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NOTE TO THE READER

These studies are ‘desi%_ne.d and conducted to characterize and evaluate the toxicologic potential, in-
cluding carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and
mice). Chemicals selected for testms in the NTP Carcinogenesis Program 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 carcmogemc potential. NeFatwe results, in which the test animals do not have a greater
incidence of cancer than control animals, do not necessarily mean that a test chemical is not a
carcinogen, inasmuch as the exgengnen_ts are conducted under a limited set of conditions. Positive
results demonstrate that a test chemical is carcinogenic for animals under the conditions of the test and
indicate that exposure to the chemical has the potential for hazard to humans. The determination of the
risk to humans from chemicals found to be carcinogenic in animals requires a wider analysis which
extends beyond the purview of this study.

Five categories of interpretative conclusions were adopted for use in June 1983 in the Technical Reports
series to specifically emphasize consistency and the concept of actual evidence of carcinogenicity. For
each definitive study result (male rats, female rats, male mice, female mice), one of the following quintet
will be 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 Carcinogenicity is demonstrated by studies that are interpreted as showing
a chemically related increased incidence of malignant neoplasms, studies that exhibit a
substantially increased incidence of ben:ﬁr:e neoplasms, or studies thag exhibit an increased
incidence of a combination of malignant and benign neoplasms where each increases with dose.

o Some Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showin
a chemically related increased incidence of benign neoplasms, studies that exhibit margina
increases in neoplasms of several organs/tissues, or studies that exhibit a slight increase in
uncommon malignant or benign neoplasms,

¢ Equivocal Evidence of Carcinogenicity is demonstrated by studies that are interpreted as
showing a chemically related marginal increase of neoplasms.

¢ No Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing no
chemically related increases in malignant or benign neoplasms.

¢ Inadequate Study of Carcinogenicity demonstrates that because of major qualitative or
quantitative limitations, the studies cannot be interpreted as valid for showing either the
presence or absence of a carcinogenic effect.

Additionally, the following concepts (as l\?atterne_d from the International A%ency 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 neoglasms not
usugllar observed, the earlier induction by chemicals of neoplasms that are cognmonlgr observed, or
the induction by chemicals of more neoplasms than are generally found. 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 neoglasms or of a combination of malignant and benign neoplasms.
In the Technical Reports, the words tumor and neoplasm are used interchangeably.

This study was initiated by the National Cancer Institute’s Carcinogenesis Bioassay Program, now part
of the National Institute of Environmental Health Sciences, National Toxicology Program. The studies
described in this Technical Report have been conducted in concxlphance with NTP chemical health and
safety requirements and must meet or exceed all applicable Federal, state, and local health and safety
regulations. All NTP toxicology and carcinogenesis studies are subjected to a data audit before being
presented for peer review,

Although every effort is made to prepare the Technical Re%orts as accurately as possible, mistakes may
occur. Readers are reqfuested to identify any mistakes so that corrective action may be taken. Further
anyone who is aware of related ongoing o:;ﬁ;lbhshed studies not mentioned in this report is encoprageci
to make this information known to the NTP, Comments and questions about the National Toxicolo
Program Technical Reports on Toxicology and Carcinogenesis Studies should be directed to Dr. J .E. Hulf,
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.sS. Degart}nent of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Sm%le
copies of this Technical Re rt are available without char%e gand' while supplies last) from the NTP
123'\71’?(1,19(: Information Office, National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC
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CH30—P —N 0O

CH30
DIMETHYL MORPHOLINOPHOSPHORAMIDATE

CAS No. 597-25-1

Synonyms: Dimethyl morpholinophosphonate; Phosphonic acid, morpholino,
dimethyl ester; DMMPA; Phosphonic acid, 4-morpholinyl-, dimethyl ester

CgH14NO4P Molecular weight: 195.16

ABSTRACT

Dimethyl morpholinophosphoramidate (DMMPA, greater than 99% pure) was developed for use as a
simulant for the physical (but not biologic) properties of anticholinesterase agents in chemical de-
fense training. Because of the potential for human exposure, the toxicity and carcinogenicity of
DMMPA were investigated. Fourteen-day and 13-week studies were conducted to determine short-
term toxicity, to identify target organs, and to establish doses for the 2-year toxicology and carcino-
genesis studies.

In the 14-day studies, groups of five male and five female F344/N rats were administered DMMPA in
corn oil by gavage daily at 0, 313, 625, 1,250, 2,500, or 5,000 mg/kg body weight for 14 consecutive
days. All the rats receiving DMMPA at 2,500 or 5,000 mg/kg, except one male receiving 5,000 mg/kg,
died before the end of the studies. Rats receiving DMMPA at doses of 1,250 mg/kg or less survived.
The final mean body weights of the surviving dosed rats were within * 8% of those of the vehicle con-
trols. Compound-related gross lesions were not found at necropsy. Groups of five B6C3F; mice of
each sex were given DMMPA by the same route on the same schedule at 0, 250, 500, 1,000, 2,000, or
4,000 mg/kg. All the mice given DMMPA at 2,000 or 4,000 mg/kg died before the end of the studies.
Mice administered DMMPA at doses of 1,000 mg/kg or less survived. The final mean body weight of
the male mice given DMMPA at 1,000 mg/kg was 14% greater than that of the vehicle controls,
whereas that of the other dosed survivors was within 10% of that of the vehicle controls. Compound-
related gross lesions were not found at necropsy.

In the 13-week studies, groups of 10 male and 10 female F344/N rats and B6C3F; mice were given
DMMPA by gavage in corn oil at 0, 200, 400, 800, 1,200, or 1,600 mg/kg body weight, 5 days per week
for 13 weeks. All rats given DMMPA at 400 mg/kg or less survived, and no more than 3/10 died in
any of the higher dose groups. The final mean body weights of the dosed male rats were 6% to 11%
greater than that of the vehicle controls; weights of the dosed female rats were similar to that of the
vehicle controls (~6% to 1%). There was a dose-related increase in liver weight/body weight ratio.
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All the mice given DMMPA at 1,600 mg/kg, except one female, died before the end of the 13-week
studies; mice receiving DMMPA at 1,200 mg/kg or less survived. The final mean body weights of the
dosed male mice were 3.4% to 6.9% greater than that of the vehicle controls. The final mean body
weights of dosed female mice and vehicle controls were similar. Compound-related gross or histo-
pathologic changes were not observed in rats or mice.

In the 2-year toxicology and carcinogenesis studies, groups of 50 male and 50 female F344/N rats
were given DMMPA in corn oil by gavage at doses of 0, 150, 300, or 600 mg/kg body weight, 5 days per
week for 103 weeks. Groups of 50 male B6C3F; mice were given DMMPA at 0, 150, or 300 mg/kg body
weight, and groups of 50 female B6C3F; mice were given DMMPA at 0, 300, or 600 mg/kg body
weight on the same schedule. Doses of 300 or 600 mg/kg were originally selected for male mice for the
2-year study; because 19/50 high dose male mice died by week 19, all male mice were killed and doses
of 0, 150, and 300 mg/kg were selected for the restart of the 2-year study in male mice. The survival of
high dose male (22/50) and female (24/50) rats was reduced (P <0.025) relative to that of the male
(37/50) and female (36/50) vehicle controls. Mean body weights were less than 10% lower in the mid
dose and high dose male rats and in the high dose female rats than in the vehicle controls. DMMPA
administration did not significantly affect body weight gain or survival of male and female mice.

At the 600 mg/kg dose, increased (P <0.05) incidences of mononuclear cell leukemia occurred in both
male rats (vehicle control, 14/50; 150 mg/kg, 21/50; 300 mg/kg, 19/50; 600 mg/kg, 25/50) and female
rats (9/50; 13/50; 12/49; 18/50). DMMPA-related neoplastic or nonneoplastic lesions were not ob-
served in the dosed mice.

DMMPA was not mutagenic in strains TA100, TA1535, TA1537, or TA98 of Salmonella typhimurium
in the presence or absence of Aroclor 1254-induced male Sprague-Dawley rat or male Syrian hamster
liver 89. DMMPA was mutagenic in the L5178Y/TK */~ mouse lymphoma assay in the absence of S9;
it was not tested in the presence of S9. DMMPA induced chromosomal aberrations and sister-
chromatid exchanges in Chinese hamster ovary cells in the absence of S9, but cytogenetic effects were
not observed in the presence of Aroclor 1254-induced rat liver S9.

An audit of the experimental data for these 2-year carcinogenesis studies on DMMPA was conducted.
No data discrepancies were found that influenced the final interpretations.

Under the conditions of these 2-year gavage studies, there was some evidence of carcinogenicity* for
male and female F344/N rats given dimethyl morpholinophosphoramidate, as indicated by increased
incidences of mononuclear cell leukemia. There was no evidence of carcinogenicity for male and fe-
male B6C3F) mice given dimethyl morpholinophosphoramidate at doses of 150 (male), 300, or 600
(female) mg/kg for 2 years.

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2.
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SUMMARY OF PEER REVIEW COMMENTS ON THE TOXICOLOGY AND
CARCINOGENESIS STUDIES OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

On November 2, 1984, the draft Technical Report on the toxicology and carcinogenesis studies of di-
methyl morpholinophosphoramidate (DMMPA) received peer review by the National Toxicology Pro-
gram Board of Scientific Counselors’ Technical Reports Review Subcommittee and associated Panel of
Experts. The review meeting began at 9:00 a.m. in the Conference Center, Building 101, South Cam-
pus, National Institute of Environmental Health Sciences, Research Triangle Park, North Carolina.

Dr. Kociba, a principal reviewer, agreed in principle with the conclusion; however, he did question
the interpretation that F344/N rat leukemia in female rats supported some evidence of carcinogenic-
ity. Based on the historical control incidence range (16% to 42%) that bracketed the rates for all dosed
female groups, he favored a designation of equivocal evidence of carcinogenicity. Dr. P. Chan, NTP,
explained that the conclusion of some evidence of carcinogenicity in rats was supported by a
comparison with concurrent controls and by this being the first study completed by the NTP in which
there were significant increases in the incidences of mononuclear cell leukemia in both male and
female rats. On two other issues, Dr. Kociba said that cholinesterase monitoring might have helped
to define the toxicity that necessitated a restarting of the studies in male mice and, given the
projected use for DMMPA, dermal application may have been a more appropriate route of exposure.

As a second principal reviewer, Dr. Van Ryzin agreed with the conclusions. He said that the survival
data suggest that the estimated maximal tolerated dose was exceeded for high dose male and female
rats and for female mice but that the life table test adequately adjusted for this and the results were
not compromised. Dr. Van Ryzin thought that more supporting information was needed before the
liver could be considered the site of DMMPA detoxification and that liver enlargement was related to
microsomal enzyme induction; he also suggested that the speculation that genetic toxicity was the
basis for carcinogenicity of DMMPA should be deleted. Mr. Beliczky considered that the increase in
liver weight was an important observation and the speculation was reasonable.

As a third principal reviewer, Dr. Harper stated he would have interpreted the rat leukemia data as
clear evidence of carcinogenicity for both sexes and given more weight to concurrent control data. He
also thought that there was equivocal evidence of carcinogenicity in male mice based on the positive
trend for hepatocellular carcinomas. Dr. Chan explained that pairwise comparisons did not show sta-
tistically significant increases for hepatocellular carcinomas and combining those with the incidences
of heptocellular adenomas eliminated the positive trend; he said that some evidence of
carcinogenicity was chosen for the leukemias rather than clear evidence of carcinogenicity because
the incidences were increased only at the high dose and this is a relatively common neoplasm in
F344/N rats. Dr. Swenberg commented that the grading of the lesions into stages as reported tended
to support a high-dose effect and the appropriateness of some evidence of carcinogenicity.

In further discussion concerning the mononuclear cell leukemias in rats, Dr. Friess suggested that
since the leukemias are malignant in all stages, clear evidence of carcinogenicity was supported. Dr.
G. Boorman, NTP, indicated that this lesion was common in the F344/N rat and was variable among
different control groups. Dr. J. Haseman, NIEHS, added that there was lack of agreement between
the results of the incidental tumor test and the life table test, even though the life table test was more
appropriate for the lesion, since leukemias are lethal. Dr. E. McConnell and Dr. J. Huff, NTP, com-
mented that the criteria for assigning the categories of evidence as currently used by the NTP should
not be considered too narrowly and these should be used with sufficient latitude for interpretation of
the wide variations of experimental outcomes.

Dr. Van Ryzin moved that the Technical Report on the toxicology and carcinogenesis studies of
dimethyl morpholinophosphoramidate be accepted. Dr. Swenberg seconded the motion, and the
report was approved by nine affirmative votes. There was one negative vote (Mr. Beliczky).
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I. INTRODUCTION
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DIMETHYL MORPHOLINOPHOSPHORAMIDATE

CAS No. 597-25-1

Synonyms: Dimethyl morpholinophosphonate; Phosphonic acid, morpholino,
dimethyl ester; DMMPA; Phosphonic acid, 4-morpholinyl-, dimethyl ester

CgH 4NO4P

The Canadian Defence Research Establishment,
Suffield, Canada, developed dimethyl morpho-
linophosphoramidate (DMMPA), an organophos-
phate, for use as a simulant for the physical (but
not the biologic) properties of nerve agents in
chemical defense training. The U.S. Army and
its allied forces have considered the use of
DMMPA in their chemical defense training
programs. The use of DMMPA for other pur-
poses is not known. The compound is not pro-
duced commercially in the United States, and
import figures are not available.

DMMPA is a clear, colorless liquid with an odor
reminiscent of choline. Various properties of
DMMPA are given in Table 1.

The LDsg values of DMMPA in albino mice
(strain unspecified) were 0.4 g/kg body weight
intravenously, 3.3 g/kg orally, 4.8 g/kg intra-
muscularly, and 5.0 g/kg intraperitoneally; in
albino rats (strain unspecified), 6 g’kg orally,
5.2 g/kg intramuscularly, and 2.4 g/kg intraperi-
toneally; and in New Zealand rabbits, 0.35 g/kg
intravenously (Coleman, 1977a). Death was due
to respiratory failure in these species.

In rats, a single oral dose (3.5-5.8 g/kg) of
DMMPA decreased blood pressure, heart rate,
and respiratory rate. The rats that died after a
single dose (higher than 5.4 g/kg) of DMMPA
had congested lungs with hemorrhage in the
alveolar space. The liver and kidneys also were
congested. Nonfatal doses (less than 5.4 g/kg) of
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Molecular weight: 195.16

DMMPA caused no discernable morphologic and
physiologic changes (Coleman, 1977a).

Daily dermal application of DMMPA to rats
(20 u!) and to New Zealand rabbits (100 pl) for 4
weeks induced no histologic changes at the site
of application or in other organs (McNally and
Adie, 1977). New Zealand rabbits given 62 mg
(30 mg/kg) or 123 mg (60 mg/kg) of DMMPA by
skin application, 5 days a week for 20 weeks,
showed no signs of skin lesions (Coleman,
1977b). No morphologic or physiologic effects
were demonstrated in male or female rats
(strain unspecified) given DMMPA (0.57 g/kg
body weight by gavage) daily for 100-240 days,
other than mild congestion in the lungs, some-
times coupled with a small number of hem-
orrhagic spots. At higher doses (0.9 g/kg),
DMMPA damaged the lungs, liver, and kidneys
and depressed the heart rate.

In reproductive toxicity tests, male and female
rats (strain unspecified) were allowed to mate
after receiving DMMPA orally at 200 pl per day
for 100 days. The number of pregnancies, the
average number of pups per litter, and the num-
ber of stillborn observed were similar to those in
untreated controls. The first generation off-
spring from the dosed parents developed and re-
produced normally. When dosed males were
mated to untreated females or vice versa, the
number of pregnancies, the average number of
pups per litter, and the number of stillborn pro-
duced were also similar to those in untreated
controls (Coleman, 1977b).



TABLE 1. PROPERTIES OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (a)

Empirical formula
Molecular weight
Melting point
Boiling point (3 mm)
Specific gravity (20/20°C)
Refractive index np (25° C)
Vapor pressure (30°C)
Absolute viscosity (25°C)
Stability in water

pH 4.88-6.63,37°C

pH 2.52,37°C

pH 2.37,37°C
Stability in human urine under toluene 2°-5°C
Stability in desiccator 2°-5°C
Solubility

Available purity
Impurities

CeH 4NO,P
195.16
17.6°C

108°-109°C

1.223 g/ece
1.4530
0.01 mm Hg
0.158 stokes

Stablel h
33%lossinlh
60% lossinlh

Stable 6 months
Stable 5 months

Soluble in water, propylene, glycol,

benzene, ether, n-hexane

>99%

N-methylmorpholine

Morpholine

Trimethylphosphate

Methyl chloride

Morpholine analog of DMMPA

Dimorpholine derivative of pyrophosphoric acid

(a) Arbuzov et al,, 1964; McNally and Adie, 1977; Coleman, 1977a; Gray, A., Defence Research Establishment, personal
communication to Dr. S. Olin, Tracor Jitco, Inc., 6/22/77; Dawson et al., 1978

DMMPA placed directly on the corneal surface
of rabbits caused eye irritation and temporary
damage to the conjunctiva and nictitating mem-
brane but had no effect on intraocular pressure
(Coleman, 1977a). The rabbits recovered from
the damage to the conjunctiva and nictitating
membrane in 24 hours.

DMMPA was absorbed readily through the skin
of rats, very little (approximately 1%) DMMPA
being recovered from the site of application 1
hour after topical application of 64 mg of neat
DMMPA (Dawson et al., 1978). Degradation of
DMMPA was not observed in human plasma in-
cubated at 37° C for 3 days. The half-life in blood
of DMMPA administered intravenously (5-50
mg/kg) to New Zealand rabbits was 43 minutes
(Coleman, 1977a). DMMPA was a weak inhibi-
tor of rat brain cholinesterase activity in vitro
(concentration greater than 2.5 X 104 M re-
quired to produce 50% inhibition) (Jones et al.,
1948), but DMMPA at 300 mg/kg administered
by intravenous injection did not affect blood
cholinesterase activity in New Zealand rabbits
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(time of blood sampling was not specified; A.
Gray, Defence Research Establishment, per-
sonal communication to Dr, S. Olin, Tracor Jitco,
Inc., 6/22/77).

When DMMPA at 2-200 mg was administered
intraperitoneally to rats, 1% of the dose was re-
covered in the liver, 0.5% in the kidneys, and
0.5% in the brain 4 hours after administration;
only trace amounts (less than 0.05%) were re-
covered in these tissues 24-48 hours later
(Dawson et al., 1978). Retention of DMMPA in
other organs was not studied. Fifty-eight per-
cent of the intraperitoneally administered
DMMPA in rats was recovered unchanged in the
urine after 24 hours (Dawson et al., 1978), and
25% of the DMMPA administered orally or in-
tramuscularly in humans was recovered un-
changed in the urine after 48 hours (McNally
and Adie, 1977). The amount of unchanged
DMMPA recovered in the urine after topical
application was 25% after 24 hours in rats
(Dawson et al., 1978) and 15% after 48 hours in
humans (McNally and Adie, 1977).
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DMMPA was not mutagenic in strains TA100,
TA1535, TA1537, or TA98 of Salmonella
typhimurium in the presence or absence of
Aroclor 1254-induced male Sprague Dawley rat
or male Syrian hamster liver S9 (Appendix L,
Table L1). However, DMMPA was mutagenic in
the L5178Y/TK*/~ mouse lymphoma assay in
the absence of S9; it was not tested in the
presence of S9. The doses at which a positive
response was obtained were over 2 mg/ml (Ap-
pendix L, Table L2). DMMPA also induced
chromosomal aberrations and sister-chromatid
exchanges in Chinese hamster ovary (CHO) cells
in the absence of S9. Again a dose of 2 mg/ml
was required to produce a positive response.
Cytogenetic effects were not observed in the
presence of Aroclor 1254-induced rat liver S9
(Appendix L, Tables L3 and L4). San (1984)
reported positive effects of DMMPA on chromo-
somal aberrations, sister-chromatid exchanges,
and micronuclei in CHO cells and DNA repair
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inhibition in diploid human skin fibroblasts.
DMMPA was not mutagenic in three
generations of Drosophila melanogaster (S.
Lipnick, U.S. Army, Edgewood Arsenal,
Aberdeen Proving Ground, Maryland, personal
communication to J. Douglas, NCI, 9/9/76).

Study Rationale: DMMPA was selected for long-
term toxicity and carcinogenicity study because
of the potential for human exposure and the lack
of toxicity data. The U.S. Army requested that
the NCI/NTP conduct toxicity studies on
DMMPA and three other nerve agent simulants:
tris(2-ethylhexyl)phosphate (NTP, 1984),
dimethyl hydrogen phosphite (NTP, 1985), and
dimethyl methyl phosphonate. One of these
compounds, dimethyl hydrogen phosphite, was
hydrolyzed readily in water and had to be ad-
ministered in corn oil. For comparative pur-
poses, the four agents were administered in corn
oil by the gavage route.



II. MATERIALS AND METHODS
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II. MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF DIMETHYL
MORPHOLINOPHOSPHORAMIDATE

Dimethyl morpholinophosphoramidate was ob-
tained in three batches from the Defence
Research Establishment, Suffield, Canada
(Table 2). Purity, identity, and stability
analyses were conducted at Midwest Research
Institute (Appendix G). Results of elemental
analyses of lot no. E112877 (batch 01) were in
agreement with theoretical values. Results of
elemental analyses of lot no. E112877 (batch 02)
for phosphorus, nitrogen, and hydrogen were in
agreement with theoretical values; those for
carbon were slightly low (98.6%). Results of
elemental analyses of lot no. D021381 for
carbon, phosphorus, and hydrogen were in
agreement with theoretical values;, those for
nitrogen were slightly high (106.89%). Results
of thin-layer chromatography of lot no. E112877
(batch no. 01) indicated four trace impurities.
Two minor, two trace, and two slight trace
impurities in lot no. E112877 (batch 02) were
detected by thin-layer chromatography. One
minor, three trace, and two slight trace im-
purities in lot no. D021381 were detected by
thin-layer chromatography. Seven impurities
with a combined area of 0.48% that of the major
peak were detected in lot no. E112877 (batch 01)

by gas chromatography. Nine impurities with a
combined area of 0.57% that of the major peak
were detected in lot no. E112877 (batch 02) by
gas chromatography. Ten impurities with a
combined area of 0.64% that of the major peak
were detected in lot no. D021381 by gas
chromatography. Thus, the three batches of
DMMPA used in the studies were approximately
99% pure.

For all three batches, the infrared, ultraviolet/
visible, and nuclear magnetic resonance spectra
were consistent with those expected for the
structure and with the spectra supplied by the
Defence Research Estahlishment, Suffield,
Canada.

The bulk chemical was stable (as measured by
gas chromatography) when stored for 2 weeks at
temperatures ranging from —-20° C to 60° C;
however, discoloration of the 60° C sample indi-
cated possible decomposition not measured by
the analytical method. DMMPA was stored at
the testing laboratory at ~20° C. Periodic re-
analyses of the bulk chemical at the testing
laboratory by infrared spectroscopy and gas
chromatography indicated that no deterioration
of the chemical occurred over the course of the
studies (Appendix G).

TABLE 2. IDENTITY AND SOURCE OF THE LOTS USED IN THE GAVAGE STUDIES OF DIMETHYL
MORPHOLINOPHOSPHORAMIDATE

Fourteen-Day Studies

Thirteen-Week Studies

Two-Year Studies

Lot Numbers Used E112877 (batch 01) E112877 (batch 01) E112877 (batches 01 and 02);
D021381
Date of Initial Use of E112877 (batch 01), E112877 (batch 01), E112877 (batch 01), 4/30/80;
Each Lot 6/13/78 10/16/78 E112877 (batch 02), 10/22/80;
D021381, 4/22/81
Supplier Defence Research Same as 14-d studies Same as 14-d studies
Establishment,
Suffield, Canada
DMMPA, NTP TR 298 20



II. MATERIALS AND METHODS

PREPARATION AND
CHARACTERIZATION OF DOSE
MIXTURES

- DMMPA and corn oil were mixed to give the
desired concentrations (Table 3). DMMPA (10%
w/v) in corn oil was found to be stable when
stored at room temperature for 7 days (Appendix
H). DMMPA/corn oil mixtures were stored at
room temperature for no longer than 7 days.
Formulations of DMMPA in corn oil were
periodically selected at random and analyzed in

duplicate by gas chromatography at the testing
laboratory to estimate the accuracy with which
formulations were prepared over the course of
the studies (Appendix I). In addition, a split
sample was sent to the analytical chemistry
laboratory for referee analysis six times each
year during the 2-year studies. Because 3/48
samples analyzed were not within 10% of the
target concentrations, the dose solutions are
estimated to have been prepared within
specifications 94% of the time (Table 4;
Appendix J, Table J2).

TABLE 3. PREPARATION AND STORAGE OF DOSE MIXTURES IN THE GAVAGE STUDIES OF
DIMETHYL MORPHOLINOPHOSPHORAMIDATE

Fourteen-Day Studies Thirteen-Week Studies Two-Year Studies
Preparation A known quantity of Same as 14-d studies DMMPA was pipetted into a
DMMPA was diluted graduated cylinder, diluted to

with corn oil required volume with corn oil,
and thoroughly mixed by
inversion
Maximum Storage 4d 4d 7d
Time
Storage Conditions Room temperature Room temperature Room temperature

TABLE 4. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES OF
DIMETHYL MORPHOLINOPHOSPHORAMIDATE

Concentration of DMMPA in Corn 0Oil

for Target Concentration (mg/ml)

45 mg/ml 90.1 mg/ml 180.2 mg/ml
Mouse Rat Mouse Rat
Mean (mg/ml) 444 91.3 91.1 180.6 181.5
Standard deviation 1.96 4.18 4.22 16.69 15.80
Coefficient of variation (percent) 44 4.6 4.6 9.2 8.7
Range (mg/ml) 40.9-47.4 82.7-99.9 82.7-99.9 160.6-221.0 160.6-221.0
Number of samples 16 15 15 13 13
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II. MATERIALS AND METHODS

FOURTEEN-DAY STUDIES

Three-week-old male and female F344/N rats
and 6-week-old male and female B6C3F; mice
were obtained from Harlan Industries (Indiana-
polis, Indiana) and held in quarantine for 2
weeks before the studies began. The animals
were identified by ear cut and cage card. Groups
of five rats of each sex were administered
DMMPA in corn oil at doses of 0, 313, 625, 1,250,
2,500, or 5,000 mg/kg body weight by gavage for
14 consecutive days. Groups of five mice of each
sex were administered 0, 250, 500, 1,000, 2,000,
or 4,000 mg/kg on the same schedule. The dose
volume was 4.1 ml/kg for rats and 3.3 ml/kg for
mice. The doses were selected based on toxicity
data from technical reports supplied by the De-
fence Research Establishment, Suffield, Canada
(Coleman, 1977a,b). The purpose of the 14-day
studies was to set doses for the 13-week studies.

Animals were housed five per cage and received
water (acidified to pH 2.5 with hydrochloric acid
to inhibit bacterial growth) and feed ad libitum.
The rats and mice were observed once per day
and were weighed on days 1 and 15 of the
studies. Necropsies were performed on all
animals. Further details of animal maintenance
are presented in Table 5.

THIRTEEN-WEEK STUDIES

Thirteen-week studies were conducted to
evaluate the cumulative toxic effects of repeated
administration. of DMMPA and to determine the
doses to be used in the 2-year studies.

Four-week-old male and female F344/N rats and
B6C3F; mice were obtained from Harlan Indus-
tries, observed for 3 weeks (rats) or 17 days
(mice) in quarantine, and then assigned to cages
according to a table of computer-generated
random numbers. The cages were then assigned
to dosed and vehicle control groups according to
another table of random numbers.

Groups of 9 or 10 rats and mice of each sex were

administered DMMPA at doses of 0, 200, 400,
800, 1,200, or 1,600 mg/kg body weight in corn
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oil by gavage, 5 days per week for 13 weeks. The
doses were selected based on mortality rates in
the 14-day studies. Further experimental
details are summarized in Table 5.

Animals were checked twice daily; moribund
animals were killed. Individual animal weights
were recorded weekly.

At the end of the 13-week studies, survivors
were killed. Liver and lung weights were re-
corded for all survivors because Coleman
(1977b) reported that DMMPA administration
caused an increase in lung and liver weights.
Necropsies were performed on all animals except
those excessively autolyzed or cannibalized. Tis-
sues and groups examined are listed in Table 5.

TWO-YEAR STUDIES
Study Design

Groups of 50 rats of each sex were administered
DMMPA in corn oil by gavage at doses of 0, 150,
300, or 600 mgrkg body weight, 5 days per week
for 103 weeks. Initially, all rat groups contained
50 animals; but during week 1, a rat in the mid
dose female group was determined to be a male
and was removed from the study. Groups of 50
male mice were administered 0, 150, or 300
mg/kg and groups of 50 female mice were
administered 0, 300, or 600 mg/kg on the same
schedule.

Source and Specifications of Test Animals

The male and female F344/N rats and B6C3F,
(C57TBL/6N, female, X C3H/HeN MTV ™, male)
mice used in this study were produced under
strict barrier conditions at Charles River Breed-
ing Laboratories under a contract to the Car-
cinogenesis Program. Breeding starts for the
foundation colony at the production facility orig-
inated at the National Institutes of Health Re-
pository. Animals shipped for testing were prog-
eny of defined microflora-associated parents that
were transferred from isolators to barrier-main-
tained rooms. Rats were shipped to the testing
laboratory at 4 weeks of age and mice at 5-6



TABLE 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF
DIMETHYL MORPHOLINOPHOSPHORAMIDATE

Fourteen-Day Studies

Thirteen-Week Studies

Two-Year Studies

EXPERIMENTAL DESIGN

Size of Test Groups

Doses

Date of First Dose

Date of Last Dose

Duration of Dosing

Type and Frequency
of Observation

Necropsy and
Histologic
Examination

5 males and 5 females
of each species

Rats--0, 313, 625, 1,250,
2,500, or 5,000 mg/kg
DMMPA in corn oil by

gavage; mice--0, 250, 500,

9or 10 males and 10 females
of each species

0, 200, 400, 800, 1,200, or
1,600 mg/kg DMMPA in
corn oil by gavage;

dose vol--10 ml/kg for

1,000, 2,000, or 4,000 mg/kg rats and mice

DMMPA in corn oil by

gavage; 5,000 mg/kg dose

given neat; dose vol--3.3

mUkg (mice); 4.1 mUkg (rats)

Rats--6/14/78;
mice--6/13/78

Rats--6/27/78;
mice--6/26/78

14d

Observed daily; weighed
ondland15

Necropsy performed on
all animals

ANIMALS AND ANIMAL MAINTENANCE

Strain and Species

Animal Source

F344/N rats;
B6C3F, mice

Harlan Industries, Inc.
(Indianapolis, IN)

10/16/78

Rats--1/17/79;
mice--1/15/79

§ d/wk for 13 wk

Observed 2 X d; clinical
observations and body
weights recorded 1 X wk

Necropsy performed on all
animals; histologic exam
performed on all animals in
the vehicle control and the
1,600 mg/kg groups and on
animals that died before the
end of the studies; tissues
examined: gross lesions and
tissue masses, mandibular or
mesenteric lymph nodes,
salivary glands, sternebrae
(including marrow), thyroid
gland, parathyroids, small in-
testine, colon, liver, gall-
bladder (mice), prostate/
testes or ovaries/uterus,
lungs and mainstem bronchi,
skin, heart, esophagus,
stomach, brain, thymus, pan-
creas, spleen, kidneys, adrenal
glands, urinary bladder,
pituitary gland, trachea;
liver and lung weights
recorded for all survivors

Same as 14-d studies

Same as 14-d studies
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50 males and 49 or 50 females
of each species

Rats--0, 150, 300, or 600 mg/kg
DMMPA in corn oil by gavage;
male mice--0, 150, or 300 mg/kg;
female mice--0, 300, or 600
mg/kg DMMPA in corn oil by
gavage; dose vol--3.3 ml/kg for
rats and mice

Rats--4/30/80; mice--female:
5/14/80; male: 1/6/81

Rats--4/23/82; mice--female:
5/10/82; male: 12/31/82

S5d/wk for 103 wk

Observed 2 X d;

palpated 1 X 4 wk; weighed
1 X wk for 13 wkand 1 X mo
thereafter

Necropsy performed on all
animals; histologic exam
performed on all animals;
tissues examined include:

gross lesions and tissue masses,
blood smear, mandibular and
mesenteric lymph nodes,
salivary glands, sternebrae,
(including marrow), thyroid
gland, parathyroids, colon,
liver, urinary bladder,
prostate/testes/seminal

vesicles or ovaries/uterus, lungs
and mainstem bronchi, cecum,
skin, gallbladder (mice), thigh
muscle, costochrondral junction
(rib), larynx, nasal cavity,
heart, esophagus, stomach,
brain, thymus, pancreas,
spleen, kidneys, adrenal glands,
pituitary gland, eyes, mammary
gland, duodenum, ileum, sciatic
nerve, rectum, jejunum

Same as !4-d studies

Rats--Charles River Breeding
Laboratories (Portage, MI);
mice--Charles River Breeding
Laboratories (Kingston, NY)
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TABLE 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF
DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

Fourteen-Day Studies

Thirteen-Week Studies

Two-Year Studies

ANIMALS AND ANIMAL MAINTENANCE (Continued)

Testing Laboratory
Time Held Before Test

Age When Placed on
Study

Age When Killed

Necropsy Dates

Maethod of Animal
Distribution

Animal Identification

Feed

Bedding

Water

Cages

Cage Filters

Animals per Cage

Other Chemicals on
Test in the Same
Room

Animal Room
Environment

Litton Bionetics, Inc.
2wk

Rats--5 wk; mice--8 wk

Rats--7 wk; mice--10 wk

Rats--6/28/78;
mice--6/27/78

Assigned to groups
so that average cage
weights were
approximately equal

Ear cut and cage card

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

Absorb-Dri® (Lab
Products, Inc.,
Garfield, NJ)

Acidified to pH 2.5 with
HCI, available ad libitum

Polycarbonate (Lab
Products, Inc., Garfield,
NJ, and Hazleton Systems
Aberdeen, MD)

Nonwoven filter paper
(Snow Filtration Co.,
Cincinnati, OH)

5

Tris(2-ethylhexyl)phos-
phate

Temp--23° £ 1°C;

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

Same as 14-d studies
Rats--3 wk; mice--17 d

7wk

20 wk
Rats--1/18-1/19/79;
mice--1/16-1/17/79

Assigned to cages, then to
groups according to a series
of computer-generated
random numbers

Same as 14-d studies

Purina Lab Chow Pellets
(Ralston Purina, St. Louis,
MO); available ad libitum

Same as 14-d studies

Same as 14-d studies

Polycarbonate (Lab Products,
Inc., Garfield, NJ)

Same as 14-d studies

None

Same as 14-d studies

Same as 14-d studies
2wk

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

Rats--111 wk; mice--112-113 wk

Rats--5/3/82-5/7/82; mice--
female: 5/17/82-5/18/82;
male: 1/10/83-1/11/83

Same as 13-wk studies

Ear tag (rats), ear punch (mice),
toe clip, and cage card

NIH 07 Open formula (Zeigler
Bros., Gardners, PA); available
ad libitum

Absorb-Dri®, heat-treated
hardwood chips (Williams

Feed and Bedding, Co.,
Gaithersburg, MD) and
Sani-Chips (P.J. Murphy Forest
Products Corp., Rochelle Park,
NJ)

Same as 14-d studies

Polycarbonate (Lab Products,
Inc., Garfield, NdJ, or

Rochelle Park, NJ, and
Hazleton Systems,

Aberdeen, MD)

Same as 14-d studies

None

Temp--20°-27°C;

rel hum--16%-98%;
fluorescent light 12 h/d;
12-15 room air changes/h
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II. MATERIALS AND METHODS

weeks of age. The animals were quarantined at
the testing facility for 2 weeks. Thereafter, a
complete necropsy was performed on five ani-
mals of each sex and species to assess their
health status. The rats were placed on study at 6
weeks of age, and the mice, at 7-8 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 (Appendix
K).

A quality control skin grafting program has
been in effect since early 1978 to monitor the
genetic integrity of the inbred mice used to pro-
duce the hybrid B6C3F; test animal. In mid-
1981, data were obtained that showed incompat-
ibility between the NIH C3H reference colony
and the C3H colony from a Program supplier. In
August 1981, inbred parental lines of mice were
further tested for genetic integrity via isozyme
and protein electrophoretograms that demon-
strate phenotype expressions of known genetic
loci. The C57BL/6 mice were homogeneous at all
loci tested. Eighty-five percent of the C3H mice
monitored were variant at one to three loci, indi-
cating some heterogeneity in the C3H line from
this supplier. Nevertheless, the genome of this
line is more homogeneous than that of randomly
bred stocks.

Male mice from the C3H colony and female mice
from the C57BL/6 colony were used as parents
for the hybrid B6C3F; mice used in these stud-
ies. The influence of the potential genetic non-
uniformity in the hybrid mice on these results is
not known, but results of the studies are not
affected because concurrent controls were in-
cluded in each study.

Animal Maintenance

Animals were housed five per cage in polycar-
bonate cages. Feed and water (acidified to pH
2.5 with 0.1N hydrochloric acid) were available
ad libitum. Further details of animal main-
tenance are given in Table 5.
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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 study and once
per month thereafter. Mean body weights were
calculated for each group. Moribund animals
were killed, as were animals that survived to the
end of the study. Necropsies were performed on
all animals, including those found dead unless
they were excessively autolyzed or cannibalized.
Thus, the number of animals from which par-
ticular organs or tissues were examined micro-
scopically varies and is not necessarily equal to
the number of animals that were placed on study
in each group.

Examinations for grossly visible lesions were
performed on major tissues or organs. Tissues
were preserved in 10% neutral buffered forma-
lin, embedded in paraffin, sectioned, and stained
with hematoxylin and eosin. Tissues examined
microscopically are listed in Table 5.

When the pathology examination was com-
pleted, the slides, individual animal data rec-
ords, and summary tables were sent to an inde-
pendent quality assurance laboratory. Indi-
vidual animal records and tables were compared
for accuracy, slides and tissue counts were veri-
fied, and histotechnique was evaluated. All tu-
mor diagnoses, all target tissues, and all tissues
from a randomly selected 10% of the animals
were evaluated by a quality assurance patholo-
gist. Slides of all target tissues and those about
which the original and quality assurance pathol-
ogists disagreed were submitted to the Chair-
person of the Pathology Working Group (PWQ)
for evaluation. Representative coded slides se-
lected by the Chairperson were reviewed by
PWG pathologists, who reached a consensus and
compared their findings with the original and
quality assurance diagnoses. When diagnostic
differences were found, the PWG sent the ap-
propriate slides and comments to the original
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II. MATERIALS AND METHODS

pathologist for review. 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.

Nonneoplastic lesions are not examined rou-
tinely by the quality assurance pathologist or
the PWG. Certain nonneoplastic findings are re-
viewed by the quality assurance pathologist and
the PWG if they are considered part of the toxic
response to a chemical or if they are deemed of
special interest.

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 rot 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. 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 le-
sions at a specific anatomic site to the number of
animals in which that site was examined. In
most instances, the denominators include only
those animals for which the site was examined
histologically. However, when macroscopic ex-
amination was required to detect lesions (e.g.,
skin or mammary tumors) prior to histologic
sampling, or when lesions could have appeared
at multiple sites (e.g., lymphomas), the
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denominators consist of the number of animals
on which necropsies were 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
similar. 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. All reported P values for tumor
analyses are one-sided.

Life Table Analyses--The first method of analy-
sis 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. Ac-
cording 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
combined by the Mantel-Haenszel method to
obtain an overall P value. This method of
adjusting for intercurrent mortality is the life
table method of Cox (1972) and of Tarone (1975).

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”; ie., 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



II. MATERIALS AND METHODS

terminal-kill period. The denominators of these
proportions were the number of animals on
which necropsies were actually performed
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
incidence. 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 appendix
containing the analyses of primary tumor
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incidence. These two tests are based on the
overall proportion of tumor-bearing animals and
do not adjust for survival differences.

Historical Conirol Data: Although the con-
current vehicle control group is always the first
and most appropriate vehicle control group used
for decisionmaking, there are certain instances
in which historical control data can be helpful in
the overall evaluation of tumor incidence. Con-
sequently, control tumor incidences from the
NTP historical control data base (Haseman et
al., 1984) are included for those tumors in these
studies appearing to show compound-related
effects.
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III. RESULTS

RATS

FOURTEEN-DAY STUDIES
THIRTEEN-WEEK STUDIES
TWO-YEAR STUDIES
Body Weights and Clinical Signs
Survival
Pathology and Statistical Analyses of Results

MICE

FOURTEEN-DAY STUDIES
THIRTEEN-WEEK STUDIES
TWO-YEAR STUDIES
Body Weights and Clinical Signs
Survival
Pathology and Statistical Analyses of Results
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III. RESULTS: RATS

FOURTEEN-DAY STUDIES

All male and female rats that received dimethyl
morpholinophosphoramidate at 2,500 mg/kg, all
female rats that received 5,000 mg/kg, and 4/5
male rats that received 5,000 mk/kg died before
the end of the studies (Table 6). The final mean
body weights of male and female rats that
received 1,250 mg/kg were approximately 8%
lower than that of the vehicle controls. At lower

doses, the effects of DMMPA on body weight did
not follow a dose-related pattern. Necropsies
were performed on all animals. Compound-
related gross lesions were not observed. Tissues
were not examined microscopically. Based on
the toxicity and survival data, 1,600 mg/kg was
selected as the highest dose for the 13-week
studies.

TABLE 8. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE FOURTEEN-DAY GAVAGE
STUDIES OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

Final Weight Relative ’

Mean Body Weights (grams)
Dose Survival (a) Initial (b) Final Change to Vehicle Controls
(mg/kg) (percent)
MALE
0 §/5 112 151 + 39 -
313 5/5 112 155 + 43 102.6
625 5/5 112 163 + 51 107.9
1,250 8/5 112 140 + 28 92.7
2,500 (c) 0/5 113 () ) d
5,000 (e)1/8 113 157 + 44 104.0
" FEMALE
0 5/5 94 115 +21 -
313 5/5 91 111 + 20 96.5
- 626 5/5 95 111 + 16 6.5
1,250 5/5 93 106 +13 92.2
2,500 (£ 0/5 92 @ (d) @
5,000 (2 0/5 94 ) @ (d)

(a2) Number surviving/number in group
(b) Initial group body weight
(c) All deaths were on day 3.
(d) All animals died before the end of the studies.
(e) Day of death: 2,3,3,5
() Day of death: 1,2,3,3,3
© (g)Day of death: 2,2,2,2,4
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III. RESULTS: RATS

THIRTEEN-WEEK STUDIES

The following animals died during the studies:
1/10 males that received 800 mg/kg, 3/10 males
and 2/10 females that received 1,200 mg/kg, and
1/10 males and 1/10 females that received 1,600
mg/kg (Table 7). The death of a male rat during
week 1 in the 1,200 mg/kg group was attributed
to gavage injury. Dosed male rats gained more
weight than did the vehicle controls. Final
mean body weights of female rats were not dose
related. Both male and female vehicle controls
lost weight between weeks 1 and 2, whereas
dosed rats gained approximately 20 g. Mal-
functioning of the automatic watering system in
one cage in each of the vehicle control male and

female groups may have been responsible for the
weight loss.

Absolute and relative liver weights of dosed rats
of each sex were greater than those of the vehicle
controls; the increase was dose related (Table 8).
Compound-related gross or microscopic patho-
logic lesions and effects on lung weight were not
observed.

Dose Selection Rationale: Based on the toxicity,
liver weight, and survival data, doses selected
for rats for the 2-year studies were 0, 150, 300, or
600 mg DMMPA/kg body weight in corn oil, to
be administered 5 days per week by gavage.

