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NOTE TO THE READER 

These studies are designed and conducted to characterize and evaluate the toxicologic potential, 
including carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats 
and mice). Chemicals selected for testing in the NTP Carcinogenesis Program are chosen primarily on 
the bases of human exposure, level of production, and chemical structure. Selection per se is not an 
indicator of a chemical's carcinogenic potential. Negative results, in which the test animals do not have 
a greater incidence of cancer than control animals, do not necessarily mean that a test chemical is not a 
carcinogen, inasmuch as the 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 has the potential for hazard to humans. The determination of 
the risk to humans from chemicals found to be carcinogenic in animals requires a wider analysis which 
extends beyond the purview of this study. 

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

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

Special Note: This Technical Report was peer reviewed in public session and 
approved by the NTP Board of Scientific Counselors' Technical Reports Review 
Subcommittee on September 22, 1982 [see pages II and 12]. Thereafter, the NTP 
adopted the policy that the experimental data and laboratory records from all NTP 
Toxicology and Carcinogenesis Studies not yet printed and distributed would be 
audited. [A summary of the data audit is presented in Appendix M.] Consequently, 
printing and distribution of this Technical Report have been delayed and the format 
differs from that of Technical Reports peer reviewed more recently. The categories of 
evidence of carcinogenicity adopted by the NTP in June 1983 were. not used to 
evaluate these data. This final Technical Report supercedes all previous drafts of this 
report that have been distributed. 
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TOXICOLOGY AND 

CARCINOGENESIS STUDIES OF 


COMMERCIAL GRADE 

2,4 (80%)- AND 2,6 (20%)­


TOLUENE DIISOCYANATE 


MIXTURE OF 

AND 

2,4- 2,6­
(80%) (20%) 

TOLUENE DIISOCYANATE 

CAS NO. 26471-62·5 

ABSTRACT 

Groups of 50 female F344/N rats and 50 female B6C3F1 mice were administered commercial grade 
toluene diisocyanate (80% 2,4- and 20% 2,6-) in corn oil by gavage at doses of 60 or 120 mg/ kg body 
weight, 5 days per week for 105 or 106 weeks. Groups of 50 male F344/ N rats received 30 or 60 mgj kg 
and groups of SO male B6C3F 1 mice received 120 or 240 mg/ kg on the same schedule. Dosage analyses 
of toluene diisocyanate indicated that the chemical had reacted in the corn oil vehicle, resulting in actual 
gavage concentrations 77% to 90% of theoretical values. Groups of 50 rats and 50 mice of each sex 
received corn oil only and served as vehicle controls. 

Survival in all groups of dosed rats in the 2-year studies was shorter (P:50.005) than that of the 
controls; depressions in mean body weight gain relative to controls were greater than I 0% in all dosed 
rat groups throughout most of the study. A dose-dependent pattern of cumulative toxicity began at 70 
weeks and culminated in excessive mortality, indicating the estimated maximum tolerated dose had 
been exceeded for rats. Acute bronchopneumonia occurred at increased incidences in groups of dosed 
male and female rats (males: control, 2/ 50; low dose, 6/ 50; high dose, 14/ 50; females: 1/ 5p, 10/50, 
25/49). 

Subcutaneous tissue fibromas or fibrosarcomas (combined) in male rats occurred with a positive 
trend (P<O.Ol; 3/50, 6}50, 12/50). The incidence in the high dose group was higher than that in the 
controls (P:50.01). The same tumor comparisons were significant (P<O.OOI) in female rats by the life 
table analysis. Mammary gland fibroadenomas in female rats occurred with a positive trend 
(P<O.OOJ), and the incidences in low and high dose groups were significantly higher than that in 
controls (P:50.01). 

Pancreatic acinar cell adenomas in male rats occurred with a positive trend (P<0.05; 1}47, 3}47, 
7j 49). The incidence in the high dose group was higher than that in the controls (P<0.05). 
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The incidences of pancreatic islet cell adenomas in female rats were higher by the incidental tumor 
test (P:SO.Ol) in low dose (6149) and high dose (2147) groups than in controls (0150). An islet cell 
carcinoma was also observed in a low dose female rat. The incidences of female rats with neoplastic 
nodules in the liver occurred with a positive trend (P<0.05; 3I50, 8150, 81 48), and the incidence in the 
high dose group was higher (P<0.05) than that in the controls. 

Survival of high dose male mice in the 2-year study was significantly shorter than that of the controls 
(P<O.OOI). During the second year of the study, mean body weight gains of high dose male mice were 
less than those of the controls. Cytomegaly of kidney tubular epithelium was found in 45 I48 (94%) low 
dose male mice and 41 I50 (82%) high dose male mice but not in any of the controls. 

Hemangiomas or hemangiosarcomas (combined) of the circulatory system in female mice occurred 
with a positive trend (P:SO.O I; control, 01 50; low dose, I 150; high dose, 5/50). The incidence in the high 
dose group was significantly higher than that in the controls (P<0.05). 

Hepatocellular adenomas in female mice occurred with a positive trend (P:SO.OOl; 2150, 3150, 
12150), and the incidence in the high dose group was higher than that in the controls (P<O.Ol). 

Toluene diisocyanate was mutagenic in Salmonella typhimurium strains TA98 and TAIOO in the 
presence (but not the absence) of Aroclor 1254-induced male Sprague-Dawley rat or male Syrian 
hamster liver S9; it was not mutagenic in strains T A 1535 or 1537. 

An audit of the experimental data for these 2-year toxicological and carcinogenicity studies on 
commercial grade 2,4- and 2,6-toluene diisocyanate was conducted. There were no data discrepancies 
that influenced the final interpretations. 

Under the conditions of these gavage studies, commercial grade toluene diisocyanate in corn oil was 
carcinogenic for F344/ N rats, causing subcutaneous fibromas and fibrosarcomas (combined) in males 
and females, pancreatic acinar cell adenomas in males, and pancreatic islet cell adenomas, neoplastic 
nodules of the liver, and mammary gland fibroadenomas in females. Toluene diisocyanate was not 
carcinogenic for male B6C3F 1 mice. TDI was carcinogenic for female B6C3F 1mice, causing hemangi­
omas or hemangiosarcomas (combined), as well as hepatocellular adenomas. 
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SUMMARY OF PEER REVIEW COMMENTS 

ON THE CARCINOGENESIS STUDIES OF 


COMMERCIAL GRADE 

TOLUENE DIISOCYANATE 


On 22 September 1982 this technical report on the carcinogenesis studies of commercial grade 
toluene diisocyanate 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. Elashoff, a principal reviewer, agreed with the conclusions. He noted that due to the common 
lethal nontumorigenic toxicity, the life table and incidental tumor tests were the appropriate statistical 
analyses. As a second principal reviewer, Dr. Mirer said the conclusions were appropriate. He criticized 
the storage of gavage solutions at room temperature in view of the reactivity ofTDI with corn oil. He 
said the compound and dose related toxicity indicated the doses may have been too high in rats yet this 
did not compromise the conclusions. 

As a third principal reviewer, Dr. Holland accepted the report as written. He commented that the 
interpretation of these studies was complicated by the instability of the material in contact with water, 
as would occur in the gastrointestinal tract. However, since similar degradation would occur if 
exposure were by the respiratory route, the data were, in his opinion, a valid representation of TDI 
tumorigenicity. Dr. M. Dieter, NTP, said the corn oil was not anhydrous or kept in a desiccator, and 
degradation rates of TDI would be given in the report. 

In discussion from the floor, Dr. L. Rampy, Dow Chemical Company and representing the 
International Isocyanate Institute, reiterated and added to comments sent to the review panel and NTP 
staff prior to the meeting. First, since the occupational route of exposure to TDI was mainly inhalation, 
he said the gavage route was improper because toxicity, spectrum of metabolites, and other factors 
would likely differ between the routes. He opined that TDI would be converted after oral dosing to 
toluene diamine, a known animal carcinogen. He requested that the report be deferred. 

Dr. Swenberg stated the study should have been stopped at one year due to excessive mortality and 
chemically associated toxicity. He said that bronchial pneumonia may have been a cause of the animals 
dying early. Dr. Holland said the effect of reducing a sample size in a positive study is of less overall 
concern than the effect of reducing sample size in the case of a negative study. Dr. Elashoff noted that, 
in the case of TDI, despite reduction of power and sensitivity due to early mortality, the tumorigenic 
effects were such that there was significance both in trend tests and pairwise comparisons at a number of 
target sites. 

Dr. Scala requested that statements be added about exceeding the maximum tolerated dose in rats, 
and possibly in male mice. Dr. Mirer asked that there be in the abstract a comment about the reactivity 
of TDI with corn oil. 

Dr. Elashoff moved that the report on the carcinogenesis studies of toluene diisocyanate be accepted 
conditional on the revisions, written and discussed. Dr. Holland seconded the motion and the technical 
report was approved by the Peer Review Panel (nine affirmative votes and one abstention: 
Dr. Schwetz). 

ToluL·nc Diis!lL'yan<llc 12 



I. INTRODUCTION 


Toluene Diisocyanatc 13 



I. INTRODUCTION 


MIXTURE OF 

CH3 

N=C=O AND O=C=Nc-N=C=O 

N =c=o 

2,4­ 2,6­
(80%) (20%) 

TOLUENE DIISOCVANATE 

CAS NO. 26471-62-5 

Toluene diisocyanate (TDI) is commercially 
produced as an approximate 80:20 mixture of 
the 2,4- and 2,6-isomers. In 1980, 580,000 
pounds of this chemical were produced in the 
United States, primarily for use in the manufac­
ture of flexible polyurethane foams (USITC, 
1981). These foam elastomers are found in furni­
ture and automobile cushions, carpet underlays, 
pillow filling, mattresses, insulation, shoes, 
purses, and toys (Kirk-Othmer, 1970). TDI is 
also used to produce polyurethane coatings for 
lacquers and wood finishes (IARC, 1979). 

TDI reacts readily with polyols, water, urea, 
urethanes, amines, and other basic compounds 
(E.I. DuPont, 1969; Ehrlicher, 1974). Concen­
trations as high as 10 ppm TDI have been meas­
ured in the air above urethane foams during their 
production (Buist, 1970). The maximum allowa­
ble 8-hour time weighted average concentration 
of 2,4-toluene diisocyanate to which workers can 
be exposed is 0.02 ppm (U.S. CFR, 1974). 

The oral LDSOvalueforTDI in rats is 5.8 g/ kg 
body weight (Zapp, 1957), and the LC50 values 
for rats and mice are 14 and 10 ppm, respectively 
(Duncan, 1962). 

Skin, eye, and respiratory tract irritation has 
been reported in both humans and rats exposed 
to TDI in air(Union Carbide, 1976; Patty, 1963). 
Hypersensitivity to TDI, manifested as an 

asthma-like response, has been reported in 
workers exposed to the chemical (Parkes, 1970; 
Taylor, 1970; Sangha and Alarie, 1979), and a 
10-hour TWA exposure concentration of 5 ppb 
TDI has been recommended for workplace air 
(NIOSH, 1979). 

Toluene 2,6-diisocyanate (2,6-TDI) is unsta­
ble in hydroxylic solvents and reacts even tnore 
rapidly with primary and secondary amines. At 
very low concentrations in water, it hydrolyzes 
stepwise to first form 2-amino-6-isocyanato­
toluene, then 2,6-diaminotoluene. At higher con­
centrations, poly-ureas are formed by the 
reaction of amino groups of the hydrolysis pro­
ducts with the isocyanate. In an aqueous suspen­
sion of stomach contents the half-life of2,6-TDI 
was less than 2 minutes. The half-life of2,6-TDI 
in serum was less than 30 seconds (RTI, 1985). 

When 2,6-TDI was given orally to II adult 
male Fischer 344 rats in corn oil, most of the 
2,6-TDI formed polymers in the gastrointestinal 
tract (RTI, 1985). At doses of 900 mg/ kg body 
weight, the 2,6-TDI usually polymerized and 
lined the stomach, slowing or preventing the 
migration of food into the intestines. In these 
cases, the stomachs became greatly distended. At 
doses of 60 mg/ kg body weight, these results 
were not observed. 
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Most 2,6-TDI-derived materials were excreted 
in feces or were found in the gastrointestinal tract 
72 hours after dosing. Excretion in breath was 
insignificant. Approximately 2.5 times as much 
2,6-TDI -derived materials were excreted in urine 
after a 60 mg/ kg oral dose ( 12%) than after a 900 
mg/ kg dose (5%). More than half of the xenobio­
tic related material excreted in urine was 2,6­
bis(acetylamino)toluene. Increased urinary ex­
cretion of metabolites of 2,6-TDI with decreas­
ing dosage is consistent with the lower 
concentration of 2,6-TDI in the stomach permit­
ting increasing amounts of the 2,6-TDI to be 
hydrolyzed completely to monomeric 2,6­
diaminotoluene rather than forming polymers. 
The 2,6-diaminotoluene could then be absorbed, 
acetylated, and excreted in urine. 2,6-TDI­
derived materials were not concentrated in any 
tissues (RTl, 1985). 

Both 2,4-and 2,6-diaminotoluene were muta­
genic in Salmonella typhimurium T A 1538 (Dyb­
ing and Thorgeirsson, 1977; Andersen et al., 
1980). Although 2,4-toluene diisocyanate was 
reported as not mutagenic in S. typhimurium 
TAI535, TA!538, TA98, and TAIOO, with or 
without metabolic activation with S-9 prepara­
tion from Aroclor 1254-induced Sprague­
Dawley rats (Anderson and Styles, 1978), an 
80:20 mixture of 2,4-and 2,6-toluene diisocya­
nate was mutagenic in a narrow dose range in S. 
typhimurium TAIOO, TA98, and TAI538 after 

metabolic activation with rat liver S-9 prepara­
tion from phenobarbital-induced rats (Andersen 
et a!., 1980). Differences in the results from the 
two studies are probably due to differences in the 
test conditions. Using the micronucleus muta­
genesis test procedure, Loeser ( 1983) observed 
no mutagenic responses in groups of five male or 
female Sprague-Dawley rats or CD-I mice 
exposed to TDI vapors at doses of 0, 0.05, or 
0.15 ppm (v/v) 6 hr/day, 5 daysjwk for 4 weeks. 

Both 2,6-TDI and a mixture of 2,4- and 2,6­
TDI were mutagenic in Salmonella typhimurium 
strains T A 98 and T A I 00 in the presence but not 
the absence of metabolic activation provided by 
9000 x g liver supernatant (S-9) fractions from 
Aroclor 1254-induced male Sprague-Dawley 
rats or Syrian golden hamsters (Appendix L). 
Toluene diisocyanate was not mutagenic in S. 
typhimurium strains T A 1535 or T A 1537 with or 
without metabolic activation. 

No evidence of 2,4-/2,6-TDI (80/20)-associ­
ated benign or malignant lesions was reported by 
Loeser ( 1983) following vapor exposure of male 
and female Sprague- Dawley rats and CD-I mice 
to 0, 0.05, or 0.15 ppm (6 hrjday, 5daysjwk)for 
approximately two years. 

A commercial TDI mixture was tested since a 
large number of workers (approximately 40,000) 
are potentially exposed to these isomers and 
because no long-term studies were available. 
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II. MATERIALS AND METHODS: CHEMICAL ANALYSES 

CHEMICAL ANALYSES 

Toluene diisocyanate (Hylene®) was obtained 
in two lots from E.I. duPont de Nemours and 
Co. (Wilmington, DE). Lot no. 228 was used for 
the single-dose, 14-day, and 13-week studies and 
for the first 14 months of the 2-year studies. Lot 
no. 414417 was obtained to complete the 2-year 
studies. 

Purity and identity analyses were conducted 
on both lots at Midwest Research Institute 
(Appendix G). The results of elemental analyses 
of lot 228 for carbon, hydrogen, and nitrogen 
and of lot 414417 for carbon and hydrogen 
agreed with the theoretical values. The results for 
nitrogen in lot 414417 were slightly high. When 
both lots were analyzed in comparable systems 
by vapor-phase chromatography, lot 228 was 
found to contain six trace impurities, each with 
an area of less than 0.02% of the major peak, 
while lot 414417 contained only two of these 
impurities (both totalling 0.2% of the major 
peak). Lot 414417 still exhibited only two impur­
ities when analyzed in a second system. The 
infrared, ultraviolet, and nuclear magnetic 
resonance spectra for both Jots were consistent 
with the literature spectra and with each other. 
Comparison of the integration ratios of the 
nuclear magnetic resonance for the protons on 
the 2,4- and 2,6-isomers indicated that lot 228 
consisted of approximately 80% of the 2,4-and 
20% of the 2,6-isomers, and lot 41447 was 
approximately 85% of the 2,4- and 15% of the 
2,6-isomers. 

As a part of the initial stability analysis of 
gavage solutions, Midwest Research Institute 
determined that TDJ reacted very rapidly with 
water - approximately 20% remained Jess than 

15 minutes after the aqueous solution was pre­
pared (MRI Report, August 7, 1975). Campbell 
et al., (1975 and 1976) have reported that, upon 
reaction with water, TDJ forms a disubstituted 
urea, N, N'-bis(3-isocyanato-4-methylphenyl) 
urea (Figure I). This material is insoluble in TDI 
and precipitates, thereby inhibiting further reac­
tion to form polymers (Figure 2). If TDI is 
warmed to increase the solubility of this disubsti­
tuted urea, the relative amount of the polymers 
can be increased. It was therefore important that 
TDI be stored in a dry environment. 

Lot 228 was initially received at the bioassay 
laboratory in two 10-pound metal cans. Storage 
conditions were varied over the course of its use 
in an attempt to determine the most suitable 
conditions. These storage conditions may have 
contributed to the cloudy appearance in the first 
can. The cloudiness was first noticed in March 
1979 (the 2-year studies began in December 
1978), and the testing laboratory was directed to 
use the second can. Use of the second can began 
in July 1979, and this too was found to be cloudy. 
Analysis of this material by Midwest Research 
Institute (Appendix H) indicated that the sample 
contained approximately 0.5% (w/w) of a non­
volatile material dissolved in the bulk liquid. 

The isolated dried precipitate was analyzed by 
mass spectrometry and was determined to be the 
urea (Figure I) and its polymeric analogs (Figure 
2). Quantitation of the precipitated material 
indicated that there was 0.3% (w/ w) of this pre­
cipitate suspended in the bulk liquid. Since these 
materials may be formed once the TDJ reaches 
the stomach of the animal, this small amount was 

Figure 1. Structure of N,N'·Bis(l·isocyanato-4-methylphenyi)Uree 
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Figure 2. Polymeric Analog of N,N'-Bis(3·isocyanato4methylphenyi)Urea 

not considered to be a serious problem. How­ stored in a desiccator at the testing laboratory. 
ever, a new lot of the chemical (414417) was Analysis by infrared spectrometry and vapor­
procured and placed on test after being analyzed phase chromatography (using the same system 
and found to be suitable (May 1980). No evi­ used for lot 228) indicated no change in the puri­
dence of any polymer was detected in this lot ty of the bulk chemical liquid, despite the pres­
over the I 0-month period that it was used and ence of the precipitate in lot 228. 

DOSE PREPARATION 

TDI was administered by gavage because the 
chemical is unstable in water or in feed. Doses 
were prepared by weighing appropriate amounts 
of TDI and mixing them with enough corn oil of 
normal moisture content (0.05%) to give the 
desired concentrations. (The stability of TDI in 
corn oil and the results of analysis of the corn oil 
for moisture are presented in Appendixes I and 
J.) All glassware was oven dried and stored in a 
dessicator until used. Gavage solutions were 
stored at room temperature outside of a 
desiccator. 

The concentration of TDI in the corn oil for­
mulations was analyzed periodically at the bioas­
say laboratory (Appendix K). Since TDI corn 
oil formulations were used for no more than 7 
days. only those analyses performed during this 

time period are presented in Table K I. Accord­
ing to the MRI report (Appendix 1), the animals 
could have received 77-90% of the target dose at 
the end of the dosing period (7 days after prepa­
ration). The results from the bioassay laboratory 
indicate the importance of glassware preparation 
and sample handling, since the results did not 
always parallel those predicted by the MRl sta­
bility study. 

On the average, the groups of animals that 
received 9, 18, 36. or 72 mgjml formulations 
received approximately 77%. 82%. 90%. or 84% 
of the target doses, respectively. When doses in 
the 2-year study are examined in terms of the 
milligrams of TDI administered per kilogram of 
body weight, the following estimated doses can 
be calculated: 

Rats Mice 

Males Females Males Females 

Target dose (mg~ kg) 30 60 60 120 120 240 60 120 

Estimated dose (mg kg) 23 49 49 108 108 202 49 108 
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II. MATERIALS AND METHODS: SINGLE-DOSE STUDIES 

SINGLE-DOSE STUDIES 

Male and female F344/N rats and B6C3F1 
mice (C57BL/6NxC3H/ HeN MTV-) were ob­
tained from Frederick Cancer Research Center, 
quarantined, and held for approximately 6 
weeks before the test began. Animals were 
approximately 10 weeks old when plal:ed on 
study. 

Groups of five rats of each sex were adminis­
tered a single dose of TDI (2,150, 3, 160, 4,640, 
6,810, 10,000, or 14,700 mgt kg body weight) in 
corn oil by gavage, and groups of five mice of 
each sex received doses of 2,150 (males only), 

3,160, 4,640, 6,810, or 10,000 mg/ kg by the same 
route. No controls were used. All animals were 
observed for mortality for 14 days; observations 
were made every 30 minutes for the first 8 hours 
and then daily for the rest of the study. 

Rats were housed two or three per cage and 
mice were housed five per cage. Animals received 
water and feed ad libitum during the observation 
period. Details of animal maintenance are pre­
sented in Table I. Necropsies were performed on 
all animals. 

FOURTEEN-DAY STUDIES 


Male and female F344/N rats and B6C3F1 
mice were obtained from Frederick Cancer 
Research Center and held for 2 to 3 weeks before 
the study began. Animals were 6 to 7 weeks old 
when placed on study. 

Two studies were conducted. In the first, 
groups of five rats and mice of each sex were 
administered TDI in corn oil at doses of 0, 500, 
1,000, 2,000, 3,000, or 4,000 mg/ kg for 14 con­
secutive days. Similar groups of rats and mice in 

the second study received doses ofO, 30, 60. 120, 
240, or 500 mgf kg on the same schedule. 

Rats were housed two to three per cage and 
mice five per cage and received water and feed ad 
libitum. Details of animal maintenance are pre­
sented in Table L 

Rats and mice were observed daily for mortal­
ity and were weighed on days 0. 7, and 14. 
Necropsies were performed on all animals. 

THIRTEEN-WEEK STUDIES · 


Two 13-week studies were conducted to evalu­
ate the cumulative toxicity of TDI and to deter­
mine the doses to be used in the 2-year studies. 

Three-to-four-week-old male and female F344 
rats and B6C3F1 mice were obtained from Fred­
erick Cancer Research Center for the first studv 
and from Charles River Breeding Laboratorie's 
for the second study. Animals on the first study 
were held for 12 days, randomized by weight. 
and then assigned to test groups so that average 
cage weights were approximately equal for all 
animals of the same sex and species. Rats were 6 
weeks old and mice 5 weeks old when placed on 
study. For the second study. rats were held 8 
weeks and mice 5 weeks before the test began; the 
animals were 12 and 9 weeks old, respectively, 
when placed on study. 

Rats and mice were housed five per cage in 
polycarbonate cages (Table 1). They received 
Purina® Lab meal and water in bottles (acidified 
to pH 2.5 for bacterial control) ad libitum. 

In the first study, groups of 10 rats of each sex 
received TDI in corn oil by gavage at doses ofO. 
7. 15, 30, 60. 120, or 240 mg kg body weight. 5 
days per week for 13 weeks, and groups of I0 
mice of each sex received doses ofO. 6. 12, 25. 50, 
or 100 mg kg on the same schedule. Rats and 
mice in the second study were administered TDI 
at doses of 0. 15. 30. 60, 120. or 240 mg kg. 

Animals were checked for mortality and signs 
of morbidity twice daily. Those animals that 
were judged moribund were killed and necrop­
sied. Each animal was given a clinical examina­
tion weekly. including palpation for tissue 

Toluene Dii;ocyamllc 20 
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masses or swelling. Body weight data were col­
lected weekly. 

At the end of the 91-dav studv. survivors were 
killed, and necropsies w~re pe'rformed on ani­
mals that survived to the end of the study and on 
all animals found dead. unless precluded in 
whole or in part by autolysis or cannibalization. 
Thus. the number of animals from which partic­
ular organs or tissues were examined microscop­
ically varies and does not necessarily represent 
the number of animals that were placed on study 
in each group. The following specimens were 
examined histopathologically for 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. costochon­
dral junction (rib). thymus, larynx. trachea. 
lungs and bronchi. heart, thyroid. parathyroid, 
esophagus. stomach. duodenum, jejunum, ile­
um. colon. mesenteric lymph nodes. liver. gall­
bladder (mice). pancreas, spleen. kidneys, 
adrenals. bladder. seminal vesicles/ prostate/ 
testes or ovaries/ uterus, nasal cavity. brain. 
pituitary. and spinal cord. Tissues were pre­
served in 109(- neutral buffered formalin. 
embedded in paraffin. sectioned. and stained 
with hematoxylin and eosin. 

TWO-YEAR STUDIES 


Study Design 
Groups of 50 male rats received TDI in corn 

oil by gavage at doses of 0, 30, or 60 mg/ kg body 
weight; groups of 50 male mice received 0, 120, or 
240 mg/ kg; groups of 50 female rats and 50 
female mice received 0, 60, or 120 mg/ kg. Doses 
were administered 5 days per week for 106 weeks 
(rats) or 105 weeks (mice). 

Additional groups of 50 rats and 50 mice of 
each sex were started as untreated controls but 
were subsequently sacrificed at 87 weeks. 

Source and Specifications of 
Test Animals 

Six-week-old male and female F3441 N rats 
and B6C3F1 mice were obtained from.Harlan 
Industries, observed for 6 weeks, and then 
assigned to cages according to a table of random 
numbers. The cages were then assigned to con­
trol and dosed groups according to another table 
of random numbers. Rats and mice were 12 
weeks old when placed on study. 

Animal Maintenance 
Rats and mice were housed five per cage in 

polycarbonate cages covered with nonwoven fil­
ter sheets (Table I). Racks and filters were 
changed once every 2 weeks. Cages, bedding, and 
glass water bottles (equipped with stainless steel 
sipper tubes) were replaced twice per week. Tap 
water (acidified to pH 2.5 for bacterial control) 
and feed were available ad libitum. 

The temperature in the animal rooms was 20°­
260C and the humidity was 20%-78%. Twelve to 
15 changes of room air per hour were provided. 
Fluorescent lighting provided illumination 12 
hours per day. 

Clinical Examinations and Pathology 
All animals were observed twice daily for mor­

tality and morbidity. Clinical signs and the 
results of palpations were recorded every 4 
weeks. Body weights were recorded once per 
week for the first 13 weeks and then monthly 
thereafter. The mean body weight of each group 
was calculated by dividing 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 studv were 
killed with carbon dioxide and necropsied. 

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: tissue masses, abnor­
mal 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, 
esophagus, stomach, duodenum, jejunum, ile­
um, colon, mesenteric lymph nodes, liver, gall­
bladder (mice), pancreas, spleen, kidneys, 
adrenals, bladder, seminal vesicles/ prostate 1 
testes or ovaries/ uterus, brain, and pituitary. 
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Necropsies were performed on all animals 
found dead and on those killed at the end of the 
study, unless precluded in whole or in part by 
autolysis or cannibalization. Thus, the number 
of animals from which particular organs or 
tissues were examined microscopically varies 
and is not necessarily equal to the number of 
animals that were placed on study in each group. 

The classification of neoplastic nodules was 
done according to the recommendations of 
Squire and Levitt ( 1975) and the National 
Academy of Sciences ( 1980). 

When the pathology examination was com­
pleted, 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 tissues were verified, and histotech­
niques were evaluated. All tumor diagnoses, 
target tissues, and tissues from a randomly 
selected 10% of the animals were evaluated by a 
pathologist. Slides of all target tissues and those 
about which the original and quality assurance 
pathologists disagreed were submitted to the 
Chairperson of the Pathology Working Group 
(PWG) for evaluation. Representative slides 
selected by the Chairperson were reviewed 
blindly by PWG pathologists, who reached a 
consensus and compared their findings with the 
original diagnoses. When disagreements occur­
red, the PWG sent the appropriate slides and 
their comments to the original pathologist for 
review. (This procedure has been described by 
Maronpot and Boorman, 1982.) The final diag­
nosis represents a consensus of contractor 
pathologists and the NTP Pathology 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 descrip­
tive information on the chemicals, animals, 
experimental design, clinical observations, sur­
vival, body weight, and individual pathologic 
results, as recommended by the International 
Union Against Cancer (Beren blum, 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. All animals dying of accidents or 
found to be missing were statistically censored 

from the survival analysis at the time of death. 
Statistical analyses for a possible dose-related 
effect on survival used the method ofCox (1972) 
for testing two groups for equality and Tarone's 
( 1975) extensions of Cox's methods for testing 
fo'r a dose-related trend. All reported P values 
for the survival analysis are two-sided. 

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 
denominators included only those animals for 
which that site was examined histologically. 
However, when macroscopic examination was 
required to detect lesions (e.g., skin or mammary 
tumors) prior to histologic sampling, or when 
lesions could have appeared at multiple sites 
(e.g., lymphomas), the 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 contin­
gency tables developed by Mantel and Haenszel 
(1959). Tests of significance included pairwise 
comparisons 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 
and control groups were compared at each point 
in time at which an animal died with a tumor of 
interest. The denominators of these proportions 
were the total number of animals at risk in each 
group. These results, including the data from 
animals killed at the end of the study, were then 
combined by the Mantel-Haenszel methods to 
obtain an overall P-value. This method of 
adjusting for intercurrent mortality is the life 
table method of Cox ( 1972) and of Tarone 
( 1975). 

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 necropsy 
in animals dying of an unrelated cause. Accord­
ing to this approach, the proportions of animals 
found to have tumors in dosed and control 
groups were compared in each of five time 
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II. MATERIALS AND METHODS: TWO-YEAR STUDIES 


intervals: 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 necropsied during the time interval. The 
individual time interval comparisons were then 
combined by the previously described methods 
to obtain a single overall result. (See Peto et al., 
1980, for the computational details of both 
methods.) 

In addition to these tests, one other set of 
statistical analyses was carried out and reported 
in the appendix containing the analyses of tumor 
incidence: the Fisher exact test for pairwise com­

parisons and the Cochran-Armitage linear trend 
test for dose-response trends (Armitage, 1971; 
Gart et al., 1979). These tests were based on the 
overall proportion of tumor-bearing animals. 
All reported P values for the tumor incidence 
analyses are one-sided. 

For studies in which there is little effect of 
compound administration on survival, the 
results of the three alternative analyses will gen­
erally be similar. When differing results are 
obtained by the three methods, the final inter­
pretation 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 DESTGN AND MA TERIAts AND METHODS 
[ 
" " 9. 
~· 

~ 
!» Experimental Design 
~ 
;; Si7.e of Test Groups 

Doses 

Duration of Dosing 

Type and Frequency 
of Observation 

Necropsy and Histologic 
Examination 

Single-Dose Studies 

S males and S females 
of each species 

Rats: males and females-
2,1SO, 3,160, 4,640, 6,810, 
10,000 or 14,700 mg/kg body 
weight toluene diisocyanate 
in corn oil 

Mice: males: 2,150, 3,160, 
4,640, 6,810, or 10,000 
mg/kg; 
females: 3,160, 4,640, 
6,810, or 10,000 mg/kg 
body weight toluene 
diisocyanate in corn oil 

Single dose 

Observed for mortality 
every 1/2 hour for first 
8 hrs and then daily 

Necropsies were performed 
on all animals 

14-Day Studies 


S males and S females 

of each species 


Rats: 1st study: 0, 500, 

1,000, 2,000, 3,000, or 

4,000 mg/ kg; 

2nd study: 0, 30, 60, 

120, 240. or 500 mg/kg body 

weight toluene diisocyanate 

in corn oil 


Mice: 1st study: 0, 

500, I ,000, 2,000, 

3,000, or 4,000 mg/kg toluene 

diisocyanate in corn oil; 

2nd study: 0, 30, 60, 

120, 240, or 500 mgjkg 


Daily for 14 days 


Observed daily for mortality 

and morbidity 


Necropsies were performed 

on all animals 


13-Week Studies 

10 males and 10 females 

of each species 


Rats: males and females­
1st study: 0, 7, 15, 30, 60, 

120•. or 240 mg/kg body weight 

toluene diisocyanate in 

corn oil; 

2nd study: 0, 15, 30, 60, 120, 

or 240 mg/ kg body weight 

toluene diisocyanate in corn 

oil 


Mice: males and females­
1st study: 0, 6, 12, 25, SO, 

or 100 mg/ kg body weight 

toluene diisocyanate in 

corn oil; 

2nd study: 0, 15, 30, 60, 120, 

or 240 mg/ kg body weight TDI 

in corn oil. 


Five days per week for 

13 weeks 


Observed twice daily for 

mortality and morbidity; 

weighed weekly 


Necropsies were performed 
on all animals; histopatho­
logic examinations performed 
on control and high-dose 
groups 

2· Year Studies 

SO males and SO females 
of each species 

Rats: males: 0, 30, or 
60 mg/ kg body weight; 
females: 0, 60, or 
120 mg/ kg body weight 
toluene diisocyanate in 
corn oil 

Mice: males: 0, 120 or 
240 mg/ kg body weight; 
females: 0, 60, or 
120 mg/kg body weight 
toluene diisocyanate in 
corn oil. 

Five days per week for 
106 weeks (rats) 
or 105 weeks (mice) 

Observed twice daily for 
mortality and morbidity; 
clinical signs taken and 
palpation done every 4 
weeks; weighed once per 
week for 13 weeks, 
then monthly 

Necropsies and 
histopathologic 
examinations were 
performed on all animals 



TABLE l. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS (Continued) 

Sin&le·Dose Studies 

Animals and Animal Maintenance 

Species 

Animal Source 

Time Held Before 
Start of Test 

Age When Placed on Study 

N 
VI 

Age When Killed 

Method of Animal 
Distribution 

Feed 

--1 Bedding
£.
c: 
:I "' 
"' 
tl;: 
..,0 Water 
~ 
El 

" 

F344/N rats; 
B6C3F! mice 

Frederick Cancer 
Research Center 
(Frederick MD) 

6 weeks 

10 weeks 

12 weeks 

Purina® Laboratory 
Chow (ground), Ralston 
Purina Co. (St. Louis, 
MO); provided ad libitum 

Ab--sorb-dri® hard­
wood chips 
Lab Products, Inc 
(Garfield, NJ) 

Tab water acidified to 
pH 2.5 provided by water 
boUJes,.od libkum 

14-Day Studies 

F344/N rats; 
B6C3FJ mice 

Frederick Cancer Research 
Center 

1st study: 3 weeks 
2nd study: 2 weeks 

lst study: 7 weeks 
2nd study: 6 weeks 

I st study: 9 weeks 
2nd study: 8 weeks 

Same as single-dose study 

Same as single-dose study 

Same as single-dose study 

13·Week Studies 

F344/N rats; 
B6C3Ft mice 

1st study: Frederick Cancer 
Research Center 
2nd study: Charles River 
Breeding Laboratories 
(Wilmington, DE) 

lst study: 12 days 
2nd study: rats: 8 weeks; 
mice: 5 weeks 

1st study: rats: 6 weeks; 
mice: 5 weeks 
2nd study: rats: 12 weeks 
mice: 9 weeks 

I st study: rats: 19 weeks 
mice: 18 weeks 
2nd study: rats: 25 weeks 
mice: 22 weeks 

Animals were randomized by 
weight 

Same as single-dose study 

Same as single-dose study 

Same as single-dose study 

2·Year Studies 

F344jN rats; 
B6C3FJ mice 

Harlan Industries, Inc. 
(Indianapolis, IN) 

Rats: 6 weeks 
Mice: 6 weeks 

Rats: 12 weeks 
Mice: 12 weeks 

119 weeks 

Animals assigned to 
groups according to 
a series of computer· 
generated random numbers 

Same as single-dose study 
but supplied pellets 

Same as single-dose study 

Same as single dose study 



-1 TAIILE I. EXPERIMENTAL DESIGN AND MATERIALS AND METIIODS (Continued)2. 
li 
il 

Sinale-Dole Studies2;;· 

~ Al*aall...a A.-.. M...,.nce

! Cages 

Cage Falters 

Animals Per Cage 

Animal-Room Environment 

N 
<:1'\ 

Other Chemicals on 
Test in Same Room 

Chemlcai/Vehlcle Mixture 

Preparation 

Maximum Storage Time 

Storage Conditions 

Polyc:arbonate 

Lab PrOducts, Inc. 

Garfaeld, NJ) 


Rats: 2-3 per cage; 

Mice: 5 per cage 


Rats: diallyl 

phthalate, 2,6-dichloro­
p-phenylenediamine, 

caprolactam; 

Mice: diallyl phthalate, 

2,6-dichloro-p-phenylene­
diamine, caprolactam 


Toluene diisocyanate was 

dissolved in corn oil 

at a concentration of 

500 mg/ml 


Prepared within 2 hours 

of dosing 


14-0.y Studies 

Polycarbonate 

Rats: 2-3 per cage; 
Mice: 5 per cage 

Diphenyl methane 
diisocyanate 

Toluene diisocyanate was 
dissolved in corn oil at a 
concentration of 250 mg/ ml 
for the 1st study and 
45 mg/ ml for the 2nd study 

Prepared within 2 hours 
of dosing 

13-Week Studies 

Polycarbonate 

Non-woven polyester 

5 per cage 

22° to 25°C; 
30o/o-70% relative 
humidity 

None 

Toluene diisocyanate was 
dissolved in corn oil at 
concentrations of 16 or 
32 mg/ml 

Prepared daily 

1-Year Studies 

Polycarbonate 

Non-woven polyester 
filter paper. 
Snow Filtration Co. 
(Cincinnati, OH) 

5 per cage 

20° to 26°C; 
20o/o-78% relative 
humidity; 12-15 room 
air changes per hour; 
12 hours per day 
fluorescent light 

None 

Toluene diisocyanate was 
dissolved in corn oil at 
concentrations of 9, 18, 
36, or 72 mg/ ml 

I week 

Room temperature 



III. RESULTS 

RATS 

SINGLE-DOSE STUDIES 

FOURTEEN-DAY STUDIES 

THIRTEEN-WEEK STUDIES 
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III. RESULTS: RATS-SINGLE-DOSE STUDIES 


SINGLE-DOSE STUDIES 


Mortality was proportional to the dose ofTDI ing, inactivity, and diarrhea. White, crystalline 
administered (Table 2). Loss in mean body material was found in the stomach and dark red 
weight was greater than 10 g in all groups of lungs were observed at necropsy; these findings 
dosed males. In rats receiving 10,000 or 14,700 were dose related. 
mg/ kg, death was preceded by labored breath-

FOURTEEN-DAY STUDIES 

Two 14-day studies were conducted because died and deaths were not dose related. Mean 
the initial study resulted in excessive mortality in body weight relative to controls was depressed 
all dosed groups (Table 3). Dose levels for the by more than 10% in male rats administered 
second 14-day study were an order of magnitude doses of 120 mg/ kg or more and female rats 
less than those in the original study; few animals administered 500 mg/ kg. 

TABLE 2. 	 SURVIVAL AND MEAN BODY WEIGHTS OF RATS ADMINISTERED A SINGLE DOSE OF 
TOLUENE DIISOCYANATE IN CORN OIL BY GAVAGE 

Mean Body Weights (grams)Dose Survival (a) 
(mg/kg) (Day of Death) Initial Final Change 

MALES 

2,150 3/5 (5,9) 272 260 -12 
3,160 2/5 (1,3,14) 264 244 -20 
4,640 3/5 (2,10) 238 214 -24 
6,810 3/5(4,5) 222 204 -18 

10,000 0/5 (1, I, I,2,2) 263 

14,700 0/5 (2,2,2,2,2) 241 


FEMALES 

2,150 5/5 162 165 + 3 
3,160 3/5(3,3) 163 161 - 2 
4,640 3/5 (2,2) 150 144 - 6 
6,810 0/5 (2,2,3,4,4) 150 

10,000 1/5 (3,3,3,3) 157 133 -24 
14,700 0/5 (I ,2,2,2,2) 144 

(a) Number surviving/ number per group 
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TABLE 3. SURVIVAL AND MEAN BODY WEIGHTS OF RATS ADMINISTERED TOLUENE 
DIISOCYANATE IN CORN OIL BY GAVAGE FOR 14 DAYS 

Mean Body Weights (grams) 

Dose Survival (a) 


(mg/kg) (Day of Death) Initial Final Change 

FIRST STUDY 

MALES 

0 4 5 (II) 120 174 +54 

500 2 5 (1.2.9) 119 131 +12 


1.000 I 5 (1.1.7.10) 120 	 164 +44 

2.000 0 5 (2.2.3.3.5) 120 

3.000 0 5 (2.3.4.6.6) 119 

4.000 0 5 (2,2.3.3.4) 119 


H:MAU:S 

() 5 5 99 126 +27 

500 ~ 5 (8.9) 99 Ill +12 


1.000 I 5 (2.6.6.9) 98 98 	 0 

2.000 I 5 (2.2.2.3) 99 	 100 + I 

3.000 o. 5 (2.2.4.5.6) 99 

4.000 0 5 (3.3J.4.6) 99 


SECOND STUDY 

MALES 

0 5 5 97 163 +66 

30 4;5 (10) 97 158 +61 

60 5 5 97 156 +59 


120 5 5 98 144 +46 

240 4t 5 (5) 97 126 +29 

500 5;5 97 106 + 9 


FEMALES 

0 5;5 87 126 +39 

30 4/5 (3) 87 125 +38 

60 515 87 119 +32 


120 5!5 87 119 +32 

240 4/5 (7) 87 120 +33 

500 4/5 (4) 86 105 +19 


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

Weight (Dosed Group) 	 Weight (Control Group) 

~ 100


Weight (Control Group) 

Final Body Weights 
Relath·e to 

Controls (b) 
(Percent) 

-25 
- 6 

-12 
-22 
-21 

- 3 
- 4 
-12 
-23 
-35 

- I 
- 6 
- 6 
- 5 
-17 
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III. RESULTS: RATS-THIRTEEN-WEEK STUDIES 

THIRTEEN-WEEK STUDIES 

Two 13-week studies were conducted. In the 
initial study, additional groups were started at 
doses of 0, 120, and 240 mg/ kg when no weight 
gain depression was observed in the original test 
groups after 60 days on study (Table4). Since the 
patterns of mortality between the two 120 mg/ kg 
groups were inconsistent and there was no dose­
response relationship when 240 mg/ kg was 
administered, the second 13-week study was 
conducted. 

In the second study, only one death (a female 
receiving 240 mg/ kg) was considered to be com­
pound related (Table 4). Mean body weight, rela­
tive to controls, was depressed by 10% or more in 
male rats receiving 120 or 240 mg/ kg; weight 
gain was not depressed in female rats. Mucoid 
bronchopneumonia was mild to moderate in 
8/10 males that received 240 mg/kg, moderate to 

severe in 2/ 10 females administered 240 mg, kg. 
and moderate in 1;2 males that received 120 
mg;kg and died before the end of the study. The 
accumulation of mucoid material in bronchioles 
was referred to as "mucoid bronchopneumonia," 
even though this lesion was not entirely intlam­
matory. The less severe lesions consisted of 
mucoid material and a few plump macrophages 
that were assumed to have originated as alveolar 
macrophages. The more pronounced lesions had 
more neutrophils. 

Doses of 30 and 60 mg/kg were selected for 
males and doses of 60 and 120 mg; kg were 
selected for females in the 2-year study because 
depression in mean body weight gain and 
mucoid bronchopneumonia had been observed 
at higher doses. 

TWO-YEAR STUDIES 


Body Weights and Clinical Signs 
Mean body weights of dosed rats were lower 

than those for the controls after week 10 in males 
and week 20 in females. The depressions in mean 
body weight gains were dose related (Table 5 and 
Figure 3). No other. compound-related clinical 
signs were observed. 

Survival 
Estimates of the probabilities of survival of 

male and female rats administered TDI in corn 
oil at the doses used in these studies, and those of 
the controls, are shown by the Kaplan and Meier 
curves in Figure 4. In male rats, the survival of 
animals in the two dosed groups was signifi­
cantly shorter than that of the controls 
(P<0.00 I). In females, the survival in each dosed 
group was significantly shorter than that in the 
controls (high dose, P<O.OOI; low dose, 
P=0.005), and the survival in the high dose 
group was significantly shorter than that in the 
low dose group (P=O.OOl). One control, six low 

dose, and three high dose males and one high 
dose female and five low dose females were 
accidentally killed and were censored from the 
statistical analysis of survival. 

