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0 

FURFURAL 

CAS NO. 98-01-1 

C5H402 Molecular weight 96.1 

Synonyms: 2-Furancarboxaldehyde; 2-furaldehyde; pyromucic aldehyde 
Common Name: Artificial oil of ants 

ABSTRACT 

Furfural is used as a precursor for the manufacture of furan, furfuryl alcohol, tetrahydrofuran, and 
their derivatives and a s  a n  industrial solvent. Furfural is also present in numerous processed food 
and beverage products. Toxicology and carcinogenesis studies were conducted by administering fur- 
fural (99% pure) in corn oil by gavage to groups of F344/N rats and B6C3F1 mice of each sex for 16 
days, 13 weeks, or 2 years. Genetic toxicology studies were conducted in Salmonella typhimurium, 
mouse lymphoma cells, Chinese hamster ovary (CHO) cells, Drosophila melanogaster, and mouse 
bone marrow cells. 

Sixteen-Day Studies: Rats received doses ranging from 15 to 240 mg/kg, and mice received doses from 
25 to 400 mg/kg. Eight of 10 rats that received 240 mg/kg died within 3 days. Final mean body 
weights of chemically exposed animals were similar to those of vehicle controls; no compound-related 
histologic lesions were observed in any dosed groups. 

Thirteen- Week Studies: Rats received doses ranging from 11 to 180 mg/kg, and mice received doses 
from 75 to 1,200 mg/kg. Most rats that received 180 mg/kg died; mean body weights of chemically ex- 
posed rats were similar to those of vehicle controls. Mean relative and absolute liver and kidney 
weights were increased in male rats that received 90 mg/kg, and cytoplasmic vacuolization of hepato- 
cytes was increased in chemically exposed male rats. 

Almost all mice that received doses of 600 or 1,200 mg/kg died within the first 3 weeks. Mean body 
weights of chemically exposed mice were similar to those of vehicle controls throughout the studies. 
Mean absolute liver weights and liver weight to body weight ratios were increased in females that 
received 300 mg/kg. Centrilobular coagulative necrosis and/or multifocal subchronic inflammation of 
the liver were present in chemically exposed mice but not in vehicle control mice. 

Based on these results, doses selected for the 2-year studies were 0, 30, and 60 mg/kg for rats and 0, 
50,100, and 175 mg/kg for mice. 

Body Weight and Suruival i n  the Two-year Studies: Mean body weights of chemically exposed and 
vehicle control animals were similar throughout the studies for rats and mice. Two-year survival of 
male rats, low dose female rats, and mice was unaffected by chemical exposure (male rats: vehicle 
control, 31/50; low dose, 28/50; high dose, 24/50; female rats: 28/50; 32/50; 18/50; male mice: vehicle 
control, 35/50; low dose, 28/50; mid dose, 24/50; high dose, 27/50; female mice: 33/50; 28/50; 29/50; 
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3:U50). Survival of high dose female rats  was reduced by deaths associated with gavage administra- 
tion; the administration of furfural was considered to be a contributing factor in these gavage-related 
deaths. 

Nonneoplastic and  Neoplastic Effects in the Two-year Studies: Centrilobular necrosis of the liver oc- 
curred a t  increased incidences in chemically exposed male rats  (vehicle control, 3/50; low dose, 9/50; 
highdose, 12/50). Two highdose male rats  had bile duct dysplasia with fibrosis, and two had cholangio- 
carcinomas; neither lesion was seen in the other dose groups. The historical incidence of bile duct 
neoplasms in corn oil vehicle control male rats is 312,145 (0.1%). 

Multifocal pigmentation and chronic inflammation of the subserosa of the liver occurred in chemical- 
ly exposed mice (pigmentation--male: 0/50; 0150; 8/49; 18/50; female: 0150; 0150; 0150; 11/50; chronic 
inflammation--male: 0150; 0150; 8/49; 18/50; female: 0150; 0/50; 1/50; 8/50). The incidences of hepato- 
cjellular adenomas and hepatocellular carcinomas in male mice and hepatocellular adenomas in 
female mice were significantly increased in the high dose group compared with those in the vehicle 
controls (male--adenomas: 9/50; 13/50; 11/49; 19/50; carcinomas: 7/50; 12/50; 6/49; 21/50; female-- 
adenomas: 1/50; 3/50; 5/50; 8/50; adenomas or carcinomas, combined: 5/50; 3/50; 7/50; 12/50). 

Three renal cortical adenomas or carcinomas occurred in chemically exposed male mice (0150; 1/50; 
1/49; 1/50), and a renal cortical adenoma was present in one low dose female mouse; the historical 
incidence of renal cortical neoplasms in National Toxicology Program 2-year corn oil gavage studies 
in male B6C3F1 mice is 812,183. 

Forestomach hyperplasia occurred in chemically exposed female mice, and squamous cell papillomas 
were increased in high dose female mice (hyperplasia: 0/50; 5/50; 5/50; 3/50; papillomas: 1/50; 0/50; 
11/50; 6/50). 

Genetic Toxicology: In gene mutation tests with four strains of Salmonella (TA98, TA100, TA1535, 
and TA1537), no mutagenic activity was observed in the presence or absence of exogenous metabolic 
activation (S9) in one laboratory and an  equivocal response was observed in TA100 in the absence of 
I39 in a second laboratory. Exposure to furfural induced trifluorothymidine resistance in mouse 
'L5178Y lymphoma cells in the absence of S9 (no evaluation was made in the presence of S9), sister 
chromatid exchanges (SCEs) and chromosomal aberrations in CHO cells in the presence or absence of 
139, and an  increase in sex-linked recessive lethal mutations but no reciprocal translocations in germ 
(cells of D. melanogaster; furfural did not induce SCEs or chromosomal aberrations in the bone mar- 
row of B6C3F1 mice. 

Conclusions: Under the conditions of these 2-year gavage studies, there was some evidence of carcino- 
genic activity* of furfural for male F344/N rats, based on the occurrence of uncommon cholangiocarci- 
nomas in two animals and bile duct dysplasia with fibrosis in two other animals. There was no evi- 
dence of carcinogenic activity for female F344/N rats  that received doses of 0,30, or 60 mg/kg furfural. 
There was clear evidence of carcinogenic activity for male B6C3F1 mice, based on increased incidences 
of hepatocellular adenomas and hepatocellular carcinomas. There was some evidence of carcinogenic 
activity in female B6C3F1 mice, based on increased incidences of hepatocellular adenomas. Renal 
cortical adenomas or carcinomas in male mice and squamous cell papillomas of the forestomach in 
female mice may have been related to exposure to furfural. 

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 6. 
A summary of the Peer Review comments and the public discussion on this Technical Report appears on pages 9-10. 
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SUMMARY O F  THE TWO-YEAR GAVAGE STUDIES O F  FURFURAL 
~~ 

Male F344/N Rats  Female F344/N Ra t s  Male B6C3F1 Mice Female B6C3F1 Mice 

Doses 
0,30, or 60 mgkg furfural 
in corn oil, 5 d/wk 

0,30, or 60 mg/kg furfural 
in corn oil, 5 d/wk 

Body weights in the 2-year s tudy  
Dosed and control groups 
similar similar 

Survival ra tes  in the 2-year study 
31/50; 28/50; 24/50 

Nonneoplastic effects 
Bile duct dysplasia with None 
fibrosis (0/50; 0/50; 2/50) 

Neoplastic effects 
Cholangiocarcinomas None 
(0150; 0150; 2/50) 

Dosed and control groups 

28/50; 32/50; 18/50 

Level of evidence of carcinogenic activity 
Some evidence No evidence 

Other considerations 

0,50,100, or 175 m g k g  
furfural in corn oil, 5 d/wk 

Dosed and control groups 
similar 

35/50; 28/50; 24/50; 27/50 

None 

Hepatocellular adenomas 
(9/50; 13/50; 11/49; 19/50); 
hepatocellular carcinomas 
(7/50; 12/50; 6/49; 21/50) 

Clear evidence 

Renal cortical neoplasms 
(0/50; 1/50; 1/49; 1/50) 

0,50,100, or 175 mg/kg 
furfural in corn oil, 5 d/wk 

Dosed and control groups 
similar 

33/50; 28/50; 29/50; 32/50 

None 

Hepatocellular adenomas 
(1150; 3/50; 5/50; 8/50) 

Some evidence 

Forestomach squamous cell 
papillomas (1150: 0150: 
1/50; 6/50) 
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY 

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of 
the evidence for conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence 
of neoplasia than control animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are 
conducted imder a limited set of conditions. Positive results demonstrate that  a chemical is carcinogenic for laboratory animals 
under the conditions of the study and indicate that exposure to the chemical has the potential for hazard to humans. Other 
organizations, such as the International Agency for Research on Cancer, assign a strength of evidence for conclusions based on 
ari examination of all available evidence including: animal studies such as those conducted by the NTP, epidemiologic studies, 
arid estimates of exposure. Thus, the actual determination of risk to humans from chemicals found to be carcinogenic in labora- 
tory animals requires a wider analysis that  extends beyond the purview of these studies. 

Fi.ve categoriesof evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evi- 
dence observed in each experiment: two categories for positive results (“Clear Evidence” and “Some Evidence”); one category 
for uncertain findings (“Equivocal Evidence”); one category for no observable effects (“No Evidence”); and one category for ex- 
periments that because of major flaws cannot be evaluated (“Inadequate Study”). These categories of interpretative conclusions 
were first adopted in June 1983 and then revised in March 1986 for use in the Technical Reports series to incorporate more 
specifically the concept of actual weight of evidence of carcinogenic activity. For each separate experiment (male rats, female 
rats, male mice, female mice), one of the following quintet is selected to describe the findings. These categories refer to the 
strength of the experimental evidence and not to either potency or mechanism. 

0 Clear Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted a s  showing a dose-related 
(i) increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked 
increase of benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress 
to malignancy. 

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

0 Equivocal Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted a s  showing a mar- 
ginal increase of neoplasms that may be chemically related. 

0 No Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing no chemically re- 
lated increases in malignant or benign neoplasms. 

0 Inadequate S tudy  of Carcinogenic Activity is demonstrated by studies that because of major qualitative or quanti- 
tative limitations cannot be interpret,ed a s  valid for showing either the presence or absence of carcinogenic activity. 

R‘hen a conclusion statement for a particular experiment is selected, consideration must be given to key factors that  would ex- 
tend the actual boundary of an individual category of evidence. This should allow for incorporation of scientific experience and 
current understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be 
on  the borderline between two adjacent levels. These considerations should include: 

0 The adequacy ofthe experimental design and conduct; 
0 Occurrence of common versus uncommon neoplasia; 
0 Progression (or lack thereof) from benign to malignant neoplasia as well a s  from preneoplastic to neoplastic lesions; 
0 Some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it 

course is to assume that benign neoplasms ofthose types have the potential to become malignant; 
0 Combining benign and malignant tumor incidences known or thought to represent stages of progression in the same or- 

gan or tissue; 
0 Latency in tumor induction; 

Multiplicity in site-specific neoplasia; 

is impossible to  identify the difference. Therefore, where progression is known to be a possibility, the most prudent 

Metastases; 
0 Supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments 

(same lesion in another sex or species); 
0 The presence or absence of dose relationships; 
0 The statistical significance of the observed tumor increase; 
0 The concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm; 
0 Survival-adjusted analyses and false positive or false negative concerns; 
0 Structure-activity correlations; and 
0 In some cases, genetic toxicology. 
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SUMMARY OF PEER REVIEW COMMENTS 
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 

FURFURAL 

On November 20, 1989, the draft Technical Report on the toxicology and carcinogenesis studies of 
furfural received public review by the National Toxicology Program Board of Scientific Counselors’ 
Technical Reports Review Subcommittee and associated Panel of Experts. The review meeting was 
held a t  the National Institute of Environmental Health Sciences, Research Triangle Park, NC. 

Dr. R. Irwin, NIEHS, began the discussion by reviewing the experimental design, results, and pro- 
posed conclusions (some evidence of carcinogenic activity for male rats, no evidence of carcinogenic 
activity for female rats, clear evidence of carcinogenic activity for male mice, some evidence of car- 
cinogenic activity for female mice). 

Dr. Ashby, a principal reviewer, agreed with the conclusions for male rats and male and female mice. 
Dr. Irwin commented that the difference in levels of evidence for mice was based on significant dose- 
related increases in both hepatocellular adenomas and carcinomas in males, as opposed to increases 
only in adenomas in female mice. Due to the reduced survival in the high dose group, Dr. Ashby 
thought that the conclusion in female rats could have been inadequate study of carcinogenic activity. 

Dr. Hayden, the second principal reviewer, agreed with the conclusions for male rats and male and fe- 
male mice. For female rats, which had poor survival, he wondered whether there were adequate num- 
bers to make a valid assessment of carcinogenicity. Dr. Irwin said that overall survival in high dose 
female rats was considered to be adequate for evaluation, particularly as there was no indication of 
lesions in animals surviving to the end of the study. He said that two sets of survival curves would be 
provided in the Report, one with gavage-related deaths censored and the other uncensored. Dr. Hay- 
den commented that, based on likely human occupational exposure, dermal or inhalation routes of ad- 
ministration would have been more appropriate. 

Dr. Gold, the third principal reviewer, agreed in principle with the conclusions. She said that the text 
should specify that the liver neoplasms in mice were significantly increased only at the high dose for 
each sex and that the maximum tolerated dose (MTD) was not reached. She thought that the correct- 
ness of the conclusion in male rats was dependent on whether the MTD had been reached and on the 
rarity of the nonneoplastic bile duct lesions. Dr. Irwin said that the bile duct lesions were histologi- 
cally similar to the cholangiocarcinomas and would progress, and thus they supported a conclusion of 
some evidence of carcinogenic activity. He said that, based on liver toxicity and on mortality in  the 
13-week studies, higher doses likely would not have been tolerated. Dr. Gold stated that the most 
widespread exposure to furfural is dietary and that the chemical is a naturally occurring constituent 
in a large number of foods. 

Dr. Ashby moved that the Technical Report on furfual be accepted with the conclusions as written. As 
part of the the motion, he said the the following clarifications should be included in the Report: (1) a 
justification for the dose levels used and a statement that  MTDs were achieved; (2) for male rats, a n  
explanation of how the nonneoplastic bile duct lesions were essential to the selection of the level of 
evidence; (3) for female rats, clear justification for why the study was not inadequate; (4) for male 
mice, a n  explanation for the level of evidence selected; and ( 5 )  for female mice, a n  explanation for why 
the forestomach papillomas did not affect the level of evidence selected. Dr. Hayden seconded the mo- 
tion. In discussion, Dr. Gold asked that the numbers of neoplastic and nonneoplastic bile duct lesions 
in male rats be indicated in the conclusions and that the wording be changed to say that these lesions 
were not increased but rather that they “occurred.” She also expressed concern about the number of 
hepatocellular carcinomas (4/50) in female vehicle control mice and why the incidences of carcinomas 
were not included in setting the level of evidence. Dr. R. Griesemer, NIEHS, said that only the 
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SUMMARY OF PEER REVIEW COMMENTS (Continued) 

responses of dose-related increases in adenomas, and not the incidences of carcinomas, contributed to 
the level of evidence. Dr. J. Haseman, NIEHS, said that the incidences of carcinomas could be includ- 
ed in the Abstract. Dr. Ashby’s motion was then accepted by nine affirmative votes, with two absten- 
tions (Drs. Garman and Zeise). 
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I:. INTRODUCTION 

FURFURAL 

CAS No. 98-01-1 

C5H402 Molecular weight 96.1 

Synonyms: 2-Furancarboxaldehyde; 2-furaldehyde; pyromucic aldehyde 
Common Name: Artificial oil of ants 

'Furfural is a clear, colorless liquid with a boiling 
,point of 162" C and a freezing point of -36.5" C 
,at 760 mm mercury. Furfural is miscible with 
most common organic solvents but is only spar- 
ingly soluble in water (8.3% w/w a t  20" C) 
(Quaker Oats Co., 1974). The time-weighted 
averagehhreshold limit value for furfural is 2 
ppm or 8 mg/m3 (ACGIH, 1988). 

Furfural is a n  aromatic aldehyde; however, the 
aromatic properties of the furan  r ing  differ 
somewhat from those of the benzene ring. The 
smaller stabilization energy of furan (23 zk 1 
kcal/mol) compared with that of benzene (37 k 1 
kcal/mol) indicates that  the furan ring has less 
aromatic character  t h a n  the  benzene ring; 
hence, furan compounds in  general would be 
more reactive in ring addition reactions than the 
corresponding benzene analogs (Kirk-Othmer, 
1978; March, 1978). 

Furfural is produced from the digestion products 
of pentosan-containing nonfood agricultural res- 
idues, such as corncobs, cotton seed hulls, rice 
hulls, or oat hulls, as well a s  from wood wastes. 
The raw materials are  heated in a digester with 
a strong inorganic acid, conditions under which 
the pentosans are hydrolyzed to pentoses; the 
pentoses undergo cyclodehydration to form fur- 
fural, which is recovered from the digester by 
steam distillation. Furfural is used for the pro- 
duction of furan, furfuryl alcohol, tetrahydrofu- 
ran,  and their derivatives; as a solvent for selec- 
tively separating saturated from unsaturated 
compounds in petroleum lubricating oil, gas oil, 
and diesel fuel; in the extractive distillation of 
butadiene and other C4 hydrocarbons used in the 
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manufacture of synthetic rubber: as a resin sol- 
vent and wetting agent in the manufacture of 
abrasive wheels and automobile brake linings; 
and as a solvent in various other industrial proc- 
esses (Quaker Oats Co., 1974; Kirk-Othmer, 
1978). 

Because of its formation during the thermal de- 
composition of carbohydrates, furfural is also 
found in numerous processed food and beverage 
products including cocoa, coffee, tea, beer, wine, 
milk products; fruits including grapes, cranber- 
ries, mangoes, oranges, pineapples; vegetables 
including asparagus, broccoli, cabbage, onions, 
peppers; potato products; bread; and many other 
food items (Maga, 1979). 

The metabolism of furfural has been examined 
in humans (Flek and Sedivec, 1978; Sedivec and 
Flek, 19781, dogs, rabbits (Williams, 1959), and 
rats (Irwin et  al., 1985; NTP, 1987a). In all spe- 
cies examined, urinary excretion is the major 
route of elimination and can be accounted for by 
the reactions illustrated in Figure 1. The major 
metabolite identified in each species is furoyl- 
glycine, suggesting that oxidation of furfural to 
furoic acid, followed by conjugation with glycine 
and excretion, is the major pathway of elimina- 
tion. A secondary pathway involves condensa- 
tion of furoic acid with acetate to form furan- 
acrylic acid, which may become conjugated with 
glycine to form furanacryluric acid. Detailed 
evaluation of the absorption and disposition of 
[ 14Clfurfural administered in corn oil by gavage 
to F344/N rats indicates that  it is absorbed well 
from the gastrointestinal t r ac t ;  85% of the  
administered radioactivity was excreted in the 
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FIGURE 1. FORMATION OF URINARY METABOLITES OF FURFURAL 
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r. INTRODUCTION - 

urine within 72 hours (the majority within the 
first 24 hours); approximately 80% was furoyl- 
glycine, 3%-4% was free furoic acid, and 1% was 
furanacrylic acid (NTP, 1987a). A similar meta- 
bolic profile was observed in volunteers exposed 
to furfural vapors for up to 8 hours (Flek and 
Sedivec, 1978; Sedivec and Flek, 1978). The 
mean pulmonary retention was determined to be 
77.9% and was not dependent on exposure con- 
centration. Analysis of urine samples collected 
every 2 hours over the 8-hour exposure period 
revealed that furoylglycine was the major me- 
tabolite and furanacrylic acid the minor urinary 
metabolite in humans, and together these me- 
tabolites accounted for over 90% of the absorbed 
rnaterial. 

Dermal absorption was also found to be signifi- 
cant in humans. Volunteers exposed to vapor 
containing 30 mg/m3 furfural while breathing 
pure air through a breathing tube absorbed 20%- 
30% of the dose retained by the lungs when ex- 
posure was conducted by inhalation a t  the same 
vapor concentrations. In another study, three 
volunteers immersed their left hand up to the 
wrist in a vessel of pure liquid furfural for 15 
minutes; the amount absorbed percutaneously 
was evaluated from the quantity of ur inary 
,metabolites excreted over a 3-hour period after 
(exposure. The 15-minute immersion in liquid 
Furfural resulted in absorption of an  amount of 
furfural equivalent to that absorbed during an  8- 
hour inhalation exposure to atmospheres con- 
taining 10-20 mg/m3 of furfural vapor (Flek and 
Sedivec, 1978). 

In addition to furoylglycine, furanacrylic acid, 
and furoic acid, furfuryl alcohol is indicated as a 
potential metabolite of furfural. Furfuryl alco- 
hol has not been detected directly, but in studies 
comparing the metabolism of furfural and fur- 
furyl alcohol, both compounds produced the same 
qualitative and quantitative profile of urinary 
metabolites in F344/N rats after oral adminis- 
tration, suggesting that they interconvert rever- 
sibly in vivo, most likely through alcohol dehy- 
drogenase in the liver (Irwin et al., 1985; NTP, 
1987a). 

Compounds containing the furan ring are  also 
metabolized by another pathway involving 

mixed-function-oxidase (cytochrome P450)-cata- 
lyzed formation of a reactive intermediate that 
may become cross-linked to cellular protein 
(Burka and Boyd, 1985). In studies with several 
furan-containing compounds (administered oral- 
ly), organ toxicity invariably involved cell death 
and necrosis, which correlate with the extent of 
protein cross-linking and hence the amount of 
reactive intermediate formed. The liver, kidney, 
and lung are frequently observed target organs 
for furan compounds, although different com- 
pounds exhibit individual specificities. Furan, 
the parent compound, appears to be equally toxic 
to the liver and kidney (McMurty and Mitchell, 
1977). However, alkyl-substituted furans exhib- 
it a spectrum of toxicities; doses of 3-methyl- 
furan which are toxic to the lung cause little tox- 
icity to the kidney or liver, whereas 3-ethylfuran 
and 3-pentylfuran cause marked nephrotoxicity 
but only mild liver toxicity and no lung toxicity 
(Wiley et al., 1984; Gamma1 et  al., 1984). 4-Ipo- 
meanol and perilla k.etone are primarily lung 
toxins when administered by noninhalation 
routes of exposure, but also produce mild liver 
and kidney toxicity (Boyd, 1980; Wolf e t  al., 
1982; Durham et al.,  1985). 

There are three reports of carcinogenicity stud- 
ies of furfural. In one study, groups of 35 male 
and 35 female Syrian golden hamsters were giv- 
en intratracheal instillations of furfural, benzo- 
[alpyrene, or furfural plus benzo[alpyrene once 
per week for 36 weeks and then maintained with- 
out further chemical exposure for an  additional 
58 weeks (Feron, 1972). Respiratory tract neo- 
plasms were increased in animals receiving 
benzo[a]pyrene or benzo[a]pyrene plus furfural, 
but administration of both compounds together 
caused an earlier development of metaplasia of 
the tracheobronchial epithelium and a shorter 
latency period for development of tracheobron- 
chial neoplasms. N o  neoplasms were related to 
chemical exposure in the group receiving furfu- 
ral alone. This study was interpreted as indicat- 
ing a potential cocarcinogenic effect of furfural. 

In a second study, groups of Syrian golden ham- 
sters were exposed to furfural vapor for 7 hours 
per day, 5 days per week for 52 weeks, while also 
receiving daily intratracheal instillations of 
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I. INTRODUCTION 

benzo[a]pyrene or subcutaneous injections of di- 
ethylnitrosamine (Feron and Kruysse, 1978). 
Although furfural exposure caused irritation of 
the nasal mucosa, growth retardation, and other 
toxic responses, there was no evidence that fur- 
fural was a carcinogen or cocarcinogen under 
these conditions. 

In a third study, groups of 16 Wistar ra ts  re- 
ceived diets containing furfural for 120 days, fol- 
lowed either by basal diet or by three cycles of 
diet containing N-2-fluorenylacetamide (2-FAA) 
for 3 weeks followed by untreated basal diet for 1 
week (Shimizu, 1986). At the end of the 295-day 
study, the liver of rats that received both fur- 
fural and 2-FAA was found to contain more hy- 
perplastic nodules than the liver of rats that re- 
ceived 2-FAA alone. No hyperplastic nodules 
were found in the liver of rats that received only 
furfural. No data on the stability of furfural in 
the diet formulations were provided. Analyses 
conducted in conjunction with the current 2-year 
studies indicated that furfural was  not stable 
in formulations with NIH 07 Rat and Mouse 
Ration. 

Furfural exhibits a somewhat inconsistent pat- 
tern of genotoxic activity, being generally nega- 
tive in bacterial assays but positive in  some 
eukaryotic systems. Volatility, interfering with 

effective exposure, may be a factor. Furfural  
was negative in bacterial assays for mutagenic- 
ity (McMahon et al., 1979; Marnett et al., 1985; 
Mortelmans et al., 1986) and DNA damage (Sos- 
ka et  al., 1981; Osawa and Namiki, 1982) with 
one exception: Zdzienicka et  al. (1978) reported 
positive results for gene mutation induction in 
Salmonella typhimurium strain TA100 with and 
without S9 activation. Furfural was positive in 
the L5178Y/TK+’- mouse lymphoma assay  
(McGregor et  al.,  19881, and i t  induced sister 
chromatid exchanges (SCEs) (Gomez-Arroyo and 
Souza, 1985; Table H3) a n d  chromosomal  
aberrations (Stich et al., 1981a; Table H4) in cul- 
tured mammalian cells. In Drosophila, results 
of a sex-linked recessive lethal test were posi- 
tive, but no induction of reciprocal transloca- 
tions was observed after exposure of adult male 
flies to furfural (Woodruff et  al., 1985). Furfural 
administered by intraperitoneal injection was 
negative in tests for induction of SCEs and chro- 
mosomal aberrations in mouse bone marrow 
cells (Tables H7 and H8). 

Furfural, furfuryl alcohol, and furan were nomi- 
nated by the National Cancer Institute for toxi- 
cologic and carcinogenic evaluation because of 
their large production volume and the potential 
for significant human exposure based on their 
widespread and varied uses. 
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n. MATERIALS AND METHODS 

PROCUREMENT AND 
CHARACTERIZATION 
(OF FURFURAL 

Furfural  was obtained i n  one lot  ( lot  no. 
iQ112979) from the Quaker Oats Co. (Chicago, 
[L). The chemical was received a s  a clear, yellow 
liquid. No purity information was provided by 
the manufacturer. Purity and identity analyses 
were conducted at Midwest Research Institute 
(Kansas City, MO) (Appendix G). The study 
chemical was identified as furfural by infrared, 
ultraviolet/visible, and nuclear magnetic reso- 
nance spectroscopy. 

Lot no. Q112979 was found to be 99% pure, a s  
determined by elemental analysis, Karl Fischer 
water analysis, titrations to determine furfural 
and acid content, thin-layer chromatography, 
and gas chromatography. 

Studies of the bulk chemical indicated that fur- 
fural was stable after storage for 2 weeks at tem- 
peratures of up to 60" C in the dark under a ni- 
trogen headspace. Confirmation of the stability 
of the bulk chemical at the study laboratory dur- 
ing the the 13-week and 2-year studies was mon- 
itored by periodic analyses by gas chromatogra- 
phy and infrared spectrometry. No change in 
the bulk material was observed during the course 
of the studies. 

