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chemicals. This knowledge can be used for protecting the health of the
American people and for the primary prevention of disease. By bringing
together the relevant programs, staff, and resources from the U.S. Public
Health Service, DHHS, the National Toxicology Program has centralized
and strengthened activities relating to toxicology research, testing and test
development/validation efforts, and the dissemination of toxicological in-
formation to the public and scientific communities and to the research and
regulatory agencies.

The NTP is made up of four charter DHHS agencies: the National Cancer
Institute (NCI), Nationa! Institutes of Health; the National Institute of En-
vironmental Health Sciences (NIEHS), National Institutes of Health; the
National Center for Toxicological Research (NCTR), Food and Drug Ad-
ministration; and the National Institute for Occupational Safety and
Health (NIOSH), Centers for Disease Control. In July 1981, the Carcino-
genesis Bioassay Testing Program, NCI, was transferred to the NIEHS.
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NOTE TO THE READER

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, 5285 Port 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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DIMETHYL METHYLPHOSPHONATE
CAS No. 756-79-6

C3HoO3P Molecular weight 124.1

Synonyms: Fyrol DMMP; Methy! 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 B6C3F; 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 B6C3F; mice and to study the potential for genetic damage in bacteria, mammalian cells,
and Drosophila.

Single-Administration Studies: In the single-administration studies, dimethy! 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 at 5,000 or 10,000 mg/kg had an unsteady gait after dosing; mice exhibited inac-
tivity, shallow breathing, and prostration at 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 at 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 at 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 at 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 at 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 B6C3F; 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 at 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 dose female rats was comparable to that of the vehicle controls, but final survival of high
dose female rats was decreased (vehicle control, 30/50; 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 (0/50; 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 (0/50; 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
typhimurium/microsome 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
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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 B6C3F; mice was an inade-
quate study of carcinogenic activity because of decreased survival in both dosed groups. There was no
evidence of carcinogenic activity for female B6C3F; mice receiving dimethyl methylphosphonate at
1,000 mg/kg; decreased survival of female mice at 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 F344/N Rats Female F344/N Rats Male B6C3F, Mice Female B8C3F, Mice
Doses v
0, 500, or 1,000 mg/kg 0,500, or 1,000 mg/kg 0, 1,000, or 2,000 mg/kg 0, 1,000, or 2,000 mg/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 -
dosed groups

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 L517 8Y/TK™'~ 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 inerease 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 an 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 of the 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 of these 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 ("No Evidence”); and one category for experiments that because of major flaws
cannot be evaluated ("Inadequate Study”). These categories of interpretative conclusions were first adopted in June 1983 and then revised
in March 1986 for use in the Technical Reports series to incorporate more specifically the concept of actual weight of evidence of 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 not to either potency or mechanism.

o 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 of the ability of such tumors to progress to malignancy.

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

o Equivocal Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted asshowing 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.

¢ Inadequate Study 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 long-term 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 of the experimental design and conduct;

Occurrence of common versus uncommon neoplasia;

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

Some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, itisimpossible
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;
Latency in tumor induction;

Multiplicity in site-specific neoplasia;

Metastases;

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

The presence or absence of dose relationships;

The statistical significance of the observed tumeor increase;

The concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;
Survival-adjusted analyses and false positive or false negative concerns;

Structure-activity correlations; and

In some cases, genetic toxicology.

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 of various types of neoplasms or of a combination of
malignant and benign neoplasms. Inthe 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 difficult 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. [See page 57.]

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 fernale 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).
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I. INTRODUCTION

CH30 —P—O0CH3

CH3

DIMETHYL METHYLPHOSPHONATE
CAS No. 756-79-6

C3HgO3P

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 an 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

Dimethyl Methylphosphonate, NTP TR 323

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

Studies in Animals

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

Male F344/N rats and B6C3F; 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 181°C at 754 mm Hg
Melting point 43°C
Density 1.150 g/mlat 20°C
Solubility in water >300 mg/m!
Index of refraction (np) 1.4137at20°C
Flash point, Cleveland opencup  220°F
Fire point, Cleveland open cup 350°F
Viscosity (centistokes)

T1°F 1.81

100°F 1.48

210°F 0.84
Vapor pressure (torr)

10°.65°C <0.1-20

(a) USEPA, 1983b; Mobil Chemical Co.; MRI, 1982, 1986



I. INTRODUCTION

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.