In male rats, 36/50 (72%) of the controls, 
14/50 (28%) of the low dose, and 8/50 (16%) of 
the high dose group lived to the end of the study 
at 108 weeks. In female rats, 36/50 (72%) of the 
controls, 19/50 (38%) of the low dose, and 6/50 
( 12%) of the high dose group lived to the end of 
the study at 108 weeks. The survival data 
included one control male and one high dose 
female that died during the termination period of 
the study. For statistical purposes, these animals 
are considered to have been killed at the end of 
the study. Because of the reduced survival in 
dosed male and female rats, the statistical proce­
dures that adjust for intercurrent mortality (life 
table and incidental tumor tests) were regarded 
as more meaningful than the "unadjusted" ana­
lyses in the evaluation of tumor incidence data in 
these groups. 
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TABLE 4. SURVJV AL AND MEAN BODY WEIGHTS OF RATS ADMINISTERED TOLUENE 
DIISOCYANATE IN CORN OIL BY GAVAGE FOR 13 WEEKS 

Final Body Weights 

Mean Body Weights (grams) Relative to 
Dose Survival (a) Controls (b) 

(mg/kg) (Week of Death) Initial Final (d) Change (Percent) 

FIRST STUDY 

MALES 

0 10/10 110 288 +178 

7 9/10 (8) Ill 283 +172 - 2 


15 10/10 112 284 +172 - I 

30 7I 10 (1,2,7) 112 277 +165 - 4 

60 8/ 10 (6,6) 108 270 +162 - 6 


120 7I 10 (6,6,7) 109 249 +140 -14 

0 (c) 10/10 99 288 +189 


120 (c) 9/10 (12) 99 276 +177 - 4 

240 (c) 7!10 (10,13,13) 99 237 +138 -18 


FEMALES 

0 10/10 96 190 + 94 

7 9/10 (7) 95 190 + 95 0 


15 9/10 (7) 96 184 + 88 - 3 

30 7/10 (1,1,5) 95 181 + 86 - 5 

60 7I 10 (2,5,5) 96 177 + 81 - 7 


120 6110 (1,1,6,6) 96 172 + 76 - 9 

0 (c) 10/10 81 185 +104 


120 (c) 10/10 82 175 + 93 - 5 

240 (c) 10/10 81 155 + 74 -16 


SECOND STUDY 

\'!ALES 

0 10/10 189 317 +128 

15 10; 10 178 3i5 +137 - I 

30 10/10 185 316 +131 0 

60 9jl0 (7) 172 312 +140 - 2 


120 8/10 (8,9) 177 283 +106 -II 

240 10;10 182 278 + 92 -12 


FEMALES 

0 10/10 ISO 198 + 48 

15 10/10 144 193 + 49 - 3 

30 10; 10 147 193 + 46 - 3 

60 10/ 10 148 198 + 50 0 


120 10; 10 149 192 . + 43 - 3 

240 9; 10 (7) 152 189 + 37 - 5 


(a) !';umber surviving number per group 
(h) 	Weight of the dosed group relative to that of the controls = 


Weight (Dosed Group)- Weight (Control Group) 

X 100 

Weight .(Control Group) 
(c) Started 2 months after other group 
(cl) Weight at day 84 
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TABLE 5. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO·YEAR GAVAGE STUDIES 
OF TOLUENE DIISOCYANATE 

Wee~<· Veldelt C2ntrol Low Dose HlshDose 
on Av. Wt. No. of Av. Wt. Wt. (percent No. of Av.Wt. Wt. (percent No. of 

Scud;r (Jl'&ml) Survivors (grams) ofveb controls) Survivors (Jl'&ml) ofveh controls) Survivors 

MALE 

0 uw 50 182 99 50 198 108 50 
1 200 50 100 95 50 200 100 50 
2 211 50 210 100 50 212 100 50 
8 224 50 :m 101 50 m 102 49 
4 240 50 240 100 50 239 100 48 
5 332 50 238 lOS 48 237 102 48 
II 
7 
a 
9 

10 
11 

263 50,. 50 
m 50- 50- 50- 50 

~9 
1110 
2118 
27'1 
2118 
280 

98 
99 
97 
911 
115 
IllS 

48 
47 
45 
44 
48 
41 

256 
2118 
266 
276 
266 
2811 

101 
102 

911 
911 
114 
00 

47 
47 
45 
44 
48 
42 

12 
13 

211'1' 
liOt 

50 
50 *290 

911 
911 

41 
41 

272 
2711 

112 
112 

40 
40 

111 82\S 50 308 91S 41 2N 91 118 
to au 50 3811 911 41 309 811 39 
u
•u 
38 

8117 
871 
ll84.. 48 

48 
48 
49 

3811 
851 
3811 
8117 

9IS 
91S 
9IS 
sa 

41 
39 
118 
89 

828 
380 
841 
3811 

00 
118 
118 
liS 

39 
38 
38 
311 

40 401 48 878 114 87 841 liS 811 
44 411 48 878 92 87 sst 82 sa 

" 418 48 887 9S 87 848 82 32 
51 411 49 386 92 as sa7 81 31 
M 418 48 8811 91 sa saa 79 30 
eo 

" ea 
72 

421••
·~; 
427 

48 
4t 
48 
48 

379 
8811 
382 
878 

110 
00 
00 
8& 

sa 
sa 
81 
31 

825 
832 
su 
su 

77 
77 
711 
711 

29 
29 
29 
27 

78 
80 
84 

430 
42& 
4:U 

48 
47 
47 

377 
S70 
870 

8& 
87 
87 

so
•27 

325 
329 
327 

711 
77 
77 

25 
23 
20 

ea 410 48 354 86 27 823 79 20 
112 
lie 

( •.f 
41~ 

45 
42 

au 
3155 

8& 
89 

211 
22 

814 
3111 

77 
77 

18 
14 

100 4"" 118 au 117 20 309 75 18 
104 4vll 311 350 86 18 318 78 10 

FEMALE 

0 130 50 184 lOS 50 139 107 50 
1 137 

., 
·~' 188 !01 50 145 10$ 50 

2 1411 ' 145 99 50 149 102 50 
s 1&4 JO 151 98 50 158 101 50 
4 181 50 1117 98 50 182 101 50 
5 181 50 181 100 48 1811 103 50 
II 1117 50 1811 99 47 118 99 50 

7 171 50 171 100 411 178 101 50 
8 174 50 172 119 " 178 99 48 
9 178 50 1711 100 48 182 111.ol 47 

10 180 50 178 98 411 175 97 47 
ll 181 50 182 101 42 1711 97 47 
12 lU 50 171 97 41 181 98 47 
18 
111 
20 

1M 
191 
205 

50 
50 
50 

1811 
1M 
!97 

118 
97 
98 

41 
41 
41 

178
las 
1811 

lie 
98 
114 

47 
47 
4ll 

:u
•82 

20t 
211 
220 

50 
50 
50 

203 
200 
2011 

97 
9.5 
114 

41 
89 
89 

199 
181 
185 

85 
91 
88 

44 
48 
48 

" 40 

" 48 

" M 

na 
tn 
281..,.., 
148 

50 
50 
50 
50 
50 
50 

210 
211 
208 
211 
208 
212 

92 
81 
88 
88 
87 
811 

89 
89 
38 
38 
38 
Sll 

185 
1811 
188 
1911 
192 
192 

M 
as 
82 
as 
81 
78 

48 
48 
48 
41 
40 
40 

80 :U2 50 2011 811 Sll 187 77 40 

" 2111 50 214 86 89 191 71 40 
18 211 48 214 81 S8 186 71 88 
71 217 49 21.5 81 S4l 188 71 37 
711 
80 
84 
88 

2711 
27'1.. 
282-

48 
47 
45 
4ll 

218 
218 
218 
216 

1t 
78 
78 
78 

S4l 
311 
311 
84 

1110 
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188 
192 

It•87 
88 

35 
so
•21 

92 " 214 76 30 lU 66 2S 
lie 281 41 218 74 so 1811 87 20 

100 
104 

2811 
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41 
S8 

2111 
218 

74 
74 •• 208 
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71 
76 

15 
10 
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Figure 3. Growth Curves for Rats Administered Toluene Diisocyanate in Corn Oil by Gavage 
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Figure 4. Kaplan-Meier Survival Curves for Rats Administered Toluene Diisocyanate in Corn Oil by Gavage 
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III. RESULTS: RATS-TWO-YEAR STUDIES 

Pathology and Statistical Analyses 
of Results 

Histopathologic findings on neoplasms in rats 
are summarized in Appendix A, Tables A I and 
A2; Appendix Tables A3 and A4 give the survi­
val and tumor status for individual male and 
female rats. Findings on nonneoplastic lesions 
are summarized in Appendix C, Tables Cl and 
C2. Historical incidences of tumors in control 
animals are listed in Appendix E. Because of the 
reduced survival observed in dosed groups rela­
tive to controls, a direct comparison of overall 
tumor incidences in dosed groups and historical 
controls may be misleading. The historical con­
trol data are included primarily to determine 
how representative the tumor incidences ob­
served in concurrent vehicle controls are with 
respect to other studies in the bioassay program. 
Appendix F, Tables Fl and F2, contain the sta­
tistical analyses of those primary tumors that 
occurred with an incidence of at least 5% in one 
of the three groups. The statistical analyses used 
are discussed in chapter II (Data Recording and 
Statistical Methods) and Appendix F (foot­
notes). 

Untreated Controls: At week 87 untreated 
controls were sacrificed and examined. The inci­
dence and type of tumors in individual rats did 
not appear different from the normal back­
ground of tumors in the F3441N rat. Thus these 
data are not given in this report. 

Subcutaneous Tissue: Fibromas or fibrosar­
comas occurred in male rats with a statistically 
significant positive trend, and the incidence in 
the high dose males was significantly higher than 

that in the controls (Table 6). (See Appendix E, 
Table El for a comparison of these test inciden­
ces with a combined historical control rate of 
6.5%.) 

Fibromas or fibrosarcomas also occurred in 
female rats with a statistically significant positive 
trend, and the incidence in the high dose females 
was higher than that in the controls by life table 
analysis (Table 6). (See Appendix E, Table E2 
for a comparison of these test incidences with a 
combined historical control rate of 1.6%.) 

Mammary Gland: By life table and incidental 
tumor test analyses, there were statistically sig­
nificant increases in the incidence of combined 
mammary gland tumors in female rats in both 
low dose and high dose groups (Table 7). Since 
these mammary gland tumors and subcutaneous 
tissue tumors were all found in the axillary and 
inguinal areas, they are regarded as all arising 
from mammary tissue. The survival-adjusted 
tumor incidences provide a more meaningful 
comparison than unadjusted overall tumor rates. 
For example, the first tumor was seen in an 
animal dying at week 84, and the proportions of 
animals surviving at least to week 84 with com­
bined mammary gland tumors were: controls, 
17145 (38%); low dose, 25136 (69%); and high 
dose, 21 I 28 (75%). See Appendix E, Table E3 for 
a comparison of these test incidences with a his­
torical control rate of 23% for combined mam­
mary gland tumors. 

There we no differences in the incidence of 
mammary gland fibroadenomas in male rats 
after 30 or 60 mgl kg TDI treatment compared to 
controls (Appendix F, Table Fl). 
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TABLE 6. INCIDENCES OF RATS WITH SUBCUTANEOUS TUMORS 

MALES 
Vehicle 30 60 
Control mg/kg mg/kg 

Fibroma 
Overall Incidence 3/50(6%) 3/50 (6%) 9/50 (18%) 
Adjusted Incidence 8.3% 16.5% 56.6% 
Terminal lncjdence 3/36 (8%) 1/14 (7%) 3/8(38%) 
Life Table Test P<O.OOI P=0.258 P<O.OOI 
Incidental Tumor Test P=0.002 P=0.415 P=0.004 

Fibrosarcoma 
Overall Incidence 0/50 (0%) 3/50 (6%) 3/50(6%) 
Adjusted Incidence 0.0% 19.0% 23.1% 
Terminal Incidence 0/36 (0%) 2/14 (14%) 0/8 (0%) 
Life Table Test P=0.003 P=0.020 P=0.008 
Incidental Tumor Test P=0.021 P=0.044 P=0.089 

Fibroma or Fibrosarcoma 
Overall Incidence 3/50 (6%) 6/50 (12%) 12/50 (24%) 
Adjusted Incidence 8.3% 33.5% 66.6% 
Terminal Incidence 3/36 (8%) 3/14 (21 %) 3/8 (38%) 
Life Table Test P<O.OOI P=O.OI6 P<O.OOI 
Incidental Tumor Test P<O.OOI P=0.056 P<O.OOI 

FEMALES 
Vehlc:le 60 uo 
Control mg/kg mg/kg 

Fibroma 
Overall Incidence OJ 50 (0%) l/50(2%) 3/50 (6%) 
Adjusted Incidence 0.0% 5.3% 35.7% 
Terminal Incidence o; 36 (O%) 1/19 (5%) 1/6 (17%) 
Life Table Test P<O.OOI P=0.373 P=O.OOI 
Incidental Tumor Test P=O.OI9 P=0.373 P=0.083 

Fibroma or Fibrosarcoma 
Overall Incidence 2/50 (4%) l/50 (2%) 5t50 (10%) 
Adjusted Incidence 5.3% 5.3% 51.811l: 
Terminal Incidence 1/36 (3%) 1/19 (5%) 2/6 (33%) 
Life Table Test P<O.OOI P=0.71.5N P<O.OOI 
Incidental Tumor Test P=0.038 P=0.609N P=0.092 

TABLE 7. 	COMBINED INCIDENCES OF MAMMARY GLAND TUMORS AND SUBCUTANEOUS 
TISSUE TUMORS IN FEMALE RATS 

Vehicle 60 110 
Control mg/kg mg/kg 

Overall Incidence 17/50 (34%) 25/50 (50%) 21;50 (42%) 
Adjusted Incidence 43.1% 88.8% 91.1% 
Terminal Incidence 14/36 (39%) 16/19 (84%) 4/6 (67%) 
Life Table Test P<O.OOI P<O.OOI P<O.OOI 
Incidental Tumor Test P<O.OOI P<O.OOI P=0.009 
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III. RESULTS: RATS-TWO-YEAR STUDIES 


Hematopoietic System: Monocytic leukemia (Mitoses often averaged one to three per high­
was observed in male and female rats with a power field.) The lesions were usually small, 
statistically significant decreasing trend (Table often less than I to 2 millimeters in diameter. 
8), and the pairwise comparisons between the A dose-related increase also was observed in 
control and dosed groups were significant. These the number of male rats with nodular hyperpla­
decreases were not significant by life table analy­ sia of the pancreatic acinus (control. 0%; low 
sis. See Appendix E. Tables E4 and E5 for a dose, 4%; high dose, 8%). 
comparison of these test incidences with a histor­

Islet cell adenomas occurred in female rats
ical control rate of 9.69( (males) and 13.20[ 

with a statistically significant positive trend
(females) for leukemia. 

(Table 9); the incidences of dosed females with 
Pancreas: Acinar cell adenomas were ob­ these tumors were significantly higher than those 

served in male rats with a statistically significant in the controls. An islet cell carcinoma was 
trend, and the incidence in the high dose group observed in a low dose female rat. (See Appendix
was significantly higher than that in the controls E. Table E7 for a comparison of these test inci­
(Table 9). See Appendix E. Table E6 for a com­ dences with a historical control rate of 0.80( for 
parison of these test incidences with a historical adenomas and 0.1% for carcinomas.) The 
control rate of 0.6%. In high dose female rats one markedly reduced survival in high dose female 
acinar cell adenoma and one acinar cell carci­ rats may have been responsible for the lower 
noma were observed. incidence of islet cell tumors in this group rela­

The adenomas were sharply demarcated from tive to the low dose group. ln male rats, pancrea­
the surrounding tissue and were characterized by tic islet cell adenoma or carcinoma (combined) 
a loss of acinar structure, an increase in the showed a positive trend and increased incidence 
number of basophilic cells, and enlarged and in the high dose group by the life table test (Table 
irregular nuclei with increased mitotic activity. 9). 

TABLE 8. INCIDENCES OF MONOCYTIC LEUKEMIA IN RATS 

MALES 
Vehicle 30 60 
Control mg/kg mg/kg 

Overall Incidence 11/50 (22%) 4/50 (8%) 4/50 (8%) 

Adjusted Incidence 25.5% 19.0% 19.2% 

Terminal Incidence 5/36 (14%) 0/14 (0%) 0/8 (0%) 

Life Table Test P=0.559N P=0.423N P=0.574 

Incidental Tumor Test P=0.027N P=0.053N P=0.039N 


FEMALES 
Vehicle 60 120 
Control mg/kg mg/kg 

Overall Incidence 21/50 (42%) (a) 7I 50 (14%) 4/50 (8%) 

Adjusted Incidence 47.4% 26.3% 32.9% 

Terminal Incidence 13/36 (36%) 2/ 19 (II%) 1/6 (17%) 

Life Table Test P=O.I68N P=O.I20N P=0.392N 

Incidental Tumor Test P<O.OOIN P=0.006N P=O.OOIN 


(a) One lymphoma was observed in this group. 
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TABLE 9. INCIDENCES OF PANCREATIC LESIONS IN RATS 

MALES 

Vehicle 30 60 
Control mg/kg mg/kg 

Acinar Cell 
Nodular Hyperplasia 0147 (Olfi) 2 47 (4C;[) 4 49 Wil 
Adenoma 

Overall Incidence I. 47 (21f() 3 47 (6'7i) 7 49 CWil 
Adjusted Incidence 2.90( 18.2<;:; 59.2C( 
Terminal Incidence I 35 (3Cj{) 2 14 ( !4'7i) 4 8 (50Ci) 
Life Table Test P<O.OO! P=0.075 P<O.OO! 
Incidental Tumor Test P<O.OOI P=O.I28 P=O.OOI 

MAtES 

Vehicle 30 60 
Control mg/kg mg/kg 

Islet Cell 
Adenoma or Carcinoma 

Overall Incidence 147 (2t;() 0 47 (00() 4 49 (8'7i) 
Adjusted Incidence 2.9% o.or;; 24.2r;; 
Terminal Incidence L 35 (3lf() 0 14 (OSi) l 8 ( 13'7() 
Life Table Test P=0.007 P=0.682:\ P=O.OI3 
Incidental Tumor Test P=0.075 P=0.682N P=O.I80 

FEMALES 
Vehicle 60 120 
Control mg/kg mg/kg 

Islet Cell 
Adenoma 

Overall Incidence o;so (O%) 6149 (12%) (a) 2;47 (4%) 
Adjusted Incidence 0.0% 24.2% 33.3% 
Terminal Incidence 0/36 (Oo/c) 3;19 (16%) 2t6 <33o/c) 
Life Table Test P=0.008 P=0.003 P=0.006 
Incidental Tumor Test P=0.054 P=O.OIO P=0.006 

(a) One islet cell carcinoma was also observed in this group. 

Liver: The incidence of female rats with neo­ Lungs: Acute bronchopneumonia was found 
plastic nodules occurred with a statistically sig­ in increased incidence in dosed rats (males: con­
nificant positive trend; the incidence of high dose trol, 2/50, 4%; low dose, 6/50, 12%; high dose, 
females with these nodules was significantly 14/50, 28%; females: control, II 50, 2%; low 
higher than that of the controls (Table 1 0). (See dose, 10/50, 20%; high dose, 25/49, 51%; Appen­
Appendix E, Table E8 for a comparison of these dix C). 
test incidences with a historical control rate of 
1.5% for liver tumors.) Lung sections were examined from II male 

Brain: Gliomas were found in two high dose and 10 female rats that died during the first 4 
male rats and a pinealoma was found in a third months of the studies. All lungs showed marked 
high dose male. (See Appendix E, Table E9 for a congestion and variable amounts of pulmonary 
comparison of these test incidences with a histor­ edema. Edema occurred in the bronchioles and 
ical control rate of 1.0% for all brain tumors.) alveoli and in a perivascular location. Slight to 
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TABLE 10. INCIDENCES OF NEOPLASTIC NODULES OF THE LIVER IN FEMALE RATS 

Vehicle 
Control 

Overall Incidence 3/50 (6%) 
Adjusted Incidence 8.0% 
Terminal Incidence 2/36 (6%) 
Life Table Test P<O.OOI 
Incidental Tumor Test P=0.035 

moderate amounts of perivascular Iymphoplas­
macytosis were observed in four rats. Necrotiz­
ing suppurative pneumonia was detected in two 
rats, and the lungs of one of these animals con­
tained numerous bacteria. Bacteria were also 
detected in the lungs of two other rats, and a 
clump of foreign material (presumably of vegeta­
ble origin) was found in the bronchus of another 
animal. Mucocellular exudate was observed in 
bronchiolar lumens in a moderate number of 
rats. The presence of trace to very small quanti­
ties of pale yellow, slightly refractile material was 

60 120 
mg/kg mg/kg 

8/50 (16%) 
30.6% 
3)19 (16%) 
P=0.014 
P=0.068 

8)48 (17%) 
60.1% 
3/6 (50%) 
P<O.OOI 
P=0.022 

detected in terminal portions of the respiratory 
tree (alveoli and terminal bronchioles) in 13/21 
lungs examined. In the bronchioles, the material 
was associated with a stringy pink substance that 
was suggestive of fibrin and that appeared as an 
aggregate of vacuoles and strands. Very pale, 
refractive material was sometimes observed in 
the vacuoles. Larger, pale yellow, globular 
bodies were found in respiratory bronchioles and 
alveoli. The bodies occasionally appeared "frac­
tured" and were sometimes associated with an 
inflammatory reaction. 
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III. RESULTS: MICE-SINGLE-DOSE STUDIES 

SINGLE-DOSE STUDIES 

Mortality was proportional to the dose ofTDI crystall.ne material was found in the stomach at 
administered, but the death rate for males was necropsy; this finding was dose related. 
higher than that for females (Table 11). White, 

TABLE II. SURVIVAL AND MEAN BODY WEIGHTS OF MICE ADMINISTERED A SINGLE DOSE 
OF TOLUENE DIISOCVANATE BV GAVAGE 

Mean Body Weights (grams) 
Dose Survival (a) 

(mg/kg) (Day of Death) Initial Final Change 

MALES 

2,150 5/5 28 30 +2 
3,160 5;5 26 25 -I 
4.640 I /5 (2,7,7,8) 21 22 +I 
6.1!10 0;5 (2,2,2.4.4) 24 

10.000 0/5 (I ,I ,1,2,2) 26 

FEMALES 

3.160 5;5 20 20 0 
4,640 4/5 (5) 19 18 -I 
6,810 1/5 (1,2.2,2) 17 23 +6 

10.000 0/5 ( 1.2.2.2,2) 19 

(a) Number surviving/ number per group 

FOURTEEN-DAY STUDIES 

Two 14-day studies were conducted because Doses of 30 to 500 mg/ kg were administered 
all animals in the first study (administered 500 to to animals in the second study. Deaths and 
4,000 mg/ kg) died by day 12. changes in mean body weight gains were not dose 

related (Table 12). 

Toluene Diisocyanate 40 



TABLE 12. SURVIVAL AND MEAN BODY WEIGHTS OF MICE ADMINISTERED TOLUENE 
DIISOCYANATE FOR 14 DAYS 

Final Body Weights 

Dose Sun·h·al (a) 
Mean Body Weights (grams) Relative to 

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

MALES 

0 5l5 22 23 +I 
30 3; 5 (8,9) 22 23 +I 0 
60 4 15 (8) 22 23 +I 0 

120 4,5 (14) 22 24 +2 + 4 
240 4. 5 (8) 23 23 0 0 
500 3 5 (6.10) 23 24 +I + 4 

FEMALES 

0 515 19 20 +I 
JO 5.5 19 19 0 - 5 
60 5 5 19 19 0 - 5 

120 5 5 19 20 +I 0 
240 3, 5 (7.10) 19 22 +3 +10 
500 515 19 19 0 - 5 

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

Weight (Dosed Group)- Weight (Control Group) 
X 100

Weight (Control Group) 

THIRTEEN-WEEK STUDIES 

Two 13-week studies were conducted, the first ing 120 mg/ kg died as a result of chemical 
using doses of 6 to 100 mg/ kg and the second administration. Livers from two of these animals 
employing doses of 15 to 240 mg/ kg. In the first had necrosis or inflammation, but no compound­
study, decrements in mean body weight gain and related lesions were observed in other mice. The 
food consumption and respiratory noises were doses for females in the 2-year study (60 and 120 
interpreted as being related to administration of mg/ kg) were selected because of the deaths 
TDI (Table 13). The second study failed to con­ observed in the 13-week studies. Doses of 120 
firm any of the previous data; only two females and 240 mg/ kg were selected for male mice. 
administered 240 mg/ kg and one female receiv­
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TABLE 13. SURVIVAL AND MEAN BODY WEIGHTS OF MICE ADMINISTERED TOLUENE 
DIISOCYANATE FOR 13 WEEKS 

Mean Body Weights (grams) 
Dose Survival (a) 

(mg/kg) (Day of Death) Initial Final' Change 

FIRST STUDY 

MALES 

0 6. 10 (1.1,1.1) 18 31 +13 
6 9 10 (I) 17 30 +13 

12 !l; 10 (I ,4) 16 27 +II 
25 9. 10 (3) 17 25 + 8 
50 9' 10 (6) 17 25 + 8 

100 7 10 (1,3,5) 17 23 + 6 

FEMALES 

0 10/10 14 22 + 8 
6 9/10 (I) I; 21 + 8 

12 9/ 10 (5) l.l 20 + 7 
25 8/10 (1,2) 14 20 + 6 
50 7;10 (3,4,S) 14 18 + 4 

100 5;10 (1,2,2,2,2) 14 19 + 5 

SECOND STUDY 

MALES 
0 5/10 (c) 18.9 23.6 + 4.7 

15 5jl0(c) 18.9 27.0 + 8.1 
30 IOjiO 17.6 26.3 + 8.7 
60 IOjiO 18.8 26.0 + 7.2 

120 IOjiO 18.3 26.5 + 8.2 
240 5/10 (c) 17.9 25.2 + 7.3 

FEMALES 

0 10/10 15.8 21.0 + 5.2 
15 10/10 17.1 20.8 + 3.7 
30 5/10 (c) 17.0 20.0 + 3.0 
60 5/10 (c) 16.4 22.2 + 5.8 

120 9jl0(d) 16.4 21.6 + 5.2 
240 8(10 (e) 16.0 21.1 + 5.1 

(a) 
(b) 	Weight of the dosed group relative to that of the controls= 

Weight (Dosed Group)- Weight (Control Group) 
• 100

Weight (Control Group) 
(c) Deaths were due to drowning during week 13 
(d) Death was during week 10 
(e) Deaths were during weeks 6 and 9 

Number surviving/ number per group 

Final Body Weights 
RelatiH to 

Controls (b) 

(Percent) 

- .I 
-13 
-19 
-19 
-26 

- 5 
- 9 
- 9 
-18 
-14 

+14 
+II 
+10 
+12 
+ 7 

- I 
- 5 
+ 6 
+ 3 

0 
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III. RESULTS: MICE-TWO-YEAR STUDIES 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 
Mean body weights of dosed male mice 

(throughout the study) and of high dose female 
mice (after week 56) were lower than those of the 
controls. The depressions in mean body weight 
were dose related (Table 14 and Figure 5). No 
other compound-related clinical signs were 
observed. 

Survival 
Estimates of the probabilities of survival of 

male and female mice administered TDI in corn 
oil at the doses used in these studies, and those of 
the controls, are shown by the Kaplan and Meier 
curves in Figure 6. In male mice, the survival of 
the high dose group was significantly shorter 
than that of the controls (P<O.OOI) and of the 
low dose group (P=0.003). In female mice, the 
survival of the high dose group was significantly 
shorter than that of the low dose group 
(P=0.028). One female control mouse was 
accidentally killed. 

In male mice, 46/50 (92%) of the controls, 
40 j 50 (80%) of the low dose, and 26/50 (52%) of 
the high dose group lived to the termination 
period of the study at 107 weeks. In female mice, 
34/50 (68%) of the controls, 43/50 (86%) of the 

low dose, and 33/ 50 (66%) of the high dose group 
lived to the termination period of the study at 107 
weeks. 

Pathology and Statistical Analyses 
of Results 

Histopathologic findings on neoplasms in 
mice are summarized in Appendix B, Tables Bl 
and 82: Appendix Tables 83 and 84 give the 
survival and tumor status for individual male 
and female mice. Findings on nonneoplastic 
lesions are summarized in Appendix D, Tables 
D I and 02. Historical incidences of tumors in 
control animals are listed in Appendix E. 
Because of the reduced survival observed in 
dosed groups relative to controls, a direct com­
parison of overall tumor incidences in dosed 
groups and historical controls may be mislead­
ing. The historical control data are included 
primarily to determine how representative the 
tumor incidences observed in concurrent vehicle 
controls are with respect to other studies in the 
bioassay program. Appendix F, Tables F3 and 
F4, contain the statistical analyses of those prim­
ary tumors that occurred with an incidence of at 
least 5% in one of the three groups. The statistical 
analyses used are discussed in chapter II (Data 
Recording and Statistical Methods) and Appen­
dix F (footnotes). 
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TABLE 14. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES 
OF TOLUENE DUSOCYANATE 

Weeka Veblcle Control LowDos! Hl1bDose 
on Av. Wt. No.ot Av. Wt. Wt. (percent No.ot Av. Wt. Wt. (percent No.ot 

Study (Jrams) Survivors (pams) otveb controls) Survivors (pams) otveb controls) Survivors 

MALE 

0 2-U 50 2U 102 50 25.1 102 50 
1 2U 50 2U 97 50 24.7 94 49 
2 27.0 50 27.1 100 50 2&.4 94 49 
3 2U 50 28.8 118 50 28.2 97 49 
4 211.0 50 25.2 87 48 
5 211.4 50 27.1 112 50 28.4 90 44 
II 211.8 50 28.8 1111 47 28.4 811 44 
7 30.0 50 211.0 117 47 27.3 91 44 
a al.l 50 au 117 47 28.3 Ill 44 
II a1.7 50 ao.a 117 47 211.3 112 44 

10 30.11 50 30.3 1111 47 211.0 94 44 
11 au 50 31.1 117 47 211.4 92 44 
12 au 50 al.O 1111 47 28.a 811 44 
13 au 50 30.1 114 47 28.11 Ill 44 
18 as.s 50 31.0 116 47 211.11 90 43 
20 au 50 32.8 48 30.0 811 43 
24 au 50 31.0 1111 48 30.0 a7 42 " 

28 ae.o 50 31.7 114 48 au a7 41 
32 au 50 31.11 117 48 32.8 114 41 
38 au 50 36.11 118 48 34.8 90 41 
40 se.o 50 38.0 116 48 34.1 90 41 
44 se.e 50 38.7 114 48 34.2 88 41 
48 a7.7 50 36.8 116 48 31.a 90 41 
112 au 50 36.7 116 48 31.2 811 40 
118 au 50 36.11 1111 48 31.4 811 40 
eo ao 50 38.1 1111 48 31.8 88 40 
84 au 50 H.l 1111 48 su 88 40 
ea ao 50 38.3 1111 48 31.4 88 40 
72 ••a 50 37.2 1111 48 34.a 90 40 
78 au 50 37.0 411 au Ill 311 
80 au 50 37.0 118 411 31.2 84 sa 
84 au 50 37.11 114 411 au ae 34 
88 ae.e 48 38.7 114 411 31.11 a7 33 
92 ••a 48 38.2 118 411 33.8 a7 33 
1111 •.4 47 38.2 114 42 33.11 88 31 

100 su 47 36.4 1111 40 33.0 89 30 
104 38.1 48 36.1 117 40 32.8 Ill 211 

" 


FEMALE 

0 1U 50 111.2 118 50 lU 101 50 
1 20.5 50 18.3 811 50 18.1 88 49 
2 11.0 50 20.0 115 48 lU 114 45 
3 IU 50 21.0 48 20.3 114 44 
4 IU 50 21.7 48 20.3 Ill 41 " 

5 11.0 50 21.7 118 48 21.7 118 41 " 

8 D.I 50 11.8 Ill 48 21.8 D'7 41 
7 11.1 50 22.8 102 48 22.3 101 41 
a 11.1 50 23.1 100 48 23.5 102 40 
g 14.4 50 23.8 117 48 23.11 40 

10 ll.a 50 23.5 118 48 24.2 102 " 40 
11 ll.a 50 23.11 100 48 24.2 102 40 
12 ll.a 50 23.5 118 48 ll.a 100 40 
la 11.4 50 23.3 100 48 14.1 103 40 
18 11.8 50 11.11 101 48 IU 104 40 
20 14.7 50 14.7 100 47 IU 100 40 
t4 111.0 50 21.0 100 47 26.0 100 40 
28 11.0 50 21.11 101 47 11.7 103 40 
12 27.5 50 27.7 101 47 27.4 100 40 
38 211.0 50 211.1 100 47 28.8 118 40 
40 211.4 50 au 101 47 211.11 100 40 

44-411 30.0 50 30.1 101 47 28.11 1111 40...48 50 211.7 101 47 28.11 117 40 
112 ••4 50 211.1 101 47 28.7 40 
118 •.II 50 au u• 47 211.1 118 40 
eo 10.7 50 30.a 100 47 211.0 114 40 
84 au 50 au 100 47 30.0 1111 40 
ea a1.7 50 au 100 47 30.1 116 311 
72 au 48 aa.a 101 47 31.8 1111 311 
78 aa.o 47 su 101 47 31.7 1111 311 
eo au 411 34.5 411 31.1 Ill 311 
84 au 411 36.1 101 411 3U 118 as 

" 

" 
ea au 44 34.8 411 31.4 90 as 
92 au 41 34.1 100 411 31.1 37 " • 371111 au 40 34.4 411 31.8 Ill•
100 34.1 311 su 411 su Ill 34 

104 IU 34 st.7 " 1111 44 al.O Ill as 
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III. RESULTS: MICE-TWO-YEAR STUDIES 


Untreated Controls: At week 87 untreated 
controls were sacrificed and examined. The inci­
dence and type of tumors in individual mice did 
not appear different from the normal back­
ground of tumors in the B6C3F1 mouse. Thus 
these data are not given in this report. 

In male mice, no tumors occurred at statisti ­
cally significant incidences. 

Circulatory System: Hemangiosarcomas (of 
the liver, ovaries, or peritoneum) were observed 

with a statistically significant positive trend in 
female mice (Table 15). The combined incidences 
of hemangiomas (of the spleen, or subcutaneous 
tissue) or hemangiosarcomas occurred with a 
statistically significant positive trend, and the 
results of pairwise comparisons between the con­
trol and high dose groups were significant. (See 
Appendix E, Table EIO for a comparison of 
these test incidences with a combined historical 
control rate of 2. 9%.) 

TABLE 15. INCIDENCES OF FEMALE MICE WITH TUMORS OF THE CIRCULATORY SYSTEM 

Hemangiosarcoma 
Overall Incidence 
Adjusted Incidence 
Terminal Incidence 
Life Table Test 
Incidental Tumor Test 

Hemangioma or Hemangiosarcoma 
Overall Incidence 
Adjusted Incidence 
Terminal Incidence 
Life Table Test 
Incidental Tumor Test 

Vehicle 
Control 

0/50 (0%) 
0.0% 
0/34(0%) 
P=0.029 
P=O.Ol5 

0/50 (0%) 
0.0% 
0/34(0%) 
P=0.008 
P=0.003 

Liver: Hepatocellular adenomas occurred in 
female mice with a statistically significant posi­
tive trend, and the pairwise comparisons 
between the control and high dose groups were 
significant (Table 16). Adenomas or carcinomas 
(combined) occurred with a significant positive 
trend, and the results of pairwise comparisons 
between the control and high dose groups were 
significant. See Appendix E, Table E II for a 
comparison of these test incidences with a com­
bined historical control rate of 6. 7Ci(. 

Hematopoietic System: Leukemia was ob­
served in female mice with a statistically signifi­
cant, decreasing trend (Table 17). The results of 

60 120 
mg/kg mg/kg 

0/50 (0%) 3/50 (6%) 
0.0% 8.0% 
0/43(0%) 0/33 (0%) 

P=O.I05 
P=0.037 

1/50 (2%) 5/50 (10%) 
2.3% 13.3% 
1/43 (2%) 1/33 (3%) 
P=0.547 P=0.029 
P=0.547 P=0.005 

pairwise comparisons were not significant. 
Malignant lymphoma in female mice was 
observed with a statistically significant, increas­
ing trend, and the results of pairwise compari­
sons between the control and high dose group 
were significant. The incidence of leukemia or 
lymphoma (combined) was not significantly dif­
ferent for dosed or control male or female mice. 

Kidney: Cytomegaly, mainly in tubules near 
the corticomedullary junction, was observed in 
45 I48 (94%) low dose male mice and 41/50 (82%) 
high dose male mice compared with 0/50 in the 
controls. 
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TABLE 16. INCIDENCES OF FEMALE MICE WITH LIVER TUMORS 

Vehicle 60 120 
Control mg/kg mg/kg 

Hepatocellular Adenoma 
Overall Incidence 2/50(4%) 3/50 (6%) 12/50 (24%) 
Adjusted Incidence 5.3% 6.7% 36.4% 
Terminal Incidence 1/34 (3%) 2/43 (5%) 12/33 (36%) 
Life Table Test P<O.OOl P=0.571 P=0.003 
Incidental Tumor Test P<O.OOl P=0.325 P=0.003 

Hepatocellular Carcinoma 
Overall Incidence 2/50 (4%) 2/50 (4%) 3/50(6%) 
Adjusted Incidence 5.0% 4.7% 8.8% 
Terminal Incidence 1/34 (3%) 2/43 (5%) 2/33 (6%) 
Life Table Test P=0.376 P=0.629N P=0.463 
Incidental Tumor Test P=0.248 P=0.644 P=0.308 

Hepatocellular Adenoma or Carcinoma 
Overall Incidence 4/50 (8%) 5/50 (10%) 15/50 (30%) 
Adjusted Incidence 10.1% 11.2% 44.1% 
Terminal Incidence 2/34 (6%) 4/43 (9%) 14/33 (42%) 
Life Table Test P=O.OOI P=0.601 P=0.004 
Incidental Tumor Test P<O.OOI P=0.321 P=O.OOI 

TABLE 17. INCIDENCES OF FEMALE MICE WITH TUMORS OF THE HEMATOPOIETIC SYSTEM 

Vehicle 60 120 
Control mg/kg mg/kg 

Leukemia 
Overall Incidence 3/50(6%) 0/50 (0%) 0/50(0%) 
Adjusted Incidence 7.4% 0.0% 0.0% 
Terminal Incidence 0/34 (0%) 0/43 (0%) 0/33 (0%) 
Life Table Test P=0.040N P=O.I02N P=0.147N 
Incidental Tumor Test P=O.I19N P=0.414N P=0.240N 

Malignant Lymphoma 
Overall Incidence 10/50 (20%) 17/50 (34%) 16/50 (32%) 
Adjusted Incidence 25.8% 38.6% 44.2~( 

Terminal Incidence 7/34 (21%) 16/43 (37%) 13;33 (39%) 
Life Table Test P=0.082 P=0.241 P=O.lOI 
Incidental Tumor Test P=0.029 P=0.085 P=0.033 

Lymphoma or Leukemia 
Overall Incidence 13/50 (26%) 17;50 (34~() 16,' 50 (320() 
Adjusted Incidence 31.3% 38.60( 44.20i 
Terminal Incidence 7/34(21%) 16/43 (370() 13,33 (39(/() 
Life Table Test P=0.241 P=0.503 P=0.273 
Incidental Tumor Test P=0.089 P=O.I51 P=0.098 
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Because the 2,4 (80%)/ 2,6 (20%)-toluene di­
isocyanate (TDI) reacted with the moisture in the 
corn oil vehicle, the doses received by rats and 
mice in the 2-year studies were reduced to 77% to 
90% of the target doses (female rats and mice: 60 
or 120 mg/ kg; male rats: 30 or 60 mg/ kg; male 
mice: 120 or 240 mg/ kg). Despite the reduced 
doses, mean body weight gains of male and 
female rats were less than those of the controls 
after week 20. Early deaths occurred in groups of 
dosed male and female rats, but by week 60 only 
the high dose male rats were dying as a result of 
TDI administration. At this time, a decision was 
made to continue the studies of rats; however, an 
apparent dose-related pattern of mortality began 
to emerge at week 70, and persisted until the end 
of the study. The delayed cumulative toxicity 
caused by TDI administration indicated that the 
estimated maximum tolerated doses had been 
exceeded in rats. Mortality in male mice was also 
dose related and significantly higher than in con­
trols, but it was not as excessive as that in rats. 

Bronchopneumonia was the most prominent 
nonneoplastic effect seen in the short-term and 
2-year phases of these gavage studies. The respi­
ratory effects observed were similar to those seen 
in rats exposed by inhalation to TDI at a concen­
tration of 0.1 ppm for 6 hours per day, once per 
week, for 38 weeks: tracheitis, bronchitis, pneu­
monia, and purulent bronchiectasis (Niewenhuis 
et al., 1965). The major lesion was described as a 
fibrous tissue proliferation, often blocking the 
bronchioles, and was similar to what has been 
described in animals exposed to higher concen­
trations of inhaled TDI (Duncan et al., 1962). 
The control rats in the Niewenhuis study also 
had mild to marked pneumonitis. Loeser (1983) 
observed dose-related respiratory tract irritation 
in mice exposed by vapor inhalation to 2,4-/2,6­
TDI (80/ 20) at 0.05 or 0.15 ppm for 2 years; none 
was apparently found in rats. 

TDI stimulates the trigeminal nerve and is one 
of the more potent sensory irritants (Sangha and 
Alarie, 1979). Occupational asthma, or reversi­
ble obstruction of the airways in response to 
TDI, has been seen in workers exposed to the 
chemical (Wei! et al., 1981 ). Workers exposed to 
TDI at concentrations of less than 0.1 ppm had 
marked declines in forced respiratory volume, 
with reductions in the ratio of forced expiratory 
volume to forced vital capacity; forced expira­
tory flow was 25%-50% of the forced vital capac­
ity. Bronchial hypersensitivity to TDI developed 
in 4.3% of these workers, but there were no pre­
dictive indices for this response. Respiratory 
hypersensitivity has been shown to develop in 

guinea pigs exposed to 0.005 ppm TDI after 
dermal contact with the chemical (Karol et al., 
1981 ). 

In the present study, the late-appearing pat­
tern of mortality in rats could be a reflection of 
delayed hypersensitivity, as well as direct respira­
tory irritation. The incidences of broncho­
pneumonia were dose related in male and female 
rats, and this effect may have weakened the 
animals' resistance to further chemical challenge. 
The increased rate of mortality may also be due, 
in part, to TDI's inhibition of acetylcholinester­
ase, which could have compounded the animals' 
respiratory difficulty (Brown et al., 1982). The 
study by Brown and co-workers showed that 
2,6-toluene diisocyanate was 60 times more 
effective than the 2,4-isomer in inhibiting human 
serum cholinesterase. The commercial mixture 
of TDI used in the present studies consisted of 
80% 2,4-isomer and 20% 2,6-isomer, the latter 
being the active enzyme inhibitor. 

Despite the reduced survival, there was 
unequivocal evidence ofdose-related increases in 
tumors in rats and mice in the 2-year studies. 
About 50% of the tumors detected were observed 
in animals killed at the end of these studies; the 
rest were found in animals dying between weeks 
77 and 108. 

Tissues associated with the digestive system 
were primary sites of tumor induction and· 
included acinar cell adenomas of the pancreas in 
male rats, and liver tumors in female rats and 
mice. There were also increased incidences of 
islet cell adenomas in low dose female rats. 
Dose-related increases were observed in the 
number of male rats with nodular hyperplasia of 
the pancreatic acinus (control, 0%; low dose, 4%; 
high dose, 8%) and in the incidence ofacinar cell 
adenomas (control, 2%; low dose, 6%; high dose, 
14%). The corn oil vehicle used in these gavage 
studies may have contributed to the incidences 
of acinar cell tumors in male and female rats. 
High dietary fat levels were shown to enhance 
the carcinogenic effect of azaserine in rat pan­
creas (Longnecker et al., 1981; Roebuck et a!. 
1981), and enhanced pancreatic tumorigenesis 
occurred in ratSJ'_r_et!e~~_<i-~_i~~zaserine whose 
diets were supplemented with 20% corn oil 
(Longnecker et al., 1979). The National Toxicol­
ogy Program reexamined pancreata of un­
treated and corn oil gavage control male rats 
from 37 chronic studies and found a positive 
association between corn oil administration and 
the increased incidence of acinar cell hyperpla­
sia, adenoma, and carcinoma of the pancreas 
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(Boorman and Eustis, 1984). However, further 
evaluation of the data revealed the increased 
incidences of pancreatic cell adenoma in the corn 
oil gavage control male rats were also associated 
with elevated body weights relative to untreated 
controls (Haseman et al., 1985). There was no 
such relationship here since depression of body 
weight gain commenced at 10-20 weeks TDI 
treatment, and was dose-related throughout the 
remainder of the study. 

The systemic nature of the carcinogenicity of 
TDI was demonstrated by the appearance of 
tumors at multiple sites in male rats (fibromas 
and fibrosarcomas of the skin), in female rats 
(mammary gland fibroadenomas, adenomas, 
papillary adenomas, cystadenomas and subcu­
taneous fibroadenomas and fibromas), and in 
female mice (hemangiomas and hemangiosar­
comas). 

The tumors observed in the liver, pancreas, 
mammary gland, and subcutaneous tissues of 
F344/ N rats in these studies are the same type as 
those seen when 2,4-diaminotoluene-a possible 
hydrolysis product of 2,4-toluene diisocyanate­
was administered to the same strain (NCI, 1979). 
In the 2,4-diaminotoluene study, increased inci­
dences of neoplastic nodules and hepatocellular 
carcinomas were found in males fed diets con­
taining 79 or 176 ppm and in females fed 171 
ppm. Increased incidences of pancreatic acinar 
cell adenomas were observed in dosed males and 
in females that received 171 ppm. The incidences 
of mammary gland fibroadenomas in females 
were 10-fold greater in the low and high dose 
groups compared with controls. Furthermore, 
subcutaneous fibromas were found at signifi­
cantly increased incidences relative to controls in 
dosed male rats. 

In addition, 2,4-diaminotoluene causes in­
creases in hemangiomas and hemangiosarcomas 
in male mice and significant increases in hepato­
cellular neoplasms in both sexes of mice. 
Although TDI caused the same type of neo­
plasms in the present study, they were seen in 
female mice but not in males. There are no avail­
able metabolic data that might account for this 
difference in response. A probable hydrolysis 
product of 2,6-toluene diisocyanate (2,6­
diaminotoluene) was not considered to be carci­
nogenic for F344/N rats or B6C3F1 mice (NTP, 
1980). 

Disposition studies of 2,6-TDl in F344 rats 
showed that the majority of a 14 C labelled 60 
mg/ kg dose administered by gavage was 
excreted in urine and feces, accounting for 670(­

78% of the dosage in 72 hours (RTI, 1985). Very 
low amounts of 14C were recovered in tissues, 
ranging from 0.012% to 0.16% of the dose recov­
ered in blood, muscle, skin, adipose tissue, liver, 
and kidney. At 24 hours after treatment, about 
10% of the administered dosage was recovered in 
urine. The major urinary metabolite was identi­
fied by H PLC and confirmed by mass spec­
trometry and reverse isotopic dilution tech­
niques. More than half (54%) of the 2,6-TDI­
derived material in urinary 14 C was 2,6-bis 
(acetylamino)toluene, suggesting the parent 2,6­
TDI was hydrolyzed to 2,6-diaminotoluene 
which was subsequently acetylated and excreted. 

Other noteworthy effects observed in rats in 
the current studies included the brain tumors 
found in high dose males (two had gliomas and 
one had a pinealoma). Gliomas have been found 
in 3/995 controls in the bioassay program and 
pinealomas have not been previously diagnosed 
(Appendix E, Table E9). The evidence suggests a 
possible association between these tumors and 
administration of TDI. 

