” C. After expression, 3 X 106 cells were plated in medium and soft agar supplemented with tri- 
fluorothymidine for selection of cells that were mutant a t  the thymidine kinase (TK) locus, and 600 cells were plated in non- 
selective medium and soft agar to determine the cloning efficiency. 
(b)Mean k standard error of replicate trials of approximately 3 X 106 cells each. All data are evaluated statistically for both 
trend and peak response. Both responses must be significantly (P<0.05)positive for a chemical to be considered mutagenic. If 
only one of these responses is significant, the call is “questionable”; the absence of both trend and peak response results in a 
“negative” call. 
(c) Mutant fraction (frequency) is a ratio of the mutant count to the cloning efficiency, divided by 3 (to arrive a t  MF per 1 X 106 
cells treated); MF = mutant fraction. 
(d)Acidic pH shift a t  this and all higher doses for this trial 
(e)Significant positive response; occurs when the relative mutant fraction (average MF of treated culture/average MF of sol- 
vent control) is greater than or equal to 1.6. 
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TABLE E3. INDUCTION OF SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS 
BY DIMETHYL METHYLPHOSPHONATE (a) 

Dose 
(pg/ml) 

Total 
Cells 

No. of 
Chromo-

somes 
No. of 
SCEs 

SCEs/
Chromo-

some 
SCEs/
Cell 

Relative 
Hours SCEs/cell

in BrdU (percent) (b) 

-SB (c)
Study Performed at Environmental Health Research and Testing Laboratory 

Trial No. 1--Summary: Positive 

Medium 50 1,034 375 0.36 7.5 26.5 

Dimethyl methyl- 
phosphonate 

160 
500 

1,600 
5,000 

50 
50 
50 
50 

1,032 
1,038 
1,039
1,036 

370 
446 
580 
884 

0.36 
0.43 
0.56 
0.85 

7.4 
8.9 
11.6 
17.7 

26.5 
26.5 
26.5 
26.5 

98.7 
118.7 
154.7 
236.0 

Mitomycin C 0.01 50 1,042 2,461 2.36 49.2 26.5 656.0 

Trial No. 2--Summary: Positive 

Medium 50 1,033 378 0.37 7.6 26.0 

Dimethyl methyl- 
phosphonate 

2,000 
3,000
4,000 
5,000 

50 
50 
50 
50 

1,038 
1,031 
1,003 
1,023 

580 
679 
729 
845 

0.56 
0.66 
0.73 
0.83 

11.6 
13.6 
14.6 
16.9 

26.0 
26.0 
26.0 
26.0 

152.6 

192.1 
222.4 

178.9 

Mitomycin C 0.005 50 1,039 1,301 1.25 26.0 26.0 342.1 

t S 9  (d)
Study Performed at Environmental Health Research and Testing Laboratory 

Trial No. 1--Summary: Negative 

Medium 50 1,042 383 0.37 7.7 26.5 

Dimethyl methyl- 
phosphonate 

160 
500 

1,600 
5,000 

50 
50 
50 
50 

1,049 
1,046 
1,052 
1,048 

376 
393 
415 
401 

0.36 
0.38 
0.39 
0.38 

7.5 
7.9 
8.3 
8.0 

26.5 
26.5 
26.5 
26.5 

97.4 
102.6 
107.8 
103.9 

Cyclophosphamide 1.5 50 1,052 1,123 1.07 22.5 26.5 292.2 

Trial No. 2--Summary: Negative 

Medium 50 1.044 437 0.42 8.7 26.0 

Dimethyl methyl- 
phosphonate 

2,000 
3,000 
4,000 
5,000 

50 
50 
50 
50 

1,029 
1,027 
1,045
1,028 

447 
409 
397 
435 

0.43 
0.40 
0.38 
0.42 

8.9 
8.2 
7.9 
8.7 

26.0 
26.0 
26.0 
26.0 

102.3 
94.3 
90.8 
100.0 

Cyclophosphamide 1.5 50 1,042 1,430 1.37 28.6 26.0 328.7 
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TABLE E3. INDUCTION OF SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS 
BY DIMETHYL METHYLPHOSPHONATE (Continued) 

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

(pg/rnl) Cells somes SCEs some Cell in BrdU (percent) (b) 

-s9 (c)
Study performed at Litton Bionetics, Inc. 