Hollingshaus et al. (1981) reported no delayed
neurotoxicity in adult hens after daily intra-
peritoneal injections of dimethyl methylphos-
phonate at 50 mg/kg for 10 days. The NTP is
currently conducting an acute neurotoxicity
study of dimethyl methylphosphonate in hens,
in which the chemical is administered by gavage
at the LDsgq 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 E1; Mortelmans et
al.,, 1986). Dimethyl methylphosphonate in-
duced forward mutations in the mouse lympho-
ma L5178Y/TK*/~ assay (Table E2) but not in
the Chinese hamster ovary (CHO) celllHGPRT
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/mi (Table E3). No signif-
icant increases in SCEs were observed at doses
up to 1 mg/ml in studies sponsored by the Air
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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 not induce neoplastic
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 at the
highest concentration tested (1 mg/ml) in the ab-
sence of exogenous metabolic activation (Aero-
space Medical Research Laboratory, 1983), but
in NTP studies, it did not induce chromosomal
aberrations either in the presence or absence of
Aroclor 1254-induced Sprague Dawley rat liver
S9 when tested at concentrations up to 22 mg/ml
(Table E4).

When tested for mutagenicity in vivo, dimethy!
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-ethylhexyl)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.

Dimethyl Methylphosphonate, NTP TR 323
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II. MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF DIMETHYL
METHYLPHOSPHONATE

Dimethyl methylphosphonate 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 studies are on file at
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
20M-TPA column (system 1) or a 20%
SP2100/0.1% Carbowax 1500 column (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 at 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 at 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 at 0.6% in
corn oil is stable when stored at room temp-
erature for up to 7 days. A subsequent stability
study performed at the study laboratory indi-
cated that dimethyl methylphosphonate/corn 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 OF DIMETHYL

METHYLPHOSPHONATE
Single-Administration Fifteen-Day First Thirteen- Second Thirteen- Two-Year
Studies Studies Week Studies Week Studies Studies
Lot Numbers
EA113077 EA113077 EA113077 4182-2 4182.2;L.120381;1114L.-6-1;
1114L-2-1
Date of Initial Use
8/2/78 Rats--8/31/78; 12/29/78 (1/8/79 for  8/29/80 4182-2,7/16/81;L120381, 1/82;
mice--9/18/78 the 8,000 mg/kg mice) 11141.-6-1,9/82; 11141.-2-1,10/83
Supplier
Edgewood Argenal, Same as single- Same as single- Same assingle- Same as single-administration
Aberdeen Proving administration administration administration studies; or Stauffer Chemical Co.,
Ground, Aberdeen, studies studies studies Westport, CT (lot nos.

MD

11146L-6-1 and 1114L-2-1)

Dimethyl Methylphosphonate, NTP TR 323
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TABLE 3. RESULTS OF PURITY ANALYSIS OF LOTS USED IN THE GAVAGE STUDIES OF
DIMETHYL METHYLPHOSPHONATE

Determined Purity Percent Total Impurities
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 20M-TPA column
(b) A 20% SP2100/0.1% Carbowax 1500 column

TABLE 4. PREPARATION AND STORAGE OF 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
Preparation
Agitated in test tube; Dimethyl Mixed in a graduated Appropriate amountofcorn Dimethyl
mixed for 2 min with methylphosphonate cylinder by inversion oil added to dimethy! methyl- methylphosphonate
stirring bar mixed with corn oil phosphonate; each dose mix- formulated with
for 22 min with ture homogenized with a cornoil witha
a vortex mixzer and Polytron® mixer for at least  Polytron® mixer
resuspended before 2 min at medium-high speed and resuspended
dosing and then placed in five sepa- daily witha

rate vials, one for eachdose  magnetic stirrer
day of the week. Dose mix-

tures rehomogenized for

1 min with the Polytron®

no more than 1 h before

dosing. In animal room,

each mixture stirred con-

tinuocusly with a magnetic

stirrer throughout the
dosing period to prevent
separation,
Maximum Storage Time
N/A 7d 1wk 1wk 134
Storage Conditions
N/A 4°C 4°C 4°C 4°C
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II. MATERIALS AND METHODS

Periodic analysis of dimethyl methylphospho-
nate/corn oil dose mixtures were conducted at
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 £10% 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 £13% 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

Determined Determined as a

Date Mixed (mg/ml) Concentration (mg/ml) (a) Percent of Target
08/28/80 0 0 -
38.4 40.2 105
71.0 77.9 101
153.8 154 100
307.5 307 99.8
615.0 632 103

(a) Results of duplicate analysis

Dimethyl Methylphosphonate, NTP TR 323



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 --
07/15/81 75.4 139 292
07/15/81 (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
03/10/82 76.3 142 ’ 291
05/05/82 69.1 (b) 136 278
05/05/82 (d) 72.7 - 247
05/11/82 - (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
10/20/82 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) -~ 121 --
06/01/83 729 147 292
07/27/83 - 144 291
09/21/83 - 141 294
09/21/83(d) -- 153 331
Mean (mg/ml) 756.1 149 293
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 specif‘xcations; corresponds to deaths in high dose mice at week 45.