Differences in mean body weight gains, hyper­
sensitivity, and the incidences of neoplastic and 
nonneoplastic lesions in animals in the present 
studies emphasize differences in the degree to 
which TDI is toxic in different species and sexes. 
Both female rats and female mice received doses 
of 60 or 120 mg/ kg, and most of the rats died 
during the study. Male mice received higher 
doses (120 and 240 mg/ kg) than male rats (30 
and 60 mg/ kg), yet mortality and decreases in 
mean body weights were less severe in the for mer 
group, and no tumors were detected at statisti­
cally significant incidences in male mice. Male 
and female rats and female mice showed positive 
evidence of carcinogenicity associated with TDI 
administration. The species and sex differences 
in sensitivity to TDI may be metabolic, but no 
experimental data are available. 

Loeser ( 1983) exposed groups of 126 male and 
female Sprague-Dawley CD rats and 120 CD-I 
mice of each sex to 0, 0.05, or 0.15 ppm 2,4-/2,6­
toluene diisocyanate (80/20) for 6 hr/day, 5 
days(wk by whole-body vapor inhalation for 
108-110 weeks (rats) or 104 weeks (mice). Survi­
val for rats was similar among groups at the end 
of the study (males: controls, 35%; low-dose, 
33%; high dose, 29%; females: 32%, 25%, 36%). 
Survival for mice at study termination was: male 
mice-controls, 22%; low dose, 30%; high dose, 
30%; female mice-40%, 23%, 26%. In both 
sexes of rats there was a dose-related increase in 
the incidence of rhinitis in the anterior portion of 
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the nasal cavity. The lesions were characterized 
by squamous metaplasia and hyperplasia of the 
epithelium, variably accompanied by leukocytic 
infiltration in the lamina propria and exudate in 
the lumen. For mice, chronic or necrotic rhinitis 
was common in exposed groups, with lesser 
lesions of the lower respiratory tract (bronchitis) 
and eyes, particularly in the 0.15 ppm group. No 
evidence of TDI-associated benign or malignant 
tumor induction was reported. The exposure lev­
els used by Loeser correspond to daily gavage 
doses of less than I mg/ kg, even assuming 100% 
retention of inhaled TDI, and may not have been 
optimal doses to adequately detect a potential 
carcinogenic response. 

There are also conflicting reports about the 
mutagenicity of TDI. Anderson and Styles 
(1978) originally reported that 2,4-tolue~ne diiso­
cyanate of unknown purity was non-mutagenic 
in a study of 120 chemicals performed by Pur­
chase et aL ( 1978), but several known mutagens 
were also reported as negative, suggesting a lack 
of definition in these studies. Andersen et al. 
(1980) later optimized the procedure for testing 
volatile isocyanates, and in a study with ade­
quate positive and negative controls showed that 
a mixture of 2,4- and 2,6-toluene diisocyanate 
(Desmodur T80) caused a dose-dependent muta­
genic response utilizing S-9 activation in Salmo­
nella typhimurium strains TA98, TAIOO, and 
T A 1538. The positive control was 2.4-diamino­
toluene, a probable hydrolysis product of 2.4­
toluene diisocyanate, which Ames et al. (1975) 
reported to be mutagenic. In the NTP tests, both 
2,6-TDI and a mixture of 2,4- and 2,6-TOI were 
mutagenic in Salmonella typhimurium strains 
T A 98 and T A 100 in the presence (but not the 
absence) of Aroclor 1254-induced male Sprague­
Dawley rat or Syrian hamster liver S9. Neither 
sample was mutagenic inS. t)phimurium strains 
TAI535 or TAI537 with or without metabolic 
activation (Appendix L). Loeser (1983) reported 
the results of a micronucleus test as showing no 
dose- or treatment-related percentage increase of 
micronucleated erythrocytes from rats and mice 
exposed to 0.05 or 0. 15 ppm (vI v) TDI vapor for 
four weeks (6 hr/day, 5 daysjwk). 

Toxicology studies with4,4'-diphenylmethane 
diisocyanate (M Dl) were recently deferred by 
NTP because of problems similar to those 
encountered with TDI-difficulties with dose 
preparation and unexplained toxicity in the 
short-term studies. For an adequate examina­
tion of the toxic reponses to this class of chemi­
cals, particularly to define the metabolism and to 

evaluate the biochemical and immunological 
toxicity, it would be necessary to conduct further 
tests at lower dose levels. Such a comparison of 
the toxicological properties of TDI, MDI, and 
other commercially important isocyanates in 
polyurethane production would be useful, since 
annual production of these exceeds I million 
tons (Sangha and Alarie, 1979) and only limited 
toxicological information is available (Wool­
rich, 1982). It would be preferable to test these 
chemicals by the inhalation route, since potential 
human exposure occurs primarily during their 
production (Wei! et al., I98 I) or during fires, 
when the pyrolysis products of polyurethanes are 
released. Woolley and Raftery (1976) stated that 
the yellow smoke released during decomposition 
of flexible polyurethane foam at 200°-300°C 
appeared to be a polymerized form of TDI. In 
another study, results of gas chromatographic 
analysis and mass spectrometry indicated that 
toluene monoisocyanate was the major decom­
position product from combustion of flexible 
polyurethane foams (Alarie et al., 1975). A 
report on the occupational hazards of firefight­
ing specifically cites the dangers of exposure to 
isocyanates produced from the combustion of 
polyurethane or encountered as neat chemical 
(Axford et al., 1976). 

In summary, the commercial mixture of 2,4­
and 2,6-toluene diisocyanate has been shown to 
produce a variety of toxic effects in humans and 
animals, including asthma, decreased respira­
tory function, delayed pulmonary hypersensitiv­
ity, bronchopneumonia, and inhibition of 
acetylcholinesterase. A possible hydrolysis pro­
duct (2,4-diaminotoluene) of the 2,4-isomer and 
the mixture of the 2,4- and the 2,6-isomers of 
TDI have been shown to be mutagenic. In the 
present studies, the pattern of multifocal tumors 
was similar to the carcinogenic responses pro­
duced by the hydrolysis product of the 2,4­
isomer. 

Conclusions: Under the conditions of these 
ga1•age studies. commercial grade toluene diiso­
cyanate in corn oil was carcinogenicfor F344IN 
rats. causing subcutaneous fibromas and fibro­
sarcomas (combined) in males and females. pan­
creatic acinar cell adenomas in males. and 
pancreatic islet cell adenomas, neoplastic 
nodules of the lilw, and mammary gland 
fibroadenomas in females. Toluene diisocyanate 
was not carcinogenic for male mice. TDI was 
carcinogenic for female B6CJF1 mice. causing 
hemangiomas or hemangiosarcomas (combined) 
as well as hepatocellular adenomas. 
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RATS ADMINISTERED TOLUENE DIISOCYANATE 
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TABLE At. 


SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS ADMINISTERED 

TOLUENE DIISOCYANATE IN CORN OIL BY GAVAGE 


VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

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

INTEGUMENTARY SYSTEM 

MSKIN (50) (50) (50)
PAPILLOMA, NOS 1 (2Y.)
SQUAMOUS CELL PAPILLOMA 1 C2Y.)
SQUAMOUS CELL CARCINOMA I (2Y.) 
TRICHOEPITHELIOMA (2Y.)
KERATOACANTHOMA (2Y.) 1 (2Y.) 

MSUBCUT TISSUE (50) <SO> (50)
BASAL-CELL TUMOR 1 (2Y.)
ADENOCARCINOMA, NOS 1 (2l0 
SARCOMA, NOS 1 (2Y.) 
FIBR0~1A 3 (6Y.) 3 ( 6Y.) 9 (18Y.)
FIBROSARCOMA 3 (6Y.) 3 (6Y.)
FIBROSARCOMA, INVASIVE 1 (2%)
FIBROADENOMA 1 C2Y.)
MESOTHELIOMA, INVASIVE 1 (2Y.)
OSTEOSARC0:1A 1 (2Y.)
NEURILEMOMA, MALIGNANT 1 (2Y.) 

RESPIRATORY SYSTEM 

#LUNG (50) (50) (50)

ALVEOLAR/BRONCHIOLAR ADENOMA 1 (2Y.)

ALVEOLAR/BRONCHIOLAR CARCINOMA 1 (2%)
OSTEOSARCOMA, METASTATIC 

HEMATOPOIETIC SYSTEM 

MMUL TIPLE ORGANS (50) (50) (50)
MONOCYTIC LEUKEMIA 11 (22Y.) 4 (8%) 4 ( SY. > 

MMEDIASTINUM (50) (50) (50)
TH 1·1 ~1A 1 " 

# HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
M HUMBER OF ANIMALS NECROPSIED 
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED) 

--------------------------------------------------------------------------------------· 
VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

#THYMUS 
ALVEOLAR/BRONCHIOLAR CA, INVASIV 

(27) 
1 (4%) 

(37) (36) 

CIRCULATORY SYSTEM 

IEMUL TIPL E ORGANS 
HEMANGIOSARCOMA, 

IHEART 
NEUROFIBROMA 

1tL IVER 
HEMANGIOSARCOMA 

INVASIVE 
(50) 

(50) 

(50) 

CSO> 
I C2X) 

(50) 
1 C2X> 

(50) 
1 ( 2%) 

CSO) 

(50) 

CSO> 

DIGESTIVE SYSTEM 

ISUBMAXILLARY GLAND 
SARCOMA, HOS 

I LIVER 
NEOPLASTIC NODULE 
HEPATOCELLULAR CARCINOMA 

#PANCREAS 
ACINAR-CELL ADENOMA 

#STOMACH 
MESOTHELIOMA, METASTATIC 

(50) 

(50)
7 ClitX> 

(47) 
1 C2X) 

(49) 
1 C2X) 

(50) 
1 C2X> 

(50) 
2 C4X> 
1 (2~0 

(47> 
3 (6"> 

(49) 

C48> 

(50) 
2 Cit"> 
2 (4%) 

(49) 
7 C14X> 

(47) 

URINARY SYSTEM 

#KIDHEY 
ADENOCARCINOMA, HOS 
PHEOCHROMOCYTOMA, METASTATIC 
FIBROSARCOMA, METASTATIC 
NEPHROBLASTOMA 

IPERIREHAL TISSUE 
LIPOMA 

(50) 
1 C2X> 

(50) 
1 C2X) 

(48) 

1 C2X) 

(48) 

(49) 

(2~0 

czx> 

EHDOCRIHE SYSTEM 

IPITUITARY 
ADENOMA, NOS 

I HUMBER OF ANIMALS 
IE HUMBER OF ANIMALS 

WITH TISSUE 
NECROPSIED 

C50) (44)
2 C4X) 

EXAMINED MICROSCOPICALLY 

(49) 
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED) 

--------------------------------------------------------------------------------------· 
VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

CHROMOPHOBE AOEHOMA 3 (6Y.) 4 (9Y.) 7 C 14X) 
CHROMOPHOBE CARCIHOMA 1 C2X) 1 C2X) 

IADREHAL <50) (49) (50)
CORTICAL CARCINOMA 1 (2!0
PHEOCHROMOCYTOMA 12 C24X) 7 C14X) 6 ( 12~0 
PHEOCHROMOCYTOMA, MALIGNANT 1 C2X)
GANGLIONEUROMA 1 C2Y.) 

tTHYROID (46) (49) (47)

C•CELL ADENOMA 2 C4X) 2 C4X> 

C-CELL CARCINOMA I C2Y.) 2 C4X) 2 (4Y.) 

tlf'ARATHYROIP (34) (36) (33)
ADENOMA, NOS 1 C3Y.) 

IPANCREATIC ISLETS (47) (47) (49)
ISLET-CELL ADENOMA 1 (2Y.) 2 (4'l0
ISLET-CELL CARCINOMA 2 C4Y.) 

REPRODUCTIVE SYSTEM 

MMAMMARY OLANO (50) (50) (50)
FIBROADENOMA 7 C14X) 1 C2X) 3 C6Y.) 

MPREPUTIAL GLAHD (50) (50) (50)
ADENOMA, NOS 7 (14Y.) 1 (2Y.) 

ITESTIS (50) (50) (50)
INTERSTITIAL-CELL TUMOR 48 C96Y.> 35 C70X> 29 ( 58!0 
INTERSTITIAL-CELL TUMOR, MALIGNA 1 cz:o 
MESOTHELIOMA, NOS 2 < 4X) 
MESOTHELIOMA, MALIGNANT 2 C4X) 1 C2Y.) 

NERVOUS SYSTEM 

IIBRAIH (50) (49) (50)
CHROMOPHOBE CARCINOMA, INVASIVE 1 C2X)
PINEALOMA 1 C2X)
GLIOMA, NOS 2 C4X) 

SPECIAL SENSE ORGANS 

IE EAR (50) (50) (50)
SQUAMOUS CELL CARCINOMA 1 <2Y.) 

t HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
IE HUMBER OF ANIMALS NECROPSIED 
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED) 
--------------------------------------------------------------------------------------· 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

MUSCULOSKELETAL SYSTEM 

*ABDOMINAl MUSCLE 
FIBROSARCOMA 

*CARTILAGE, NOS 
LIPOMA 

(50) 
1 (2Y.) 

(50) 
1 C2Y.) 

(50) 

(50) 

(50) 

CSO> 

BODY CAVITIES 

*MEDIASTINUM 
ALVEOLAR/BRONCHIOLAR CA, 

*ABDOMINAL CAVITY 
INTERSTITIAL-CELL TUMOR, 

*PERITONEAL CAVITY 
MYXOSARCOMA 
LIPOMA 

*MESENTERY 
MYXOSARCOMA 
LIPOMA 

*TUNICA VAGINALIS 
MESOTHELIOMA, NOS 

INVASIV 

METASTA 

(50) 
l (2Y,) 

(50) 

(50) 
1 (2Y,) 
2 ( 4Y.) 

(50) 

1 (2~) 

(50) 

(50) 

(50) 

(50) 

(50) 
1 (2Y.) 
I (2~) 

<50) 

(50) 

(50)
1 <2"> 

(50) 

(50) 

(50) 
1 (2Y,) 

ALL OTHER SYSTEMS 

*MULTIPLE ORGANS 
ADENOCARCINOMA, NOS, METASTATIC 
MYXOSARCOMA, METASTATIC 
MESOTHELIOMA, NOS 
MESOTHELIOMA, INVASIVE 
MESOTHELIOMA, METASTATIC 

(50) 
I (2Y,) 
1 (2Y.) 

C2Y.) 
(2Y.) 

(50) 

1 (2Y.) 

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

(50) 

1 (2") 
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED) 
--------------------------------------------------------------------------------------· 

ANIMAL DISPOSITION SUMMARY 

ANIMALS INITIALLY IN STUDY 
NATURAL DEATH<il 
MORIBUHD SACRIFICE 
SCHEDULED SACRIFICE 
TERMINAL SACRIFICE 
DOSIHG ACCIDENT 
ACCIDENTALLY KILLED, NDA 
ACCIDENTALLY KILLED, NOS 
ANIMAL MISSING 
ANIMAL MISSEXED 
OTHER CASES 

~ INCLUDES AUTOLYZED ANIMALS 

TUMOR SUMMARY 

TOTAL AHIMALS WITH PRIMARY TUMORS~ 
TOTAL PRIMARY TUMORS 

TOTAL ANIMALS WITH BENIGN TUMORS 
TOTAL BENIGN TUMORS 

TOTAL ANIMALS WITH MALIGNANT TUMORS 
TOTAL MALIGNANT TUMORS 

TOTAL ANIMALS WITH SECONDARY TUMORS I 
TOTAL SECONDARY TUMORS 

TOTAL ANIMALS WITH TUMORS UNCERTAIN­
BENIGN OR MALIGNANT 

TOTAL UNCERTAIN TUMORS 

TOTAL ANIMALS WITH TUMORS UNCERTAIN­
PRIMARY OR METASTATIC 

TOTAL UNCERTAIN TUMORS 

VEHICLE 
CONTROL 

50 

6 

8 


35 

49 
127 

48 
98 

18 
22 

5 
7 

7 
7 

LOW DOSE 

50 

26 


4 


14 

6 

35 

77 


35 
58 

13 
14 

3 
4 

5 
5 

HIGH DOSE 

50 

27 

12 


8 

3 

33 
95 

31 

67 


18 

23 


4 
4 

5 
5 

M PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS 
t SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN 
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---------------------------------------------------------------------------------------

TABLE A2. 

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS ADMINISTERED 

TOLUENE DIISOCYANATE IN CORN OIL BY GAVAGE 


VEHICLE 
CONTROL LOW DOSE 

ANIMALS 
ANIMALS 
ANIMALS 

INITIALLY IN STUDY 50 
NECROPSIED 50 
EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
so 

INTEGUMENTARY SYSTEM 

~~ESKIN (50) (50)
PAPILLOMA, NOS 1 (2%) 

IESUBCUT TISSUE (50) (50)
BASAL-CELL TUMOR 1 (2")
FIBROMA 1 (2")
FIBROSARCOMA 2 (4")
LEIOf1YOSARCOMA 
RHABDOMYOSARCOMA 
FIBROADENOMA 2 C4X) 4 ( 8") 

RESPIRATORY SYSTEM 

#LUNG (50) (50)
ALVEOLAR/BRONCHIOLAR ADENOMA 1 (2:0 
ALVEOLAR/BRONCHIOLAR CARCINOMA t C2X) 1 (2%) 

HEMATOPOIETIC SYSTEM 

IEMUL TIPLE ORGANS (50) (50)
MALIGNANT LYMPHOMA, NOS 1 (2")
MONOCYTIC LEUKEMIA 20 C4ii'O 7 (14") 

ISPLEEN (50) (50>
MONOCYTIC LEUKEMIA 1 (2%) 

ftLUHG (50) (50)
MONOCYTIC LEUKEMIA 

ILIVER (50) (50) 
MONOCYTIC LEUKEMIA 

I NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
IE NUMBER OF ANIMALS NECROPSIED 

HIGH DOSE 

50 
50 
50 

(50) 

C50> 

3 ( 6:'.) 
2 C4X) 
I (2X) 
1 (2:0 
2 ( 4") 

(49) 
' ( 2") 
' (2") 

(50) 

2 (4") 

(47) 

(49) 
1 (2") 

(48) 
I (2") 
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TABLE A2. FEMALE RATS: NEOPLASMS {CONTINUED) 
--------------------------------------------------------------------------------------· 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

ITHYMUS (30) (31) (28)
THYMOMA 1 (3Y.) 

CIRCULATORY SYSTEM 

#HEART (50) (50) (49)
ALVEOLAR/BRONCHIOLAR CA, IHVASIV 1 (2Y.) 

DIGESTIVE SYSTEM 

IILIVER (50) (50) (48)
NEOPLASTIC NODULE 3 (6}:) 8 (16Y.) 8 (17Y.) 


IPAHCREAS (50) (49) (47)

ACINAR-CEll ADENOMA 1 (2Y.)
ACINAR-CELL CARCINOMA 1 (2Y.) 


ISTOMACH (50) (49) (45)

SQUAMOUS CELL PAPILLOMA 1 C2Y.) 


I DUODENUM (50) (46) (43)

ADENOCARCINOMA, NOS 1 (2Y.) 

URINARY SYSTEM 

HONE 
--------------------------------------------------------------------------------------· 
ENDOCRINE SYSTEM 

!!PITUITARY (50) (49) (49)
ADENOMA, NOS , (2Y.)
CHROMOPHOBE ADENOMA 25 ( 50Y.) 15 (31Y.) 16 (33Y.)
CHROMOPHOBE CARCINOMA 2 (4Y.) 


IADREHAL (50) (50) (48)

CORTICAL ADENOMA 2 ( 4Y.) 3 C6Y.) 5 ClOY.> 
PHEOCHROMOCYTOMA 2 ( 4Y.) 5 (10Y.) 4 (8Y.) 


ITHYROID (50) (47) (41)

FOLLICULAR-CELL CARCINOMA , (24) 

I HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
~ HUMBER OF ANIMALS NECROPSIED 
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED) 
--------------------------------------------------------------------------------------· 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

C-CELL ADENOMA 7 ( 1itY.) 2 (5~0
C-CELL CARCINOMA 1 (2%) it (9%) 1 C2lO 

!!PARATHYROID ( 31} (38) ( 31)
ADENOMA, NOS t <JY.) 

!!PANCREATIC ISLETS <SO) ( 4 9) (it 7} 
ISLET-CELL ADENOMA 6 ( 12%) 2 (it%')
ISLET-CELL CARCINOMA I (2'0 

·REPRODUCTIVE SYSTEM 

*MAMMARY GLAND (50) (50) (50)
ADENOMA, NOS 1 (2%)
PAPillARY ADENOMA (2%)
CYSTADENOMA, NOS 1 (2%) C2X)
LIPOMA 1 C2X)

FIBROADENOMA 15 <:SOX> 2 1 (it2X) 18 (36") 


lECL ITORAL GLAND CSO> (50) (50)
CARCINOMA,NOS 1 <2~0 
ADENOMA, NOS it (8%) 

*VAGINA (50) (50) (50)
SQUAMOUS CELL PAPILLOMA 1 C2Y.> 
ADENOMATOUS POLYP, NOS 1 (2%) 

#UTERUS (50) <SO> C47)
ADENOCARCINOMA, NOS 1 C2X)
lEIONYOSARCOMA 1 (2%')
ENDOMETRIAL STROMAL POLYP 12 (24%') 9 (18%') 8 (17%')
ENDOMETRIAl STROMAL SARCOMA 1 (2%') 


!!OVARY/PAROVARIAN (49) <50) (48)

LIPOMA 1 C2X) 

NERVOUS SYSTEM 

#PONS (50) <SO) (49}
CHROMOPHOBE CARCINOMA, METASTATI 1 (2%') 

SPECIAL SENSE ORGANS 

II HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
H NUMBER OF ANIMALS NECROPSIED 
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED) 

-------------------------------·--------·---------------------------------------------· 
VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

MUSCULOSKELETAL SYSTEM 

HOHE 

BODY CAVITIES 

MTHORACIC CAVITY 
ALVEOLAR/BRONCHIOLAR CA, IHVASIV 

(50) (50)
1 (2") 

(50) 

MABDOMINAL CAVITY 
LIPOMA 

(50) (50) 
1 C2") 

(50) 

MMESEHTERY 
LIPOMA 

(50)
2 C4f.) 

(50) (50) 

ALL OTHER SYSTEMS 

MMULTIPLE ORGANS 
FIBROSARCOMA,
OSTEOSARCOMA, 

METASTATIC 
UHC PRIM OR META 

(50)
1 (2f.) 

(50) (50) 

1 cz:o 
PERIORBITAL 

FIBROMA 
REGION 

HECK 
C-CELL CARCINOMA, INVASIVE 

ANIMAL DISPOSITION SUMMARY 

ANIMALS INITIALLY IH STUDY 
NATURAL DEATH41 
MORIBUND SACRIFICE 
SCHEDULED SACRIFICE 
TERMINAL SACRIFICE 
DOSING ACCIDENT 
ACCIDENTALLY KILLED, HDA 
ACCIDENTALLY KILLED, NOS 
ANIMAL MISSING 
ANIMAL MISSEXED 
OTHER CASES 

50 
8 
6 

36 

50 
19 
7 

19 

5 

50 
31 
13 

5 

a INCLUPES AUTOLYZED ANIMALS 

I HUMBER 
M HUMBER 

OF 
OF 

ANIMALS 
ANIMALS 

WITH TISSUE 
NECROPSIED 

EXAMINED MICROSCOPICALLY 
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED) 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

TUMOR SUMMARY 

TOTAL ANIMALS WITH PRIMARY TUMORSM 45 36 34 
TOTAL PRIMARY TUMORS 106 99 87 


TOTAL ANIMALS WITH BENIGN TUMORS 40 33 33 

TOTAL BENIGN TUMORS 71 77 66 


TOTAL ANIMALS WITH MALIGNANT TUMORS 28 13 11 

TOTAL MALIGNANT TUMORS 32 14 12 


TOTAL ANIMALS WITH SECONDARY TUMORS# 2 2 

TOTAL SECONDARY TUMORS 2 3 


TOTAL ANIMALS WITH TUMORS UNCERTAIN­
BENIGN OR MALIGNANT 3 8 8 

TOTAL UNCERTAIN TUMORS 3 8 8 


TOTAL ANIMALS WITH TUMORS UNCERTAIN­
PRIMARY OR METASTATIC 1 

TOTAL UNCERTAIN TUMORS 1 

M PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS 
# SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 2-YEAR 

STUDY OF TOLUENE DIISOCYANATE: VEHICLE CONTROL 


..UIH 
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TIU CtfOf:P I TtfEllOt'IA 
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I
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Hfl'J"'US . . - . - - . . . . . - . . - . . - ' - -I 
ALYEOLU/IIlONCI"'lOlAR CA, lHVAS!Vfl 1 

tlitCuLATORY hSTEH j I 
KURT I • • + •1 

~tnvnr~svns~t~e"r-------------~1~------------------------------------------------------~ 
UllUU i:iLAHD J.. ­ ,'I 
LIYU 

HEOI'L.I$11': MODULE 

IlL E DUCT 
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5PIALL JNTE'STUU; 

LARGE INU:UlHt I • t • • •I 

ORhtdY !YUiM I I 
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AllEKOCU,ttHO!'\ .. , ItO~ I I 
Ltf'DP'IA 

UlUIUY ILADDU I • • •I 

I 
PlTUlUlY ....... t 'f ., 

IIIDEHO!'\A, "01 
CHitOf'IOPHOIE AOfNOI"'A I 
tHI!I"OPH08E CARtiNDPfA 

.IDUMAl + f + •• + + 'fj 
COUlCAl CAilCIHOI.,... 
Pi'IE.QC.tlllOPI.QCYtO~'\A X X x]
G.UtOLJOrtfUIII.OI'tA 

TNTitOID 
C•CflL ADEHDP'IA 'I 
C-CE.ll CAIICUHIP14 

.,I PU.lTitYlOtO 
I 

PAI'I'C~Url: lUETS " • • • + •I 
ULU-Cll~ ADEI'IOI"'" X I 

U,itObUtttwE nit:!'\ .. . "A"'"'AIY GLAND + l'i + H N ' •
F IUU.C"ENOI"'A 

'TUUS . . . •I 
INTE11t5TITUL•CUL TUMOl X X X X X X X X XI 
11UOTHEll01'lJO • I"'AL IGHAHT 

PII:OSUU .: 
PUI"U'T UL.tCliTOIUL OLAND WNMHHNI'IHHHMN"'I'IH M N H H tt H' H ~ Nl 

IIIDENGI"''A, MOS X X XI 

•I 
MUStULOS!r.!L!tAl !Y\f£H 

,. I 

IIWSCI.E INN N N H H M Jill N N N N N ~ Pt H H N N K N 
~IIi~05AICDr'IA 

CUTti.ACE H H N H N H H H M Nj
itPOPIA I "' " • • • • • • • • M X I 

rt£DIA5TINUt'l I H N H ~ H )f H H H H N N " N ,.. H N N H N N H N H HI 
~~~~g~:~'IIQI\ICHI OLU CA, lNYAS JYEti-----------------------------------J.--------·--------+1 

I'EUlOHEIJI"' H H H H HI 
I'ITXGt.UCOhA II " " 
LJPOI"''A 

f'IU!HTU'I' 

LIPOI"'A 


il.l DHIU hUtMi 
MVLfl'LE OI!:GAH$ NQ'S I· .... " I 

H •••••••• H ' H ••• ' H H • ;iAD!HOC:U:C.lHOMA, H05, l"lEUU.aTIC 

~YXO~UCO"•· "ETA,TATIC 

!"'UOtKEUO~i, lKH~I'.Il 
 I i 
I"'ESOTHEllOI'lA, l"'f!TA$Urtc 
MONQCU J C l £UUMU I ); lX 

NO Tts5UE INFOfU''IATlOH SU!H"'!PEO 
C "ECROPH. MD HIS.TOtOt;;T DUE" TO PROTOCOL 
A. I.I,JTOL1''H, 
l"t AHII"''H "l'ii!II~G 
I MO .;E-CJtOP'!:IY P[RrO"I'lfD 
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED) VEHICLE CONTROL 

---------m,..,..,.---t-*1f-+H+-'H-+~--rr~-+1:-+H+-'H->+*-t+""*'-+~-H~+-' -HH-'H-+1--*--H-Hr :mis 
lUMORS 

nn1G~~*r.,r.s,~s~rT(~~--------~~u_~AL~~~~~u_u_AL~~~~~u_u_~~~~~~u_u_~-----f 

SKIH 
S;QVII.I"!OUS t.HL P.lPlLLC!H. 

Tl\lCl"OE.P t n~E.L I CMA. 

K,E.IUHU,CAI'iTMCMA 


SUIICI,;TAHEOU5 ~15!-U£. j + + • .. + • ... • • • .. t + • • .. .. ' • " • • • + • 
USII.t ~c-ELt lUI'\Ill "' 
A-CE.HOC:llliCHi!'i:'IA:, H05. ' 
~1\RCC/'IA, NO~ ' 
FlliR~f"'A I' 

UsPtlhrOR'f hst ....-M--------1-----------------------------+---t 
ll.IHGS AMO !J!.Ql'ICHI !G• + •t

,lillVEOLUillA.Cflit:l'ltOtAR ACE.I'iO:-IA I 
AL VEDlARI'!ILOI'I'CrO CL U CA.~CHICI"''A . I ' 

SO~E l"'fotUOW . . . ' . . . . . . . . •I .. 
TR,,;CHE• 1 ' J1 

' . . . . . . . . . .SPLEEN " I. . . . . . . . . . . . . .1. 't'MPH HOCU ' ' • 
H<l'I"'US ! " . . . " . . . . . . . " . . . . 27 ! 

Al V EOL Ul! li.OHCH l 0 L• It "· I!1\tH:vet 'I 

Cl-.UlA!O" "'"' 
HeUT 

I 
I . . . . . . . . . . . . . . . . •I 

I 
!G' ' 

010<>1 IVl >T>' EM 

f 

I 
' ' 

I ••. . . . . . . . . . . . . . . . .Sil.t lV.,R:T GttkD 

~:vu I . ; . . . . . . . . . . . . . .. ; . '~,1'4EOP'LUT1C HODULE ' 
IHf O"UCT ! . . . . . . . . . . . . . . . . . . ... . ' 
O.tLLIILAODEft I COI"'I"'QH BILE DVCl H H H H H H H H H H H H ...I " •••••••••• 
PutCRI!.U 0 II . . . . . . . . . . . . . . . . . " 

AClHU·CEU, A~UtOI'I.A ~ ' . . . . . . . . . .. . . . . . . . . . . ' 
ESDPIU.IJUS t . . . . . . . . . . . . . . . . . .5TCMACH 

l'leSOTHEL%01'!"-• l'IETASUTIC ' ' . . . . . . . . . . . . . . . . . . . . . . " 
'I"''ALL ll'llE:5TlNE 

lUG! IHTf:!!";'lHE I . . . . . . . . . ' . . . . . . . . . . . . .. I' ' ' 
1.1JUHAh i'f'UEM 

I 
liDP<eY I . . . . . . . . . . . . . . . . t sa 

AOE'HOCARC HIOMA, I X ' ' ' ' ' ' 
l.lPfJMA X ' 

URINUY JU,DDER 

"" i . . . . . . . . . . . . t . . . . . . . 
t 

. 
EHOOCOINE s,.,." I. . . . . . . . . . . . . . . . . ' . . . . . " 

' 

PlTlJrUR'f' !0 
-.O!NOMl I ' X z 
CfotR;QMOPHOU: ADEtjOI'\A I X X X ~ 
tHiitO~OPih'IE tUC!f/DI'tA X 

AORft!AL 

"" 
I . . . . . • . . . .. . . . . . . . . . . . . ' 

CORliC.\l C.lililC!HOMA I ' ' " I P'H£CCHRDMOC.'f1 OM.\ I X X X X X X l2 
OAH'GL IDH.£UROMA • I 

TH'I'RlllD 
' 
I . . . . . . . . . . . . . . . . . ,, ' 

C•t'ELL AOEH'11'U I ' X 2 
C•CEL l CARC. tiCII'IA X• 

PAR"HHYRL'J D I . . . . . ' . " . . . . " . . . ' - l< 
' 

II 
P'lf'!ICREAilC ULETS I . . . - . . . . . . . . . . . . . . . 

or 
IHET-C!U .IDEHOMA I ' ' I 

•tFRooucr IV• >T>' eM 

I 


I'U!I\MARY OU.HO I . . H . H • + . ; . . . . . .. . . ; ~ . 5011 ! 
FIBitO.\OEHOi'IA " . " ; 

TESTIS I . . . . . . . .. .. . .. . .. ' .. 
lHHR'SflTUI. .. C!LL TUMOR I 

+ 
X X X' X X X X' X X X X X X X X X X X X' X X . ~ XI " /"'f,CTH(ll(IMA!, f'IALI GIU./H 

P'RIJSUTE l . . . - . . . . .. . . . . . . . ' . . .... . •• 
·~ 

P'ltEPUTIAVC:L lTDUL CLA.N.O H H H H H H H ~" H 
ADEHOI"'A. HO:!I l H •X 

H • X' " " " " H • H 
X " " " "' 7 

••"'""' >Y» En 

JRAff'll + '
! . . . . . . . . . . . . . . . . . . I 

RUJCUlbSd LET. L >'>T<M ' " 
I 

I'IUU:LE H H H H HI • • H • 
' 

H 
FIJI,qQSARCOI'\• " H " • • • • ' " • "X " • H • "' ' ' 

C,I,RTlU.GE I N • . H • H • K • H K H H H ,.. 
LIPOMA I • " ' • • • • H " • H 

' 
!Obf AvifiES I 

I 
/IIEC!Ufl~UH I N H N K K K K H 

.at.VEOLU;BRONCHlOLU C.A, IHVASIVE~ " " H " " H • • " K • H " " • K • '" ' fl'tl".llfa"'A ' 
PE'-ITOH!UM I H K N N H H K H H N • H • • H H H H H s"" H 

ollfY)(O'SAitCOt'IA. I " H "X " I~ L IPIJl"'.t r • 
J'I(SiiNT(R"'' N N H H N H H H N H . H sa • 

U!I'QI"IA i H " •X " " • • • " " H • "I ' 
ill OTHER S'r ""' I 

~ULTIP\ E ORGANS HO$ H H H H N H H K K H H H" N " " • • • • • •a·
IAOEHOCARCINOMA, t4C$, MET.lSTArrc 

M'I'XOUJ!:COM~. ME'U.SUTlC X I 
MfSOTHEUOMA, IHYA$lV£ XI"" H ·! 

X I I' ~~~g~~ii~O~~Ux.JM~T ASTATIC X r 'X X 

• AHIM.U HfCP:l'"'SlEtl 
TUWI!: EXAJ1lHEO I'IICRQ'5CiJPICAL!,.Y 
tE!llllRED TI5SUE HCT ~XAMIHEO t'llCRDSI:OPlU.LLY 
TUMOR lNf;lCEHCE 

HO TIS'!IUE" IHFO,II::-:UtCti 5.U8f'!ITlEO 
~ECROi>SY, NO HI'51'0l.DGY DUE 10 P'RQTOCOL 
AUTDl '!'S!S 

N(CROP'SY, tiD .lUT{)\.Y!dS, ifO ~Ur;~IJSCOPit EXII.MIHATIOH A.HII"U.L I'I.IHIHO 
NO Hf!:cqof'SY PEUORMED 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 2-YEAR 

STUDY OF TOLUENE DIISOCYANATE: LOW DOSE 


. ,,I 
S\JICUUHfOU:.> TUSUE 
f'URGI'Il I 

FlU05irtGOI"'A I 

FUROSUCOMA, INVASIVE' 

FIUOAD£tt01'1A ! 

OS lfOURC0~4 


UVIRnoh $r,,....--------1-----------------------------+ 
I 	 I 


t.IJNO$ AND UOMCHt ' 	 •II •O$TEO$ARCDMA, I'IETUHTIC 

TRACHEA • 'I 
Hti'IUO~bJEfit SYSTEM ! 

tON:E f1URQW 

SPl.U::H 

lYMPH Ht1DU 

THYMUS I • 	 ••• + • -j 

I 	 I 

HEART 	 ••••• ~ • t ...... + ~ + •••• +lI •

MEURO,IUOMA I 	 XI 


~s·~no-------------+------------------------------------------------_, 
SAl. IUit'\" C,l.tHD • •I 
SA~t1)1'\l, :lOS I' 

I 	

I 
I 


UVI• 	 t + .. • + >t • ' + • I

ff!OPLUtlC: MODUlE I 

HEP.tTOCEli.ULU CA2CIH011A 

wt:f'l""t.to!lo~•co~' I

I· . . . 	
I 


&Hf DUCT 

G.UUL.tOOU I COI'II"'OH Ut.f DUCT 

PAMCRUS 	 .. . : . . . . . ; . . . . .. . " . . " . . . " " . . :1 
•I 

4UHU·CILL AO!MOI'IA 

ESOPHAGUS 	 . . . . . . . . . . . . . . . . . . . . . . . . 
sror..uat 	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :ISI'IAU lftTUUHf .. . . . . . . . . . . . . . . . . . . . . . . . LUGI! JNTUTUtE ...... '"'" 
~ID•EY 	 . . . . . . . . . . . . . . . . . . . . . . . . •I I 


FIUOS4.CCMA, f"'ETUTUlC . . . . . . . . . . . . ... . . . . . . . . . .URIHARY llADrt!lt 

I
·····"'"' >T>TErP1TUlTUY 	 . . . . ; . . . . . ; . . . . . . . . . . . . . •I 
CKROI'IOPHOI£ A0£HOI'IA 

lOR .MAL .. . . + . ... ;. + . . . . . • . . . •I
PH .OCHitOMOC:'I'TOI"'A 	 ~ . ~. __x 

I 

TtfYRtUD 	 . . . . . . . . . .. . .. . . . . . . . .. . •I
C.. C:£Lt. A£,!ti0MA I 

C•C£Lt CU:ClHOl'IA .~ 


PUUHYI':OIO 	 . + . . . . + . . . . + . . . . . . . . . . . + 

..	rftODUCT VE 5YST£r 

P'tAI1r1AR't Gl ANI) . . " . • .. " . " .. . . . N . . . . .. . 
'IIItDAtl!HQPlA 	 " 

TUTU 	 . . . . . . . . . .. . . . + . . .. " . . . . . . 
IHTERSTJTUL .. C!LL fUr10R X X X X X X X X X X X X X X X X X XI 

MUOTHELIOI'!A, HO$ I
. . f~DUATE 	 • • +l 

HbVOUi SYIT!M I 

IIU.Uf 	 • + • • • • • .. .\ 

I 

H K H H H " N H H H li H N H N N N H H H H H N H HI 

X 	 I 


H H H H M " K M " K " H H H N HI 
X 


NO TISSUE iHFORF'IATt\1~ $U&I'IlHEO 
C HEC:ROf'SYt Htt Hl5TQLOG'r DUE TO PROTOCOL 
A Jurovrus 

Ot YSU, NO I'IICR05COP1C !XAI'IIHATIOI'I PI AHII"'A\. MUSING 
B NO NECROPSY PERFORMED 
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED) LOW DOSE 
-~ .. -- ~ ·- .... - _ .... _ .. _.,."' "'- .. -- .... -- .. -- ..... _ ...... _ --- .... - .. - ...... - .. - ....... - -- _., _____ .... ------ -- ... ;oo ................. - ---- - ... -- .... - ........ -------- .. - ............. -- .. 


~~~w ~I il !I ~I !/;1 il i1 ~I il il ~I ~I ~I ~I ~~ ;1 il il ~lffiHH TOTAl 
rrnuum~~ ON 1 1 	 0 9 TUI'IOUi/ iJ ~ l/ !/ ~ lr !ll/ il ~~ H~~ E1 il !/1! il ll ll 

lN!tOVn•N AKY SYSltr . . . . . . . • . . . . . . . . . . .5UlltUHiiEOLI~ l I'S'SUE + + + + 
FlBII:OM" ' •X ~~·•FIIIROSArtCIJMA • • 	 • ' FURO!ARCCJM_., I~VASJVE X I 
f'lUOAOEMDMA X I 

' 
CST EOSHCOMA 	 I 

RUPihfolh SYSTEM . . . . .. • . . . . . .. . . .LiJHGS •HO !ROHCHI 	 + + + + + + + ~~ 
O'SHCS.UCOMA, 11ETASTATIC 

TUCH!A 	 + - . . . - . + . . . . - . . . . . . - . . + . + 

KEOAIUrUl<ll\; SY>Ttn 

&OME I'IAR'IIIIDW 	 . . . . . ' . . . + + ... 
-

+ ' • .. • + + • • .. " . . . ' . .. . . . ... . . .. - . . • . ..SPLEEN 	 + + + + 

LTI1PH l'tOD"E~ 	 ... .. . . . . . . - ' . - .. • • . • . 
THYr'IUS 	 . . . . + . . . . + . . . . . . . ' - . . . . + - . . 37 

CIRCULATOR' S' HEM 

' .... . ' . ... . ' .. . .HURT 	 + + + + + + + Sl 
HtU~OFlb.OI'IA 

OIGES!IV! SYST>' 
SAtl'fAR'r GtAHO . . . . . . . . . . . . . + . . . + . + . so 

' 
SARCOI'!.ol, HOS 	 ' ~ ' I . . . .. . . . . . . . . . . .. . .. .ll'IIER + + + + + 

NEOP'I.olSTlC HDDULE 
 " z 
HE.PA1'0CELLUI.Ail e.o.ciHOMA 	 1I 	 •HEMA'HG! OSAR~'':OMo\ I 	 I 

RILE DUCT . . . . . . . . . . ... . . . . . . . .. . . . 
CDMOH ............ .......... ...
OALLBUDDEil I !IIlE DUCT 

PAMCR~U 	

N . ; N . . . . . . ' . .. ... . . . . . + . . . . •1 
olClHAR·CHL "DEH011A 

ES.DPHAGlJ5 	 . . • + . . + . .. . . . ' . . . + . . .. + . .. . • .. . .. .. . .... . . ... .STOI1ACH 	 + + + + 

Sr'IA.Ll lNT!STl"'f . . . . . ... . . ... . . + . . . + . . .. ... .. . . ... . .. . . . . .. . . .LUCiE ItHUTIHE 	 + H• 
VRI~ARY S1 STE" 

IUDNE'r 	 . : . . .. . . . . + . - . + . . . . . + 
P"UIIIOSUCCr'IA, r'IEU.SfATtc: 

Ult.IHU'I' BU.DDEit . . . . . . . . . .. . . . .. . • . . . . + . u 
ENDOCRINE SYSTEM 

I 

l
. . . .. . . . . ; . . ; . .. . . . . . . ...P"IH111'~n 	 + + 

CHrDI10PHQif ADENOMA . ; . . . . . . . + . . + . . 4 ! ! . .. ..,AOHNAL 	 + 
P"HEDC.HRt'l:otOC'fTOI"!A . . . . . . .. . .. . . . .. ... . .TH'I'RDtO 
C•CELL AOEI<Dr'IA X 	 X. 	 " C.. Cfl.L CUCINOI'fA 	 ~ 

i . . . . . . . . . . . . . . . . .. .. - . . .P,A~olTHYl!liO 	 56 

RffiRObuCThE StSfEM 
I 
I . . . . . .. .. . . . . • ! . . • .. 50•r'IA:111AII:Y GLAHL' 	 ' N N + 

FUiii:OAO!.HD"1.. 	 I 

T[STl'S 	 I . . . . ... ... .. . . . . . . . . . . . ' . IHa'RSfi!'loll-t:HL TUM'!: I X X X X 	 B 
I • X •X • • • • X • X • • • " 2"'E'lQT~HHH"'i, 

I"!I.O'HATC "' . . . . . + . . . . . . . . .. . . . + . . . 
NU'vOOS SYSTEM . . ... . . . . . . . . . . . . . . . . . . .. " UAIH 

OOOY IES• 
MES!HT(.t'( 

11UO!IARC:011.l " " " " " • • " • " • " • • • • " " " " H • " " • "' I 
UPIJMA 	 l 

"' "'"'" "'""' 
MOl TIPL£ ORO AN'S HOS 	 H 

IMUOTtiELIO!'U, ••• • N " • " " " H • " " " " • H " • " " " " • " " '" 
HEMAHGICSARCO~A. iNVASIVE 

tlQ~Q,IllC Ll:!JUMU 
 ~ 

II: AH!r'IAL HEC"-Of'StED 
+ 	 it~'!IU£ E:iAIIIHEO t".tCIIOstllPlt;:Ht'1' tiC TUSUE IHfO(MH!OI'l SIJ!I"'HHD 

lt(~IJJHO ll~O:.i,;f HOT EXI\MIHE.D r'II!;ROHDI"lCAll'l' 'HEt'lt:!f'!IY, HO HISTOLO~l' DUE 10 PRDTDC:OL 
H.W:::JR lHCJOEHtE AUTtll T'!ll') 
~Ec.RDPST, hO ,\lJTDl¥!11!1, 1'\0 l'liCJUI'JCOPlt. ~UI1IPHTICH olhlM'i. !"'tHlHO 

Hll HEC:ROP!1'1' PUfDR:MED 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 2-YEAR 

STUDY OF TOLUENE OIISOCYANATE: HIGH DOSE 


I 
!I(!N +- M + + t • + + i' • + •I 

P.-.PillOI'U.. :(OS 
~QU ... ,.,OU5 C:Ell CAIIICHHII"'A I 
KE'U.IOACAIH~-CMA . . ·I5U!CUTAN£CU'S TISSUE + f .. + + + + + + ... + + ...H • " " +
FIUOM.l 

fiiSROSARCOM.-, 

I"'HOTHEtiOMA, iHVA!i!VI!! 

HEURILEI'!.Ol'IA, "'ALIQMJI1'H 


RE5PIIUtORY SYSTEM I 
LUI"GS AMrt UONCHI 

tltACiiEA I -

HEMhdPOIETic SYSTEM 
:1!10,-.E l'IUilOW I 

'I 
SPLEEN 

t YI"'PH HDC£5 . . .
THY!'IUS 

CtRtOLATOih' :.YSfEM 
HEART + + + + + t • f + + + + • + • + .. + + + • + • 

tHGESlivE SYSTEM . . . . . . . . . . . . . . . . . . . . . .!ioHHIARY CLAttD - + . . . . . . . . . . . + . . . . . . . . .LIVU + + 
HEOPUSTIC M'ltUlE 

tlflliTni"F! lUl ~, cur;JN!J"'J. 