TABLE 7. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK GAVAGE
STUDIES OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

Mean Body Weights (grams)

Final Weight Relative

Dose Survival (a) Initial (b) Final Change to Vehicle Controls
(mg/kg) (percent)
MALE
0 10/10 131 258 + 127 -
200 10/10 134 286 + 152 110.9
400 10/10 132 274 + 142 106.2
800 (c)9/10 135 282 + 147 109.3
1,200 (d)7/10 128 285 + 157 110.5
1,600 (e)9/10 130 275 + 145 106.6
FEMALE
0 10/10 105 179 + 74 --
200 10/10 104 175 + 71 97.8
400 10/10 101 169 + 68 94.6
800 10/10 109 180 + 71 100.6
1,200 £)8/10 103 169 + 66 94.4
1,600 (g)9/10 107 176 + 69 98.3

(a) Number surviving/number in group
(b) Initial group body weight

(c) Week of death: 11

(d) Week of death: 1,13,13

(e) Week of death: 8

(f) Week of death: 10,11

(g) Week of death: 13
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TABLE 8. BODY, LIVER, AND LUNG WEIGHTS IN RATS IN THE THIRTEEN-WEEK GAVAGE STUDIES
OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

No. Weight Relative Organ Weight
Dose Examined at Necropsy Liver Weight Lung Weight Liver/Body Lung/Body
(mg/kg) (grams) (grams) (grams) (mg/kg) (mg/kg)
MALE
0 10 (a)255.7 + 26.5 7.98 £ 0.69 1.25 £ 0.18 (a)31.8 £4.27 (a)4.8 £0.62
200 10 (b)288.6 *+ 19.2 (b)10.60 £ 1.75 1.38 £0.17 36.6 £ 4.59 48 +0.52
400 10 2684 £ 174 (b)10.69 * 1.89 140 £ 0.27 (b)39.8 £ 6.38 5.2 £0.96
800 9 270.1 £ 32.0 (b)11.86 £ 1.06 1,43 £ 0.39 (b)44.3 £ 4.67 5.4 £ 1.50
1,200 7 281.3 + 25.2 (b)12.3¢ £1.29 1.34 £ 0.15 (b)43.9 £ 241 48 £0.28
1,600 9 266.4 £ 109 (b,e)12.86 £ 1.23 1.37 £ 0.17 (b,c)48.7 £ 5.28 5.1 £0.63
FEMALE
0 10 166.8 £ 11.4 4.87 £ 0.71 0.98 £ 0.12 29.2 + 3.94 5.9 £ 0.76
200 10 173.1 £17.1 (b)6.06 £0.83 (d)1.10 £ 0.31 (b)35.1 £3.87 (d)6.4 £0.19
400 10 164.5 + 14.8 (6)5.97 £ 0.79 0.93 £0.10 (b)36.4 £4.73 5.6 £0.59
800 10 1756 £ 14.5 (6)6.70 £ 0.60 1.11 £ 0.13 (b)38.2 £ 2.91 6.3 £ 0.55
1,200 8 162.0 £ 12.8 (b)6.43 £ 0.96 1.01 £ 0.11 (b)Y39.7 £ 5.23 6.3 £0.73
1,600 9 1663 £ 126 (b)7.18 £ 0.96 1.13 £ 0.22 (b)43.1 £ 4.29 6.8 £1.13

(a) Data from nine values (mean t standard deviation). One body weight not taken.
(b) P<0.01, Dunnett’stest (Miller, 1981)

(¢) One liver weight was judged to be in error and was not included in the calculations.
(d) One lung weight was judged to be in error and was not included in the calculations.

TWO-YEAR STUDIES

Body Weights and Clinical Signs

The mean body weights of mid dose and high weights of high dose female rats were slightly
dose male rats were slightly lower than those of  lower than those of the vehicle controls after

the vehicle controls throughout most of the week 32.
studies (Table 9 and Figure 1). The mean body
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TABLE 9. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF
DIMETHYL MORPHOLINOPHOSPHORAMIDATE

Tk, el
on Study Av 0. 0 per- No.o

. 0.
(grams) Survi- (g'rvam) cogtr s&&- (grvam) ceg:r. Surgi- (g:ams) cent  Survi-
vors

veh cont) vors veh cont) vors veh cont) vors
MALE
0 133 50 141 108 50 133 100 50 139 105 50
168 50 174 104 50 166 99 50 171 102 50
203 50 209 103 50 198 98 50 100 50
50 231 102 50 223 98 0 230 101 50
4 250 50 251 100 50 244 98 50 249 100 50
257 50 2568 100 0 253 98 50 256 100 50
€ 276 50 276 100 0 26 97 50 271 98 50
T 50 286 101 0 276 97 50 274 96 50
02 50 297 98 0 2 50 290 96 50
308 50 308 0 2 968 50 295 96 50
10 3168 50 315 100 0 309 98 50 305 97 0
1 324 50 323 0 320 50 316 98 50
1 331 50 331 100 0 325 50 319 96 50
1 341 50 341 100 50 334 98 50 329 96 50
1€ 351 50 359 102 0 344 98 50 336 50
20 367 50 368 100 0 361 98 50 350 95 50
24 50 390 102 50 379 99 50 367 96 50
28 50 402 103 50 389 99 50 376 96 50
32 415 50 419 101 50 404 97 50 388 93 50
36 50 439 102 50 425 99 50 94 50
40 50 451 102 50 432 50 413 93 49
44 447 50 102 50 437 98 50 412 92 49
48 50 470 101 50 450 50 1 93 49
52 4687 50 478 102 50 458 98 50 436 23 49
58 476 50 476 100 50 451 95 50 427 90 49
80 482 50 486 101 50 483 96 49 439 91 48
684 50 487 99 49 95 49 444 91
88 491 50 491 100 470 96 446 81 47
72 49 486 29 48 472 97 47 4468 91 46
(] 49 490 100 47 97 46 451 92 46
32 491 48 486 99 46 472 96 45 449 91 46
494 45 485 98 48 9 95 45 450 9
88 482 44 481 100 43 46 96 43 92 40
92 480 42 475 99 41 457 95 39 439 91 39
96 476 39 97 40 450 95 33 437 92 34
100 470 38 481 98 44 95 32 426 91 30
104 487 38 96 38 30 427 91 23
FEMALE
0 07 50 108 99 50 108 99 49 106 50
1 23 50 121 98 50 123 00 49 121 98 50
2 38 50 38 100 50 139 01 49 136 50
3 46 50 47 101 50 150 03 49 148 101 50
4 57 50 58 101 50 161 03 49 158 101 0
5 61 50 682 101 50 166 03 49 162 101
] 88 50 89 101 50 172 02 49 101 1]
T 176 50 75 100 50 177 01 49 74 0
8 81 50 80 99 50 182 01 49 78 98 50
9 83 50 82 99 50 185 01 49 82 99 50
10 88 50 88 100 50 190 01 49 87 99 Q
11 90 50 92 101 50 193 02 49 92 101 0
12 94 50 93 99 50 195 01 49 91 98 0
13 196 50 95 99 50 187 101 49 94 99 0
16 204 50 201 29 50 201 99 49 1 97 0
20 205 50 204 100 50 100 49 201 98 0
24 11 50 207 98 50 2! 99 49 208 29 ]
28 14 50 11 99 50 212 99 49 209 98 50
32 24 50 17 97 49 217 97 49 1 95 50
38 31 50 23 97 49 228 98 48 18 94 48
40 37 50 28 96 49 228 96 47 22 94 46
44 3 50 230 97 49 232 a7 47 25 95 4!
48 247 50 240 97 49 239 97 47 31 94 4
52 253 50 44 96 49 241 95 47 33 92 4
56 263 50 47 94 49 249 95 46 39 91 4
60 27 50 2681 49 264 97 46 92 4
84 283 49 269 95 49 274 46 255 44
88 289 49 278 96 46 285 99 48 263 91 4!
72 293 49 286 98 45 297 101 43 274 94 4
8 302 48 292 97 45 303 100 43 279 92 43
80 305 48 295 97 44 307 101 43 284 93 40
84 308 45 97 96 44 308 100 43 286 93 37
82 309 44 298 96 42 310 100 42 283 92 37
9 302 44 299 99 41 312 103 42 285 94 35
96 304 42 97 98 39 308 101 39 287 94 32
100 308 41 308 101 35 312 102 38 292 95 27
104 308 38 100 35 318 103 33 298 97 25
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III. RESULTS: RATS

Survival

Estimates of the probabilities of the survival of
male and female rats administered DMMPA at
the doses used in these studies and those of the
vehicle controls are shown in the Kaplan and
Meier curves in Figure 2. The high dose groups
of both male and female rats had significantly
lower survival than did the vehicle controls, and
the survival of mid dose male rats was mar-
ginally reduced (Table 10). For males, the sur-
vival of the high dose group was significantly
lower than that of the vehicle controls after
week 103; for females, the survival was sig-
nificantly lower after week 91. The deaths of
five animals with lung congestion before week
40 probably was a factor in the overall low sur-
vival of the high dose female group.

Pathology and Statistical Analyses of
Results

This section describes the significant or notewor-
thy changes in the incidences of rats with neo-
plastic or nonneoplastic lesions in the hemato-
poietic system, skin, urinary system, liver, and
pituitary gland. Histopathologic findings on neo-
plasms in rats are summarized in Appendix A,
Tables A1 and A2; Tables A3 and A4 give the
survival and tumor status for individual male
and female rats. Findings on nonneoplastic le-
sions are summarized in Appendix C, Tables C1
and C2, Appendix E, Tables E1 and E2, contain
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 discussed in Chapter II (Statistical
Methods) and Appendix E (footnotes). Historical
incidences of tumors in corn oil vehicle control
animals are listed in Appendix F.

TABLE 10. SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF DIMETHYL MORPHO-

LINOPHOSPHORAMIDATE

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg
MALE (a)
Animals initially in study 50 50 50 50
Nonaccidental deaths before termination (b) 12 12 22 26
Accidentally killed 0 0 0 1
Killed at termination 37 37 28 22
Died during termination period 1 1 0 1
Survival P values (c) 0.002 0.972 0.066 0.011
FEMALE (a)
Animals initially in study 50 50 50 50
Nonaccidental deaths before termination (b) 14 16 13 25
Accidentally killed 0 0 3 0
Animals missexed 0 0 1 0
Killed at termination 36 35 33 24
Died during termination period 0 0 0 1
Survival P values (¢) 0.010 0.860 0.996 0.021

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

(¢) 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

Hematopoietic System: Mononuclear cell leuke-
mia in male and female rats occurred with a sig-
nificant positive trend, and the incidences in the
high dose groups were significantly greater than
those in the vehicle controls (Table 11). This
hematopoietic neoplasm was recognized in its
earliest stage as a diffuse infiltration of atypical
mononuclear cells in the sinusoids of the liver
and the interfollicular pulp of the spleen. In

more advanced cases, there were infiltrations
into virtually all organs and tissues. One high
dose male also developed malignant lymphoma.

The diagnoses of mononuclear cell leukemia
were classified according to the extent of the dis-
ease as stage 1 (early), stage 2 (intermediate), or
stage 3 (advanced). The criteria used are
described on the following page.

TABLE 11. ANALYSIS OF HEMATOPOIETIC SYSTEM TUMORS IN RATS IN THE TWO-YEAR
GAVAGE STUDIES OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (a)

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg
MALE
Mononuclear Cell Leukemia (b)
Overall Rates 14/50 (28%) 21/50 (42%) 19/50 (38%) 25/50 (50%)
Adjusted Rates 30.7% 49.6% 47.3% 63.4%
Terminal Rates 7/38 (18%) 17/38 (45%) 8/28 (29%) 10/23 (43%)
Life Table Tests P=0.001 P=0.123 P=0.088 P=0.003
Incidental Tumor Tests P=0.127 P=0.082 P=0.440 P=0.127
FEMALE
Mononuclear Cell Leukemia (c)
Overall Rates 9/50 (18%) 13/50 (26%) 12/49 (24%) 18/560 (36%)
Adjusted Rates 20.1% 32.0% 29.5% 49.5%
Terminal Rates 3/36 (8%) 8/35 (23%) 6/33 (18%) /25 (28%)
Life Table Tests P=0.005 P=0.215 P=0.259 P=0.008
Incidental Tumor Tests P=0.063 P=0.196 P=0.284 P=0.051

(a) The statistical methods used are discussed in Chapter II (Statistical Methods) and Appendix E (footnotes).
(b) Historical incidence at testing laboratory (mean t SD): 17.3% t 11.7%; historical incidence in NTP studies:

12.2% £ 7.6%

(c) Historical incidence at testing laboratory (mean + SD): 29.3% t+ 13.0%; historical incidence in NTP studies:

16.1% t 8.9%
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III. RESULTS: RATS

Stage 1--Spleen not enlarged or only moderately
enlarged with few suspicious cells surrounding
malpighian corpuscles of the spleen and only
very few neoplastic cells in the liver sinusoids.
No identifiable neoplastic cells in the blood
vessels of the lung.

Stage 2--More severe than in the first category:
spleen and/or liver only moderately enlarged
with neoplastic cells in the liver sinusoids and
the blood vessels of other organs.

Stage 3--Enlarged spleen and liver with many
neoplastic cells in the liver sinusoids and the
blood vessels of other organs.

According to these criteria, a greater number of
stage 3 mononuclear cell leukemias were found
in the dosed animals than in the vehicle con-
trols. In male rats, 11 more diagnoses of mono-
nuclear cell leukemia were made in the high
dose group than in the vehicle control group, and
11 more lesions were judged as stage 3 in the
high dose group than in the vehicle controls. In
females, nine more diagnoses were made in the
high dose group than in the vehicle controls, and
seven more lesions were judged as stage 3 in the
high dose group (Table 12).

TABLE 12, CLASSIFICATION OF MONONUCLEAR CELL LEUKEMIA INDUCED IN RATS IN THE
TWO-YEAR GAVAGE STUDIES OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

Total No, of Stages
Mononuclear Cell Leukemias 1 2 3

MALE

Vehicle Control 14 2 2 10

Low Dose 21 5 10 6

Mid Dose - 19 5 3 11

High Dose 25 1 3 21
FEMALE

Vehicle Control 9 1 2 6

Low Dose 13 4 1 8

Mid Dose 12 2 0 10

High Dose 18 3 2 13
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III. RESULTS: RATS

Skin: The incidences of squamous cell papillo-
mas in male rats were significant by the trend
tests; the increased incidence in the high dose
group was not significantly greater than that in
the vehicle controls by pairwise comparison (ve-
hicle control, 1/60, 2%; low dose, 1/50, 2%; mid
dose, 1/50, 2%; high dose, 4/50, 8%). Squamous
cell papillomas of the integumentary system
were not diagnosed in any female rat.

Urinary System: Mineralization of the renal
papilla was observed at increased incidences in
dosed male rats, particularly in the low dose
group (male: vehicle control, 0/50; low dose,
23/50, 46%; mid dose, 5/50, 10%; high dose, 3/50,
6%; female: vehicle control, 0/50; low dose, 0/50;
mid dose, 2/49, 4%; high dose, 1/50, 2%). This le-
sion consisted of accumulations of mineral
crystals within renal papillary tubules and, to a
lesser extent, deposition of mineral particles on
the interstitial tissue of the renal papilla. A
transitional cell carcinoma of the kidney was
diagnosed in 1/50 high dose male rats; a transi-
tional cell papilloma of the urinary bladder was
diagnosed in 1/49 mid dose male rats and 1/49
vehicle control female rats.

Liver:
incidences in dosed male rats (male:

Angiectasis was observed at increased
vehicle

control, 1/50, 2%; low dose, 7/50, 14%; mid dose,
9/50, 18%; high dose, 14/50, 28%). The lesions
consisted of small foci, usually subcapsular, in
which the sinusoids were dilated and filled with
blood. This lesion was not observed at increased
incidence in the dosed female rats.

An increased incidence of neoplastic nodules in
the liver of dosed male rats was seen (vehicle
control, 1/50; low dose, 3/50; mid dose, 3/50; high
dose, 3/50); none of the incidences was sta-
tistically significant.

Pituitary Gland: Adenomas of the pituitary
gland in male rats occurred with a significant
negative trend, and the incidence in the high
dose group was significantly lower than that in
the vehicle controls by pairwise comparison
(Table 13). These lesions were often large
enough to be observed grossly and consisted of
sheets of small to large, round or ovoid cells
supported by a delicate fibrovascular stroma.
The larger adenomas commonly compressed and
displaced the ventral aspect of the brain,
particularly the brain stem in the region of the
thalamus. Invasion of the brain, which was
noted in one low dose female, was considered
evidence of malignancy, and such neoplasms
were classified as carcinomas.

TABLE 13. ANALYSIS OF PITUITARY GLAND TUMORS IN MALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg
Adenoma
Overall Rates 7/50 (14%) 4/50 (8%) 7/48 (15%) 0/50 (0%)
Adjusted Rates 16.9% 10.5% 20.5% 0.0%
Terminal Rates 5/38 (13%) 4/38 (11%) 3/27(11%) 0/23 (0%)
Life Table Tests P=0.071IN P=0.264N P=0.425 P=0.030N
Incidental Tumor Tests P=0.018N P=0.262N P=0.574N P=0.017N

DMMPA, NTP TR 298



III. RESULTS: MICE

FOURTEEN-DAY STUDIES

All mice that received 2,000 or 4,000 mg/kg  than in the vehicle controls; the vehicle control
DMMPA died before the end of the studies  mice did not gain weight during the study.
(Table 14). Final mean body weights were Gross lesions were not observed in the dosed
greater in the surviving groups of dosed mice mice.

TABLE 14, SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FOURTEEN-DAY GAVAGE
STUDIES OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

Mean Body Weights (grams) Final Weight Relative
Dose Survival (a) Initial (b) Final Change to Vehicle Controls
(mg/kg) (percent)
MALE
0 5/5 21 21 0 -
250 5/5 21 23 +2 109.5
500 5/5 20 23 +3 109.5
1,000 5/5 21 24 +3 114.3
2,000 (©)0/5 21 6)) @ d
4,000 (e)0/5 21 @) @ @
FEMALE
0 5/5 18 18 0 -
250 5/8 18 19 +1 105.6
500 5/5 18 19 +1 105.6
1,000 5/5 18 19 +1 105.6
2,000 () 0/6 18 @ ) )
4,000 ()0/5 18 ) d d

(a) Number surviving/mumber in group

(b) Initial group body weight

(c)Day of death: 1,1,2,2,2

(d) All animals died before the end of the studies.
(e) Day of death: 1,1,2,3,4

(f) Day of death: 2,2,3,3,3
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III. RESULTS: MICE

THIRTEEN-WEEK STUDIES

All males and 9/10 females that received 1,600
mg/kg died before the end of the studies (Table
15). The three deaths in the vehicle control
group of male mice and six of the deaths in vari-
ous dosed groups were due to gavage injury.
There were no dose-related changes in mean
body weights and relative liver and lung weights
of male and female mice (Table 16). Problems
with the automatic watering system occurred
during week 1 in the 200 and 400 mg/kg groups
of female mice and during week 4 in the 200
mg/kg group of female and 800 mg/kg group of
male mice. Aithough the water cutoff caused a
reduction in body weight of the animals ini-
tially, the final body weights (at 13 weeks) were
not affected. Chemically related gross or micro-
scopic pathologic effects were not observed.

Dose Selection Rationale: Based on the survival
of mice in the 13-week studies, the doses of
DMMPA selected for the mice in the 2-year stud-
ies were 0, 300, or 600 mg/kg. In the 2-year stud-
ies, however, 19 male mice in the 600 mg/kg
group died by week 19. The cause of death was
thought to be related to the toxic effects of
DMMPA. Histopathologic investigation re-
vealed congested lungs and adrenal glands. Con-
sequently, all male mice were killed and the
study restarted at doses of 0, 150, or 300 mg/kg.
The action was taken because adding a 150
mg/kg group and a new vehicle control group
while keeping the original 300 mg/kg and the
original vehicle control group would have been
more costly. Because very few early deaths oc-
curred in the dosed female mice, that study was
not restarted at lower doses.

TABLE 15. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEEK GAVAGE
STUDIES OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

Mean Body Weights (grams) Final Weight Relative
Dose Survival (a) Initial (b) Final Change to Vehicle Controls
(mg/kg) (percent)
MALE
0 6/9 22 29 +7 -
200 10/10 24 30 +6 103.4
400 8/10 22 31 +9 106.9
800 6/10 22 31 +9 106.9
1,200 3/10 25 29 +4 100
1,600 0/10 24 () (3] (©
FEMALE
0 10/10 20 24 +4 -
200 8/10 19 24 +5 100
400 10/10 19 24 +5 100
800 9/10 19 24 +5 100
1,200 9/10 19 24 +5 100
1,600 1/10 19 25 +6 104.2

(a) Number surviving/number in group
(b) Initial group body weight.
(c) All animals died before the end of the studies.
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TABLE 16. LIVER AND LUNG WEIGHTS OF MICE IN THE THIRTEEN-WEEK GAVAGE STUDIES OF
DIMETHYL MORPHOLINOPHOSPHORAMIDATE (a)

Dose No. Liver Lungs Liver/Body Weight Lung/Body Weight
(mg/kg) Examined (grams) (grams) (percent) (percent)
MALE

0 6 1.38 £ 0.31 0.246 + 0.045 4.83 £ 0.58 0.87 £0.19
200 10 1.56 £ 0.27 0.232 £ 0.055 5.156 £ 0.55 0.78 £ 0.23
400 8 1.53 £ 0.24 0.224 £+ 0.066 5.00 £ 0.57 0.73 £ 0.18
800 6 1.38 £ 0.23 0.206 % 0.003 4,63 + 0.36 0.70 £ 0.07

1,200 3 1.48 £ 0.23 0.216 £ 0.025 499 £ 0.22 0.73 £ 0.09
1,600 0 - - - -
FEMALE

0 10 1.09 £ 0.20 0.201 £ 0.044 467 £ 0.54 0.86 £ 0.17
200 8 1.17 £ 0.08 0.203 *+ 0.039 5.04 £ 0.26 0.87 £ 0.17
400 10 1142 0.10 0.187 £ 0.044 4.85 £ 0.21 0.79 £ 0.19
800 9 117 £ 021 0.259 £ 0.186 498 £ 0.44 1.07 £ 0.58

1,200 9 1.08 £ 0.21 0.209 £ 0.045 4.66 + 0.58 090 £ 0.15
1,600 (b)1 1.01 0.236 4.40 1.03

(a) No statistically significant differences were observed between any dosed group and the vehicle controls (Dunnett’s test).
(b) Not included in statistical calculations

TWO-YEAR STUDIES

Body Weights and Clinical Signs

Mean body weights of dosed and vehicle control than those of the vehicle controls between weeks
male mice were comparable throughout the 24 and 72, but by week 88 and thereafter, the

studies (Table 17 and Figure 3). Mean body  body weights of the dosed female mice and the
weights of dosed female mice were slightly lower  vehicle controls were comparable.
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TABLE 17. MEAN BODY WEIGHTS AND SURVIVAL Oll: MICE IN THE TWO-YEAR GAVAGE STUDIES

OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE
Weeks AvWt No, of AvWt Wt(percent No,of AvWt Wt(percent No,of
on Study (grams) Survivors (grams) veh controls) Survivors (grams) veh controls) Survivors
MALE .
Vehicle Control 150 mg/kg 300 mg/kg
0 23.8 50 23.1 98 50 23.7 100 50
1 25.2 50 24.9 99 50 25.3 100 50
2 26.8 50 27.0 101 50 26.5 99 50
3 27.4 50 27.1 0 27.6 101 50
4 29.0 50 28.5 98 0 28.8 99 50
] 29.2 50 29.1 100 50 29.1 100
] 30.5 50 303 0 304 100 47
17 304 50 30.0 99 0 30.3 100 47
8 31.1 50 30. 0. 30.9 99 47
9 32. 50 31. 98 0 319 99 47
10 31. 50 31. 0 31.9 100 47
11 31.¢ 60 31. 100 50 31.5 99 47
12 a3. 50 32. 0 33.1 100 47
13 32.€ 50 32.¢ 100 0 32.5 100 47
16 34. 50 331 0 339 99 47
20 35. 50 35.1 100 0 34.9 100 47
24 36.( 50 36.2 101 0 36.9 100 47
28 38, 60 38. 100 0 37.7 99 47
32 389 50 38 99 30 39.0 100 46
36 39. 50 38, 98 49 39.3 99
40 39. 50 38.9 99 - 49 39.9 102 46
44 40. 50 39.6 99 49 40.3 100
48 39. 49 39.2 99 49 39.9 101 46
52 394 49 394 100 49 40.0 102 46
56 39.3 49 394 100 49 40.1 102 46
80 39.9 49 40.0 100 49 40.0 100 45
84 384 49 39.1 102 49 39.3 102 45
68 39.5 49 39.9 101 49 39.8 101 45
12 40.1 48 40.7 101 49 41.1 102 45
78 39.7 48 40.7 103 49 40.0 101 45
80 39.9 48 41.2 103 48 41.2 103 45
84 39.4 47 40.5 103 47 40.9 104 45
88 40.0 45 41.0 103 46 41.4 104 45
92 40.2 43 41.0 102 44 40.7 101 44
96 39.8 42 40.4 102 41 40.6 102 43
100 40.3 41 409 101 37 41.0 102 41
104 395 41 40.2 102 37 40.0 101 39
FEMALE
Vehicle Control 300 mg/kg 600 mg/'kg
0 19.8 50 19.4 98 50 19.1 96 50
19.8 50 198 100 50 19.5 98 50
2 20.6 50 211 102 47 20.3 99 49
21.6 50 21.6 100 47 21.6 100 49
4 22.5 50 224 100 7 22.2 99 49
§ 23.0 50 23.1 100 Y 23.0 100 49
€ 24.0 50 24.3 101 y 24.5 102 49
y 24.1 50 24.4 101 47 23.9 99 49
24.4 50 24.1 99 47 25.1 103 49
25.0 50 24.6 98 LY 24.9 100 4
1 25. 50 25.0 98 i 25.0 98 4
1 25. 50 26.3 100 i 24.5 97 4¢
1 27. 50 28.7 99 y 25.5 94 4§
1 26. 50 26.6 100 4 26.6 99 4¢
18 27.3 50 27.3 100 Y 28.5 97 43
20 28.0 50 27.6 99 74 26.9 96 4
24 30.0 50 28.9 96 47 28.2 94 48
28 30.6 50 28.4 93 { 28.7 94 44
32 30.7 50 29.3 95 47 29.4 96 44
36 31. 50 30.8 97 4" 304 96 4
40 33.( 50 314 96 41 32.4 98 43
44 34. 50 31.6 92 47 33.1 97 4
48 36. 50 31.7 90 47 33.3 95 4
52 3. 49 33.2 92 47 34.2 95 4¢
56 38. 49 34.0 94 47 365 98 4
60 39. 49 37.1 93 47 37.9 95 4
84 42. 49 39.8 93 47 39.9 93 4
88 42. 49 38.8 90 39.2 92 4
72 41.7 49 38.3 92 4! 39.4 94 4
78 40.¢ 48 38.1 93 44 39.5 97 40
80 40.4 47 38.0 94 44 39.2 97 39
84 40. 468 38.0 94 4 389 96 39
88 38. 46 38.0 98 4! 39.1 101 38
92 317. 4 36.8 97 4 31.4 99 38
96 36. 4 35.6 98 4 312 103 37
100 36.4 43 35.8 98 40 36.9 101 36
104 37.2 41 35.3 95 39 37.6 101 34
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II1. RESULTS: MICE

Survival

Estimates of the probabilities of survival of male
and female mice administered DMMPA at the
doses used in these studies and those of the
vehicle controls are shown in the Kaplan and
Meier curves in Figure 4. Six high dose female
mice died by week 35 with congested lungs. The
marginally significant (P=0.048) trend for
female mice was primarily due to the early
deaths in the high dose group (Table 18).

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 in the
stomach and liver. Histopathologic findings on
neoplasms in mice are summarized in Appendix
B, Tables B1 and B2; Tables B3 and B4 give the
survival and tumor status for individual male
and female mice. Findings on nonneoplastic
lesions are summarized in Appendix D, Tables
D1 and D2. Appendix E, Tables E3 and E4,
contain 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 discussed in
Chapter II (Statistical Methods) and Appendix E
(footnotes). Historical incidences of tumors in
corn oil vehicle control animals are listed in
Appendix F.

TABLE 18. SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES OF DIMETHYL
MORPHOLINOPHOSPHORAMIDATE

MALE (a)

Vehicle Control 150 mg/kg 300 mg/kg
Animals initially in study 50 50 50
Nonaccidental deaths before termination (b) 9 14 11
Killed at termination 41 35 39
Died during termination period 0 1 0
Survival P values (c) 0.734 0.395 0.796
FEMALE (a)

Vehicle Control 300 mg/kg 600 mg/kg
Animals initially in study 50 50 50
Nonaccidental deaths before termination (b) 8 8 16
Accidentally killed 1 0 0
Animals missing 0 @3 0
Killed at termination 41 39 34
Survival P values (c) 0.048 0.896 0.075

(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.

(d) Three mice in one cage could not be accounted for at week 2 of the study.
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IITI. RESULTS: MICE

Stomach: A squamous cell carcinoma was diag-
nosed in 1/47 low dose female mice; squamous
cell papillomas were diagnosed in 1/46 high dose
female mice and 2/50 low dose male mice.

Liver: Hepatocellular carcinomas in male mice
occurred with a significant positive trend
(P=0.032), but the incidence in the high dose
group was not significantly greater than that in
the vehicle controls (vehicle control, 6/50, 12%;
low dose, 6/50, 12%; high dose, 12/50, 24%). The

47

incidences of hepatocellular adenomas or carci-
nomas (combined) in dosed male mice were not
significantly different from that in the vehicle
controls (vehicle control, 11/50, 22%; low dose,
13/50, 26%; high dose, 15/50, 30%). The inci-
dences of hepatocellular adenomas or carcino-
mas (combined) in dosed female mice were also

‘not significantly different from that in the

vehicle controls (vehicle control, 7/50, 14%; low
dose, 4/47, 9%; high dose, 2/49, 4%).
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IV. DISCUSSION AND CONCLUSIONS
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IV. DISCUSSION AND CONCLUSIONS

Fourteen-day and 13-week studies were con-
ducted with F344/N rats and B6C3F; mice to
characterize DMMPA toxicity and to aid in
selecting the doses for the 2-year studies.

In the 14-day studies, male and female rats were
given DMMPA in corn oil by gavage at doses of
0, 313, 625, 1,250, 2,500, or 5,000 mg/kg body
weight for 14 consecutive days. All the animals
in the two highest dose groups, except one male
rat receiving 5,000 mg/kg, died within 5 days,
and final mean body weights of males and fe-
males administered 1,250 mg/kg were mar-
ginally lower than those of the vehicle controls.
Male and female mice were given doses of 0, 250,
500, 1,000, or 4,000 mg/kg for 14 days; all the
animals in the two highest dose groups died.
Final mean body weights of dosed mice were
greater than those of the vehicle controls. Com-
pound-related gross lesions were not found at
necropsy in either the rats or mice. No histo-
pathologic diagnoses were performed.

Rats and mice in the 13-week studies received
doses of 0, 200, 400, 800, 1,200, or 1,600 mg/kg
body weight. In rats, survival and weight gain
were not affected by administration of DMMPA.
Absolute and relative liver weights of dosed
male and female rats were greater than those of
the vehicle controls, but no compound-related
gross or microscopic pathologic lesions were ob-
served. All 10 male and 9/10 female mice ad-
ministered 1,600 mg/kg died. Mean body
weights were not affected by dosing, and no com-
pound-related pathologic effects were seen in the
other dosed groups.

In the 2-year studies, male and female rats re-
ceived 0, 150, 300, or 600 mg/kg; male mice, 0,
150, or 300 mg/kg; and female mice, 0, 300, or
600 mg/kg. The doses were selected based on the
liver weights and the survival of the rats and
mice in the 13-week studies. Doses of 300 or 600
mg/kg were originally selected for male mice for
the 2-year study; because 19/50 high dose male
mice died by week 19, the male mice were killed
and subsequently doses of 0, 150, and 300 mg/kg
were selected for the restart of the 2-year study
in male mice. In the 2-year studies, high dose
male and female rats had slightly lower mean
body weights and reduced survival relative to
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that of the vehicle controls; the mid dose male
rats had a marginally lower survival rate.

The lower survival may be related to the early
appearance and increased occurrence of mono-
nuclear cell leukemia, which is fatal within 2 to
6 weeks after onset (Stromberg and Vogtsberger,
1983). However, the early deaths of five high
dose female rats also contributed to the overall
low survival of the group. The cause of these
deaths is unknown.

There were positive trends for mononuclear cell
leukemia in the dosed male and female rats. In
the 600 mg/kg groups, both male and female rats
had increased incidences of mononuclear cell
leukemia compared with those of the vehicle
controls. The incidences of mononuclear cell leu-
kemia were also greater than those of the ve-
hicle controls in animals receiving 150 or 300
mg/kg, although the differences were not
statistically significant.

Mononuclear cell leukemia develops spon-
taneously in F344/N and Wistar Furth rats
(Moloney et al., 1969, 1970; Davey and Moloney,
1970). The duration of the disease from onset to
death ranges from 2 to 6 weeks (Stromberg and
Vogtsberger, 1983). The etiology of this leuke-
mia is not known. The incidences of mononu-
clear cell leukemia in F344/N and Wistar Furth
rats were increased by 3-methylcholanthrene
administration and suppressed by X-ray irradia-
tion and splenectomy (Moloney and King, 1971).
In the present studies, the incidence of leukemia
in the vehicle control male F344/N rats (28%) is
greater than the mean incidence observed at this
laboratory (17%) or in the overall Program (12%;
Appendix F, Table F1). The incidence in the
vehicle control female F344/N rats (18%) was
somewhat lower than the mean incidence ob-
served at this laboratory (29%) and similar to
that in the overall Program (16%; Appendix F,
Table F2).

The 600 mg/kg dose of DMMPA significantly in-
creased the incidences of mononuclear cell leu-
kemia in both male (50%) and female (36%)
F344/N rats. In most animals, the mononuclear
cell leukemia was in an advanced stage (Table
12), with neoplastic cells infiltrating the liver



IV. DISCUSSION AND CONCLUSIONS

sinusoids and blood vessels of other organs. The
incidence of mononuclear cell leukemia in rats
was dose related.

There is convincing evidence that mononuclear
cell leukemia was related to the cause of death
for many DMMPA-dosed animals dying before
the end of the 2-year studies: (1) The majority of
these neoplasms were diagnosed as being in an
advanced stage; (2) the prevalence of these
tumors in animals dying during the last 6
months of the study exceeded (in every dosed
and vehicle control group) the corresponding
rate observed in older animals killed at the end
of the study. Thus, life table analyses are the
most appropriate statistical procedure for these
neoplasms, and these tests indicate a significant
(P<0.01) high dose effect for both males and
females. The consistency of the effect in both
sexes further supports the conclusion that the
increased incidence of these tumors was due to
administration of DMMPA,

Corn oil appears to be associated with a de-
creased incidence of mononuclear cell leukemia
in male F344/N rats (Haseman et al., 1985). In
36 NTP studies, the incidence of mononuclear
cell leukemia in untreated male F344/N rats
was 494/1,827 (27% T 9%). In 23 NTP studies,
the incidence of mononuclear cell leukemia in
corn oil-gavaged male F344/N rats was
167/1,154 (14% * 8%). Corn oil did not appear
to affect the incidences of mononuclear cell leu-
kemia in female F344/N rats in the NTP studies.
The incidence (28%) of mononuclear cell leu-
kemia in the male F344/N vehicle controls in the
present study is similar to that in the NTP un-
treated control male F344/N rats. In the present
studies, the rats received corn oil in decreasing
doses corresponding to the dose of DMMPA (i.e.,
the vehicle control rats received 3.3 mlkg,
whereas the high dose rats received 2.5 ml/kg).
The somewhat higher dose of corn oil received by
the vehicle control rats might have been a factor
in suppressing the development of mononuclear
cell leukemia in these rats compared with the
DMMPA-dosed rats. However, it is unlikely
that this slight difference in corn oil dose could
explain the increased incidence of mononuclear
cell leukemia observed in high dose male rats.
Moreover, the hypothesis that corn oil sup-
presses mononuclear cell leukemia in male
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F344/N rats requires further study. Finally,
female rats (which have shown no evidence of a
“corn oil effect”) also showed a significant in-
crease in mononuclear cell leukemia at the
highest DMMPA dose.

Although there was a positive dose-related trend
in the incidence of squamous cell papilloma of
the skin in male rats, the increased incidence in
the high dose groups was not significant. The lo-
cations of the four skin squamous cell papillo-
mas in the high dose male rats were not iden-
tical, suggesting that the lesions probably were
not related to DMMPA administration.

Mineralization of the renal papilla was observed
at increased incidence in the dosed male rats.
Rats given DMMPA daily at doses higher than
1.3 g/kg orally for 100 days showed cortical and
tubular damage in the kidneys (Coleman,
1977a,b). In the present studies, kidney damage
was not observed, probably because the dose of
DMMPA was lower. Nevertheless, the incidence
of mineral accumulation in the renal papilla ob-
served in the dosed rats may be related to the
injurious effects of DMMPA.

Male rats receiving the 600 mg/kg dose of
DMMPA had a reduced incidence of pituitary
gland adenomas. The cause of this reduction is
not clear.

Liver weight was increased in dosed rats in the
13-week studies. Liver enlargement was also
observed in the 2-year studies. The enlargement
was not accompanied by histopathologic
changes, although there was a greater incidence
of hepatic angiectasis in the dosed male rats (but
not in the dosed female rats). Because the liver
is the major site of degradation and detoxifica-
tion of foreign substances, the liver enlargement
observed in the dosed rats may be related to the
induction of metabolizing enzymes.

DMMPA did not affect body weight gain of male
and female mice or the survival of male mice.
The survival of the high dose female mice was
marginally lower, due primarily to the death by
week 35 of six female mice with lung congestion.

Squamous cell neoplasms of the forestomach are
uncommon in corn oil vehicle control male
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IV. DISCUSSION AND CONCLUSIONS

(7/1,006, 0.7%) and female (4/1,027, 0.4%)
B6C3F; mice in the NTP studies. In the present
studies, neoplastic lesions of the forestomach
were not found in the vehicle control male and
female mice, but squamous cell carcinomas were
found in 1/47 low dose female mice and squa-
mous cell papillomas in 2/50 low dose male mice
and in 1/46 high dose female mice. In addition,
there was also a marginal increase in the inci-
dence of hepatocellular carcinomas in the high
dose male mice. The significance of these find-
ings is not clear.

Little information is available in the literature
about the metabolism of DMMPA, its reactivity
with macromolecules, or its effect on the im-
mune system. DMMPA was not mutagenic in
tests with four strains of Salmonella typhi-
murium but was mutagenic in mammalian cells
(Appendix L, Tables L1 and L2). It also caused

chromosomal aberrations and sister-chromatid
exchanges in mammalian cells (Appendix L,
Tables L3 and L4). However, DMMPA was mu-
tagenic and clastogenic only at doses over
2 mg/ml and only in the absence of rat or ham-
ster liver S9. The significance of the genetic tox-
icity of DMMPA to the observed increased inci-
dence of mononuclear cell leukemia is not
known.

Conclusions: Under the conditions of these 2-
year gavage studies, there was some evidence of
carcinogenicity* for male and female F344/N
rats given dimethyl morpholinophosphorami-
date, as indicated by increased incidences of
mononuclear cell leukemia. There was no evi-
dence of carcinogenicity for male and female
B6C3F; mice given dimethyl morpholinophos-
phoramidate at doses of 150 (male), 300, or 600
(female) mg/kg for 2 years.

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2.
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APPENDIX A

SUMMARY OF THE INCIDENCE OF NEOPLASMS
IN RATS IN THE TWO-YEAR GAVAGE STUDIES

OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE

ANIMALS INITIALLY INSTUDY 50 50 50 50
ANIMALS NECROPSIED 50 50 50 50
ANIMALS EXAMINED

HISTOPATHOLOGICALLY 50 50 50 50

INTEGUMENTARY SYSTEM '

*SKIN 50 (50) (50) (50)
SQUAMOUS CELL PAPILLOMA 1 2%) 1 2%) 1 2%) 4 8%)
BASAL-CELL TUMOR 1 (2%)

TRICHOEPITHELIOMA 1 (2%)
ADNEXAL ADENOMA 2 (4%) 1 (2%)
KERATOACANTHOMA 1 (2%) 2 (4%)
FIBROMA 3 (6%) 1 2%)

*SUBCUT TISSUE (50) (50) (50) (50)
FIBROMA 3 (6%) 3 (6%) 4 (8%) 1 (2%)
FIBROSARCOMA 1 2%)

LIPOMA 1 (2%)
RESPIRATORY SYSTEM

#LUNG (60) (50) (50) 60)
TRANSITIONAL-CELL CARCINOMA, MET 1 (2%)
ALVEOLAR/BRONCHIOLAR ADENOMA 1 (2%) 2 (4%) 1 (2%)
FIBROSARCOMA, METASTATIC 1 (2%)

OSTEOSARCOMA, METASTATIC 1 2%)
HEMATOPOIETIC SYSTEM

*MULTIPLE ORGANS (50) (50) (611) 50)
MALIGNANT LYMPHOMA, NOS 1 (2%)
LEUKEMIA, MONONUCLEAR CELL 14 (28%) 21 (42%) 19 (38%) 25 (50%)

#MEDIASTINAL L. NODE (50) (49) 60 48
TRANSITIONAL-CELL CARCINOMA, MET 1 2%)

CIRCULATORY SYSTEM

#SPLEEN (50) (50) (50) (50)

HEMANGIOMA 1 (2%)
DIGESTIVE SYSTEM

#LIVER (50) 60 (50) 50)
NEOPLASTIC NODULE 1 2%) 3 (6%) 3 (6%) 3 (6%)

#PANCREAS 50) (49) CY)) 1CY))
TRANSITIONAL-CELL CARCINOMA, INV 1 (2%)
ACINAR-CELL ADENOMA 2 (4%)

#JEJUNUM (50) (50) (CY)) (46)
ADENOMA, NOS 1 (2%)

ADENOCARCINOMA, NOS 1 (2%)
URINARY SYSTEM

#KIDNEY 50 (50) (50) (60)
TRANSITIONAL-CELL CARCINOMA 1 (2%)

#URINARY BLADDER (49) 50) (49) (50)
TRANSITIONAL-CELL PAPILLOMA 1 (2%)

ENDOCRINE SYSTEM

#PITUITARY INTERMEDIA (50) (60) (48) (50)
ADENOMA, NOS 1 (2%)

#ANTERIOR PITUITARY (60) (50) (48) (50)
ADENOMA, NOS 7 (14%) 4 (8%) 7 (15%)
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE
ENDOCRINE SYSTEM (Continued)
#ADRENAL (49) (50) $0) (50)
PHEOCHROMOCYTOMA 9 (18%) 16 (32%) 10 (20%) 5 (10%)
#THYROID (50) (48) (48) (49)
FOLLICULAR-CELL ADENOMA 2 (4%) 2 (4%) 1 (2%)
FOLLICULAR-CELL CARCINOMA 2 (4%)
C-CELL ADENOMA 4 (8%) 3 6% 4 (8%) 2 (4%)
C-CELL CARCINOMA 2 (4%)
#PARATHYROID (43) (40) (38) (45)
ADENOMA, NOS 1 2%)
#PANCREATIC ISLETS (50) 49) 4n 47
ISLET-CELL ADENOMA 4 8% 2 (4%)
ISLET-CELL CARCINOMA 1 2%)
REPRODUCTIVE SYSTEM
*MAMMARY GLAND (50) (50) (50) (50)
ADENOMA, NOS 1 2%)
FIBROADENOMA 3 (6%) 4 (8%) 1 (2%) 2 4%)
*PREPUTIAL GLAND (50) (50) (50) (50)
CARCINOMA, NOS 2 (4%) 1 (2%)
ADENOMA, NOS 1 (2%) 1 (2%) 3 (6%) 2 (4%)
#PROSTATE (48) (45) 49) (48)
ADENOMA, NOS 1 (2%)
#TESTIS (50) (650) (50) (49)
INTERSTITIAL-CELL TUMOR 45 (90%) 45 (90%) 44 (88%) 46 (94%)
MESOTHELIOMA, NOS 1 2%)
MESOTHELIOMA, MALIGNANT 2 (4%)
NERVOUSSYSTEM
#BRAIN (50) (50) (50) (50)
ASTROCYTOMA 1 2%)
#CEREBELLUM (60) (50) (50} (50)
GRANULAR-CELL TUMOR, NOS 1 2%)
SPECIAL SENSE ORGANS
*ZYMBAL GLAND (50) (50) (50 (50)
CARCINOMA, NOS 1 (2%) 1 (2%
MUSCULOSKELETAL SYSTEM
*KNEE JOINT (50) (60) (50) (50)
OSTEOSARCOMA 1 2%)
BODY CAVITIES
*ABDOMINAL CAVITY (50) (50) (50) (50)
TRANSITIONAL-CELL CARCINOMA, INV 1 (2%)
MESOTHELIOMA, NOS 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 MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE

ALL OTHER SYSTEMS
*MULTIPLE ORGANS (60) (50) (60) 50
MESOTHELIOMA, NOS 1 (2%) 1 (2%) 1 (2%)
MESOTHELIOMA, INVASIVE 2 (4%)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED

ANIMAL DISPOSITION SUMMARY

ANIMALS INITIALLY IN STUDY 50 50 50 50
NATURAL DEATH 3 6 9 22
MORIBUND SACRIFICE 10 7 13 5
SCHEDULED SACRIFICE
TERMINAL SACRIFICE 87 31 28 22
DOSING ACCIDENT
ACCIDENTALLY KILLED, NDA
ACCIDENTALLY KILLED, NOS 1
ANIMAL MISSING
ANIMAL MISSEXED

TUMOR SUMMARY )

TOTAL ANIMALS WITH PRIMARY TUMORS** 49 47 48 49
TOTAL PRIMARY TUMORS 102 117 119 98

TOTAL ANIMALS WITH BENIGN TUMORS 48 46 48 47
TOTAL BENIGN TUMORS 81 88 88 66

TOTAL ANIMALS WITH MALIGNANT TUMORS 18 24 22 28
TOTAL MALIGNANT TUMORS 19 24 25 20

TOTAL ANIMALS WITHSECONDARY TUMORS## 1 1 2 1
TOTAL SECONDARY:TUMORS 1 1 2 4

TOTAL ANIMALS WITHTUMORS UNCERTAIN-

BENIGN OR MALIGNANT 2 5 6 3
TOTAL UNCERTAIN TUMORS 5 8 3
TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC
TOTAL UNCERTAIN.TUMORS

* NUMBER OF ANIMALS NECROPSIED

** PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

## SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

CONTROL(VEH) LOWDOSE MID DOSE HIGH DOSE

ANIMALS INITIALLY IN STUDY 50 50 50 50
ANIMALS NECROPSIED 50 50 49 50
ANIMALS EXAMINED

HISTOPATHOLOGICALLY 50 50 49 50

INTEGUMENTARY SYSTEM

*SKIN (50) (50) 49) (50)
ADNEXAL ADENOMA 1 (2%)

FIBROMA 1 (2%)

*SUBCUT TISSUE (50) (50) 49) (50)
FIBROMA 1 (2%) 1 2%) 1 2%)
FIBROSARCOMA 1 (2%)

RESPIRATORY SYSTEM

#LUNG (50) 50) (49) (60)
ADENOCARCINOMA, NOS, METASTATIC 1 (2%)
ALVEOLAR/BRONCHIOLAR ADENOMA 1 2% 1 (2%)

CORTICAL CARCINOMA, METASTATIC 1 (2%)
OSTEOSARCOMA, INVASIVE 1 2%)
HEMATOPOIETIC SYSTEM

*MULTIPLE ORGANS (50) (50) 49) (50)
LEUKEMIA,MONONUCLEAR CELL 9 (18%) 13 (26%) 12 (24%) 18 (36%)

#SPLEEN (50) (50) 49) (49)
ACINAR-CELL CARCINOMA, INVASIVE 1 (2%)

CIRCULATORY SYSTEM

NONE

DIGESTIVE SYSTEM

#LIVER (50) (50) (49) (50)
NEOPLASTIC NODULE 1 (2%
HEPATOCELLULAR CARCINOMA 1 (2%
ACINAR-CELL CARCINOMA, MET 1 (2%)

#PANCREAS 60 49) (48) 49)
ACINAR-CELL CARCINOMA 1 (2%)

#COLON 50 48) 48) (49)
LEIOMYOSARCOMA 1 (2%)

URINARY SYSTEM

#URINARY BLADDER 49 48) 48) (50

TRANSITIONAL-CELL PAPILLOMA 1 (2%)
ENDOCRINE SYSTEM

#ANTERIOR PITUITARY 60 (50) 48) (60)
CARCINOMA, NOS 2 (4%) 2 (4%

ADENOMA, NOS 9 (18%) 14 (28%) 14 (30%) 13 (26%)

#ADRENAL (50) 50) (49 50)
CORTICAL ADENOMA 1 (2%)
CORTICAL CARCINOMA 1 (2%)

PHEOCHROMOCYTOMA 1 2%) 5 (10%) 3 (6%) 2 (4%)
GANGLIONEUROMA 1 2%)
GANGLIONEUROBLASTOMA 1 (2%)

#THYROID (60) (60) 49) (48)
FOLLICULAR-CELL ADENOMA 1 (2%) 1 (2%)

C-CELL ADENOMA 2 (4%) 1 2% 1 (2%)
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL (VEH)

LOW DOSE

MID DOSE

HIGH DOSE

ENDOCRINE SYSTEM (Continued)
#PANCREATIC ISLETS
ISLET-CELL ADENOMA

(560)

(2%)

49)

48)

(49)

REPRODUCTIVE SYSTEM

*MAMMARY GLAND
ADENOMA, NOS
ADENOCARCINOMA, NOS
CYSTADENOMA, NOS
INTRADUCTAL PAPILLOMA
FIBROADENOMA

*CLITORAL GLAND
CARCINOMA, NOS
ADENOMA, NOS

#UTERUS
ADENOCARCINOMA, NOS
ENDOMETRIAL STROMAL POLYP
ENDOMETRIAL STROMAL SARCOMA

#UTERUSYENDOMETRIUM
ADENOMA,NOS
ADENOCARCINOMA,NOS

(50)

11
(80)

50)

(50)

(2%)
(22%)

4%)

(12%)
(4%)

(50)
1

11
(50)

(80)

(60)

2%)
(2%)

(2%)
(22%)

(2%)
(2%)

(10%)

2 4%)

10 (20%)
(49)

(60)
1 (2%)

3 (6%)
(50)

2 (4%)
60)

7 (14%)
(50)

1 (2%)

NERVOUS SYSTEM
#BRAIN STEM
CARCINOMA, NOS, INVASIVE

(50)

(80)

1 (2%

(49)

(80)

SPECIAL SENSE ORGANS -
*ZYMBAL GLAND
CARCINOMA, NOS

(50)

(50)
1

(2%)

49)

60

MUSCULOSKELETAL SYSTEM
*STERNUM
GANGLIONEUROBLASTOMA, MET

(50)

(50)

(49)
1 (2%)

(50)

BODY CAVITIES
*MEDIASTINUM
OSTEOSARCOMA

(50)

(50)
1

(2%)

(49)

(50)

ALL OTHER SYSTEMS
*MULTIPLE ORGANS
ADENOCARCINOMA, NOS, INVASIVE

(60)

ENDOMETRIAL STROMAL SARCOMA,MET 1 (2%)

DIAPHRAGM
GANGLIONEUROBLASTOMA, MET

50)

49
1 (2%)

(50)
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL(VEH) LOWDOSE MID DOSE HIGH DOSE

ANIMAL DISPOSITION SUMMARY

ANIMALS INITIALLY IN STUDY 50 50 50 50
NATURAL DEATH 6 8 3 13
MORIBUND SACRIFICE 8 7 10 13
SCHEDULED SACRIFICE
TERMINAL SACRIFICE 36 35 33 24
DOSING ACCIDENT 2
ACCIDENTALLY KILLED, NDA
ACCIDENTALLY KILLED, NOS 1
ANIMAL MISSING
ANIMAL MISSEXED 1

TUMOR SUMMARY .