(H) Animal 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 r

tudy eferee
(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
09/21/83 307.7 294 280

(a) Results of duplicate analysis

(b) Results of triplicate 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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II. MATERIALS AND METHODS

SINGLE-ADMINISTRATION STUDIES

Male and female F344/N rats and B6C3F 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 B6C3F; 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-
ate 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 B6C3F; 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, NTP TR 323

dimethyl methylphosphonate, 5 days per week
for 13 weeks. 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 1-2 weeks 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.



TABLE 8. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF
DIMETHYL METHYLPHOSPHONATE

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

Studies Studies Week Studies Week Studies Studies
EXPERIMENTAL DESIGN
Size of Study Groups
5malesand 5 5males and 5 females 10 malesand 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,
4,640,0r 6,810 mg/kg

0, 1,250, 2,500, 5,000,
10,000, or 15,000

dimethyl methylphos- mg/kg dimethyl

phonate in cornoilby methylphosphonate

gavage in corn oil by gavage
(15,000 mg/kg dose

administered neat)

Date of First Dose
8/2/78 Rats--8/31/78;

mice--9/18/78

Date of Last Dose
N/A Rats--9/14/78;

mice--10/2/78

Duration of Dosing
Single dose only 15 consecutive d
of Observation
Rats--observed 2 X d;

Type and Frequency
Observed imme-

diately after doging, = weighedond 0;
atlhand4h,and mice--observed 2 X d;
1 X dforl4d weighedond 0 andd 15

Necropsy and Histologic Examination

Necropsy performed  Necropsy performed

onallanimals that on all animals;

died during the histologic exam

studies of the stomach
performed on all
mice

0, 250, 500, 1,000, 2,000,
4,000, or 8,000 mg/kg
dimethyl methylphos-
phonate in corn oil by
gavage; dose vol--rats:
6.5 ml/kg during wk 1
(double the intended
dose); from wk 2, dose

vol--3.33 ml/kg, except for

the 8,000 mg/kg group:

0, 250, 500, 1,000, 2,000,
or 4,000 mg/kg dimethy!
methylphosphonate in
corn oil by gavage;

dose vol--6.5 ml/kg

6.5 mU/kg; mice: 3.3 mi/kg

12/29/78-1/5/79, then
6.5 ml/kg after 1/8/79

Rats--12/29/78 (250
mg/kg group started
at week 2); mice--
12/29/78 (1/8/79 for the
8,000 mg/kg group)

3/28/79

5d/wkfor12or 13wk

Observed 2 X d;
weighed 1 X wk

Necropsy performed on
allanimals, Histologic
exam performed on all
animals that died before
the end of the studies, on

vehicle controls, on high-

est dose groups of rats,
and on two highest dose
groups of mice; tissues
examined include:
adrenal glands, brain,

colon, esophagus, eyes (if

grossly abnormal), gall-
bladder (mice), gross
lesions and tissue
masses, heart, kidneys,
liver, lungs and main-
stem bronchi, mammary
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8/29/80

11/28/80

5 d/wk for 13 wk
Same as first 13-wk

studies

Same as first 13-wk
studies

Rats--0, §00, or 1,000
mg/kg dimethyl methyl-
phosphonate in corn oil
by gavage; dose vol--6.5
ml/kg; mice--0, 1,000, or

'2,000 mg/kg dimethyl

methylphosphonate in
corn oil by gavage;
dose vol--6.5 ml/kg

Rats--7/16/81;
mice--11/24/81

Rats--7/11/83;
mice--11/18/83

5 d/wk for 103 wk

Observed 2 X d; palpated
1 X 4 wk; weighed

1 X wk for 13 wk,

1 X 4 wk thereafter

Necropsy and histologic
exam performed on all
animals; the following
tissues were examined:
adrenal glands, brain,
cecum, colon, costo-
chondraljunction, duo-
denum, esophagus, eyes,
gallbladder (mice), gross
lesions and tissue masses,
heart, ileum, jejunum,
kidneys, larynx, liver,
lungs and mainstem
bronchi, mammary gland,
mandibular and mesen-
teric lymph nodes, nasal
cavity, pancreas, para-
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)

gland, mandibular or
mesenteric lymph node,
pancreas, parathyroids,

pituitary gland, prostate/

testes or ovaries/uterus,
regional lymph nodes,
salivary glands, skin,
small intestine, spinal
cord (if neurologic 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

Strain and Species
F344/N rats;
B6C3F; mice

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

Study Laboratory
Litton Bionetics, Inc.