ULE CUCT 

OALLILADOU a tOMOH !IL£ over NHNHHHN NHHNHH_l(_ H.lL_H H M ...H N H 

P.t.NCREAS . 
•ctH•~·CfL L .ADENOMA X X :, 


ESOPitlGUS - . . . 

srarucli . . . . . . . . . . . - . + . + . . . . 
51'1All HHESTIME . . + . . . . . . . . . . . -- .. - . . + . . . . 
i.UOf INTEUtl'tiE I . . . - . + . + . + . . . . . . + - . . . 

iJUHAh sYSTEM 
I 

KIDMEY .. . . . . . . . . . . . . . . . . . . . 
Pl'iEOCM.IlMOtY'tOI'Ii\, 1"it'IUTAT1t 'I 
HE'PHiiiOILUT0/'1 ... ' 
UU~UY llADtrE!l . . - . . . . . . . . . . . + . . . + . . +I 

JHDO<•IHO 5Y>"n 
I 

P[TIJJ!UY . . . . . . . . . . . . . . . . + . . . •! 
CHR:~"'OPMOH ADENO"''A X X 
CMfit:OI"'Of'HC!n CAI~CINOI"''A i 

ADIHHAL . . . • + t • + + + + .. • + •I 
PHEOCHR:DII!IC CYT CII'IA X I 
f'Hf:CCHR,OMOtYTOI'IA, "'AllCiNA.MT 

JHYUlD ! + + • + + +I 
C•tf.ll CUCiHOI'IA 

PUATHUOID II X _; • 'II 
AOE~OI'IA, MD$ . ~ • 

'~=r:~~Jirl r:~~~~MA I t ; .I• 

1"'U"•~kirfsb.,~tl<tTfr.i'ifQn'e~ris~ilt~~i~·~;.'!JJn"::.:''------T'------------------------·---------'\ 
11AI"PUlY Ot.AKL II + + H + H • " C H H • ' • + ..! 

FlUOAtlfHC"'A . "' !< •1 
T~STU I + + + + + + t + + + " •I 

Il"!lER5JilUL-C!LL TUl'IOR ! :X: X X X X )( X X X X X" 
ItHf.IUTHUl-C£Ll tUI'\OR, 1'11\lt~HAH\ 
"'ESOTHEL101"1A, 1"1AL lGtCJ1rolT 

IIIR.DSTATE 

PREPUT Ult'Ct lTDJt.U Gl.IH~ N N N H H H H 

ACENC,'IA, f'IOS 
 " ' 

.ItiAlH 
CHROl'IOf'HOU: CU.ClNOI•U, IHYASliJ'f 

PINUlOMA ! 

il\..101\L Hll!l 

SPECht SEASE ORGlHS I 
I 

EAR ' "I!5QUAI"'OUS CEI.L CUC::IHQPU1 

HR I TONfUI"' ~ M N ~ H N H H H ~ M H N 1; H H M H ~ ,.- H N M jo,j H l 
f,HT(R$TlfUL-CHL Tl,II"'OR, I'IEUSTAT+-----------------------------f 

rtUL rt P~ E OJIIG~HS NOS H H 

"'ESIJTN!llOI'IA, PHIS 

J10HOtYpC I EU!(EI"'tA 

TUSUI: f:XAMI~Etl 1'\lCRO~COPICAllY' "'0 TISSUE I-.tF'CAM.I.T[ON 5UBM!TTEO 
HfOIUUED' T!~~UE M01 EUI'!lMEO l'ltCM05CCPIC.lllT' c: ME::~OPS'r', MC Hl!lfOLOGl' DUE TO Pli:OfOt'Ol 
TUMOR IMCli)EHCE A· AUTCL YS J S 
N£cJ.OP'!.T, NO .lUTOt'I'S:S, HC P'llC!iiD$COPIC EUf'I!P<OAflOM f'l AHli'I'Al I"'ISS!NQ 
AHlPU.\. I"'IS-SE::tE.D t' ~0 ME.I;A:.CP'S'l" Pf.lt!'Oft"'!ED 
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 


S.llllYARY GL.A.t>.O 

liVER 
HEOP~ASTIC NOd.ILE 
Ht;PATOCHLUlA~ CAIIC!HOMA 

B!lf DUCT 

GAUeLADDH & COMMON SHE DU"i 

PANCREAS 
ACr"'AR~CEll AOEHO,"\A 

fS;:IPHAGUS 

STOMACt< 

S!'l~U VHE51HtE 

<!01{£'( 
flHEOCHROMOC'T'TOMA, I"':E";ASTAi!C 
~EPHRO!hASTOMA 

P!'!'UIH'tY 
CHRCM::!PHOH AOE"'O~~ 
Cl-li!OMOPHOH CAR:CIHQr",A 

AOIUHAL 
PHEOCHROMCC'I'T OMA 
PHEOCHRCMOCYT OMA, to: A;. IGhAI;T 

nrr",:Ho 
C·CELL CARCl"'~MA 

• 	 AM!r':Al$ HECROPSI£0 
ilSSJE EXA!•\!t<IED MICROSCOPICUl'f HO TISSUE l~FCI!.!1ATIOH SUa/'I!TTEO 
REQW!RED TlSSUE NOT EXAMlHEO ~!'CROSCOPICAU.Y HECROPS'f, HO HUTOUlGY CUE TQ PROTOCOL 
T...'MOR_ IHCIOEHCE AUTOLYSlS 

AHIHU MtsSlNG 
NO NECROPSY PER:FOR:-\EC

ttEC~OF'SY) 1~0 Al:TOL 'iSIS, t\G ~HCR:OSCOPIC €XA"\HiHICN 

73 	 Toluene Diisocyanate 



TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 2-YEAR 

STUDY OF TOLUENE DIISOCYANATE: VEHICLE CONTROL 


St'I..EEK 

r'IONOCYHC I.EUK.£1'1U 
 "I 

l 'ri'IPH N'ODU 

THYMUS I • - + + ':' • •I 
CIR¢0Litb0 SYSTEM 

HEA!tT I • 
OIGUTIVE SYSTEM 

$H!UR:'I' GLAND 

LIVER 

HfOF'LASiiC !'CDULE 


BILE DUCT 

GALL!!LAO.DU & COP"'I"'OH Ill£ DUCT 

PANUHS • • I 
I 

UOPHAGUS 

5TO,.,ACH + + •I 
SQUAJ'tOU$ CELL PAPILLOMA ' 

• ISM.U.t li'ITESTI!f£ 

LUGE lHTfSTIHE + + + + + 

\HqnAKY I tn 

KIDNEY • • + + + 

URINARY JLAr<-:,Eft 

I
! + + + + .. 

I X X X X X X 

ADRENAL 
CORTICAL ~DEHOM'A 
f'HEOCHROI"'OCYtOfi!A 

THYROID + + + + 

FOLLICUL.ut"'CELL C.tltCU'iOPIA 

C-CEll ADEHOMA X X 

C-t!ll CARCINOMA 


PA'lUHnOID 
AD£triDI'U, HO~• -·-··--······· .. 

X 

REI'ii!onOtTIV! 5Y 
P\A!'1!"1ARY QUMD . . . . ~ . . . . 

PIUOAOE"'OMA 

f'REPUUAL/CUTORAL GlAI'I'O 
CARCINOMA, HOS 

UTUUS + + + + + +I • • 
AOEHOCARCI~OMA, NO$ X I 
fHDOI'IETRUL STROMAl. POL Yf' X X 
EKT'l0f1ETRUL SUOMAl SUCOMA I 

! I .. . . . - . . . . . . .,OVARY 
liPOMA 

"t.VUU r>TOM 

J.RAlH . . . . . . . . . . . . . , . . . . . . . . . . ·I 
CHROMOPHOIE CAMClt401U, MEU$UTIC 

DVV' \iAV, It> 

1'\UEitTERY 

llPOI'IA 
 H ~ H H H H H H H H H " " H " " " H " H H H H H ·I 

" H H " H H " " H " " H H H N " N H H " H " " H ·I 
X X i 

TlUV! !X MICR0$COPICAU Y NO Tn~·.. E l~FORMATlOH SU!Ml11ED 
RE~U!R!D HOT !XAMXHEO MICROSCOPICAllY MECAOP'i'fo NO HISTOLOOY 01JE TO PROTOCOl 
TUMOR IHC AUTOL YU$ 
HECiitOf'SY, AUTOL Y$1!, HO MICROSCOPIC !XAMINATION AHIMAl MUSING 
AHIMAL l'IIS· EXED HO NECROPSY PER.FO!tMED 
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TABLE A4. FEMALE RATS: TUMOR PATHOLOGY (CONTINUED) VEHICLE CONTROL 

---------'"'"'1!1!--; -.-Hr+-'t+-++--tt--++--tt-tl-i1t-tH-HrHH-++--tt--++--tt-fol-i1t-tH-Hr+-'t+-++-+tr :m~, 
TU"OU 

IAT!GOH@RTXh ! hffJII 
SUICUTAH!OUS TUIUZ . . ,.. 

,IUOSUCOMA X 	 z 
FlUDADf:HOI'\A 	 z 

LUNG$ AND IROHCHI 	 so 
AI.Y!'Ol.A~/UDHCHIOLA .. CUCIHOI"\A 

TUCK!A 	 •s 

lOME "AUOW 

S"LEf:H 

f"'OHOCYT 1 C l EUKf:f'II A 


l Yf'IP'H NODES . . . . . . . . . . - . . . . . . . . . . . " .. 
THYI'IUS 	 - - . + . .. + + . - . .. . - so 

Ctii!EDtlfOIU '""" .. .. ... . .. .. . . .. . . .. . .. 
DlGt>T « >TOTtM 

HURl 	

.. . . . .. . . . . . . . 
+ 

. . . . 
+ 

. " 
ULIVA~Y GLAND 	 + + + + + It . . . .. . ; . . . ; . .. . . . .-~ . . s~LIVE~ 	 + + + + 

HEO,LASTIC MDUL! . . . . . . . . .. . . . . . .. . . . ... .UU DUCT 	 + 

OALLILADDE~ I COMOH Ill! DUCT 	 _!IINN • NN M• • ••·~~·~~·~ H~LMHM. . . . ... . . . . . . . .I'AHCIIt!AS 	 + . . . . . . . . . . . . . . . . . . . . . . . " 
no•HAOUS 	 + . . . . . . . . . . ; . . . . . . . . .. ..STOI'!~CH 

S4UAI"''OUS C!t.L ,.AP'JllOI'IA . . . . . . . . . . . . . . . . . . . . . " 
SMAll IHTESTIH! . . . . . . . . . . . . . . . . .. . . .L.UG! JHrUTlH! 

••· HhY >hoon ... . . . . . . . . . . . . .... . . . ..HDH!Y 	 + __tj . . . - .. . . . . . . . ... . . . . . .UltlHART ILADDU 

••••«••• >Y "" 
'rrun.ur 	 . . . . . . . . . .. . . .. . . . . .. . . . . sa 

.AD 'HOf'IA , HOS X I 

CH ,\ Or'IDfliHOU: ADEHOf'IA X X X X X X X X X X X X X X X 

CHitOMO,.~OU: C.UClHOf'IIA X 
 2~ . . . . . .. . . .. . . . . . . ... . . ..ADRENAL 	 so 
COIII:TJCAL A!)f:HOF'U 	 X 

I"HEOCHitO..,DCYTOI'tA X 	 ~ . . . . . .. ... . . . . . . . . . . ..THYROTD 	 sa 
FOLLICULAR-CELl CAitCJHOI'IA X I 

C·CEL L AO£t4Qr'IA X X 1 

C·CE:ll C.UCJH0f1A X 


I'.UATHTIItOID 	 - . - - . - . . . . . . - . . Sl 
AOI!HOI'tA, HO~ 	 I 


......u., Vt >Y>TtM . 	 .fUI"'f'IAIII:Y GLAND ; . . ; .-~ . l _; ; ; . ; . . ; . ; so• 
fliii:04DEH01'1A " " ·~ 	 I 


ftltf,-UT IALI'CL I TOUl GLAND H H H H H H H H H H SO• 
CUC I HOI"'A • NOS • ~ . 

• " • • H • H • H " • " " I 


UH~US 	 . . . . . . . . . . . . . .. so 
AD!HOC.UCIHOI'Il , HOS ' ' I 

ENDO,..EUUL STIII:OI"'AL '0L Y, X X X X X X IZ 

fHDOI"''(UU.l '5U.OMAL '5AitCCM, I 
. . . . . . . . . . . . • . . . . . .OVA"-Y 
l JI"OI"'A 	 X I 
" 

.....u. '""" . . . . . . . . . . . . .UAIH 	 " I
CH~OMO,HOIE CUCIHOMA , IUTUUTIC 	 X 


100' C:AWlTlU ,.,l"'fSENTUY 	 H 
Lli"OMA 	

I " • H • • • • H • • H " • • • • • • " lX " " " " 	 " 
ALL OTH•• >UHM> . • H 	 ...,.Ul Tri"L£ ORGANS NO$ 	 H H H H H H H H 

l'lfU! . .. TIC " " • H • " • " • H • " " • I
FIUOS.UCOPU, 	 X 


· •os X
~~~mm f!~~~g"• X X X X X X X X X X X X X .: 

• 	 AM ll'l .. lS NftltO'S I fD 

TUSU( (X&t-IIHED 1'1lCIItOSC0'ICAllT 
IHOUlRED TISSUE HOT (XA:O:lti(D 1'\ICitOSCO,.ICALLY 

· ,: TUI"'Oit lNClDfHCE 

H I N(CIO,ST, ttO AU70LYSIS, HO HlU0$C0,.1C f.'(A MIHAT IOH 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOOY OF FEMALE RATS IN THE 2·YEAR 

STUDY OF TOLUENE DIISOCYANATE: LOW DOSE 


·------------···------------------------------------···-----------------·················-·m············ 
2~nAm i l i I ~l :I H [ \ I I ~I [I !I H!! 11 l! ~ 1!I iI !I j iI ~I ~I 

m~~ "" i' il ~I ~I ~~ il :1 Ui1 ~I ~I !i il !I ' 1 !I il il o o illJjJ ~ ..... ""'""' >T>T<M 

SUM 	 . ... . . + . . • . . . + + . + . . . . . . . . 
PAPILLOMA, HOI 

SUICUTAHEOUS T!UUE • . . . . . . + + + . + • . . + + . . . + + + + 
UUL•CEll TUMR 	 • 
F!IRO~A 
F l aROA OEHO"A 	 X 

'""" .. . . • .. . . .. . . 
X 

. ..LUHGS AHO UOHCHI 	 + + + + + + + + 
lLYEOlAfl:llltOHCtilOLU AOEHOP'I:A 

ALYEDLARIUOHCHlOLAR CARCIHO,.A X 


TRACHEA 	 . . . . . . + . . . ... . . . . • .. . + 

n., '"'"" . . . . . 
+ 

. . . . . 
+ 

. . . . . . . . . . . .IOHE 11UJ'OW 	 + + + . . . . . . . . . . . . . . . . . . . . . .SJ11t.££H 	 + + + . . . . . . . . . . . . . . . .. . .. . . . .LTl"tP'H MODE'S 	 + 

THYI'IIJS 	 . • .. . . . . . . . + . . . . . . . . . . . 
THYf'tQPIA 	 X 

""'""'""' "'"" . ... • . . . . . . • .. . .. . • .. . .HURT + + 

1\.'lEO\.t.lllllO~.C~lOLU Cl., Hrvnn£ X 
...." ... '""" . . . . . . . . .. . • .. . . . . . . .SAL !VARY GLAND 	 + + + + . . .. . . . . . . . . . . . . .. . ..LIVU + 	 + + 
NEOPLASTIC HODUlf X X X X . . . .. . . . . .. . . . . . . . . . . . litE DUCT + + 	 + ........
OALLILAOOER I COMOM tiLE DUCT 	 H N N H N N N H N H H N N N N H 

• . . . . . . . . .. . . . • . . . .. .. ..PAHClUS 	 + . . .. . .. . . . .. . . . . . . . . . . . .UOPHAGUS 	 + . . . . . . . .. . . . . . . . . . . .. . . .STOPIIACH 

SI"'ALL JMT£SUN! . . . . . .. . + . . . + . . . . . . . . . . . . . 
ADf:HOtARClHOf'tA, . . . .. • . . . .. . . . . . . . . . .lUGE IHTUTIHE 	 + + + + 

u....., '""" . . • . . . . . . . . . . . . ..IUO.it't 	 + + + + + + + + . . . . . . . . . . .. . . .. . .. . . • . . .UltlHAitY II.AODflt 

<HliOOOIHf HOI·" 
P'ITVUUT . . . . .. : . . ; . . ; ; . . . . . 

CHiittii'IO.. HOif APE;HOI'I.Ii ...~.. ' . = 

ADRENAL + +
. . . . . ... . . . . . . . . . . . . . ' 
tOll I tAL A~!MOMA ' 	 'I 
PH£0Ct1111:01'10Cl'TOMA X ~ X 	 X 

tHTROIO 	 . . . . .. . . .. .. . . . . . • . . ; . +I+ 
C•CELL CA~CIHO"A 

. . . . . . . . . . . . . . . . . . . . . .P.AIUTHYROlD 	 + . . . . . . . .. . .. . . . .. . . . . . . ..PAHC:II:UTlt ISLETS 
lSUT ..C£ll AOEHOI'IA X X X 

UUT ..C:Ell CUCIHOI"'A 


..	'""""'"'" . n ..r 
ftAI"'IiiJ-U"Y GL AHO +I. . . .. . . . . . . . . • . . . . . . . . • . A0EH0r1A, NOI X I 

C'l'$ U OEHOIIIIA , HO!I! X I 
LIP.OMA 
FUit0ADEN0"'l X X X X X X X X ~I 

PUPI.IflALI'CllTOIII:AL GLA"'D 	 N H H 
ADIHOPIA • HOt 	 ' • • • H • ' • • • " • • • • .~ • • 

UTERUS 	 . " ; " . ... . .. . ; ; . . . . . . . ; . . . .."' 
EHOOM:EflUl \TilOJiti.L POlYP 	 X X . . . . . .. .. . . . . . . . .. . . . .. .GYUY 	 + 

H[.YQUS SYSTfM 

IUIH 	 .. . . .. . . . . ... . . . . . . . . .. . . 
•o•T <aV '" 	 I 

PLEURA 	 ~ • • • " • " " • • • • • • •ALV£0lAJI:IUOKCHIOLU CA, lH'IAUYf " • " " " " " " . 	 "' 
HI'UITOH£V11 	 • • • • • • • • " • • • H 

Llf'IOI'IA " • • • • • • • " " • 
....,••• '"""> 

11\Vl TlPU OltGAHS HOS H 

110HOCTf1C: 
 • • • " • • 	 I 

L!UKEI'UA ' " " ~ " " " ~ " " ' • • " " • • " 
PU:IOJIUUL I:EGIOH 

FUIIOI'IA 	 X 

HfCK HO$ 
'-UU U!,U!QO!t un:ua= 

l"'l c•osCtiP!CAll Y NO TISSUE tHFQR,.,AflOH 5U!M!TT£0 
HOT EXAP'IIN£0 MICIIIOSC:OP lUL LY HECIIIQPS'r', HO ttiSTOlOG'I' OUf TO PROTOCOL 

AUTO I. Y$1'$ 
MD I"'!C!Il:OSCOPlC fXAI"'lHA110H ANli'IAL MU$IH0 

NO MECitOPSY f'UFORI"'EO 
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TABLE A4. FEMALE RATS: TUMOR PATHOLOGY (CONTINUED) LOW DOSE 


lIVER: 

l'I~OPlUTIC NOOULf 


sHE oucr 
'GA\.l!LAOOER • COMMON BllE DUCT 

J>AHCRHS 

ESOPHAGUS 

STCI"'ACH 

S1".All IHTEST:H€ 
AOENDC:ARC!HOMA, NOS 

? ITUil' AM; 'I' 

CHR0M0f'HC8E ADEHOl"!A 


ADRHIU 
CO!it:T!CAL AtH"iOMA 

fl' 'iEOJ;HROMOCYTOMA 


THYR:O!::t 
c~CEU. CARC:Ito!OM~ 

PUIOR8ITAl ~EGIOH 

FU~OMA 


HECK NO$ 
C-cea CARCINOMA, !H'JASIVE 

* AIHI'IALS. HECROPSUC 

TU~UE EXAtHN£0 M!CIHlSCOPICAl\.'1' !'CO TJSSU£ lHFO~MATION StJS~liTTED 
!E'Ql.iiREO Tl5<JUE KOT EXAMlHED M!CROSCOPlCA.Ll'f NECROPSY, 110 HISTOLOGY CUE TO PROTOCOl 

',: TUMOR !S<:!OfNCE AUTOL 'T'Sl'S 
i!' NECROPSY, tiO AUTOLYSIS, HO I'!ICJtOSCOPIC E:XAMIHATtOH AH!MAL MUSIHG 

HO HECROf>S'f PERFORMED 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 2·YEAR 

STUDY OF TOLUENE DIISOCYANATE: HIGH DOSE 


I 
SUBCUTANEOUS TISSUE .. + + + + +I• H •

FIBROMA X X I 
FIB~05UC0"'A I 
LEIOMYOSARC JMA I 
RHAIDOI"''YOS.llfCOI"''.l I 
FIUO.l0EHC1'1.A I 

RESPIRATORY SYSTEM 
LUHCS AND BRONCHI + + + • • + +I 

.ll ¥EOL UtiROHCH IOLU .lDEHOI"''.l I 
ALVEOLARIUOHCHIOLAR CUClHCMA 
1'10HOCYTIC LEUK.E!'I.IA 

Trt.a.:HE.t 

HEMATOPOlEli~~ SYSTEM ·I .I 
IOHE I'IARROW 

S~LEEtot 

l YI'1PH HODES 

THYr'IUS •I 

CUCULATOh SYST ~ 
I 

HEART • •I 

+ + +ISALIVARY GLAND 

LIVER + + +I 
HEO~l.UTIC NODULE 
,.,OHOCYT IC l EUK.EI"'I A i 

I 
lllE DUCT 

GALLILAOOEiil: I COf"''f"''OH BilE DUCT 

PANCREAS • •I 
ACIHAR·CELL AOEHOP'IA 
ACINAR-CELL CUCIHOI'IA 

ESOPHAGUS 

STOI"'ACH 

SP'IAL ~ INTESTINE I'LARGE INTESTINE • •I 

UIUHUY SYST ·M 

• ,IKIDNEY 

UIUHAII:Y ILADOER • •I 

P'ITUilUY '" I ••••• - •••••••••••••••••••: 
X XCHitO!'\OPHOBE \OEHOf"''A X X X X 

ADRf:HAL . - . . . - . . . . . . . . . . . . . . . . . . •I 
CORTlCAL ADENOMA X X X I 
PHEOCHROI'IOCYTOf"''A X X X 

THYitOlO . . . . - . . . . . . . . . - . . . - . . . . . 
C-CELL AOEHOr'IA X 
C-CElL CUCJHOr'IA 

PUATHYJIOID - . - . . . . . - - . - . . . - . . . . 
PANCREATIC I~LETS . - . . . - . . . . . . . . . . . . - . . . . . •I 

ISLET-CELL AOENOP'IA X I 

otrKUUU<J IV. >Y>T tr 

P'IAP'I!"tAJftY GLAND . H . . . H H . . H . . . . . . . . . . . . . . •I I 
PAPILLARY AOEHOI''\A I 
CYSTAOEHOI"'A, HOS I 
FIIROAOEHOMA X X X X X X X I 

I 
VAGINA H H H H H H H H H H H H H H N H H H N N N 

5QUAI"'OUS CELL PAPilLOMA ' ' ' "' I 
ADENOMATOUS POLYP, NOS X 

UTERUS . - . . . - . . . . . . . . . . . . . . . . . 'ILEIOI"''YOSARCOI"'A 
X X XENDOI"'ETRUL STitOt'IAL POLYP X 

OVARY . - . . . - . . . . . . . . . . . . . . . . . . . 
NERVOUS >Y> 1<M 

I. . . . . . . . . . . . . . . . . . . . . . . .IIUlH 

• u INtK >Y> 1<M> 


I'IUL TIPLE ORGANS NOS H H H H H H H H H H H H H H H H H H H H H H H H H 

X~~~~g~~~~o~:Ur:~~C PRIM OR I"'ETA . 

NO TISSUE INFORMATION SUBMITTED 
REQUIRED TISSUE NOT EXAt'llHED I"''ICROSCOPICALL Y HECRCPSY, HC HISTCLOOY DUE TO PROTOCOL 
TUMOR INCIDENCE AUTOLYSIS 

TISSUE EXAP'IINED MICROSCOPICALLY 

NECROPSY, HO AUTOLYSIS, NO P'IICROSCOPIC EXAMINATION ANIMAL l"'lSSlHG 
AHlP'IAL I"'IS-SEXED HO NECROPSY PERFORMED 
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TABLE A4. FEMALE RATS: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 


'"''"""'"''"' >YSTEn 
SU!CUTA~EOUS TISSUE ++++++++++++-t++4+H+++H+++ ,..

FUROMA X 5 
FIBROSARCOMA 2 
!UOMYOU~COMA I 
RHAIDOMYOSARCOMA I 
FUROAOEHOMA 2 

I ........................... .,
LUHGS A 
ALVEOt. O!.AR: ADEHOI'IA X I 
AlVEOUit OlAil CARCIHOl"'A I 
f10UOC'f'TlC t lA 

TUCHU ..................................... 51 


n•»••vrvno.- >T>T<r 

&OK£ PU.IUtOW + + • + + • .. . . ..SP'L!EH + + + • • • + • • • • • . . . . . .. " lYt'IPH "OOU • + • • + • • 

THY,..US .................................... 

.......................... ., 


"'"""" ""'"" 
Ut!VUY GLAND • • • • • • - • • • • • • • • • + .. • • + -········ • .•... • 45 

L !V!R + • • • • • • • • • • + • • • • • .. • • • • • • • 

NEOPLAHIC NODULE X XX X X X 
 ••I 
MOHOCYTIC LEUHMIA 

IILE DUCT . . . . ................... •• ' 

GAiLJ\AOD!R I "JMMOH Ill E DUCT """"" ············~······................... +
lti.HCIEU • + • • • • 


ACINAR•Cfll ADENOMA X 

ACIHA!t .. CELL CUCtHOI'IA 
 ................ . . . . 
UOPHAQV$ 

UOf1',¢H • + •+-'''-.t.'-""'-l''-''-i'-l':.....* + ... + + • + + • • - . ••...... • • • .. .. • + •$PU.LL tNT::::STtHe + .. ...... ............. ...... " 

LARGE IHTESTIN! 

u-.••., >T>I<n 

KIDtfU • • • • .... •.. • + • • • 41········· u•t•u• n•ooe• .... - .................... . 

tMDOtOINE >T>TlM 

PITUIT~·y ~.: . . . . 
tMRMD~HOJE ADENOMA .........................
ADIItEHAL 
COfltT !CAL ADEMO!'!A X X •• tPHI£0CHADI"!OCYTCIMA 

THYROID • • • + .. • • • .. .,
C..C£i. L ADEH'li"'A I 
t•C!U CARCINOMA X 

PARATHYR010 + • • .... .. . ... . •PAwtRUTit ULET! • + • • • • • • + • • • • • + 
ULH•Cflt ADENOMA • 

"""""""" .. "'"" 
"Al':f'!AIItY GUHQ + + • "' .. • • • + • • • • • • • • • • • • • . . ,.. 
I'APIL~Afi:Y AD!MOI"!A X I 
Cl'S T AD£Mfii'1A, NOS I 
FIUtiAD!hOMA X X X X X X lA 

VAGINA H M • u• 
\~UA~OUS tELL PAPILLOMA \ """""""""""'""""" 
AOENO~AIDU~ POL Yr, HO$ 

UT!RU$ • • • • • • + • • • + • • • • • • • • • • • • • • 

LI!DMYOURtOMA 

!HOOM!TlU\ !TROMA\ POLY> 
 XX X Xl 

OVU't' • • • • • • • • • • • • • • • • • • • • • • + • • 

························· AU 0' He• ><> "n> ,.,
M\lL UftU Dlt:GAN$ NOS MJrrtNNHMHHiiNMHNNHMHii!NHMttMMM 

~mm~go~::..~~e w" o• r~ea . ! 
• .tN%11ALI NtCR·JPU£0 

TU1Ut EXa!+lHED 11lCit0$CO:fl'tC~I.Lf 

ftt~UIR£D HUI.iE MOt £lu.!'HHED l"'ttaO!tOtttCAiU.T" 


~.: ~~~i~.. ;~:~~aN~~fD1.'1'SU, NO I'UCRCSCO,XC EXAI'IlM.lTlO~ 
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APPENDIX B 

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN 

MICE ADMINISTERED TOLUENE DIISOCY ANATE 


IN CORN OIL BY GAVAGE 
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TABLE B1. 


SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE ADMINISTERED 

TOLUENE DIISDCYANATE IN CORN OIL BY GAVAGE 


--------------------------------------------------------------------------------------· 
VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

ANIMALS 
ANIMALS 
ANIMALS 

INITIALLY IN STUDY 
NECROPSIED 
EXAMINED HISTOPATHOLOGICALLY 

50 
50 
50 

50 
49 
49 

50 
50 
50 

INTEGUMENTARY SYSTEM 

MSKIH 
FIBROMA 
FIBROSARCOMA 
NEUROFIBROMA 

(50) 
2 (4Y,) 

(49) 

4 CSX> 
1 (2Y.) 

(50) 

MSUBCUT TISSUE 
SARCOMA, NOS 
FIBROSARCOMA 

(50) 
1 <2X> 
1 C2X) 

(49) (50) 

RESPIRATORY SYSTEM 

ILUHG 
HEPATOCELLULAR CARCINOMA, METAST 
ALVEOLAR/BRONCHIOLAR ADENOMA 
ALVEOLAR/BRONCHIOLAR CARCINOMA 

(50)
2 ( 4Y.) 
1 C2X) 
1 (2X> 

(48) 
1 (2Y.) 
3 (6%) 
2 <4X> 

(49) 

2 ( 4Y.) 

HEMATOPOIETIC SYSTEM 

MMULTIPLE ORGANS 
MALIGNANT LYMPHOMA, NOS 

(50) 
3 CU> 

(49)
2 (4Y,) 

(50) 
2 ( 4Y.) 

ISPLEEN 
MALIGNANT LYMPHOMA, HOS 

(48) (47)
2 (4Y.) 

(49) 

IMEDIASTINAL L.NODE 
ALVEOLAR/BRONCHIOLAR CA, METASTA 

IMESEHTERIC l. NODE 
MALIGNANT LYMPHOMA, NOS 

ILIVER 
MALIO.LYMPHOMA. HISTIOCYTIC TYPE 

(41) 
1 C2X> 

(41) 
2 ( 5%) 

(49) 

(35) 

(35) 

(48) 

(37) 

(37) 

(50) 
1 (2Y,) 

I HUMBER 
M NUMBER 

OF 
OF 

ANIMALS 
ANIMALS 

WITH TISSUE 
NECROPSIED 

EXAMINED MICROSCOPICALLY 
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---------------------------------------------------------------------------------------
TABLE 81. MALE MICE: NEOPLASMS (CONTINUED) 

#DUODENUM 
MALIGNANT LYMPHOMA, NOS 

#JEJUNUM 
MALIGNANT LYMPHOMA, NOS 

CIRCULATORY SYSTEM 

*EPIDIDYMIS 
HEMANGIOSARCOMA 

DIGESTIVE SYSTEM 

II LIVER 
HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 

#FORESTOMACH 
PAPILLOMA, NOS 

#DUODENUM 
PAPILLOMA, NOS 

URINARY SYSTEM 

#KIDNEY 
TUBULAR-CELL ADENOMA 

ENDOCRINE SYSTEM 

#PITUITARY 
ADENOMA, NOS 

!!ADRENAL 
CORTICAL ADENOMA 

!!THYROID 
FOLLICULAR-CELL ADENOMA 

#PANCREATIC ISLETS 
ISLET-CELL CARCINOMA 

II NUMBER OF ANIMALS WITH TISSUE 
* 	NUMBER OF ANIMALS NECROPSIED 

VEHICLE 
CONTROL LOW DOSE 

(46) 	 (44) 
1 C2%) 

C46) C44) 
1 C2%) 

C50) C49) 
1 C2%) 

(49) 	 (48) 
5 (10%) 3 C6%) 
6 c12%) 9 c19%) 

C48) C47) 
1 (2%) 

(46) 	 C44) 
1 (2%) 

(50) 	 (48) 
1 (2%) 

(46) 	 (42) 
1 (2%) 

(49) 	 (48) 
1 (2%) 1 (2%) 

(46) 	 (39) 
1 (3%) 

(49) 	 (47) 
1 (2%) 

EXAMINED MICROSCOPICALLY 

HIGH DOSE 

(37) 

C37) 

C50) 

(50) 
2 c4%)
3 (6%) 

(50) 

C37) 

(50) 

(41) 

(50) 

(44) 
1 (2%) 

(50) 
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---------------------------------------------------------------------------------------
TABLE 81. MALE MICE: NEOPLASMS (CONTINUED) 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

REPRODUCTIVE SYSTEM 

liTES TIS 
INTERSTITIAL-CELL TUMOR 

(49) (49) 
1 (2Y.) 

(50) 

NERVOUS SYSTEM 

NONE 

SPECIAL SENSE ORGANS 

MHARDERIAN GLAND 
ADENOMA, HOS 

C50) 
2 (4Y.) 

(49) (50) 

MUSCULOSKELETAL SYSTEM 

HONE 

BODY CAVITIES 

HONE 

ALL OTHER SYSTEMS 

MMULTIPLE ORGANS 
FIBROSARCOMA, METASTATIC 

(50) (49)
1 (2Y.) 

(50) 

ANIMAL DISPOSITION SUMMARY 

ANIMALS INITIALLY IN 
NATURAL DEATHa 
MORIBUND SACRIFICE 

STUDY so 
4 

so 
8 
1 

so 
20 

4 
SCHEDULED SACRIFICE 
TERMINAL SACRIFICE 
DOSING ACCIDENT 

46 40 26 

ACCIDENTALLY KILLED,
ACCIDENTALLY KILLED,
ANIMAL MISSING 

NDA 
NOS 

ANIMAL MISSEXED 
OTHER CASES 

,&. INCLUDES AUTOLYZED ANIMALS 

• HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
M HUMBER OF ANIMALS NECROPSIED 
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TABLE 81. MALE MICE: NEOPLASMS (CONTINUED) 

--------------------------------------------------------------------------------------· 

TUMOR SUMMARY 

TOTAL ANIMALS WITH PRIMARY TUMORS* 
TOTAL PRIMARY TUMORS 

TOTAL ANIMALS WITH BENIGN TUMORS 
TOTAL BENIGN TUMORS 

TOTAL ANIMALS WITH MALIGNANT TUMORS 
TOTAL MALIGNANT TUMORS 

TOTAL ANIMALS WITH SECONDARY TUMORS# 
TOTAL SECONDARY TUMORS 

TOTAL ANIMALS WITH TUMORS UNCERTAIN­
BENIGN OR MALIGNANT 

TOTAL UNCERTAIN TUMORS 

TOTAL ANIMALS WITH TUMORS UNCERTAIN­
PRIMARY OR METASTATIC 

TOTAL UNCERTAIN TUMORS 

VEHICLE 
CONTROL 

22 
29 

11 
13 

14 
16 

3 
3 

LOW DOSE 

27 
33 

11 
12 

19 
21 

2 
2 

HIGH DOSE 

9 
11 

4 
5 

6 
6 

* PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS 
# SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN 
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---------------------------------------------------------------------------------------

TABLE 82. 


SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE ADMINISTERED 

TOLUENE OIISOCYANATE IN CORN OIL BY GAVAGE 


VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

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

INTEGUMENTARY SYSTEM 

IESKIH (50) (50) (50)
FIBROSARCOMA 1 (2") 1 ( 2")
MYXOSARCOMA 1 (2") 

IESUBCUT TISSUE (50) (50)
SARCOMA, NOS 

RESPIRATORY SYSTEM 

ILUNG C49) (50) (50)
HEPATOCELLULAR CARCINOMA, METAST 1 C2")
ALVEOLAR/BRONCHIOLAR ADENOMA 1 (2") 1 (2")
ALVEOLAR/BRONCHIOLAR CARCINOMA 2 ( 4")
SARCOMA, NOS, METASTATIC 1 C2")
OSTEOSARCOMA, METASTATIC 4 C8"> C2l0 
OSTEOSARCOMA, UNC PRIM OR META (2") 

HEMATOPOIETIC SYSTEM 

IEMULTIPLE ORGANS C50) (50) (50)
MALIGNANT LYMPHOMA, NOS 9 (18") 14 (28") 12 C24X)
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 2 (4:()
LEUKEMIA,NOS 3 C6X) 


#MEDIASTINAL L.NODE C45) (44) (44)

ALVEOLAR/BRONCHIOLAR CA, METASTA 1 (2:() 
OSTEOSARCOMA, METASTATIC 1 C2X> 
OSTEOSARCOMA, UNC PRIM OR META 1 C2X)
MALIGNANT LYMPHOMA, NOS 1 C2X) 

IMESENTERIC L. NODE (45) (44) (44) 
MALIGNANT LYMPHOMA, NOS 2 cs~q 

I NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
IE HUMBER OF ANIMALS NECROPSIED 
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---------------------------------------------------------------------------------------
TABLE 82. FEMALE MICE: NEOPLASMS (CONTINUED) 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

#IHGUIHAL LYMPH HODE 
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 

(45)
1 C2X) 

(44) (44) 

#JEJUNUM 
MALIGHAHT LYMPHOMA, HOS 

(45) (50)
1 C2X) 

( 41) 

#THYMUS 
MALIGHAHT LYMPHOMA, HOS 

C38) (34) ( 4 0)
1 C3X) 

CIRCULATORY SYSTEM 

*ABDOMINAL CAVITY 
HEMANGIOSARCOMA 

(50) (50) (50)
1 C2X) 

*SUBCUT TISSUE 
HE~1AHGIOMA 

(50) (50) (50)
2 C4X) 

#SPLEEH 
HEMANGIOMA 

(50) (50)
1 C2X> 

(49) 

#LIVER 
HEMANGIOSARCOMA 

(50) (50) (50)
1 C2X) 

#OVARY 
HEMANGIOSARCOMA 

(47) (47) (48)
1 C2X> 

DIGESTIVE SYSTEM 

II LIVER 
HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 
SARCOMA, HOS, METASTATIC 

(50)
2 C4X)
2 C4X)
1 C2Y.> 

(50)
3 C6X)
2 C4X) 

(50)
12 C24Y.)
3 C6X) 

#DUODENUM 
PAPILLARY ADENOMA 

(45) (50) ( 41) 
1 C2X) 

#CECUM 
LEIOMYOSARCOMA 

(45) 
1 C2Y.) 

(50) (46) 

URINARY SYSTEM 

IIKIDHEY 
OSTEOSARCOMA, METASTATIC 

(50) 
1 ( 2~0 

(50) (50) 

II HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* HUMBER OF ANIMALS NECROPSIED 
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---------------------------------------------------------------------------------------
TABLE 82. FEMALE MICE: NEOPLASMS (CONTINUED) 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 

!!PITUITARY 
ADENOMA, NOS 

(46) 
4 C9X) 

(44)
3 (?X) 

(43) 
1 C2Y.) 

IIADREHAL 
PHEOCHROMOCYTOMA 

(47) (49) 
1 C2X> 

(49) 

IITHYROID 
FOLLICULAR-CELL ADENOMA 

(44)
1 (2)0 

(44) 
1 (2Y.) 

(48) 

REPRODUCTIVE SYSTEM 

MMAMMARY GLAND 
ADENOCARCINOMA,
CARCINOSARCOMA 

NOS 
(50) (50) 

1 (2%) 

(50) 
1 C2X) 

#UTERUS 
LEIOMYOMA 
ENDOMETRIAL 
ENDOMETRIAL 

STROMAL 
STROMAL 

POLYP 
SARCOMA 

(50) 

1 (2%) 

(50) 

2 (4%) 

(50) 
1 (2~0 

IIOVARY 
TERATOMA, NOS 

(47) (47) (48) 
1 C2Y.) 

NERVOUS SYSTEM 

HONE 

SPECIAL SENSE ORGANS 

MHARDERIAN GLAND 
ADEtiOMA, NOS 

(50) 
1 (2Y,) 

(50) 
1 (2Y,) 

C50) 
1 C2X> 

MUSCULOSKELETAL SYSTEM 

IE BONE 
OSTEOSARCOMA 

(50) 
1 C2Y.) 

(50) (50) 
1 C2l0 

MVERTEBRAL COLUMN 
OSTEOSARCO~lA 

(50) 
2 ( 4%) 

(50) (50) 

II NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
IE NUMBER OF ANIMALS NECROPSIED 
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--------------------------------------------------------------------------------------

TABLE 82. FEMALE MICE: NEOPLASMS (CONTINUED) 
--------------------------------------------------------------------------------------· 

VEHICLE 
CONTROL LOW OOSE HIGH OOSE 

*RIB (50) (50) (50)

OSTEOSARCOMA 1 (2%) 


BODY CAVITIES 

*MEDIASTINUM (50) (50) (50) 
OSTEOSARCOMA, METASTATIC 1 (2%) 

ALL OTHER SYSTEMS 

*MULTIPLE ORGANS (50) (50) (50) 
FIBROSARCOMA, METASTATIC 1 (2%) 

ANIMAL DISPOSITION SUMMARY 

ANIMALS INITIALLY IN STUDY 50 50 50 
NATURAL DEATHOl 11 5 17 
MORIBUND SACRIFICE 4 2 
SCHEDULED SACRIFICE 
TERMINAL SACRIFICE 34 43 33 
DOSING ACCIDENT 
ACCIDENTALLY KILLED, HDA 
ACCIDENTALLY KILLED, NOS 
ANir1AL MISSING 
ANIMAL MISSEXED 
OTHER CASES 

~ INCLUDES AUTOLYZED ANIMALS 

# HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
lE HUMBER OF ANIMALS NECROPSIED 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

TUMOR SUMMARY 

TOTAL ANIMALS WITH PRIMARY TUMORSM 26 31 30 
TOTAL PRIMARY TUMORS 30 36 48 


TOTAL ANIMALS WITH BENIGN TUMORS 7 11 15 

TOTAL BENIGN TUMORS 8 13 19 


TOTAL ANIMALS WITH MALIGNANT TUMORS 21 21 22 

TOTAL MALIGNANT TUMORS 22 23 26 


TOTAL ANIMALS WITH SECONDARY TUMORS# 6 2 1 

TOTAL SECONDARY TUMORS 9 2 2 


TOTAL ANIMALS WITH TUMORS UNCERTAIN­

BENIGN OR MALIGNANT 1 

TOTAL UNCERTAIN TUMORS 1 


TOTAL ANIMALS WITH TUMORS UNCERTAIN­

PRIMARY OR METASTATIC 1 

TOTAL UNCERTAIN TUMORS 2 

M PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS 
# SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN 
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TABLE Bl. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2-YEAR 

STUDY OF TOLUENE DIISOCYANATE: VEHICLE CONTROL 


Atl MAL 
HUM!ER II~I li Ill I!I!I!Ill !Ill 0 1111 :1 llllll !Ill il ~I H~I il ~ 
WEEKS ON 1 1 1 
STUDY 0 0 0 0 0 0 0 0I ~I j j li j ~I ~I li ~ Ol j/ji j, j l1 j jI :I tJ il il il il :i ii il ii il 

1 

i! il il il H illl il il il H 
HrtuU"EH UY SYSTEM . . . . . . ; ; . . . . . . . . . . . .. . . ..SKIN 

FI!IRO,.,A . . . . . . . . . . . . . . . . . . . . . . . . .SUICUTAHEOUS TUSUE 
SUCOI"!A, HOS 

FUROSUCOI'IA 


""'IUTO•Y H reM 
I 

LUHCS AHD BRONCHI I . . . . . . . . . . . . . . . . . . . . . . . . . 
X~rc~~~i:; ~~a~~H~~~;~ H~~~Na~~T 'sT' 1 X 


ALYEOLUI'&II:DHCHIOLU CARCIHOI"'A X 


TU.CHEA I . . . . . . . . . . . . . . . . . . . . . . . . . 
"•' "" I . . . . . . . . . . . . . . . . . . . .IDHE I'!Aitii:OW 

SPLEEN . . . . . . . . . . . . . . . . . . . . . - . . . 
I • . . . . . . . . . . . . . . . . . . . . . . .l YI'IPH HODES 

ALVEOLUIBROHC :IOLU CA, META STAT j X 

MAL lGNAHT LY,.,PHOMA, HOS X 


THYMUS I. . . . . . . - . .. . . - . - . . .. 
CIRCUtlTOh SYSTEH ii. . . . . . . . . . . . . . . . . .. . . . . . .HEART 

"'"" 01 Yt >Y> "" I . . . . . . . . . . . . . . . . . . . . . . . .SAL lYUY GLAND 

[· . . . . . . . . . . . . . . . . . . . . . . . .LIVElli: 
HEPATOCflLULAR AOEHOI"'A X X 

HEPATOCELLULU CUCIHnMA I X X X 
. . . . . . . . . . . . . . . . . . . . . . . . .IILE DUCT 

GALLBLADDER ~ CO,.,I"'OH IILE DUCT . . . . . . . " . . . . . . . . . . .. " . . . . . . . . . . . . . . . . . . . . . . . . . . . . .PANCREAS . . . . . . . . . . . . . . . . . . . . . . . . .ESOPHAGUS . . . . . . . . . .. . . .. . . . . . . . . . .STOP1"CH 
PAP LLOP'\A, HOS . . . . . . . . . . . .. . . . . . . . . . . .Sr1ALL IHTESTIHE 
PAPILL0r1A, HOS X 
r1AliGHAHT LYI"'PH0r1A, HOS X 

I . . . .. . . . . . . . . . . . . . . . .. . . .LUGE JHTESTIHE 

UUHUY >YSrt" 
I . . . . . . . . . . . . . . . . . . .. . . . . .ICIOHE'f 

UltlHAitY BlAOOt It . . - . . . . . . . . . . . - . . . . . . . . . 
••oo«IH' >Y>T<r . . . . . . . . . . . . . . . . . . . . . . . .PITUITARY 

ADIHNAL . . . . . ; . . . . . . . . - . . . . . . . . . . 
CO ItT ICAL ADF.HOr1A . . . . . . . . . . . . . . . . . . . . .. . . .THYitOIO 

PUATHYitOIO - .. . - - - - - - - - - - - - - - - ­
••••ooucTivo SY>T<r 

r1Ar1r1UY GLAND H H H H H N N H H H H N N H H H N H" H " N " H . . . . . . . . . . . . . . . . . .. . . . ..TESTIS + . . . . . . . . . .. . .. .. . . . . . . ..PROSTATE + 

E~~~l~~n~Ur.I'IMA " " N " " " " " H " " " " " " H 
X " " " " " " " " " 

Ht•You> ST>I t• 

IRAlH - . . . - . .1- ­
s•e<UL """ uouoN i 

HUDEitUN GLAND H H N H 
ADEHOI"'A, HOS I H " " " " " " " " " " " H " " " " " " " " 

All OTHER SYSTEMS 

H H H H H H H H
"~im~M·r~~~.~g~ •o• " " ~ " " " " " " " " " " " " H " 

TISSUE EXAI"'IHEO r11CitOSCOPICALLY HO TISSUE IHFOiti"'ATlOH SUBMITTED 
ltEOUIItEO TIS~IIE HOT EXAr1INEO !'1ICROSCOPICALLY NECROPSY, HO HISTOLOGY DUE TO PROTOCOL 
TUI"'Oit t HC I DEHC E AUTOLYSIS 
NECROPSY, HO AUTOLYSIS, HO r1ICitOSCOPlC EXA!'1IHATIOH AHir1Al I"'ISSIHG 
ANir1Al r1tS-SEXED NO NECROPSY PEitFOitr1EO 
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TABLE 83. MALE MICE: TUMOR PATHOLOGY (CONTINUED) VEHICLE CONTROL 
---------...·-......--...--···-...-...--..--.-.-·...... 	 --..................................
~-----.-

::uA&£~ fl Hil !Ill ~I 11 !UL iUI il H:1 Hil il ~ 
~mpR Hfl ~~ il !I ~I ~ e il il il il il H~I ~I il il ~I il• I 


,., •••~.....v ,,.,." 


SUH 	 + + + + + + + + + . + + + + + + . . . + . . + • • u:FIBROMA 

\UICUUNEOUS TISSUE . + . . . . . . . + . . . . . + . . . • . . . • .I ,.~
URCOM.l, NOS 	 X 

)( 	 IFIBROSARCOMA 

RO>rUATOKl >T>"" 

• . . . • .. . . . .. . . • . . ... • . uLUHOS AHD l + 	 + + 
HEPUOCE C.UCtKOMA, I"'UASTA X I 
AL¥EDUR OUR Al)!HOI"'A 1 
ALVEOLAR OlAR CARCIHOPIA 

!UCHU 	 . . . . . . . . + . + + + . . + + . • . • . . . u 
n<noturua"' HUE~ 

IOHE "ARROW 	 • • • • . • • - . • • .. • • • . • • • • . • • . 4! 

"LEEH 	 . - . + • . . . . . . .. . . + + . + . . ..+ + + + 

lYMPH KQDU 	 - - . . . . . . .. . + + + + + + + + • + - . . . 41 
AtVEOLO:IIROHCfUOLU: CA, PIIETUUT 
K .. UGNAHT LYI"'PHOPU, HOS • ; 

lHYfli:US + - + - - . . + + + + + . + + . + + + . . . + .. ,, 
""""'"'""' ••••<n 

HURT 	 + + + . + . + . . . . + + • . . • . + . + • . . . ,. 
••••.,' •• >Y> "" 

U!.lV.U:Y GUHD + + + + . . + . . + • + . . + . . + • . . • + + • .. 
I)VU 	 + . + . + + . . . . . . . . + . . 4t+ + + + + + + + 


H£PATOCEllULAI ADll't0f1A X 

HEI'ATOCEllUlAII: CARCIHO?\A X X X • • •' 

Ill£ DUCT + - . + . + • + • • . . • + . . • • + • + . . + • .. . " .. .. . . . • • . • • . . . . ... . . 0All8LADDER & COMOH ULE DUCT + + + • 

~AHCREU 	 • - + . + . . + • . . • . + + + + + • • . + . + + .. 
!SOP"'.AGUS 	 . • . • . .. + + . . . . . . . • . . • . - .. ••. . - . . . . . . . . . . . . •• I ST0f1ACH 	 + + + + + + + + 

PAF!LLO"'' NOS 

S"All INTESTINE + - . - . . ~ + . . + + + . • . • + .. + . .. . . u 
PAPill0f1A. HO$ 	 I 
f'tALIGHAHT l Yf1PH0f'l.l, NOS 

UUE !HfEif!HE . - . + + . . . . . . . . + . . . . . . . . . ' 
+ . •• 

""'"""' ,., 'on 
J:ltiHt:Y + + +. . . . . .. . . . . . .. . . . . . • . . ••. - .. . . . . . . . . . . . .. . . .. . . . "URINARY ·~ADDU: 	 + .......... 

PITUITARY 

'"" . . . - . . . . + . - . .. + + - . + . . . • .+ . . . . . ... . . . . . . . . . . .. ..ADREHAL 	 + + + + + 
COl! I CA~ ADEHOM• 	 I 

THYII:OlO 	 + . . . . . . .... - - . + . + . . • . . • .,- + 

PARATHYROID 	 . + . . - - - • . - - . . - . . . - . . . - . •• 
..	rouuu'""" """" 

f'IIAMUY G!..AHO NHNHNHHNHKKKNNHNNHNKNN . . . . . . . . . • . . . . .. . . . ..!UT!S 	 - + + + + . - . • . . .. + . . . . . . . . . . . . . ..~tosun 	 + + + + 

• H • N " • N 	 ,..N N H N~:i~mm..co"• 	 • • " • " • H • • • N " • • I 
••••••• •h "" 

UAIH +. . . . . . . .. . .. . .. . .. - . .. .. . .. ...........
>r .... 

HUDEIUAN GUH:O H H K H N 	 U• 
NOS I • • •X 

N " K • • • " • • • • • N • " • • AOEHO""• X 	 2 

ALl OlntK >'>t&n> 

N H ~ N"~i m~i.~~?~~~":~· ••• • • • • • . ~ " • • N • • N • H • • • • " ''i 
* AHIMi.L H£CROPSU:O 

+ 	 TU~U( £)t:AH1NU) t'IIC:ItO'JCOI"ltALt Y 1 HO unu£ JNFotrunoN -,.ueriHTED 
Jttf!UUED TISSUE HOT EXA:"'ll'ff:D 1'11Cit0SCOPICALU C• Nf:CitOPSY. NO HUTOtOGY DUE TO PlQTOCOL 
l\.lf"'OR l~C !DfH(:[ A> AUTOLYSU 
NfCROP~Y, ttO AUTOLY$U, HO HlCti:0$(;QPIC EXAP1UUliOW f'l> AMlf'lU 11USJNOa: 	 HO NECtOP$'1' I"UI"OR!'IlD 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2·YEAR 
STUDY OF TOLUENE DIISOCYANATE: LOW DOSE 

............ --- ......---------- ....... ------ --------------- ... ----------- ---- .. ---------- ........ --------- .. _.,. ____ .. ---- ................. -----­
~~~m ~I II !I !I !I ~~ !I !I !I !111~~ !I !I il11 H11 ll il ~Ill ~I ~I • 
m&~ "" il il il il il i! i! il il ~I il il il il !I i! il il il il ~I il 11 :1 i 

