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NOTETOTHEREADER 


Five categories of interpretatjve concJusions were adopted for use in June. 1983 in the Technical-Reports 
series to spxfhall emphasize consistency and the concept of actual eyidence of carcinogenicity. For 
each definitive stu& result (male rats, female rats, male mice, female mice), one of the following quintet 
will be selected to dwcribe the findings. These categories refer to the strength of the experimental 
evidence and not to either potency or mechanism. 

Clear Eyidence of Carcinogenicity,isdemonstrated by studies that are intqrpreted as shpwing 
a chemically related increased incidence of malignant neoplasms studie? .that Fxhibit a 
Bubstantially incre-ased incidenqe of beni n-eoplasms, or studies that exhibit an increased 
incidence of a combination of malignant an&nign neoplasms where each increases with dose. 


0 Some Evidence of Carcinogenicity is demonstrated by studies that y e  interpretyl.as showin 

a chemically related increased incidence of benign neoplasms, studies that exhibit margma 7
increases in neoplasms of several organs/tissues, or studies that exhibit a slight increase in 
uncommon malignant or benign neoplasms. 

0 Equiyocal Evidence of Carcinogenicity is demonstrated by studies that are interpreted as 
showing a chemically related margmal increase of neoplasms. 

0 No Eedence of C@.nogenicity i s  demonstrated by studies that are interpreted as showing no 
chemically related increases in malignant or benign neoplasms. 

0 Inadequate Study of Carcino enicity demonstrates that becauqe of major .quali$ative or 
quantitative limitations, the stu 5ies cannot be interpreted as valid for showing either the 
presence or absence of a carcinogenic effect. 

Additionally the followin concepts (as atterned from the International A ency for Research on Cancer 
Monographsj have been adfopted by the 8 T P  to give further clarification oft  ese issues: 

The term chemical 
usuall observed,
the inLCtion b chemicals 
may be involve ii in these, situations. 
cancer) that is,. of malignant
induction of various t y s  of
In the Technical Repor s,the 

This stud was initiated b the National Cancer Institute's Carcinogenesis Bioassay Program now part 
of the Nagonal Institute of Environmental Health Sciences, National Toxicolo Program. The studies 
described in this Technical Report have been conducted in com liance with flP chemical health and 
safet requirements and must meet or exceed all applicable Fe 3eral, state, and local health and safety 
regu&tions. All NTP toxicology and carcinogenesis studies are subjected to a data audit before being 
presented for peer review. 
Althou h every effort is made toprepare the Technical Re rts as accurately as possible, mistakes may 
occur. k a d e r s  are r uested to identify any mistakes so !pat correctiye act!on may be taken. Further 
anyone who is aware"p-o related ongoing or ublished studies not mentioned in thra report is encouraged
to make this information known ti, the N& Comments and ueptions about the National Toxicolo 
Program Technical Reports on Toxicolo and Carcino enegis &dies should be dvected to Dr. J.E. H 8
National Toxicology Program, P.O. Box%2233, Resear& Tnangle Park, NC 27709 (919-541-3780). 
These NTP Technical Reports are available for sale from the National Technical Information Service, 
U.S.De artment of Commerce 5285 Port Royal. Road, Springfield VA 22161 (703-487-4650). Sin le 
copies OF this Technical Re r t  are available without char e and while supplies last) from the N!'P
Public Information Office, E t i o n a l  Toxicology Program, P.6. Lox 12233, Research Triangle Park, NC 
27709. 
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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 

C6H14N04P Molecular weight: 195.16 

ABSTRACT 

Dimethyl marpholinophosphoramidate (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/Nrats 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 f 8%of those of the vehicle con- 
trols. Compound-related gross lesions were not found at  necropsy. Groups of five B6C3F1 mice of 
each sex were given DMMPA by the same route on the same schedule a t  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 a t  necropsy. 

In the 13-week studies, groups of 10 male and 10 female F344/N rats and B6C3F1 mice were given 
DMMPA by gavage in corn oil a t  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 weightbody 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 a t  1,200 mgkg 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 F 3 M  rats 
were given DMMPA in corn oil by gavage at  doses of 0,150,300, or 600 mg/kg body weight, 5days per 
week for 103 weeks. Groups of 50 male B6C3F1 mice were given DMMPA at 0,150, or 300 mg/kg body 
weight, and groups of 50 female B6C3F1 mice were given DMMPA a t  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 (2450) rats was reduced (PC0.025) 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, 1450; 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 o b  
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 S9. DMM'PA was mutagenic in the L5178YmK +'-mouse lymphoma assay in the absence of S9; 
it was not test,ed 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 IU)evidence of carcinogenicity for male and fe- 
male B6C3F1 mice given dimethyl morpholinophosphoramidate at  doses of 150 (male), 300, or 800 
(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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vember 2, 1984, are listed below, Panel members serve as independent scientists, not as represen-
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Curtis Harper, Ph.D. (Principal Reviewer) James Swenberg, D.V.M., Ph.D. 
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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 stidies 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 a t  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. O b  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 fix 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 appiroved by nine affirmative votes. There was one negative vote (Mr. Beliczky). 
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I. INTRODUCTION 


0 

II n 

CH3O 

DIMETHYL MORPHOLINOPHOSPHORAMIDATE 


CAS NO.697-25-1 


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

C8H14N04P Molecular weight: 195.16 

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 thieir chemical defense training 
programs. The use of DMMPA for other pur- 
poses is not kniown. The compound is not pro- 
duced commercially in the United States, and 
import figures atre not available. 

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

The LD50 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, arid 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 i n  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 decrtrased 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 

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

Daily dermal application of DMMPA to rats 
(20 111) 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 (0.67 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 a t  200 p1 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). 
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TABLE 1. PROPERTIES OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (a) 

Empirical formula 

Molecular weight 

Melting point 

Boiling point (3 mm)

Spec& gravity (20/20° C) 

Refractive index nD (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 2.37,37OC 


Stability in human urine under toluene 2O-5OC 
Stability in desiccator 2O-6' C 
Solubility 

Available purit.y 
Impurities 

C6H14N04P 
195.16 
17.6"C 


108°-1090C 

1.223 glcc


1.4530 

0.01 mm Hg 

0.158stokes 


Stable 1h 
33%loss in 1h 
60%lossin 1h 

Stable 6 months 
Stable 6 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 a t  37"C for 3 days. The half-life in blood 
of DMMPA administered intravenously (5-60 
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 10-4 M re- 
quired to produce 50% inhibition) (Jones et al., 
19481, but DMMPA at  300 mg/kg administered 
by intravenous injection did not affect blood 
cholinesterase activity in New Zealand rabbits 

(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., 19781, 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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I. INTRODUCTION 

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 Ll). 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 micronucllei in CHO cells and DNA repair 

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-ethy1hexyl)phosphate (NTP, 19841, 
dimethyl hydrogen phosphite (NTP, 19851, 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. 
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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. Ell2877 
(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% theit of the major peak 
were detected in lot no. Ell2877 (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 Establishment, Sflield, 
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 thie W"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 a t  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 a. IDENTITY AND SOURCE OF THE LOTS USED IN THE GAVAGE STUDIKS OF DIMETHYL 
MORPHOLINOPHOSPHORAMDATE 

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

Lot Numbers Used E112877 (batch01) 

Date of Initial Use of 
Each Lot 

E112877(batchOl),
6/13/78 

Supplier Defence Research 
Establishment, 
Sflield, Canada 

E l  12877 (batch 01) 

Ell2877 (batch01). 
10116R8 

Same as 14-d studies 

El 12877 (batches 01 and 02); 
D021381 

E112877(batch01),4/30/80;
E112877 (batch02), 10/22/80; 
Do21361,4/22/81 

Samo as 14-d studies 
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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 a t  room temperature for 7days (Appendix 
H). DMMPNcorn 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 52). 

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

Preparation 

Maximum Storage
Time 

StorageConditions 

Fourteen-Day Studies 

A known quantity of 
DMMPA was diluted 
with corn oil 

4d  

Room temperature 

Thirteen-Week Studies 

Same as 14-dstudies 

4d  

Room temperature 

Two-year Studies 

DMMPA was pipetted into a 
graduated cylinder, diluted to 
required volume with corn oil, 
and thoroughly mixed by 
inversion 

7 d  

Room temperature 

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

Mean (mg/ml)

Standard deviation 

Coafficientof variation (percent) 

Range (mg/ml)

Number of samples 


Concentration of DMMPA in Corn Oil 
for Target Concentration (mg/ml) 

45 mg/ml 90.1mdml 
Mouse Rat 

44.4 91.3 91.1 
1.96 4.18 4.22 
4.4 4.6 4.6 

40.9-47.4 	 82.7-99.9 82.7-99.9 
16 15 15 

180.2 mg/ml 
Mouse Rat 

180.6 181.5 
16.69 15.80 
9.2 8.7 

160.6-221.0 160.6-221.0 
13 13 
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rr. MATERIALS AND METHODS 


FOURTEEN=DAY STUDIES 

Three-week-old male and female F344/N rats 
and 6-week-old male and female B6C3F1 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 a t  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 mlkg  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 (acidzed 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 
B6C3F1 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 

oil by gavage, 5 days per week for 13weeks. 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 mg/kg 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 B6C3F1 
(C57BW6N, female, X C3HAieN MTV-, male) 
mice used in this study were produced under 
strict barrier conditions a t  Charles River Breed- 
ing Laboratories under a contract to the Car- 
cinogenesis Program. Breeding starts for the 
foundation colony a t  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 a t  4 weeks of age and mice at 5-6 
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TABLE 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF 
DIMETHYL MORPHOLINOPHOSPHORAMIDATE 

Two-year Studies 

50males 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 300mg/kg;
female mice--0,300, or 600 
mg/kg DMMPA in corn oil by 
gavage; dose VOL-3.3 mlkg for 
rats and mice 

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

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

5d/wk for 103 wk 

Observed 2 X d; 
palpated 1 X 4 wk; weighed 
1 Xwkfor13wkand lxmo 
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 

Rata--Charles River Breeding 
Laboratories (Portage, MI);
mice--Charles River Breeding 
Laboratories (Kingston, NY) 

Sizeof Test Groups 

Doses 


Date of First Doae 

Date of Last Dose 

Duration of Dosing 

Type and Frequency
of Observation 

Necropsy and 
Histologic
Examination 

Fourteen-Day Studies Thirteen-Week Studies 

EXPERIMENTAL DESIGN 

ANIMALS AND ANIMAL MAINTENANCE 

Strain and Species 	 F344/N rats; 
B6C3F1 mice 

Animal Source 	 Harlan Industries, Inc. 
(Indianapolis, IN) 

5 males and 5females 9 or 10 males and 10 females 
of each species of each species 

Rats--0,313,625,1,250, 0,200,400,800,1,200, or 
2,500, or 5,000 mg/kg 1,600 mg/kg DMMPA in 
DMMPA in corn oil by corn oil by gavage; 
gavage; mice--0,250,500, dose vol--10 mYkg for 
1,000,2,000, or 4,000 mg/kg rata and mice 
DMMPA in corn oil by 
gavage; 5,000 mg/kg dose 
given neat; dose VOL-3.3 
mVkg (mice); 4.1 mVkg (rats) 

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

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

14d 

Observed daily; weighed 
on d 1and 15 

Necropsy performed on 
all animals 

1011 6/78 

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

5d/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 

Sameas 14-d studies 
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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 Litton Bionetics, Inc. Same as 14-d studies Same as 14-d studies 

Time Held Before Test 2 wk Rats-3 wk; mice--17d 2 wk 

Age When Placed on 
Study 

Rats4 wk; mice--8 wk 7 wk Rats-6 wk; mice-7-8 wk 

Age When Killed Rats-7 wk; mice--10 wk 20 wk Rats--111wk; mice--1 12-1 13 wk 

Necropsy Dates Rsts--6/28i78;
mice--6/27178 

Rats--1/18-1/19179;
mice--1/16-1/17P19 

Rats--5/3/82-6/7/82; mice-. 
female: 5/17/82-5/18/82; 
male: 1/10/83-1/11/83 

Method of Animal 
Distribution 

Assigned to groups 
so that average cage 
weighta were 
approximately equal 

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

Same as 13-wk studies 

Animal Identification Ear cut and cage card Same as 14-d studies Ear tag (rats), ear punch (mice), 
toe clip, and cage card 

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

Purina Lab Chow Pellets 
(Ralston Purina, St.Louis, 

ad libitum 

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

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

Same as 14-d studies Absorb-DrP, heat-treated 
hardwood chips (Williams 
Feed and Bedding, Co., 
Gaithersburg, MD) and 
Sani-Chips (P.J.Murphy Forest 
Products Corp., Rochelle Park, 
NJ) 

Water Acidified to pH 2.5 with 
HCl, available ad libitum 

Same a8 14-d studies Same as 14-d studies 

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

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

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

Hazleton Systems, 
Rochelle Park, NJ, and 

Aberdeen, MD) 

Cage Filters Nonwoven filter paper Same as 14-d studies Same as 14-d studies 
(Snow Filtration Co., 
Cincinnati, OH) 

Animals per Cage 5 5 5 

Other Chemicrlls on 
Test in the Same 
Room 

Tris(2-ethy1hexyl)phos-
phate 

None None 

Animal Room 
Environment 

Temp--23' k 1°C; 
re1 hum--30%-70%; 

Same as 14-d studies Temp-20"-27' C; 
re1 hum--16%-98%; 

fluorescerit light 12 Wd; 
12-15 room air change& 

fluorescent light 12 Wd; 
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 B6C3F1 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 phenot,ype expressions of known genetic 
loci. The C57BLJ6 mice were homogeneous a t  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 B6C3F1 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 . 

Clinical Examinations a n d  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 (PWG) 
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 
t,hePWG.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. 

StatisticalMethods 

Datu 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 riot 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 wias 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 

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”; i.e., they 
were merely observed a t  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 
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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 

incidence. These two tests are based on the 
overall proportion of tumor-bearing animals and 
do not adjust for survival differences. 

Historical Control Datu: 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 
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FOURTEEN-DAY STUDIES 

THIRTEEN-WEEK STUDIES 
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Survival 
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MICE 

FOURTEEN-DAY STUDIES 

THIRTEEN-WEEK STUDIES 

TWO-YEAR STUDIES 


Body Weights and Clinical Signs 
Survival 
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III. RESULTS: RATS 

FOURTEEN-DAY STUDIES 

All male and female rats that received dimethyl doses, the effects of DMMPA on body weight did 
morpholinophosphoramidate at  2,500 mg/kg, all not follow a dose-related pattern. Necropsies 
female rats that, received 5,000 mg/kg, and 415 were performed on all animals. Compound-
male rats that received 5,000 mWkg died before related gross lesions were not observed. Tissues 
the end of the studies (Table 6). The final mean were not examined microscopically. Based on 
body weights of male and female rats that the toxicity and survival data, 1,600 mg/kg was 
received 1,250 mg/kg were approximately 8% selected as the highest dose for the 13-week 
lower than that of the vehicle controls. At lower studies. 

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

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

(mg/kg) (percent) 

MALE 

0 5i5 112 151 + 39 -. 

313 515 112 155 t 43 102.6 

625 515 112 163 t 51 107.9 


1,250 515 112 140 + 28 92.7 

2,500 (c) 015 113 (d) (d) (d) 

5,000 (e) 115 113 157 + 44 104.0 


FEMALE 

0 515 94 115 + 21 --

313 515 91 111 + 20 96.6 

625 515 95 111 + 16 96.5 


1,260 515 93 106 t 13 92.2 

2,500 (0015 92 (d) (d) (d) 

5,000 (g)015 94 (d) (d) (d) 


(a)Number surviving/number in group 
(b)Initial group body weight 
(c) All deaths were on day 3. 
(d)AI1 animals died before the end of the studies. 
(e)Day of death 2,3,3,6

(0Day 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: female groups may have been responsible for the 
1/10 males that received 800 mg/kg, 3/10 males weight loss. 
and 2/10 females that received 1,200 mg/kg, and Absolute and relative liver weights of dosed rats 1/10 males and 1/10 females that received 1,600 of each sex were greater than those of the vehicle mg/kg (Table 7).The death of a male rat during controls; the increase was dose related (Table 8).week 1in the 1,200 mg/kg group was attributed Compound-related gross or microscopic patho- to gavage injury. Dosed male rats gained more logic lesions and effects on lung weight were not weight than did the vehicle controls. Final observed.mean body weights of female rats were not dose 
related. Both male and female vehicle controls Dose Selection Rationale: Based on the toxicity, 
lost weight between weeks 1 and 2, whereas liver weight, and survival data, doses selected 
dosed rats gained approximately 20 g. Mal- for rats for the 2-year studies were 0,150,300, or 
functioning of the automatic watering system in 600 mg DMMPA,/kg body weight in corn oil, to 
one cage in each of the vehicle control male and 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) 

0 loll0 131 258 + 127 --

200 10/10 134 286 + 152 110.9 

400 1011 0 132 274 + 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 

-_ 
200 10/10 104 175 + 71 97.8 
0 loll0 106 179 + 74 

400 1011 0 101 169 + 68 94.6 

800 10110 109 180 + 71 100.6 


1,200 (08/10 103 169 + 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)Weekofdeath: 1,13,13 
(e)Week ofdeath: 8 

(0Week of death: 10,ll 

(g)Weekofdeath: 13 
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TABLE 8. BODY, LIVER, AND LUNG WEIGHTS IN RATS IN THE THIRTEEN-WEEK GAVAGE STUDIES 

OF DIMETHYL MORPH OLINOPHOSPHORAMIDATE 


No. Weight Relative Organ Weight 
Dose Examined a t  Necropsy Liver Weight Lung Weight LiverIBody Lung/Body 
( m w w  (grams) (grams) (gr am8 1 (mg/kg) (mg%g) 

MALE 

0 10 (a) 255.7 k 26.5 7.98 f0.69 1.25 k 0.18 (a) 31.8 f 4.27 (a) 4.8 k 0.62 
200 10 (b)288.6 f 19.2 (b, 10.60 f 1.75 1.38 f 0.17 36.6 f 4.59 4.8 f 0.52 
400 10 268.4 f 17.4 (b) 10.69 f 1.89 1.40 f0.27 (b) 39.8 f6.38 5.2 f 0.96 
800 9 270.1 f 32.0 (b) 11.86 f 1.06 1.43 f0.39 (b)44.3 f4.67 5.4 f 1.50 

1,200 7 281.3 f 25.2 (b) 12.34 f 1.29 1.34 f 0.15 (b)43.9 f 2.41 4.8 f 0.28 
1,600 9 266.4 f 10.9 (b,c) 12.86 f 1.23 1.37 f 0.17 (b,c)48.7 -C 5.28 5.1 f 0.63 

FEMALE 

0 10 166.8 f 11.4 4.87 f 0.71 0.98 f 0.12 29.2 & 3.94 5.9 f 0.76 
200 I.0 173.1 f 17.1 (b)6.06 f0.83 (d) 1.10 k 0.31 (b)35.1 f 3.8'7 (d)6.4 f 0.19 
400 I. 0 164.5 f 14.8 (b)5.97 k 0.79 0.93 f0.10 (b) 36.4 f 4.73 5.6 f 0.59 
800 :I0 175.6 f 14.5 (b16.70 f 0.60 1.11 ?I 0.13 (b) 38.2 f 2.91 6.3 f 0.55 

1,200 8 162.0 f 12.8 (b)6.43 f 0.96 1.01 f 0.11 (b)39.7 f 5.23 6.3 k 0.73 
1,600 9 166.3 f 12.6 (b)7.18 f 0.96 1.13 ?I 0.22 (b)43.1 f 4.29 6.8 f 1.13 

(a)Data from nine values (mean f standard deviation). One body weight not taken. 
(b)P<O.Ol, Dunnett'atest (Miller, 1981) 
(c)One liver weight was judged to be in error and wasnot included in the calculations. 
(d)One lung weight wabjudged to be in error and was not included in the calculations. 

TWO-YEAR STVDIES 

Body Weights and Clinical Signs 

The mean body weights of mid dose and high weights of high dose female rats were slightly 
dose male ratla 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 A MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF 
DIMETHYL MORPHOWINOPHOSPHORAMIDATE 

WOO&# 
P 

vorr vehcont) vom vehcont) vow vehcont) vom 

MALE 
0 
1 
2 
3 
4
5 
6
7 
8
9 

10
11 
12 
13 
16 
20 
24 
28 
32 
36
40
44 
48
52
56
80
64
68 
72B
88
92
96 

100 
104 

FEMALE 

133 
168 
203
227 
250
257 
276
284 
302
308
316
324 
331
341 
351 
367 
383 
392 
415
429
444 
447
466
467 
476
482 
490
491
489 
489 
491
494 
482
480 
476 
470 
467 

50 
50 
50 
50 
50 so
50
50 
50
50 
50
50 
50
50 
50 
50 
50 
50 
50 
60 
50 
50 
50 
50 
50
50 so
50 
49 
49 
48 
45 
44 
42 
39 
38 
38 

141 
174 
209
231 
251
258 
276 
286
297
306 
315 
323
331 
341 
359 
368 
390 
402 
419 
439 
461 
455 
470
478 
476
486 
487
491
486 
490 
486
486 
481 
475
464 
461
448 

106
104 
103
102 
100
100 
100
101 
98 
99 

100 
100
100 
100 
102 
100 
102 
103 
101 
102 
102 
102 
101
102 
100
101 
99

100
99 

100 
99 
98 

100 
99 
97 
98 
96 

50 
50 
50 
50 
50
50 
50
50
50
50
50 
50
50 
50 
50 
50 
50 
50 
50 
50 
50
50 
50
50 
50
50 

48 
48 
46 
46 
43 
41 
40
40 
38 

3 

133 
166 
198 
223
244
253 
269
276
290
296
309 
320
325 
334 
344 
361 
379 
389
404 
425 
432
437 
450
458 

466
470 
472 
474 
472 
469 
465 
457 
450 
446
448 

% 

100 
99 
98 
98 
98
98 
97
97
96
96 
98 
99
98
98 
98 
98 
99 
99 
97 
99 
97 
98
97
98 
95
96 
95 
96 
97 
97 
96 
95 
96 
95 
95 
95
96 

50 
50 
50 
50 
50
50 
50 
50
50 
50 
50 
50
50 
50 
50
50 
50 
50 
50
50 
50 
50
50
50 
SO
49
49 
48 
47 
46 
45
45 
43 
39 
33 
32 
30 

139
171 
204 
230 
249
256 
271
274 
290
295
305 
316
319
329 
336 
350 
367 
376 
388
403 
413
412 
431
436
427
439
444
446
446 
451 
449 
450 
445 
439 
437 
426 
427 

105 
102 
100 
101 

98
96
96
96 
97 
98 
9%
96

!! 
96 
96 
93 
94 
93
92 
93
93
90
91 
91
91 
91 
92 
91 
91 
92 
91 
92 
91 
91 

E3 

50 
50 
50 
50 

50
50 
50
50 
50 
50 
50
50 
50
50 
50 
50 
50 
50 
49
49 
49
49 
49 
48 
48
47 
46 
46 
46 
44 
40 
39 
34 
30 
23 

8: 

! 
2
3 
4
5 
6
7 
8 
9

10 
11 
12 
13 
16
20 
24
28 
32
36
8
8 
56
80 
64 
68 
72 
76
80P 
96

100 
104 

107 
123 
138
146 
157
161 
168 
175

;ii
% 
194 
196 
204
205 
211
214 
224
231
237
238
247
253 

283
209 
293 
302 
305 
308 
309
302 
304
306 
308 

50
50 
50
50 
50
50 
50 
50 
50 
50 
50 
50 
60 
50 
50
50 
50
50 
60
50 
50 so
60
50
50
50 
49
49 
49 
48 
48
45 
44 
44 
42
41 
38 

106
121 
138
147 
158
162 
169 
175 
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182 
168
192 
193 
19s 
201 
204 
207
211 
217
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228
230 
240
244 
247
281 
269 
278 
286
292 
295
297 
298
299 
297
308 
309 

99
98 

100
101 
101
101 
101 
100 
99 
99 

100 
101 
99
99 
99 

100 
98
99 

96
97
97 
96
94
96 
95
96 
98
97 
97
96 
96
99 
98

101 
100 

3 

50
50 
50
50 
50
50 
50 
50 
50 
50
50 
50 
50 
50 
50
50 
50
50 
49
49 
49
49
49
49 
49
49 
49 
46 
45 
45
44 
44 
42
41 
39
35 
35 

106
123 
139
150
161 
168 
172 
177 
182 
186
190 
193 
196 
197 
201
204 
209
212 
217
226
228
232
239
241 
249
264 
274 
286 
297 
303 
307
308 
310
312 
308
312 
318 

99 
100
101 
103
103 
103 
102 
101 
101 
101 

101 
101 
99

100 
99 
99 
97
98 
96
97
97
95 
95
97 
97
99 

101 
100
101 
100 
100 
103 
101
102 
103 

4 

49 
49
49 
49
49 
49 
49 
49 
49 
49
49 
49 
49
49 
49
49 
49 
49
49 
48
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47
47
47 
46
46 
46 
46 
43
43 
43
43 
42
42 
39 
38 
33 

106
121 
136
148 
168
162 
169 
174 
178
182
187 
192 
191 
194 
198
201 
208
209 
213
218
222
225
231
233 
239
248 
255 
263
274 
279 
284 
286 
283 
285 
287
292 
298 

99 
98 
99

101
101 
101 
101
99 
98 
99 
99 

101 
98 
99 
97 
98 
99
98 
95
94
94
95
94
92 
91
92 
90
91 
94
92 
93 
93 
92
94 
94 
95
97 

50 
50 
50
50
50 
50 
50 
50 
50
50 
50 
50 
50 
50 
50
50 
50 
50
50
48 
46
46 
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45 
45
45 
44
43 
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43 
40 
37 
37 
35 
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27 
25 
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FIGURE 1. GROWTH CURVES FOR RATS ADMINISTERED 
DIMETHYL MORPHOLINOPHOSPHORAMIDATE IN CORN OILBY GAVAGE

FORTWO YEARS 
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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 Al  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 C l  
and C2. Appendix E, Tables El 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- 
LJNOPHOSPHORAMIDATE 

(b)Includes animals killed in a moribund condition 

Vehicle Control 150 mg/kg 300mg/kg 600mg/kg 

MALE (a) 

Animals initially in study 50 
Nonaccidental deaths before termination (b) 12 
Accidentally killed 0 
Killed at termination 37 

60 
12 
0 

37 

50 
22 
0 

28 

60 
26 
1 

22 
Died during termination period 
Survival P values (c) 

1 
0.002 

1 
0.972 

0 
0.066 

1 
0.011 

FEMALE (a) 

Animals initially in study 60 
Nonaccidental deaths before termination (b) 14 
Accidentally killed 0 
Animals missexed 0 

50 
15 
0 
0 

50 
13 
3 
1 

50 
25 
0 
0 

Killed at termination 36 35 33 24 
Died during termination period 
Survival P values (c) 

0 
0.010 

0 
0.860 

0 
0.996 

1 
0.021 

(a) Terminal kill period: week 105 

(c)The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise 
comparisons with the vehicle controls are in the dosed columns. 
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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 

III. RESULTS: RATS 

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) 

MALE 

Mononuclear Cell Leukemia (b)
Overall Rates 

Adjusted Rates 

Terminal Rates 

Life Table Testa 

Incidental Tumor Tests 


FEMALE 

Mononuclear Cell Leukemia (c) 
Overall Rates 

Adjusted Rates 

Terminal Rates 

Life Table Testa 

Incidental Tumor Tests 


14/50 (28%) 
30.7% 

21/50 (42%) 
49.6% 

19/50 (38%) 
47.3% 

25/50 (50%) 
63.4% 

7/38 (18%) 
P =  0.001 

17/38 (45%) 
P=0.123 

8/28 (29%)
P =0.088 

10/23 (43%) 
P =0.003 

P=0.127 P =0.082 P=O.440 P=0.127 

9/50 (18%) 
20.1% 

13/50 (26%) 
32.0% 

12/49 (24%) 
29.5% 

18/50 (36%) 
49.5% 

3/36 (8%) 
P =0.005 

8/35 (23%) 
P=0.215 

6/33 (18%) 
P =0.259 

7/25 (28%) 
P =0.008 

P =0.063 P=0.196 P=0.284 P=0.051 

(a) The statistical methods used are discussed in Chapter II (StatisticalMethods) and Appendix E (footnotes). 
(b) Historical incidence at testing laboratory (mean f SD): 17.3% f 11.7%; historical incidence in NTP studies: 
12.2% f 7.6% 
(c) Historical incidence at testing laboratory (mean f SD):29.3% f 13.0%; historical incidence in NTP studies: 
16.1% f 8.9% 
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III. RESULTS: RATS 

Stage l--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 DIMETHYLMORPHOLINOPHOSPHORAMIDATE 

Total No.of stages
MononuclearCell Leukemias 1 a 3 

MALE 

Vehicle Control 
Low Dose 
Mid Dose 
High Dose 

FEMALE 

Vehicle Control 
Law Dose 
Mid Dose 
High Dose 

14 2 10 
21 10 6 
19 3 11 
26 3 21 

9 1 2 6 
13 4 1 a 
12 2 0 10 
18 3 2 13 

DMMPA, NTP TR 298 38 




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, 1/50, 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, 0150; low dose, 
23/60,46%; 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: Angiectasis was observed at  increased 
incidences in dosed male rats (male: 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 MORPHOLINOPHOSPHORAMDATE 

Adenoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Testa 
Incidental Tumor Testa 

7/50 (14%) 
16.9% 

4/50 (8%)
10.5% 

7/48 (15%) 
20.5% 

0150 (0%) 
0.0% 

5/38 (13%) 
P=0.071N 
P=O.OlSN 

4/38(11%)
P=0.264N 
P=0.262N 

3/27 (1 1%) 

P =0.574N 
P =0.425 

OD3 (0%)
P=0.030N 
P=0.017N 
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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 

Dose(ww Survival (a) 
Mean Body Weights (grams) 

Initial (b) Final Change 
Find Weight Relative 
to Vehicle Controls 

(percent) 

MALE 

0 515 21 21 0 _ _  
250 515 21 23 + 2  109.5 
500 515 20 23 + 3  109.5 

1,000 
2,000 
4,000 

515 
(c) 015 
(e)015 

21 
21 
21 

24 
(d)
(d) 

+ 3  
(d)
(d) 

114.3 
(d)
(d) 

FEMALE 

0 515 18 18 0 _-
250 51s 18 19 + 1  105.6 
500 515 18 19 + I  105.6 

1,000 
2,000 
4,000 

515 
(0015 
(e)015 

18 
18 
18 

19 
(d)
(d) 

+ 1  
(d)
(d) 

106.6 
(d)
(d) 

(a)Number surviving/number in group 
(b)Initial group body weight 
(c) Day ofdeath 1,1,.2,2,2
(d)All animals died before the end of the studies. 
(e)Dayofdeath: 1,1,2,3,4
(0Day ofdeath: 2,2,3,3.3 
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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. Although the water cutoff caused a 
reduction in body weight of the animals ini- 
tially, the final body weights (at 13weeks) 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 

(mglkg) (percent) 

MALE 

0 6/9 22 29 + 7  _ _  
200 loll0 24 30 + 6  103.4 
400 8110 22 31 + 9  106.9 
800 6/10 22 31 + 9  106.9 

1,200 3/10 25 29 + 4  100 

1,600 0110 24 (C) (C) (C) 


FEMALE 

0 10110 20 24 + 4  _ _  

200 a110 19 24 + 5  100 

400 10110 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 swivinglnumber in group 
(b)Initial group body weight. 
(c) All animals died before the end of the studies. 