Trial No.1-Summary: Positive 

Water 50 1,021 383 0.38 7.7 25.5 

Dimethyl methyl- 
phosphonate 

1,100 
3,667 

11,000 

50 
50 
50 

1,034 
1,03 1 
1,024 

402 
679 

1,365 

0.39 
0.66 
1.33 

8.0 
13.6 
27.3 

25.5 
25.5 
25.5 

103.9 
176.6 
354.5 

Mitomycin C 	 0.001 50 1,040 545 0.52 10.9 25.5 141.6 
0.010 5 104 202 1.94 40.4 25.5 524.7 

+S9 (d)
Study performed at Litton Bionetics, Inc. 

Trial No. 1-Summary: Weakly positive 

Water 	 50 1.035 420 0.41 8.4 25.5 

Dimethyl methyl- 1,100 50 1,031 403 0.39 8.1 25.5 96.4 
phosphonate 3,670 50 1,036 409 0.39 8.2 25.5 97.6 

11,000 50 1.036 504 0.49 10.1 25.5 120.2 

Cyclophosphamide 	 0.3 50 1,040 628 0.60 12.6 25.5 150.0 
2 5 103 129 1.25 25.8 25.5 307.1 

Trial No. 2--Summary: Positive 

Medium 	 50 1,033 409 0.40 8.2 25.5 

Dimethyl methyl- 14,300 50 1,019 515 0.51 10.3 25.5 125.6 
phosphonate 17,600 50 1,037 617 0.59 12.3 25.5 150.0 

22,000 50 1,032 624 0.60 12.5 25.5 152.4 

Cyclophosp hamide 	 0.3 50 1,03 1 564 0.55 11.3 25.5 137.8 
2 5 103 104 1.01 20.8 25.5 253.7 

(a)SCE = sister chromatid exchange; BrdU = bromodeoxyuridine. A detailed description of the SCE protocol is presented by 
Galloway et al. (1985). Briefly, Chinese hamster ovary cells were incubated with study compound or solvent a s  described in (c) 
and (d) 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 in treated culture expressed as  a percent of the SCEs/cell in the control culture 
(c)In the absence of S9, 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)In the presence of S9, cells were incubated with study compound or solvent for 2 hours a t  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 E4. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS 
BY DIMETHYL METHYLPHOSPHONATE (a) 

Environmental Health Research and Testing
Laboratory Study Litton Bionetics, Inc., S tudy  

Dose Total No. of Absl Percent  Dose Total No. of Absl Percent  
(pglml) Cells Abs Cell Cells (pglml) Cells Abs  Cell Cells 

