
NATIONAL TOXICOLOGY PROGRAM 
Technical Report Series 
No. 242 

CARCINOGENESIS BIOASSAY 

OF 


DIALLYL PHTHALATE 

(CAS NO. 131-17-9) 


IN B6C3F1 MICE 

(GAVAGE STUDY) 


U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 

Public Health Service 


National Institutes of Health 




NATIONAL TOXICOLOGY PROGRAM 

The National Toxicology Program (NTP), established in 1978, develops 
and evaluates scientific information about potentially toxic and hazardous 
chemicals. This knowledge can be used for protecting the health of the 
American people and for the primary prevention of chemically induced 
disease. By bringing together the relevant programs, staff, and resources 
from the U.S. Public Health Service, DHHS, the National Toxicology 
Program has centralized and strengthened activities relating to toxicology 
research, testing and test development/validation efforts, and the dissemi- 
nation of toxicological information to the public and scientific communities 
and to  the research and regulatory agencies. 
The NTP is comprised of four charter DH HS agencies: the National Cancer 
Institute, National Institutes of Health; the National Institute of Environ-
mental Health Sciences, National Institutes of Health; the National Center 
for Toxicological Research, Food and Drug Administration; and the 
National Institute for Occupational Safety and Health, Centers for Disease 
Control. In July 1981, the Carcinogenesis Bioassay Testing Program, NCI, 
was transferred to  the NIEHS. 



NTP TECHNICAL REPORT 

ON THE 


CARCINOGENESIS BIOASSAY 

OF 


DIALLYL PHTHALATE 

(CAS. NO.131-17-9) 

IN B6C3F1 MICE 
(GAVAGE STUDY) 

NATIONAL TOXICOLOGY PROGRAM 

Box 12233 


Research Triangle Park 

North Carolina 27709 


and 

Bethesda, Maryland 20205 


April 1983 

NTP-81-83 
NIH Publication No. 83-1798 

NTP TR No. 242 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 

Public Health Service 


National Institutes of Health 




NOTE TO THE READER 

This is one in a series of experiments designed to determine whether selected chemicals produce 
cancer in animals. Chemicals selected for testing in the NTP carcinogenesis bioassay program are 
chosen primarily on the bases of human exposure, level of production, and chemical structure. Selection 
per se is not an indicator of a chemical’s carcinogenic potential. Negative results, in which the test 
animals d o  not have a greater incidence of cancer than control animals, do  not necessarily mean that a 
test chemical is not a carcinogen, inasmuch as the experiments are conducted under a limited set of 
conditions. Positive results demonstrate that a test chemical is carcinogenic for animals under the 
conditions of the test and indicate that exposure to the chemical is a potential hazard :o humans. The 
determination of the risk to humans from chemicals found to be carcinogenic in animals requires a 
wider analysis which extends beyond the purview of this study. 

This study was initiated by the National Cancer Institute’s Carcinogenesis Testing Program, now part 
of the National Institute of Environmental Health Sciences, National Toxicology Program. 

Comments and questions about the National Toxicology Program Technical Reports on Carcino- 
genesis Bioassays should be directed to the National Toxicology Program, located at Room A-306. 
Landow Building, Bethesda, M D  20205 (301-496-1 152) or at Research Triangle Park, NC 27709 
(9 19-54 1-399 1 ). 

Although every effort is made to prepare the Technical Reports as accurately as possible, mistakes 
may occur. Readers are requested to communicate any mistakes to the Deputy Director, NTP (P.O. 
Box 12233, Research Triangle Park, NC 27709), so that corrective action may be taken. Further, 
anyone who is aware of related ongoing or published studies not mentioned in this report is encouraged 
to make this information known to the NTP. 

These NTP Technical Reports are available for sale from the National Technical Information Ser- 
vice, U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). 

Single copies of this carcinogenesis bioassay technical report are available without charge (and while 
supplies last) from the NTP Public Information Office, National Toxicology Program, P.O. Box 12233, 
Research Triangle Park, NC 27709. 
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CARCINOGENESIS BIOASSAY 

OF DIALLYL PHTHALATE 


a C O C H 2 C H = C H ,  

COCH2CH =CH2 
II 

DIALLYL PHTHALATE 

CAS NO. 131-17-9 

C14H1404 Mol. Wt. 246.24 


ABSTRACT 

A carcinogenesis bioassay of diallyl phthalate (99% pure) was conducted by administering 0 (vehicle 
control), 150, or 300 mg/ kg diallyl phthalate in corn oil by gavage, 5 days per week for 103 weeks, to 
groups of 50 male and 50 female B6C3F1 mice, Survival rates and mean body weights of dosed mice 
were not different from those of controls, and pathological lesions unrelated to proliferative changes 
were not observed. Therefore, a maximally tolerated dose for the purposes of carcinogenicity testing 
may not have been achieved. 

The incidences of lymphoma and either lymphoma or leukemia in dosed male mice were not signifi- 
cantly greater than those in the controls according to pairwise comparisons (P=0.051 to P=0.096), but 
the trend tests were statistically significant by either life table or incidental tumor analyses (PzO.03 1 to 
Pg.045) .  The incidence of lymphomas in the high-dose male mice was 12/ 50(24%) in comparison with 
6/50 (12%) in the controls. Recent historical incidences a t  the performing laboratory and in the NTP 
Bioassay Program were IS/  120(15%) and 71/661(1 l%), respectively. Since the incidence of high-dose 
male mice with leukemia was not significantly greater than that of concurrent or historical controls at 
the performing laboratory by pairwise comparisons, this marginal increase was considered only to be 
equivocally related to diallyl phthalate administration. 

Increased incidences of squamous cell papillomas, hyperplasia, and inflammatory lesions of the 
forestomach were observed in diallyl phthalate-dosed mice of both sexes in a dose-related manner. 
Papillomas of the forestomach were observed in 0%, 2%, and 4% of the control, low-dose, and 
high-dose mice of both sexes. The recent historical incidence of this tumor in gavage control mice from 
both the performing laboratory and other laboratories within the Bioassay Program was less than 1%. 
Forestomach hyperplasia was diagnosed in 0%, IS%, and 18%, and in 8%, 2%, and 29% of the control, 
low-dose, and high-dose male and female mice, respectively; chronic inflammation of the forestomach 
was diagnosed in 0%, 9%, and 16% and in 496,2970, and 18% of the control, low-dose, and high-dose 
male and female mice, respectively. Because of the numerical elevation of forestomach papillomas in 
high-dose mice of both sexes, the concomitant observation of dose-related forestomach hyperplasia, 
and the rarity of this tumor in corn oil (gavage) control B6C3F1 mice, the development of squamous cell 
papillomas of the forestomach may have been related to diallyl phthalate administration. 

5 Diallyl Phthalate 



Under the conditions of this bioassay, the development of chronic inflammation and hyperplasia of 
the forestomach in both male and female B6C3F1 mice was considered to be related to the administra- 
tion of diallyl phthalate. The development of squamous cell papillomas. of the forestomach may also 
have been related to chemical administration, but the available data are insufficient to indicate a clear 
cause and effect relationship. An increase in the incidence of male mice with lymphomas was observed, 
but this increase was considered only to be equivocally related to diallyl phthalate administration. The 
results of this bioassay, therefore, do  not indicate that diallyl phthalate is carcinogenic in B6C3F1 mice, 
although a maximal tolerated dose may not have been achieved, A carcinogenicity study by the 
National Toxicology Program of diallyl phthalate in male and female Fischer 344/N rats, employing 
daily gavage doses of 0 (vehicle control), 50, or 100 mg/ kg body weight, is currently being evaluated. 
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SUMMARY OF PEER REVIEW COMMENTS 


On June 16, 1982 this carcinogenesis bioassay technical report on diallyl phthalate underwent peer 
review by the National Toxicology Program Board of Scientific Counselors’ Technical Reports Review 
Subcommittee and associated Panel of Experts. This public review meeting began at 9:00a.m. in the 
Conference Center, Building 101, South Campus, National Institute of Environmental Health Sciences, 
Research Triangle Park, North Carolina. The following precis represents the critiques made by the 
principal reviewers, as well as comments from and discussion by the Peer Review Panel, NTP staff, and 
attendees. 

Dr. Breslow, a principal reviewer for the report on the bioassay of diallyl phthalate, commented that 
the interpretation of this bioassay is complicated because ( I )  results are currently available on only a 
single test species, (2) the MTD may not have been achieved, and (3) benign neoplasms were produced 
at an unusual anatomic site and appear related to compound administration. Dr. Breslow said that since 
benign neoplasms of the forestomach were produced at dosages which were apparently well tolerated 
otherwise, this bioassay provides some evidence for the carcinogenicity of diallyl phthalate in B6C3F, 
mice. He said the discussion would be enhanced by including information on compounds besides allyl 
isothiocyanate which produce neoplasms of the mouse forestomach and by further considering the 
extent to which papillomas could or should be considered as precursors to frank carcinomas. 

As a second principal reviewer, Dr. Mirer said the prooffor concluding the absence of carcinogenicity 
depends on the weight given to the observation of squamous cell papillomas of the forestomach in male 
and female mice. The historical incidence of inflammation in control mice not subjected to gavage could 
assist further in the interpretation of these findings. He thought that the statistical criteria for biological 
significance had been met and that the NTP should decide whether an increase in these papillomas was 
evidence of carcinogenicity, based on the pathologist’s evaluation of the nature of this tumor. With 
regard to the equivocal nature of hematopoietic tumors (lymphomas) in male mice, Dr. Mirer noted 
that among a series of phthalic acid esters and related compounds, there were statistically significant 
increases in hematopoietic tumors only for dimethylterephthalate. Finally, he concluded it would have 
been helpful to have the bioassay results in rats to aid in interpreting the significance of the borderline 
findings in mice. 

As third principal reviewer, Dr. Holland had several comments regarding conjectures about mode of 
metabolism, site of metabolism, and major metabolites of diallyl phthalate. He said that since there was 
no pathological evidence given for hepatocellular necrosis in prechronic studies, some of the conjecture 
relating to certain metabolites causing this lesion were speculative. He agreed with the conclusions. He 
questioned the absence of pathologic findings in mice that died during the 13-week study. His concern 
was that too low a dose might have been chosen for the chronic study as a result of a gavage error in mice 
killed at 400 mg/ kg. Dr. Swenberg commented that the dose-related increase in forestomach lesions 
may have been a better indicator than decreased body weight gain that an  MTD was achieved in this 
study. 

Dr. W .  Kluwe, NTP, said there were significant differences observed for the forestomach lesions in 
dosed mice only when compared with historical controls, and then only marginally. Thus, the effects 
were probably compound-related, but were not clear evidence of a carcinogenic response. He indicated 
that there were no significant lesions in the prechronic study. 

In further discussion, Dr. Highland argued that the evidence presented for forestomach lesions along 
with the likely (if hypothetical) metabolism of diallyl phthalate leads to a conclusion that suggests a 
carcinogenic effect. Dr. Breslow said he had problems with saying there was a dose-related increase in 
papillomas, while on the other hand this increase had nothing to do  with carcinogenicity. Dr. Kluwe 
agreed and said that development of inflammation and hyperplasia of the forestomach was clearly 
compound related, while the papillomas may have been compound related. He said this distinction 
would be made in the conclusion. Dr. Breslow stated that the papillomas could well have been produced 
by a local toxic reaction and, in any event, were only equivocally related to compound administration. 

Dr. Breslow then moved that the technical report on the bioassay of diallyl phthalate be accepted 
with the revisions indicated. Dr. Holland seconded the motion, and the report was approved by the Peer 
Review Panel (nine affirmative votes with one abstention, Dr. Highland). 
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I. INTRODUCTION 


0 

O ( E O C H 2 C H = C H 2ii 

COCH2CH = CH2 
II 
0 


DIALLYL PHTHALATE 

CAS NO. 131-17-9 

qH 14O4 

Diallyl phthalate is a widely used crosslinking 
agent for unsaturated polyesters. Diallyl phthal- 
ate or diallyl phthalate polyester blends are used 
primarily as plasticizers and carriers for adding 
catalysts and pigments to polyesters and in mold- 
ing, electrical parts, laminating compounds, and 
impregnation of metal castings (Modern Plastics 
Encyclopedia, 1979; Kirk-Othmer, 1979). Rubber 
compounds, epoxy formulations, and polyure- 
thane foams may also contain diallyl phthalate. 
Annual production of diallyl phthalate in the 
United States exceeds 5,000 pounds (USITC, 
1980); precise figures are not available. 

The pharmacokinetics of diallyl phthalate have 
not been studied extensively. Other dialkyl 
phthalate esters, however, appear to be easily 
hydrolyzed to their corresponding alcohols and 
monoalkyl phthalates (Carter et al., 1974; Row- 
land, 1974), possibly in the gut prior to intestinal 
absorption (Albro and Thomas, 1973; Rowland, 
1974; Rowland et al., 1977). Consequently, the 
parent compound was not isolated from the 
tissues of rats 4 hours after oral administration of 
near-lethal amounts of diallyl phthalate (Carter 
et al., 1978). 

A single metabolite, 3-hydroxypropylmercap- 
turic acid, has been isolated from the urine of rats 
administered diallyl phthalate (Kaye and Young, 
1972). Since allyl alcohol and acrolein (allyl 
aldehyde, 2-propenal) are also excreted as 3-
hydroxypropylmercapturic acid in the urine of 
rats, it has been hypothesized that one or both 
ester linkages of diallyl phthalate are initially
hydrolyzed and that the released allyl alcohol is 
then oxidized to acrolein (Kaye and Young. 

Mol. Wt. 246.24 

1972; Kaye, 1973). Acrolein reacts with glutathi- 
one (2-aldehydoethylglutathione)and is then 
reduced to an alcohol and excreted as the N-
acetylcysteine conjugate (mercapturic acid). The 
proposed metabolism of diallyl phthalate is illus- 
trated in Figure I .  Conjugation of acrolein with 
glutathione occurs in the liver in vivo (Giles, 
1979), but has not been demonstrated in other 
tissues. 

Patel et al. (1980) demonstrated the ability of 
liver tissue from phenobarbital-pretreated rats to 
metabolize allyl alcohol to acrolein and allylic 
acid (2-propenoic acid). The characteristics of the 
oxidation of allyl alcohol to acrolein were con- 
sistent with catalysis by alcohol dehydrogenase, 
while those of oxidation of acrolein to allylic acid 
were consistent with catalysis by aldehyde dehy- 
drogenase. Allyl alcohol and acrolein were also 
shown to undergo hepatic microsomal oxidation 
to the epoxides glycidol and glycidaldehyde (Patel 
et al., 1980). These epoxides were subsequently 
hydrolyzed to diols (glycerol, glyceraldehyde) or 
conjugated with glutathione. The products of the 
latter reaction were not isolated or identified. 

The conjugation of the reactive aldehyde acro- 
lein with glutathione occurs in vitro in the absence 
of enzyme mediation (Giles, 1979), but may be 
catalyzed by glutathione transferases in vivo. 
Conjugation of an allyl alcohol metabolite with 
glutathione would appear to be a detoxication 
reaction, since Hanson and Anders (1978) have 
reported that diethyl maleate-induced depletion 
of glutathione enhanced the lethal potency of 
allyl alcohol in rats. 
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I. INTRODUCTION 

Oral LD50 values of 0.77 to 1.7 g /kg  diallyl 
phthalate have been reported in rats of unspeci- 
fied strain and sex (Hagan et al., 1949; Peakall, 
1975; Carter et al., 1978). The major toxic effect 
in rats of the purported diallyl phthalate metabo- 
lite allyl alcohol is periportal hepatocellular 
necrosis, a lesion believed to be caused by acro- 
lein, the product of allyl alcohol oxidation (Rees 
and Tarlow, 1967; Reid, 1972). The hepatotoxic 
effects of allyl alcohol in rats regress despite con- 
tinued administration, suggesting adaptation of 
the liver to the presence of allyl alcohol or acro- 
lein (Butterworth et al., 1978; Lake et al., 1978). 
The mechanism of the developed resistance to 
allyl alcohol is not known. 

Diallyl phthalate was not mutagenic to Sal-
monella t.bphimurium in either the presence or 
the absence of a 9,000 xg supernatant fraction 
from the liver of Aroclor 1254-treated rats (NTP, 
1982d). However, allyl alcohol was shown to be 
weakly mutagenic to S.  tjphimurium TA 1535 in 
the presence of a 9,000 xg supernatant fraction 
from Aroclor 1254-treated hamster (not rat) liver, 
and acrolein was demonstrated to be a direct- 
acting mutagen to S.  typhimurium TA 98 
(Lijinsky and Andrews, 1980). The mutagenicity 
of acrolein to S.  typhimurium has been con-
firmed by a second laboratory (NTP, 1980), but 
acrolein failed to induce sex-linked recessive 
lethal mutations in Drosophila melanogaster 
(NTP, 1982e). The allyl alcohol metabolites gly- 
cidol and glycidaldehyde are direct-acting muta- 
gens to S.  tjphimurium (McCann et al., 1979). 

There is considerable evidence, therefore, of geno- 
toxic effects of purported diallyl phthalate metabo- 
lites, but not of the parent compound. 

Lifetime carcinogenicity studies of diallyl phtha- 
late in Fisher 344/N rats* and of acrolein in 
Fisher 344 rats are currently in progress (IARC, 
1978). Inhalation by hamsters of the respiratory 
tract irritant acrolein at 4 ppm for 1 year or at I O  
ppm throughout life (5 days per week) failed to 
cause an  increase in tumors of the respiratory 
tract (Personal Communication, Dr. P. Nette- 
sheim, National Institute of Environmental 
Health Sciences; Feron and Kruysse, 1977). No 
information is currently available concerning the 
carcinogenic effect of acrolein on non-respiratory 
tract tissues or the effects of oral administration. 
Glycidaldehyde was reported to cause both be- 
nign and malignant tumors of the skin when app- 
lied dermally to female mice throughout their 
lifetime (Van Duuren et al., 1965). There is 
limited evidence, therefore, for the carcinogenic- 
ity of one possible diallyl phthalate metabolite 
(glycidaldehyde), while the carcinogenic potential 
of another purported metabolite (acrolein) is cur- 
rently under study. 

Diallyl phthalate was tested in the Bioassay 
Program because of its widespread use and poten- 
tial for human exposure and because of the lack 
of prior chronic toxicity testing. 

*The NTP carcinogenesis bioassay of diallyl 
phthalate in rats was completed in February 
1982, and is currently being evaluated.. 
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II. MATERIALS AND METHODS: CHEMICAL ANALYSES 

CHEMICAL ANALYSES 

Diallyl phthalate was obtained in a single 
batch (Lot No. 25-121) from Hardwicke Chemi- 
cal Company (Elgin, SC). Purity and identity 
analyses were conducted at Midwest Research 
Institute (MRI). Results of elemental analyses 
were consistent with theoretical values. Only a 
single component was detected by thin-layer 
chromatography. Eight impurities (comprising a 
total of approximately I %  of the area of the 
major peak) were detected by gas-liquid chroma- 

tography. Infrared and nuclear magnetic reso- 
nance spectra were consistent with those in the 
literature (Appendix C). Diallyl phthalate was 
found to be stable for 15 days at room tempera- 
ture and in the presence of light, but it was stored 
in the dark at 4°C throughout the bioassay. No 
change in the purity of the bulk chemical supply 
was observed throughout the study when period- 
ically analyzed by gas-liquid chromatography 
and infrared spectroscopy. 