41 DMMPA, NTP TR 298 




TABLE 16, LIVER AND LUNG WEIGHTS OF MICE IN THE THIRTEEN-WEEK GAVAGE STUDIES OF 
DIMETHYL MORPHOLINOPHOSPHORAMDATE (a) 

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

MALE 

0 
200 
400 

6 
10 
8 

1.38 f0.31 
1.56 f0.27 
1.53 f0.24 

0.246 f0.045 
0.232 f 0.056 
0.224 f 0.066 

4.83 f 0.58 
5.15 f0.55 
5.00 f0.57 

0.87 f 0.19 
0.78 f0.23 
0.73 f0.18 

800 
1300 

6 
3 

1.38 f 0.23 
1.48 f0.23 

0.206 f 0.003 
0.216 f 0.025 

4.63 f 0.36 
4.99 f 0.22 

0.70 f0.07 
0.73 f 0.09 

1,600 0 _ _  _ _  
FEMALE 

0 
200 
400 
800 

1,200 

10 
8 

10 
9 
9 

1.09 f 0.20 
1.17 f 0.08 
1.14 f0.10 
1.17 f 0.21 
1.08 f 0.21 

0.201 f 0.044 
0.203 f 0.039 
0.187 f0,044 
0.259 f 0.186 
0.209 f0.045 

4.67 f0.54 
5.04 f0.26 
4.85 f0.21 
4.98 f 0.44 
4.66 f0.58 

0.86 f 0.17 
0.87 f 0.17 
0.79 f 0.19 
1.07 f 0.58 
0.90 f 0.15 

1,600 ( t l )  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 atatistical calculations 

TWO-YEAR STUDIES 

BodyWeights 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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Weeks 
on Study 

AvWt N a o f  
(gram) Survivors 

AvWt Wt(percant No.of 
(grams) veh oontrols)Survivors 

Av Wt Wt (percent No. of
(gram)veh controls)Survivors 

MALE 
Vehiole Control 1mmg/kg 900mg/kg 

0
1
2
i 
fi
7
8
9
10
11
12
13
16
20
24
28
32
36
40
44
48
52
56
60
64 
68
72
76
80 
84 

96
100
104 

!! 

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
60
50
50
49
49
49
49
49
49
48
48
48
47
46
43
42
41
41 

23.1
24.9
27.0
27.1
28.5
29.1
30.3
30.0
30.9
31.5
31.5
31.8
32.9
32.6
33.7
35.1
36.2
38.0
38.6
38.8
38.9
39.6
39.2
39.4
39.4
40.0
39.1
39.9
40.7
40.7
41.2
40.6
41.0
41.0
40.4
40.9
40.2 

98
99
101
99
98
100
99
99
99
98
99
100
99
100
99
100
101
100
99
98
99
99
99
100
100
100
102
101
101
103
103
103
103
102
102
101
102 

50
50
60
50
50 
50
50
50
50.
50
50
50
50
50
50
50
50
50
50
49
49
49
49
49
49
49
49
49
49
49
48
47
46
44
41
37
37 

23.7
25.3
26.5
27.6
28.8
29.1
30.4
30.3
30.9
31.9
31.9
31.5
33.1
32.5
33.9
34.9
35.9
37.7
39.0
39.3
39.9
40.3
39.9
40.0
40.1
40.0
39.3
39.8
41.1
40.0
41.2
40.9
41.4
40.7
40.6
41.0
40.0 

100
100
99
101
99 
100
100
100
99
99
100
99
100
100
99
100
100
99
100
99
102
100
101
102
102
100
102
101
102
101
103
104
104
101
102
102
101 

50
50
50
50
50
48
47
47
47
47
47
47
47
47
47
47
47
47
46
46
46
46
46
46
46
46
45
45 

46
46
46
44
43
41
39 

2 

FEMALE 
Vehicle Control 900mg/kg 600mg/kg 

0
1
2
3
4
5
6
7 

10 
11
12
13
16
20
24
28
32
36
40
44
48
62
66
80
64 

76
80 
84
88
92
96
100
104 

t 

19.8
19.8
20.6 
21.6
22.6
23.0
24.0
24.1
24.4 
26.0
26.5
26.3
27.0
26.7
27.3 
28.0
30.0
30.5
30.7
31.8
33.0
34.2
36.2
38.0
38.3
39.9
42.7
42.8
41.7
40.9
40.4
40.6
38.9
37.9
36.2
36.4
37.2 

50
50
50
60
50
50
50
50 

50
50
50 
50
50 
50
50
50
50
50
50
50
60
49
49
49
49
49
49 

46
46
44
44
43
41 

X8 

3 

19.4
19.8
21.1
21.6
22.4
23.1
24.3
24.4
24.1 
24.6
26.0
25.3
26.7
26.6
27.3
27.6
28.9
28.4
29.3
30.8
31.4
31.6
31.7
33.2
34.0
37.1
39.6
38.6
38.3
38.1
38.0
38.0
38.0
36.8
35.6
35.8
35.3 

98
100
102
100
100
100
101
101 

98
100
99
100
100
99
96
93
95
97
95
92
90
92
94
93
93
90
92
93
94
94
98
97
98
98
95 

E 

50 
50
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
46
46
44
44
44
43
42
41
40
39 

19.1
19.5
20.3
21.6
22.2
23.0
24.5
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FIGURE 3. GROWTH CURVES FOR MICE ADMINISTERED 
DIMETHYL MORPHOLINOPHOSPHORAMIDATEIN CORN OIL BY GAVAGE 

FOR TWO YEARS 
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III. RESULTS: MICE 


Survival 

Estimates of the probabilities of survival of male 
and female mice administered DMMPA a t  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 micewith 

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 (StatisticalMethods) 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 
MORPHOLINOPHOSPHORAMDATE 

(c)The result ofthe life table trend test is in the vehicle control column. and the results of the life table pairwise 

MALE (a) 
Vehicle Control 15Omgilcg 300 mg/kg 

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

50 
9 
41 

50 
14 
35 

50 
11 
39 

Diedduring termination period 
Survival Pvalues (c) 

0 
0.734 

1 
0.395 

0 
0.796 

FEMALE (a) 
VehicleControl 300mgkg m m g / k g  

Animals initially in study
Nonaccidental deaths before termination (b) 
Accidentally hilled 
Animals missing 
Killed attermination 

50 
8 
1 
0 
41 

50 
8 
0 

(d)3 
39 

50 
16 
0 
0 
34 

Survival Pvalues (c) 0.048 0.896 0.075 

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

comparisonswith the vehicle controls are in the dosed columns. 
(d)Threa mice in one cage could not be accounted for atweek 2 of the study. 
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FIGURE 4. KAPLAN-MEIER SURVIVAL CURVES FOR MICE ADMINISTERED 
DIMETHYL MORPHOLINOPHOSPHORAMIDATE IN CORN OIL BY GAVAGE 

FOR TWOYEARS 
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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 

III. RESULTS: MICE 

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, 2149,496). 
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IV. DISCUSSION AND CONCLUSIONS 


Fourteen-day and 13-week studies were con-
ducted with F344/N rats and B6C3F1 mice to 
characterize DMMPA toxicity and to aid in 
selecting the doses for the 2-year studies. 

In the 14day 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 TOSS lesions were not found a t  
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 atrected 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 %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 

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 Fl) .  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). 

‘I‘hu 600mg/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 

DMMPA, NTP TR 298 50 
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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 DMMPAdosed 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<O.Ol) 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 4941,827 (27% f 996). In 23 NTP studies, 
the incidence of mononuclear cell leukemia in 
corn oil-gavaged male F344/N rats was 
167/1,154 (14% f 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 nude 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 mVkg, 
whereas the high dose rats received 2.5 m a g ) .  
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 

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 a t  doses higher than 
1.3g/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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(711,006, 0.7%) and female (4/1,027,0.4%) 
B6C3F1 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 isnot 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 eui-
dence of carcinogenicity for male and female 
B6C3F1 mice given dimethyl morpholinophos- 
phoramidate at doses of 160 (male), 300, or 600 
(female) mg/kg for 2 years. 

+Categoriesof 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-YEARGAVAGE 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 IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED 

HISTOPATHOLOGICALLY 

50 
50 

50 

50 
50 

50 

50 
50 

50 

50 
50 

50 

INTEGUMENTARY SYSTEM 
*SKIN 

SQUAMOUS CELL PAPILLOMA 
BASALCELL TUMOR 
TRICHOEPITHELIOMA 
ADNEXAL ADENOMA 
KERATOACANTHOMA 
FIBROMA 

FIBROMA 
FIBROSARCOMA 
LIPOMA 

*SUBCUT TISSUE 

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

3 (6%) 
(50) 

(50) 
1 (2%) 

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

3 (6%) 
1 (2%) 
1 (2%) 

(50) 

(50) 
1 (2%) 

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

4 (8%)
(50) 

(50) 
4 (8%) 

1 (2%) 
(50) 

RESPIRATORY SYSTEM 
#LUNG (50)

TRANSITIONAL-CELL CARCINOMA, MET 
ALVEOLAWBRONCHIOLAR ADENOMA 1 (2%)
FIBROSARCOMA, METASTATIC 
OSTEOSARCOMA, METASTATIC 1 (2%) 

(50) 

2 (4%) 
1 (2%) 

(50) (60) 
1 12%) 
1 (2%) 

HEMATOPOIETIC SYSTEM 
+MULTIPLE ORGANS (50) 

#MEDIASTINAL L. NODE (50) 

MALIGNANT LYMPHOMA, NOS 

TRANSITIONAL-CELL CARCINOMA, MET 

LEUKEMIA, MONONUCLEAR CELL 14 (28%) 

(50) 

(49) 
21 (42%) 

(50) 

(50) 
19 (38%) 

(50) 

(48) 

1 (2%) 

1 (2%) 

25 (60%) 

~ 

CIRCULATORY SYSTEM 
KSPLE E N 

HEMANGIOMA 
(50) (50) 

1 (2%) 
(50) (50) 

DIGESTIVE SYSTEM 
#LIVER (50) 

NEOPLASTIC NODULE 1 (2%) 

TRANSITIONAL-CELL CARCINOMA, INV 
ACINAR-C E LL AD E NOMA 

ADENOMA, NOS 
ADENOCARCINOMA, NOS 

#PANCREAS (50) 

#JEJUNUM (50) 

(50) 
3 (6%) 

1 (2%) 

(49) 

(50) 

(50) 
3 (6%) 

2 (4%) 

(47) 

(47) 

(50) 
3 (6%) 

1 (2%) 

1 (2%) 

(47) 

(46) 

URINARY SYSTEM 
#KIDNEY 

#URINARY BLADDER 
TRANSITIONAL-CELL CARCINOMA 

TRANSITIONAL-CELL PAPILLOMA 

(50) 

(49) 

(50) 

(50) 

(50) 

(49) 
1 (2%) 

(50) 

(50) 
1 (2%) 

ENDOCRINE SYSTEM 

ADENOMA, NOS 

ADENOMA, NOS 

#PITUITARY INTERMEDIA 

#ANTERIOR PITUITARY 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMDATE (Continued) 

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE 

ENDOCRINE SYSTEM (Continued) 
#ADRENAL 

#THYROID 
PHEOCHROMOCYTOMA 

FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

ADENOMA, NOS 

ISLET-CELL ADENOMA 
ISLET-CELL CARCINOMA 

#PARATHY ROWD 

#PANCREATIC ISLETS 

(49) 

(50) 
9 (18%) 

2 (4%) 

4 (8%) 

4 (8%) 

(43) 

(50) 

(50) 

(48) 
16 (32%) 

3 (6%) 
2 (4%)

(40) 

(49) 

(50) 

(48) 
10 (20%) 

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

2 (4%) 
1 (2%) 

(38) 

(47) 

(50) 

(49) 
5 (10%) 

1 (2%) 

2 (4%) 

1 (2%) 
(45) 

(47) 

RE PRO DUCT1 VE SYSTEM 
*MAMMARYGIAND 

ADENOMA,NOS 
FIBROADENOMA 

*PREPUTIAL GLAND 
CARCINOMA, NOS 
ADENOMA, NOS 

#PROSTATE 
ADENOMA, NOS 

#TESTIS 
INTERSTITIAL-CELL TUMOR 
MESOTHELIOMA, NOS 
MESOTHELIOMA, MALIGNANT 

NERVOUS SYSTEM 
#BRAIN 

ASTROCYTOMA 
#CEREBELLUM 

GRANULAR-CELL TUMOR, NOS 

SPECIAL SENSE ORGANS 
*ZYMBAL GLAND 

CARCINOMA, NOS 

MUSC ULOSKELE'I'AL SYSTEM 
*KNEE JOINT 

OSTEOSARClOMA 

BODY CAVITIES 
*ABDOMINAL CAVITY (50) (50) (50) (50)

TRANSITIONAL-CELL CARCINOMA, INV 1 (2%)
MESOTHELIOMA, NOS 1 (2%) 
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TABLE AI. 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 

MESOTHELIOMA, NOS 
MESOTHELIOMA, INVASIVE 

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

~~ ~ 

ANIMAL DISPOSITION SUMMARY 
ANIMALS IMTIALLY IN STUDY 

NATURAL DEATH 
50 
3 

60 
6 

50 
9 

M) 
22 

MORIBUND SACRIFICE 10 7 13 6 
SCHEDULED SACRIP'ICE 
TERMINAL SACRIFICE 37 37 28 22 
DOSING ACCIDENT 
ACCIDENTALLY KILLED, NDA 
ACCIDENTALLY KIUED, NOS 1 
ANIMALMISSING 
ANIMALMISSEXED 

TUMOR SUMMARY 
TOTAL ANIMALSVATHPRIMARY TUMORS** 49 47 48 49 

TOTAL PRIMARY W O R S  102 117 119 98 
TOTAL ANIMALS WITWENICNTUMORS 48 46 48 47 

TOTAL BENIGN TUMORS 81 88 88 66 
TOTAL ANIMALS WITH MALIGNANT TUMORS 18 24 22 28 

TOTAL MALIGNAN'$ TUMORS 19 24 26 29 
TOTAL ANIMALS WITHSECONDARY TUMORS# # 1 1 2 1 

TOTAL S E C O N D A R F M O R S  1 1 2 4 
TOTAL ANIMALS WITH TUMORSUNCERTAIN-

BENIGN ORMAL1GNA.W 2 5 6 3 
TOTAL UNCERTAINTUMORS 2 5 6 3 

TOTAL ANIMALS WITHTUMORSUNCERTAIN-
PRIMARY ORMETASTATIC 

TOTAL UNCERTM%TUMORS 

* NUMBER OF ANIMALS NECROPSIED 
**PRIMARYTUMORS:ALLTUMORSEXCEPT SECONDARY TUMORS 
# NUMBER OF ANIMALS WITHTISSUE EXAMINED MICROSCOPICALLY 
## SECONDARY TUMORS: METASTATIC TUMORSORTUMORS INVASIVE INTO AN ADSACENT ORGAN 
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TABLE A2. SUMMKRY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN  THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE 

CONTROL (VEH) LOW DOSE 

50 
50 

50 

(50) 

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

(50) 
13 (26%) 

(50) 
1 (2%) 

(48) 

(50)
2 (4%)

14 (28%) 
(50) 

1 (2%)
5 (10%) 

(50)
1 (2%) 

MID DOSE 

50 
49 

49 

(49) 
1 (2%) 

(49) 
12 (24%) 

(49) 

(48) 

(46) 

14 (30%) 
(49) 

3 (6%) 

1 (2%) 
(49) 

1 (2%) 
1 (2%) 

HIGH DOSE 

50 
50 

50 

(50) 

(50) 
18 (36%) 

(49) 

(50) 

(50) 

13 (26%) 
(50) 

1 (2%) 

2 (4%) 

(48) 

1 (2%) 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED 

HISTOPATHOLOGICALLY 

INTEGUMENTARY SYSTEM 
'SKIN 


ADNEXAL ADENOMA 

FIBROMA 


'SUBCUT TISSUE 

FIBROMA 

FIBROSARCOMA 


RESPIRATORY SYSTEM 
#LUNG 

ADENOCARCINOMA, NOS, METASTATIC 
ALVEOLAR/BRONCHIOLAR ADENOMA 
CORTICAIL CARCINOMA, METASTATIC 
OSTEOSARCOMA, INVASIVE 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS 

LEUKEMIA, MONONUCLEAR CELL 
#SPLEEN 

ACINAR-CELL CARCINOMA, INVASIVE 

CIRCULATORY >SYSTEM 
NONE 

DIGESTIVE SYSTEM 
#LIVER 


NEOPLAS'I'IC NODULE 

HEPATOCELLULAR CARCINOMA 

ACINAR-CELL CARCINOMA, MET 


#PANCREAS 

ACINAR-CELL CARCINOMA 


#COLON 

LEIOMYOSARCOMA 


URINARY SYSTEM 
#URINARY BLADDER 

TRANSITIONAL-CELL PAPILLOMA 

ENDOCRINE SYSTEM 
#ANTERIOR I?ITUITARY 


CARCINOMA, NOS 

ADENOMA., NOS 


#ADRENAL 

CORTICAL ADENOMA 

CORTICAL CARCINOMA 

PHEOCHROMOCYTOMA 

GANGLIONEUROMA 

GANGLIONEUROBLASTOMA 


#THYROID 

FOLLICULAR-CELL ADENOMA 

C-CELL ADENOMA 


50 
50 

50 

(50) 

1 (2%) 

(50) 
9 (18%) 

(50) 

(50) 

(50) 

(50) 

(49) 
1 (2%) 

(50)
2 (4%) 
9 (18%) 

(50) 

1 (2%) 
1 (2%) 

(50) 

2 (4%) 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN F E W  RATS IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYLMORPHOLINOPHOSPHORAMATE (Continued) 

CONTROL(VEH) 

ENDOCRINE SYSTEM (Continued) 
#PANCREATIC ISLETS (60) 

ISLET-CELL ADENOMA 1 (2%) 

REPRODUCTIVE SYSTEM 
+MAMMARY GLAND (50)

ADENOMA, NOS 
ADENOCARCINOMA, NOS 
CYSTADENOMA, NOS 1 (2%)
INTRADUCTAL PAPILLOMA 
FIBROADENOMA 11 (22%)

*CLITORAL GLAND (M))
CARCINOMA, NOS 
ADENOMA, NOS 2 (4%)

#UTERUS (M))
ADENOCARCINOMA, NOS 
ENDOMETRIALSTROWPOLYP 6 (12%)
ENDOMETRIALSTROMALSARCOMA 2 (4%)

XUTERUSlENDOMETRlUM (50)
ADENOMA, NOS 

ADENOCARCINOMA, NOS 


NERVOUS SYSTEM 
#BRAIN STEM (60) 


CARCINOMA, NOS, INVASIVE 


SPECIAL SENSE ORGANS. 
+ZYMBAL GLAND 

CARCINOMA, NOS 

MUSCULOSKELETAL SYSTEM 
+STERNUM (M)) 

GANGLIONEUROBLASTOMA, MET 

BODY CAVITIES 
+MEDIASTINUM 

osTEosARcoMA 

ALL OTHERSYSTEMS 
‘MULTIPLE ORGANS (50)

ADENOCARCINOMA,NOS,INVASIVE 
ENDOMETRIAL STROMAL SARCOMA, MET 1 (2%)

DIAPHRAGM 

GANGLIONEUROBLASTOMA, MET 


LOW DOSE 

(49) 

(M)) 

1 (2%) 

1 (2%) 


1 (2%)
11 (22%) 

(50)
1 (2%) 

1 (2%) 


(M)) 


6 (10%) 

(50)
2 (4%) 

(M)) 

1 (2%) 


(SO) 

(60) 


MIDDOSE 

(48) 


(49) 

1 (2%)

1 (2%)


12 (24%) 

(49) 

1 (2%) 
(49)

1 (2%)
10 (20%) 

(49) 

(49) 

(49)

1 (2%) 

(49)
1 (2%) 

1 

HIGHDOSE 

(49) 

(M)) 

(50) 

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

CONTROL (VEH) LOWDOSE WD 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 
ANIMAL MISSING 

1 

ANIMALMISSEXED 1 

TUMOR SUMMARY 
TOTAL ANIMALS WITH PRIMARY TUMORS** 

TOTAL PRIMARY TUMORS 
36 
52 

37 
66 

35 
60 

34 
50 

TOTAL ANIMALS WITH BENIGN TUMORS 29 27 29 21 
TOTAL BENIGN TUMORS 

TOTAL ANIMALS WITH MALIGNANT TUMORS 
39 
13 

43 
21 

45 
14 

28 
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 TUMORSUNCERTAIN-
PRIMARY OR METASTATIC 

TOTAL UNCERTAIN TUMORS 

* NUMBER OF ANIMALS NECROPSIED 
** PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS 
# NUMBER OFANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
R# SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ARlACENT 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 

NUMBER 

WEEKS ON 
STUDY 

Skin 
Squamouscell papilloma
Basal cell tumor 

Submteneoustissue 
Fibroma 

L u n p  and bronchi 
Alveolarlbronchiohr adenoma 
Osteosarcoma, matastatic 

Trachaa 

Bone mama 
Spleen 

Heart 

Salivary gland 
Liver 

Neoplastic nodule 
Bile duct 
Gallbladder& common bile duct 
Pancnai:z:r 
Small intodine 
Large intestine 

Kidney
Urinary bhddar 

Pituitary
Adenoma. NOS 

MnMl 
Phwchromocvtoma 

Islet cell adenoma 

Mammary gland 
Fibmadanoma 

Testir 
Inbntit ial  cell tumor 

Pmstat. 
Pnputiallclitoml land 

hminoma N& 
Manoma, N@ 

7 

htfmcytoma 

Zymbal gland 
Carcinoma, NOS 

Joint 
Os~sarconu 

Multiph OI'#alu, NOS 
Masothalioma,NOS 
Leukemia, mononuchar ml1 

+: k a a x a m i d  microreopiully -. hquir+ tpma not rxaminrd micmlcopiully i Twnoriamdencl 

o o o o o o o o o o o o o o o o o o o n o o o o o  
0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2  

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


T 1 1 0 1 1 1 0 1 1 1 1 1 0 1 1 1 0 1  


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


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

X 


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


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


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

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

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

~ 

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


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

A 
. . . . . . . . . . . . . . . . . . . . . . . . .  


N N N N N N N N N N N N N N N N N N N N N N N N N  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  


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


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

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


A 

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


X X 

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


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


X 

~~ ~ ~ 

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

X 


N N N N N N N N N N N N N N N N N N N N N N N + N
X 


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

~~ 

Y N N N N N N N N N N N N N N N N N M N N N N N N  

X X X X 

. No ticuua information submitted 
Cl Necropsy, no hiltologydue to protocol
k Autolvda 

N Nwropry,noaublyrir. nomictwcopic rumimt ion  M G i m i l  miming
k AniMlmiuoxrd B No necropsy parformed 
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TABLE AS. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS VEHICLE CONTROL 
(Continued) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0mi? 2 2 2 3 3 3 5 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 5 


WEEKS ON 
STUDY 

Skin 
Squamouscell papillome 
Bau1alltumor 

Subcutaneoustiuue 
Fibrome 

Lunw andbronchi 
Uvrohrlbronchiohr adenoma 
oltrowcoma, autastntic 

Tnche8 

Bonemurow 
Spleenph,"d" 

Heart -

Salivary I n d  
Liver 

Nwplutic nodule 
Bile duct 
(3allbkdderb common bile duct 
Pancreas

&$r 
Small intestine 
Largo intestine 

MNMl 
Pheochromocytoma 

%%%u adenomaall 

C-cell&noma 

Panthymid
Pancreatic islets 

Islet a l l  adenoma 

p
Fibroadenoma 

Teltir 

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

TOTAL:

T 1 1 1 1 O O 1 1 1 1 1 1 0 1 0 1 1 1 1 l o l ~ l  'ISSUES 

0 0 0 0 0 8 9 0 0 0 0 0 0 9 0 8 0 0 0 0 0 8 0 0 0 'UMORS 

5 5 5 5 5 0 6 5 5 5 5 5 5 8 5 5 5 5 5 5 5 2 5 5 5 


. . . . . . . . . . . . . . . . . . . . . . . . .  
 '50
X 1 


X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  '50 

X X 3 


. . . . . . . . . . . . . . . . . . . . . . . . .  50

X 1

X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  58 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

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


N N N N N N N N N N N N N N N N N N N N N N N N N  '50 . . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  50

X X X X 7 
. . . . . . . . . . . . . . . . . . . . . . . . .  49


X x x 9 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 2 


4 


50 

4 


+ + + + + + + + + + + + N + + N + + + + + N + + +  *50
X X 3 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 


K X X X  X X X X X X  X X X X X X X X X X X X  45 
. . . . . . . . . . . . . . . . . . . . . . . . .  48

N N N N N N N N N N N N N N N N N N N N N N N N N  *50


X X 2 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


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

1 


~ N N N N N N N N N N N N N N N N N N N N N N ~ N 
'!N
X 1 


N N N N N N N N N N N N N N N N N N N N N N N N N  *so
X 1 
x x  x x x  X x x  x x  14 


4.9 
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TABLE AS. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE:LOW DOSE 

ANIMAL
NUMBER 

s t i n  
uamoua cell papilloma3nexal adenoma 

Kerahoacanthomr
Fibmma 

Subcn~neourtiuue 
Fibroma 
Fibmsareoma 
Lipom 

L u q y  and bronchi 
AlwLr/bmnchiohr adenoma 
Fibtwareoma. metastatic 

%boa 

%FEZa 
H ~ l f  

8rlivaw p&nd
Livw 

Neoplastic nodule 
Bile duct 
O.Ub&ddar (L common bile duct 
Panenu 
E%P 
Small intartine 

Adenoma, NOS
Lam intartine 

K i d ~ y
U r i ~ r pbladder 

Pitutrrp
Monoma, NOS 

MnlUl 
Phrqcbromocytmm
Th rod2*u & ? O M  

C-cell mvaoma 
Panthymold 

Ma.mnuy #&nd 
Fibroadenoma 

Testis 
Inbrstitial ull tumor 

P h b
Pn uWclitoral gland

&nom. NOS 

Brain 
Granular call tumor, N08 

Leukemia, moionuclearcall 

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

0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 

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


b 1 1 1 1 0 1 0 0 1 0 1 1 1 1 1 1 1 1 1 l l l l l  

8 0 0 0 0 9 0 7 6 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

8 5 5 5 5 5 5 8 5 5 0 5 5 0 5 5 5 5 5 5 5 5 5 5 5 


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

X 


X 

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


X X 


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

X 


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


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


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


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


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


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

A 
. . . . . . . . . . . . . . . . . . . . . . . . .  