with Abs with Abs  

-S9 (b)--Harvest time: 12.0hours -S9-Harvest time: 10.5hours 

Medium 100 0 0.00 0 Medium 100 2 0.02 2 

Dimethyl methylphosphonate 
2,000 100 0 
3,000 100 2 
4,000 100 2 
5,000 100 3 

0.00 
0.02 
0.02 
0.03 

0 
2 
2 
3 

16,500 100 1 
19,300 100 5 
22.000 100 5 

Dimethyl methylphosphonate 
0.01 
0.05 
0.05 

1 
4 
5 

Summary: Negative Summary: Negative 

Mitomycin C 
0.500 100 96 0.96 57 

Mitomycin C 
0.500 50 9 0.18 16 

tS9 (c)--Harvest time: 12.0 hours tSI-Harvest time: 10.5 hours 

Medium 100 0 0.00 0 Medium 100 0 0.00 0 

Dimethyl methylphosphonate 
2,000 100 0 
3,000 100 4 
4,000 100 3 
5,000 100 2 

0.00 
0.04 
0.03 
0.02 

14,300 100 1 
17,600 100 0 
22,000 100 3 

Dimethyl methylphosphonate 
0.01 
0.00 
0.03 

1 
0 
3 

Summary: Negative Summary: Negative 

Cyclophosphamide
50 100 57 0.57 39 

Cyclophosphamide
25 50 23 0.46 26 

(a)Abs = aberrations. A detailed presentation of the technique for detecting chromosomal aberrations is found in Galloway et  
al. (1985).Briefly, Chinese hamster ovary cells were incubated with study compound or medium 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)In the absence of S9,cells were incubated with study compound or medium for 8-10hours a t  37"C. Cells were then washed, 
and fresh medium containing colcemid was added for an  additional 2-3hours followed by harvest. 
( c )In the presence of S9,cells were incubated with study compound or medium for 2 hours a t  37"C. Cells were then washed, 
medium was added, and incubation was continued for 8-10hours. Colcemid was added for the last 2-3hours of incubation prior 
to harvest. S9was from the liver of Aroclor 1254-induced male Sprague Dawley rata. 

Dimethyl Methylphosphonate, NTP TR 323 160 



TABLE E5. INDUCTION OF SEX-LINKED RECESSIVE LETHAL MUTATIONS IN DROSOPHILA BY 
DIMETHYL METHYLPHOSPHONATE (a) 

Route of Incidence of Incidence of No. of Lethalsmo. of XChromosomes Tested Overall 
Exposure Dose 

(ppm) 
Deaths 

(percent) 
Sterility 
(percent) 

Mating 1 Mating 2 Mating 3 Total 
(b) 

Feeding 23,735 
0 

57 0 1912,012 
1/2,003 

2 1/3,250 
3/2,929 

217 16 
11942 

4215,978 (0.70%) 
515,874 (0.09%) 

(a) Study performed at Brown University. A detailed protocol of the sex-linked recessive lethal assay is presented in 
Zimmering et  al. (1985). Exposure by feeding was done by allowing 24-hour-old Canhn-S males to feed for 3 days on a solution 
of the study chemical dissolved in 5% sucrose. Exposed males were mated to three Basc females for 3 days and given fresh fe- 
males a t  %day intervals to  produce three broods of 3 ,2 ,  and 2 days; sample sperm from successive matings were treated as  
spermatozoa (mating l),spermatids (mating 2), and spermatocytes (mating 3). F, heterozygous females were crossed to their 
siblings and placed in individual vials. F, daughters from the same parental male were kept together to identify clusters; no 
clusters were found. After 17 days, presumptive lethal mutations were identified as  vials containing no wild-type males; these 
were retested. Results were significant a t  the 5% level (Margolin et al., 1983). 
(b)Combined total of number of lethal mutationdnumber of X chromosomes tested for three mating trials 

TABLE E& INDUCTION OF RECIPROCAL TRANSLOCATIONS IN DROSOPHILA BY DIMETHYL 
METHYLPHOSPHONATE (a) 

Transfers Total Total No. Total Trans- 
Route of 
Exposure 

Dose 
(ppm) 1 

(translocationsltotal F1 tested) 
2 3 4 5 

No. of 
Tests 

of Trans-  
locations 

locations 
(percent) 

Feeding 23,500 012,466 012,323 012,953 01900 01131 8,773 0 0.0000 

Historical 
control 0 104,844 2 0.0019 

(a)Study performed at  Brown University. A detailed protocol of the reciprocal translocation assay is presented in Zimmering et 
al. (1985). Exposed males were mated to three bw;st females for 3 days and discarded. The females were transferred to fresh 
medium every 3-4 days to produce a total of five cultures, and then they were discarded. In this manner, sample sperm from 
successive cultures were stored for increasing lengths of time. Individual F1males were backcrossed to bw;st females, and the 
Fz generation was screened for pseudolinkage. This procedure allows the recovery of translocations involving the Y, second, or 
third chromosomes in any combination. Presumptive translocations were retested. Results were not significant a t  the 5% level 
(Kastenbaum and Bowman, 1970). 
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APPENDIX F. SENTINEL ANIMAL PROGRAM 