PREPARATION OF DOSES 


Diallyl phthalate and corn oil were mixed to 
produce the desired concentrations. Dose prepa- 
ration and storage time and conditions are sum- 
marized in Table I for each test phase. Diallyl 
phthalate in corn oil was found to be stable for 
two weeks at 25OC (Appendix D). Randomly 

selected samples of diallyl phthalate/corn oil 
mixtures were analyzed periodically (Appendix 
E). The results from analysis of chemical/ vehicle 
mixtures at Litton Bionetics and at MRI indicate 
that all of the formulations were satisfactorily 
prepared, 

SHORT-TERM STUDIES 


Single-Dose Study Groups of five males and five females received 
0,50,  100,200,400, or 600 mg/ kg diallyl phthal- 

Male and female B6C3F1 mice were obtained ate in corn oil by gavagc for 14 consecutive days. 
from Frederick Cancer Research Center (Freder- Animals were housed five per cage and received ' 

ick, MD) 6 weeks before the test began. Animals water and feed ad libitum. 
were approximately I O  weeks old when placed on Details of animal maintenance are presented in 
study. Details of animal maintenance are pres- Table I .  The mice were observed daily for mor- 
ented in Table 1 .  tality and weighed weekly. Necropsies were per- 

Diallyl phthalate in corn oil was administered formed on all animals. 
by gavage to groups of five male mice in single 
doses of 68 I 1,000, 1,470, or 2,150 mg/ kg and to 
groups of five female mice in single doses of Thirteen-Week Study 
1,000, 1,470, 2,150, or 3, I60 mg/ kg. All animals Thirteen-week studies were conducted to eval- 
were observed for mortality every 30 minutes on uate the cumulative nature of diallyl phthalate 
the day of dosing and then daily for the next 13 toxicity and to determine the doses to be used in 
days. Weights were measured on the day of dos- the chronic studies. 
ing and on days 7 and 14, postdosing. Necropsies 

Four-week-old male and female B6C3F1 mice were performed on all animals. 
were obtained from the Frederick Cancer Research 
Center 4 weeks before being assigned to cages 
and dose groups. The animals were approxi-Fourteen-Day Study mately 8 weeks old when placed on study. Mice 
were housed five per cage in polycarbonate cages 

Male and female B6C3F1 mice were obtained covered with nonwoven filter sheets (Table 1). 
from Frederick Cancer Research Center 3 weeks Racks and filters were replaced every two weeks. 
before the study began. Animals were approxi- Cages, bedding, and water bottles were replaced 
mately 7 weeks old when placed on study. twice per week. Feed and tap water (acidified 
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II. MATERIALS AND METHODS: TWO-YEAR STUDIES 


with hydrochloric acid to pH 2.5 for bacterial 
control) were available ad libitum. 

Diallyl phthalate was administered to groups 
of I O  mice of each sex at doses of 0, 25,50, 100, 
200, or 400 mg/kg in corn oil by gavage, five 
times per week for 13 weeks. Animals were 
checked for mortality and signs of morbidity 
twice daily Monday through Friday and once per 
day on weekends. Each animal was given a 
weekly clinical examination, including palpation 
for tissue masses or swelling. Body weights were 
measured weekly. 

Animals judged to be moribund and those 
surviving to the end of the study were killed with 
carbon dioxide. Necropsies were performed on 

all animals not excessively autolyzed or cannibal- 
ized, The following tissues were examined micro- 
scopically in control and high-dose groups: gross 
lesions, tissue masses, abnormal lymph nodes, 
skin, mandibular lymph nodes, mammary gland, 
salivary gland, thigh muscle, sciatic nerve, bone 
marrow, costochondral junction (rib), thymus, 
larynx, trachea, lungs and bronchi, heart, thy- 
roid, parathyroid, esophagus, stomach, duode- 
num, jejunum, ileum, colon, mesenteric lymph 
nodes, liver, gallbladder, pancreas, spleen, kid- 
neys, adrenals, urinary bladder, seminal vesi- 
cles/ prostate/ testes or ovaries/ uterus, nasal cav- 
ity, brain, pituitary, and spinal cord. Tissues were 
preserved in 10% neutral buffered formalin, 
embedded in paraffin, sectioned, and stained 
with hematoxylin and eosin. 

TWO-YEAR STUDIES 


Study Design 
Groups of 50 mice of each sex received 0 (ve-

hicle control), 150, or 300 mg/kg diallyl phthal- 
ate in corn oil by gavage, 5 days per week, for 103 
weeks. 

Source and Specifications of Test Animals 
Four-week-old male and female B6C3F1 mice 

were obtained from Charles River Breeding Lab- 
oratories, observed for 3 weeks, and assigned to 
cages according to a table of random numbers. 
Another table of random numbers was used to 
assign cages to control and dosed groups. All 
animals were approximately 7 weeks old when 
placed on study. 

A quality control skin grafting program to 
monitor genetic integrity of inbred mice used to 
produce the hybrid B6C3F1 test animal has been 
in effect since early 1978. In mid-1981, data were 
obtained showing incompatibility between the 
NIH C3H reference colony and the C3H colony 
from a Bioassay Program supplier. In August, 
1981, inbred parental lines of mice were further 
tested for genetic homogeneity via isozyme and 
protein electrophoregrams which demonstrate 
phenotypic expressions of known genetic loci. 

The C57BL/6 mice were homogeneous at  all 
loci tested. Eighty-five percent of C3H mice mon- 
itored were variant at  one to three loci, indicating 
some heterogeneity in the C3H line from this 
supplier. Nevertheless, the genome of this line is 

more homogeneous than that of random bred 
stocks. 

Male mice from the C3H colony and female 
mice from the C57BL/6 colony were used as par- 
ents for the hybrid B6C3F1 mice used in this 
bioassay. The influence of the potential genetic 
non-uniformity in the hybrid mice on the bioas- 
say results is not known. However, the bioassay 
is valid since matched, concurrent controls were 
included in the study. 

Animal Maintenance 
Mice were housed five per cage in polycarbo- 

nate cages covered with nonwoven polyester fil-
ter sheets (Table I ) .  Racks and filters were 
changed once every two weeks. Cages, bedding, 
and glass water bottles (equipped with stainless 
steel sipper tubes) were replaced twice per week. 
Feed and tap water (acidified to pH 2.5 for bac- 
terial control) were available ad libitum. Stainless 
steel feed containers were changed once per 
week. 

The temperature in the animal room was 22"- 
24OC and the humidity was 30%-70%. Room air 
was changed 12 to 15 times per hour. Fluorescent 
lighting provided illumination 12 hours per day. 
No other chemicals were on test in the room. 

Clinical Examinations and Pathology 
All animals were observed twice daily for 

morbidity or mortality. Clinical signs were re- 
corded monthly. Individual animals were weighed 
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II. MATERIALS AND METHODS: TWO-YEAR STUDIES 


weekly for the first 13 weeks, then monthly to 
week 93, and every 2 weeksthereafter. The mean 
body weight of each group was calculated by div- 
iding the total weight of all animals in the group 
by the number of surviving animals in the group. 
Moribund animals and animals that survived to 
the end of the bioassay were killed with carbon 
dioxide. 

Examinations for grossly visible lesions were 
performed on major tissues or organs. Tissues 
were preserved in 10% neutral buffered formalin, 
embedded in paraffin, sectioned, and stained 
with hematoxylin and eosin. The following were 
examined microscopically: tissues masses, ab- 
normal lymph nodes, skin, mandibular lymph 
nodes, mammary gland, salivary gland, thigh 
muscle, sciatic nerve, bone marrow, costochon- 
dral junction (rib), thymus, larynx, trachea, lungs 
and bronchi, heart, thyroid, parathyroid, eso- 
phagus, stomach, duodenum, jejunum, ileum, 
colon, mesenteric lymph nodes, liver, gallbladder, 
pancreas, spleen, kidneys, adrenals, bladder, 
seminal vesicles/ prostate/ testes or ovaries/ 
uterus, nasal cavity, brain, pituitary, and spinal 
cord. 

Necropsies were performed on all animals not 
excessively autolyzed or cannibalized. Thus, the 
number of animals from which particular organs 
or tissues were examined microscopically is not 
necessarily equal to the number of animals that 
were placed on study in each group. 

Neoplastic nodules were classified according to 
the recommendations of Squire and Levitt (1975) 
and the National Academy of Sciences (1980). 
When the pathology examination was completed, 
the slides, individual animal data records, and 
summary tables were sent to an independent 
quality assurance laboratory. Individual animal 
records and tables were compared for accuracy, 
slides and tissue counts were verified, and histo- 
techniques were evaluated. All tumor diagnoses, 
all target tissues, and all tissues from a randomly 
selected 10 percent of the animals were evaluated 
by an experienced rodent pathologist. Slides of 
all target tissues and those on which the original 
and quality assurance pathologists disagreed were 
submitted to the Chairperson of the Pathology 
Working Group (PWG) for evaluation. Repre- 
sentative slides selected by the PWG Chairperson 
were reviewed blindly by the PWG’s experienced 
rodent pathologists, who reached a consensus 
and compared their findings with the original 
diagnoses. When conflicts were found, the PWG 
sent the appropriate slides and their comments to 
the original pathologist for review. (This proce- 

dure has been described, in part, by Ward et al., 
1978.) The final diagnosis represents a consensus 
of contractor pathologists and the NTP Pathol- 
ogy Working Group. 

Data Recording and Statistical Methods 
Data on this experiment were recorded in the 

Carcinogenesis Bioassay Data System (Linhart et 
al. 1974). The data elements include descriptive 
information on the chemicals, animals, experi- 
mental design, clinical observations, survival, 
body weight, and individual pathologic results, 
as recommended by the International Union 
Against Cancer (Berenblum, 1969). 

Probabilities of survival were estimated by the 
product-limit procedure of Kaplan and Meier 
(1958) and are presented in this report in the 
form of graphs. Animals were statistically cen- 
sored as of the time that they died of other than 
natural causes or were found to be missing; 
animals dying from natural causes were not sta- 
tistically censored. Statistical analyses for a pos- 
sible dose-related effect on survival used the 
method of Cox (1972) for testing two groups for 
equality and Tarone’s (1975) extensions of Cox’s 
methods for testing for a dose-related trend. 

The incidence of neoplastic or nonneoplastic 
lesions has been given as the ratio of the number 
of animals bearing such lesions at  a specific ana- 
tomic site to the number of animals in which that 
site was examined. In most instances, the denom- 
inators include only those animals for which that 
site was examined microscopically. However, 
when macroscopic examination was required to 
detect lesions (e.g., skin or mammary tumors) 
prior to microscopic sampling, or when lesions 
could have appeared at multiple sites (e.g., lym-
phomas), the denominators consist of the numbers 
of animals necropsied. 

For the statistical analysis of tumor incidence 
data, two different methods of adjusting for 
intercurrent mortality were employed. Each used 
the classical methods for combining contingency 
tables developed by Mantel and Haenszel(1959). 
Tests of significance included pairwise compari- 
sons of high-and low-dose groups with controls 
and tests for overall dose-response trends. 

The first method of analysis assumed that all 
tumors of a given type observed in animals dying 
before the end of the study were “fatal”; i.e., they 
either directly or indirectly caused the death of 
the animal. According to this approach, the pro- 
portions of tumor-bearing animals in the dosed 
i n d  control groups were compared at each point 
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II. MATERIALS AND METHODS: TWO-YEAR STUDIES 


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 adjust-
ing for intercurrent mortality is the life table 
method of Cox (1972) and of Tarone (1975). 

The second method of analysis assumed that 
all tumors of a given type observed in animals 
dying before the end of the study were “inciden- 
tal”; i.e., they were merely observed at autopsy in 
animals dying of an unrelated cause. According 
to this approach, the proportions of animals 
found to have tumors in dosed and control 
groups were compared in each of five time inter- 
vals: 0-52 weeks, 53-78 weeks, 79-92 weeks, week 
93 to the week before the terminal kill, and the 
terminal kill period. The denominators of these 
proportions were the number of animals actually 
autopsied during the time interval. The individ- 

ual time interval comparisons were then com- 
bined by the previously described methods to 
obtain a single overall result. The computational 
details of both methods are presented in Pet0 et 
al. (1980). 

In addition to these tests, one other set of sta-
tistical analyses was carried out and reported in 
the tables analyzing primary tumors: the Fisher’s 
exact test for pairwise comparisons and the 
Cochran-Armitage linear trend test for dose- 
response trends (Armitage, 1971; Gart et al., 
1979). These tests were based on the overall pro- 
portion of tumor-bearing animals. All reported P 
values are one-sided. 

For studies in which there is little effect of 
compound administration 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 
tumor under consideration is regarded as being 
the cause of death. 
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TABLE 1. EXPERIMENTAL DESIGN A N D  MATERIALS A N D  METHODS 

Single-Dose Study 14-Day Study 

Experimental Design 

IIWeek Study 2-YearStudy 

Si7e of Test Groups 5 males and 5 females 5 males and 5 females 10 males and 10 females 50 males and 50 females 

Doses Males: 68 1. 1,000, 1,470. or 
2,150 mg/ kg body weight 
diallyl phthalate in corn 
oil 

Females: 1.000, 1.470. 2.150, or 
3.160 mg/kg body weight 
diallyl phthalate in corn 
oil 

0. 50. 100. 200.400, or 600 
mglkg body weight diallyl 
phthalate in corn oil. 
based on group mean weights 

0.25,50,100.200,or400mg/kg 
body weight diallyl phthalate 
in A&P brand corn oil; each 
animal received 3.3 ml/kg body 
weight of dose solution, based 
on group mean weights 

0 .150,or300mg/kg 
body weight diallyl 
phthalate in A&P brand 
corn oil; each animal 
received 10 ml/kg body 
weight of dose solution, 
based on group mean 
weights 

Duration of Dosing Single dose Daily for 14 days Five days per week for 13 weeks Five days per week for 
103 weeks 

h,o 

Type and Frequency of 
Observation 

Observed for mortality every 112 Observed daily.for mortality; 
hour on day of testing and daily weighed on days 0. 7. and 14 
thereafter 

Observed twice daily on weekdays 
and once a day on weekends for 
mortality and morbidity; weighed 
weekly 

Observed twice daily for 
mortality and morbidity: 
weighed at least once 
per month 

Necropsy and Histological 
Examination 

Necropsies were performed on 
all animals 

Necropsies were performed on 
all animals 

Necropsies and histologic exami- 
nations were performed on control 
and highdose groups 

Necropsies and histolo- 
gic examinations were 
performed on all animals 

Animals and Animal Maintenance 

Species B6C3FI mice B6C3FI mice B6C3Fl mice B6C3Fl mice 

Animal Source Frederick Cancer Research 
Center (Frederick, MD) 

Same as singledose study Same as singledose study Charles River Breeding 
Laboratories (Portage, MI) 

Time Held Before Start 6 weeks 3 weeks 4 weeks 3 weeks 
of Test 

Ape When Placed on 
Study 

10 weeks 7 weeks 8 weeks 7 weeks 

Age When Killed ' 12 weeks 9 weeks 21 weeks 1 13 weeks 

Method of Animal 
Distribution 

Randomized by weight Assigned to cages accord- 
ing to a table of ran- 
dom numbers and to 
groups according to 
another table of random 
numbers 
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TABLE 1. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS (Continued) 


Single-Dose Study ICDay Study 13-Week Study 2-Year Study 


Feed 

Bedding 

Water 

Cages 

Cage Filters 
C! 

Animals per Cage 

Animal-Room Environment 

Other Chemicals on Test 
in the Same Room 

Chemical Vehicle Mixture 
Preparation 

-
U 
C-

Maximum Storage Time 

2 
r 

Storage Conditions 
2 

PurinaQ Laboratory Chow Same as singledose study 
Ralston Purina Co. 
(St. Louis, MO) 

Ab-sorbdriQ wood chips Same as singledose study 
Lab Products, Inc. 
(Garfield, NJ) 

Tap water acidified with HCI Same as singledose study 
(pH 2.5) available in bottles 

Polycarbonate Same as singledose study 

Non-woven polyester filter sheets, Same as singledose study 
Snow Filtration Co., 
Cincinnati. OH 

Five Five 

-- None 

Diallyl phthalate was dissolved Diallyl phthalate was dissolved 
in corn oil at a concentration in corn oil at a concentration 
of 200 mg/ ml of 50 mglml 

Prepared within 2 hours of Same as singledose study 

dosing 

Same as singledose study 

Same as singledose study 

Same as singledose study; 
bottles changed twice weekly 

Polycarbonate shoe-box type 
hanging cage; cages changed twice 
weekly 

Same as singledose study 

Five 

None 

Appropriate amounts of diallyl 
phthalate and corn oil were 
mixed to give the desired 
concentrations 

Same as single-dose study 

Same as singledose 
study 

Same as singledose study; 
changed twice weekly 

Same as singledose study: 
bottles changed 
twice weekly 

Polycarbonate 
Lab Products Inc. 
(Garfield, NJ) and Hazle- 
ton Systems (Aberdeen, MD); 
cages changed twice 
weekly 

Same as singledose study 

Five 

22"-24OC; 3Wo-70% 
relative humidity; room 
air changed 12-15 times 
per hour; 12 hours of 
fluorescent light per 
day 

None 

Appropriate volumes of 
of diallyl phthalate 
and corn oil were mixed 
to give the desired 
concentrations 

I week 

Room temperature 
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III. RESULTS: SHORT-TERM STUDIES 

SHORT-TERM STUDIES 

Single-Dose Study 
All males and females that received 2,150 

mg/ kg and all females that received 3,160 mg/ kg 
died. At least one death occurred in all of the 
other dosed groups, except for females that 
received 1,000 mg/ kg (Table 2). No chemically-
related lesions were observed at necropsy. 

Fourteen-Day Study 
Deaths occurred in groups of mice receiving 

400 or 600 mg/kg diallyl phthalate but not in 
groups receiving lower doses. Mean body weight 
gains of dosed mice were not depressed relative 
to  controls (Table 3). No  chemically-related 
lesions were observed at necropsy. 

Thirteen-Week Study 
A single death occurred in male mice in the 400 

mg/ kg group and in female mice in the 0,25,50, 
200, and 400 mg/ kg groups (Table 4). Three of 

these six deaths were unequivocally caused by 
accidents; the other three animals did not exhibit 
pathologic lesions that were clearly compound 
related. None of the deaths, therefore, were con- 
sidered to be chemically induced. Mean body 
weight gain in male mice administered 400 mg/ kg 
was depressed 12% relative to controls, but the 
variabilities in body weight gain amongst groups 
and the small absolute change over the 13-week 
period suggest that the perceived difference was 
of little or no toxicological significance. Neither 
gross nor microscopic alterations related to 
chemical administration were observed in any of 
the high-dose mice. 

Doses of 150 and 300 mg/ kg diallyl phthalate 
were selected for the chronic test because of 
deaths in the 14-day study at 400 and 600 mg/ kg, 
although neither deaths nor pathologic lesions 
related to chemical administration were produced 
by 400 mg/ kg diallyl phthalate in the 13-week 
study. 

TABLE 2. SURVIVAL OF MICE ADMINISTERED A SINGLE DOSE OF DIALLYL PHTHALATE IN 
CORN OIL BY GAVAGE 

Males Females 
Dose 

(mg/kg) Survival (u) (Day of Death) Survival (a) (Day of Death) 

68 1 4: 5 ( 1 )  
I.000 315 ( 1-21 
1,470 115 ( l , l . l , l )  
2,150 0: 5 (2.2.3.3.3) 
3.160 (b) 

(a) Number surviving/ number initially in group 
(b) Not tested at this dose 
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TABLE 3. SURVIVAL AND MEAN BODY WEIGHTS O F  MICE ADMINISTERED DIALLYL 
PHTHALATE IN CORN OIL BY GAVAGE FOR 14 DAYS 

Final Body 
Mean Body Weights (grams) Weight Relative to 

Dose Survival (a )  Controls (b) 
(mg/kg) (Day of Death) Initial Final Change (Percent) 

MALES 
0 21 23 +2 

50 21 23 +2 0 
100 21 23 +2 0 
200 21 24 +3 + 4  
400 21 24 +3 + 4  
600 21 23 +2 0 

FEMALES 
0 5 ' 5  17 18 + I  

50 5 5  17 18 + I  0 
100 5 5  17 19 +2 + 6  
200 5 ' 5  17 19 +2 + 6  
400 3 '5(3.3) 17 19 +2 + 6  
600 2 5(3.3,3) 17 21 +4 +I7 

(a) Number surviving number per group 
(b) Weight of the dosed group relative to that of the controls = 


Weight (Dosed Group) - Weight (Control Group) 

x 100

Weight (Control Group) 

TABLE 4. 	SURVIVAL AND MEAN BODY WEIGHTS O F  MICE ADMINISTERED DIALLYL 

PHTHALATE IN CORN OIL BY GAVAGE FOR 13 WEEKS 


Final Body 
Mean Body Weights (grams) Weight Relative to 

Dose Survival (a) Controls (b) 
(mg/kg) (Week of Death) Initial Final Change (Percent) 

MALES 
0 I O '  I O  23.6 27.8 + 4.2 

25 10'10 22.9 27.9 + 5.0 + I O  
50 10'10 23. I 28.I + 5.0 0 

100 10'10 23.3 28.5 3 5.2 + 3  
200 I O  IO 23.6 27.6 + 4.0 - 1  
400 9110(12) 23.2 26.9 + 3.7 - 3  

FEMALES 
0 9 /  I O  (3) 17.4 21.4 + 4.0 

25 9 IO ( I .  c )  17.4 21.1 + 3.7 - 1  
50 9' IO ( I .  c )  17.5 21.8 + 4.3 + 2  

IO0 I O  I O  17.4 21.2 + 3.8 - I  
200 9 '  IO (2. c )  17.4 21.8 + 4.4 + 2  
400 91 I O  ( I )  17.4 21.9 + 4.5 + 2  

(a) Number surviving/number per group 
(b) Weight of the dosed group relative to that of the controls = 

Weight (Dosed Group) - Weight (Control Group) 

IO0
Weight (Control Group) 

X 


((>)Accidental death 
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III. RESULTS: TWO-YEAR STUDIES 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs significant differences in survival were observed 
between dosed and control groups. 