CHARACTERIZATION OF 
DOSE FORMULATIONS 

Formulations were prepared by mixing appro- 
priate amounts of furfural and corn oil. No nota- 
ble decrease in  concentration was observed after 
storage in the dark at room temperature for 14 
days. Some decomposition occurred near the air 
interface when the solution was stored under 
simulated dosing conditions (open to a i r  and 
light for 3 hours). During the studies, the dose 
formulations were stored at 5" C under nitrogen 
in amber serum bottles for no longer than 2 
weeks. Corn oil (Mazola) was purchased fre- 
quently and used as the vehicle. Peroxide levels 
were determined once per month and were with- 
in the specified limit of 10 meq/kg. 

During the 2-year studies, the dose formulations 
were analyzed at approximately %-week inter-  
vals by ultraviolet spectroscopy after methanol 
extraction. For the furfural studies, it is esti- 
mated that  the formulations were prepared 
within + lo% of the target concentrations ap- 
proximately 93% (69/74) of the time throughout 
the studies (Table G 3 ) .  Results of periodic ref- 
eree analyses performed by the analytical chem- 
istry laboratory indicated generally good agree- 
ment with the results from the study laboratory 
(Table G4). For one set of samples, results from 
the analytical chemistry laboratory were 83% of 
the target concentrations, and those from the 
study laboratory were 103% of the target con- 
centrations. I t  was concluded that chemical loss 
probably occurred during sample shipping or 
handling. 

SIXTEEN-DAY STUDIES 

Male and female F344/N rats and B6C3F1 mice 
were obtained from Charles River Breeding Lab- 
oratories and were held for 14 days before the 
studies began. The r a t s  were 6-7 weeks old 
when placed on study, and the mice were 7-8 
weeks old. 

Groups offive rats of each sex were administered 
0, 15, 30, 60, 120, or 240 mg/kg furfural in corn 
oil by gavage, 5 days per week, for 12 doses over 
16 days. Groups of five mice of each sex were ad- 
ministered 0, 25, 50, 100, 200, or 400 mg/kg on 
the same schedule. 

Animals were housed five per cage. Water and 
feed were available ad libitum. The r a t s  and 
mice were observed two times per day and were 
weighed on days 0 and 7 and at the end of the 
studies. Details of animal maintenance are  pre- 
sented in Table 1. A necropsy was performed on 
all animals. 

THIRTEEN-WEEK STUDIES 

Thirteen-week studies were conducted to evalu- 
ate the cumulative toxic effects of repeated ad- 
ministration of furfural and to determine the 
doses to be used in the 2-year studies. 
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TABLE 1. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES 
OF FURFURAL 

Sixteen-Day Thirteen-Week Two-year 
Studies Studies Studies 

EXPERIMENTAL DESIGN 

Size of Study Groups 
5 males and 5 females of each species 

Doses 
Rats--0,15,30,60,120, or 240 mg/kg 
furfural in corn oil by gavage; mice--0, 
25,50,100,200, or 400 mg/kg; dose vol-- 
5 (rats) or 10 (mice) ml/kg 

Date of First Dose 
11/4/80 

Date of Last Dose 
11/19/80 

Duration of Dosing 
5 d/wk for 16 d 

Type and Frequency of Observation 
Observed 2 X d; weighed initially and 
1 X wk thereafter 

10 males and 10 females of each species 

Rats--O,11.22,45,90,or 180 mgkgfur- 
fural in corn oil by gavage; mice--O,75, 
150,300,600, or 1,200 mg/kg; dose vol--5 
(rats)  or 10 (mice) ml/kg 

1/22/81 

42218 1 

5 d/wk for 13 wk 

Observed 2 X d; weighed initially and 
1 X wk thereafter 

Necropsy and Histologic Examinations 
Necropsy and histologic exams per- 
formed on all animals 

Necropsy performed on all animals; the 
following tissues examined histologically 
for all vehicle controls, rats receiving 90 
or 180 mg/kg, and all mice dying before 
the end of the studies or receiving 300, 
600, or 1,200 mg/kg: adrenal glands, brain, 
colon, esophagus, eyes (if grossly abnor- 
mal), femur or sternebrae or vertebrae in- 
cluding marrow, gallbladder (mice), gross 
lesions and tissue masses with regional 
lymph nodes, heart, kidneys, liver, lungs 
and mainstem bronchi, mammary gland, 
mandibular or mesenteric lymph nodes, 
nasal passage and turbinates, pancreas, 
parathyroid glands, pituitary gland, prepu- 
tial or clitoral gland (rats) ,  prostate/testes 
or ovaries/uterus. salivary glands, small 
intestine, spinal cord (if neurologic signs 
present), spleen, stomach, thymus, thyroid 
gland, trachea, and urinary bladder. Liver 
and lungs examined for lower dose groups 
of rats. Organ weights obtained a t  necropsy 

ANIMALS AND ANIMAL MAIXTEKAKCE 

Strain and fSpecies 
F344E-J rats; B6C3F1 mice F344/N rats: B6C3F1 mice 

Animal Source 
Charles River Breeding Laboratories 
(Portage, MI)  (Kingston, N Y )  

Charles River Breeding Laboratories 

50 males and 50 females of each 
species 

Rats--O,30, or 60 mg/kg furfural in 
corn oil by gavage; mice--0,50,100, 
or 175 mg/kg; dose vol--5 (rats)  or 10 
[mice) m a g  

Rats--3/16/82; mice--3/9/82 

Rats--3/5/84; mice--2/27/84 

5 d/wk for 103 wk 

Observed 2 X d; weighed initially, 
1 Xwkfor13wk,and1 Xmo 
thereafter 

Necropsy and histologic exams per- 
formed on all animals; the follow- 
ing tissues examined: adrenal 
glands, brain, cecum, colon, duo- 
denum, epididymis/seminal vesi- 
cles/prostate/testes or ovaries/uterus, 
esophagus, femur including marrow, 
gallbladder (mice), gross lesions and 
tissue masses, heart, ileum, jejunum, 
kidneys, liver, lungs and mainstem 
bronchi, mammary gland, mandibu- 
lar or mesenteric lymph nodes, nasal 
passage and turbinates, pancreas, 
parathyroid glands, pituitary gland, 
preputial or clitoral gland (rats), rec- 
tum, salivary glands, skin, spleen, 
stomach, thymus, thyroid gland, tra- 
chea, and urinary bladder 

F344/N rats; B6C3F1 mice 

Rats--Charles River Breeding 
Laboratories (Portage, MI);  
mice--Frederick Cancer Research 
Center (Frederick, MD) 
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TABLE 1. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES 
O F  FURFURAL (Continued) 

Sixteen-Day 
Studies 

Thirteen-Week 
Studies 

Two-year  
Studies 

.ANIMALS AND ANIMAL MAINTENANCE (Continued) 

!Study Laboratory 
!Southern Research Institute 

Method of Animal Identification 
Ear punch 

Time Held Before S tudy  
14 d 

Age When Placed  on Study 
Rats--6-7 wk; mice-7-8 wk 

Age When Killed 
Rats--8-11 wk; mice--10-11 wk 

Necropsy Dates  
Rats and mice--1/20/80-1/24180 

Method of Animal Distribution 
Animals distributed to weight classes 
and then assigned to groups according 
to a table of random numbers 

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

Bedding 
Beta Chips (Northeastern Products, 
Inc., Warrensburg, NY) 

Water 
Automatic watering system (Edstrom In- 
dustries, Waterford, WI); available ad 
libitum 

Cages  
Polycarbonate (Lab Products, Inc., Gar- 
field, NJ)  

Cage  Filters 
Reemaya spun-bonded polyester filters 
(Snow Filtration, Cincinnati, OH) 

Animals per  Cage  
5 

Southern Research Institute 

Ear punch 

1 4 d  

Rats-6-7 wk; mice--8-9 wk 

Rats-20 wk; mice--21 wk 

Rats and mice--4123181-4127181 

Same as  16-d studies 

Same a s  16-d studies 

Same as  16-d studies 

Same a s  16-d studies 

Same as  16-d studies 

Same as  16-d studies 

5 

Other  Chemicals on Study in the Same Room 
None None 

Southern Research Institute 

Ear mark andor  toe clip 

Rats-21 d; mice-20 d 

Rats-7-8 wk; mice-9 wk 

Rats-111-113 wk;mice--113-114wk 

Rats-311 3184-3119184; 
mice--3/6/84-3/12/84 

Same as  16-d studies 

Same as  

Same as  

6-d studies 

6-d studies 

Same as  16-d studies 

Same as  16-d studies 

Same as 16-d studies 

5 

None 

Temp--66"-90" F; hum--28%-74%; 
fluorescent light 12 Wd; 15 room 

Animal Room Envi ronment  
Temp--73.4"-75.2" F; hum--42%-63%; 
fluorescent light 12 h/d; 15 room air  
changes/h before 5/4/81 when the automatic timer air changesh 

Temp--72"-76" F; hum- 34%-60%; fluo- 
rescent light 12 Wd except for a period 

would not turn the lights off; 15 room air 
changesk 
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II. MATERIALS AND METHODS 

Four- to five-week-old male and female F344/N 
rats  and 6- to 7-week-old male and female 
B6C3F1 mice were obtained from Charles River 
Breeding Laboratories, observed for 14 days, dis- 
tributed to weight classes, and assigned to cages 
by a table of random numbers; cages were as- 
signed to groups by another table of random 
numbers. Rats were 6-7 weeks old when placed 
on study, and mice were 8-9 weeks old. 

Groups of 10 rats of each sex were administered 
0, 11,22,45,90, or 180 mg/kg furfural in corn oil 
by gavage, 5 days per week for 13 weeks. Groups 
of 10 mice of each sex were administered 0, 75, 
150,300,600, or 1,200 mg/kg on the same sched- 
ule. The first set of formulations given to the 
600 and 1,200 mg/kg groups of mice contained 
209% and 246% of the target concentrations. Be- 
fore the results of analyses were received, these 
formulations were administered to the animals 
and caused deaths at the highest dose. There- 
fore, the design of the mouse studies was altered 
by eliminating the original 1,200 mg/kg group, 
making the original 600 mg/kg dose group the 
new 1,200 mg/kg group, and placing a new 600 
mg/kg group of mice on study. 

Rats and mice were housed five per cage. Feed 
and water were available ad libitum. Animals 
were observed two times per day; moribund ani- 
mals were killed. Individual animal weights 
were recorded once per week. Further experi- 
mental details are summarized in Table 1. 

At the end of the 13-week studies, survivors 
were killed. A necropsy was performed on all 
animals. Complete histopathologic examina- 
tions were performed on all vehicle controls, all 
90 and 180 mg/kg rats, all mice that died before 
the end of the studies, and all 300, 600, and 
1,200 mg/kg mice. The lung and liver of the 11, 
22, and 45 mg/kg rats were also examined micro- 
scopically. Tissues and groups examined are  
listed in Table 1. 

TWO-YEAR STUDIES 

Study Design 

Groups of 50 rats of each sex were administered 
0, 30, or 60 mg/kg furfural in corn oil by gavage, 
5 days per week for 103 weeks. Groups of 50 

mice of each sex were administered 0,50,100, or 
175 mg/kgon the same schedule. 

Source and Specifications of Animals 

The male and female F344/N rats and B6C3F1 
(C57BL/6N, female X C3H/HeN MTV-, male) 
mice used in these studies were produced under 
strict barrier conditions at Charles River Breed- 
ing Laboratories. Breeding stock for the founda- 
tion colonies.at the production facility originated 
a t  the National Institutes of Health Repository. 
Animals shipped for study were progeny of 
defined microflora-associated parents that were 
transferred from isolators to barrier-maintained 
rooms. Animals were shipped to the study labo- 
ratory at 4-5 weeks (rats) and 6 weeks (mice) of 
age. The animals were quarantined at the study 
laboratory for 3 weeks. Thereafter, a complete 
necropsy was performed on five animals of each 
sex and species to assess their health status.  
The rodents were placed on study at 7-8 weeks 
(rats) or 9 weeks (mice) of age. The health of the 
animals was monitored during the course of the 
studies according to the protocols of the National 
Toxicology Program (NTP) Sentinel Animal Pro- 
gram (Appendix E). 

Animal Maintenance 

Animals were housed five per cage. Feed (Ap- 
pendix F) and water were available ad libitum. 
Cages were rotated vertically (top to bottom) 
within dose groups, and cage racks were rotated 
counterclockwise, alternating back and front 
against the wall every 2 weeks. Further details 
of animal maintenance are  given in Table 1 .  

Clinical Examinations a n d  Pathology 

All animals were observed two times per day. 
Individual body weights were recorded once per 
week for the first 13 weeks of the study and once 
per month thereafter. Animals found moribund 
and those surviving to the end of the studies 
were humanely killed. A necropsy w a s  per- 
formed on all animals, including those found 
dead. 

During necropsy, all organs and tissues were ex- 
amined for grossly visible lesions. Tissues were 
preserved in 10% neutral  buffered formalin, 
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13. MATERIALS AND METHODS - 

embedded in  paraffin, sectioned, and stained 
with hematoxylin and eosin. Tissues examined 
are listed in Table 1. 

When the pathology evaluation was completed 
by the laboratory pathologist and the pathology 
data entered into the Toxicology Data Manage- 
ment System, the slides, paraffin blocks, and re- 
sidual formalin-fixed tissues were sent to the 
NTP Archives. The slides, blocks, and residual 
wet tissues were audited for accuracy of labeling 
and animal identification and for thoroughness 
of tissue trimming. The slides, individual ani- 
mal necropsy records, and pathology tables were 
sent to an independent pathology quality assess- 
ment laboratory. The individual animal records 
and pathology tables were compared for accura- 
cy, slides and tissue counts were verified, and 
histotechnique was evaluated. All tissues with a 
tumor diagnosis, all potential target tissues (liv- 
er and pancreas for male rats; kidney, liver, pan- 
creas, and thyroid gland for female rats; fore- 
stomach, kidney, liver, and lung for male mice; 
and forestomach, kidney, and liver for female 
mice), and all tissues from a randomly selected 
10% of the animals were re-evaluated micro- 
scopically by a quality assessment pathologist. 
Nonneoplastic lesions were evaluated for accu- 
'racy and consistency of diagnosis only in the po- 
'tential target organs and in the randomly se- 
lected 10% of animals. 

'The quality assessment report and slides were 
submitted to a Pathology Working Group (PWG) 
Chairperson, who reviewed microscopically all  
potential target tissues and any other tissues for 
which there was a disagreement in diagnosis be- 
tween the laboratory and quality assessment pa- 
thologists. Representative examples of potential 
chemical-related nonneoplastic lesions and neo- 
plasms and examples of disagreements in diag- 
nosis between the laboratory and quality assess- 
ment pathologists were shown to the PWG. The 
PWG included the quality assessment patholo- 
gist and other pathologists experienced in rodent 
toxicology, who examined the tissues without 
knowledge of dose group or previously rendered 
diagnoses. When the consensus diagnosis of the 
PWG differed from that of the laboratory pathol- 
ogist, the diagnosis was changed to reflect the 
opinion of the PWG. This procedure has been 
described, in part, by Maronpot and Boorman 

(1982) and Boorman e t  al .  (1985). The final 
pathology data represent a consensus of contrac- 
tor pathologists and the NTP Pathology Work- 
ing Group. For subsequent analysis of pathology 
data, the diagnosed lesions for each tissue type 
are  combined according to the guidelines of 
McConnell e t  al. (1986). 

Statistical Methods 

Survival Analyses: The probability of survival 
was estimated by the product-limit procedure of 
Kaplan and Meier (1958) and is presented in the 
form of graphs. Animals were censored from the 
survival analyses at the time they were found to 
be missing or dead from other than na tura l  
causes; animals dying from natural causes were 
not censored. Statistical analyses for a possible 
dose-related effect on survival used the method 
of Cox (1972) for testing two groups for equality 
and Tarone's (1975) life table test  for a dose- 
related trend. When significant survival differ- 
ences were detected, additional analyses using 
these procedures were carried out to determine 
the time point at which significant differences in 
the survival curves were first detected. All re- 
ported P values for the survival analysis a re  
two-sided. 

Calculation of Incidence: The incidence of neo- 
plastic or nonneoplastic lesions is given as the 
ratio of the number of animals bearing such le- 
sions a t  a specific anatomic site to the number of 
animals in which that site was examined. In 
most instances, the denominators include only 
those animals for which the site was examined 
histologically. However, when macroscopic ex- 
amination was required to detect lesions (e.g., 
skin or mammary tumors) prior to histologic 
sampling, or when lesions could have appeared 
a t  multiple sites (e.g., lymphomas), the denomi- 
nators consist of the number of animals on which 
a necropsy was performed. 

Analysis of Tumor Incidence: The majority of 
tumors in this study were considered to be inci- 
dental to the cause of death or not rapidly lethal. 
Thus, the primary statistical method used was  a 
logistic regression analysis, which assumed that 
the diagnosed tumors were discovered a s  the 
result of death from a n  unrelated cause and thus 
did not affect the risk of death. In this approach, 
tumor prevalence was modeled a s  a logistic 
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function of chemical exposure and time. Both 
linear and quadratic terms in time were incor- 
porated initially, and the quadratic term was 
eliminated if it did not significantly enhance the 
fit of the model. The dosed and vehicle control 
groups were compared on the basis of the likeli- 
hood score test for the regression coefficient of 
dose. This method of adjusting for intercurrent 
mortality is the prevalence analysis of Dinse and 
Lagakos (1983), further described and illustrat- 
ed by Dinse and Haseman (1986). When tumors 
are incidental, this comparison of the time-spe- 
cific tumor prevalences also provides a com- 
parison of the time-specific tumor incidences 
(McKnight and Crowley, 1984). 

In addition to logistic regression, alternative 
methods of statistical analysis were used, and 
the results of these tests are summarized in the 
appendixes. These include the life table test 
(Cox, 1972; Tarone, 19751, appropriate for rapid- 
ly lethal tumors, and the Fisher exact test and 
the Cochran-Armitage trend test (Armitage, 
1971; Gart et al., 19791, procedures based on the 
overall proportion of tumor-bearing animals. 

Tests of significance include pairwise compari- 
sons of each dosed group with vehicle controls 
and a test for an overall dose-response trend. 

Continuity-corrected tests were used in the anal- 
ysis of tumor incidence, and reported Pvalues  
are  one-sided. The procedures described above 
also were used to evaluate selected nonneoplas- 
tic lesions. (For further discussion of these sta- 
tistical methods, see Haseman, 1984.) 

Analysis of Continuous Variables: The statisti- 
cal analysis of organ weight data was carried out 
by using the nonparametric multiple compari- 
son procedures of Dunn (1964) or Shirley (1977) 
to assess the significance of pairwise compari- 
sons between dosed and vehicle control groups. 
Jonckheere’s test (Jonckheere, 1954) was used 
to evaluate the significance of dose-response 
trends and to determine whether Dunn’s or  
Shirley’s test was more appropriate for pairwise 
comparisons. 

Historical Control Data: Although the concur- 
rent control group is always the first and most 
appropriate control group used for evaluation, 
there are  certain instances in which historical 
control data can be helpful in the overall assess- 
ment of tumor incidence. Consequently, control 
tumor incidences from the NTP historical con- 
trol data base (Haseman et  al., 1984, 1985) are  
included for those tumors appearing to show 
compound-related effects. 
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III. RESULTS: RATS 

SIXTEEN-DAY STUDIES 

Eight of 10 rats that received 240 mg/kg died by 
day 3 (Table 2); the death of one other female 
was due to a gavage accident. Final mean body 
weights of rats that received 120 mg/kg or less 
were generally similar to those of vehicle con- 
trols. Labored breathing was seen in animals 
that received 240 mg/kg. Animals that received 
120 mg/kg were slightly inactive. No compound- 
related lesions were observed a t  necropsy. 

THIRTEEN-WEEK STUDIES 

Nine of 10 males and all females that received 
180 mg/kg and 1/10 male and 4/10 females that 
received 90 mg/kg died before the end of the 
studies (Table 3). Deaths of five dosed males and 

five dosed females were gavage related. The fi- 
nal mean body weights of dosed and vehicle con- 

liver and kidney weights of the 90 mg/kg group 
of male ra t s  were significantly greater than 
those of the vehicle controls (Table II). The inci- 
dences of cytoplasmic vacuolization of hepato- 
cytes were increased in chemically exposed male 
rats (vehicle control, 4/10; 11 mg/kg, 10/10; 22 
mg/kg, 10/10; 45 mg/kg, 10/10; 90 mg/kg, 9/10). 
The affected hepatocytes contained multiple 
small cytoplasmic vacuoles and were observed 
primarily in the centrilobular regions; the sever- 
ity was minimal to mild in all dosed and vehicle 
control groups. This change is believed to result 
from the accumulation of glycogen and/or fat in 
the hepatocytes. There were no compound-relat- 
ed histologic lesions in the kidney of chemically 
exposed male rats. 

trol rats were similar. The absolute and relative 

TABLE 2. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE SIXTEEN-DAY GAVAGE 
STUDIES OF FURFURAL 

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

(mg/kg) (percent) 

MALE 

0 515 131 f 6 209 k 9 +78 k 4 
15 515 122 f 3 195 f 5 +73 f 3  
30 Y5 126 f 5 200 f 5 + 7 4 f  2 
60 515 130 f 6 206 f 14 +76 f 9 

120 515 125 f 5 206 k 4 +81 f 3 
240 (d) 115 139 f 3 182 + 48 

93 
96 
99 
99 
87 

FEMALE 

0 515 100 f 2 142 f 2 +42 f 1 
15 515 101 f 2 141 f 3 +40 f 1 
30 515 101 f 2 1 4 0 k  2 +39 f 3 
60 515 102 f 3 142 f 4 +40 f 1 

120 515 102 k 2 141 f 4 +39 f 2 
240 (e) 015 107 f 2 (D (D 

99 
99 

100 
99 
(f, 

(a) Number surviving/number initially in group 
(b) Initial group mean body weight k standard error of the mean. Subsequent calculations are based on animals surviving t o  
the end of the study. 
(c) Mean body weight change of the survivors k standard error of the mean 
(d) Day of death: 2,2,2,3 
(e) Day ofdeath: 2,2,2,3; the fifth death, on day 15, was gavage related. 
(0 No data are reported due t o  100% mortality in this group. 
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TABLE 3. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF FURFURAL 

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

(mg/kg) (percent) 

MALE 

0 (d) 9/10 138 f 3 368 f 6 +231 f 5 
11 10/10 133 f 3  373 f 6  +240 k 5 
22 10/10 139 f 2 376 f 7 +237 k 6 
45 10110 136 f 3 387 f 4 +251 +- 4 
90 (d) 9/10 137 f 4  393 k 7  +256 f 6 

180 (e) 1/10 139 * 3 358 + 224 

FEMALE 

0 (d) 9/10 102 k 1 198 k 2 +95 f 3 
11 10/10 102 f 2 201 f 3  +99  k 3 
22 10/10 101 + 2  202 + 2  + l o 1  + 3 
45 1011 0 102 + 2 201 f 3  +99 f 2 
90 (f? 6/10 104 * 3 200 f 3 + l o o  f 4 

180 (g)  0/10 101 f 2 (h)  (h) 

101 
102 
105 
107 
97 

102 
102 
102 
101 
(h) 

(a )  Number surviving/number initially in group 
tb) Initial group mean body weight k standard error of the mean. Subsequent calculations are based on animals surviving to 
the end of the study. 
(c) Mean body weight change ofthe survivors + standard error of the mean 
(d) Death gavage related 
(e)  Week of death: 4,5,5,6,1 l J 2 ;  3 deaths were gavage related. 
(0  Week of death: 12; 3 deaths were gavage related. 
(g)  Week ofdeath: 1,3,3,3,4,4,5,5,5; 1 death was gavage related. 
(h)  No data are reported due to 100% mortality in this group. 

Dose Selection Rationale: Because of chemically 
related deaths at 90 and 180 mg/kg and in- 
creased liver weights in males a t  90 mg/kg, 
these doses were considered too high for a 2-year 
study. At 45 mg/kg, cytoplasmic vacuolization of 
hepatocytes was the only chemically related ef- 
fect, and this dose was considered too low for the 
high dose in a 2-year study. Therefore, 60 mg/ 
kg, a dose intermediate between 45 and 90 mg/kg, 
was selected a s  the high dose and 30 mg/kg 
selected a s  the low dose for rats for the 2-year 

studies. Doses were administered in corn oil by 
gavage, 5 days per week. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Mean body weights of dosed and vehicle control 
rats were similar throughout the studies (Table 
4 and Figure 2). No compound-related clinical 
signs were observed. 
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TABLE 4. MEAN BODY WEIGHTS OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF FURFURAL 

Vehicle Control 30 mgkka 60 mg'lkg 
Week Av.Wt. Number Av. Wt. Wt. (percent Number Av. Wt. Wt. (percent Number 

on Study (grams) Weighed (grams) of vehicle controls) Weighed (grams) of vehicle controls) Weighed 

MALE 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
17 
21  
26 
30 
34 
38 
42 
45 
49 
53 
57 
6 1  
65 
69 
73 
77 
81 
85 
89 
93 
97 

101 

Mean for weeks 
1-13 

17-49 
53-101 

FEMALE 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

38 
42 
45 
49 
53 
57 
61 
65 
69 
73 
77 
81 
85 
69 
93 
97 

101 

Mean for weeks 
1.13 

17.49 
53-101 

196 
242 
266 
282 
301 
314 
316 
334 
345 
356 
366 
376 
385 
411 
43 1 
452 
464 
473 
485 
492 
497 
502 
508 
509 
513 
515 
512 
515 
514 
517 
505 
502 
496 
494 
481 

313.8 
467.4 
506.2 

136 
155 
164 
172 
179 
183 
187 
189 
193 
196 
199 
203 
203 
211 
220 
226 
229 
233 
241 
248 
255 
262 
270 
276 
283 
289 
297 
301 
299 
305 
306 
308 
313 
310 
314 

181.5 
236.1 
297.8 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
48 
46 
47 
46 
45 
42 
41  
40 
38 
36 
35 
33 
33 
32 
31  

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
48 
48 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
41 
37 
33 
33 
28 

195 
240 
263 
280 
296 
311 
321 
332 
343 
353 
363 
373 
382 
408 
429 
451 
464 
474 
490 
498 
503 
514 
517 
515 
524 
524 
524 
524 
523 
525 
517 
504 
501 
492 
492 

311.7 
470.1 
514.0 

136 
155 
164 
172 
180 
186 
189 
193 
195 
199 
200 
204 
206 
217 
222 
231 
235 
242 
247 
255 
262 
269 
275 
284 
290 
298 
296 
310 
312 
314 
316 
322 
329 
336 
326 

183.0 
242.2 
308.3 

99 
99 
99 
99 
96 
99 

102 
99 
99 
99 
99 
99 
99 
99 

100 
100 
100 
100 
101 
101 
101 
10'3 
102 
101 
102 
102 
102 
102 
102 
102 
102 
100 
101 
100 
102 

99 
101 
102 

100 
100 
100 
100 
101 
102 
101 
102 
101 
102 
101 
100 
101 
103 
101 
102 
103 
104 
102 
103 
103 
103 
102 
103 
102 
103 
100 
103 
104 
103 
103 
105 
105 
106 
104 

101 
103 
104 

50 196 
50 243 
50 265 
50 282 
50 301 
50 315 
50 317 
50 336 
so 348 
50 359 
50 368 
50 377 
so 385 
48 411 
46 431 
48 452 
48 467 
48 474 
48 486 
47 498 
47 502 
46 511 
46 514 
46 517 
46 520 
46 520 
46 516 
45 519 
43 516 
41 514 
40 515 
40 506 
39 501 
36 492 
31 478 

50 
50 
50 
50 

50 
so 

50 
50 
50 
50 
50 
50 
48 
47 
47 
47 
45 
45 
44 
43 
42 
39 
37 
34 
33 

314.8 
470.2 
509.8 

137 
156 
166 
174 
183 
187 
190 
194 
198 
201 
204 
207 
210 
219 
226 
234 
239 
245 
251 
261 
270 
278 
285 
292 
299 
906 
307 
321 
323 
330 
332 
330 
332 
339 
326 

185.2 
247.0 
317.1 

100 
100 
100 

SO 
50 
50 

100 50 
100 50 
100 50 
100 50 

101 50 
101 50 
101 50 
100 50 
100 49 
too 46 
100 J8 
100 48 
101 46 
100 48 
100 46 
101 57 
to1 46 
102 J 6  
101 46 
102 45 
101 45 
101 44 
101 43 
101 41 
100 41  
99 39 

102 36 
101 32 
101 32 
100 28 
99 26 

101 50 

100 
101 
101 

101 
101 
101 
101 
102 
102 
102 
103 
103 
103 
103 
102 
103 
104 
103 
i 04 
104 
105 
104 
105 
106 
106 
106 
106 
106 
106 
103 
107 
108 
108 
108 
10: 
106 
109 
104 

102 
105 
106 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
47 
43 
41 
41  
39 
39 
37 
36 
36 
35 
33 
31 
30 
28 
'2 5 
2 1  
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FIGURE 2. GROWTH CURVES FOR RATS ADMINISTERED FURFURAL 
IN CORN OIL BY GAVAGE FOR TWO YEARS 
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III. RESULTS: RATS 

Slurvival 

Elstirnates of the probabilities of survival for 
male and female rats  administered furfural at 
tlhe doses used in these studies and for vehicle 
controls are shown in Table 5 and in the Kaplan 
and Meier curves in Figure 3. Although the sur- 
vival of the high dose group of female rats  was 
not significantly lower than that of the vehicle 
controls by Kaplan-Meier analysis, the overall 
survival of the group was notably lower than 
that of the vehicle controls a s  a result of the 
large number (19) of accidental deaths in this 
group. The overall survival profile for female 
rats, without accidental  dea ths  censored, is 
tishown in Figure 4. 