TOTAL ANIMALS WITH PRIMARY TUMORS** 35 37 35 34
TOTAL PRIMARY TUMORS 52 66 60 50

TOTAL ANIMALS WITH BENIGN TUMORS 29 27 29 21
TOTAL BENIGN TUMORS 39 43 45 28

TOTAL ANIMALS WITH MALIGNANT TUMORS 13 21 14 21
TOTAL MALIGNANT TUMORS 13 23 14 22

TOTAL ANIMALS WITH SECONDARY TUMORS## 1 4 2
TOTAL SECONDARY TUMORS 1 5 4.

TOTAL ANIMALS WITH TUMORS UNCERTAIN-

BENIGN OR MALIGNANT 1
TOTAL UNCERTAIN TUMORS 1
TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC
TOTAL UNCERTAIN TUMORS

* NUMBER OF ANIMALS NECROPSIED

** PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

## SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE
STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE: VEHICLE CONTROL

—ANIMAL o] 0 of O o ©of o of o o o 0 o o 0 o o o 0 0 0 0 o] ©
NUMBER of o o o o o o o o 1 i i 1 1 i 1 iy 1 1 2 2| 21 2| 2 2
1 2| 3{ 4 5| 8 7 8 9 o 1 2 31 4/ 5 e 7 8 9 o 1 2| 3 4 5
WEEKS ON o7 1If 17 1 o 17 I 1] 17 17 o If 1 1T 17 1T 0
STUDY o of o 9 o of o 7 of of o of of 9 o o o T O N O 9 O T 9
st 5 5 6 5 s 5 7 5 8 5 5 5 6 5 5 5 1 5 5 8§ 14 5 8§ 1
INTEGUMERTARY SYSTEM
Skin + + + + +F + o+ F o+ o+ o+ o+ o+ o+ T
Squamous cell papilioma
Basal cell tumor
Subcutaneous tissue 4+ + o+ + o+ + o+t o+ + o+ F o+ O+ O+ o+ o+
Fibroma X
RESPIRATORY SYSTEM
Lungs and bronchi + + + + o+ F F o+ o+ o+ o+ + o+ o+ A+ o+ + o+t
Alveolar/bronchiolar adenoma
Osteosarcoma, metastatic
Trachea + 4+ + + o+ + + + F o+ + o+ o+ o+ + o+ o+ o+ F o+ o+ o+ o+ o+ o+
HEMATOPOIETIC SYSTEM
Bone marrow EIEE I S T T T T SR R TR R R S S S A T I S
Spleen + + + + + + o+ + + + F o+ o+ o+ F o+ o+ o+ o+ o+ + o+ 4
%imph nodes + + + + + F + + o+ 4+ 4+ o+ o+ ot
ymus - 4+ = -~ - 4+ 4+ = 4+ 4+ o+ F =+ o+ -+ o+ o+ o+ o+ -
Heart + o+ F o+ o+t E +F F o+ o+ F o+ o+ o+ o+ o+
Salivary gland + + + + + o+t o+t o+ o+ F o+ o+ F A+ o+ o+
Liver P S S R R T T T T B T T T T T S I S . ¢
Neoplastic nodule X
Bile duct + + + + + + + + + F+ + + + + + + + + + + + o+ o+ + o+
Galibladder & common bile duct N NNNDNNNNNNNNNNNNNNNNNNNNN
Pancreas + + + + + + F + + F + o+ + o+ o+ o+ o+ o+ o+ o+ 4+ o+ 4
Esophagus P L . 2 T T T S T T T I N S A
Stomac O T T T S A T T T T T SR TS R TR T
Small intestine + + + + + + + F F o+ o+ o+ o+ o+ o+ o+ A+ o+ o+ o+ o+
Large intestine + + + + + + + F + o+ F + o+ o+ o+ o+ o+ o+ + o+ o+t
URINARY SYSTEM
Kidney + + + 4+ F F + + F o+ o+ o+ o+ o+ o+ o+ o+
Urinary bladder + 4+ + + + F o+ F o+ o+ o+ o+ o+ o+ o+ o+ o+ o+
ENDOCRINE SYSTEM
Pituitary + + + + + + + + + + + 4+ + + + +
Adenoma, NOS X X X
Adrenal + + + + + + + o+ o+ o+ + + + -
Pheochromocytoma X X X X X X
yroi + + + o+ + + + + + + + + + o+ + o+ o+ o+ o+ o+
Follicular cell adenoma X
C-cell adenioma X X
Parathyroid + + + = =+t + + + F =+ o~ o+ o+ o+ o+ o+ -+t
Pancreatic islets + + + + 4+ o+ 4+ + + 4+ + + + 4+ + + o+ o+ o+ o+ 4+ 4+
Islet cell adenoma X X
REPRODUCTIVE SYSTEM
Mammary gland + + + +# N + + + 4+ + + + + N + + + + N + + + + + +
Fibroadenoma X
Testis + + + + T+ o+ + + + F A+ o+ + o+ o+ o+ o+ o+ 4
Interstitial cell tumor X X X X X XXX XX XX X X TZXHZX X X X X X X X
rostate + - + + + + + + + + + + + + = + + + + + + + + + F
Preputialiclitoral gland N NN NNDNNNNNNNNNDNNNNNNNNNNNN
Carcinoma, N
Adenoma, NOS X
NERVOUS SYSTEM
Brain + + + + + + + + + +F + F o+ o+ o+ o+ o+ F o+ o+ o+ o+ o+
Astrocytoma X
SPECTAL SENSE ORGANS
Zymbal gland N NN NNNUNNDNNNNNNNNNNNNNDNNN +N
Carcinoma, NOS X
MUSCULOSKELETAL SYSTEM — —
Joint N NN NNNNNNNNNNNNNNNNDNNNNNN
Osteosarcoma
ALL OTHER SYSTEMS
Multiple organs, NOS N NNNNDNNNDNNNNNNNNNNNDNNNNNNN
Masothelioma, NOS
Leukemia, monoauclear cell X X X X
+: Tissue examined microscopically :  No tissue information submitted
—: Required tissue not examined microscopically C: Necropsy, no histology due to protocol
X: Tumor incidence A: Autolysis
N: Naecropsy, 0o autolysis, no microscopic examination M: Animal missing
S: Anima] missexed B: No necropsy performed

DMMPA, NTP TR 298 64




TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL

(Continued)
ANIMAYL [ 0o 0 o 0 [) [7 of o 0
NUMBER 21 2 2@ 2 3 8 3 3 3 31 3 38 38 31 4 4|l 4t 4 4| 4 4 4 4 4] 5
el 71 8 9o o 1 2 3f 4 5 6 7 8 9o o 1 2| 3 4 5 e 7 8 9 o
TOTAL:
WEEKS ON TISSUES
STUDY 0f 0 0 o O 8 9 o0 o 0 o 0 o0 9 of 8 o o o o0 o0 8 0 o 0 |TUMORS
5 5 5 5 5 of e 5 5 5 5 5 S 8 5 5 5 5 5 5 5 2/ 5 § 5
INTEGUMENTARY SYSTEM
Skin + 0+ o+ o+ o+ o+ o+ o+ o+ o+ o+ F o+ o+ o+ o+ o+ o+ o+ F o+ o+ o+ o+ *50
Squamots cell papilloma X 1
Basal cell tumor X 1
Subcutaneous tissue + + + + o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ *50
Fibroma X X 3
RESPIRATORY SYSTEM
Lungs and bronchi + + + + + o+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ + o+ o+ 50
Alveolar/bronchiolar adenoma X 1
Osteosarcoma, metastatic X 1
Trachea LN T K T TR S R T R T T S S S S S T I 48
Bone marrow + + + + + + + + + o+ o+ o+ o+ o+ o+ o+ 50
Spleen + + + + + + o+ o+ o+ o+ F o+ F o+ o+ o+ o+ 50
ﬁmph nodes + + + 4+ + + + o+ o+ o+ + o+ F o+ o+ o+t o+ o+ o+ 50
ymus + +F = 4+ + =+ + o+ o+ =+ F + + o+ o+ o+ -+ o+ o+ 38
CIRCULATORY SYSTEM
Heart + + + + + + + o+ + + + + o+ o+ o+ + o+ o+ o+ o+ o+ o+ o+ 50
Salivary gland + + + + + o+ o+ o+t o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Liver + 0+ + o+ o+ o+ o+ F o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Naoplastic nodule 1
Bile duct + + + + + + + + + 4+ + + + + + + + + + + + 4+ + + + 50
Gallbladder & common bile duct N NN NNNNNNNNNNNNNNNNNNNNNN *50
Pancreas [ R T T T I T T T N T T O T T T I 50
ElophnEu: + 0+ + 4+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Stomac + 0+ + + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+t 50
Small intestine + 0+ + + o+ 4+ o+ o+ o+ o+ o+ F o+ o+ o+ o+ o+ o+ o+ o+t 50
Large intestine + o+ + o+ o+ o+ F F o+ o+ F o+ o+ o+ o+ o+ 50
Kidney + o+ o+ F o+ F o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+ o+ 50
Urinary bladder + o+ + o+ A+ F o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ - 49
Pituitary + + + + + + + + o+ o+ o+ o+ o+ + + + + + + + 50
Adenoms, NOS X X X X 7
nal + + + + o+ o+ o+ o+ o+ o+ o+ o+ o+ + + + + + + 49
Pheochromocytoma X X X 9
T!;yroid + F + + + + o+ o+ o+ o+ o+ o+ o+ o+ + + + + + + + 50
‘ollicular cell adenoma X 2
C-cell adenoma X X 4
Parathyroid -+ + + o+ o+ o+ o+ F o+ o+t o+ -+ o+ o+ o+ 43
Pancreatic islets + + + + + + + F o+ + o+ o+ o+ o+ + o+ o+ 50
Islet cell adenoma X X 4
Mammary gland + + + 4+ + + 4+ + + 4+ + + N + + N + + + + + N + + + *50
Fibroadenoma X X 3
Testis + + + + + + o+ + 4+ +F o+ A+ o+ + o+ + o+ o+ 50
Interstitial cell tumor X X X X X XXX XX X X X XX XX XX X XX 45
Prostate + + + + + + + + + 4+ + + + + + + + + + + + + + + + 48
Pnputial/clitorgsglnd N NN NNNDNNNNNNNNNNNNNNNNNNN 50
Carcinoma, N X X 2
Adenoma, NOS 1
NERVOUS SYSTEM
Brain + 4+ + + + + o+ F o+ o+ o+ o+ F o+ o+ o+ o+ o+ o+ 50
Astrocytoma ) 1
SPECIAL SENSE ORGANS
Zymbal gland N NN NNNNNNNNNNNNNNNNNNNNNN *50
Carcinoma, NOS 1
MUSCULOSKELETAL SYSTEM
Joint N NN NNNNNNNNNNNNNNNNNNNNNN *50
Osteosarcoma X 1
ALL OTRER SYSTEMS
Multiple organs, NOS N NN NNNNDNDNNNNNNNNNN N NN NNNN *50
Mesothelioma, NOS X 1
Leukemia, mononuclea: cell X X X X X X X X X X 14
* Animals necropaied
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE
STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE: LOW DOSE

— ANIMAL
NUMBER 0f o 0o o O o 0 0 1 i 1 1 1 1 1 3y 1 1 2 2 2 2 2 2
1l 2| 3 4 5 86 1 3] 4 5 6 7 8 9 O L 2f 3 4 5
WEEKS ON O 1] 11 1 AN S O N A D Y D Y (D L § T
STUDY 8, Ol OI Ol ‘ ’ 0 0' 0] 0' 0 o O o o 0 0 ©
8] 5 5 5 o 5 5 5 5 5 & 5 5 5 5 5
mmm:mmmm
D . T T T T T R T S SR S T S S I
ﬁumom cell papilloma X
nexal adenoma
gimmunthama
1
Subcutaneous tissue R T R T I R I S T S T A T + + 4+ o+
Fibroma X X
Fibrosarcoma
Lipoma
RESPIRATORY SYSTEM
L\:ggu a'nd‘bronc‘t_:_i o LA T T S S L R I IR T IR BT R N S R R S + + +
Fibrosarcoma, metastatic
Trachea + o+ o+ o+t~ kot -+ + + o+ o+
Bons marrow LN T S T T S S T T T T R T T T S T I TR I S 1
leen PR S T T I I R T S SR R S R S N T A
nwmmn
ph nodes LI S S R TR T I T T R R T T R T T S R N
mus E R R T T T T S R ST S S T T B SR SR T R
CIRCULATORY SYSTEM
Hoart LI IR 2EE T TR SRR I SR SRR R R T S I T T T T T R T R
SAhvnry gland LR 2 T T T T R I S A R K T B I B S B R A
Liver LR R R A 2 R N RN N S T T S R
Neoplastic nodule X
Bile duct + + + + + + + F o+ o+t F + o+ o+ o+ o+ o+ o+ o+
QGallbladder & common bile duct N NNNNNNNNNNNNNNNNNNNNNNNN
Pancreas [ S T TR R T R S I I I T Y N I T T T R I B T I 4
!:soplugus + 0+ + o+ F o F o+ F F o F o+ o+ o+ o+ o+ o+
Stomac! + + + + + + + 4+ A+ 4+ o+ 4+ o+ o+ o+
Small intestine EE S S TR R T T T S S R S S JEE TR IR S I R R
Adenoma, Nt
Large intestine LI T T I R T T S T R R S . T T R R
Kidney + 0+ o+ o+ o o+ o+ o+ o+ F o+ + o+ o+ o+ o+ o+ o+ o+ o+ + +
Urinary bladder LR T T R T SR T T T T R S + o+ + + o+ o+ o+ o+ + o+ o+
ENDOCRINE SYSTEM
Pituitary + + + F + F o+ E o+ o+ o+ + 4+ + o+ + o+ o+ o+
Adenoma, NOS X X
nal + + + + + 4+ o+ o+ o+ o+ o+ o+ + + + + + + + + + +
Phoochromocyboma X X X X X X X X X X X
cy + F + 4+ o+ o+ o+ o+ =+ + + + + + + + + +
~cell adenoma X X
C-cell carcinoma X
Parathyroid PN TSR T T AT R B T IR S I R R . I D R
Mammary gland + + N + N + 4+ + N + + 4+ + + + + + N + + + + + + +
hhroadonomn X X X
Testis I T R S R R S T I S N T S S N S S N
lnuutiml cell tumor X X X X X X X X X X XX XXX XXX XTZXZXZX
+ + + + *+ + + ¥ — + + 4+ + £+ + + + + + o+ + F o+ o+ o+
As:xunl/chtonl gland N NN NNNNNNUNNNNNNNNNNNNNNNN
nom.
Brain PR T R TR T T T S T T R R T I S R I B AN I N A
Granular call tumor, NOS X
ALL OTHER SYSTEME
Maltiple organs, NOS N NNNNNNNNNNNNNNNNNNNNNNNN
Mnothnliom, NOS X
Laukemia, mononuciear cell X X X X X X X X X
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE

(Continued)
ANIMAL 0o 0 0
NUMBER 4 4 4 4| 4 S8
7 8 9 0 TOTAL
AL:
WEEKS ON 10 I T |TISSUES
STUDY 0 o 0 0 0 o 9 0 0 0 8 0 0 |[TUMORS
5 S5 & 8 5 5 i 5 5 5 7 5 5
INTEGUMENTARY SYSTEM
Skin LR T BN I R T R T R I I N L e + 4+ + o+ + *50
% amous cell papilloma 1
nexal adenoma X 2
Keratoacanthoma 1
Fibroma X X X 3
Subcutaneous tissue + + + + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ + o+ o+ o+ o+ o+ *50
Fibroma X 3
Fibrosarcoma X 1
Lipoma X H
Lung: -nd bronchi + + + + + o+ F 4+ + o+ o+ o+ o+ o+ o+ o+ 4+ 4+ o+ o+ o+ O+ o+ 50
2
hbm‘reom, meumtle X 1
Trachea LIRS I R T T T I TR I TR T S T T SR R T S 48
HEMATOPOIETIC SYSTEM
Bone marrow + + + + + o+ F ot F o+ E o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Spleen + + + +F + + F o+ + o+ o+ o+ o+ o+ o+ o+ F o+ o+ o+ o+ o+ o+ o+ 50
emangioma X 1
Lymph nodes + o+ o+ + o+ ok F o F F -+ F o+ o+ o+ o+ o+ o+ o+ o+ 49
ymus L I T I e R R R I S R e 45
Heart + 0+ o+ o+ o+ o+ 4 + O+ o+ o+ o+ o+ o+ o+ o+ o+ o+ + o+ o+ o+ 50
Sahvary gland + 0+ o+ + o+ o+ o+ o+ o+ -+ o+ o+ o+ F o+ + o+ o+ o+ o+ o+ 49
L R T T T T S S S SR S S S S T S S 50
Noophmc nodule X X 3
Bile duct + F + + + + + + + + + + F o+ + o+ + + F o+ + o+ + + 4 50
Gallbladder & common bile duct N NN NNNNNNDNNNNNNNNNNNNNNNNN *50
ancreu LR I N T T T S I S A o T T 49
sophagus + O+ + o+ o+ F F o+ o+ o+ o+ o+ o+ o+ o+ F o+ o+ o+ o+ o+ 50
Sf.ome L I 2 . T SR R T S T R T T S S N A A A A 4 50
Small intestine LR S R N T B TR TN S N R T T TR R T R R I I 50
Adenoma, NOS X 1
Large intestine + + + F o+ o+ o+ o+ + o+ o+ o+ 4+ 50
Kidney LI I T I I 2 T T TR R D T S T T SR T SR S R T N 50
Unnry bladder L N T I I S N T T I T T + + o+ 4+ 50
ENDOCKINE SYSTES
Pituitary + F + o+ o+ o+ + + + + + + + + + o+ + 50
Adenoma, NOS X X 4
renal + + + + + 4+ + + + + + + + o+ + 50
Phooehromocybom X X X X X 18
cyro o+ o+ o+ o+ o+ + + o+ - + 4+ + + + + 4+ + 48
Il adenoma X 3
C-cell carcinoma X 2
Parathyroid + + + =+ + + + -+ + - -+ o+ o+ o+ + o+ 4+ o+ o+ -+ o+ 40
TEM
Mammary gland + + + N + + + + + + N + + + + + + + + N + + + + + *50
Fibroadenoma X 4
Testis + + + + + o+ + + + + o+ o+ o+ o+ F o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
InMrmtul cell tumor X XXX X X XX X X X X XX X XX X X X X X X 45
= + + + + + + + + = 4+ + + + + + + - + + + + + ~—~- + 45
A:ntilllelitonl gland N NN NNNNNNDNNNNNNNNNNNNNNNNN *50
enoma, N X 1
Brain + + + o+ o+ o+ o+ o+ o+ o+ + + + 4+ 50
Granular cell tumor, NOS 1
Multiple organs, NOS N N N NNNNNNN N NNNN N N N *50
Mesothelioma, NOS
Leukemia, mononuclear cell X X X XX X X X X X X X 21
* Animals necropsied
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE
STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE: MID DOSE

000]0]000 00,

H 1 1 n oy y1

ANIMAL
NUMBER
o 1 2 8 8 9

0 o 0 0
o o of o o©
4 5 6 7 8 2l 3 4

1
5

WEEKS ON
STUDY

vor —og
W WO
ROM OO
OO O]
)
E-)
NQ
NS RO

RO WOoOo

SO e
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sSnd
o e

1
5

0] B
6[8, 0
4 5 5|

"o NO

1
0
5

o~y

w2
w©

5|

INTEGUMENTARY SYSTEM
Sksg: 11 papill *

uamous cell papilloma
Tnchooylthehoma
Adnezal adenoma
Keratoacanthoma X
Fibroma
Subcutaneous tissue + + + + + + + + + + + + + + + + F + + + + + + + o+
Fibroma X

+ o+

+
+
+
+
¥
+
+
+
+
+
+
+
+
+
+
+
¥
+
+
+
+
+

RESPIRATORY SYSTEM
Lungs and bronchi
Trachea

++
+

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

Bone marrow
Spleen
imph nodes
ymus

+4+++
1+ ++
++4 4
++++
++++
4+
4+
++ 4+t
44+
4+
+H++
4+
4+
1 +++
L+t
A4+
+H++
t++t
+++ 4
+H++
R
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CIRCULATORY SYSTEM
Heart

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

DICESTIVE SYSTEM
Salivary gland
Liver

Neoplalt:c nodule

le duct
Ga!lbladder & common bile duct
Pancreas
Acmar cell adenoma
Esophagus
Stomac.
Small intestine
Large intestine

URINARY SYSTEM

Kidney

Unnary bladder
Transitional cell papilloma

ENDOCRINE SYSTEM
Pituitary + +
Adenoma, NOS
renal
Tlf:heochromocytoma
Follxcuhr cell adenoma
Follicular cell carcinoma
C-cell adenoma
Parathyroid - 4+ 4+
Pancreatic islets + + o+
Islet cell adenoma
Islet cell carcinoma

++
++

++++ 24+ +
++++ +Z4+ ++
++++ +2Z+ +4+
++++ +24+ ++
++++ +2Z+ ++
++++ +2Z+ ++
++++ +Z+ ++
++++ +2Z+ ++
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++ + M+
++
+ 4+
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+¥+ +
++ M o+ o+ 4+

REPRODUCTIVE SYSTEM

Mammary gland +F + N + + + + + + + N 4+ + + 4+ + + + + + + + + + +
Adenoma, NOS
Fxbroadenoma

Testis
Interstitial cell tumor
Mesothelioma, NOS
Masothelioma, malignant

Prostate

Pre uhallchboml gland

enoma, N

LT
LT
LTS
[ 23
by
4
M+
4
M
b4
"+
M+
"+
"4+
M+
Mt
"+
B

»

"

"4
"4

Z+
Z+
Z+
Z+
Z+
2+
Z+
Z+
%+
2+
2+
Z+
Z+
Z+
Z+
Z+
Z+
Z+
Z+
Z+
2+
Z4+
Z+
2+
Z+

NERVOUS SYSTEM
Brain R T T T T S S R e T TR TR S R S R R T

SPECIAL SENSE ORGANS
Zymbal gland N NN NNDNNNNNDNNNNNNNNNNNNNNNN
Carcinoma, NOS

BODY CAVITIES
Peritoneum N NN NDNNNDNNNNNNNNNNNNNNNNNNN
Mesothelioma, NOS X

ALL UTHER SYSTEMS

Multiple organs, NOS N NN NDNDNNNNNNNNNNNNNNNNNNN
Mesotheiioma, NOS
Maesothelioma, invasive
Leukemia, mononuciear cell X X X X X X X X X X

'z
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: MID DOSE

(Continued)
ANIMAL of of Of of O of o o af o] @ o Of O of of ¢ 9 0 of 0 0
NUMBER 2] 21 2 2 3/ 3| 8 3 3 3 38 8 3 3 4 4 4| 4 4 4 4 4 4 4 5
8 7 8 9 O L 2 3 4 5 6 7 8 9 of 1 2 3 4 5 e 71 8 9 o
. TOTAL:
WEEKS ON 101 I I I O 11 I 0 1Iror I I T 1 11 0 TISSUES
STUDY O 9 of o of of o o & o o o o e o o v of of o o o 9 o 9 {TUMORS
5 3 5 5 5 4 5 7 9 5 2@ 5 5 4 5 5 8 5 5 5 5 5 5 4/ 6
MEGWEW
Ski + + 4+ + + + o+ 4+ o+ o+ o+ o+ o+ o+ o+ o+ o+ + o+ o+ 4+ o+ 4+ o+ o+ *50
Squamonl cell papilloma X 1
Trichoepithelioma 1
Adnexal adenoma X 1
Keratoacanthoma 2
Fibroma X 1
Subcutaneous tissue + 4+ + + 4+ + 4+ F o+ o+ o+ o+ + o+ o+ F o+ o+ + o+ o+ o+ o+ + o+ *50
Fibroma X X X 4
[+
Lungs and bronchi L T IR N T . T T S T T T S S T T . 50
Trachea + o+ 4+ o+ o+ F o+ o+ -+ o+ =+ o+ o+ o+ o+ 48
HEMATOPOIETIC SYSTEM
Bone marrow + 4+ + 4+ o+ o+ o+ =kt o+ o+ o+ o+ o+ o+ o+ 49
Spleen + o+ + + o E o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+t 50
gmph nodes + 0+ + + + + o+ o+ o+ o+ o+ o+ F o+ o+ o+ o+ o+ o+ 4+ 50
Thymus L T S T T T T T I ST TR T S R S T R R 41
CIRCULATORY SYSTEM
Heart L T R R A T T A R S A T T T S TP 50
Salivary gland . + 0+ + F o+ o+ o+ o+ o+ ok ko + + o+ o+ o+ o+ o+ o+ o+ 50
Liver L S T S T R A T A e T R T S T S S S X 50
Neoplamc nodule X 3
le duct + + + + + + + + + + + + + + + 4+ + + 4+ o+ + o+ + o+ 50
Gallbladder & commen bile duct N NN NNNNNNNIDNNNNNNNNNNNNNNN *50
Pancreas L T T I S I L i S T S S S S S N S S 47
Acinar cell adenoma X 2
Esophagus + + + + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+t o+ o+ o+ o+ 4+ o+ 4 50
Stomac + + + + o+ o+ o+ o+ + o+ o+ 4+ o+ 4 50
Small intestine + + + + + + + F + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 4+ 47
Large intestine L I R R TR T I T T TR S S S S S S T e 48
Kidney + o+ + + o+ o+ o+ o+ o+ o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ 50
Urinary bladder + + + + + + + + + + + F + -+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 49
Transitional csll papilloma
ENDOCHINE SYSTEM
Pituitary + + + + + + - + + + + + + o+ o+ o+ o+ o+ 48
Adenoma, NOS X X X X X 8
renal + + + o+ o+ o+ o+ + + 0+ + 4+ o+ o+ o+ + 50
Pheochromocytoma X X X X X X X 10
Fy roid + + + + + + + o+ o+ + o+ o+ o+ =+ o+ 4 + 48
ollicular cell adenoma X X 2
Follicular cell carcinoma 2
C-cell adenoma X X 4
Parathyroid - =+ + + =+ A+ + o+ F o+ o+ o+ o+ -+ -+ + -+ o+ 38
Pancreatic islets + + + + o+ o+ o+ 4+ + 0+ o+ -+ o+ o+ o+ + + + + 4+ 47
Islet cell adenoma
Islet cell carcinoma X 1
REPRODUTTIVE SYSTEM
Mammary gland + +# + N + N + +# N + + + N + 4+ + + N + + + + + + + *50
Adenoma, NOS X 1
Fibroadenoma X 1
Taestis + + + + + + + + + + + + + + o+ + o+ 4+ o+ o+ 4+ o+ o+ o+ o+ 50
Interstitial cell tumor X XX XX X X X X X X X X X X X X X X X X X 4
Moesothelioma, NOS X 1
Mewthahoma, malignant X X 2
Prostate + + + + + + + + + + + o+ + o+ - + o+ + + o+ + + 49
Pre, utlal/chtoml gland N NN NNNNNNNNNDNNNNNNNNNNNNNN *50
enoma, N X X 3
NERVOUS SYSTEM
Brain + o+ + + o+ F o+ o+ o+ + 4+ + o+ o+ o+ 4+t 50
SPECIAL SENSE ORGANS
Zymbal gland N NNNNNNUNNNNDNNDNDNDNN4+NDNNNNNNN *50
Carcinoma, NOS 1
BODY CAVITIES
Peritoneum N NNNDNNNNNDNNNNNNNNNNNNNNNNN *50
Maesothelioma, NOS 1
ALL OTHER SYSTEMS
Multiple organs, NOS N NNNDNNNNNDNNNNNNNNDNNNNNNNNNN *50
Mesothelioma, NOS 1
Mesothelioma, invasive X X 2
Leukemia, mononuclaar cell X X X X X X X X X 19

® Animals necropsied
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE
STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE: HIGH DOSE

ANTMAL 0 9 0 0 0 0
NUMBER o o of of o of o o of 1 i 1 1 y 1 1] 1 1 1 2f 2 2 2 2 2
i 2 8| 4 5/ 6 7 8 9 O i 21 3 4 5 8 7 8 9 1 2] 8 4 5
WEEKS ON | 1 i i § O T 1 0 I 1
STUDY 9 0 0 of 8 o 6 o ol 8 9 o o o o o o of o o 9 o 7 of 0
11 8 s s 7 s e S5 S S 8 5 5 5 5 5 6 4 5 4 5 5 0 5 2
INTEGUMENTARY SYSTEM
Skin + O+ o+ o+ o+ o+ o+ + + + + 4+ + + 4+ o+ o+ o+
Squamous cell papilloma X X
Subcutaneous tissue + + + + + o+ o+ + +
Fibroma
RESPIRATORY SYSTEM
Lungs and bronchi LR T N T S T T B I SR S S 2 R T R S T L N S )
Transitional cell carcinoma, metastatic
Alveolar/bronchiolar adenoma
Trachea + 4+ + + + 4+ o+ o+ o+ =+ o+ o+ o+ 4+t
Bone marrow LR ST SR R T . . T T SR S T S I S SR SR S B S I R
Spleen + + + F o+ o+ o+ o+ o+ F o+ o+ 4
l%mph nodes LI T T S R ST R S S SR R T R S I I R
ransitional cell ca: baghab
Thymus -+ + 4+ + o+ 4+ -+ -
CIRCULATORY SYSTEM
Heart LA T S R T I S ST IR SR R SR R I R R R K . R |
Salivary gland EEE I S T TR IR T I T T T T T T I R SRR IR A S R 4
Liver + 4+ + 4+ + + 4+ + 4+ o+ A A+
Neoplastic nodule X X
Bile duct + + + F o+ o+ o+ o+ o+ + + ++ +++++ o+ o+ o+
Gallbladder & common bile duct N NNNNNNNNNNNNNNNNNNNNNNNN
Pancreas L S T T T S S R I S R SR SRR 2 R R SR T N I J
Transitional cell carcinoma, invasive
lophaﬁ'us + + o+ + o+ o+ o+ o+ o+ + o+ 4+ F o+ o+ E A+ 4
Stomac LR T T TR T I I T S Sk S S . T T R T L N S B
Small intestine + + + + + + o+ o+ o+ o+ T+ -+ o+t
Adenocarcinoma, NOS
Large intestine + + + 4+ o+ 4+ o+ o+ 4+ A+ o+
Kidney + 4+ + + + + + + + o+ + + + o+ o+ o+ o+ o+ o+ 4+
Transitional cell carcinoma
Urinary bladder + + + o+ 4+ + + + + + + + + + +
ERDOCRINE SYSTEM
Pituitary LR T S A T A . T R N R R T S T S S I S I
Adrenal + + + b+ + + o+ o+t o+ o+ F o+ + o+ o+ 4
Pheochromocytoma X X
Thyroid + + + + o+ o+ o+ o+ + -+ o+ + o+ + + + +
Follicular cell adenoma
C-cell adenoma X X
Parathyroid + + + + + F + + - 4+ =+ 4+ o+ttt A+ o+ o+
Adenoma, NOS X
Mammary gland + + N + + 4 4 + N + + + + + + N + + + + + + N + +
Fibroadenoma X
Testis + + + + + + 4+ + + + o+ + o+ o+t o+ o+ o+ o+ o+ o+ o+ o+ o+
Interstitial cell tumor XX XXX XX X XX XX X XX XX X X X X X X X
rog! P T T G S T T S TR T T R SRR T T B
Adenoma, NOS X
Preputial/ciiboral land N NNNNNNNNNNNNNNNNNNNNNNNN
Carcinoma, N
Adenoma, N X
NERVOUS SYSTEM
Brain + + + + + o+ + 4+ F o+ 4
BODY CAVITIES
Peritoneum N NNNDNNNDNNNNDNNNNNNNNNUNNNNNNN
ransitional cell i invasive
ALL OTHER SYSTEMS
Multiple organs, NOS N NN NDNDNNNNNNNNNNNNNNNNNNNN
Malignant lymphorma, NOS
Leukemia, mononuclear cell X X X X X X X X X X X
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE

(Continued)
ANIMAL" O O o o of o of O of o of 0 0] o 0] 0 0
NUMBER 2 2 2| 38 3 31 3 3 3 8] 3 3 3 4] 4 4 4 4 4 4 4 4 4 5
8 71 8 9 o 1| 2 38 4 5 6 7 8 9 of 1| 2| 8 4 5/ 6 7 8 9 o0
TOTAL:
WEEKS ON TISSUES
STUDY 0 8 0 8 8 9 0 of 3 9 o o0 0 8 9 o 9 0 |[TUMO
S5 6 5 3 of s S5 5 8 9 3 5 3 6 2 3 3 5
INTEGUMENTARY SYSTEM
Skin + + + + + N + +# 4+ + + N + + + + + + o+ *50
Squamous cell papilloma X X 4
Subcutaneous tissue + + 4+ + + N + + + + + N *50
Fibroma !
Lungs and bronchi + 0+ + + + o+ o+ O+ o+ + + + + + 50
Transitional cell carvinoma, metastatic X 1
Alveclarhronchiolar adenoma X 1
Trachea LT S I R IR T S A N T T T T T T S R I 49
HEMATOFPOIETIC SYSTEM
Bone marrow L T S T TR I N G T T T R T T R T S T S N L 50
Spleen LN I B B SRR I N S A T R ST T T T I R S T 50
Lymph nodes + + + o+ o+ o+ F o+t E o E e+ 48
ransitional cell carcinoma, metastatic X 1
Thymus L R I T I N T T S R I R I e 41
CIRCULATORY SYSTEM
Hoart L I L T TP I T T . T T T R T S SR S R 50
Salivary gland + + + + o+ o+ o+ o+t o+ o+ o+ o+ 49
Liver + + + + o+ o+ o+ o+ o+t o+ o+ o+ o+ o+ o+ o+ 50
Neoplastic nodule X 3
Bile duct + + + + + + o+ o+ o+ F + o+ o+ A+ o+ o+ o+ o+ o+ o+ o+ 4+ 50
Gallbladder & commor. bile duct N NNNNNUNNNNNNNNNNNNNNNNNNN *50
Pancreas LA I I I T K S T S BT T S T T T I A 47
Transitional cell carcinoma, invasive X 1
Esophagus + + + + F F o+ o+ + F o+ O+ A+ A+t o+ o+ 50
Stomac LA T S B SRR T e T T I TP S S S T T S R 50
Small intestine LN T S I S L K . T T BT S R I SRR T R S I R 46
Adenocarcinoma, NOS X 1
Large intestine LR I SR IR T T T T SR R T N T A + o+ o+ o+ o+ 48
Kidney + + + + + + + + + o+ o+ o+ o+ o+ o+ + + o+ o+ 50
Transitional cell carcinoma X 1
Urinary bladder + + + o+ + o+ + + + 4+ + + + + + + + + + 50
ENDOCRINE SYSTEM
Pituitary L T O T S A T SR S S S U R S S N S 50
Adrena)] L T S N T T L D T T TN R SR JEEE N S N S 50
Pheochromocytoma X X X 5
Thyroid + + + o+ o+ o+ o+ o+ o+ + + 49
Follicular cell adenoma X 1
C-cell adenoma 2
Parathyroid + -+ 4+ o+ o+ e+ o+ + + o -+ 4+ 45
Adenoma, NOS 1
STEM
Mammary gland + + + + o+ o+ o+t b+ F + + + + N+ o+ b+ *50
Fibroadenoma X 2
Testis + + + =+ + + + + o+ + o+ o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+ o+ 4+ 49
Interstitial cell tumor X xx X X X X X XXX XXX X XX X X X XX 48
Prostate L R T TR S T S SR S S S S S S 48
Adenomsa, NOS 1
Pmputial/clitoral land N NN NNNNNNNNNNNNNNNNNNNNNN *50
Carcinoma, N X 1
Adenoma, NOS X 2
Brain + 0+ 4+ 4+ o+ o+ o+ o+ o+ + + + + + + 4+ 50
Peritoneum N NNNN *50

Transitional cell carcinoma, invasive

NNNNNN;‘NN

ALL OTHER SYSTEMS

Muitiple organs, NOS
Maligrant lymphoma, NOS

Leukemia, mononuclear cell

4

4
b4
Z
z
4
4

* Animals necropsied

7
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TABLE A4, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE: VEHICLE CONTROL

ANIMAL of of o Of of O o0f O [} [} 0
NUMBER o o 0 0 of 0 O 0 0 1 1 1 1 11 1 1 21 21 2| 2 o 2
1] 2] 8} 4 5 8 7 3 4 5 8 7 8 9 O 1 2 3| 4 5
WEEKS ON I 1 111 I 1 1 1 i1
STUDY o o o 0 0 ‘ 0' 0[ 0 0 0 0[ g( o of o o
st 5 4 5 8 5 5 5 5 5 5 5 5 5 5 5
INTEGUMENTARY SYSTEM
Skin EEE B S . T T T R T ST TR S . T T S B S
Adnoxal adenoma X
Fibroma
Subcutaneous tissue + + + + o+ F +F o+ o+ o+ o+ o+ o+ 4+ o+ o+ + + + + + + + +
Fibroma X
Lungs and bronchi P SR S R R R SR L R T T T S R SR T I N S
Alveolar/bronchiolar adenoma
Trachea + + + ¢+ F o+ o+ o+ o+ o+ o+ 4
Bone marrow + o+ F o+ + F + + +F o+ F o+ o~k o+ A+ o+ o+ o+
sp]..n + + + + + 4+ o+ o+ 4+ o+ A+t
Lymph nodes + 4+ + + + + + + + + o+ + 4+t ++ + o+ o+ o+ o+ o+ o+
ymus P T . R . T RS S R I T R S B B
Heart + + + o+ + 4+ o+ o+ o+ F o+ o+ o+ o+t
Salivary gland + + + + + + + + o+ o+ o+ 4+ + + + F + F o+ o+ o+ o+t
Liver + + + + + + o+ + o+ 4+ o+ o+ o+ 4+ o+ 4+
Bile duct + + + + + + + 4+ + + + + + + + + + + + + + + + o+ o+
Qallbladder & common bile duct N NN NNNNNNNNNNNNNNNNNNNNNN
Pancnu + + + + + + + + + + F o+ F o+ o+ F o+ F o+ o+ o+ o+ o+ o+ o+
sopha, O S T . R R R S S S N A T R B I
Stomgc + + + + + + + F o+ + o+ o+ o+ o+t 4+ o+ o+ o+ o+ o+
Small intestine + o+ + + 4+ 4+ + o+ o+ o+ o+ o+ o+ A+t
Large intestine + + + + + + + o+ 4+ o+ o+ o+ + + A+ 4+ 4+t
URINARY SYSTEM
Kidney P T T T T S S S T B SR S S S I S S
Urinary bladder + 4+ + + + + o+ + o+ -+ A+ o+ o+ o+t
Transitional esll papilloma .4
Pituitary + + + 4+ + + o+ 4+ + 4+ 4+ 4+ o+ o+ o+ o+ o+
Carcinoma, NOS X
Adenoms, NOS X X X
Adrenal + + F + + F + A+ o+ o+ o+ o+ o+ 4 + + +
Pheochromocytoma
Ganghoneurom X
+ + + + + o+ o+ o+ o+ o+ o+ o+ o+ +
dv«u adesoma X
Parathyroid + + 4+ + -+ + + + F 4+ + + + + + o+ o+ o+ o+ o+ o+ o+ o+
Pancreatic islets + + + + + + + + + 4+ 4+ + F 4+ F 4+ o+ o+ o+ o+
Islet cell adenoma
REPRODUCTIVE SYSTEM
Mammary gland + + N + + + + + + 4+ + + + + + + + + + + + + + + N
Cymdenoma, NOS X
Fibroaden X X X X X X
Pre) uml.lchhoral gland N N N N NN NNNNNNNN N N N N N N
enoma, N X
Uterus L S S N A e TG T . 2 S T S NN T N T SR N SN SN . 3
Endometrial stromal polyp X X X
Endometrial stromal sarcoma X
Ovary P T T T T T T T T T T S SR N I S S R R
Brain + 4+ + + 4+ o+ F F A+ o+ A+ 4+ o+ 4
Multiple organs. NOS N NN NDNNNNNUDNNDNNNNNNNNNNNNNN
Endometria | sarcoma, metastat
Leukemia, mononuclou cell X X X
+: Tissue axamined microscopically :  Notissue information submitted
- uired tissue not examined rmcroscopwally C: Necropsy, no histology due to protocol
X: Tumorincidence A: Autolysis
N: Necropsy, no autolysis, no microscopic examination M: Animal missing
8: Anima) missexed B: No necropsy performed
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: VEHICLE CONTROL