1. Methods 

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in op- 
timally clean facilities to eliminate potential pathogens that may affect study results. The Sentinel 
Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic 
evaluation of chemical compounds. Under this program, the disease state of the rodents is monitored 
via viral serology on sera from extra (sentinel) animals in the study rooms. These animals are un- 
treated, and these animals and the study animals are both subject to identical environmental condi- 
tions. The sentinel animals come from the same production source and weanling groups as the ani- 
mals used for the studies of chemical compounds. 

Fifteen B6C3F1 mice and 15 F344/N rats of each sex are selected at  the time of randomization and 
allocation of the animals to the various study groups. Five animals of each designated sentinel group 
are killed a t  6, 12, and 18 months on study. Data from animals surviving 24 months are collected 
from 5/50 randomly selected vehicle control animals of each sex and species. The blood from each ani- 
mal is collected and clotted, and the serum is separated. The serum is cooled on ice and shipped to Mi-
crobiological Associates’ Comprehensive Animal Diagnostic Service for determination of the antibody 
titers. The following tests are performed: 

Hemagglutination 
Inhibition 

Complement 
Fixation ELISA 

Mice PVM (pneumonia virus of mice) 
Reo 3 (reovirus type 3) 
GDVII (Theiler’s 

encephalomyelitis virus) 
Poly (polyoma virus) 

M.Ad. (mouse adenovirus) 
LCM (1ymphoc y tic 

MHV (mouse 
choriomeningitis virus) 

hepatitis virus) 

MHV 
M .  Pul. (Mycoplasma 

pulmonis) 

MVM (minute virus of mice) 
Ectro (infectious ectromelia) 
Sendai 

Rats PVM RCV (rat coronavirus) 
KRV (Kilham rat virus) Sendai (12 mo) 
H-1 (Toolan’s H-1 virus) 
Sendai (6,18,24 mo) 

II. Results 

Five of 10 mice tested at 18 months had a positive serologic reaction for Mycoplasma pulmonis. No 
positive results were seen at 6,12,18, or 24 months in rats or a t  6,12, or 24 months in mice. 

Mycoplasma pulmonis infection-related lesions were not observed in the rats and mice in these stud- 
ies. Further evaluation of the reagents used for detection of M. pulmonis by ELISA indicated that the 
reagents may not be specific for detection of antibodies to M .  pulmonis. 
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TABLE G1. 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 

Brewer’s dried yeast 2.00 

Dry molasses 1.50 

Dicalcium phosphate 1.25 

Ground limestone 0.50 

Salt 0.50 

Premixes (vitamin and mineral) 0.25 


(a)NIH, 1978; NCI, 1976 
(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 	 5,500,000 IU Stabilized vitamin A palmitate or acetate 
4,600,000 IU D-activated animal sterol D3 

K3 2.8 g Menadione activity 
d-a-Tocopheryl acetate 20,000 IU 
Choline 560.0 g Choline chloride 
Folic acid 2.2 g 
Niacin 30.0 g 
d-Pantothenic acid 18.0 g d-Calcium pantothenate 
Riboflavin 3.4 g 
Thiamine 10.0g Thiamine mononitrate 
B12 4,000 pg
Pyridoxine 1.7 g Pyridoxine hydrochloride 
Biotin 140.0 mg d-Biotin 

Minerals 

Iron 120.0 g Iron sulfate 

Manganese 60.0 g Manganous oxide 

Zinc 16.0 g Zinc oxide 

Copper 4.0 g Copper sulfate 

Iodine 1.4g Calcium iodate 

Cobalt 0.4 g Cobalt carbonate 


(a) Per ton (2,000lb) of finished product 
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TABLE G3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION 