N N N N N N N N N N N N N N N N N N N N N N ~ N N  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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


~~~~ ~ 

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


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

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


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

X X 


X
+ + + + + + + + + + - + + + + + - - - '  + + - + + +  

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

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


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

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

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

X 


N N N N N N N N N N N N N N N N N N N N N N N N N
X x x x x  


X x x  X X 
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TABLE AS. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE 

NUMBER 

Skin 
uamous cell papilloma3naxal adenoma 

Keratoacanthoma 
Fibroma 


Subcutaneous tiuue 

Fibroma 

Fibrosarcoma 
Lipoma 

Lune and bronchi 
Alveolar/bronchiolaradenoma 
Fibroumma. metastatic 

Trachea 

Bone mama 

sf%AmOtM 

%::de’ 


Heart -

Salivarygland
Liver 

Nwpkrtic nodule 
Bile duct 
Gallbladderh common bile duct 
Pancnu

:%l2r 
Small inteatine 

Menom, NOS
Lam inbstine -

Kidney
U r i ~ ybladder 

Pituitary
Menom.N08 

Mnd

TB:zma

Callcarcinoma 

Parathyroid 

-7 
Ill.mmug gland

Fibroadenoma 

7 

OranaLr alltumor, M08 

Ynltipb organs, N08 
Ill.aothalioma,N08
L l l t m i r ,  mononuclearall 

e Animala nocropaid 

(Continued) 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ ~ ~ ~ 
2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 5 

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

POTAL
l l l O l l l l O l l l 0 l l l l l O l l l ~ l l  ‘ISSUES 

0 0 0 8 0 0 0 0 8 0 0 0 2 0 0 0 0 0 9 0 0 0 8 0 0 ‘UMORS 

5 5 5 9 5 5 5 5 8 5 4 5 5 5 5 5 5 5 1 5 5 5 7 5 5 


. . . . . . . . . . . . . . . . . . . . . . . . .  *50 

1


X X 2 

1
x x  X 3 
. . . . . . . . . . . . . . . . . . . . . . . . .  *50


X 3

X 1


X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50

X 2


X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
x 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49
+ + + + + + + + + + + + + + + + - - + + + + - + +  45 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  50

X X 3 
. . . . . . . . . . . . . . . . . . . . . . . . .  50


N N N N N N N N N N N N N N N N N N N N N N N N N  *50 . . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50

X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50

X X 4 
. . . . . . . . . . . . . . . . . . . . . . . . .  50


K X  X X X 16 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 
- X 3 

1 2
+ + + - + + + + - + + - - + + + + + + + + + - + +  40 


+ + + N + + + + + + N + + + + + + + + N + + + + +  *50
X 4 
. . . . . . . . . . . . . . . . . . . . . . . . .  50


K X X X X X X X  X X X X X X X X X X X X X  X X  45 
. . . . . . . . . . . . . . . . . . . . . . . . .  45

~ N N N N N N N N N N N N N N N N N N N N N N N N *J0


X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


V N N N N N N N N N N N N N N N N N N N N N N N N  ‘50 

1 
x x x x x  x x x x x  x x 21 
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TABLE A3. INDIVIDUAL AMMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE:MID DOSE 

NUMBER 

WEEKS ON 1 0 1 1 1 1 1 1 0 0 0 1 0 0 1 1 0 0 1  

STUDY 


Skin . . . . . . . . . . . . . . . . . . . . . . . . .  

Squamous cell papilloma 
Trichoe ithelioma 
Mnexaradenorn. 
Keratoacanthoma X 
Fibroma 

Subcutaneous tissue . . . . . . . . . . . . . . . . . . . . . . . . . 
Fibroma X 

Lun and bronchi . . . . . . . . . . . . . . . . . . . . . . . . .  

Traefea . . . . . . . . . . . . . . . . . . . . . . . . .  


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

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

L mphnoder . . . . . . . . . . . . . . . . . . . . . . . . .  

Tiymui . . . . . . . . . . . . . . . . . . . . . . . . .  


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


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

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


Neoplastic ncdule . . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

bile duct N N N N N N N N N N N N N N N N N N N N N N N N N  
+ + + + + + + + - + + + + + + e + + + - + + + - +  

X 

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

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


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

Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . .  

Transitional cell papilloma X 

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

Adenoma, NOS X X X 

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

Pheochromocytoma X X X 

Thyroid . . . . . . . . . . . . . . . . . . . . . . . . .  

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

Parathyroid - + + + + + + t - - + + + + + - + + + - + + + - t  
Pancreatic islets . . . . . . . . . . . . . . . . . . . . . . . . . 

Islet cell adenoma x x 
Islet cell carcinoma 

Mammary gland . . . . . . . . . . . . . . . . . . . . . . . . . 

Adenoma.NOS 


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


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

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


Brain . . . . . . . . . . . . . . . . . . . . . . . . .  


Zymbal gland N N N N N N N N N N N N N N N N N N N N N N N N N  
Carcinoma, NOS 

Peritoneum N N N N N N N N N N N N N N N N N N N N N N ~ N N  
Me8othelioma. NOS X 

Multiple organs N08 N N N N N N N N N N N N N N N N N N N N N N N N N  
Merothelioma,'NOS X 
Melothelioma. mvasive 
Leulamia, mononudearcell x x X x x  x x x x  

I I 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS MID DOSE 

NUM.BER 

Skin 
Squamous cell papilloma 
Trichoe ithrlioma 

Adnexafadenoma 

Keratoacanthoma 

Fibmma 

Subcukneouatissue 
Fibmma 

Lun andbmnchi 
Trac%ea 

(Continued) 
0
2 

0
2 

0
2 

0
2 

0
3 

0
3 

0
3 

0
3 

0
3 

0
3 

0
3 

0
3 

0
3 

0
3 

0
4 

0
4 

0
4 

0
4 

0
4 

0
4 

0
4 

0
4 

0
4 

0
4 

0
5 

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

l o l l l l l o o l l l l o l l o l l l  ~  
0 9 0 0 0 0 0 9 6 0 0 0 0 6 0 0 7 0 0 0 0 0 9 0 9 
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 

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

X 


X 

X


X 

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


X x x 

~~ 

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

-7

Bone mamw 
Spleen
L mphnodes 

Thymus 


Heart 

Salivary gland 
Liver 

Neoplartic nodule 
Bile duct 
Gallbladder Et commcn bile duct 
Pancmsl 

Acinar cell adenomel 

:::W 
Small intestine Lam intestine 

r 

U r i ~ r ybladder 

Transitional cell pairilloma 

rD”. . . . . . . . . . . . . . . . . . . . . . . . .  

Menoma, NOS 

M n n a l  
Pheochromocytoma 

%$%ar call adenoma 
Follicular cell carcinoma 
Calladenoma 

Parathyroid
Pancmatic islets 

Itlet cell adenoma 
Islet cell carcinoma 

Mammary gland 
Adenoma. NOS 

P m 8 k b  
P n  utiaYclitora1 gland 

&noma, NOS -
Brain 

Zymbal gland 
Carcinoma, NOS 

7Pentoneurn 
Mesothelioma, NOS 

Multiple organs NOS 
Mewthalioma’NOS 
Mewthelioma: invasive 
Leukmia, mononucbsar call 

Animals necropsied 

. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . 
+ + + - + + + - - + + + - + + + + + + + + + - + +  
~~ 

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


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

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


N N N N N N N N N N N N N N N N N N N N N N N N N  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

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


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


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


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

X X 


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

X 


+ + + N + N + + N + + + N + + + + N + + + + + + +  
X


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

X


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

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


X x x  


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


N N N N N N N N N N N N N N N N + N N N N N N N N  
X 


TOTAL:
l ~ ~ ~
rISSUESTUMORS 

*50 
1 
1 

1 
2 
1 


*50 
4 

50 
48 

49 
50 
50 
41 

50 

50 
50 
3 

50 
‘50 
47 
2 

50 
50 
47 
48 


50 
49 
1 

48 

8 

50 
10 
4a 


2 
2 
4 

36 
47 
2 
1 

‘50 
1 
1 

50 
4.4 

1 
2 

49 
‘50 

3 

50 

*50 
1 

N N N N N N N N N N N N N N N N N N N N N N ~ N N *50 
1 

N N N N N N N N N N N N N N N N N N N N N N N N N  *50 
1 


X X 2 x x  x x x x  x X X 19 
__. 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMDATE: HIGH DOSE 

ANIMAL 
NUMBER 

WEEKS ON 
STUDY 


Skin 
Squamous cell papilloma 

Subcutaneous t i m e  
Fibroma 

Lungs and bronchi 
Transitional cell carcinoma.. metastatic 
Alveolarhronchmlar adenoma 

Trachea 

M 

Bone m a m w  
Spleen
L mphnoder

+ramitionel c e ~  metastaticcarcinoma. 

Thymua 

Heart 

Salivary gland 
Liver 

NeoDlaitic nodule 
Bile duct 
Gallbladder 8 common bile duct 
Pancmar 

Transitional mu carcinoma, invasive 

&zY 

Small intestine 

Adenocarcinoma,NOS 
Large intestine 

Kidney
Tranaitional cell carcinoma 

Urinary bladder 

Pituitary
Adrenal 

Pheochromocytoma
Thyroid

Follicular cell adenoma 
C a l l  adenoma 

Parathyroid
Adenoma, NOS 

Fibmadenoma 
Tertii 

Interstitial cell tumor 
Proltate 

Adenoma NOS 
PmputiaUc!itoral land 

carcinoma N& 
Adenoma. ktX 

Brain 

Peritoneum 
Transitional mU carcinoma. invasive 

Multiple orgalu. NOS 
Malignant lymphoma NOS 
~s*mia. mononucldarcell 

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

D 1 1 1 0 1 0 1 1 0 0 1 1 1 1 1 0 1 1 1 0 1 0 1 l  

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

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

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


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


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


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


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


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

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

N N N N N N N N N N N N N N N N N N N N N N N N N  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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


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


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


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

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


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

X 


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

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


X

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


X 


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


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


~ 

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

x x  X x x  x x x  x x  X 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS HIGH DOSE 

WEEKSON 
STUDY 

Skin 

Squamouscall papilloma

Subcutaneous tissue 

Fibroma 


Lungs and bronchi 

Transitional cell caminorna, metastatic 

Alveolar/bronchiolar adenoma 


Trachea 

M
Bone marrow 
Spleen
L mphnodes

Gransitional cell carcinoma, metastatic 
Thymus 

Heart 

Salivary gland 
Livar.~~ 

Neoplastic nodule 
Bile duct 
Gallbladder& common.bile duct 
Pancreas 

Transitional cell carcinoma. invasive 

:iZY 
Small intestine 

Adenocarcinoma, NOS 
Large intestine 

Transitional cell earc: noma 
Urinary bladder 

-7 

Pituitary
Adrenal 

Pheochromocytoma
Thyroid

Follicular cell adenoma 
C a l l  adenoma 

Parathyroid
Adenoma, NOS 

Mammary gland 
Fibroadenoma

Testis 

-
~ ~.... 

Interstitial cell tumor 
PrOltato 

Adenoma NOS 
PnputiaUchtoral land 

carcinoma NO# 
Adenoma. kOS 

Brain 

r 
Transitional cell carciiooma. invasive 

bfUltipk organs,NOS 
Malignant lymphoma NOS 

LeuIumia, mononucldar MII 


* Animals necropsied 

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

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


1 0 1 0 0 0 1 1 0 0 1 1 1 0 1 1 0 1 1 1 0 ~ 1 0 1 

0 8 0 8 8 9 0 0 3 9 0 0 0 9 0 0 8 0 0 0 8 9 0 9 0 

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


. . . . . . . . . . . . . . . . . . . . . . . . . '50

X X 4 


. . . . . . . . . . . . . . . . . . . . . . . . . '50 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50

X 1


X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  40

X 1
+ + + - + + + + - + - + + + + + - + + + - - + + +  41 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

~~ ~ ~~ ~~~ ~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  50

X 9 
. . . . . . . . . . . . . . . . . . . . . . . . .  50
N N N N N N N N N N N N N N N N N N N N N N N N N  *50 . . . . . . . . . . . . . . . . . . . . . . . . .  47


X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  so 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  46

X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  50

X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50

X X X 5 
. . . . . . . . . . . . . . . . . . . . . . . . .  49


X 1 

2 
. . . . . . . . . . . . . . . . . . . . . . . . .  45 

1
-

. . . . . . . . . . . . . . . . . . . . . . . . .  '50 

X 2 
. . . . . . . . . . . . . . . . . . . . . . . . .  4s 
x x x  x x x x  x x x x x x x  x x x x x x x x  46 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 


1

N N N N N N N N N N N N N N N N N N N N N N N N N  $50

X 1

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


N N N N N N N N N N N N N N N N N N N N N N N N N  0 5 0
X 1 


N N N N N N N N N N N N N N N N N N N N N N N N N  050
X 1 
x x x  x x  x x x x x x x x  X 25 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE:VEHICLE CONTROL 

NUMBER 

Slrin 
Mnoxal adenoma 
Fibroma 

Subcutaneous t i w e  
Fibroma 

tunpl and bronchi 
Alvlolarbmnchiolar adenoma 

Trachea 

Bone marrow 
Spleen
%;;&de' 

Heart 

Salivary &land 
Liver 
Bile duct 
Gallbladder& commonbile duct 
Pancrur 

:t%r 
Small intestine
Lam intestine 

Kidaey
Urinarybladder 

TnMitioMl cell papilloma 

Pituikry
Carcinoma NOS 

Menoma, kOS

MmMI 
Ph.ocpromwYtOma
Ciaqhonaumma

Th rod 
adenoma 

Parathyroid
Pancnetic irletr 

Met all adenoma 

Mammary gland 
Cystadenoma.NOS 
Rbrvadenoma

Pn  utirVcliton1 gland 
&noma, NOS 

uterus 
Endometrial stromalpolyp
Endometrial stromal sarcoma 

h a w  

Brain 

Multiple orpm NOS 
Endometrial &mmalsarcoma, metastatic 

t h m i a ,  mononuclear cell 


+:	 "itme examinedmimmpicnlly-.	 Required M a  not e ramind microscopically 
Tnriroriaadma 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 ! ~ ~ 2 2 2 2 2 2 
1 2 3 4 5 6 1 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 S 4 5 

1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

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

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

X 


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

X 


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


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


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


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


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

N N N N N N N N N N N N N N N N N N N N N N N N N  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  


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

X 


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

X


X X X 

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


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

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


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


x t  	 X x x  x 
N N N N N N N N N N N N N N N N N N N N N N N N N  


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

X X 	 X 


X 

k + + + + + + + + + + + + + + + + + + + + + + + + 

k + + + + + + + + + + + + + + + + + + + + + + + + 

J N N N N N N N N N N N N N N N N N N N N N N N N  

x x  


. No tissue information submittsd 
CI 	 Necropsy, no histology due to protocol
A.	 Autalvliiim-; 	 Gl&lmimingN	 Nocmpay. no autolyein, no microscopic examination 

S: 	 Anima1mlur.d B No necropsy prfonned 
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TABLE A4. LNDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS VEHICLE CONTROL 

NUMBER 

WEEKS ON 
STUIIY 

Skin 
Adnexal adenoma 
Fibroma 

Subcutaneoustissue 
Fibroma 

Lunga and bronchi 
Alveolar/bmnchioh r adenoma 

Trachea 

Bone n u ~ m w  
Spleen 
g;&&Odea 

Heart 

Salivary gland 
Liver 
Bile duct 
Gallbladder b comman bile duct 
Pancreas 

:t%Y 
Small intestine 
Large intestine -

Kidney
Urinary bladder 

Transitional cell payrilloma 

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

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

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


TOTAL: 
1 1 1 1 0 1 0 1 0 1 1 1 0 1 0 0 1 1 1 ~ l l ~ ~ ~  
TISSUES 
0 0 0 0 7 0 8 0 6 0 0 0 9 0 9 8 0 0 0 8 0 0 0 9 0 TUMORS 

5 5 5 5 6 5 4 5 2 5 5 5 6 3 4 3 1 5 5 1 2 5 5 9 4 


. . . . . . . . . . . . . . . . . . . . . . . . .  '50 

1


X 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  'W 


1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50

X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 


~ ~~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  47 

+ + e + + + + + + + + + + + + + + + + + + + + + + 50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  44 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50

N N N N N N N N N N N N N N N N N N N N N N N N N  '50 . . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 


~ ~~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

Carcinoma. NOS 
Menoma. NOS 

v

.% 2 


Adnnal 
Pheochromocytoma
Ganqlioneuroma

Thvmid 

Islet call adenoma 

-m 
Mammary gland 

Cystadenoma, NOS 
Fibroadenoma 

P n  utiaYclitoral gland 
J e n o m a .  NOS 

Uterus 
Endometrial stromal polyp
Endometrial stromal sarcoma 

Ovary -
Brain 

ALL -Ms 
Multiple organs,NOS 

Endometrial stromalnarcoma. metastati 
Leukemia,mononuclear cell 

Animals necropsied 

X x x  X X X 9 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 1 


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

X 2 
. . . . . . . . . . . . . . . . . . . . . . . . .  44 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  '50 

1 


x x x  X x 11 

N N N N N N N N N N N N N N N N N N N N N N N N N  '50 x 2 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
x x  x 6 
x 2 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


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


x x x x  x x 9 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 

GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMDATE: LOW DOSE 


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NUMBER 	 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 

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

WEEKS ON 	 l l o l o o l l l l l o l l l l l l o l o l o l l  
STUDY 	 0 0 8 0 9 9 0 0 0 0 0 8 0 0 0 0 0 0 6 0 9 0 8 0 0 

5 5 7 5 2 1 5 5 5 5 5 5 5 5 5 5 5 5 4 5 9 5 1 5 5 

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


X 

~ ~ 

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

X 


X 


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


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


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


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


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

--	 . . . . . . . . . . . . . . . . . . . . . . . . . 


IAdnualld u o ~ .metastatic
Bib 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

(kllMddrr & commonbib  duct N N N N N N N N N N N N N N N N N N N N N N N N N  . . . . . . . . . . . . . . . . . . . . . . . . .  


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

X 


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


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

X x x x x x x x x  


&Ml 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Corticalarcinome 	 X 
Phoochromoytoma 	 X X . . . . . . . . . . . . . . . . . . . . . . . . .  


Tb%%lar cell adenoma 	 X 
Fnnthymid 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


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


x x X X X 

PnpotirVclitonl land 	 N N N N N N N N N N N N N N N N N N N N N N N N NI

I 

xC.rrinomr NO?! 	 X 
AdaMIM. k08
Ut.- . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Adaaom NO8 
E l d o m o t hI t r o d  polyp 	 X X X . . . . . . . . . . . . . . . . . . . . . . . . . 
ovul 


7 	. . . . . . . . . . . . . . . . . . . . . . . . .  

Cweinomr.NOS, inv8b.n 

Zymbal gland N N N N N N N N N N N N N N N N N N N N N N ~ N N  
Cuclnom& N08 

Illrdiutinnm 	 N N N N N N N N N N N N N N N N N N N N N N N N N  
Qdrorueonu 

orpn*NOB 	 N N N N N N N N N N N N N N N N N N N N N N N N NyQ1!2 	 X x x  x xL. m i 4  mononucbrra l l  
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TABLE Al.  INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS LOW DOSE 
(Continued) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NUXBER 	 3 3 3 3 4 4 4 4 4 4 4 4 4 4 5 


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


0 1 1 1 1 1 1 1 1 0 1 0 1 0 0 1 1 1 0 0 1 1  
0 0 0 0 0 0 9 0 9 0 9 9 0 0 0 8 7 0 0 

5 5 5 5 5 5 9 5 5 5 2 1 5 5 5 4 9 5 5 


. . . . . . . . . . . . . . . . . . . . . . . . .  *50
X 	 1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 

1


X 	 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50
- + + + + + - + + + - + + + + + + - + + + - + - +  41 


HOIrt 	 . . . . . . . . . . . . . . . . . . . . . . . . .  50
-7. . . . . . . . . . . . . . . . . . . . . . . . . 
Liver 	 50 


Aeinu alla rei^^.metastatic 
. . . . . . . . . . . . . . . . . . . . . . . . .  50


X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50
N N N N N N N N N N N N N N N N N N N N N N N N N  *so . . . . . . . . . . . . . . . . . . . . . . . . .  49

X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 


1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 

~ ~~~~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  50

X 	 X 2 


X X 	 X X X 14 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1


X X X 5 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  43 


. . . . . . . . . . . . . . . . . . . . . . . . .  *50 

X 1 


X 1 

X 1 


X X X X X 11

N N N N N N N N N N N N N N N N N N N N N N N N N  *so 

1 

X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50
x x  	 2 


X X 	 5 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50
X 	 1 


+ N N N N N N N N N N N N N N N N N N N N N N N N  *50X 	 1 


*50 
1 


W N N N N N N N N N N N N N N N N N N N N N N N N  *so x x  x x x x x  	 X 13 
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TABLE A4. 	 INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE: MID DOSE 

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

WEEKS ON 1 1 1 1 1 0 1 0 0 1 1 0 1 1 1 0 1 0 1 1 1 0 0 l 0  
STUDY 0 0 0 0 0 9 0 5 7 0 0 9 0 0 0 8 0 9 0 0 0 9 6 0 3 

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

Subcutaneoustissue 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Fibroma 

ORYP 
Lungs and bronchi 

Adenocarcinoma. NOS,metastatic 
Trachea 

Bone marrow 
Spleen
L mphnodes
d y m u r  

M 

Heart 

Salivary gland 
Liver 

Neo lastic nodule 
Bile %,ct
Gallbladder & common bile duct 
Pancreas -

Kidney
Urinary bladder 

7 
Adenoma, NOS 

Adrenal 

%$g%aZma
Th mid 

dllicnlar cell adenoma 
C-cell adenoma 

Parathyroid 

Mammary gland 
Cy#tadenoma. NOS 
Intraductal papilloma 

Fibroadenoma 


Pm utiaVclitoral gland
A o m a .  NOS 

UterUl 
Adenocarcinoma. NOS 
Endometrial stromal polyp 

Ovary 

Brain 

Bone 
Ganglioneumblastoma, metastatic 

ALL a r m 
Multiple organs NOS 

Menocaminorha, NOS,invasive 
Leukemia. mononuclear cell 

!3iaphragm NOS 
Ganglionsuroblastoma, metastatic 

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

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


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


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


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


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

N N N N N N N N N N N N N N N N N N N N N N N N N  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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


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


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

X 


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

X 


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

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

X 


X 
x x  x x X x x 

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


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

X


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


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


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

N N N N N N N N N N N N N N N N N N N N N N N N N  
X


X x x  X x X 
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TABLE A4. 1NI)IVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: MID DOSE 
(Continued) 

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

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


TOTAL:
1 1 0 1 1 1 1 1 1 1 0 1 ~ 1 1 ~ ~ ~ 1 1 ~ ~
PISSUES 

0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 3 0 r w o s  

5 5 5 1 5 5 5 5 5 5 5 9 2 5 2 5 5 5 5 5 5 5 5 3 5 
 -

Subcutaneoua t i iwe 849

Fibroma 1 


Lungs and bronchi . . . . . . . . . . . . . . . . . . . . . . . . .  49

Menocamnoma, NOS,metastatic 1


Trachea + + + s  + t t + + t + + + + + + t t + + t t t + +  48 


-7

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

Spleen t t + s  . . . . . . . . . . . . . . . . . . . . .  49

L mphnodes . . . . . . . . . . . . . . . . . . . . . . . . .  49

Tbymui . . . . . . . . . . . . . . . . . . . . . . . . .  47 


-7 

Heart . . . . . . . . . . . . . . . . . . . . . . . . .  49 
-
Salivary gland . . . . . . . . . . . . . . . . . . . . . . . . .  49

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


Neoplastic nodule X 1

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

Q.llbladder & common bile duct N N N S N N N N N N N N N N N N N N N N N N N N N  '49

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  48
;;gguI . . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  48

Smallintsitine . . . . . . . . . . . . . . . . . . . . . . . . .  48

Large intestine . . . . . . . . . . . . . . . . . . . . . . . . .  46 
-
Kidney . . . . . . . . . . . . . . . . . . . . . . . . .  49

Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . .  48 


+ + + s - - + + + + + + + + + + + + + + + + + + +  46
x x X X X 14

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


Pheochromoc toma X X 3
Ganglionauro)6lastoma X 1

Thyrqid . . . . . . . . . . . . . . . . . . . . . . . . . 49


Follicular cell adenoma 1

C-cell adenoma X 1


Parathyroid + + + S f + + + - + + - + + + + - + + - + + + - + 33 


K E P R D I X J C i l V e S Y S l E M  
Mammary gland . . . . . . . . . . . . . . . . . . . . . . . . .  '49


Cyetadenoma, NOS 1

Intnductal papilloma 1

Fibroadenoma x x  X x x 12


PN utinl/clitoral gland N N N S N N N N N N N N N N N N N N N N N N N N N  '49

&noma, NOS X 1


UtsrUa . . . . . . . . . . . . . . . . . . . . . . . . .  49

Menocartinoma NOS 1

Endometrial s tdmal  polyp x x X x x  x 10 


Ovary + + + S f + + + + + + + - + + + + + + + + + + + + 40 


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


7""""N N N E N N N N N N N N N N N N N N N N N N N N N  *49
Ganglioneuroblastoma, metastatic X 1 


Multiple organ8 NOS
1 

N N N S N N N N N N N N N N N N N N N N N ~ ~ N N'49
Menwarcinolha. NOS.invasive 1

hukemia. mononuclear cell x x x  x x X 12


h p h r a g m  NOS S
Ganglioneuroblastoma, metastatic X 1 


Animals nacropiied 
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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 	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NUMBER 	 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 

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

WEEKS ON 	 1 1 0 1 1 0 1 1 1 1 1 1 1 0 1 1  ~ ~ 1 1  
STUDY 	 0 0 8 0 0 9 0 0 0 0 0 0 0 8 0 0 0 8 0 0 0 0 3 9 0 

3 5 3 5 5 8 5 5 5 5 5 5 5 3 5 5 5 0 5 5 5 3 5 1 5 

Lun and bronchi 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Trac%a 	 + t + t + + + + t + + + + + + + + + + + + + + + +  

R E M A T O P D M  
+ne marrow 	 . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  


Heart 	 . . . . . . . . . . . . . . . . . . . . . . . . .  
v 	. . . . . . . . . . . . . . . . . . . . . . . . .  

Liver . . . . . . . . . . . . . . . . . . . . . . . . .  
He atoeellularcarcinpma

Bile fiuct 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Gallbladder& common bile duct N N N N N N N N N N N N N N N N N N N N N N N N N  
Pancreai 	 . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
;:%Y 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Small intestine 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Larga intestine 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  
Urinary bladder + + + + + t + + + + + + + + t + + + + + + t + + +  

Pituitary 	 + + + + + + + + + + + + + + + + t + + ' , ' +  + + + + 
Adenoma, NOS 	 X x x x  x x X 

Adrenal . . . . . . . . . . . . . . . . . . . . . . . . .  
Cortical adenoma X 
Pheochromocytoma X 

Thymid . . . . . . . . . . . . . . . . . . . . . . . . .  
C-cell adenoma X 

Parathyroid 	 + + + + + - + + + + - - + - + + + + + + + + - - +  

Mammary gland 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Adenoma, NOS 	 X 
Fibmadenoma 	 X 

PreputiaUclitornl gland 	 N N N N N N N N N N N N N N N N N N N N N N N ~ N  
Carcinoma, NOS 	 X 

UteNll 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Adenocarcinoma NOS 	 n 
Endornetrial strdmal polyp 	 X x x  

. . . . . . . . . . . . . . . . . . . . . . . . .  
Ovary -
Brain 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Multi le organs, NOS 	 N N N N N N N N N N N N N N N N N N N N N N N N N  
Le&mia, mononuclear cell 	 X X X X X x x x  

~ ~ ~ ~ l 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS HIGH DOSE 

WEEKSON 
STUDY 

Lun and bronchi 
TracTea 

M 

Bone marrow 
Spleen
L mphnodes
T%ymus 

Heart -

Salivary gland 
Livnr..-~ 
He tmellular carcinoma 

Bile % t  
Gallbladder & commonbile duct 
Pancmai 

Large intestine 

Pituitary
Menoma.NOS 

Adrenal 
Cortical adenoma 
Pheochromocytoma

Th mid 
C?cell adenoma 

Parathyroid 

Fibroadenoma 
PreputiaUclitoral land 
Carcinoma,NO# 


Utelll8 
Menocarcinoma NOS 
Endometrial stdmal polyp

Ovaw 

* Animala necropsied 

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

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


TOTAL 
0 l 0 0 1 0 1 0 0 0 0 1 1 0 0 1 0 0 0 1 0 1 1 0 0  PISSUES 
9 0 7 6 0 4 0 8 9 6 9 0 0 3 8 0 3 9 3 0 9 0 0 8 9 

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


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


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


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


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


PUMOFG 

50 

50 


48 

49 

48 

44 


50 


49 

+ + + + + + + e + + + + + + + + + + + + + + + + +50 


50 

50 

49 

49 

49 

47 

49 


50 

so 

so 
13 

50 

1 

2 


48 

1 


39 


*so 
1 

3


*50 

2 


50 

1 

7 


50 


50 


*50 

18 


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

N N N N N N N N N N N N N N N N N N N N N N N N N  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  


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


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

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


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

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


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


X X

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


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

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


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


N N N N N N N N N N N N N N N N N N N N N N N N N 
x x  X x x  x x  x x X 
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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 B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE I N  THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

50 
50 
50 

50 
50 
50 

50 
50 
50 

~~ 

INTEGUMENTARY SYSTEM 
*SKIN 

SQUAMOUS CELL PAPILLOMA 
FIBROMA 

SARCOMA, NOS 
FIBROMA 
FIBROSARCOMA 
MYXOSARCOMA 
LIPOMA 
NEUROFIBROSARCOMA 

+SUBCUT TISSUE 

(50) 

(50) 
2 (4%) 

3 (6%) 

(50) 

(50) 

1 (2%) 
1 (2%) 

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

1 (2%) 

(50) 

(50) 
1 (2%) 

1 (2%) 

1 (2%) 

RESPIRATORY SYSTEM 
#LUNG 

HEPATOCELLULAR CARCINOMA, METAST 

ALVEOLAR/BRONCHIOLAR CARCINOMA 
ALVEOLAWBRONCHIOLAR ADENOMA 

(50) 
1 (2%) 

2 (4%) 
5 (10%) 

(50) 
1 (2%) 

3 (6%) 
6 (12%) 

(50) 
1 (2%) 

1 (2%) 
6 (12%) 

~~ ~~ ~~ 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS 

MALIGNANT LYMPHOMA, NOS 
MALIG. LYMPHOMA, UNDIFFER-TYPE 
MALIG. LYMPHOMA, LYMPHOCYTIC TYPE 
MALIG. LYMPHOMA, HISTIOCYTIC TYPE 
MALIGNANT LYMPHOMA, MIXED TYPE 

#LUNG 

#LIVER 

#THYMUS 

KUPFFERCELL SARCOMA, METASTATIC 

KUPFFER-CELL SARCOMA 

MALIG. LYMPHOMA, LYMPHOCYTIC TYPE 

(50) 

2 (4%)
1 (2%) 

(50) 

(50) 

(41) 
1 (2%) 

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

1 (2%) 
1 (2%) 

(50) 

(50) 

(40) 
1 (3%) 

(50) 
1 (2%) 

1 (2%) 
(50) 

(50) 

(46) 

1 (2%) 

1 (2%) 

CIRCULATORY SYSTEM 
#SPLEEN 

#LIVER 

HEMANGIOMA 
HEMANGIOSARCOMA 

HEMANGIOSARCOMA 
HEMANGIOSARCOMA, METASTATIC 

(50) 

(50) 

1 (2%) 
(49) 

(50) 
1 (2%) 

2 (4%) 

(50) 

(50) 
2 (4%) 

1 (2%) 

DIGESTIVE SYSTEM 
#LIVER 

ISLET-CELL CARCINOMA, METASTATIC 

HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 

BILE DUCT CARCINOMA 

SQUAMOUS CELL PAPILLOMA 
#FORESTOMACH 

(50) 

6 (12%)
6 (12%) 

(50) 

(50) 

8 (16%)
6 (12%) 

1 (2%) 

2 (4%) 
(50) 

(50) 
1 (2%) 

4 (8%) 
12 (24%) 

(60) 

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 MORPHOLINOPH08PHORAMDATE (Continued) 

CONTROL (VEH) LOW DOSE HIGHDOSE 

ENDOCRINE SYSTEM 
#ANTERIOR PITUITARY 

ADENOMA, NOS 
(48) 

#ADRENAL 
CORTICAL ADENOMA 

CADRENALlCAPSULE 
ADENOMA, NOS 

#ADRENAL MEDULLA 
PHEOCHROMOCYTOMA 

#THYROID 
FOLLICULARCELL CARCINOMA 

#PANCREATIC ISLETS 
ISLET-CEU CARCINOMA 

REPRODUCTIVE SYSTEM 
NONE 

NERVOUSSYSTEM 
NONE 

SPECIAL SENSE ORGANS 
*HARDERIANGLAND 

PAPILLARY ADENOMA 
(50) (50) (60) 

2 (4%) 

MUSCULQSKELETAL SYSTEM 
NONE 

BODY CAMTIES 
NONE 

ALLOTHERSYS'I'EMS 
*MULTIPLEORGANS (SO) (50) (50)

BILE DUCT CARCINOMA, METASTATIC 1 (2%)

SARCOMA,,NOS, METASTATIC 1 (2%)

FIBR08ARrCOMA. INVASIVE 1 (2%)

MYXOSARCOMA, METASTATIC 1 (2%) 


ANIMAL DISPOSITION SUMMARY 
ANIMALS INITIALLY IN STUDY 50 50 50 

NATURAL DEATH 3 8 7 
MORIBUNI) SACRIFICE 6 7 4 
TERMINAL, SACRIFICE 41 35 39 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS I N  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 WITHBENIGN TUMORS 14 20 12 


TOTAL BENIGN TUMORS 15 23 14 

TOTALANIMALS WITH MALIGNANT TUMORS 17 20 18 


TOTAL MALIGNANT TUMORS 17 24 21 

TOTAL ANIMALS WITH SECONDARY TUMORS# 8 2 4 4 


TOTAL SECONDARY TUMORS 2 4 4 


* NUMBEROF ANIMALS NECROPSIED 
*+PRIMARYTUMORS:ALL TUMORS EXCEPT SECONDARY TUMORS 
# NUMBER OFANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
I#SECONDARY TUMORS. METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN 
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TABLE B2. SUMMARY OF THE INCIDENCE O F  NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE 

CONTROL (VEH) 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS MISSING 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

INTEGUMENTARY SYSTEM 
*SKIN (50) 

KERATOACANTHOMA
*SUBCUT TISSUE (50) 


SARCOMA, NOS 


RESPIRATORY SYSTEM 
#LUNG (50)

ALVEOLAWBRONCHIOLAR ADENOMA 2 (4%)
ALVEOLAWBRONCHIOLAR CARCINOMA 2 (4%) 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS (50)

MALIGNANT LYMPHOMA, NOS 6 (12%)
MALIC. LYMPHOMA, UNDIFFER-TYPE 1 (2%) 
MALIC. LYMPHOMA, HISTIOCYTIC TYPE 1 (2%)
MALIGNANT LYMPHOMA, MIXED TYPE 1 (2%) 
GRANULOCYTIC LEUKEMIA 

#MESENTERIC L. NODE (32)

MALIGNANT LYMPHOMA, NOS 


~-

CIRCULATORY SYSTEM 
*ADIPOSE TISSIJE (50)

HEMANGIOhfA 1 (2%) 
#UTERUS (50)

HEMANGIOMA 1 (2%) 
#OVARY (49)

HEMANGIOMA 1 (2%) 

DIGESTIVE SYSTEM 
#LIVER (50)

HEPATOCELLULAR ADENOMA 4 (8%)
HEPATOCELLULAR CARCINOMA 3 (6%) 

#STOMACH (50)
SQUAMOUS CELL CARCINOMA 

#FORESTOMACH (50)
SQUAMOUS CELL PAPILLOMA 

#DUODENUM (50)
ADENOMATOUS POLYP, NOS 1 (2%) 

#JEJUNUM (50)
LEIOMYOSARCOMA 

URINARY SYSTEM 
NONE 

ENDOCRINE SYSTEM 
#PITUITARY (49) 

CHROMOPHOBE ADENOMA 10 (20%) 
#ADRENAL (50)
PHEOCHROMOCYTOMA 


LOW DOSE 

50 
3 

47 
47 

(47) 
1 (2%) 

(47) 

(46) 
2 (4%) 
1 (2%) 

(47)
6 (13%) 

1 (2%) 

1 (2%) 
(34) 

1 (3%) 

(47) 

(47) 

(45) 

(47) 
2 (4%) 
2 (4%)

(47)
1 (2%) 

(47) 

(44) 

(44) 

HIGH DOSE 

50 


50 
50 

(60) 

(50) 
1 (2%) 

(50) 
3 (6%)
1 (2%) 

(50)
5 (10%) 

1 (2%) 

1 (2%) 
(38) 

(50) 

(49) 
1 (2%) 

(48) 