(Continued)
O] Of Of of ©of O 0] Of 0 ol Of of Of of of of o o] Of 0
NUMBER 2l 2f 20 2 3] 3f 31 3 3 31 31 31 3] 8 4 4 4| 4| 4] 4 4 4 4 4 5
6 71 8 9 of 1 2[ 38 4 5 e 7 8 9 of 1 2 3 4 5 & 7 8 9 o0
S . , TOTAL:
WEEKS ON T 170 O 17 o If I I O I 11 T TISSUES
STUDY 0 O O o 71 of 8 of 6 of of O 9 o0 9 8 of 0o o 8 g[ o of 9 0 TUMORS
s| 5| s| sl & 5| 4 5 2| 5| sl 5| e 3| 4 s 1| s s 1 2 5 5 o ¢ | |
INTEGUMENTARY SYSTEM ™~
Skin + + + + + + N + 4+ + + 4+ + + + + + + + 4+ + + + + 4+ *50
Adnexal adenoma 1
Fibroma X 1
Subcutaneous tissue o+ + + + + N 4+ 4+ + + 4+ o+ o+ o+ o+ o+ o+ o+ o+ *50
ibroma 1
RESPIRATORY SYSTEM
Lungs and broachi + + + + + + + + + + o+ + o+ + o+ 50
Alveolar/bronchiolar adenoma X 1
Trachea + 0+ o+ o+ o+ o+ + o+ o+ o+ + + 4+ o+ + 4+ o+ o+ -+ 49
Bone marrow + 0+ + F o+ o+ o+ o+ o+ + o+ =+ o+ o+ o+ o+ o+ o+ - 47
Spleen + + + + + + + 4+ o+ + o+ F F o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
%{mph nodes + + + + + 4+ o+ o+ o+ o+ b+ o+ F o+ o+ + o+ o+ o+ o+ o+ o+ o+ 50
ymus L R L T T T R S S S A T S T I e s 44
)
Heart L T T R R I S T S S I S I 50
Salivary gland o+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ 4+ o+ o+t 50
Liver + + + + 4+ + 4+ o+ + o+ o+ F o+ o+ o+ 4+ o+ 4+ o+ o+ o+ o+ o+ 50
Bile duct + + + + + + + + + + + + + + + + + + + + + o+ + o+ o+ 50
Gallbladder & comman bile duct N NNNNNDNNNNNNNNUNNNNNNNNNNN *50
Pancreas L T R S R R R S R T T T S S S S R A 50
Esophagus L T U R T S T R N R L T T S 49
Stomac! + + + F + F o+ o+ o+ F o+ o+ o+ o+ A+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Small intestine LR T S T S A T T S T T S S T S A L 50
Large intestine + + + + + + + + o+ F o+ + o+ 4+ o+ + o+ o+ o+ o+ o+ + 50
Kidney L . T S S TR S R T S S S R S S 50
Urinary bladder + 0+ + + + + o+ o+ o+ o+ b+ o+ o+ o+ o+ o+ + o+ + o+ o+ 49
Transitional cell papilloma 1
ENDOCRINE SYSTEM
Pituitary + + + + + + o+ o+ + + + + + o+ o+ o+ o+ o+ o+ o+ o+ 50
Carcizoma, NOS X 2
Adenoma, NOS X X X X X X 9
Adrenal + + + F + + + + + + o+t + + + + 4+ + + + + + + + | B0
Pheochromocytoma X 1
Ganglioneuroma 1
Thyroid + + + + + + LA A S S T T T S L A S 50
-cell adenoma X 2
Parathyroid + - 4+ + + + = -+ -+ o+ -+ o+ o+ o+ o+ o+ o+ 44
Pancreatic islets F + + + o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ + o+ o+ 50
Islet cell adenoma X 1
STEM
Mammary gland + 0+ + + + + + + + F + o+ o+ o+ o+ o+ A+ 4+ o+ o+ o+ *30
Cystadenoma, NOS 1
Fibroadenoma X X X X X 11
Preputialclitoral gland N N N N NNNNNN N NNNNNNNN *50
enoma, NOS X
Uterus + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Endometrial stromal polyp X X X 8
Endometrial stromal sarcoma b.4 2
Ovary o+ 4+ + o+ o+ o+ o+ o+ + o+ 4+ + + + + o+ + o+ o+ o+ o+ o+ 50
NERVOUS SYSTEM
Brain L S A T T S R S T S S T T R R 50
Multiple organs, NOS N N N NNNNNNNNNNNDNN N NN NNNNN *50
Endometrial st | sarcoma, metastati X 1
Leukemia, mononuclear cell X X X X X X 9
® Animals necropsied
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE: LOW DOSE

ANIMAL PR
NUMBER o o o o o o o o 1 1 1 1 1 1 1 Ly 1 1 2t 2 28 2 2 2
{ 1 2| 3 4 5 6 7 8 9 o 1 2 38 4 5 6 7 8 9 o0 i 2 3 4 §
WEEKS ON o1 1 1 T I T
STUDY o o 8 of 9 9 o o o o o 6 o 0 0 o o o 6 ol 9 of 8 o o
8 5 7 S5 21 7 5 5 5 5 5 8 5 5 s 5 5 5 4 5 9 5 7 5 5
ITEGUNENTAL
Subcutaneous tissue + + + + + N + + + + + + + + + + + + + + + + + + +
Fibroma
Fibrosarcoma X
L\}qp and bronchi | + + + + + o+ o+ o+ o+ o+ o+ o+ o+ ; + + o+ + + + o+ o+ o+
Cortical cartinoma, metastatic X
reoma, invasive
Traches + + + + o+ + o+ o+ F o+ o+ o+ o+ F o+ o+ o+ o+ o+ o+ o+
HAEMATOPOIETIC SYSTEM
Bone marrow LR T S R T T T T T R R R T T R T T T T
Splesn LN T T S SR N T RN BT R S N R R S T R S R N R
Acinar cell carcinoma, invasive
‘lﬁnph nodes LN T S N R R A T T T S R S R T T NN T T S S
ymus L . T T S T R R T I S I A 2 T R S S
CIRCULATORY SYSTEM
Heart LI O R T T I T I I + + + 4+ + o+ o+ o+ o+ o+ o+ o+
vary glend I I A R T T S N T T T T T T ST S S S N S S
Liver . + 0+ + o+ o+ o+ F o+ F o+ o+ o+
Acinar cell carcinoma, metastatic
Bile duct + 4+ + + + + + + + 4+ + + £+ + + + + + + A+ + o+ o+
Gailbladder & common bile duct N NN NNNNNDNNNNNNNNNNNNNNNNNN
Pancreas + + -+t F o+ F o+ + F o+ o+ o+ o+ + o+ o+
Acinar cell carcinoma
LR S S R T T T S T T S R S N S
Stomae + + + + F + + o+ o+ o+ o+ o+ o+ o+ o+ o+ F o+ o+ o+ o+ 4
Small intestine LR T S S TR T N TR JEE T N B L I N R A A T B
intestine + + o+ 4+ + o F o+ F o A =kt o+ o+ o+
Leiomyosarcoma X
URINARY SYSTEM
Kidney + + + + + + + 4+ + + + + 4+ + +F 4+ o+ + o+ o+ o+ o+ o+ o+
Urinary bladder + + -~ + + + + o+ + o+t A E A+ + o+ o+ o+
Pituitary + 4+ + + o+ o+ o+ o+ o+ o+ o+ + + o+ o+ + + + + o+ o+
Carcinoma, NOS
Adenoma, NOS X X X X X X X X X
nal + + +F F + F o+ o+ o+ + o+ F P+ o+ o+ o+ o+
Cortical carcinoma X
Pheochromocytoma X X
+ + + + + + + o+ +
‘ollicular cell adenoma X
Parathyroid + - + + - + + -+
Msmmary gland + + + + + + + + + + + + + + + N + + + + + + + + o+
Adenoma, NOS
Adenocarcinoma, NOS
Intraductsl papil'lom
Fibroadenoma X X X X X
Preputial/clitoral gland N NNNDNNNNNNUDNNNNNNNNNNNNNNN
noms, X
Adenoma, NO§
terus + + 4+ + + + + 4+ F F o+ 4+ o+ o+ o+ 4+
Adenoma, NOS
Endometrial stromal polyp X X X
Ovary + o+ 4+ o+ + o+ + A F o+ E o+ o+ o+ o+t
Brain LR S S S A Tk SR . TN T S ST S I T S S T S S
Carcinoma, NOS, invasive
Zymbal gland N NN NNDNDNDNNDNNNNNNNNNNNNNNNN
Careinoma, NOS
Mediastinum N NNNNNNNNNNNNNNNNNNNNNNNN
Ostaosarcoms
P
Mnl:ﬁ. organs, NOS N NN NNDNDNNNNUDNNNDNNNNNNNNNNNNN
Leukemia, mononuclear cell X X X X X

DMMPA, NTP TR 298

74




TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE

(Continued)
ANINAL
NUMBER 2 2 2 2 3 3 3 8 8 3 3 8 8 8 4] 4 4 4 4 4 4 4 4 4 5
8 7 8 4 5 6 7 8 9 of 1 2| 3 4 5 6 7 8 9 o or
TOTAL:
WEEKS ON I 1 10 1 11 1 11 TISSUES
STUDY 0 O 8 O 9 o0 9 3 o 0 o 6 7 0o 0 |[TUMORS
S 5 9o 5 5 5 2 1 5 5 5 4 9 5 5
Subcutaneous tissue L N T T I Y R S T T S SR S I N T T T S *50
Fibroma X 1
Fibrosarcoma 1
Lungs and bronchi LR R T T SR I T TR T S T R S N S S T TR T S R e 50
Alveolar/bronchiolsr adenoma 1
Cortical carcinoma, metastatic 1
Osteosarcoma, invasive X 1
Trachea + + + =+ o+ F o+ + o+ o+ o+ -+ o+ 4+ 48
Bone marrow LR R T R TR IS JEE T TR BRI ST IR EE T T I A R R 49
Spleen LI S S I T T R T T T R R S R T T I S S S S 50
Acinar cell carcinoma, invasive X 1
T{mph nodes LK T B S R TR TR TR IR TR DR I T T TR T T S TR R T 50
— 4+ + ot o+ =t =+ o+ E -+ -+~ 41
CIRCULATORY SYSTEM
Heart LI B T T T T BT IR T R T R R R A T T SR S 50
s.um-y gland LR T T T T R T I R R R R R R R S R S T S e Y 50
Live LK B 2K T IR IR I T TR D T N S I TR S T SR S SR S ) 50
Acuw' cell carcinoma, metastatic X 1
Bile duct + + + + + + + + + + + + + + + + + + + + + + + + o+ 50
Gallbladder & common bile duct N NN NNNNNNDNNNNNNNNNNNNNNNNN *50
Pancreas L T T e e T T S e A N T S T 49
Acinar cell carcinoma X 1
Esop C I SR S I TR R T T I I I T I S S T T e T T T S 50
Stomac! LR T S R TR K S S T T S S S IR S R R T R S 50
Small intestine LN I B SN B TR K B S S T TR R T R S S I N N 4 49
intestine LR B R I T I I T I I R R T T T T S 48
Leiomyosarcoma 1
URINARY SYSTEM
Kidoey L2 R TEE I R T T I T T T T TR TR S SR R L I 50
Urinary bladder + + + 4+t o+ o+ o+ =+ o+ o+ FE A+ o+ 48
Pituitary LK T TR R D T T T S N T S S R S T A e 50
C‘rcimnA&NOS X X 2
Adenoma, NOS X X X X 14
Adrenal + + + + + + + o+ o+ o+ o+ o+ o+ 4 + + + o+ o+ 50
Cortical carcinoma 1
Pheochromocytoma X X X 5
Thyroid + + o+ o+ o+ 4+ + + o+ + 50
ollicular cell adencma 1
Parathyroid + + -+ o+ o+ o+ o+ + + - - 43
Mammary gland + + + + F o+ E +F N+ O+ A+ o+ + *50
Monom, NO8 X 1
Adenocarcino! Nle 1
Intraductal plpil X 1
Fibroadeno X X X X X 11
Pnpnmllelitom land N NNNNNNNNNNNNNDNNNNNNNNNNNN *50
Carcinoma, N 1
Mnnma. NOS X 1
I T T S S S T e . e S 50
Adno NOS X X 2
I!ndomotrhl stromal polyp X X ]
Ovary L I N 2 T I IR TR T T R T T R S N T 50
Brain LN R K B R T T I T T TR T T S T T R R S 4 50
Carcinoma, NOS, invasive X 1
Zymbal gland + NN NNNNNNNNNNNNNNNNNNNNNN *50
Carcinoma, NOS X 1
Mediastinum N NNNNNNNNNNNNNNNNNNNNNNNN *50
Ostsosarcoma X 1
Mnleuiﬂn organs, NO§ N NNNNDNUDNNNNNNNNNNNNNNNNNNN *50
Leukemia, mononuclear cell X X X X X X X X 13
¢ Animals necropsied
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE: MID DOSE

ANTMAL of O O of o Of 0 0]
NUMBER 0 0 0 0o of o of o o i 1 1f 1 1 1f 1 o 1 1 2 2 2 2 2
1 2 3 4 5 6 7 8 o O 1 2 3 4 5 6 7 8 9 O 1 2 3 4} 5
WEEKS ON I 17 11307 I 0 O 1 T I 101
STUDY of of of of of 9 of 5 7 of o 9 o of o 8 o 9 O O O 9 & 0 3
s{ 5 5 5 5 7 5 38 t 2 5 3 5 2 2 7 5 6 5 8 5 5 9 5 8
INTEGUMENTARY SYSTEM —
Subcutansous tissue LR R N T R T R T TR SR S S R B S I B B B R
Fibroma
RESPIRATORY SYSTEM
Lungs and bronchi + + + o+ + + + F o+ o+ o+ o+ o+ + o+ + + + + o+
reinoma, NOS, metastat X
Trachea L R e R T R R S S A T T N S
Bone marrow + 4+ + + + + + + 4+ o+ o+ o+ o+ o+ o+t
Spleen L SR T AR G ST T R S T T T T N S S T B 4
Kmph nodes + 0+t + 4+ o+ o+ o+
Thymus + 4+ + + F + o+ + o+ F o+ 4+ o+ o+ -+ -+ 4+
CIRCULATORY SYSTEM
Heart R R T T S R T T T T T T R S S T R
Salivary gland + + F + o+ F 4+ o+ o+t + o+t o+ A+ A+ o+ o+
Liver L T R . R T S S S N N S T T B T R
Neoplastic nodule
Bile duct + + + + + + + + F F + o+ o+ o+ o+ o+ o+ o+ A+ o+ o+ o+ o+
Qallbladder & common bile duct N NNNNUNNNNDNNNDNNNNNNNNNNNNNNN
Pancreas P T T S S S G R R R T S T T S
Esophagus I S T T T S S R JUUE T T N T T S S S S A
Stomac: + 0+ + + + 4+ = 4+ o+ o+ F o+ o+ o+ o+ o+ o+ o+ 4+ o+
Small intestine + 4+ + + 4+ o+ -+ 4+ o+ o+ o+ o+ A+ o+ 4+ o+t
Large intestine [ SR TR T TR T T S S S e S . S T S N N
TURINARY SYSTEM
Kidney L N T T T R e T T T S T S T T N S S
Urinary bladder LR S T SR S TR T R N SR SR R BT T R I I R
Pituitary + + o+ + o+ + + + - + + o+ + +
Adenoma. NOS X X X X X X X X X
nal + + ¢+ + + + + + + + + + + + +
Pheochrom oma X
Ganghoneu lagtoma
Fy P 2R T T T T T S S S T I T ST T I N A A
'ollicular cell adenoma X
C-cell adenoma
Parathyroid - - + = 4+ + 4+ + - 4+ + -+ = =~ 4+ 4+t - - -+ 4
REPRODUCTIVE SYSTEM
Mammary gland + + + + 4+ + + + + + + + N 4+ + + + + 4+ 4+ 4+ o+ o+ o+
Cystadenoma, NOS X
Intraductal papilloma X
Fibroadenoma X X X X X X X
Pre utul/chtoml gland N N N NNN N NN NN N NN NNNN
anoma,
Uterus + + + + + 4+ + + + o+ o+ o+ o+ + + + + + + + + o+ o+ o+
Adsnocarcinoma, NOS§ X
Endometrial stromal polyp X X X X
Ovary + o+ o+ + + + F o+ 4+ F o+ o+ o+ o+ o+ o+ o+ o+ 4+ o+
Brain PR S I S T T T S T N S S S SN T B B B
MUSCULOSKELETAL SYSTEM
Bone N NN NNNDNNINNDNNNNNNNDNNNNNNNN
Ganglioneuroblastoma, metastatic
Multiple organs, NOS N NN NN N N N NN NNNNN N NN NNNN
Adenocarcinoma, NOS, invasive X
Leukemia, mononuclear cell X X X X X X
Diaphragm NOS
Ganglioneuroblastoma, metastatic
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TABLE A4, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: MID DOSE

Continued)
ANIMAL A O o o o o o o o 0 0 0] 0 of of 0 0
NUMBER 32 2 2{ 3 3] 3| 3| 3| 8 3 3 3 3 4 4 4 4 4 4 4 4 4 4 5
7 8 9 0O 1 2 3 4 sl e 7 8 9 o 1 2 8 4 S5 6 7 8 9 0
o fUTAL:
WEEKS ON W o yoor I I I yI T 1771 1 1 17 17T 1 I O 1 ‘ISSUES
STUDY ) 0[ o 0‘ 0‘ ol 0‘ 0‘ 0‘ o of e of o 0{ of o of o o o0 o o0 3 o0 ‘UMORS
50 & 5 1 s s 5 5 5 s 5 9 2/ 5 2/ 5 s 5 S5 5 S5 5 5 8 &
NTECUMENTARY SYSTEN———— L
Subcutaneous tissue 5]
Fibroma 1
Lungs and broachi F o+ + 8 + + + + + 4+ + o+ 4+ + + 4+ 4+ o+ o+ + + + o+ o+ W
rcinoma, NOS, metastatic 1
[rachea [ S - T R S R S T S T S S T S S S i8
HEMATOPOIETIC SYSTEM T -
Bone marrow L T - B S . k. U T T S T T S SR S R T W
Spleen LA - TR T BT S S S T T A R L e T T T S N 19
imph nodes L - B S SR R . T S e T ST T S S T T S 19
Thymus T T T T SR S T R T T S S I R N TR R T ST T Y R S 17
CIRCULATORY SYSTEM
Heart A B A A A L L I e T I A SR N w
Salivary gland P+ + 8B 4+ + + + 4+ + 4+ + + + + + + + + + + + + + + 4y
Liver [+ + + 8+t 4+ o+ o+ o+ o+ o+ o+ o+ + o+ A+ o+ o+ o+ o+ 49
Neoplastic nodule X 1
Bile duct + + + 8 + + + + + o+ o+ o+ o+ o+ o+t o+ o+ o+ o+ o+ o+ o+ o+ o+ 49
Snllbladder & common bile duct N NNS NNNDNNNNNNNNNNNNNNNNNN '49
Pancreas + + + 8 + + + + + + + + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 48
Elophagus + 4+ + 8 4+ + 4+ o+ o+ o+ o+ + A+ o+ o+ o+ o+ 49
+ o+ + 5 4+ + o+ o+ ok 4+ o+ o+ o+ o+ o+ o+ o+ A+ o+ o+ 48
3mall intestine + 0+ + 8 + + o+ o+ o+ o+ 4+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 48
Large intestine + o+ 4+ 8 + o+ ot o+ 4+ o+ o+ o+t o+ o+ o+ o+ o+ o+ 48
URINARY SYSTEM
Kidney L I - S T A T T T I IR R + 0+ o+ o+ o+ o+ 2y
Unnary bladder LR T - B S Sk T T N ST T S S S T I I T R R 48
Pituitary + § = = + + + + + + + + + + + o+ + + o+ [
Adenoma, NOS X X X X X 14
Adrenal  + + 8 + + + + + o+ o+ + + + o+ + + o+ + + o+ o+ 49
Pheochromocytoma X X 3
Ganglioneuroblastoma X 1
yrol LI T T R T T + 0+ + o+ F o+ o+ o+ o+ o+ o+ 49
Follicular cell adenoma 1
C-cell adenoma X 1
Parathyroid L I - B e S T A T - + + - o+ 33
REFPRODUCTIVE SYSTEM o
Mammary gland L - D T RO R R R R TR R T T R T R R N 'qy
Cystadenoma, NOS 1
Intndul:tal papxlloma 1
Fibroadenom. X X X X X 12
A:utul/chtoral gland N NN S§S§ NNN N N N NN NNNDNNNNNNNNN ‘4&1)
enoma, N X
Uterus ot o+ 8+ 4+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 4+ 49
Adenocarcinoma, NOS 1
Endometrial stromal palyp X X X X X X 10
Ovary ot + 8 o+ + 4+ o+ + o+ =tk o+ o+ o+ o+ o+ o+ 48
NERVOUS SYSTEM '
Brain o+ + 8+ o+t o+ 4+ o+ o+ o+ o+ 4+ o+ o+ O+ O+t 3y
MUSCULDSKELETAL SYSTEM T o
Bone N NN S N NNDNUDNNDNDNDNNDNDNDNINNNINNNNNN rap
Gangli roblast metastati X 1
ALL OTHER SYSTEM: 7 - - -
Multiple organs, NOS N NNS NNNNNNNNDNNNDNNDNNDNNNNNNNDNNNN 4y
Adenocarcinoma, NOS, invasive 1
Leukemia, mononuclear cell X X X X X X 12
Diaphragm NOS 5
Ganghoneumblaswma. metastatic X L

* Animals necropsied
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE: HIGH DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

0
0
1

L=

“o

TO‘
0| O
8 9

[1)
1
1

0
1
2

0
1
8|

0 O

1
0
3

=1

Lo wWoo

o OO

T
0
5|

o o 0
11
5 6

Iy

!

K

RO OrO]

T
¢
5|

T
0
5|

|

NS WO

Lo O

PO A O

NSO DO

NOH ~1O

;
8
0

RO rd4 OO

ot oNo

O 4 O

R 00 A

<

|
LR O
oo ANO

WorM N6

oo r4

RESPFIRATORY SYSTEM
Lungs and bronchi
Trachea

++

++

++

++

+ +

++

++

++

++

++

++

++

++

++

++

++

++

++

+ 4

++

++

++
++

+4+

++

HEMATOPOIETIC SYSTEM
Bone marrow

Spieen

Lxmph nodes

Thymus

++++

4+t

+4+++

++ 4+

4+

++++

++++

++H++

++++

++++

++++

4+ +

4+

T

o+

++++

+H+

++ 0+

++++

+14+

4+t

+++ 10
e+t

+1 4+

4

CIRCULATORY SYSTEM
Heart

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
+

+

+

Salivary gland
Liver

Hepatocellular carcinoma
Bile duct
Gallbladder & common bile duct
Pancreas

Small intestine
Large intestine

+++++2Z+ ++

+H+++2Z+ 4

++++4+2+ ++

+H+ A2

+++++2+ ++

+++++Z2+ ++

+H+++Z+ 4+

+4+4+++2Z+ ++

+4++++2+ ++

+++++2+ ++

++t+++2+ ++

+++++2Z+ ++

+++++2+ ++

+++++2+ ++

+++++2+ ++

+H+++24+ ++

+++++2Z+ ++

+11+12+ ++

+++++2+ ++

+++++2+ ++

+++++2+ ++

+++++2+ ++
+I1+++2+ ++

+++++24+ + )

+++++24+ ++

URINARY SYSTEM
Kidney
Urinary bladder

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

+ 4+

++

++

++
++

++

++

Cortical adenoma

Pheochromocytoma
Thyroid

C-cell adenoma
Parathyroid

+ R o+ 4+

+ M+

.

+

+ M4

+ %+

+ i+

+5+

+

+ o+ M+ o+

+
+

+
+

+M4

+r44

REPRODUCTIVE SYSTEM
Mammary gland
Adenoma, NOS
Fibroadenoma
Preputial/clitoral gland
Carcinoma,
Uterus
Adenocarcinoma, NOS
Endometrial stromai polyp
Ovary

+MZ

+ 2 My

+

+ M4+ 2

+» o+ 2

+ ZM o+

+

+

+H o+ Z

+
Z

+H + Z
+

NERVOUS SYSTEM
Brain

+

+

+

+
+

ALL OTHER SYSTEMS
Multliﬁe organs, NOS
mia, mononuclaar cell

fo ¥4

"z

"z

o2

w0z

ez
2
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE

(Continued)
ANIMAL ) 0 o 0 0| o 0] 0 o o] 0] 0 of o 0
NUMBER 2 2| 2 2 8 3f 8 3[ 3 3l 3 31 3 3 4 4 4 4y 4 4 4f 4] 4 4 5
8 7 8 9 o 1 2| 8 4 5 6 7 8 9 o 1 2 8 4 8 6 7 8§ 9 ©
. TOTAL:
WEEKS ON O T of 110 0 110 0 1 0 of IO IT I O © TISSUES
STUDY 9 O 7| 6 0O 4 o 8 9 6 9 o o 3 8 0 3 9 3 o 9 o o 8 9 {(TUMORS
3 5 9 8 of o s 3 6 4 35 5 5 4 8 5 6 8 6 5 7 s 5 o 8
Lungs and bronchi + o+ + o+ o+ o+ o+ o+ + o+ o+ o+ F o+ 4+ o+ o+ o+ o+ e+ 50
Trachea + o+ o+ F o+ F o+ F F o+ + o+ o+ o+ o+ A+ 4+ o+ A+ o+t 50
Bone marrow + + + F + 4+ o+ F o+ F o+ 4+ o+ o+ ok + o+ + 4+ 4+ =+ o+ 48
Spleen R S S I A A T . SR T SN S S T S SN 49
Limph nodes + 0+ + + o+ F o+t o+ o+ o+ o+ o+ o+ o+ 48
Thymus LI I T T T T I T T TR T S S N 44
Heart + 0+ + o+ o+ + o+ F o+ F o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Salivary gland L N T T O I e e S S S S 49
iver LN TN I K S TR T T R S T T S S T T S S R S 50
Hepatocellular carcinoma X
Bile duet + o+ + o+ 4+ o+ o+ o+ o+ o+ A+ o+ o+ o+ o+ + o+ o+ o+ o+ 50
Gallbladder & common bile duct N NN NNDNNDNNNUNNNNNNNNNNNNNNN 50
Pancreas LR TR T TR IR S AN R T I T S I S T T R T T S T 49
Esopha, + o+ o+ + o+ o+ F o+ o+ o+ A+ o+ F o+ o+ o+ o+ A+ o+ - 49
Stomac LN T T T A N R T T RS T T T R T T T T S 49
Small intestine LA T T I S T . T T T T R T T R S S G I I R 47
Large intestine L T K S TR T R I R R R R S T T S R I S 49
URINARY SYSTEM
Kidney o+ o+ + o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+t 50
Urinary bladder L N TR S T I T R R R T G R S 50
ENDOCRINE SYSTEM
Pituitary + + + + o+ + + + o+ 50
Adenoma, NOS X X X X X X 13
renal + + + + + + + o+ + + 4+ ok o+ 50
Cortical adenoma 1
Pheochromocytoma X 2
Thyroid + - + o+ o+ o+ o+ 4+ o+ + o+ + + + + 48
-cell adenoma 1
Parathyroid - - 4 + + - + + + + - + + - 39
Mammary gland + + + N + N + + + + + + + + + + + + + + + + + + + *50
Adenoma, NOS
Fibroadenoma X X
Preputial/clitoral gland N NN NNNNNN N NN N N NNNNNNNN *50
Carcinoma, N X
Utarus + + + + o+ o+ + o+ + + + + 4+ + F o+ o+ o+t 50
Adenocarcinoma, NOS 1
Endometrial stromal polyp X X X X 7
Ovary L R T R . T T T N S R S SR S T T B ST S R B R 4 50
Brain + 4+ + + + F F o+ o+ o+ o+ o+ o+ o+ o+t o+ o+ o+ 50
ALL OTHRER SYSTEMY
Mulma organs, NOS N NN NNNNNDNNNNNNNDNNNNIDNNNNNNN *50
mia, mononuclear cell X X X X X X X X X X 18

* Animals necropsied
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APPENDIX B

SUMMARY OF THE INCIDENCE OF NEOPLASMS
IN MICE IN THE TWO-YEAR GAVAGE STUDIES

OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR

GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

CONTROL (VEH)

LOW DOSE

HIGH DOSE

ANIMALSINITIALLY IN STUDY
ANIMALS NECROPSIED
ANIMALS EXAMINED HISTOPATHOLOGICALLY

50
50
50

50
50
50

50
50
50

INTEGUMENTARY SYSTEM

*SKIN
SQUAMOUS CELL PAPILLOMA
FIBROMA

*SUBCUT TISSUE
SARCOMA,NOS
FIBROMA
FIBROSARCOMA
MYXOSARCOMA
LIPOMA
NEUROFIBROSARCOMA

50)
(50)
2

3

(4%)
(6%)

(60)
1

1
(50)

- DO

(2%)
2%)

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

(2%)

(50)
(50)
1

1
1

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

RESPIRATORY SYSTEM
#LUNG
HEPATOCELLULAR CARCINOMA, METAST
ALVEOLAR/BRONCHIOLAR ADENOMA
ALVEOLAR/BRONCHIOLAR CARCINOMA

(50)
1

(2%)
(10%)
(4%)

(50)
1

2%)
(12%)
(6%)

(50)
1

2%)
(12%)
(2%)

HEMATOPOIETIC SYSTEM
*MULTIPLE ORGANS
MALIGNANT LYMPHOMA, NOS
MALIG. LYMPHOMA, UNDIFFER-TYPE
MALIG. LYMPHOMA, LYMPHOCYTIC TYPE
MALIG. LYMPHOMA, HISTIOCYTIC TYPE
MALIGNANT LYMPHOMA, MIXED TYPE
#LUNG
KUPFFER-CELL SARCOMA, METASTATIC
#LIVER
KUPFFER-CELL SARCOMA
#THYMUS
MALIG. LYMPHOMA, LYMPHOCYTIC TYPE

50)

(50)
560>

1
“n

(4%)
2%)

(2%)

60)

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

3%)

(50
1

1
(50)
1
(50)
1
(46)

(2%)

(2%)
2%)
(2%)

CIRCULATORY SYSTEM
#SPLEEN
HEMANGIOMA
HEMANGIOSARCOMA
#LIVER
HEMANGIOSARCOMA
HEMANGIOSARCOMA, METASTATIC

(50)

(50}

(2%}

(2%)
4%)

50)

2
(50)

(4%)

(2%)

DIGESTIVE SYSTEM

#LIVER
ISLET-CELL CARCINOMA, METASTATIC
BILE DUCT CARCINOMA
HEPATOCELLULAR ADENOMA
HEPATOCELLULAR CARCINOMA

#FORESTOMACH
SQUAMOUS CELL PAPILLOMA

(50)

(60)

(12%)
(12%)

(2%)
(16%)
(12%)

4%)

(50)
1

12
(50)

(2%)

8%)
(24%)

URINARY SYSTEM
NONE
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL (VEH) LOW DOSE HIGH DOSE
ENDOCRINE SYSTEM
#ANTERIOR PITUITARY 48) 4" 48)
ADENOMA, NOS 1 (2%) 1 2%
#ADRENAL (50) (60) (50
CORTICAL ADENOMA 2 (4%) '
#ADRENAL/CAPSULE 60 (50) (60
ADENOMA, NOS 2 4%
#ADRENAL MEDULLA (50 50 (60)
PHEOCHROMOCYTOMA ‘ 1 (2%) 1 (2%)
#THYROID (49) (60) 4"
FOLLICULAR-CELL CARCINOMA 1 (2%)
#PANCREATIC ISLETS (50) 50) (50)
ISLET-CELL CARCINOMA 1 (2%)
REPRODUCTIVE SYSTEM
NONE
NERVOUS SYSTEM
NONE
SPECIAL SENSE ORGANS
*HARDERIAN GLAND 60) 50} 50
PAPILLARY ADENOMA 2 (4%)
MUSCULOSKELETAL SYSTEM
NONE
BODY CAVITIES
NONE
ALLOTHERSYSTEMS
*MULTIPLE ORGANS (60) 50) (50)
BILE DUCT CARCINOMA, METASTATIC 1 2%
SARCOMA, NOS, METASTATIC 1 (2%)
FIBROSARCOMA, INVASIVE 1 (2%)
MYXOSARCOMA, METASTATIC 1 (2%)
ANIMAL DISPOSITION SUMMARY
ANIMALSINITIALLY IN STUDY 50 50 50
NATURAL DEATH 3 8 7
MORIBUND SACRIFICE 6 7 4
TERMINAL SACRIFICE 41 35 39
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL (VEH) LOW DOSE HIGH DOSE
TUMOR SUMMARY
TOTAL ANIMALS WITH PRIMARY TUMORS** 26 29 25
TOTAL PRIMARY TUMORS 32 47 35
TOTAL ANIMALS WITH BENIGN TUMORS 14 20 12
TOTAL BENIGN TUMORS 15 23 14
TOTAL ANIMALS WITH MALIGNANT TUMORS 17 20 18
TOTAL MALIGNANT TUMORS 17 24 21
TOTAL ANIMALS WITH SECONDARY TUMORS## 2 4 4
TOTALSECONDARY TUMORS 2 4 4

* NUMBER OF ANIMALS NECROPSIED

*+ PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

## SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

CONTROL (VEH) LOW DOSE HIGH DOSE
ANIMALSINITIALLY IN STUDY 50 50 50
ANIMALS MISSING 3
ANIMALS NECROPSIED 50 47 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 47 50
INTEGUMENTARY SYSTEM
*SKIN (50) 47) (50
KERATOACANTHOMA 1 (2%)
*SUBCUT TISSUE (50) 47 (50)
SARCOMA, NOS 1 (2%)
RESPIRATORY SYSTEM
#LUNG (50 46) (50)
ALVEOLAR/BRONCHIOLAR ADENOMA 2 (4%) 2 (4%) 3 (6%
ALVEOLAR/BRONCHIOLAR CARCINOMA 2 (4%) 1 (2%) 1 (2%)
HEMATOPOIETIC SYSTEM
*MULTIPLE ORGANS (50) 47 (50)
MALIGNANT LYMPHOMA, NOS 6 (12%) 6 (13%) 5 (10%)
MALIG. LYMPHOMA, UNDIFFER-TYPE 1 (2%)
MALIG. LYMPHOMA, HISTIOCYTIC TYPE 1 (2%) 1 (2%) 1 (2%
MALIGNANT LYMPHOMA, MIXED TYPE 1 2%)
GRANULOCYTIC LEUKEMIA 1 (2% 1 (2%)
#MESENTERIC L. NODE (32) 34) (38)
MALIGNANT LYMPHOMA, NOS 1 (3%}
CIRCULATORY SYSTEM
*ADIPOSE TISSUE (50) ()] (50)
HEMANGIOMA 1 2%)
#UTERUS (60) “@n 49)
HEMANGIOMA 1 (2%) 1 (2%
#QVARY 49) (45) 48)
HEMANGIOMA 1 (2%
DIGESTIVE SYSTEM
#LIVER (50) “n 49)
HEPATOCELLULAR ADENOMA 4 (8%) 2 4%)
HEPATOCELLULAR CARCINOMA 3 (6%) 2 (4%) 2 (4%)
#STOMACH (50) 4N (46)
SQUAMOUS CELL CARCINOMA 1 2%
#FORESTOMACH (50) é4n (46)
SQUAMOUS CELL PAPILLOMA 1 (2%)
#DUODENUM (50) (44) 45
ADENOMATOUS POLYP,NOS 1 (2%)
#JEJUNUM (50) (44) (45)
LEIOMYOSARCOMA 1 2%)
URINARY SYSTEM
NONE
ENDQCRINE SYSTEM
#PITUITARY (49) 46) (41)
CHROMOPHOBE ADENOMA ' 10 (20%) 7 (15%) 6 (15%)
#ADRENAL (50) 47 (50)

PHEOCHROMOCYTOMA 2 (4%)
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL (VEH) LOW DOSE HIGH DOSE
ENDOCRINE SYSTEM (Continued)

#THYROID (45) én (45)
FOLLICULAR-CELL ADENOMA 2 (4%) 1 2%)
CYSTADENOMA, NOS 1 (2%)

PAPILLARY CYSTADENOMA, NOS 1 (2%)
REPRODUCTIVE SYSTEM

*MAMMARY GLAND (50) “n (50)
ADENOCARCINOMA, NOS 1 (2%) 1 (2%) 1 2%

#UTERUS (50) 4n 49)
ADENOMA, NOS 1 (2%)

LEIOMYOMA 1 (2%)

LEIOMYOSARCOMA 1 (2%)

ENDOMETRIAL STROMAL POLYP 1 (2%) 2 (4%) 1 (2%
ENDOMETRIAL STROMAL SARCOMA 1 2%

#OVARY (49) (45) 48)

PAPILLARY CYSTADENOMA, NOS 1 (2%)
NERVOUS SYSTEM
NONE
SPECIAL SENSE ORGANS

*HARDERIAN GLAND (50) “@n (50)

PAPILLARY ADENOCARCINOMA 1 (2%)
MUSCULOSKELETAL SYSTEM
*MUSCLE OF NECK 50 “n 50
SARCOMA, NOS 1 (2%)
BODY CAVITIES
NONE
ALLOTHERSYSTEMS

*MULTIPLE ORGANS (50) “n (50)

SARCOMA, NOS, METASTATIC 1 (2%)
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL(VEH) LOWDOSE HIGH DOSE
ANIMAL DISPOSITION SUMMARY
ANIMALSINITIALLY IN STUDY 50 50 50
NATURAL DEATH 4 5 11
MORIBUND SACRIFICE 4 3 5
SCHEDULED SACRIFICE
TERMINAL SACRIFICE 41 39 34
DOSING ACCIDENT
ACCIDENTALLY KILLED, NDA
ACCIDENTALLY KILLED, NOS 1
ANIMAL MISSING 3
ANIMAL MISSEXED
TUMOR SUMMARY
TOTAL ANIMALS WITH PRIMARY TUMORS** 31 28 24
TOTAL PRIMARY TUMORS 42 32 29
TOTAL ANIMALS WITH BENIGN TUMORS 23 15 12
TOTAL BENIGN TUMORS 26 18 13
TOTAL ANIMALS WITH MALIGNANT TUMORS 16 14 14
TOTAL MALIGNANT TUMORS 16 14 16
TOTAL ANIMALS WITH SECONDARY TUMORS ## 1
TOTAL SECONDARY TUMORS 1
TOTAL ANIMALS WITH TUMORS UNCERTAIN-
BENIGN OR MALIGNANT

TOTAL UNCERTAIN TUMORS
TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC
TOTAL UNCERTAIN TUMORS

* NUMBER OF ANIMALS NECROPSIED

** PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

## SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE
STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE: VEHICLE CONTROL

ANIMAL o o] 0 0 0 o] 0
NUMBER o o of o of o o o o i i i i i i I i i i 2f 2{ 2 2 2 2
1} 2] 3 4 5 6 7 8 9 of 1 2 8 4 5 6 7 8 9 0 1 2 3 4 5
WEEKS ON I o I IT 1 If If 1 T I gl I 1 1 1
STUDY of of 9 o o o o o o o o o o o o o O o O O o 8 O 8 0O
si s 3 5 5 5 5 5 5 s/ s 8 5 5 5 5 5 5 & 5 5 9 5 1 5
Subcutaneous tissue + F + + o+ + o+ b+ A+ o+ + o+ o+t
Sarcoma, NOS X X
Fibrosarcoma X
RESPIRATORY SYSTEM
Lungs and bronchi R L A T T T T T T T R R S T R R T I
Hepatocellular carcinoma, metastatic X
Alveolar/bronchiolar adenoma X X
Alveolar/bronchiolar carcinoma X
Trachea -+ ~ -+ 4+ + o+ F o~ o+ o+ o+ - =+ -
HEMATOFOIETIC SYSTEM
Bone marrow E R T R T T S T R T S TR T S SR S S I
Splsen LR T T T T I N T A . T R S R R S I
emangioma X
L{mph nodes + + + + + F F A o+ o+ o+ o+ o+ F o+ F A -+~ o+
Thymus L L T . T e SR SR S T BT S I T T
Heart + + + + F o+t o+ o+ o+ o+ A+ FF o+t
Salivary gland + o+ F o+ F 4+ F A+ +
Liver F R S S S S S S S S SN S S S S R T SR S A R
Hepatocellular adenoma X X X X X
Hepatocellular carcinoms. X X X
Kupffer cell sarcoma
Bile duct + + o+ o+ F o+ F o+ F o+ o+ A+ o+ 4
Gallbladder & common bile duct N + + + + + 4+ + + + + + + + + + + 4+ + + + + + + +
Pancreas L S T T T R R I . T A T TR
Esophagus + o+ + + o+ o+ o+ o+ o+ o+ R+ o+ 4
Stomac + + + o+ + + + F o+ + o+ o+ F o+ o+
Small intestine + + + + + + + + + F+ + + + o+ + A+ o+
Large intestine P T T T S R T R T T I S R B I A
Kidney + 4+ + F + F o+t F o+ o+ o+ o+ o+ o+ 4
Urinary biadder + + + + + + 4+ + + + o+ o+ o+ F o+ o+ o+ o+
ENDOCRINE SYSTEM
Pituitary + + + + + F o+ + o+ A+ 4+ o+ o+ o+ o+ o+
Adenoma, NOS X
Adrenal EOE S S T T A S T S N T I JNE L N S S R T N 4
Cortical adenoma X
Thyroie + + + + + + + + + + F + o+ o+ o+ o+ o+ o+ o+ o+ o+ 4
Parathyroid + = + + 4+ + + F = + F + + -+ttt + -+ o+ o+ o+
REPRODUCTIVE SYSTEM
Mammary gland + N N N N N N NNN N + N N NN
Testis + + + + + + + + o+ + + + + + + o+ o+ o+ o+ o+
Prostate + 4+ + + + + o+ + + + o+ + + o+ o+ o+ o+ o+ o+ o+
NERVOUS SYSTEM
Brain P T A A T T T I T S T S I S I I S I I
ALL OTHER SYSTEMS
Multiple organs, NOS N NNNNNNNNDNNNNNDNNNNNNNNNNNN
;‘(i:lrrure:zlna. ixix"“i“h
ignant lymphoma, histiocytic type X
Malignant lymphoma, mixed type X
+: Tissue examined microscopically :  No tissue information submitted
—: Required tissue not examined microscapically C: Necropsy, no histology due to protocol
X: Tumorincidence A: Autolysis
N: Necropsy, no autolysis, no microscopic examination M: Animal missing
S: Animal missex B: No necropsy performed
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE CONTROL