Pathology and Statistical Analyses of 
Results 

This section describes the statistically signifi- 
cant or biologically noteworthy changes in the in- 
cidences of ra ts  with neoplastic or nonneoplastic 
lesions of the liver, forestomach, and lung. 

Summaries of the incidences of neoplasms and 
nonneoplastic lesions, individual animal tumor 
diagnoses, statistical analyses of primary tu- 
mors that occurred with a n  incidence of a t  least 
5% in a t  least one animal group, and historical 
control incidences for the neoplasms mentioned 
in this section are presented in Appendixes A 
and B for male and female rats, respectively. 

TABLE 5. SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF FURFURAL 

Vehicle Control 30 mg/kg 60 mg/kg 

MALE (a) 

Animals initially in study 

Natural deaths 
Moribund kills 
Killed accidentally 
Animals surviving to study termination 
Mean survival (days) 

Survival Pvalues (b I 

FEMALE (a) 

Animals initially in study 

Natural deaths 
Moribund kills 
Killed accidentally 
Animals surviving to study termination 
Mean survival (days) 

Survival P values (b) 

50 

2 
11 
6 

31 
637 

0.343 

50 

9 
9 
4 

28 
650 

0.849 

50 

4 
11 
7 

28 
653 

0.965 

50 

5 
11 
2 

32 
670 

0.741 

50 

7 
11 
8 

24 
625 

0.451 

50 

4 
9 

19 
18 

585 

0.943 

(a) First day of termination period: 729 
(b) The result ofthe life table trend test is in the vehicle control column, and the results of the life table pairwise comparisons 
with the vehicle controls are  in the dosed columns. 
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III. RESULTS: RATS 

Liver: Centrilobular hepatocellular necrosis was 
observed a t  increased incidences in chemically 
exposed male rats  (vehicle control, 3/50; low 
dose, 9/50; high dose, 12/50). The necrosis was 
generally minimal to mild in severity in all 
groups and affected only scattered lobules in the 
liver sections. Uncommon cholangiocarcinomas 
occurred in two high dose male rats (Figures 5 
and 6), and biliary dysplasia with fibrosis, a le- 
sion considered by the Pathology Working Group 
to be an early stage in the development of chol- 
angiocarcinoma, occurred in two additional high 
dose males (Figure 7). The neoplasms displaced 
the hepatic parenchyma and had irregular, some- 
times poorly defined borders with neoplastic epi- 
thelium extending the adjacent hepatic lobules. 
Cholangiocarcinomas consisted of cuboidal or 
columnar biliary epithelium arranged in irregu- 
lar ductlike structures separated by varying 
amounts of fibrous connective tissue and a mixed 
inflammatory cell infiltrate. There was variable 
dilatation of the ducts, and the lumina some- 
times contained inflammatory cells or mucus. 
The neoplastic biliary epithelium exhibted gob- 
let cell differentiation and cellular pleomorph- 
ism and atypia. For comparison, a cholangioma 
found in a corn oil vehicle control F344/N male 
rat from a previous study conducted a t  the same 
laboratory at  which the current study was con- 
ducted is shown in Figure 8. 

The lesions diagnosed as  biliary dysplasia and fi- 
brosis were similar to the cholangiocarcinomas. 

33 

However, with dysplasia the borders were better 
defined, there was more extensive dilatation of 
the biliary ducts affected by the lesions, and the 
amount of stromal connective tissue was great- 
er. The epithelium of some of the ducts, particu- 
larly those surrounded by thick, dense collars of 
connective tissue, was atrophic or undergoing 
degeneration. This lesion has also been called 
“cholangiofibrosis” and “cholangiofibroma.” The 
distinction between this lesion and cholangio- 
carcinoma is based on the relative degree of pro- 
liferation of ductular epithelium and the degree 
of epithelial anaplasia. 

Forestomach: A squamous cell carcinoma oc- 
curred in one low dose male rat, and squamous 
cell papillomas occurred in two high dose male 
rats and in one low dose and one high dose fe- 
male rat. Hyperplasia was observed a t  margin- 
ally increased incidences in low dose male rats, 
but incidences were not increased in high dose 
males or in females (male: vehicle control, 1/50; 
low dose, 5/50; high dose, 2/50; female: 2/50; 
4/50; 3/50). Because of the low incidence of these 
lesions, they were not considered to be chemi- 
cally related. 

Lung: Congestion and foreign bodies were ob- 
served a t  increased incidences in dosed female 
rats (congestion: vehicle control, 6/50; low dose, 
6/50; high dose, 23/50; foreign bodies: 5/50; 4/50; 
19/50). 
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III. RESULTS: MICE 

SIXTEEN-DAY STUDIES 

One male that received 400 mg/kg furfural died 
before the end of the studies (Table 6). The 
deaths of one female that received 25 mg/kg and 
one female that received 200 mg/kg were consid- 
ered to be gavage related. Final mean body 
weights of mice were not affected by furfural. 
No compound-related lesions were noted a t  
necropsy. 

THIRTEEN-WEEK STUDIES 

All mice that received 1,200 mg/kg and 9/10 
males and 9/10 females that received 600 mg/kg 
died before the end of the studies (Table 7).  The 
deaths of one female that received 150 mg/kg 
and one female vehicle control were gavage re- 
lated. The final body weight of the one mouse of 

each sex that received 600 mg/kg and lived to the 
end of the studies was 21% lower than that of the 
vehicle controls for the male and 5% lower for 
the female. The final mean body weights of male 
mice that received 150 or 300 mg/kg were 5% or 
6% lower than that of vehicle controls. The liver 
weight to body weight ratios for females tha t  
received 75, 150, or 300 mg/kg and males that 
received 300 mg/kg were significantly greater 
than those of vehicle controls (Table 12). Centri- 
lobular coagulative necrosis of hepatocytes was 
seen in the liver of 8/10 males and 2/10 females 
that  received 1,200 mg/kg, 9/10 males t h a t  
received 600 mg/kg, 1/10 males that  received 
300 mg/kg, and 1/10 males tha t  received 150 
mg/kg. Inflammation in the liver, characterized 
by a minimal-to-mild mononuclear inf lam- 
matory cell infiltrate, was also present in chem- 
ically exposed groups when necrosis occurred. 

TABLE 6. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE SIXTEEN-DAY GAVAGE 
STUDIES OF FURFURAL 

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

(mg/kg) (percent) 

MALE 

0 
25 
50 

100 
200 
400 

FEMALE 

0 
25 
50 

100 
200 
400 

515 
515 
515 
515 
515 

(d) 415 

5/5 
(e)  415 

515 
515 

(e) 415 
515 

24.6 f 0.5 
23.2 f 0.2 
24.0 k 0.4 
24.6 k 0.6 
24.4 f 0.5 
25.2 f 0.4 

28.2 f 0.8 
26.8 f 0.4 
26.8 k 1.0 
27.4 k 0.7 
27.6 f 0.2 
28.3 f 0.3 

18.6 f 0.5 
17.8 f 0.2 
17.8 f 0.4 
19.0 f 0.6 
18.2 k 0.5 
18.6 f 0.2 

20.8 k 0.4 
20.3 f 0.5 
20.4 f 0.2 
21.2 f 0.4 
18.3 k 0.5 
21.6 f 0.2 

+3.6 f 0.4 
+3.6 f 0.2 
+2.8 k 0.6 
+2.8 f 0.2 
+3.2 k 0.4 
+3.3 f 0.3 

+2.2 k 0.4 
+2.5 f 0.3 
+2.6 f 0.2 
+2.2 k 0.4 

0.0 k 0.4 
+3.0 f 0.0 

95 
95 
97 
98 

100 

98 
98 

102 
88 

104 

(a) Number surviving/number initially in group 
(b) Initial group mean body weight k standard error ofthe mean. Subsequent calculations a re  based on animals surviving to 
the end of the study. 
(c) Mean body weight change of the survivors f standard error of the mean 
(d) Day of death: 5 
(e) Death was gavage related. 
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TABLE 7. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF FURFURAL 

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

(mg/kg) (percent) 

MALE 

0 
75 

150 
300 
600 

1,200 

FEMALE 

0 
75 

150 
300 
600 

1,200 

10/10 
10110 
10/10 
10/10 

ld) 1/10 
(e)0/10 

(g) 9/10 
10/10 

(g)  9/10 
10110 

lh) 1/10 
(i) Oil0 

22.1 f 0.1 
21.4 f 0.3 
21.2 f 0.3 
21.3 k 0.3 
22.3 f 0.3 29.0 
21.5 f 0.3 (D 

36.7 f 0.7 
35.8 f 0.4 
34.8 f 0.6 
34.6 f 0.7 

17.5 f 0.2 
17.3 f 0.4 
17.1 f 0.2 
17.5 f 0.2 
18.2 f 0.2 25.0 
17.5 f 0.3 (f-l 

26.3 k 0.5 
27.1 f 0.8 
26.9 f 0.4 
27.5 f 0.4 

+ 14.6 f 0.6 + 14.4 f 0.5 
+ 13.6 f 0.5 
+ 13.3 f 0.5 
+ 7.0 

t f ,  

+8.8 f 0.4 
+9.8 +_ 0.5 
+9.8 k 0.4 

+ 10.0 f 0.4 
+6.0 

(D 

97.5 
94.8 
94.3 
79.0 
(D 

103.0 
102.3 
104.6 
95.1 
(D 

~ ~~~ 

(a) Number surviving/number initially in group 
lb) Initial group mean body weight k standard error ofthe mean. Subsequent calculations are based on animals surviving to 
the end of the study. 
(c) Mean body weight change ofthe survivors f standard error of the mean 
(d)Weekofdeath: 1,1,1,1,1,1,1,1,9 
(e) Weekofdeath: 1,1,1,1,1,1,1,2,3,3 
(f) No data are presented due to 100% mortality in this group. 
(g)  Death was gavage related. 
( h )  Week of death: all 1 
( i )  Weekofdeath: 1,1,1,2,3,3,3,3,3,5 

Dose Selection Rationale: Because of compound- 
related deaths in mice receiving 600 and 1,200 
mg/kg and increased liver and kidney weights 
and liver lesions in mice receiving 300 mg/kg, 
these doses were considered too high for a 2-year 
study. Although minimal liver lesions were ob- 
served in one male receiving 150 mg/kg, 150 
mg/kg was considered to be somewhat low for 
the high dose, since liver weights were not in- 
creased. Therefore, three doses were selected for 
the 2-year studies: 50, 100, and 175 mg/kg. 

Doses were administered in corn oil by gavage, 5 
days per week. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Mean body weights of chemically exposed mice 
were similar to mean body weights of vehicle 
controls throughout most of the studies (Table 8 
and Figure 9). No compound-related clinical 
signs were observed. 
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TABLE 8. MEAN BODY WEIGHTS OF MICE IN THE TWO-YEAR GAVAGE STUDIES OF FURFURAL 

Week Vehicle Control 50 make 100 meke 175 mekg 
on Av. Wt. Number Av. Wt. Wt. (percent Number Av. Wt. Wt. (percent Number Av. W& Wt. (percent Number 

Study (grams) Weighed (grams) of veh. controls) Weighed (grams) of veh. controls) Weighed (grams, of veh. controls) Weighed 

MALE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
18 
22 
27 
31 
35 
38 
41 
45 
49 
53 
57 
61  
65 
69 
73 
71 
81 
85 
89 
93 
91  

101 

22.8 
24.5 
25.1 

28.1 
30.2 
31.1 
31.5 
32.3 
33.3 
34.0 
34.3 
32.6 
36.3 
38.9 
40.2 
43.2 
43.0 
43.8 
44.9 
44.9 
45.6 
45.6 
46.5 
41.0 
46.0 
46.1 
45.8 
48.0 
47.6 
41.9 
45.2 
47.2 
46.4 
46.8 

27.8 

Mean for weeks 
1-13 29.9 

18-49 42.3 
53.101 46.6 

FEMALE 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
18 
22 
27 
31 
35 
38 
41 
45 
49 
53 
57 
61 
65 
69 
73 
77 
81 
85 
89 
93 
97 

101 

18.4 
19.6 
20.8 
21.9 
22.0 
23.4 
24.1 
24.5 
25.4 
25.5 
25.3 
25.9 
25.9 
27.4 
28.8 
30.1 
32.1 
34.3 
32.9 
35.0 
34.0 
39.2 
38.3 
40.7 
40.1 
41.5 
40.5 
44.4 
44.4 
43.3 
43.7 
43.4 
43.4 
41.0 
43.1 

Mean for weeks 
1-13 23.3 

18-49 32.6 
53.101 42.1 

50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
48 
48 
48 
48 
48 
48 
48 
48 
47 
47 
47 
44 
44 
43 
4 3  
42 
41 
40 
38 
31 

50  
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
48 
46 
44 
44 
43 
42 
41 
38 
34 
33  

22.7 
24.4 
26.3 
27.1 
28.9 
29.4 
30.6 
30.7 
33.0 
33.4 
33.9 
34.7 
36.0 
37.6 
39.4 
40.6 
43.4 
44.0 
45.2 
46.0 
46.6 
48.9 
48.0 
48.9 
49.7 
45.6 
48.8 
49.7 
49.7 
48.5 
46.2 
45.9 
44.6 
43.5 
45.8 

99.6 
99.6 

102.3 
99.6 

102.8 
97.4 
98.4 
97.5 

102.2 
100.3 
99.7 

101.2 
110.4 
103.6 
101.3 
101.0 
100.5 
102.3 
103.2 
102.4 
103.8 
107.2 
105.3 
105.2 
105.7 
107.8 
105.9 
108.5 
103.5 
101.9 
96.5 

101.5 
94.5 
93.7 
97.9 

30.1 100.7 
43.5 102.8 
47.6 102.1 

18.8 
19.2 
21.0 
22.2 
22.5 
23.0 
23.4 
24.1 
25.4 
25.4 
25.0 
25.0 
26.0 

28.7 
30.3 
33.2 
33.2 
35.0 
36.5 
37.6 
39.8 
38.9 
40.1 
42.7 
42.4 
43.2 
45.5 
46.2 
45.5 
45.6 
47.7 
48.7 
48.5 
50.3 

28.5 

102.2 
98.0 

101.0 
101.4 
102.3 
98.3 
97.1 
98.4 

100.0 
99.6 
98.8 
96.5 

100.4 
104.0 
99.7 

100.7 
103.4 
96.8 

106.4 
104.3 
110.6 
101.5 
101.6 
98.5 

106.5 
102.2 
106.7 
102.5 
104.1 
105.1 
104.3 
109.9 
112.2 
118.3 
116.7 

23.2 99.6 
33.6 103.1 
45.0 106.9 

50 
50 
49 
49 
49 
49 
49 
49 
49 
48 

48 
48 
48 
48 
48 
47 
41 
47 
47 
47 
47 
47 
47 
47 
46 
46 
44 
43 
43 
40 
38 
38 
34 
29 

48 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
48 
48 
48 
47 
47 
44 
41 
39 
39 
39 
39 
38 
36 
34 
32 

23.0 
24.3 
26.6 
27.6 
29.4 
30.0 
30.6 
31.3 
33.5 
34.2 
34.9 
36.0 
36.6 
38.6 
40.4 
41.2 
43.8 
43.0 
45.0 
46.5 
48.1 
49.5 
47.3 
47.6 
49.0 
49.2 
49.7 
50.0 
49.1 
47.9 
46.7 
45.9 
45.6 
46.4 
46.8 

100.9 
99.2 

103.5 
99.3 

104.6 
99.3 
98.4 
99.4 

103.7 
102.7 
102.6 
105 0 
112 3 
106 3 
103.9 
102.5 
101.4 
100.0 
102.7 
103.6 
107.1 
108.6 
103.7 
102.4 
104.3 
107.0 
107.8 
109.2 
102.3 
100.6 

91.5 
101.5 
96.6 

100.0 
100.0 

30.6 102.3 
44.0 104.0 
47.8 102.6 

18.6 
18.9 
21.2 
21.4 
22.8 
22.9 
23.6 
23.1 
25.7 
25.2 
25.0 
25.4 
27.0 
28.3 
29.6 
30.6 
32.7 
32.7 
35.8 
37.3 
38.5 
40.3 
39.4 
40.5 
43.3 
44.3 
44.2 
46.4 
46.3 
45.3 
46.4 
45.8 
45.6 
46.3 
46.9 

101.1 
96.4 

101.9 
97.7 

103.6 
97.9 
97.9 
94.3 

101.2 
98.8 
98.8 
98.1 

104.2 
103.3 
102.8 
101.7 
101.9 

95.3 
108.8 
106.6 
113.2 
102.8 
102.9 
99.5 

108.0 
106.7 
109.1 
104.5 
104.3 
104.6 
106.2 
105.5 
105.1 
112.9 
108.8 

23.1 99.1 
34.0 104.3 
44.7 106.2 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
46 
46 
45 
44 
44 
44 
42 
40 
34 
30 
27 

23.0 
24.7 
26.7 
28.0 
29.7 
31.1 
31.3 
32.3 

33 , 
34.6 
35.8 
33.5 
38.2 
39.1 
41.6 
43.4 
44.2 
44.4 
46.2 
48.0 
48.4 
47.6 
47 8 
49.1 
48.7 
48.6 
47.4 
47.7 
46.2 
48.1 
44.3 
45.7 
44.7 
45.6 

32.: 

100.9 
100.8 
103.9 
100.7 
105.7 
103.0 
100.6 
102.5 
99.1 

101.2 
101.8 
104.4 
102.8 
105.2 
100.5 
103.5 
100.5 
102.8 
101.4 
102.9 
106.9 
106.1 
104.4 
102.8 
104.5 
105.9 
105.4 
103.5 
99.4 
97.1 

100.4 
98.0 
96.8 
96.3 
97.4 

50 
50 
50 
50 
50 
50 
50 
50 
45 
45 
45 
45 
45 
45 
45 
45 
45 
44 
44 
44 
44 
44 
44 
44 
44 
44 
40 
40 
40 
39 
36 
36 
35 
33 
30 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
48 
47 
47 
44 
41 
40 
37 
35 
35 
33 
31 

18.6 
19.3 
20.6 
21.8 
22.5 
23.1 
23.7 
24.2 
25.8 
24.8 
25.6 
26.0 
25.2 
27.8 
28.7 
29.7 
31.9 
33.3 
32.4 
35.4 
37.2 
39.2 
38.8 
40.4 
42.1 
43.4 
43.7 
46.1 
47.2 
46.3 
47.7 
47.5 
48.8 
48.3 
48.2 

101.1 
98.5 
99.0 
99.5 

102.3 
98.7 
98.3 
98.8 

101.6 
97.3 

101.2 
100.4 
97.3 

101.5 
99.7 
98.7 
99.4 
97.1 
98.5 

101.1 
109.4 
100.0 
101.3 
99.3 

105.0 
104.6 
107.9 
i03.8 

106.9 
109.2 
109.4 
112.4 
117 8 
111.8 

m . 3  

23.2 Y9 6 
32.8 101.6 
45.3 107.6 

50 
SO 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
48 
48 
47 
47 
47 
45 
44 
43 
39 
36 
32 
32 
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III. RESULTS: MICE 

Survival 

Elstirnates of the probabilities of survival for 
male and female mice administered furfural a t  
the doses used in these studies and for vehicle 
controls are shown in Table 9 and in the Kaplan 
and Meier curves in Figure 10. No significant 
differences in survival were observed between 
any groups of either sex. 

Pathology and Statist ical  Analyses of 
Results 

This section describes the statistically signifi- 
cant or biologically noteworthy changes in the 
incidences of mice with neoplastic or nonneo- 
plastic lesions of the liver, forestomach, and 
kidney. 

Summaries of the incidences of neoplasms and 
nonneoplastic lesions, individual animal tumor 
diagnoses, statistical analyses of primary tu- 
mors that occurred with an  incidence of a t  least 
5% in a t  least one animal group, and historical 
control incidences for the neoplasms mentioned 
in this section are presented in Appendixes C 
and D for male and female mice, respectively. 

Liuer: Minimal multifocal chronic inflammation 
and pigmentation along or immediately below 
the serosal surface of the liver were seen in 
chemically exposed mice (pigmentation-male: 
vehicle control, 0150; low dose, 0150; mid dose, 
8/49; high dose, 18/50; female: 0150; 0/50; 0150; 
11/50; chronic inflammation--male: 0/50; 0150; 
8/49; 18/50; female: 0150; 0150; 1/50; 8/50). Chron- 
ic inflammation consisted of small aggregates of 

TABLE 9. SURVIVAL O F  MICE IN THE TWO-YEAR GAVAGE STUDIES OF FURFURAL 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 

MALE (a) 

Animals initially in study 50 50 50 50 

Natural deaths 9 
Moribund kills 6 
Killed accidentally 0 
Missing 0 
Animals surviving to study termination 35 
Mean survival (days) 663 

12 13 
8 12 
2 0 
0 1 

28 24 
646 655 

9 
8 
6 
0 

27 
610 

Survival P values (b) 0.469 0.373 0.079 0.605 

FEMALE (a) 

Animals initially in study 50 50 50 50 

Natural deaths 8 
Moribund kills 8 
Killed accidentally 1 
Animals surviving to study termination 33 
Mean survival (days) 667 

9 12 
11 9 
2 0 

28 29 
650 659 

11 
7 
0 

32 
671 

Survival P values (b) 0.839 0.486 0.401 0.842 

(a)  First day of termination period: 729 
(b) The result ofthe life table trend test is in the vehicle control column, and the results of the life table pairwise comparisons 
with the vehicle controls a re  in the dosed columns. 
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III. RESULTS: MICE 

chronic inflammatory cells, principally macro- 
phages. The pigment was granular, light green- 
ish-brown material that appeared to represent 
bile and was present within macrophages. Lo- 
calization of the lesion near the serosa may be 
related to the direction of lymphatic flow. 

I-Jepatocellular adenomas and hepatocellular 
carcinomas occurred with significant positive 
trends in dosed male mice and were significantly 

increased in high dose males. Hepatocellular 
adenomas occurred with a positive t r end  in 
dosed female mice and were significantly in- 
creased in high dose females (Table 10). 

Hepatocellular adenomas were discrete expan- 
sile masses that compressed the surrounding pa- 
renchyma and were composed of closely packed 
cords of hepatocytes, which were no longer 
arranged in a normal lobular pat tern.  The  

TABLE 10. HEPATOCELLULAR NEOPLASMS IN MICE IN THE TWO-YEAR GAVAGE STUDIES OF 
FURFURAL (a) 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 

MALE 

Adenoma 
OveralI Rates 
Terminal Rates 
Day of First Observation 
Logistic Regression Tests 

Carcinoma 
Overall Rates 
Terminal Rates 
Day of First Observation 
Logistic Regression Tests 

9/50 (18%) 13/50(26%) 11/49(22%) 19/50(38%) 
8/35 (23%) 9/28 (32%) 6/24 (25%) 13/27 (48%) 
611 49 1 57 1 563 
P= 0.008 P=0.201 P=0.292 P = 0.008 

7/50 (14%) 12/50 (24%) 6/49 (12%) 21/50 (42%) 
4/35 (1 1%) 5/28 (18%) 2/24(8%) 9/27 (33%) 
456 433 620 456 
P=0.002 P = 0.157 P = 0.516N P = 0.001 

Adenoma or Carcinoma (b) 
Overall Rates 16/50 (32%) 22/50 (44%) 17/49 (35%) 32/50 (64%) 
Terminal Rates 12/35 (34%) 13/28 (46%) 8/24 (33%) 17/27 (63%) 
Day of First Observation 456 433 571 456 
Logistic Regression Tests P < 0.00 1 P=0.136 P = 0.431 P<O.OOl  

FEMALE 

Adenoma 
Overall Rates 
Terminal Rates 
Day of First Observation 
Logistic Regression Tests 

Carcinoma 
Overall Rates 
Terminal Rates 
Day of First Observation 
Logistic Regression Tests 

1/50 (2%) 3/50 (6%) 5/50 (10%) 8/50 (16%) 
1/33 (3%) 3/28 (11%) 3/29 (10%) 6/32 (19%) 
729 729 493 615 
P = 0.007 P = 0.247 P = O . l O O  P =0.017 

4/50 (8%) 0/50 (0%) 2/50 (4%) 4/50 (8%) 
4/33 (12%) 0128 (0%) 1/29 (3%) 3/32 (9%) 
729 611 549 
P=0.402 P = 0.085N P = 0.366N P = 0.640 

Adenoma or Carcinoma (c) 
Overall Rates 5/50 (10%) 3/50 (6%) 7/50 (14%) 12/50(24%) 
Terminal Rates 5/33 (15%) 3/28(11%) 4/29(14%) 9/32 (28%) 

Logistic Regression Tests P = 0.01 1 P=0.448N P=0.352 P=0.051 
Day of First Observation 729 729 493 549 

(a) For a complete explanation of the entries in this table, see Table C3 (footnotes); the statistical analyses used are discussed 
in Section II (Statistical Methods). 
(b) Historical incidence a t  study laboratory (mean * SD): 168/448 (38% k 10%); historical incidence in NTP studies: 
71312,183 (33% k 9%) 
(c) Historical incidence a t  study laboratory (mean k SD): 281450 (6% f 2%); historical incidence in NTP studies: 162/2,188 
(7% f 5%) 
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III. RESULTS: MICE 

neoplastic hepatocytes appeared relatively well 
differentiated, although cytoplasmic staining 
was often more eosinophilic or, Iess commonly, 
more basophilic or vacuolated than normal hep- 
atocytes. Carcinomas were also discrete expan- 
sile masses but differed from adenomas in that 
the neoplastic hepatocytes generally were mod- 
erately to highly pleomorphic or even anaplastic 
compared with adenomas and the growth pat- 
terns within carcinomas were often highly ab- 
normal, with neoplastic cells forming broad tra- 
beculae or glandlike structures that were many 
cell layers thick. A few carcinomas also metas- 
tasized, principally to the lung. 