(49) 

2 (4%)
(46) 

(46)
1 (2%) 

(45) 

(45)
1 (2%) 
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TABLE BP. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued) 

~- ~ ~ -~ 

CONTROL (VEH) LOW DOSE HIGHDOSE 

ENDOCRINE SYSTEM (Continued) 
#THYROID (46) (47) 


FOLLICULARCELL ADENOMA 2 (4%)

CYSTADENOMA, NOS 1 (2%)

PAPILLARY CYSTADENOMA, NOS 1 (2%) 


REPRODUCTIVE SYSTEM 
+MAMMARY GLAND 

ADENOCARCINOMA, NOS 
#UTERUS 


ADENOMA, NOS 

LEIOMYOMA 

LEIOMYOSARCOMA 

ENDOMETRIAL STROMAL POLYP 

ENDOMETRIAL STROMAL SARCOMA 


#OVARY 

PAPILLARY CYSTADENOMA, NOS 


NERVOUS SYSTEM 
NONE 

SPECIAL SENSE ORGANS 
+HARDERIAN GLAND (SO) (47) (60)

PAPILLARY ADENOCARCINOMA 1 (2%) 

MUSCULOSKELETAL SYSTEM 
+MUSCLEOFNECK (SO) (47) (50)

SARCOMA, NOS 1 (2%) 

BODY CAVITIES 
NONE 

ALLOTHER SYSTEMS 
+MULTIPLE ORGANS (SO) (47) (50)
SARCOMA,NOS, METASTATIC 1 (2%) 
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TABLE B% SUMMARY OF THE INCIDENCE O F  NEOPLASMS IN FEMALE MICE I N  THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE(Continued) 

ANIMAL DISPOSITION SUMMARY 
ANIMALS INITIALLY 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 16 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 OFANIMALS NECROPSIED 
**PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS 
# NUMBER OFANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
## SECONDARY ‘l’UMORS:METASTATIC TUMORSOR 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 MORPHOLINOPHOSPHORAMDATE: VEHICLE CONTROL 

NUMBER 

Subcuhneoua tissue 
Sarcoma. NOS 
Fibmlamma 

Hepatocellular carcinoma, metastatic 

Alveookrbmnchiolar adenoma 

Alveolar/bronchiolar camnoma 

Trachea 

Bone marrow 

S*&iOLU. 
L mphnoder
Tgymus -
Heart -
Salivary gland 
Liver 

Hepatocellular adenoma 

Hepatocellular carcinoma 

Ku ffernll sarcoma 

Bile iuct  
Gallbladder b common bile duct 
Pancreas 

:t%:g"l
Small intertine 
Largo intestine 

7 

U r i ~ r ybladder 

PitUltary-
Menoma, NOS 

-
MnMl 

C o ~ c a ladenoma 
Thyroid
Parathyroid 

Mammarygland
Teitir 
Pmatate 

Brain 

S 
Multiple organs,NOS 

Fibmumma.  invasive 
Malignant lymphoma hiatioeytic type

Malignant lymphoma: mixed type 


+: nMle examined micm%opiclllly -. mindtissue not examined micmacopically 
iTwnorincidenn 

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

1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 
0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 8 0 
5 5 3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 9 5 1 5 

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

X X x x 


~~ ~ ~ ~ ~~~ 

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

X 

X x x 

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

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

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


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


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

X x x x  X


X x x 

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

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


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


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

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


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


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

~~ ~ ~ 

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


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

X

X 


. No tissue information submitted 
Cl Necropsy, no histology due to pmtocol
A: Autolyiir

N. Necropsy. no autolysis. no microscopic examination M. Animal missing 
5: Animalmismxd E No necropry performed 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE CONTROL 
(Continued) 

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

TOTAL

7 5 - TISSUES
STUDY 

I----- I 

. . . . . . . . . . . . . . . . . . . . . . . . . *50 


2

X 3 


M 

LunG end bronchi I + + + + + + + + + + + + + + + + + + + + + .t + + + j 50 1


Hepatmellularcarcinoma metaitatie 
Alveolar/bronchiolaraden'oma 
Alvaohrhronchiolarcarcinoma 

Trachea 

Bone marrow . . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50

SIkansioma 1
$ p p " "  . . . . . . . . . . . . . . . . . . . . . . . . .  45 
. . . . . . . . . . . . . . . . . . . . . . . . .  41 


.-
Heart . . . . . . . . . . . . . . . . . . . . . . . . .  


~ ~ ~~~~ .~ 50 

Salivarygland . . . . . . . . . . . . . . . . . . . . . . . . .  50 

- I 

Liwr . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Hapatonllular adenoma X 6 

Hapatonllularcarcinoma X X X 6 

Ku~ffercall sarcoma X 1


BihBile auctauct . . . . . . . . . . . . . . . . . . . . . . . . .  50 

GallbladderL common,bila duct . . . . . . . . . . . . . . . . . . . . . . . . .  *50 

Panenas . . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

Stoi~ach . . . . . . . . . . . . . . . . . . . . . . . . .  50 

SmallSmall intastineintastine . . . . . . . . . . . . . . . . . . . . . . . . . 48 

Law intastine . . . . . . . . . . . . . . . . . . . . . . . . . 50 
-
Kidney . . . . . . . . . . . . . . . . . . . . . . . . .  50 

U r i ~ ybladder . . . . . . . . . . . . . . . . . . . . . . . . .  50 


~~ -
Pituitay + + + + + + + + + + + e + + + + - + - + + + + + +48 


Adenoma, NOS 1 

M ~ M I  . . . . . . . . . . . . . . . . . . . . . . . . . 50 


Corticaladenoma X 2 

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

Panthymid - + + + + + + + + + + - - - + - - - + + + - + + - 37 


p-N N N N N N N N N N N N N N N N N N N N N N N N N  '50 

TeStU . . . . . . . . . . . . . . . . . . . . . . . . . 50 

PrO#WE . . . . . . . . . . . . . . . . . . . . . . . . .  50 
-
B n i n  . . . . . . . . . . . . . . . . . . . . . . . . .  50 


iEEEz%P 
Fibmsarwma,'invadw

Malignant lymphoma, hirtiwytic typo

bfAl@nant lymphoma. m i d  typo 


* Animal8 nacmpsiad 
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TABLE B3. INDIVIDUAL AMMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE: LOW DOSE 

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

WEEKSON 	 0 0 0 1 1 1 1 0 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 
STUDY 	 9 3 9 0 0 0 0 9 0 0 0 0 9 0 0 0 9 0 0 0 0 0 0 0 0 

4 2 3 5 5 5 4 6 5 5 5 5 9 5 5 5 ~ 9 5 5 5 5 5 5 5 5 

Skin 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Squamouscell papilloma 

Fibroma 

Fibrocarcoma 

Myxoiamma
Neumfibmcamma 	 X 

Lungsand bronchi 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Hapatonllukr carcinoma metastatic 	 X 
Alvaolarhmnchiolar aden'oma x x  x x  X 	 X 
Alveolarhmncbiolar camnoma 	 X X 

Tnchoa 	 - - + + + + + + - - + + + + + + - + - - - + + + +  

Bono M ~ W 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

S p n  	 . . . . . . . . . . . . . . . . . . . . . . . . .  


emaneiommma 	 X 
Lvmlrh nodel 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Th mu1 - + + + - + + + + + - + - + + + + - - + + + + + +  

d a l i p n t  lymphoma, lymphocytic typo 

M 

Heart 	 . . . . . . . . . . . . . . . . . . . . . . . . .  
-
Salivary gland 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

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


Bile duct carcinoma 
Hspatocollukr adonoma 	 X X X 
Hepatocellularcarcinoma 	 X 
HemangioMmma 	 ..

h 
Bile duct 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Gallbladder & commonbile duct . . . . . . . . . . . . . . . . . . . . . . . . .  
Pancreas + + + + + + + + r + + + + + + + + + + + + + + + + -
 . . . . . . . . . . . . . . . . . . . . . . . . .  
E%g"" 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Squamouscell papilloma 	 I 
Smallintortine 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Large intortine 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


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

Urinary bkddrr 	 . . . . . . . . . . . . . . . . . . . . . . . . . .  


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

Manoma,NOS 

Admnal 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Menoma NOS 	 X 
Phtochm;nofytoma 

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

T%i%ar cell camnoma 	 X 
Panthymid 	 - t - + + + - + + + - + - + + - - + - + - - + + -

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

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


. . . . . . . . . . . . . . . . . . . . . . . . .  I 

Multiplo organs N08 	 N N N N N N N N N N N N N N N N N N N N N N N N N

Bih duct carcihoma, motastatio 
S l m m a .  NOS.metastatic x 

Myxou&ia.  metastatic 

Malipant lymphoma NOS 	 X 
Maligluntl mpboma.'undBor type X 

M a l i m n t  Lmphoma. lymphocytictyp.

Mali+nt lymphoma. histiocytic type 	 X 

DMMPA, NTP TR 298 	 90 




-- 

TABLE B3. INDIVIDUAL 

NUMBER 

WEEKS ON 
STUDY 


Skin 
uamous cell papilloma 

Fi mma "b 
Subcutaneoustisaue 

Sarcoma, NOS 
Fibroma 
Fibrosarcoma 
Myxosarcoma

Neurotibmsamma 


Hepatocellular carcinoma. metastatic 
ALveolarhronchiolar adenoma 
Alveolarhmnchiolar carcinoma 

Trachea 

Bone marrow 

s E a n e o s a r c o m a  
p;;podea 

d a l i p a n t  lymphoma, lymphocytic type 

7
-
Salivary gland 
Liver 

Bile duct carcinoma 
Hepatoeellular adenoma 
Hepatocellular carcinoma 
Hemangiosarcoma

Bile duct 
Gallbladder EL common bile duct 
Pancreas 

%%tfl' 

Squamouscell papilloma

Small intestine 
Large intestine -
Kidney
Urinary bladder 

ENDocRINE-sysTEM
Pituitary

Adenoma, NOS 
Adrenal 

Adenoma NOS 
Pheoehrokcybma

Thymid
Follicular cellcarcinoma 

Parathyroid 

-7

Mammary gland 
Testis 

ANIMAL TUMOR PATHOLOGY OF 
(Continued) 

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

1 1 1 1 1 1 1 1 

MALE 

0 0 0 
3 3 4 
8 9 0 

MICE: LOW DOSE 

0 
4 
1 

0 
4 
2 

0 
4 
9 

0 
4 
4 

0 
4 
5 

0 
4 
6 

0 
4 
7 

0 
4 
8 

0 
4 
9 

0 
5 
0 

TOTAL: 
TISSUES 

+ + + + + + + + + + + + t + + + + + + + + 4. + + + *so 
X 1


X 1+ + + + + + + + + + t + + + + + + t t t + i, + + + 150 

2 


X 1

X 1 


X 1 
1 


t + t t t + + + + t + + t + + t + + + + + + t t +50 
1 

6

X 3+ + - - - + + - - - + - - - + - + + t t - - + + +  30 

+ + + + + t + + + + + + + + + + t + + + + t + t +49 

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


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  47 
. . . . . . . . . . . . . . . . . . . . . . . . .  40 


X 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  SO 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  so 

X 1


X x x  X X 8 x x  X X X  6 
X 2 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + + + t + + + t + + + + N N + + t t + + t N  *so 
. . . . . . . . . . . . . . . . . . . . . . . . .  so 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X X 2 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  47 


( + + + + + + + + + t + + + + +  47+ + + + + + + t + +  
+ + + + + + t + t + + + + + + + + + + iX 5: I

+ + t + + +  
X 


+ + + + + + + + + + + + + + t +X + + + + t + + + + l 

~ 

N N N N N N N N N N N N N N N N N N N N N N N N N  
~..... . . . . . . . . . . . . . . . . . . . . . . . . .  

Prostate . . . . . . . . . . . . . . . . . . . . . . . . .  

NERvoussysTEM
Brain . . . . . . . . . . . . . . . . . . . . . . . . .  


2 
5 ~ I 

~- ~ 

*J0 

50 

50 


50
I 

Multiple organs NOS 
Bile duct earcihoma metastatic 
Sarcoma. NOS.m&tatic 
Mvxosareoma malaatatic 
Mdrgnant Gsphoma.NOS 
Malignant lymphoma undiffer type
Ma:ignant lymphoma: lymi~hotytrc typ.
Malignant lymphoma, histhytic typo 

'Animals nacropsied 

1-1 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMDATE: HIGH DOSE 

ANIMAL 

NUMBER 

WEEKS ON 
STUDY 

Subcutaneous trrsua 
Sarcoma. NOS 

Fibrosarcoma 

Lipoma 


L u n p  and bronchi 
Hepatocellular carcinoma, metastatic 
Alveolar/bronchiolar adenoma 

Alveolar/bronchiolar carcinoma 

Ku Ear cellsarcoma. metastatic 

Tracgea 

M 

Bane marrow 

S%~angiosamma
L mphncdes
Ttymus 

Heart -
Salivary gland 
Liver 

Islet cell carcinoma, metastatic 

Hepatoceilular adenoma 

Hepatocellular carcinoma 

Hemangiosarcoma, met,astatic 

Ku ffer call sarcoma 

Bile xu& 

Gallbladder & common bile duct 

Pancreas 


Larga intertine 
-
Kidney
Urinary bladder 

Pituitary
Adrenal 

Pheochromocytoma
Thyroid
Parathyroid
Pancreatic islet8 

Islet call carcinoma 

Mammary #land 
Testis 
Prostate -
Brain 

Hardorian gland 
Papillary adanomn 

Multiple organs, NOS
S 

Malignant lymphoma NOS 
Malignant lymphoma: mixed typ. 

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

- 0 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 0 1 1 l  ~ 1 1 0 1  

5 0 0 0 0 0 0 9 0 9 0 0 0 0 0 0 9 0 0 0 0 0 0 3 0  
9 5 5 5 5 5 5 0 5 9 5 5 5 3 5 5 3 5 5 5 5 5 5 1 5  

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

X 

X 

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

X 

x x  
X 


X- - - - + + + + + t - + - + + - + - + + + - + + -

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

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


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


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

X X 

X X x x x x  
X 

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

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

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


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


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


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


. . . . . . . . . . . . . . . . . . . . . . . . .  
- + + + + + + - + + - + - + + + - + + + - - - - +  
+ t + + + + + + + + + t + + + + + + + t + + + + +  


N N N N N N N N N N N N N N N N N N N N N N N N N  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  


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


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

x 

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

X 

X 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

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


TOTAL: 
WEEKS ON 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 0 1 0 1 l l l l l  TISSUES 
STUDY o o o o o o o o o o o o o o o o o o 9 o o n o o o  TUMORS 

5 5 5 5 5 5 5 5 5 4 5 5 5 4 5 5 5 5 9 5 5 s s 5 1 

M 

Subcutaneoustissue + + + + + + + + + + + + + + + + + + + + + ,t + + + '50 


sarcoma NOS X 1 

Fibro&oma 1 

Lipoma 1 


Lunm and bronchi I + + + + + + + + + + t + + + + + + + + + + + + + + 1501 

-He~a-&llular carcinoma, metastatic 

Alveolarbronchiolar adenoma X X X X 
 ; IAlveolar/bronchiolar carcinoma 1 

Ku f i r  d l  sarcoma,metastatic 

Tracha  I - + + + + + + - - - + - - - - - + + - - + + + + -
I I- I 


Bono marrow . . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . I
. . . . . . . . . . . . . . . . . . . . . . . . .  46 


Heart I + + + + + + + + + + + + + + + + + + + + + + + ' * + + I I
50 


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

Liver + + + + + + + + + + + e + + + + + + + + + + + + +  


Islet cell carcinoma metastatic X 
 I ? I

Heptomllular adohoma X X 4 

Hepatofellular carcinoma x x  X X X X 
 '2Hemangiosarcoma metastatic A 

KuDEer cell 6nrcod.a 1 


Bile auct . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Gallbladder & common bile duct + + N + + + + + N + + + + N + + + + + + + + + + N '50 

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  48
:t%r . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Small intestine . . . . . . . . . . . . . . . . . . . . . . . . .  48 

hrpe intestine . . . . . . . . . . . . . . . . . . . . . . . . .  49 


7 . . . . . . . . . . . . . . . . . . . . . . . . .  

Urinarybladder . . . . . . . . . . . . . . . . . . . . . . . . .  


7 . . . . . . . . . . . . . . . . . . . . . . . . .  

M n ~ l  . . . . . . . . . . . . . . . . . . . . . . . . .  


Pheochromocytoma X 1 

Thyroid . . . . . . . . . . . . . . . . . . . . . . . . .  47
- + + + + - - - - - + - - - - - + - - - - + - + -Parathyroid 24 

Pancnatic islets . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Islet cell carcinoma X 1 


M 

Mammary gland N N N N N N N N N N N N N N N N N N N N + N N N N  '50 
Testis . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Prostat4 . . . . . . . . . . . . . . . . . . . . . . . . .  50 


NERVOUgSYSTEM
Brain I + + + + + + + + + + k + + + + + + + + + + + + + + I 50 


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

X 
-

Multiple organ8 NOS 
M a l w n t  lydphoma NOS 
Malionant lymphoma: m u d  type 

* Animli necropsied 
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TABLE 84. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL MORPHOWNOPHOSPHORAMIDATE: VEHICLE CONTROL 

NUMBER 

WEEKS ON 
STUDY 

Lungs and bronchi 
Aholarhmnehiolar adenoma 
Alveolarbrouchiolarcamnoma 

Tmehea 

Born marrow 
E$&3da8 

H.& 


salivarygland
Limr 

H+tamllukr adonoma 
H toallular carcinomo 

B i l X C t  
Wlbladdor &commonbxle duct
FwcNa#


ZCr 
Small intestine 

Monomatoru polyp, NOS 
Large intectine -
K*YUrinarybladder -
Pitnitdry

Chmmophob.adenoma 
&Ml 

n%&ar cell adenoma 
cEbd.noma, NOS 
Papillary cystadenoma,NOS 

Parathyroid 

Ill.mmay gland
Adonocarcinoma, NOS 

UbnU 
Iaiomyosamma
Endomotrial stromal polyp
Honunaioma 

%I& cyabdauoma.NOS 
Homangioma 

+: Time exadnod microscopically-. RoquiredtiMInot oxaminad microrcopically i fimorincidona 

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

i i i i i i i i 2 2 2 2 a 2  

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


1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 1 1  

0 0 0 0  0 0 8 0 0 0 0 0 0 0 0 0 9 0 0  


5 5 5 5 5 5 0 5 5 5 5 5 5 5 5 1 6 5 5  


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

X X 


X X 
+ + + + - + t + - - + - - - - + + + - + - - - + +  

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


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


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

X 

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

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


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


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

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


X 


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


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


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

X 


~~ ~~~ 

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


N N N N N N N N N N N N N N N N N N N N N N N N N  x x X 


X 

. No tiuuo information submittod 
C: Naccrog no histology duo toprobeelL Auta1v.1~' 

N Nompsy, no autolycb, no micmrmpic emminotion 
8: Animolmiruxod 
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TABLE B4. INDIVIDUAL ANIMAL TJJMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL 

v 

WEEKSON 
STUDY 

Lunm and bronchi 
Alveolar/bronchiolaradenoma 
Alveolar/bronchiolarcarcinoma 

Trachea 

Bone marrow 
Spleen
L rnphnodea
T%ymru 

Heart v 

Livar 

Hmpatoalhhr adanoma 
He toallular carcinoma 

Bilr &t
Ckllbladder& commonbiln duct 
Pancnu 
E w h . g a l
S b M C
Small iuhtine 

AdonomaLgui polyp, NQi
Law inbitinn -
Kidney
Urinary bladder 

7 

Chromophobeadenoma 

AdlWd 
Th mid 

dllicular a l l  adenoma 

Cystadenoma N08 

Papillaq cy&denoma. NOS 

Parathyroid 

-7 

Mammary gland

Adenocarcinoma,NOS 
Ut.rrU 

kiomyoumma
Endomatrial itromal polsp

Hemangioma 


'%Zlhry m e n o m a ,  pia
Hemangioma -

Brain -
Multipleorgans, N08 

Malignant lymphoma, NOS 
Malignant lymphoma. updiffertyp.
Illalignant lymphoma hntiocytic typr
Malignant lymphoma: mixed typo

Adipose *W 
Heman(poma 

* Animala necropsied 

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

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

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


TOTAL 

1 1  1 1  1 0  1 1  1 1  1 1  o 1 1  1 1  1 1  1 1  o i o  1 TISSUES 

0 0 0 0 0 5 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 9 0 7 0 TUMORS 

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


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

2 

2
- - + + + - - + - + + - + + + - - - + - - + - - - 25 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  49
+ - - + - - - + - + + + + + + + + - - + + -. + + + 32 
. . . . . . . . . . . . . . . . . . . . . . . . .  44 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  40 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
x x  X 4

X 3 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 


+ + + + + + + + + + + + N N + + + + + + + t + + + '50 . . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  41 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  4a 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  46 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 
x x  X X X 10 
. . . . . . . . . . . . . . . . . . . . . . . . .  50
- + + + + + + + + + + + + + + - - + + + + + + + +  45 

X 2


X 1 

X 1 


- + - - + - - + - + + - + + + - - - + - - + + + - 24 


+ + + + + + + + + + + + + N + + + + + + + + + + + 0 5 0  
X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X 1 

X 1 


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

X 1 


1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

.-

*50 
6 

1 

1 

1 


1 
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TABLE 64. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE: LOW DOSE 

WEEKS ON 
STUDY 

Slun 
Keratoacanthoma 

Alveolarhronchiolar c a m n o m a  

Trachea 

B0n0 marma 
SKIlsan 
t ' m  hnodesc&pantlymphoma, NOS 

Heart 

Salivarygland
Liver 

Hepatoallnlaradenoma 
H0 toallnkr carcinoma 

Bile %ct 
QallbLdderEL common bile duct 
Pancrear 

:E%r 
Squamomellcarcinoma 

Small intrahnr 
Large mterhne -
Kidney

Urinarybladdrr -Pltllitary

Chromophobeadenoma 
Mrsd 

Multipl. organs,NOS 
M.hgnant lymphoma NOS 
Ms1-t lymphoma: hmtmybc typ.
Qnndocyhc leukemia 

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

1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 0 ~ 
0 0 0 0 0 0 0 6 0 8 0 0 0 0 0 0 6 0 0 0 0 0 0 9 0 
5 5 5 5 5 5 5 5 5 4 5 5 5 0 5 5 5 5 5 5 5 5 5 9 5 

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

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

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

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

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

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

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

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


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


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

~~ ~ ~ 

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

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

~ ~ 

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

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


X 

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


~ ~~ ~ 

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


N N N N N N N N N N N N N N N N N N N N N N N N ~  
x X x x  
x 

X 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE 
(Continued) 

T 

WEEKS ON 
STUDY 

Skin 
Kentoacllnthom 

p
Alwokrfbronchiolaradenoma 
Alvwbrfbmnchiolarcarcinoma 

Trachea 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 4 4 4 4 4 4 4 5 

2 3 4 5 6 1 8 9 0 


TOTAL:

l l l l l o o l o l l l l l l l o l o l l l l o l  PISSUES 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 9 0 0 0 0 1 0 ruMow 
t i 5 5 5 5 1 1 5 1 5 5 5 5 5 5 5 2 5 6 5 5 5 5 5 5 

+ + + + + M M + M + + + + + + + + + + + + + + + +  *41 

1 


+ + + + + M M + M + + + + + + + - + + + + t + + +  46

X X 2


X 1

+ + + + - M M - M + + - + + + - - - + - - - - - - 28 


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

+ + + + + M M + M + + + + + + + + + + + + + + + + 41 
- - + + + M M + M + - + + - + + + + + + + - - + +  34


X 1

+ + + + + M M + M + + + + + + - - + - + + + + - +  39 


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


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

+ + + + + M M + $ $ + + + + + + + + + + + + + + + + 47 


2 
x x  2

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

+ + N + + M M + M + + + + + + + + + N + + + + + + '41
+ + + + + M M + M + + + + + + + + + + + + + + + + 41 

- + + + + M M + M + + + + + + + + + + + + + + + +  45

+ + + + + M M + M + + + + + + + + + + + + + + + + 47 


1

+ + - + + M M + M + + + + + + + + + + + + + + + + 44 

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


+ + + + + M M + M + + + + + + + + + + + + t + + + 41 

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


+ + + + + M M + M + + + + + + + + + + + + t + + + 46

X X X X 7 

+ + + + + M M + M + + + + + + + + + + + + ~ + + +41

X 2

+ + + + + M M + M + + + + + + + + + + + + t + + + 41 
- - + + - M M + M + - + + + + - - + + - + - + - - 26 


+ + + + + M M + M N + + + N + + + + + + + + + + + *41 
1


+ + + + + M M + M + + + + + + + + + + + + t + + + 41 

1 

1 

2


+ + + + + M M + M + + + - + + + + + + + + + + + + 45 


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


041 
8 

1 

1 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMDATE: HIGH DOSE 

NUMBER 
0 
0 
1 

0 
0 
2 

0 
0 
3 

0 
0 
4 

0 
0 
5 

0 
0 
6 

0 
0 
1 

0 
0 
8 

0 
0 
9 

0 
1 
0 

0 
1 
1 

0 
1 
2 

0 
1 
3 

0 
1 
4 

0 
1 
5 

0 
1 
6 

0 
1 
7 

0 
1 
8 

0 
1 
9 

0 
2 
0 

0 
2 
1 

0 
2 
2 

0 
2 
3 

0 
2 
4 

0 
2 
5 

WEEKS ON 
STUDY 

1 
0 
5 

1 
0 
5 

1 
0 
5 

0 
2 
5 

1 
0 
5 

1 
0 
0 

1 
0 
5 

0 
0 
9 

0 
5 
8 

1 
0 
5 

0 
8 
6 

0 
9 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

0 
1 
9 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

1 
0 
5 

0 
2 
3 

0 
2 
3 

1 
0 
5 

1 
0 
5 

Subcuhnwrut i m e
Ssmrn.N08 

Lungsand bronchi . . . . . . . . . . . . . . . . . . . . . . . . .  
l xAlveolar/bronchiolaradenoma X X 
Alvwol.r/bronchiol.rcarcinoma 

Tmchoa - - + - - + - - + + - + + + + - + + + + + - + - + I  
Bow marrow . . . . . . . . . . . . . . . . . . . . . . . . .  

Spleen . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + - + + - + - + + + - - + + + - + + + + + + + +- . . . . . . . . . . . . . . . . . . . . . . . . .  


Haart . . . . . . . . . . . . . . . . . . . . . . . . .  

~ 

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

r . . . . . . . . . . . . . . . . . . . . . . . . .  

p.toallulr arrinoaia X 

Ict . . . . . . . . . . . . . . . . . . . . . . . . .  

rdd.r& common bile duct + + + N + + + N N + t N + + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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


1 -. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  


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

X x x  
. . . . . . . . . . . . . . . . . . . . . . . . . 
+ + + + + + + - - - + - + - + + + + + + + + + + +I x 
- - - + + + + - - - + - - - - - - + + + + - - - +  

r . . . . . . . . . . . . . . . . . . . . . . . . .  
Monocucinoma,N08 X 

UtrnU . . . . . . . . . . . . . . . . . . . . . . . . .  

Endonutrial stromal polyp
Endometrialstromal annoma x 
Hornagioma . . . . . . . . . . . . . . . . . . . . . . . . .  


7 . . . . . . . . . . . . . . . . . . . . . . . . .  


@w 

Hadarian gland I N N N N N N N N N N N N N N N N N N N N ~ N N N N I  
Papillary adoooareinoma 

MW* N N N N N N N N N N N N N N N N N N N N N N N N N J  
S.reoma,N08 I - X 

Multipleo 4No8
~.nomalP;oe)motart.tic 
Ma1ieud.t lydphoma No8 
Malignant lymphoma: histiocytic tm X 
Granulocytic Irukamia X 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE 

WEEKS ON 
STUDY 

Subcutaneous tiuue 
Samma,NOS 

Lunpl and bronchi 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 

Trachea 

EM 

Bone marrow 
Spleen
g;+fOdeS 

Heart 

Salivary gland 
Liver
He toallular carcinoma 

Bile8"uct 
GallbladderL common bile duct 
Panema8 

%%rSquamouscell papilloma 
Small intestine 

7

Chromophobradenomi 

Mmnal
Th mid 

&llieular call adenomi 
Parathyroid 

EM 

Mammary gland

Menocarcinoma,NOII 
U t m u
Endometrialstromal rlalyp
Endometrialstromalmrcoma 
Hemangioma 


ovary 

7 

H d e r i s n  gland 

Papillary adenocarcinoma 

MU8Ch 
Sarcoma.NOS 

Yulti~loomans.NO8 

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

2 2 2 2 3 3 3 3 3 3 3 3 3 9 4 4 4 4 4 4 4 4 4 4 5 

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


- I 1 1 1 1 0 1 1 1 0 1 1 1 0 1 0 1 1 1 0 1 0 1 1 1 

0 0 0 0 0 0 0 0 0 7 0 0 0 9 0 7 0 0 0 9 0 7 0 0 0 

5 5 5 5 5 2 5 5 5 9 5 5 5 8 5 5 5 5 5 9 5 0 5 4 5 


. . . . . . . . . . . . . . . . . . . . . . . . .  '50 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 3 


+ - + - - - - - + - + + + - - + + + + + + + - + + 30
1 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  49
+ + + + + + - - - + - + + - + + + + + - + + + + +  38
- + - + + + + + + - + + + - + + + + + - + - + - +  39 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


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

X 2 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 


' + + + + + + + + + + + + + N + N + + + + + N + N +  *50 . . . . . . . . . . . . . . . . . . . . . . . . .  4a 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + - - + + + + + + + + + + + + + i i - + + i46 


X 1 
. . . . . . . . . . . . . . . . . . . . . . . .  45 

1 


44 


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

+ + + + + + + + + + + + + - + + + i + + i i + + -

I-

......................... 41


X X 6 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  45 

X 1


+ + + - + - - + + - + - + - f - - - + - - + - + +  29


I-

+ + + + N N + + + + + + + N + + + + + + + + + + i *50 

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

X 1 


1 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


N N N N N N N N N N N N N N N N N N N N N N ~ ~ N 
*50 

1 


N N N N N N N N N N N N N N N N N N N N N N N N N  *50 

X 
 r-

I K N N N N N N N N N N N N N N N N N N N N N N N N  *50 

X 1


X X x x x 5 

1 
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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 Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MAL%E RATS IN THE 
TWO-YEARGAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE 

CONTROL (VEH) LOW DOSE 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 

(SO) 

1 (2%)
1 (2%)

(50) 

1 (2%) 

(50) 
1 (2%) 

1 (2%) 

1 (2%) 
(50) 

(50) 

1 (2%) 

1 (2%) 

(60) 

(50)
2 (4%) 

(50) 

RESPIRATORY SYSTEM 
#TRACHEA 

HEMORRHAGE 
INFLAMMATION, ACUTE 

#LUNG 
CONGESTION, NOS 
EDEMA, NOS 
HEMORRHAGE 
INFLAMMATION, INTERSTITIAL 
INFLAMMATION, SUPPURATIVE 
PERIVASCULAR CUFFING 
EPITHELIALIZATION 

HISTIOCYTOSIS
#LUNG/ALVEOLI 

(48) 

(50) 

2 (4%)
3 (6%) 

1 (2%) 

4 (8%)
(50) 

(48) 

(50) 

1 (2%) 
4 (8%)
8 (16%) 

2 (4%)
1 (2%) 

3 (6%)
(50) 

(49) 

(50) 

1 (2%)
1 (2%) 

4 (8%)
5 (10%) 
2 (4%)
3 (6%) 

(50)
1 (2%) 

- ~ ~ ~~ ~~ ~ ~ 

HEMATOPOIETIC SYSTEM 
#BONE MARROW 

#SPLEEN 
MYELOFIBROSIS 

FIBROSIS 
FIBROSIS, MULTIFOCAL 
NECROSIS, NOS 
INFARCT, NOS 
HEMATOPOIESIS 

EDEMA, NOS 
HEMORRHAGE 
DEGENERATION, CYSTIC 

HEMORRHAGE 
INFLAMMATION, SUPPURATIVE 
DEGENERATION, CYSTIC 
HEMOSIDEROSIS 

#MESENTERIC L. NODE 
DEGENERATION, CYSTIC 

#KIDNEY 
HEMATOPOIESIS 

#THYMUS 
PERSISTENT EMBRYONIC STRUCTURE 
ECTOPIA 

#MANDIBULAR L. NODE 

#MEDIASTINAL L. NODE 

1 (2%) 
(50) 

2 (4%) 
4 (8%) 

2 (4%) 

1 (2%) 

(50) 

(50) 

(50) 

(38) 
1 (2%) 

17 (45%) 
1 (3%) 

(60) 

(60) 

1 (2%) 

(49)
1 (2%) 

7 (14%) 

6 (12%)
(49) 

1 (2%) 
(49) 

(50) 

(45)
25 (56%) 
2 (4%) 

(49) 

(50) 

1 (2%) 

(50) 

6 (10%) 

1 (2%)
(50) 

(50) 

(41)
21 (51%) 
1 (2%) 

1 (2%) 

5 (10%)
1 (2%) 

(48) 
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN  THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE(Continued) 

CIRCULATORY SYSTEM 
*THORACIC CAVITY 

POLYANGIITIS 
#HEART 

' HEMORRHAGE 
#HEART/ATRIUM

THROMBOSIS, NOS 
FIBROSIS 

#MYOCARDIUM 
FIBROSIS 
DEGENERATION, NOS 

*ASCENDING AORTA 
MINERALIZATION 
INFLAMMATION, CHRONIC 

*PULMONARY ARTERY 
MINERALIZATION 

#SALIVARY GLAND 
EMBOLUS, FOREIGN BODY 
PERIVASCULITIS 

#PANCREAS 
POLYANGIITIS 

DIGESTIVE SYSTEM 
*HARD PALATE 

HEMORRHAGE 
#SALIVARY GLAND 

INFLAMMATION, CHRONIC 
FOCAL CELLULAR CHANGE 
METAPLASIA, SQUAMOUS 

#LIVER 
ECTOPIA 
INFLAMMATION, MULTIFOCAL 
FIBROSIS, FOCAL 
CHOLANGIOFIBROSIS 
NECROSIS, NOS 
NECROSIS, FOCAL 
METAMORPHOSIS FATTY 
CYTOPLASMIC CHANGE, NOS 
GROUND-GLASS CYTO CHANGE 
EOSINOPHILIC CYTO CHANGE 
ANGIECTASIS 

#LIVE WCENTRILOBULAR 
NECROSIS, NOS 

#BILE DUCT 
HYPERPLASIA, NOS 

#PANCREAS 
FOCAL CELLULAR CHANGE 
HYPERPLASIA, FOCAL 

#PANCREATIC ACINUS 
ATROPHY, NOS 

#PERIESOPHAGEAL TISSUE 
INFLAMMATION, SUPPURATIVE 

#FORESTOMACH 
ULCER, NOS 
INFLAMMATION, ACUTE 
FIBROSIS 

#GASTRIC FUNDUS 
ULCER, NOS 
EROSION 

#COLON 
PARASITISM 

CONTROL (VEH) 

(50) 

(50) 

1 (2%) 
(50) 

2 (4%) 

24 (48%) 
1 (2%) 

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

(50) 

(60)
36 (72%) 

(60) 

1 (2%)
(SO)

7 (14%) 
(60) 

(60) 

(SO) 
1 (2%) 

t6O) 

LOW DOSE 

(60) 
34 (68%) 

1 (2%) 
(50) 

(49)
2 (4%) 

(50) 

(49) 

(50) 

1 (2%) 

34 (68%) 

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

7 (14%) 
(50) 

1 (2%)
(60) 

41 (82%) 
(49) 
3 (6%) 

(49) 
10 (20%) 

(SO) 

(SO)
1 (2%) 

1 (2%) 
(SO) 

(60) 

MID DOSE HIGH DOSE 

(50) 

(50) 

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

(60)
41 (82%) 
1 (2%) 

(60) 

(60)
20 (40%) 

(491 

(47) 

(50) 

(49) 

1 (2%) 


(50) 

1 (2%) 

1 (2%)

23 (46%) 


1 (2%) 

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

14 (28%) 
(60) 


2 (4%)

(60)

36 (72%) 
(47) 


2 (4%) 


(47)
8 (17%) 

(SO)

1 (2%)


(60) 

(SO) 

1 (2%) 
(48) 


2 (4%) 
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS I N  MAI;E RATS IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued) 

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE 

URINARY SYSTEM 
#KIDNEY (50)

MINERALIZATION 
POLYCYSTIC KIDNEY 1 (2%)
HEMORRHAGE 12 (24%)
INFLAMMATION, INTERSTITIAL 1 (2%)
NEPHROPATHY 50 (100%)
INFARCT, NOS 
HEMOSIDEROSIS 1 (2%)

#RENAL PAPILLA (50)
MINERALIZATION 

XKIDNEYITUBULE (50)
CALCULUS,MICROSCOPIC EXAMINATION 

#URINARY BLADDER (49)
DILATATION, NOS 
HEMORRHAGE 2 (4%)
INFLAMMATION, SUPPURATIVE 1 (2%)
NECROSIS, HEMORRHAGIC 

(50)
1 (2%) 

11 (22%) 

50 (100%) 

1 (2%) 

1 (2%) 

2 (4%) 

(50) (49)
1 (2%) 

1 (2%) 

(50) 

8 (16%) 

44 (88%) 

(50) 

ENDOCRINE SYSTEM 

CYST, NOS 

CYST, NOS 
HEMORRHAGE 
HEMOSIDEROSIS 
FOCAL CELLULAR CHANGE 
ANGIECTASIS 

HEMORRHAGE 
INFLAMMATION, SUPPURATIVE 
DEGENERATION, LIPOID 
LIPOIDOSIS 
ANGIECTASIS 

FOCAL CELLULAR CHANGE 
HYPERPLASIA, FOCAL 

FOCAL CELLULAR CHANGE 
HYPERPLASIA, FOCAL 

ULTIMOBRANCHIAL CYST 
CYSTIC FOLLICLES 
FOLLICULAR CYST, NOS 
HEMORRHAGE 
HYPERPLASIA, C-CELL 

HYPERPLASIA, NOS 

#PITUITARY 

#ANTERIOR PITUITARY 

#ADRENAL 

#ADRENAL CORTEX 

#ADRENAL MEDULLA 

#THYROID 

#PARATHYROID 

1 (2%)
1 (2%) 

7 (14%) 
4 (8%) 

1 (2%) 

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

1 (2%) 

4 (8%)
1 (2%) 

3 (6%) 

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

(50) 

(50) 

(49) 

(49) 

(49) 

(50) 

(43) 

5 (10%) 
3 (6%) 

(50) 

2 (4%) 

(50) 

(50) 
2 (4%)
8 (16%) 

(48) 

11 (23%) 
(40) 

3 (6%) 

(50) 

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

(50) 

5 (10%) 
(48)

1 (2%)
3 (6%) 

3 (61%)
(38) 

1 (2%)
I (10%) 

1 (2%) 

2 (4%) 

1 (2%) 

1 (2%)
3 (6%) 

1 (2%)
2 (4%) 

(50) 

(50) 

(49) 

REPRODUCTIVE SYSTEM 
*MAMMARY GLAND 

DILATATIONlDUCTS 
GALACTOCELE 
INFLAMMATION, GRANULOMATOUS 
HYPERPLASIA, NODULAR 
HYPERPLASIA, FOCAL 

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

(50)
1 (2%) 

1 (2%) 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS I N  THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDJ~TE(Continued) 

CONTROL (VEH) 

REPRODUCTIVE SYSTEM (Continued) 
*PREPUTIAL, GLAND (50)

DILATATIONiDUCTS 
INFLAMMATION, SUPPURATIVE 
ABSCESS, NOS 3 (6%)
INFLAMMATION, CHRONIC 
HYPERPLASIA, EPITHELIAL 

#PROSTATE (48)
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%) 
INFLAMMATION, SUPPURATIVE 
ABSCESS. NOS 1 (2%) 
INFLAMMATION, CHRONIC 5 (10%)
HYPERPLASIA, EPITHELIAL 8 (17%) 

'SEMINAL VESICLE (50)

INFLAMMATION, SUPPURATIVE 


#TESTIS (50)
MINERALIZATION 16 (32%)
GRANULOMA, SPERMATIC 
HY POSPERMATOGENESIS 2 (4%)

HYPERPLASIA, INTERSTITIAL CELL 7 (14%)


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

NERVOUS SYSTEM 
XBRAINMENINGES 

HEMORRHAGE 
#BRAIN 


HEMORRHAGE 

STATUS SPONGIOSUS 


SPECIAL SENSE ORGANS 
*EYE 


HEMORRHAGE 

CATARACT 


*EYE/SCLERA

MINERALIZATION 


*EYE/CORNEA

INFLAMMATION, SUPPURATIVE 


*EYE/RETINA 
DEGENERATION, NOS 

MUSCULOSKELETAL SYSTEM 
*CARTILAGE,NOS (50)

NECROSIS, NOS 5 (10%) 

BODY CAVITIES 
*MEDIASTINUM (50)

HEMORRHAGE 
'ABDOMINAL CAVITY (50) 


HEMATOMA, NOS 

ABSCESS, NOS 

NECROSIS, FAT 


*EPICARDIUM (50) 

INFLAMMATION, GRANULOMATOUS 

FOREIGN MATERIAL, NOS 


LOW DOSE 

8 (18%)
13 (29%) 

(50) 

(50)
17 (34%) 
1 (2%) 
5 (10%) 

10 (20%) 
(50) 

1 (2%) 
1 (2%) 

(50) 

7 (14%) 
(50)

7 (14%) 
(50) 

1 (2%) 
(50) 

7 (14%) 

(50) 
6 (12%) 

MID DOSE 

(50) 

1 (2%) 
1 (2%) 

(49) 

1 (2%) 

7 (14%) 
11 (22%) 

(50) 
1 (2%) 

(50)
16 (32%) 

3 (6%)
12 (24%) 

(50) 
1 (2%) 

(50) 

8 (16%) 
(50) 

2 (4%) 
(50) 

(50) 
7 (14%) 

(50) 
16 (32%) 

HIGH DOSE 

1 (2%)
(48) 


1 (2%) 

10 (21%) 
9 (19%) 

(50) 

(49)
14 (29%) 

(50) 
1 (2%)
5 (10%) 

(50) 
6 (12%) 

(50) 

(50) 
5 (10%) 

(50)
7 (14%) 
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDA1IE(Continued) 

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE 

ALL OTHERSYSTEMS 
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 MORPHOLINOPHOSPHORAMDATE 