fATtGUMEHTARY SrSfEH . . • . . . . . . . . . . .. • • . . . .. •$liM s 
FIUO$ARCOHA ' X X X 
H£U~OFIttOM A X 

•<>riKA!OKT >T>I <M . . • . . • • . . -I. . . . . . . . . . .tUHOS AND UQHCHI I + 
HIPATOC!LUJLAR CUCIHOI'tl, r1EUSTA ' ' 

At.VfOllRt'UOHCHIOlU ADENOMA 

ALVfOLARftiONCHIOlAR CARCINOMA X X . . . . . . . . . . . . . . - . . . . TIACHU + ' + s 

"'"""""'""......" . . . ' . . .. . . .. . . . • .. . . .IOHE HAUOW + 

••• 
. .. . . . . . • . . . ' . . . • . . . ' . . • 

' 
t'LUN - I 
IUt IGHAHT l Y1'ff-HOr>A, ' 

lYMI'H HOOU .. - • . . . . . - . . s - . . . . - . . . ­
THY,US . . . . . . . - . . . . . s . . . . - . • - - ­

""'"" '""' ..."" .. . . . . . . . • . . . . .. . . . . . . . .HURT I 

•••••r: •• "'"" . . . . . . . . . . . ' .. ' . • . . . . . • . •UU•ARY GUHO 

• . . . .. . . . - • . . . .. . . . . .. . .LIVER s 
H!PATOCEUULAI AOEHOMA X 

HErATOCELLULAit CUClt!OfiiiA X
. 

Ill! OUCT . . . . . • . . . - . . . . . . . • . .s ' ' . . . . . . . . .. . • . . . 
• 
. . . .. . . :IGALL tL AOOER l COMMOH Ill! DUCT H H s 

PlNCRU! . .. . . • . . . - . . . • . . .. . . • ... 
• . . . . . • . . . . . . . ' 

s 

• . . . . . . . .ESOPHAGUS 

STOMACH . . . . . . . . . . .. . • s . . . . . . . . . . 
SMAll UfTUHH£ . • . . ; . . . . . . . . . s . . • . . . . . . 
tU.t.lGNAHT l Yf'tP!iQr'IA, HO$ 

URGI lNTU1lH! . . ... .. . . - . . . . s • . . . - .. . . - . 
""'"..' ....., 

liDKEY .. . . . . . . . - . . . . . . . . .. . ..s 
tV8UtAR·C!L L AD!HC~A ~ 

UIJHUY JUOD!:tt .. . . . . . . . - . . . . • . . . . . . . . .. ......,.. 
'lTUil.tR'\' 

>«n . . • . . • . . . . . • . . s .... - - . • . AD!HOIU • HO' 

ADIEH.tl . . . . . . . . . - . . . s . . . . . .. . . . 
tOITIC:Al 1D£HOP'IA 

THYROID - - . . . . . . . • . . . ~ 

s . . . + - + . . . ­
FOLllCULU~tfU AO!HOl"'l 

,UATH'r'RClD - - - - . - . - . - i - .. - . - - - ­. . . . . . . . . .. . . . . . . . . . . . .1-AMCitUUC IHflS $ 
ULET .. C:Ell C:t RCtHOJ'IA X ................." 


".ti"''\ARY GlAND N H H N N N H H H H H H H N H H N• • • • H 

TESflS . . . . . . ; . . . . . . s . . . . . . . . 
lHTUSTITU.L~CEll TU"Ott ......,. . . .. . . . . . . . . . • . . . . . . . . + .. 

••••uu> >noon 

tRAIN . . . • . . . . . . . . . . < 

$ .. . . . + . . . . 
nc OtMU nnms 

IWL n•Lt OtGAHS HOS HI • • • • H • • • • H • • • • • " • • • " H • H " ~mm:;·~~"·=~~~·'mc X 

fi( TISSUE I,fORl'IAT IOM !IVJMJT T£0 
NECROPSY, HO HISTOLOGY DUE TO llROlOCOl 
AUTOlYSIS 
AHIJ!'IiAl f'!lS$lHG 
HO HECROPSY I'UfOif'tED 
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TABLE 83. MALE MICE: TUMOR PATHOLOGY (CONTINUED) LOW DOSE 

1 
----------------~~~~---4~~~~H-~~~-+~~~H-~4+~~~~~H-tr~~~~~~H,f~~~~sl 

TUI"'::IUI 

hH£Gu1"1UHUr ~r 

Sittlol . . • •! •••FUJOSUCOMA • I ' HEUROFUiiHJMA I 

li,IWGS ANt) b,RON~Hl + + + • t 

H£PHOC£tVJlU CUClHOMA. META!IUI >: 

ALV€0\Ait/,U~HCHIOlut ADEN01'1J 

ALV£Ol.UUIROHCkiOLU CAR:ClN:OMA 

TRACHEA 

'" 
!OHE rti~IUlW 


5PLHH 

I'IHltiHANT lYMPI-«OMA, WOS 


l VP1Ptor NOO£$ 


T"'YMUS 

I 
I . . 

I " 
OHil5r:Vt 5YSfEA 

! 
$AllVUY GLAHO . 4!I. . 'I I . . .LIVER: I. ., ••HEPATOCHLULU: AOtHOMA l•H[P.UOC£ll1Jt.U: U•CtNOf'U, X~ •I 
ltLE DUCT I • . . •I .. 
OUULADDU i COMMOH IHE DUCT . . . H•" ·I 
flANCUAS 


!SOPHAGU" 


STOf"ACH I. 
SMALL IHTESTIH£ .. • ! 44 

I":AUGHAH'I' '.'rMPkOMl, HOS I 

LAROE :HTUTIH! I' 

!
-:IDHEY • .. j 41 

fUtVLU-CEl.L ADEHOf'IA I 

UR!NUY !lADDER 

I 
PJTUIT.U:'I' I+ 

AOCHOP1A, NO$ 

iOIIENAt. I+ 

CORTlCH tOENOMA 


THYRQ%0 
FOt.liCULU-C:EU ADENOMA 

,UATHYROU 

P4HCft£ATJC IS, ETS • 4j 4? 
ULET-Cfll CUIClHDMi I I 

MAMMU'I' GLAHD + N N ' !! 

TE$llS ! • • + + + + + + • + • + + • •I •9 
I
I 

• " 
lHURSTITUL•CEll TIJMOlt I 

••mwHm" 'I 
I 

BRAlH I • . . . . .I " 
U( orHU ~YSTEAS 

I ...I'IUlliPLE OII:GAI'fS ~0$ IHHHHNN H "' H H N "' H N H H N H H H t4 H H H HI 
FtUOURCOM•. MeTASUi'lC I I I 
MHIGHAN! LYM:PHQMA, HQS I I , 

it A.Nll1oHS HECRDPSIE!i 
+: TISSUE EXAM1HE0 1'1ICR.OSCOPICAt..l.Y 1'10 TlSSUE JHFORI1ATI~~ 5U!rlltfED 

IU:t!I.IH~ED TISSUE HOT EXAMIHD MlCROStOPlC:ALLV NEC"OPSY, HO HtSTOLOGY I)UE TO PROTOCOl 
TU~OR: lHC!DEHCE AUTCl. Y$ IS 
Nt:CROPSY, ~10 AUTOLYSIS, HO MICROSCOPIC EXANlhUJOH ANlM~l 1'1tS5lHG 

HO NECROP5Y PERFORMED 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2-YEAR 

STUDY OF TOLUENE DIISOCYANATE: HIGH DOSE 

wEEKS ON 

STUDY 


USPIU fbh SYS "";-------t--l.L.ll..ll..ll...LJ....LJ'-LL..!.L.!ll..LJ....LJ.....LJ....LJ-->.Ll.L.!ll..ll..LJ..-'l.L--'-l->.Ll.L.CLLJ....>..f 

I I 
LUNGS AND UOHCHI I • •I 

ALYEOLU,IROHCHIOLU ADENOMA 

TIU.CHEA • •I 

HEHAfOPDIETIC SYstEM 
lONE HUROW I. .... II 
SPLEEN 

l YI'IPH NODES 

-ITHYMUS 

I I 
HUIU ••••••••••• +lI • • • • • + • 

SALIVARY GLAND 

LIVER I+ + + + + + + + + + + +I 
HEPATOCELLULAR ADEHOJ"'A II
HEPATOCELLULU CUCIHOJ"'A I 

IIL"''LEIG. L YI'IPHOI"'A, Hl S TI OCYTIC ,DUCT TYPE ++~~=~=:=~==~=~=:=~~=~=:=~==~=~=:=~~=~=~=~==~=~=:=~~=~=~=-f--'-fl. 
GALLILADDEit & COI"'I"'OH BILE DUCT +I~·~~~~·~·~L-~~~~~~~~~2·~·~L-~~~·~·~·~~~·-24"1 
PANCREAS I· • • • • • • ·1 
ESOPHAGUS + + + + + + + + + + • ­,. 

I 
S"'ALL INTESTINE ,.I 

•I 

LUGE lHTfSTIHE • •I 

liDH£'1 •• •iI 
UltlHUY ILAIJOU + + + + +I 

ENDOCRINE SYSTb1 

PITUITARY 

ADRENAL •••I 
THYROID • + •I 

FOLLICULAR-CELL ADEHOI"'A 

PARATHYROID -I 

R£1i'li:ObuCflve sn M 
I 

HAMU:Y GLAND H H H + N N N N N 

TUTU •••••••••"II 
PROSTATE •• + + + • + -1 

NERvOUs SYSTEM 
I 

IRAIH I • • •I 

ALL dfHU SYsTEMS 

/'1Ul TIPLE OltGAHS NOS N N H tot H N H N H N H H H N H N H N H Nj/ ..... I 
MAliGNANT lYMPHQMA NQS X X 

TISSUE EXAI"'INED MICROSCOPJCALL Y NO TISSUE INFORI"'ATIOH SUBMITTED 
II:EQUUED TISSUE HOT EXAI"'INED MICII:OSCOPICALLY NECROPSY, NO HISTOLOGY DUE TO PII:OTOCOL 
TUI'\OR INCIDENCE AUTOLYSIS 
HECII:OPSY, HO AUTOLYSIS, ND MICII:OSCOPIC EXAMito!ATIOH ANIMAL MISSING 
AHII'\AL MIS-SEXED NO NECROPSY PUFOII:I"'ED 
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TABLE 83. MALE MICE: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 
~ ~__ .. ____ --- .. ,...,. ___ -......... __ ...... ----- ... -- ------------- .. ____,.. ...... --·- ...... _.. ,.. ___ -..... --------- .......... -- .......... -.........---.............. -.. ., ,. ______ 

~~M8~i 21 ~· ~ 
0 

~~ 1 11 1 i1 ~~ 1 ~ 1111~~ 11 :!I !! !111 ' !Olll ~~ 11 !! ~~ ll 11111 ~! iil il 11 !111 ~l 1111' 11 ' ~~ l1 ~· ' ' :1 
0 	 rusun 

ma~ '" 	 T111'1DU~il jil ~.H~I ilil!!il!lilililililii!IHil!l!!ilti!UI;
REsPIRlTORY SYSTEP'I 

L!JHGS AIH) IROHCHl : . • + + + + +. • + + + • + • + + + . + + . + . + ...AlVEOLUIBR.ONCHlOLU Al)EJrHIMA 

TltACHEA 	 + . + + . . + . + + + • + + + . + + + + + . . + + 

ncn•TOPo ....c >Y>ot~ .. . . . . . .. .. " IOHE I"!UitOW 	 + + + + + + + + + + + + + +. . . . . . . ..!l'lEEtol 	 + + + + + + + + + + + + + + + + + + 

LY1'1"PH HOOfS + + . + + + . . . . + + + . . + • + + . . . . - . !7 

lHYMIJ\ I - + + + + . . - . + + - - + . . + + . . . + . 
.....u.. ,., '"'"" . . . . . . . . . . ..MEA T 	 + + + + + + + + + + + + + + ­
~....." . . . . . . . . . . . . . ..UllVUY Gi.AKD + + + + + + + + + + + . . . . . . . . ,.liVER + + + + + + + + + + + + + + + + + 

H!P.UOCtlliJLU A-0£NOI'IA X X l 
HEPATOCELlUlAR CARCINOMA X X l 
IUL!G.LYMPHOM.4, HISI!OtYTIC lVPE . . . . . . . .. ..liLE DUCT 	 + + + + + + + + + + + +• 

GALLHADDER I CO,MOH UlE DUCT . + + . + • • 
+ 

+ H . + . + 

N . • • + + N ..." • . so• . . . . . ... . . . . . • . • . ..PAHCIHA! + + + 	 + + + 

ESOPHAGUS 	 • . . . . . . . . • . . . . . . . + + + + - + . . 
• . . . . . . . . . . . .. . . . . . . . " 

SlOJ'It.CH 	 + + + + u 
S"ALl IHTE$TlHE + + . . . . . - .. . - . . - . + . + . . . + . " 
t,,\R.G! INTESTINE . . . . . + . . .. < + . . . .. . . . ..+ ' • ' ......, "'"" . . .. . . . . . . . . . . . . . ..UDNE'r 	 + + + + + + u 
UUMARY ILACCER .. .. + . . + . . . . . . + . + . . . . - . . . u ......... '""" 

PITU!TAlY 	 . . • . . . • . . . . .. + • . • • . . . . . • 
AntEH.t:L 	 • . • . . • . . . . . .. . . • . • . • . . + + !I . . . - . . . • . .. . .. . . . . ' . . . .. 

' 
THYROID 	 + + 

FOll!CUl AR•CEll ADIHOf'IA 

PUATHY/tOID . . . - . . - - . . . . + . . . . . . + - . . 
....o.u.. ,... '"'"" ......... . . 

~ 	

' ... " 

KAI"'MUY OlANO ~ 	 K H H _!I N .•. .. H M M • • 

TUTU 	 . . . . .. . . . . . . .. . . . . . . 5C' ' ' 	 • 
,ltOSUTE 	 . . . . . . . . . . .. . . . + . . .' ' 	 ' ' ' 

N Yuu> >not" 
I 
I . . . . . . . . . . 

+ 

. . . . .. 
+ 

. . . " 
IR:llH + + ' + ' + 50 

AlL OTHU hSfEAS 

H 	 HM~m~H.~·~~=~.~~· .., l " • H • • • • " • • • H • H " H " " H H H • HI so; 
» UUf'IAL HEClOPSIED 

+ 	 H'S'SUE EXA~INED 1'1ICIIIOSCOP1CAllY NO TISSUE lHFORI"'AliCH SU!l'UTTED 
R'Cf!'UfR:ED T USOE NOT fX~MHifO HZC.tOSCOPIC.tl.l Y HECR01'~'f, ,_0 HISTOlOGY DUE lO PJtQTOCOl 
fUI"'!OR lHClDEHCE AUfOl YSI$ 
tH!CitOf'SY, ~10 AUTOL"''SU, HO HlCJI:O$COPlC EXAP'UHATIOH AtUI'U.t M1UING 

HD NECROPSY PEIFORM.£0 
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TABLE 84. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 2-VEAR 

STUDY OF TOLUENE DIISOCVANATE: VEHICLE CONTROL 


I 
SUB.CUU.HEOU'S TISSUE I + + + + + • • • • t t 

S-ARCOMA, NOS 

LUNGS AND StOHCHI + + + + + + + + + + + + + + + + + + + + + + • + + 
H£PATOCElllh.U CUCIHOMA, METUU 

SUCCI"'A, NOS, l"i£1ASHTIC 

OST£QSARCOI"'A, METASTATIC 

TUCHU 

lONE I'!AU.OW 

SP'I..E£N • + t 

l'I'MPH HOOfS + + + + + 
to\At!G.LYM~HOI'U., HUTIOCYTlt +-------------------·----------fTYPE 

I • THYMUS 

CUCuLIITORY SYSTEM 
HEART • + • + + + + + + + • 

bicEStlvE iYStt 
SALJ\IARY GUHt. t + t 

LIVER: + + • + + + 

HEPATCCELLULU Al)£N0MA X 

H£PP.TOtELLULAit CARCINOMA 
 ······· 
SARCOMA, .jojQS, I'I£USUTIC 

ULE DUCT ..... . ..GALI.!I.ADl)ER l COMOH Ill.£ l)UCT 

PANCREAS t • • + t 

EsOPHAGUS 

STOMACH 

$1"1Ai.L INT ESHHE • + + + + + .. + 

LUG£ INTESflHE t t t 
l ElOMYOSUCOMA 

IJ ~A 'f YSTEI"l 

KlO! EY 

0$, EOSUCOMA, l"'lEUSTATIC 


UltlHU'I' llAtltlEii: • • • • + ......... 

ENDOCIUw£ Hi 

PITUITARY • " • • + + .. 
ADENOMA, NOS 

ADRENU • • t 

TH'YRO!l) ,. . . 
FOLI.1CI.H..ut~tHL ADENOMA X 

PUlTHY'lOll) 

REPRobucftvE svStEH I 
I . . MAM!'\UY ~LUHJ: I . H • . + + .. + + 

UlElU!J ' .
EHOOMUlUl SU:OM.U 5UC0,.,4 

0\IARY 

I 

I • 


SEHsE ORGANS I 

I 


11'UO£R'! .HI' C:UNO I" N H N H H H N H H H N H !'",. ~ H H ~ H H H Jtt H 

AOfMOMA, HC~ 


MuSCulOSdtEfi.l. hsTEM I 
IO!otE H H H H H M N N N N H N 1\l "' N H H H N H N N H HII N 
OST~OSUCOMA 

ibby C~ovitlh 

MtOUSTl"fUM H N N N M N H N H H H H N H H H H H N M N N N H Nl 

O!>T£0SUCOMA. MEUSTATlC l 


'" 
M\Jl HPl.E OlfCAkS kO~ H N N N Jol N H H H H H H N H N H 11 HI 


MALIGNANt lYMPHOMA, NO$ X X X I 


" ' 
TISSUE EXAI"'HHO MICROSC:OI"lCAUY HO TISSUE lNFOII:MAllOH SU!"''lTTEO 
U:OUIII:EC TtHIJE NOT EXM'IlNED MIC.tlSCOPlCAU.Y NECROPSY, J.IO HISTOi.OG'f ClUE TO PROTOCOL 
TUr'IOR %1'1CIOEt1CE AI.HOt niS 
NECR:OPS'f'. NO AUTOL'tSU.. H'D I'UCRCSCOPlC EXli'IUU.tlOH UHMAl MISUHO 
ANU"'AL MJS~SEHD HO NECROPSY PERFORM£D 
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TABLE 84. FEMALE MICE: TUMOR PATHOLOGY (CONTINUED) VEHICLE CONTROL 


SAL!!tUY (il.&J~O 

l.lVER 

>1EPA'r:JCEII.lJ'.. A. lOUICMA 

M£PATDCH UH A.R CA~C l~OMA 

HRCOMA, to~~. METHhTJC 


&HE DIJtT 

G41.l8LADOER l C:OMM0"4 BILE DUCT 

PAHCRE~ $ 

f:SCIPHACUS 

STO!"'AC~ I. 
SMA.Ll INHSTt~E 

lUGE HITESTt~E I • 

l.EHlMYOS.UCOMA I 


~s<~EMM----------------1-------------------------------------------------------_,-----i 
KIOMEY' I • .. •\ 50 

OST'EOSUtOMA, I"'EU.SUTlC X I 

I.HUN.U'f BlHitiEii I • • 

PtriJlURY I • ,, 
AOUH.iMA, HOS 

ADRENAL • • + .. + + •I. 'I 
Tttl'II:OlO I+ +I 

FOLt!CULAR .. CElL ADEHCMA 

PUAiHYROtD I -

UPRobuCTivE hS'i£1'1 
MAMMU'I' CUND H • + • H + H 

IJ'!'UUS I • + + + • • 

.ENDOMETRIAl STRO~Al SARCOI'U 


OVU't I • + + + ' " 
AEhOi.JS svSHM f I 

«SP"t~~tt!H~~s£"•~s<£<am•~o•n,~,------------~~~·~~~~~-i~~~~~~~-i-i•~·~·~·~~·~~~~~~~~·~r-~·~·~ 
,..~'~!~i~~A~~ ~a~"o 1 " .. .. " " " fol N N H N H "' N H "' N ,. H N H H N ,. 

1 I 

MvsCulbsuL.ETAL !YsTEM I I 

"'• 
ME!Hi.STIN:UM N H H H ti. H H H H H H H N H It H H H H H N H H HI 

OSH'OS.UtCOMA, M£H$'t\TIC 1 "' 
A~l ~ ll SYSTEM 

MUL TlPLE ORGAHS NOS 

t'I.Al lG~AHl' !.YMP~OMA, NOS 


' M 

,t,Hli"'U NECROPSIED 

TlSS.oJt:: EXAf·HhEO MtCROSCOPlCALl'r HO TJSSUE lNfO'AMATrON SU8tHTTEO 

REQUIRED TISSUE HOf fXAMll't£D HlCR'OSCOP!CHL 'f HECROPS'f, NO Hl$TOLO~'t' 01,1£ TO PROTOCOL 

TUMOR JHC!DEHCE 4UTOL YSI5 

HECROPSY, HO AVTOL YSIS, HO I"'!C.OSCOPlC EXAI'IlHATIGH ANIMAL MISSlHO 


NO HECROP'S'r PElt FORMED 
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TABLE 14. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 2-YEAR 

STUDY OF TOLUENE DIISOCYANATE: LOW DOSE 


$Ctlt 

FIUOSUCOMA 


I 
LUHGS AHD IIOHC:HI • • • • • • • • • • • • t • • • • • ... • • +l 

ALVIEOLAitl'tROHtHIOLA.R A0£NQI'IA I 
ALVEOLU"I"'OHCHIOLJ.It C:UCINOf'U 

TUC:K!A • • + + + + + • • - + • • t • + • • • + •I 

IQ:IE I'Uit~OW 

\P\.UK • + • • • •I 
HEI'IAHG!OM X 

LYI'tftK HODES I + •l 
AlVEOUitFIROHCHJt:llU U, "'ETUUTl I 
I'IAl!GHANT LYMPHQ,..A, HO!t +-~'---------------------------+ 

THYf'IUI 

ChCUUTOIY SY-. 
I I 

HUitT I • •I 

UU~U,Y ~LAKO I.I ............. •
LIVU •II ' •HIEPATCC:El.LUL.U AP!WOI'IA I > X !HIEPATOCt:UULU C.tlttlNOf'!.t 

lllE oucr I ' '\ 
Q:4U.tADDU: I COIYI(IH UU DUCt H + H +I • • • l 

+ H . . 'I 
~AHCRIAS I . • . • . 'I...UO~HUUS 

$TOMACM + • • + 

SPIAU tMTUliH( . : . . ·I 
PIA'-lGMAHt U,PHOMA. HOS 

U~'lE IKfUTlMI 

orm., "'"" 
.UD4'C!Y 

UUMUY aunou • •I 

'lTUITU't I . . . . . .. . . . . . . . . . ; . . . . .~ ­ "IADE'"OPIA • MGS . . . . . . . . . . . . . . . . . . . . . . . .:ADU'HAl. 
,HEOCHRO•OC'.'fO"A ~ 

THYlOIO . . . . . . .. . . . . . . - . • : . . . . . . . FOLLICUUR•CUL AOEHO"A 

~UATHYROIO . .. . . . . . . . . . . . . . • . . . . . . - ·I 

>Y>J<" . . .. . . . . • . . " . • . . . . . . .MAMr'I.UY OLAND ~ CAitClHOUitl'D"A . . . . . . . . . . " . " . . . • . • .. . . . . . .UtUUl 
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MI0¥0U$ HOT£" 

I
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•••uu ..... •••••• 
+ 

HAJt.DUUN GUHO: N N H H H
AOIHOPIA, NOt • • • . • . " " • " • • • . • . . .. • 

ALL or••• "IE"' 
PIUL UPLI OIIOAN$ NOS H H 
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MAL UNAJH tyMPHOMA. Mpl X X 

KO TUSV£ IHFOR.ATIOH SUI•ITTEO 
NECROPSY, HO liUTOLOGY D\1£ TO PROTOCOL 
AUTOLYSU 
ANIMAL MIUIHG 
HD NECROPSY PEAFORM~J) 
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TABLE 84. FEMALE MICE: TUMOR PATHOLOGY (CONTINUED) LOW DOSE 
-~--- .. --- .. ~- ~ ... -..... -- .. --------- .... -- .... -....... -.. ----- .. ----- .... -................-- .. ---- .. -............. -- ......... --- ..................._............... _------- ..--.......... 
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TABLE 14. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF fEMALE MICE IN THE 2·YEAR 

STUDY OF TOLUENE DIISOCYANATE: HIGH DOSE 
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TABLE 84. FEMALE MICE: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 
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APPENDIX C 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS 

IN RATS ADMINISTERED TOLUENE DIISOCYANATE 


IN CORN OIL BY GAVAGE 
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---------------------------------------------------------------------------------------

TABLE C1. 


SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS ADMINISTERED 

TOLUENE OIISOCYANATE IN CORN OIL BY GAVAGE 


VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

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

INTEGUMENTARY SYSTEM 

KSKIN (50) (50) (50)

EPIDERMAL INCLUSION CYST 1 (2Y.)

HEMORRHAGE 1 (2%)
INFLAMMATION, ACUTE/CHRONIC 1 C2Y.)
HYPERKERATOSIS 1 (2%) 

KSUBCUT TISSUE (50) (50) (50)

INFLAMMATION, FOCAL GRANULOMATOU 1 (2%) 


RESPIRATORY SYSTEM 

KNASAL MUCOSA (50) (50) (50)
HEMORRHAGE 1 C2Y.)
LYMPHOCYTIC INFLAMMATORY INFIL TR 1 (2Y.) 


KLARYNX (50) (50) (50)

UL TIMOBRANCHIAL CYST 1 (2Y.)
HEMORRHAGE 1 (2Y.) 


MLARYNGEAL GLAND (50) (50) (50)

DILATATION, NOS 1 (2%) 


IITRACHEA (37) (41) (36)

INFLAMMATION, ACUTE 3 (7Y,) 
INFLAMMATION, ACUTE/CHRONIC 1 (2Y.) 


#LUNG/BRONCHUS (50) (50) (50)

BRONCHIECTASIS 1 (2%) 


II LUNG (50) (5Q) (50)

MINERALIZATION 2 ( 4Y.) 1 (2Y.)
CONGESTION, NOS 3 (6Y.) 2 (4Y.) 

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
lt HUMBER OF ANIMALS NECROPSIED 
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TABLE C1. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 
--------------------------------------------------------------------------------------· 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE --------------------------------------------------------------------------------------· 

EDEMA, NOS 
HEMORRHAGE 
LYMPHOCYTIC INFLAMMATORY INFIL TR 
PNEUr10NIA, ASPIRATION 
BRONCHOPNEUMONIA, ACUTE 
INFLAMMATION, ACUTE 
INFLM1MATION, ACUTE/CHRONIC 
PNEU~10NIA, CHRONIC MURINE 
BRONCHOPNEUMONIA, CHRONIC 
INFLAMMATION, GRANULOMATOUS 
GRANULOMA, NOS 
CHOLESTEROL DEPOSIT 
FOREIGN ~1ATERIAL, NOS 
PIGMENTATION, NOS 
HYPERPLASIA, ALVEOLAR EPITHELIUM 
HISTIOCYTOSIS 

2 
4 
3 

2 
2 

1 

13 

( 4~) 
(8~) 
(6~) 

( 4~) 
( 4%) 

(2%) 
( 2%) 

(2%) 

(26%) 

12 
1 
6 

6 
2 
1 
1 
1 

1 

2 

, 
9 

(24~) 
( 2~) 
( 12%) 

( 12~) 
(4%) 
(2%) 
(2%) 
( 27.) 

(2%) 

(4%) 

(2%)
( , 8%) 

4 
3 
5 
1 

14 
3 

2 
1 
2 

9 

(8~) 
( 6 )() 
( 1 0 )() 
( 2%) 
(28%) 
(6%) 

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

( 18%) 

HEMATOPOIETIC SYSTEM 

*MULTIPLE ORGANS 
HEMATOPOIESIS 

(50) 
4 (8%) 

(50) 
1 (2%) 

(50) 
2 (4%) 

#BONE MARROW 
MYELOFIBROSIS 

(49) 
4 (8%) 

(49) 
3 (6%) 

( 4 7) 
1 (2%) 

#SPLEEN 
CONGESTION, NOS 
FIBROSIS, FOCAL 
NECROSIS, NOS 
HEMOSIDEROSIS 
LYMPHOID DEPLETION 
HEMATOPOIESIS 

(49) 

(2%) 

8 ( 16%) 

5 ( 1 0%) 

(48) 

8 
1 
2 

( 17%) 
(2%) 
(4%) 

( 4 9) 
1 (2%) 

1 (2%) 
5 (10%) 

#SPLENIC CAPSULE 
LYMPHOCYTIC INFLAMMATORY 
SIDEROPHAGOCYTOSIS 

INFIL TR 
( 4 9) 

1 (2)() 

( 48) 
1 (2%) 

(49) 

#SPLENIC RED 
COLLAPSE 

PULP (49) 
2 (4%) 

( 48) (49) 
1 (2%) 

#LYMPH NODE 
EDEMA, NOS 
PLASMACYTOSIS 

(48) ( 4 7) (43) 
1 (2%) 
1 (27.) 

#MANDIBULAR L. NODE 
DILATATION NOS 

(48) (47) 
1 (2%) 

(43) 

# NUMBER 
;* NUMBER 

OF 
OF 

ANIMALS 
ANIMALS 

WITH TISSUE 
NECROPSIED 

EXAMINED MICROSCOPICALLY 
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TABLE C1. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 
---~----------------------------------------------------------------------------------· 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

CYST, HOS 
EDEMA, HOS 
HEMORRHAGE 
IHFLAMMATIOH, 
PLASMACYTOSIS 

ACUTE 

I 

22 

(2%) 

C46Y.) 

I 

1 

18 

(2~) 

(2Y.) 

(38~) 

4 
1 

14 

(9Y.) 
(2~) 
(33~) 

IIMEDIASTIHAL L.HOOE 
HEMORRHAGE 
HISTIOCYTOSIS 
PLASMACYTOSIS 

(48) 
12 (25~) 

1 (2Y.) 
1 C2Y.) 

(47) 
7 ( 15Y.) 

(43)
5 ( 12~0 

1 (2Y.) 

IMESEHTERIC L. NODE 
DILATATION, HOS 
IHFLAMMATIOH, ACUTE 

(48) (47) (43)
1 C2Y.)
1 C2Y.) 

IREHAL LYMPH HODE 
HEMORRHAGE 

(48) (47)
1 (2Y.) 

(43) 

ISTOMACH 
SIDEROPHAGOCYTOSIS 

(49) 
1 (2Y.) 

(49) (47) 

IICOLOH 
HYPERPLASIA, LYMPHOID 

(48) 
1 (2Y.) 

(47) (44) 

IIADREHAL 
HEMATOPOIESIS 

(50) 
3 (6)0 

(49) 
1 C2Y.) 

(50)
1 (2~) 

IITHYMUS 
CYST, HOS 
HEMORRHAGE 
NECROSIS, CORTICAL 
LYMPHOID DEPLETION 

(27)
2 (77.) 

(37) 

3 (8Y.) 

1 (3Y.) 

( 36)
3 (8Y.) 
1 C3Y.> 
1 ( 3l0 
2 C6Y.) 

CIRCULATORY SYSTEM 

IIBRAIH 
THROMBOSIS, HOS 

(50) 
1 (2Y.) 

(49) (50) 

IILUHG 
THROMBOSIS, HOS 

(50)
1 (2Y.) 

(50) (50) 

IIHEART 
MIHERALIZATIOH 
THROMBOSIS, NOS 

(50)
2 (4l0
2 (4Y.) 

(50) 

1 ( 2%) 

(50) 

1 (2Y.) 

II HUMBER* HUMBER 
OF 
OF 

ANIMALS 
ANIMALS 

WITH TISSUE 
NECROPSIED 

EXAMINED MICROSCOPICALLY 
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TABLE C1. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 
--------------------~--------------------------------------------------------------·--· 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

--------------------------------------------------------------------------------------· HEMORRHAGE 2 <4~) 3 CU) 
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%) 3 (6%) 1 (2%)
INFLAMMATION, ACUTE/CHRONIC 2 (4%)
INFLAMMATION, CHRONIC 1 (2%) 2 (4Y.) 3 (6%)
FIBROSIS 46 (92Y.) 34 (68l0 31 C62Y.> 
FIBROSIS, FOCAL I <2Y.) 


MCORONARY ARTERY (50) (50) (50) 

INFLAMMATION, CHRONIC 1 (2Y.) 


MPULMONARY ARTERY <50) (50) (50) 

MINERALIZATION 14 (28%) 5 (10%) 


IADRENAL (50) (49) (50)

THROMBOSIS, NOS 2 (4%) 

--------------------------------------------------------------------------------~-----· 
DIGESTIVE SYSTEM 

ISALIVARY GLAND (50) (50) (48)
INFLAMMATION, ACUTE/CHRONIC 1 (2l0
FIBROSIS 1 (2%)
ATROPHY, NOS 2 (4Y.) 2 (4Y.) 6 (13%) 

ILIVER (50) (50) (50) 

ABNORMAL CURVATURE 2 (4Y.) 1 C2Y.) 3 (6%)

CYST, NOS 1 (2Y.)

CONGESTION, NOS 1 (2%)

INFLAMf>1A TION, ACUTE 2 (4%) 3 (6);) 

GRANULOMA, NOS 4 (8%) 2 (4Y.) f (2%)

DEGENERATION, CYSTIC 1 (2Y.) 6 (12Y.)

NECROSIS, NOS 7 ( 14Y.) 3 CU> 5 ( 10%) 

NECROSIS, CENTRAL 1 (2%)
CYTOPLASMIC VACUOLIZATION 3 C6Y.) 1 <2%) s c to:o 
BASOPHILIC CYTO CHAHGE 42 (84Y.) 32 (64%) 33 (66%)
EOSINOPHILIC CYTO CHANGE 17 (34%) 28 (56%) 21 (42%)
ATYPIA, NOS 4 (8%) 1 (2%) 1 (2%)
ANGIECTASIS 1 (2%) 


ILIVER/KUPFFER CELL <SO> (50) (50)

HYPERPLASIA, NOS 1 C2Y.> 


t9ILE DUCT (50) (50) (50)

HYPERPLASIA, NOS 45 <90%) lCI C60Y.) za csu> 


fiPANCREAS (47) (47) (49)

ACCESSORY STRUCTURE 1 (2Y.) 

f NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
M NUMBER OF ANIMALS NECROPSIED 
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TABLE C1. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 
·-------------------------------------------------------------------------------------· 

VEHICLE 
CONTROL LOW DOSE 

CYST, NOS 2 (4)0 1 (2Y.)
INFLAMMATION, CHRONIC 1 ( 2'0 
CYTOPLASMIC VACUOLIZATION 
ATROPHY, NOS 2 (4Y.) 


IPANCREATIC ACINUS (47) (47)

CYST, NOS 
CYTOPLASMIC VACUOLIZATION 1 (2Y.)
ATROPHY, NOS 10 C2HO 6 (13Y.)
ATROPHY, EXHAUSTION 1 (2Y.)
HYPERPLASIA, NODULAR 2 ( 4Y.) 

IPERIPANCREATIC TISSU (47) (47) 
NECROSIS, FAT 


IESOPHAGUS (49) (48)

INFLAMMATION, CHRONIC 1 (2Y.) 

ISTOMACH (49) (49)
MINERALIZATION 1 C2Y.)
INFLAMMATION, NECROTIZING 
INFLAMMATION, ACUTE 14 C29Y.) 9 (18%)
ULCER, ACUTE 1 (2Y.)
INFLAMMATION, ACUTE/CHRONIC 1 (2Y.)
FIBROSIS 
HYPERPLASIA, EPITHELIAL 5 (10Y.) 1 (2Y.) 

IGASTRIC FUNDAL GLAND (49) (49)
DILATAVON, NOS 1 (2%) 


IJEJUNUM (46) (39)

ECTOPIA 1 C2Y.> 1 (3Y.)
INFLAMMATION, GRANULOMATOUS 1 (2Y.)
HYPERPLASIA, EPITHELIAL 


ICOLON (48) (47)

HEMORRHAGE 1 (2Y.)
PARASITISM 1 (2Y.) 1 (2Y.) 

MRECTUM (50) (50)
POLYP, INFLAMMATORY 1 ( 2Y.) 

URINARY SYSTEM 

IKIDNEY (50) (48)
MINERALIZATION 3 C6Y.) 1 C2Y.) 

.! NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
~ HUMBER OF ANIMALS NECROPSIED 

HIGH DOSE 
2 (4Y.) 

1 (2Y.) 

(49)
1 (2Y.) 

6 (12Y.) 

4 (8Y.) 

(49) 
1 (2Y.) 

(2Y.)
(15Y.) 

(2Y.) 

( 2)0 

(2Y.) 

( 9Y.) 

(47) 

(47) 

1 
7 

1 

(47) 

(44) 
1 

1 

(44) 

4 

(50) 

( 49) 
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TABLE C1. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 
--------------------------------------------------------------------------------------· 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

HYDRONEPHROSIS 
CONGESTION, NOS 
HEMORRHAGE 
GLOMERULONEPHRITIS, NOS 
PYELONEPHRITIS, ACUTE 
INFLAMMATION, ACUTE/CHRONIC
INFLAMMATION, CHRONIC 
NEPHROPATHY 
PIGMENTATION, NOS 
HISTIOCYTOSIS 

2 (4%) 
6 ( 12%) 
1 (2%) 
1 (2%) 
1 (2%) 
1 C2%)
1 C2l0 

48 (96Y.) 
2 (4%) 

1 (2%) 

38 C79Y.) 
2 ( 4%) 

1 (2%) 

35 (7 DD 

1 (2%) 

IIKIDNEY/PELVIS
HYPERPLASIA, EPITHELIAL 

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

#URINARY BlADDER 
EDEMA, NOS 
LYMPHOCYTIC INFLAMMATORY 
INFLAMMATION, ACUTE 
ULCER, ACUTE HEMORRHAGIC 

INFILTR 

C44) 
1 ( 2%) 
2 (5%) 
1 C2%) 
1 (2%) 

(47) 

1 C2Y.> 

(44) 

ENDOCRINE SYSTEM 

#PITUITARY 
CYST, NOS 
HYPERPlASIA,
AHGIECTASIS 

CHROMOPHOBE-CELL 

(50) 
6 (12%)

12 (24%) 

(44) 
4 (9%) 
3 cno 
1 (2%) 

(49) 
7 ( 14%) 
3 ( 6%) 

#ADRENAL 
CONGESTION, HOS 
INFLAMMATION, ACUTE 
CYTOPLASMIC VACUOLIZATION 
ANGIECTASIS 

(50) 

3 (6%) 
1 (2%) 

(49) 
1 (2%) 
1 (2%)
3 (6%) 
1 (2%) 

(50) 
3 (6%) 

#ADRENAL CORTEX 
CYTOPLASMIC CHANGE, HOS 
CYTOPLASMIC VACUOLIZATION 
HYPERPLASIA, NODULAR 

(50) 
1 C2Y.> 
4 (8%) 
8 ( 16%) 

(49) 

1 (2%) 
8 ( 16:1,) 

(50) 

4 (8!1,) 

#ADRENAL MEDULLA 
HYPERPLASIA, NOS 

(50) 
8 (16%) 

(49) 
3 (6%) 

(50)
3 (6:() 

!HHYROIO 
ULTIMOBRANCHIAL 
MINERALIZATION 

CYST 
C46) 

2 C4%) 

(49) 
1 (27.) 
1 (2%) 

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

# HUMBER* NUMBER 
OF 
OF 

ANIMALS 
ANIMALS 

WITH TISSUE 
NECROPSIED 

EXAMINED MICROSCOPICALLY 

109 Toluene Diisocyanate 



TABLE C1. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 

--------------------------------------------------------------------------------------~ 

FOLLICULAR CYST, NOS 
HYPERPLASIA, C-CELL 


!!PARATHYROID 

HYPERPLASIA, HOS 


IIPAHCREATIC ISLETS 

HYPERPLASIA, HOS 

REPRODUCTIVE SYSTEM 

MM.4MMARY GLAHD 
OIL AT AT I OHIDUCTS 
INFLAMMATION, ACUTE/CHRONIC
INFLAMMATION, GRANULOMATOUS 
HYPERPLASIA, NOS 
HYPERPLASIA, EPITHELIAL 
LACTATION 


MPEHIS 

IHFLAMMATIOH, ACUTE 


MPREPUTIAL GLAHD 

EPIDERMAL IHCLUSIOH CYST 
IHFLAMMATIOH, CHRONIC 


!!PROSTATE 

INFLAMMATION, ACUTE 
INFLAMMATION, ACUTEICHROHIC 
INFLAMMATION, CHRONIC 
INFLAMMATION, GRANULOMATOUS 
FIBROSIS 
HYPERPLASIA, EPITHELIAL 
METAPLASIA, SQUAMOUS 


MSEMINAL VESICLE 

IHFLAMMATIOH, ACUTEICHROHIC 

liTES TIS 
MINERALIZA TIOH 
INFLAMMATION, GRANULOMATOUS 
GRANULOMA, NOS 
NECROSIS, FAT 
ATYPIA, NOS 

II HUMBER OF ANIMALS WITH TISSUE 
M HUMBER OF ANIMALS NECROPSIED 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

6 C13X l 4 C8Xl 2 C4Xl 
15 (33Y.) 4 (8Y,) 2 (4Y.) 

(34) 
12 (35Y.) 