Forestomach: Hyperplasia was observed a t  in- 
creased incidences in dosed female mice (Table 
11). Squamous cell papillomas in female mice 
occurred with a significant positive trend; the in- 
cidence in the high dose group was not signifi- 
cantly greater than that in vehicle controls. 

Papillomas were focal exophytic masses consist- 
ing of a complex branching core of fibrous tissue 
connected to the forestomach wall by a fibrous 
stalk that was covered by a thickened layer of 
stratified squamous epithelium. Forestomach 
hyperplasia was characterized by focal thicken- 
ing of the stratifled squamous epithelium that  
was sometimes folded. Hyperplasia was a broad- 

based lesion that lacked the complex structure 
and fibrous tissue cores of the papillomas. 

Kidney: Hyperplasia of the renal tubules oc- 
curred in one low dose male mouse. Cortical 
adenomas occurred in 1/49 mid dose and 1/50 
high dose males, and a cortical carcinoma was 
seen in 1/50 low dose males. The incidences of 
cortical adenomas or carcinomas (combined) in 
male mice were 0/50 (vehicle control), 1/50 (low 
dose), 1/49 (mid dose), and 1/50 (high dose). The 
historical incidence of renal cortical or tubular 
cell neoplasms in male corn oil vehicle control 
B6C3F1 mice is 8/2,183. A cortical adenoma oc- 
curred in one low dose female mouse. 

Renal tubular hyperplasia, adenoma, and car- 
cinoma are  part of a morphologic continuum and 
were distinguished on the basis of size, degree of 
alteration of growth pattern, and cellular pleo- 
morphism and atypia. The hyperplasia consist- 
ed of cross-sections of an  enlarged, dilated tubule 
with a prominent epithelium several cell layers 
thick. The adenomas were discrete expansile 
masses that displaced the normal renal paren- 
chyma. They consisted of small compact tubules 
or solid clusters of epithelial cells with enlarged 
nuclei. The carcinoma was larger than the ade- 
nomas, with a more heterogeneous growth pat- 
tern and greater cellular pleomorphism. 

TABLE 11.  FORESTOMACH LESIONS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY OF 
FURFURAL (a) 

~ ~~ ~ ~~ 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 

Hyperplasia 
Overall Rates 3/50 (6%) 5/50 (10%) 5/50 (10%) 0/50 (0%) 

Squamous Papilloma (b) 
0150 (0%) 1/50 (2%) 6/50 (12%) Overall Rates 1/50 (2%) 

Terminal Rates 1/33 (3%) 0/28 (0%) 0129 (0%) 2/32 (6%) 
Day of First Observation 729 523 596 
Logistic Regression Tests P=0.005 P=0.533N P=0.763 P=0.058 

( a )  For a complete explanation of the entries in this table, see Table D3 (footnotes); the statistical analyses used are  discussed 
in Section II (Statistical Methods). 
(b) Historical incidence of forestomach papillomas or carcinomas (combined) at study laboratory (mean f SD): 81446 
(2% f 3%); historical incidence in NTP studies: 37/2,144 (2% f 3%) 
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III. RESULTS: GENETIC TOXICOLOGY 

Furfural (33-6,666 pg/plate) was tested in two 
laboratories for induction of gene mutations in 
Salmonella typhimurium strains TA98, TA100, 
'TA1535, and TA1537 in a preincubation protocol 
with and without Aroclor 1254-induced male 
'Sprague Dawley rat or Syrian hamster liver S9 
l(Morte1mans et  al., 1986; Table Hl ) .  Results of 
the Case Western Reserve University study were 
negative in all four strains,  but in the study 
performed at SRI International, a n  equivocal 
response was noted in strain TA100 without S9. 
Furfural induced trifluorothymidine resistance 
in mouse L5178Y/TK lymphoma cells at doses of 
200 and 400 pg/ml in the absence of S9; i t  was 
not tested with S9 (McGregor et al., 1988; Table 
H2). In cytogenetic tests with Chinese hamster 
ovary cells, furfural induced sister chromatid 
exchanges (SCEs) (Table H3) and chromosomal 
aberrations (Table H4) in both the presence and 
absence of Aroclor 1254-induced male Sprague 
Dawley rat  liver S9. Chemical-induced cell cycle 

delay was observed in both tests; significant in- 
creases in SCEs were observed in trials where de- 
layed harvest was used, as well as in trials har- 
vested at the normal time (26 hours). In germ 
cells of male Drosophila melanogaster, furfural 
administered by abdominal injection (100 ppm) 
induced a significant increase in sex-linked re- 
cessive lethal mutations; no increase was ob- 
served when furfural was administered by feed- 
ing (1,000 ppm) (Woodruff e t  al . ,  1985; Table 
H5). Furfural administered by abdominal injec- 
tion (100 ppm) did not induce reciprocal translo- 
cations in the germ cells of male Drosophila 
(Woodruff et  al.,  1985; Table H6). Furfural did 
not induce SCEs or chromosomal aberrations in 
bone marrow cells of male B6C3F1 mice when 
administered by intraperitoneal injection at 
doses of 50, 100, or 200 mg/kg (Tables H7 and 
H8). The experimental procedures and results 
are  presented in Appendix H. 
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Furfural is a precursor for an  industrially impor- 
ltant class of aromatic compounds containing the 
furan ring, which includes furan, furfuryl alco- 
Ihol, and tetrahydrofuran. Furfural is produced 
:in large quantities and is used in numerous in- 
dustrial processes that may involve occupational 
exposure. As a result of its formation from the 
:thermal decomposition of carbohydrates, espe- 
cially fructose, furfural is also present in numer- 
ous food and beverage products. Because of the 
;absence of reliable data concerning the effects of 
long-term exposure to furfural, 2-year toxicology 
(and carcinogenesis studies were conducted in 
F344/N rats and B6C3F1 mice. 

During the 16-day and 13-week studies, expo- 
:sure to furfural at the highest dose reduced sur- 
vival of both rats and mice. At doses below the 
highest in the 13-week studies, mean absolute 
kidney and liver weights, as well as their ratio to 
mean body weights, were increased for male rats; 
mean liver weights and liver to body weight 
ratios were increased fol. female mice. Histolog- 
ic lesions associated with chemical exposure in- 
Icluded cytoplasmic vacuolization of hepatocytes 
in male rats and hepatocellular necrosis and in- 
flammation of the liver in male and female mice. 
'These toxic responses were used as a basis for 
selecting doses for the 2-year studies. 

[n the 2-year studies, exposure to furfural had no 
effect on the mean body weights of male or fe- 
male rats. Survival of male rats and low dose fe- 
male rats was similar to that of vehicle controls. 
Survival of high dose female rats was slightly 
lower than survival of vehicle controls due to an  
unusually large number of accidental deaths. 
Many of these deaths appeared to be gavage 
related; consequently, early in the 2-year study, 
a concerted effort was begun, involving repre- 
sentatives from both the National Toxicology 
Program (NTP) and the study laboratory, to 
identify and correct the underlying cause(s) of 
the accidental deaths. 

Nothing was found to indicate that gross error in 
the preparation or administration of the dose for- 
mulations was involved. The deaths were not 
clustered in time as might occur if technician 
e r r o r  were  involved bu t  i n s t ead  occurred  
throughout the studies, with the first gavage- 
related death occurring a t  week 39 and the last 

at week 100. Examination of necropsy forms for 
high dose female rats in the 2-year study re- 
vealed that deaths coded as dosing accidents 
nearly always involved gross observation of oil 
in the trachea. Conditions that would clearly in- 
dicate poor gavage technique, such as perfora- 
tion of the esophagus or oil in the thoracic cavi- 
ty, were seen in only three females. All ra ts  
were dosed a t  5 ml/kg body weight, and since 
there were no significant body weight differ- 
ences between groups of female rats, the high 
dose animals received dose volumes similar to 
those given all other groups. Therefore, dif- 
ferences in the volume of the dose formulation 
administered cannot account for these observa- 
tions. The same technicians, using identical sy- 
ringes and gavage needles, administered dose 
formulations to all rats; if poor gavage technique 
were a problem, a more even distribution of 
gavage-related deaths across other groups of 
rats would be expected. Moreover, there were 
only two gavage-related deaths in male mice and 
one gavage-related death in female mice, even 
though dosing tecb.nicians were rotated among 
rats and mice throughout the studies. Based on 
these considerations, gavage technique alone 
does not appear to account for the large number 
of accidental deaths in the high dose group of 
female rats. Although oil in the trachea or lung 
might have resulted from direct deposition of the 
chemical-vehicle formulation into the airway 
during gavage, reflex regurgitation after gavage 
would cause a similar finding. The potential in- 
fluence of chemically related toxicity or of a 
pharmacologic effect is also a consideration; 
however, it was not possible to determine the ex- 
act cause of these deaths. 

Since the gavage-related deaths occurred ran- 
domly throughout the study (weeks 39-1001, the 
number of high dose female rats a t  risk was not 
precipitously reduced a t  an early time; survival 
was 85% that of vehicle controls a t  week 93 and 
78% a t  week 97. This was considered adequate 
to detect carcinogenic activity. However, no 
compound-related neoplastic lesions or lesions 
generally considered to be preneoplastic were 
observed a t  any site in early death animals or 2- 
year survivors in either group of chemically ex- 
posed female rats. Moreover, exposure to fur- 
fural did not affect the incidence of spontaneous 
neoplasms in either dose group. In the absence 
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of any indication of carcinogenic activity and 
with adequate survival in both dose groups, this 
study was considered a n  adequate evaluation of 
carcinogenic potential and was interpreted as 
indicating no evidence of carcinogenic activity of 
furfural in female rats. 

Cholangiocarcinomas were present in two high 
dose male rats,  and a similar lesion (biliary 
dysplasia with fibrosis) was present i n  two 
additional high dose male rats. The Pathology 
Working Group that reviewed the lesions consid- 
ered the latter to be an early stage in the devel- 
opment of cholangiocarcinoma. The terminology 
reported in the literature for this spectrum of le- 
sions is confusing and reflects uncertainty about 
the biologic potential of the more benign-appear- 
ing lesions. Cholangiofibrosis, cholangiofibro- 
ma, cystic cholangioma, and cholangiocarcinoma 
are closely related lesions that are distinguished 
on the basis of the degree of proliferation and 
anaplasia of the biliary epithelium, evidence of 
invasive behavior, and the amount of fibrous 
connective tissue stroma. The lesion diagnosed 
a s  biliary dysplasia and fibrosis in these studies 
is similar to chemically induced lesions termed 
cholangiofibrosis or cholangiofibroma in other 
studies (Bannasch et al., 1985). 

Although the biologic potential of biliary dyspla- 
sia with fibrosis (cholangiofibrosis) is uncertain, 
the malignant nature of cholangiocarcinoma is 
clear. In 2-year gavage studies conducted con- 
currently with the present studies in the same 
laboratory (NTP unpublished data),  furan, a 
structurally related chemical, induced a high 
incidence of cholangiocarcinomas in rats of each 
sex. The malignancy of the neoplasms was con- 
firmed by the presence of metastases to the  
lymph nodes, adrenal gland, and lung in several 
high dose male and female rats. In addition, frag- 
ments of cholangiocarcinomas taken at necropsy 
from several neoplasm-bearing animals  and 
transplanted subcutaneously into the inguinal 
region of 6-week-old male and female F344 rats 
grew rapidly into large subcutaneous masses, 
several of which metastasized (Montgomery et  
al.,  1986). 

Cholangiocarcinomas are  uncommon neoplasms 
in F344/N rats and have been observed in only 

3/2,145 corn oil vehicle control male rats in  pre- 
vious NTP 2-year studies. Moreover, the sponta- 
neous cholangiocarcinomas usually exhibited 
less fibrosis and atypia of the biliary epithelium 
than were observed in the neoplasms in the cur- 
rent studies. Since both cholangiocarcinoma and 
biliary dysplasia with fibrosis occurred in high 
dose male rats, their presence was judged to con- 
stitute some evidence of carcinogenic activity. 

Exposure to furfural for 2 years had no effect on 
the survival or mean body weights of mice. In 
males, the incidences of hepatocellular adeno- 
mas and hepatocelluar carcinomas were signifi- 
cantly increased in the high dose group. The 
increase in carcinomas was particularly note- 
worthy, with the incidence in  the high dose 
group being threefold greater than the incidence 
in the vehicle control group. The significant in- 
creases in the incidences of both benign and ma- 
lignant neoplasms were considered to be chem- 
ically related and were interpreted as clear  
evidence of carcinogenic activity. 

In female mice, incidences of hepatocellular ade- 
nomas increased with dose and were signifi- 
cantly greater in the high dose group; however, 
the incidences of carcinomas were not increased. 
Although this response was not as strong as that 
observed in males because of the lack of a n  in- 
crease in carcinomas, the dose response and sig- 
nificant increase in the high dose group were 
considered a s  some evidence of carcinogenic ac- 
tivity. This conclusion is supported by studies of 
other compounds containing a furan ring; in 
NTP 2-year studies of furan (NTP unpublished 
data) and benzofuran (NTP, 1989a), compounds 
structurally very similar to furfural, the liver 
was the major target organ in both short-term 
and 2-year studies; both compounds produced 
marked increases of hepatocellular neoplasms in 
each sex of mice . 

As part of a n  effort to identify oncogenes ex- 
pressed in chemically induced neoplasms, sam- 
ples of tumor tissue from 3 hepatocellular ade- 
nomas and 13 hepatocellular carcinomas were 
collected a t  necropsy from furfural-exposed mice 
and were frozen in liquid nitrogen. DNA ex- 
tracted from these samples was then evaluated 
for the presence of transforming genes in the NIH 
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3T3 transfection assay. Stable transfectants 
were obtained from 213 adenomas and 11/13 car- 
cinomas, with approximately equal transfor- 
mation efficiencies exhibited by DNA from both 
the adenomas and carcinomas. Hybridization to 
Emuthern blots of primary transfectant DNA 
revealed amplified H-ras sequences in the 2 ade- 
nomas and in 7 of the 11 carcinomas, and am- 
plified K-rus was revealed in another carcinoma. 
Transfectant DNA from the remaining three 
carcinomas did not show any indication of am- 
plified or rearranged sequences with any of the 
probes that were used, and therefore transform- 
ing genes from these neoplasms were not identi- 
fied (Reynolds et  al., 1987). 

finalysis of activating mutations in H-ras re- 
vealed one adenoma and five carcinomas con- 
taining point mutations in codon 61. H-ras from 
the other adenoma and from one other carcino- 
ma contained point mutations in codon 13, and 
H-rus from another carcinoma contained a point 
mutation in codon 117. Thus, transforming 
DNA from liver neoplasms in furfural-exposed 
mice contained H-ras with activating mutations 
in three separate codons, activated K-ras, and 
potentially up to three additional unidentified 
transforming genes. 

A similar pattern of activation was found in 
samples of hepatocellular adenomas or carci- 
nomas collected from chemically exposed mice a t  
the end of the furan carcinogenicity study (Rey- 
nolds et  al., 1987; NTP unpublished results). 
DNA from 9 of 19 adenomas and 4 of 10 carcino- 
mas produced stable transfectants. Of the nine 
adenomas, seven were found to contain activated 
II-ras (four with mutations in codon 61, three 
with mutations in codon 117) and two contained 
activated K-ras. Three of the four carcinomas 
contained activated H-ras (one with a codon 61 
mutation, one with a codon 117 mutation, one 
with a mutation in a n  unidentified codon), and 
one carcinoma contained activated raf. 

Thus, liver neoplasms from mice exposed to fur- 
fural or furan exhibited a pattern of oncogene ac- 
tivation involving multiple ras alleles, muta- 
tions in multiple codons of the same ras allele, 
and activation of non-ras transforming genes. In 
contrast, a more restricted pattern of oncogene 
activation has  been found in spontaneously 

occurring liver neoplasms in mice. Of 17 sponta- 
neous liver neoplasms from B6C3F1 mice evalu- 
ated in the NIH 3T3 transfection assay, 15 con- 
tained H-ras activated by point mutations in  
codon 61, 1 contained activated raf, and 1 con- 
tained an unidentified transforming gene (Rey- 
nolds et  al., 1986,1987). 

Kidney neoplasms also were observed in chemi- 
cally exposed male mice. Cortical adenomas were 
found in one mid dose male and one high dose 
male, and a cortical carcinoma was found in one 
low dose male; a cortical adenoma was found in 
one low dose female. These are  urtcommon neo- 
plasms in B6C3F1 mice, having been observed in 
only 8 of 2,183 male vehicle control B6C3F1 mice 
in NTP corn oil gavage studies. Moreover, kidney 
neoplasms have occurred in chemically exposed 
mice in very few previous NTP or National 
Cancer Institute 2-year studies (nitrilotriacetic 
acid, NCI, 1977; tris(2,3-dibromopropyl)phos- 
phate, NCI, 1978; bromodichloromethane, NTP, 
1987b; N-phenyl-2-naphthylamine, NTP, 1988; 
and a-methyldopa sesquihydrate, NTP, 1989). 

Renal tubular cell hyperplasia was observed in 
only a single mouse, a low dose male. Since tubu- 
lar cell neoplasms are generally thought to be 
part of a morphologic continuum from hyperpla- 
sia to adenoma and carcinoma, a more substan- 
tial hyperplastic response might have been ex- 
pected if induction due to chemical exposure 
were involved. Moreover, the incidences of these 
neoplasms were not dose related. Therefore, i t  is 
difficult to judge the strength of the association 
between chemical exposure and the presence of 
these neoplasms. 

The incidences of hyperplasia and squamous 
papillomas of the forestomach were marginally 
increased in chemically exposed female mice. 
No papillomas occurred in the low dose group; 
one animal in the mid dose group and six ani- 
mals in the high dose group had papillomas, 
compared with one in the vehicle controls. Inci- 
dences of hyperplasia were marginally increased 
in chemically exposed animals, but hyperplasia 
was not observed in vehicle controls. However, 
the biologic potential of the papillomas is uncer- 
tain, since none progressed to malignant neo- 
plasms. Therefore, because of the low incidence 
of these neoplasms, their uncertain biologic 
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potential, and their possible relationship to ga- 
vage administration, the association with expo- 
sure to furfural was difficult to judge. 

The doses used in the 2-year studies were con- 
sidered adequate for evaluation of carcinogenic 
potential. Although mean body weights of chem- 
ically exposed animals were not reduced, body 
weight was not a sensitive indicator of furfural 
toxicity. During short-term studies, increased 
liver weights and incidences of hepatotoxic le- 
sions in rats and mice and compound-related 
deaths in rats occurred a t  doses that did not af- 
fect body weight gain. In the 2-year studies, cen- 
trilobular necrosis was increased in chemically 
exposed male r a t s  and  minimal  multifocal 
chronic inflammation and pigmentation were in- 
creased in chemically exposed mice of each sex. 
These results suggest that  higher doses in the 2- 
year studies would have resulted in more severe 
and perhaps l ife-threatening hepatotoxicity. 
Therefore, the doses used in the 2-year studies 
provided a n  adequate challenge without produc- 
ing severe toxic injury. 

The experimental and tabulated data  for the 
NTP Technical Report on furfural were examined 

for accuracy, consistency, completeness, and com- 
pliance with Good Laboratory Practice regula- 
tions. As summarized in Appendix J,  the audit 
revealed no major problems with the conduct of 
the studies or with collection and documentation 
of the experimental data. No discrepancies were 
found that influenced the final interpretation of 
the results of these studies. 

Under the conditions of these 2-year gavage 
studies, there was some evidence of carcinogenic 
activity* of furfural for male F344/N rats, based 
on the occurrence of uncommon cholangiocarci- 
nomas in two animals and bile duct dysplasia 
with fibrosis in two other animals. There was no 
evidence of carcinogenic activity for female  
F344/N rats that  received doses of 0, 30, or 60 
mg/kg furfural. There was clear evidence of car- 
cinogenic activity for male B6C3F1 mice, based 
on increased incidences of hepatocellular adeno- 
mas and hepatocellular carcinomas. There was 
some evidence of carcinogenic activity in female 
B6C3F1 mice, based on increased incidences of 
hepatocellular adenomas. Renal cortical adeno- 
mas or carcinomas in male mice and squamous 
cell papillomas of the forestomach in female mice 
may have been related to exposure to furfural. 

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 6.  
A summary of the Peer Review comments and the public discussion on this Technical Report appears on pages 9-10. 

47 Furfural, NTP TR 382 



Furfural, NTP TR 382 48 



V. REFERENCES 

49 Furfural, NTP TR 382 



V. REFERENCES 

1.  American Conference of Governmenta l  
Industrial Hygienists (ACGIH) (1988) Threshold 
Limit Values and Biological Exposure Indices 
for 1988-1989. Cincinnati: ACGIH, p. 22. 

2. Ames, B.N.; McCann, J . ;  Yamasaki, E. (1975) 
Methods for detecting carcinogens and muta- 
gens with the Salmonella/mammalian-micro- 
some mutagenicity test. Mutat. Res. 31:347-364. 

3. Armitage, P. (1971) Statistical Methods in  
Medical Research. New York: John Wiley & 
Sons, Inc., pp. 362-365. 

4. Bannasch, P.; Benner, U.; Zerban, H. (1985) 
Cholangiofibroma and  cholangiocarcinoma. 
Jones, T.U.; Mohr, U.; Hunt, R.D., Eds.: Mono- 
graphs on Pathology of Laboratory Animals. Di- 
gestive System, pp. 52-65. 

5. Boorman, G.A.; Montgomery, C.A., Jr . ;  Eus- 
tis, S.L.; Wolfe, M.J.; McConnell, E.E.; Hardisty, 
J .F.  (1985) Quality assurance in pathology for 
rodent carcinogenicity studies. Milman, H.;  
Weisburger, E., Eds.: Handbook of Carcinogen 
Testing. Park Ridge, NJ: Noyes Publications, 
pp. 345-357. 

6. Boyd, M.R. (1980) Biochemical mechanisms of 
pulmonary toxicity of furan derivatives. Hodg- 
son, E.; Bend, J . ;  Philpot, R., Eds.: Reviews in 
Biochemical Toxicology. New York: Elsevier/ 
North Holland, pp. 71-101. 

7. Burka, L.T.; Boyd, M.R. (1985) Furans. Bio- 
activation of Foreign Compounds. New York: 
Academic Press. 

8. Clive, D.; Johnson, K.O.; Spector, J.F.S.; Bat- 
son, A.G.; Brown, M.M.M. (1979) Validation and 
characterization of the L5178Y/TK+'- mouse 
lymphoma mutagen assay system. Mutat. Res. 
59:61-108. 

9. Cox, D.R. (1972) Regression models and life 
tables. J. R. Stat. SOC. B34:187-220. 

10. Dinse, G.E.; Haseman, J.K. (1986) Logistic 
regression analysis of incidental-tumor da ta  
from animal carcinogenicity experiments. Fun- 
dam. Appl. Toxicol. 6:44-52. 

11 .  Dinse, G.E.; Lagakos, S.W. (1983) Regression 
analysis of tumour prevalence data. J.  R. Stat. 
SOC. C32:236-248. 

12. Dunn, O.J. (1964) Multiple comparisons us- 
ing rank sums. Technometrics 6:241-252. 

13. Durham, S.K.; Boyd, M.R.; Castleman, W.L. 
(1985) Pulmonary endothelial and bronchiolar 
epithelial lesions induced by 4-ipomeanol i n  
mice. Am. J. Pathol. 118:66-75. 

14. Feron, V . J .  (1972) Respiratory tract tumors 
in hamsters after intratracheal instillations of 
benzo(a)pyrene alone and with furfural. Cancer 
Res. 32:28-36. 

15. Feron, V.J.; Kruysse, A. (1978) Effects of ex- 
posure to furfural vapor in hamsters simultane- 
ously treated with benzo(a)pyrene or diethylni- 
trosamine. Toxicology 11:127-144. 

16. Flek, J . ;  Sedivec, V. (1978) The absorption, 
metabolism, and excretion of furfural in man. 
Int. Arch. Occup. Environ. Health 41: 159-168. 

17. Galloway, S.M.; Bloom, A.D.; Resnick, M.; 
Margolin, B.H.; Nakamura, F.; Archer, P.; Zei- 
ger, E. (1985) Development of a standard pro- 
tocol for in vitro cytogenetic testing with Chi- 
nese hamster ovary cells: Comparison of results 
for 22 compounds in two laboratories. Environ. 
Mutagen. 7:l-51. 

18. Gammal, L.M.; Wiley, R.A.; Traiger, G.; Has- 
chek, W.M.; Barban, S. (1984) Toxicity-distribu- 
tion relationships among 3-alkylfurans in  the 
mouse lung. Toxicology 30:177-184. 

19. Gart, J .J . ;  Chu, K.C.; Tarone, R.E. (1979) 
Statistical issues in  interpretation of chronic 
bioassay tests for carcinogenicity. J. Natl. Can- 
cer Inst. 62:957-974. 

20. Gomez-Arroyo, S.; Souza, V.S. (1985) In vitro 
and occupational induction of sister-chromatid 
exchanges in human lymphocytes with furfuryl 
alcohol and furfural. Mutat. Res. 156:233-238. 

21. Haseman, J .K.  (1984) Statistical issues in  
the design, analysis and interpretation of ani-  
mal carcinogenicity studies. Environ. Health 
Perspect. 58:385-392. 

Furfural, NTP TR 382 50 



V. REFERENCES 

22. Haseman, J . K . ;  Huff, J . ;  Boorman, G.A. 
(1984) Use of historical control data in carcino- 
genicity studies in rodents. Toxicol. Pathol. 12: 
126-135. 

23. Haseman, J.K.; Huff, J . ;  Rao, G.N.; Arnold, 
J.; Boorman, G.A.; McConnell, E.E. (1985) Neo- 
plasms observed in untreated and corn oil ga- 
vage control  groups of F344/N r a t s  a n d  
(C57BL/6N X C3H/HeN)Fl (B6C3F1) mice. J. 
Natl. Cancer Inst. 75:975-984. 

24. Haworth, S.; Lawlor, T.; Mortelmans, K.; 
Speck, W.; Zeiger, E. (1983) Salmonella muta- 
genicity test results for 250 chemicals. Environ. 
Mutagen. Suppl. 1:3-142. 