Mean f Standard 
Nutrient Deviation Range Number of Samples 

Crude protein (percent by weight) 23.63 f 0.85 22.2-25.3 29 
Crude fat (percent by weight) 4.9 f 0.51 3.3-5.7 29 
Crude fiber (percent by weight) 3.33 f 0.25 2.9-3.8 29 
Ash (percent by weight) 6.51 f 0.43 5.7-7.31 29 

Essential Amino Acids (percent of total diet) 

Arginine 1.323 f 0.830 1.21-1.39 4 

Cystine 0.310 f 0.099 0.218-0.400 4 

Glycine 1.155 f 0.069 1.06-1.21 4 

Histidine 0.572 f 0.030 0.530-0.603 4 

Isoleucine 0.910 f 0.033 0.881-0.944 4 

Leucine 1.949 f 0.065 1.85-1.99 4 

Lysine 1.275 f 0.076 1.20-1.37 4 

Methionine 0.422 f 0.187 0.306-0.699 4 

Phenylalaninie 0.909 f 0.167 0.665-1.04 4 

Threonine 0.844 f 0.029 0.824-0.886 4 

Tryptophan 0.187 0.171-0.211 3 

Tyrosine 0.631 f 0.094 0.566-0.769 4 


_+Valine 1.11 0.050 1.05-1.17 4 

Essential Fatty Acids (percent of total diet) 

Linoleic 2.44 2.37-2.52 3 

Linolenic 0.274 0.256-0.308 3 

Arachidonic 0.008 1 


Vitamins 

Vitamin A (IUkg) 11,655 f 4,113 7,500-24,000 29 

Vitamin D (IUkg) 4,650 3,000-6,300 2 

a-Tocopherol (ppm) 41.53 k 7.52 31.1-48.9 4 

Thiamine (ppm) 16.2 f 2.17 12.0-21.o 28 

Riboflavin (ppm) 7.5 f 0.96 6.1-8.2 4 

Niacin (ppm) 85.0 f 14.2 65.0-97.0 4 

Pantothenic acid (ppm) 29.3 * 4.6 23.0-34.0 4 

Pyridoxine (ppm) 7.6 f 1.5 5.6-8.8 4 

Folic acid (ppm) 2.8 f 0.88 1.8-3.7 4 

Biotin (ppm) 0.27 f 0.05 0.21-0.32 4 

Vitamin BI2 (ppb) 21.0 f 11.9 11.O-38.0 4 

Choline (ppm) 3,302.0 f 120.0 3,200.0-3,430.0 4 


Minerals 

Calcium (percent) 1.25 f 0.12 1.08-1.53 29 

Phosphorus (percent) 0.99 f 0.05 0.88- 1.1 1 29 

Potassium (percent) 0.862 It: 0.100 0.772-0.974 3 

Chloride (percent) 0.546 k 0.100 0.442-0.635 4 

Sodium (percent) 0.311 f 0.038 0.258-0.350 4 

Magnesium (percent) 0.169 f 0.133 0.15 1-0.18 1 4 

Sulfur (percent) 0.316 f 0.070 0.270-0.420 4 

Iron (ppm) 447.0 f 57.3 409.0-523.0 4 

Manganese (ppm) 90.6 f 8.20 81.7-95.5 4 

Zinc (ppm) 53.6 f 5.27 46.1-58.6 4 

Copper (ppm) 10.77 f 3.19 8.09- 15.39 4 

Iodine (ppm) 2.95 f 1.05 1.52-3.82 4 

Chromium (ppm) 1.81 f 0.28 1.44-2.09 4 

Cobalt (ppm) 0.68 f 0.14 0.49-0.80 4 
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TABLE G4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION (a) 

Mean f Standard 
Contaminant Deviation Range Number of Samples 

Arsenic (ppm) 

Cadmium (ppm) (a) 

Lead (ppm) (b) 

Lead (ppm) (c)

Mercury (ppm) (a) 

Selenium (ppm) 


Aflatoxins (ppb) (d) 

Nitrate nitrogen (ppm) (e) 

Nitrite nitrogen (ppm) (f? 