Mean body weights of dosed and control Among male mice, 38/50  (76%) of the con- animals were practically indistinguishable through- trols, 38/50 (76%) of the low-dose, and 32 /50out the study (Figure 2 and Appendix F, Table (64%) of the high-dose group lived to the end ofFI ). Chemically-induced clinical signs of morbid- the study at 106 weeks. In female mice, 38/50ity were not observed at any time. (76%) of the controls, 35/50 (70%) of the low- 
dose, and 39/50 (78%) of the highdose group 
lived to the end of the study at 106 weeks. These 

Survival incidences include two high-dose males. one con- 
trol female, and two low-dose females that died 

Estimates of the probabilities of survival of during the final week of the study (after cessation 
male and female mice administered diallyl of chemical administration); for statistical pur- 
phthalate, and those of the controls, are shown poses, these animals were considered to have 
by the Kaplan and Meier curves in Figure 3 .  No been killed at the end of the study. 

P '1 
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Figure 2. Growth Curves for Mice Administered Diallyl Phthalate in Corn Oil by Gavage 
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Figure 3. Survival Curves for Mice Administered Diallyl Phthalate in Corn Oil by Gavage 
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III. RESULTS: TWO-YEAR STUDIES 


Pathology and Statistical Analyses of 
Results 

Histopathologic characterizations of the neo- 
plasms detected in mice are summarized in 
Appendix A, Tables AI and A2; Tables A3 and 
A4 show the survival and tumor status for each 
individual animal in the male and female mouse 
studies, respectively. Lesions of the forestomach 
are summarized in Tables 5 and 6 and Appendix 
B, Tables B1 and B2. Tables 7 and 8 contain the 
statistical analyses of those primary tumors that 
occurred with an  incidence of at least 5% in one 
of the three groups. 

Hemaropoieric Sysrem: Statistically significant 
positive trends (P<0.05, life table and incidental 
tumor tests) were observed in the incidence of 
male mice with lymphomas (overall rates of 1296, 
IO%, and 24% in control, low-, and highdose 
groups) and in the combined incidence of male 
mice with lymphomas or leukemias (overall rates 
of 12%, 12%, and 24% in control, low-, and high- 
dose groups). No significant differences were 
observed, however, in pairwise comparisons 
between incidences in male control and dosed 
groups. The incidences of female mice with 
hematopoietic system tumors were not statisti- 
cally significant. 

Liver: Statistically significant (P<0.05) posi-
tive trends were observed in the incidences of 
male mice with hepatocellular adenomas (overall 
rates of 0%. 0%. and 6% in control, low-, and 
high-dose groups). No significant differences, 
however, were observed in pairwise comparisons 
between control and dosed groups of male mice, 
nor was the incidence of hepatocellular adeno- 
mas or carcinomas increased significantly in 
male or  female mice. 

Urerus:Statistically significant (P<0.05) nega-
tive trends were observed in the incidences of 
female mice with endometrial stromal polyps 
(overall rates of 8% 4% and 0% in control, low-, 
and high-dose groups). No  significant differen- 
ces, however, were observed in pairwise compari- 
sons between control and dosed groups of female 
mice. 

Forestomach: The incidences of dosed male 
and female mice with papillomas, hyperplasia, or 

inflammatory lesions were increased relative to 
those for the controls (Table 5) .  The papillomas 
consisted of frond-like proliferations of squa- 
mous cells supported by a stalk of fibrovascular 
stroma. Hyperplasia consisted of more diffuse 
squamous cell proliferations, with no stalk for- 
mation and minimal protrusion into the gastric 
lumen. Hyperplasia often was associated with 
chronic inflammation of the underlying submu- 
cosa and surrounding mucosa. Chronic inflam- 
mation of the forestomach also was observed as a 
separate entity. 

The incidences of both male and female mice 
with papillomas of the forestomach were 0%,2%, 
and 494 for control, low-, and high-dose groups, 
respectively (Table 5 ) .  All papillomas were diag- 
nosed at terminal kill, producing incidences of 
0/38 (O%), 1/38 (3%), 2/32 (6%) and 0/38 
1/35 (3%), and 2/39 ( 5 % )  in control, low-, and 
high-dose male and female mice, respectively. 
Statistical comparisons with concurrent controls 
are performed only when overall incidences of 
5% or more are observed, because of the insensi- 
tivity of the statistical tests for detecting effects at 
low incidences with the limited number of ani- 
mals utilized in a chronic bioassay. Comparisons 
with historical controls are described in Chapter 
1V (Discussion and Conclusions). 

Of the six mice with forestomach papillomas, 
the one male mouse and the one female mouse 
from the low-dose group, and one of the two 
female mice from the highdose group had neither 
forestomach hyperplasia nor chronic forestom- 
ach inflammation. One of the two male mice with 
forestomach papillomas from the highdose group 
also had forestomach hyperplasia, while the other 
exhibited chronic forestomach inflammation. The 
remaining female mouse with forestomach papil- 
lomas in the highdose group had both chronic 
inflammation and hyperplasia of the forestom- 
ach. A correlation between papillomas and 
inflammation or hyperplasia could not be proved 
because of the low incidence of forestomach 
papillomas. Hyperplasia occurred more frequently 
in mice with chronic forestomach inflammation 
than in those without inflammation in both the 
low- and high-dose male groups and in the con- 
trol and highdose female groups (Table 6). 
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TABLE 5. INCIDENCES OF MICE WITH LESIONS OF THE FORESTOMACH (a) 

Males Females 

Vehicle Low High Vehicle Low High 
Control Dose Dose Control Dose Dose 

No. of Mice Examined 49 41 49 48 4 1  49 

Papilloma 0 I 2 0 I 2 
Hyperplasia 0 ?(b) 9(b) 4 1 I4(b) 
Inflammation. Chronic 
Inflammation, Suppurative 
Ulcer 

0 
1 
0 

4 
0 
2 

8(b) 
I 
I 

2 
0 
1 

I 
0 
1 

9((.)
2 
0 

Erosion 0 0 I 0 0 0 

(a) The number of animals exhibiting the lesions is shown. 
(b) Significantly greater than control (by Fisher's exact test), P<O.OI. 
(c) Significantly greater than control (by Fisher's exact test), P<0.05. 

TABLE 6. COMPARATIVE INCIDENCES OF FORESTOMACH HYPERPLASIA AND CHRONIC 
INFLAMMATION OF THE FORESTOMACH IN MICE 

Chronic Incidence of Hyperplasia (%) 

Sex Inflammation Control Low Dose High Dose 

Male 

Female 

(0) 	 Significantly greater incidence of hyperplasia in mice with chronic inflammation (present) than in mice 
without (absent), P<O.Ol. 

(6) Same as a. P<0.005. 
(c) 	 Same as a ,  P<O.OOl. 
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TABLE 7. ANALYSES OF MALE MICE WITH PRIMARY TUMORS (a) 

Control 

Lung: Alveolar/Bronchiolar Adenoma 
Tumor Rates 

Overall (b) 3/50 (6%) 
Adjusted (e) 7.9% 
Terminal (d) 3/38  (8%) 

Statistical Tests (e) 
Life Table P=0.218 
Incidental Tumor Test P=0.279 
Cochran-Armitage Trend. 

Fisher Exact Tests P=0.283 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Tumor Rates 

Overall (6) 5/50 (10%) 
Adjusted (e) 12.5% 
Terminal (d) 4/38 ( I  1%) 

Statistical Tests (e) 
Life Table P=0.478 
Incidental Tumor Test P=0.481 
Cochran-Armitage Trend, 

Fisher Exact Tests P=0.568 

Hematopoietic System: Lymphoma 
Tumor Rates 

Overall (b) 6 / 50 (12%)) 
Adjusted (e) 15.8% 
Terminal (d) 6/38 (16%) 

Statistical Tests (e) 
Life Table P=0.03I 
Incidental Tumor Test P=0.037 
Cochran-Armitage Trend. 

Fisher Exact Tests P=0.063 

Hematopoietic System: Lymphoma or Leukemia 
Tumor Rates 

Overall (h) 6 /50  (12%) 
Adjusted (c,) 15.8%8 
Terminal (d) 6:38 (16%) 

Statistical Tests (e) 
Life Table P=0.034 
Incidental Tumor Test P=0.045 
Cochran-Armitage Trend, 

Fisher Exact Tests P=0.067 

Circulatory System: Hemangiosarcoma 
Tumor Rates 

Overall (b) 4/50  (8%) 
Ad.justed (e) 9.4% 
Terminal (d) 1/38 (3%) 

Statistical Tests (e) 
Life Table P=0.275N 
Incidental Tumor Test P=0.238N 
Cochran-Armitage Trend, 

Fisher Exact Tests P=0.238N 

Low 
Dose 

3 '49 (6%) 
7.6% 
2 /38  (5%)  

P=0.662 
P=0.624 

P=0.651 

4 '49  (8%) 
10.1% 
3 38 (8%) 

P=0.505N 
P=0.6 18N 

P=0.5 13N 

5/50  (10%) 
13.2% 
5/38 (13%) 

P=0.500N 
P=0.500N 

P=0.500N 

6 '50  (12%) 
15.4% 
51  38 (13%) 

P=0.620 
P=0.608 

P=0.620 

1 /50 (2%) 
2.6% 
1/38 (3%) 

P=O.192W 
P=0.286N 

P=O. I8 I N  

High 

Dose 


5 \50  (10%) 
14.8% 
4 /32  (13%) 

P=0.274 
P=O 313 

P=0.357 

5 /50  (10%) 
14.8% 
4 / 3 2  (13%) 

P=0.532 
P=O. 500 

P=0.630 

12/50(24%) 
32.7% 
8 /32  (25%) 

P=0.05I 
P=0.058 

P=0.096 

12/50 (24%) 
32.7% 
8 /32  (25%) 

P=0.05I 
P=0.058 

P=0.096 

2/50 (4%) 
5.5% 
1 / 32 (3%) 

P=0.380N 
P=0.3 12N 

P=0.339N 
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TABLE 7. ANALYSES OF MALE MICE WITH PRIMARY TUMORS (a) (Continued) 

Low High 
Control Dose Dose 

Liver: Adenoma 
Tumor Rates 

Overall (b) 0/49 (0%) 3/50 (6%) 
Adjusted ((,) 0.0% 9.4% 
Terminal (d) 0138 (0%) 31 32 (9%) 

Statistical Tests (e) 
Life Table P=0.026 P=0.092 
Incidental Tumor Test P=0.026 P=0.092 
Cochran-Armitage Trend. 

Fisher Exact Tests P=0.038 	 P=0.121 
Liver: Carcinoma 
Tumor Rates 

Overall (b) 7/50 (14%) 5/49 (10%) 4/50 ( 8%) 
Adjusted (c) 15.5% 12.7% 12.5% 
Terminal (d)  2/38 ( 5%) 4/38 ( I  1%) 4/32 (13%) 

Statistical Tests (e) 
Life Table P=0.405N 
Incidental Tumor Test P=0.507 
Cochran-Armitage Trend, 

Fisher Exact Tests 	 P=0.2ION P=0.394N P=0.262N 
Liver: Adenoma or Carcinoma 
Tumor Rates 

Overall (b) 7/50 (14%) 5/49 (10%) 
Adjusted (c) 15.5% 12.7% 
Terminal (d) 2 ‘38 (5%) 4/38 ( 1  1%) 

Statistical Tests (e) 
Life Table P=0.455 P=0.405N P=0.502 
Incidental Tumor Test P=0.5I O  P=0.507 P=0.524 
Cochran-Armitage Trend, 

Fisher Exact Tests 	 P=0.560 P=0.394N P=0.6 I3 

(a) Dosed groups received 150 or  300 mg/kg of diallyl phthalate by gavage. 
(b) Number of tumor bearing animals/ number of animals examined a t  the site. 
(c) Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality. 

(Cl) Observed tumor incidence a t  terminal kill. 

(e) 	Beneath the 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 
controls. The life table analysis regards tumors in animals dying prior to terminal kill as being (directly or 
indirectly) the cause of death. The incidental tumor test regards these lesions as non-fatal. The Cochran- 
Armitage and Fisher’s exact tests compare directly the overall incidence rates. A negative trend or  lower 
incidence is indicated by (N).  

(f) Not significant: no tumors in lowdose or  vehicle control group. 
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TABLE 8. ANALYSES OF FEMALE MICE WITH PRIMARY TUMORS (a) 

Low 

Dose 


0/48 (0%) 
0.0% 
0/35  (0%) 

P=OS 16N 
P=O.S16N 

P=0.5ION 

14/50 (28%) 
34.7% 
9/35  (26%) 

P=0.536N 
P=0.543 

P=0.4 14N 

0/50  (0%) 
0.0% 
0/35 (0%) 

P=0.264N 
P=0.305N 

P=0.247N 

2/49 (4%) 
5.1% 
1 I35 (3%) 

P=0.467 
P=0.73I 

P=0.492 

7/43 (16%) 
20.9% 
6/32 (19%) 

P=0.2 I I 
P=O. 192 

P=0.247 

High 
Dose 

3/48 (6%) 
7.6% 
2138 (5%) 

P=0.307 
P=0.323 

P=0.293 

181’49 (37%) 
42.3% 
15/39 (38%) 

P=O.440 
P=0.33I 

P=0.388 

4/49 (8%) 
9.1% 
1 / 39 (3%) 

P=0.356 
P=0.390 

P=0.329 

3/ 49 (6%) 
7.7% 
3139 (8%) 

P=0.316 
P=0.254 

P=0.301 

8 /46  (17%) 
21.1% 
8/38  (21%) 

P=0.2I5 
P=0.233 

P=O. I99 

Control 

Lung: Alveolar/Bronchiolar Adenoma 
Tumor Rates 

Overall (h) 1 I50 (2%) 
Adjusted ((’) 2.6% 
Terminal (d) I / 38 (3%) 

Statistical Tests (e) 
Life Table P=O. I8 I 
Incidental Tumor Test P=O. 197 
Cochran-Armitage Trend, 

Fisher Exact Tests P=O. I68 

Hematopoietic System: Lymphoma or Leukemia 
Tumor Rates 

Overall (b) 
Adjusted (i,) 
Terminal (Cl) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Circulatory System: Hemangiosarcoma 
Tumor Rates 

Overall (h) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Liver: Adenoma or Carcinoma 
Tumor Rates 

Overall (h) 
Adjusted (i,) 

Terminal (d) 
Statistical Tests (e) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend. 

Fisher Exact Tests 

Pituitary: Adenoma 
Tumor Rates 

Overall (h) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

16/50 (32%) 

36.8% 

I I / 38 (29%) 


P=0.406 
P=0.292 

P=0.348 

2/50( 4%) 
5.1% 
1 /38 (3%) 

P=0.241 
P=0.269 

P=0.2 I6 

I / 50 (2%) 
2.3% 
0/38  (0%) 

P=0.234 
P=O. I77 

P=0.216 

4/44 (9%) 
10.9% 
3’35 ( 9%) 

P=O. I87 
P=0.21 1 

P=O. I66 
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TABLE 8. ANALYSES OF FEMALE MICE WITH PRIMARY TUMORS (a) (Continued) 

Low High 
Control Dose Dose 

Uterus: Endometrial Stromal Polyp 
Tumor Rates 

Overall (/I) 4/48 (8%) 2/49 (4%) 0149 (0%) 
Adjusted (c) 10.5% 5.7% 0.O% 
Terminal (d) 41 38 ( 1  I%)  2 /35 (6%) 0139 (0%) 

Statistical Tests (e) 
Life Table P=0.037N P=0.375N P=0.060N 
Incidental Tumor Test P=0.037N P=0.375N P=0.060N 
Cochran-Armitage Trend, 

Fisher Exact Tests 	 P=0.035N P=0.329N P=0.056N 

(a) 	Dosed groups received I50 or 300 mg/ kg of diallyl phthalate by gavage. 
(h) Number of tumor bearing animalsi number of animals examined a t  the site. 

((,) Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality. 

(d) Observed tumor incidence at terminal kill. 
(e) 	Beneath the 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 
controls. The life table analysis regards tumors in animals dying prior to terminal kill as being (directly or 
indirectly) the cause of death. The incidental tumor test regards these lesions as non-fatal. The Cochran- 
Armitage and Fisher's exact tests compare directly the overall incidence rates. A negative trend or lower 
incidence is indicates by (N). 
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IV. DISCUSSION AND CONCLUSIONS 


The doses of diallyl phthalate used in the 2- 
year study, 150 and 300 mg/kg, were selected 
because deaths occurred in groups of mice receiv- 
ing 400 mg/ kg or 600 mg/ kg diallyl phthalate for 
14 days. A dose of 400 mg/ kg for 13 weeks, how- 
ever, produced neither chemically-induced deaths 
nor pathological lesions and did not cause a clear 
depression of body weight gain. Since body 
weight gain and survival in the 2-year study were 
not different in dosed and control mice and since 
pathological lesions other than chronic fore- 
stomach inflammation, hyperplasia, and papil- 
lomas were not observed, a maximally tolerated 
dose for the purposes of carcinogenicity testing 
may not have been administered. Numerous 
deaths at 600 mg/ kg in the 14-day study and a 
marked increase of chronic inflammation of the 
forestomach in the chronic study, however, indi- 
cate that 300 mg/ kg, the highest dose in the 2- 
year study, was at least near a theoretical max- 
imally tolerated dose. 

The incidence of male mice with lymphomas 
and the incidence of male mice with either lym- 
phomas or leukemia were statistically significant 
(P< 0.05) in the trend tests, but not in pairwise 
comparisons between dosed and control groups. 
The combined incidence of control male mice 
with lymphomas or leukemia from this study is 
within the range for controls at this and other 
laboratories in the Bioassay Program (Appendix 
G , Table G2), indicating that the rates in control 
male mice were not abnormal. A pairwise com- 
parison (using Fisher’s exact test) between the 
incidences in the high-dose group of male mice 
from this study (12/50, 24%) and the historical 
rate at Litton Bionetics for control male mice 
receiving corn oil by gavage (19/ 120, 16%) is not 
statistically significant, although a comparison 
with the overall historical rate from the Bioassay 
Program (80/661) is statistically significant 
(P=0.019). Since the incidence of high-dose male 
mice with either leukemia or lymphoma was not 
significantly greater than that of concurrent or 
historical controls at the performing laboratory 
by pairwise comparisons, this marginal increase 
was considered only to be equivocally related to 
diallyl phthalate administration. 

The incidence of male mice with hepatocellular 
adenomas was increased by diallyl phthalate 
administration, but the data were considered to 
be of little or no toxicological significance because 
the incidence in control animals was abnormally 
low and because the incidences of animals with 
hepatocellular carcinomas or adenomas or carci-
nomas (combined) were not increased. 

The incidences of both male and female mice 
with squamous-cell papillomas of the forestom- 
ach were greater than those for control B6C3F1 
mice in other studies conducted at Litton Bionet- 
ics or at other laboratories within the Bioassay 
Program (Appendix G, Table Gl) .  Because of 
the low overall tumor incidences (less than 5%), 
the sample sizes used in this study may have been 
too small to permit detection of a statistically 
significant increase in the incidence of a rare 
tumor type (such as papillomas of the forestom- 
ach). Because the historical incidence of this 
tumor type in control (corn oil-gavaged) mice is 
generally less than I % ,  a pairwise comparison (by 
Fisher’s exact test, one-tailed) was made between 
the incidences in the high-dose male (2/49) and 
female (2/49) groups in this study and the histor- 
ical (corn oil-gavaged) control incidences for 

’ male and female mice in the Bioassay Program 
(Appendix G , Table GI).  Statistically significant 
values were observed (PzO.043, males; P=0.041, 
females). Therefore, the data in this study are 
insufficient to indicate that diallyl phthalate 
caused forestomach papillomas, but results of a 
comparison of the high incidences of forestom- 
ach papillomas in high-dose mice with both con- 
current and historical control rates suggest a 
cause and effect relationship. 

The correlation between the occurrence of 
chronic forestomach inflammation and fore- 
stomach hyperplasia (Table 6) suggests that an 
irritating effect of diallyl phthalate on the gastric 
epithelium may have predisposed this tissue to 
the hyperplasia. The incidence of squamous cell 
papillomas of the forestomach, however, was too 
low for valid comparisons to be made between 
their occurrence and the presence of chronic 
inflammation or hyperplasia. The data are insuf- 
ficient to indicate whether or not the forestomach 
papillomas were secondary to the irritation, but 
the correlation between animals with chemically- 
induced inflammation and those with hyperpla- 
sia supports such a speculation. 