F344/N rats;
B6C3F; mice

Same as single-
administration
studies

Litton Bionetics, Inc.

Method of Animal Identification

Ear punch

Ear notch

Time Held Before Study

14d

Rats--16 d; mice--18d

Age When Placed on Study

6 wk

Age When Killed
8 wk

Necropsy Dates
8/16/78

Rats--6 wk;
mice--not available

Rats--8 wk;
mice--not available

Rats--9/15/78;
mice--10/3/78

Method of Animal Distribution

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

Same as single-
administration
studies

F344/N rats;
B6C3F, mice

Same as single-
administration
studies

Litton Bionetics, Inc.

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

16d

7-8 wk

21-22 wk

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

Assigned to groups
according to a series
of tables of random
numbers
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F344/N rats

Same as single-
administration
studies

Litton Bionetics, Inc.

Eartag

164d

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;
B6C3F; mice

Frederick Cancer
Research Center
(Frederick, MD)

Litton Bionetics, Inc.

Same as first 13-wk
studies

20d

Rats--male, 8 wk;
female, 7 wk; mice--8 wk

Rats--113 wk;
mice--112-113 wk

Rats--7/19/83-7/20/83;
mice--11/28/83-11/29/83

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



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

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

Water

Acidified to pH
2.5; available ad
libitum in bottles

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

Cage Filters
Nonwoven polyester
(Snow Filtration,
Cincinnati, OH)

Animals per Cage
5

Same as single-
administration
studies

Same as single-
administration
studies

Same agsingle-
administration studies

Same as single-
administration studies

Same as single-
administration studies

5

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

Same as single-
administration studies

Same as single-
administration studies

Same as single-
administration studies

Same as single-
administration studies

5

Other Chemicals on Study in the Same Room

None

Dimethy! hydrogen
phosphite

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

None

Temp--22.2°-24.4°C;
hum--30%-70%;

light 12 h/d;

15 room air changes/h

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

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

Same as single-
administration studies

Same as single-
administration studies

Same as single-
administration studies

None

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

Same as second 13-wk
studies

Rats--Absorb-Dri® heat-
treated hardwood chips
(Lab Products, Inc.,
Gaithersburg, MD) used
until 9/23/81; 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)

Same as single-
administration studies

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

Same as single-
administration studies

None

Temp--usually
22.2°-24.4°C;
hum--30%-70%;
fluorescent light 12 h/d;
12-15 room air changes/h
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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 B6C3F;
(C57BL/6N, female, X C3H/HeN MTV ™, male)
mice used in these studies were produced under
strict barrier conditions at Frederick Cancer Re-
search Center under a contract to the Carcino-
genesis Program. Breeding stock for the founda-
tion colonies at the production facility originated
at the National Institutes of Health Repository.
Animals shipped for study were progeny of de-
fined microflora-associated parents that were
transferred from isolators to barrier-maintained
rooms. Animals were shipped to the study labo-
ratory at 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 at 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.
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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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consensus diagnosis of the PWG differed from
that of the laboratory pathologist, the laboratory
pathologist was asked to reconsider the original
diagnosis. This procedure has been described, in
part, by Maronpot and Boorman (1982) and
Boorman et al. (1985). The final diagnoses
represent a consensus of contractor pathologists
and the NTP Pathology Working Group. For
subsequent analysis of pathology data, the
diagnosed lesions for each tissue type are
combined according to the guidelines of
McConnell et al. (1986).

Slides/tissues are generally not evaluated in a
blind fashion (i.e., without knowledge of dose
group) unless the lesions in question are subtle
or unless there is an inconsistent diagnosis of
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 natural
causes were not censored. Statistical analyses
for a possible dose-related effect on survival used
the method of Cox (1972) for testing two groups
for equality and Tarone's (1975) life table test for
a dose-related trend. When significant survival
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 first
detected. All reported P values for the survival
analysis are two-sided.
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Calculation of Incidence: The incidence of neo-
plastic or nonneoplastic lesions is given as the
ratio of the number of animals bearing such
lesions at a specific anatomic site to the number
of animals in which that site was examined. In
most instances, the denominators include only
those animals for which the site was examined
histologically. However, when macroscopic ex-
amination was required to detect lesions (e.g.,
skin or mammary tumors) prior to histologic
sampling, or when lesions could have appeared
at multiple sites (e.g., lymphomas), the 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 at 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
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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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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 (1-4 hours 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 an 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 at 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 at 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
at 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 Female
Dose (mg/kg) Survival (a) Dose (mg/kg) Survival (a)