BHA (ppm) (g) 

BHT (ppm) (h) 


Aerobic plate count (CFU/g) 

Coliform (MPNlg) (i) 

Coliform (MPNlg) Q)

E. coli (MPNlg) 

Total nitrosamines (ppb) (k,l)

Total nitrosamines (ppb) ( k p )  

N-Nitrosodimethylamine (ppb) (k,n) 

N-Nitrosodimethylamine (ppb) (k,o) 

N-Nitrosopyrrolidine (ppb) (p)  


Pesticides (ppm) 

a-BHC (a,q) 

P-BHC (a) 

y-BHC-Lindane (a) 

8-BHC (a)

Heptachlor (a) 

Aldrin (a) 

Heptachlor epoxide (a) 

DDE (a) 

DDD (a) 

DDT (a) 

HCB (a) 

Mirex (a)

Methoxychlor (r) 

Dieldrin (a) 

Endrin (a) 

Telodrin (a) 

Chlordane (a)  

Toxaphene (a) 

Estimated PCBs (a) 

Ronnel (a) 

Ethion (a) 

Trithion (a)  

Diazinon (a) 

Methyl parathion (a) 

Ethyl parathion (a) 

Malathion (s) 

Endosulfan I (a) 

Endosulfan II (a) 

Endosulfan sulfate (a) 


0.50 	k 0.13 0.29-0.77 
<0.10 	 <0.1-0.1 

0.71 	f 0.39 0.33-1.97 
0.87 	f 0.71 0.33-3.37 

<0.05 
0.29 	 f 0.06 0.13-0.40 

<10 	 <5.0- <10.0 

9.55 	k 4.46 <0.1-22.0 
2.25 	 f 1.77 <0.1-7.2 
5.43 	 f 4.72 0.4-17.0 

2.7 f 1.82 <1.0-12.0 
3.0 f 2.5 <1.0-5.9 

46,810 f 34,504 6,600-130,000 
13.25 k 21.07 <3-93 
28.66 	f 85.50 <3-460 


<3 <2-3 


3.44 	f 2.68 0.8-9.3 
12.96 f 51.33 0.8-279.5 
2.78 	 f 2.39 0.8-8.3 

12.27 f 51.16 0.8-278.0 
1.16 	f 0.49 <0.9-2.9 

<0.01 
<0.02 
<0.01 
<0.01 

<O.O1 

eo.01 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.05 0.09 (8/26/81); 0.06 (7/26/83) 
<0.01 
<0.01 
<0.01 
<0.05 
<0.1 
<0.2 
<0.01 
<0.02 
<0.05 
<0.1 

X0.02 

<0.02 

0.10 	 f 0.09 <0.05-0.42 
<0.01 
<0.01 
<0.03 


29 
29 
27 
29 
29 
29 

29 

29 
29 
29 
28 
29 

29 
28 
29 
29 

28 
29 
28 
29 
25 

29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
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TABLE G4. CONTAMINANT LEVELS IN  NIH 07 RAT AND MOUSE RATION (Continued) 

(a)All values were less than the detection limit. The detection limit is given as the mean. 
(b)Excludes two high values of 2.65 ppm and 3.37 ppm obtained in batches produced on 8/26/81 and on 7/21/82. 
(c)Includes the high values given in b. 
(d)The detection limit was reduced kom 10ppb to 5 ppb after 7/81. 
(e)Sources of contamination: alfalfa, grains, and fish meal 
(0Sources of contamination: soy oil and fish meal 
(g)Mean, standard deviation, and range exclude one very high value of 12.0 obtained for the batch produced on 11/23/82. 
(h)Mean, standard deviation, and range include the high value listed in footnote g. 
(i)MPN = most probable number; mean, standard deviation, and range exclude one very high value of 460 MPN/g obtained in 

the batch produced on 9/23/02.