(Continued)
ANIMAL o 0] 0 of o 0] 0 o of 0] O o 0] 0 o] 0] 0 0
NUMBER 20 2 2/ 2 38 8 3 3 8 3 3 8 3| 3 4 4 4 4 4 4| 4 4 4 4 5
6 7 8 9 0 1 2| 3 4 5 6 7 8 9 o 1 2| 3/ 4 5 6 7 8 9 o
TOTAL:
WEEKS UN o I 1 ) I 11 1717 0 0 T 1 0 |TISSUES
STUDY o 8 o o o o 9 o of o o o of of of o of 8 4 7 o o o o 8 [TUMORS
St 9 5 5 S5 S5 8 5 5 5 5 s 5 5 5 5 5 6 5 2 5 5 5 5 6
INTEGUMERTARY SYSTEM
Subcutaneous tissue + + + + o+ o+ o+ + o+ o+ + 0+ + + 4+ o+ o+ o+ o+ o+ o+ o+ o+ 4+ *50
Sarcoma, N 2
Fibrosarcoma X 3
RESPIRATORY SYSTEM
Lungs and bronchi + + + + o+ o+ o+ o+ o+ o+ o+ A+ o+ o+ o+ s+ + 50
Haepatocellular carcinoma, metastatic 1
lveolar/d i di X X 5
Alveolar/bronchiolar earcinoma X 2
Trachea -+ + + - 4+ 4+ -+ - - - = - =~ = - = - - 27
Bone marrow + + + + + F+ + + + + + + + + 4+ o+ + O+ + o+ o+ o+ o+ o+ 50
Spleen + + + 4+ 4+ o+ o+ A A+ o+ 4+ o+ o+ o+ o+ 50
emangioma 1
%mph nodes LT T I I R T T T S T S T R T S SR T & 45
ymus LI N T T R T D S S N T A T T T T 3 41
Heart + + + F + + o+ o+ o+ o+ F o+ o+ A+ + o+ 4+ o+ o+ 50
Salivary gland + o+ + + + + 4+ 4+ + o+ o+ o+ o+ + + + o+ + + 4+ 50
Liver + + + + + + + o+ o+ o+ o+ o+ o+ o+ F o+ o+ o+ o+ o+ 4+ 4+ o+ o+ o+ 50
Hepatocellular adenoma X [
Hepatocellular carcinoma X X X 6
Kupffer cell sarcoma X 1
Bile duct + + + + o+ + o+ F + F o+ o+ o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+ o+ 50
Gallbladder & common bils duct + +.+ + + N + + + + + + + + + + + + o+ + + + o+ 4+ *50
Pancreas + 0+ 4+ o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+ F o+ o+ o+ o+ 50
Elophnfu + F + o+ o+ o+ o+ o+ o+ o+ o+ o+ F =+ o+ o+ o+ + o+ 4+ o+ 49
Stomae LA S S R Y T T T S I S N A T 2 R A R T S 50
Small intestine + F + o+ o+ o+ o+ o+ o+ o+ + o+ o+ - =+ o+ o+ 4+ o+ o+ 48
Large intestine + + + + + + + o+ + o+ o+ o+ o+ o+ 4+ o+ o+ o+ o+ + 4+ o+ o+ o+ o+ 50
URINARY SYSTEM
Kidoey + + + + + + + + + o+t + o+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ 4+ 50
Urinary bladder + o+ F + o+ o+ o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ 50
Pituitary + + + + + + + F + + 4+ o+ F o+ -+ -+ o+ o+ o+ o+ 4+ 48
Adenoma, NOS 1
Adrenal + o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 4+t 50
Cortical adenoma X 2
hyroid + + + + o+ o+ + o+ o+ o+ F o+ o+ 4+ + -+ 4+ o+ o+ o+ o+ o+ o+ 49
Parathyroid -+ + + + + F o+ o+ = - = = - -+ o+ =+ o+ = 37
| SO
Mammary glend N NN NN N N N N N N N NNNNNNNN *50
Testis + o+ + + o+ F o+ o+ 4+ o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+ 50
Prostate L I N T T T R SR S R SR S ST S ST R N S S 50
Brain + + + + + + + + 4+ + + 4+ o+ F + + + + + + o+ o+ o+ o+ 50
ALL TTHER SYSTEMS
Multiple organs, NOS N NNNNNUNNNNDNNNNNNNNNNNNNNNN *50
Fibrosarcoma, invasive X 1
Malignant lymphoma, histiocytic type X 2
Malignant lymphoma, mixed type 1
* Animals necropsied
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE
STUDY OF DIMETHYL. MORPHOLINOPHOSPHORAMIDATE: LOW DOSE

ANTMAT [] 0] [l 0
NUMBER of o o o o o o o o 1 1 1 1 1 I L} Yy o i 2 2 2 2 2 2
il 21 3f 4] 5 e 7 8 9o o 1 2 3 4 S5 6 7 8 9 0 1 2 3 4 5
WEEKS ON O O o 1 i 4 i o 1 1 0 1o 1 W 1o I i g q 1 1 1] 1
STUDY 9 3 9 o 0 o 9 0[ o of of 9 O 0 O 9[ 0 0 0 0 0' o o o
4 2{ 3 5 5 5 4 6 8 5 8 5 9| s S 5 9 5 s 5 8 5 5 8 &
INTEGUMENTARY SYSTEM—
Skin [ I S T S TNC TR S I RN T T I I I S R
S?amous cell papilloma
Fibroma
Subcutaneous tissue
Sarcoma, NOS
Fibroma
Fibrosarcoma
Myxosarcoma
Neurofibrosarcoma X
RESPIRATORY SYSTEM
Lungs and broachi L R TR T S T T T SR T SN T S S R S +
H‘epamlluhr carcinoma, metastatic X x x
larbronchiolar ad X
Alveolardronchiolar carcinoma X X
Trachea -~ - 4+ 4+ + + F + = =+ + + + 4+ -+ - - - 4+ o+ o+ o+
Bone marrow L T T R R S T N 2k T S
Spleen PN S S T T TR T T T S T T T T R TG T T TR R
emangiosarcoma X
_Ii:{mph nodes R I T . S R R R T R T T T R
mus . EEEE R A T T T I RS T T . S I S R T O
alignant lymphoma, lymphocytic type
CIRCULATORY SYSTEM
Heart EEE S A T T T T S T S T S T R A TR S T S S
DIGESTIVE SYSTEM
Salivary gland PR I T T A T T T T T S S S R B
Liver + 0+ o+ o+ o+ o+t + F o+ F o+ o+ o+t o+ o+ o+ o+
Bile duct carcinoma
Hepatocellular adenoma X X X
Hepatocsllular carcinoma X
Hemangiosarcoma X
Bile duct LI S S T T R R T T S L T T T T T A S R S
Gallbladder & common bhile duct + + + + + + + N + + + + + + + + + + + + + + + + 4+
Pancreas EEE T R T A T T T T R S S S T N
Esophagus + + + o+t R+ o+ o+ o+ o+ o+
Stomac R A O T T T T T T T ST D R R R I
Squamous cell papilloma
Small intestine + O+t o+ o+ F o+ o+ F A+ + o+ o+ o+ o+ + e+ o+
Largs intestine + + + + F + F o+t o+ o+ o+ o+ F o+ o+ o+ o+
URINARY SYSTEM
Kidney + 0+ o+ o+ o+ o+ o+ E o+ o+ o+ o+ o+ o+ 4
Urinary bladder + + + + + o+ = F + o+ o+ o+ F F o+ E o+ o+ o+ o+ o+ o+ 4+
ENDOCRINE SYSTEM
Pituitary - 4+ + + + + + F + o+ + + + + - 4+ + - +
Adenoma, NOS
Adrenal + 0+ + + o+ F o+ F o+ o+ + o+
Adenoma, NOS X
Pheochromocytoma
Thyroid + 0+ + F + F o+ o+ + o+ o+ o+ + +
ollicular cell carcinoma X
Parathyroid - 4+ = 4+ + + =+ o+ + =+ =+t - - 4+ -+ = - + -
REPRODUCTIVE SYSTEM
Mammary gland N NN + NN NNINNNNNNNNNNS+NNNNNN
Testis + o+ 4+ o+ F o+ A F o+ o+ o+ o+ FF A+ o+ o+
Progtate + 0+ + F + F o+ o+ F o+ o+ E ot o+ o+ A+ o+ 4
NERVOUS SYSTEM .
Brain + + + + o+ F o+ F o+ o+ o+ o+ o+ F o+ o+ o+ 4
ALL OTHER SYSTEMS
Multiple organs, NOS N NN NNNNNNNUNNNDNNNNNNNNNNNNN
gxlo duct carcinoma, meg.amtic x
Myzosarcoma, metastatic
Malignant [ymphoma, NOS X
M‘.;imnzlf;mphomn, undiffer type X
Malignant lymphoma, lymphocytic type
Malignant [ymphoma, histiocytic type X
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE

(Continued)
ANTMAL O] Of o] of O] Of o O O 0] [ o] O of of of O o o0
NUMBER 2t 2l 2t 2 3 3 3} 38 3] 3 3 3 3 8 4 4 4] 4 4 4 4 4] 4] 4 5
8 7 8 9 o 1 2t 8 4 5 6 7 8 9 0 1 24 8 4 5 e 7 8 9 o
TOTAL:
WEEKS ON i1 I 71 1T 1 1 1 K [4] I 01 [V TISSUES
STUDY 0 of o o o o o o o o 8 of 9 of 9 8 8 o o o o 0 o 9 8 |TUMORS
§ 5 5 5 5 5 5 5 S5 5 6 5 6 5 2/ 3 0 5 5 5 8 5 5 5 9
INTEGUMENTARY SYSTEM — I
Skin + + + + + + o+ o+ o+ o+ o+ o+ o+ o+ o+ 4+ o+ o+ o+ +F o+ o+ o+ o+ *50
uamous cell papilloma X 1
Fibroma X 1
Subcutaneous tissue + + + o+ o+ 4+ + 0+ + + + + + + + + + + F o+ o+ o+ o+ o+ *50
Sarcoma, NOS 2
Fibroma X 1
Fibrosarcoma X 1
Myxosarcoma X 1
Noeurofibrosarcoma 1
Lungs and bronchi + o+ + 4+ 4+ o+ o+ + o+ o+ o+ o+ + F o+ o+ o+ o+ o+ o+ o+ + o+ o+ 50
ngat:oce'&lularlqax"cinogm, matastatic ‘15,
Alveolar/broachiolar carcinoma X 3
Trachea + + = = = 4 b = - = 4 = - =+ =+ o+ o+ o+ =~ o+ o+ o+ 80
Bone marrow L T . S R R T T S S S S R S S T 49
Spleen + + + + o+ o+ o+ + + + =+ o+ o+ o+ o+t o+ o+ o+ o+ A+ o+ o+ 49
emangiosarcoma 1
_[r.{mph nodes + + + + + + + + + o+ o+ + o+ o+ o+ o+ o+ + o+ 4+ + o+ o+ 47
mus + 0+ + + + + 4+ o+ F -+ o+ F o+ — o+ -+ o+ o+ o+ o+ = 40
hlalignant lymphoma, lymphocytic type X 1
CIRCULATORY SYSTEM
Heart L S T i T S T S S S S S S R S R S R S TS Sy 50
DIGESTIVE SYSTEM
Salivary gland + o+ + o+ + F o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Liver L S T R I S S T TR S S SR S T S TR 50
Bile duct carcinoma X 1
Hepatocellular adeaoma X X X X X 8
Hepatocellular carcinoma X X X X X ] |
Hemangiosarcoma X 2
Bile duct + + + + + + + F + o+ o+ o+ o+ o+ o+ + + o+ o+ o+ o+ o+ 4+ 50
Gallbladder & common bile duct + + + 4+ + + + 4+ + + + + + + + NN + + + + + + + N *50
Pancreas + 0+ + ok + o+ o+ F O+ F + o+ o+ O+ o+ o+ o+ o+ 4+ 50 ‘
Esophagus + + + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ F o+ o+ o+ o+ o+ o+ o+ 50
Stomacgu + + + o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ + 50
Squamous cell papilloma X X 2
Small intestine + + + + + + + 4+ F + + + + + o+ o+ 4+ o+ o+ o+ O+ o+ o+ o+ o+ 50
Large intestine + 0+ + + o+ + F o+ o+ o+ o+ o+ o+ o+ o+ -+ 4+ o+ o+ o+ 49
URINARY SYSTEM
Kidney + + + + + + + + + + + + + + + + + o+ o+ o+ o+ o+ o+ o+ 4+ 50
Urinary bladder + + + o+ + o+ + +F F o+ + -+ + o+ o+ o+ o+ -+ o+ o+ o+ 47
ENDOCRINE SYSTEM
Pituitary + + + + + 4+ + + o+ + 4+ 47
Adenoma, NOS X 1
Adrenal + + o+ + o+ 4+ + + + + + o+ 50
Adenoma, NOS X - 2
Pheochromocytoma X 1
yroid + + + + + + + + + o+ + o F O+ O+ o+ o+ o+ 4+ 50
Follicular csll carcinoma 1
Parathyroid + T e T T T S S I S S 23
— —
Mammary gland N NN NDNDNIDNNNNDNNDNDNDNNNNNNIDNDNDNNNN *50
Testis + + + 4+ + 4+ + o+ 4+ o+ o+ + o+ o+ + o+ A+ o+ o+ o+ o+ 50
Prostate + 4+ + 4+ + + o+ F o+ F o+ O+ o+ O+ o+ O+ o+ o+ o+ 4+ 50
Brain + o+ + + + o+ o+ + o+ o+ o+ + o+ o+ o+ o+ o+ o+ 50
Multiple organs, NOS N NNNDNNNUDNNNNNNNNNNNNNNNNNN *50
Bile duct carcinoma, metastatic
Sarcoma, NOS, metastatic
Myxosarcoma, metastatic
Malignant lymphoma, NOS
Malignant lymphoma, undiffer type
Malignant lymphoma, lymphocytic type
Malignant lymphoma, histiocytic type
* Animals necropsied
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE

STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE: HIGH DOSE
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE

(Continued)
ANIMAL 0] O] Of O] of Of of Of of of of of Of O 0] 0o o 0 00
NUMBER 2| 2 21 2 38 3 3 3] 3f 8 3 31 3 3| 4 4 4 4 4 4| 4 4 4 4 5
8 7 8 9 o i 2 8 4/ 5 8 7 8 9 o 1 2 3 4 5 8 7 8 9 0
) TOTAL:
WEEKS ON IrIi 1 17 1 I 1 1 T I I o I 1 1 IO 1171 TISSUES
STUDY o of o of of o 0 0' 0 O 0‘ 0| 0' o O O 0 O 9 0o o o 0 0 0 TUMORS
51 5 5 S8 5 S 5 S5 5 4 5 5 5 4 5 5 5 3 9 5 5 58 5 5 1
Subcutaneous tissue + o+ o+ o+ o+ o+ o+ F o+ 4+ F o+ o+ o+ o+ o+ A+ o+ o+ o+ R+ o+ o+ *50
Sarcoma, X 1
Fibrosarcoma 1
Lipoma 1
Lungs and bronchi + + o+ 4+ + 0+ o+ o+ o+ o+ o+ o+ o+ o+ o+ + + + + + + 50
Hepatocellular carcinoma, metastatic 1
Alveolar/bronchiolar adenoma X X X X 8
Alveolar/bronchiolar carcinoma 1
Kupffer cell sarcoma, metastatic 1
Trachea - 4+ + 4+ + + F - - -+ - - - - - 4+ o+ o~ -+ 4+ + o+ - 28
HEMATOPOIETIC SYSTEM
Bone marrow + + + + + F 4+ o+ -+ ++ o+ o+ 4+ o+ o+ o+ o+ 49
Splesn + 0+ + + o+ o+ o+ o+ + 4+ o+ o+ o+ o+ 4+ o+ o+ 50
emangiosarcoma 2
Lymph nodes + 0+ + o+ o+ F o+ o+ =+ o+ o+ o+ o+ o+ 47
ymus + 4+ + + 4+ + o+ 4+ + F o+ -+ o+ F o+ o+ o+ o+ o+ o+ 48
CIRCULATURY SYSTEM -
Heart L S T T I S e T N T S S S R S 50
Salivary gland + 4+ + + o+ + + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 4+ o+ o+ o+ o+ o+t 50
Liver + + + + + 4+ + F o+ + + + +F + o+ + O+ o+ o+ o+ o+ o+ O+ 50
Islet cell carcinoma, metastatic X 1
Hepatocellular adenoma X X 4
Hepatocellular carcinoma X X X X X X 12
H giosarcoma, metastati 1
Kupffer cell sarcoma 1
Bile duct + o+ + + o+ + + F o+ + F o+ F o+ + o+ o+ o+ o+ o+ o+ o+ 50
Gallbladder & common bile duct + + N + + + + + N + + + + N + + + + + + + + + + N *50
Pancreas + + + + + + + o+ F o+ o+ o+ o+ o+ o+ 4+ o+ 4+ o+ o+ o+t 50
Ewphagm + o+ + + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ A A+ o+ 48
Stomac! + + + 4+ + + + + + + o+ + o+ 4+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Small intestine + + + + + + + + o+ + + + + 4+ + + + + + o+ o+ o+ o+ o+ o+ 48
Large intestine + O+ + 4+ o+ o+ o+ o+ o+ o+ o+ -+ 4+ o+ o+ 4+ o+ o+ o+ o+ 49
URINARY SYSTEM
Kidney + + + 4+ + 4+ o+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Urinary bladder + + + + + + o+ + + + o+ o+ + + + + + o+ o+ o+ o+ o+ o+ 50
Pituitary + + + -+ + 4+ o+ + o+ o+ o+ o+ + o+ o+ o+ 4+ o+ o+ o+ -+ o+ 48
Adrenal LI T T TR S T T S T R B R R I R A I 50
Pheochromocytoma X 1
Thyroid + o+ + + o+ o+ =+ 4+ o+ F =+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 4+ 47
Parathyroid - 4+ + + + = = - = - 4+ = - = - -+ - = - -+ - + - 24
Pancreatic islets + + + + o+ + o+ o+ F o+ o+ o+ o+ o+ 4+ 50
Islet cell carcinoma X 1
Mammary gland N NNNNUNNNNNNNNNNNNNNN + NNNN *50
Testis + + o+ + o+ o+ o+ o+ + 4+ F o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 49
Prostate LR S T R T T S I S T S R R N A A S 50
NERVOUS SYSTEM
Brain L R T T R R T SR S R SR T S T R 50
ANT
Harderian gland N NNNNNNNNNNNNNNNNNNNNNNNN *50
Papillary adenoma X 2
ALL OTHER SYSTEMS
Muitiple organs, NOS N NNNNUNNINNNNNNNNNNDNNNNNNNNN *50
Malignant lymphoma, NOS 1
Malignant lymphoma, mixed type 1
* Animals necropsied
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE: VEHICLE CONTROL

ANTMAL
NUMBER of of of of of of o of of 1 1 1 1 i o 1 i i 1 2A 2 2| 2f 2 2
1 2 3 el 71 8 9 O 1 2/ 3 4 5 6 7 8 9 o 1 2| 3 4 5
WEEKS ON
STUDY o 9 O of 0 o 0 o of 8 0 O 0 0 0 of O 0 0 9 0 ©
s 20 5 5 s s/ 5 S5 s s 5 s o 5 5 5 5 5 5 5 S 1 € 5 &
Lungs and bronchi L SR SR T S T T SRR R T R R N T N I T R S
Alveolar/bronchiolar adenoma X
Alveolar/bronchiolar carcinoma X X
Trachea L T A - R T B R I +
Bone marrow + + + + F 4+ o+ 4+ F o F A+
Spleen + + + o+ P+ o+ P F FE -+ A+ o+
Lymph nodes LI S S T A Ak S T TR SR T SR T S T R
ymus LN T R L R K T R S R S S R T R 2
CIRCULATORY SYSTEM
Heart + + + o+ o+ F o+ o+
Salivary gland -+ + + o+ F ot o+ EFE A -+ o+
Liver + 4+ F + + o+ 4+ F o+ F o+ F A E o+ o+ 4
Hepatocellular adenoma X
Hepatocellular carcinoma X X
Bileduct PR R T T R T R R I S I R S R A . I A
Gallbladder & common bile duct + 4+ + + + o+ o+ o+t N+t +
Pancreas EEE A T T SR R I I S T T I R R R S T T I R
!:cophagul P N R T R T R T I R IR N T R T B B
Stomac! PR I R I T T T T SR T BT S T SR IR R A SR I I
Smail intestine + 4+ + + + o+ ot ot A+
Adenomatous polyp, NOS X
Large intestine EIEE R TR T IR S N T T T T T R T R I R T I
Kidney L S T T Tk . T T I S S S R S I S I T
Urinary bladder + + + + F o+ o+ F o+ A+ F FF FFE ~ o+ e+ o+ 4
Pituitary + + o+ F =+ o+ o+ o+ o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+
Chromophobe adenoms X X X X X
Adrena) EEE S T T TR R T T R R S ST T R 2R S T SR S
Thyroid CE R T TR T S I S T A T T B I T I T e
ollicular cel! adenoma X
enoma, NOS
Papillary cystadenoma, NOS
Parathyroid LR R R T R SR B it R N N . ST S S 4
REPRODUCTIVE SYSTEM
Mammary gland + + + + F + F F o+ o+t o+t
Adenocarcinoma, NOS
Uterns + 4+ + o+ o+ o+ o+ o+ e+ + +
Leiomyosarcoma
Endometrial stromal polyp
Hemangioma X
L T I S I T T T I I N + + o+ + o+
Papillary cystadenoms, NO§
Hemangioma X
RERVOUS SYSTEM
Brain PN S T T TR S B T R T I R T I R
Muitiple organs, NOS N NN NNNNNNNNNNNNNNNNNNNNNN
Malignant lymphoma, NOS X X X

Malignant lymphoma, undiffer t;

Malignant lymphoma, histiocytic type

Malignant lymphoma, mixed type
Adipose tissue

: Tissue examined microscopically
Required tissus not examined microscopically

: Necropsy, no :\:&olydl, no microscopic examination

+
g:' Tumor incidencs
8: Animal misse:
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No tissue information submitted
Necropey, no histology due to protocol
Autolysis

Animal missing

No necropay performed




TABLE B4, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL

(Continued)
ANIMAL
NUMBER 21 21 2 2! 38| 8 31 31 8 3 8 3 8 3 4f 4 4] 4 4] 4 4 4 4 4 5
e 7 8 3 4| 5 o 1 2f 3 4 8| 6 7 8 9 O
) TOTAL:
WEEKS ON i1 1 i o i 1J I 1 1 01004 Y17 I 1] i 1 TISSUES
STUDY 0 of 0 o 5 of of o o of 8 o o o o o o of of 8 0 7 0 |TUMO
s 5 § s 2| 5 sl 5 4 5| 4 8 5 5 5 st s 5 5 2 5 8 5
L\lx&p and bronchi LA R AL I N I I T I B I IR L T I I sg
‘Alveolar/bronchiolar 2
Trachea I S T I e T T S - 25
Bone marrow + + o+ o+ F o+ o+ o+t o+ 4 50
Spleen LN R S R T T T R R ST R T R R I T N A T R R 49
Limph nodes L T T B A . A . . T R T ST R S I 32
ymus L T T e R . T T R I A N “
Heart + 4+ F F o+ F o+ o+ + + F F o+ F o+ F o F o F A+ o+ 50
thvnry gland LR I S R T T TR R B B IS SR S SN TR R BT R B B A . 48
ver + 0+ F o+ o+ o+ E o E A F o E o+ 50
Hoputoeclluhr adenoma X X X 4
Hepatocellular carcinoma X 3
Bile duct L T AR TR S R TR R T N T N I T SRR SR G . I S 50
Gallbledder & common bile duct + + + + + + + + + + + + NN+ + + + + + + + + + + *50
Pancress PN T R . T TR R R T S S T T T Y S S I T . T 50
Esop s PR T N TG 2R T T I T T T S R I T R T G S B B B 47
Stomac! L I I I T A I T . G K T T TR T R T S 50
Small jtestine E I T I T TR T SRR TR T R S S I N T S T R S 50
Adenomatous polyp, NO& 1
Large intestine PR N . T T T TR I T T SN TR S R TR S I L B 48
Kidney PR R N T T I R S R R R R R SR S R 50
Urinary bladder + + + F o+ o+ o+ F O F o F = = =+t ot + 46
Pituita: + + + + + + + + + + + + + + + + + + 49
Chmmophobo adenoma X X X X X 10
Ad nal PR SEE G TR T TR T I T S R T R T SR T T T T I 80
ll_y -+ + + 4+ o+ o+ o+ o+ o+ F o+ o+ F = =t o+ o+ o+t 45
‘ollicular cell adenoma X 2
Cystadenoma, NOS X 1
Papillary cystadenoma, NOS X 1
Parathyroid LR TR R T T = . S I N S S 24
M
Mammary gland + o+ + + + + o+ + + + + N + + + *50
Adenoamnoma, NOS X 1
Uterus + + + + + + 0+ + + + + + o+ + + + + 50
Leiomyosarcoma X 1
Endomtml stromal polyp X 1
Hemnmomn 1
F o+ o+ o+ F F o+ F o F o+ F o+ o+t 49
P-mlhry cystadenoma, NOS 1
Hemangioma 1
NERVOUS SYSTEM
Brain LRI SR T S T T TR R R I I R SRR T N T BT 50
Mulhph organs, NO§ N NNNNNNNNNNNNNNNNNNNNNN N *50
Malignant lymphoma, NOS X X X [
Malignant lymphoma, undiffer type X 1
Mahgnnt ymp histiocytic type X 1
p mixed type X 1
Adlpou tissue
Hemangioma 1
* Animals necropsied
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE: LOW DOSE

—ANIMAL 0 o] O 0 0 o 0 o 0] [
NUMBER o 0 O of of o ol o 1 1y 1 of 1 1 2f 2f 2 2 2| 2
1 2 3} 4 5 & 7 8§ 2 3 4 5/ 6 7 8 9 of 1 2 3 4 5
WEEKS ON T T I 1 I O L
STUDY o 0 o of 0 9o 8§ 0 8 o 0 o o 0 O 8 o oOf o 0 0 0 9 o0
5 5 S5 5 5 § 5 3 5 4 5 5 5 O S S S5 S| 5 5 5 5 5 9 5
INTEGUMENTARY SYSTEM
Skin + + + o+ o+ + o+ o+ o+ o+ F o+ T+ o+
Keratoacanthoma X i
RESPIRATORY SYSTEM
Lungs and bronchi + + + F o+ F o+ F + o+ o+ o+ o+ 4
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Trachea EIEE R S T T T I T S R I e A
HEMATOPOIETIC SYSTEM
Bone marrow LR N T T R . Tk T T R N T I S S
Spleen + 0+ 4+ 4+ + o+ ot o+ o+ o+t AR+ o+ 4
L h nodes L S = T T S T N S I T T I A
icn-nt lymphoma, NOS
+ + - + + + + = + + + =+ F o+ o+ F o+ F o+~ o+
Heart + o+ o+ F o+ F F o+ F o+ o+ o+ o+ o+ o+ + o+t
DIGESTIVE &
Salivary gland + + + + + + F + + + + + + o+ + o+ o+ F o+ O+ o+ o+ o+ o+ o+
Liver L T S T S . ST S T R R I S TR S TR N
Hepatoullul-r adenoma X X
samlluhr carcinoma
Bile + 0+ + + o+ F o+ o+ o+ F O+ FE O+ 4
Gallbladder & common bils duct + + N + + 4+ + N + + + + + N + + N + + + + + + N +
Pancnaa + + + + + + + + + + + + F+ + F F + o+ F + 4+ o+ o+ +
sopha + o+ + + - o+ + o+ o+ o+ o+ o+ o+t 4+ o+ o+ o+ o+ o+
Stomac L S T T S R S A Nk . S T S T SR S S S
Squamous cell carcinoma X
Small intestine + + + + -+ + + + -+ + o+ 4+ o+ o+ 4+ o+ o+ o+ o+ o+ o+ 4+
Large intestine LI I R T T R T T L S SRR S T SRS R I I N S
Kidney PR S T S R R RN S I U S R S S
Urinary bladder + 4+ + o F FF F o+ 4+ + F o+ o+ o+ o+ o+ O+ 4
Pituitary + 4+ o+ o+ o+ F F =+ + 4+ F o+ o+ o+ o+ o+ o+ F o+ o+t
Chromophobe adenoma X X X
nal + + + + + o+ + +F o+ o+ A+ A+ o+ +
Pheochromocytoma X
Thyroid + O+ + + + + 4+ F + + o+ FE O+ o+ o+ o+ o+ o+ o+
Parathyroid + + - + + - - = + + -+ -+ -+ + - - -+ o+ + -+
QE.PREDU:QIXE SYSTEM N
mmary + + + N + + + + + + + + o+ o+ o+ o+ o+ + + 4+
Adenocarcinoma, NOS X
Uterus + + + + + + + + + + + + 4+ + + + + + + + 4+
Adenoma, NOS X
Lesiomyoma X
Endometrial stromal polyp X X
Ovary + + + + + + + F + 4+ T -+ o+ P+ o+ o+
Brain PR L T T T T S S A A S T S I N A T
ALL OTHER SYSTEMS
A N NN NNINNNNNNNNNNNNNNNNNNNN
Malignant lymphoma, N X X X X
Malignant lymphoma, hmtmcyt\c type X
Graaulocytic leukemia X
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE

(Continued)
ANIMAL 0 0 o of o] 0 0 0
NUMBER ©2 2 2 28 3 31 3 3 3 3 3 38 3 3 4 4 4] 4 4 4 4 4 4 4] 5
8 7 8 9 of 1 2 38 4 5 e 7 9 O 1 2| 8 4 5 6 17 8 9 0
) TOTAL:
WEEKS ON 1 L 1 T T I 1 1 [ISSUES
STUDY 0 of o of of o of o of o 0 0 o of 9 of 9 o o o of 71 0 rUMORS
5 1 S5 L 9§ 5t 5 2 S5 € 5 5 5 5 5 5
L v 4
Skin + + + + + MM + M + + + + + + + + + + + + + + + + *47
Keratoacanthoma
Lungundbmuch: + + + + + MM + M+ + + + + + + = + + + + + o+ o+ 48
Alveolar/bronchiolar adenoma X X 2
Alveolar/bronchiolar carcinoma X 1
Trachea + + + + - MM - M+ + - + + + - = = 4+ - - - - - = 28
Bone marrow + + 4+ + + MM + M+ + + + + + + + + + + + + + + + 47
Splnn + + + + + MM+ M+ + + + + o+ + o+ o+ o+ o+ o+ o+ 47
m - - + + + MM + M + = + + ~ % + + + + + + - - + + 34
nut lynphomn, NOS X 1
+ + + + + MM + M+ + 4+ + + + = =~ + = + + + + - + 39
MEIQALM.
Heart + + + + + MM + M + + + + + + + + + + + + + + + + 47
thv-ryghnd + + + + + MM + M + + + + + + + + 4+ + + + + + + + 47
Liver + + + + + MM + M + + + + + + + + + + + + + + + + 47
Hupcmlluhr adenoma 2
H toen llular carcinoms X X 2
Bile + + + + + MM + M + + + + + + + + + + + + + + + + 47
Gallbhddor& common bile duct + + N + + MM + M + + + + + + + + + N + + + + + + 7
Pncrou + + + + + MM + M + + + + + + + + + + + + + + + + 47
Esopha, - 4+ + + + MM + M+ + + + + + + + + + + + + + + + 45
Stomac + + + + + MM + M+ + + + + + 4+ + + 4+ + + + + + + 47
Squamous cell carcinoma 1
Small intestine + + - + + MM + M + + + + + + + + + + + + + + + + 44
Large intestine + + + + + MM + M + + + + + + + + + + 4+ + + + + + 47
Kidney + + + + + MM + M + + + + + + + + + + + + + + + + 47
Unnrybhddcr + + + + + MM + M + + + + + 4+ + + + + + + + + + 47
tuitary + + + + + MM + M + + + + + + + + + + + + + + + + 46
Chnmophobn adenoma X X X X 7
renal + + + + + MM + M + + + + + + + + 4+ + + + + + + + 47
Pluochmmocyf.om X 2
Thyroid + + + + + MM + M+ + + + + + + + + + + + + + + + 47
Pnnthymd - -+ + - MM + M+ - + + + + - - 4+ + = + - + - - 26
Mammary gland + + + + + MM + M + + + N + + +F + + + o+ o+ o+ o+ *47
Adenocarcinoma, NOS 1
terus + + + + + MM + M + + + o+ o+ o+ o+ o+ o+ o+ 4 47
Mcnoma,NOS 1
Leiomyo 1
Endnmtnalstmmlpolyp 2
Ovary + + + + + MM + M+ + + - + + 4+ + + + + 4+ + + + + 45
NERVOUS SYSTEM
Brain + + + + + MM + M+ + + + + + + + + + + + + + + + 47
Mulupl.omnl.Nos N NNNNMMNMNNNNNNNNNNNNNNNN 7
hnutlymphonu, N()S et X X g
itiocytic type
Gnnnlocyﬁclouhmu 1
* Animals necropsied
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE: HIGH DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY
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y
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RERVOUS SYSTEM
Brain

+ o+ o+ o+

Harderian gland
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE

(Continued)
ANIMAL [ [ o 0] o 0] 0 o] 0
NUMBER 2 2| 2| 2 3{ 3] 3 38 3 3 3 8 38 3] 4 4] 4| 4 4 4] 4 4 4] 4 §
8 7 8 9 o i 2 3 4 5 8 7 8 9 o 1 2 3 4 5 8 7 8 9 0
TOTAL:
WEEKS ON [ 1~ |TISSUES
STUDY of o of o o of o o o 7 o of of o of 7 o of o 9 o 7 o o0f 0 |TUMORS
5 5 5 S 50 2 5 S5 5 9 5 5 s 6 S 5 5 5 & & & o 5 4 8§
Subcutaneous tissue + + + + +F F o+ F o+ o+ o+ 4+ + 4+ o+ o+ 4+ o+ o+ *50
Sarcoma, X 1
RESPTRATORY SYSTEM
Lungs and bronchi + 4+ + o+ F o+ F o+ + o+ o+ o+ o+ o+ o+t 50
Alveolar/ibroachiolar adenoma 3
Alveolar/bronchiolar carcinoma 1
Trachea 4 = - = = = -+ =+ + = -+ o+t o+t o+t -+ 4 30
Bone marrow + o+ + o+ + o+ o+t o+ o+ o+ A+ 4+ 49
Spleen + + + + F o+ + o+ o+ o+ + o+ AT+ o+ o+ 49
%lmph nodes + o+ bk o+ o+ = = =k =k~ o+ -+ o+ o+ 38
ymus T A T T S R I R I T I I 39
Heart + o+ + + F o+ o+ o+ F o+ o+t A+ o+ 4+ o+ o+ 50
Salivary gland + + + + -+ o+ 4+ o+ o+ o+ o+ 49
Liver + + + 4+ + o+ o+ o+ + + o+ o+ F o+ o+ o+t o+ o+ o+ o+ o+ o+ 49
Hepatocellular carcinoma X 2
Bile duct + + + + + + + F o+t o+ o+ o+ o+ o+ o+ o+ 49
QGallbladder & common bile duct + + + + + + + + + 4+ + + + N + N + + + + + N + N + *50
Pancreas + 4+ 4+ + + o+t o+ o+ o+ o+ o+ o+ o+ o+ + 48
Esopha:ul P I S S T T L T A T A T T T S T S S S 50
Stomac P N T . 2 T T T T S S S T N B SR S s 46
Squamous cell papilloma X 1
Small intestine + + + + + - + + + 4+ + 4+ + -+ 4+ o+ + 4+ o+ -+ o+ o+ 45
Leiomyosarcoma 1
Large intestine + + + + + = + + + + + + + + + + F+ o+ o+ o+ o+ o+ o+ 44
URINARY SYSTEH
Kidney + 0+ F + F o+ P+ o+ P+ o+ o+ F o+ o+ o+ o+ 49
Urinary bladder + 4+ + + 4+ o+ F A+ F o+ -+ o+ o+ o+ o+ o+ o+ o+ - 48
Pituitary + + + F =+ F o+ o+ - - 4+ + - + + o+ o+ 41
Chromophobe adenoma X X [
Adrena + + + F F F o+ F o F o+ o+ o+ o+ o+ o+ 4 50
T}ymid PR T U T T R N S G SR S N SR N N 4 45
ollicular cell adenoma X 1
Parathyroid L T i A e T S T T T S SRR N 23
Mammary giand + + + + NN + + + + + + + N + + + + 0+ + + + *50
Adenocarcinoma, NOS 1
Uterus + o+ F o+ + + o+ o+ o+ o+ o+ o+ o+ o+ + 49
Endometrial stromal polyp X 1
Endometrial stromal tarcoma 1
Hemangioma X 1
Ovary P R T T T O A T T T D R T T R S S 48
Brain L O T TR S S I I I I N T TR R B B 50
Harderian gland N NNNDNUNNNNNNNNNNNNNNNNNNNN *50
Papillary adenocarcinoma 1
MUSCULOSKELETAYL SYSTEM
Muscle N NNNNNNNNNWNNNNNNNNNDNNNNNN *50
Sarcoma, NOS X 1
M;:ltiplo ol 6;, NO8 N NN NNUNNNNNNNNNNNNNNNNNN I; N 'S(i\
Malignant lymphoma, NOS X X x X X 5
Malignant lymphoma, histiocytic type 1
Granulocytic leukemia 1
* Animals necropsied
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APPENDIX C

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
LESIONS IN RATS IN THE TWO-YEAR GAVAGE STUDIES

OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE
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TABLE Ci. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE
TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

CONTROL (VEH)

LOWDOSE

MID DOSE

HIGH DOSE

ANIMALS INITIALLY IN STUDY

ANIMALS NECROPSIED

ANIMALS EXAMINED
HISTOPATHOLOGICALLY

50
50

50

50
50

50

50
50

50

50
50

50

INTEGUMENTARY SYSTEM

*SKIN

EPIDERMAL INCLUSION CYST
" HEMORRHAGE

HYPERKERATOSIS

*SUBCUT TISSUE
ABSCESS, NOS
FIBROSIS, FOCAL
NECROSIS, FAT

(50)

(50)

(2%)
(2%)

(2%)

(50)
1

1
(50)
i

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

(2%)

(2%)

50)
2

(60)

4%)

RESPIRATORY SYSTEM
#TRACHEA
HEMORRHAGE
INFLAMMATION, ACUTE
#LUNG
CONGESTION, NOS
EDEMA, NOS
HEMORRHAGE
INFLAMMATION, INTERSTITIAL
INFLAMMATION, SUPPURATIVE
PERIVASCULAR CUFFING
EPITHELIALIZATION
#LUNG/ALVEOLI
HISTIOCYTOSIS

(48)

(50)

1
(60
4

(4%)
(6%)

2%)
(8%)

2%)
(8%)
(16%)

(4%)
2%)

(6%)

(2%)
(2%)

(2%)
(10%)
{4%)
(2%
2%)

(2%)

(49)

(60)

O N OF

(50)
1

(2%)
2%)

&%)
(10%)
4%)
(6%)

(2%)

HEMATOPOIETIC SYSTEM
#BONE MARROW
MYELOFIBROSIS
#SPLEEN
FIBROSIS
FIBROSIS, MULTIFOCAL
NECROSIS, NOS
INFARCT, NOS
HEMATOPOIESIS
#MANDIBULAR L. NODE
EDEMA, NOS
HEMORRHAGE
DEGENERATION, CYSTIC
#MEDIASTINAL L. NODE
HEMORRHAGE
INFLAMMATION, SUPPURATIVE
DEGENERATION, CYSTIC
HEMOSIDEROSIS
#MESENTERIC L. NODE
DEGENERATION, CYSTIC
#KIDNEY
HEMATOPOIESIS
#THYMUS

PERSISTENT EMBRYONIC STRUCTURE

ECTOPIA

(50)
1
(50)

(GIW)
(60)

1
(38)

17
1

(2%)

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

(2%)

(45%)
(3%)

(2%)

2%)
(14%)
(12%)

(2%)

(56%)
(4%)

49
(C11))

(50

60)

(60)
1
(50)

(41)
21

(2%)

8%)
(14%)

(10%)

2%)

(51%)
(2%)

(50)
(50

(48)

48)

(48)
60)

(41)
14

(2%)
(2%)

(2%)

(10%)
2%)

(2%)

(34%)
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TABLE C1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE
TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL(VEH) LOW DOSE MID DOSE HIGH DOSE

CIRCULATORY SYSTEM

*THORACIC CAVITY (50) (50) (50) (60)
POLYANGIITIS 1 (2%)

#HEART 50 (50) (50) (50)

' HEMORRHAGE 1 (2%) i

#HEART/ATRIUM (50) (50) (50) (50)
THROMBOSIS, NOS 2 (4%) -1 (2%)
FIBROSIS 1 (2%)

#MYOCARDIUM 50) (50) (60) (60)
FIBROSIS 39 (78%) 34 (68%) 32 (64%) 41 (82%)
DEGENERATION, NOS 2 (4%) 1 (2%) 2 (4%) 1 (2%)

*ASCENDING AORTA (50) 60 (50 (50)
MINERALIZATION ' 1 (2%)
INFLAMMATION, CHRONIC 1 (2%)

*PULMONARY ARTERY (60) (60) (60) 60)
MINERALIZATION 20 (40%) 22 (44%) 21 (42%) 20 (40%)

#SALIVARY GLAND 50 (49) (50) 49
EMBOLUS, FOREIGN BODY 1 (2%)

PERIVASCULITIS 1 (2%)

#PANCREAS (50 49) 47 4"

POLYANGIITIS 2 (4%) :
DIGESTIVE SYSTEM

*HARD PALATE (50) (50) 50 (60)
HEMORRHAGE 1 (2%)

#SALIVARY GLAND 50 (49) (50) 49
INFLAMMATION, CHRONIC 1 2%
FOCAL CELLULAR CHANGE 1 (2%)

METAPLASIA, SQUAMOUS 1 (2%)

#LIVER (60) (50) 60) 60
ECTOPIA 1 (2%)
INFLAMMATION, MULTIFOCAL 2 (4%) 1 2%) 2 (4%) 1 (2%)
FIBROSIS, FOCAL 1 (2%)
CHOLANGIOFIBROSIS 24 (48%) 34 (68%) 24 (48%) 23 (46%)
NECROSIS, NOS 1 (2%

NECROSIS, FOCAL 1 (2%) 1 (2%
METAMORPHOSIS FATTY 2 (4%) 2 (4%) 1 (2%) 1 (2%
CYTOPLASMIC CHANGE, NOS 1 (2% 2 (4%) 2 4%) 2 4%)
GROUND-GLASS CYTO CHANGE 4 (8%) 3 (6%) 3 (6%) 1 (2%)
EOSINOPHILIC CYTO CHANGE 1 (2%) 2 (4%)

ANGIECTASIS 1 (2%) 7 (14%) 9 (18%) 14 (28%)

#LIVER/CENTRILOBULAR (50) (60) (60) 50)
NECROSIS, NOS 1 (2%) 2 4%) 2 (4%)

#BILE DUCT (50) (50) (60) (60)
HYPERPLASIA, NOS 36 (72%) 41 (82%) 36 (72%) 36 (72%)

#PANCREAS 60) (49) “n 4n
FOCAL CELLULAR CHANGE 3 (8%) 1 (2%) 2 (4%)
HYPERPLASIA, FOCAL 1 (2%)

#PANCREATIC ACINUS (50) (49) 47 4"
ATROPHY,NOS 7 (14%) 10 (20%) 9 (18%) 8 (17%)

#PERIESOPHAGEAL TISSUE (50) (50 50) (60)
INFLAMMATION, SUPPURATIVE 1 (2%)

#FORESTOMACH &0 (50) (50) (80)
ULCER, NOS 1 2%

INFLAMMATION, ACUTE 1 (2%)
FIBROSIS 1 (2%)

#GASTRIC FUNDUS (50) (80) (60) (50)
ULCER, NOS 1 (2%) 1 (2%

EROSION 1 (2%)

#COLON (50) 0 (48) (48)
PARASITISM 2 4%
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TABLE C1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE
TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE

URINARY SYSTEM

#KIDNEY (50) (50) (50 (50)

MINERALIZATION 1 (2%) 1 (2%

POLYCYSTIC KIDNEY 1 (2%)

HEMORRHAGE 12 (24%) 11 (22%; 7 (14%) 8 (16%)
INFLAMMATION, INTERSTITIAL 1 (2%)

NEPHROPATHY 50 (100%) 50 (100%) 48 (96%) 44 (88%)
INFARCT, NOS 1 (2%)
HEMOSIDEROSIS 1 (2%) 1 2%) 4 (8%)

#RENAL PAPILLA 50) (50) (60) (50)
MINERALIZATION 23 (46%) 5 (10%) 3 (6%)

#KIDNEY/TUBULE (50) (50) (50) (50)
CALCULUS,MICROSCOPIC EXAMINATION 1 2%

#URINARY BLADDER (49) (50 49) (50}
DILATATION, NOS 1 (2%)

HEMORRHAGE 2 (4%) 2 (4%)

INFLAMMATION, SUPPURATIVE 1 (2%)

NECROSIS, HEMORRHAGIC 1 (2%)
ENDOCRINE SYSTEM

#PITUITARY (50) (60) (48) (50)
CYST, NOS 1 (2%)

#ANTERIOR PITUITARY (50) (50) (48) (50)
CYST, NOS 1 (2%) 2 (4%) 2 (4%)

HEMORRHAGE 1 (2%)

HEMOSIDEROSIS 1 2%)
FOCAL CELLULAR CHANGE 7 (14%) 5 (10%) 3 (6%) 5 (10%)
ANGIECTASIS 4 (8%) 3 (6%)

#ADRENAL (49) 50) (50) &0)
HEMORRHAGE 1 (2%)

INFLAMMATION, SUPPURATIVE 1 (2%)
DEGENERATION, LIPOID 1 (2%)

LIPOIDOSIS 1 (2%) 2 (4%)