0 5/5 0 5/5

1,250 (b) 4/5 1,250 5/5
2,500 5/5 2,500 5/5
5,000 () 1/5 5,000 (d)1/5
10,000 (e) 0/5 10,000 (Hh0/5
15,000 (g)0/5 15,000 (g) 0/5

(a) Number surviving/mumber in group

(b) Day of death: 2 (probable gavage accident)
(¢) Day of death: all 12

(d) Day of death: all 14

(e) Day of death: 1,7,9,9,9

(f) Day of death: 3,9,9,12,12

(g) Day of death: alll
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TABLE 10. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE FIRST THIRTEEN-WEEK
GAVAGE STUDIES OF DIMETHYL METHYLPHOSPHONATE

Mean Body Weights (grams) Final Weight Relative
Dose Survival (a) Initial (b) Final Change to Vehicle Controls
(mg/kg) (percent)
MALE
0 10/10 173 311 +138 -
250 10/10 (c) 307 - 98.7
500 10/10 181 304 +123 97.7
1,000 10/10 174 295 +121 94.9
2,000 (d)3/10 176 295 +119 94.9
4,000 (e)8/10 168 252 +84 81.0
8,000 £ 0/10 176 -9 ® (®
FEMALE
0 10/10 132 194 +61 -
250 10/10 (c) 192 - 99.0
500 10/10 132 194 +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 (>3/10 130 172 +42 88.7
8,000 (k)0/10 127 (@ (&) (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; 7,10

(f) Week of death; 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: 5,10; deaths attributed to gavage accidents.
(i) Week of death: 9,9,10

(j) Week of death: 1,2,2,7,9,9.9

(k) Week of death: 1,1,2,2,2,2,2,3,4,5

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

Vehicle

Site/Lesion Control 250 mg/kg 500 mg/kg 1,000 mg/kg 2,000 mg/kg 4,000 mg/kg 8,000 mg/kg
MALE
Kidney nephrosis 0/10 (a) (a) (a) 0/10 0/10 (b) 410
Testis

Atrophy 0/10 1110 2/10 2110 3/9 10/10 (b) 2/9

Degeneration 0/10 0/10 0/10 0/10 0/9 0/10 (b)2/9
Epididymus

Degeneration 0/10 0/10 0/10 0/10 0/10 9/10 (b)3/9
Salivary gland

Atrophy 0/10 (a) (a) (a) 0/10 0/10 (b)6/10
FEMALE
Salivary gland

Atrophy 0/10 (a) (a) 0/2 0/10 0/10 4/10
(a) Not examined

(b) Nine of 10 rats dead by week 2; 10th rat dead by week 5.
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III. RESULTS: RATS

SECOND THIRTEEN-WEEK STUDIES

All rats that received 4,000 mg/kg and 6/10
males and 3/10 females that received 2,000
mg/kg died before the end of the studies (Ta-
ble 12). Final mean body weights of rats that re-
ceived 2,000 mg/kg were 6% lower than that of
the vehicle controls for males and 7% lower for
females. No compound-related clinical signs
were seen. The liver weight to body weight
ratios were significantly increased (P <0.01) for
rats that received 2,000 mg/kg compared with
those of the vehicle controls (Table 13).

Kidney lesions characteristic of spontaneous
progressive nephropathy were seen in all groups
of male rats (Table 14). Although the incidences
of this lesion (diagnosed as nephrosis) were
greater in all dosed groups except that receiving
4,000 mg/kg, the severity of the lesions in dosed
and vehicle control rats was similar. Accumula-
tion of hyaline droplets in the cytoplasm of epi-
thelial cells was observed in convoluted tubules

of the renal cortex in all dosed groups of male
rats. At the time of this study, these lesions
were not considered to be life threatening.

Hypospermatogenic tubules (minimal to mild)
were seen in the testis of dosed male rats in the
higher dose groups. The severity of the lesion
was not increased with increasing dose of
chemical.

Inflammation of the salivary gland, suggestive
of viral sialodacryoadenitis, was seen in some
high dose male and female rats.

Dose Selection Rationale: Based on the incidence
of deaths and weight gain depression observed in
both 13-week studies, doses selected for the 2-
year studies in rats were 500 and 1,000 mg/kg
dimethyl methylphosphonate, administered in
corn oil by gavage, 5 days per week for 103
weeks. The kidney lesions were not considered
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 10/10 125+ 3 340+ 5 +215+ 4 --
250 10/10 123t 4 324+ 14 +201 + 12 95
500 10/10 121+ 4 336+ 12 +215 %+ 10 99
1,000 10/10 126 £ 3 336 + 4 +210+ 4 99
2,