Diallyl phthalate has recently completed test- 

ing by the National Toxicology Program for car- 

cinogenic effects in Fisher 344/ N rats by gavage. 

Results are currently being evaluated. There are 

no previous reports available on the carcinoge- 

nicity testing of diallyl phthalate. Recent studies 

conducted by the NTP have demonstrated that 

di(2-ethylhexy1)phthalate at dietary concentra- 

tions of 3,000 to 12,000 ppm is hepatocarcino- 

genic in rats and mice (NTP, 1982a) and indicate 
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that butyl benzyl phthalate at dietary concentra- 
tions of I2.000 pm may have caused mononuclear- 
cell leukemia in female rats (NTP, 1982b). The 
gavage doses of diallyl phthalate used in this 
study were estimated to be the equivalent of 750 
and 1,500 ppm and of 600 and 1,200 ppm for 
low- and high-dose male and female mice, 
respectively. Two other chemicals containing allyl 
groups, allyl chloride and allyl isothiocyanate, 
were found to produce tumors in standard rodent 
bioassays when given by gavage (NCI, 1978; 
NTP, 1982~).  Allyl isothiocyanate caused transi- 
tional cell tumors of the urinary bladder in male 
rats, while allyl chloride produced squamous cell 
carcinomas and papillomas of the forestomach in 
male and female mice. At least one other allyl 
compound, therefore, has been shown to pro- 
duce proliferative lesions of the forestomach sim- 
ilar to  those caused by diallyl phthalate. Addi- 
tional chemicals demonstrated to cause fore-
stomach tumors in the NC1 / NTP Carcinogenesis 
Bioassay Program are shown in Table 9 (Chu et 
al., 1981). 

Allyl compounds can be alkylating agents and 
direct-acting mutagens, depending on the degree 

of polarity (electron deficiency, electrophilicity) 
introduced into the molecule by substituents on 
the saturated (terminal) carbon atom (Eder et al., 
1980). Allyl methanesulfonate, for example, is a 
strong alkylating agent because of the electroneg- 
ativity of the methane sulfonate group, whereas 
allyl isothiocyanate is a very weak alkylating 
agent. By this criterion (electrophilicity), allyl 
alcohol would be expected to be only a very weak 
direct alkylating agent. The limited data availa- 
ble, however, suggest that diallyl phthalate may 
be metabolized to the electrophile acrolein and to 
the epoxides glycidol and glycidaldehyde. Stu- 
dies on the carcinogenic potential of acrolein are 
currently in progress (IARC, 1978), and Van 
Duuren et al. (1965) have reported that glycidal- 
dehyde is carcinogenic in mice. Experimentation 
to  determine the extent, dose-dependency, and 
species-dependency of the metabolism of diallyl 
phthalate to allyl alcohol, acrolein, and epoxides 
may provide additional insight into the carcino- 
genic potential of this compound. Such studies 
are planned by the NTP. 

TABLE 9. CHEMICALS THAT CAUSED FORESTOMACH TUMORS IN THE NC1 
CARCINOGENESIS BIOASSAY PROGRAM (u) 

Chemical 

I .2-Dibromo-3-chloropropane 

I .2-Dibromoethane 

3-(Chloromethyl)pyridine .HCI 

Tris(2.3-dihromopropyl)phosphate 


Estradiol mustard 

1.2-Dichloroethane 

Pivalolactone 

Sulfallate 
4-Chloro-o-phenylenediamine 

Cupferron 

Strain/Species 

Osborne-Mendel rat 
B6C3F1 mouse 

Osborne-Mendel rat 
B6C3F1 mouse 

Fischer 344 rat 
B6C3F1 mouse 

B6C3F1 mouse 

B6C3F1 mouse 

Osborne-Mendel rat 

Fischer 344/N rat 

Osborne-Mendel rat 
Fischer 344/N rat 

Fischer 344/N rat 

(a) Data derived from Chu et al. (1981). 

Route of Exposure 

Gavage 
Gavage 
Gavage 
Gavage 
Gavage 
Gavage 

Feed 

Gavage 

Gavage 

Gavage 
Feed 
Feed 

Feed 
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IV. DISCUSSION AND CONCLUSIONS 

Conclusions: Under the conditions of this 
bioassay, the development of chronic inflamma- 
tion and hyperplasia of the forestomach in both 
male and female B6C3F1 mice was considered to 
be related to the administration of diallylphthal- 
ate. The development of squamous cell papilio- 
mas of the forestomach may also have been 
related to chemical administration, but the avail- 
able data are insufficient to indicate a clear cause 
and effect relationship. A n  increase in the inci- 
dence of male mice with lymphomas was observed, 

but this increase was considered only to be 
equivocallv related to diall.vl phthalate adminis- 
tration. The results of this bioassay, therefore, do 
not indicate that diallj9lphthalate is carcinogenic 
in B6C3F1 mice, although a maximally tolerated 
dose ma)! not have been achieved. A carcinoge-
nicity study by the National Toxicology Program 
of diallvl phthalate in male and female Fischer 
344/N rats, employing daily gavage doses of 0 
(vehicle control), 50, or I00 mg/kg body weight, 
is currently being evaluated. 

Diallyl Phthalate 38 



V. REFERENCES 


Diallyl Phthalate 39 




V. REFERENCES 

Albro, P.W.; Thomas, R.O., Enzymatic hydroly- 
sis of di(2-ethylhexyl)-phthalate by lipases. Bio- 
chem. Biophys. Acta 360:380-393; 1973. 
Armitage, P., Statistical methods in medical 
research. New York: John Wiley & Sons, Inc.; 
I97 1:362-365 

Beilstein’s Handbuch der organischen Chemie. 
Berlin: Springer-Verlag, EIII 9:4 120. 

Berenblum, I . ,  ed., Carcinogenicity testing: a 
report of the panel on carcinogenicity of the 
cancer research commission of UICC. Geneva: 
International Union Against Cancer, Vol. 2; 
1969. 

Butterworth, K.; Carpianini, F.; Dunnington, 
D.; Grasso, P.; Pelling, D.; The production of 
periportal necrosis by allyl alcohol in the rat. Br. 
J. Pharmacol. 63 (2):353P-354P; 1978. 
Carter, D,;  Feldman, B.; Sipes, I . ,  Liver and lung 
toxicity of diallyl phthalate. Toxicol. Appl. Phar- 
macol. 45:254; 1978. 

Carter, J.E.; Roll, D.B.; Petersen, R.V., The in 
vitro hydrolysis of di(2-ethylhexy1)phthalate by 
rat tissues. Drug Metab. Dispos. 2:341-344; 1974. 
Chu, K.C.; Cueto, C.; Ward, J.M., Factors in the 
evaluation of 200 National Cancer Institute car- 
cinogen bioassays. J. Toxicol. Environ. Health 
8:251-280; 1981. 

Cox, D.R., Regression models and life tables. 
J .R. Stat. SOC. B34:187-220; 1972. 
Eder, E.; Neudecker, T.; Lutz, D.; Henschler, D., 
Mutagenic potential of allyl and allylic com- 
pounds: structure - activity relationship as deter- 
mined by alkylating and direct in vitro mutagenic 
properties. Biochem. Pharmacol. 29: 993-998; 
1980. 
Feron, V.J.; Kruysse, A., Effects of exposure to 
acrolein vapor in hamsters simultaneously treated 
with benzo(a)pyrene or diethylnitrosamine. J .  
Toxicol. Environ. Health 3:379-394; 1977. 

Gart, J.: Chu, K.: Tarone, R., Statistical issues in 
interpretation of chronic bioassay tests for carci- 
nogenicity. J .  Natl. Cancer Inst. 62(4): 957; 1979. 
Giles, P.M., The biosynthesis of 3-hydroxypro- 
pylmercapturic acid from cyclophosphamide. 
Xenobiot. 9:745-762; 1979. 
Hagan, C . ;Woodard, G.; Nelson, A,,  Toxicity to 
rats of diallyl acetic acid and other compounds 
containing the allyl radical. Fed. Proc. 8:299; 
1949. 

Hanson, S.K.; Anders, M.W., The effect of di- 
ethyl maleate, fasting and time of administration 
on allyl alcohol hepatotoxicity. Toxicol. Lett. 
1:301-305; 1978. 
IARC, Information bulletin on the survey of 
chemicals being tested for carcinogenicity, No. 7. 
International Agency for Research on Cancer, 
Lyon, France: 1978. 

Kaplan, E.; Meier, P., Nonparametric estimation 
of incomplete observations. J. Amer. Stat. ASSOC. 
53:45748 1; 1958. 

Kaye, C.; Young, L., The synthesis of mercap- 
turic acids from allyl compounds in the rat. Bio- 
chem. J. 127(5):87; 1972. 
Kaye, C., Biosynthesis of mercapturic acids from 
allyl alcohol, allyl esters, and acrolein. Biochem. 
J. 134:1093-1101; 1973. 
Kirk-Othmer encyclopedia of chemical technol- 
ogy, 3rd ed. New York: John Wiley & Sons, Inc. 
8:151: 1979. 

Lake, B.G.; Gangolli, S.D.;Wright, M.G.; Grasso, 
P.; Carpanini, F.M.B.; Butterworth, K.R., The 
effect of repeated administration on allyl alcohol 
induced hepatotoxicity in the rat. Biochem. SOC. 
Trans. 6: 145-147; 1978. 
Lijinsky, W.; Andrews, A.W., Mutagenicity of 
vinyl compounds in Salmonella tjphimurium. 
Terat. Carcin. Mutagen. 1:259-267; 1980. 

Linhart, M.; Cooper, J.; Martin, R.; Page, N.; 
Peters, J., Carcinogenesis bioassay data system. 
Comp. Biomed. Res. 7:230-248; 1974. 

Mantel, N.; Haenszel, W., Statistical aspects of 
the analysis of data from retrospective studies of 
disease. J .  Natl. Cancer Inst., 22:719-748; 1959. 

McCann, J.; Choi, E.; Yamasaki, E.; Ames, 
B.N., Detection of carcinogens as mutagens in 
the Salmonella/ microsome test: Assay of 300 
chemicals. Proc. Natl. Acad. Sci. 725  135-5 139; 
1979. 

Modern plastics encyclopedia. New York: 
McGraw-Hill; 1979: 1 I .  
National Academy of Sciences, Histologic typing 
of liver tumors of the rat. J. Natl. Cancer Inst. 
64:179: 1980. 
NCI, National Cancer Institute, Bioassay of allyl 
chloride for possible carcinogenicity, NC1 TR73, 
U.S. Department of Health, Education, and 
Welfare, Bethesda, MD; 1978. 

Diallyl Phthalate 40 



V. REFERENCES 

NTP, National Toxicology Program Technical 
Bulletin, l(3):lO: December 1980. 
NTP, National Toxicology Program, Carcino- 
genesis bioassay of di(2-ethylhexyl)phthalate, 
NTP TR 217, National Institute of Environmen- 
tal Health Sciences, National Institutes of Health, 
Public Health Service, Department of Health 
and Human Services, Research Triangle Park, 
NC; 1982a. 
NTP, National Toxicology Program, Carcino- 
genesis bioassay of butyl benzyl phthalate, NTP 
TR 213, National Institute of Environmental 
Health Sciences, National Institutes of Health, 
Public Health Service, Department of Health 
and Human Services, Research Triangle Park, 
NC; 1982b. 

NTP, National Toxicology Program, Carcino- 
genesis bioassay of allyl isothiocyanate, NTP T R  
234, National Institute of Environmental Health 
Sciences, National Institutes of Health, Public 
Health Service, Department of Health and Human 
Services, Research Triangle Park, NC: 1982~.  
NTP, National Toxicology Program Technical 
Bulletin, No. 6 6 ;  (January) 1982d. 
NTP, National Toxicology Program Technical 
Bulletin No, 8:l I ;  (July) 1982e. 

Patel, J .M.;  Wood, J.C.; Leibman, K.C., The 
biotransformation of allyl alcohol and acrolein in 
rat liver and lung preparations. Drug Metab. 
Dispos. 8:305-308; 1980. 

Peakall, D., Phthalate esters: occurrence and bio- 
logical effects. Residue Rev. 54: 1-37; 1975. 

Peto, R.: Pike, M.; Day, N.; Gray, R.; Lee, P.; 
Parish, S.;Peto, J.; Richard, S.;Wahrendorf, J., 
Guidelines for simple, sensitive, significant tests 
for carcinogenic effects in long-term animal 
experiments. In: Long-term and short-term 
screening assays for carcinogens: a critical 

appraisal, IARC monographs on the evaluation 
of the carcinogenic risk of chemicals to humans. 
Lyon: International Agency for Research on 
Cancer. Supplement 2: 1980:311426. 

Rees, K.R.; 'Tarlow, M.J., The hepatotoxic action 
of allyl formate. Biochem. J .  104:757-761; 1967. 

Reid, W.D.. Mechanism of allyl alcohol-induced 
hepatic necrosis. Experientia 28: 1058-1061; 1972. 

Rowland, I.R., Metabolism of di(2-ethylhexyl) 
phthalate by the contents of the alimentary tract 
of the rat. Fd. Cosmet. Toxicol. 12:293-302: 
1974. 

Rowland, 1.R.; Cottrell, R.C.; Phillips, J.C., 
Hydrolysis of phthalate esters by the gastro- 
intestinal contents of the rat. Fd. Cosmet. Tox-
icol. 15:17-2I ; 1977. 

Sadtler standard spectra. Philadelphia: Sadtler 
Research Laboratories: IR No. 1886; UV No. 
527; NMR No. 6707. 
Squire, R.; Levitt, M., Report of a workshop on 
classification of specific hepatocellular lesions in 
rats. Cancer Res. 35:3214; 1975. 
Tarone, R.. Tests for trend in life table analysis. 
Biometrika 62: 679-682; 1975. 

USITC, U.S. International Trade Commission, 
Synthetic organic chemicals - U.S.  production 
and sales. Washington, D.C.: U.S. Government 
Printing Office, 1980; U.S.T.I.C. Publication No. 
1099. 

Van Duuren, B.L.; Orris, L.; Nelson, N., Carcin-
ogenicity of epoxides, lactones and peroxy com- 
pounds. Part I I .  J .  Natl. Cancer Inst. 35:707-717; 
1965. 
Ward. J.: Goodman, D.; Griesemer, R.; Hard- 
isty, J.; Schueler, R.; Squire, R. Quality assur- 
ance for pathology in rodent carcinogenesis tests, 
J. Environ. Path. Toxicol. 2:371-378; 1978. 

41 Diallyl Phthalate 



Diallyl Phthalate 42 



APPENDIX A 

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN 

MICE ADMINISTERED DIALLYL PHTHALATE 


IN CORN OIL BY GAVAGE 
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TABLE A l .  

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE ADMINISTERED 

DIALLYL PHTHALATE IN CORN OIL BY GAVAGE 


INTEGUMENTARY SYSTEM 

* S K I N  ( 5 0 )  ( 5 0 )  ( 5 0 )
FIBROSARCOMA 1 ( 2 % )  1 ( 2 % )
LEIOMYOSARCOMA 2 (4%) 

R E S P I R A T O R Y  SYSTEM 

#LUNG ( 5 0 )  (49) ( 5 0 )
ALVEOLAR/BRONCHIOLAR ADENOMA 3 ( 6 % )  3 ( 6 % )  5 ( 1 0 % )  
ALVEOLAR/BRONCHIOLAR CARCINOMA 2 (4%) 1 ( 2 % ). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


H E M A T O P O I E T I C  SYSTEM 

# M U L T I P L E  ORGANS ( 5 0 )  ( 5 0 )  ( 5 0 )
M A L I G N A N T  LYMPHOMA, NOS 5 ( 1 0 % )  4 ( 8 % )  1 1  ( 2 2 % )
LEUKEMIA,NOS 1 ( 2 % )  

#SPLEEN ( 4 9 )  ( 4 8 )  ( 5 0 ) 

M A L I G N A N T  LYMPHOMA, NOS 1 ( 2 % )  


#MESENTERIC L .  NODE ( 4 3 )  ( 2 9 )  ( 4 1 )
M A L I G N A N T  LYMPHOMA, NOS 1 ( 3 % )  1 ( 2 % ). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


C I R C U L A T O R Y  SYSTEM 

# M U L T I P L E  ORGANS ( 5 0 )
HEMANGIOSARCOMA 1 ( 2 % )  

#SPLEEN (49) ( 4 8 )  ( 5 0 )
HEMANGIOSARCOMA 1 ( 2 % )  1 ( 2 % )  

I NUMBER OF A N I M A L S  W I T H  T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  NECROPSIED 
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# P I T U I T A R Y  

ADENOMA, NOS 


#ADRENAL 

PHEOCHROMOCYTOMA 


# T H Y R O I D  

F O L L I C U L A R - C E L L  ADENOMA 


REPRODUCTIVE SYSTEM 

# T E S T I S  ( 5 0 )  ( 4 9 )  ( 5 0 )
I N T E R S T I T I A L - C E L L  TUMOR 1 ( 2 % )  1 ( 2 % )................................................................................ 


NERVOUS SYSTEM 

NONE 

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  
)t NUMBER OF A N I M A L S  NECROPSIED 
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TABLE A l .  MALE MICE: NEOPLASMS (CONTINUED) 

S P E C I A L  SENSE ORGANS 

* H A R D E R I A N  GLAND ( 5 0 )
ADENOMA, NOS 2 ( 4 % )  

A N I M A L S  I N I T I A L L Y  I N  STUDY 5 0  5 0  

NATURAL DEATHa 9 8 

MORIBUND S A C R I F I C E  2 4 

SCHEDULED S A C R I F I C E  

A C C I D E N T A L  L Y  -KI 1
L L ED 
T E R M I N A L  S A C R I F I C E  38 38 

A N I M A L  M I S S I N G  


3 I N C L U D E S  AUTOLYZED A N I M A L S  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  N E C R O P S I E D  

( 5 0 )
2 ( 4 % )  

5 0  

1 5  

3 


2 

3 0  
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TABLE A l .  MALE MICE: NEOPLASMS (CONTINUED) ................................................................................ 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE ................................................................................ 


TUMOR SUMMARY 

TOTAL A N I M A L S  W I T H  P R I M A R Y  TUMORSH 23 
TOTAL P R I M A R Y  TUMORS 2 9  

23 
25  

26 
3 4  

TOTAL A N I M A L S  W I T H  B E N I G N  TUMORS 8 
TOTAL B E N I G N  TUMORS 9 

1 0  
I I  

9 
13 

TOTAL M A L I G N A N T  TUMORS 2 0  
TOTAL A N I M A L S  W I T H  M A L I G N A N T  TUMORS 1 8  1 4  

14 
1 9  
21  

TOTAL A N I M A L S  W I T H  SECONDARY TUMORS# 
TOTAL SECONDARY TUMORS 

2 
2 

TOTAL A N I M A L S  W I T H  TUMORS U N C E R T A I N -
B E N I G N  OR M A L I G N A N T  

TOTAL U N C E R T A I N  TUMORS 

TOTAL A N I M A L S  W I T H  TUMORS U N C E R T A I N -
PRIMARY OR M E T A S T A T I C  

TOTAL U N C E R T A I N  TUMORS 

H P R I M A R Y  TUMORS: A L L  TUMORS EXCEPT SECONDARY TUMORS 
# SECONDARY TUMORS: M E T A S T A T I C  TUMORS OR TUMORS I N V A S I V E  I N T O  AN ADJACENT ORGAN-------------------------------------------------------------------------------. 
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TABLE A2. 


A N I M A L S  I N I T I A L L Y  I N  STUDY 50 5 0  50
ANIMALS MISSING 1. . ..- . . . .- - . .- - - - . . -
A N I M A L S  N E C R O P S I E D  5 0  5 0  49 
A N I M A L S  E X A M I N E D  H I S T O P A T H O L O G I C A L L Y  50 5 0  49 

INTEGUMENTARY SYSTEM 

HSUBCUT T I S S U E  ( 5 0 )  ( 5 0 )  (49) 

OSTEOSARCOMA 1 ( 2 % ) 

NEUROFIBROSARCOMA 1 ( 2 % )  


R E S P I R A T O R Y  SYSTEM 

#LUNG ( 5 0 )  (48) (48)
ALVEOLAR/BRONCHIOLAR ADENOMA 1 ( 2 % )  3 ( 6 % ). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


H E M A T O P O I E T I C  SYSTEM 

H M U L T I P L E  ORGANS ( 5 0 )  ( 5 0 )  ( 4 9 )
M A L I G N A N T  LYMPHOMA, NOS 15 ( 3 0 % )  12 ( 2 4 % )  15 ( 3 1 % )  

H M E D I A S T I N U M  ( 5 0 )  ( 5 0 )  (49) 

M A L I G N A N T  LYMPHOMA, NOS 1 ( 2 % )  


H H E M A T O P O I E T I C  SYSTEM (49) 

NEOPLASM, NOS 


# S P L E E N  (47) ( 4 9 )  (48)
M A L I G N A N T  LYMPHOMA, NOS 1 ( 2 % )  3 ( 6 % )  

#LYMPH NODE ( 4 1 )  ( 4 1 )  ( 4 0 ) 

LEUKEMIA,NOS 1 ( 2 % )  


#THY MUS ( 4 0 )  (36) (37) 

M A L I G N A N T  LYMPHOMA, NOS 1 ( 3 % ) 
................................................................................ 