(36) 
9 (25Y.) 

( 3 3) 
4 (12Y.) 

(47)
1 C2X) 

(47)
1 C2X) 

(49)
1 C2Y.) 

(50) 
2 ( 4Y.) 

1 (2Y,) 

(50) 
2 C4Y.) 

(50) 

1 C2Y.) 

3 (6Y,) 
3 
2 

(6Y,) 
(4Y,) 1 C2Y.> 

2 
3 

(4Y,) 
(6Y.) 

(50) (50) (50) 
1 C2Y.) 

(50) 

1 (2)0 

(50)
1 (2Y.) 

(50) 

(44) 
1 C2Y.) 
4 (9Y,) 

(50) 
5 (10X) 
5 (10Y.) 

(47) 
3 C6Y.> 
2 ( 4Y.) 

4 (9Y,) 
1 C2X> 

1 (2Y,) 1 (2Y,) 
1 (2Y,) 

1 (2Y,) 
5 (11Y.) 2 ( 4Y.) 4 

1 
( 9X) 
(2)0 

(50)
1 (2Y,) 

(50) (50) 

(50)
25 C50X)

1 (2Y.) 

1 (2Y.) 

(50)
17 (34Y.) 

1 (2%) 

1 (2Y,) 

(50)
21 C42X) 

EXAMINED MICROSCOP.ICALLY 
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---------------------------------------------------------------------------------------
TABLE C1. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

ATROPHY,. NOS 2 (4~0 1 C2Y.> 1 C2Y.)
HYPERPLASIA, INTERSTITIAL CELL 1 (2l0 3 C6Y.) 

*EPIDIDYMIS (50) (50) (50)
INFLAMMATION, ACUTE/CHRONIC 3 (6Y.) 1 C2Y.)
INFLAMMATION, CHRONIC 2 ( 4Y.) 1 (2~0 

FIBROSIS 1 (27.) 1 C2Y.> 

NERVOUS SYSTEM 

IECHOROID PLEXUS (50) (50) (50)
MINERALIZATION 1 (2") 


IBRAIH (50) (49) (50) 

MINERALIZATION 1 (2")
EDEMA, NOS 1 (2") 1 (2'0
HEMORRHAGE 1 (2") 1 c2r.> 1 C2Y.> 
GLIOSIS 2 C4Y.)
MALACIA 1 (27.)
AHGIECTASIS 1 (2Y.) 

SPECIAL SENSE ORGANS 

IE EYE (50) (50) (50)
RETINOPATHY 4 C8Y.) 1 ( 2'0 
CATARACT 4 C8Y.) 2 <4r.> 

IESCLERA (50) (50) C50)
MINERALIZATION 1 C2Y.) 

*EYE/CORNEA (50) (50) cso)
INFLAMMATION, ACUTE 1 (2") 

IECORHEA SUBSTANTIA PR (50) (50) (50)
INFLAMMATION, ACUTE 1 C2X) 

IE EAR (50) (50) (50)
INFLAMMATION, ACUTE/CHRONIC 2 ( 4") 4 C8Y.) 

MUSCULOSKELETAL SYSTEM 

H H 

I HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
IE HUMBER OF ANIMALS NECROPSIED 
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TABLE C1. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED} 

--------------------------------------------------------------------------------------· 
VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

BODY CAVITIES 

KPERITOHEAL CAVITY (50) (50) (50)

INFLAMMATION, ACUTE/CHRONIC 1 C2Y.)

NECROSIS, FAT 1 C2Y.) 


KMESENTERY (50) (50) (50)

HEMATOMA, NOS 1 C2Y.)
INFLAMMATION, CALC GRANULOMATOUS 1 (2Y.)
NECROSIS, FAT 2 (4Y.) 

ALL OTHER SYSTEMS 

KMULTIPLE ORGANS (50) (50) (50)
CONGESTION, NOS 8 (16Y.) 24 (48Y.) 26 (52Y.)
HEMORRHAGE 1 c2r. > 2 (4}:) 
LYMPHOCYTIC INFLAMMATORY IHFILTR 1 (2Y.)
INFLAMMATION, ACUTE (2}:) 1 C2Y.)
INFLAMMATION, ACUTE/CHRONIC (2Y,) 
FIBROSIS 
HYPERPLASIA, EPITHELIAL 

SPECIAL MORPHOLOGY SUMMARY 

HONE 

I HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
K NUMBER OF ANIMALS NECROPSIED 
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TABLE C2. 


SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS ADMINISTERED 

TOLUENE DIISOCYANATE IN CORN OIL BY GAVAGE 


--------------------------------------------------------------------------------------· 
VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

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

INTEGUMENTARY SYSTEM 

!ESKIN 
EPIDERMAL INCLUSION 
ACANTHOSIS 

CYST 
(50) (50) (50) 

I (24) 
1 (27.) 

RESPIRATORY SYSTEM 

IE LARYNX 
HEMORRHAGE 
INFLAMMATION, ACUTE 

(50) (50) 

I (27.) 

(50) 
1 (27.) 

#TRACHEA 
INFLAMMATION, ACUTE 

(45) (38) 
I (37.) 

( 3 t) 
1 or.> 

II LUNG 
MINERALIZATION 
VEGETABLE FOREIGN BODY 
CONGESTION, NOS 
EDEMA, NOS 
HEMORRHAGE 
LYMPHOCYTIC INFLAMMATORY INFILTR 
INFLAMMATION, INTERSTITIAL 
BRONCHOPNEUMONIA, ACUTE 
INFLAMMATION, ACUTE 
INFLAM~ATION, ACUTE~CHROHIC 
GRANULOMA, NOS 
FIBROSIS 
FOREIGN MATERIAL, NOS 
PIGMENTATION, HOS 
HYPERPLASIA, ALVEOLAR EPITHELIUM 
HISTIOCYTOSIS 

(50) 

3 (67.) 
1 ( 27.) 

1 (27.) 

1 (27.) 

2 (47.) 
13 (267.) 

(50) 
2 

2 
7 

2 

1 0 

1 
2 

5 

2 
14 

(47.) 

(47.) 
( 147.) 

(47.) 

(207.) 

(27.) 
(47.) 

(107.) 

(47.) 
(287.) 

(49) 
1 (27.) 
1 (27.) 
1 (27.) 
7 ( 147.) 
1 (27.) 
I (27.) 
1 (27.) 

25 (517.) 
4 (87.) 

1 (27.) 
2 (44) 
1 (27.) 
1 (27.) 
5 (107.) 
6 ( 127.) 

HEMATOPOIETIC SYSTEM 

!EMUL TIPLE ORGANS 
PLASMACYTOSIS 

(50) (50)
1 (27.) 

(50) 

I HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
IE HUMBER OF ANIMALS NECROPSIED 
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---------------------------------------------------------------------------------------
TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

HEMATOPOIESIS 4 (8?,) 9 ( 18?.) 

IBONE MARROW (49) (49) (49)
OSTEOSCLEROSIS 1 (2Y.)
MYELOFIBROSIS 4 (8?,) 5 (10?,) 

ISPLEEN (50) (50) C47)
GRANULOMA, NOS 1 C2Y.> 
FIBROSIS 1 (2?.)
HEMOSIDEROSIS 24 C48Y.) 14 (28?.) 15 C32Y.)
LYMPHOID DEPLETION 1 (2?,) 2 (4?.)
HEMATOPOIESIS 1 (2Y.) 6 ( 12Y.) 2 (4Y,) 

ILYMPH NODE (45) (47) (45)
PLASMACYTOSIS 1 C2Y.) 

IMANDIBULAR L. NODE (45) (47) (45)
HEMORRHAGE t C2Y.> 1 C2Y.> 
GRANULOMA, NOS 1 (2?,)
NECROSIS, NOS 1 C2Y.> 
ATROPHY, NOS 1 C2Y.)
PLASMACYTOSIS 23 C5 BO 19 (40~0 16 C36Y.) 

IMEDIASTINAL L.HODE (45) (47) (45)
HEMORRHAGE 5 (11Y.) 6 (13Y.) 7 (16Y.)
INFLAMMATION, ACUTE 1 (2") 3 (7Y.)
GRANULOMA, NOS 1 <2")
PIGMENTATION, NOS 1 (2")
PLASMACYTOSIS 2 (4Y,) 2 (4Y,) 2 C4Y.) 

IPANCREATIC L.HODE (45) (47) (45)
EDEMA, NOS 1 C2Y.> 

IREHAL LYMPH NODE (45) (47) (45)
HEMORRHAGE 2 (4%) 

ILIVER (50) (50) <48)
LEUKEMOID REACTION 1 C2X)
HEMATOPOIESIS 2 (4Y,) 

ITHYMUS (30) (31) (28)
CYST, NOS 3 < 10X) 2 (6Y.) 2 (7Y.)
HEMORRHAGE 1 C3Y.) t <4Y.)
HECRQSIS, CORTICAL 1 (3Y.) 

• HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY• NUMBER OF ANIMALS NECROPSIED 
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 

---------------------------------~----------------------------------------------------· 
VEHICLE 
CONTROL LOW DOSE 

CIRCULATORY SYSTEM 

MMULTIPLE ORGANS (50) (50) 
THROMBOSIS, NOS 


IHEART C50) (50) 

THROMBOSIS, NOS 1 (2%)
HEMORRHAGE 1 (2%)
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%)
INFLAMMATION, ACUTE 2 (4%)
FIBROSIS 37 C74X) 29 (58%) 

MPULMONARY ARTERY (50) (50)
MINERALIZATION 4 (8%) 2 (4%) 

MSPLENIC ARTERY (50) (50)
INFLAMMATION, GRANULOMATOUS 1 C2X) 

tiL IV ER (50) (50) 
THROMBOSIS, HOS 2 (4%) 


IIUTERUS (50) (50)

THROMBOSIS, HOS 1 (2%) 


IADRENAL (50) (50)

THROMBOSIS, NOS 

DIGESTIVE SYSTEM 

#SALIVARY GLAHD (50) (49)
FIBROSIS 
ATROPHY, HOS 3 C6X> 

ILIVER C50) (50>
ABNORMAL CURVATURE 6 C12X)
LYMPHOCYTIC INFLAMMATORY INFILTR 
INFLAMMATION, ACUTE NECROTIZING 
INFLAMMATION, ACUTE/CHRONIC 1 CZX> 
INFLAMMATION, GRANULOMATOUS 2 C4%)
GRANULOMA, HOS 20 C40X) 4 (8%)
FIBROSIS 
NECROSIS, NOS 4 (87.) 5 ClOX)
PIGMENTATION, NOS 1 C2l0 

I HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
M HUMBER OF ANIMALS NECROPSIED 

HIGH DOSE 

(50)
1 (2%) 

(49) 

1 C2X) 

1 (2%) 
30 (61%) 

(50) 

(50) 

(48) 
1 (2%) 

(47) 

(48) 
1 C2X> 

(45) 
1 (2X) 
7 ( 16%) 

(48) 
3 CU> 
1 C2X)
2 ( 47.) 

4 C8X)
1 (2Y.) 
3 (6'f) 
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---------------------------------------------------------------------------------------
TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS {CONTINUED) 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

CYTOPLASMIC VACUOLIZATION 
BASOPHILIC CYTO CHANGE 
EOSINOPHILIC CYTO CHANGE 
ATYPIA, NOS 
ANGIECTASIS 

2 ( 4Y.) 
42 (84Y.) 
12 (24Y.) 

2 (4Y.) 

1 (2Y.) 
37 C74Y.) 
22 C44Y.) 

2 C4Y.) 
1 (2l0 

2 ( 4Y.) 
43 (90~) 
31 (657.) 

#BILE DUCT 
HYPERPLASIA, NOS 

(50)
26 (52Y.) 

(50) 
10 (20Y.) 

(48)
3 (6Y.) 

IIPANCREAS 
ACCESSORY STRUCTURE 
DILATATION/DUCTS
CYST, NOS 
HEMORRHAGE 
LYMPHOCYTIC INFLAMMATORY 
FIBROSIS 
ATROPHY, NOS 

INFILTR 

(50) 

(2Y.) 
(2Y.) 

2 C4Y.)
1 (2Y.) 

(49) (47)
1 ( 2Y.) 

(2Y.) 
C2Y.) 

#PANCREATIC ACINUS 
CYTOPLASMIC VACUOLIZATION 
ATROPHY, NOS 

(50) 

6 ( 12Y.) 

(49) 

5 (10Y.) 

(47) 
1 (27.)
2 ( 4Y.) 

#ESOPHAGUS 
INFLAMMATION, CHRONIC 

(48) (49)
1 (2Y.) 

(50) 

ISTOMACH 
CYST, NOS 
EDEMA, tiOS 
INFLAMMATION, NOS 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE/CHRONIC
INFLAMMATION, CHRONIC 
HYPERPLASIA, EPITHELIAL 

(50) 
1 (2Y.) 

1 (2Y.) 
22 (44Y.)

1 ( 2Y.) 

7 ( 147.) 

(49) 

7 ( 14Y.) 

(45) 

1 (2Y.) 

1 (2Y.) 

1 (2Y.) 
2 ( 4Y.) 

#GASTRIC FUNDAL GLAND 
DILATATION, NOS 

(50)
1 (2Y.) 

(49) 
1 (2Y.) 

(45) 
1 (2Y.) 

IIJEJUHUM 
ECTOPIA 

(50)
1 C2Y.) 

(46)
2 (4Y.) 

(43) 

IICOLON 
PARASITISM 

(49) (50)
1 (2Y.) 

(42)
2 (5Y.) 

URINARY SYSTEM 

#KIDNEY 
MINERALIZATION 

(50) 
10 (20Y.) 

(50) 
3 (6Y.) 

(48) 
2 C4Y.) 

I HUMBER* HUMBER 
OF 
OF 

ANIMALS 
ANIMALS 

WITH TISSUE 
NECROPSIED 

EXAMINED MICROSCOPICALLY 
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---------------------------------------------------------------------------------------
TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 

VEHICLE 
CONTROL LOW OOSE HIGH OOSE 

CYST, HOS 1 C2Y.> 
CONGESTION, HOS 1 (2Y.)
PYELONEPHRITIS, CHRONIC 1 C2Y.)
NEPHROPATHY 34 C68Y.) 36 (72Y.) 40 (83:C)
DEPOSIT, HOS 1 (2Y,) 
PIGMENTATION, HOS 4 (8Y,) 1 C2Y.> 

IPERIREHAL TISSUE (50) (50) (48) 
INFLAMMATION, CHRONIC 1 (2Y.) 

IURIHARY BLADDER (48) (48) (44)
LYMPHOCYTIC INFLAMMATORY IHFILTR 2 ( 4Y.) 2 ( 4Y.) 

ENDOCRINE SYSTEM 

IPITUITARY (50) (49) (49) 
MINERALIZATION 1 (2Y.)
CYST, HOS 22 (44Y.) 21 (43Y.) 15 (31Y.)
GRANULOMA, HOS 1 (2Y.)
PIGMENTATION, HOS 1 C2Y.> 
HYPERPLASIA, CHROMOPHOBE-CELL 3 (6Y,) 4 (8Y.) 2 (4:C) 
AHGIECTASIS 2 (4Y,) 1 C2Y.) 

IADREHAL (50) (50) (48) 
CONGESTION, HOS 2 C4Y.) 2 ( 4Y.) 5 ( 10Y.) 
DEGENERATION, CYSTIC 2 ( 4Y.)
NECROSIS, HOS 2 (4Y,) 
PIGMENTATION, NOS 1 C2Y.)
CYTOPLASMIC VACUOLIZATION 1 C2Y.) 4 (8Y.) 1 C2Y.> 
HYPERPLASIA, NODULAR 1 C2Y.) 2 (4Y,) 
AHGIECTASIS 4 (8Y.) 1 C2Y.) 

IIADREHAL/CAPSULE (50) (50) (48)
FIBROSIS 1 C2Y.> 


#ADRENAL CORTEX (50) (50) (48) 

FIBROSIS 1 C2Y.)
DEGENERATION, CYSTIC 1 C2Y.)
CYTOPLASMIC CHANGE, HOS 2 C4Y.) 
CYTOPLASMIC VACUOLIZATION 6 ( 12Y.) 2 C4Y.) 4 (8Y.) 
HYPERPLASIA, NODULAR 18 (36Y.) 14 C28Y.) 8 ( 17Y.)
HYPERPLASIA, FOCAL 1 <2:t.) 


IADREHAL MEDULLA (50) (50) (48)

HYPERPLASIA, HOS 6 ( 12Y.) 4 (8Y.) 2 C4Y.) 

I HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
H NUMBER OF ANIMALS NECROPSIED 
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---------------------------------------------------------------------------------------
TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 

VEHICLE 
CONTROL LOW DOSE 

ITHYROID (50) (47) 
MINERALIZA TIOH 
FOLLICULAR CYST, HOS 10 (20%) 3 ( 6>:) 
HYPERPLASIA, C-CELL 11 (22%) 12 C26X) 
HYPERPLASIA, FOLLICULAR-CELL 1 (2%) 

ITHYROGLOSSAL DUCT (50) (47) 
ULTIMOBRAHCHIAL CYST 


IPARATHYROID (31) (38)

HYPERPLASIA, HOS 4 (13%) 7 ( 18%) 

REPRODUCTIVE SYSTEM 

MMAMMARY GLAND (50) (50) 
DILATATION/DUCTS 7 (14>:) 10 C20l0 
GALACTOCELE 1 (2%) 
INFLAMMATION, ACUTE C2l0 
INFLAMMATION, GRANULOMATOUS (2l0
HYPERPLASIA, NOS 
HYPERPLASIA, EPITHELIAL 2 ( 4l0 3 (6%) 
HYPERPLASIA, CYSTIC 1 (2%) 
LACTATION 14 C28X) 10 (20%) 

MCLITORAL GLAND (50) (50)
IMPACTION, NOS 

MVAGINA (50) (50)

INFLAMMATION, ACUTE NECROTIZING 


IUTERUS (50) (50) 

CYST, NOS 1 (2%) 

INFLAMMATION, ACUTE 
NECROSIS, FAT 


IUTERUS/ENDOMETRIUM (50) (50) 

CYST, NOS 7 ( 14%) 1 C2Y.> 
INFLAMMATION, ACUTE 1 (2%) 
HYPERPLASIA, HOS f (2%)
HYPERPLASIA, EPITHELIAL 


IFALLOPIAN TUBE (50) (50)

INFLAMMATION, ACUTE 1 cz:o 

I HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
II HUMBER OF ANIMALS NECROPSIED 

HIGH DOSE 

( 4 1) 
1 

4 

( 4 1) 
1 

( 31)
1 

(50) 
4 
2 

1 

9 

(50) 
1 

(50)
1 

(47) 

1 
1 

(47) 
3 

1 

Ut7> 

C2X) 

(10%) 

C2X) 

(3%) 

C8l0 
(4l0 

C2X) 

(18%) 

(2%) 

C2X) 

(2%) 
(2%) 

(6%) 

(2%) 
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 
--------------------------------------------------------------------------------------· 

#OVARY/PAROVARIAN
NECROSIS, FAT 


#OVARY 

CYST, NOS 
FOLLICULAR CYST, NOS 
NECROSIS, NOS 

NERVOUS SYSTEM 

liBRA IN 
MINERALIZATION 
HYDROCEPHALUS, NOS 
EDEMA, NOS 
HEMORRHAGE 

SPECIAL SENSE ORGANS 

*EYE 
MINERALIZATION 
INFLAMMATION, CHRONIC 
RETINOPATHY 

CATARACT 


MUSCULOSKELETAL SYSTEM 

MSTERHUM 
OSTEOSCLEROSIS 


MCARTILAGE, NOS 

NECROSIS, FAT 

BODY CAVITIES 

MMEDIASTINUM 
INFLAMMATION, ACUTE 

MMESEHTERY 
INFLAMMATION, ACUTE/CHRONIC
NECROSIS, FAT 

I HUMBER OF ANIMALS WITH TISSUE 
M NUMBER OF ANIMALS NECROPSIED 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

(49) (50) (48) 
1 C2l0 1 C2l0 

<49) 
3 (6l0 

(50) 
1 (2l0 

(48) 
4 (8l0 

1 C2l0 
1 (2l0 

(50) 
1 C2l0 
1 (2") 
2 ( 4") 
2 (4") 

(50) 

1 (2") 
1 (2") 

(49) 
1 (2") 

1 (2") 

(50) (50) (50> 
1 (2l0 

1 C2Y.> 
5 ( 10") 
3 (6") 

4 (8") 
5 ( 10") 

2 ( 4") 

(50) (50) (50) 
1 <2") 

(50) (50) (50) 
1 (2l0 

(50) (50) <50) 
2 (4Y.) 

(50) 

1 ( 2") 

(50) 
1 (2") 

(50) 

EXAMINED MICROSCOPICALLY 
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---------------------------------------------------------------------------------------
TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

ALL OTHER SYSTEMS 

MMUL TIPLE ORGANS (50) (50) (50) 
MINERALIZATION 2 ( 4%) 
CONGESTION, NOS 3 C6Y.) 19 (38%) 29 (58%) 
INFLAMMATION, ACUTE 1 (2Y,) 

ADIPOSE TISSUE 
INFLAMMATION, GRANULOMATOUS 

SPECIAL MORPHOLOGY SUMMARY 

NONE 

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
M NUMBER OF ANIMALS NECROPSIED 
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APPENDIX D 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS 

IN MICE ADMINISTERED TOLUENE DIISOCYANATE 


IN CORN OIL BY GAVAGE 
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TABLE D1. 


SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE ADMINISTERED 

TOLUENE DIISOCYANATE IN CORN OIL BY GAVAGE 


--------------------------------------------------------------------------------------· 
VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

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

INTEGUMENTARY SYSTEM 

MSKIH (50) (49) (50)
FIBROSIS 1 (2~) 

RESPIRATORY SYSTEM 

*LARYNX (50) (49) (50)
INFLAMMATION, SUPPURATIVE 1 (2") 

ITRACHEA (48) (46) (47)
INFLAMMATION, SUPPURATIVE 1 (2") 3 (6Y.) 

ILUNGIBROHCHUS (50) (48) (49)
BRONCHIECTASIS 1 C2X> 

ILUHG (50) (48) (49)
CONGESTION, NOS 1 (2Y.)
HEMORRHAGE 9 ( 18~) 8 ( 17Y.) 8 C16X)
BRONCHOPNEUMONIA, NOS 1 (2~) SCIOY.)
INFLAMMATION, INTERSTITIAL 16 (32~) 12 C25X) 17 (35~)
ABSCESS, NOS 1 C2Y.)
INFLAMMATION, CHRONIC 1 C2Y.)
BRONCHOPNEUMONIA, CHRONIC 1 C2Y.> 1 C2Y.> 
PERIVASCULAR CUFFING 1 C2X> 
EPITHELIALIZATION 1 C2Y.) 


ILUHGIALVEOLI (50) (48) (49)

HISTIOCYTOSIS 1 C2Y.> 1 C2Y.) 

'HEMATOPOIETIC SYSTEM 

IBONE MARROW (43) C47) (48)
NECROSIS, NOS 1 (2Y,) 

I HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
M HUMBER OF ANIMALS NECROPSIED 
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---------------------------------------------------------------------------------------
TABLE 01. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 

MYELOFIBROSIS 
HYPERPLASIA, HEMATOPOIETIC 
HYPERPLASIA, RETICULUM CELL 

#SPLEEN 
HYPERPLASIA, LYMPHOID 
HEMATOPOIESIS 


IL YMPH NODE 

INFLAMMATION, CHRONIC 
HYPERPLASIA, LYMPHOID 


#MANDIBULAR L. NODE 

HYPERPLASIA, LYMPHOID 


#MEDIASTINAL L.NODE 

PLASMACYTOSIS 
HYPERPLASIA, LYMPHOID 


#MESENTERIC L. NODE 

HEMORRHAGE 


#RENAL LYMPH NODE 

PLASMACYTOSIS 


#LIVER 

HEMATOPOIESIS 


#IlEUM 

HYPERPLASIA, LYMPHOID 


#THYMUS 

CYST, NOS 
HYPERPLASIA, LYMPHOID 

CIRCULATORY SYSTEM 

#HEART 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, CHRONIC 
POL YANGIITIS 


#MYOCARDIUM 

INFLAMMATION, SUPPURATIVE 

I NUMBER OF ANIMALS WITH TISSUE* NUMBER OF ANIMALS NECROPSIED 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

1 C 2X) 
1 C2X> 

1 (2~) 

(48) 
1 (2Y.) 

(47)
3 (6Y.)
2 (4Y.) 

(49) 
1 (2Y.) 

(41)
1 (2Y.) 
1 C2X> 

(35) (37) 

(41) (35)
1 (3Y.) 

(37) 

(41) (35)
1 (3Y.) 
1 (3Y.) 

(37)
1 (3Y.) 
1 (3Y.) 

(41)
5 (12Y.) 

(35)
2 (6Y.) 

(37) 

(41) ( 35) ( 37)
1 (3Y.) 

(49) (48) 
1 C2Y.l 

(50) 

(46)
2 ( 4Y.) 

(44) (37) 

(37) 
1 C3Y.l 

(35) (28) 
2 cno 
1 (4Y.) 

(50) (49) (49) 
1 (2~0 

1 (2Y.) 
1 (2Y.) 

(50) (49) (49) 
1 (2Y.) 

EXAMINED MICROSCOPICALLY 
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TABLE 01. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 
--------------------------------------------------------------------------------------· 

VEHICLE 
CONTROL LOW DOSE 

#CARDIAC VALVE (50) (49)
PIGMENTATION, NOS 1 (2~) 


!!BLOOD VESSEL (50) (49) 

POLYANGIITIS 1 C2X) 

*VAS DEFEREt~S (50) (49)
POLYANGIITIS 1 (21() 

DIGESTIVE SYSTEM 

tSALIVARY GLAND (50) (49)
LYMPHOCYTIC INFLAMMATORY INFIL TR 4 C8X> 1 (2~)
FIBROSIS 1 (2%)
ATROPHY, NOS 1 (2~) 

I LIVER (49) (48)
TORSION 1 C2X)
CONGESTION, NOS 
LYMPHOCYTIC INFLAMMATORY INFIL TR 1 (21() 
INFLAMMATION, MULTIFOCAL 2 C4X)
NECROSIS, COAGULATIVE 1 (2~0
CYTOPLASMIC VACUOLIZATION 1 C2X)
GROUND-GLASS CYTO CHANGE 4 (8!() 2 (4Y.)
AHGIECTASIS 


#PANCREAS (49) (47)

DILATATION/DUCTS 1 C2X)
CYST, NOS 1 (2%) 

IPANCREATIC ACINUS (49) (47)
ATROPHY, HOS 2 (4~) 

I ESOPHAGUS (48) (46)
IllFLAMMATION, SUPPURATIVE 1 (2~) 

ISTOMACH (48) (47)
LYMPHOCYTIC INFLAMMATORY INFIL TR 
EROSION 
HYPERPLASIA, EPITHELIAL 


IIGASTRIC MUCOSA (48) (47)

CYST, NOS 

I HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
II HUMBER OF ANIMALS NECROPSIED 

HIGH DOSE 

C49) 

(50) 

(50) 

(50)
1 (2~) 

(50) 

1 C2X) 

1 (21() 

1 C2X> 

(50) 

1 C2X) 

(50) 

(47) 

(50)
1 C2X)
1 C2X)
1 (2%) 

(50)
1 C2X) 
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TABLE 01. MALE MICE: NONNEOPLASTIC LESIONS {CONTINUED) 

------------------------------------------------------------------------~--------·-----
VEHICLE 
CONTROL LOW DOSE 

URINARY SYSTEM 

IKIDNEY C50) (48)
CALCULUS, NOS 1 (2~0 
MINERALIZATION 1 C2Y.)
PYELONEPHRITIS, HOS 
LYMPHOCYTIC INFLAMMATORY INFILTR 10 C20Xl 4 (81)
INFLAMMATION, INTERSTITIAL 1 C2Y.)
INFLAMMATION, SUPPURATIVE I C2X> 
INFLAMMATION, CHRONIC 
NEPHROPATHY C2Y.> 1 (2~0
NECROSIS, NOS C2Y.)
CYTOMEGALY 45 C94X> 
HYPERPLASIA, TUBULAR CELL 
METAPLASIA, OSSEOUS 1 C2l0 


IKIDNEY/TUBULE (50> ( 48)

DEGENERATION, NOS 1 (21) 

#URINARY BLADDER C46> (48)
LYMPHOCYTIC INFLAMMATORY INFILTR 
INFLAMMATION, CHRONIC 1 C2X) 

*URETHRA C50) (49)
HEMORRHAGE 

ENDOCRINE SYSTEM 

ltPITUITARY (46) (42)
CYST, NOS , (2Y.)
FOCAL CEllULAR CHANGE 1 <ZX> 1 (2Y.) 

#ADRENAL (49) (48)
MINERALIZATION , (2Y.) 

!!ADRENAL CORTEX (49) (48) 
FOCAL CELlULAR CHANGE 2 ( 4Y.) 2 C4Y.) 

#ADRENAl MEDULLA (49) (48)
FOCAL CELLULAR CHANGE t C2Y.) 

IITHYROID (46) (39)
PERSISTENT EMBRYONIC STRUCTURE 

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

HIGH DOSE 

(50) 

1 C2X) 

, 
5 (101) 

(2X> 

41, C82Xl 
(2Y.) 

(50) 

(49)
3 C6X) 

(50) 
1 (2~0 

( 41) 

(50) 

(50) 
1 C2X) 

(50) 

(44) 
1 C?Xl 
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---------------------------------------------------------------------------------------
TABLE 01. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 

ATROPHY, FOCAL 

REPRODUCTIVE SYSTEM 


MPENIS 

CONGESTION, NOS 


MPREPUTIAL GLAND 

DILATA TIOH/DUCTS
INFLAMMATION, SUPPURATIVE 
ABSCESS, NOS 
INFLAMMATION, CHRONIC 
HYPERPLASIA, NOS 


IPROSTATE 

INFLAMMATION, SUPPURATIVE 
INFLAMMATION, CHRONIC 


IT ESTIS 

MINERALIZATION 
NECROSIS, NOS 
HYPOSPERMATOGEHESIS 


MEPIDIDYMIS 

INFLAMMATION, GRANULOMATOUS 
GRANULOMA, SPERMATIC 

NERVOUS SYSTEM 


IBRAIN/MEHIHGES 

INFLA~lMATIOH I SUPPURATIVE 
PIGMENTATION, NOS 


IBRAIH 

CONGESTION, NOS 
HEMORRHAGE 


#BRAIN/THALAMUS

CALCULUS, NOS 
MINERALIZATION 

SPECIAL SENSE ORGANS 

MEYE 
CATARACT 

:1 NUMBER OF ANIMALS WITH TISSUE 
M HUMBER OF ANIMALS NECROPSIED 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

1 (3%) 

(50) (49) (50) 
1 (27.) 

(50) 

C2Y.l 

(49) 
1 (2Y.l 

(50) 
2 ( 4Y.) 

(2~0 
( 2i0 

1 C2Y.l 

2 (4%) 

(49)
1 (2%) 

(49) 

1 (2%) 

(47) 

(49)
19 (39Y.) 

1 (2Y.l
1 (2~0 

(49)
12 (24?.) 

2 ( 4?.) 

(50)
4 (8%) 

4 cs:o 
(50) 

1 (2Y.l 
(49) (50) 

1 (2%) 

(50) 

2 ( 4%) 

(49) 

1 C2Y.l 

(50) 
1 (2%) 

(50) (49) (50) 
1 (2Y.l 
1 (2%) 

(50) 
16 ( 32%) 

1 (2Y.> 

(49) 
19 (39Y.l 

(50) 
12 (24Y.l 

(50) (49) (50) 
1 (2%) 

EXAMINED MICROSCOPICALLY 
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---------------------------------------------------------------------------------------
TABLE 01. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 

VEHICLE' 

CONTROL LOW DOSE HIGH DOSE 


*EAR (50) (49) (50)
INFLAMMATION, SUPPURATIVE 1 (2%) 

MUSCULOSKElETAl SYSTEM 

lESTERNUM (50) (49) (50)
INFLAMMATION, CHRONIC 1 C2X> 
NECROSIS, NOS 8 (16%) 5 (10%) 6 (12%) 

BODY CAVITIES 

*MEDIASTINUM (50) (49) {50)
HEMORRHAGE 5 (10!1,) 

ALL OTHER SYSTEMS 

*MULTIPLE ORGANS (50> (49) (50)
LYMPHOCYTIC INFLAMMATORY INFILTR 34 (68!1,) 30 (61%) 26 (52%) 

SPECIAL MORPHOLOGY SUMMARY 

NO LESION REPORTED 
ANIMAL MIS-SEXED/NO NECROPSY 

I NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
lE NUMBER OF ANIMAlS NECROPSIED 
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--------------------------------------------------------------------------------------

TABLE D2. 


SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE ADMINISTERED 

TOLUENE DIISOCYANATE IN CORN OIL BY GAVAGE 


VEHICLE 
CONTROL LOW DOSE 

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

INTEGUMENTARY SYSTEM 

HONE 

RESPIRATORY SYSTEM 

ITRACHEA 
INFLAMMATION,
INFLAMMATION, 

SUPPURATIVE 
CHRONIC 

(47) (49) 

1 (2Y.) 

ILUHGIBROHCHUS 
INFLAMMATION, SUPPURATIVE 

(49) (50) 

#LUNG 
CONGESTION, NOS 
HEMORRHAGE 
BRONCHOPNEUMONIA, NOS 
INFLAMMATION, INTERSTITIAL 
PNEUMONIA, ASPIRATION 
INFLAMMATION, SUPPURATIVE 
PERIVASCULAR CUFFING 
HEMOSIDEROSIS 

(49) 

3 (6l0 

16 (33%) 
1 (2l0 

1 (2Y.) 

(50) 

4 (8l0 
1 (2l0 

17 (34%) 

1 (2%) 

IILUHGIALVEOLI 
HISTIOCYTOSIS 

(49) (50) 
1 (2%) 

HEMATOPOIETIC SYSTEM 

IBOHE MARROW 
MYELOFIBROSIS 

(50) 
41 (82Y.) 

(46) 
38 C83Y.) 

#SPLEEN 
HYPERPLASIA, RETICULUM CELL 

(50) (50) 
1 C2Y.) 

I NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
M HUMBER OF ANIMALS NECROPSIED 

HIGH DOSE 

50 
50 
50 

(48) 
1 (2l0 

(50) 
1 C2Y.) 

(50) 
1 C2Y.) 
5 (10Y.) 
4 ( 8%) 

18 ( 36%) 

2 (4%) 

(50) 
2 (4%) 

(48) 
32 (67Y.) 

(49) 
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TABLE 02. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 
--------------------------------------------------------------------------------------~ 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

--------------------------------------------------------------------------------------· HYPERPLASIA, LYMPHOID 1 C2X) 4 ( 8X) 
HEMATOPOIESIS 3 (6Y.) 2 C4Xl 2 ( 4Y.) 

#LYMPH NODE (45) (44) (44)
PLASMACYTOSIS 1 (2Y.)
HEMATOPOIESIS 1 (2Y.) 

#MANDIBULAR t. NODE (45) (44) (44)
HYPERPLASIA, LYMPHOID 1 (27.) 

#MEDIASTINAL L.HODE (45) (44) (44)
HEMORRHAGE 1 (27.)
PLASMACYTOSIS 1 (27.) 

#HEPATIC LYMPH NODE (45) (44) (44)
HYPERPLASIA, LYMPHOID 1 (27.) 

#MESENTERIC L. NODE (45) (44) (44)
HEMORRHAGE 1 (2Y.)
MASTOCYTOSIS 1 (2l0 

#RENAL LYMPH NODE (45) (44) (44)
HYPERPLASIA, LYMPHOID 1 C2Xl 1 C2Xl 1 C2Xl 

#SACRAL LYMPH NODE (45) (44) (44)
HYPERPLASIA, LYMPHOID 1 C2X> 1 C2Y.l 

#INGUINAL LYl"1PH NODE (45) {44) (44)
HYPERPLASIA, LYMPHOID 1 (2l0 


lESTERHUM (50) (50) (50)

MYELOFIBROSIS 1 (2Xl 


IILIVER (50) (50) (50)

LEUKOCYTOSIS, NOS 1 C2Y.l 
HEMATOPOIESIS 1 C2XJ 1 (2Y.) 

IITHYMUS (38) (34) (40)
HYPERPLASIA, LYMPHOID 1 C3Xl 1 C:3Y.) 

CIRCULATORY SYSTEM 

#HEART (49) C50) (50)
ARTERIOSCLEROSIS, NOS 1 (2Y.) 

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

129 Toluene Diisocyanate 



TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 
·------------------------------------------------------------------------------------­

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

#MYOCARDIUM (49) (50) (5())
INFLAMMATION, GRANULOMATOUS 1 C2r.> 


ICARDIAC VALVE (49) (50) (50)

PIGMENTATION, NOS 1 C2X) 2 (4l0 

lfAORTA (50) (50) (50)

MINERALIZATION 1 C2Xl 


lUTER US (50) (50) (50)

POLYANGIITIS t (2Y.) 


DIGESTIVE SYSTEM 

#SALIVARY GLAND (46) (48) (47)
LYMPHOCYTIC INFLAMMATORY INFIL TR 1 (2Y.) 1 C2Y.)
INFLAMMATION, ACUTE 1 C2Y.) 

I LIVER (50) (50) (50)
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2Y.)
INFLAMMATION, MULTIFOCAL 1 C2X> 1 C2Y.> 
FIBROSIS 1 (2~0
NECROSIS, NOS 1 C2Y.) (2Y.) 1 C2Y.)
NECROSIS, COAGULATIVE 2 C4Y.) <2X> 2 CftY.)
METAMORPHOSIS FATTY 2 C4Y.)
CYTOPLASMIC VACUOLIZATION 2 C4Y.)
BASOPHILIC CYTO CHANGE 1 (2Y.) 1 (2>!) 2 (4Y.)
GROUND-GLASS CYTO CHANGE 3 (6Y.) 2 (4Y.)
EOSINOPHILIC CYTO CHANGE 1 (2Y.) 

IPANCREAS (49) (50) (48)
INFLAMMATION, SUPPURATIVE 1 (2~0
INFLAMMATION, CHRONIC 1 (2:0 

IPANCREATIC ACINUS (49) (50) (48)
ATROPHY, NOS 1 (2}!) 1 (2") 

OESOPHAGUS (48) (48) (47) 
INFLAMMATION, SUPPURATIVE 1 C2Xl 

ISTOMACH ( 4 9) C50) (48)
ULCER, NOS 1 <2?0 

I HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
K NUMBER OF ANIMALS NECROPSIED 
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---------------------------------------------------------------------------------------
TABLE 02. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

URINARY SYSTEM 

IIKIDNEY (50) (50) (50)
CYST, NOS 1 (2Y.)
GLOMERULONEPHRITIS, NOS 1 (2Y.) 1 C2X)
LYMPHOCYTIC INFLAMMATORY INFIL TR 9 (18%) 1 C2X)
METAMORPHOSIS FATTY 1 C2X)
METAPLASIA, OSSEOUS 1 C2X) 


#URINARY BLADDER (44) (46) (46)

LYMPHOCYTIC INFLAMMATORY INFILTR 6 (14") 1 (2~) 1 ( 2Y.) 
INFLAMMATION, SUPPURATIVE 1 C2Y.) 

ENDOCRINE SYSTEM 

IPITUITARY (46) (44) (43)
CYST, NOS 1 (2~0
HEMORRHAGE 1 ( 2Y.)
FOCAL CELLULAR CHANGE 3 cno 4 ( 9Y.) 4 ( 9Y.)
ANGIECTASIS 1 (2Y.) 


IADRENAL (47) (49) (49)

CONGESTION I NOS 1 C2X> 

#ADRENAL CORl'EX (47) (49) (49)
FOCAL CEllUlAR CHANGE 3 C6Y.) 2 (4Y.) 

tiADREHAL MEDULLA (47) (49) (49)
FOCAL CELLULAR CHANGE 1 C2Y.) 

ITHYROID (44) (44) (48)
CYST, NOS 1 C2Y.> 
ATROPHY, FOCAL 10 (23%) 10 (23~0 9 (19Y.) 

REPRODUCTIVE SYSTEM 

*MAMMARY GLAND (50) (50) (50)
DILATA TIOH/DUCTS 1 C2Y.) 1 (2") 

IUTERUS (50} (50) (50)
MINERALIZATION 1 (2%) 

IUTERUS/ENDOMETRIUM (50) (50) (50)
HYPERPLASIA, CYSTIC 42 C84X> 44 C88Y.) 33 (66Y.) 

I HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER OF ANIMALS NECROPSIED 
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TABLE 02. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 
--------------------------------------------------------------------------------------· 

#OVARY 
MINERALIZATION 
FOLLICULAR CYST,
PAROVARIAN CYST 
HE110RRHAGIC CYST 
ABSCESS, NOS 
ANGIECTASIS 

NERVOUS SYSTEM 

tBRAIN/MENINGES
PIGMENTATION, NOS 

IBRAIN 
HEMOSIDEROSIS 


IBRAIIVTHALAMUS 

CALCULUS, NOS 

~PECIAL SENSE ORGANS 

li!EYE 
ABSCESS, NOS 
CATARACT 

NOS 


MUSCULOSKELETAL SYSTEM 

IE STERNUM 
NECROSIS, NOS 

BODY CAVITIES 

MABDOMINAL CAVITY 
HEMATOMA, NOS 
NECROSIS, FAT 


MMESENTERY 

CYST, NOS 

ALL OTHER SYSTEMS 

MMULTIPLE ORGANS 
LYMPHOCYTIC INFLAMMATORY IHFILTR 

VEHICLE 
CONTROL 

(47)
1 C2X)
2 C4X)
7 C15X)
1 C2X)
1 C2X) 

(48) 
I (2X) 

(48) 
I C2X> 

(48)
16 C33X) 

(50) 
1 (2~0 

(50)
1 C2X) 

(50) 

(50) 
1 C2Xl 

(50)
26 C52X) 

LOWOOSE 

( 47) 

2 ( 4Y.) 
6 C13Xl 

<50)
4 C8X > 

(50) 

(50)
10 C20X) 

(50) 

(50) 
6 C12X> 

(50) 
1 C2X)
1 (2>0 

(50) 

(50)
34 C68r.> 

HIGH DOSE 

(48) 

1 C2X> 
9 C19X) 
I C2X) 

1 C2X> 

(50) 

(50) 

(50)
11 C22r.> 

(50) 

1 (2Y.) 

(50)
3 (6r.) 

(50) 

(50) 

(50) 
24 C48r.> 

I HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
M NUMBER OF ANIMALS NECROPSIED 
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---------------------------------------------------------------------------------------
TABLE 02. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

INFLAMMATION, CHRONIC I C2~) 

SPECIAL MORPHOLOGY SUMMARY 

HO LESION REPORTED 

I HUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
M HUMBER OF ANIMALS NECROPSIED 
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APPENDIX E 

HISTORICAL INCIDENCES OF TUMORS 

IN F344/N RATS AND B6C3Ft MICE 
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TABLE El.ftJISTORICAt INCIDENCE OF SUBCUTANEOUS TUMORS IN MALE F344/N RATS 
RECEIVING CORN OIL BY GAVAGE (a) 

Skin Skin Subcutaneous Subcutaneous 
Laboratory Fibroma Fibrosarcoma Fibroma Fibrosarcoma 

Battelle 0/100 (0.0%) 0/100 (0.0%) 6/100 (6.0%) 2/100 (2.0%) 

Gulf South 0/294 (0.0%) 0/294 (0.0%) 12/294 (4.1%) I /294 (0.3%) 

Hazleton o;5o (O.O%> 0/50 (0.0%) 2/50 (4.0%) 1/50 (2.0%) 

Litton 0/130 (0.0%) 0/130 (0.0%) 5/130 (3.8%) 0/130 (0.0%) 

Mason 0/125 (0.0%) 0/125 (0.0%) 10/125 (8.0%) 1/125 (0.8%) 

Papanicolaou 0/50 (0.0%) 0/50 (0.0%) 4/50 (8.0%) 0/50 (0.0%) 

Southern 0/250 (0.0%) 0/250 (0.0%) 16/250 (6.4%) 5/250 (2.0%) 

Total 0/999 (0.0%) 0/999 (0.0%) 55/999 (5.5%) 10/999 ( 1.0%) 

Overall Historical Range 

High 0/50 o;so 6/50 5/50 

Low o;5o 0/50 0/50 0/50 

(a) 	Data as of November 30, 1981 for studies of at least 104 weeks. The range is presented for groups of 35 or 
more animals. 