~~~ 

CONTROL(VEH) 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED 

HISTOPATHOLOGICALLY 	 50 

INTEGUMENTARY SYSTEM 
*SUBCUT TISSUE 

NECROSIS, FAT 

RESPIRATORY SYSTEM 
#TRACHEA (49)

INFLAMMATION, SUPPURATIVE 
#LUNG (60)

CALCULUS,MICROSCOPE EXAMINATION 
CONGESTION, NOS 3 (6%)
EDEMA, NOS 
HEMORRHAGE 1 (2%)
BRONCHOPNEUMONIA, NOS 
INFLAMMATION, INTERSTITIAL 10 (20%) 
INFLAMMATION, NECROTIZING 1 (2%) 
INFLAMMATION, GRANULOMATOUS 
PERIVASCULAR CUFFING 
HEMOSIDEROSIS 1 (2%)
EPITHELIALIZATION 

#LUNG/ALVEOLI (50)
HISTIOCYTOSIS 7 (14%) 

HEMATOPOIETIC SYSTEM 
#BONE MARROW (47)

ATROPHY, NOS 
HISTIOCYTOSIS 
MYELOFIBROSIS 1 (2%) 

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

#SPLENIC CAPSULE (50)

FIBROSIS 

NECROSIS, NOS 


#MANDIBULAR L. NODE (50)
DEGENERATION, CYSTIC 1 (2%)
NECROSIS, NOS 1 (2%) 

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

#MEDIASTINAL L. NODE (60)
HEMORRHAGE 8 (16%)
HEMOSIDEROSIS 3 (6%)
HISTIOCYTOSIS 

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

#RENAL LYMPH NODE (60)
HISTIOCYTOSIS 1 (2%) 

#THYMUS (44)
PERSISTENT EMBRYONIC STRUCTURE 21 (48%)
ECTOPIA 
HEMORRHAGE 

CIRCULATORY SYSTEM 
*MULTIPLE ORGANS (50)

POLYANGIITIS 

107 

LOW DOSE 

50 
50 

50 

2 (4%) 
2 (4%) 
5 (10%) 

4 (8%) 

2 (4%) 

1 (2%) 
(50) 

9 (18%) 

(49) 

1 (2%) 
(50) 

(50) 

(50) 
3 (6%) 

(50) 

(60)
9 (18%)
5 (10%) 
1 (2%) 

(60) 

(50) 

(41) 
29 (71%) 

1 (2%) 

(50) 
1 (2%) 

MID DOSE HIGH DOSE 

50 50 

49 50 


49 50 

(50) 

(50) 

6 (12%) 
7 (14%)

2 (4%) 4 (8%) 
1 (2%) 
4 (8%) 3 (6%) 

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

1 (2%) 

(50)
7 (14%) 

(49) 

(49) 

(49) 

1 (2%) 
(49) 

1 (2%) 

(49) 

(49) 
10 	 (20%) 

3 (6%) 


(49) 

(49) 

(47) 
22 (4'7%) 

2 (5%) 

(49) (50) 
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TABLE C2. SUMMARY O F  THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN  
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIIEATE(Continued) 

CONTROL (VEH) 

CIRCULATORY SYSTEM (Continued) 
#HEART 

HEMORRHAGE 
(50) 

ARTERIOSCLEROSIS, NOS 
FIBROELASTOSIS, NOS 

THROMBOSIS, NOS 
RHEARTIATRIUM (50) 

#MYOCARDIUM (50)
LYMPHOCYTIC INFLAMMATORY INFILTR 
INFLAMMATION, ACUTE 
EOSINOPHILIC INFILTRATE 
INFLAMMATION, GRANULOMATOUS 
FIBROSIS 
DEGENERATION, NOS 

*PULMONARY ARTERY 

MINERALIZATION 


DIGESTIVE SYSTEM 
#SALIVARY GLAND 

CALCULUS,UNKN GROSS OR MICRO 
INFLAMMATION, CHRONIC 

#LIVER 
ECTOPIA 
DILATATIONDUCTS 
HEMORRHAGE 
INFLAMMATION, MULTIFOCAL 
INFLAMMATION, CHRONIC 
INFLAMMATION, GRANULOMATOUS 
CHOLANGIOFIBROSIS 
NECROSIS, NOS 
NECROSIS, FOCAL 
NECROSIS, COAGULATIVE 
METAMORPHOSIS FATTY 
CYTOPLASMIC CHANGE, NOS 
BASOPHILIC CYTO CHANGE 
GROUND-GLASS CYTO CHANGE 
EOSINOPHILIC CYTO CHANGE 
ANGIECTASIS 

#LIVEIUCENTRILOBULAR 

NECROSIS, NOS 

METAMORPHOSISFATTY 


XLIVERPERIPORTAL 

METAMORPHOSIS FATTY 


#BILE DUCT 

CHOLANGIOFIBROSIS 

HYPERPLASIA, NOS 


#PANCREAS 

NECROSIS, NOS 

FOCAL CELLULAR CHANGE 

HYPERPLASIA, FOCAL 


#PANCREATIC ACINUS 

ATROPHY, NOS 


#ESOPHAGUS 

ULCER, NOS 

GRANULOMA, NOS 

#FORESTOMACH 

ULCER, NOS 

INFLAMMATION, CHRONIC 

HYPERPLASIA, EPITHELIAL 


#PYLORUS 

EROSION 


17 (34%) 
2 (4%) 

(50)
16 (32%) 

(50) 

(50) 
2 (4%) 

20 (40%) 

10 (20%) 

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

2 (4%) 

(50) 

(50) 

(50) 

10 (20%) 
(50) 

1 (2%) 
1 (2%) 

(50)
7 (14%) 

(49) 

(50) 
1 (2%) 

(50) 

LOW DOSE 

(50) 

1 (2%) 

(50) 

(50) 

1 (2%) 

15 (30%) 
1 (2%) 

(50)
15 (30%) 

(50) 

(50) 

15 (30%) 

9 (18%) 

1 (2%) 

2 (4%) 

2 (4%) 
1 (2%) 

(50) 

1 (2%) 

1 (2%) 


(50) 

1 (2%) 


(50) 

15 (30%) 
(49) 

1 (2%) 
(49)

7 (14%) 
(50) 

(50) 

1 (2%) 


(50) 

MID DOSE 

(49) 

1 (2%) 
1 (2%) 

(49) 
1 (2%) 

(49) 

18 (37%) 
1 (2%) 

(49)
8 (16%) 

HIGH DOSE 

(50) 
1 (2%) 

(50) 

(50) 
1 (2%) 

1 (2%) 

1 (2%)


16 (32%) 

3 (6%)


(60)

14 (28%) 

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

(50) 

1 (2%) 

9 (18%) 

1 (2%) 

1 (2%)


15 (30%) 

1 (2%) 


1 (2%) 
3 (6%) 

2 (4%) 

1 (2%) 
(50) 

1 (2%)
(60) 


(50) 
2 (4%)

10 (20%) 
(49) 

(49)
5 (10%) 

(49) 

(49) 

2 (4%)
1 (2%) 

(49) 
1 (2%) 
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TABLE C2. SUMMARY O F  THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN FEMALE RATS IN  
THE TWO-YEAR GAVAGE STUDY O F  DIMETHYL MORPHOLINOPHOSPHORAMIDATE(Continued) 

CONTROL (VEH) 

DIGESTIVE SYSTEM (Continued) 
#COLON (50)

PARASITISM 1 (2%) 

URINARY SYSTEM 
#KIDNEY (50)

CALCULUS,UNKN GROSS OR MICRO 
CALCULUS,MICROSCOPIC EXAMINATION 
HYDRONEPHROSIS 
HEMORRHAGE 7 (14%) 
FIBROSIS, DIFFUSE 
NEPHROPATHY 29 (58%)
METAMORPHOSIS FATTY 
HEMOSIDEROSIS 1 (2%)
CYTOPLASMIC VACUOLIZATION 

#RENAL PAPILLA (50)

MINERALIZATION 


XKIDNEYPTUBULE (50)
CALCULUS,UNKN GROSS OR MICRO 
CALCULUS,MICROSCOPIC EXAMINATION 1 (2%)
MINERALIZATION 9 (18%) 

#URINARY BLADDER (49)

HEMORRHAGE 

HEMOSIDEROSIS 


ENDOCRINE SYSTEM 
#PITUITARY (50)

HEMORRHAGE 1 (2%)
CYTOMEGALY 

#ANTERIOR PITUITARY (50)
CYST, NOS 7 (14%)
HEMORRHAGE 
HEMOSIDEROSIS 
FOCAL CELLULAR CHANGE 6 (12%)
ANGIECTASIS 10 (20%)

#ADRENAL (50)
DEGENERATION, LIPOID 3 (6%) 
LIPOIDOSIS 
ANGIECTASIS 3 (6%) 

#ADRENAL CORTEX (50)

PIGMENTATION, NOS 

FOCAL CELLULAR CHANGE 

ATROPHY, NOS 


#ADRENAL MEDULLA (60)
FIBROSIS 
FOCAL CELLULAR CHANGE 1 (2%)
HYPERPLASIA. FOCAL 

#THYROID (50)
ULTIMOBRANCHIAL CYST 1 (2%) 
CYSTIC FOLLICLES 
HYPERPLASIA, C-CELL 6 (12%) 
HYPERPLASIA, FOLLICULAR-CELL 

#PARATHYROID (44) 
ECTOPIA 1 (2%) 

LOW DOSE MID DOSE 

(48) (48) 

(50)  

1 (2%) 

1 (2%)

9 (18%) 

1 (2%) 


33 (66%) 

2 (4%) 

3 (6%) 


(50) 

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

(48) 

1 (2%) 


(50) 

(50)
10 (20%) 

2 (4%) 


3 (6%) 
(50) 

3 (6%) 
2 (4%) 

(60) 

1 (2%) 
(50) 

1 (2%) 
(50) 

1 (2%)

1 (2%)

6 (12%) 

1 (2%) 


(43) 

HIGH DOSE 

(49) 
1 (2%) 

(50) 

2 (4%) 


8 (16%) 


29 (58%) 


2 (4%) 


(60)
1 (2%) 

(50) 

2 (4%) 

(50) 

(50) 

(50)
7 (14%) 

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

(50) 

2 (4%) 

(50) 

(50)
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 

DILATATION/DUCTS
GALACTOCELE 
FIBROSIS, FOCAL 
HYPERPLASIA, NODULAR 

*PREPUTIAL GLAND 
ABSCESS, NOS 

*CLITORAL GLAND 
DILATATIONDUCTS 
ABSCESS, NOS 
HYPERPLASIA, EPITHELIAL 

INFLAMMATION, SUPPURATIVE 

HEMORRHAGE 

CYST, NOS 

CYST, NOS 
FOLLICULAR CYST, NOS 
PAROVARIAN CYST 
NECROSIS, NOS 

*VAGINA 

#UTERUS 

#UTERUS/ENDOMETRIUM 

#OVARY 

(50) 

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

4 (8%) 

(49) 

1 (2%) 

2 (4%) 

NERVOUS SYSTEM 
#BRAIN 

DISPLACEMENT, NOS 
HEMORRHAGE 
MALACIA 

#BRAIN STEM 
DISPLACEMENT, NOS 

SPECIAL SENSE ORGANS 
*EYE 

RETINOPATHY 
CATARACT 
PHTHISIS BULBI 

HEMORRHAGE 

MINERALIZATION 

INFLAMMATION, CHRONIC 

DEGENERATION, NOS 

LYMPHOCYTIC INFLAMMATORY INFILTR 

*EYE POSTERIOR CHAMBER 

*EYE/SCLERA 

'EYEJCORNEA 

*EYE/RETINA 

*HARDERIAN GLAND (50) 

(50) 

8 (16%) 

(50) 

(50) 

(50) 

(50) 

2 (4%) 

1 (2%) 

7 (14%) 
(50) 

(50) 

7 (14%) 
1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

8 (16%) 

(50) 

(50) 

(50) 

(50) 

1 (2%) 
(49) 

(49) 

5 (10%) 

(49) 

(49) 

(49) 

(49) 

1 (21%) 

5 (1'0%) 

1 (2%)
(50) 

(50) 

(50) 

(50) 

2 (4%) 

8 (16%) 

MUSCULOSKELETAL SYSTEM 
'STERNUM 

NECROSIS, NOS 
OSTEOSCLEROSIS 

*CARTILAGE, NOS 
NECROSIS, NOS 

(50) 
4 (8%)
3 (6%)

(50) 

(50) 

(50)
4 (8%) 

(49) 

4 (8%) 
(49) 

6 (12%) 

(50) 

1 (2%)
(50)

6 (12%) 
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TABLE CB. SUMMARY O F  THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN FEMALE RATS I N  
THE TWO-YEAR GAVAGE STUDY O F  DIMETHYL MORPHOLINOPHOSPHORAMDATE (Continued) 