C I R C U L A T O R Y  SYSTEM 

HSUBCUT T I S S U E  ( 5 0 )  ( 5 0 )  ( 4 9 )
HEMANGIOSARCOMA 1 ( 2 % )  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  
H NUMBER OF A N I M A L S  NECROPSIED 
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TABLE A2. FEMALE MICE: NEOPLASMS (CONTINUED) ................................................................................ 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE ................................................................................ 


# S P L E E N  
HEMANGIOSARCOMA 

( 4 8 )
2 (4%) 

# L I V E R  
HEMANGIOSARCOMA 

#UTERUS 
HEMANGIOMA 
HEMANGIOSARCOMA 
LYMPHANGIOMA 

( 4 8 )
1 ( 2 % )  

( 4 9 )  

1 ( 2 % )  

( 4 9 )
1 ( 2 % )
1 ( 2 % )  

D I G E S T I V E  SYSTEM 

# L I V E R  ( 5 0 )  ( 4 9 )  ( 4 9 )
HEPATOCELLULAR ADENOMA 2 ( 4 % )
HEPATOCELLULAR CARCINOMA 1 ( 2 % )  2 (4%) 1 ( 2 % )
SARCOMA p NOS 1 ( 2 % )  

#FORESTOMACH ( 4 8 )  (47) ( 4 9 )
P A P I L L O M A ,  NOS 1 ( 2 % )  2 (4%)................................................................................ 


U R I N A R Y  SYSTEM 

NONE ................................................................................ 

ENDOCRINE SYSTEM 

# P I T U I T A R Y  ( 4 3 )  ( 4 6 )
ADENOMAt NOS 7 ( 1 6 % )  8 ( 1 7 % )  

#ADRENAL. ( 4 8 )  ( 4 9 )
C O R T I C A L  ADENOMA 1 ( 2 % )  
PHEOCHROMOCYTOMA 1 ( 2 % )  2 (4%) 

R E P R O D U C T I V E  SYSTEM 

WAMMARY GLAND ( 5 0 )  ( 5 0 )  ( 4 9 )
{2 4%) 1 ( 2 % )  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  N E C R O P S I E D  
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#UTERUS ( 4 8 )  ( 4 9 )  ( 4 9 )
SARCOMA, NOS 1 ( 2 % )
ENDOMETRIAL STROMAL POLYP 4 ( 8 % )  2 (4%) 

#OVARY ( 4 5 )  ( 4 5 )  ( 4 9 )
P A P I L L A R Y  ADENOMA 1 (2%)
TERATOMA, B E N I G N  1 ( 2 % )................................................................................ 


NERVOUS SYSTEM 

NONE................................................................................ 

S P E C I A L  SENSE ORGANS 

%HARDERIAN GLAND 

ADENOMA, NOS 


' A N I M A L  D I S P O S I T I O N  SUMMARY 

A N I M A L S  I N I T I A L L Y  I N  STUDY 50 5 0  5 0  
NATURAL DEATH@ 10 9 8 
MI. JRIBUND- SACRIFICE 3 8 2 
SCHEDULED S A C R I F I C E  
A C C I D E N T A L L Y  K I L L E D  
TERMINAL SACRIFICE 37 33 39  
A N I M A L  M I S S I N G  1 

ir, I N C L U D E S  AUTOLYZED A N I M A L S  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  

'* NUMBER OF A N I M A L S  NECROPSIED 
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TABLE A2. FEMALE MICE: NEOPLASMS (CONTINUED) 

VEHICLE 
CONTR0L LOW DOSE HIGH DOSE................................................................................ 


TUMOR SUMMARY 

TOTAL A N I M A L S  W I T H  P R I M A R Y  TUMORSS 3 1  28 32 

TOTAL P R I M A R Y  TUMORS 4 1  34 4 3  


TOTAL A N I M A L S  W I T H  B E N I G N  TUMORS 14 12 15 
TOTAL B E N I G N  TUMORS 15 14 20  

TOTAL A N I M A L S  W I T H  M A L I G N A N T  TUMORS 2 1  19 2 3  
TOTAL M A L I G N A N T  TUMORS 23 20  2 3  

TOTAL A N I M A L S  W I T H  SECONDARY TUMORS# 
TOTAL SECONDARY TUMORS 

TOTAL A N I M A L S  W I T H  TUMORS U N C E R T A I N -
B E N I G N  OR M A L I G N A N T  3 

TOTAL U N C E R T A I N  TUMORS 3 

TOTAL A N I M A L S  W I T H  TUMORS U N C E R T A I N -
P R I M A R Y  OR M E T A S T A T I C  

TOTAL U N C E R T A I N  TUMORS 
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TABLE A3. 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE I N THE 2-YEAR 

STUDY OF DIALLYL PHTHALATE 


VEHICLE CONTROL 


SUBCUTANEOUS T I S S U E  j t t t t t t t t t i t t t t t t t t t t t i t i  
S A R C O I A ~  N O S  

I 
R E S P I R A T O R Y  .SYSTEM 

LUNGS AND B R O N C H I  / t t + t t t + t t t t t i t + t + t t t t + t t  
A L V E O L A R / B R O N C H I O L A R  ADENOMA 
A L V E O L A R / B R O N C H I O L A R  C A R C I N O I A  . X 

TRACHEA i t - t t + t * t t t t t t t + t t t t + t t t  

H E I A T O P O I E T I C  S Y S T E I  

BONE I A R R O W  + t + t t t + + t + + + t + + + t + t t t t + t  

S P L E E N  t t t t t t t . + t t t t t t + i t * t i + + + t  
M A L I G N A N T  LYMPHOMA, NOS 

LYMPH NODES ~ * t t t t t t - t t + t t t i t t t t t - - t t  

THYMUS t - t i t t t + - + t + t t t - + + t t - - t i  

C I R C U L A T O R Y  S Y S T E M  

H E A R T  t t t i t t t t t t t + t + t i t t t i t t + t  

U l U E S I I V t  5751Erl 

S A L I V A R Y  G L A N D  t t t * t t + t t t + t + t t t t t t t + t t t  

L I V E R  t i t t t t t t + t t t t t t t i t t t t i + ~  
H E P A T O C E L L U L A R  C A R C l N D M A  I X X 
HEMANGIOSARCOMA 

B I L E  DUCT t t t t t + t + t + t t + t t t t t t + t t t +  

P A N C R E A S  * t t + t t + t t t + t i t + t + t + t t t t t  

ESOPHAGUS t t t + t i t t t i t t t t t t * t i + t t t t  

S T O I A C H  + t t t t t t t t t t i i t i t i t t t t t t t  

S M A L L  I N T E S T I N E  t t t + t t t t t + t t + t t t t i t t + t t t  

L A R G E  I N T E S T I N E  t + t i t t t t t + t t * t t t t t i t t t t t  

U R I N A R Y  S Y S T E M  

K I D N E Y  t + t t i t t t t t + t * t t t t t + t t t t t  

U R I N A R Y  B L A D D E R  t + t + t t t t i t t t c t t t t t i t t t t t  
A D E N O I A T O U S  P O L Y P ,  NOS 

k N D O C R I N E  S Y S T E M  

P I T U I T A R Y  t t t i + + t t t + + + t t t t + t + t t t t -
ADENOMA, NOS 

ADRENAL t t + + t t + + t t t + t t t t t t t + t + t t  

T H Y R O I D  ~ t + t t t + + + t t + + i t t + t t i t t t t *  

j t t t + + t t t + t t t t t t t t t t t t t + + ~P A N C R E A T I C  I S L E T S  X 
I S L E T - C E L L  ADENOMA 

I A M I A R Y  G L A N D  . , N N N I H  N N N N N N N N N N N N N N N + N N N I 

T E S T I S  t t t i t t t t i t t t t t t t t t i t t i t t ‘  
I N T E R S T I T I A L - C E L L  TUMOR X 

P R O S T A T E  t t t t t t t t t t i t t t t t t t t t t t t t ’  

NERVOUS S Y S T E M  

B R A I N  t t t t t i t t t t t t t t t t i t i t t t t t ~  

A L L  OTHER SYSTEMS 

HEMANGIOSARCOMA 
GNANT L Y M P H O I A ,  NOS x x x 
t : T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  : NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
- :  
X :  

R E Q U I R E D  T I S S U E  NOT 
TUMOR I N C I D E N C E  

E X A M I N E D  M I C R O S C O P I C A L L Y  C :  
A :  

NECROPSY,  NO H I S T O L O G Y  
A U T O L Y S I S  

D U E  TO PROTOCOL 

N:  NECROPSY,  NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A M I N A T I O N  I:A N I M A L  M I S S I N G  
B :  NO NECROPSY PERFORMED 
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TABLE A3. MALE MICE: TUMOR PATHOLOGY (CONTINUED) VEHICLE CONTROL 


SUBCUTANEOUS T I S S U E  i t  t t t t t t t t t N + t + + t + t + + t t t + + I  5 0 ~  
SARCOMA, HOS X 

R E S P I R A T O R Y  S Y S T E M  

LUNGS AND B R O N C H I  t t t t t t t + t t t t + t t t t t t + t t + t t 5 0 1  
A L V E O L A R / B R O N C H I O L A R
A L V E O L A R / B R O N C H I O L A R  

ADENOMA 
CARCIHOMA . X 

X 
3 

TRACHEA + t + t + t t - t + - + t t t + t + t t t t t t - 4 6  

H E M A T O P O I E T I C  S Y S T E M  

BONE MARROW t + + t t - + t t t t + + t t t t t t t t t t t + 4 9  

S P L E E H  t t t t + t t t t t - + t t t t t + t + t + t + t 4 9  
M A L I G H A N T  LYMPHOMA, NOS X 1 

LYMPH MODES - + - t t + t t t t - t t t t t - t t t t + t t t 4 3  

THYMUS t t t t t - + t - t - - t t - t + - - t + + - t - 3 b  

C I R C U L A T O R Y  S Y S T E M  

H E A R T  t t t t t t t t t t + t t t t t t t + t + t t t + 50 

D I G E S T I V E  S Y S T E M  

S A L I V A R Y  G L A N D  t + t t t t t t t t - t t t + t + t t t t + t t t 4 9  

L I V E R  
H E P A T O C E L L U L A R  C A R C I N O M A  
HEMANGIOSARCOMA 

t t t t t t + + t t t 
x 

t t 
x 

t t 
x 

t t t t t 

X 

+ t t 
x 
X 

t t 
x 

50 
7 

B I L E  D U C T  

__GeLCBL-kDPER&LCOMMON B I L E  DUCT 

P A N C R E A S  

ESOPHAGUS 

K I D H E Y  

P I T U I T A R Y  
ADENOMA, NOS 

ADREHAL 

T H Y R O I D  
F O L L I C U L A R - C E L L  ADENOMA 

MAMMARY G L A N D  

T E S T I S  
I H T E R S T I T I A L - C E L L  TUMOR 

B R A I N  

Diallyl Phthalate 53 




TABLE A3. 


INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2-YEAR 

STUDY OF DIALLYL PHTHALATE 


LOW DOSE 


R E S P I R A T O R Y  S Y S T E N  

LUNGS AND B R O N C H I  t t t t t t t + t t t t t t t t t + t t t t t t t 
A L V E O L A R / B R O N C H I O L A R  ADENOf lA  X  X  
A L V E O L A R / B R O N C H l O L A R  C A R C I N O M A  . 

TRACHEA t t - t + t t t t t t + t t t t t t t + t t t t t  

H E M A T O P O I E T I C  S Y S T E M  

B O N E  PIARROW t t t t t t t + t t t + + - t + t + t t t t t t t  

S P L E E N  t t - t t t t + t t t + - t + t + t + * + t + t t  
HEMANGIOSARCONA X_ 

L Y M P H  NODES - - - t - - - t t t - t , . + t - - - t t + t t t t l  
f l A L I G N A N T  LYMPHOMA, NOS 

THYMUS t + - t - t t t t + t t i + + t + - t t + + - - t  

C I R C U L A T O R Y  S Y S T E M  

,HEART t t t t t t t t t t t + t t t t t t t t + t t t t  

D I G E S T I V E  S Y S T E M  

- t t - t t t t t t t - t + t t t t t + t t t t t t1-S A L I V A R Y  G L A N D  

L I V E R  
H E P A T O C E L L U L A R  CARCINOf lA  

B I L E  DUCT 

t t t t t t t + t + t: t + 

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

+ t + t t + t + :t 


G A L L B L A D O E R  1 CONMON B I L E  DUCT t N N t t t N t + N + + t t t t N N t t + + 

P A N C R E A S  . t t - t t t t t t t t + t t t t t t t t + t t t t  

ESOPHAGUS t t t t t t t t t + + + t + t + + + t t + t + t t  

STOMACH t t - t t - t t t t + t t t t t + + t t t t t t t  
P A P I L L O M A ,  NOS X 

W A L L  I N T E S T I N E  t t - t t - - t t t t t - t t t t t t t t t t t +  

L A R G E  I N T E S T I N E  t t - t t - t t + t t t t t t t t t t t t + t t t  

U R I N A R Y  S Y S T E M  

K I D N E Y  . + t t + t t t t t t t t t t t t t t t t t t . t + t  

U R I N A R Y  B L A D D E R  t t - t t - t t t + t t t t t t t t t t t t t + t  

E N D O C R I N E  S Y S T E f l  


P I T U I T A R Y  t t - t + t t t t - t t - t t t t t + + t + t + t  

AOENOMA, NOS 


1 


ADRENAL t t - t + t t t t t + t t t t t t t t t t t t + t  
PHEOCHROMOCYTOMA 

T H Y R O I D  t t - t - t t - t t t t t t t t t t t - t + t t t  
F O L L I C U L A R - C E L L  ADENOf lA  

P A R A T H Y R O I D  - - - - - t t - t - t t t t - - - - - - - t t - t ,  

R E P R O D U C T I V E  S Y S T E f l  

MAflflARY G L A N D  N t N N N N N N N N N N N t N N N N N N N N N N N . 

T E S T I S  t t t t t t t t t t t t + t t t t t t t t t t t t  
I N T E R S T I T I A L - C E L L  TUf lOR 

P R O S T A T E  I t * - t t t t t t t t t t t t t t t t t t t t t t  

NERVOUS S Y S T E M  
I

B R A I N  t t t t t t t t t t t t t t t t t t t t t t t t t  

S P E C I A L  S E N S E  ORGANS 

H A R D E R I A N  G L A N D  N N N N N N N N N N N N N N N N N N N N N N N N N 
ADENOMA, NOS 

J L L  OTHER SYSTEMS 

M U L T I P L E  ORGANS NOS N N N N N N N N N N N N N N H N N N N N N N N N N 
M A L I G N A N T  LYf lPHOMA,  NOS X 

t : T I S S U E  E X A M I N E D  P I I C R O S C O P I C A L L Y  : NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
-: R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M I C R O S C O P I C A L L Y  C: NECROPSY,  NO H I S T O L O G Y  D U E  T O  PROTOCOL 
X :  TUMOR I N C I D E N C E  A :  A U T O L Y S I S  
N :  NECROPSY, NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A M I N A T I O N  N: A N I M A L  N I S S I N G  

B: NO NECROPSY PERFORMED 
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TABLE A3. MALE MICE: TUMOR PATHOLOGY (CONTINUED) LOW DOSE 


S T U D Y  0 0 0 0 0 9 
4 

0 
6 

J 0 0 0 0 0 0 9 0 0 0 0 0 
9  6  6  6  6  6  6  8  6  6  6  6  6  

0 0 0 0 0 
7 6 6 1 6 6  

TUMORS 

A L V E O L A R I B R O N C H I O L A R  ADENOMA 
A L V E O L A R / B R O N C H I O L A R  C A R C I N O M A  

B O N E  Mr lRROU 

S P L E E N  

L Y M P H  NODES 

HEMANGIOSARCOMA 

M A L I G N A N T  LYMPHOMA, NOS 

B I L E  DUCT 

G A L L B L A D D E R  

P A N C R E A S  

ESOPHAGUS 

L COMMON B I L E  D U C T  

T H Y R O I D  
F O L L I C U L A R - C E L L  

P A R A T H Y R O I D  

ADENOMA 

S P E C I A L  S E N S E  ORGANS 
I 

H A R D E R I A N  G L A N D  
ADENOMA, NOS 

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 

M U L T I P L E  ORGANS NOS 
M A L I G N A N T  LYMPHOMA, 

3 
NOS 

N N N N 

X 

N N N 
X 

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

N N N N N N SO* 
4 

W A N I M A L S  N E C R D P S I E D  
* :  T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  
- :  R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M I C R O S C O P I C A L L Y  
X :  TUMOR I N C I D E N C E  
N :  N E C R O P S Y ,  NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A M I N A T I O N  

I 
C :  
A :  
M :  
B i  

NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
NECROPSY,  NO H I S T O L O G Y  D U E  T O  PROTOCOL 
A U T O L Y S I S  
A N I M A L  H I S S I N G  
NO NECROPSY P E R F O R M E D  
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TABLE A3. 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE I N  THE 2-YEAR 

STUDY OF DIALLYL PHTHALATE 


HIGH DOSE 


LUNGS AND B R O N C H I  I t t t t t t t t t t t t t t t t t t t t + t t + t  
A L V E O L A R / B R O N C H I O L A R  ADENOMA . X x x  

TRACHEA t t t t t t t - - t t t t - t t t t - + t + t t t  

H E M A T O P O I E T I C  S Y S T E f l  

BONE MARROW * t t t t t t * t + + - t - t t + t t t t t t t +  

S P L E E N  l t t + t t t t t t t t ) t t + * t t t t t t t t +  
HEMANGIOSARCOMA X 

LYMPH NODES - - - t t + - t - - t t t t t t t t t t t t - t t  
M A L I G N A N T  LYMPHOMA, NOS X 

THYPIUS - + * - - t t t t t t t - t t - t t - t + t - t t 

C l R C U L A T O R Y  S Y S T E M  

H E A R T  + t + t t t t t t t t t t t t t t + t t + t t t t  

D I G E S T I V E  S Y S T E f l  

S A L I V A R Y  G L A N D  t + t t + t t t + t t t t t - t t t t + t t t t t  

L I V E R  ~ + t t t t t + t t + t + t t t + t t t t t t t + t  
H E P A T O C E L L U L A R  ADENOMA x x 
H E P A T O C E L L U L A R  C A R C I N O M A  X X X 

U R I N A R Y  S Y S T E M  

K I D N E Y  + t t t t + t + t t t t t t t t + t t + t t t t t  

U R I N A R Y  B L A D D E R  t t t + t + + + + t t t t t + * t t t t t t t + t  

k N D O C R I N E  S Y S T E M  

P I T U I T A R Y  - - t t t t t - t t t t t  
ADENOMA, NOS 

ADRENAL t + t t + + t t t + + + t/::::::::::::
T H Y R O I D  t t t t t t t t t t t t t  


P A R A T H Y R O I D  - t - t - - - - - - t t + - - - t t - t t + t t - 


REPRODUCTIVE S Y S T E n  

MAf lMARY G L A N D  N N N N N N N N N N N N N N N N N N N N N N N N N 

T E S T I S  t t t + + + t t t t t t t t t t + t t + t + t t t  

P R O S T A T E  t t t t t t t + + t t t + t t + t t t t t t t t t  

NERVOUS SYSTEf l  

B R A I N  + t t t t + t t t t * t t t t t + t t t t t t t t  

S P E C I A L  S E N S E  ORGANS 

H A R D E R I A N  G L A N D  N N N N N N N N N N N N N N N N N N N N N N N N N 
ADENOMA,  nos I X 

a t t  O T H E R  SYSTEMS 

M U L T I P L E  ORGANS NOS N N N N N N H N N N N N N N N N N N N N N N N N N 

LEIOMYOSARCOf lA ,  M E T A S T A T I C  

HEMANGIOSARCOMA 


NOS x x x x x x x 
t : T I S S U E  E X A M I N E D  f l I C R O S C O P I C A L L Y  : NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
-: R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M l C R O S C O P I C A L L Y  C; NECROPSY,  NO H I S T O L O G Y  DUE T O  PRDTOCOL 
X :  TUMOR I N C I D E N C E  A. A U T O L Y S I S  
N :  NECROPSY, NO A U T O L Y S I S ,  NO P I I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  f l I S S I N G  

B :  NO NECROPSY PERFORMED 
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TABLE A3. MALE MICE: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 

S K I N  I t t t t t + t + t t t t t N N + t t t t t t t t 
F I B R O S A R C O M A  
LEIOMYOSARCOMA I X  X 

SMALL  I N T E S T I N E  t t t - t t t t t t t t t t t t t t t t t t - t t  43 

L A R G E  I N T E S T I N E  - t + t + t t t t t t t + t t t + t + t t + - t + 4 7  

U R I N A R Y  S Y S T E M  

K I D N E Y  . t t t t t t t t + t + t t t t + + t I t t t t t t  5 0  

U R I N A R Y  B L A D D E R  t t + t + t t t t t t t t t t t t t + t t t t t - 4 9  

e N D O C R I N E  S Y S T E M  

P I T U I T A R Y  t t t - - t + t t - t + t t t t t + t t + t t t t 4 2  
ADENOMA, NOS X 1 

ADRENAL . t  t t t - + + t t t t t t t I t + t + t t + t + t 4 7 . 
T H Y R O I D  t t t t + t - t t t t t t t + t t - - t t + - t t  4 6 .  