TABLE E2. HISTORICAL INCIDENCE OF SUBCUTANEOUS TUMORS IN FEMALE F344/N RATS 
RECEIVING CORN OIL BY GAVAGE (a) 

Skin Skin Subcutaneous Subcutaneous 
Laboratory Fibroma Fibrosarcoma Fibroma Fibrosarcoma 

Battelle 0/100 (0.0%) 0/100 (0.0%) 0/100 ( 1.0%) 2/100 (2.0%) 

Gulf South 0/295 (0.0%) 0/295 (0.0%) 4/295 (1.4%) II 295 (0.3%) 

Ha1.leton o;so (0.0%) 0/50 (0.0%) 3/50 (6.0%) 2/50 (4.0%) 

Litton 0/130 (0.000 0/ 130 (0.0%) 0;130 (0.0%) 2/130 (1.5%) 

Mason 0/124 (O.Oo/c) 0; 124 (O.QI/() o; 124 (O.Oo/r > 0/124 (0.0%) 

Papanicolaou 0/50 (O.Ql/() 0 so (O.OCI() I !50 (2.0o/c.) o;s (O.Oo/r.) 

Southern 21250 (0.81(() 0 250 (0.01(() Ii250 (0.40() 1/250 (0.4o/r) 

Total 2./999 (0.21(;) 0 999 (O.QI/() 8 999 (0.80() 8/999 (0.8o/c) 

Overall Historical Range 

High I 50 0 50 3 50 2;50 

Low o;so 0 50 0 so 0!50 

(a) 	Data as of November 30, 1981 for studies of at least 104 weeks. The range is presented for groups of 35 or 
more .allimal~ 
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TABl.E EJ. HISTORICAL INCIDEI'iCE OF J.'IBROMAS AND ADENOMAS OF THE MAMMARY 
GtAND AND Sl'BCl'TANEOl'S TJssn: IN HMAI.E F344/N RATS RECEIVING CORN 
Olt 8\' GAVAGE (a) 

Mammary 
Gland 

Laboratory Fibroadenomas 

Ba ttclle II 100 (11 1 i l 

Gulf South 46 295 (15.6fi) 

Hazleton !i 50 (Wi) 

Litton 23 DO ( 17. 7<() 

Mason 34 124 (27.4fi) 

Papanicolaou 9 50 ( (!\.0Ci) 

Southern 63 250 (25.2£;) 

Mammar~ 

Gland 

Tumors (b) 


15 100 I IS.oc; l 

55 295 ll!iNil 

9 50 11 x.or i) 

23 130 (17.7£() 

36 124 (29.0Cil 

9 50 (ll\,()1() 

65 250 (26.oc;) 

Total 194 999 ( 19.4<;) 212 999 (21.21 il 

Overall Historical Range 

High 1!1 50 l!i 50 

Low I 4!i 4 50 

Subcutaneous 

Tissue 


Tumors (c) 


0 100 !Wi) 

7 295 (2.4r;) 

3 50 th.OCi) 

2 IJO (I sr;) 

() 124 (Wil 

I 50 <2.Wi) 

2 250 (0.!\fi) 

15 	 999 ( 1.51;) 

4 50 

0 50 

Mammary 

or 


Subcutaneous (b,c) 


15 100 ( 15.01 ;) 

62 295 (2(.0C() 

12 50 ( 24.01 i) 

25 IJO ( 19.2f'() 

36 124 (29.or;) 

10 50 (20.0Ci) 

67 250 (26.Wi) 

227 	999 (22. 7<i) 

Ill 50 


4 4!1 


(a) 	Data as of November JO. 19!11 for studies of at least 104 weeks. The range is presented for groups of 
35 or more animals. 

(b) 	Mammary tumors include: fibroadenoma. adenoma. :\OS. fibroma. papillary adenoma. cystadenoma. 
papillary cystadenoma. 

(c) 	Subcutaneous tissue tumors include: fibroadenoma. fibroma. 

TABLE E4. HISTORICAL INCIDENCE OF HEMATOPOIETIC TllMORS IN MALE F344/N RATS 
RECEIVING CORN OIL BY GAVAGE (a) 

Laboratory 

Battelle 

Gulf South 

Ha1Jeton 

Litton 

Mason 

Papanicolaou 

Southern 

Total 

Overall Historical Range 

High 

Low 

Leukemia 

14/100 (14.()<JC) 

29;294 (9.9C;f) 

12;50 (24.()%) 

13/130 (I O.Oo/r) 

13;125 (10.4o/r) 

5;50 (10.09{) 

10;250 ( 4.0%) 

961999 (9.6o/c) 

12;50 (24%) 

!;50 (2.0o/r) 

Lymphoma 

4 100 (4.01/il 

4 294 (1.41/i) 

2 50 (4.01j() 

0/130 (0.0£;() 

2;125 (2.01)() 

1!50 (2.01/i) 

I ;250 (0.40{) 

14!999 ( 1.40i) 

4;50 (1.4o/r) 

0:50 (0.01/i) 

Lymphoma or 
Leukemia 

18/100 (18%) 

31! 294 ( IO.So/r) 

14/50 (28.0%) 

13/130 ( lO.Oo/r) 

15/125 ( 12.0%) 

6!50 (12.0%) 

11;250 ( 4.4%) 

108/999 (10.8%) 

14/50 (28.0%) 

I/ 50 (2.0%) 

(a) Data as of November 30. 198! for studies of at least 104 weeks. The range is presented for groups of 35 or 
more animals. 
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TABLE E5. HISTORICAL INCIDENCE OF HEMATOPOIETIC TlJMORS IN FEMALE F344/N RATS 
RECEIVING CORN OIL BY GAVAGE (a) 

Lymphoma or 
Laboratory Leukemia Lymphoma Leukemia 

Battelle 18/100 {18.0o/r) 3/100 (3.00i) 21;100 (21o/r) 

Gulf South 30;295 (10.2o/r) 6 295 (2.0£7() 36/295 (12.2o/r) 

Hazleton 2!50 (4.0o/r) I 50 (2 .Olfi l 3/50 (6.0o/r) 

Litton 281130 (21.5o/r) 2i 130 (!$() 30!130 (23.1 o/c) 

Mason 14/124 ( 11.3o/r) I! 124 (0.81/i) 15! 124 (12.1o/c) 

Papanicolaou 14!50 (28.0o/r) 0!50 (O.Olfi l 14'50 (28.0o/r) 

Southern 26;250 ( 1 0.4o/r) 2/250 (0.87i) 28~250 (11.2o/c) 

Total 1321999 (13.2o/r) 15/999 (1.5o/r) 147/999 (14.7o/r) 

Overall Historical Range 

High 21/50 3/49 22/50 

Low I /49 0!50 2/50 

(a) 	Data as of November 30, 1981 for studies of at least 104 weeks. The range is presented for groups of 35 or 
more animals. 

TABLE E6. 	HISTORICAL INCIDENCE OF PANCREATIC ACINAR CELL ADENOMAS IN MALE 
F344/N RATS RECEIVING CORN OIL BY GAVAGE (a) 

Laboratory 

Battelle 0/ 100 (0%) 

Gulf South 2/286 (0.7%). 

Hazleton 0/49 (0%) 

Litton 1I 125 (0.8%) 

Mason 1/121 (0.8%) 

Papanicolaou 0/47 (0%) 

Southern 2/248 (0.8%) 

Total 6/976 (0.6%) 

Overall Historical Range 

High lj47 
Low o;so 

(a) 	Data as of November 30, 1981 for studies of at least 104 weeks. The range is presented for groups of 35 or 
more animals. No acinar cell carcinomas have been observed in male rats receiving corn oil by gavage. 
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TABLE E7. HISTORICAL INCIDENCE OF PANCREATIC ISLET TUMORS IN FEMALE F344/N RATS 
RECEIVING CORN OIL BY GAVAGE (a) 

Laboratory 

Battelle 

Gulf South 

Hazleton 

Litton 

Mason 

Papanicolaou 

Southern 

Total 

Overall Historical Range 

High 

Low 

Islet Cell Islet Cell 
Adenoma Carcinoma 

1/96 (1.0%) 1/96 (1.0%) 

1/288 (0.3%) 0/288 (0.0%) 

4/50 (8.0%) 0/50 (0.0%) 

0/ 125 (0.0%) 0/125 (0.0%) 

0/122 (0.0%) 0/122 (0.0%) 

0/48 (0.0%) 0/48 (0.()1}'(,) 

2/247 (0.8%) 0/247 (0.0%) 

8/976 (0.8%) 1/976 (0.1%) 

4/50 I /50 

0/50 0/50 

(a) 	Data as of November 30, 1981 for studies of at least 104 weeks. The range is presented for groups of 35 or 
more animals. 

TABLE E8. 	HISTORICAL INCIDENCE OF LIVER TUMORS IN FEMALE F344/N RATS RECEIVING 
CORN OIL BY GAVAGE (a) 

Neoplastic Hepatocellular Neoplastic Nodule or 
Laboratory Nodule Carcinoma Carcinoma 

Battelle 1/99 (1.0%) 0/99 (0.0%) l/99 (1.0%) 


Gulf South 61244 (2.5%) 11244 (0.4%) 7I 244 (2.9%) 


Hazleton 0/50 (O.Oo/c) 0/50 (0.0%) 0/50 (0.0%) 


Litton 4/129 (3.1%) 0/ 129 (0.0%) 41129 (3.1%) 


Mason 21124 ( 1.6%) Of 124 (O.Oo/c.) 21124 (1.6o/r) 


Papanicolaou 0150 (0.000 0150 (0.0%) 0150 (0.0%) 


Southern II 250 (0.4%) 01250 (0.0%) I 1250 (0.4%) 


Total 	 14/946 ( 1.5%) 1/946 (0.1%) 15/946 ( 1.6%) 

Overall Historical Range 

High 	 4;49 1/49 4/49 

Low 	 0!50 0150 0/50 

(a) 	Data as of 1\'ovember 30. 1981 for studies of at least 104 weeks. The range is presented for groups of 35 or 
more animals. 
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TABLE E9. HISTORICAL INCIDENCE OF BRAIN TUMORS IN MALE F344/N RATS RECEIVING 
CORN OIL BY GAVAGE (a) 

Laboratory Site 

Battelle Cerebrum 

Gulf South Brain, NOS 
Medula Oblongata, NOS 

Ha1.leton 

Litton Brain, NOS 

Mason Brain, NOS 
Cerebellum, NOS 

Papanicolaou 

Southern Brain, NOS 

Total incidence of all brain tumors 

Diagnosis 

Astrocytoma 

Glioma 
Neuroma 

Ependymoma 

Glioma 
Astrocytoma 

Astrocytoma 

1/100 (1.0%) 

2/292 (0.7%) 
1/292 (0.3%) 

0/50 (0.0%) 

II 129 (0.8%) 

1/125 (0.8%) 
ljl25 (0.8%) 

0/49 (0.0%) 

3/250 (b) (1.2%) 

10/995 (1.0%) 

(a) Data as of November 30, 1981 for studies of at least 104 weeks. 
{b) Two astrocytomas were found in a group of 50. 

TABLE EIO. 	 HISTORICAL INCIDENCE OF CIRCULATORY SYSTEM TUMORS IN FEMALE B6C3FJ 
MICE RECEIVING CORN OIL BY GAVAGE (a) 

Laboratory 	 Hemangioma Hemangiosarcoma 

Battelle 1/99 ( 1.00;() 6/99 (6.1 o/c.) 

Gulf South 2/341 (0.6o/c) 6/341 (1.8%) 

Litton 1/119 (0.8o/r) 2(119 (1.7o/r) 

Mason 1!150 (0.7%) 3/150 (2.0%) 

Papanicolaou l/48 (2.1%) 0;48 (0.0%) 

Southern l/250 (0.4o/c) 5/250 (2.0%) 

Total 	 7/1007 (0.7%) 22/1007 (2.2o/c) 

Overall Historical Range 

High 	 2!50 3;49 

Low 	 0;97 0!50 

{a) 	Data as of November 30, 1981 for studies of at least 104 weeks. The range is presented for groups of 35 or 
more animals. 
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TABLE Ell. HISTORICAL INCIDF:NCE OF J.IVER Tl'MORS IN FF:MALF. 86C.Wt MICf RECEIVING 
CORN OIL BY GAV AG•: (a) 

Hepatocellular 
Hepatocellular Hepatorellular Adenoma or 

Laboratory Adenoma Cardnoma Carcinoma 

Batt~:ltc 4 9!1 (4. l('i) J 9!1 (J. 1r; l 6 9!1 (6. Jr;) 

Gulf South 15 JJ4 (4Yi l II JJ4 O.Yil 26 JJ4 (7.Hf'i) 

l.itlon 2 IIX (I 7r; l J IIX i 2Si l 5 IlK (4.2fi) 

Mason l< 141< (5.¥i) J 14~ (2.0ril II J4H (7,4f'i} 

Papanicolaou 2 4!1 (4.2(;) 2 411 (HYil 4 4H (HJf'i l 

Southern 7 250 <2Wil H 250 (,l,2C() 15 250 (6,!Yil 

Total Jll 99{1 (.Uri) J() 99(, o.or;) 67 99(, (6,7r;) 

o,·erall Historical Range 

High 5 50 J 49 7 50 

Low 050 0 49 I 50 

{a) Data as of 1\:o\'cmbcr JO, 19K I for studies of at lcnst 104 weeks. The range is presented for groups of J5 or 
more animals. 
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APPENDIX F 

ANALYSIS OF PRIMARY TUMORS IN F344/N 

RATS AND B6C3F1 MICE 
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TABLE Fl. ANALYSIS OF PRIMARY TUMORS IN MALE RATS 

30 60 
Control mg/kg mg/kg 

Subcutaneous Tissue: Fibroma 
Tumor Rates 

Overall (a) 3/50(6%) 3/50 (6%) 9/50 (18%) 
Adjusted (b) 8.3% 16.5% 56.6% 
Terminal (c) 3/36(8%) 1/14 (7%) 3/8 (38%) 

Statistical Tests (d) 
Life Table P<O.OOI P=0.258 P<O.OOI 
Incidental Tumor Test P=0.002 P=0.415 P=0.004 
Cochran-Armitage Trend Test P=0.033 
Fisher Exact Test P=0.661 P=0.061 

Subcutaneous Tissue: Fibrosarcoma 
Tumor Rates 

Overall (a) 0/50 (0%) 3/50 (6%) 3/50 (6%) 
Adjusted (b) 0.0% 19.0% 23.1% 
Terminal (c) 0/36 (0%) 2/ 14 ( 14%) 0/8 (0%) 

Statistical Tests (d) 
Life Table P=0.003 P=0.020 P=0.008 
Incidental Tumor Test P=0.021 P=0.044 P=0.089 
Cochran;Armitage Trend Test P=O.IOI 
Fisher Exact Test P=O.I21 P=O.I21 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Tumor Rates 

Overall (a) 3/50(6%) 6/50 (12%) 12/50 (24%) 
Adjusted (h) 8.3% 33.5% 66.6% 
Terminal (c) 3/36(8%) 3/ 14 (21%) 3/8 (38%) 

Statistical Tests (d) 
Life Table P<O.OOI P=O.OI6 P<O.OOI 
Incidental Tumor Test P<O.OOI P=0.056 P<O.OOI 
Cochran-Armitage Trend Test P=0.007 
Fisher Exact Test P=0.243 P=O.OII 

Subcutaneous Tissue: All Sarcomas 
Tumor Rates 

Overall (a) lj50 (2%) 4/50 (8%) 3/50 (6%) 
Adjusted (h) 2.3% 21.9% 23.1% 
Terminal (c) OJ 36 (0%) 2/ 14 ( 14%) 0/8(0%) 

Statistical Tests (d) 
Life Table P=O.OI6 P=0.035 P=0.039 
Incidental Tumor Test P=O.I29 P=0.122 P=0.246 
Cochran-Armitage Trend Test P=0.252 
Fisher Exact Test P=O.I81 P=0.309 

Hematopoietic System: Monocytic Leukemia 
Tumor Rates 

Overall (a) 11/50(22%) 4,' 50 (8%) 4/50 (8%) 
Adjusted (h) 25.5% 19.0% 19.2% 
Terminal (c) 5;36(14%) 0!14 (00() 0;8 (Oo/r) 

Statistical Tests (d) 

Life Table P=0.559N P=0.423N P=0.574 
I ncidcntal Tumor Test P=0.027!\' P=0.053!\ P=0.039N 
Cochran-Armitage Trend Test 1'=0.0251\' 
Fisher Exact Test P=0.045!\' P=0.045N 
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TABLE Fl. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (Continued) 

30 60 
mg/kg mg/kg 

2! so (4%) 2; so (4%) 
12.0% 12.3% 
l/14(70f) 0!8 (0%) 

P=0.442N P=0.656 
P=0.249N P=0.329N 

P=0.080N P=0.080N 

3/50 (6%) 4/ so (8%) 
18.8% 30.9% 
2/14 (14%) 1/8 ( 13%) 

P=0.634 P=O.I99 
P=0.4SON P=O.SS9 

P=O.l59N P=0.262N 

3/47 (6%) 7/49 (14%) 
18.2% 59.2% 
2/14 (14%) 4/8 (50%) 

P=0.075 P<O.OOI 
P=O.l28 P=O.OOI 

P=0.308 P=0.034 

4/44(9%) 7/49 (14%) 
18.3% 38.7% 
0/13 (0%) 1/8 (13%) 

P=O.I34 P=0.002 
P=0.399 P=0.057 

P=0.428 P=O.ISI 

4/44(9%) 7/49 (14%) 
18.3% 38.7% 
0/13 (0%) 1/8 (13%) 

P=0.220 P=0.004 
P=0.578 P=O.I20 

P=0.569 P=0.251 

Liver: Neoplastic Nodule 
Tumor Rates 

Overall (a) 

Adjusted (h) 

Terminal (c) 

Statistical Tests (cl) 

Life Table 
Incidental Tumor Test 

Pituitary: Chromophobe Adenoma or Carcinoma 

Tumor Rates 
Overall (a) 

Adjusted (b) 

Terminal (c) 

Statistical Tests (d) 

Life Table 
Incidental Tumor Test 
Cochran·Armitage Trend Test 
Fisher Exact Test 

Pancreas: Acinar-Cell Adenoma 
Tumor Rates 

Overall (a) 

Adjusted (h) 

Terminal (c) 

Statistical Tests (d) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Pituitary: Chromophobe Adenoma 
Tumor Rates 

Overall (a) 

Adjusted (b) 

Terminal (c) 

Statistical Tests (d) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Control 

7 50 ( 14%) 
17 .9'7c 
si 36 ( 14%) 

P=0.520N 
P=0.223N 

Cochran·Armitage Trend Test P=0.042N 
Fisher Exact Test 

Liver: Neoplastic Nodule or Hepatocellular Carcinoma 

7;50(14%) 
17.9% 
5;36 (14%) 

P=O.l77 
P=0.469 
P=O.l95N 

1/47(2%) 
2.9% 
l/35 (3%) 

P<O.OOI 
P<O.OOI 
P=0.020 

3/ so (6%) 
8.3% 
3/36 (8%) 

P=O.OOI 
P=0.061 
P=O.II2 

Tumor Rates 
Overall (a) 

Adjusted (b) 

Terminal (c) 

Statistic1l Tests (d) 

Life Table 
Incidental Tumor Test 

Cochran-Armitage Trend Test 
Fisher Exact Test 

4/ so (8%) 
10.7% 
3/36 (8%) 

P=0.004 
P=O.I24 

P=O.I96 
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TABLE FJ. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (Continued) 

30 60 
Control mg/kg mg/kg 

PUultary: Adenoma or Carcinoma 
Tumor Rates 

Overall (a) 6;50 (12%) 4/44 (9%) 7/49 (14%) 
Adjusted (b) 16.1% 18.3% 38.7% 
Terminal (c) S/36 (14%) 0/13 (0%) 1/8 (13%) 

Statistical Tests (d) 
Life Table P=O.OI3 P=0.371 P=O.OI2 
Incidental Tumor Test P=0.236 P=0.564N P=O.I99 
Cochran-Armitage Trend Test P=0.424 
Fisher Exact Test P=0.454N P=0.484 

Adrenal: Pheochromocytoma 
Tumor Rates 

Overall (a) 12/50 (24%) 7/49 (14%) 6/50 (12%) 
Adjusted (b) 31.4% 39.5% 48.6% 
Terminal (c) 10/36 (28%) 4/ 14 (29%) 2/8 (25%) 

Statistical Tests (d) 
Life Table P=0.080 P=0.305 P=O.II2 
Incidental Tumor Test P=0.313 P=0.563 P=0.374 
Cochran-Armitage Trend Test P=0.071N 
Fisher Exact Test P=O.I66N P=0.096N 

Adrenal: All Pheochromocytomas 
Tumor Rates 

Overall (a) 12/ so (24%) 7/49 (14%) 1/SO (14%) 
Adjusted (b) 31.4% 39.5% 57.1% 
Terminal (c) 10/36 (28%) 4/14 (29%) 3/8 (38%) 

Statistical Tests (d) 
Life Table P=0.034 P=0.305 P=0.043 
Incidental Tumor Test P=O.l72 P=0.563 P=O.l99 
Cochran-Armitage Trend Test P=O.II8N 
Fisher Exact Test P=O.l66N P=O.l54N 

Thyroid: C-Cell Adenoma or Carcinoma 
Tumor Rates 

Overall (a) 3/46 (7%) 4/49(8%) 2/47 (4%) 
Adjusted (h) 8.3% 23.8% 25.0% 
Terminal (c·) 3/36 (8%) 2/14 (14%) 2/8 (25%) 

Statistical Tests (d) 
Life Table P=0.099 P=O.IIO P=0.236 
Incidental Tumor Test P=0.216 P=0.265 P=0.236 
Cochran-Armitage Trend Test P=0.405N 
Fisher Exact Test P=0.536 P=0.490N 

Pancreatic Islets: Islet-Cell Adenoma or Carcinoma 
Tumor Rates 

Overall (a) 1/47 (2%) 0/47 (0%) 4/49 (8%) 
Adjusted (h) 2.9% 0.0% 24.2% 
Terminal (c) 1/35 (3%) 0/14 (0%) 1/8 (13%) 

Statistical Tests (d) 
Life Table P=0.007 P=0.682N P=O.OI3 
Incidental Tumor Test P•0.075 P=0.682N P=O.I80 
Cochran-Armitaae Trend Test P=0.088 
Fisher Exact Test P=O.SOON P=O.I94 
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TABLE Fl. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (Continued) 

30 60 
Control mg/kg mg/kg 

Mammary Gland: Fibroadenoma 
Tumor Rates 

Overall (a) 7150 (14%) 1150 (2%) 3/50(6%) 
Adjusted (b) 19.4% 7.1% 20.1% 
Terminal (c) 7136 (19%) 1/14(7%) 0/8 (0%) 

Statistical Tests (d) 
Life Table P=0.436 P=0.265N P=0.360 
Incidental Tumor Test P=0.517N P=0.265N P=0.638 
Cochran-Armitage Trend Test P=0.090N 
Fisher Exact Test P=0.030N P=O.I59N 

Preputial Gland: Adenoma 
Tumor Rates 

Overall (a) 7I50 (14%) 0/50(0%) 1/50 (2%) 
Adjusted (b) 18.7% 0.0% 7.7% 
Terminal (c) 6136 (17%) Of 14 (0%) 018 (0%) 

Statistical Tests (d) 

Life Table P=0.174N P=0.094N P=0.463N 
Incidental Tumor Test P=O.I03N P=0.064N P=0.317N 
Cochran-Armitage Trend Test P=0.007N 
Fisher Exact Test P=0.006N P=0.030N 

Testis: Interstitial Cell Tumor 
Tumor Rates 

Overall (a) 48/50 (96%) 35/50 (70%) 29/50 (58%) 
Adjusted (b) 100.0% 100.0% 96.7% 
Terminal (c) 36/36 (100%) 14/14 (100%) 7/8 (88%) 

Statistical Tests (d) 

Life Table P<O.OOI P<O.OOI P<O.OOI 
Incidental Tumor Test P=0.339N P=0.520 P=0.515N 
Cochran-Armitage Trend Test P<O.OOIN 
Fisher Exact Test P<O.OOIN P<O.OOIN 

Testis: Interstitial Cell Tumor or Interstitial Cell Tumor, Malignant 
Tumor Rates 

Overall (a) 48/50 (96%) 35/50 (70%) 30/50 (60%) 
Adjusted (b) 100.0% 100.0% 96.7% 
Terminal (c) 36/36 (100%) 14/14 (100%) 7!8 (88%) 

Statistical Tests (d) 
Life Table P<O.OOI P<O.OOI P<O.OOI 
Incidental Tumor Test P=0.539N P=0.520 P=0.602 
Cochran-Armitage Trend Test P<O.OOIN 
Fisher Exact Test P<O.OOIN P<O.OOlN 

(a) 	Number of tumor-bearing animals/ number of animals examined at the site. 
(b) 	Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality. 
(c) 	Observed tumor incidence at terminal kill. 
(d) 	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 before the end of the study as being (directly 
or indirectly) the cause of death. The incidental tumor test regards these lesions as nonfatal. The Cochran­
Armitage and Fisher exact tests compare directly the overall incidence rates. A negative trend or lower 
incidence is indicated by (N). 
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TABLE Fl. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS 

Control 

Subcutaneous Tissue: Fibroma 
Tumor Rates 

Overall (a) 0/SO(O%) 
Adjusted (h) 0.0% 
Terminal (c) 0/36 (0%) 

Statistical Tests (d) 

Life Table P<O.OOI 
Incidental Tumor Test P=O.OI9 
Cochran-Armitage Trend Test P=0.060 
Fisher Exact Test 

Subcutaneous Tissue: Fibroadenoma 
Tumor Rates 

Overall (a) 2/ so (4%) 
Adjusted (h) 4.9% 
Terminal (c) 1/36 (3%) 

Statistical Tests (d) 

Life Table P=0.08S 
Incidental Tumor Test P=0.496N 
Cochran-Armitage Trend Test P=O.S88 
Fisher Exact Test 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Tumor Rates 

Overall (a) 2/ so (4%) 
Adjusted (h) S.3% 
Terminal (c) II 36 (3%) 

Statistical Tests (d) 

Life Table P<O.OOl 
Incidental Tumor Test P=0.038 
Cochran-Armitage Trend Test P=O.I33 
Fisher Exact Test 

Hematopoietic System: Monocytic Leukemia 
Tumor Rates 

Overall (a) 21 I so (42%) 
Adjusted (h) 47.4% 
Terminal {c) 13/36 (36%) 

Statistical Tests (d) 

Life Table P=O.l68N 
Incidental Tumor Test P<O.OOIN 
Cochran-Armitage Trend Test P<O.OOIN 
Fisher Exact Test 

Hematopoietic System: Lymphoma or Leukemia 
Tumor Rates 

Overall (a) 22/SO (44o/c) 
Adjusted (h) 48. 7'1( 
Terminal (c) I31 36 ( 36'/[) 

Statistical Tests (d) 

Life Table P=O.I33N 
Incidental Tumor Test P<O.OOIN 
Cochran-Armitage Trend Test P<O.OOIN 
Fisher Exact Test 

60 
mg/kg 

llO 
mg/kg 

If SO (2%) 
S.3% 
1/19 (S%) 

3/ so (6%) 
3S.1% 
1/6 (17%) 

P=0.373 
P=0.373 

P=O.OOI 
P=0.083 

P=O.SOO P=O.I21 

4/ so (8%) 
18.1% 
1/19 (S%) 

2jSO (4%) 
16.1% 
0/6 (0%) 

P=O.I30 
P=0.341 

P=0.266 
P=0.62SN 

P=0.339 P=0.691 

1/SO (2%) 
S.3% 
1/19 (S%) 

S/SO (10%) 
Sl.8% 
2/6 (33%) 

P=0.71SN 
P=0.609N 

P<O.OOl 
P=0.092 

P=O.SOON P=0.218 

1jSO (14%) 
26.3% 
2/19(11%) 

4jSO (8%) 
32.9% 
1/6 (17%) 

P=O.l20N 
P=0.006N 

P=0.392N 
P=O.OOIN 

P=0.002N P<O.OOIN 

7I so (14%) 
26.3% 
2/19 (II%) 

4/S0(8'/() 
32.9% 
1/6(17%) 

P=0.096N 
P=0.002N 

P=0.34SI'\ 
P<O.OOI~ 

P=O.OOIN P<O.OOIN 
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TABLE Fl. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS (Continued) 

60 120 
mg/kg mg/kg 

8!50 (16Yi-) 8;48 (17%) 
30.69[ 60.1 o/c 
3/19 (16o/c) 3;6 (50o/c) 

P=0.014 P<O.OOI 
P=0.068 P=0.022 

P=O.IOO P=0.087 

15/49 (31o/c) 16/49 (33%) 
55.5% 79.2% 
8/19 (42%) 3/6 (50%) 

P=0.487 P<O.OOI 
P=0.336N P=0.560 

P=0.039N P=0.061N 

15/49 (31%) 16/49 (33%) 
55.5% 79.2% 
8/19 (42%) 3/6 (50%) 

P=0.549N P=0.003 
P=0.201N P=0.463N 

P=O.OJ5N P=0.026N 

3/50 (6%) 5/48 (10%) 
12.1% 46.5% 
l/19 (5%) 2/6 (33%) 

P=0.263 P=0.002 
P=0.395 P=0.043 

P=0.500 P=0.201 

5/50(10%) 4/48 (8%) 
22.2% 43.2% 
3/19 (16%) 2/6 (33%) 

P=0.055 P=0.004 
P=O.I30 P=0.137 

P=0.218 P=0.319 

Liver: Neoplastic Nodule 
Tumor Rates 

Overall (a) 

Adjusted (h) 

Terminal (c) 

Statistical Tests (d) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Pituitary: Chromophobe Adenoma 
Tumor Rates 

Overall (a) 

Adjusted (h) 

Terminal (c) 

Statistical Tests (d) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Pituitary: Chromophobe Adenoma or Carcinoma 

~ontrol 

3,50 (6c;[) 
8.0Yi­
2; 36 (60() 

P<O.OOI 
P=0.035 
P=0.075 

25/50 (50%-) 
60.6% 
20/36 (56%) 

P=0.003 
P=0.497N 
P=0.046N 

Tumor Rates 
Overall (a) 

Adjusted (h) 

Terminal (c) 

Statistical Tests (d) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Adrenal: Cortical Adenoma 
Tumor Rates 

Overall (a) 

Adjusted (b) 

Terminal (c) 
Statistical Tests (d) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Adrenal: Pheochromocytoma 
Tumor Rates 

Overall (a) 

Adjusted (b) 
Terminal (c) 

Statistical Tests (d) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

27/50 (54%) 
63.9% 
21/36 (58%) 

P=0.007 
P=0.319N 
P=O.OI9 

2/50(4%) 
5.6% 
2/36 (6%) 

P=0.003 
P=0.064 
P=O.l44 

2!50 (4%) 
5.3% 
1/36 (3%) 

P=0.003 
P=0.074 

P=0.263 
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TABLE Fl. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS (Continued) 

60 120 
mg/kg mg/kg 

0/47 (Oo/c) 2;41 (59() 
O.Oo/c 25.0o/c 
0/ 19 (Oo/c) 1;6 ( 17o/c) 

P=0.050N P=0.546 
P=0.040N P=0.555N 

P=0.008N P=O.I36N 

4/47 (9%) I I41 (21!() 
17.9% 2.99( 
3/19 (16%) 0/6(09() 

P=0.055 P=0.538 
P=0.062 P=0.734 

P=O.I62 P=0.701 

4/47(9%) 3/41 (7%) 
17.9% 27.2% 
3/19 (16%) 1/6 (17%) 

P=0.545N P=0.396 
P=0.497N P=0.597N 

P=0.2JON P=O.I74N 

6/49 (12%) 2/47 (4%) 
24.2% 33.3% 
3/ 19 (16%) 2/6 (33%) 

P=0.003 P=0.006 
P=O.OIO P=0.006 

P=0.012 P=0.232 

7/49 (14%) 2/47 (4%) 
29.0% 33.3% 
4/19 (21%) 2/6 (33%) 

P<O.OOI P=0.006 
P=0.004 P=0.006 

P=0.006 P=0.232 

Thyroid: C-Cell Adenoma 
Tumor Rates 

Overall (a) 
Adjusted (b) 
Terminal (c) 

Statistical Tests (d) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Thyroid: C-Cell Carcinoma 
Tumor Rates 

Overall (a) 

Adjusted (b) 
Terminal (c) 

Statistical Tests (d) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Thyroid: C-Cell Adenoma or Carcinoma 
Tumor Rates 

Overall (a) 
Adjusted (b) 
Terminal (c) 

Statistical Tests (d) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test·· 

Pancreatic Islets: Islet Cell Adenoma 
Tumor Rates 

Overall (a) 

Adjusted (b) 
Terminal (c) 

Statistical Tests (d) 
Life Table 
Incidental Tumor Test 
'cochran-Armitage Trend Test 

Fisher Exact Test 


Pancreatic Islets: Islet Cell Adenoma or Carcinoma 

Control 

7;50 (14%) 
18.4% 
6/36 (17%) 

P=0.393N 
P=0.221N 
P=0.048N 

1/50 (2%) 
2.8% 
1/36 (3%) 

P=O.I72 
P=0.318 
P=0.522 

8/50 (16%) 
21.1% 
7/36 (19%) 

P=0.406 
P=0.462N 
P=O.II7N 

0/50(0%) 
0.0% 
0/36 (0%) 

P=0.008 
P=0.054 
P=0.229 

Tumor Rates 
Overall (a) 

Adjusted (b) 
Terminal (c) 

Statistical Tests (d) 
Life Table 
Incidental Tumor Test 

Cochran-Armitage Trend Test 
Fisher Exact Test 

0/50 (0%) 
0.0% 
0/36 (0%) 

P=0.005 
P=0.038 
P=0.238 
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TABLE Fl. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS (Continued) 

Mammary Gland: Fibroadenoma 
Tumor Rates 

Overall (a) 

Adjusted (b) 
Terminal (c) 

Statistical Tests (d) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Clitoral Gland: Adenoma 
Tumor Rates 

Overall (a) 
Adjusted (b) 

Terminal (c) 
Statistical Tests (d) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Clitoral Gland: Adenoma or Carcinoma 
Tumor Rates 

Overall (a) 

Adjusted (b) 
Terminal (c) 

Statistical Tests (d) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Uterus: Endometrial Stromal Polyp 
Tumor Rates 

Overall (a) 

Adjusted (h) 
Terminal (c) 

Statistical Tests (d) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Uterus: Endometrial Stromal Polyp or Sarcoma 
Tumor Rates 

Overall (a) 

Adjusted (h) 

Terminal (c) 
Statistical Tests (d) 

Life Table 
Incidental Tumor Test 

Cochran-Armitage Trend Test 

Fisher Exact Test 


Control 

15/50 (30%) 
39.2% 
13/36 (36%) 

P<O.OOI 
P<O.OOI 
P=OJOI 

0/50 (0%) 
0.0% 
0/36 (0%) 

P=O.I73 
P=0.295 
P=0.622 

1/50 (2%) 
2.6% 
0/36 (0%) 

P=0.303 
P=0.619 
P=0.390N 

12/50 (24%) 
30.1% 
9/36 (25%) 

P=0.084 
P=0.374N 
P=0.229N 

13/50 (26%) 
31.7% 
9/36(25%) 

P=O.l27 
P=0.24lN 

P=O.I64!'; 

60 120 
mg/kg mg/kg 

21/50 (42%) 18/50 (36%) 
82.8% 88.6% 
15/19 (79%) 4/6 (67%) 

P<O.OOI P<O.OOI 
P=0.002 P=O.OIO 

P=O.l49 P=0.335 

4/50(8%) o; 50 (O%) 
18.8% 0.0% 
3/ 19 (16%) 0/6 (0%) 

P=O.OI5 (e) 
P=0.023 (e) 

P=0.059 (e) 

4/50 (8%) o;5o (O%) 
18.8% 0.0% 
3/19 (16%) 0/6 (0%) 

P=0.053 P=0.855N 
P=O.I08 P=0.362N 

P=O.I81 P=0.500N 

9/50 (18%) 8/47 (17%) 
33.2% 35.3% 
4/19 (21%) 1/6 (17%) 

P=0.366 P=0.096 
P=0.563N P=0.491N 

P=0.312N P=0.276N 

9/50 (18%) 8/47 (17%) 
33.2% 35.3% 
4/ 19 (21%) 1/6 (17%) 

P=0.445 P=O.l44 
P=0.443N P=0.317N 

P=0.235N P=0.205N 
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TABLE F:Z. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS (Continued) 

(a} 	Number of tumor-bearing animals/ number of animals examined at the site. 
(b) 	Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality. 
(c) 	Observed tumor incidence in surviving animals killed at end of study. 
(d) 	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 before the end of the study as being(directly 
or indirectly) the cause of death. The incidental tumor test regards these lesions as nonfatal. The Cochran­
Armitage and Fisher exact tests compare directly the overall incidence rates. A negative trend or lower 
incidence is indicated by (N). 

(e) 	Not significant. No tumors observed in dosed and control groups. 
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TABLE FJ. ANALYSIS OF PRIMARY TUMORS IN MALE MICE 

120 240 
Control mg/kg mg/kg 

Skin: Fibrosarcoma 
Tumor Rates 

Overall (a) 0 so (0%) 4;49 (89[) 0/50(0<;[) 
Adjusted (h) 0.01)( 9.4% o.oc;r 
Terminal (c) 0 46 (Ot;() 2140 (59[) 0/26(0%) 

Statistical Tests (d) 
Life Table P=0.469 P=O.OS2 (e) 
Incidental Tumor Test P=O.S73N P=0.066 (e) 
Cochran-Armitage Trend Test P=0.621 
Fisher Exact Test P=O.OS6 (e) 

Skin or Subcutaneous Tissue: Fibrosarcoma 
Tumor Rates 

Overall (a) 1/50 (2%) 4/49 (8%) 0/50(0%) 
Adjusted (b) 2.0% 9.4% 0.0% 
Terminal (c) 0/46 (0%) 2/40 (S%) 0/26 (0%) 

Statistical Tests (d) 

Life Table P=O.SS9N P=O.lSO P=O.S8SN 
Incidental Tumor Test P=0.276N P=0.194 P=0.331N 
Cochran-Armitage Trend Test P=0.391N 
Fisher Exact Test P=O.I7S P=O.SOON 

Lung: Alveolar/Bronchiolar Adenoma 
Tumor Rates 

Overall (a) 1/SO (2%) 3j48(6%) 2!49 (4%) 
Adjusted (b) 2.2% 7.7% 7.7% 
Terminal (c) 1/46 (2%) 3/39 (8%) 2/26(8%) 

Statistical Tests (d) 

Life Table P=0.200 P=0.249 P=0.306 
Incidental Tumor Test P=0.200 P=0.249 P=0.306 
C'ochran-Armitage Trend Test P=0.392 
Fisher Exact Test P=0.293 P=0.492 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Tumor Rates 

Overall (a) 2/50(4%) S/ 48 ( 10%) 2/49 (4%) 
Adjusted (b) 4.3% 12.3% 7.7% 
Terminal (c) 2/46 (4%) 4/39(10%) 2/26 (8%) 

Statistical Tests (d) 
Life Table P=0.321 P=O.I61 P=0.476 
Incidental Tumor Test P=0.387 P=O.I80 P=0.476 
Cochran-Armitage Trend Test P=O.S73 
Fisher Exact Test P=0.201 P=0.684 

Hematopoietic System: Mall1nant Lymphoma 
Tumor Rates 

Overall (a) 6/SO (12%) Sj49 (10%) 3/SO (6%) 
Adjusted (b) 13.0% 12.5% 10.9% 
Terminal (c) 6/46 (13%) 5/40 (13%) 2/26 (8%) 

Statistical Tests (d) 
Life Table P=0.496N P=O.S98N P=O.S6SN 
Incidental Tumor Test P=0.434N P=O.S98N P=0.474N 
Cochran-Armitage Trend Test P=O.l96N 
Fisher Exact Test P=0.514N P=0.243N 
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TABLE F3. ANALYSIS Of PRI~ARY Tt:MORS IN MALE MICE (Continued) 

120 240 
Control mg/kg mg/kg 

Liver: Adenoma 
Tumor Rates 

Overall (a) 5, 49 (lOCi() 3 48 (6f;() 2 50 Wil 
Adjusted (h) 10.9r;( 7.5r;; 7.7r;; 
Terminal (c) 5. 46 ( l)f;() 3 40 (7r;() 2 26 (Kii) 

Statistical Tests (d) 

Life Table P=OJ82!" P=0.435~ P=0.491 ~ 
Incidental Tumor Test P=OJ82N P=0.435N P=0.491 ~ 
Cochran-Armitage Trend Test P=O.I53N 

Fisher Exact Test P=0.3691" P=0.210!" 


Liver: Carcinoma 
Tumor Rates 

Overall (a) 6/ 49 ( 12£Jr) 9148 ( 199() 3 50Wil 
Adjusted (h) I3.0o/c 20.71)( 9.87( 
Terminal (c) 6/46 (131/() 6/40 (15%) 0 26 (OC:il 

Statistical Tests (d) 

Life Table P=0.552N P=0.207 P=0.546N 
Incidental Tumor Test P=O.I44N P=0.321 P=0.233N 
Cochran-Armitage Trend Test P=0.21 IN 
Fisher Exact Test P=0.273 P=0.233N 

Liver: Adenoma or Carcinoma 
Tumor Rates 

Overall (a) 11/49 (22%) 12;48 (25%) 5;50 (107() 
Adjusted (h) 23.9% 27.7% 16.7o/c 
Terminal (c) 11/46 (24%) 9j40 (23%) 2/26 (81/t) 

Statistical Tests (d) 
Life Table P=0.418N P=0.359 P=0.420N 
Incidental Tumor Test P=O.II4N P=0.481 P=O.I93N 
Cochran-Armitage Trend Test P=0.073N 
Fisher Exact Test P=0.477 P=0.079N 

(a) 	Number of tumor bearing animals/ number of animals examined at the site. 
(h) 	 Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality. 
(c) 	Observed tumor incidence at terminal kill. 
(d) 	Beneath the control incidence are the P-values associated with the trend test. Beneath the dosed group 

incidence are the P-values 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 
exact tests compare directly the overall incidence rates. A negative trend or lower incidence is indicated by 
(N). 

(e) 	 Not significant. No tumors observed in dosed and control groups. 
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TABLE F4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE 

60 120 
Control mg/kg mg/kg 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Tumor Rates 

Overall (a) 0/49 (0%) 3/50(6%) 1/50 (2%) 
Adjusted (b) 0.0% 7.0% 3.0% 
Terminal (c) 0/33 (0%) 3/43 (7%) 1/33 (3%) 

Statistical Tests (d) 

Life Table P=0.372 P=O.I72 P=0.500 
Incidental Tumor Test P=0.372 P=O.I72 P=0.500 
Cochran-Armitage Trend Test P=0.384 
Fisher Exact Test P=O.I25 P=0.505 

Hematopoietic System: Leukemia 
Tumor Rates 

Overall (a) 3/50 (6%) 0/50 (0%) 0/50 (0%) 
Adjusted (h) 7.4% 0.0% 0.0% 
Terminal (c) 0/34 (0%) 0/43 (0%) 0;33 (0%) 

Statistical Tests (d) 

Life Table P=0.040N P=O.I02N P=O.I47N 
Incidental Tumor Test P=O.II9N P=0.414N P=0.240N 
Cochran-Armitage Trend Test P=0.037N 
Fisher Exact Test P=O.I21N P=O.I21N 

Hematopoietic System: Malignant Lymphoma 
Tumor Rates 

Overall (a) 10!50 (20o/c) 17/50 (340() 16/50 (32%) 
Adjusted (h) 25.80( 38.6% 44.2% 
Terminal (c) 7/34 (21%) 16/43 (37o/c) 13/33 (J9Cii) 

Statistical Tests (c/) 

Life Tahlc P=0.082 P=0.241 P=O.IOI 
Incidental Tumor Test P=0.029 P=0.085 P=0.033 
Cochran-Armitage Trend Test P=O.ll2 
Fisher Exact Test P=0.088 P=O.I27 

Hematopoietic System: Lymphoma or Leukemia 
Tumor Rates 

Overall (a) I3!50 (267() 17 ;50 (3490 16.50 (32%) 
Adjusted (h) 31.301 38.6% 44.21/c 

Terminal (c) 7;34 (2100 16/43 (37'1() 13; 33 (39Cfc) 

Statistical Tests (c/) 

Life Tahle P=0.241 P=0.503 P=0.273 
Incidental Tumor Test P=0.089 P=O.I51 P=0.098 
Cochran-Armitage Trend Test P=0.294 
Fisher Exact Test P=0.257 P=0.330 

Circulator} S}stem: Hemangiosarcoma 
Tumor R<tte' 

Overall (a) 0 50 (Oo/c) o, 50 (0'/() 3/50 (6Ci() 

Adjusted (h) O.Oo/c O.Oo/c 8.0% 
Terminal (c) 0 34 (01ii) 0 43 (0'/() Oj33 (OC;i) 

Statistical Tests (c/) 

Life Tahlc P=0.029 (e) P=0.105 
Incidental Tumor ·rest P=O.OI5 (e) P=0.037 
Cochran-Armitage Trend Test P=0.037 

Fisher Exact Test M P=O.I21 
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TABLE F4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE (Continued) 

60 no 
Control mg/kg mg/kg 

Circulatory System: Hemangioma or Hemangiosarcoma 
Tumor Rates 

Overall (a) 0/50 (0%) 1/50 (2%) 5;5o (IO%) 
Adjusted (b) 0.0% 2.3% 13.3% 
Terminal (c) 0/34 (0%) 1/43 (2%) 1/33 (3%) 

Statistical Tests (d) 
life Table P=0.008 P=0.547 P=0.029 
Incidental Tumor Test P=0.003 P=0.547 P=0.005 
Cochran-Armitage Trend Test P=O.OII 
fisher Exact Test P=0.500 P=0.028 

Liver: Hepatocellular Adenoma 
Tumor Rates 

Overall (a) 2/50 (4%) 3/50(6%) 12/50 (24%) 
Adjusted (b) 5.3% 6.7% 36.4% 
Terminal (c) 1/34 (3%) 2/43 (5%) 12/33 (36%) 

Statistical Tests (d) 
life Table P<O.OOI P=0.571 P=0.003 
Incidental Tumor Test P<O.OOI P=0.325 P=0.003 
Cochran-Armitage Trend Test P=O.OOI 
Fisher Exact Test P=0.500 P=0.004 

Liver: Hepatocellular Carcinoma 
Tumor Rates 

Overall (a) 2/50 (4%) 2/50 (4%) 3/50 (6%) 
Adjusted (b) 5.0% 4.7% 8.8% 
Terminal (c) 1/34 (3%) 2/43 (5%) 2/33 (6%) 

Statistical Tests (d) 
life Table P=0.376 P=0.629N P=0.463 
Incidental Tumor Test P=0.248 P=0.644 P=0.308 
Cochran-Armitage Trend Test P=0.406 
Fisher Exact Test P=0.691 P=O.SOO 

Liver: Hepatocellular Adenoma or Carcinoma 
Tumor Rates 

Overall (a) 4/50 (8%) 5!50 (10%) 15/50 (30%) 
Adjusted {b) 10.1% 11.2% 44.1% 
Terminal {c) 2;34 (6%) 4/43 (9%) 14/33 (42%) 

Statistical Tests (d) 
life Table P=O.OOI P=0.601 P=0.004 
Incidental Tumor Test P<O.OOI P=0.321 P=O.OOI 
Cochran·Armitage Trend Test P=0.002 
Fisher Exact Test P=0.500 P=0.005 

Pituitary: Adenoma 
Tumor Rates 

Overall {a) 4; 46 (9<;() 3; 44 (7%) 1/43(2%) 
Adjusted (b) 11.3(/( 7.7% 3.2o/c 
Terminal (c) 3/33 (9<;() 3!39 (8%) I131 (31/() 

Statistical Tests (d) 
life Table P=O.I43N P=0.417N P=0.204N 
Incidental Tumor Test P=O.I60S P=O.SOON P=0.221N 
Cochran·Armitage Trend Test P=O.I50S 
fisher Exact Test P=0.525JI> P=0.2021" 
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TABI.E F4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE (Continued) 

60 llO 
Control mg/kg mg/kg 

Skeletal System: Osteosarcoma 
Tumor Rates 

Overall (a) 4 so (8'() 0 so (O'f) IS0(2t;() 
Adjusted (h) 9.2'( O.Ot;( 2.8<;( 
Terminal (c) 0 34(0t;() 0 43 !O'i) 0 33 (0<;() 

Statistical Tests (d) 

Life Table P=0.098l'\ P=0.057\' P=0.225N 
Incidental Tumor Test P=0.309\' P=0.343N P=0.472N 
Cochran-Armitage Trend Test P=0.082N 
Fisher Exact Test P=0.059N P=O.I81N 

(a) 	Number of tumor bearing animals number of animals examined at the site. 
(h) 	Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality. 
(c) 	Observed tumor incidence at terminal kill. 
(d) 	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 C'ochran­
Armitage and Fisher exact tests compare directly the overall incidence rates. A negative trend or lower 
incidence is indicated by (N). 