25. Irwin, R.D.; Enke, S.B.; Prejean, J.D. (1985) 
Urinary metabolites of furfural and furfuryl al- 
cohol in F344/N rats. Toxicologist 5:240. 

26. Jonckheere, A. (1954) A distribution-free k- 
sample test against ordered alternatives. Bio- 
metrika 41: 133-145. 

27. Kaplan, E.L.;  Meier, P. (1958) Nonpara- 
metric estimation from incomplete observations. 
J.  Am. Stat. Assoc. 53:457-481. 

28. Kastenbaum, M.A.; Bowman, K.O. (1970) 
Tables for determining the statistical signifi- 
cance of mutation frequencies. Mutat. Res. 9: 
527-549. 

29. Kirk-Othmer Encyclopedia of Chemical 
Technology (1978) Vol. 11. Ic'ew York: John 
Wiley & Sons, Inc., pp. 499-510. 

30. Maga, J.A. (1979) Furans in foods. CRC Crit. 
Rev. Food Sci. Nutr. 4:355-399. 

31. March, G. (1978) Advanced Organic Chemis- 
try. New York: John Wiley & Sons, Inc. 

32. Margolin, B.H.; Collings, B.J.; Mason, J .M.  
(1983) Statistical analysis and sample-size de- 
terminations for mutagenicity experiments with 
binomial responses. Environ. Mutagen. 5:705- 
716. 

33. Margolin, B.H.; Resnick, M.A.; Rimo, J.Y.; 
Archer, P.; Galloway, S.M.; Bloom, A.D.; Zeiger, 
E. (1986) Statistical analysis for in vitro cyto- 
genetic assays using Chinese hamster  ovary 
cells. Environ. Mutagen. 8:183-204. 

34. Marnett, L.J.; Hurd, H.K.; Hollstein, M.C.; 
Levin, D.E.; Esterbauer, H.; Ames, B.N. (1985) 
Naturally occurring carbonyl compounds a re  
mutagens in Salmonella tester s t ra in  TA104. 
Mutat. Res. 148:25-34. 

35. Maronpot, R.R.; Boorman, G.A. (1982) Inter- 
pretation of rodent hepatocellular proliferative 
alterations and hepatocellular tumors in chemi- 
cal safety assessment. Toxicol. Pathol. 10:71-80. 

36. McConnell, E.E.; Solleveld, H.A.; Swenberg, 
J.A.; Boorman, G.A. (1986) Guidelines for com- 
bining neoplasms for evaluation of rodent car- 
cinogenesis studies. J. Natl. Cancer Inst. 76: 
283-289. 

37. McFee, A.F.; Lowe, K.W.; San  Sebastian, 
J.R. (1983) Improved sister-chromatid differen- 
tiation using paraffin-coated bromodeoxyuridine 
tablets in mice. Mutat. Res. 119233-88. 

38. McGregor, D.B.; Brown, A.; Cattanach, P.; 
Edwards, I.; McBride, D.; Caspary, W.J. (1988) 
Responses of the L5178Y tkf / tk-  mouse lym- 
phoma cell forward mutation assay: II. 18 coded 
chemicals. Environ. Molec. Mutagen. 11:91-118. 

39. McKnight, B.; Crowley, J. (1984) Tests for 
differences in tumor incidence based on animal 
carcinogenesis experiments. J. Am. Stat. Assoc. 
791639-648. 

40. McMahon, R.E.; Cline, J.C.; Thompson, C.Z. 
(1979) Assay of 855 test chemicals in ten tester 
strains using a new modification of the Ames 
test for bacterial mutagens. Cancer Res. 39:682- 
693. 

41. McMurty, R.J.; Mitchell, J.R. (1977) Renal 
and hepatic necrosis after metabolic activation 
of 2-substituted furans and thiophenes, includ- 
ing furosemide and cephaloridine. Toxicol. Appl. 
Pharmacol. 42:285-300. 

51 Furfural, NTP TR 382 



‘V. REFERENCES 

42. Montgomery, C.A.; Giles H.D.; Dykos, D.J.; 
Irwin, R.D. (1986) Transplantation of Furan In- 
duced Cholangiocarcinomas in F344 Rats. Den- 
ver: Annual Meeting of ACUP. 

43. Mortelmans, K.; Haworth, S.; Lawlor, T.;  
Speck, W.; Tainer, B.; Zeiger, E. (1986) Salmo- 
nella mutagenicity tests. II. Results from the 
testing of 270 chemicals. Environ. Mutagen. 
8(SUppl. 7): 1-1 19. 

44. Myhr, B.; Bowers, L.; Caspary, W.J. (1985) 
Assays for the induction of gene mutations a t  
the thymidine kinase locus in L5178Y mouse 
lymphoma cells in culture. Prog. Mutat. Res. 
5555-568. 

45. National Cancer Ins t i tu te  (NCI)  (1976) 
Guidelines for Carcinogen Bioassay in  Small  
Rodents. NC1 Technical Report No. 1. U.S. De- 
partment of Health,  Education, and Welfare, 
I’ublic Health Service, National Institutes of 
Health, Bethesda, MD. 65 p. 

46. National Cancer Institute (NCI) (1977) Bio- 
assays of Nitrilotriacetic Acid (NTA) and Ni- 
trilotriacetic Acid, Trisodium Salt, Monohydrate 
(Na3NTA * H201 for Possible Carcinogenicity. 
IYCI Technical Report No. 6. U.S. Department of 
Health, Education, and Welfare, Public Health 
!service, National Institutes of Health, Bethesda, 
IMD. 185p. 

47. National Cancer Institute (NCI) (1978) Bio- 
assay of Tris (2,3-Dibromopropyl) Phosphate for 
I?ossible Carcinogenicity. NC1 Technical Report 
No. 76. U.S. Department of Health, Education, 
;and Welfare, Public Health Service, National In- 
rstitutes of Health, Bethesda, MD. 

48. National Institutes of Health (NIH) (1978) 
Open Formula Rat and Mouse Ration (NIH-07). 
!specification NIH-11-1335. U.S. Department of 
Health, Education, and Welfare, Public Health 
!service, National Institutes of Health, Bethesda, 
IMD. 

49. National Toxicology Program (NTP) (1987a) 
!studies of Chemical Disposition in Mammals: 
The Effect of Dose on the Chemical Disposition 
of Furfural in Rats After Oral Administration. 
NIEHS Contract No. N01-ES-66138. Arthur D. 
]Little, Inc. 

50. National Toxicology Program (NTP) (198713) 
Toxicology and Carcinogenesis Studies of Bro- 
modichloromethane in F344/N Rats and B6C3F1 
Mice. NTP Technical Report No. 321. U.S. De- 
partment of Health and Human Services, Public 
Health Service, National Institutes of Health,  
Research Triangle Park, NC. 182 p. 

51. National Toxicology Program (NTP) (1988) 
Toxicology and Carcinogenesis Studies of N -  
Phenyl-2-naphthylamine in F344/N Rats and 
B6C3F1 Mice. NTP Technical Report No. 333. 
U.S. Department of Health and Human Ser- 
vices, Public Health Service, National Institutes 
of Health, Research Triangle Park,  NC. 168 p. 

52. National Toxicology Program (NTP) (1989) 
Toxicology and Carcinogenesis Studies of alphu- 
Methyldopa Sesquihydrate in F344/N Rats and 
B6C3F1 Mice. NTP Technical Report No. 348. 
U.S. Department of Health and Human Ser- 
vices, Public Health Service, National Institutes 
of Health, Research Triangle Park,  NC. 184 p. 

53. National Toxicology Program (NTP) (1990) 
Toxicology and Carcinogenesis Studies of Benzo- 
furan in F344/N Rats and B6C3F1 Mice. NTP 
Technical Report No. 370. U.S. Department of 
Health and Human Services, Public Health Ser- 
vice, National Institutes of Health,  Research 
Triangle Park,  NC. 189 p. 

54. Osawa, T.; Namiki, M. (1982) Mutagen for- 
mation in the reaction of nitrite with the food 
components analogous to sorbic acid. Agric. 
Biol. Chem. 46:2299-2304. 

55. The Quaker Oats Company (1974) QO Fur- 
fural: General Information, Properties, Han- 
dling, Applications. Bulletin 203C. Chemicals 
Division, The Quaker Oats Company. 

56. Reynolds, S.H.; Stowers, S.J.; Maronpot, R.R.; 
Anderson, M.W.; Aaronson, S.A. (1986) Detec- 
tion and identification of activated oncogenes in 
spontaneously occurring benign and malignant 
hepatocellular tumors of the  B6C3F1 mouse 
Proc. Natl. Acad. Sci. USA 83:33-37. 

57. Reynolds, S.H.;  Stowers, S.J.; Patterson, 
R.M.; Aaronson, S.A.; Anderson, M.W. (1987) 
Activated oncogenes in B6C3F1 mouse liver tu- 
mors: Implications for risk assessment. Science 
237: 1309-1316. 

Furfural, NTP TR 382 52 



V. REFERENCES 

58. Sadtler Standard Spectra. IR No. 113; UV 
No. 42. Philadelphia: Sadtler Research Labora- 
tories. 

59. Sedivec, V.; Flek, J. (1978) Biologic moni- 
toring of persons exposed to furfural vapors. Int. 
Arch. Occup. Environ. Health 42:41-49. 

60. Shimizu, A. (1986) Experimental studies on 
hepatic cirrhosis and hepatocarcinogenesis. II. 
Influence of cirrhotic liver on 2-FAA hepatocar- 
cinogenesis in rats. Acta Pathol. Jpn. 36:1039- 
1048. 

61. Shirley, E. (1977) A non-parametric equiva- 
lent of Williams’ test for contrasting increasing 
dose levels of a treatment. Biometrics 33:386- 
389. 

62. Soska, J.; Koukalova, B.; Ebringer, L. (1981) 
Mutagenic activities of simple nitrofuran deriv- 
atives. I. Comparison of related compounds in 
the phage inductest, chloroplast-bleaching and 
bacterial-repair and mutagenicity tests. Mutat. 
Res. 81:21-26 

63. Stich, H.F.; Rosin, M.P.; Wu, C.H.; Powrie, 
W.D. (1981) Clastogenicity of furans found in 
food. Cancer Lett. 13:89-95. 

64. Tarone, R.E. (1975) Tests for trend in life ta- 
ble analysis. Biometrika 62:679-682. 

65. Varian High Resolution NMR Spectra Cata- 
log (1963) Vol. 1, No. 95. Varian Associates. 

66. Wiley, R.A.; Traiger, G.J.; Barban, S.; Gam- 
mal, L.M. (1984) Toxicity-distribution relation- 
ships among 3-alkylfurans in mouse liver and 
kidney. Toxicol. Appl. Pharmacol. 74:l-9. 

67. Williams, R.T. (1959) Detoxication Mecha- 
nisms, 2nd ed. New York: John Wiley & Sons, 
Inc., pp. 548-549. 

68. Wolf, C.R.; Statham, C.N.; McMenamin, 
M.G.; Bend, J .R. ;  Boyd, M.R.; Philpot, R.M. 
(1982) The relationship between the catalytic ac- 
tivities of rabbit pulmonary cytochrome P-450 
isozymes and the lung-specific toxicity of the 
furan derivative, 4-ipomeanol. Mol. Pharmacol. 
22:738-744. 

69. Woodruff, R.C.; Mason, J.M.; Valencia, R.;  
Zimmering, S. (1985) Chemical mutagenesis 
testing in Drosophila. V. Results of 53 coded 
compounds tested for the National Toxicology 
Program. Environ. Mol. Mutagen. 7:677-702. 

70. Zdzienicka, M.; Tudek, B.; Zielenska, M.; 
Szymczyk, T. (1978) Mutagenic activity of fur- 
fural in Salmonella typhimurium TA100. Mu- 
tat. Res. 58:205-209. 

53 Furfural, NTP TR 382 



Furfural, NTP TR 382 54 



APPENDIX A 

SUMMARY OF LESIONS IN MALE RATS IN 

THE TWO-YEAR GAVAGE STUDY OF FURFURAL 

TABLE A l  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF FURFURAL 

TABLE A2 INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF FURFURAL 

TABLE A3 ANALYSIS OF PRIMARY NEOPLASMS IN MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF FURFURAL 

TABLE A4a HISTORICAL INCIDENCE OF BILE DUCT NEOPLASMS IN MALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE 

HISTORICAL INCIDENCE OF FORESTOMACH SQUAMOUS CELL NEOPLASMS IN 
MALE F344/N RATS ADMINISTERED CORN OIL BY GAVAGE 

HISTORICAL INCIDENCE OF BODY CAVITY NEOPLASMS IN MALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN 
THE TWO-YEAR GAVAGE STUDY OF FURFURAL 

TABLE A4b 

TABLE A4c 

TABLE A5 

PAGE 

57 

60 

72 

76 

77 

78 

79 

55 Furfural, NTP TR 382 



* 

Furfural, NTP TR 382 56 



TABLE Al.  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGESTUDYOFFURFURAL 

Vehicle Control 30 mgfltg 60 mg/kg 

DISPOSITION SUMMARY 
Animals initially in study 
Early deaths 
Dosing accident 
Moribund 
Dead 

Terminal sacrifice 
Survivors 

Animals examined microscopically 

50 

6 
11 
2 

31 
50 

50 

7 
11 
4 

28 
50 

50 

8 
11 
7 

24 
50 

ALIMENTARY SYSTEM 

Fibrosarcoma 
Polyp adenomatous 

C holangiocarcinoma 
Chordoma, metastatic, uncertain primary site 
Hepatocellular adenoma 

Sarcoma 

Acinus, adenoma 
Acinus, adenoma, multiple 

Stomach, forestomach 
Leiomyosarcoma 
Papilloma squamous 
Squamous cell carcinoma 

Intestine small, jejunum 

Liver 

Mesentery 

Pancreas 

Stomach, glandular 

(49) 
1 (2%) 

(50) 

1 (2%) 
(5) 

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

(50) 

(50) 

(49) 

1 (2%) 
(50) 

(8) 

(50) 
3 (6%) 

(50) 
1 (2%) 

1 (2%) 
(50) 

(47) 

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

2 (22%) 

2 (4%) 

(9) 

(47) 

(50) 

2 (4%) 

(50) 

CARDIOVASCULAR SYSTEM 
Heart (50) 

Chordoma, metastatic, uncertain primary site 
(50) (50) 

1 (2%) 

ENDOCRINE SYSTEM 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma malignant 
Pheochromocytoma malignant, multiple 
Pheochromocytoma benign 
Pheochromocytoma benign, multiple 

Islets, pancreatic 
Adenoma 
Carcinoma 

Pituitary gland 
Pars distalis, adenoma 

Thyroid gland 
C-cell, adenoma 
C-cell, adenoma, multiple 
C-cell, carcinoma 
Follicular cell, carcinoma 

(50) 
(50) 

2 (4%) 

9 (18%) 
2 (4%) 

4 (8%) 
1 (2%) 

19 (38%) 

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

(50) 

(50) 

(50) 

(50) 
(49 ) 

2 (4%) 
1 (2%) 

12 (24%) 
1 (2%) 

5 (10%) 
1 (2%) 

18 (37%) 

2 (4%) 

(50) 

(49) 

(50) 

(47) 
(46) 

1 (2%) 

4 (9%) 
1 (2%) 

2 (4%) 
2 (4%) 

15 (30%) 

2 (4%) 

(47) 

(50) 

(50) 

GENERAL BODY SYSTEM 
None 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUD9 OF FURFURAL (Continued) 

GENITAL SYSTEM 
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 
Interstitial cell, adenoma, multiple 

(50) 
(49) 

1 (2%) 
1 (2%) 

(50) 
(47) 
(50) 

2 (4%) 
36 (72%) 

(50) 
(50) 

4 (8%)  
1 (2%) 

(50) 
(50) 
(50) 

9 (18%) 
35 (70%) 

(50 )  
(47) 

2 (4%) 
1 (2%) 

(50) 
(50) 
(50) 

4 (8%) 
35 (70%) 

HEMATOPOIETIC SYSTEM 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Thymus 
Sarcoma 

INTEGUMENTARY SYSTEM 

Adenocarcinoma 
Fibroadenoma 
Fibroadenoma, multiple 

Basal cell carcinoma 
Keratoacanthoma 
Papilloma squamous 
Squamous cell carcinoma 
Sebaceous gland, adenoma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, fibroma, multiple 
Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue, lipoma 

Mammary gland 

Skin 

(45) 

1 (2%) 

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

(50) 

(49) (47) 
1 (2%) 
1 (2%) 1 (2%) 

(50) (49) 

1 (2%) 
1 (2%) 

4 (8%)  

5 (10%) 2 (4%) 

2 (4%) 
1 (2%) 

1 (2%) 
1 (2%) 

MUSCULOSKELETAL SYSTEM 
Bone (50) (50) (50) 

Skeletal muscle (1) (2)  
Osteosarcoma 1 (2%) 

Chordoma, metastatic, uncertain primary site 1 (50%) 
Fibrosarcoma 1 (100%) 

NERVOUS SYSTEM 
Brain 

Astrocytoma malignant 
Granular cell tumor benign 

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

RESPIRATORY SYSTEM 
Lung (50) (50) (50) 

Alveolar/bronchiolar adenoma 1 (2%) 
Basal cell carcinoma, metastatic, skin 1 (2%) 
Chordoma, metastatic, uncertain primary site 1 (2%) 

Papilloma 1 (2%) 
Nose (50) (49) (50) 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF FURFURAL (Continued) 

Vehicle Control 30 mglkg 60 mg/kg 

SPECIAL SENSES SYSTEM 
Ear 

Pinna, schwannoma benign 
Zymbal gland 

Adenoma 
Carcinoma 

(1) (1) 

(3) 
1 (100%) 

2 (67%) 
1 (33%) 

(1) 
1 (100%) 

URINARY SYSTEM 
Kidney 
Urinary bladder 

(50) 
(50) 

(50) 
(50) 

(50) 
(49) 

SYSTEMIC LESIONS 
Multiple organs 

Leukemia mononuclear 
Mesothelioma malignant 

*(50) '(50) *(50) 
13 (26%) 15 (30%) 15 (30%) 
3 (6%) 3 (6%) 2 (4%) 

TUMOR SUMMARY 
Total animals with primary neoplasms ** 

Total animals with benign neoplasms 

Total animals with malignant neoplasms 

Total animals with secondary neoplasms *** 

Total animals with malignant neoplasms 

Total primary neoplasms 

Total benign neoplasms 

Total malignant neoplasms 

Total secondary neoplasms 

47 46 
122 131 
47 46 
94 101 
23 24 
28 30 

2 
4 

44 
106 
43 
79 
26 
27 
1 
4 
1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
*** Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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DAYS STUDY ON 

CAXCASS 
ID 

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

Esophagus 
ntestine large 
ntestine large, cecum 
ntestine large colon 
ntestine large: rectum 
ntestine small 
ntestine small, duodenum 
ntestine small, ileum 
ntestine small, jejunum 
Fibrosarcoma 

Liver 

Carcinoma 
Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 
Interstitial cell, adenoma, multiple 

__- 
+ + + + + + + + + + + + + + + + + ~ + + * + + + +  
+ + + + + + + + + + + + + + + + + L + + - + + + +  

+ + + + + + + + + * + + + + + + + + + + + + + +  

+ + + + M + + + + + + M t + + + - + + + + + + + +  + + + + + ~  + + + + + + + + + - + * - + + + - + + +  
+ + + + + + + + + + + - + + ~ + ~ - + + + + + + *  
+ M + + + + + f - + + * + + + + * - + t + - ~ + -  

+ + + + + + + + + + + * + - + + + - + + - - A + -  

+ + + + + + + + + + + + + + + + + + + + + + + * + ~  

+ + + + + + + + + ~ M + + + + + + r + + + + + + + +  + I  

x 

+ + ~ + + + + t + + + + + + + + + + + ~ i + t - - :  
. . . . . . . . . . . . . . . . . . . . . . . . . .  

x I 
t + + + + + + + + + T + + + + + + + + + ~ ~ + + + ~  

~ + + + + M M M + + + + L + + t + + + + + + + + +  + + + + + * + + + + + + + + + + + + - + + + + - : ~  

X 

x K X  x x  x x x x x x x x x x x  I 
+ : Tissue examined microscopirally M: Missing 

' Not examined A: Autolysis precludes examination I I  Insufficient tissue X: Incidence of listed morphology 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL
(Continued)

DAYS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum

Fibrosarcoma
Liver

Hepatocellular adenoma
Mesentery
Pancreas

Acinus, adenoma
Acinus, adenoma, multiple

Salivary glands
Stomach
Stomach, forestomach
Stomach, glandular

CARDIOVASCULAR SYSTEM
Heart

Mesothehoma malignant, metastatlc,
seminal vesicle

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex
Adrenal gland, medulla

Pheochromocytoma malignant
Pheochromocytoma benign
Pheochromocytoma benign, multiple

Islets, pancreatic
Adenoma
Carcinoma

Parathyroid gland
Pituitary gland

Pars distahs, adenoma
Thyroid gland

C cell, adenoma
C cell, adenoma, multiple
C cell, carcinoma
Folhcular cell, carcinoma

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Epididymis
Preputial gland

Adenoma
Carcinoma

Prostate
Seminal vesicle
Testes

Interstitial cell, adenoma
Interstitial cell, adenoma, multiple

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
2 2 2 2 2 2 2 3 3 3 3 3 3 3 3
9 9 9 9 9 9 9 1 1 1 1 1 1 1 1

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

+ + 4. + + + + + + + + 4 . ^ + +

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

t t i + t t t + t i + t + t t

X
-r- -K

+ + + + + + + + + + + + + - - T +

X X
X X X X X X Xx

x

X X X X X X X

X
X

- t - ^ + + +- + 4- + - t - 4 - 4 - - t - - f 4 - 4 -

X
X X X X X X X X X X X

7 7 7 7 7 7 7 7 7 7
3 3 3 3 3 3 3 3 3 3
1 1 1 2 2 2 2 2 2 2

TOTAL
0 0 0 0 0 0 0 1 1 1 TISSUES
8 8 8 9 9 9 9 0 0 0 TUMORS
3 4 5 2 3 4 5 3 4 5

+ + + + +• + + + +- 50
+ + + +• + + + + + 50
+ + + + + + + + 4- 50 |
+ + + + + + -I- + + 50
+ + + + + + + + +• 49
+- + + - I - + - 4 - + + 4. I 50
+ + + + + <- + + + + 48
+ + + + + + + + + • + 50
+ + + + + +- + + + • + 49

1
+ + + + • + • + + • + - + • + • 5 0

1
+ 5
+ + + -H + +- + + 4- + 50

X 2
X 1

+ + + + + + + + + + 48

+ + *- + + -(- + +• + + 50
+ + + + 4. + + + - K + 50

+ 4. + + - f + - + - - i - t + 5 0 '

1

+ + -r + * + + + + + 50
+ + + 1 - 4 - + + + + - + 50
+ + + + + +- + * + +- 50

2
X X 9

2

X X 4
1

+ + + * + + + + + + 49
+ + + + + + + + + + 50
X X X X 19
+ + + + + + +• + + +- 50

X X 3
1
1
1

+ + + + + +• + + + - + 50
^ + 4- + i- + + + f + - 49

1
1

+ + + ^ + 4- + + + + 50
+ + + » + + + + + 4- 47
+ + + + + + + + + + 50

X 2
X X X X X X X X X 3 6
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL
(Continued)

DAYS ON
STUDY

CARCASS
ID

^EMATOPOIETIC SYSTEM '
31ood
3one marrow
^ymph node
-.ymph node, mandibular
Lymph node, mesentenc
Spleen
Thvmus

Mediastinum, mesothehoma malignant,
metastatic, seminal vesicle

INTEGUMENTARY SYSTEM
Mammary gland

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

0 0 0 0 0 0
1 3 7 6 7 2
1 1 1 1 2 1

+ + + + M •+•

M 4- 4- 4- M
Fibroadenoma, multiple

Skin + -t- -i- -i- -t- 4-

4 5 7 8
8 1 0 4

0 0 1 0
2 1 0 9
2 2 1 1

+ M 4- 4-

4- 4- 4- M

5 5 5 5
1 1 5 6
7 7 4 4

0 0 0 0
6 7 5 6
3 3 1 4

4- 4- M 4-

M M + 4-

4 - 4 - 4 - 4 -

5
8
3

0
1
3

+

5 6
9 0
5 3

0 1
8 0
1 2

X

6 6
5 9
4 7

0 0
3 6
2 5

7 7
2 2
9 9

0 0
1 1
4 5

4-
4- +

M 4-

7
2
9

0
2
3

M

4-

7
2
9

TT~
2
4

4-

4-

4-

V
2
9

0
2
5

4-

4-

7
2
9

0
3
3

4-

4-

M

X
4-

Basal cell carcinoma
Ke ratoaca nthoma
Papilloma sauamous
Squamous ceil carcinoma
Seoaceous giand. adenoma
Subcutaneous tissue, fibroma
Subcutaneous tissue, fibroma mult iple

MUSCULOSKELETAL SYSTEM
Bore
Skeletal muscle

Fibrosarcoma

NERVOUS SYSTEM ~~~
Brain

U2SP1RATO&Y SYSTEM
Lung

Basal cell carcinoma, metastatic, a
Pleura, mesothenoma malignant,

metastatic, seminal vehicle
Nose
Trachea

tiPECIAL SENSES SYSTEM
Ear

Pinna, schwannoma benign
Eye
Hardenan giand
2Iymbal gland

Adenoma
Carcinoma

URINABY SYSTEM
Kidney
Unnary bladder

SYSTEMIC LESIONS
Multiple organs

Leukemia mononuclear
Mesothehoma malignant

X X
X

X X
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL 
(Continued) 

7 7 7 7 7 7 7 - 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

9 9 9 9 9 9 9 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2  

o o o o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1  

4 5 1 2 3 4 5 2 3 4 5 2 4 5 2 3 4 5 2 3 4 5 3 4 5  

2 2 2 3 2 2 2 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

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

DAYS ON 
STUDY 

- 

TOTAL: 
TISSUES 
TUMORS 

CARCASS 
ID 

~ 

i + + + f + * + + + + + r + + + + + + t + + t + + +  

I +  + t + +  + + t r +  + + +  + +  + + + t +  + + +  + t  

I 
i 
j S  

i 

X x 

x K 
/ x  

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

Blood 
Bone marrow 
Lymph node 
Lymph node. mandibular 
Lymph node, mesentenc 
S leen 
Tiymus 

Mediastinum. mesothaiioma malignant, 
metastatic, seminal vesicle 

V Y  SYSTEM 
!damrnary gland 

Skin 
Fibroadenoma. mu.tipie 

Basal ce!! carcinoma 
Keratoacanthoma 
Papi!lorna squamous 
Squamous cell carcinoma 
Seaaceous gland, adenoma 
Ssbcutaneous tissue. fibroma 
Subcutaneous tissue. fibroma, multiple 

Bone 
Skeletal muscle 

Fibrosarcoma 

1 
-- 

45 
1 

50 
2 
2 
1 
1 
1 
4 
1 

50 
1 
1 

STEM 
Brain 

_ _ _ _ ~  
+ t + + t + + + + + + t + + + + + + + + + + + t +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