P A R A T H Y R O I D  2 0- t - - * - - + - - - - t - + t - - - - + - - - t  

R E P R O D U C T I V E  S Y S T E M  

MAMMARY G L A N D  N N N N N N N N N H N N N N N N N N N I N N N N N 5 0 1  

T E S T I S  t t t t t + t + t t t + t t t t t t t + t t t t t  5 0 .  

P R O S T A T E  t t t t t t t t + t t t t t t t t t + t t t t t t  5 0  

NERVOUS S Y S T E M  

B R A I N  t t + t t t t t t t t t t t + t t t t t t + t t t  5 0  

~PECIAL SENSE ORGANS 

H A R D E R I A NADENOMA, NOSGLAND / N N N N N N N N N N N N N N N N N N N N N N N N N 

A L L  OTHER SYSTEF15 I I I 

M U L T I P L E  ORGANS NOS 
LEIOMYOSARCOMA,  M E T A S T A T I C  
HEMANGIOSARCOMA 
M A L I G N A N T  LYMPHOMA, NOS 

/ 

I 

N N N N N 

X 

N N N N N 

x 

N N 

x 

N N N 

X 

N N N N N N N N N N 

x 

5 0 *  

1 
1 1  

* A N I M A L S  N E C R O P S I E D  
t ; T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  
- 1  R E Q U I R E D  T I S S U E  NOT E X A M I N E 0  M I C R O S C O P I C A L L Y  
X :  TUMOR I N C I D E N C E  

: 
C :  
A :  

NO T I S S U E  
NECROPSY.  
A U T O L Y S I S  

I N F O R M A T I O N  S U B M I T T E D  
NO H I S T O L O G Y  D U E  TO PROTOCOL 

N :  NECROPSY,  NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A M I N A T I O N  M :
B :  

A N I M A L  M I S S I N G  
NO NECROPSY P E R F O R M E D  
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TABLE A4. 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 2-YEAR 

STUDY OF DIALLYL PHTHALATE 


TRACHEA I +  - + t + - t t t * + t t t t t t t t t t t t t t 

H E M A T O P O I E T I C  S Y S T E M  

BONE MARROW t - t + + + t t t + + t t t ' t  + t + t + t + + t + 
S P L E E N  t - t + t + t t + + t t t + t + t + t + t t t t t 

HEMANGIOSARCOMA 

LYMPH NODES t - t t t t t t + t + + - - t + t t t t t + t t t 
L E U K E M I A , N O S  X 

THYMUS * - t t + - + t + t t t - t + t + t t t t + - t + 
M A L I G N A N T  LYMPHOMA, NOS X 

C I R C U L A T O R Y  S Y S T E M  

H E A R T  I - + + t t t t + t + t t t + t + t t t t t t t + 

D I G E S T I V E  S Y S T E M  

S A L I V A R Y  G L A N D  + t + t t t + t + t t t t t t t + t t t t t t i +  

L I V E R  
H E P A T O C E L L U L A R  CARCINOMA 

HEMANGIOSARCOMA 


B I L E  DUCT 


PANCREAS 


ESOPHAGUS 


STOMACH 


K I D N E Y  

ADRENAL 

- C E L L  ADENOMA 

MAMNARY G L A N D  

ADENOCARCINOMA,  NOS 


U T E R U S  t - + + t + t + t t + t t t + t t t + + t t t t + 

E N D O M E T R I A L  STROMAL P O L Y P  X 

HEMANGIOMA 


OVARY t - t t t t t + t t t + t t t t t t t t t t t + + 
P A P I L L A R Y  ADENOMA X 
TERATOMA,  B E N I G N  I X 

NERVOUS S Y S T E M  

B R P i I N  + t + t + t + + t + t + t t + + t t + t + + t + t 

S P E C I A L  S E N S E  ORGAN5 

H A R D E R I A N  G L A N D  H H N N N N N N N N N N N N N N N N N N N N N N N 
ADENOMA, NOS X X 

A L L  OTHER S Y S T E M S  

M U L T I P L E  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 
M A L I G N A N T  LYMPHOMA, NOS X x x x x x X x x .. 

H E M A T O P O I E T I C  S Y S T E M  

NEOPLASM.  NOS X 


+: T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  : NO T I S S U E  I N F O R P l A T I O N  S U B M I T T E D  
-: R E Q U I R E D  T I S S U E  NOT E X A M I N E 0  M I C R O S C O P I C A L L Y  C :  NECROPSY,  NO H I S T O L O G Y  D U E  TO PROTOCOL 
X :  TUMOR I N C I D E N C E  A :  A U T O L Y S I S  
N :  NECROPSY,  NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A M I H A T I O N  M :  A N I M A L  M I S S I N G  

B :  NO NECROPSY PERFORMED 
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TABLE A4. FEMALE MICE: TUMOR PATHOLOGY (CONTINUED) VEHICLE CONTROL 


SUBCUTANEOUS T I S S U E  

S P L E E N  

HEMANGIOSARCOMA 


TOCELLULAR CARCIHOMA 

B I L E  DUCT 

PANCREAS 

ADRENAL 

T H Y R O I D  
F O L L I C U L A R - C E L L  ADENOMA 

DENOCARCINOMA,  NOS 

U T E R U S  t c t t t * t t t t t t t t t t t t - t t ~ t + t 68 
E N D O M E T R I A L  STROMAL P O L Y P  X x x 9 
HEMANGIOMA X I . 

OVARY c t * t - c c t - t t t t + t t t t - t - t t t t 45 
P A P I L L A R Y  ADENOMA I 
TERATOMA,  B E N I G N  1 

B R A I N  I +  t + + + + + + + + + + t 4 c t 4 + + + 4 t t t +I 50 

S P E C I A L  S E N S E  ORGANS 

H A R D E R I A N  
ADENOMA, 

GLAND 
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 5011 
2 

ALL OTHER SYSTEMS 

M U L T I P L E  ORGAN5 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 5011 
M A L I G N A N T  LYMPHOMAr  NOS X 15 .. 

H E M A T O P O I E T I C  S Y S T E M  
NEOPLASM,  NOS X X 5 -
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TABLE A4. 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 2-YEAR 

STUDY OF DIALLYL PHTHALATE 


LOW DOSE 


R E S P I R A T O R Y  S Y S T E M  

LUNGS AND B R O N C H I  . . . . . . . . . . . . . . . . . . . . . . . . . 

TRACHEA + * - + * - t + + t + * + + t t + + + + + + + + + 


H E M A T O P O I E T I C  S Y S T E M  

BONE NARROW 

S P L E E N  
M A L I G N A N T  LYMPHOMA, H05 

L Y M P H  NODES t t + * + t - + + * + + - * + * ~ + * + + + + + + 

THYMUS + + + + + - + t + t - - - t + + + - - t - - * - -
t I R C U L A T O R Y  S Y S T E M  

H E A R T  . . . . . . . . . . . . . . . . . . . . . . . . . 

D I G E S T I V E  S Y S T E M  

S A L I V A R Y  G L A N D  + t ~ + t + + + * + + t * + + + + + * + + + + + + 

L I V E R  + * t t * t * + + + + + + + * t + + * + + t + + + 
H E P A T O C E L L U L A R  C A R C I H O M A  X 
SARCONA, H05 


B I L E  DUCT 


G A L L B L A D D E R  & COMMON B I L E  DUCT 


P A N C R E A S  


ESOPHAGUS 


U R I N A R Y  B L A D D E R  

ADRENAL 

PHEOCHROMOCYTOMA 


T H Y R O I D  

F O L L I C U L L R - C E L L  ADENONA 


P A R A T H Y R O I D  

MAMMARY G L A N D  

ADENOCARCINOMA,  NOS 


U T E R U S  
SARCONA, HOS 

E N D O M E T R I A L  STROMAL P O L Y P  

L Y M P H A N G I O N A  


N N N N N H 

+:  T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  : NO T I S S U E  I N F O R M A T I O H  S U B M I T T E D  
-: R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M I C R O S C O P I C A L L Y  C:  NECROPSY, NO H I S T O L O G Y  D U E  TO PROTOCOL 
X :  TUMOR I H C I D E N C E  A :  A U T O L Y S I S
N: NECROPSY. NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  M I S S I N G  

B :  MO NECROPSY PERFORMED 
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TABLE A4. FEMALE MICE: TUMOR PATHOLOGY (CONTINUED) LOW DOSE 


S P L E E N  
M A L I G N A N T  LYMPHOMA, NOS 

L Y M P H  NODES 

S A L I V A R Y  G L A N D  

P A R A T H Y R O I D  

~EPRODUCTIVE S Y S T E M  

MAMMARY G L A N D  t N ~ t ~ + t t t t + t t t + t t ~ t ~ t son+ ~ t t 
ADENOCARCINOMA,  NO5 X 1 , 

U T E R U S  + t + + + t + t t t t t + t + + t t + + t t A t t 4 9  

SARCOMA, NOS 1 

E N D O M E T R I A L  STROMAL P O L Y P  X 2 

L Y M P H A N G I O M A  


OVARY t + t + t t + t t t t + t + t + + t t t + t A t t 4 5  

NERVOUS S Y S T E M  

B R A I N  ] t - t t t t + t + t t t + t + + + - t - + t A t t 4 6  

S P E C I A L  S E N S E  ORGANS 

H A R D E R I A N  G L A N D  N 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* 

ADENOMA, NOS 


BODY C A V I T l E S  

M E D I A S T I N U M  N 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*  

M A L I G N A N T  LYMPHOMA, NOS 


A L L  OTHER S Y S T E M S  

M U L T I P L E  ORGANS N O S  N 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* 

M A L I G N A N T  LYMPHOMA, NOS 12 -


M A N I M A L S  N E C R O P S I E D  
+:  TISSUE E X A M I N E D  N I C R O S C O P I C A L L Y  : NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
- :  R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M I C R O S C O P I C A L L Y  C:  N E C R O P S Y .  NO H I S T O L O G Y  D U E  TO PROTOCOL 
X : TUMOR I N C I D E N C E  A :  A U T O L Y S I S  

N ;  NECROPSY,  NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  M I S S I N G 


B: NO N E C R O P S Y  P E R F O R M E D  
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TABLE A4. 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 2-YEAR 

STUDY OF DIALLYL PHTHALATE 


HIGH DOSE 


SUBCUTANEOUS T I S S U E  / + t + + + t + + t + t + t + t + t + t t t t t M + 
HEMANGIOSARCOMA X 

I 
R E S P I R A T O R Y  S Y S T E M  

LUNGS AND B R O N C H I  t + + t t + t + t t t t t + t + t + t t t t + M t l 
A L V E O L A R / B R O N C H I O L A R  ADENOMA . X X 

TRACHEA t r t - t - t t + t t + t + t + t - t + t + t M -

H E M A T O P O I E T I C  S Y S T E M  

B O N E  MARROW ; 
S P L E E N  t i t + t + t t + t + t t t t + t t + + t + t M t 

HEMANGIOSARCOMA X I 
M A L I G N A N T  LYMPHOMA, NOS 

L Y M P H  NODES + t t t + t + t t t t - + - + t + - t t + t + M t 

THYMUS t - + t t - t + t t - t t t - t t - t t - t t M + 

C I R C U L A T O R Y  S Y S T E M  

H E A R T  t t + t t t t t + t t t t t t t t t + t t t + M + 

D I G E S T I V E  S Y S T E M  

S A L I V A R Y  G L A N D  + + t t t t t t t + t - t t r t t - + t t t t M t 

L I V E R  t t t + + t t t t t t t t + + t t t + t t t t M t 
H E P A T O C E L L U L A R  ADENOMA X 
H E P A T O C E L L U L A R  C A R C I N O M A  

B I L E  DUCT t t t + t + t + t + t t t + t + t + t t t t + M t 

G A L L B L A D D E R  I COMMON B I L E  DUCT t N t + t + t t t t t + + t N N t N t t + t t M + 

P A N C R E A S  + t t t + + t + + + t t t t + + + + + + + + t M t 

ESOPHAGUS t t t t t - t t + t t t t + t t t t + t t t t M t 

STOMACH t + t + t t t + t t t t t + t t t t t t t t + M t 
P A P I L L O M A ,  NOS X X 

S M A L L  I N T E S T I N E  t + t - t t t + t + t t t t t - t t t t t t t M + 

L A R G E  I N T E S T I N E  t + t t t + t t t t t + t t t t t t t t t t t M + 

U R I N A R Y  S Y S T E M  

K I D N E Y  t t + t + t + t t + t t t + t t + t t + t t t M t  

U R I N A R Y  B L A D D E R  t + t t t t t t t t t + t + t t + t t t t t t M + 

E H D D C R I H E S Y S f E P (  
P I T U I T A R Y  t - t - t - + t t t + t t t + + t t t t t t t M t  

AOENOMA, NOS J x x x u 
ADRENAL t + t t t t t t t t t t t t t t t t t + t t t M t 

C O R T I C A L  ADENOMA 
PHEOCHROMOCYTOMA 

T H Y R O I D  + t t t t t t + + t t + t t t + t - t t t t + M -

P A R A T H Y R O I D  + - - - - t t + - t - t t - t - - - t t + - t M -

REPRODUCTIVE S Y S T E M  

MAMMARY G L A N D  + + + + + + + + + + + + N + + + + + + + t M + 

U T E R U S  1 : : : : ; : ; : ; : : : : : : : : : : t t t t M t lHEMANGIOMA 

HEMANGIOSARCOMA 

OVARY t t + + t M t 
HEMANGIOMA X 

A L L  OTHER S Y S T E M S  

M U L T I P L E  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 M N 
M b L I G N A N T  LYMPHOMA, NOS x x  x x  x x x  

t: T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  : NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
-: R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M I C R O S C O P I C A L L Y  C :  NECROPSY,  NO H I S T O L O G Y  D U E  TO PROTOCOL 
X :  TUMOR I N C I O E N C E  A :  A U T O L Y S I S  
N :  NECROPSY,  NO A U T O L Y S I S ,  NO M I C R D S C O P I C  E X A M I N A T I O N  M: A N I M A L  M I S S I N G  

B :  NO NECROPSY PERFORMED 
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TABLE A4. FEMALE MICE: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 


SUBCUTANEOUS T I S S U E  t + t t t t + N t t + t + + t + t + t t + t t t t 4 9 n  
HEMANGIOSARCOMA I 

k E S P I R A l O R Y  S Y S T E M  

LUNGS AND B R O N C H I  _. 
+ + t t + + t + - + + + + t + t t t t t t t + t t 48 

A L V E O L A R / B R O N C H I O L A R  ADENOMA 3 .  

TR ACHE A  t + t t t + + t - t t + t + t + t + t + t - - t t 4 2  

H E M A T O P O I E T I C  S Y S T E M  

BONE MARROW + t + t + t + t + + t + t + t + t + + t + + + t t 4 9  

S P L E E N  t t t + - + t + t t + t t t t + t + t t t t t t t 48 
HENANGIO5ARCOMA X  2 
M A L I G N A N T  LYMPHOMA, NOS X  X  

L Y M P H  NODES t - t * t + t t t - + - - - t t - t t t t t t + t 4 0  

THYMUS t - + + + + - t - - t - t + t - t + t t t t t + + 37 

C I R C U L A T O R Y  S Y S T E M  

H E A R T  + + + t t t + + - t t t t i t t t t t t t t t t t  48 

Y I Y C ~ I I V C  > i > i c n  

S A L I V A R Y  G L A N D  + t + t + t t t t + t t + t + t - t + t t t t t t 4 6  

L I V E R  t t + t t + t + t t + + t t + + i t  t + + t i t  + 4 9  
H E P A T O C E L L U L A R  AOENOMA X 2 
H E P A T O C E L L U L A R  C A R C I N O M A  X 

B I L E  D U C T  

G A L L B L A D D E R  L COMMON B I L E  DUCT 

P A N C R E A S  

ESOPHAGUS 

STOMACH 
P I P I C L O M A ,  N O S  

SMALL  I N T E S T I N E  

P I T U I T A R Y  + t + + + t + + t t t t t + t t + t t t t t t t + $6 
ADENONA, NOS X  x X X 8 ._ 

ADRENAL t t + * t t t t t t t t t t t t ~ t t t t t + t t 

C O R T I C A L  ADENOMA 
 Y 4 9 .  
PHEOCHROMOCYTOMA 

T H Y R O I D  t + + t + t + + - + t * + t + t * t t t t t + t + 46 

P A R A T H Y R O I D  t t t - + , - - - - - t t t * t - t - t t + t t + 2 9  

R E P R O D U C T I V E  S Y S T E M  

MAMMARY G L A N D  + + + + + + + N + + + + + + + + + + + + + t t t t 4 9 n .  