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE 
-

BODY CAVITIES 
*THORACIC CAVITY 

*MEDIASTINUM 
INFLAMMATION, SUPPURATIVE 

HEMORRHAGE 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, CHRONIC 
NECROSIS, FAT 

NECROSIS, FAT 

INFLAMMATION, GRANULOMATOUS 
FOREIGN MATERIAL, NOS 

*ABDOMINAL CAVITY 

*PLEURA 

(50) 

(50)
1 (2%) 

3 (6%)
(50) 

(50) 

(50) 

(50) 

1 (2%) 
1 (2%) 

2 (4%) 

1 (2%) 
1 (2%) 

(50) 

(50) 

(49) 

(49) 
1 (29tI) 

1 (2%) 

2 (4%) 
(49) 

(49) 

(50) 

(50) 

3 (6%)
(50) 

(50) 

ALL OTHER SYSTEMS 
*MULTIPLE ORGANS 

HEMORRHAGE 
INFLAMMATION, NOS 

SPECIAL MORPHOLOGY SUMMARY 
ANIMAL MISSEXED/NO NECROPSY 1 

# 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 DI. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALNE MICE IN 
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE 

-~~~ 

CONTROL (VEH) LOW DOSE 

50 
50 
50 

(50) 

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

1 (2%) 
(50)

1 (2%) 

1 (2%) 

(50) 

3 (6%) 
(50) 

(30) 


(50) 
1 (2%) 

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

3 (6%)
3 (6%) 

(50)
1 (2%)
3 (6%)
3 (6%)

(50) 

(49) 

(49) 

4 (8%) 
(47)

2 (4%) 

(47) 

(47)
1 (2%)
1 (2%) 

HIGH DOSE 

50 
50 
50 

(50) 

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

(50)
2 (4%) 

1 (2%) 

2 (4%) 

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

(50) 

1 (2%)
3 (6%)

(50) 

(49) 
1 (2%) 

(SO) 

2 (4%)
6 (10%) 

(47) 

1 (2%) 

(47) 
1 (2%)

(47) 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

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 

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 

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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50 
50 
50 

(50) 
1 (2%) 

2 (4%) 

1 (2%) 

(50) 

1 (2%) 

1 (2%)
2 (4%) 

(50) 

1 (2%) 

(50) 
1 (2%) 

(60) 

(60) 
1 (2%) 

6 (10%) 
(45) 
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TABLE D1. SUMMARY O F  THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN MALE MICE IN 

THE TWO-YEAR GAVAGE STUDY O F  DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued) 


CONTROL (VEH) LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
#MESENTERIC L. NODE 

HEMORRHAGE 
INFLAMMATION, PYOGRANULOMATOUS 
ANGIECTASIS 
HYPERPLASIA, LYMPHOID 
HEMATOPOIESIS 

#RENAL LYMPH NODE 
DIIATATIONISINUS 

*STERNUM 
MASTOCYTOSIS 

#LIVER 
HEMATOPOIESIS 

#JEJUNUM 
HYPERPLASIA, LYMPHOID 

#ILEUM 
HYPERPLASIA, LYMPHOID 

#THYMUS 
CYST, NOS 
MULTIPLE CYSTS 
HYPERPLASIA, LYMPHOID 

(45) 
25 (56%) 

1 (2%)
2 (4%) 

(45) 

(50) 

(50) 

(48) 

(48) 

(41)
6 (15%) 

1 (2%) 

(47) 
28 (60%) 
1 (2%) 

(50) 

(40)
8 (20%) 
1 (3%) 

(47) 
24 (51%) 

1 (2%) 
2 (4%) 

1 (2%) 
(47) 

(50) 

(50) 

(48) 

(48) 

(46) 

1 (2%) 

1 (2%) 

11 (24%) 

CIRCULATORY SYSTEM 
#SPLEEN 

THROMBOSIS, NOS 

MINERALIZATION 
LYMPHOCYTIC INFLAMMATORY INFILTR 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC 
FIBROSIS 
ANGIECTASIS 

#HE ART/ATRI UM 
THROMBOSIS, NOS 

#CARDIAC VALVE 
PIGMENTATION, NOS 

*BLOOD VESSEL 
THROMBOSIS, NOS 
INFLAMMATION, CHRONIC 

THROMBOSIS, NOS 

PERIVASCULITIS 

#HEART 

#LIVER 

#PANCREAS 

(50) 

(50) 

(49) 

(50) 
1 (2%) 

2 (4%) 

(50) 

(50) 
1 (2%) 

1 (2%) 
2 (4%) 

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

(50) 

(50) 

(50) 
4 (8%) 

1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

DIGESTIVE SYSTEM 
WARD PALATE 

FIBROSIS 
*LIP 

INFLAMMATION, ACUTE/CHRONIC 
*TOOTH 

INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE/CHRONIC 
GROWTH, ALTERATION 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALNE MICE IN 

THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued) 


CONTROL (VEH) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#SALIVARY GLAND (50)


MINERALIZATION 3 (6%)

DILATATION/DUCTS 1 (2%)

LYMPHOCYTIC INFLAMMATORY INFILTR 

CYTOPLASMIC VACUOLIZATION 

ATROPHY, NOS 2 (4%) 


#LIVER (50) 

MINERALIZATION 1 (2%)

ABNORMAL CURVATURE 

CYST, NOS 

CONGESTION, NOS 

LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%) 

INFLAMMATION, GRANULOMATOUS 

NECROSIS, NOS 

NECROSIS, COAGULATIVE 1 (2%)

CYTOPLASMIC VACUOLIZATION 23 (46%)

BASOPHILIC CYTO CHANGE 2 (4%) 

FOCAL CELLULAR CHANGE 

EOSINOPHILIC CYTO CHANGE 

CLEAR-CELL CHANGE 8 (16%) 

HEPATOCYTOMEGALY 1 (2%)

ANGIECTASIS 


'GALLBLADDER (50) 

CYST, NOS 


#BILE DUCT (50)

HYPERPLASIA, NOS 


#PANCREAS (50)

ECTOPIA 1 (2%)

DILATATION/DUCTS

CYST, NOS 

LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%)


#PANCREATIC ACINUS (50) 

INFLAMMATION, CHRONIC 

FOCAL CELLULAR CHANGE 1 (2%)

ATROPHY, NOS 3 (6%)


#STOMACH (50)

INFLAMMATION, ACUTE/CHRONIC 1 (2%)


#GASTRIC FUNDAL GLAND (50)

DILATATION, NOS 1 (2%) 


#GLANDULAR STOMACH (50)

MINERALIZATION 

INFLAMMATION, ACUTE 

INFLAMMATION, ACUTE NECROTIZING 


#STOMACH WALL (50) 

MINERALIZATION 


#FORESTOMACH (50) 

INFLAMMATION, ACUTE 1 (2%)

INFLAMMATION, ACUTE/CHRONIC 

HYPERPLASIA, EPITHELIAL 1 (2%)


#ILEUM (48)

INFLAMMATION, ACUTE/CHRONIC 1 (2%) 
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TABLE D1. SUMMARY O F  THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN 

THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued) 


CONTROL (VEH) 

URINARY SYSTEM 
#KIDNEY (501

MINERALIZATION 10 (20%) 
HYDRONEPHROSIS 1 (2%)
CYST, NOS 1 (2%)
CONGESTION, NOS 
GLOMERULONEPHRITIS, NOS 
PYELONEPHRITIS, NOS 1 (2%) 
LYMPHOCYTIC INFLAMMATORY INFILTR 6 (12%) 
PYELONEPHRITIS, CHRONIC 
NEPHROSIS, NOS 18 (36%) 
INFARCT, NOS 1 (2%)
METAPLASIA, OSSEOUS 2 (4%) 

#PERIRENAL TISSUE (50)

GRANULOMA, NOS 


#KIDNEY/TUBULE (50)

CYTOPLASMIC VACUOLIZATION 


#URINARY BLADDER (50)
CALCULUS,GROSS OBSERVATION ONLY 1 (2%) 
DILATATION, NOS 1 (2%)
INFLAMMATION, ACUTE 1 (2%) 
INFLAMMATION, CHRONIC 1 (2%) 

ENDOCRINE SYSTEM 
#ANTERIOR PITUITARY (48)

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

#ADREN AUCAPSULE (50)
HYPERPLASIA, NOS 3 (6%)

#ADRENAL CORTEX (50)
CYST, NOS 1 (2%)
CLEAR-CELL CHANGE 4 (8%)
ATROPHY, BROWN 1 (2%)
HYPERTROPHY, FOCAL 8 (16%) 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 1 (2%)

#ADRENAL MEDULLA (50)

CONGESTION, NOS 

AMYLOIDOSIS 1 (2%)
HYPERPLASIA, NOS 6 (12%) 
HYPERPLASIA, FOCAL 

#THYROID (49)
FOLLICULAR CYST, NOS 13 (27%) 
INFLAMMATION, ACUTEXHRONIC 1 (2%)
HYPERPLASIA, FOLLICULAR-CELL 3 (6%)

#PARATHYROID (37)

CYST, NOS 


REPRODUCTIVE SYSTEM 
*PREPUCE (50) 

DILATATION, NOS 1 (2%)
INFLAMMATION, ACUTE/CHRONIC 1 (2%) 

LOW DOSE 

(50)
8 (16%) 

2 (4%) 

1 (2%) 

9 (18%) 
1 (2%)

15 (30%) 
1 (2%) 

(50) 
1 (2%)

(50) 
1 (2%) 

(47) 

(47) 

1 (2%) 

(50)
7 (14%)

(50) 

1 (2%) 
3 (6%) 
4 (8%) 
4 (8%) 
1 (2%) 

(50) 

9 (18%) 
2 (4%) 

(50) 
10 (20%) 

1 (2%) 
(23) 

(50) 

HIGH DOSE 

(50)
6 (12%) 

4 (8%) 
1 (2%) 
3 (6%) 

3 (6%) 

19 (38%) 
5 (10%) 

(50) 

(50) 

(50) 


(48) 
1 (2%) 

(50)

6 (12%) 

(50) 


5 (10%) 
1 (2%) 
6 (12%) 

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

(47) 
3 (6%) 

1 (2%) 
(24) 

1 (4%) 

(50) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN 

THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMI1)ATE (Continued) 


CONTROL (VEH) 

REPRODUCTIVE SYSTEM (Continued) 
*PREPUTIAL GLAND (50) 

DILATATION, NOS 2 (4%) 
DILATATION/DUCTS I (2%) 
CYST, NOS 
LYMPHOCYTIC INFLAMMATORY INFILTR 
ABSCESS, NOS 4 (8%)
INFLAMMATION, ACUTEKHRONIC 3 (6%)
INFLAMMATION. CHRONIC 2 (4%) 

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

'COAGULATING GLAND (50)
INFLAMMATION, ACUTE/CHRONIC 1 (2%) 

#TESTIS (50)
MINERALIZATION 17 (34%) 
NECROSIS, FAT 1 (2%)
ATROPHY, NOS 1 (2%) 
ANGIECTASIS 

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

NERVOUSSYSTEM 
#BRAIN (50) 

MINERALIZATION 16 (32%) 
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%) 
CYTOPLASMIC VACUOLIZATION 

SPECIAL SENSE ORGANS 
*EYE (50) 

COLLAPSE 1 (2%) 
*EUSTACHIAN TUBE (50)

LYMPHOCYTIC INFLAMMATORY INFILTR 2 (4%) 
INFLAMMATION, ACUTE 

MUSCULOSKELETAL SYSTEM 
NONE 

BODY CAVITIES 
*ABDOMINAL CAVITY (50) 


INFLAMMATION, ACUTE NECROTIZING 

NECROSIS, FAT 


*MESENTERY (50) 
ABSCESS,NOS 1 (2%) 

LOW DOSE 

(50) 

1 (2%)
5 (10%) 

2 (4%) 
(50) 

1 (2%) 

(50) 

(50)
17 (34%) 

3 (6%) 
1 (2%) 

(50) 

1 (2%) 

(50) 
18 (36%) 

2 (4%) 

(50) 

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

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

(50) 

HIGH DOSE 

(50) 

2 (4%)
1 (2%) 

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

(50)
3 (6%) 
1 (2%) 

(50) 

(49)
11 (22%) 

2 (4%) 

(50)
1 (2%) 

1 (2%) 

(50) 
20 (40%) 

(50) 

(50)
3 (6%) 

(50) 

(50) 
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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 HIGHDOSE 

ALL OTHER SYSTEMS 
*MULTIPLE ORGANS 

CONGESTION, NOS 
HEMORRHAGE 
LYMPHOCYTIC INFLAMMATORY INFILTR 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE SUPPURATIVE 

(50) 

5 (10%) 

1 (2%) 

(50) 
1 (2%) 

9 (18%) 
1 (2%) 

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

11 (22%) 
1 (2%) 

ABSCESS, NOS 
INFLAMMATION, GRANULOMATOUS 
INFECTION, BACTERIAL 
NECROSIS, NOS 
NECROSIS, FAT 

1 (2%) 

1 (2%)
2 (4%) 

1 (2%) 

1 (2%) 

SPECIAL MORPHOLOGY SUMMARY 
NONE 

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

119 DMMPA, NTP TR 298 




TABLE DB. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN  FEMALE MICE IN 
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORdAMIDATE 

CONTROL (VEH) 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS MISSING 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

INTEGUMENTARY SYSTEM 
*SKIN (50) 

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

*SUBCUT TISSUE (50)
EPIDERMAL INCLUSION CYST 
INFLAMMATION, ACUTE 
ABSCESS, NOS 1 (2%) 

RESPIRATORY SYSTEM 
#BRONCHIAL CARTILAGE (50)

MINERALIZATION 
#LUNG (50)

BRONCHIECTASIS 1 (2%)
EDEMA, NOS 
HE MO RRH AGE 3 (6%)
LYMPHOCYTIC INFLAMMATORY INFILTR 4 (8%)
INFLAMMATION, CHRONIC 
HISTIOCYTOSIS 5 (10%) 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS (50)

LEUKEMOID REACTION 
HYPERPLASIA, LYMPHOID 3 (6%) 
HEMATOPOIESIS 1 (2%)
MYELOPOIESIS 

#BONE MARROW (50) 
MYELOSCLEROSIS 41 (82%) 

#SPLEEN (49) 
HEMOSIDEROSIS 9 (18%) 
HYPERPLASIA, LYMPHOID 2 (4%) 
HEMATOPOIESIS 2 (4%)

#MANDIBULAR L. NODE (32) 
EDEMA, NOS 1 (3%) 
HYPERPLASIA, LYMPHOID 

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

#PANCREATIC L. NODE (32) 
CONGESTION, NOS 

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

#RENAL LYMPH NODE 
HYPERPLASIA, LYMPHOID 

#LIVER 
HEMATOPOIESIS 

XPEYERS PATCH 
HYPERPLASIA, LYMPHOID 

LOW DOSE 

50 
3 

47 
47 

(47) 
1 (2%) 
1 (2%) 

(47) 
1 (2%) 
1 (2%) 

(46) 
1 (2%) 

(46) 
1 (2%) 

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

(47) 

9 (19%) 

(47) 
38 (81%) 

(47) 
5 (11%) 
4 (9%)
3 (6%)

(34) 

(34) 

(34) 
1 (3%) 

(34) 

1 (3%) 

HIGH DOSE 

50 

50 
50 

(60) 

1 (2%) 

1 (2%) 

(50) 

(50) 

(50) 

1 (2%) 
2 (4%) 

2 (4%) 

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

(49) 
30 (61%) 

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

(38) 

4 (11%) 
(38) 

(38) 

(38)
4 (11%) 
1 (3%) 
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TABLE D8. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN 
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE(Continued) 

CONTROL (VEH) LOW DOSE HIGHDOSE 
~ ~ ~ 

HEMATOPOIETIC SYSTEM (Continued) 
#JEJUNUM 

HYPERPLASIA, LYMPHOID 
#THYMUS 


CYST, NOS 

MULTIPLE CYSTS 

CONGESTION, NOS 

LYMPHOID DEPLETION 

HYPERPLASIA, LYMPHOID 


#THYMIC LYMPHOCYTES 

NECROSIS, NOS 


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 


~ ~~ 

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 

(50) 
1 (2%) 

(44)
8 (18%) 

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

(44) 

(50) 

(49) 
1 (2%) 

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

(50) 
1 (2%) 

(50) 

(50) 
1 (2%)

(50) 

(50) 

(50) 
1 (2%)

(50) 

(48)
1 (2%) 

(60) 

2 (4%) 

1 (2%) 
1 (2%) 

1 (2%)
34 (68%) 
1 (2%) 

14 (28%) 

1 (2%) 

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

(44) 
1 (2%)

(39)
8 (21%) 
1 (3%) 

1 (3%) 
(39) 

(47) 
1 (2%)

(47) 

(47) 

(47) 

(47) 

(47) 

(47) 
1 (2%)

(47) 
1 (2%)

(47) 
1 (2%)

(47) 

(47) 

(47) 
1 (2%) 
2 (4%) 

2 (4%) 

2 (4%)
39 (83%) 

7 (15%) 
2 (4%) 

(47) 

(45) 
3 (7%) 

(39)
6 (15%) 
1 (3%) 

(50) 

1 (2%)

3 (6%)


29 (59%) 


1 (2%)
5 (10%) 

1 (2%) 
(60) 
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TABLE D!& SUMMARY O F  THE INCIDENCE OF NONNEOPLASmC LESIONS IN FEMALE MICE IN 
THE TWO-YEAR GAVAGE STUDY O F  DIMETHYL MORPHOLINOPHOSPHORAMDATE (Continued) 

CONTROL (VEH) 

DIGESTIVE SYSTEM (Continued) 
#PANCREAS (50) 

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

#PANCREATIC ACINUS (50) 
CYTOPLASMIC VACUOLIZATION 
HYPOPLASIA, NOS 
ATROPHY, NOS 1 (2%)
HYPERPLASIA, NOS 

CPERIPANCREATIC TISSUE (50) 

NECROSIS, FAT 


#STOMACH (50) 
MINERALIZATION 1 (2%) 
CYST, NOS 
EDEMA, NOS 1 (2%) 
INFLAMMATION, ACUTE 1 (2%)
INFLAMMATION, ACUTE/CHRONIC 
NECROSIS, NOS 
HYPERPLASIA, EPITHELIAL 

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


#JEJUNUM
., --- - (50) 
ULCER, NOS 

INFLAMMATION, ACUTE 

INFLAMMATION, ACUTE NECROTIZING 


URINARY SYSTEM 
#KIDNEY (50) 

HYDRONEPHROSIS 1 (2%)GLOMERULONEPHRITIS, NOS 1 (2%) 
LYMPHOCYTIC INFLAMMATORY INFILTR 

7 (14%)NEPHROSIS, NOS 

NECROSIS, NOS 

INFARCT, NOS 1 (2%) 

METAPLASIA, OSSEOUS 3 (6%)


#KIDNEYRUBULE (50) 
PIGMENTATION, NOS 1 (2%)

*PERIURETERAL TISSUE (50)
STEATITIS 

#URINARY BLADDER (46) 
LYMPHOCYTIC INFLAMMATORY INFILTR 

ENDOCRINE SYSTEM 
#PITUITARY (49)

COLLOID CYST 1 (2%) 
HYPERTROPHY, FOCAL 
HYPERPLASIA, CHROMOPHOBE-CELL 10 (20%) 
ANGIECTASIS 1 (2%)

#ADRENAL (60)

CYST, NOS 
CONGESTION, NOS 1 (2%) 

ANGIECTASIS 1 (2%)#ADRENAWCAPSULE (50) 

HYPERPLASIA, NOS 


LOW DOSE 

(47) 
1 (2%) 
1 (2%) 

1 (2%) 
(47) 

1 (2%) 
4 (9%) 
1 (2%) 

(47) 

(47) 

2 (4%) 

1 (2%) 
(47)

2 (4%) 
(44) 

1 (2%) 

(47) 

1 (2%) 

5 (11%) 
2 (4%) 

(47)3 (6%) 

(47) 

(47) 
2 (4%) 

(46) 

1 (2%)
8 (17%) 

(47)2 (4%) 

(47) 

1 (2%) 

HIGHDOSE 

(48) 

(2%) 

(6%) 

(2%) 

(2%) 

1 (2%) 
1 (2%) 

(46) 

(46)
1 (2%) 
1 (2%) 

(49) 

2 (4%)
7 (14%) 
1 (2%)3 (6%) 

(49)3 (6%) 

(50) 

1 (2%)
(46) 

(41) 

6 (12%) 
(50) 

1 (2%) 
1 (2%) 

(50) 
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TABLE D2. SUMMARY OF THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN FEMALE MICE IN 
THE TWO-YEAR GAVAGE STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued) 

CONTROL (VEH) 

ENDOCRINE SYSTEM (Continued) 
#ADRENAL CORTEX (50)

CYST, NOS 
DEGENERATION, BALLOONING 1 (2%)
PIGMENTATION, NOS 1 (2%)
ATROPHY, BROWN 32 (64%) 
HYPERTROPHY, FOCAL 5 (10%)
HYPERPLASIA, NODULAR 2 (4%) 

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

#THYROID (45)
THYROGLOSSAL DUCT CYST 1 (2%)
FOLLICULAR CYST, NOS 5 (11%) 
INFLAMMATION, GRANULOMATOUS 
INFLAMMATION, PYOGRANULOMATOUS 
HYPERPLASIA, EPITHELIAL 1 (2%)
HYPERPLASIA, FOLLICULAR-CELL 6 (13%)

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

REPRODUCTIVE SYSTEM 
*MAMMARY GLAND (50)

DILATATION/DUCTS
HYPERPLASIA, NOS 4 (8%)
LACTATION 1 (2%)

#UTERUS (50)
HYDROMETRA 1 (2%)
ANGIECTASIS 1 (2%)

#UTE RU WENDO METRI UM (50)
CYST, NOS 10 (20%)
MULTIPLE CYSTS 
INFLAMMATION, ACUTE 
HYPERPLASIA, NOS 1 (2%)
HYPERPLASIA, CYSTIC 38 (76%) 

#OVARY (49)
MINERALIZATION 1 (2%)
CYST, NOS 13 (27%) 
HEMORRHAGIC CYST 2 (4%)
ATROPHY, NOS 
ANGIECTASIS 1 (2%)

#MESOVARIUM (49)
CYST, NOS 1 (2%)
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%)
NECROSIS, FAT 

NERVOUS SYSTEM 
#BRAIN (50)

MINERALIZATION 20 (40%) 
#HIPPOCAMPUS (50)

NECROSIS, NOS 1 (2%) 

SPECIAL SENSE ORGANS 
+EYE (50)

COLLAPSE 

MUSCULOSKELETAL SYSTEM 
NONE 

LOW DOSE 

(47) 

35 (74%) 
2 (4%) 

(47) 
1 (2%) 

(47) 

5 (11%) 

9 (19%) 
(26) 

2 (8%) 

(47)
1 (2%) 
3 (6%) 

(47) 
1 (2%) 

(47)
5 (11%) 

1 (2%) 

1 (2%)


38 (81%) 

(45) 

13 (29%) 
3 (7%) 
1 (2%) 

(45) 

1 (2%) 

(47)
17 (36%) 

(47) 

(47) 

HIGH DOSE 

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

32 (64%) 
5 (10%) 

(50) 

2 (4%) 

(45) 

12 (27%) 
1 (2%) 
1 (2%) 

3 (7%) 
(23) 

(50) 


3 (6%) 
1 (2%) 

(49) 
2 (4%) 

(49)
5 (10%) 
1 (2%) 
1 (2%) 

34 (69%) 
(48) 

1 (2%) 
9 (19%) 

(48) 

(50) 
24 (48%) 

(50) 

(50) 
1 (2%) 
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TABLE Da. 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) 

*MESENTERY 
NECROSIS, FAT 

NECROSIS, FAT 
(50) 

1 (2%) 

1 (2%) 
(47) 

ALL OTHER SYSTEMS 
'MULTIPLE ORGANS 

MINERALIZATION
CONGESTION, NOS 
LYMPHOCYTIC mFLAMMATORY INFILTR 
INFLAMMATION,,ACUTE 
1NFLAMMATIONI;ORANULOMATOUS
BACTERIAL SEPTTFCEMIA 

(50) 

1 (2%) 
26 (50%) 

1 (2%) 

(47) 

1 (2%) 
28 (60%) 

(50) 
1 (2%)
6 (12%)
30 (60%) 
1 (2%)
1 (2%) 
1 (2%) 

NECROSIS, FAT 
TAIL 

1 (2%) 

FIBROUS OSTEOIDYSTROPHY 1 
UTERINE LIGAMENT 

NECROSIS, FAT 1 

SPECIAL MORPHOLOGY SUMMARY 
ANIMAL MISSIMMO NECROPSY 3 

# NUMBER OF ANII@LS 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 MORPHOLINOPHOSPHOEeAMIDATE 
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TABLE El .  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF DIMETHYL MORPHOLINOPHOSPHORAMDATE 

Vehicle Control 160 mgAcg 300 mg/kg m m g / k g  

Skin: Squamous Cell Papilloma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b) 2.6% 
Terminal Rates(c) 1/38 (3%) 

' Life Table Testa (d) P =0.020 
Incidental TumorTesta (d) P=0.025 
Cochran-Armitage Trend Test (d) P =0.067 
Fisher Exact Test 

Skin: Fibroma 
Overall Rates(a) 0/50 (0%)
Adjusted Rates (b) 0.0% 
Terminal Rater (c) 0138 (0%)
Life Table Teste (d) 
Incidental Tumor Teste (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Teat 

P=  0.480N 
P =  0.293N 
P=0.366N 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 3/50 (6%) 

Terminal Rates (c) 2/38 (5%) 
Life Table Testa (d) P=0.462N 
Incidental Tumor Testa (d) P=0.345N 
Cochran-Armitage Trend Test (d) P= 0.248N 
Fisher Exact Test 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 3/50 (6%)
Adjusted Rates(b) 7.3% 
Terminal Rates (c) 2/38 (5%)
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Teat 

Integumentary System: Fibroma 

Adjusted Rates (b) 7.3% 

P=0.406N 
P =0.275N 
P=0.210N 

Overall Rates (a) 3/50 (6%)
Adjusted Rates (b) 7.3% 
Terminal Rates (c) 2/38 (5%)
Life Table Testa (d) P=0.383N 
Incidental Tumor Testa (d) P =0.204N 
Cochran-Armitage Trend Test (d) P- 0.170N 
Fisher Exact Test 

Integumentary System: Fibroma or Fibrosarcoma 
Overall Rates (a) 3/60 (6%) 

Terminal Rates (c) 2/38 (6%)
Life Table Teste (d) P=0.339N 
Incidental Tumor Teste (d) P30.161N 
Cochran-Armitage Trend Test (d) P =0.146N 
Fisher Exact Test 

Adjusted Rates (b) 7.3% 

Hematopoietic Syatem: Mononuclear Cell Leukemia 
Overall Rates (a) 14/50 (28%) 
Adjusted Rate8(b) 30.7% 
Terminal Rates(c) 7/38 (18%) 
Life Table Testa (d) P=O.OOl 
Incidental Tumor Tests (d) P=0.127 
Cochran-Armitage Trend Test (d) P= 0.027 
Fisher Exact Test 

1/50 (2%) 
2.6% 
1/38(3%)
P=0.762 
P =0.762 

P =0.753 

3/60 (6%)
7.3% 
1/38(3%)
P=0.124 
PsO.107 

P10.121 

3/50 (6%) 
7.9% 
3/38 (8%)
P =0.662 
P =0.662 

P=0.661 

4/50 (8%)
10.1% 
3/38 (8%)
P=0.496 
P=O.500 

P =0.500 

6/50(12%)
14.8% 
4/38(11%)
P=0.248 
P-0.229 

P-0.243 

7/60 (14%) 
16.9% 
4/38(11%)
P =0.1 66 
P=O.l46 

P =0.169 

21150 (42%) 
49.6% 
17/38(46%)
P=0.123 
P =0.082 

P =0.104 

1/50 (2%)
3.6% 
1/28 (4%) 
P=0.692 
P=  0.692 

PpO.753 

1/50 (2%)
3.6% 
1/28 (4%) 
P=0.439 
P=O.439 

P-0.600 

4/50 (8%)
13.6% 
3/28 (11%)
P=0.367 
P-0.474 

P=0.600 

4/60 (8%)
13.6% 
3/28 (11%) 
P=0.367 
P=0.474 

P=O.500 

5/50 (10%)
17.1% 
4/28(14%)
P-0.229 
P=0.312 

PsO.367 

6/50 (10%)
17.1% 
4/28(14%)
P=0.229 
P e:0.312 

P =0.357 

19/60 (38%) 
47.3% 
8/28(29%)
P=0.088 
P=0.440 

P10.198 

4/60 (8%)
15.0% 
3/23 (13%) 
P=0.081 
P=0.098 

P=0.181 

1/50 (2%) 
4.3% 
1/23 (4%) 
P=0.448N 
P =0.398N 

P =0.309N 

1/60 (2%) 
4.3% 
1/23 (4%) 
P=0.448N 
P=0.398N 

P=0.309N 

1/50(2%)
4.3% 
1/23 (4%) 
P=0.448N 
P=0.398N 

P =0.309N 

1/50 (2%)
4.3% 
1/23 (4%) 
P=0.448N 
P =0.398N 

P =0.309N 

25/50 (50%)
63.4% 
10123(43%)
P =0.003 
P =0.127 

P =0.020 

DMMPA, NTP TR 298 126 



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

Vehicle Control 150 mg/kg 300mg/kg 600 mg/kg 

3/50 (6%) 
9.1% 
1/23 (4%) 
P =0.243 
P =0.380 

P=0.309 

0150 (0%)
0.0% 
OD3 (0%)
P=0.030N 
P=0.017N 

P=0.006N 

5/50 (10%)
19.3% 
4/23 (17%) 
P =0.500N 
P=0.454N 

P=0.183N 

1/49(2%)
3.4% 
0/23 (0%)
P =0.599N 
P =0.368N 

P =0.508N 

2/49 (4%)
7.6% 
1/23 (4%) 
P =0.522N 
P=0.363N 

P=0.349N 

2/49 (4%) 
7.6% 
1/23 (4%) 
P =0.522N 
P-0.363N 

P =0.349N 

0147 (0%)
0.0% 
0/23(0%)
P=0.143N 
Pt0.143N 

P =0.066N 

Liver: Neoplastic Nodule 
Overall Rates(a)
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