Cj) Mean, standard deviation, and range include the high value listed in footnote i. 

(k)All values were corrected for percent recovery. 
(1) Mean, standard deviation, and range exclude one very high value of 279.5 ppb obtained for the batch produced on 4/27/81. 
(m)Mean, standard deviation, and range include the high value listed in footnote 1. 
(n)Mean, standard deviation, and range exclude one very high value of 278 obtained for the batch produced on 4/27/81. 
( 0 )Mean, standard deviation, and range include the high value given in footnote n. 
(p)Samples analyzed from batches produced on 6/22/83,7/26/83,8/17/83,and 9120183 were below the detection limit (1.Oppb).
(9)BHC = hexachlorocyclohexane or benzene hexachloride 
(r)Two observations were above the detection limit. The values and the date are given under the range. 
( 8 )Fourteen batches contained more than 0.05 ppm. 
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APPENDIX H

DATA AUDIT SUMMARY
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APPENDIX H. DATA AUDIT SUMMARY

The experimental data, documents, pathology materials, and draft NTP Technical Report for the
2-year toxicology and carcinogenesis studies of dimethyl methylphosphonate in rats and mice were
audited for accuracy, consistency, completeness, and compliance with Good Laboratory Practice
regulations of the Food and Drug Administration (implemented by the NTP beginning October 1,
1981). The laboratory experiments were conducted for the NTP by Litton Bionetics, Inc., Rockvill'e,
Maryland, under a subcontract with Tracor Jitco, Inc. Animal dosing with dimethyl methylphos
phonate began in July 1981 and ended November 1983. The retrospective audit was conducted at the
NTP Archives in February 1986 by Program Resources, Inc. The following individuals were involved
with the audit: W.L. Oiler, Ph.D. (Principal Investigator); K.A. Connor; J.E. Kovach, B.A.; S.A. Cor
son, H.T. (ASCP); K.M. Pace, B.S.; and C.D. Rafferty, A.S.; and the following personnel from Veritas
Laboratories: J.W. Sagartz, D.V.M., ACVP; and N.J. MacLachlan, D.V.M., ACVP.

The full report of the audit 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 chemistry records.
(3) Body weights and clinical observation data for a random 10% sample of the study animals.
(4) All inlife records concerning environmental conditions, palpable masses, mortality, and ani

mal identification.
(5) All postmortem records for individual animals concerning identification, disposition codes,

condition codes, correct data entry, and correlation between gross observations and micro
scopic diagnoses.

(6) Wet tissues from a random 10% sample of the study animals and from animals that had a
gross observation without a corresponding microscopic diagnosis to verify animal identifica
tion and to examine for untrimmed lesions.

(7) Slides and blocks of tissues from all vehicle control and high dose animals to examine for
proper match and inventory.

(8) Tabulated pathology diagnoses for a random 10% of study animals to verify computer data
entry.

The audit showed that the data in the Technical Report (including inlife observations and chemistry
data) reflect the data at the NTP Archives.

Animal identification was confirmed. The audit revealed untrimmed lesions in the wet tissues. All
wet tissues were then examined by an NTP pathology support contractor, and any lesions found were
sectioned. NTP pathology staff provided the diagnoses for these additional lesions, and these are in
corporated in the Technical Report. This additional pathology evaluation and review did not change
the interpretation of the studies.