U T E R U S  t t + t t i t  + + t t t + t t t t t t t + t t t 4 9  
HEMANGIOMA 1 
HEMANGIOSARCOMA X  I 

OVARY + t t t t + t t t t + t + t + t t + t + t t + t t 4 9  
HEMANGIOMA I 

NERVOUS S Y S T E M  

B R A I N  + t t t + t + + + + + + + + t + t + + t + + + + + 4 9  

A L L  OTHER SYSTEMS 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 N I 4 9 nM U L T I P L E  ORGANS NOS 

+ :  T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  : NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
-: R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M I C R O S C O P I C A L L Y  C :  NECROPSY.  NO H I S T O L O G Y  D U E  TO PROTOCOL 
X :  TUMOR I N C I D E N C E  A :  A U T O L Y S I S
N :  NECROPSY,  NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A M I N A T I O N  M :  A N I M A L  M I S S I N G  

B: NO NECROPSY P E R F O R M E D  
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APPENDIX B 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS 

IN MICE ADMINISTERED DIALLYL PHTHALATE 


IN CORN OIL BY GAVAGE 
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TABLE B1. 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS I N  MALE MICE ADMINISTERED 

DIALLYL PHTHALATE I N  CORN OIL BY GAVAGE 


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

VEHICLE 
CONTROL LOW DOSE HIGH DOSE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


A N I M A L S  I N I T I A L L Y  I N  STUDY 5 0  50 5 0  
A N I M A L S  NECROPSIED 50 5 0  50 
A N I M A L S  EXAMINED H I S T O P A T H O L O G I C A L L Y  5 0  50 5 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

INTEGUMENTARY SYSTEM 

* S K I N  ( 5 0 )  ( 5 0 )  (50)

EPIDERMALEPIDERMAL I N C L U S I O NI N C L U S I O N  CYSTCYST 11 ( 2 % )( 2 % ) 

ABSCESS,ABSCESS, NOSNOS 11 ( 2 % )( 2 % ) 

I N F L A M M A T I O N ,I N F L A M M A T I O N ,  CHRONICCHRONIC 11 ( 2 % )( 2 % ) 

ACANTHOSISACAN 1 ( 2 % )  


*SUBCUT T I S S U E  ( 5 0 )  ( 5 0 )  ( 5 0 ) 

I N F L A M M A T I O N ,  CHRONIC 1 (2%) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


RESPIRATORY SYSTEM 

#TRACHEA ( 4 6 ) 

LYMPHOCYTIC INFLAMMATORY I N F I L T R  


#LUNG ( 5 0 )  ( 4 9 )  ( 5 0 ) 

CONGESTION,  NOS 1 ( 2 % )  1 ( 2 % ) 

HEMORRHAGE 9 ( 1 8 % )  7 ( 1 4 % )  8 ( 1 6 % ) 

BRONCHOPNEUMONIA, NOS 1 ( 2 % )  1 ( 2 % ) 

I N F L A M M A T I O N ,  I N T E R S T I T I A L  19 ( 3 8 % )  19 ( 3 9 % )  17 ( 3 4 % ) 

PERIVASCULAR C U F F I N G  3 ( 6 % ) 

E P I T H E L I A L I Z A T I O N  2 (4%) 

M E T A P L A S I A ,  SQUAMOUS 1 ( 2 % )  


# L U N G / A L V E O L I  ( 5 0 )  ( 4 9 )  ( 5 0 )  

H I S T I O C Y T O S I S  1 ( 2 % ) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


H E M A T O P O I E T I C  SYSTEM 

# B R A I N  (50) 

H E M A T O P O I E S I S  


H M U L T I P L E  ORGANS (50) 

H Y P E R P L A S I A ,  L Y M P H O I D  1 ( 2 % )  


# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y* NUMBER OF A N I M A L S  NECROPSIED 
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TABLE B1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


#BONE MARROW 
M Y E L O F I B R O S I S  

#SPLEEN 
H Y P E R P L A S I A ,  L Y M P H O I D  
HEMATOPOIES IS 

( 4 9 )
2 (4%)
1 ( 2 % )  

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

( 5 0 )
1 ( 2 % )  
1 ( 2 % )  

#LYMPH NODE 
HEMOSIDEROSIS  
PLASMACYTOSIS  
H Y P E R P L A S I A ,  L Y M P H O I D  

( 4 3 )  ( 2 9 )  
1 ( 3 % )  

1 ( 3 % )  

( 4 1 )  

1 ( 2 % )  

#MANDIBULAR L .  NODE 
H EM0 R R HA G E 

( 4 3 )
1 ( 2 % )  

( 2 9 )  ( 4 1 )  

# M E D I A S T I N A L  L .NODE 
HEMORRHAGE 

( 4 1 )  
1 ( 2 % )  

# H E P A T I C  LYMPH NODE 
H Y P E R P L A S I A ,  L Y M P H O I D  

( 4 3 )
1 ( 2 % )  

( 4 1 )  

#MESENTERIC L .  NODE 
HEMORRHAGE 
INFL APlMA T I0N t 

I N F L A M M A T I O N t  CHRONIC 

H Y P E R P L A S I A ,  L Y M P H O I D  

A CU T E 

LYMPHOCYTOSIS 

( 4 3 )
10 ( 2 3 % )  

1 ( 2 % )  

( 2 9 )
6 ( 2 1 % )  

1 ( 3 % )
1 ( 3 % )  

( 4 1 )
4 ( 1 0 % )
1 ( 2 % )
1 ( 2 % )  

# I N G U I N A L  LYMPH NODE 
HEMOSIDEROSIS  
H Y P E R P L A S I A ,  L Y M P H O I D  

( 4 3 )
1 ( 2 % )
2 ( 5 % )  

( 2 9 )  ( 4 1 )  

# L I V E R  
HEPiATOPOIESIS  

(50)
1 ( 2 % )  

#THYMUS 
CYST,  NOS 
LYMPHOID D E P L E T I O N  

(36) 
1 ( 3 % )  

( 3 8 )  ( 3 5 )
1 ( 3 % )
1 ( 3 % )  

CIRCULATORY SYSTEM 

% S K I N  
L Y M P H A N G I E C T A S I S  

( 5 0 )  ( 5 0 )
1 ( 2 % )  

( 5 0 )  

W NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  
H NUMBER OF A N I M A L S  NECROPSIED 
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TABLE B1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 


#HEART ( 5 0 )  ( 4 9 )  ( 5 0 )
P E R I V A S C U L A R  C U F F I N G  1 ( 2 % )  

#MYOCARDIUM ( 5 0 )  ( 4 9 )  ( 5 0 )
M I N E R A L I Z A T I O N  1 ( 2 % )  1 ( 2 % )  

* T E S T I C U L A R  ARTERY ( 5 0 )  ( 5 0 )  ( 5 0 )
M I N E R A L I Z A T I O N  1 ( 2 % )  

#PANCREAS ( 4 9 )  ( 4 8 )  ( 4 9 ) 

P O L Y A N G I I T I S  1 ( 2 % )  


*MESENTERY ( 5 0 )  ( 5 0 )  ( 5 0 ) 

THROFIBOSIS, NOS 1 ( 2 % ) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


D I G E S T I V E  SYSTEM 

# S A L I V A R Y  GLAND ( 4 9 )  ( 4 7 )  ( 4 7 )
LYMPHOCYTIC INFLAMMATORY I N F I L T R  20 ( 4 1 % )  16 ( 3 4 % )  9 ( 1 9 % )  

# L I V E R  ( 5 0  1 ( 4 9 )  ( 5 0 )
LYMPHOCYTIC INFLAMMATORY I N F I L T R  6 ( 1 2 % )  6 ( 1 2 % )  6 ( 1 2 % )
I N F L A M M A T I O N ,  M U L T I F O C A L  3 ( 6 % )  2 (4%) 1 ( 2 % )
DEGENERATION,  NOS 1 ( 2 % )
NECROSIS,  NOS 1 ( 2 % )
NECROSIS,  C O A G U L A T I V E  1 ( 2 % )  2 (4%) 1 (2%)
I N F A R C T ,  NOS 4 ( 8 % ) 

METAMORPHOSIS F A T T Y  2 (4%) 

H E M O S I D E R O S I S  1 ( 2 % ) 

B A S O P H I L I C  CYTO CHANGE 2 (4%) 1 ( 2 % ) 

GROUND-GLASS CYTO CHANGE 8 ( 1 6 % )  4 ( 8 % )  9 (18%) 

E O S I N O P H I L I C  CYTO CHANGE 1 ( 2 % )  


#PANCREAS ( 4 9 )  ( 4 8 )  ( 4 9 )
M I N E R A L I Z A T I O N  1 ( 2 % )
D I L A T A T I O N / D U C T S  2 (4%)
L Y M P H O C Y T I C  IHF,LAMMATORY I N F I L T R  1 ( 2 % )  1 ( 2 % )  

# P A N C R E A T I C  A C I N U S  ( 4 9 ) 

ATROPHY, NOS 


#STOMACH ( 4 9 )  ( 4 7 )  ( 4 9 )
M I N E R A L I Z A T I O N  1 ( 2 % )  1 ( 2 % )  

# NUMBER O F  A N I M A L S  W I T H  T I S S U E  E X A M I N E D  M I C R O S C O P I C A t L Y  
I NUMBER O F  A N I M A L S  N E C R O P S I E D  
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VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

I N F L A M M A T I O N ,  S U P P U R A T I V E  
I N F L A M M A T I O N ,  CHRONIC 

I N F E C T I O N ,  PROTOZOAN 
EROSION 

1 ( 2 % )  
1 ( 2 % )  

1 

1 

( 2 % )  

( 2 % )  

#FORESTOMACH 
C Y S T ,  NOS 
ULCER,  NOS 
I N F L A M M A T I O N ,  S U P P U R A T I V E  
I N F L A M M A T I O N ,  CHRONIC 
EROSION 
H Y P E R P L A S I A ,  E P I T H E L I A L  

( 4 9 )  
1 ( 2 % )  

1 ( 2 % )  

(47) 

2 ( 4 % )  

4 ( 9 % )  

7 ( 1 5 % )  

( 4 9 )  

1 ( 2 % )  
1 ( 2 % )
8 ( 1 6 % )
1 ( 2 % )
9 (18%)  

#COLON 
HEMORRHAGE 

(47) 

#CECUM 
I N F L A M M A T I O N ,  CHRONIC 

(48) (47)
1 ( 2 % )  

( 4 7 )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U R I N A R Y  SYSTEM 

# K 1  DNEY ( 5 0 )  ( 4 9 )  (50) 
CALCULUS,  NOS 2 ((1%) 1 ( 2 % )  
CYST, NOS 2 ( 4 % )  
P Y E L O N E P H R I T I S ,  NOS 3 ( 6 % )  
LYMPHOCYTIC INFLAMMATORY I N F I L T R  36 ( 7 2 % )  25  ( 5 1 % )  26 ( 5 2 % )  
I N F L A M M A T I O N ,  I N T E R S T I T I A L  3 ( 6 % )  
I N F L A M M A T I O N ,  CHRONIC 1 ( 2 % )  
F I B R O S I S  1 ( 2 % )  
F I B R O S I S ,  D I F F U S E  3 ( 6 % )  1 ( 2 % )  
NEPHROPATHY 1 ( 2 % )  
M E T A P L A S I A ,  OSSEOUS 1 ( 2 % )  2 ( 4 % )  

#URINARY BLADDER ( 4 9 )  (47) ( 4 9 )
LYMPHOCYTIC INFLAMMATORY I N F I L T R  1 4  ( 2 9 % )  1 0  ( 2 1 % )  12 ( 2 4 % )  

ENDOCRINE SYSTEM 

# P I T U I T A R Y  ( 4 4 )  ( 4 3 )  ( 4 2 )
CYST,  NOS 1 ( 2 % )  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  NECROPSIED 
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TABLE B1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


VEHICLE 
CONTROL LOW DOSE HIGH DOSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


#ADRENAL (47) 

CYST, NOS 


#ADRENAL CORTEX (50) ( 4 8 )  ( 4 7 )
FOCAL C E L L U L A R  CHANGE 1 ( 2 % )  3 ( 6 % )  4 ( 9 % )  

#ADRENAL MEDULLA 	 (50) ( 4 8 )  (47)
FOCAL C E L L U L A R  CHANGE 	 1 (2%) 

# T H Y R O I D  ( 4 9 )  ( 4 2 )  ( 4 6 )  
THYROGLOSSAL DUCT CYST 1 ( 2 % )
M I N E R A L I Z A T I O N  1 ( 2 % )
C Y S T I C  F O L L I C L E S  1 ( 2 % ). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


R E P R O D U C T I V E  SYSTEM 

% P E N I S  (50) (50) (50)
HEMORRHAGE 1 ( 2 % )
I N F L A M M A T I O N ,  S U P P U R A T I V E  1 ( 2 % )  

% P R E P U T I A L  GLAND (50) (50) (50)
D I L A T A T I O N I D U C T S  1 ( 2 % )
ABSCESS, NOS 2 ( 4 % )
INFL AMMA T I0N > CH R 0  N IC 7 ( 1 4 % )  1 ( 2 % )  1 ( 2 % )
H Y P E R P L A S I A ,  NOS 1 ( 2 % )  

#PROSTATE 	 ( 5 0 )  ( 5 0 1( 4 7 )  . -

LYMPHOCYTIC INFLAMMATORY I N F I L T R  
~~ 

9 (18%)  9 - ( 1 9 % )  8 ( 1 6 % )
INFLAMMATION^ S U P P U R A T I V E  1 ( 2 % )  2 ( 4 % )

H Y P E R P L A S I A ,  NOS 1 ( 2 % )  

#TEST I S  ( 5 0 )  ( 4 9 )  ( 5 0 )
M I N E R A L I Z A T I O N  16 ('32%) 14 ( 2 9 % )  6 ( 1 2 % )
GRANULOMA, NOS 2 ( 4 % )
DEGENERATION,  NOS 3 ( 6 % )  1 ( 2 % )
CYTOMEGALY 1 (2%) 1 (2%)
HYPOSPERMATOGENESIS 3 ( 6 % )  	 2 ( 4 % )  

% E P I D I D Y M I S  (50) (50) (50)
LYMPHOCYTIC INFLAMMATORY I N F I L T R  2 ( 4 % )  1 ( 2 % )  1 (2%)
I N F L A M M A T I O N ,  CHRONIC 1 ( 2 % ) 

GRANULOMA, NOS 2 ( 4 % )  1 ( 2 % )  


# 	 NUMBER OF A N I M A L S  W I T H  T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  
NUMBER OF A N I M A L S  N E C R O P S I E D  

Diallyl Phthalate 	 70 



TABLE B1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


VEHICLE 
CONTROL LOW DOSE HIGH DOSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


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


NERVOUS SYSTEM 

# B R A I N  
C A L C U L U S t  NOS 
HEMORRHAGE 
LYMPHOCYTIC INFLAMMATORY I N F I L T R  
I N F L A M M A T I O N ,  CHRONIC 
P E R I V A S C U L A R  C U F F I N G  

( 5 0 )
1 ( 2 % )  

1 ( 2 % )  

( 5 0 )  

1 ( 2 % )
1 ( 2 % )  

( 5 0 )  

1 ( 2 % )  

CALCULUS,  NOS 
# B R A I N I T H A L A M U S  

M I N E R A L I Z A T I O N  
15 ( 3 0 % )

( 5 0 )  

1 (2%) 
1 5  ( 3 0 % )

( 5 0 )  

2 (4%) 
18 ( 3 6 % )

( 5 0 )  

1 ( 2 % )  

S P E C I A L  SENSE ORGANS 

N EY E ICORNEA ( 5 0 )  ( 5 0 )  ( 5 0 )
IN FL AMP1 A T I0N t CHR0NIC 1 ( 2 % )  1 ( 2 % ). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


MUSCU L OSK E L  ET A L SYSTEM 

NSTERNUM ( 5 0 )  ( 5 0 )  ( 5 0 )
N E C R O S I S t  NOS 4 ( 8 % )  3 ( 6 % )  4 (8%)................................................................................ 


BODY C A V I T I E S  

N M E D I A S T I N U M  ( 5 0 )  ( 5 0 )  ( 5 0 )
HEMORRHAGE 2 (4%) 

NABDOMINAL C A V I T Y  ( 5 0 )  ( 5 0 )  ( 5 0 )
NECROSIS ,  F A T  1 ( 2 % )  3 ( 6 % )  1 ( 2 % ). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


A L L  OTHER SYSTEMS 

% M U L T I P L E  ORGANS ( 5 0 )  ( 5 0 )  ( 5 0 )
LYMPHOCYTIC INFLAMMATORY I N F I L T R  1 ( 2 % )  8 ( 1 6 % )  6 ( 1 2 % )
I N F L A M M A T I O N ,  CHRONIC 1 ( 2 % )  

NO L E S I O N  REPORTED 2 

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  
N NUMBER OF A N I M A L S  NECROPSIED 
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TABLE 61. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 
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TABLE B2. 


SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS I N  FEMALE MICE ADMINISTERED 

DIALLYL PHTHALATE IN CORN O I L  BY GAVAGE 


50 5 0  
1 

50 4 9  
50 4 9  

RESPIRATORY SYSTEM 

#LUNG 
HEMORRHAGE 
I N F L A M M A T I O N ,  I N T E R S T I T I A L  
PNEUMONIA,  A S P I R A T I O N  
PERIVASCULAR C U F F I N G  
PARAMYLOID 
E P I T H E L I A L I Z A T I O N  

(50)
6 ( 1 2 % )  

15 ( 3 0 % )
1 ( 2 % )
6 ( 1 2 % )  

( 4 8 )  
1 1  ( 2 3 % )  
1 3  (27%) 

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

( 4 8 )  
7 ( 1 5 % )
5 ( 1 0 % )  

4 ( 8 % )  

H I S T I O C Y T O S I S
# L U N G / A L V E O L I  

1 ( 2 % )
( 5 0 )  

1 ( 2 % )
( 4 8 )  

1 ( 2 % )
( 4 8 )  

---------_----------____________I_______----------------------------------------

H E M A T O P O I E T I C  SYSTEM 

# 0 R A I N  
H E M A T O P O I E S I S  

% M U L T I P L E  
HYPERPL 

ORGANS 
A S I A ,  LYMPH0I D  

( 5 0 )
2 ( 4 % )  

(50) ( 4 9 )
1 ( 2 % )  

#BONE MARROW 
M Y E L O F I B R O S I S  

( 4 6 )
4 4  ( 9 6 % )  

( 4 8 )
3 9  ( 8 1 % )  

( 4 9 )
4 6  ( 9 4 % )  

#SPLEEN 
A N G I E C T A S I S  
H Y P E R P L A S I A ,  L Y M P H O I D  
H E M A T O P O I E S I S  

(47) 
1 ( 2 % )  

4 ( 9 % )  

( 4 9 9  

1 ( 2 % )  
1 (2%) 

( 4 8 )  

5 ( 1 0 % )  
1 (2%) 

HEMORRHAGE 
#LYMPH NODE 

1 (2%)
( 4 1 )  ( 4 1 )  ( 4 0 )  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  
% NUMBER OF A N I M A L S  NECROPSIED 
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TABLE B2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


VEHICLE 
CONTROL LOW DOSE HIGH DOSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


H Y P E R P L A S I A ,  L Y M P H O I D  3 (8%)  

PLASMACYTOSIS  
H Y P E R P L A S I A ,  LYMPHOID 
H E M A T O P O I E S I S  

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

PARAMY L 0ID 
H Y P E R P L A S I A ,  LYMPHOID 

# M E D I A S T I N A L  L .NODE 

2 (5%) 

( 4 1 )  
1 ( 2 % )

( 4 1 )  ( 4 0 )  

HEMORRHAGE 
H Y P E R P L A S I A ,  LYMPHOID 

#MESENTERIC L .  NODE 
3 ( 7 % )  
1 ( 2 % )  

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

( 4 0 )  
I ( 3 % )  

#RENAL LYMPH NODE 
H Y P E R P L A S I A ,  LYMPHOID ( 4 1 )  ( 4 1 )  ( 4 0 )  

1 ( 3 % )  
*STERNUM 

M Y E L O F I B R O S I S  (50) ( 5 0 )
1 ( 2 % )  

( 4 9 )  

#LUNG 
H Y P E R P L A S I A ,  L Y M P H O I D  

( 5 0 )
2 ( 4 % )  

(48) (48) 

# L I V E R  
H E M A T O P O I E S I S  ( 5 0 )

1 ( 2 % )  
( 4 9 )

1 ( 2 % )  
( 4 9 )  

# I L E U M  
H Y P E R P L A S I A ,  LYMPHOID 

( 4 2 )  (45)
1 (2%)  

( 4 6 )  

#ADRENAL 
H EMA T 0POI ESIS ( 4 8 )  ( 4 8 )  ( 4 9 )  

1 ( 2 % )  
#THYMUS ( 4 0 )  ( 3 6 )  ( 3 7 )  

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

CIRCULATORY SYSTEM 

D I G E S T I V E  SYSTEM 

# S A L I V A R Y  GLAND ( 4 7 1 (471 ( 4 6 )
LYMPHOCYTIC INFLAMMATORY I H F I L T R  9 ( 1 9 % )  6 ( 1 3 % )  8 ( 1 7 % )  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  
H NUMBER O F  A N I M A L S  NECROPSIED 
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TABLE 82. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 


VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

# L I V E R  
D I L A T A T I O N / D U C T S
TORSION 
LYMPHOCYTIC INFLAMMATORY 
INFL ANNA T ION , MU L T IFOC A L 
NECROSIS ,  C O A G U L A T I V E  
I N F A R C T .  NOS 
CYTOPLASMIC VACUOLIZATION 
B A S O P H I L I C  CYTO CHANGE 
GROUND-GLASS CYTO CHANGE 

INFILTR 

( 5 0 )  

7 
1 1  

1 

1 

2 

( 1 4 % )
(22%)
( 2 % )  

( 2 % )  

(4%) 

7 
1 2  
2 
1 

1 

( 4 9 )  

( 1 4 % )
(24%)
( 4 % )
( 2 % )  

( 2 % )
( 8 % )4 

( 4 9 )  
1 ( 2 % )
1 ( 2 % )

18 ( 3 7 % )  
8 ( 1 6 % )
2 ( 4 % )  

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

#PANCREAS 
D I L A T A T I O N / D U C T S
LYMPHOCYTIC INFLAMMATORY I N F I L T R  

(47
2 (4%) 

(48  

1 ( 2 % )  

( 4 8 )  

3 ( 6 % )  

# P A N C R E A T I C  A C I N U S  ( 4 8 )  
ATROPHY, NOS 

#STOMACH 
M I N E R A L I Z A T I O N  
I N F E C T I O N ,  PROTOZOAN 

( 4 8 )  ( 4 7 )
2 ( 4 % )  

( 4 9 )  

1 ( 2 % )  

U R I N A R Y  SYSTEM 

# K I D N E Y  ( 4 8 )  ( 4 9 )  ( 4 9 )  
HYDRONEPHROSIS 1 ( 2 % )  
HEMORRHAGE 1 ( 2 % )  
GLOMERULONEPHRIT IS  NOS 1 ( 2 % )
LYMPHOCYTIC INFLAMMATORY I N F I L T R  23 ( 4 8 % )  25 ( 5 1 % )  27 ( 5 5 % )
I N F L A M M A T I O N ,  CHRONIC 1 ( 2 % )  1 ( 2 % )
F I B R O S I S ,  D I F F U S E  1 ( 2 % )  1 ( 2 % )  1 ( 2 % )
DEGENERATION,  HYALINE 1 ( 2 % )  
DEGENERATION,  HYDROPIC 1 ( 2 % )  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  NECROPSIED 
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TABLE 62. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