ANGIECTASIS 1 (2%) 2 (4%)

#ADRENAL CORTEX (49) 50 (50) (50)
FOCAL CELLULAR CHANGE 1 (2%) 1 (2%) 1 2%)
HYPERPLASIA, FOCAL 1 2%)

#ADRENAL MEDULLA (49) (50) (50) (50)
FOCAL CELLULAR CHANGE 4 8% 2 (4%) 1 (2%)
HYPERPLASIA, FOCAL 1 (2%) 8 (16%) 5 (10%) 3 (6%)

#THYROID (50) 48) (48) (49)
ULTIMOBRANCHIAL CYST 3 (6% 1 (2%) 1 2%)
CYSTIC FOLLICLES 3 (6%) 2 4%)
FOLLICULAR CYST, NOS 1 (2%)

HEMORRHAGE 1 (2%)
HYPERPLASIA, C-CELL 4 (8%) 11 (23%) 3 (6% 3 (6%)

#PARATHYROID 43) (40) (38) (45)
HYPERPLASIA, NOS 1 2%)

REPRODUCTIVE SYSTEM

*MAMMARY GLAND 50) (60) 60) 50)
DILATATION/DUCTS 1 (2%) 1 (2%)
GALACTOCELE 1 (2%) 1 (2%)

INFLAMMATION, GRANULOMATOUS 1 (2%)
HYPERPLASIA, NODULAR 1 (2%)
HYPERPLASIA, FOCAL 1 (2%)
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TABLE C1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE
TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL (VEH) LOWDOSE MID DOSE HIGH DOSE
REPRODUCTIVE SYSTEM (Continued)

*PREPUTIAL GLAND (50) (60) (50) (50)
DILATATION/DUCTS 1 (2%) 1 (2%)
INFLAMMATION, SUPPURATIVE 1 (2%)
ABSCESS, NOS 3 (6%) 1 (2%) 1 (2%)
INFLAMMATION, CHRONIC 1 (2%)

HYPERPLASIA, EPITHELIAL 1 (2%) 1 (2%)

#PROSTATE (48) (45) (49) (48)
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%)

INFLAMMATION, SUPPURATIVE 1 (2%) 1 (2%)
ABSCESS, NOS 1 2%)

INFLAMMATION, CHRONIC 5 (10%) 8 (18%) T (14%) 10 (21%)
HYPERPLASIA, EPITHELIAL 8 (17%) 13 (29%) 11 (22%) 9 (19%)

*SEMINAL VESICLE (50) 60 60) (50)
INFLAMMATION, SUPPURATIVE 1 (2%)

#TESTIS (50) (50) (50) (49)
MINERALIZATION 16 (32%) 17 (34%) 16 (32%) 14 (29%)
GRANULOMA, SPERMATIC 1 (2%)

HYPOSPERMATOGENESIS 2 (4%) 5 (10%) 3 (6%) 2 (4%)
HYPERPLASIA, INTERSTITIAL CELL 7 (14%) 10 (20%) 12 (24%) 3 (6%)

*EPIDIDYMIS (50) (50) (50) (50)
INFLAMMATION, CHRONIC 4 (8%) 1 (2%) 1 (2%) 1 (2%)
METAPLASIA, NOS 1 2%)

NERVOUS SYSTEM

#BRAIN/MENINGES (50) (60) (50) (60)
HEMORRHAGE 1 (2%)

#BRAIN (50) (50) (50) (50)
HEMORRHAGE 2 (4%) 2 (4%) 1 (2%)

STATUS SPONGIOSUS 1 (2%)
SPECIAL SENSE ORGANS

*EYE (50) (50) (50) (50)
HEMORRHAGE 2 (4%) 1 (2%)
CATARACT 7 (14%) 7 (14%) 8 (16%) 5 (10%)

*EYE/SCLERA (50) (50) (50) (50)
MINERALIZATION 2 (4%) T (14%) 2 (4%) 6 (12%)

*EYE/CORNEA 50) (50) (50) (50)
INFLAMMATION, SUPPURATIVE 1 (2%)

*EYE/RETINA (50) (50) (50) (50)
DEGENERATION, NOS 8 (16%) 7 (14%) T (14%) 5 (10%)

MUSCULOSKELETAL SYSTEM

*CARTILAGE,NOS (50) (50) (50) (50)

NECROSIS, NOS 5 (10%) 6 (12%) 16 (32%) T (14%)
BODY CAVITIES

*MEDIASTINUM (50) (50) (50) G0
HEMORRHAGE 1 (2%)

*ABDOMINAL CAVITY (50) (50) (50) 50)
HEMATOMA, NOS 1 2%)

ABSCESS, NOS 1 (2%)
NECROSIS, FAT 3 (6%) 1 2%) 3 (6%)

*EPICARDIUM 50 (50) (50) 50)
INFLAMMATION, GRANULOMATOUS 1 2%)

FOREIGN MATERIAL, NOS 1 2%)
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TABLE C1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE
TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE

ALL OTHER SYSTEMS
NONE

SPECIAL MORPHOLOGY SUMMARY
NONE

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

CONTROL(VEH) LOWDOSE MID DOSE HIGH DOSE
ANIMALSINITIALLY IN STUDY 50 50 50 50
ANIMALS NECROPSIED 50 50 49 50
ANIMALS EXAMINED
HISTOPATHOLOGICALLY 50 50 49 50
INTEGUMENTARY SYSTEM

*SUBCUT TISSUE (60) 50) 49) (50)

NECROSIS, FAT 1 (2%) 1 (2%)
RESPIRATORY SYSTEM

#TRACHEA (49) (48) (48) (60
INFLAMMATION, SUPPURATIVE 1 (2%)

#LUNG (80) (60) 49) (50)
CALCULUS,MICROSCOPIC EXAMINATION 1 (2%)

CONGESTION, NOS 3 (6%) 2 4%) 6 (12%)
EDEMA, NOS 2 (4%) 7 (14%)
HEMORRHAGE 1 2%) 5 (10%) 2 (4%) 4 (8%)
BRONCHOPNEUMONIA, NOS 1 (2%)
INFLAMMATION, INTERSTITIAL 10 (20%) 4 (8%) 4 (8%) 3 (6%)
INFLAMMATION, NECROTIZING 1 (2%)

INFLAMMATION, GRANULOMATOUS 1 (2%) 1 (2%)
PERIVASCULAR CUFFING 2 (4%) 1 (2%)
HEMOSIDEROSIS 1 (2%) 1 2%)
EPITHELIALIZATION 1 2%

#LUNG/ALVEOLI (50 (50) 49) (50)
HISTIOCYTOSIS T (14%) 9 (18%) 8 (16%) T (14%)

HEMATOPOIETIC SYSTEM

#BONE MARROW 47 49) 49 (48)
ATROPHY, NOS 1 (2%)
HISTIOCYTOSIS 1 (2%)
MYELOFIBROSIS 1 (2%) 1 (2%)

#SPLEEN (50) (50) 49) (49)
FIBROSIS 2 4%) 1 2%)
NECROSIS, NOS 1 (2%) 1 (2%)

#SPLENIC CAPSULE (50) (50) 49) (49)
FIBROSIS 1 (2%)
NECROSIS, NOS 1 (2%)

#MANDIBULAR L. NODE (50} (50) 49 (48)
DEGENERATION, CYSTIC 1 (2%) 3 (6%) 1 (2%) 1 (2%)
NECROSIS, NOS 1 (2%)

#CERVICAL LYMPH NODE (50) (50) (49) 48)
HISTIOCYTOSIS 1 (2%)

#MEDIASTINAL L. NODE (50) (50) 49) (48)
HEMORRHAGE 8 (16%) 9 (18%) 10 (20%) 7 (15%)
HEMOSIDEROSIS 3 (6%) 5 (10%) 3 (6%

HISTIOCYTOSIS 1 (2%)

#PANCREATIC L. NODE 50 (60) 49) (48)
HEMORRHAGE 1 (2%)

#RENAL LYMPH NODE (50 (60) 49) 48)
HISTIOCYTOSIS 1 (2%)

#THYMUS 44) 41 47 (44)
PERSISTENT EMBRYONIC STRUCTURE 21 (48%) 29 (T1%) 22 (47%) 19 (43%)
ECTOPIA 1 (2%)

HEMORRHAGE 2 (6%)
CIRCULATORY SYSTEM

*MULTIPLE ORGANS (50) (50) 49) (60)

POLYANGIITIS 1 (2%)
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL (VEH) LOWDOSE MID DOSE HIGH DOSE
CIRCULATORY SYSTEM (Continued)

#HEART (50) (50) 49 60
HEMORRHAGE 1 (2%)
ARTERIOSCLEROQSIS, NOS 1 (2%) 1 2%)
FIBROELASTOSIS, NOS 1 (2%)

#HEART/ATRIUM (60) (50) (49) (50)
THROMBOSIS, NOS 1 (2%)

#MYOCARDIUM (50) (50) 49) (60)
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%)
INFLAMMATION, ACUTE 1 (2%)

EOSINOPHILIC INFILTRATE 1 2%
INFLAMMATION, GRANULOMATOUS 1 2%
FIBROSIS 17 (34%) 15 (30%) 18 (37%) 16 (32%)
DEGENERATION, NOS 2 (4%) 1 (2%) 1 (2%) 3 (6%)

*PULMONARY ARTERY (50) (50) (49) (50)

MINERALIZATION 16 (32%) 15 (30%) 8 (16%) 14 (28%)
DIGESTIVE SYSTEM

#SALIVARY GLAND (50 (50) 49) (49)
CALCULUS,UNKN GROSS OR MICRO 1 (2%)
INFLAMMATION, CHRONIC 1 (2%)

#LIVER (50) (50) (49 (50)
ECTOPIA 2 (4%)

DILATATION/DUCTS 1 2%

HEMORRHAGE 1 2%)
INFLAMMATION, MULTIFOCAL 20 (40%) 15 (30%) 16 (33%) 9 (18%)
INFLAMMATION, CHRONIC 1 2%)
INFLAMMATION, GRANULOMATOUS 1 (2%)
CHOLANGIOFIBROSIS 10 (20%) 9 (18%) 9 (18%) 15 (30%)
NECROSIS, NOS 1 2%
NECROSIS, FOCAL 1 (2%) 1 2%

NECROSIS, COAGULATIVE 1 2%)

METAMORPHOSIS FATTY 2 (4%) 2 (4%) 1 2%)
CYTOPLASMIC CHANGE, NOS 1 (2%) 2 (4%) 3 (6%)
BASOPHILIC CYTO CHANGE 1 2%)
GROUND-GLASS CYTO CHANGE 2 4% 2 4%) 3 (6%) 2 (4%)
EOSINOPHILIC CYTO CHANGE 1 (2%)

ANGIECTASIS 3 (6%) 1 2%)

#LIVER/CENTRILOBULAR (50) (50) (49) 60
NECROSIS, NOS 1 (2%) 1 @2%)
METAMORPHOSIS FATTY 1 (2%) 1 2%

#LIVER/PERIPORTAL (50) (50) (49) 60)
METAMORPHOSIS FATTY 1 (2%) 2 (4%)

#BILE DUCT (50) (50) (49) (50)
CHOLANGIOFIBROSIS 2 (4%)
HYPERPLASIA, NOS 10 (20%) 15 (30%) 16 (33%) 10 (20%)

#PANCREAS (50) (49) (48) 49)
NECROSIS, NOS 1 (2%)

FOCAL CELLULAR CHANGE 1 (2%) 1 (2%)
HYPERPLASIA, FOCAL 1 (2% 1 (2%)

#PANCREATIC ACINUS (G11)] 49) (48) (49)
ATROPHY,NOS 7 (14%) T (14%) 6 (13%) 5 (10%)

#ESOPHAGUS (49) (50) 49 49)
ULCER, NOS 1 (2%)

GRANULOMA, NOS 1 (2%)

#FORESTOMACH (60) (60 48) 49)
ULCER, NOS 1 (2%) 1 (2%)

INFLAMMATION, CHRONIC 2 4%)
HYPERPLASIA, EPITHELIAL 1 (2%)

#PYLORUS (50) (50) (48) (49)

EROSION 1 (2%)
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued;

CONTROL(VEH) LOWDOSE MID DOSE HIGH DOSE
DIGESTIVE SYSTEM (Continued)

#COLON (50) (48) (48) v 49)

PARASITISM 1 (2%) 1 2%)
URINARY SYSTEM

#KIDNEY (50) 50 (49) (60)
CALCULUS,UNKN GROSS OR MICRO 2 (4%)

CALCULUS MICROSCOPIC EXAMINATION 1 (2%) 2 (4%)
HYDRONEPHROSIS 1 (2%)

HEMORRHAGE 7 (14%) 9 (18%) 11 (22%) 8 (16%)
FIBROSIS, DIFFUSE 1 2%)

NEPHROPATHY 29 (58%) 33 (66%) 34 (69%) 29 (58%)
METAMORPHOSIS FATTY 2 4%)

HEMOSIDEROSIS 1 (2%) 3 (6% 3 (6%) 2 (4%
CYTOPLASMIC VACUOLIZATION 1 (2%)

#RENAL PAPILLA 60) (50) 49) (50)
MINERALIZATION 2 (4%) 1 2%

#KIDNEY/TUBULE (50) (50) (49) 60)
CALCULUS,UNKN GROSS OR MICRO 1 (2%)

CALCULUS,MICROSCOPIC EXAMINATION 1 (2%) 1 (2%) 2 (4%) 2 (4%)
MINERALIZATION 9 (18%) 3 (6%)

#URINARY BLADDER (49) 48) (48) (50)
HEMORRHAGE 1 2%

HEMOSIDEROSIS 1 2%
ENDOCRINE SYSTEM

#PITUITARY (50) 50) (46) (50)
HEMORRHAGE 1 (2%)

CYTOMEGALY 1 (2%)

#ANTERIOR PITUITARY (50) (60) (46) (60)
CYST,NOS T (14%) 10 (20%) 4 (9%) T (14%)
HEMORRHAGE 2 4%) 1 (2%)
HEMOSIDEROSIS 2 (4%)
FOCAL CELLULAR CHANGE 6 (12%) 3 (1%) 2 (4%)
ANGIECTASIS 10 (20%) 3 (6%) 8 (17%) 3 (6%)

#ADRENAL (60) 50 (49) (50)
DEGENERATION, LIPOID 3 (8%)

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

#ADRENAL CORTEX (50) 50 49) (60)
PIGMENTATION, NOS 1 2%)

FOCAL CELLULAR CHANGE 1 (2%)
ATROPHY, NOS 1 (2%) 1 (2%)

#ADRENAL MEDULLA (50) (50) (49) (60)
FIBROSIS 1 (2%)
FOCAL CELLULAR CHANGE 1 (2%)

HYPERPLASIA, FOCAL 1 (2%)

#THYROID (50) (50) 49) (48)
ULTIMOBRANCHIAL CYST 1 (2%) 1 (2%) 1 2%) 1 (2%)
CYSTIC FOLLICLES 1 (2%)

HYPERPLASIA, C-CELL 6 (12%) 6 (12%) 5 (10%) 2 (4%)
HYPERPLASIA, FOLLICULAR-CELL 1 (2%)

#PARATHYROID 44 43 @33 39)

ECTOPIA 1 2%
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL(VEH) LOW DOSE MID DOSE HIGH DOSE
REPRODUCTIVE SYSTEM
*MAMMARY GLAND (50) (50) 49 (50
DILATATION/DUCTS 2 (4%) 1 (2%
GALACTOCELE 1 (2%) 1 2%) 1 2%) 2 (4%)
FIBROSIS, FOCAL 1 (2%)
HYPERPLASIA, NODULAR 1 (2%)
*PREPUTIAL GLAND (650) 60 49) (50)
ABSCESS, NOS 1 (2%)
*CLITORAL GLAND (50) (50) (49) (50)
DILATATION/DUCTS 1 (2%) 1 (2%)
ABSCESS, NOS 1 (2%) 1 2%)
HYPERPLASIA, EPITHELIAL 1 (2%)
*VAGINA (G11)] (50 49) (50)
INFLAMMATION, SUPPURATIVE 1 2%
#UTERUS (50 (50 (49) (50
HEMORRHAGE 1 (2%)
#UTERUSENDOMETRIUM 50) (50) 49) 50)
CYST,NOS 1 (2%) 1 @2%) 1 (2%)
#OVARY 50 (50) (48) (50)
CYST,NOS 1 2%
FOLLICULAR CYST, NOS 1 2%
PAROVARIAN CYST 4 (8%) 4 (8%) 4 8% 2 (4%)
NECROSIS, NOS 1 2%)
NERVOUSSYSTEM
#BRAIN (50) (50) (49) (50)
DISPLACEMENT, NOS 1 (2%)
HEMORRHAGE 1 (2%) 2 (4%) 2 (4%) 2 (4%)
MALACIA 1 (2%
#BRAIN STEM (50) (50) (49) (50)
DISPLACEMENT, NOS 1 (2%)
SPECIAL SENSE ORGANS
*EYE (60) (50 (49) (60)
RETINOPATHY 1 (2%)
CATARACT 8 (16%) 7 (14%) 5 (10%) 8 (16%)
PHTHISIS BULBI 1 2%) 1 (2%)
*EYE POSTERIOR CHAMBER 1G10)] 60 (49) (50)
HEMORRHAGE 1 2%)
*EYE/SCLERA (50) (50) 49) (50)
MINERALIZATION 2 (4%) 1 (2%) 1 (2%) 2 4%)
*EYE/CORNEA (50) (50) (49) (50)
INFLAMMATION, CHRONIC 1 (2%) 1 2%)
*EYE/RETINA (50) (50) (49) (50)
DEGENERATION, NOS T (14%) 8 (16%) 5 (10%) 8 (16%)
*HARDERIAN GLAND (50) (50) 49 (50)
LYMPHOCYTIC INFLAMMATORY INFILTR 1 2%) 1 (2%)
MUSCULOSKELETAL SYSTEM
*STERNUM (50) (50) 49) (50)
NECROSIS, NOS 4 8%
OSTEOSCLEROSIS 3 (6%) 4 (8%) 1 (2%)
*CARTILAGE, NOS (50) (50) 49) (50)
NECROSIS, NOS 4 (8%) 6 (12%) 6 (12%)
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TABLE C2, SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE
BODY CAVITIES
*THORACIC CAVITY (50) (50} (49) (50)
INFLAMMATION, SUPPURATIVE 1 2%)
*MEDIASTINUM (50 50) 49 50)
HEMORRHAGE 1 (2%)
INFLAMMATION, SUPPURATIVE 1 (2%)
INFLAMMATION, CHRONIC 1 (2%)
NECROSIS, FAT 1 (2%)
*ABDOMINAL CAVITY (60) (50) 49) (50)
NECROSIS, FAT 3 (6%) 2 (4%) 2 (4%) 3 (6%)
*PLEURA (50) (50) 49) 50)
INFLAMMATION, GRANULOMATOUS 1 (2%)
FOREIGN MATERIAL, NOS 1 (2%)
ALLOTHER SYSTEMS
*MULTIPLE ORGANS (60) (50) 49) (G10)
HEMORRHAGE 1 (2%)
INFLAMMATION, NOS 1 (2%)

SPECIAL MORPHOLOGY SUMMARY
ANIMAL MISSEXED/NO NECROPSY

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

* NUMBER OF ANIMALS NECROPSIED
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APPENDIX D

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
LESIONS IN MICE IN THE TWO-YEAR GAVAGE STUDIES
OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

CONTROL (VEH)

LOW DOSE

HIGH DOSE

ANIMALSINITIALLY IN STUDY
ANIMALS NECROPSIED
ANIMALS EXAMINED HISTOPATHOLOGICALLY

50
50
50

50
50
50

50
50
50

INTEGUMENTARY SYSTEM

*SKIN
ULCER, NOS
INFLAMMATION, ACUTE
INFLAMMATION, CHRONIC
FIBROSIS
HYPERPLASIA, NOS
HYPERPLASIA, EPITHELIAL

*SUBCUT TISSUE
ABSCESS, NOS
INFLAMMATION, CHRONIC
GRANULOMA, NOS
INFLAMMATION, NECRO GRANULOMATOUS

(50)

2%)
(4%)
(2%)

(2%)

60)

—

(60)
1

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

2%)

50

DD

60

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

(4%)

(2%)

RESPIRATORY SYSTEM

*NASAL CAVITY
LYMPHOCYTIC INFLAMMATORY INFILTR
INFLAMMATION, ACUTE

*NASAL GLAND
INFLAMMATION, ACUTE

#TRACHEA
INFLAMMATION, ACUTE

#LUNG
ASPIRATION, NOS
MINERALIZATION
CONGESTION, NOS
HEMORRHAGE
INFLAMMATION, ACUTE/CHRONIC
INFLAMMATION, CHRONIC
HYPERPLASIA, ALVEOLAR EPITHELIUM
HISTIOCYTOSIS

(60

(50)
@n
(50)

DO s

(8%)

(2%)
(2%)

(2%)
(4%)

(50

(50)
30)
(50)

- D

W

(6%)

(2%)

(4%)
(2%)
2%)

6%)
(6%)

(50)
(50)
(28)

1
(60)

(2%)
(16%)

(6%)
(4%)

4%)

(2%)
(2%)
(8%)

HEMATOPOIETIC SYSTEM

*MULTIPLE ORGANS
LEUKEMOID REACTION
HYPERPLASIA, LYMPHOID
HEMATOPOIESIS

*SUBCUT TISSUE
MASTOCYTOSIS

#BONE MARROW
ANGIECTASIS

#SPLEEN
CONGESTION, NOS
ANGIECTASIS
HEMATOPOIESIS

#MANDIBULAR L. NODE
PLASMACYTOSIS
HYPERPLASIA, LYMPHOID
MASTOCYTOSIS

#BRONCHIAL LYMPH NODE
HYPERPLASIA, LYMPHOID

#MEDIASTINAL L. NODE
EDEMA, NOS
HYPERPLASIA, LYMPHOID
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(60)
(60)
1
(60)
(50)
1

48)

(45)
(48)

(2%)

(2%)

(2%)
(10%)

(2%)
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60
1
50)

49
49

(47)

47
47

2%)
(6%)
(6%)

8%)
(4%)

(2%)
(2%)

(60)
60

49
1
(80)

4"

4n
1
47

(2%)
(6%)

(2%)

(4%)
(10%)

(2%)

2%)



TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL (VEH) ~ LOWDOSE HIGH DOSE
HEMATOPOIETIC SYSTEM (Continued)

#MESENTERIC L. NODE (45) 47 47)
HEMORRHAGE 25 (56%) 28 (60%) 24 (51%)
INFLAMMATION, PYOGRANULOMATOUS 1 2%)

ANGIECTASIS 1 (2%)
HYPERPLASIA, LYMPHOID 2 4% 1 2%)
HEMATOPOIESIS 3 (6%) 2 (4%)

#RENAL LYMPH NODE (45) 47) 47
DILATATION/SINUS 1 (2%)

*STERNUM (50) (60) (50)
MASTOCYTOSIS 1 (2%)

#LIVER (50) (50) (50)
HEMATOPOIESIS 1 2%)

#JEJUNUM 48) (50) (48)
HYPERPLASIA, LYMPHOID 1 2%

#ILEUM 48) (50) (48)
HYPERPLASIA, LYMPHOID 1 (2%)

#THYMUS 41) 40 (46)
CYST,NOS 6 (15%) 8 (20%) 11 (24%)
MULTIPLE CYSTS 1 (3%)

HYPERPLASIA, LYMPHOID 1 (2%)
CIRCULATORY SYSTEM

#SPLEEN (50 49) (50)
THROMBOSIS, NOS 1 (2%)

#HEART (50 (50) 50)
MINERALIZATION 1 (2%)

LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%)
INFLAMMATION, ACUTE 2 4%)
INFLAMMATION, ACUTE/CHRONIC 2 (4%)

INFLAMMATION, CHRONIC 1 (2%)
FIBROSIS 1 (2%)
ANGIECTASIS ‘ 1 (2%)

#HEART/ATRIUM 50 (50) (50)
THROMBOSIS, NOS 1 (2%)

#CARDIAC VALVE (50) (50) (50)
PIGMENTATION, NOS 1 2% 2 (4%) 4 (8%)

*BLOOD VESSEL (50) (50) 50)
THROMBOSIS, NOS 1 (2%)
INFLAMMATION, CHRONIC 1 2%)

#LIVER (50) (60) (50)
THROMBOSIS, NOS 1 (2%)

#PANCREAS (50) 50) (50)
PERIVASCULITIS 1 (2%)

DIGESTIVE SYSTEM

*HARD PALATE 60) (50) (60)
FIBROSIS 1 (2%)

*LIP 50 (60) (50)
INFLAMMATION, ACUTE/CHRONIC 1 (2%)

*TOOTH (50) (50) (50)
INFLAMMATION, ACUTE 3 (6%) 2 (4%)
INFLAMMATION, ACUTE/CHRONIC 1 (2%)
GROWTH, ALTERATION 1 2%)
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL (VEH) LOW DOSE HIGH DOSE
DIGESTIVE SYSTEM (Continued)

#SALIVARY GLAND (50) (50) (50)
MINERALIZATION 3 (6%) 1 (2%) 1 2%)
DILATATION/DUCTS 1 2%)

LYMPHOCYTIC INFLAMMATORY INFILTR 2 (4%) 3 (6%)
CYTOPLASMIC VACUOLIZATION 1 (2%)
ATROPHY, NOS 2 (4%) 2 (4% 1 (2%)

#LIVER (60) (50} (G1)]
MINERALIZATION 1 2%

ABNORMAL CURVATURE 1 (2%)
CYST, NOS 2 (4%)
CONGESTION, NOS 1 (2%)
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%)

INFLAMMATION, GRANULOMATOUS 1 (2%)
NECROSIS, NOS 2 (4%) 3 (6%
NECROSIS, COAGULATIVE 1 (2%) 1 (2%)

CYTOPLASMIC VACUOLIZATION 23 (46%) 21 (42%) 30 (60%)
BASOPHILIC CYTO CHANGE 2 (4% 3 (6%) 2 (4%)
FOCAL CELLULAR CHANGE 1 (2%)
EOSINOPHILIC CYTO CHANGE 1 (2%)

CLEAR-CELL CHANGE 8 (16%) 12 (24%) 14 (28%)
HEPATOCYTOMEGALY 1 (2%) 1 (2%) 2 (4%)
ANGIECTASIS 1 (2%) 1 (2%)

*GALLBLADDER (50) (50) &0
CYST,NOS 1 (2%)

#BILE DUCT 1G] 50 (50)
HYPERPLASIA, NOS 1 (2%)

#PANCREAS (50) (50) 60
ECTOPIA 1 2%)

DILATATION/DUCTS 1 (2%)
CYST,NOS 1 2%)
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%) 1 (2%)

#PANCREATIC ACINUS (50) (50) (50)
INFLAMMATION, CHRONIC 1 (2%)
FOCAL CELLULAR CHANGE 1 (2%) 4 (8%) 4 (8%)
ATROPHY,NOS 3 (6%) 6 (12%) 4 (8%)

#STOMACH 50) (60) (50)
INFLAMMATION, ACUTE/CHRONIC 1 (2%)

#GASTRIC FUNDAL GLAND (50) (60 (50)
DILATATION, NOS 1 (2%)

#GLANDULAR STOMACH (50) (50) (50)
MINERALIZATION 1 2%) 3 (6%)
INFLAMMATION, ACUTE 1 (2%)
INFLAMMATION, ACUTE NECROTIZING 1 (2%) 1 (2%)

#STOMACH WALL (50! (50) (50)
MINERALIZATION 1 (2%)

#FORESTOMACH 60 (50) (50)
INFLAMMATION, ACUTE 1 2%) 3 (6%)

INFLAMMATION, ACUTE/CHRONIC 2 (4%) 1 (2%)
HYPERPLASIA, EPITHELIAL 1 (2%) 1 (2%) 1 (2%)

#ILEUM 48) (50) (48)

INFLAMMATION, ACUTE/CHRONIC 1 (2%)
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL (VEH) LOW DOSE HIGH DOSE
URINARY SYSTEM

#KIDNEY (50) (50) (50)
MINERALIZATION 10 (20%) 8 (16%) 6 (12%)
HYDRONEPHROSIS 1 (2%)

CYST,NOS 1 2% 2 (4%) 4 (8%)
CONGESTION, NOS 1 (2%)
GLOMERULONEPHRITIS, NOS 1 (2% 3 (6%)
PYELONEPHRITIS, NOS 1 (2%)

LYMPHOCYTIC INFLAMMATORY INFILTR 6 (12%) 9 (18%) 3 (6%)
PYELONEPHRITIS, CHRONIC ‘ 1 (2%)

NEPHROSIS, NOS 18 (36%) 15 (30%) 19 (38%)
INFARCT, NOS 1 (2%) 1 (2%) 5 (10%)
METAPLASIA, OSSEOUS 2 (4%)

#PERIRENAL TISSUE (50) 50) (50)
GRANULOMA, NOS 1 2%)

#KIDNEY/TUBULE (50 (50) (50)
CYTOPLASMIC VACUOLIZATION 1 2%)

#URINARY BLADDER (50) “én (50)
CALCULUS,GROSS OBSERVATION ONLY 1 (2%)

DILATATION, NOS 1 (2%)

INFLAMMATION, ACUTE 1 (2%)

INFLAMMATION, CHRONIC 1 (2%)
ENDOCRINE SYSTEM

#ANTERIOR PITUITARY (48) 47) 48)
CYST,NOS 1 2%)
COLLOID CYST 1 2%)

CONGESTION, NOS 1 (2%)
HYPERPLASIA, CHROMOPHOBE-CELL 1 (2%)

#ADRENAL/CAPSULE (50} (50) (50)
HYPERPLASIA, NOS 3 (6%) 7 (14%) 6 (12%)

#ADRENAL CORTEX (50 (50) (50
CYST,NOS 1 2% 1 2%)

CLEAR-CELL CHANGE 4 (8%) 3 (6%) 5 (10%)
ATROPHY,BROWN 1 (2%) 4 (8%) 1 (2%)
HYPERTROPHY, FOCAL 8 (16%) 4 (8%) 6 (12%)
HYPERPLASIA, NOS 1 (2%)

HYPERPLASIA, FOCAL 1 (2%)

#ADRENAL MEDULLA (50) (50} (50)
CONGESTION, NOS 1 2%)
AMYLOIDOSIS 1 (2%) 1 (2%)
HYPERPLASIA, NOS 6 (12%) 9 (18%) 7 (14%)
HYPERPLASIA, FOCAL 2 (4%)

#THYROID (49) (50) 47
FOLLICULAR CYST, NOS 13 (27%) 10 (20%) 3 (6%)
INFLAMMATION, ACUTE/CHRONIC 1 2%)

HYPERPLASIA, FOLLICULAR-CELL 3 (6% 1 (2%) 1 (2%)

#PARATHYROID 37 23) (24)
CYST,NOS 1 4%)

REPRODUCTIVE SYSTEM

*PREPUCE (50) (60) 50
DILATATION, NOS 1 (2%)

INFLAMMATION, ACUTE/CHRONIC 1 (2%)
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL(VEH) LOW DOSE HIGH DOSE
REPRODUCTIVE SYSTEM (Continued)

*PREPUTIAL GLAND (50) 60) (50)
DILATATION, NOS 2 (4%)

DILATATION/DUCTS 1 2%) 2 (4%)
CYST, NOS 1 (2%)
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%)

ABSCESS, NOS 4 (8%) 5 (10%) 5 (10%)
INFLAMMATION, ACUTE/CHRONIC 3 (6%) 2 (4%)
INFLAMMATION, CHRONIC 2 (4%) 2 (4%) 1 (2%)

#PROSTATE (50) (50) (50)
HEMORRHAGE 3 (6%) 1 (2%) 3 (6%)
INFLAMMATION, ACUTE 1 (2%)
INFLAMMATION, CHRONIC 1 (2%)

*COAGULATING GLAND (50) 0} (50)
INFLAMMATION, ACUTE/CHRONIC 1 2%)

#TESTIS (50) (50) 49)
MINERALIZATION 17 (34%) 17 (34%) 11 (22%)
NECROSIS, FAT 1 (2%)

ATROPHY,NOS 1 2% 3 (6%) 2 (4%)
ANGIECTASIS 1 2%)

*EPIDIDYMIS (50) (50) (50)
INFLAMMATION, CHRONIC 1 (2%) 1 (2%)
INFLAMMATION, PYOGRANULOMATOUS 1 (2%)

GRANULOMA, SPERMATIC 1 (2%) 1 (2%)
FIBROSIS 1 (2%)
NERVOUSSYSTEM

#BRAIN (50) (50) (60
MINERALIZATION 16 (32%) 18 (36%) 20 (40%)
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%)

CYTOPLASMIC VACUOLIZATION 2 4%
SPECIAL SENSE ORGANS

*EYE (50) (50) (50
COLLAPSE 1 (2%)

*EUSTACHIAN TUBE (50) (60) 60
LYMPHOCYTIC INFLAMMATORY INFILTR 2 (4%) 2 (4%) 3 (6%
INFLAMMATION, ACUTE 1 2%

MUSCULOSKELETAL SYSTEM

NONE

BODY CAVITIES

*ABDOMINAL CAVITY (50) (50) 60
INFLAMMATION, ACUTE NECROTIZING 1 (2%)

NECROSIS, FAT 1 (2%)

*MESENTERY (50) 50 (50)
ABSCESS, NOS 1 (2%)
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL (VEH) LOW DOSE HIGH DOSE
ALL OTHER SYSTEMS
*MULTIPLE ORGANS (50) (50) (50)

CONGESTION, NOS 1 (2%) 2 (4%)
HEMORRHAGE 1 (2%)
LYMPHOCYTIC INFLAMMATORY INFILTR 5 (10%) 9 (18%) 11 (22%)
INFLAMMATIGN, ACUTE 1 2%) 1 2%
INFLAMMATION, ACUTE SUPPURATIVE 1 (2%)
ABSCESS, NOS 1 (2%)
INFLAMMATION, GRANULOMATOUS 1 2%)
INFECTION, BACTERIAL 1 (2%)
NECROSIS, NOS 2 (4%)
NECROSIS, FAT 1 (2%)

SPECIAL MORPHOLOGY SUMMARY
NONE

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

CONTROL(VEH) LOWDOSE HIGH DOSE
ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS MISSING 3
ANIMALS NECROPSIED 50 47 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 47 50
INTEGUMENTARY SYSTEM

*SKIN (50) “n (50
EDEMA, NOS 1 (2%) »
HEMORRHAGE 1 (2%)

ULCERATION, DIFFUSE 1 2%)
INFLAMMATION, ACUTE 1 (2%)
INFLAMMATION, ACUTE/CHRONIC 1 (2%)
FIBROSIS 1 (2%)
HYPERKERATOSIS 1 (2%)

*SUBCUT TISSUE (50) “n (50)

EPIDERMAL INCLUSION CYST 1 2%
INFLAMMATION, ACUTE 1 2%)
ABSCESS, NOS 1 (2%)

RESPIRATORY SYSTEM

#BRONCHIAL CARTILAGE (60) (46) (50)
MINERALIZATION 1 (2%)

#LUNG (50) (46) (50)
BRONCHIECTASIS 1 (2%) 1 (2%)

EDEMA, NOS 1 (2%)

HEMORRHAGE 3 (6%) 2 (4%) 2 4%

LYMPHOCYTIC INFLAMMATORY INFILTR 4 (8%) 1 (2%)

INFLAMMATION, CHRONIC 1 (2%)

HISTIOCYTOSIS 5 (10%) 1 (2%) 2 (4%)
HEMATOPOIETIC SYSTEM

*MULTIPLE ORGANS (50) “n (60)
LEUKEMOID REACTION 1 (2%)
HYPERPLASIA, LYMPHOID 3 (6%) 9 (19%) 2 (4%)
HEMATOPOIESIS 1 (2%) 2 (4%)
MYELOPOIESIS 1 (2%)

#BONE MARROW (60) én (49)
MYELOSCLEROSIS 41 (82%) 38 (81%) 30 (61%)

#SPLEEN (49) 4n (49)
HEMOSIDEROSIS 9 (18%) 5 (11%) 3 (6%)
HYPERPLASIA, LYMPHOID 2 (4%) 4 (9%) 2 (4%)
HEMATOPOIESIS 2 (4%) 3 (6%) 3 (6%)

#MANDIBULAR L. NODE 32) 34 (38)
EDEMA, NOS 1 (3%)

HYPERPLASIA, LYMPHOID 4 (11%)

#MEDIASTINAL L. NODE (32) 34) (38)
EDEMA, NOS 1 3%

#PANCREATIC L.NODE 32) 34 (38
CONGESTION, NOS 1 (3%)

#MESENTERIC L. NODE (32) @4 (38)
HEMORRHAGE 4 (11%)
ANGIECTASIS 1 3%)
HYPERPLASIA, LYMPHOID 1 (3%) 1 (3%)

#RENAL LYMPH NODE (32) (34) (38)
HYPERPLASIA, LYMPHOID 1 (3%)

#LIVER (60) 4D 49)
HEMATOPOIESIS 1 2%

#PEYER'S PATCH (50) (44) (45)
HYPERPLASIA, LYMPHOID 1 (2%)
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL(VEH) LOW DOSE HIGH DOSE

HEMATOPOIETIC SYSTEM (Continued)

#JEJUNUM

HYPERPLASIA, LYMPHOID
#THYMUS

CYST, NOS

MULTIPLE CYSTS

CONGESTION, NOS
LYMPHOID DEPLETION
HYPERPLASIA, LYMPHOID
#THYMIC LYMPHOCYTES
NECROSIS, NOS

(50)
1
(44)
8
1
1
1
(44)

(2%}

(18%)

44
1

(39)
8
1

(2%)

21%)
(3%)

(45)
3
(39)
6
1

(2%)
(2%)
2%) 1
39)

3%) 1
39
1

(1%)
(15%)
3%)
(3%)
(3%)

CIRCULATORY SYSTEM

*MULTIPLE ORGANS

THROMBOSIS, NOS
#SPLEEN

THROMBOSIS, NOS
#HEART

INFLAMMATION, CHRONIC

FIBROSIS

DEGENERATION, NOS
#HEART/ATRIUM

THROMBOSIS, NOS
#CARDIAC VALVE

PIGMENTATION, NOS
*BLOOD VESSEL

INFLAMMATION, FIBRINOID
*AORTA

MINERALIZATION
*THYMIC ARTERY

INFLAMMATION, FIBRINOID
*PULMONARY VEIN

MINERALIZATION
#UTERUS

THROMBOSIS, NOS

(50)
49)
1
(50)
1

(50)

1
60
(50)

1
(50)
(50)
(50)
(50)

47)

47
2%)

¢Y))
(2%)
(2%)
(2%)

47
2%)

47

47
2%)
47

4n
1
(CY)]
1

(2%)
47

(50)
2%)
(49)

(50)

(50)

(50)

(50)

(50)
(2%)

(50)
2%)

(50)

(49)
1

(2%)

(2%)

2%)

DIGESTIVE SYSTEM

#SALIVARY GLAND
ATROPHY,NOS

#LIVER
CYST,NOS
LYMPHOCYTIC INFLAMMATORY INFILTR
INFLAMMATION, NECROTIZING
INFLAMMATION, ACUTE
INFLAMMATION, GRANULOMATOUS
GRANULOMA, NOS
NECROSIS, NOS
CYTOPLASMIC VACUOLIZATION
BASOPHILIC CYTO CHANGE
EOSINOPHILIC CYTO CHANGE
CLEAR-CELL CHANGE
HEPATOCYTOMEGALY
HYPOPLASIA, NOS
ANGIECTASIS

*GALLBLADDER
INFLAMMATION, ACUTE NECROTIZING
INFLAMMATION, GRANULOMATOUS
PIGMENTATION, NOS

(48)
1

50

“én
2%)
4N

4%) 2

(2%) 2
(2%)

(2%) 2
(68%) 39
(2%)

(28%) 7
2%)

4"
2%)

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

(4%) 3
(83%) 29

(15%) 5
(4%)
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TABLE D2, SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL(VER) LOW DOSE HIGH DOSE
DIGESTIVE SYSTEM (Continued)

#PANCREAS (50) (CY)] (48)
DILATATION/DUCTS 1 2% 1 2%

CYST, NOS 1 (2%)
INFLAMMATION, ACUTE NECROTIZING 1 (2%)
CYTOPLASMIC VACUOLIZATION 1 2%

#PANCREATIC ACINUS (50 é4n (48)
CYTOPLASMIC VACUOLIZATION 1 2%)
HYPOPLASIA,NOS 1 (2%)

ATROPHY,NOS 1 (2%) 4 (9%) 3 (6%)
HYPERPLASIA, NOS 1 (2%)

#PERIPANCREATIC TISSUE (60 47 48
NECROSIS, FAT 1 (2%)

#STOMACH (50 “n 46)
MINERALIZATION 1 (2%

CYST, NOS 1 (2%)
EDEMA, NOS 1 (2%)

INFLAMMATION, ACUTE 1 (2%) 2 (4%)

INFLAMMATION, ACUTE/CHRONIC 1 (2%)
NECROSIS, NOS 1 (2%)
HYPERPLASIA, EPITHELIAL 1 (2%)

#GASTRIC FUNDAL GLAND (50) én (46)
DILATATION, NOS 2 (%) 2 (4%

#JEJUNUM (50) (44) (45)
ULCER, NOS 1 (2%)
INFLAMMATION, ACUTE 1 2%)
INFLAMMATION, ACUTE NECROTIZING 1 (2%)

URINARY SYSTEM

#KIDNEY (50) 47) 49)

HYDRONEPHROSIS 1 (2%)

GLOMERULONEPHRITIS, NOS 1 2% 1 (2%)

LYMPHOCYTIC INFLAMMATORY INFILTR 2 (4%)
NEPHROSIS, NOS 7 (14%) 5 (11%) 7 (14%)
NECROSIS, NOS 1 (2%)
INFARCT, NOS 1 (2%) 2 (4%) 3 (6%)
METAPLASIA, OSSEOUS 3 (6%) 3 (6%) 3 (6%)

#KIDNEY/TUBULE (50) 47 49
PIGMENTATION, NOS 1 2%

*PERIURETERAL TISSUE (50) 47 60
STEATITIS 1 (2%)

#URINARY BLADDER (46) “n (46)
LYMPHOCYTIC INFLAMMATORY INFILTR 2 (4%

ENDOCRINE SYSTEM

#PITUITARY 49 (46) 41)

COLLOID CYST 1 2%)

HYPERTROPHY, FOCAL 1 (2%)

HYPERPLASIA, CHROMOPHOBE-CELL 10 (20%) 8 (17%) 5 (12%)
ANGIECTASIS 1 (2% 2 (4%)

#ADRENAL 50) 4n (60)
CYST,NOS 1 (2%)
CONGESTION, NOS 1 (2%) 1 (2%)
ANGIECTASIS 1 2%

#ADRENAL/CAPSULE (50) “én (50)
HYPERPLASIA,NOS 1 2%
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL (VEH) LOW DOSE HIGH DOSE
ENDOCRINE SYSTEM (Continued)

#ADRENAL CORTEX (50) 47 (50)
CYST, NOS 1 (2%)
DEGENERATION, BALLOONING 1 (2%) 1 (2%)
PIGMENTATION, NOS 1 2%)

ATROPHY,BROWN 32 (64%) 35 (74%) 32 (64%)
HYPERTROPHY, FOCAL 5 (10%) 2 (4%) 5 (10%)
HYPERPLASIA, NODULAR 2 (4%)

#ADRENAL MEDULLA (50) 47 60)
HYPERPLASIA, NOS 2 (4%) 1 (2%) 2 (4%)

#THYROID (45) 47 (45)
THYROGLOSSAL DUCT CYST 1 (2%)

FOLLICULAR CYST, NOS 5 (11%) 5 (11%) 12 (27%)
INFLAMMATION, GRANULOMATOUS 1 2%
INFLAMMATION, PYOGRANULOMATOUS 1 (2%)
HYPERPLASIA, EPITHELIAL 1 (2%)

HYPERPLASIA, FOLLICULAR-CELL 6 (13%) 9 (19%) 3 (%)

#PARATHYROID (24) (26) 23)
CYST, NOS 1 4% 2 (8%)

REPRODUCTIVE SYSTEM

*MAMMARY GLAND (50) (47) 50)
DILATATION/DUCTS 1 2%

HYPERPLASIA, NOS 4 (8%) 3 (6%) 3 (6%)
LACTATION 1 2% 1 (2%)

#UTERUS (50) 47 49)
HYDROMETRA 1 2%) 1 2% 2 (4%)
ANGIECTASIS 1 2%

#UTERUS/ENDOMETRIUM (50) 47 49)
CYST,NOS 10 (20%) 5 (11%) 5 (10%)
MULTIPLE CYSTS 1 (2%)
INFLAMMATION, ACUTE 1 2%) 1 2%)
HYPERPLASIA, NOS 1 2% 1 (2%)

HYPERPLASIA, CYSTIC 38 (76%) 38 (81%) 34 (69%)

#OVARY (49) (45) (48)
MINERALIZATION 1 (2%) 1 (2%)
CYST,NOS 13 (27%) 13 (29%) 9 (19%)
HEMORRHAGIC CYST 2 (4%) 3 (T%)

ATROPHY, NOS : 1 (2%)
ANGIECTASIS 1 (2%)

#MESOVARIUM (49) (45) (48)

CYST,NOS 1 (2%)

LYMPHOCYTIC INFLAMMATORY INFILTR 1 2%).