(e) 	Not significant. No tumors observed in dosed and control groups. 
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ANALYSIS OF TOLUENE DIISOCYANATE 
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APPENDIX G 

A. ELEMENTAL ANALYSIS 

Element c H N 

Theory 62.07 3.47 16.09 

I. Lot No. 228: Determined 62.40 3.64 16.40 
62.33 3.60 16.35 

2. 	Lot No. 414417: Determined 62.46 3.61 16.89 
62.66 3.52 16.60 

B. BOILING POINT 

Determined 	 Literature Value 

Lot No. 228: b.p. 254° to b.p. -240°C (Fieser and Fieser, 
1968) 

255°C at 742.8 mm 

c. INDEX OF REFRACTION 

n~ 1.5658 for 99.6% in chlorobenzene Lot No. 228: n~~ 1.5687 

(Goldberg et al., 1959) 


D. TITRATION 

I. Procedure 

Reaction of the isocyanate groups with an excess of di-n-butylamine and titration of the unreacted 
amine with 1.0 N hydrochloric acid using bromophenol blue as an indicator (Annual Book of ASTM 
Standards, 1974). 

2. 	Results 


Lot. No. 414417 102.6% ± 0.7(c5)% 


E. VAPOR PHASE CHROMATOGRAPHY 

I. 	Lot No. 228 

Instrument: Tracor MT-220 

Column: 3% OV-1 on 80(100 Supelcoport, 1.8 m x 4 mm I.D. 

Detector: Flame ionization 
Oven Temperature Program: 5 min hold at I00°C, then programmed 

from 100° to 235°C at 10°C(min 
Results: Major peak and six impurities 
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Retention Time Area (Percent 
Retention (Relative to of Major 

l,eak Time (min) Major Peak) Peak Area) 

2.2 0.29 	 Trace 
2 5.1 0.68 	 Trace 

5.4 0.71 	 Trace-' 
~ 7.6 1.00 100 
5 H.9 1.17 Trace 
(> 9.J 1.22 Trace 
; l 6.4 2.16 	 Trace 

2. 	 Lot :\o. 414417 


Instrument: Hewlett-Packard 5730A 


Dl'tl'.:tor: Flame ioni7.ation 


lnk·t Temperature: 200°C 


lktl'.:tor Temperature: 250°C 


Carrier Gas: :\itrogen 


u. 	System I 
Column: Y;( SP-2100 on 100 · 120 Supelcoport, 1.8 m x 2 mm I. D., 

silylatcd glass 


Carrier Flow Rate: 70 ml min 


Own Temperature Program: Initial 4-min hold at 75°C 

followed by a H°C min increase to 250°C for the detection 
of impurities: isothermal at 125°C for major peak area 
determination. 

Samples Injected: 5 ,ul of a IOt:y(- (viv) solution in hexane to 
detect and determine the area of impurities; 3-5 ,ul of 1.0 
and O.Sc;,; (vI v) solutions in hexane to determine major peak 
area and linearity of detector response. 

Results: Twelve impurities. four preceding and eight 
following the major peaks, were detected. Only two of the 
impurities had relative areas <O.I o/c. 

Retention Time Area (Percent 
Retention (Relative to of Major 

l,eak Time (min) Major Peak) Peak Area) 

I 13.3 1.00 	 100 
2 15.6 1.17 	 0.2 
3 27.3 2.05 	 0.2 
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b. 	System 2 

Column: :v; Dexsil400 on KO 100 Chromosorb W(AW). 1.8 m x 4 
mm J.D.. silylated glass 

Carrier Flo\\ Rate: 70 ml min 

Oven Temperature Program: Initial hold at 70°C for 4 min. 
programmed to 250°C at K°C min for impurity detection. 

Isothermal at 140° C to monitor detector response. 
Samples Injected: 6 pi of lOCi. I r·;. and O.sr·; (v v) solutions 

in n-pentane to detect and determine relative areas of all 
volatile impurities. 

Results: One major peak followed by two impurities with 
relative areas greater than 0.1 ~( were detected. 

Retention Time Area (Percent 
Retention (Relative to of Major 

Peak Time (min) Major Peak) Peak Area) 

I 14.1 1.00 	 100.0 
2 15.7 1.12 	 0.21 
3 26.0 1.85 	 0.15 

F. SPECTRAL DATA 

I. 	Infrared (Both lots) 

Instrument: Beckman IR 12 The spectra were consistent 
Cell: Neat liquid between with a literature spectrum 

sodium chloride plates (Sadtler Standard Spectra) 
(Lot 228) or silver chloride 
plates (Lot 41447) 

Results: See Figures 7 and 8 

2. 	Ultraviolet/Visible: 

a. Lot No. 228 Literature Values 
Instrument: Cary 118 

i\ max <nm) 

284 

t: X !0 J 

1.03 ± 0.01(6) 

)\ max (nm) 

282 
290 

Solvent: Dioxane 

t: X 10 3 

1.3 
(shoulder) 

No maxima observed between 
350 and 800 nm at a 
concentration of 1.5 mgi ml 

Solvent: Heptane 

b. Lot No. 414417 

i\ max (nm) 

284 
290 (shoulder) 

Solvent: n-Pentane 

t: X JO 3 

0.95 ± O.oJ 
0.89 ± 0.01 
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G. NUCLEAR MAGNETIC RESOl'IANCE 

I. Lot !\ o. 228 

Instrument: Varian HA-100 No literal ure spectrum 
found. 

Solvent: Neat with added in­ Spectrum consistent with 
ternal tetramethylsilanc literature spectrum for 2.4­

isomer (Sadtler Standard Assignments: Sec Figure 9 
Spectra) 

79.7% 2,4-Toluene diisocyanate; 20.3£(( 2.6­
toluene diisocyanate 

(a) s, o=2.06 ppm 
(b) d, o=6.39 ppm (Jbc =2 Hz) 
(c) d, AB pattern, o= 6.57 ppm (J cd = 8 Hz) 
(d) d, o=6.85 ppm 
(e) s, 6 = 2.00 ppm 
(f) d, o=6.65 ppm (J fg =9 Hz) 
(g) t, 6 =6.85 ppm 

Integration Ratios: 

(a) 3.00 
(b) 1.02 
(c) 1.1 
(d) 1.2 
(e) 3.00 
(f) 2.1 
(g) 1.2 

2. Lot No. 414417 

Instrument: Varian EM360 Consistent with literature 
Solvent: Neat with a TMS spectrum for 2,4-isomer and 

internal standard also with the spectra of the 
Assignments: See Figure 10 mixed isomers for Lot 

No. 228 
Determined 

(a) s, o 1:1 2.07 ppm 
(b) d. o=6.42 ppm, Jbc =2 Hz 
(c) d, o=6.57 ppm, J cd =8 Hz 
(d) d, o=6.92 ppm 
(e) s, o=2.01 ppm 
(f) d, o= 6.69 ppm. J fg = 8 Hz 
(g) t, o=6.93 ppm 
Integration Ratios: 

(a) 8.25(3.291:12.51 

~~1} 6.36;3.29 = 1.93 
(f)

(d)! 
3.80/3.29 = 1.15 

(g) 
(e) 1.41 ;3.79 = 0.43 

Isomer Ratio: 

Percent 2.4 1:1 8.25/9.66 x 1001:1 85.4 

Percent 2,6 = 1.41;9.66 x 1001:1 14.6 
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.A. ANAlYSIS 

A sample of TDI stored in a septum vial and free of precipitate or suspended material was analyzed 
for nonvolatile residue by the following procedure. 

A 50-ml round bottom fla!>k (chromic acid washed. rinsed. and oven dried) was flame dried while 
being flushed with dry N2. It was then immediately connected to a dry ice acetone trap and vacuum 
pump. and a vacuum was drawn until the flask had cooled. The vacuum was released through a valve 
fitted with a CaS04 tube. An inverted funnel was arranged directly above the flask and connected via a 
CaS04 drying tube to a N2 tank. The N2 flow rate was adjusted to provide a N2 atmosphere in the 
immediate vicinity of the flask. Within the cone of the inverted funnel. the TDI vial was opened and 
approximately 20 g of TDI was poured into the flask. The vacuum was then reapplied and the flask 
heated to approximately 100°C with an electric heating mantle. Gentle hand swirling of the flask was 
used to prevent bumping. When only a few grams of TDI remained. the flask was cooled and the 
vacuum released. The contents were then transferred. under N2 with a Pasteur pipette and two 2-ml 
acetonitrile washes (Burdick and Jackson. UV grade). into a dry. tared. 10-ml round bottom flask. The 
vacuum was reapplied and evaporation conducted as before. This was continued for 30 minutes after no 
liquid remained in the flask to ensure drying. The flask was then cooled. the vacuum was released. and 
the weight of nonvolatile residue was determined by difference on a Mettler H51 AR analytical balance. 
This entire procedure was repeated with a second sample of TDI. 

First Determination Second Determination 

Mass ofTDI 18.3 ± 0.05 g 19.9 ± 0.05 g 

Mass of nonvolatile residue 0.0583 ± 0.0001 g 0.06791 ± 0.00005 g 

Mass percentage 0.318 ± O.OOll!i 0.341 ± 0.001% 

Values expressed as± standard deviation. 

The residue does not melt up to 250°C, suggesting that it is a polymer (ll)(m.p. 230° C) formed from 
(I) (m.p. 170°-I80°C) during distillation (Eight Peak Index. 1970). 

B. IDENTIFICATION OF THE NONVOLATILE RESIDUE 

I. Sample Preparation 

a. Isolation of the Precipitate from the Sample 

Ten milliliters of toluene diisocyanate containing the precipitate was centrifuged for 5 minutes, and 
the supernatant toluene diisocyanate was drawn off with a dispo-pipet. The precipitate was then washed 
with two 5-ml portions of chloroform and dried using vacuum filtration. 

In addition, 4.0 ml of toluene diisocyanate, as received from Litton, was filtered through a pre­
weighed 0.5 pm filter, washed with chloroform (saturated with the precipitate compound). and the 
isolated precipitate was dried at room temperature. The weight of precipitate per given volume of 
toluene diisocyanate was then calculated. 

b. Preparation of Suspected Compound 

Since the precipitate was suspected to be the reaction product of toluene diisocyanate with moisture 
in the headspace of the sample bottle. the following reactions were conducted: 

(1) Reaction with Water At Elevated Temperatures 

Distilled water (2 ml) was added to 2 ml of freshly filtered toluene diisocyanate in a small beaker. The 
mixture was swirled and gently warmed on a hotplate. When a reaction began to occur, the beaker was 
removed from the hotplate and allowed to cool to room temperature. The product was vacuum filtered 
and then spread thinly on a glass plate to dry. 
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(2) Reaction with Water at Room Temperature 

Distilled water (2 ml) was added to 2 ml of freshly filtered toluene diisocyanate in a test tube. After 2 
hours. the reaction product was isolated by vacuum filtration and then spread thinly on a glass plate to 
dry. 

(3) Reaction with Moist Air at Rvvii• Temperature 

Five milliliters of toluene diisocyanate was placed in a small uncovered beaker in a hood. After 2 
days. the toluene diisocyanate had completely reacted. The product was spread thinly on a glass plate to 
dry. 

2. Mass Spectrometry 

Electron impact mass spectra (70 ev) were obtained for each of the precipitate samples using a Varian 
CH4-B mass spectrometer. Samples were introduced by direct inlet at a probe temperature of 220°C. 
The data were processed by a Varian 620/i computer. 

C. 	 RESULTS 
The spectra obtained from the precipitate in the Litton sample (Figure II) and samples reacted with 

water and air (Figure 12) were all consistent with a literature spectrum and with the structure of 
N ,N'-bis-(3-isocyanato, 4-methylphenyl) urea. This compound is one of the expected reaction products 
of toluene diisocyanate and water. (The others should 1:-e positional isomers and possible polymers.) 

Filtration of 4 ml of toluene diisocyanate (as received from Litton) yielded 21.49 mg of precipitate 
assumed to be bis-(3-isocyanato, 4-methyl-phenyl) urea. 

Spectrum Obtained from 
Precipitate in Litton Sample 

(Figure 11) 

m/e 

148 
174 
147 
322 
44 

145 
173 
146 
119 
120 
132 
77 

149 
51 

175 
323 

Relative Intensity 
(Percent of Base Peak) 

100 
91 
47 
42 
36 
25 
21 
18 
13 
12 
II 
10 
9 
9 
9 
9 

Spectrum 

Obtained from the 


Reaction Product of Toluene 

Difsoc:yanate and Water 


(Figure 12) 


m/e 

148 
174 
322 
147 
145 
173 
146 
44 

132 
119 
175 
323 

51 
77 

149 

Relative Intensity 
(Percent of Base Peak) 

100 
93 
37 
33 
22 
18 
18 
16 
II 
10 
9 
9 
9 
9 
8 
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Literature Spectrum of N,N'-Bis-(3-isocyanato, 4-methylphenyl) 
lJrea (Eight Peak Index, 1970) 

Relative Intensity 
m/e (Percent of Base Peak) 

148 	 100 
174 .W 
147 21 
146 II 
44 10 

149 9 
43 9 
57 g 

M• 322 	 7.30 

Isotopic contributions to theM • + I ion arc in agreement with the molecular formula for the assigned 
structure. 

Relative Intensities 
(Percent of m/ e 322) 

Reaction Product Theoretical for 
m/e Precipitate with Water C17Ht.cN.c03 

M• 322 100 100 100 
M•+J 323 21.7 24.2 20.8 

D. 	 CONCUJSIONS 
The mass spet·trum of the precipitate in the Litton sample is consistent with the structure and with a 

literature spectrum of!\' .1"1:'-bis-(3-isocyanato. 4-methylphenyl) urea. The spectrum is also identical with 
a spectrum ohtaincd from the reaction product of toluene diisocyanate and water, as well as with a 
spectrum of the material obtained when toluene diisocyanate is allowed to react completely with moist 
air. Although the spectrum matches well, it is possible that the precipitate contains other positional 
isomers as well as polymers. The spectrum obtained probably represents the most volatile materials 
present. Quantitation by filtration and gravimetric analysis indicated the toluene diisocyanate from 
Litton contained 0.54Cii (w v) or 0.44<;( (w j w) precipitate. Assuming the precipitate is bis-{3-isocyanato, 
4-methylphenyl) urea, this represents reaction of 0.47% of the toluene diisocyanate with water. 
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A. PURPOSE 

This study was conducted to determine the stability of toluene diisocyanate at low, medium, and high 
dose concentrations in corn oil with a normal water content, and in corn oil which had been dried to 
remo\e as much water as possible. Also requested with the stability study was a determination of the 
rate of moisture absorption by the dried oil during exposure to environmental conditions similar to 
those encountered at the bioassayer's laboratory. 

B. CORN 011. DRYING STUDIES 

I. Drying Procedure 

A 1-liter round bottom flask (24/40 neck) containing approximately 400 ml of corn oil was 
connected to a Ruchi rotatory vacuum evaporator apparatus equipped with a I00°C oil bath. A vacuum 
of <~pproximately 16 mm Hg was maintained over a 3-hour period while rotating the flask partially 
immersed in the oil bath. 

At the end of the drying period, dry nitrogen was bled into the flask until atmospheric pressure had 
been reached; then the flask was removed from the apparatus and tightly stoppered. The residual water 
content of the oil was d'!termined by the Karl Fischer analysis method below. 

2. Karl. Fischer Analysis Method for Water Content 

a. Titrating Medium - 200 ml of reagent grade chloroform was mixed with 100 ml of anhydrous 
reagent grade methanol. 

b. K<~rl Fischer Reagent- Purchased reagent approximately 5 to 7 mg 1 ml water titer. (Fisher 
Scientific Company. Catalog No. SO-K-3) 

c. Diluted Karl Fischer Reagent- Reagent (8-2) diluted to a water titer of approximately I mg/ ml 
using Fisher Scientific Company KF Diluent, Catalog No. SO-K-5. 

d. Instrumentation and Operating Parameters 

Instrument: E-536 Metrohm Herisau Potentiograph with E-456 

Polariter. E-535 Dosimat and E-549 Titrating Stand 


Potcntiograph Settings: 

StopJ'i full scale: 7W'i 

Titrating speed: 5 min l()()C!( vol 

Range: I V 

Counter-voltage: 300 m,· 

Slope <~daption: tOOri 

Selector switch: nw pH 

Volume axis: 200 mm IOO~i vol 


Polariter Settings: 

Amps 250 mV: 100 


lJ Pol. +: 250 mV 


e. Procedure 
A 50-ml volume of chloroform-methanol titrating medium was transferred to an autotitrator reaction 

vessel containing a magnetic stirring bar. Karl Fischer reagent (2 to 3 ml of undiluted reagent) was 
added and the vessel was immediately connected to the apparatus. The mixture was stirred for about 2 
minutes while the hcadspacc of the vessel was being continuously purged with a gentle stream of dry 
nitrogen; then the solvent mixture was automatically titrated to a 1ero water endpoint. using the diluted 
Karl Fischer reagent. 
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Without deh1y. 10 ml of corn oil sample was drawn into a dry 25-ml syringe and weighed to the 
nearest 0.0 I g. The sample was immediately injected into the titration vessel containing the anhydrous 
base and was titrated to the typical zero water endpoint. The syringe was reweighed to determine the 
weight of the sample by difference. 

f. Standardization of the Karl Fischer Reagent 

The Karl Fischer titrant was standardited by <ldding 2. 3. and 4 J.il volumes of "'<Her into SO ml 
anhydrous titrating medium as prepared abo\'e. using " c<llibrated JO J,ll syringe. The syringe was 
calibrated by injecting 2. 3. and 4 pi quantities of water into •• small. tared septum vial and reweighing 
the \·ial. The mean weight of water from at least 3 injections of e<~ch volume was used for calculating the 
K F titer. 

A special study was also conducted to determine whether the presence of 10 ml of corn oil in the 
titrating medium would have an effect on the water titer determination. For thili work. SO ml of titrating 
medium. 10 ml of corn oil. and 3 ml of undiluted KF were combined and titrated to anhvdrous 
condition. Aliquots of 2. 3. and 4 J.il of water were added and titrated. The results sftowed no significant 
difference from the titer values obtained with no corn oil present. 

g. Calculations 

The titer of the Karl Fischer reagent was computed as follows: 

JJI H20 injected x mg H20 J.ilKF Titer (as mg H20; ml) = 

ml of Karl Fischer reagent used 


Then using the KF titer. the water content of the samples was computed as. 

Percent H o= KF Titer(as mg H20; ml) x ml KF consumed by sample 
2

x 100 
Sample Weight (g) x 1000 

3. Experimental Summary 

The experiments to find an effective method for removing water from corn oil as completely as 
possible were conducted under conditions which were thought to be sufficiently mild so as not to 
adversely affect the corn oil. The drying techniques evaluated included heating the corn oil in a rotatory 
vacuum evaporator for various times and temperatures and direct heating of the oil up to 135" C for 
varying periods of time while continuously gassing with dry nitrogen. Temperatures above 135°C were 
not used because of the risk of causing chemical changes in the unsaturated fatty acids in the 
triglycerides. 

4. Results/ Conclusion 

It was determined from these experiments that corn oil could not be easily dried below a moisture 
content of approximately O.OOS%. For practical reasons. drying conditions were chosen to require 3 
hours of drying at 100" Con a rotatory vacuum evaporator operated at a pressure of approximately 16 
mm Hg. Water analyses on different corn oils dried by this method ranged from O.OOS31!c to 0.0068%. 

C. STABILITY OF TOLUENE DIISOCYANATE IN NORMAL AND DRY CORN OIL 

I. Test Parameters 

Concentrations: 9, 36, and 72 mg/ ml 

Vehicle: Corn oil, normal water content. and dried oil 

Duration: 7 days, with sampling for analysis after 0. I. and 7 


days storage 

Temperature: Room temperature 
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In preparing for the stability study. a decision had to be made as to what moisture content should be 
chosen for the "normal corn oil." Water analyses on corn oil samples from various sources ranged 
widely. For example, two freshly opened bottles of Mawla@: corn oil purchased from a local grocery 
analyzed 0.029<;( and 0.0349( water. Corn oil from a gallon bottle in current usc for gavage experiments 
in this laboratory contained 0.045Si water. and two samples of corn oil received recently from a 
bioassayer analyzed 0.0600; and 0.69Si. As a practical compromise. and for the purpose of testing the 
stability of TDI in two media with significantly different water contents. the "normal corn oil" used in 
the study was adjusted to a water content of 0.050~·;. The dried corn oil used for the stability study 
contained approximately 0.00530i water. 

2. Sample Preparation and Storage 
For the stability study, approximately 400 ml quantities each of normal corn oil and dried corn oil 

(8-1) were prepared. The oils were carefully analyzed for their water content by the Karl Fischer 
method (8-3); then solutions with TDJ (50 ml) were prepared in duplicate at dose levels of9. 36. and 72 
mg/ ml, using the normal and dried oils. The oil solutions were stored in amber glassware at room 
temperature for the stability study. 

Analyses for TDI content were run initially and again after I day and 7 days of storage. using the 
analysis method described below. 

3. Analysis Procedure for TDJ 
Samples (I g) were placed into dry 50-ml amber volumetric flasks and weighed to the nearest 0.1 mg. 

They were then immediately prepared for gas chromatographic analysis by one of the methods 
described below, depending on the dose concentration. 

9 mgjml dose level- 5ml of internal standard solution (hexadecane. 0.5 mg ml in hexane) was added 
to the flask; then the contents were diluted to 50 ml with hexane and thoroughly mixed. The resulting 
solution was used without further dilution. 

36 mg/ ml dose level- The sample was diluted to 50 ml with hexane and thoroughly mixed; then. a 
10-ml aliquot was pipetted into a 50-ml septum vial containing 26 ml of hexane and 4 ml of internal 
standard solution (see 9 mg/ ml dose). After sealing and mixing thoroughly. the TDI content of the 
solution was determined by the gas chromatography system described below. 

Vial seals were Microsep F-138 gas chromatography septa with Teflon® film facing available from 
Canton Biomedical Products, Inc., Boulder, Colorado 80302; the aluminum crimp seals and vials are 
available from Wheaton Scientific Company, Inc., Millville, New Jersey. 

72 mg/ ml dose level- The sample was diluted to 50 ml with hexane and thoroughly mixed; then. a 
5-ml aliquot was pipetted into a 50-ml septum vial containing 31 ml of hexane and 4 ml of internal 
standard solution (see 9 mg/ ml dose). After sealing and mixing thoroughly, the TDI content of the 
solution was determined by the gas chromatography system described below. 

Instrument: Varian 3700 gas chromatograph with a CDS-III 
Integrator and Autosampler 

Column: 3% OV-17 on 100/120 mesh Supelcoport, 1.8 m x 2 mm 
l.D., glass, silanized 


Detector: Flame Ionization 

Temperatures: Oven, 130° C isothermal 


Injector, 160°C 

Detector, 250° C 


Carrier Gas: Nitrogen 

Volume Injected: 3 pi 


Retention Times: TDI - 2.6 min 

Hexadecane - 4.1 min 
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The gas chromatograph was calibrated with two independently prepared standards as follows: 50 mg 
of TDI was weighed to the nearest 0.1 mg and diluted to SO ml with hexane. A 10-ml aliquot of each 
standard solution was mixed with S ml of hexadecane internal standard solution (0.5 mg ml in hexane) 
and was diluted to SO ml with hexane. Standards were injected after every third sample injection to 
maintain calibration. 

The analysis results were calculated from relative response factors (RRF) computed from electroni­
cally integrated peak areas of the standards using the following equations: 

mg/ ml Test Chemical x Peak Area of Internal StandardRRF::: 

Peak Area of Test Chemical x mg ml of Internal Standard 


then the mg/ g chemical in the vehicle was calculated as. 


RRF x Sample Peak Area x mg mllnternal Standard x D.F. 
mg/ g Chemical = 

Peak Area Internal Standard x Grams of Sample 


where D.F. =dilution factor 


The linearity of the chromatograph detector response was evaluated with solutions ofTDI in hexane 
at concentrations of 0.115, 0.192, and 0.230 mgj mi. The correlation coefficient was 0.9992. The test 
results are shown on the Tables ll-l3 and Figure 13. 

TABLE II. TOLUENE DIISOCYANATE STABILITY IN CORN OIL: ZERO TIME ANALYSES 

Dosage Level Corn mg TDI/ml mg TDI/ml Percent Recovery 
(mg/ml) Type (Theoretical) (Found) (Found/Theoretical 1 100) 

9 Dr}' 8.97 9.15 	 102.0 
9.03 8.86 	 98.1 

x=l01ll±2.1 

9 Normal 8.60 8.24 95.8 
9.05 8.97 	 99.1 

X: 97.5 ± 1.7 

~6 Dry 36.80 37.45 101.8 
36.72 36.18 	 98.5 

x=100.2 .t 1.7 

36 ~ormal 36.52 35.50 97.2 
36.53 36.86 	 100.9 

X : 99.1 .± 1.9 

72 Dry 72.38 72.41 100.0 
72.58 72.11 	 99.4 

X: 99.7 ± 0.3 

n :"ormal 73.18 71.57 97.8 
72.85 	 71.68 9S.4 

x= 98.1 .± 0.3 

(o) 	The mean water content of the dry and normal corn oil used for the stability study was 0.0053Cit and 
0.0500t;(, respectively. Water analyses could not be run on the TDJ-corn oil blends because TDI reacts 
with Karl-Fischer reagent. 
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TABLE 12. TOLUENE DIISOCYANATE STABILITY IN CORN OIL: 24-HOUR STABILITY ANALYSES 

Dosage Level Corn mg TDI/ml mg TDI/ml Percent Recovery 
(mg/mll Type (Theoretical) (Found) (Found/Theoretical x 100) 

9 Dry 8.97 7.44 	 82.9 
9.03 	 8.05 89.1 

x=86.o.±.3.1 

Normal 8.60 6.26 	 72.8 
9.05 	 6.85 75.7 

x a 74.3 .±. 1.5 

Jo Dry 36.80 34.11 	 92.7 
36.72 	 33.41 91.0 

x = 91.9.±. 0.9 

36 Normal 36.52 29.29 	 80.2 
36.53 	 30.30 82.9 

x = 81.6 .±. 1.4 

72 Dry 72.38 69.27 	 95.7 
72.58 	 65.81 90.7 

x = 93.2 .±. 2.5 

72 1'\ormal 73.18 64.35 	 87.9 
72.85 	 63.63 87.3 

xl:l87.6.±.0.3 

TABLE 13. TOLUENE DIISOCY AN ATE STABILITY IN CORN OIL: 7-DA Y STABILITY ANALYSES 

Dosage Level Corn mg TDI/ml mg TDI/ml Percent Recovery 
(mg/ml) Type (Theoretical) (Found) (Found/Theoretical x 100) 

9 Dry 8.97 4.42 	 49.3 
9.03 4.21 	 46.6 

il = 48.0 ~ 1.4 

9 Normal 8.60 1.76 20.5 
9.05 lost lost 

36 Dry 36.80 25.1 I 68.2 
36.72 	 24.79 67.5 

x=67.9.±.o.4 

36 Normal 36.52 17.69 	 48.4 
36.53 19.65 	 53.8 

x=5J.J.±.2.7 

72 Dry 72.38 57.91 80.0 
72.58 	 59.07 81.4 

x=8o.7.±.o.7 

72 Normal 73.18 53.57 	 73.2 
72.85 	 52.43 72.0 

x = 72.6 .±. 0.6 
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4. Discussion 

During the stability study, the gavage samples were inspected daily. All of the samples prepared with 
the dried oil remained clear over the 7-day period, and all of the hexane dilutions prepared from these 
samples for GC analysis were also free of insoluble matter. 

The gavage solutions prepared with the "normal corn oil" remained clear for the first 24 hours, but 
showed evidence of insoluble matter after 48 hours. All of the hexane dilutions prepared from the 
"normal oil" samples exhibited a white precipitate in proportion to the dose level, except the zero time 
samples. Since no precipitate was observed in the gavage solutions prepared with dried cor~ oil, one can 
infer that the precipitate observed in the normal oil samples was probably caused by react1on products 
of TDI with water. 

"Wet" corn oil containing 0.050( water corresponds to 25.4 JJmol water I ml corn oil (0.916 g ml x 
0.0005/ 18 =25.4): whereas, "dry" corn oil with 0.00530( water corresponds to 3.5 JJmol water ml corn 
oil. One mole of water will consume two moles of TD!. Therefore, the water in one ml of"wet" corn oil 
will react with 50.8 JJmol ofTDI and "dry" will react with 5.4 JJmol. The following table summarizes the 
amount of TDI consumed at each dose level. 

Percent TDI that reacts with Water 

Dose 
mg/ml (mol) Theo. (a) 

Wet Corn Oil 

Act. (b) 

Dry Corn Oil 

Theo. Act. 

9.0(51.7) 
36.0 (206.8) 
72.0 (413.6) 

98.3 
24.6 
12.3 

79.5 
48.9 
27.4 

10.4 
2.6 
1.3 

52.0 
32.1 
19.3 

(a) Calculated 
(h) From this study 

It is evident that the amount of water present in normal ("wet") corn oil is sufficient to account for 
45%-100% of the decomposition ofTDI observed in this study. The "dry" corn oil theoretical values can 
only account for 6%-20% of the actual observed results. Even if the dry corn oil absorbed enough water 
to approach the day one value of 0.0128%, this would still only account for 16%-46% of the observed 
results. Thus, it is obvious that TDI must also react with components of the corn oil other than water, 
but the dry corn oil appears to be more destructive than the normal material. 

A literature study of the possible decomposition of TDI in corn oil was conducted by Midwest 
Research Institute. Besides the reaction of TDI with water in the corn oil to form aromatic a mines and 
disubstituted urea, TDI could also react with the sterols, tocopherols, and triterpene alcohols contained 
in the corn oil; it is most likely the remaining loss of TDI was due to dimer formation, but this was not 
experimentally determined. 

5. Conclusions 

Toluene diisocyanate (TDI) was unstable in gavage solutions prepared with corn oil of normal 
moisture content (0.05o/c) and with corn oil which had been dried to a water content ofO.Oo5r;;. After 7 
days storage at room temperature, gavage solutions in normal corn oil at dose levels of9, 36. and 72 
mg/ml showed losses of80f!i. 49r1c. and 27CX. respectively. Gavage solutions prepared at the 9. 36. and 

· 72 mg/ ml dose levels with the dried corn oil showed losses of 52r;;, 32rii. and 19r;( respectively after 7 
days at room temperature. 

An evaluation of stability test results revealed that over 90rii of the TDI loss measured in the gavage 
solutions prepared with dried corn oil was caused by reaction of TDI with components in the corn oil 
other than water. The same calculations applied to gavage solutions prepared with normal corn oil 
showed that 12%-98o/c of the loss could have been caused by reaction with the available water in the oil 
(theoretical basis) and the remainder was due to reaction of TD! with components of the corn oil. 
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A. SAMPI.E IDENTIFICATION AND ANALYSIS RESULTS 

Two 4 01 bottles of corn oil were received from Litton Bionetics on 8/24(79 identified as follows: 

I. Corn oil. R'23j79, LBI No. 4313, Lab No. R0-4325-S79 

2. Corn oiL IS 23 '79, LBI No. 4332, Lab No. R0-4326-S79 

The samples were analyzed by the Karl Fischer method using chloroform/methanol (3/1) as the 
titrating medium. For purposes of comparison, the corn oil currently being used at MRI for conducting 
gavage stability studies ( Ma7.ola® food grade corn oil) was run along with the samples. 

WATER CONTENT OF CORN OIL SAMPLES (as Percent H20) 

Utton No. 4313 Litton No. 4331 MRI Oil 

0.069 
0.070 
0.068 

x= 0.069 ± 0.001 

0.061 
0.060 
0.058 

0.060 ± 0.002 

0.047 
0.043 
0.045 

0.045 ± 0.002 

B. DISCTSSION 

The moisture content of the two oil samples from Litton Bionetics was significantly higher than that 
of the M Rl sample included for comparison purposes. However, according to Mr. Jack Ackerboom, 
Director of Research at Corn Products Company Research Center in Princeton, New Jersey, these 
samples are within the range of moisture content for typical Mazo\a® oil, although they are on the high 
side of the range. According to Mr. Ackerboom, the average moisture content of MazoJa® oil will be 
around 0.05t;(. 

If it is necessary to dry corn oil prior to preparing gavage solutions, the recommended procedure is to 
heat the oil to 135°C in a glass vessel while bubbling dry nitrogen through it for about 30 minutes. 
Heating the oil to l35°C under a vacuum with a dry nitrogen sweep would be the ideal method, 
according to Mr. Ackerboom. 

C. CONCUISION 

Two samples of corn oil from Litton Bionetics showed moisture contents of0.060<;; and 0.069% by 
th~: Karl Fischer method. While these values fell within the normal moisture range for Mazola oil 
(awmgc O.O~ili according to the manufacturer), they favored the high end of the range and were 
significantly higher than the moisture content (0.045c;() of corn oil used at MRI for gavage stability 
studies. 
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A. METHOD A 

A few drops of corn oil suspension. accurately weighed. were diluted with bentene to a suitable 
volume. The solution was analyzed by gas chromatography on a Varian Model 2100 instrument 
equipped with flame ioni1.ation detectors. The column used was l.H m x 2 mm J.D. glass packed with 
3o/r OV-1 on HO 100 mesh Supelcoport. The column temperature was 105° with a nitrogen (carrier) flow 
rate of 34 ml minute. Concentrations were determined by analysis of standard solution of toluene 
diisocyanate in bcn1ene under the same parameters. 

The recovery study was performed by weighing accurately a few drops of control corn oil and adding 
an amount of the test compound in ben7.ene equivalent to the theoretical concentration of the dosage 
solutions. The recovery sample was then diluted to a suitable volume with bentene and analyzed as 
described above. 

In both instances, the concentration of test compound was determined as mg per gram of corn oil. 
This value was converted to gm per ml of corn oil using its density value of 0. 918 gm; mi. 

B. METHOD 8 

A 2.0-ml aliquot of the corn oil dosage mixture was extracted with 20 ml of acetonitrile containing 
biphenyl as an internal standard (I mg' ml). Analysis of the extract was performed by the gas chroma­
tography system described below: 

Instrument: Hewlett Packard 5880A or 5840A equipped with a 7672 

Automatic Sampler 


Column: 31/( OV-17 on 80.' 100 mesh Supelcoport. 1.8 m x 2 mm J.D.. 

glass. silanized 


Detector: Flame ionization 

Temperature: Oven. 120°(', isothermal 

Injector, 240°C' 

Detector. 280°(' 


Carrier gas: Nitrogen 

Flow rate: 30 ml/ min 

The concentration of the test compound was determined by reference to a calibration curve prepared 
by analysis of a set of TDI working standards. 

C. RESULTS: See Table K I 
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TABLE Kl. ANALYSES OF CORN OIL MIXTURES 

Date Mixed 

Method A 
2/05j79 
3/01 j79 
3/ 22!79 

Method B 
8/ 23j79 
9/06!79 
9/20/79 

10/04/79 
I0/04/79 
II/Oij79 
II /15/79 
ll/29j79 
12/13!79 
12/27/79 
I /09/80 

1/24/80 

2/07/80 

2/21/80 

3/06/80 

3/20/80 

5/15/80 

6/12/80 

6/26/80 

7/10/80 

7(24/80 

8/07(80 

8/21/80 

9/04/80 

9;18/80 


10/17/80 

10/30, 80 

11;04, 80 


11/30;80 

12, 11 180 

12;24;80 


Mean (mg ml) 

Standard deviation 

Coefficient of variation (9() 

Range (mg ml) 

No. of samples 


9 

3.9 
5.9 

7.0 

8.3 
8.0 
5.6 

8.2 

5.8 

6.9 

8.0 

7.6 

7.8 

6.9 

1.4 


19.7 

3.9-8.3 


II 

Concentration (a) o( Toluene Dilsocyanate in 
Corn Oil for Tu&et Concentration (m&/ml) 

18 36 71 

10.0 24.7 
12.5 34.0 58.8 

46.3 

72.8 
16.2 

31.6 
37.9 

12.4 29.1 62.9 
15.2 	 32.8 

34.9 

70.2 
13.0 


(17.0, MRI) 

33.1 

67.2 
15.8 

30.8 
33.4 

66.6 
17.8 

33.0 

66.4 
17.8 

32.4 

14.7 
30.5 
36.5 

(66.8, MRI) 
64.0 

17.3 
31.6 

14.8 32.4 60.!1 
2.5 3.2 12.2 
17.2 10.0 20.1 

10.0-17.8 	 24.7-37.9 32.8-72.8 
II 14 10 

(a) The data presented are the average of the results of duplicate analyses. Only values verified in the data audit 
are presented. 
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TABI.E tL Mt:TAGENICITY OF TOU'ENE DIISOCYANAH (2,4 AND 2,6-!\IIXTl'RE) IN 
SAI-MONEHA (CAS# 26471·62·5) 

Renrtants/plate (a) 

Dose 
Strain (pg/plate) ·S9 +S9 (rat) +S9 (hamster) 

TAIOO 	 0 170 ± 2.6 99 ± O..i 95 ::t 5 . .'1 
3 102 ::t 3.0 109 ± .'1.9 

10 157 ± !!.5 Ill!± 15.4 97 ± 9.6 
33 13!1 ± 10.5 144 ± 15.J llli ± 6.4 

100 132 ± 16.0 159 ± 12.7 14J ± 6.1 
333 Ill ± 6. 7 ppt (h) 17K ± 6.0 134 ± 4.4 

1000 145 ± 17.5 ppt 
.'1333 

10000 

TAI535 0 26 ± 6.4 14 ± 5.5 10± 2.3 
10 25 ± 2.4 
33 20 ± 1.9 

100 17 ± 1.9 19 ± 4.5 II :t 2.2 
333 15 ± 3.!1 ppt 20 ± 3.5 14 ± 6.1 

1000 12 ± 1.3 ppt 22 :t 7.7 II :t 2.1 
3333 14 ± 2.J ppt 7 ± I.7 ppt 

10000 	 9 ± 2.0 ppt 3 ± 2. 7 ppt 

TAI537 0 5 ± 1.2 14 ± 1.9 4 :t 0.9 
10 l! ± 0.9 
33 II ± 1.5 

100 	 li ± 2.4 20 ± 2.6 15 ± 1.0 
333 I2 ± 2.0 ppt 17 ± 5.1 19 ± 2.7 

1000 8 ± 1.2 ppt 20 ± 2.3 14 ± 1.2 
3333 7 ± 1.2 ppt 14 ± 1.5 ppt 

10000 l! ± 0.9 ppt li ± 0.9 ppt 

TA98 0 19 ± 1.5 20± 1.3 31 ± 3.!1 
3 21 ± 2.6 35 ± 1.0 

10 17 ± 4.9 25 ± 0.7 31 ± 4.1 
33 20 ± 3.5 30 ± 4.0 J4 ± !1.4 

100 17 ± 2.2 52 :t 0.6 5K ::t 7.3 
333 14 ± 1.2 ppt 67 ± 0.9 97 ± 8.6 

1000 16 ± 2.K ppt 

(a) 	The S9 fractions were prepared from the livers of Aroclor 1254-induced animals (male Sprague-Dawley 
rats and male Syrian hamsters). Cells and test compound or solvent (DMSO) were incubated for 20 min at 
J?OC in the presence of either S9 or buffer. After the addition of soft agar, the contents of each tube were 
poured onto minimal medium. and the plates were incubated at 37°C for 41i hr (Haworth et al.. 19113). 
Experiment was performed twice, each in triplicate; because the results were similar, data from only one 
experiment are shown. 

(h) 	Precipitate observed. 
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TABLE Ll. MUTAGENICITY OF 2,6-TOLUENE DIISOCYANATE (CAS# 91-08-7) IN SALMONEHA 

Rnertants/plate (a) 
Dose 

Strain (J..tg/plate) -S9 +S9 (rat) +S9 (hamster) 

TAtOO 0 97 ± 4.6 162 ± 5.8 162 ± 14.4 
3 156 ± 18.6 189 ± 4.7 

10 96 ± 6.1 178 ± 5.1 212±4.2 
33 93 ± 5.7 202 ± 2.0 261 ± 7.4 

100 97 ± 3.5 251 ± 8.8 312 ± 4.9 
333 91 ± 1.7 ppl (h) 253 ± 17.8 ppt 327 ± 4.9 ppt 
666 95 ± 7.8 ppt 

TAI535 0 8 ± 2.2 8 ± 1.3 9 ± 2.5 
10 6 ± 0.9 
33 7 ± 1.2 

100 6 ± 0.9 8 ± 1.3 9 ± 0.3 
333 7±0.7ppt 7 ± 0.6 ppt 9 ± 0.7 ppt 
666 9 ± 1.8 ppl 

1000 5 ± 1.5 ppt 4 ± 1.8 ppt 
3333 3±0.7ppt 5 ± 1.5 ppt 

10000 5 ± 1.5 ppt 5 ± 1.9 ppt 

TAI537 0 102 ± 16.2 185 ± 8.5 175 ± 6.2 
10 135 ± 0.9 
33 118 ± 7.9 

100 97 ± 10.1 156 ± 10.5 184 ± 10.3 
333 112 ± 4.5 ppt 143 ± 25.7 ppt 223 ± 17.6 ppt 
666 91 ± 9.8 ppt 

1000 115 ± 22.9 ppt 150 ± 13.2 ppt 
3333 121 ± ILl ppt 193 ± IU ppt 

10000 124±21.5ppt II 6 ± 5I. I ppt 

TA98 0 12 ± 2.1 31 ± 0.9 3!! ± 2.3 
3 35 ± 3.2 60 ± 5.1 

10 10 ± 1.7 50± ItS 75 ± 1.5 
33 II ± 1.9 65 ± 0.9 117 ± 7.1 

100 10 ± 2.6 84 ± 0.3 155 ± 5.0 
333 14 ± 2.5 ppt 106 ± 6.8 ppt 170 ± 12.3 ppt 
666 16 ± 1.2 ppt 

(a) 	The S9 fractions were prepared from the livers of Aroclor 1254-induccd animals (male Spraguc-Dawlcy 
rats and male Syrian hamsters). Cells and test compound or solvent ( DMSO) were incubated for 20 min at 
3"? C in the presence of either S9 or buffer. After the addition of soft agar. the contents of each tube were 
poured onto minimal medium, and the plates were incubated at 37°C for 48 hr (Haworth ct al.. 1983). 
Experiment was performed twice. each in triplicate: because the results were similar. data from only one 
experiment arc shown. 

(h) 	Precipitate observed. 
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DATA AUDIT SUMMARY 

The experimental data and summary tables of the NTP Technical Report No. 251 on the toxicology 
and carcinogenesis studies of commercial grade 2.4- and 2,6-toluene diisocyanate were examined for 
completeness, consistency, and accuracy and for procedures consistent with Good Laboratory Practice 
requirements. An audit of the data was conducted by lmmuquest Laboratories. Inc. under a contract 
for :'\TP (NOI-ES-38947). The individuals involved in the audit were P.H. Errico. M.A.; L.H. 
Brennecke. D.V.M.: C.S. Reese. M.S.; and K.M. Witkin. Ph.D. The two-year chronic studies in rats 
and mice were begun in December. 1978 and completed in January. 1981. at Litton Bionetics. Inc .. 
Kensington. Maryland. under a subcontract with Tracor Jitco. Inc. 

The full report of the 1\:TP audit is on file at the National Toxicology Program. NIEHS. and is 
available upon request. The audit included, but was not limited to, a review of the records of the in-life 
portion of the studies for IOC)( of the animals, 1000( of the available chemistry data. and a random 50lfi 
sample of the chemical mix calculations. All Individual Animal Data Records were examined for 
correspondence between necropsy observations and histopathologic findings. All wet tissue bags were 
counted and IOC)i were reviewed for animal identification and the presence of untrimmed lesions. A 
complete slide-block match for both sexes of both species in the high dose and control groups was 
performed. 

The audit indicated there were some gross observations suggesting possible tumors but with no 
correlation of microscopic diagnoses. These included 7 gross lesions in treated animals and I gross 
lesion in controls that had not been trimmed. Mortality records indicated that two more mice and five 
more rats may have died from gavage trauma. The accuracy of the TDI dose mixtures were uncertain 
because of reactivity with water and the unknown nature of the decomposition products that resulted 
from preparation of the TDI-corn oil mixtures. Although not every potential discrepancy identified in 
the audit was fully resolved it was concluded that the data reported were adequate to support the 
conclusions presented in this Technical Report. 
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