# K I D N E Y / T U B U L E  ( 4 9 )  ( 4 9 )
CYTOPLASMIC V A C U O L I Z A T I O N  1 ( 2 % )  

#URINARY BLADDER (48 )  ( 5 0 )  ( 4 8 )
D I L A T A T I O N ,  NOS 1 (2%)
LYMPHOCYTIC INFLAMMATORY I N F I L T R  18 (38%)  2 6  ( 5 2 % )  2 2  ( 4 6 % )
I N F L A M M A T I O N t  S U P P U R A T I V E  1 ( 2 % )
I N F L A M M A T I O N ,  CHRONIC 1 ( 2 % ). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


ENDOCRINE SYSTEM 

# P I T U I T A R Y  

CYST,  NOS 

HEMORRHAGE 

FOCAL CELLULAR CHANGE 

A N G I E C T A S I S  


#ADRENAL 
CYST.  NOS 
HEMORRHAGE 1 ( 2 % )
L I P O I D O S I S  1 (2%)  

#ADRENAL CORTEX (48 )  ( 4 8 )  ( 4 9 )
FOCAL CELLULAR CHANGE 1 ( 2 % )  1 ( 2 % )  4 (8%)  

#ADRENAL MEDULLA (48 )  (48 )  ( 4 9 ) 

FOCAL CELLULAR CHANGE 2 ( 4 % )  1 ( 2 % )  


# T H Y R O I D  	 ( 4 3 )  ( 4 5 )  ( 4 6 )
F O L L I C U L A R  CYST, NOS 1 ( 2 % ) 

LYMPHOCYTIC INFLAMMATORY I N F I L T R  1 ( 2 % ) 

H Y P E R P L A S I A ,  F O L L I C U L A R - C E L L  1 ( 2 % )  


#PARATHYROID (18 )  ( 1 7 )  ( 2 9 ) 

LYMPHOCYTIC INFLAMMATORY I N F I L T R  1 ( 6 % ) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


REPRODUCTIVE SYSTEM 

%MAMMARY GLAND ( 5 0 )  ( 5 0 )  ( 4 9 )
D I L A T A T I O N / D U C T S  1 ( 2 % )  3 ( 6 % )  

% V A G I N A  t 5 b )  ( 5 0 )  ( 4 9 ) 

INFLAMMATION,  CHRONIC 1 ( 2 % )  


# 	 NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  
NUMBER OF A N I M A L S  NECROPSIED 
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#UTERUS 

I N F L A M M A T I O N ,  S U P P U R A T I V E  

M E T A P L A S I A ,  SQUAMOUS 


#UTERUS/ENDOMETRIUM 

CYST,  NOS 

I N F L A M M A T I O N ,  S U P P U R A T I V E  

H Y P E R P L A S I A ,  C Y S T I C  


#OVARY 

M I N E R A L I Z A T I O N  

FOLLICULAR CYST,  NOS 

PAROVARIAN CYST 

HEMORRHAGE 

HEMORRHAGIC CYST 

I N F L A M M A T I O N ,  S U P P U R A T I V E  

INFL APIMA T I O N, Ct i R 0  N IC 

A N G I E C T A S I S  
................................... 


NERVOUS SYSTEM 

#BRAIN/MEHINGES
LYMPHOCYTIC INFLAMMATORY I N F I L T R  

# B R A I N  

HEMORRHAGE 

P E R I V A S C U L A R  C U F F I N G  

M A L A C I A  


MUSCULOSKELETAL SYSTEM 

*STERNUM 

NECROSIS,  NOS 


(48) 
1 ( 2 % )
1 ( Z ! < )  

(48)
2 (4%) 

4 0  ( 8 3 % )  

( 4 5 )  

4 ( 9 % )
8 (18%) 

( 5 0 )  

( 5 0 )  

1 ( 2 % )  
1 ( 2 % )  

. -

( 4 9 )  
1 ( 2 % )  

( 4 9 )  

1 ( 2 % )
42 (86%)  

( 4 5 )
1 ( 2 % )
6 ( 1 3 % )
6 ilS%)
1 ( 2 % )
1 ( 2 % )
2 (4%) 

( 4 6 )  

( 4 6 )  
1 ( 2 % )  

( 4 9 )  

( 4 9 )  

4 5  ( 9 2 % )  

( 4 9 )  

8 (16%)  
3 ( 6 % )  

2 (4%) 

1 ( 2 % )
1 ( 2 % )  

( 4 9 )  
1 ( 2 % )  

( 4 9 )  

( 5 0 )
1 ( 2 % )  

( 5 0 )  ( 4 9 )  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  
N NUMBER O F  A N I M A L S  NECROPSIED 
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TABLE 82. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 


%FEMUR 
F IB R oU'S OSTEO DYsTR oPHY ( 5 0 )  

BODY CAVITIES 

NMEDIASTINUM 
HEMORRHAGE 

( 4 9 )  

NABDOMINAL CAVITY 
NECROSIS, FAT 

( 5 0 )  ( 5 0 )  ( 4 9 )
1 (2%) 

XPERITONEUM 
INFLAMMATION, CHRONIC 

( 5 0 )  

NMESENTERY 
INFLAMMATION, SUPPURATIVE 
NECROSIS, FAT 

( 5 0 )  

1 (2%) 

( 5 0 )
1 (2%) 

A L L  OTHER SYSTEMS 

%MULTIPLE ORGANS 
LYMPHOCYTIC INFLAMMATORY INFILTR 

( 5 0 )
13 ( 2 6 % )  

( 5 0 )
6 (12%) 

( 4 9 )
8 ( 1 6 % ). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


SPECIAL MORPHOLOGY SUMMARY 


# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
H NUMBER OF ANIMALS NECROPSIED 
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ANALYSIS OF DIALLYL PHTHALATE 

MIDWEST RESEARCH INSTITUTE 
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APPENDIX C 


A. 	 ELEMENTAL ANALYSIS  

Element C H 

Theory 68.28 5.73 
Determined 68.38 5.69 

68.22 5.80 

B. 	 WATER ANALYSIS  

(Karl Fisher) 0.144 k 0.004 (6)% 

C. 	 BOILING POINT 

Determined 	 Literature Values 

b.p. 16Oo-161"C/5 mm Hg 	 b.p. 165"-167OC/5 mm Hg (Beilstein) 
(macro distillation) 

D .  	 INDEX O F  REFRACTION 

Determined Literature Values 
n g  1.5184 n: I .5203 (Beilstein) 

E. 	 THIN-LAYER C H R O M A T O G R A P H Y  
Plates: Silica gel F: 254 	 Ref. Standard: Dimethyl terephthalate 

Amount Spotted: 100 and Detection Systems: Ultraviolet 
300 Pg (254 mm) and 

iodine vapor 

System 1: Methanol (100%) System 2: Benzene (100%) 
Rf: 0.85 Rf: 0.25 
Rst: 1.04 Rst: 1.18 

F. 	 GAS-LIQUID CHROMATOGRAPHY 

Instrument: Tracor MT 220 
Column: 3% OV-17, 1.8 m x 4 mm 1.D. 
Detector: Flame ionization 
Oven Temperature Program: 100°C, 5 min; 1OO0-235"C at 10"Clmin 
Results: Major peak and eight impurities 

Retention Time 
Retention (Relative to Area (Relative to 

Peak Time (min) Diallyl Phthalate) Diallyl Phthalate Peak) 

8.8 0.56 0.106 
10.6 0.67 0.046 
11.2 0.71 0,064 
13.0 0.82 trace 
13.2 0.84 trace 
14.8 0.94 0.045 
15.8 1.oo I .oo 
17.4 1.10 0.074 
18.0 1.14 0.731 
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G. SPECTRAL DATA 

1 .  	Infrared: Consistent with literature 
Instrument: Beckman IR-12 spectrum (Sadtler Standard 
Cell: Neat liquid on sodium Spectra) 
chloride plates 
Results: See Figure 4 

2 .  Ultraviolet/ Visible: 
Instrument: Cary 	118 Literature Values 

(Sadtler Standard Spectra) 
A Max(nm)  E x 10-3 A Max(nm)  E 10-3 

225 8.3 k 0 .5  (6) 225 	 8.5 
275 1.2 k 0.1 (6) 275 	 1.3 

No maximum observed between 
350 nm and 800 nm at 
0.15 mg/ml 

Solvent: 95% Ethanol 


3. 	Nuclear Magnetic Resonance: 
Instrument: Varian HA-100 Consistent with literature 
Solvent: Neat liquid with spectrum (Sadtler 
added internal tetramethylsilane Standard Spectra) 
Assignments: See Figure 5 

a = 6 4.72 ppm (Jab = 1.5 Hz, Jad = 5 HI);

b 6 5.12 ppm (Jbc 
 2 Hz, Jbd = I O  Hz); 

c 
 6 5.26 ppm (Jcd 18 Hz); 

d = 6 5.73-6.15 ppm; 

e = 6 7.35-7.51 ppm; 

f = 6 7.57-7.73 ppm. 


Integration Ratios: 

a = 3.82 

b = 1.84 

c = 2.18 

d = 2.08 

e 
 2.01 

f = 2.08 
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APPENDIX D 

ANALYSES OF DIALLYL PHTHALATE/CORN OIL MIXTURES 

FOR STABILITY OF DIALLYL PHTHALATE 
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APPENDIX D 

A.  	 S A M P L E  P R E P A R A T I O N  A N D  STORAGE 
One milliliter of corn oil was sealed (septum and aluminum crimp-seal, Wheaton Scientific) in an 8- 
ml septum vial. The vial was weighed, and approximately 80pl of diallyl phthalate was injected by 
micro syringe. The vial was reweighed to  determine the actual amount of diallyl phthalate added. 
Twenty-four samples were prepared in this manner and thoroughly shaken to mix the vial 
contents, Twelve of the samples were stored at room temperature (25OC) with no attempt to 
protect them from light. The other 12 samples were stored in a refrigerator at 5 O C .  Two samples 
from each storage temperature were analyzed at various intervals over a 15-day period. 

B. 	 EXTRACTION A N D  ANALYSIS 
The diallyl phthalate was extracted from the corn oil by injecting4 ml of methanol into the septum 
vials, followed by 15 seconds of vigorous manual shaking of the vials. After the methanol and corn 
oil layers had separated (approximately 15 minutes), 5 p1 aliquots of the methanol solution were 
injected directly into a gas chromatograph for analysis. 
Instrument: Bendix 2500 or Tracor MT-220 

1 .  	 System 1 
Column: 3% OV-I on Supelcoport DMCS, SO/ 100 mesh, 4 mm x 1.8 m, glass 
Oven temperature: I 70" C, isothermal 
Inlet temperature: 205°C 
Detector temperature: 255°C 
Detection: Flame ionization 

2. System 2 
Column: 3% DEGS on Gas Chrom P, SO/ 100 mesh, 4 mm x 1.8 m, glass 
Oven temerature: 195"C, isothermal 
Inlet temperature: 205°C 
Detector temperature: 255" C 
Detection: Flame ionization 

Systems 1 and 2 were used interchangeably, depending on instrument availability. 

C. RESULTS 

Storage Time 
Prior to Analysis (days) Column 

Average Percent 
in Chem./Vehicle Mixture (a) 

at 25'C at 5°C 

I 
2 
5 
8 

10 

ov-1 
ov-1
ov-1 
ov-1 

DEGS 

-

9.11 * 0.31 
8.57 k 0.44 
8.67 * 0.40 
9.37 k 0.38 

9.27 k 0.28 
9.22 L 0.28 
8.85 k 0.43 
8.83 L 0.46 
9.02 * 0.40 

15 DEGS 9.07 k 0.29 9.16 0.40 

(a) 	Corrected for a spike recovery yield: 84.2% k 2.5% of theoretical. Average theoretical (actual) 
compound added to corn oil: 9.01%. 

D. 	CONCLUSION 
All of the corrected analytical values are within k 0.45% units of the mean value, 9.02%. This 
represents a mean percentage recovery of 84.2 k 4.2, which compares very well with the spiked 
recovery yield of 84.2% k 2.5%. Therefore, diallyl phthalate mixed with corn oil at the 9.0% (w/v) 
level is stable for 15 days at temperatures of 25°C or below. 
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E. S T O R A G E  CONDITIONS FOR MIXTURES IN CORN OIL 
Diallyl phthalate mixed with corn oil at the 9.0% (w/v) level may be stored in closed containers in 
the presence of light for a period of 2 weeks at room temperature (25OC) or for at least 8 weeks at 
5 O C .  This latter storage time is extrapolated from the above stability study at 25OC. Further 
conclusions regarding the stability of diallyl phthalate mixed with corn oil cannot be drawn from 
this study. 
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APPENDIX E 

ANALYSES OF DIALLYL PHTHALATE/CORN OIL MIXTURES 

FOR CONCENTRATIONS OF DIALLYL PHTHALATE 
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A. CARBON D I S U L F I D E  EXTRACTION M E T H O D  

An aliquot of the corn oil dosage mixture was diluted with carbon disulfide. The solution was 
mixed well, Analysis was performed by gas-liquid chromatography. The concentration of the 
test compound was determined by reference to a Calibration curve prepared by analysis of a 
standard solution of diallyl phthalate. 

A stock standard solution of diallyl phthalate was prepared by dissolving 300 mg of the com- 
pound to a final volume of 50 ml with carbon disulfide. 
Three milliliters of carbon disulfide was added to samples of diallyl phthalate/ corn oil mixture 
containing approximately 15 mg diallyl phthalate and mixed by shaking on an automatic shaker 
box for 10 minutes. 
Approximately 2 ml of each sample was transferred with a disposable syringe into septa vials 
suitable for the automatic sampler. 
Instrument Parameters: 
Instruments: Hewlett-Packard 5840A with a 7672 Automatic Liquid Sampler 
Detector: Flame ionization 
Column temperature: 210OC 
Injector temperature: 225OC 
FID temperature: 25OOC 
Column: 1.8 m x 2 mm I.D. glass-packed with 3% OV-17 on 80/ 100 mesh supelcoport 
Chart: 1.OO cm/ minute 
Flow: 20 cc/min nitrogen 
Method of calibration: External standard 

B. M E T H A N O L  EXTRACTION M E T H O D  

An aliquot of the corn oil dosage mixture was extracted with methanol, containing triphenylme- 
thane as an internal standard. The concentration of the test compound was determined by 
reference to a calibration curve prepared by analysis of a set of diallyl phthalate working 
standards. 

Twenty milliliters of the internal standard solution was added to 2.0 ml of diallyl phthalate/corn 
oil solutions. Samples were mixed on a Vortex mixer for 30 seconds, sonicated for 30 seconds, 
and centrifuged for 3 minutes at  1,200 rpm. 
Approximately 1 ml of the solvent layer was transferred via disposable pipettes into septa vials 
for the automatic sampler. 
Instrument Parameters: 
Column temperature: 200" C 

Injection temperature: 250" C 

Detector temperature: 270°C 

Flow rate: 30 ml/min. 

Chart speed: 0.5 cm/ min. 

Inj. volume: 3 pl 


C. R E S U L T S  
See Table E I .  
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TABLE El.  ANALYSES OF CORN OIL MIXTURES 
~~ ~ ~ 

CARBON DISULFIDE EXTRACTION 

Concentration of 

Diallyl Phthalate in Corn 


Oil for Target Concen- 

tration (a) of 


Date Mixed Week Used 15 mg/ml 30 mg/ml 
~ 

1 1  '22 78 1 1  23 14.9 
121 19/78 I2/ 20 30. I 
O l /  19/79 01 120 15.5 30.8 
02/06/79 02107 15.3 
02/ 12/79 021 I3 13.5 28.5 
031 06 '79 03/07 14.4 
04/03/79 041 04 30.2 (30.3)b 
05\01 179 05 I 02 17.2 
05 29/79 05 130 29.6 
06, 19'79 061 20 14.I (c) 27.6 (c) 
06 1261 79 06/27 14.9 
07 1241 79 07/26 14.8 28.8 
07/25 79 07/26 29.8 
08/21 79 08i 22 14.3 
09' 18/79 09 I20 30.3 (26.9)b 

Mean (mg'ml) 14.9 29.5 
Standard deviation 1 .oo 1.02 
Coefficient of variation (%) 6.7 3.5 
Range 14.1-1 7.2 28.5-30.8 
Number of samples I O  9 

METHANOL EXTRACTION 

I O /  16/79 I O /  17 15.4 
I I /  13/79 11/14 31.9 
11 122179 11/23 14.3 
121I 1  179 12/ 12 16.0 
01 108180 01/09 29.4 
021 05i 80 02/06 14.8 (15.2)b 29.6 
031 041 80 03/05 14.6 29.6 
04101/ 80 041 02 16.0 
06/24/80 061 25 29.6 
07/22/80 07/23 15.3 

Mean (mg/ml) 15.2 30.0 
Standard deviation 0.7 I .os 
Coefficient of variation (%) 4.4 3.5 
Range (mg/ ml) 14.3-1 6.0 29.4-3 1.9 
Number of samples 7 5 

(a) The data presented are the average of the results of duplicate analyses. 
(b) The number in parentheses is the MRI chemicalivehicle referee result. 
(c) Reanalysis results. 
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APPENDIX F 

MEAN BODY WEIGHTS OF MICE ADMINISTERED 

DIALLYL PHTHALATE IN THE 


TWO-YEAR STUDY 
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TABLE F1. MEAN BODY WEIGHTS (RELATIVE TO CONTROLS) OF MICE ADMINISTERED 
DIALLYL PHTHALATE BY GAVAGE IN THE TWO-YEAR STUDY 

Mean Body Weight 
(Grams) 

Week No. Control Low Dose Hiah Dose 

Males 
2 28 27 27 
3 28 27 26 

25 36 36 36 
45 38 38 38 
65 39 39 39 
85 37 39 38 

105 38 37 36 

Females 
2 21 21 21 
3 21 21 21 

25 27 27 28 
45 29 30 30 
65 32 32 32 
85 34 33 33 

105 33 33 33 

(u) 	Weight of the dosed group relative to that of the controls = 
Weight (Dosed Group) - Weight (Control Group) 

x 100Weight (Control Group) 

Body Weight Relative 

to Controls (a) (Percent) 


Low Dose High Dose 

-4 
0 
0 
0 

+5 
-3 

0 
0 

+3 
0 

-3 
0 

-7 
0 
0 
0 

+3 
-5 

0 
+4 
+3 
0 

-3 
0 
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HISTORICAL INCIDENCE OF TUMORS 

IN B6C3F1 MICE RECEIVING CORN OIL 


BY GAVAGE 
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TABLE G1. HISTORICAL INCIDENCE OF STOMACH OR FORESTOMACH PAPILLOMAS IN 
B6C3F1 MICE RECEIVING CORN OIL BY GAVAGE (a) 

Laboratory Males Females 

Frederick 0/50 (0%) 1/50 (2.0%) 

Gulf South 1 / 175 (0.6%) 2/ 197 (1.0%) 

Litton 1/117 (0.9%) O i  I I5 (0%) 

Mason 0/50 (0%) Oi50 (0%) 

Papanicolaou 0/48 (0%) 0/47 (0%) 

Southern I /  198 (0.5%) 0/197 (0.5%) 

Total (b) 3/638 (0.5%) 3/656 (0.5%) 

(a) Data as of June 15, 1981 for studies of at least 104 weeks. 
(b) Includes papillomas identified as NOS or squamous cell. 

TABLE G2. 	HISTORICAL INCIDENCE OF HEMATOPOIETIC TUMORS IN MALE B6C3F1 MICE 
RECEIVING CORN OIL BY GAVAGE (a) 

Lymphoma 

Laboratory Lymphoma or Leukemia 


Frederick 0/50 (0%) 0/50 (0%) 
Gulf South 17/ 191 (8.9%) 25/191 (13.1%) 

Litton IS/ 120 (15.0%) 191 120 (15.8%) 
Mason 6/50 (12.0%) 6/50 (12.0%) 

Papanicolaou 1 1i 50 (22.0%) 1 1 /SO (22.0%) 

Southern 19/200 (9.5%) 19/200 (9.5%) 

Total 71/661 (10.7%) 80/661 (12.1%) 

Overall Historical Range 
High 11/50 15/48 

(Papanicolaou) (Gulf South) 
Low 0150 O/50 

(Frederick) (Frederick) 

(a) Data as of June 15, 1981 for studies of at least 104 weeks. Range is presented for groups of 35 or more 
animals. 

*U.S. GOVERNMENT PRINTING OFFICE: 1983-381-132:3027 
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