NECROSIS, FAT 1 2%)
NERVOUS SYSTEM

#BRAIN (50) 4n 60)
MINERALIZATION 20 (40%) 17 (36%) 24 (48%)

#HIPPOCAMPUS (50) 4n (50)
NECROSIS, NOS 1 2%

SPECIAL SENSE ORGANS

*EYE (50) 47 (50)

COLLAPSE 1 (2%)

MUSCULOSKELETAL SYSTEM
NONE
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

CONTROL (VEH) LOW DOSE HIGH DOSE
BODY CAVITIES
*MEDIASTINUM (50) 47 (50)
NECROSIS, FAT 1 2%) 2 (4%)
*MESENTERY (50 47 (50)
NECROSIS, FAT 1 2%
ALL OTHER SYSTEMS
*MULTIPLE ORGANS (50) 47 (50)
MINERALIZATION 1 (2%)
CONGESTION, NOS 1 (2%) 1 2%) 6 (12%)
LYMPHOCYTIC INFLAMMATORY INFILTR 25 (50%) 28 (60%) 30 (60%)
INFLAMMATION,ACUTE 1 2% 1 (2%)
INFLAMMATION,; GRANULOMATOUS 1 (2%)
BACTERIAL SEPTICEMIA 1 (2%)
NECROSIS, FAT 1 (2%
TAIL
FIBROUS OSTEQRYSTROPHY 1
UTERINE LIGAMENT
NECROSIS, FAT 1
SPECIAL MORPHOLOGY SUMMARY
ANIMAL MISSING/NO NECROPSY 3

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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APPENDIX E

ANALYSES OF PRIMARY TUMORS IN RATS AND MICE
IN THE TWO-YEAR GAVAGE STUDIES OF

DIMETHYL MORPHOLINOPHOSPHORAMIDATE
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TABLE E1. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY
OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg
Skin: Squamous Cell Papilloma
Overall Rates (a) 1/50 (2%) 1/50 (2%) 1/60 (2%) 4/50 (8%)
Adjusted Rates (b) 2.6% 2.6% 3.6% 15.0%
Terminal Rates (¢) 1/38 (3%) 1/38 (3%) 1/28 (4%) 3/23 (13%)
" Life Table Tests (d) P=0.020 P=0.762 P=0.692 P=0.081
Incidental Tumor Tests (d) P=0.025 P=0.762 P=0.692 P=0.098
Cochran-Armitage Trend Test (d) P=0.067
Fisher Exact Test P=0.753 P=0.753 P=0.181
Skin: Fibroma
Overall Rates (a) 0/50 (0%) 3/50 (6%) 1/50 (2%) 0/60 (0%)
Adjusted Rates (b) 0.0% 7.3% 3.6% 0.0%
Terminal Rates (c) 0/38 (0%) 1/38 (3%) 1728 (4%) 0/23 (0%)
Life Table Tests (d) P=0.480N P=0.124 P=0.439 (e
Incidental Tumor Tests (d) P=0.293N P=0.107 P=0.439 (e)
Cochran-Armitage Trend Test (d) P=0.366N
Fisher Exact Test P=0.121 P=0.500 (e)
Subcutaneous Tissue: Fibroma
Overall Rates (a) 3/50 (6%) 3/50 (6%) 4/50 (8%) 1/50(2%)
Adjusted Rates (b) 7.3% 7.9% 13.6% 4.3%
Terminal Rates (¢) 2/38 (5%) 3/38 (8%) 3/28 (11%) 1/23 (4%)
Life Table Tests (d) P=0.462N P=0.662 P=0.367 P=0.448N
Incidental Tumor Tests (d) P=0.345N P=0.662 P=0.474 P=0.398N
Cochran-Armitage Trend Test (d) P=0.248N
Fisher Exact Test P=0.661 P=0.500 P=0.309N
Subcutaneous Tissue: Fibroma or Fibrosarcoma
Overall Rates (a) 3/50 (6%) 4/50 (8%) 4/50 (8%) 1/50 (2%)
Adjusted Rates (b) 7.3% 10.1% 13.6% 4.3%
Terminal Rates (c) 2/38 (5%) 3/38 (8%) 3/28 (11%) 1723 (4%)
Life Table Tests (d) P=0.406N P=0.496 P=0.367 P=0.448N
Incidental Tumor Tests (d) P=0.275N P=0.500 P=0.474 P=0.398N
Cochran-Armitage Trend Test (d) P=0.210N
Fisher Exact Test P=0.500 P=0.500 P=0.309N
Integumentary System: Fibroma
Overall Rates(a) 3/50 (6%) 6/50 (12%) 5/50 (10%) 1/50 (2%)
Adjusted Rates (b) 7.3% 14.8% 17.1% 4.3%
Terminal Rates (c) 2/38 (5%) 4/38 (11%) 4/28 (14%) 1/23 (4%)
Life Table Tests (d) P=0.383N P=0.248 P=0.229 P=0.448N
Incidental Tumor Tests (d) P=0.204N P=0.229 P=0.312 P=0.398N
Cochran-Armitage Trend Test (d) P=0.170N
Figher Exact Test P=0.243 P=0.357 P=0.309N
Integumentary System: Fibroma or Fibrosarcoma
Overall Rates (a) 3/50 (6%) 7/50 (14%) 5/50 (10%) 1/50 (2%)
Adjusted Rates (b) 7.3% 16.9% 17.1% 4.3%
Terminal Rates (c) 2/38 (5%) 4/38 (11%) 4/28 (14%) 1723 (4%)
Life Table Tests (d) P=0.339N P=0.165 P=0.229 P=0.448N
Incidental Tumor Tests (d) P=0.161N P=0.146 P=0.312 P=0.398N
Cochran-Armitage Trend Test (d) P=0.145N
Fisher Exact Test P=0.159 P=0.357 P=0.309N
Hematopoietic System: Mononuclear Cell Leukemia
Overall Rates (a) 14/50 (28%) 21/50 (42%) 19/50 (38%) 25/50 (50%)
Adjusted Rates (b) 30.7% 49.6% 47.3% 63.4%
Terminal Rates (c) 7/38 (18%) 17/38 (45%) 8/28 (29%) 10/23 (43%)
Life Table Tests (d) P=0.001 P=0.123 P=0.088 P=0.003
Incidental Tumor Tests (d) P=0.127 P=0.082 P=0.440 P=0.127
Cochran-Armitage Trend Test (d) P=0.027
Fisher Exact Test P=0.104 P=0.198 P=0.020
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TABLE E1. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY
OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg
Liver: Neoplastic Nodule
Overall Rates (a) 1/50 (2%) 3/50 (6%) 3/50 (6%) 3/50 (6%)
Adjusted Rates (b) 2.3% 7.9% 10.7% 9.1%
Terminal Rates (c) 0/38 (0%) 3/38 (8%) 3/28 (11%) 1/23 (4%)
Life Table Tests (d) P=0.146 P=0.303 P=0.224 P=0.243
Incidental Tumor Tests (d) P=0.204 P=0.307 P=0.255 P=0.380
Cochran-Armitage Trend Test (d) P=0.292
Fisher Exact Test P=0.309 P=0.309 P=0.309
Pituitary: Adenoma
Overall Rates (a) 7/50 (14%) 4/50 (8%) 7/48 (15%) 0/50 (0%)
Adjusted Rates (b) 16.9% 10.5% 20.5% 0.0%
Terminal Rates (c) 5/38 (13%) 4/38 (11%) 3127(11%) 0/23 (0%)
Life Table Tests (d) P=0.07IN P=0.264N P=0.425 P=0.030N
Incidental Tumor Tests (d) P=0.018N P=0.262N P=0.574N . P=0.017N
Cochran-Armitage Trend Test (d) P=0.019N - -
Fisher Exact Test P=0.262N P=0.581 P=0.006N
Adrenal: Pheochromocytoma S
Overall Rates (a) 9/49 (18%) 16/50 (32%) 10/50 (20%) 6/50 (10%)
Adjusted Rates (b) 22.6% 40.0% 31.8% 19.3%
Terminal Rates (¢) 8/38 (21%) 14/38 (37%) 8/28 (29%) 4/23 (17%)
Life Table Tests (d) P=0.359N P=0.082 P=0.259 P=0.500N
Incidental Tumor Tests (d) P=0.227N P=0.072 P=0333 .- P=0.454N
Cochran-Armitage Trend Test (d) P=0.065N
Fisher Exact Test P=0.091 P=0.520 P=0.183N
Thyroid: Follicular Cell Adenoma or Carcinoma
Overall Rates (a) 2/50 (4%) 0/48 (0%) 4/48 (8%) 1/49 (2%)
Adjusted Rates (b) 4.8% 0.0% 14.8% 3.4%
Terminal Rates (¢) 1/38 (3%) 0/38 (0%) 4/27(15%) 0723 (0%)
Life Table Tests (d) P=0.455 P=0.245N P=0.212 P=0.599N
Incidental Tumor Tests (d) P=0.594 P=0.240N P=0228 P=0.368N
Cochran-Armitage Trend Test (d) P=0.582N
Fisher Exact Test P=0.258N P=0.319 P=0.508N
Thyroid: C-Cell Adenoma
Overall Rates (a) 4/50 (8%) 3/48 (6%) 4/48 (8%) 2/49 (4%)
Adjusted Rates (b) 9.9% 7.9% 13.7% 7.6%
Terminal Rates (c) 3/38 (8%) 3/38 (8%) 3/27(11%) 1/23 (4%)
Life Table Tests (d) P=0.534N P =0.498N P=0.484 P=0.522N
Incidental Tumor Tests (d) P=0.363N P=0.500N P=0.575 P=0.363N
Cochran-Armitage Trend Test (d) P=0.303N
Fisher Exact Test P=0.523N P=0.619 P=0.349N
Thyroid: C-Cell Adenoma or Carcinoma
Overall Rates (a) 4/50 (8%) 5/48 (10%) 4/48 (8%) 2/49 (4%)
Adjusted Rates (b) 9.9% 13.2% 13.7% 7.6%
Terminal Rates (c) 3/38 (8%) 5/38 (13%) 3/27(11%) 1/23 (4%)
Life Table Tests (d) P=0.462N P=0.502 P=0.484 P=0.522N
Incidental Tumor Tests (d) P=0.307N P=0.500 P=0.575 P=0.363N
Cochran-Armitage Trend Test (d) P=0.226N
Fisher Exact Test P=0474 P=0.619 P=0.349N
Pancreatic Islets: Islet Cell Adenoma
Overall Rates (a) 4/50 (8%) 0/49 (0%) 2/47 (4%) 0/47 (0%)
Adjusted Rates (b) 10.5% 0.0% 5.9% 0.0%
Terminal Rates (¢) 4/38(11%) 0/38 (0%) 1/28 (4%) 0/23 (0%)
Life Table Tests (d) P=0.118N P=0.063N P=0.463N P=0.143N
Incidental Tumor Tests (d) P=0.106N P=0.063N P=0.459N P=0.143N
Cochran-Armitage Trend Test (d) P=0.069N
Fisher Exact Test P=0.061N P=0.369N P=0.066N
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TABLE E1. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY

OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg
Pancreatic Islets: Islet Cell Adenoma or Carcinoma
Overall Rates (a) 4/50 (8%) 0/49 (0%) 3/4T (6%) 0/47 (0%)
Adjusted Rates (b) 10.5% 0.0% 9.4% 0.0%
Terminal Rates (c) 4/38(11%) 0/38 (0%) 2728 (T%) 0/23 (0%)
Life Table Tests (d) P=0.169N P=0.063N P=0.644N P=0.143N
Incidental Tumor Tests (d) P=0.155N P=0.063N P=0.640N P=0.143N
Cochran-Armitage Trend Test (d) P=0.096N
Fisher Exact Test P=0.061N P=0.535N P=0.066N
Mammary Gland: Fibroadenoma
Overall Rates (a) 3/50 (6%) 4/50 (8%) 1/50 (2%) 2/50 (4%)
Adjusted Rates (b) 7.9% 9.3% 3.6% 8.7%
Terminal Rates (c) 3/38 (8%) 1/38 (3%) 1/28 (4%) 2/23 (9%)
Life Table Tests (d) P=0.476N P=0.501 P=0.419N P=0.644
Incidental Tumor Tests (d) P=0.304N P=0.455 P=0.419N P=0.644
Cochran-Armitage Trend Test (d) P=0.292N
Fisher Exact Test P=0.500 P=0.309N P=0.500N
Mammary Gland: Fibroadenoma or Adenoma
Overall Rates(a) 3/50 (6%) 4/50 (8%) 2/50 (4%) 2/50 (4%)
Adjusted Rates (b) 7.9% 9.3% 6.3% 8.7%
Terminal Rates (c) 3/38 (8%) 1/38 (3%) 1/28 (4%) 2/23 (9%)
Life Table Tests (d) P=0.50TN P=0.501 P=0.626N P=0.644
Incidental Tumor Tests (d) P=0.268N P=0.455 P=0.533N P=0.644
Cochran-Armitage Trend Test (d) P=0.319N
Fisher Exact Test P=0.500 P=0.500N P=0.500N
Preputial Gland: Adenoma
Overall Rates (a) 1/50 (2%) 1/60 (2%) 3/50 (6%) 2/50 (4%)
Adjusted Rates (b) 2.6% 2.6% 9.8% 7.6%
Terminal Rates (c) 1/38 (3%) 1/38 (3%) 2/28 (7%) 1/23 (4%)
Life Table Tests (d) P=0.176 P=0.762 P=0.215 P=0.355
Incidental Tumor Tests (d) P=0.342 P=0.762 P=0.296 P=0.522
Cochran-Armitage Trend Test (d) P=0.324
Fisher Exact Test P=0.753 P=0.309 P=0.500
Preputial Gland: Adenoma or Carcinoma
Overall Rates (a) 3/50 (6%) 1/50 (2%) 3/50 (6%) 3/60 (6%)
Adjusted Rates (b) 7.9% 2.6% 9.8% 11.8%
Terminal Rates (¢) 3/38 (8%) 1/38 (3%) 2/28 (T%) 2/23 (9%)
Life Table Tests (d) P=0.242 P=0.305N P=0.526 P=0.438
Incidental Tumor Tests (d) P=0.400 P=0.305N P=0.614 P=0.562
Cochran-Armitage Trend Test (d) P=0.456
Fisher Exact Test P=0.309N P=0.661 P=0.661
Testis: Interstitial Cell Tumor
Overall Rates(a) 45/50 (90%) 45/50 (90%) 44/50 (88%) 46/49 (94%)
Adjusted Rates (b) 93.7% 100.0% 97.8% 100.0%
Terminal Rates (c) 35/38 (92%) 38/38 (100%) 27/28 (96%) 23/23 (100%)
Life Table Tests (d) P<0.001 P=0.578 P=0.052 P=0.003
Incidental Tumor Tests (d) P=0.171 P=0.649 P=0.639N P=0.205
Cochran-Armitage Trend Test (d) P=0.310
Fisher Exact Test P=0.630N P=0.500N P=0.369
Testis: Mesothelioma
Overall Rates (a) 0/50 (0%) 0/50 (0%) 3/50 (6%) 0/49 (0%)
Adjusted Rates (b) 0.0% 0.0% 7.9% 0.0%
Terminal Rates (c) 0/38 (0%) 0/38 (0%) 0/28 (0%) 0/23 (0%)
Life Table Tests (d) P=0.499 (e) P=0.100 (e)
Incidental Tumor Tests (d) P=0.504N (e) P=0.284 (e)
Cochran-Armitage Trend Test (d) P=0.534
Fisher Exact Test (e) P=0.121 (e)
DMMPA, NTP TR 298 128



TABLE E1. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY
OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg
All Sites: Mesothelioma

Overall Rates (a) 1/50 (2%) 1/50 (2%) 5/50 (10%) 0/50 (0%)
Adjusted Rates (b) 2.2% 2.5% 13.3% 0.0%
Terminal Rates (¢) 0/38 (0%) 0/38 (0%) 1/28 (4%) 0723 (0%)
Life Table Tests (d) P=0.551IN P=0.752N P=0.084 P=0.504N
Incidental Tumor Tests (d) P=0.204N P=0.729 P=0.226 P=0.406N
Cochran-Armitage Trend Test (d) P=0.474N
Fisher Exact Test P=0.753 P=0.102 P=0.500N

(a) Number of tumor-bearing animals/number of animals examined at the site

(b) Kaplan-Meier estimated tumor incidence at the end of the study after adjusting for intercurrent mortality

(c) Observed tumor incidence at terminal kill

(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor
test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact test compare directly the overall incidence.

A negative trend or lower incidence in a dosed group is indicated by (N).
(e) No P value is presented because no tumors were observed in the vehicle control, 150, and 600 mg/kg groups.
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STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE

Vehicle Control 130 mg/kg 300 mg/kg 600 mg/kg
Hematopoietic System: Mononuclear Cell Leukemia
Overall Rates (a) 9/50 (18%) 13/50 (26%) 12/49 (24%) 18/60 (36%)
Adjusted Rates (b) 20.1% 32.0% 29.5% 49.5%
Terminal Rates (¢) 3/36 (8%) 8/35 (23%) 6/33(18%) 7/25 (28%)
Life Table Tests (d) P=0.0056 P=0.215 P=0.259 P=0.008
Incidental Tumor Tests (d) P=0.063 P=0.196 P=0.284 P=0.,051
Cochran-Armitage Trend Test (d) P=0.032
Fisher Exact Test P=0.235 P=0.294 P=0.035
Pituitary: Adenoma
Overall Rates (a) 9/50 (18%) 14/50 (28%) 14/46 (30%) 13/60 (26%)
Adjusted Rates (b) 22.9% 37.4% 37.3% 37.1%
Terminal Rates (c) 6/36 (17%) 12/35 (34%) 9/31 (29%) 6/25 (24%)
Life Table Tests (d) P=0.062 P=0.151 P=0.109 P=0.073
Incidental Tumor Tests (d) P=0.209 P=0.113 P=0.098 P=0.232
Cochran-Armitage Trend Test (d) P=0.264
Fisher Exact Test P=0.171 P=0.118 P=0.235
Pituitary: Adenoma or Carcinoma
Overall Rates (a) 11/50 (22%) 16/60 (32%) 14/46 (30%) 13/50 (26%)
Adjusted Rates (b) 27.2% 42.9% 37.3% 37.1%
Terminal Rates (¢) 7/36 (19%) 14/35 (40%) 9/31 (29%) 6/25 (24%)
Life Table Tests (d) P=0.148 P=0.161 P=0.218 P=0.151
Incidental Tumor Tests (d) P=0.386 P=0.111 P=0.207 P=0.403
Cochran-Armitage Trend Test (d) P=0.467
Fisher Exact Test P=0.184 P=0.239 P=0.408
Adrenal: Pheochromocytoma
Overall Rates (a) 1/50 (2%) 5/50 (10%) 3/49 (6%) 2/50 (4%)
Adjusted Rates (b) 2.6% 12.4% 8.3% 7.6%
Terminal Rates (¢) 0/36 (0%) 3/35 (9%) 2/33 (6%) 1726 (4%)
Life Table Tests (d) P=0.458 P=0.101 P=0.274 P=0374
Incidental Tumor Tests (d) P=0.454N P=0.163 P=0.310 P=0.510
Cochran-Armitage Trend Test (d) P=0.563N
Fisher Exact Test P=0.102 P=0.301 P=0.500
Mammary Gland: Fibroadenoma
Overall Rates (a) 11/50 (22%) 11/50 (22%) 12/49 (24%) 3/50 (6%)
Adjusted Rates (b) 29.3% 30.2% 32.6% 10.8%
Terminal Rates (c) 10/36 (28%) 10/35 (29%) 9/33 (27%) 2/25 (8%)
Life Table Tests (d) P=0.095N P=0.565 P=0.412 P=0.087N
Incidental Tumor Tests (d) P=0.054N P=0.592 P=0.382 P=0.,069N
Cochran-Armitage Trend Test (d) P=0.020N
Fisher Exact Test P=0.595N P=0.478 P=0.021N
Uterus: Endometrial Stromal Polyp
Overall Rates(a) 6/50 (12%) 6/50 (10%) 10/49 (20%) 7/50 (14%)
Adjusted Rates (b) 15.9% 14.3% 26.1% 21.4%
Terminal Rates (¢c) 5/36 (14%) 5/35 (14%) 6/33 (18%) 3/25 (12%)
Life Table Tests (d) P=0.138 P=0.524N P=0.168 P=0.281
Incidental Tumor Tests (d) P=0.271 P=0.548N P=0.214 P=0.473
Cochran-Armitage Trend Test (d) P=0.338
Fisher Exact Teat P=0.500N P=0.194 P=0.500

(a) Number of tumor-bearing animals/number of animals examined at the site

(b) Kaplan-Meier estimated tumor incidence at the end of the study after adjusting for intercurrent mortality

(¢) 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 test compare directly the overall incidence.

A negative trend or lower incidence in a dosed group is indicated by (N).
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY

OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

Vehicle Control 150 mg/kg 300 mg/kg
Subcutaneous Tissue: Fibrosarcoma
Overall Rates (a) 3/50 (6%) 1/50 (2%) 1/50 (2%)
Adjusted Rates (b) 7.3% 2.4% 2.3%
Terminal Rates (¢) 3/41 (7%) 0/36 (0%) 0/39 (0%)
Life Table Tests (d) P=0.212N P=0.342N P=0.318N
Incidental Tumor Tests (d) P=0.136N P=0.228N P=0.242N
Cochran-Armitage Trend Test (d) P=0.202N
Figsher Exact Test P=0.309N P=0.309N
Subcutaneous Tissue: Fibroma or Fibrosarcoma
Overall Rates (a)’ 3/50 (6%) 2/50 (4%) 1/50 (2%)
Adjusted Rates (b) 7.3% 5.1% 2.3%
Terminal Rates (¢) 3/41 (T%) 1/36 (3%) 0/39 (0%)
Life Table Tests (d) P=0.235N P=0.547N P=0.318N
Incidental Tumor Tests (d) P=0.163N P=0.436N P=0.242N
Cochran-Armitage Trend Test (d) P=0.222N
Fisher Exact Test P=0.500N P=0.309N
Integumentary System: Fibroma or Fibrosarcoma
Overall Rates(a) 3/50 (6%) 3/50 (6%) 1/50 (2%)
Adjusted Rates (b) 7.3% 7.2% 2.3%
Terminal Rates (c) 3/41 (7%) 1/36 (3%) 0/39 (0%)
Life Table Tests (d) P=0.252N P=0.622 P=0.318N
Incidental Tumor Tests (d) P=0.228N P=0.611IN P=0.242N
Cochran-Armitage Trend Test (d) P=0.238N
Fisher Exact Test P=0.661 P=0.309N
Integumentary System: Fibroma, Fibrosarcoma, or Neurofibrosarcoma
Overall Rates (a) 3/50 (6%) 4/50 (8%) 1/50 (2%)
Adjusted Rates (b) 7.3% 9.8% 2.3%
Terminal Rates (c) 3/41 (%) 2/36 (6%) 0/39 (0%)
Life Table Tests (d) P=0.268N P=0.452 P=0.318N
Incidental Tumor Tests (d) P=0.248N P=0.543 P=0.242N
Cochran-Armitage Trend Test (d) P=0.252N
Fisher Exact Test P=0.500 P=0.309N
Lung: Alveolar/Bronchiolar Adenoma
Overall Rates (a) 5/50 (10%) 6/60 (12%) 6/50 (12%)
Adjusted Rates (b) 11.9% 15.6% 15.4%
Terminal Rates (c) 4/41 (10%) 4/36 (11%) 6/39 (15%)
Life Table Tests (d) P=0.410 P=0.429 P=0470
Incidental Tumor Tests (d) P=0.482 P=0.596N P=0.523
Cochran-Armitage Trend Test (d) P=0.437
Fisher Exact Test P=0.500 P=0.500
Lung: Alveolar/Bronchiolar Carcinoma
Overall Rates (a) 2/50 (4%) 3/50 (6%) 1/50 (2%)
Adjusted Rates (b) 4.9% 77% 2.6%
Terminal Rates (¢) 2/41 (5%) 2/36 (6%) 1/39 (3%)
Life Table Tests (d) P=0.416N P=0.457 P=0.517N
Incidental Tumor Tests (d) P=0.490N P=0.453 P=0.517N
Cochran-Armitage Trend Test (d) P=0.399N
Fisher Exact Test P=0.500 P=0.500N
Lung: Alveolar/Bronchiolar Adenoma or Carcinoma
Overall Rates (a) 6/50 (12%) 8/60 (16%) 7/50 (14%)
Adjusted Rates (b) 14.2% 20.1% 17.9%
Terminal Rates (c) 5/41 (12%) 5/36 (14%) 7/39 (18%)
Life Table Tests (d) P=0.413 P=0.319 P=0.466
Incidental Tumor Tests (d) P=0.435 P=0.518 P=0.515
Cochran-Armitage Trend Test (d) P=0.443
Fisher Exact Test P=0.387 P=0.500
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY

OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

Vehicle Control 150 mg/kg 300 mg/kg

Hematopoietic System: Lymphoma, All Malignant

Overall Rates (a) 3/50(6%) 5/50 (10%) 2/50 (4%)

Adjusted Rates (b) 6.7% 11.5% 4.7%

Terminal Rates (c) 1/41 (2%) 0/36 (0%) 1/39 (3%)

Life Table Tests (d) P=0.430N P=0.342 P=0.507N

Incidental Tumor Tests (d) P=0.538N P=0.617TN P=0.691N

Cochran-Armitage Trend Test (d) P=0.421N

Fisher Exact Test P=0.357 P=0.500N
Circulatory System: Hemangiosarcoma

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

Adjusted Rates (b) 0.0% 7.7% 4.5%

Terminal Rates (c) 0/41 (0%) 2/36 (6%) 0/39 (0%)

Life Table Tests (d) P=0.206 P=0.109 P=0.248

Incidental Tumor Tests (d) P=0.276 P=0.172 P=0.451

Cochran-Armitage Trend Test (d) P=0.202

Fisher Exact Test P=0.121 P=0.247
Liver: Hepatocellular Adenoma

Overall Rates (a) 6/50(12%) 8/50 (16%) 4/50 (8%)

Adjusted Rates (b) 14.6% 20.5% 9.7%

Terminal Rates (c) 6/41 (15%) 6/36 (17%) 3/39 (8%)

Life Table Tests (d) P=0.353N P=0.303 P=0.396N

Incidental Tumor Tests (d) P=0.412N P=0.366 P=0.485N

Cochran-Armitage Trend Test (d) P=0.322N

Fisher Exact Test P=0.387 P=0.37IN
Liver: Hepatocellular Carcinoma

Overall Rates (a) 6/50 (12%) 6/50 (12%) 12/60 (24%)

Adjusted Rates (b) 13.5% 13.4% 27.1%

Terminal Rates (c) 3/41 (1%) 1/36 (3%) 7/39 (18%)

Life Table Tests (d) P=0.076 P=0.586 P=0.100

Incidental Tumor Tests (d) P=0.032 P=0.425N P=0.101

Cochran-Armitage Trend Test (d) P=0.067

Fisher Exact Test P=0.620N P=0.096
Liver: Hepatocellular Adenoma or Carcinoma

Overall Rates (a) 11/60 (22%) 13/50 (26%) 15/50 (30%)

Adjusted Rates (b) 24.9% 29.3% 33.2%

Terminal Rates (¢) 8/41 (20%) 6/36 (17%) 9/39(23%)

Life Table Tests (d) P=0.213 P=0.338 P=0.237

Incidental Tumor Tests (d) P=0.118 P=0.549 P=0.212

Cochran-Armitage Trend Test (d) P=0.212

Fisher Exact Test P=0.408 P=0.247

(a) Number of tumor-bearing animals/number of animals examined at the site

(b) Kaplan-Meier estimated tumor incidence at the end of the study after adjusting for intercurrent mortality

(¢c) Observed tumor incidence at terminal kill

(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor
test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact test compare directly the overall incidence.

A negative trend or lower incidence in a dosed group is indicated by (N).

DMMPA, NTP TR 298 132



TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE
STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

Vehicle Control 300 mg/kg 600 mg/kg
Lung: Alveolar/Bronchiolar Adenoma
Overall Rates(a) 2/50 (4%) 2/46 (4%) 3/50 (6%)
Adjusted Rates (b) 4.9% 5.1% 8.8%
Terminal Rates (¢c) 2/41 (5%) 2/39 (5%) 3/34 (9%)
Life Table Tests (d) P=0.328 P=0.677 P=0415
Incidental Tumor Tests (d) P=0.328 P=0.677 P=0.415
Cochran-Armitage Trend Test (d) P=0.407
Fisher Exact Test P=0.659 P=0.500
Lung: Alveolar/Bronchiolar Adenoma or Carcinoma
Overall Rates () 4/50 (8%) 3/46 (7%) 4/50 (8%)
Adjusted Rates (b) 9.0% 7.7% 11.8%
Terminal Rates (c) 2/41 (5%) 3/39 (8%) 4/34 (12%)
Life Table Tests (d) P=0.473 P=0.529N P=0.536
Incidental Tumor Tests (d) P=0.464 P=0.613N P=0.537
Cochran-Armitage Trend Test (d) P=0.575
Fisher Exact Test P=0.547N P=0.643
Hematopoietic System: Lymphoma, All Malignant
Overall Rates (a) 9/50 (18%) 8/47(17%) 6/50 (12%)
Adjusted Rates (b) 20.1% 18.1% 15.7%
Terminal Rates (¢) 6/41 (15%) 4/39 (10%) 3/34 (9%)
Life Table Tests (d) P=0.384N P=0.548N P=0.435N
Incidental Tumor Tests (d) P=0.294N P=0.435N P=0.392N
Cochran-Armitage Trend Test (d) P=0.246N
Fisher Exact Test P=0.557TN P=0.288N
Hematopoietic System: Lymphoma or Leukemia
Overall Rates (a) 9/50 (18%) 9/47 (19%) 7/50 (14%)
Adjusted Rates (b) 20.1% 19.9% 17.7%
Terminal Rates (c) 6/41 (15%) 4/39 (10%) 3/34(9%)
Life Table Tests (d) P=0.498N P=0.548 P=0.547N
Incidental Tumor Tests (d) P=0.337N P=0.490N P=0.449N
Cochran-Armitage Trend Test (d) P=0.345N
Fisher Exact Test P=0.545 P=0.393N
Circulatory System: Hemangioma
Overall Rates (a) 3/50 (6%) 0/47 (0%) 1/50 (2%)
Adjusted Rates (b) 7.3% 0.0% 2.9%
Terminal Rates (c) 3/41 (1%) 0/39 (0%) 1/34 (3%)
Life Table Tests (d) P=0.216N P=0.130N P=0.374N
Incidental Tumor Tests (d) P=0.216N P=0.130N P=0.374N
Cochran-Armitage Trend Test (d) P=0.178N
Fisher Exact Test P=0.133N P=0.309N
Liver: Hepatocellular Adenoma
Overall Rates(a) 4/50 (8%) 2/47 (4%) 0/49 (0%)
Adjusted Rates (b) 9.8% 5.1% 0.0%
Terminal Rates (¢) 4/41 (10%) 2/39 (5%) 0/34 (0%)
Life Table Tests (d) P=0.053N P=0.360N P=0.089N
Incidental Tumor Tests (d) P=0.053N P=0.360N P=0.089N
Cochran-Armitage Trend Test (d) P=0.040N
Fisher Exact Test P=0.369N ?=0,061N
Liver: Hepatocellular Carcinoma
Overall Rates (a) 3/50 (6%) 2/47 (4%) 2/49 (4%)
Adjusted Rates (b) 7.3% 4.9% 5.9%
Terminal Rates (c) 3/41 (7%) 1/39 (3%) 2/34 (6%)
Life Table Tests (d) P=0.486N P=0.522N P=0.585N
Incidental Tumor Tests (d) P=0.456N P=0.518N P=0.585N
Cochran-Armitage Trend Test (d) P=0.416N
Fisher Exact Test P=0.530N P=0.510N
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE
STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued)

Vehicle Control 300 mg/kg 600 mg/kg

Liver: Hepatocellular Adenoma or Carcinoma

Overall Rates (a) 7/50 (14%) 4/47 (9%) 2/49 (4%)

Adjusted Rates (b) 17.1% 9.9% 5.9%

Terminal Rates (c) 7/41 (17%) 3/39(8%) 2/34 (6%)

Life Table Tests (d) P=0.091N P=0.291N P=0.131N

Incidental Tumor Tests (d) P=0.083N P=0.289N P=0.13IN

Cochran-Armitage Trend Test (d) P=0.060N

Fisher Exact Test P=0.299N P=0.085N
Pituitary: Chromophobe Adenoma

Overall Rates (a) 10/49 (20%) 7/46 (16%) 6/41 (15%)

Adjusted Rates (b) 23.7% 17.9% 20.7%

Terminal Rates (¢) 8/40 (20%) 6/38 (16%) 6/29 (21%)

Life Table Tests (d) P=0.360N P=0.343N P=0.436N

Incidental Tumor Tests (d) P=0.338N P=0.327TN P=0.414N

Cochran-Armitage Trend Test (d) P=0.272N

Fisher Exact Test P=0.349N P=0.333N
Thyroid: Follicular Cell Adenoma

Overall Rates (a) 4/45 (9%) 0/47 (0%) 1/45 (2%)

Adjusted Rates (b) 10.8% 0.0% 3.1%

Terminal Rates (c) 4/37(11%) 0/39 (0%) 1/32 (3%)

Life Table Tests (d) P=0.098N P=0.056N P=0.225N

Incidental Tumor Tests (d) P=0.098N P=0.056N P=0.225N

Cochran-Armitage Trend Test (d) P=0,080N

Fisher Exact Test P=0.053N P=0.180N

(a) Number of tumor-bearing animals/number of animals examined at the site

(b) Kaplan-Meier estimated tumor incidence at the end of the study after adjusting for intercurrent mortality

(¢) 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 test compare directly the overall incidence.

A negative or lower incidence in a dosed group is indicated by (N).
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APPENDIX F

HISTORICAL INCIDENCES OF TUMORS
IN F344/N RATS AND B6C3F; MICE

ADMINISTERED CORN OIL BY GAVAGE
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TABLE F1. HISTORICAL INCIDENCE OF HEMATOPOIETIC SYSTEM TUMORS IN MALE F344/N RATS
ADMINISTERED CORN OIL BY GAVAGE (a)

Incidence of

Study Leukemia in Vehicle Controls
Historical Incidence at Litton Bionetics, Inc.
Diallylphthalate 13/50
Tris(2-ethylhexyl)phosphate 2/50
Toluenediisocyanate 11/50

TOTAL 26/160(17.3%)

SD (b) 11.72%
Range (¢)

High 13/50

Low 2/50
Overall Historical Incidence

TOTAL 140/1,146 (12.2%)

SD ) 7.59%
Range (¢)

High 13/50

Low 1/50

(a) Data as of March 16, 1983, for studies of at least 104 weeks
(b) Standard deviation
(c) Range and SD are presented for groups of 35 or more animals.

TABLE F2. HISTORICAL INCIDENCE OF HEMATOPOIETIC SYSTEM TUMORS IN FEMALE F344/N
RATS ADMINISTERED CORN OIL BY GAVAGE (a)

Incidence of

Study Leukemia in Vehicle Controls
Historical Incidence at Litton Bionetics, Inc.
Diallylphthalate 15/50
Tris(2-ethylhexyl)phosphate 8/50
Toluenediisocyanate 21/50

TOTAL 44/150 (29.3%)

SD (b) 13.01%
Range (¢)

High 21/50

Low 8/50
Overall Historical Incidence

TOTAL 186/1,147(16.1%)

SD®) 8.90%
Range (c)

High 21/50

Low 1/49

(a) Data as of March 16, 1983, for studies of at least 104 weeks
(b) Standard deviation
(c) Range and SD are presented for groups of 35 or more animals.
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TABLE F3. HISTORICAL INCIDENCE OF INTEGUMENTARY SYSTEM SQUAMOUS CELL TUMORSIN
MALE F344/N RATS ADMINISTERED CORN OIL BY GAVAGE (a)

Incidence in Vehicle Controls

Study Papilloma Carcinoma

Papilloma or Carcinoma

Historical Incidence at Litton Bionetics, Inc.

Diallylphthalate 0/50 0/50
Tris(2-ethylhexyl)phosphate 1/50 0/50
Toluenediisocyanate 1/50 0/50
TOTAL 2/150(1.3%) 0/150(0.0%)
SD (b) 1.15% 0.00%
Range (c)
High 1/50 0/50
Low 0/50 0/50

Overall Historical Incidence

/50
1/80
1/50

2/150(1.3%)
1.15%

1/50
0/50

TOTAL 12/1,094(1.1%) 9/1,094 (0.8%) 21/1,094(1.9%)
SD (b) 1.72% 1.47% 2.65%
Range (c)
High 3/50 3/50 5/50
Low 0/50 0/50 0/50
(a) Data as of March 16, 1983, for studies of at least 104 weeks
(b) Standard deviation
(¢) Range and SD are presented for groups of 35 or more animals.
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TABLE F4. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN MALE B6C3F,; MICE
ADMINISTERED CORN OIL BY GAVAGE (a)

Incidence in Vehicle Controls

Study Adenoma Carcinoma Adenoma or Carcinoma

Historical Incidence at Litton Bionetics, Inc.

Toluenediisocyanate 5/49 6/49 11/49
Diallylphthalate 0/50 7/50 7/50
Tris(2-ethylhexyl)phosphate 7/50 9/60 15/50
TOTAL 12/149 (8.1%) 22/1498 (14.8%) 33/149(22.1%)
SD (b) 7.24% 2.95% 8.00%
Range (c)
High 7/50 9/50 15/50
Low 0/50 6/49 7/50

Overall Historical Incidence

TOTAL 133/1,084(12.3%) (d) 222/1,084 (20.5%) 340/1,084 (31.4%)

SD (b) 6.70% 7.90% 10.30%
Range (c)

High 13/50 18/50 25/50

Low 0/50 4/50 5/50

(a) Data as of March 16, 1983, for studies of at least 104 weeks
(b) Standard deviation

(¢) Range and SD are presented for groups of 35 or more animals.
(d) One hepatoblastoma also was observed.
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APPENDIX G

CHEMICAL CHARACTERIZATION OF

DIMETHYL MORPHOLINOPHOSPHORAMIDATE
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APPENDIX G. CHEMICAL CHARACTERIZATION

1. Identity and Purity Determinations of Dimethyl Morpholinophosphoramidate (DMMPA)
Performed by the Analytical Chemistry Laboratory

A. Lot No. E112877 (Batch 01)

1. Physical Properties

a. Boiling Point:

b. Density:

c. Index of Refraction:

d. Appearance:
2. Spectral Data
a. Infrared

Instrument:

Cell:

Results:

b. Ultraviolet/Visible

Instrument:
Solvent:

Results:

DMMPA, NTP TR 298

Determined

Boils with decomposition
at 205° C (visual, Bdchi
apparatus at 768 torr)

Determined

dgg: 1.22370 £ 0.00015

Determined

nl“’)°: 1.4537 £ 0.0002

Literature Values

108°-109°C at 3 mm
Hg (Arbuzovetal.,
1964)

Literature Values

1.223at20°C
(Coleman, 1977a)

Literature Values

ngfz 1.4530
(Coleman, 1977a)

Clear, colorless, slightly viscous liquid

Determined

Beckman IR-12

Thin film between silver
chloride plates

See Figure 5

Determined

Cary 118
95% ethanol

There was no absorbance
from 800 to 350 nm; no
maxima in the ultraviolet
region, but a gradual
increase in absorbance
toward the solvent cutoff

140

Literature Values

No literature reference
found; consistent with
spectrum provided by
Defence Research
Establishment,
Suffield, Canada

Literature Values

No literature reference
found
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FIGURE 5. INFRARED ABSORPTION SPECTRUM OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE
(LOT NO. E112877, BATCH 01)



APPENDIX G. CHEMICAL CHARACTERIZATION

¢. Nuclear Magnetic Resonance

Determined Literature Values
Instrument: Varian EM-360-A
Solvent: Deuterated chloroform

with internal tetra-
methylsilane standard

Assignments: See Figure 6 No literature reference
found; consistent with
spectrum provided by
Defence Research
Establishment,
Suffield, Canada

Chemical Shift (8): a m,2.95-3.30 ppm

b m, 3.45-3.84 ppm
¢ d,3.68 ppm

Coupling Constant: dpe=11Hz

Integration Ratios: a 4.80

b
9.21
o

3. Water Analysis (Karl Fischer): 0.16% * 0.01 (§)%

4. Elemental Analysis

Element C H N P
Theory (T) 36.93 7.23 7.18 15.87
Determined (D) 36.52 7.22 7.40 15.54
36.67 7.13 7.32 15.61
Percent D/T 99.09 99.24 102.51 98.14

5. Chromatographic Analyses
a. Thin-Layer Chromatography
Plates: Analtech Silica gel G, 250 p coating
Ref. standard: Trimethyl phosphate
Amount spotted: 90 pg and 300 pg (30 mg/ml chloroform)
Visualization: Iodine vapor
(1) System 1: Chloroform:methanol (90:10)
Re: 0.76 (major), 0.64 (trace), 0.35 (trace), 0.05 (trace), origin (trace)

Rg¢: 0.98,0.82,0.45, 0.06, origin

DMMPA, NTP TR 298 142



341

863 WL JIN ‘'VAWNINA

START OF SWEEP

rrvTrrrrrrrrvl'r| (A8 R rr'Trv‘r[ rrvv‘rr‘nTrrt ) VTT"TIT"' ""TVTTI‘TT""TT'TTT"T'"]TT‘I'TT

Q) (=)

[+
( \N N
N—f"OCHa )
) (=)

(c)

END OF SWEEP

I_.k,voh'on L XYL J
CIAEs .00 115230
) 3.95~3-0
(1]
—=z 9.4
(‘)} $.2¢ 3.48 J'”‘ s N
5"-0 offset

lIllllllllnlllnllnl|1LlllllllllllllllnllLljllllllllLlIllIlllll.llllll
0 ] 7 [ 4

lLllllA%lnlllllllllllllllllln;lllnlll'lllLLL

FIGURE 6. NUCLEAR MAGNETIC RESONANCE SPECTRUM OF
DIMETHYL MORPHOLINOPHOSPHORAMIDATE (LOT NO. E112877, BATCH 01)



APPENDIX G. CHEMICAL CHARACTERIZATION

(2) System 2: Acetone:ethyl acetate (50:50)
Re¢: 0.31 (major), 0.17 (trace), 0.05 (trace), origin (trace)
Rgi: 0.66,0.36,0.11, origin
b. Gas Chromatography
(1) System 1

Instrument: Tracor MT-220

Detector: Flame ionization

Column: 20% SP-2100/0.1% Carbowax 1500 on 100/120 Supelcoport, 1.8 m X 4 mm ID,
glass

Inlet temperature: 190°C

Detector temperature: 235°C

Carrier gas: Nitrogen

Carrier flow rate: 70 ml/min

Oven temperature program: 50° C for § min, 50°-170° C at 10° C/min

Sample injected: 4 ul of a 20% solution in toluene, diluted to 1% and 0.5% in toluene to
quantitate major peak and check for overloading

Results: Major peak and seven impurities. One impurity had an area 0.17% that of the
major peak area; the remaining six impurities had a combined area less than 0.4% that of
the major peak area

Retention Time Area
Retention Relative to (percent of
Peak No. Time (min) Major Peak major peak)
1 12.8 0.70 0.06
2 16.0 0.88 0.06
3 16.5 091 0.04
4 16.8 0.92 0.02
5 18.2 1.00 100
6 20.0 1.10 0.17
7 245 1.35 0.10
8 279 1.53 0.03
(2) System 2

Instrument: Tracor MT-220

Detector: Flame ionization

Column: Igepal CO 880 on 100/120 Chromosorb P (AW) DMCS, 1.8 m X 4 mm ID, glass
Inlet temperature: 195°C

Detector temperature: 235°C

Carrier gas: Nitrogen

Carrier flow rate: 80 ml/min

Oven temperature program: 165°C isothermal

Sample injected: 6 ul of a 20% solution in toluene, diluted to 1% and 0.5% in toluene to
quantitate major peak and check for overloading
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Results: Major peak and one impurity

Retention Time Area
Retention Relative to (percent of
Peak No. Time (min) Major Peak major peak)
1 7.1 1.00 100
2 15.3 2.15 0.06

(3) System 3: A sample of this lot was compared to a “very pure” standard of DMMPA
received from the Defence Research Establishment of Suffield. The sample and standard
were accurately weighed and diluted with toluene containing an internal standard of
triethylphosphate and analyzed with the following gas chromatographic system:

Instrument: Tracor MT-220

Detector: Flame ionization

Column: 20% SP-2100/0.1% Carbowax 1500 on 100/120 Supelcoport, 1.8 m X 4 mm ID,
glass

Inlet temperature: 190°C

Detector temperature: 230°C

Carrier gas: Nitrogen

Carrier flow rate: 80 ml/min

Oven temperature program: 170°C isothermal

Sample injected: 4 ul

Results
Area (percent of pure
DMMPA standard)
Pure Standard DMMPA 1001
Analytical Sample DMMPA 99t 1

6. Conclusions: The results of the elemental analysis for carbon, hydrogen, nitrogen and
phosphorus were in agreement with the theoretical values. Gas chromatography by one
system indicated seven impurities, one of which had an area 0.17% that of the major peak area.
The other six impurities had areas totaling less than 0.4% that of the major peak area. A
second gas chromatography system indicated one impurity with an area 0.06% that of the
major peak area. Thin-layer chromatography by one system indicated four trace impurities, by
a second system, three trace impurities. The infrared, ultraviolet, and nuclear magnetic
resonance spectra were consistent with the structure. A gas chromatographic quantitative
comparison of the bulk material and a “very pure” standard indicated the purity of the bulk
material to be 100% t 1% experimental error of the analysis.
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B. Lot No. E112877 (Batch 02)

1. Appearance:
2. Spectral Data
a. Infrared

Instrument:

Cell:

Results:

b. Ultraviolet/Visible

Instrument:
Solvent:

Results:

Clear, colorless, slightly viscous liquid

Determined
Perkin-Elmer 283

Thin film between silver
chloride plates

See Figure 7

Determined
Cary 118
95% ethanol

There was no absorbance
from 800 to 350 nm at a
concentration of 1% v/v;
no maximum between 350
and 215 nm but a gradual
increase in absorbance
toward the solvent cutoff

¢. Nuclear Magnetic Resonance

Instrument:

Solvent:

Assignments:

DMMPA, NTP TR 298

Determined

Varian EM360-A
Deuterated chloroform
with internal tetra-

methylsilane standard

See Figure 8
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Literature Values

No literature reference
found; consistent with
spectrum provided by
Defence Research
Establishment,
Suffield, Canada, and
the spectrum of lot no.
E112877, batch 01

Literature Values

No literature reference
found. Spectrum
consistent with
DMMPA structure

Literature Values

No literature reference
found; consistent with
spectrum provided by
Defence Research
Establishment,
Suffield, Canada
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APPENDIX G. CHEMICAL CHARACTERIZATION

Chemical Shift (8): a m,2.96-3.33 ppm
b m, 3.43-3.84 ppm
¢ d,3.69ppm

Coupling Constant: Jdp.c. = 11 Hz

Integration Ratios: a 414
b} 9.86
c

3. Water Analysis (Karl Fischer): 0.086% t 0.006 (§)%
4. Elemental Analysis

Element C H N P
Theory (T) 36.93 7.23 7.18 15.87
Determined (D) 36.37 7.23 7.31 15.81
36.46 7.24 7.28 15.67
Percent D/T 98.60 100.07 101.60 99.18

5. Chromatographic Analyses
a. Thin-Layer Chromatography

Plates: Silica Gel 60, F-254, 0.25 mm layer thickness

Ref. standard: Triphenyl phosphate, 10 pg (1 ul of a 10 pg/ul solution in chloroform
Amount spotted: 10, 100, and 300 pg (1, 10, and 30 pl of a 10 pg/pl) solution in
chloroform

Visualization: Ultraviolet light (254 nm) for reference and iodine vapor for sample and
reference

(1) System 1: Chloroform:methanol (90:10)

Re: 0.55 (major), 0.46 (minor), 0.35 (trace), 0.26 (slight trace), 0.14 (minor), 0.06 (slight
trace), origin (trace), 0.78 (reference)

Rg: 0.70,0.59, 0.45, 0.33, 0.18, 0.08, origin
(2) System 2: Acetone (100%)

Re: 0.42 (slight trace), 0.30 (major), 0.20 (minor), 0.14 (slight trace), 0.09 (slight trace),
0.02 (minor), origin (trace), 0.69 (reference)

Ry : 0.60, 0.44, 0.29, 0.20, 0.13, 0.03, origin
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b. Gas Chromatography

(1) System 1

Instrument: Varian 3700

Detector: Flame ionization

Column: 20% SP-2100/0.1% Carbowax 1500 on 100/120 Supelcoport, 1.8 m X 4 mm ID,
glass

Inlet temperature: 190°C

Detector temperature: 240°C

Carrier gas: Nitrogen

Carrier flow rate: 70 ml/min

Oven temperature program: 50°C for 5 min, 50°-170° C at 10° C/min

Sample injected: 3 ul of a 20% solution in toluene, diluted to 1% and 0.5% in toluene to
quantitate major peak and check for overloading

Results: Major peak and nine impurities. One impurity had an area 0.25% that of the
major peak area; the remaining eight impurities had a combined area 0.32% that of the
major peak area.