KFSPIRATORY spsTFM 
L m g  

Basal cell carcinoma. metastatic, skin 
Pleura, mesothelioma malignant, 

metastatic, seminal vesicle 
Nose 
Trachea 

Ear  

Hardenan gland 
Zymbal gland 

Adenoma 
Carcinoma 

SYSTEM 

Pinna, schwannoma benign 
Eye 

Kidney 
Unnary bladder 

Multiple organs 
IONS 

Leukemia mononuclear 
Mesothelioma malignant 

1 
1 
4 
1 
3 
2 
1 

50 
so 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + t t + + + + + + + + + + + + t t + + + t + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + M t + + + + + + + + + + + + + + + + t  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + r t + + + + + M M + + + + + + +  

2 
50 
50 
49 
48 
50 
43 

~ + + + + + L + + i + + + + + + + + ~ + + t + t + +  I 50 

+ 
X 

i 

+ x 

. . . . . . . . . . . . . . . . . . . . . . . . .  
x x  x x x  x X 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF FURFURAL: 30 mg/kg 

DAYS ON 
STUDY 

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

CARCASS 
ID 

Intestine large colon 
Intestine hge: mctum 
Intestine small 
Intestine ssall, duodenum 
Intestine small, ileum 
Intestine small jejunum 

Polyp adenomatous 
Liver 
Mesentery 

Mesothelioma malignant, multiple 
Pancreas 

Annus. adenoma 
Saliva glands 
S t o m a 2  
Stomach, forestomach 

Leiomyosarcoma 
Squamous cell carcinoma 

Stomach, glandular 

Heart 

Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma malignant 
Pheochromocytoma malignant, multiple 
Pheochmmocytoma benign 
Pheochromocytoma benign. multiple 

Adenoma 
Islets, pancreatic 

None 

Coa lating gland 
Ep iGymis  
Pre u t i a lghnd  

Alenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 
Interstitial cell, adenoma, multiple 

~~ 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + A + + + + + + + + + + + + + + + +  
+ + + + + + + + A + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + M + + + A + + + + + + + + + + + + + + + +  
+ t + + + + + t A + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ * + + + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + L + + + + +  x 

X 
j + + + + t + + + + + + + + + + t t + + + + + + + +  

j + + + + + + + + + + + + + + + t + + + c + + + + +  + I  
~ 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ M + + + + + + + + + + + + + + + t + + + + + + +  

x x  x 

x 

x x  
X 

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

X 

x x  x x  x x x x  
+ + + + + + + + M + + +  + + * + + + M + + + + + +  
+ + M + + + + + + + + + + + + + + + + + + + + + +  

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

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

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  I + + + + + + + + + + + + + + + + + + + + + + + + +  

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

x x x  X x x x  x x  x x  x x x x  x x  x 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS 30 mg/kg 
(Continued) 

7777777777777777777777717 
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
1 1 1 1 1 1 1 1 1 1 2 2 2 2 5 5 5 5 5 5 5 5 5 5 5  

2 2 2 2 2 2 2 2 2 2 2 P 2 2 2 2 2 2 2 2 2 Z 3 3 3  
2 2 2 3 3 3 4 5 5 5 6 6 6 7 8 8 8 8 9 9 9 9 0 0 0 
2 4 5 3 4 5 5 3 4 5 3 4 5 5 2 3 4 5 2 3 4 5 3 4 5  

P 
STUDY 

TOTAL: 
TISSUES 
TUMORS 

CARCASS 
ID 

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

x + + + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ T +  . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ * +  

x X X 

Esophagus 
Intestine large 
Intestine large. cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small duodenum 
Intestine small: ileum 
Intestine small, ~ e j u n u m  

Polyp adenomatous 
Liver 
Mesentery 

Mesothelioma malignant, multiple 
Pancreas 

Acinus. adenoma 
Salivary glands 
Stomach 
Stomach, forestomach 

Leiomyosarcoma 
Squamous cell carcinoma 

Stomach. glandular 

1 
50 

8 
1 

50 
3 

50 
50 
50 

Heart 

+ + +  + + +  ~ + + + + t + + + + + + + + + + + + +  
+ t + + + + + + + + + t + t + + + + + + + + + + +  
+ + + + + f + + C + f t + + + + f + + + C + f + +  

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

X X x x x  x x  

x x  x x  

Adrenal gland 
Adrenal gland. cortex 
Adrenal gland, medulla 

Pheochromocytoma malignant 
Pheochromocytoma malignant. multiple 
Pheochromocytoma benign 
Pheochromocytoma benign, multiple 

Adenoma 
Carcinoma 

I4ets.  pancreatic 

50 
50 

2 

1 
50 

5 
1 

49 

12 1 

C-cell, adenoma 

None - 
Coa lating gland 
Epi8dymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 
Interstitial cell, adenoma, mu.tip1e 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + t + + + + + + f + f + + f + + + * + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + * + f f C + + + + + t + + + + + + + + + t +  . . . . . . . . . . . . . . . . . . . . . . . . .  + + * + + + + ~ + + + + + + + + + + + * + + + + *  + * + + + + + + + + * + + + + * + * + * + + + + *  

50 
50 
50 
49 
49 
49  
48 
49 
48 

+ - + t + t + + + + + + + + + + t + + t + t + + + ~  50 1 

+ t t +  + + + + + +  + + + + +  + + + t +  + + +  + + I  50 

I-. 

. . . . . . . . . . . . . . . . . . . . . . . . .  + + * + + + + + * * * + + + + * + + + + + * * + +  
x x x  X x x  x x  x x + + + + + + + + + + + + + + + + + + + + + + + + +  

X 

48 
49 
18 
50 

2 

l- 

+ + t t +  + + + + + +  + + + + + + + + +  + + + + +  IT. 50 
* + + + + + + + + + + + + + + + + + + + + + + + +  
X 
+ + + + + * + + + * + * + t + * + + + + + + + + +  
+ + + + + + + + + t C + + + + + * + + + + * + + - t  

x x  X 
+ t + + C f + + + + + + + + f + f + f f f + C f +  

50 
4 
1 

50 
50 
50 x X 9 x x x x x x x x x x  x x x x x x x x x  x x x x l 3 5  -_ 

65 Furfural, NTP TR 382 



TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: 30 mg/kg 
(Continued) 

DAYS ON 
STUDY 

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

CARCASS 
ID 

Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node. mesentenc s hen  
TRymus 

Mammary gland 
Adenocarcinoma 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + M t + + + + + + + + + + + + + + l  
. . . . . . . . . . . . . . . . . . . . . . .  
+ r + + + + + + + + + + + + + + + + + + + + +  
+ + + M + + + + + + + + + + + + + + + + + + +  E { I  

1 
. . . . . . . . . . . . . . . . . . . . . . . . . .  
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ETAL STSTEM 
Bone 

Osteosarcoma 

66 

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

I 

x 

Lung 
Nose 

Trac\ea 

Ear  

%denan gland 

Pa illoma 

Kidney 
Urinary bladder 

Multi le organs 
~ e u t e m i a  mononuclear 
Mesothelioma malignant 

+ + + + + + + + + + + t + + + + + + + + + + + + t l  

+ + + I  + + M + + + + + + + + + + + + + + + + + + +  

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

+ i + +  + 

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

+ + + + + + + + + + + + + + + + + & + + + + + + +  
x x x x x  x x  

X X 



TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS 30 mg/kg 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesentenc 
S leen 
TEymus 

Mammary gland 
Adenocarcinoma 
F!broadenoma 

Skin 

7 7 7 7 7 7 7 1 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
1 1 1 1 1 1 1 1 1 1 2 2 2 2 5 5 5 5 5 5 5 5 5 5 5  

TOTAL 
1 2  2 2 2 2 2 2 P 2 2 2 2 2 2 2 2 2 2 Z 2 2 3 3 3 TISSUES 
2 2 2 3 3 3 4 5 5 5 6 6 6 7 8 8 8 8 9 9 9 9 0 0 0 TUMORS 
2 4 5 3 4 5 5 3 4 5 3 4 5 5 2 3 4 5 2 3 4 5 3 4 5  

-. 
+ t t + t + + + + t t t + + t + + + + + t + + + +  50 
t t + + + + + + t + t + + t + + t t + t + + t t t  50 
+ t + + + + + + t + t t + t t t + + + + + t t + t  49 
+ + t + + + + + + + + + I + t + t + + + + + + + t  49 
- + + + + + t + + + + + + + + + + + t t t t + + +  50 
+ t +  + +  + + + t t + + + t +  + + + + +  + +  + + +  48 

r t + + + + + + + + + + + + + + + t M + + + t + t  49 
x I 

X 1 
i -  + +  + + + + +  + + +  + + +  + + + + + + t +  + f t  50 

TEM 
Brain 

Astrocytoma malignant 
Granular cell tumor benign 

Spinal cord 

I X 

1 -  + t t +  + + + + +  + + +  + + + + +  + + + + + + +  

Keratoacanthoma 
Pa  illoma squamous 

Subcutaneous tissue. fibrosarcnma X 
Subcutaneous tissue. lipoma 

S-fitcutaneous tissue, fibroma X X  X 

Bone 
ETAL SYSTEM I. 

Osteosaxoma 

l - + + + + + + + + + + + + + + + t + + + + + t t + l 5 0  

x 

1 
1 
5 
2 
1 

50 
1 

+ 

Lung I +  + +  + + + + +  + + +  + + + + +  + + +  + + + +  t t  

TracPlea P a  iiloma . . . . . . . . . . . . . . . . . . . . . . . . . .  X 

Nose I f  + +  + +  + + +  + + t + +  + + t t + + t +  + + + +  

SPR?AL SE- 

%denan gland 

Kidney + + + + + + + + + + + + + + + + + + + + + + + + +  
Unnary bladder + + + + t + + + + t + + t + t + + + + + + + + + +  

Multiple organs + + +  + + + + +  + + t + + + +  + t +  + +  + + +  + +  
x X X  x X X 

Ear  I 

S 

X 
Leukemia mononuclear I x  x 
Mesothelioma malignant 1 

50 
49 

50 1 

1 
2 
1 

50 
50 

50 
15 
3 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF FURFURAL: 80 mg/kg 

DAYS ON 
STUDY 

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

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

CARCASS 
ID 

Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large colon 
~ntes t ine  large: rectum 
Intestine small 
Intestine small. duodenum 
Intestine small. ileum 
Intestine small. jejunum 
Liver 

Cholangiocarcinoma 
Chordoma, metastatic, uncertain 

Mesentery 
Sarcoma 

Pancreas 
Acinus, adenoma 

primary site 

%:%a;x glands 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 

Blood vessel 
Heart 

Chordoma, metastatic. uncertain 
pnmary site 

Adrenal gland 
Adrenal gland cortex 
Adrenal gland: medulla 

Pheochromocytoma malignant 

Pheochmmocytoma benign, multiple 

Adenoma 
Carcinoma 

Pituitary gland 
Pars distalis, adenoma 

Thyroid gland 
C-cell, adenoma 

None 

Pheochromocytoma banign 

Islets, pancreatic 

Parathyroid gland 

+ * + * * + + + * + * * + * + + + * + * + + + + +  + + * * + * + + + + + * * + + + * + + + + + + * *  
+ * * + + * * + + * * + + * t + + * + * + * + + *  + + * * + * * * + * + * * * + + * * * + + + * * *  
t + + M + c + + + + + + + + c + + + + + M + + + +  
+ + + + + * * + * + + * t * + * * * t * + + + * +  
+ + + + + + * * * + + + + * + + + + + + + + + * *  
+ C + + + f + + + f + + + + C f + + + + M + + + +  + * * + * * + + * + + * * * + + * * + + * + + + +  + * * * + * * + * + * * + + + * + * + + + * + * +  

X 

X + + +  + 
x x  

c + 
* * + * + + + + + * + * + + * * + * * + + + + + *  
+ * + * + + * + * + + + * + * + + + * + * + * + +  
+ * + + + + * + + + * * + + * + * + t * + + * * *  
* + * * * + + * * * * * * + * * + + + + + + + + t  

* * + + + * * + * + + + + + + + + + + + * + + * +  

+ 
* t + + * + * + * + + + * + + + + * * + * * + + +  

X 

* + + * + + * * * + + + * * + + t + + + + + * + +  
+ + * + + * + * * + * + + + + + + + + + + + + * +  
t t + + + t + M t + + t + + + + + + + + ~ + + + +  

X 
+ + * * * + + + + * + * + * + + * + + ~ + * + + +  

! 

X 

M ~ + + + + + ~ ~ f t + + + + f + f + + + + + + +  
+ * + + + * + * + + * * + * * + + * * + + * + + +  
+ + ~ * * + + * * * + * + + + * + + + + * + + + +  x x  X X 

Epididymis 
Pre utial gland 

Ajenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Interstitial cell. adenoma 
Interstitial cell, adenoma. multiple 

* * + * + + * + + * + + + * + * * + + + * + + + *  
* + * * + + + + + * * + + * + + + + + t + + + * *  

+ * * + + + * + + + + * + + + * + + + + + * + + *  
+ * + + + + * * * * + + + * + * + + + * + + + t +  + * + + + + * * * * + * * + * * + + + + + * + + *  

x x x x  x x x x  x x  x X X X 

I I 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: 60 mg/kg 
(Continued) 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
0 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
8 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

DAYS ON 
STUDY i 
CARCASS 
ID 

X X + + t + + + t t + + *  + + + +  + + + t + + M +  + M  
t + + + + + + + + + + + + t + + t + t + + + + + +  

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

X X 

Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large colon 
Intestine large: rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, lejunum 
Liver 

Cholanpocarcinoma 
Chordoma, metastatic. uncertain 

Mesentery 
Sarcoma 

Pancreas 
Acinus. adenoma 

Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach. glandular 

Blood vessel 
Heart 

pnmary site 

Chordoma, metastatic. uncertain 
pnmary site 

ENDO- 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 
Pheochromocytoma benign, multiple 

Adenoma 
Islets, pancreatic 

2 
47 
50 
15 
50 

2 
-- 

Pars  disialis, adenoma 

C-cell, adenoma 
Thyroid gland 

+ t + + + + + + + t + t + + +  + + t + + + + + t t  
+ M + + + + + t + t + + t + M M + + + + t + + + +  

X x 
X 

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

x x x x x x x x  x x x x x x x x x x x x x x x x  X 

None 

50 
47 

2 
1 

50 
50 
50 

4 
35 

-- 

Epididymis 
Pre utial gland 

Axenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 
Interstitial cell, adenoma, multiple 

2 3 4 5 4 5 5 5 4 5 3 4 5 3 4 5 5 3 4 5 1 2 3 4 5  

+ + + + + + t + + + + + + t + + t + + + + + + + +  
+ + + + + + + t t + + + + t M + + + + M + + + + +  
+ + + t + + + + + + t + + + M + + + + M + t + + +  
+ + + + + + + + + + t + + + M + t + + M + + + + +  
+ t + + + + + + + + + + + + M M + + + M t + + + +  
t + + + + + t + + + + + t + M + + t + M + t + t +  
t t + + + + + + + + + + M + M + + + t M + + t + +  
t + + t t + + + + + + + + + M + + + + M + + + + +  
t + + + + + + + + + + + + + M M + + + M t + + + +  
+ + + + + + + + t + + + + t t + + + t + + + t + +  

X 

+ + t 

t + + + + + + t t + + + + + M M + + + M t + + + t  

+ + + + + + + + + + + + + + M M + + + + + + + + +  
t + + + + + + + + + + + t + + + t t + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

X X 

x X 

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

50 
48 
48 
48 
45 
48 
47 
47 
47 
50 

2 

1 
9 
2 

47 
2 

48 
50 
50 

2 
50 

+ + + t + + + t + t t t + + M M + t + M + t t + +  
+ + + + + t + + + + + t + + M M + + + M + + + + +  
+ + + + + + + + + + t + + + M M t t + M t + t + +  

X x x  X 
X 

+ + + + + t + t t + + + + + M M + + + M + + + + +  
Y 

47 
47 
46 
1 
4 
1 

47 
2 

I I-- I 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: 60 mg/kg 
(Continued) 

DAYS ON 
STUDY 

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

3 4 2 3 7 9 1 2 3 8 4 8 6 9 2 8 5 1 4 5 3 4 8 5 6  ~ L J L ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

1 1 1 2 1 1 1 2 3 1 2 2 1 2 3 3 1 2 9 2 4 4 4 3 2  

CARCASS 
ID 

+ + + + + + + + + + + + + + + + + + + + M + + + +  + + * * * + * * * + + * + + * * * + + + * + * * *  
+ + + + + + + M + + M + + M + + M + + + + + + ~ +  

X 

+ + + + + * + + + + * + + + + + + + + + + * + * +  
+ + + * + * - * * + + + ~ * + + + + + - + * + *  

x 

R- 
Bone marrow 
Lymph node 
Lymph node. mandibular 
Lymph node. mesenteric 
Spleen 

Thymus 
sarcoma 

n w  
Mammary gland 

Fibroadenoma 
Skin 

Keratoacanthoma 
Subcutaneous tissue fibroma 
Subcutaneous tissue' fibrosarcoma 
Subcutaneous tissue: lipoma 

L K  
Eone 
Skeletal muscle 

pnmary site 
Chordoma. metastatic. uncertain 

6- 
E rain 

R E  
Lung 

Alveolar/bronchiolar adenoma 
Chordoma, metastatic, uncertain 

pnmary site 
Nose 
Trachea 

sm- 
Ear 

E,ye 
Hardenan gland 

Pinna. schwannoma benign 

I- 
Kidney 
Urinary bladder 

I-S 
Multi le organs 

L e d e m i a  mononuclear 
Mesothelioma malignant 

+ + + + * + - + + + + + + + + + * * + * + + + * +  
+ 
X 

+ + + * + * + + + + + + * + + + * + + + + ~ + + +  

+ + + * + + + + + + + + + + + * + + + + + + + + +  
I 

X 1 
+ I  

C t f + C + + f + + * + + + + f * + + + + ~ + * + l  
* + + + + + + + + + + + + * + + + + + + + * + t  

+ 

* * + * * * + * + + * + + + * * + + + + * * * * *  + * + * * + + + + + + * * + + + + * ~ + * + * + +  

* + * * * * * + + + * * + + * + * + * * * + +  x x  x x  x + ; ~  
X ~ 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS 60 mgkg 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesentenc 
Spleen 

Thymus 

Mammary gland 
Fibroadenoma 

Skin 
Keratoacanthoma 
Subcutaneous tissue fibroma 
Subcutaneous tissue: kbrosarcoma 
Subcutaneous tissue. lipoma 

Sarcoma 

Bone 
Skeletal musc!e 

pnmary site 
Chordoma, metastatic. uncertain 

Brain 

Lung 
.4lveolarhronchiolar adenoma 
Chordoma, metastatic. uncertain 

p n m a p  site 
Nose 
Trachea 

P 
Ear  

Pinna. schwannoma benign 
Eye 
Hardenan gland 

Kidney 
Unnary bladder 

Multiple organs 

EM 

Leukemia mononuclear 
Mesothelioma malignant 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
0 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
8 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

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

+ 
+ 

+ + * + * * + * * + + + + + + * + + + + + + + +  
+ + + + + + + + + + + + + M M + + + + + + + + +  
+ + * + + + + + + + + + + M M + + + + + + + + +  
+ + + + + + + + + + + + + M M + + + M + + + + +  
+ + M + + + + + + + + + + + + + + + + + + + + +  

+ M M + + + M + + + + + + + M + + + M M M + + + +  

+ + + + + + + + + + + + + + M M + + + M + + + + +  
+ + + + + + t + + + + + + + + + + + + M + + t + +  

x X x X 
X 

X 

+ + + * * + + * * + + + * + + + + + + + + + + + +  * 

* + * + + + + + + + + + + + + + + + + * * + + + +  

+ + + + * * + + * + * * + * + + * + + + + + + + +  
x 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + * + * + + + + + + + + + + * + + + + + *  

+ 
X + + M +  

* + + + + + + + + + + * * + + + + * + + + + + + +  
+ + t + + + + + + + + + + + M + + + + + + + + + +  

f + t C + C C t + f f + + + + + * + + f * + + + +  

X 
x x  X X x x  x x x  

50 
48 
47 
46 
49 

1 
38 

47 
1 

49 
4 
2 
1 
1 

50 
2 

1 

50 

50 
1 

1 
50 
50 

50 
49 

50 
15 
2 

-- 

71 Furfural, NTP TR 382 



'TABLE A3. ANALYSIS OF PRIMARY NEOPLASMS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF FURFURAL 

Vehicle Control 30 mg/kg 60 mg/kg 

.Adrenal Medulla: Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

11/50 (22%) 13/49 (27%) 
34.3% 40.4% 
10/31(32%) 10/28 (36%) 
603 484 
P = 0.251N P =  0.333 
P = 0.126N P = 0.489 
P = 0.1 14N 

P = 0.385 

Adrenal Medulla: Malignant Pheochromocytoma 
Overall Rates (a)  2/50 (4%) 3/49 (6%) 

Terminal Rates (c) 2/31 (6%) 0/28 (0%) 
Day of First Observation 729 682 
Life Table Tests (d) P=0.508N P=0.487 
Logistic Regression Tests (d) P = 0.461N P=0.535 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P = 0.490 

Adjusted Rates (b) 6.5% 9.0% 

P = 0.43 1N 

.4drenal Medulla: Pheochromocytoma or Malignant Pheochromocytoma 
Overall Rates (a) 11/50 (22%) 16/49 (33%) 
Adjusted Rates (b) 34.3% 45.8% 
Terminal Rates (c) 10/31(32%) 10/28 (36%) 
Day of First Observation 603 484 
Life Table Tests (d) P =  0.380N P=0.145 
Logistic Regression Tests (d) P =  0.21 1N P=0.241 
Cochran-Armitage Trend Test (d)  
Fisher Exact Test (d) P =  0.168 

P =  0.189N 

]Preputial Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d)  

]Preputial Gland: Adenoma or Carc inoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

]Pancreatic Islets: Adenoma 
Overall Rates (a)  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

1/49 (2%) 4/50 (8%) 
2.1% 13.7% 
0131 (0%) 3/28 (11%) 
371 708 
P=0.286 P = 0.162 
P = 0.373 P=0.186 
P=0.391 

P=0.187 

2/49 (4%) 5/50 (10%) 
5.3% 17.1% 
1/31 (3%) 4/28 (14%) 
371 708 
P =  0.263 P=0.188 
P=0.367 P =  0.233 
P=0.401 

P=0.226 

4/50 (8%) 5/50 (10%) 
12.9% 16.6% 
4/31 (13%) 4/28(14%) 
729 674 
P = 0.443N P=0.453 
P=0.339N P =  0.535 
P = 0.310N 

P=0.500 

5/46 (1 1%) 
21.2% 
4/21 (19%) 
582 
P=0.251N 
P=0.147N 

P=O.l17N 

1/46 (2%) 
4.8% 
1/21 (5%) 
729 
P=0.635N 
P=0.635N 

P=0.532N 

6/46 (13%) 
25.8% 
5/21 (24%) 
582 
P=0.373N 
P=0.236N 

P = 0.190N 

2/47 (4%) 
9.5% 
2/21 (10%) 
729 
P=0.408 
P=O.493 

P=0.484 

3/47 (6%) 
14.3% 
3/21 (14%) 
729 
P=0.358 
P=0.468 

P=0.480 

2/47 ( 4% ) 
7.0% 
1/21 (5%) 
48 1 
P = 0.489N 
P = 0.390N 

P =0.369N 
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TABLE A3. ANALYSIS O F  PRIMARY NEOPLASMS I N  MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
O F  FURFURAL (Continued) 

Vehicle Control 30 mg/kg 60 m@g 

Pancrea t ic  Islets: Adenoma or Carcinoma 
Overall Rates (a)  
Adjusted Rates (b)  
Terminal Rates (c)  
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pancreas:  Adenoma 
Overall Rates ( a )  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pituitary Gland/Pars  Distalis: Adenoma 
Overall Rates ( a )  
Adjusted Rates (b) 
Terminal Rates (c)  
Day of First Observation 
Life Table Tests (d)  
Logistic Regression Tests (d)  
Cochran-Armitage Trend Test (d)  
Fisher Exact Test (d) 

Skin: Keratoacanthoma 
Overall Rates ( e )  
Adjusted Rates tb) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests td) 
Logistic Regression Tests (d)  
Cochran-Armitage Trend Test (d)  
Fisher Exact Test (d)  

Subcutaneous Tissue: Fibroma 
Overall Rates (e)  
Adjusted Rates ( b )  
Terminal Rates (c)  
Day of First Observation 
Life Table Tests td) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test td) 
Fisher Exact Test (d)  

Subcutaneous  Tissue: Fibroma or 
Overall Rates ( e )  
Adjusted Rates (b )  
Terminal Rates (c)  
Day of First Observation 
Life Table Tests td) 
Logistic Regression Tests (d)  
Cochran-Armitage Trend Test rd) 
Fisher Exact Test td) 

5/50 (10%) 
15.6% 
4/31 (13%) 
697 
P=0.511 
P =0.511N 
P = 0.474N 

3/50 (6%) 
9.7% 
3/31 (10%) 
729 
P = 0.592N 
P = 0.592N 
P=0.440N 

19/50 (38%) 
53.2% 
15/31 (48%) 
398 
P=0.494N 
P = 0.246N 
P=0.231N 

2/50 (4%) 
6.5% 
2/31 (6%) 
729 
P=0.162 
P=0.195 
P=0.238 

5/50 (10%) 
14.9% 
3/31 (10%) 
583 
P=0.251N 
P=0.183N 
P =0.178N 

Fibrosarcoma 
5/50 (10%) 
14.9% 
3/31 (10%) 
583 
P=0.417N 
P = 0.3 19N 
P = 0.307N 

6/50 (12%) 
18.6% 
4/28 (14%) 
585 
P=0.468 
P = 0.555 

P=0.500 

3/50 (6%) 
10.7% 
3/28(11%) 
729 
P = 0.61 7 
P = 0.617 

P = 0.661N 

18/49 (37%) 
52.1% 
12/28 (43%) 
585 
P =0.579N 
P =0.417N 

P = 0.53 1N 

1/50 (2%) 
2.6% 
0128 (0%) 
666 
P = 0.50 1 N 
P=0.474N 

P=0.500N 

5/50 (10%) 
15.1% 
3/28 (11%) 
514 
P=0.612 
P=0.603N 

P=0.630N 

7/50 (14%) 
21.3% 
4/28 (14%) 
514 
P = 0.359 
P=0.416 

P = 0.380 

4/47 (9%) 
16.3% 
3/21 (14%) 
48 1 
P = 0.583 
P =0.583N 

P =0.540N 

2/47 (4%) 
9.5% 
2/21 (10%) 
729 
P=0.676N 
P = 0.676N 

P=0.530N 

15/50 (30%) 
51.5% 
11/24 (46%) 
438 
P = 0.525N 
P = 0.281N 

P =0.263N 

4/50 (8%) 
16.7% 
4/24(17%) 
729 
P = 0.223 
P = 0.223 

P=0.339 

2/50 (4%) 
7.1% 
1/24 (4%) 
606 
P=0.292N 
P = 0.227N 

P=0.218N 

3/50 (6%) 
10.3% 
1/24 (4%) 
606 
P=0.447N 
P=0.370N 

P=0.357N 
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TABLE A3. ANALYSIS OF PRIMARY NEOPLASMS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF FURFURAL (Continued) 

Testis: Intersti t ial  Cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Thyroid Gland: C-cel l  Adenoma 
Overall Rates (a)  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