Pituitary: Adenoma 
Overall Rates (a) 
Adjusted Rates (b)
Terminal Rates (c) 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

Adrenal: Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

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

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Testa (d) 

Incidental Tumor Testa (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test 


Thyroid: C-Cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates(c)
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

Thyroid: C-cell Adenoma o r  Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates(c)
Life Table Testa (d)
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

Pancreatic Islets: Islet Cell Adenoma 
Overall Rates (a) 
Adjusted Ratas (b) 
Terminal Rates (c) 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

1/50 (2%) 
2.3% 

3/50 (6%) 
7.9% 

3/50 (6%)
10.7% 

0138 (0%)
P=0.146 

3/38 (8%)
Pr0.303 

3/28 (11%)
P =0.224 

P10.204 P =0.307 P =0.255 
P =0.292 

P =0.309 P=0.309 

7/50 (14%) 
16.9% 

4/50 (8%)
10.5% 

7/48 (15%) 
20.6% 

5/38 (13%)
P=0.071N 

4/38 (11%)
P =0.264N 

3/27 (1 1%)
P =0.425 

P-0.018N P =0.262N P=0.574N 
P=0.019N 

P =  0.262N P=0.581 

9/49 (18%) 
22.6% 

16/50 (32%) 
40.0% 

10/50 (20%) 
31.8% 

8/38 (21%) 
P=  0.359N 

14/38 (37%) 
P =0.082 

8/28(29%)
P =0.259 

P =0.227N P =0.072 P=0.333 
P =0.055N 

P=0.091 P=0.520 

2/50 (4%) 0148(0%) 4/48 (8%) 
4.8% 0.0% 14.8% 
1/38 (3%) 0/38 (0%) 4/27 (15%) 
P =0.455 P=0.245N P=  0.21 2 
P =0.594 P =  0.240N P=0.228 
P=0.582N 

P =  0.258N P =0.319 

4/50 (8%) 3/48 (6%) 4/48 (8%) 
9.9% 7.9% 13.7% 
3/38 (8%) 3/38 (8%) 3/27 (11%)
P= 0.534N P=0.498N P =0.484 
P=0.363N P=0.500N P =0.575 
P=0.303N 

P=0.523N P=0.619 

4/50 (8%) 5/48 (10%) 4/48 (8%)

9.9% 13.2% 13.7% 

3/38 (8%) 5/38 (13%) 3/27 (11%) 

P=0.462N P=0.502 P=0.484 

P =0.307N P=0.500 P=0.675 

P= 0.226N 


P =0.474 P =0.619 

4/50 (8%) 0/49(0%) 2/47 (4%) 
10.5% 0.0% 5.9% 
4/38(11%) OM8 (0%) 1/28 (4%) 
P =0.1 18N P=0.063N P=0.463N 
P =0.106N P=0.063N P =0.459N 
P=O.O69N 

P =0.061N P=0.369N 
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TABLE El. ANALYSIS O F  PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE (Continued) 

Vehicle Control 150 mgkg  300mgfltg 

Pancreatic Islets: Islet Cell Adenoma or Carcinoma 
Overall Rates (a) 4/50 (8%) 0149 (0%) 3/47 (6%) 
Adjusted Rates (b) 10.5% 0.0% 9.4% 
Terminal Rates(c) 4/38(11%) 008 (0%) 2/28 (7%)
Life Table Testa (d) P =  0.169N P-0.063N P =0.644N 
Incidental Tumor Testa (d) P =0.155N P -0.063N P =0.640N 
Cochran-Armitage Trend Test (d) P =0.096N 
Fisher Exact Test P-0.061N P =0.535N 

Mammary Gland Fibroadenoma 
Overall Rates (a) 3/50 (6%) 4/50 (8%) 1/50 (2%) 
Adjusted Rates (b) 7.9% 9.3% 3.6% 
Terminal Rates (c) 3/38 (8%) 1/38(3%) 1/28(4%)
Life Table Testa (d) P=0.476N P =0.501 P=0.419N 
Incidental Tumor Testa (d) P =  0.304N Pm0.455 P=0.419N 
Cochran-Armitage Trend Test (d) P =0.292N 
Fisher Exact Test P-0.500 P =0.309N 

Mammary Gland: Fibroadenoma o r  Adenoma 
Overall Rates (a) 3/50 (6%) 4/50 (8%) 2/50 (4%) 
Adjusted Rates (b) 7.9% 9.3% 6.3% 
Terminal Rates (c) 3/38 (8%) 1/38 (3%) 1/28 (4%) 
Life Table Testa (d) P=0.507N P-0.501 P-0.626N 
Incidental Tumor Tests (d) P=0.268N P =0.455 P=0.533N 
Cochran-Armitage Trend Test (d) P=0.319N 
Fisher Exact Test P =0.500 P =0.500N 

Preputial Gland: Adenoma 
Overall Rates (a) 1/50 (2%) 1/50 (2%) 3/50 (6%) 
Adjusted Rates (b) 2.6% 2.6% 9.8% 
Terminal Rates (c) 1/38 (3%) 1/38 (3%) 2/28 (7%) 
Life Table Tests (d) P =0.176 P =0.762 P-0.215 
Incidental Tumor Tests (d) P=0.342 P-0.762 P=0.296 
Cochran-Armitage Trend Test (d) P=0.324 
Fisher Exact Test P =0.753 P =0.309 

Preputial Gland: Adenoma o r  Carcinoma 
Overall Rates (a) 3/50 (6%) 1/50 (2%) 3/50 (6%) 
Adjusted Rates (b) 7.9% 2.6% 9.8% 
Terminal Rates (c) 3/38 (8%) 1/38 (3%) 2/28 (7%) 
Life Table Testa (d) P =0.242 P=0.305N P =0.526 
Incidental Tumor Tests (d) P=0.400 P =  0.305N P =0.61 4 
Cochran-Armitage Trend Test (d) P =0.456 
Fisher Exact Test P =  0.309N P=0.661 

Testis: Interstitial Cell Tumor 
Overall Rates (a) 45/50 (90%) 45/50 (90%) 44/50 (88%)
Adjusted Rates (b) 93.7% 100.0% 97.8% 
Terminal Rates (c) 35/38 (92%) 38/38(100%) 27/28 (96%) 
Life Table Testa (d) Pc0.001 P=0.578 P =0.062 
Incidental Tumor Tests (d) P=0.171 Pr0.649 P =0.639N 
Cochran-Armitage Trend Test (d) P-0.310 
Fisher Exact Test P =  0.630N P=0.500N 

Testis: Mesothelioma 
Overall Rates (a) W50 (0%) 3/50 (6%) 
Adjusted Rates (b) 0.0% 7.9% 
Terminal Rates (c) OB8 (0%) On8(0%)
Life Table Testa (d) P=0.499 P=O.lOO 
Incidental Tumor Tests (d) P=0.504N P =0.284 
Cochran-Armitage Trend Test (d) P=0.534 
Fisher Exact Test P=0.121 

0147 (0%) 
0.0% 
0/23 (0%)

P=0.143N 

P=O.l43N 


P =0.066N 

2/50 (4%) 

8.7% 

2/23 (9%) 

P =0.644 

P=0 . 6 4  


Ps0.500N 


2/50 (4%) 

8.7% 

2/23 (9%) 

P=0.644 

P30.644 


P=0.500N 


2/50 (4%)

7.6% 

1/23 (4%) 

P=0.355 

P-0.522 


P=0.500 


3/50 (6%) 

11.8% 

2/23 (9%)

P=0.438 

P =0.562 


P=0.661 


46/49 (94%) 

100.0% 

23/23 (100%) 

P-0.003 

P =0.206 


Pt0.369 


0149 (0%) 

0.0% 
0/23 (0%) 
(e)
(e) 

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

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 (c) 0138 (0%) OB8(0%) 1/28 (4%) 0/23 (0%)
Life Table Testa (d) P=0.551N P=0.752N P =0.084 P =0.504N 
Incidental Tumor Testa (d) P =0.204N P =0.729 P=0.226 P =0.M6N 
Cochran-Armitage Trend Test (d) P=0.474N 
Fisher Exact Test P=0.753 P =0.102 P=O.SOON 

(a)Number of tumor-bearing animals/number of animals examined a t  the site 
(b) Kaplan-Meier estimated tumor incidence a t  the end of the study after adjusting for intercurrent mortality 
(c)Observed tumor incidence a t  terminal kill 
(d)Beneath the vehicle control incidence are the Pvalues associated with the trend test. Beneath the dosed group incidence are 
the Pvalues corresponding to paimise 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 asnonfatal. 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 Pvalue is presented because no tumors were observed in the vehicle control, 150, and 600 mg/kg groups. 
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TABLE Et .  ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE 

Vehicle Control 110mg/kg 300mgntg 600 m&e 

HematoDoietic system: Mononuclear Cell Leukemia 
Overdl htes ia) 9/50 (18%) 13/60 (26%) 12/49 (24%) 18/50 (36%) 
Adjusted Rates (b) 20.1% 32.0% 29.6% 49.6% 
Terminal Rates (c) 3/36(8%) 8/35 (23%) 6/33(18%) 7/25 (28%) 
Life Table Testa (d) P =0.005 P=0.215 P=0.259 P=0.008 
Incidental Tumor Testa (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 =0.236 P=0.294 P=0.036 

Pituitary: Adenoma 
Overall Rates (a) 9/50 (18%) 14/60 (28%) 16146(30%) 13/50 (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) Pe0.062 P=0.151 P=O.l09 P80.073 
Incidental Tumor Testa (d) P =0.209 PrO.113 P=0.098 P=0.232 
Cochran-Armitage Trend Test (d) P-0.264 
Fisher Exact Test Pt0.171 P =0.1 18 P=0.236 

Pituitary: Adenoma or Carcinoma 
Overall Rates (a) 11/50 (22%) 16/50 (32%) 14/46(30%) 13/50 (26%) 
Adjusted Rates (b) 27.2% 42.9% 37.3% 37.1% 
Terminal Rates (c) 7/36 (19%) 14/35 (40%) 9/31 (29%) 6/25 (24%)
Life Table Testa (d) Pe0.148 P=0.161 P=0.218 P=0.151 
Incidental Tumor Testa (d) Pe0.386 P =0.1 11 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%) 6/50 (10%) 3/49 (6%) 2/50 (4%) 
Adjusted Rates (b) 2.6% 12.4% 8.3% 7.6% 
Terminal Rates (c) 0/36 (0%) 3/35 (9%) 2/33 (6%) 1/25 (4%) 
Life Table Testa (d) P=0.468 P=O.101 P=0.274 P=0.374 
Incidental Tumor Testa (d) P=0.454N P=0.163 P=0.310 P=O.610 
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) 10M6 (28%) 10/35 (29%) 9/33 (27%) 2/26 (8%)
LifeTable Testa (d) P =0.095N P=0.665 P-0.412 P=0.087N 
Incidental Tumor Teste (d) P=0.064N P=0.592 P-0.382 P-O.OS9N 
Cochran-Armitage Trend Test (d) P=0.020N 
Fisher Exact Test P=0.596N P=0.478 P=0.021N 

Uterus: Endometrial Stromal Polyp
Overall Rates(a) 6/50 (12%) 6/60 (10%) 10149 (20%) 7/60 (14%) 
Adjusted Rates(b) 15.9% 14.3% 26.1% 2 1.4% 
Terminal Rates (c) 5/36 (14%) 6/36 (14%) 6/33 (18%) 3/25(12%) 
Life Table Testa (d) P =0.138 P=  O.624N P1.0.168 P=0.281 
Incidental Tumor Testa (d) Ps0.271 P -0.648N P=0.214 P=0.473 
Cochran-Armitage Trend Test (d) P=0.338 
Fisher Exact Test P =0.600N P10.194 P=0.500 

(a)Number oftumor-bearing animaldnumber of animals examined a t  the site 
(b)Kaplan-Meier estimated tumor incidence a t  the end of the study after adjusting for intercurrent mortality 
(c)Observed tumor incidence a t  terminal kill 
(d)Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as  being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions asnonfatal. The Cochran-Armitage and Fisher exact test compare directly the overall incidence. 
A negative trend or lower incidence in a dosed group ie indicated by (N). 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF DIMETHYL MORPHOLINOPHOSPHORAMDATE 

Vehicle Control 150 mg/kg 300 mg/kg 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a) 

Terminal Rates (c)
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

Adjusted Rates (b) 
3/50 (6%) 

3/41 (7%) 
P =  0.212N 
P =  0.136N 
P=0.202N 

7.3% 
1/50 (2%)
2.4% 
0136 (0%)
P=0.342N 
P=0.228N 

P=0.309N 

1\50 (2%) 
2.3% 
0139 (0%)
P =  0.318N 
P =0.242N 

P=0.309N 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c)
Life Table Teste (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

3/50 (6%) 
7.3% 
3/41 (7%) 
P =0.235N 
P=0.163N 
P=0.222N 

2/50 (4%) 
5.1% 
1/36(3%)
P-0.547N 
P =0.436N 

P-0.500N 

1/50 (2%) 
2.3% 
0139 (0%)
P=0.318N 
P=  0.242N 

P =0.309N 

Integumentary System: Fibroma o r  Fibrosarcoma 
Overall Rates (a) 

Terminal Rates (c) 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

Adjusted Rates (b) 
3/50 (6%) 

3/41 (7%) 
l”= 0.252N 
P=0.228N 
P=0.238N 

7.3% 
3/50 (6%) 
7.2% 
1/36 (3%) 
Pe0.622 
P=0.61 1N 

P=0.661 

1/50 (2%) 
2.3% 
0 0 9  (0%)
P=0.318N 
P=0.242N 

P =  0.309N 

Integumentary System: Fibroma, Fibrosarcoma, o r  Neurofibrosarcoma 
Overall Rates (a) 3/50 (6%) 

Terminal Rates(c) 3/41 (7%) 
Life Table Testa (d) P =  0.268N 
Incidental Tumor Testa (d) P =0.248N 
Cochran-Armitage Trend Test (d) P=0.252N 
Fisher Exact Test 

Adjusted Rates (b) 7.3% 
4/50 (8%)
9.8% 
2/36 (6%) 
P=0.452 
P10.543 

P =0.500 

1/50 (2%) 
2.3% 
0139 (0%)
Pt0.318N 
P =0.242N 

P=0.309N 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c)
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

5/50 (10%) 
11.9% 
4/41 (10%) 
P=0.410 
P =0.482 
P=0.437 

6/50 (12%) 
15.6% 
4/36(11%)
P=0.429 
P=0.596N 

P=0.500 

6/50 (12%) 
15.4% 
6/39 (15%) 
P =0.470 
P=0.523 

P=0.500 

Lung: Alveolar/Bronc hiolar Carcinoma 
Overall Rates (a) 

Terminal Rates (c) 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

Adjusted Rates (b) 
2/50 (4%) 

2/41 (5%)
P =0.416N 
P=0.490N 
P=0.399N 

4.9% 
3/50 (6%) 
7.7% 
2/36 (6%) 
PzO.457 
P =0.453 

P =0.500 

1/50 (2%) 
2.6% 
1/39 (3%) 
P =  0.517N 
P=O.517N 

P=0.500N 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a) 6/50 (12%) 
Adjusted Rates (b) 14.2% 
Terminal Rates(c) 5/41 (12%) 
Life Table Testa (d) P=0.413 
Incidental Tumor Testa (d) P=0.435 
Cochran-Armitage Trend Test (d) P =0.443 
Fisher Exact Test 

8/50 (16%) 
20.1% 
5/36 (14%) 
P e0.319 
P=0.518 

P =0.387 

7/50 (14%) 
17.9% 
7/39 (18%)
P =0.466 
P=0.515 

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% 115% 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=0.617N 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) 0150 (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=O.109 P = o . z ~ ~  
Incidental Tumor Testa(d) P=0.276 P=0.172 P=0.451 
Cochran-Armitage Trend Test (d) P=O.202 
Fisher Exact Test P=O.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 =  0.371N 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 6/50 (12%) 6/50 (12%) 12/50 (24%) 
Adjusted Rates (b) 13.5% 13.4% 27.1% 
Terminal Rates (c) 3/41 (7%) 1/36 (3%) 7/39 (18%) 
Life Table Tests (d) P =0.076 P =0.586 P=O.lOO 
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 o r  Carcinoma 
Overall Rates (a) 11/50(22%) 13/50 (26%) 15/50 (30%) 
Adjusted Rates (b) 24.9% 29.3% 33.2% 
Terminal Rates (c) 8/41 (20%) 6/36 (17%) 9/39 (23%) 
Life Table Tests (d) P=0.213 P =0.338 P =0.237 
Incidental TumorTesta (d) P=O.118 P =0.549 P=0.212 

Cochran-Armitage Trend Test (d) P=0.212 

Fisher Exact Test P = O A O ~  P =0.247 


(a)Number oftumor-bearing animals/number of animals examined a t  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 asbeing (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 E4. ANALYSIS OF PRIMARY TUMORS I N  FEMALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF DIMETHYL MORPHOLINOPHOSPHORAMIDATE 

Lung: AlveolarlBronc hiolar Adenoma 
Overall Rates (a)
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

Vehicle Control 300 mg/kg 600 mg/kg 

2/50 (4%) 
4.9% 

2/46 (4%) 
5.1% 

3/50 (6%) 
8.8% 

2/41 (5%)
P=0.328 

2/39 (5%) 
P =0.677 

3/34 (9%)
P=0.415 

P =0.328 P =0.677 P=0.415 
P =0.407 

P =0.659 P =0.500 

Overall Rates (a)

Adjusted Rates (b)

Terminal Rates (c)

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test 


Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a)
Adjusted Rates :b) 
Terminal Rates (c)
Life Table Tests (d) 
Incidental Tumor Testa (d)
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

Hematopoietic System: Lymphoma or  Leukemia 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d)
Fisher Exact Test 

Circulatory System: Hemangioma 
Overall Rates (a)
Adjusted Rates (b)
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Testa (d)
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

Liver: Hepatocellular Adenoma 
Overall Rates (a)
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

Liver: Hepatocellular Carcinoma 
Overall Rates (a)
Adjusted Rates (b)
Terminal Rates (c) 
Life Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

Lung: AlveolarlBronchiolar Adenoma or Carcinoma 
4/50 (8%)
9.0% 
2/41 (5%) 
P =0.473 
P =0.464 
P=0.575 

9/50 (18%)
20.1% 
6/41 (15%) 
P=0.384N 
P=0.294N 
P=0.246N 

9/50 (18%)
20.1% 
6/41 (15%) 
P=0.498N 
P=0.337N 
P=0.345N 

3/50 (6%) 
7.3% 
3/41 (7%) 
P =0.216N 
P=0.216N 
P=0.178N 

4/50 (8%)
9.8% 
4/41 (10%) 
P=0.053N 
P-0.053N 
P=0.040N 

3/50 (6%) 
7.3% 
3/41 (7%) 
P=0.486N 
P =0.456N 
P =0.416N 

3/46 (7%) 
7.7% 
3/39 (8%)
P =0.529N 
P=0.613N 

P=0.547N 

8/47 (17%) 
18.1% 
4/39 (10%) 
P=0.548N 
P=0.435N 

P=0.557N 

9/47 (19%) 
19.9% 
4/39 (10%) 
P=0.548 
P=0.490N 

P=0.545 

0/47 (0%)
0.0% 
0139 (0%)
P=0.130N 
P=0.130N 

P =0.133N 

2/47 (4%) 
5.1% 
2/39 (5%)
P =0.360N 
P =0.360N 

P=0.369N 

2/47 (4%)
4.9% 
1/39 (3%) 
P =0.522N 
P =  0.518N 

P =0.530N 

4/50 (8%) 
11B% 
4/34 (12%) 
P=0.536 
P=0.537 

P=0.643 

6/50 (12%) 
15.7% 
3/34 (9%) 
P=0.435N 
P=0.392N 

P =0.288N 

7/50 (14%) 
17.7% 
3/34 (9%) 
P =0.547N 
P =0.449N 

P =0.393N 

1/50 (2%)
2.9% 
1/34 (3%) 
P=0.374N 
P =0.374N 

P =0.309N 

0/49 (0%)
0.0% 
0134 (0%)
P =0.089N 
P=O.O89N 

2 =0.061N 

2/49 (4%) 
5.9% 
2/34 (6%) 
P =0.585N 
P=0.585N 

P =  0.510N 
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TABLE E4. ANALYSIS O F  PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE 
STUDY O F  DIMETHYL MORPHOLINOPHOSPHORAMDATE (Continued) 

Liver: Hepatocellular Adenoma or Carcinoma 
OveralllEates (a) 
Adjusted Rates (b) 
Terminal Rates(c)
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

Pituitary: Chromophobe Adenoma 
Overall Rates (a)
Adjusted Rates(b)
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

Thyroid: Follicular Cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c)
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test 

Vehicle Control 

7/50 (14%) 
17.1% 
7/41 (17%) 
P== 0.091 N 
P=0.083N 
P =0.060N 

10149 (20%) 
23.7% 
8/40 (20%) 
P =0.360N 
P=0.338N 
P =0.272N 

4/45 (9%) 
10.8% 
4/37(11%)
P =0.098N 
P=0.098N 
P=0.080N 

300mg/kg 600mg/kg 

4/47 (9%) 2/49 (4%) 
9.9% 5.9% 
3/39 (8%) 2/34 (6%)
P=0.291N P =0.131N 
P=0.289N P=0.131N 

P =0.299N P =O.085N 

7/46 (16%) 6/41 (15%) 
17.9% 20.7% 
6/38 (16%) 6/29 (21%) 
P =  0.343N P =0&6N 
P=0.327N P=0.414N 

P =0.349N P-0.333N 

0147 (0%) 1/45(2%) 
0.0% 3.1% 
0 0 9  (0%) 1/32 (3%) 
P =0.056N P =0.225N 
P =0.056N P =0.22SN 

P=0.053N P =  O.18ON 

(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 a t  terminal kill 
(d)Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill asbeing (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 B6C3F1 MICE 


ADMINISTERED CORN OIL BY GAVAG,E 
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TABLE F1. HISTORICAL INCIDENCE OFHEMATOPOIETIC 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. 

Diallylphthalata
Tris(2-ethylhexy1)phosphate

Toluenediisocy anate 

TOTAL 
SD(b) 


Range (c) 
High 
LOW 

Overall Historical Incidence 

TOTAL 

SD(b) 


Range (c) 
High 
LOW 

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

13/50 
2/50 
11/50 

261150 (17.3%) 
11.72% 

13/50 
2/50 

140/1,146 (12.2%) 
7.59% 

13/50 
1/50 

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

Study 
~ 

Historical Incidence at Litton Bionetics, Inc. 

Diallylphthalate
Trh(2-ethylhexy1)phosphate

Toluenediisocy anate 

TOTAL 

SD(b) 


Range (c) 
High 
LOW 

Overall Historical Incidence 

TOTAL 
SD(b) 

Range (c) 
High 
LOW 

Incidence of 

Leukemia in Vehicle Controls 


15/50 
8/50 
21/50 

44/150 (29.3%) 
13.01% 

21/50 
8/50 

185/1 ,147 (16.1%) 
8.90% 

21/50 
1 I49 

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

Incidence in Vehicle Controls 
Study Papilloma 

Historical Incidence at Litton Bionetics, Inc. 

Diallylphthalate
Tris(2-ethylhexyl)phoep hate 
Toluenediisocyanate 

TOTAL 
SD(b) 

Range (c)
High 
LOW 


Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c)
High 
LOW 


0150 

1150 

1150 


21150 (1.3%) 

1.15% 


1150 

0150 


12/1,094(1.1%)

1.72% 


3/50

0150 


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

Carcinoma 

0150 

0150 

0150 


01150(0.0%)

0.00% 


0150 

0150 


9/1,094(0.8%)
1.47% 

3/50

0/50 


Papilloma or Carcinoma 

0/50

:I150 

'1150 

21150(1.3%)

1.15% 


:L150 

0150 


2111,094 (1.9%) 

2.65% 


!V50 

0150 
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TABLE F4. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN MALE B6C3F1MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Study Adenoma Carcinoma Adenoma or <Carcinoma 

Historical Incidence at Litton Bionetics, Inc. 

Toluenediisocyanata 5/49 6/49 11/49
Diallylphthalate 0150 7/50 7/50
Tris(2-ethylhexy1)phosphata 7/50 9/50 15/50 

TOTAL 12/149 (8.1%) 22/149 (14.8%) 33/149 (f22.1%) 
SD(b) 7.24% 2.95% 8.001% 

Range (c)
High 7/50 9/60 15/50 
LOW 0/50 6/49 7/50 

Overall Historical Incidence 

TOTAL 13311.084 (12.3%) (d)22211,084 (20.5%) 340l1.084 (31.4%) 
SD(b) 6.70% 7.90% 10.30% 

Range (c)
High 13/50 18/50 25/50 
LOW 0150 4/50 5/50 

(a)Data asof March 16,1983,for studies ofa t  least 104weeks 
(b)Standard deviation 
(c)Range and SD are presented for groups of 35or more animals. 
(d)One hepatoblastoma also was observed. 
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APPENDIX G 

CHEMICAL CHARACTERIZATION O:F 


DIMETHYL MORPHOLINOPHOSPHORAMIDATE 
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APPENDIX G. CHEMICAL CHARACTERIZATION 

I. 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. UltravioletJVisible 

Instrument: 


Solvent: 


R esu 1ts: 


Determined 

Boils with decomposition 
at 205"C (visual, BQchi 
apparatus at 768 torr) 

Determined 

dg:  1.22370 f 0.00015 

Determined 

1.4537 f 0.0002"D * 

Literature Valuea 

108"-109" C at 3mm 
Hg (.Arbuzov et  al., 
1964) 

Literature Valuee 

1.223a t  20" C 
(Coleman, 1977a) 

-Literature Values 

n? 1.4530 
(Colleman, 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 360 nm; no 
maxima in the ultraviolet 
region, but a gradual 
increase in absorbance 
toward the solvent cutoff 

-Literature Values 

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

LiteratureValuea 

No 'literature reference 
found 
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APPENDIX G. CHEMICAL CHARACTERIZATI0:N 

c. Nuclear Magnetic Resonance 

Deter min ed 	 -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, 
Suf'feld, Canada 

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

b m, 3.45-3.84 ppm 

c d, 3.68ppm 


= 11HZ 


Integration Ratios: a 4.80 


b} 9.21 


Coupling Constant: 	 J P - ~  

C 

3. Water Analysis (Karl Fischer): 0.16% k 0.01(61% 

4. Elemental Analysis 

Element C H N 1' 

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 Dfl' 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 (30mg/ml chloroform) 

Visualization: Iodine vapor 


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

Rf:0.76 (major), 0.64 (trace), 0.35 (trace),0.05 (trace), origin (trace) 

R,t :0.98,0.82,0.45,0.06,origin 
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APPENDIX G. CHEMICAL CHARACTERIZATION 


(2) System 2: Acetone:ethyl acetate (50:50) 

Rf:0.31 (major), 0.17 (trace), 0.05 (trace), origin (trace) 

R,t: 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, 1.8m X 4 mm ID, 
glass 
Inlet temperature: 190" C 
Detector temperature: 235" C 
Carrier gas: Nitrogen 
Carde r  flow rate: 70 mVmin 
Oven temperature program: 50" C for 5 min, 50"-170" C at 10"C/min 
Sample injected: 4 p1 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 

Peak No. 
Retention 
Time (min) 

Relative to 
Maior Peak 

(pycent of 
mcuor De&) 

1 12.8 0.70 0.06 
2 16.0 0.88 0.06 
3 16.5 0.91 0.04 
4 16.8 0.92 0.02 
5 18.2 1.oo 100 
6 20.0 1.10 0.17 
7 24.5 1.35 0.10 
8 27.9 1.53 0.03 

(2) System 2 

Instrument: Tracor MT-220 
Detector: Flame ionization 
Column: Igepal CO 880on 100/120 Chromosorb P (AW) DMCS,1.8m X 4 mm ID, glass 
Inlet temperature: 195" C 
Detector temperature: 235" C 
Carrier gas: Nitrogen 
Carrier flow rate: 80 mYmin 
Oven temperature program: 165" C isothermal 
Sample injected 6 p1 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 

Peak No. 
Retention 
Time(min) 

Relative to 
Major Peak 

(percent of 
major peak) 

1 7.1 1.oo 109 
2 15.3 2.15 0.06 

(3)System 3 A sample of this lot was compared to a “very pure” standiird of DMMPA 
received from the Defence Research Establishment of Suffeld. 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 100/120Supelcoport, 1.8m X 4mm ID, 
glass 
Inlet temperature: 190”C 
Detector temperature: 230”C 
Carrier gas: Nitrogen 
Carrier flowrate: 80ml/min 
Oven temperature program: 170”C isothermal 
Sample injected: 4 pl 

Results 

Area (percent of pure
DMMPA standard) 

PureStandard DMMPA 100 f 1 
Analytical Sample DMMPA 99 * 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 a n  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% f 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. 	 UltravioleWisible 

Instrument: 

Solvent: 

Results: 

c. Nuclear Magnetic Resonance 

Instrument: 

Solvent: 

Assignments: 

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% vlv; 
no maximum between 350 
and 215nm but a gradual 
increase in absorbance 
toward the solvent cutoff 

Determined 

Varian EM360-A 

Deuterated chloroform 
with internal tetra- 
methylsilane standard 

See Figure 8 

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, 
Sflield,  Canada 
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APPENDIX G. CHEMICAL CHARACTERIZATION 


Chemical Shift (6): a 
b 

m, 2.96-3.33ppm 
m, 3.43-3.84ppm 

c d,3.69ppm 

Coupling Constant: Jp., = 11 Hz 

Integration Ratios: a 
b}
C 

4.14 
9.86 

3. Water Analysis (Karl Fischer): 0.086%f 0.006 (81% 

4. Elemental Analysis 

Element C H N P 
~~ ~~~ 

Theory(T) 36.93 7.23 7.18 16.87 

Determined (D) 36.37 
36.46 

7.23 
7.24 

7.31 
7.28 

16.81 
15.67 

Percent DIT 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 p1 of a 10 pg/pl solution in chloroform 
Amount spotted: 10,100, and 300 pg (1,10, and 30 p1 of a 10 pg/pl) solution in 
chloroform 
Visualization: Ultraviolet light (254nm) for reference and iodine vapor for sample and 
reference 

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

Rf: 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) 

Rst: 0.70,0.59,0.45,0.33,0.18,0.08,origin 

(a) System % Acetone (100%) 

Rf: 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) 

R,t: 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: 70ml/min 
Oven temperature program: 50"C for 5 min, 50"-170°C.at 10' C/min 
Sample injected: 3pl 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 

Peak No. 
Retention 
Time (min) 

Relative to 
Maior Peak 

(percent of 
mdor 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 0.26 
9 28.3 1.47 0.10 
10 31.9 1.66 0.01 

(2) System 2 

Instrument: Varian 3700 
Detector: Flame ionization 
Column: 3%Igepal CO 880 on 100/120Chromosorb P(AW)DMCS, 1.8m X 4 mm ID, 
glass
Inlet temperature: 200" C 
Detector temperature: 240" C 
Carrier gas: Nitrogen 
Carrier flow rate: 70 mVmin 
Oven temperature program: 165"C,isothermal 
Sample injected: 3pl 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 (parcent of 

Peak No. Time (min) Maior Peak maiormak) 

1 4.2 0.49 0.01 
2 8.5 1.oo 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% f 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 1600 
column indicated a major peak and nine impurities, the largest of which had an area 0.26% of 
the w ' o r  peak area. A second gas chromatography system by a 3% Igepal CO 880 column 
indicated a mqjor 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. 1and batch no. 2 
are comparable in purity. 
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C. LotNo. D021381 

1. Appearance: Clear, colorless, slightly viscous liquid 

2. SpectralData 

a, Infrared 

Instrument: 

Cell: 

Results: 

b. UltravioletIVisible 

Instrument: 

So1vent: 

Results: 

e. Nuclear Magnetic Resonance 

Instrument: 

Solvent: 

Assignments 

Determined 

Perkin-Elmer 283 

Thin film between 
silver chloride plates 

See Figure 9 

Determined 

Cary 219 

95% ethanol 

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

Determined 

Varian EM-360-A 

Deuterated chloroform with 
internal tetramethylsilane 

See Figure 10 

-Literature Values 

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

Literature Values _. 