The NIEHS/NTP concludes that the documents and materials at the NTP Archives support the data
and results presented in this Technical Report.
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NATIONAL TOXICOLOGY PROGRAM TECHNICAL REPORTS
PUBLISHED AS OF OCTOBER 1987

TRNo. CHEMICAL TRNo. CHEMICAL

201 2,3,7,8-Tetrachlorodibenzo-p-dioxin (Dermal)
206 Dibromochloropropane
207 Cytembena
208 FD & C Yellow No. 6
209 2,3,7,8-Tetrachlorodibenzo-p-dioxin (Gavage)
210 1,2-Dibromoethane (Inhalation)
211 C.I. Acid Orange 10
212 Di(2-ethylhexyl)adipate
213 Butylbenzyl Phthalate
214 Caprolactam
215 Bisphenol A
216 11  Aminoundecanoic Acid
217 Di(2-ethylhexyl)phthalate
219 2,6-Dichloro-p-phenylenediamine
220 C.I. Acid Red 14
221 Locust Bean Gum
222 C.I. Disperse Yellow 3
223 Eugenol
224 Tara Gum
225 D & C Red No. 9
226 C.I. Solvent Yellow 14
227 Gum Arabic
228 Vinylidene Chloride
229 Guar Gum
230 Agar
231 Stannous Chloride
232 Pentachloroethane
233 2-Biphenylamine Hydrochloride
234 Allyl Isothiocyanate
235 Zearalenone
236 D-Mannitol
237 1,1,1,2-Tetrachloroethane
238 Ziram
239 Bis(2-chloro-1 -methy lethy l)ether
240 Propyl Gallate
242 Diallyl Phthalate (Mice)
244 Polybrominated Biphenyl Mixture
245 Melamine
247 L-Ascorbic Acid
248 4,4'-Metihylenedianiline Dihydrochloride
249 Amosite Asbestos
250 Benzyl Acetate
251 Toluene Diisocyanate
252 Geranyl Acetate
253 Allyl Isovalerate
255 1,2-Dichlorobenzene
257 Diglycidyl Resorcinol Ether
259 Ethyl Acrylate

261 Chlorobenzene
263 1,2-Dichloropropane
267 Propylene Oxide
269 Telone II«
271 HC Blue No. 1
272 Propylene
274 Tris(2-ethylhexyl)phosphate
275 2-Chloroethanol
276 8-Hydroxyquinoline
281 H.C.RedNo.3
282 Chlorodibromomethane
284 Diallylphthalate(Rats)
285 C.I. Basic Red 9 Monohydrochloride
287 Dimethyl Hydrogen Phosphite
288 1,3-Butadiene
289 Benzene
291 Isophorone
293 HC Blue No. 2
294 Chlorinated Trisodium Phosphate
295 Chrysotile Asbestos (Rats)
296 Tetrakislhydroxymethy Iphosphonium Sulfate and

Tetrakis(hydroxymethy)phosphonium Chloride
298 Dimethyl Morpholinophosphoramidate
299 C.I. Disperse Blue 1
300 3-Chloro-2-methylpropene
301 o-Phenylphenol
303 4-Vinylcyclohexene
304 Chlorendic Acid
305 Chlorinated Paraffins (C23,43% chlorine)
306 Dichloromethane
307 Ephedrine Sulfate
308 Chlorinated Paraffins (C12,60% chlorine)
309 Decabromodiphenyl Oxide
310 Marine Diesel Fuel and JP-5 Navy Fuel
311 Tetrachloroethylene (Inhalation)
312 n-Butyl Chloride
314 Methyl Methacry late
315 Oxytetracycline Hydrochloride
316 l-Chloro-2-methylpropene
317 Chlorpheniramine Maleate
318 Ampicillin Trihydrate
319 1,4-Dichlorobenzene
321 Bromodichloromethane
322 Phenylephrine Hydrochloride
324 Boric Acid
325 Pentachloronitrobenzene
327 Xylenes (Mixed)

These NTP Technical Reports are available for sale from the National Technical Information Service, U.S. Department of
Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single copies of this Technical Report are avail
able without charge (and while supplies last) from the NTP Public Information Office, National Toxicology Program, P.O.
Box 12233, Research Triangle Park, NC 27709.
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