38/50 (76%) 
90.4% 
27/31 (87%) 
444 
P=0.081 
P=0.453 
P = 0.453 

4/50 (8%) 
12.2% 
3/31 (10%) 
583 
P = 0.341N 
P =0.271N 
P =0.253N 

Thyroid Gland: C-cel l  Adenoma o r  Carc inoma 
Overall Rates (a) 5/50 (10%) 
Adjusted Rates ( b )  15.3% 
Terminal Rates (c) 4/31 (13%) 
Day of First Observation 583 
Life Table Tests (d) P = 0.217N 
Logistic Regression Tests (d) P =0.160N 
Cochran-Armitage Trend Test (d)  P = 0.147N 
Fisher Exact Test (d) 

Zymbal Gland: Adenoma or Carc inoma 
Overall Rates (a )  3/50 (6%) 
Adjusted Rates tb) 8.4% 
Terminal Rates (c) 1/31 (3%) 
Day of First Observation 484 
Life Table Tests (d) P=0.042N 
Logistic Regression Tests (d)  P=0.037N 
Cochran-Armitage Trend Test (d) P=0.038N 
Fisher Exact Test (d) 

Hematopoietic System: Mononuclear Leukemia 
Overall Rates (e) 13/50 (26%) 
Adjusted Rates (b) 37.6% 
Terminal Rates (c) 10131 (32%) 
Day of First Observation 448 
Life Table Tests (d) P=0.192 
Logistic Regression Tests (d) P=0.331 
Cochran-Armitage Trend Test (d) P=  0.371 
Fisher Exact Test (d) 

All Sites: Malignant Mesothelioma 
Overall Rates (e) 3/50 (6%) 
Adjusted Rates (b) 7.8% 
Terminal Rates (c) 0/31 (0%) 
Day of First Observation 517 
Life Table Tests (d) P=0.458N 
Logistic Regression Tests (d) P =0.413N 
Cochran-Armitage Trend Test (d) P = 0.412N 
Fisher Exact Test (d)  

44/50 (88%) 
100.0% 
28/28 (100%) 
484 
P = 0.122 
P=0.148 

P = 0.096 

2/50 (4%) 
7.1% 
2/28 (7%) 
729 
P =  0.366N 
P=0.303N 

P=0.339N 

2/50 (4%) 
7.1% 
2/28 (7%) 
729 
P = 0.244N 
P=0.185N 

P = 0.218N 

0/50 (0%) 
0.0% 
0/28 (0%) 

P=O.l13N 
P =  0.123N 

P=0.121N 

15/50 (30%) 
41.5% 
8/28 (29% 1 
666 
P = 0.389 
P = 0.497 

P=0.412 

3/50 (6%) 
9.6% 
2/28 (7%)  
668 
P=0.635N 
P =  0.658 

P = 0.661N 

39/50 (78%) 
100.0% 
24/24 (100%) 
48 1 
P=0.112 
P=0.514 

P=0.500 

2/50 (4%) 
8.3% 
2/24 (8%) 
729 
P = 0.436N 
P=0.359N 

P=0.339N 

2/50 (4%) 
8.3% 
2/24 (8%) 
729 
P = 0.3 10N 
P = 0.238N 

P=0.218N 

0/50 (0%) 
0.0% 
0/24 (0%) 

P = 0.140N 
P=O.l19N 

P=0.121N 

15/50 (30%) 
48.3% 
9/24 (38%) 
568 
P =  0.225 
P=0.375 

P = 0.412 

2/50 (4%) 
7.1% 
0/24 (0%) 
657 
P=0.517N 
P =  0.491N 

P=0.500N 
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TABLE A3. ANALYSIS OF PRIMARY NEOPLASMS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
O F  FURFURAL (Continued) 

Vehicle Control 30 mg/kg 60 mgfltg 
~~ ~~ ~ 

All Sites: Benign Tumors  
Overall Rates (e) 
Adjusted Rates (b) 
Terminal Rates I C )  
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d)  

All Sites: Malignant Tumors  
Overall Rates (e )  
Adjusted Rates tb) 
Terminal Rates (c )  
Day of First Observation 
Life Table Tests (d)  
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d)  

All Sites: All Tumors 
Overall Rates ( e )  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

47/50 (94%) 
100.0% 
31/31 (100%) 
371 
P=0.303 
P=0.035N 
P = 0.1 14N 

23/50 (46%) 
57.0% 
14/31 (45%) 
444 
P = 0.145 
P=0.274 
P = 0.309 

47/50 (94%) 
100.0% 
31/31 (100%) 
37 1 
P=0.248 
P=0.076N 
P=0.187N 

46/50 (92%) 
100.0% 
28/28 (100%) 
484 
P = 0.536 
P=5.000 

P = 0.500N 

24/50 (48%) 
58.1% 
11/28 (39%) 
514 
P = 0.484 
P = 0.558 

P = 0.500 

46/50 (92%) 
100.0% 
28/28 (100%) 
484 
P=0.536 
P = 5.000 

P =  0.500N 

43/50 (86%) 
100.0% 
24/24(100%) 
438 
P = 0.361 
P = 0.081N 

P=0.159N 

26/50 (52%) 
69.8% 
13/24 (54%) 
564 
P=0.170 
P = 0.3 10 

P=0.345 

44/50 (88%) 
100.0% 
24/24 (100%) 
438 
P = 0.303 
P=0.160N 

P=0.243N 

(a) Number oftumor-bearing animals/number of animals examined microscopically a t  the site 
(b) Kaplan-Meier estimated tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence in animals killed a t  the end of the study 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to  terminal kill as being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions a s  nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or a lower incidence in a dosed group than in vehicle controls is indicated by (N).  
(e )  Number of tumor-bearing animals/number of animals examined grossly a t  the site 
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TABLE A4a. HISTORICAL INCIDENCE OF BILE DUCT NEOPLASMS IN MALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Study 
Incidence of Adenomas or Carcinomas 

in Vehicle Controls 

Historical Incidence at Southern Research Institute 

Ethyl acrylate 
Benzyl acetate 
Allyl isovalerate 
HC Red No. 3 
C.I. Acid Orange 3 
Chlorinated parafins (C23, 43% chlorine) 
Chlorinated parafins EL2, 60% chlorine) 
Allyl isothiocyanate 
Geranyl acetate 

TOTAL 
SD (d) 

Range (e, 
High 
Low 

Overall Historical Incidence 

TOTAL 
SD (d) 

Range ( e )  
High 
Low 

0150 
0149 

(b) 1/50 
0150 
0150 
0150 
0150 
0150 

(c) 1/50 

21449 (0.4%) 
0.88% 

1150 
0150 

(0312,145 (0.1%) 
0.52% 

1150 
0150 

(a) Data as of March 1,1989, for studies of at least 104 weeks 
(b) Bile duct adenoma 
(c) Bile duct carcinoma 
(d) Standard deviation 
(e) Range and SD are presented for groups of 35 or more animals. 
(0 Includes one bile duct adenoma and two bile duct carcinomas 
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TABLE A4b. HISTORICAL INCIDENCE OF FORESTOMACH SQUAMOUS CELL NEOPLASMS IN MALE 
F344/N RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Study 
Incidence of Papillomas o r  Carcinomas 

in Vehicle Controls 

Historical Incidence a t  Southern  Research  Insti tute 

Ethyl acrylate 
Benzyl acetate 
Allyl isovalerate 
HC Red No. 3 
C.I. Acid Orange 3 
Chlorinated paraffins (Czs, 43% chlorine) 
Chlorinated paraffins tCIz, 60% chlorine) 
Allyl isothiocyanate 
Geranyl acetate 

TOTAL 
SD (e) 

Range (d)  
High 
Low 

Overall Historical Incidence 

TOTAL 
SD (e) 

Range (d) 
High 
Low 

(b) 1150 
0150 
0150 
0150 
0150 
0150 
0/50 
0149 
0150 

(b)  11449 (0.2%) 
0.67% 

1/50 
0150 

(e)  812,122 (0.4%) 
0.79% 

1149 
0150 

(a )  Data as of March I ,  1989, for studies of a t  least 104 weeks 
(b) Squamous cell papilloma 
(e) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 
(e) Includes one papilloma, NOS, six squamous cell papillomas, and one squamous cell carcinoma 
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TABLE A4c. HISTORICAL INCIDENCE O F  BODY CAVITY NEOPLASMS IN MALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Study 
Incidence of Sarcomas  

in Vehicle Controls 
- 
Historical Incidence at Southern  Research  Inst i tute  

Ethyl acrylate 
Benzyl acetate 
Allyl isovalerate 
€IC Red No. 3 
C .I. Acid Orange 3 
Chlorinated paraffins (C23, 43% chlorine) 
Chlorinated paraffins (C,2, 60% chlorine) 
Allyl isothiocyanate 
Greranyl acetate 

TOTAL 
SD (c) 

Range (d) 
High 
Low 

Overall Historical Inc idence  

TOTAL 
SD (c) 

Range (d) 
High 
Low 

0150 
0150 
0150 
0150 
0150 
0150 
0150 
0150 

(b)  1/50 

tb )  1/450 (0.2%) 
0.67% 

1/50 
0150 

( e )  212,149 (0.1%) 
0.43% 

1/50 
0150 

(ti) Data as of March 1,1989, for studies of a t  least 104 weeks 
(11) Fibrosarcoma of the mesentery 
((:I Standard deviation 
(ti) Range and SD are presented for groups of 35 or more animals. 
(I?) Includes one fibrosarcoma of the mesentery and one myxosarcoma of the peritoneum 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF FURFURAL 

Vehicle Control 30 mg/kg 60 mg/kg 

DISPOSITION SUMMARY 
Animals initially in study 
Early deaths 
Dosing accident 
Moribund 
Dead 

Terminal sacrifice 
Survivors 

Animals examined microscopically 

50 

6 
11 

2 

31 
50 

50 

7 
11 
4 

28 
50 

50 

8 
11 
7 

24 
50 

ALIMENTARY SYSTEM 
Intestine large, cecum 

Parasite metazoan 
Intestine large, colon 

Parasite metazoan 
Intestine large, rectum 

Parasite metazoan 
Intestine small 

Intussusception 
Intestine small, duodenum 

Erosion, multiple 
Liver 

Angiectasis, focal 
Angiectasis, multifocal 
Basophilic focus 
Clear cell focus 
Congestion 
Degeneration, cystic 
Degeneration, cystic, focal 
Fatty change, diffuse 
Granuloma, multiple 
Hematopoietic cell proliferation 
Hepatodiaphragmatic nodule 
Hyperplasia, focal 
Necrosis, multifocal 
Bile duct, dysplasia, focal 
Bile duct, fibrosis, focal 
Bile duct, hyperplasia 
Bile duct, hyperplasia, focal 
Biliary tract, cyst multilocular 
Centrilobular, fatty change 
Centrilobular, necrosis 
Centrilobular, necrosis, focal 
Centrilobular, necrosis, multifocal 

Fat, necrosis, focal 

Inflammation, chronic, multifocal 
Inflammation, subacute, multifocal 
Acinus, atrophy, focal 
Acinus, atrophy, multifocal 
Acinus, hyperplasia, focal 
Acinus, hyperplasia, multifocal 
Artery, hypertrophy 
Artery, inflammation, subacute 
Artery, mineralization 
Duct, ectasia 

Mesentery 

Pancreas 

(50) 

(50) 

(49) 

(50) 

(48) 

(50) 

3 (6%) 

6 (12%) 

7 (14%) 

1 (2%) 
37 (74%) 
21 (42%) 

5 (10%) 
1 (2%) 

2 (4%) 

4 (8%) 

45 (90%) 

10 (20%) 
2 (4%) 

1 (2%) 

3 (60%) 
(5) 

(50) 

6 (12%) 
13 (26%) 
10 (20%) 

1 (2%) 

150) 

(49) 

(49) 

(49) 

(48) 

(50) 

1 (2%) 

5 (10%) 

6 (12%) 

1 (2%) 

1 (2%) 

1 (2%) 

35 (70%) 
19 (38%) 

11 (22%) 

2 (4%) 
7 (14%) 
1 (2%) 
5 (10%) 
1 (2%) 
1 (2%) 

41 (82%) 

6 (12%) 
8 (16%) 
1 (2%) 

(8) 

(50) 
4 (50%) 

1 (2%) 
1 (2%) 
6 (12%) 
8 (16%) 

18 (36%) 
5 (10%) 
2 (4%) 
1 (2%) 
1 (2%) 

(48) 

(48) 

(45) 

(48) 

(47) 

(50) 

2 (4%) 

7 (15%) 

10 (22%) 

1 (2%) 

26 (52%) 
16 (32%) 
1 (2%) 
2 (4%) 
6 (12%) 
2 (4%) 
3 (6%) 

1 (2%) 

2 (4%) 
2 (4%) 

42 (84%) 
1 (2%) 
1 (2%) 
3 (6%) 

12 (24%) 

(9) 

(47) 
6 (67%) 

4 (9%) 
12 (26%) 
16 (34%) 

1 (2%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF FURFURAL (Continued) 

Vehicle Control 30 mg/kg 60 mg/kg 

ALIMENTARY SYSTEM (Continued) 
Stomach, forestomach 

Edema 
Erosion 
Hyperplasia 
Inflammation, subacute 
Perforation 
Ulcer 
Ulcer, multiple 

Erosion 
Inflammation, subacute 
Mineralization 

Stomach, glandular 

(50) 

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

1 (2%) 

1 (2%) 

5 (10%) 

(50) 

(50) (50) 
2 (4%) 
1 (2%) 
5 (10%) 2 (4%) 
5 (10%) 2 (4%) 
2 (4%) 
1 (2%) 1 (2%) 

(50) (50) 
1 (2%) 

2 (4%) 
11 (22%) 6 (12%) 

CARDIOVASCULAR SYSTEM 
Blood vessel 

Heart 
Aorta, mineralization 

Cardiomyopathy 
Congestion 
Inflammation, chronic, focal 
Mineralization, multifocal 
Thrombus 

(2) 

(50) (50) (50) 
2 (100%) 

35 (70%) 32 (64%) 36 (72%) 
1 (2%) 

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

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

ENDOCRINE SYSTEM 
Adrenal gland, cortex 

Focal cellular change 
Focal cellular change, multiple 
Hematopoietic cell proliferation 
Hemorrhage, focal 
Hyperplasia, focal 
Hypertrophy, focal 
Capsule, accessory adrenal cortical nodule 

Adrenal gland, medulla 
Hemorrhage 
Hyperplasia, focal 
Pigmentation, hemosiderin 

Hyperplasia 
Hyperplasia, focal 

Parathyroid gland 
Hyperplasia 

Pituitary gland 
Pars distalis, angiectasis 
Pars distalis, cyst 
Pars distalis, hemorrhage 
Pars distalis, hyperplasia, focal 
Pars distalis, pigmentation, hematoidin 
Pars distalis, pigmentation, hemosiderin 
Pars nervosa, cyst 

Ultimobranchial cyst 
C-cell, hyperplasia, focal 
C-cell, hyperplasia, multifocal 
Follicle, cyst 

Islets, pancreatic 

Thyroid gland 

(50 1 
6 

2 

1 
1 
2 

(50) 

6 

(50) 

5 
(49) 

3 
(50) 

16 
3 
1 

13 

5 

(50) 
1 
3 
1 
1 

(12%) 

(4%) 

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

(12%) 

(10%) 

(6%) 

(32%) 
(6%) 
(2%) 
( 2 6 % ~  

(10%) 

(2%) 
(6%) 
(2%) 
(2%) 

(50) 
5 
1 

4 
(49) 

2 
14 
2 

(50) 
1 

(48) 
4 

(49) 
20 
4 

9 
2 

14 
1 

(50) 

7 
2 
5 

(10%) 
(2%) 

(8%) 

(4%) 
(29%) 
(4%) 

(2%) 

141%) 
(8%) 

(18%) 
(4%) 
(29%) 
(2%) 

(14%) 
(4%) 
(10%) 

(47) 
3 (6%) 

1 (2%) 
1 (2%) 

1 (2%) 

(46) 

8 (17%) 

(47) 
1 (2%) 
1 (2%) 

3 (6%) 

17 (34%) 
2 (4%) 

12 (24%) 

6 (12%) 

(47) 

(50) 

(50) 

4 (8%) 

2 (4%) 

GENERAL BODY SYSTEM 
None 
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TABLE A& SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF FURFURAL (Continued) 

Vehicle Control 30 meflrg 60 

GENITAL SYSTEM 
Coagulating gland 

Inflammation, subacute 
Epididymis 

Inflammation, subacute 
Preputial gland 

Foreign body 
Inflammation, granulomatous 
Inflammation, granulomatous, focal 
Inflammation, subacute 
Inflammation, suppurative, acute 
Duct, cyst 

Inflammation, subacute 
Inflammation, suppurative, acute 

Seminal vesicle 
Dilatation 
Inflammation, chronic 
Inflammation, subacute 
Inflammation, suppurative, acute 

Atrophy 
Developmental malformation 
Mineralization 

Prostate 

Testes 

(50) 

(49) 
1 (2%) 

1 (2%) 
4 (8%) 
1 (2%) 
6 (12%) 
1 (2%) 
1 (2%) 

23 (46%) 
(50) 

(47) 
1 (2%) 

1 (2%) 

6 (12%) 
1 (2%) 

(50) 

(1) 

(50) 

(50) 

1 (100%) 

11 (22%) 

5 (10%) 

19 (38%) 
1 (2%) 

(50) 

(50) 

1 (2%) 

(50) 
3 (6%) 

3 (6%) 

(50) 

(47) 

3 (6%) 

5 (11%) 

1 (2%) 

18 (36%) 
(50) 

(50) 
1 (2%) 

1 (2%) 

(50) 
11 (22%) 

1 (2%) 

HEMATOPOIETIC SYSTEM 
Blood 

Anemia 
Bone marrow 

Hyperplasia 
Lymph node 

Deep cervical, ectasia 
Deep cervical, hyperplasia 
Inguinal, ectasia 
Inguinal, inflammation, suppurative, acute 
Mediastinal, congestion 
Mediastinal, ectasia 
Mediastinal, pigmentation, hemosiderin 
Pancreatic, ectasia 

Lymph node, mandibular 
Ectasia 
Hyperplasia 

Congestion 

Fibrosis, focal 
Hematopoietic cell proliferation 
Hemorrhage 
Necrosis, focal 
Necrosis, multifocal 
Thrombus 

Lymph node, mesenteric 

Spleen 

Thymus 
cys t  

(2) 

(50) 

(50) 

2 (100%) 

5 (10%) 

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

1 (2%) 

9 (18%) 
1 (2%) 

2 (4%) 

1 (2%) 
9 (18%) 
1 (2%) 

(49) 

(48) 

(50) 

(43) 

(50) 

(50) 
4 (8%) 

1 (2%) 
1 (2%) 

1 (2%) 

(49) 

(49) 

(50) 

6 (12%) 

1 (2%) 
5 (10%) 

1 (2%) 
1 (2%) 

148) 
1 (2%) 

(50) 

(48) 
4 (8%) 

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

6 (13%) 
1 (2%) 

(47) 

(46) 

(49) 
1 (2%) 
5 (10%) 

1 (2%) 
1 (2%) 

(38) 

INTEGUMENTARY SYSTEM 
Mammary gland (45) (49) (47) 

Skin (50) (50) (49) 
Duct, cyst 21 (47%) 21  (55%)  24 (61%) 

Inflammation, suppurative, acute, focal 1 (2%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF FURFURAL (Continued) 

Vehicle Control 30 m a g  60 mg/kg 

MUSCULOSKELETAL SYSTEM 
Bone (50) 

Skeletal muscle (1) 
Fibrous osteodystrophy 

Inflammation, granulomatous, multifocal 

NERVOUS SYSTEM 
Brain (50) (50) (50) 

Compression 4 (8%) 2 (4%) 3 (6%) 
Fungus 1 (2%) 
Hemorrhage, multifocal 1 (2%) 1 (2%) 2 (4%) 
Hydrocephalus 1 (2%) 
Inflammation, suppurative, acute 1 (2%) 
Necrosis 1 (2%) 
Thrombus, multiple 1 (2%) 

RESPIRATORY SYSTEM 
Lung 

Congestion 
Foreign body 
Fungus 
Granuloma, multiple 
Hemorrhage, multifocal 
Infiltration cellular, histiocytic, multifocal 
Inflammation, suppurative, acute, focal 
Necrosis, multifocal 
Pigmentation, multifocal 
Thrombus, multiple 
Alveolar epithelium, hyperplasia, focal 
Alveolar epithelium, hyperplasia, multifocal 
Fat, mediastinum, necrosis, multifocal 
Mediastinum, foreign body 
Pleura, fibrosis, focal 

Foreign body 
Fungus 
Inflammation, suppurative, acute 
Mucosa, hyperkeratosis, focal 
Mucosa, hyperplasia, focal 
Nasolacrimal duct, cyst 
Nasolacrimal duct, foreign body 
Nasolacrimal duct, inflammation, subacute 
Nasolacrimal duct, inflammation, suppurative, 

Nasopharyngeal duct, cyst 
Nasopharyngeal duct, foreign body 
Nasopharyngeal duct, inflammation, subacute 

Nose 

acute 

(50) 
7 (14%) 
7 (14%) 

6 (12%) 

1 (2%) 

1 (2%) 

(50) 
4 (8%) 

13 (26%) 
13 (26%) 
1 (2%) 
1 (2%) 

1 (2%) 
4 (8%) 

5 (10%) 

(50) 
9 (18%) 
8 (16%) 

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

1 (2%) 
1 (2%) 

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

10 (20%) 
10 (20%) 
13 (27%) 

(49) 

2 (4%) 
10 (20%) 

1 (2%) 
1 (2%) 

1 (2%) 

(50) 
9 (18%) 
8 (16%) 
1 (2%) 

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

1 (2%) 
3 (6%) 

1 (2%) 

(50) 
4 (8%) 

10 (20%) 
10 (20%) 

1 (2%) 
1 (2%) 
5 (10%) 

1 (2%) 
1 (2%) 

SPECIAL SENSES SYSTEM 
Eye 

Cataract 
Retina, degeneration 

(4) (2 )  (3 )  
2 (50%) 2 (100%) 3 (100%) 
3 (75%) 2 (100%) 3 (100%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF FURFURAL (Continued) 

URINARY SYSTEM 
Kidney (50) 

Developmental malformation 
Hydronephrosis 
Inflammation, suppurative, acute, multifocal 
Nephropathy, chronic 42 (84%) 
Capsule, fibrosis, focal 
Cortex, cyst 3 (6%) 
Papilla, necrosis 
Pelvis, inflammation, suppurative, acute 
Renal tubule, dilatation, multifocal 
Renal tubule, mineralization, multifocal 
Renal tubule, pigmentation, hemosiderin, 

m ui tifoca 1 

Hemorrhage 
Inflammation, suppurative, acute 

Urinary bladder (50) 

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

43 (86%) 43 (86%) 
1 (2%) 
3 (6%) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 1 (2%) 

1 (2%) 
(50) (49) 

1 (2%) 
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TABLE B1. SUMMARY O F  THE INCIDENCE O F  NEOPLASMS IN FEMALE RATS I N  T H E  TWO-YEAR 
GAVAGE S T U D Y O F F U R F U R A L  

DISPOSITION SUMMARY 
Animals initially in study 
Early deaths 
Dead 
Moribund 
Dosing accident 

Dead 
Terminal sacrifice 

Survivors 

Animals examined microscopically 

50 

9 
9 
4 

28 
50 

50 

5 
11 
2 

32 
50 

50 

4 
9 

19 

1 
17 
50 

ALIMENTARY SYSTEM 
Intestine large, colon (49) 

Liver (50) 
Mesentery (8) 

Pancreas (50) 

Pharynx 

Stomach, forestomach (50) 

Stomach, glandular 150) 
Tongue 

Sarcoma stromal, metastatic, uterus 

Sarcoma 1 (13%) 

Acinus, adenoma 

Papilloma squamous 

Papilloma squamous 

Papilloma squamous 

(1) 

(50) 

(50) 
(2) 

1 (100%) 

1 (2%) 

1 (50%) 

CARDIOVASCULAR SYSTEM 
Heart 

ENDOCRINE SYSTEM 
Adrenal gland, cortex 

Adrenal gland, medulla 
Adenoma 

Pheochromocytoma malignant 
Pheochromocytoma complex 
Pheochromocytoma benign 

Islets, pancreatic 
Adenoma 

Pituitary gland 
Pars distalis, adenoma 

Thyroid gland 
C-cell, adenoma 
C-cell, carcinoma 
Follicular cell, adenoma 
Follicular cell, carcinoma 

(49) 

(47) 
1 (2%) 

2 (4%) 
(50) 

(49) 

(50) 
23 (47%) 

4 (8%) 

1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 

28 (56%) 

2 (4%) 
1 (2%) 

1 (2%) 

(501 

(50) 

(50) 

(50) 

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

(48) 

(50) 

(50) 

1 (2%) 

12 (24%) 

1 (2%) 

1 (2%) 

GENERAL BODY SYSTEM 
None 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF FURFURAL (Continued) 

GENITAL SYSTEM 
Clitoral gland 

Adenoma 
Carcinoma 

Granulosa cell tumor malignant 

Adenoma 
Hemangioma 
Polyp 
Polyp stromal 
Polyp stromal, multiple 
Sarcoma stromal 
Cervix, sarcoma stromal 

Polyp 

Ovary 

Uterus 

Vagina 

(50) 
2 (4%) 
2 (4%) 

1 (2%) 
(50) 

(50) 

10 (20%) 
2 (4%) 
2 (4%) 

(49) 
4 
1 

(50) 

(50) 
1 

1 
8 

2 
(1) 1 

(8%) 
(2%) 

(2%) 

(2%) 
(16%) 

(4%) 

(100%) 

(47) 
1 (2%) 
2 (4%) 

(50) 

(49) 

1 (2%) 

13 (27%) 
1 i2%) 

HEMATOPOIETIC SYSTEM 
Blood 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

INTEGUMENTARY SYSTEM 
Mammary gland (49) (50) (50) 

Adenocarcinoma 2 (4%) 3 (6%) 1 (2%) 
Fibroadenoma 10 (20%) 10 (20%) 11 (22%) 
Fibroadenoma, multiple 2 (4%) 4 (8%) 5 (10%) 

Subcutaneous tissue, fibrosarcoma 1 (2%) 
Subcutaneous tissue, lipoma 1 (2%) 

Skin (50) (50) (50) 

MUSCULOSKELETAL SYSTEM 
Bone (50) 

Cranium, fibrosarcoma, metastatic, skin 
(50) (50) 

1 (2%) 

NERVOUS SYSTEM 
Brain 

Glioma malignant 
(50) (50) 

1 (2%) 
(491 

RESPIRATORY SYSTEM 
Lung (50) 

Alveolarhronchiolar adenoma 
Alveolarhronchiolar carcinoma 
Mediastinum, schwannoma malignant 

Nose (50) 

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

(50) (50) 

SPECIAL SENSES SYSTEM 
None 
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TABLE 81. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF FURFURAL (Continued) 

Vehicle Control 30 mgflrg 60 mg/kg 

URINARY SYSTEM 
Kidney (50) (50) (50) 

Urinary bladder (49) (50) (48) 
Cortex, adenoma 1 (2%) 

Sarcoma stromal, metastatic, uterus 1 (2%) 

SYSTEMIC LESIONS 
Multiple organs 

Leukemia mononuclear 
*(50) *(50) *(50) 