No literature reference 
found; spectrum 
consistent with 
structure 

-Literature Values 

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

Chemical Shift (6): 	 a m, 2.94-3.33ppm 
b m, 3.40-3.87ppm 
c d,3.69ppm 

Coupling Constant: J P . ~= 11 HZ 

Integration Ratios: a 4.10 

b} 9.81 
C 

3. Water Analysis (Karl Fischer): 0.108k 0.01(ti)% 

4. Elemental Analysis 

Element C H N P 

Theory (T) 36.93 7.23 7.18 15.87 

Determined (D) 36.78 
37.02 

7.26 
7.35 

7.74 
7.61 

15.85 
15.65 

Percent DIT 99.92 101.04 106.89 99.24 

5. Chromatographic Analyses 

a. Thin-Layer Chromatography 

Plates: Silica gel 60, F-254,0.25mm layer thickness 
Ref. standard: Triphenyl phosphate (1p1 of a 10pg/pl solution in chlorofiorm) 
Amount spotted: 10,100,and 300pg (1,10,30p1 ofa 10pg/pl solution in chloroform)
Visualization: Ultraviolet light (254nm) for reference and iodine vapor tor sample and 
reference 

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

Rf: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) 

Rst: 0.69,0.59,0.43,0.33,0.17,0.09,0.01 

(2)System 2 Acetone (100%) 

Rf: 0.30(major), 0.19(trace),0.14(slight trace), 0.08(slight trace), 0.02(nninor),origin 
(trace),0.72(reference) 

Rst: 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-ZlOO/O.l% Carbowax 1500 on 100/120 Supelcoport, 1.8m X 4 mm ID, 
glass 
Oven temperature program: 50"C for 5 min, 50°-1700 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 are8 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 

Peak No. 
Retention 
Time (min) 

Relative to 
M ~ o rPeak 

(percent of -maor peak) 

1 11.7 0.62 0.13 
2 15.4 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.oo 100 
8 21.0 1.10 0.01 
9 21.9 1.15 0.26 

10 27.2 1.43 0.11 
11 30.6 1.61 0.01 

(2) System 2 

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

Peak No. 

1 (groupof 
unresolved peaks) 

2 

Retention Time Area 
Retention 
Time (min) 

Relative to 
Major Peak 

(percent of 
waior peak) 

1.8-3.0 0.38-0.61 0.03 

4.9 1.oo 100 
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6. 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% k 
0.01 (61% 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. 
E112877which had been stored at  MRI.) Gas chromatography (20% SP4100/0.1% Carbowax 
1500column) 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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11. 	 Test Chemical Stability Study of Lot No. E112377Performed by the Analytical 
Chemistry Laboratory 

A. Sample Storage: Samples were stored for 2weeks in glass containers with Teflon@-lined lids 
a t  -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 1500on 100/120Supelcoport, 1.8m X 4mm, ID, glass 
Inlet temperature: 190' C 
Detector temperature: 230"C 
Carrier gas: Nitrogen 
Carrierflowrate: 70 mYmin 
Oven temperature program: 170"C, isothermal 
Sample injected 4 pl 

C. Results 

Storage Temperature Area(percent of 

(degrees centimade) -0O'C samde aver-


- 20 100 f 4 
+ 5  105 f 4 
+ 26 	 103 f 4 
+ 60 	 99 f 4 

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 measuriable by the above 
analytical method. 
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III. Test Chemical Stability Study Performed by  the Testing Laboratory 

A. Storage Conditions: The chemical was stored at  4OC. 

B. Purity and  Identity Analysis 

1. Purity Analysis by Gas Chromatography 

Instrument: Hewlett Packard 5880with 7672Autosampler 
Column: 20% SP-2100/0.1% Carbowax 1500on 100/120mesh Supelcoport, 1.8m X 2mm 
ID, silanized glass 
Detector temperature: 240"C 
Injector temperature: 190"C 
Oven temperature program: 50" C for 3min; 50"-170"C at 10"C/min; 170"C for 23 min 
Carrier gas: Nitrogen 
Carrier flowrate: 40 mVmin 
Sample size: 1p1 each of 0.5%, 1.046,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 

Percent Purity-Date Lot No. Reference 

12/19/78 E112877 99,399 

12/22/78 99.655 


100.86 , 

09/26/79 99.3 98.3 
04/17/80
0811 1/80 
12/16/80 99.2 99.1 
04/07/81 99.6 99.2 
0811 2/81 99.3 99.3 

04/14/81 W213/81 .. 99.7 
12116/81 99.8 99.7 
04/27/81 99.6 99.6 
08/19/82 99.6 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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APPENDIX H. PREPARATION AND CHARACTERIZATION 

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 a t  room temperature; no attempt was made to 
protect the solution from light, Samples (in duplicate) were removed for analysis a t  zero time and 
after 3'5, and 7 days storage. 

II. Sample Extraction a n d  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 (1min), and placed 
in an ultrasonic bath (2 min). Aliquots for analysis were removed from the top methianol 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, 1.8m 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 p1
H.Retention times: 

Test chemical, 9.0 min 
Reference standard, 2.5 min 

III. Quality Control Protocols: Each analysis was performed in duplicate. Recovery studies were 
performedin duplicate both at the beginning and end of the 7-day period. Linearity studies were done 
a t  three concentrations: 6.5%, 13.196, 21.8%; the least-squares plot linearity correlation coefficient 
was 0.99944for the test chemical and 0.99996 for the internal standard. 

IV. Results 

Day 
Theoretical Percent (w/v)

ChemicaWehide 
Determined Percent (w/v)

ChernicaWehicle (a) 

0 
3 
6 
7 

9.78 f <0.01 
9.78 f <0.01 
9.78 f CO.01 
9.78 f CO.01 

(b)9.78 f 0.13 
9.89 f 0.14 
9.82 f 0.13 
9.66 f 0.13 

(a)Correctedfor a spike recovery yield of92.1% f 1.2% 
(b)Mean f standard deviation 

V. Conclusion: Dimethyl morpholinophosphoramidate mixed with corn oil at a concentration of 
10% (100mg/ml) is stable, within the limits of error of this study, when stored at 25' C for 7 days. 
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APPENDIX I. ANALYSIS: METHODS 

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. It was then cen- 
trifuged at 1,000rpm for 10minutes, and aliquots of the methanol extract were prepared for 
gas chromatographic analysis. 

B. After June 1081: SMI pipettes were used to transfer in duplicate 1.0-ml aliquots of each 
sample (45.0 mg/ml and 90.1mg/ml) into 50-ml centrifuge tubes. In the case of the 
180.2mg/ml sample aliquot, 500 p1 in duplicate was followed by 500 pl of corn oil. 

1. Instrument: HP 5880A with 7672ALS 
2. Column: 10%Carbowax 20M TPA on Chromosorb W (AW), 1.8m X 4! mm ID, glass 
3. Detector: Flame ionization 
4. Carrier gas: Nitrogen 
5. Flow rate: 40 ml/min 
6. Temperatures

Oven: 170"C,isothermal (before 9/29/80);170"-220°Ca t  25"C/min (after 9/29/80) 
Inlet: 175°C 
Detector: 225°C 

7. Retention times at 170"C isothermal 
TEP: 1.7min 

DMMPA: 8.5min 


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 (10-20ml) of 
the six standard solutions were pipetted into individual 35-ml septum vials containing 2g 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 10-20ml 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 
0,001g. Methanol (10-20ml) 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 15-20minutes a t  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 1500on 100/120mesh Supslcoport, 
1.8m X 4 mm ID, glass, silanized 

3. 	 Detection: Flame ionization 
4. 	 Detector temperature: 250'C 
5. 	 Inizt temperature: 200"C 
6. 	 Oven temperature: 160°C isothermal 
7. 	 Carrier gas: Nitrogen 
8. 	 Flow rate: 30 mumin 
9. 	 Volume ofsolution injected: 3p1 

10. 	 Retention times 
DMMPA: 6.8-8.8min 
TEP internal standard: 2.5-3.2min 

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 inteimal standard versus 
the amount of chemical in the respective spiked corn oil sample. 
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APPENDIX J 


ANALYSES OF DOSE MIXTURES: DATA 
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TABLE J1. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE THIRTEEN-WEEK GAVAGE STUDIES 
OF DIMETHY L MORPHOLINOPHOSPHORAMDATE 

Concentration (a)of DMMPA in Corn Oil 
for Target Concentration (mdrnl) 

Date Mixed Target Determined Percent ofTarget 

02/07/80 0 0 

20 22.1 111 

40 37.1 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 JB. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES OF 
DIMETHYL MORPHOLINOPHOSPHORAMDATE 

Concentration(a) of DMMPA in Corn Oil 
for Target Concentration (mnlml) lllos 

Date Mixed 45 mg/ml 90.1 mdml --
Mouse Rat Mouse Rat 

05/13/80 43.2 89.8 88.9 172.68 173.3 
07mmo 47.3 91.9 89.7 160.68 171.8 
09/02/80 41.8 90.3 167.0 
l0/28J80 44.2 95.3 186.0 
12/23/80 40.9 82.7 171.0 
02/17/81 47.4 96.8 (b) 207.0 
02/23/81 (c:) 189.0 
04/14/81 47.1 94.2 al)221.0 
06109181 44.0 87.5 171.0 
08/04/81 45.7 180.0 
08/07/81 (c) 181.0 
09/29/81 44.3 90.0 178.0 
11/24/81 43.8 89.9 178.0 
01/19/82 42.1 87.7 170.0 
03/16/82 46.0 92.5 185.4 
OM11/82 44.7 88.8 
07106/82 45.2 (b)99.9 
08/31/82 43.2 91.6 

Mean (mghnl) 44.4 91.3 91.1 180.6 181.5 
Standard deviation 1.96 4.18 4.22 16.69 15.80 
Coefficientofvariation (percent) 4.4 4.6 4.6 9.2 8.7 
Range (mg/ml) 40.9-47.4 82.7-99.9 82.7-99.9 160.6231.0 160.6-221.0 
Number of BampIes 16 15 15 13 13 

(a)Thedata presented are the average of results of duplicate analyses. 
(b)Differsfrom target value by more than 10% 
(c) Remix. Not included in mean. 
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TABLE 53. REFEREE SAMPLE DATA IN THE TWO-YEAR GAVAGE STUDIEtS OF 
DIMETHYL MORPHOLINOPHOSPHORAMIDATE 

Determined C o n c e n t r a t i o n  
Date Mixed Target Concentration Testing (a) Referee (b)

(mg/ml) Laboratory Laboratory 

07mmo 45 47.3 43.9 
02/17/81 90.1 96.8 90.4 
08/04/81 180.2 180 180.81 
ow11/82 45 44.7 44.31 
10/26/82 90.1 92.3 87.8 

(a)Thedata presented are the results ofduplicata analyses. 
(b)The data presented are the resultsoftriplicate analyses. 
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SENTINEL ANIMAL PROGRAM 
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APPENDIX K. SENTINEL ANIMAL PROGRAM 

I. 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 stateof 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 B6C3F1 mice and 15 F344/N rats of each sex are selected at the time of randomization and 
allocation of the animals to the various study groups. Five animals of each designated sentinel group 
are killed 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) MHV (mouse 
Reo 3(reovirus type 3) LCM (lymphocytic hepatitis virus) 
GDVII (Theiler’s choriomeningitis virus (male mice: 12,18, 

encephalomyelitis virus) Sendai (18mo) and 24mo; 
Poly (polyoma virus) female rnice:24 mo) 
MVM (minute virus of mice) 
Ectro (infectious ectromelia) 
Sendai (6,12,and 24mo) 

Rats PVM RCV (ratcoronavirus) 
KRV (Kilham rat virus) Sendai (6mo)
H-1(Toolan’s H-1virus) 
Sendai (12,18,and 24mo) 

II. Results 

Results are presented in Table K1. 
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TABLE K l ,  MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE KN THE 
TWO-YEAR GAVAGE STUDIES OFDIMETHYL MORPHOLINOPHOSPHORAlMIDATE (a) 

No.of 
Interval Animals 
(months) 

RATS 6 10110 
117 

12 9110 
18 10110 
24 10110 

MICE 6 10110 
12 10110 
18 W9 
24 (male)215 

(female)4 5  

Positive Serollogic 

Reaction for 


PVM 
RCV 
PVM 
PVM 
PVM 

None positive 

None positive 

None positive 


MHV 

MHV 


(a)Blood samples were taken from sentinel animals at 6,12, and 18 months after the startof 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 MORPHOLINOPHOSPHORAMDATE IN UILMONELLA 
TYPHIMURIUM 

Rever t anWla te  (a)
Strain Dose -s9 +S9 (rat) tS9(hamster) 

(Wplate) 

TA100 

' 

0 

333 
100 

96 f 5.8 

115 f 8.3 
116 f 10.7 

147 f 2.6 

153 f 5.8 
149 f 10.0 

134 f 12.6 
158 f 6.8 
146 f 10.7 

1.000 111 f 6.9 141 f 1.2 159 f 5.6 
3.333 106 f 6.6 133 f 4.0 159 f 7.9 

10,000 131 f 9.5 157 f 4.8 156 10.7 

TA1535 0 
100 
333 

3.333 
10,000 

1 

15 f 1.5 
22 f 4.9 
25 f 6.2 
28 f 5.5 
26 f 2.8 
22 f 2.7 

7 f 1.2 
9 f 2.4 
6 f 0.6 

10 f 3.1 
7 f 1.0 

10 f 3.1 

6 f 0.9 
10 f 2.7 
6 f 1.2 
9 f 2.5 
7 f 0.9 

12 f 1.5 

TA1537 0 
100 
333 

4 f 0.6 
4 f 0.7 
3 f 0.9 

9 f 2.1 
9 f 2.1 
7 f 2.6 

6 f: 0.9 
6 f: 1.2 
6 k 1.2 

1,000 
3,333 

10,000 

3 f 0.7 
4 f 0.7 
3 f 0.9 

9 f 2.5 
5 f 2.0 
6 f 2.0 

8 k 
10 d: 
11 j: 

0.7 
2.3 
i.0 

TA98 0 
100 
333 

1,000 
3,333

10,000 

16 f 1.2 
13 f 2.3 
17 f 1.8 
13 f 0.0 
12 f 2.3 
18 f 3.0 

31 f 1.5 
25 f 2.3 
31 f 3.2 
30 f 2.8 
28 f 1.5 
32 f 3.2 

26 f 6.3 
28 M 0.3 
38 f 0.9 
31 k 1.3 
36 :t 1.8 
34 f 1.5 

(a)The S9 fractions were prepared from the livers of Aroclor 1254-induced animals (male Sprague-Dawley rats or male SHan 
hamsters). Cells and testcompound or solvent (DMSO)were incubated for 20 min at 37"C in the presence of either 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 e t  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 L% MUTAGENICITY OF DIMETHYL M O R P H O L I N O P H O S P H O R A A T E  IN L5178YrTX''- 
MOUSE LYMPHOMA CELLS IN THE ABSENCE OF S9(a) 

Total 
Compound

(Dose) 
Mutant 
Clones 

Water 
92 

104 
136 
167 

Ethyl methanesulfonate 
(5W) 	 683 

676 
663 

Dimethylmorpholinophoephoramidate 
(1,712 -1) 154 

141 
158 

(1,957 p g h l )  	 136 
135 
157 

(2,200 pglrnl) 	 143 
196 
206 

(2,324 @ml) 	 317 
288 
211 

(2,446 Wnl) 	 20 1 
263 
287 

(2,690 WmU 	 331 
189 
262 

Cloning Relative 
Efficiency Total Growth 
(percent) (percent) 

91.5 100 
109.3 	 100 
112.7 	 100 
106.0 	 100 

79.3 	 44.7 
95.0 	 66.9 

118.3 81.5 

84.0 	 50.2 
92.5 	 56.9 

104.1 78.6 

80.3 	 40.1 
88.7 	 59.0 
73.8 	 46.4 

106.0 50.3 
84.5 	 22.7 
74.7 	 47.1 

100.8 32.4 
75.0 	 28.5 
94.5 	 42.7 

96.2 	 49.0 
89.2 	 49.6 

105.3 48.4 

95.0 	 9.9 
106.2 64.3 
91.8 	 48.7 

Mutation Frequency 
(xnutantdlOs

cltanable cells) 

34 
32 
40 
53 

287 
237 
187 

61 
51 
50 

56 
51 
71 

45 
77 
92 

105 
128 
74 

70 
95 
91 

116 
59 
95 

(a)Experiments were performed twice; all doses were tested in triplicate, except the solvent control (water), which wastested in 
quadruplicate. Becausethe resultswere similar, data from oniy one experiment are shown. The protocol was  basically that of 
Clive et al. (1979). Cells (6 X lOs/ml) were treated for 4 h a t  370 C in medium, washed, and resuspended in medium sup- 
plemented with trifluorothymidine for selection of cells that were mutant at th8 thymidine kinase (TK)locus, and 600 cells 
were plated in nonselective medium todetermine the percentage of viable cells. 
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TABLE LS. SISTER-CHROMATID EXCHANGES (SCE'S) OF DIMETHYL MORPHOLINOPHOSPHORAM* 
DATE IN CHINESE HAMSTER OVARY (CHO) CELLS (a) 

-99 '"Dose 
(yglml) 

SCE/Cell Dose 
(rdml) 

(b) SCE/Cell 

Medium 7.58 Medium 8.52 

1,000
1,600 
3,000 
4,000 
5,000 

10.40 
12.74 
15.26 
15.88 
21.22 

1,600 
3,000 
4,000 
5.000 

8.86 
9.76 
9.40 
9.56 

Mitomycin C 
0.005 25.12 

Cyclophosphamide
1.5 21.34 

(a) In the absence of S9,CHO cells were incubated with test compound or solvent for 2 h a t  37' C. Than BrdU was added and 
incubation continued for 24 h. Cells were washed, fresh medium containing BrdU (10pM)and colcemid (O.lpg/ml) was added, 
and incubation was continued for 2-3 h. Cells were then collected by mitotic shake-off, treated for 3 min with KCI (75 mM),
washed twice with fixative, and dropped onto slides and air-dried. Staining was by a modified technique (after Perry and Wolf€, 
1974;Goto e t  al., 1978). In the presence of S9, cells were incubated with test compound or solvent for 2 h a t  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 
&ml) present for the final 2-3h. 
(b)S9from the livers ofAroclor 1254-induced male Sprague-Dawley rata. 

TABLE L4. CHROMOSOMAL ABERRATIONS OF DIMETHYL MORPHOLINOPHOSPHORAMDATE 
IN CHINESE HAMSTER OVARY (CHO) CELLS (a) 

-59 tSa (b)
Dose AberratiodlOO cells Dose AberratiodlOO cells 

(plllml) 	 (percent cells with W m l )  (percent cells with 
aberrations) aberrations) 

Medium l(1) 	 Medium 

2,000 3 (3) 	 2,000
3,000 4 (4) 	 3,000 
4,000 7 (6) 	 4,000
5,000 16(11) 	 5,000 

Mitomycin C 	 Cyclophosphamide
0.5 52 (39) 	 50 50 (38) 

(a)In the absence of S9,CHO cells were incubated with test compound or solvent for 8-10 h a t  37' C. Cells were then washed, 

and fresh medium containing colcemid (O.lpg/ml) was added. After another 2-3 h of incubation, cella were collected by mitotic 

shake-off, fixed, and stained in 6% Giemsa. In the presence of 59, cells were incubated with test compound or solvent for 2 h a t  

37'C. Cells were then washed, medium was added and incubation continued for 8-10h. Colcemid (0.1 pglml) was added for the 

final 2-3 h; then the cells were collected and fixed a8 above. 

(b)S9 from the livers of Aroclor 125dinduced 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 19t32 

(Manufacturedby Zeigler Bros., Inc., Gardners, FDA) 
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TABLE Ml. 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 
Fish meal (60%protein) 10.00 
Wheat middlings 10.00 
Dried skim milk 5.00 
Alfalfa meal (dehydrated, 17% protein) 4.00 
Corn gluten meal (60% protein) 3.00 
Soy oil 2.50 
Brewer's dried yeast 2.00 
Dry molasses 1.50 
Dicalcium phosphate 1.25 
Ground limestone 0.50 
salt 0.50 
Premixes (vitamin and mineral) 0.25 

(a)NIH, 1978;NCI, 1976 
(b)Ingredients should be ground to pass through a U.S. Standard Screen No. 16 before being mixed. 

TABLE Me. VITAMINS AND MINERALS IN THE NIH 07 DIET(a) 

Amount Source 

Vitamias 

A 5,500,000 IU Stabilized vitamin A palmitate or acetate 
D3 4,600,000 IU D activated animal sterol 
d-A-tocopheryl acetate 20.000 IU 
Riboflavin 3.4 g 
Thiamine 10.0 g Thiamine mononitrate 
Niacin 30.0 g 
d-Pantothenic acid 18.0 g d-Calcium pantothenate 
Folic acid 2.2 g 
Pyridoxine 1.7g Pyridoxine hydrochloride 
B12 4,000 pg
Biotin 140.0 m g  d-Biotin 
K3 2.8 g Menadione activity 
Choline 560.0 g Choline chloride 

Minerals 

Iron 120.0g Iron sulfate 
Manganese 60.0 g Manganous oxide 
Zinc 16.0 g Zinc oxide 
Copper 4.0 g Copper sulfate 
Iodine 1.4 g Calcium iodate 
Cobalt 0.4 g Cobalt carbonate 

(a) Per ton (2,000 lb)of finished product 
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TABLE M3. NUTRIENT COMPOSITION O F  THE NIH 07 DIET (a) 


Nutrient Mean f Standard Deviation Range Numlber ofSamples 


Crude protein (percent by weight) 24.14 +- 0.88 
Crude fat (percent by weight) 4.77 f 0.34 
Crude fiber (percent by weight) 3.31 f 0.50 
Ash (percent by weight) 6.67 k 0.49 

Essential Amino Acids (percentof total diet) 

Arginine 1.260 

Cystine 0.395 

Glycine 1.175 

Histidine 0.553 

Isoleucine 0.908 

Leucine 1.905 

Lysine 1.250 

Methionine 0.310 

Phenylalanine 0.967 

Threonine 0.834 

Tryptophan 0.175 

Tyrosine 0.587 

Valine 1.085 


Essential Fatty Acids (percent of total diet) 

Linoleic 2.37 

Linolenic 0.308 

Arachidonic 0.008 


Vitamins 

Vitamin A (IUkg) 10,700 f2,350 
Vitamin D (IUkg) 6,300 
A-tocopherol (ppm) 37.6 
Thiamine (ppm) 16.4 f 4.5 
Riboflavin (ppm) 6.9 
Niacin (ppm) 75 
Pantothenic acid (ppm) 30.2 
Pyridoxine (ppm) 7.2 
Folic acid (ppm) 2.1 
Biotin (ppm) 0.24 
Vitamin B12(ppb) 12.8 
Choline (ppm) 3.315 

Minerals 

Calcium (percent) 1.32 f 0.20 
Phosphorous (percent) 1.01 f 0.08 
Potassium (percent) 0.809 
Chloride (percent) 0.557 
Sodium (percent) 0.304 
Magnesium (percent) 0.172 
Sulfur(percent) 0.278 
Iron (ppm) 418 
Manganese (ppm) 90.8 
Zinc (ppm) 55.1 
Copper (ppm) 12.68 
Iodine (ppm) 2.58 
Chromium (ppm) 1.86 
Cobalt (ppm) 0.57 

22.7-25.1 
4.1-5.4 
1.4-4.3 

5.83-7.43 

1.21-1.31 
0.39-0.40 
1.15-1.20 

0.530-0.576 
0.881-0.934 

1.85-1.96 
1.20-1.30 

0.306-0.314 
0.960-0.974 
0.827-0.840 
0.171 -0.1 78 
0.566-0.607 

1.05-1.12 

7,200-1'7,000 

31.1-44.0 

7.3-27.0 

6.1-7.4 

65-85 


29.8-30.5 

5.6-8.8 

1.8-2.4 


0.21-0.27 

10.6-15.0 


3,200-3,430 


0.81-1 -69 

0.88-1.10 


0.772-0.846 

0.479-0.635 

0.258-0.349 

0.166-0.177 

0.270-0.285 


409-426 

86.0-95.5 

54.2-56.0 

9.65-15.70 

1.52-3.64 

1.79-1.93 

0.49-0.65 


24 

24 

24 

24 


2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 


1 

1 

1 


24 

1 

2 


(:b)23 

2 

2 

2 

2 

2 

2 

2 

2 


24 

24 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

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 

Contaminant 

Arsenic (ppm) 
Cadmium (ppm) (a)
Lead (ppm) 
Mercury (ppm) (b) 
Selenium (ppm) 

Aflatoxins (ppb) (b,c) 

Nitrate nitrogen (ppm) (0)

Nitrite nitrogen (ppm) (d.e) 

BHA (ppm) (fa)

BHT (ppm) (0 


Aerobic plate count (CFUk) (h) 

Coliform (MPN/g) (i) 

Coliform (MPNlg) Cj)

E. Coli(MPNIg)(W 
~ o t a lnitrosamines (ppb) (1,m) 
Total nitrosamines (ppb) (1P) 
N-Nitrosodimethylamine (ppb) 
N-Nikosodimethylamine (ppb) (b)
N-Nitrosopyrrolidine (ppb) 

Pesticides (ppm) 

Alpha BHC (b,d 

Beta BHC (b) 

Camma BHC-Lindane (b) 
Delta BHC (b) 

Heptachlor (b) 

Aldrin (b) 

Heptachlor epoxide (b) 

DDE (b) 

DDD (b) 

DDT (b)

HCB (b)

Mirex (b) 

Methoxychlor

Dieldrin (b) 

Endrin (b)

Telodrin (b) 

Chlordane (b) 

Toxaphene(b)

Estimated PCB’s (b) 

Ronnel (b) 

Ethion (b) 

Trithion (b) 

Diazinon (b,p) 

Methyl parathion (b)

Ethyl parathion (b) 

Malathion (q)

Endosulfan I (b)

Endosulfan II (b)

Endosulfan sulfate (b) 


Mean f Standard
Deviation 

0.38f 0.23 

0.11 f 0.07 

0.91 f 0.51 


< 0.05 
0.30f 0.09 


<10 

7.17f 3.66 

1.88f 1.58 

4.39 f 3.72 

2.67f 1.50 


45,008f 33,225 

36.4 f 52.5 

125 f 304 


<3 


7.16f 6.92 

29.36 f 64.76 

5.54& 6.03 
27.55f 64.41 

1.34f 0.93 


<0.01 

<0.02 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.05 

<0.01 

<0.01 

<0.01 

<0.05 

<0.1 

<0.2 

<0.01 

<0.02 

<0.06 
<0.1 

<0.02 

<0.02 

0.09f 0.07 

<0.01 

<0.01 

<0.03 

Range 

<0.06-1.06 

<0.O 1-0.40 

0.60-2.65 


0.10-0.52 


<5.0-<10.0 


<0.1-13.0 
<O.l-6.9 

<0.4-13-0 
0.8-6.9 


5,500-120,000 

<3-240 

<3-1,100 


0.8-24.5 

0.8-273 

0.8-20.0 

0.8-272 

0-3.5 


Number of SpmpIeS 

24 

24 

24 


24 


24 


24 

24 

24 

24 


24 

23 

24 

24 


21 

24 

21 

24 

24 


24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 
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TABLE M4. CONTAMINANT LEVELS OF THE NIH 07 DIET(Cont1nued) 

(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. 
(e)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 lessthan 0.1 ppm.
(0Source 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 
c j )  Includes the high value listed in footnote i 
(k)All values were less than 3MPN/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 115-280ppb iii batches produced on 
1/26/81,2/23/81,and4/27/81.
(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 0.06 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 B6C3F1 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 requiremmt in October 1981for 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 a t  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 
tocages and dose groups, method of animal identification (ear tag, cage card, toe cliplear 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-
rangementirotation 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, chemicalhehicle analyses, and corn oil vehicle peroxide analyses. The analytical 
chemistry data showed that the purity and chemicalhehicle 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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