Retention Time Area
Retention Relative to (percent of
Peak No. Time (min) Major Peak major peak)
1 12.0 0.62 0.10
2 15.7 0.82 0.01
3 17.0 0.88 0.07
4 17.6 0.92 0.01
5 18.2 0.95 0.01
6 18.7 0.97 0.01
7 19.2 1.00 100
8 22.6 1.18 0.25
9 28.3 1.47 0.10
10 319 1.66 0.01
(2) System 2

Instrument: Varian 3700

Detector: Flame ionization

Column: 3% Igepal CO 880 on 100/120 Chromosorb P (AW) DMCS, 1.8 m X 4 mmID,
glass

Inlet temperature: 200°C

Detector temperature: 240°C

Carrier gas: Nitrogen

Carrier flow rate: 70 ml/min

Oven temperature program: 165°C, isothermal

Sample injected: 3 pl of a 20% DMMPA solution in toluene, diluted to 1% and 0.5% in
toluene to quantitate major peak and check for overloading

Results: Major peak and one impurity

Retention Time Area
Retention Relative to (percent of
Peak No. Time (min) Major Peak major peak)
1 4.2 0.49 0.01
2 8.5 1.00 100
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6. Conclusions: The result of the elemental analysis for carbon was slightly low, whereas the
results for hydrogen, nitrogen, and phosphorus were in agreement with the theoretical values.
Karl Fischer analysis indicated 0.086% t+ 0.006% water. Thin layer chromatography by one
system indicated a major spot and two minor, two trace, and two slight trace impurities. A
second thin-layer chromatography system indicated a major spot and two minor, one trace, and
three slight trace impurities. Gas chromatography by a 20% SP-2100/0.1% Carbowax 1500
column indicated a major peak and nine impurities, the largest of which had an area 0.26% of
the major peak area. A second gas chromatography system by a 3% Igepal CO 880 column
indicated a major peak and one impurity with an area 0.01% of the major peak area. The
infrared, ultraviolet/visible, and nuclear magnetic resonance spectra were consistent with the
structure of DMMPA and with the spectra obtained for batch no. 1. Batch no. 1 and batch no. 2
are comparable in purity.
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C. Lot No. D021381

1. Appearance: Clear, colorless, slightly viscous liquid

2. Spectral Data
a. Infrared

Instrument:

Cell:

Results:

b. Ultraviolet/Visible
Instrument:
Solvent:

Results:

Determined
Perkin-Elmer 283

Thin film between
silver chloride plates

See Figure 9

Determined
Cary 219
95% ethanol

No absorbance between
800 nm and 350 nm at

a concentration of 1%
(v/v). No maximum
between 350 and 215 nm,
but a gradual increase in

absorbance toward 215 nm
at a concentration of 1% (v/v)

c. Nuclear Magnetic Resonance

Instrument:

Solvent:

Assignments:

DMMPA, NTP TR 298

Determined

Varian EM-360-A

Deuterated chloroform with
internal tetramethylsilane

See Figure 10
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Literature Values

No literature reference
found; consistent with
spectrum provided by
Defence Research
Establishment,
Suffield

Literature Values

No literature reference
found; spectrum
consistent with
structure

Literature Values

No literature reference
found; consistent with
spectrum provided by
Defence Research
Establishment,
Suffield
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APPENDIX G. CHEMICAL CHARACTERIZATION

Chemical Shift (8): a m,294-3.33 ppm
b m,3.40-3.87 ppm
¢ d,3.69ppm

Coupling Constant: Jp.c = 11 Hz

Integration Ratios: a 4.10
b

9.81
o

3. Water Analysis (Karl Fischer): 0.10% 1 0.01 (8)%

4. Elemental Analysis

Element C H N P
Theory (T) 36.93 7.23 7.18 15.87
Determined (D) 36.78 7.26 7.74 15.85
37.02 7.35 7.61 15.65
Percent D/T 99.92 101.04 106.89 99.24

5. Chromatographic Analyses
a. Thin-Layer Chromatography

Plates: Silica gel 60, F-254, 0.25 mm layer thickness
Ref. standard: Triphenyl phosphate (1 pl of a 10 pg/pl solution in chloroform)
Amount spotted: 10, 100, and 300 ug (1, 10, 30 pl of a 10 pg/pl solution in chloroform)
Visualization: Ultraviolet light (254 nm) for reference and iodine vapor for sample and
reference
(1) System 1: Chloroform:methanol (90:10)

R¢: 0.52 (major), 0.44 (trace), 0.32 (trace), 0.25 (slight trace), 0.13 (minor), 0.07 (slight
trace), 0.01 (trace), 0.75 (reference)

Rgi: 0.69,0.59,0.43,0.33, 0.17, 0.09, 0.01
(2) System 2: Acetone (100%)

R¢: 0.30 (major), 0.19 (trace), 0.14 (slight trace), 0.08 (slight trace), 0.02 (minor), origin
(trace), 0.72 (reference)

Rg¢: 0.42,0.26,0.19, 0.11, 0.03, origin
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b. Gas Chromatography

Instrument: Varian 3700
Detector: Flame ionization
Inlet temperature: 200°C
Detector temperature: 240°C
Carrier gas: Nitrogen
Carrier flow rate: 70 ml/min

(1) System 1

Column: 20% SP-2100/0.1% Carbowax 1500 on 100/120 Supelcoport, 1.8 m X 4 mm ID,
glass

Oven temperature program: 50° C for 5 min, 50°-170° C at 10° C/min

Samples injected: 3 pl-solutions of 20%, 1%, and 0.5% (v/v) in toluene to detect impurities,
quantitate major peak and check for overloading

Results: Major peak and 10 impurities, 6 before and 4 after the major peak. One impurity
had an area 0.26% that of the major peak area; the remaining nine impurities had a
combined area 0.38% that of the major peak area.

Retention Time Area
Retention Relative to (percent of
Peak No. Time (min) Major Peak major peak
1 11.7 0.62 0.13
2 154 0.81 0.02
3 16.8 0.88 0.07
4 17.4 0.92 0.01
5 17.9 0.94 0.01
6 18.4 0.97 0.01
7 19.0 1.00 100
8 21.0 1.10 0.01
9 21.9 1.15 0.26
10 27.2 1.43 0.11
11 306 1.61 0.01
(2) System 2

Column: 3% Igepal CO 880 on 100/120 Chromosorb P (AW) DMCS, 1.8 m X 4 mm ID, glass
Oven temperature program: 165°C, isothermal

Samples injected: 3 pl-solutions of 20%, 1%, and 0.5% (v/v) in toluene to detect impurities,
quantitate major peak and check for overloading

Results: Major peak and a group of unresolved impurities before the major peak with a
combined area 0.03% that of the major peak area

Retention Time Area
Retention Relative to (percent of
Peak No, Time (min) Major Peak major peak)
1 (group of
unresolved peaks) 1.8-3.0 0.38-0.61 0.03
2 4.9 1.00 100
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8. Conclusions: The result of the elemental analysis for nitrogen was slightly high, whereas
the results for carbon, hydrogen, and phosphorus were in agreement with the theoretical
values and with those obtained for Lot No. E112877. Karl Fischer analysis indicated 0.10% *
0.01 (8)% water. Thin-layer chromatography by one system indicated a major spot and one
minor, three trace, and two slight trace impurities and by a second system, a major spot and
one minor, two trace, and two slight trace impurities. (Nearly identical profiles were obtained
when thin-layer chromatography by the same systems was performed on a sample of lot no.
E112877 which had been stored at MRI.) Gas chromatography (20% SP-2100/0.1% Carbowax
1500 column) indicated a major peak and 10 impurities, the largest of which had an area 0.26%
that of the major peak area, and the remainder of which had a combined area 0.38% that of the
major peak area. A second gas chromatography system (3% Igepal CO 880 column) indicated a
major peak and one group of unresolved impurities with an area 0.03% that of the major peak
area. The infrared, ultraviolet/visible, and nuclear magnetic resonance spectra were
consistent with the structure and with the spectra obtained for lot no. E112877.
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II. Test Chemical Stability Study of Lot No. E112877 Performed by the Analytical
Chemistry Laboratory

A. Sample Storage: Samples were stored for 2 weeks in glass containers with Teflon®-lined lids
at ~20°, +5° +25° and +60°C.

B. Analytical Method: Gas chromatography (triethyl phosphate as internal standard)

Instrument: Tracor MT-220

Detector: Flame ionization

Column: 20% SP-2100/0.1% Carbowax 1500 on 100/120 Supelcoport, 1.8 m X 4 mm, ID, glass
Inlet temperature: 190°C

Detector temperature: 230°C

Carrier gas: Nitrogen

Carrier flow rate: 70 ml/min

Oven temperature program: 170°C, isothermal

Sample injected: 4 pl

C. Results
Storage Temperature Area (percent of
(degrees centigrade) —20°C sample average)
-20 100t 4
+ 5 105+ 4
+25 103 4
+ 60 9 t4

D. Conclusion: DMMPA is stable for 2 weeks at temperatures up to 60° C within the limits of
error of this analysis. However, the presence of yellowish discoloration in the 60° C sample
indicated that some decomposition had occurred which was not measurable by the above
analytical method.

DMMPA, NTP TR 298 158



APPENDIX G. CHEMICAL CHARACTERIZATION

I11. Test Chemical Stability Study Performed by the Testing Laboratory
A. Storage Conditions: The chemical was stored at 4°C.
B. Purity and Identity Analysis
1. Purity Analysis by Gas Chromatography

Instrument: Hewlett Packard 5880 with 7672 Autosampler

Column: 20% SP-2100/0.1% Carbowax 1500 on 100/120 mesh Supelcoport, 1.8 m X 2 mm
ID, silanized glass

Detector temperature: 240°C

Injector temperature: 190°C

Oven temperature program: 50° C for 3 min; 50°-170° C at 10° C/min; 170° C for 23 min
Carrier gas: Nitrogen

Carrier flow rate: 40 ml/min

Sample size: 1 ul each of 0.5%, 1.0%, and 20% DMMPA dissolved in toluene

2. Identity: The infrared absorption spectra of the sample was obtained as potassium
bromide disks using a Perkin-Elmer 398.

C. Results
1. Purity
._PercentPurity
Date Lot No. Bul Reference
12/19/78 ) E112877 99.399
12/22178 : 99.566
100.86
09/26/79 ‘ 99.3 98.3
04/17/80
08/11/80
12/16/80 99.2 99.1
04/07/81 99.6 99.2
08/12/81 99.3 99.3
04/14/81 D0213/81 - 99.7
12/15/81 99.8 99.7
04/27/81 99.6 99.6
08/19/82 99.5 99.8

2. Identity: All bulk and reference IR spectra were essentially identical.

D. Conclusion: No notable degradation was observed throughout the studies.
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PREPARATION AND CHARACTERIZATION
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I. Sample Preparation and Storage: Dimethyl morpholinophosphoramidate (9.78 g) was diluted
to 100 ml with corn oil. The flask was manually shaken for 30 seconds and placed in an ultrasonic
bath for 5 minutes. This solution was stored for 7 days at room temperature; no attempt was made to
protect the solution from light. Samples (in duplicate) were removed for analysis at zero time and
after 3, 5, and 7 days storage.

I1. Sample Extraction and Analysis: Samples of the stock solution were transferred to septum
vials, weighed (1.63 g), and diluted with methanol containing an internal standard (20 ml; 0.6%
triethylphosphate in methanol). The vial was sealed, agitated on a vortex mixer (1 min), and placed
in an ultrasonic bath (2 min). Aliquots for analysis were removed from the top methanol layer with a
microliter syringe and analyzed by the gas chromatographic system described below.

A. Instrument: Bendix 2500 with Hewlett Packard 3380A integrator
B. Column: 3% OV-1 on 80/100 mesh Supelcoport, 1.8 m X 2 mm ID, glass
C. Detection: Flame ionization
D. Temperatures:
Inlet, 160°C
Oven, 90° C, isothermal
Detector, 225° C
E. Carrier gas: Nitrogen
F. Flow rate: 50 ml/min
G. Volume injected: 5 pl
H. Retention times:
Test chemical, 9.0 min
Reference standard, 2.5 min

II1. Quality Control Protocols: Each analysis was performed in duplicate. Recovery studies were
performed in duplicate both at the beginning and end of the 7-day period. Linearity studies were done
at three concentrations: 6.5%, 13.1%, 21.8%; the least-squares plot linearity correlation coefficient
was 0.99944 for the test chemical and 0.99996 for the internal standard.

IV. Results
Theoretical Percent(w/iv) Determined Percent (w/v)
Day Chemical/Vehicle Chemical/Vehicle (a)
0 9.78 £ <0.01 (b)9.78 £ 0.13
3 9.78 + <0.01 9.89 £ 0.14
5 9.78 + <0.01 9.82 £ 0.13
7 9.78 £ <0.01 9.66 £ 0.13

(a) Corrected for a spike recovery yield of 92.1% 1 1.2%
(b) Mean £ standard deviation

V. Conclusion: Dimethyl morpholinophosphoramidate mixed with corn oil at a concentration of
10% (100 mg/ml) is stable, within the limits of error of this study, when stored at 25° C for 7 days.
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I. Testing Laboratory

Procedure: Dimethyl morpholinophosphoramidate (DMMPA) was extracted from corn oil into
methanol containing a fixed amount of triethylphosphate (TEP) per milliliter of extractant. TEP
serves as the internal standard for gas chromatographic quantification of DMMPA.

A. Before June 1981: Five milliliters of internal standard extractant was added to each
serum bottle, and the bottle was stoppered and sonicated for 5 minutes. [t was then cen-
trifuged at 1,000 rpm for 10 minutes, and aliquots of the methanol extract were prepared for
gas chromatographic analysis.

B. After June 1981: SMI pipettes were used to transfer in duplicate 1.0-ml aliquots of each
sample (45.0 mg/ml and 90.1 mg/ml) into 50-ml centrifuge tubes. In the case of the
180.2 mg/m) sample aliquot, 500 pl in duplicate was followed by 500 pl of corn oil.

1. Instrument: HP 5880A with 7672 ALS
2. Column: 10% Carbowax 20M TPA on Chromosorb W (AW), 1.8 m X 2 mm ID, glass
3. Detector: Flame ionization
4. Carrier gas: Nitrogen
5. Flow rate: 40 ml/min
8. Temperatures
Oven: 170°C, isothermal (before 9/29/80); 170°-220°C at 25° C/min (after 9/29/80)
Inlet: 175°C
Detector: 225°C
7. Retention times at 170° C isothermal
TEP: 1.7 min
DMMPA: 8.5 min

II. Analytical Chemistry Laboratory

Procedure: Immediately before being sampled for analysis, the referee corn oil sample and the
control corn oil were allowed to equilibrate to room temperature and were homogenized by mixing
on a vortex mixer.

A. Preparation of Standard Spiked Corn Oil: Two standard solutions of DMMPA in
methanol were prepared independently. These solutions were further diluted with methanol
to concentrations bracketing the concentration of the corn oil sample. Aliquots (10-20 ml) of
the six standard solutions were pipetted into individual 35-ml septum vials containing 2 g of
control corn oil to make spiked corn oil standards. One 35-ml septum vial containing 2 g of
control corn oil was treated with 10-20 ml of methanol for use as a blank. The vials were
sealed with Teflon®-lined septa, and the spiked corn oil and the corn oil blank were used in
the analysis procedure described below.

B. Preparation of Referee Sample: Three portions (~2 g each) of the referee corn oil
sample were transferred to individually tared 35-ml septum vials and weighed to the nearest
0.001 g. Methanol (10-20 ml) was pipetted into each vial; the vials were sealed and the
samples analyzed immediately by the following procedure.
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C. Analysis: Vials containing the samples, standards, and the blank were agitated for 10
seconds on a vortex mixer and then shaken for 15-20 minutes at maximum stroke on a Burrell
Model 75 Wrist-Action® shaker. After the extraction mixtures were centrifuged for 3
minutes, a 5-ml aliquot of each methanol layer was combined with 4 ml of internal standard
solution (TEP in methanol, 3-12 mg/ml) and diluted to 25-100 ml with methanol. The
solutions were thoroughly mixed, and the DMMPA content of each solution was determined
by the gas chromatographic system described below.

1. Instrument: Varian 3700 Gas Chromatograph with Autosampler and Varian CDS 111-
C integrator

2. Column: 20% SP-2100/0.1% Carbowax 1500 on 100/120 mesh Supelcoport,
1.8 m X 4 mm ID, glass, silanized
3. Detection: Flame ionization
4. Detector temperature: 250°C
5. Inicttemperature: 200°C
6. Oven temperature: 160°C isothermal
7. Carrier gas: Nitrogen
8. Flow rate: 30 ml/min
9. Volume of solution injected: 3 ul
10. Retention times

DMMPA: 6.8-8.8 min
TEP internal standard: 2.5-3.2 min

D. Quality Assurance Measures: The referee corn oil sample was analyzed in triplicate,
and the control corn oil sample was analyzed once. Individually spiked portions of control
corn oil (six concentrations bracketing the specified dose range of the referee sample) were
prepared from two independently weighed standards and were used for obtaining standard
data. Triplicate injections of each standard and sample were introduced into the gas
chromatograph in a randomized order. All determinations were related to an internal
standard incorporated into the sample solutions.

Results were computed from the linear regression equation obtained by plotting the ratio of

the peak area of each spiked corn oil sample to the peak area of the internal standard versus
the amount of chemical in the respective spiked corn oil sample.
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ANALYSES OF DOSE MIXTURES: DATA
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TABLE J1. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE THIRTEEN-WEEK GAVAGE STUDIES
OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE

Concentration (a) of DMMPA in Corn Qil
for Target Concentration (mg/ml)

Date Mixed Target Determined Percent of Target
02/07/80 0 0
20 22.1 111
40 371 92.8
80 80.2 100.3
120 121.4 101.2
160 154.8 96.8

(a) The data presented are the average of the results of duplicate analyses.

TABLE J2. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES OF
DIMETHYL MORPHOLINOPHOSPHORAMIDATE

Concentration (a) of DMMPA in Corn Oil
for Target Concentration (mg/ml)

Date Mixed 45 mg/mi 90.1 mg/ml 180.2 mg/ml
Mouse Rat Mouse Rat
05/13/80 43.2 89.8 88.9 1725 173.3
017/08/80 47.3 91.9 89.7 160.6 171.8
09/02/80 418 90.3 167.0
10/28/80 4.2 95.3 186.0
12/23/80 409 82.7 171.0
02/171/81 474 96.8 () 207.0
02/23/81 (¢)189.0
04/14/81 47.1 94.2 (b) 221.0
06/09/81 440 87.5 171.0
08/04/81 45.7 180.0
08/07/81 (¢c)181.0
09/29/81 443 90.0 178.0
11/24/81 438 89.9 178.0
01/19/82 42.1 871.7 170.0
03/16/82 46.0 92.6 1854
05/11/82 44.7 88.8
07/06/82 452 (b)99.9
08/31/82 43.2 91.6
Mean (mg/ml) 444 91.3 91.1 180.6 181.5
Standard deviation 1.96 4.18 4.22 16.69 15.80
Coefficient of variation (percent) 44 46 4.6 9.2 8.7
Range (mg/ml) 40.9-47.4 82.7-999 827999 160.6-221.0 160.6-221.0
Number of samples 16 15 15 13 13

(a) The data presented are the average of results of duplicate analyses.
(b) Differs from target value by more than 10%
(c) Remix. Not included in mean.
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TABLE J3. REFEREE SAMPLE DATA IN THE TWO-YEAR GAVAGE STUDIES OF
DIMETHYL MORPHOLINOPHOSPHORAMIDATE

Determined Concentration
Date Mixed Target Concentration Testing (a) Referee (b)
(mg/ml) Laboratory Laboratory
07/08/80 45 473 43.9
0217/81 80.1 96.8 90.4
08/04/81 180.2 180 180.8
05/11/82 45 4.7 4.3
10/26/82 90.1 92.3 87.8

(a) The data presented are the results of duplicate analyses.
(b) The data presented are the results of triplicate analyses.
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APPENDIX K. SENTINEL ANIMAL PROGRAM

1. Methods

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in
optimally clean facilities to eliminate potential pathogens that may affect test 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 test rooms. These animals are un-
treated, and these animals and the test animals are both subject to identical environmental condi-
tions. The sentinel animals come from the same production source and weanling groups as the
animals used for the studies of chemical compounds.

Fifteen B6C3F; 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 at 6, 12, and 18 months on study. Data from animals surviving 24 months are collected
from 5/50 randomly selected control animals of each sex and species. The blood from each animal is
collected and clotted, and the serum is separated. The serum is cooled on ice and shipped to
Microbiological Associates’ Comprehensive Animal Diagnostic Service for determination of the viral
antibody titers. The following tests are performed:

Hemagglutination Complement
Inhibition Fixation ELISA
Mice PVM (pneumonia virus of mice) = M.Ad. (mouse adenovirus) MHYV (mouse
Reo 3 (reovirus type 3) LCM (lymphocytic hepatitis virus)
GDVII (Theiler’s choriomeningitis virus (male mice:12,18,
encephalomyelitis virus) Sendai (18 mo) and 24 mo;
Poly (polyoma virus) female mice:24 mo)

MVM (minute virus of mice)
Ectro (infectious ectromelia)
Sendai (6, 12, and 24 mo)

Rats PVM RCV (rat coronavirus)
KRV (Kilham rat virus) Sendai (6 mo)
H-1 (Toolan’s H-1 virus)
Sendai (12, 18, and 24 mo)

I1. Results

Results are presented in Table K1.
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TABLE K1, MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE
TWO-YEAR GAVAGE STUDIES OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (a)

No. of Positive Serologic
Interval Animals Reaction for
(months)
RATS 6 10/10 PVM
17 RCV
12 9/10 PVM
18 10/10 PVM
24 10/10 PVM
MICE 6 10/10 None positive
12 10/10 None positive
18 9/9 None positive
24 (male) 2/5 MHV
(female) 4/5 MHV

(a) Blood samples were taken from sentinel animals at 6, 12, and 18 months after the start of dosing and from the vehicle control
animals just before they were killed; samples were sent to Microbiological Associates, Inc. (Bethesda, MD) for the Animal
Disease Screening Program.
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APPENDIX L

GENETIC TOXICOLOGY OF

DIMETHYL MORPHOLINOPHOSPHORAMIDATE
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TABLE L1. MUTAGENICITY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE IN SALMONELLA
TYPHIMURIUM

Revertants/plate (a)

Strain Dose -89 + S9 (rat) + S9 (hamster)
(ng/plate)
TA100 0 96 t 58 147 £ 26 134 + 126
100 116 * 10.7 149 £ 10.0 158 + 58
333 115 =+ 83 153 + 58 146 * 10.7
1,000 111 + 6.9 141 £ 12 159 £ 656
3,333 106 + 6.6 133 £+ 4.0 159 £ 79
10,000 131 £ 95 157 £ 48 156 £ 10.7
TA1535 0 15 15 T+ 12 6 09
100 22 t 49 9+ 24 10 £ 27
333 25+ 62 6 06 6+ 12
1,000 28t 55 10 £ 31 9+ 25
3,333 26 28 T 10 7% 09
10,000 22 £ 2.7 10 £ 3.1 12+ 15
TA1537 0 4 06 91+ 21 6 09
100 4% 07 9+ 21 bt 12
333 3+ 09 Tt 26 6t 12
1,000 3+ 07 9+ 25 8+ 07
3,333 4 07 5§ 20 10 & 23
10,000 3+ 09 6 20 11 4 10
TA98 0 16 £ 1.2 31 15 26 £+ 53
100 13+ 23 25 + 23 28 £+ 03
333 17+ 18 31 £ 32 38 + 09
1,000 13 & 0.0 30 £ 28 31+ 13
3,333 12+ 23 28+ 15 35 t 18
10,000 18 £ 3.0 32+ 32 34t 15

() The S9 fractions were prepared from the livers of Aroclor 1254-induced animals (male Sprague-Dawley rats or male Syrian
hamsters). Cells and test compound or solvent (DMSO) were incubated for 20 min at 37° C in the presence of either S9 or buffer.
After the addition of soft agar, the contents of each tube was poured onto minimal medium, and the plates were incubated at
37°C for 48 h (Haworth et al., 1983). The experiment was performed twice, each in triplicate; because the results were similar,
data from only one experiment are shown.
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TABLE L2. MUTAGENICITY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE IN L5178Y/TK*'~

MOUSE LYMPHOMA CELLS IN THE ABSENCE OF S9(a)

Total Cloning Relative Mutation Frequency
Compound Mutant Efficiency Total Growth (mutants/106
(Dose) Clones (percent) (percent) clonable cells)
Water
92 91.5 100 34
104 109.3 100 32
136 112.7 100 40
167 106.0 100 53
Ethyl methanesulfonate
G pg) 683 79.3 4.7 287
676 95.0 66.9 237
663 1183 81.5 187
Dimethyl morpholinophosphoramidate
(1,712 pg/ml) 154 84.0 50.2 61
141 92.5 56.9 51
158 104.7 78.6 50
(1,957 pg/ml) 136 80.3 40.1 56
135 88.7 59.0 51
157 73.8 46.4 T
(2,200 pg/ml) 143 106.0 50.3 45
196 84.5 22.7 ™
206 74.7 47.1 92
(2,324 pg/ml) 317 100.8 324 105
288 75.0 28.5 128
211 945 427 74
(2,446 pg/ml) 201 96.2 49.0 70
253 89.2 49.6 95
287 1053 48.4 91
(2,690 pg/ml) 331 95.0 9.9 116
189 106.2 64.3 59
262 918 48.7 95

(a) Experiments were performed twice; all doses were tested in triplicate, except the solvent control (water), which was tested in
quadruplicate. Because the results were similar, data from only one experiment are shown. The protocol was basically that of
Clive et al. (1979). Cells (6 X 105/ml) were treated for 4 h at 37° C in medium, washed, and resuspended in medium sup-
plemented with trifluorothymidine for selection of cells that were mutant at the thymidine kinase (TK) locus, and 600 cells
were plated in nonselective medium to determine the percentage of viable cells.
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TABLE L3. SISTER-CHROMATID EXCHANGES (SCE’S) OF DIMETHYL MORPHOLINOPHOSPHORAMI-
DATE IN CHINESE HAMSTER OVARY (CHO) CELLS (a)

~S89 +89 (b)
Dose SCE/Cell Dose SCE/Cell
(ug/m)) (pg/mi)

Medium 7.58 Medium 8.52
1,000 10.40 1,600 9.86
1,600 12.74 3,000 9.76
3,000 15.26 4,000 9.40
4,000 15.88 5,000 9.56
5,000 21.22

Mitomyecin C Cyclophosphamide

0.005 25.12 1.5 21.34

(a) In the absence of 59, CHO cells were incubated with test compound or solvent for 2 h at 37°C. Then BrdU was added and
incubation continued for 24 h. Cells were washed, fresh medium containing BrdU (10 uM) and colcemid (0.1pg/m)) was added,
and incubation was continued for 2-3 h. Cells were then collected by mitotic shake-off, treated for 3 min with KCI (76 mM),
washed twice with fixative, and dropped onto slides and air-dried. Staining was by a modified technique (after Perry and Wolff,
1974; Goto et al., 1978), In the presence of S9, cells were incubated with test compound or solvent for 2 h at 37° C. Then cells
were washed, and medium containing 10 pM BrdU was added. Cells were incubated for a further 26 h, with colcemid (0.1
pg/ml) present for the final 2-3 h.

(b) S9 from the livers of Aroclor 1254-induced male Sprague-Dawley rats.

TABLE L4. CHROMOSOMAL ABERRATIONS OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE
IN CHINESE HAMSTER OVARY (CHO) CELLS (a)

-89 +89 (b)
Dose Aberration/100 cells Dose Aberration/100 cells
(ng/ml) (percent cells with (ng/ml) (percent cells with
aberrations) aberrations)

Medium 1(1) Medium 1(1)

2,000 33 2,000 33

3,000 4(4) 3,000 5(5)

4,000 7(6) 4,000 5(5)

5,000 16(11) 5,000 2(2)
Mitomycin C Cyclaphosphamide

0.5 52(39) 50 50(38)

(a) In the absence of $9, CHO cells were incubated with test compound or solvent for 8-10 h at 37° C, Cells were then washed,
and fresh medium containing colcemid (0.1pg/ml) was added. After another 2-3 h of incubation, cells were collected by mitotic
shake-off, fixed, and stained in 6% Giemsa. In the presence of 89, cells were incubated with test compound or solvent for 2 h at
37°C. Cells were then washed, medium was added and incubation continued for 8-10 h. Colcemid (0.1 pg/ml) was added for the
final 2-3 h; then the cells were collected and fixed as above,

(b) S9 from the livers of Aroclor 1254-induced male Sprague-Dawley rats.
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APPENDIX M

INGREDIENTS, NUTRIENT COMPOSITION, AND

MEASURED CONTAMINANT LEVELS OF THE NIH 07 DIET

Pelleted Diet: March 1980 to April 1982

(Manufactured by Zeigler Bros., Inc., Gardners, PA)
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TABLE M1, INGREDIENTS OF THE NIH 07 DIET (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
Figh 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 should be ground to pass through a U.S. Standard Screen No. 16 before being mixed.

TABLE M2. VITAMINS AND MINERALS IN THE NIH 07 DIET (a)

Amount Source

Vitamins

A 5,500,000 IU Stabilized vitamin A palmitate or acetate

Dy 4,600,000 IU D activated animal sterol

d-A-tocopheryl acetate 20,000 1U

Riboflavin 34g

Thiamine - 100¢g Thiamine mononitrate

Niacin 300¢g

d-Pantothenic acid 18.0¢g d-Calcium pantothenate

Folic acid 22¢g

Pyridoxine 1.7¢ Pyridoxine hydrochloride

By 4,000 pg

Biotin 140.0 mg d-Biotin

K 28¢g Menadione activity

Choline 560.0¢g Choline chloride
Minerals

Iron 1200g Iron sulfate

Manganese 60.0g Manganous oxide

Zinc 16.0g Zinc oxide

Copper 40¢g Copper sulfate

Iodine 1l4g Calcium jodate

Cobalt 04g Cobalt carbonate

(a) Per ton (2,000 1b) of finished product
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TABLE M3. NUTRIENT COMPOSITION OF THE NIH 07 DIET (a)

Nutrient Mean t Standard Deviation Range Number of Samples
Crude protein (percent by weight) 24.14 £ 0.88 22.7-25.1 24
Crude fat (percent by weight) 4.77 £ 0.34 4.1-54 24
Crude fiber (percent by weight) 3.31 £ 0.50 1.4-4.3 24
Ash (percent by weight) 6.67 £ 0.49 5.83-7.43 24
Essential Amino Acids (percent of total diet)
Arginine 1.260 1.21-1.31 2
Cystine 0.395 0.39-0.40 2
Glycine 1.175 1.15-1.20 2
Histidine 0.553 0.530-0.576 2
Isoleucine 0.908 0.881-0.934 2
Leucine 1.905 1.85-1.96 2
Lysine 1.250 1.20-1.30 2
Methionine 0.310 0.306-0.314 2
Phenylalanine 0.967 0.960-0.974 2
Threonine 0.834 0.827-0.840 2
Tryptophan 0.175 0.171-0.178 2
Tyrosine 0.587 0.566-0.607 2
Valine 1.085 1.05-1.12 2
Essential Fatty Acids (percent of total diet)
Linoleic 237 1
Linolenic 0.308 1
Arachidonic 0.008 1
Vitamins
Vitamin A (IU/kg) 10,700 t 2,350 7,200-17,000 24
Vitamin D (IU/kg) 6,300 1
A-tocopherol (ppm) 37.6 31.1-44.0 2
Thiamine (ppm) 16.4 £ 4.5 7.3-27.0 (b) 23
Riboflavin (ppm) 6.9 6.1-7.4 2
Niacin (ppm) 75 65-85 2
Pantothenic acid (ppm) 30.2 29.8-30.5 2
Pyridoxine (ppm) 7.2 5.6-8.8 2
Folic acid (ppm) 2.1 1.8-2.4 2
Biotin (ppm) 0.24 0.21.0.27 2
Vitamin By, (ppb) 12.8 10.6-15.0 2
Choline (ppm) 3,315 3,200-3,430 2
Minerals
Calcium (percent) 1.32 +£0.20 0.81-1.69 24
Phosphorous (percent) 1.01 £ 0.08 0.88-1.10 24
Potassium (percent) 0.809 0.772-0.846 2
Chloride (percent) 0.557 0.479-0.635 2
Sodium (percent) 0.304 0.258-0.349 2
Magnesium (percent) 0.172 0.166-0.177 2
Sulfur (percent) 0.278 0.270-0.285 2
Iron (ppm) 418 409-426 2
Manganese (ppm) 90.8 86.0-95.5 2
Zinc (ppm) 55.1 54.2-56.0 2
Copper (ppm) 12,68 9.65-15.70 2
lodine (ppm) 2.58 1.52-3.64 2
Chromium (ppm) 1.86 1.79-1.93 2
Cobalt (ppm) 0.57 0.49-0.65 2

(a) One or two batches of diet analyzed for nutrients in this table were manufactured in January and/or April 1983.

(b) One batch (7/22/81) not analyzed for thiamine
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TABLE M4. CONTAMINANT LEVELS OF THE NIH 07 DIET

Mean * Standard

Contaminant Deviation Range Number of Samples
Arsenic (ppm) 0.38 £ 0.23 <0.05-1.06 24
Cadmium (ppm) (a) 0.11 £ 0.07 <0.01-0.40 24
Lead (ppm) 091 051 0.50-2.65 24
Mercury (ppm) (b} < 0.05
Selenium (ppm) 0.30 £ 0.09 0.10-0.52 24
Aflatoxins (ppb) (b,c) <10 <5.0-<10.0 24
Nitrate nitrogen (ppm) (d,e) 717 + 3.66 <0.1-13.0 24
Nitrite nitrogen (ppm) (d.e) 1.88 + 1.58 <0.1-6.9 24
BHA (ppm) (,8) 439 £3.72 <0.4-13.0 24
BHT (ppm) (f) 2.67 £ 1.50 0.8-5.9 24
Aerobic plate count (CFU/g) (h) 45,008 * 33,225 5,500-120,000 24
Coliform (MPN/g) (i) 36.4 £ 525 <3-240 23
Coliform (MPN/g) () 125 + 304 <3-1,100 24
E. Coli (MPN/g) (k) <3 24
Total nitrosamines (ppb) (1,m) 7.16 £ 6.92 0.8-24.5 21
Total nitrosamines (ppb) (1,n) 29.36 t 64.76 0.8-273 24
N-Nitrosodimethylamine (ppb) (1,m) 5.54 + 6.03 0.8-20.0 21
N-Nitrosodimethylamine (ppb) (1,n) 27.55  64.41 0.8-272 24
N-Nitrosopyrrolidine (ppb) 1.34 £ 0.93 0-3.5 24
Pesticides (ppm)
Alpha BHC (b,0) <0.01 24
Beta BHC (b) <0.02 24
Gamma BHC-Lindane (b) <0.01 24
Delta BHC (b) <0.01 24
Heptachlor (b) <0.01 24
Aldrin (b) <0.01 24
Heptachlor epoxide (b) <0.01 24
DDE (b) <0.01 24
DDD (b) <0.01 24
DDT (b) <0.01 24
HCB (b) <0.01 24
Mirex (b) <0.01 24
Methoxychlor (b,p) <0.05 0.09 (8/26/81) 24
Dieldrin (b) <0.01 24
Endrin (b) <0.01 24
Telodrin (b) <0.01 24
Chlordane (b) <0.06 24
Toxaphene (b) <0.1 24
Estimated PCB’s (b) <0.2 24
Ronnel (b) <0.01 24
Ethion (b) <0.02 24
Trithion (b) <0.05 24
Diazinon (b,p) <0.1 0.2 (4/27/81) 24
Maethyl parathion (b) <0.02 24
Ethyl parathion (b) <0.02 24
Malathion (q) 0.09 + 0.07 <0.05-0.27 24
EndosulfanI (b) <0.01 24
Endosulfan II (b) <0.01 24
Endosulfan sulfate (b) <0.03 24
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TABLE M4, CONTAMINANT LEVELS OF THE NIH 07 DIET (Continued)

(a) Two batches contained more than 0.1 ppm.

(b) All values were less than the detection limit, given in the table as the mean.
(c) Detection limit reduced from 10 ppb to 5 ppb after 7/81

(d) Source of contamination: Alfalfa, grains, and fish meal

(e) Two batches contained less than 0.1 ppm.

(f) Source of contamination: Soy oil and fish meal

(g) Three batches contained less than 0.5 ppm.

(h)CFU = colony-forming unit

(i) Excludes one very high value of 1,100 obtained in batch produced on 12/16/80
() Includes the high value listed in footnote i

(k) All values were less than 3 MPN/g. MPN = most probable number.

(1) All values were corrected for percent recovery,

(m) Mean, standard deviation, and range exclude three very high values in the range of 115-280 ppb in batches produced on

1/26/81, 2/23/81, and 4/27/81.

(n) Mean, standard deviation, and range include the very high values given in footnote m.

(0) BHC = hexachlorocyclohexane or benzene hexachloride

(p) One observation was above the detection limit. The value and the date it was obtained are listed under the range.

(q) Twelve batches contained more than 0.05 ppm.
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APPENDIX N. DATA AUDIT SUMMARY

The experimental data and draft NTP Technical Report on the 2-year gavage studies of dimethyl
morpholinophosphoramidate (DMMPA) in F344/N rats and B6C3F; mice were examined for com-
pleteness, consistency, and accuracy and for procedures consistent with Good Laboratory Practice
requirements. The 2-year studies were conducted by Litton Bionetics, Inc. The rats were placed on
study in April 1980 and were killed in May 1982. The mouse studies were started in May 1980.
Because of early mortality, all of the male mice were killed in November 1980. The male mouse study
was restarted in January 1981, and the animals were killed in January 1983. The female mice were
killed in May 1982. All studies were begun before the NTP's requirement in October 1981 for full
compliance with Good Laboratory Practice procedures.

The audit of these studies was conducted by the National Toxicology Program and ImmuQuest
Laboratory, Inc., from July 2 to July 20, 1984. NTP audit team members were Dr. P. Chan, Ms. C.
Davies, Dr. S. Eustis, and Dr. C. Whitmire. ImmuQuest audit team members were Dr. L. Brennecke,
Ms. P. Errico, Mr. D. Haynes, Ms, C. Reese, and Dr. K. Whitkin. The full report of the audit of
DMMPA is on file at the NTP Archives, Research Triangle Park, North Carolina, and is available
upon request.

In-life toxicology data examined included the study protocol, the internal memoranda, records of
telephone conversations, animal shipment receipts, dates of birth, animal conditions upon receipt,
animals killed because of disease and parasites, method of randomizing animals and assigning them
to cages and dose groups, method of animal identification (ear tag, cage card, toe clip/ear punch), con-
ditions of the animals during and at the end of the quarantine period, animal body weights, chemical
mixing data and quantities prepared, dose calculations, dosing records, clinical observations, correla-
tion of clinical observation and gross observation on Individual Animal Data Records, moribundity
and mortality records, temperature and humidity of the animal rooms, cage and rack cleaning and ar-
rangement/rotation schedules, feeding log, bedding material, water analyses, and sentinel animal
data. The audit review found that the in-life data were complete and all observations and events were
accurately documented. There were no problems with the execution of studies or with the collection
or reporting of data.

A random 10% of the pathology records for rats and mice were examined for readability of animal
number identification, correlation of gross lesions and microscopic diagnosis, tissue accountability,
slide/block match, data entry errors, disposition code errors, and correlation of diagnosis on In-
dividual Animal Pathology Table and Individual Animal Data Records; wet tissues were checked for
possible missed lesions. Clinical signs and tumors were tracked by examining the wet tissues of 10
animals (20%) chosen at random from each group of rats and mice in the studies. The audit review of
the pathology data revealed a few discrepancies, all of which were considered minor and incon-
sequential to the findings.

Analytical chemistry data examined included bulk chemical characterization, purity, stability, dose
preparations, chemical/vehicle analyses, and corn oil vehicle peroxide analyses. The analytical
chemistry data showed that the purity and chemical/vehicle analyses were appropriately conducted
and the animals received the prescribed dose of DMMPA.

In conclusion, the audit findings indicated that the 2-year studies of DMMPA in rats and mice were
conducted properly. No discrepancies that might have affected the final interpretation of the study
were noted. The data examined in the audit are considered adequate to meet the objectives of the
study.
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