18 (36%) 15 (30%) 8 (16%) 

TUMOR SUMMARY 
Total animals with primary neoplasms ** 43 

Total primary neoplasms 85 
36 

Total benign neoplasms 56 
24 

Total malignant neoplasms 29 

Total secondary neoplasms 

Total animals with benign neoplasms 

Total animals with malignant neoplasms 

Total animals with secondary neoplasms *** 

44 
93 
38 
66 
24 
27 

2 
3 

33 
63 
32 
50 
9 

13 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
*** Secondary tumors: metastatic tumors or tumors invasive into an  adjacent organ 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF FURFURAL: VEHICLE CONTROL 

DAYS ON 
STUDY 

CARCASS 
ID 

Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large colon 
Intestine large: rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 
Mesentery 

Sarcoma 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

Heart 

E, 

Adrenal gland, cortex 
Adrenai gland, medulla 

Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Thyroid gland 

A Z ; : F  

Theochromocytoma malignant 
Pheochromocytoma benign 

Pars  distalis, adenoma 

I-cell. adenoma 
Follicular cell, carcinoma 

Xone 
L BODY SYSTEM 

-AL SE'TEFJ 
Clitoral gland 

Adenoma 
Carcinoma 

Ovary 
Granulosa cell tumor maiignant 

Uterus 
Polyp stromal 
Polyp stromal. multiple 
Sarcoma stromal 

EM 
Bone marrow 
Lvmph node 
Lymph node. mandibular 
Lymph node, mesentenc 
Spleen 
Thymus 

P 
Mammary gland 

Adenocarcinoma 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 

Bone 
ETAL 

7 
Glioma malignant 

Lung 
Nose 
Trachea 

SPECIAL 
Eye 

URINARY S m  
Kidney 

Cortex, adenoma 
Unnary  bladder 

N S  
Multi le organs 

LeuRemia mononuclear 

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + M + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + M + + + + + + + + + + + + + t + + + + + + +  
+ + + M + + + + + + + + + + + + + t + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + +  + 
X 

t + t + + + + + + + + + + + t ~ + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + + + + + + + + + + +  
+ + T + + + + + + + + + + + t + + + + + + + + + +  

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

+ + + + + + + + t + + + + t + + + + + + + + M + +  
+ + + + + + + + + + + + + + + + + + + + + + M + +  
+ M + M + + + + + + + + t + +  + +  + + + + + M + +  

X 
X + + * + + + + - + + + + + + + + + + + + + + + + +  

+ + + + + + + + + + + + + + + + + + + + + + + + +  
t + + + + + + + + + + + + + + + + + + + + + + + +  x x x x  x x  x x x x  x x  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

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

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

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

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

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

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

+ + + M t + + + + + + + + + + + + + + + + + + + +  
Y x x x  X x x  

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
t + + + + + + r t + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + +  

+ 

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

+ + + + + + + + + + + + + + + + + t + + + + + + M ~  
~~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  I I  x x x x x x  x x x x 

+ : Tissue examined microscopically 
: Not examined 

I: Insuficient tissue 
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M: Misnng 
A Autolysis precludes examination 
X: Incidence of listed morphology 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: VEHICLE CONTROL 
(Con tinued) 

DAYS ON 
STUDY 

CARCASS 
ID 

ALIMENTARYSYSTFM Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large colon 

Intestine small 
Intestine large: rectum 

Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 
Mesentery 

Sarcoma 

Saliva glands 
S t o m a 3  
Stomach, forestomach 
Stomach, glandular 

Pancreas 

Heart 

Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 

I 

TOTAL: ' 
1 2  2 2 2 3 4 4 4 5 5 5 6 7 7 7 8 8 8 9 9 0 0 0 0 T U M O R S ,  
5 2 3 4 5 5 3 4 5 3 4 5 5 3 4 5 3 4 5 4 5 2 3 4 5  

. . . . . . . . . . . . . . . . . . . . . . . . .  50 1 
+ + + + + + + t + + t t + + + + + + + + + + + + +  50 I 
+ + + + + + + + + + t + + + + + + t t + + + + ~ +  49 i 
+ + + + +  + + + + + + + + + + + + + + +  + + + + +  49 ~ 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  50 ~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 ~ + + + + + + + +  + + + + + + + + t + +  + + + t i . + ,  49 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 1 

1 1  

+ + + + + + + + + + + + + + + + + + + + + + + + +  50 
+ + + + + + + + + + + + + + + + + + + + + + - + -  j n  , 

50 , 

7 7 7 7 7  7 " " 7 7 7 " 7 7 1 7 7 7 7 7 7 1 7 7  
9 9 9 9 9 0 0 0 0 0 0 0 1 1 1 1 1 1 1 2 2 2 2 2 2  2 2 2 2 2 : 3 ; ; 3 3 3 i 3 3 3 3 3 3 3 3 3 3 3 3 3  ~ 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5 3 3 3 3 4 4 4 4 T I S S U E S /  

- 1  

. . . . . . . . . . . . . . . . . . . . . . . . .  50 + +  + R 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 ! 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + * + + + + + + + + + + + - + + + + +  

~ 

+ + + + + + + + + + + + + + + + + + + + + * + + +  
I 

+ + + + +  + + t + t + t + +  + + +  + + + + + + + + I  49 + + +  + + + + + + + + + + + t -  + + + + - + + 

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

91 

None 

Clitoral gland 
Adenoma 
Carcinoma 

Granulosa cell tumor malignant 

Polyp stromal 
Polyp stromal, multiple 
Sarcoma stromal 

Ovary 

Uterus 

Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node. mesentenc 
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-- 
t + + + + + + + + + + + + + + + + + + + t + t + +  50 

X X 2 
X X 2 1  

. . . . . . . . . . . . . . . . . . . . . . . . .  50 i 

X X X X X X  in 
x 1~ + + + + + + + + + t + t + + + + + + t + + + + + +  50 

x x  2 
2 i  

+ + + + + + t + + + t + + + + + - + t + + + + + t  50 ' 
+ + + + + + + + + + + + t + + + + t - + + - - + t  j 0  , 

____ 
i 

+ + + + + + + t + + + + + + + + + + t + + + - t +  5n 
+ + + + + + t + + + + + t + + + + - t + + + + + +  49 1 

S leen j + + + + + + + + + + + + + + + + + + t + t + + + +  

Mammary gland + + + + + + + + + + + + + + + + + 

Tgymus ! + + M + +  + + +  + + M + + + + -  + +  + + t + + + +  

j + + + + + + + 
Adenocarcinoma 

50 
17 , 

__- 

49 



DAYS ON 
STUDY 

CARCASS 
ID 

Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 

Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 
Mesenterv 
Pancreas 
Pharvnx 

Salivary glanas 
Stomach 

Sarcoma stromal, metastatic, uterus 

Papilloma squamous 

Blood vessel 
Heart 

Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Adrenal gland, medulla 

Pheochromocytoma complex 
Pheochromocytoma benign 

Islets, pancreatic 
Adenoma 

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

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

+ + + * + + + + * * + + + t + + + + + + + + * + +  
+ + + + + + + + + + * * * + t + + * + + + + + + +  
+ + + + + + + + + + + + + + + * t + + + + t t + t  
* + * * + + + * + + * + * + t + + + + + + + + + *  

+ + * + + + + * + * + * + + + + + + + * t + + + +  + * + * + + + + + * * * + * + + + + + + + + + * +  
* + + + * + + * + + * t t + + + + * + + * + + + + l  

X 

+ + * + + + + + + + + * + * + * * + + + * + * + * ~  
r + + + + * + + + + + * * + + + + * * t * * * * +  
+ + + + * * + + t + * + + * + + + * t + + * + + +  

+ * c * * + + + + + + + + * * + + + + + * + * * + * + +  

- t + + + + + * + + t + + + * + + r + + * + * * +  
* + + t + + + t + + t + * + + * t + + + * * + + +  

Parathyroid gland 
Pituitary gland 

Thyroid gland 
Pars  distalis, adenoma 

C.cell. adenoma 
C-cell, carcinoma 
Follicular cell, carcinoma 

EM 
None 

Clitoral gland 
Adenoma 
Carcinoma 

Ovary 
Uterus 

Adenoma 

R$; stromal 
Cervix. sarcoma stromal 

POIYP 
Vagina 

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

+ * + + + + * + + + * * + + + + + * * + + + + * +  
+ + + + * + + * + * + + * + r * * + + * + + * + +  

I * + + * + + + + + * + + * + + t * + + * + + + + +  
i 

+ + + + ~ + + * * + + + + * * + + + * + + * * * *  
c c + i * c + + + + t + c + M * t M + * * * t t +  
+ + * + + + + + + * * + + + + + t + + + t * * * +  

x x  x x  x x  x x x  x x x x  
f + f * + * + + + + * * * + * * t C * + t * + + *  

X X 

X 

+ + + t + t + + + + + t + + M + + f + t + + + + t  
X 

+ * + + + + + + * + + + + + + + + t + + + + + + *  
+ + + + + + + * + + + + * * t * + t * + + + + + +  

x x x  X 
X 

+ 
X 

X 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE R A T S  30 mg/kg 
(Continued) 

DAYS ON 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
STUDY 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

1 1 1 2 2 2 2 2 2 2 2 2 2 2 5 5 5 5 5 5 5 5 5 5 5  

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

4 5 5 2 3 4 5 3 4 5 2 3 4 5 2 3 4 5 4 5 1 2 3 4 5  

- 

TOTAL: 
TISSUES 
TUMORS 

uterus 

None 

Clitoral gland 
Adenoma 
Carcinoma 

E 2 6  

Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large colon 

Intestine large rectum 
Intestine small' 
Intestine small duodenum 
Intestme smai i  ileum 
Intestme small: Ielunurn 
Liver 
Mesentery 
Pancreas 
PharyUX 

Papilloma uamous 
Sativa g d s  
s t o m a x  
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 
Tongue 

Papilloma squamous 

~ereoma strokal,  metastatic. 

Blood vessel 
Heart 

Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Adrenal gland, medulla 

Pheochromocytoma complex 
Pheochromocytoma benign 

Islets. pancreatic 
Adenoma 

Parathyroid gland 
Pltuitary gland 

Pars didalis adenoma 
Th roid gland 

&ell, adenoma 
C-cell camnoma 
Folhchar  cell, carcinoma 'r + + + + + + + + + + + + + + + + + + + + + + + + +  

X x x  x 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
+ + + + + + + + + + + + + + + + + + + + + + + + +  50 

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + + + + + + r i f f +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  + + + + +  + 

+ 
X + + + + + + + + ~ + + + + + + + + + + + + + + + +  

+ + + + + + + + + + + + + + + + + + + + + t + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

50 
50 
50 
50 

1 
50 
50 
50 
50 
50 
50 
10 
50 
1 
1 

50 
50 
50 
1 

50 
2 
1 

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

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

X 

X 
X 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  x x  x x x x  x x  x x x x x  x x  
+ + + + + + + + + + + + + + + + + + + + + + + + +  

X 

X 

50 
50 
1 

50 
1 
1 

50 
1 

50 

50 
2 
1 
1 

48 

28 

X 
X 

X x x  x 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS 30 mg/kg 
(Continued) 

DAYS ON 
STUDY 

C h R C A S S  
ID 

Blood 
Bone marrow 
Lymph node 
Lymph node mandibular 
Lymph node: mesentenc 
S leen 
Tiymus  

Mammary gland 
Adenocarcinoma 
Fibroadenoma 
Fibroadenoma. multiple 

Subcutaneous tissue, fibroqarcoma 
Skin 

Bone 
Cranium. fibrosarcoma. metastatic, skin 

Brain 

Lung 
Alveolarlbronchiolar adenoma 
Alveoiarlbronchiolar carcinoma 
Mediastinum, schwannoma malignant 

Nose 
Tracnea 

Kidney 
Unnary b!adder 

Sarcoma stromal, metastatic, uterus 

S 
Multi le organs 

LeuRemia mononuclear 

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

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

+ + + + + + + + + + + + A + + + + M + + + + + + +  
+ + + + + + + + + + + + + + + + + + t + + + + t t  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
t + + + M + + + + + + + + + + + + + + + + + + + +  

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

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

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 
~ ~ ~ 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
t + + + + + + + + + + + t t + + + + + + + + + + +  

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . .  
X x x  x x  
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: 30 mg/kg 
(Continued) 

1 7 7 7 7 1 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
1 1 1 2 2 2 2 2 2 2 2 2 2 2 5 5 5 5 5 5 5 5 5 5 5  

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

DAYS ON 
STUDY 

TOTAL: 
TISSUES 
TUMORS 

CARCASS 
ID 

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

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

Blood 
Bone marrow 
Lymph node 
Lymph node. mandibular 
Lymph node, mesentene 
S leen 
A y m u s  

-- 
50 
50 
1 

50 

Mammary gland 
Adenocarcinoma 
Fibroadenoma 
Fibroadenoma. multiple 

Subcutaneous tissue, fibrosarcoma 
Skm 

Bone 
Cranium, fibrosarcoma, metastatic, skin 

Brain 

Lung 
AlveolarfDronch~olar adenoma 
AlveolarfDronch~olar carclnoma 
Mediastinum, schwannoma malignant 

Nose 
Trachea 

Kidney 
Urinary bladder 

Sarcoma stromal, metastatic, uterus 

L e d e m l a  mononuclear 
Multi le organs 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ t + + + + + + + + + + + + + + + + + + + + M + +  

1 
47 
50 
50 
50 
50 
48 

I-- I + + + + + + + + + + + + + + + + + + + + + + + + +  
X X 

X x x  x 10 

+ + + + + + + + + + + + + + + + + + + + + + + + +  50 
X X X i  

11 

i 5: 
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

+ + + + + + + + + + + + + + + + + + + + + + + + +  
X 

X . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF FURFURAL: 60 m g k g  

DAYS ON 
STUDY 

CARCASS 
ID 

4LI 
Esophagus 
Intestine large 
Intestine large, cecum 
I n t e s t n e  large, colon 
I n t e s t ~ n e  large, rectum 
I n t e s t ~ n e  small 
I n t e s t ~ n e  small,  duodenum 
Intestine smail. d e u m  
I n t e s t ~ n e  smal!. :eiunum . . 
Liver 
Mesentery 
Pancreas 

Acinus. adenoma 
Sahvary glands 
Stomach 
Stomach. forestomacn 

Pap~l loma squamous 
Stomach, gianduiar 

Hear t  

E SYSTEM 
Adrenal eland 
.4drenal gland, cortex 
Adrenal gland. medulla 

Pheochromocvtoma mai lgrant  
Pheochromocytoma comp,ex 

Islets. pancreatic 
Adenoma 

Parathyroid gland 
Pituitary gland 

P a r s  distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
Follicular cell, adenoma 

GETERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
C l ~ t o r a l  gland 

Adenoma 
Carcinoma 

O v a r i  
U t e m s  

H e m a n p o m a  
Polyp stromal 
Polyp stromal, m u l t ~ p i e  

P 
Blood 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesentenc  
Spleen 
Tnymus 

MENTARY S Y S T ~  
Mammary gland 

.4denocarc1noma 
Flbmadenoma 
Fibroadenoma, multiple 

Skin 
Subcutaneous tlssue, lipoma 

-LOSKELETAL ST'STER 
Bone 

RES 
Lung 
Nose 
Trachea 

s 
Eye 

I ~ R I N A R P ~ T E M  
Kidney 
U n n a r y  bladder 

IONS 
hlultiple organs 

L e u k e m ~ a  mononuclear 

+ M * + + + - + + + + + + + M + + + + + + + + + *  
+ + + + + + + + + + + + * + + * + + + + + + + + +  

X X X X X  
+ + t + + + + + ~ + * + + + + + + + + * + * + + +  

I 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: 60 mgkg 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

ALT1CIFmT;WPSPSTFm 
Esophagus 
Inteshne large 
Intest~ne large, cecum 
Intestme large, colon 
Intestme large, rectum 
Intestme small 
Intestme small, duodenum 
Intest~ne small. ileum 
Intestme small, jejunum 
Llver 
Mesentery 
Pancreas 

Acmus. adenoma 
Saliva glands 
s t o m a 3  
Stomach forestomach 

Papilloma squamous 
Stomach. glandular 

Heart 

Adrera. g.ard 
Adrena. gland. rocex 
Adrena. g ~ a c d ,  med,~i!a 

Pheochmmocytoma mahgnant 
Pheochromocytoma complex 

Islets. nancreatlc 

~ a z h ~ r o > d  gland 
P i tu~ ta ry  gland 

Pars d~stalls, adenoma 
Thyroid gland 

C-cell adenorna 
~ o l l l c h a r  cell, adenoma 

L BODY SVSTFEiI 
None 

M 
Chtoral gland 

Adenoma 
Carc~noma 

%ZS 
Hemanpoma 
Polyp stromal 
Polyp stmmal, mult~ple 

Blood 
Bone marmw 
Lymph node 
Lymph node, mand~bular 
Lymph node, mesentenc 
S leen   gym us 
Mammary gland 

Adenocamnoma 
F~bmadenoma 
Flbroadenoma, multlple 

Skin 
Subcutaneous tissue. hpoma 

ETAL SYSTEM 
Bone 

Braln 

Lung 
Nose 
Trachea 

Kidney 
Urinary bladder 

NS 
Multi le organs 

~euRernla mononuclear 

+ ~ + + + + + + + + + + + + + + + + t + + + * t C  
+ + + + + + + + + + + + + + + + + - + + + + + + +  

X  X X  X  X X Y  
+ + + + + + + + + + t + + + + + * - + + * + + + +  

X 
X 

Furfural, NTP TR 382 



TABLE B3. ANALYSIS OF PRIMARY NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF FURFURAL 

Vehicle Control 30 mg/kg 60 mg/kg 

Adrenal Medulla: Benign, Complex, or Malignant Pheochromocytoma 
Overall Rates (a)  
Adjusted Rates (b)  
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test id) 
Fisher Exact Test (d) 

Clitoral Gland: Adenoma 
Overall Rates (a)  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Clitoral Gland: Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests id) 
Logistic Regression Tests id) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Mammary Gland Fibroadenoma 
Overall Rates (e) 
Adjusted Rates ( b )  
Terminal Rates ic) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests Id) 
Cochran-Armitage Trend Test id) 
Fisher Exact Test (d)  

Mammary Gland: Adenocarcinoma 
Overall Rates ( e )  
Adjusted Rates ( b )  
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d)  
Logistic Regression Tests (d)  
Cochran-Armitage Trend Test (d)  
Fisher Exact Test (d )  

3/47 (6%) 
9.8% 
1/27 (4%) 
645 
P =  0.314N 
P=0.261N 
P = O . ~ O ~ N  

2/50 (4%) 
7.1% 
2/28 (7%) 
729 
P=0.583N 
P =  0.549N 
P =  0.431N 

4/50 (8%) 
14.3% 
4/28 (14%) 
729 
P=0.487 
P=0.535 
P=0.462N 

12/50 (24%) 
36.7% 
8/28 (29%) 
606 
P=0.032 
P=0.052 
P=0.218 

2/50 (4%) 
5.4% 
0128 (0%) 
57 1 
P =  0.541N 
P=0.478N 
P=0.399N 

Mammary Gland: Fibroadenoma or Adenocarcinoma 
Overall Rates (e) 
Adjusted Rates (b)  40.1% 
Terminal Rates (c) 8/28 (29%) 
Day of First Observation 57 1 
Life Table Tests id) P = 0.072 
Logistic Regression Tests (d )  P=0.118 
Cochran-Armitage Trend Test (d)  P=0.374 
Fisher Exact Test (d )  

14/50 (28% 1 

2/50 (4%) 
6.3% 
2/32 (6%) 
729 
P=0.435N 
P = 0.466N 

P=0.470N 

4/49 (8%) 
12.5% 
4/32 (13%) 
729 
P=0.399 
P=0.399 

P = 0.329 

5/49i10%1 
15.6% 
5/32 ( 1 6% ) 
729 
P = 0.585 
P=0.585 

P = 0.487 

14/50 (28%) 
39.5% 
11/32 (34%) 
582 
P=0.549 
P = 0.460 

P=0.410 

3/50 (6%) 
9.4% 
3/32 (9%) 
729 
P=0.542 
P = 0.514 

P = 0.500 

17/50 (34%) 
48.2% 
14/32 (44%) 
582 
P = 0.482 
P=0.378 

P=0.333 

1/50 (2%) 
3.2% 
0118 (0%) 
602 
P = 0.417N 
P=0.338N 

P =  0.285N 

1/47 (2%) 
4.0% 
0/17 (0%) 
694 
P = 0.635N 
P=0.616N 

P=0.523N 

3/47 (6%) 
14.2% 
1/17 (6%) 
694 
P=0.582 
P = 0.629 

P=0.535N 

16/50 (32%) 
60.2% 
8/18 (44%) 
602 
P = 0.045 
P = 0.062 

P = 0.252 

1/50 (2%) 
5.6% 
1/18 (6%) 
729 
P =  0.615N 
P = 0.545N 

P=0.500N 

16/50 (32%) 
60.2% 
8/18 (44%) 
602 
P=O.101 
P = 0.149 

P = 0.414 
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TABLE B3. ANALYSIS OF PRIMARY NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF FURFURAL (Continued) 

Vehicle Control 30 mg/kg 60 mg/kg 

Pituitary G l a n d P a r s  Distalis: Adenoma 
Overall Rates (a) 23/49 (47%) 
Adjusted Rates (b) 61.1% 
Terminal Rates (c) 13/27 (48%) 
Day of First Observation 571 
Life Table Tests (d) P=0.215N 
Logistic Regression Tests (d)  P = 0.060N 
Cochran-Armitage Trend Test (d) P=0.013N 
Fisher Exact Test (d) 

Thyroid Gland: C-cell  Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

4/50 ( 8% ) 
14.3% 
4/28 ( 14%) 
729 
P =  0.201 N 
P = 0.170N 
P=0.119N 

Thyroid Gland: C-cel l  Adenoma or Carcinoma 
Overall Rates (a)  4/50 (8%) 
Adjusted Rates (b) 14.3% 
Terminal Rates (c) 4/28(14%) 
Day of First Observation 729 
Life Table Tests (d) P=0.233N 
Logistic Regression Tests (d) P = 0.196N 
Cochran-Armitage Trend Test (d) P=0.133N 
Fisher Exact Test (d) 

Uterus: Stromal Polyp 
Overall Rates (e) 
Adjusted Rates (b)  
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

12/50 (24%) 
36.4% 
8/28 (29%) 
585 
P=0.114 
P=0.214 
P = 0.360 

Hematopoietic System: Mononuclear Leukemia 
Overall Rates (e) 18/50 (36%) 
Adjusted Rates (b) 45.0% 
Terminal Rates (c) 8/28 (29%) 

Life Table Tests (d) P=0.127N 
Logistic Regression Tests (d) P=0.032N 
Cochran-Armitage Trend Test (d) P=O.O16N 
Fisher Exact Test (d) 

Day of First Observation 210 

All Sites: Benign Tumors 
Overall Rates (e )  
Adjusted Rates ( b )  
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests td) 
Cochran-Armitage Trend Test (d )  
Fisher Exact Test (d)  

36/50 (72%) 
85.6% 
22/28 (79%) 
571 
P=0.105 
P = 0.301 
P=0.220N 

28/50 (56%) 
71.4% 
21/32 (66%) 
562 
P=0.455 
P=0.292 

P=0.242 

2/50 (4%)  
5.4% 
1/32 (3%) 
599 
P=0.284N 
P = 0.315N 

P=0.339N 

3/50 (6%) 
8.5% 
2/32 (6%) 
599 
P=0.434N 
P =  0.472N 

P=0.500N 

9/50 (18%) 
23.8% 
5/32 (16%) 
599 
P=0.230N 
P = 0.283N 

P=0.312N 

15/50 (30%) 
42.0% 
12/32 (38%) 
459 
P=0.245N 
P=0.319N 

P=0.335N 

38/50 (76%) 
90.3% 
28/32 (88%) 
465 
P =0.431N 
P=0.493 

P = 0.410 

12/50 (24%) 
46.8% 
6/18 (33%) 
438 
P=0.210N 
P=0.055N 

P = 0.01 4N 

1/50 (2%) 
5.6% 
1/18 (6%)  
729 
P=0.331N 
P =  0.331N 

P=0.181N 

1/50 (2%) 
5.6% 
1/18 (6% 1 
729 
P=0.331N 
P =  0.331N 

P=0.181N 

14/50 (28%) 
51.0% 
6/18 (33%) 
327 
P=0.117 
P=0.219 

P=0.410 

8/50(16%) 
31.2% 
3/18 (17%) 
602 
P=0.160N 
P=0.035N 

P = 0.020N 

32/50 (64%) 
91.3% 
15/18 (83%) 
327 
P=0.131 
P=0.364 

P = 0.260N 
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TABLE B3. ANALYSIS OF PRIMARY NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF FURFURAL (Continued) 

Vehicle Control 30 mg/kg 60 mg/kg 

All Sites: Malignant Tumors  
Overall Rates (e)  
Adjusted Rates tb) 
Terminal Rates (c)  
Day of First Observation 
Life Table Tests (d) 
Logistic Fkgression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test td) 

All Sites: All Tumors 
Overall Rates (e)  
Adjusted Rates tb) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests td) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

24/50 (48%) 
57.2% 
11/28 (39%) 
210 
P = 0.048N 
P = 0.004N 
P =  0.001N 

43/50 (86%) 
93.5% 
25/28 (89%) 
210 
P = 0.349 
P= 0.104N 
P=  0.009N 

24/50 (48%) 
64.1 % 
19/32 (59%) 
388 
P = 0.407N 
P = 0.549N 

P=  0.579N 

44/50 (88%) 
95.6% 
30132 (94%) 
388 
P = 0.343 N 
P = 0.594N 

P=0.500 

9/50 (18%) 
35.8% 
4/18 (22%) 
602 
P=0.053N 
P = 0.004N 

P = 0.001 N 

33/50 (66%) 
91.6% 
15/18 (83%) 
327 
P=0.372 
P = 0.159N 

P=0.017N 

(a)  Number of tumor-bearing animals/number of animals examined microscopically at the site 
(b)  Kaplan-Meier estimated tumor incidences at the end ofthe study after adjusting for intercurrent mortality 
(c)  Observed tumor incidence in animals killed a t  the end ofthe study 
td) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are  
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being directly or indirectly the cause of death. The incidental tumor 
test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or a lower incidence in a dosed group than in vehicle controls is indicated by (N). 
(e) Number of tumor-bearing animals/number of animals examined grossly at the site 
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TABLE B4. HISTORICAL INCIDENCE OF FORESTOMACH SQUAMOUS CELL NEOPLASMS IN FEMALE 
F344/N RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Study 
Incidence of Papillomas o r  Carcinomas 

in Vehicle Controls 

Historical Inc idence  a t  Sou the rn  Research  Inst i tute  

Ethyl acrylate 
Benzyl acetate 
Allyl isovalerate 
HC Red No. 3 
C.I. Acid Orange 3 
Chlorinated paraffins (C23, 43% chlorine) 
Chlorinated paraffins (C,z, 60% chlorine) 
Allyl isothiocyanate 
Geranyl acetate 

TOTAL 
SD (c) 

Range (d) 
High 
Low 

Overall Historical Inc idence  

TOTAL 
SD (c) 

Range (d) 
High 
Low 

1/50 
0149 
1/50 
0150 
0150 
0150 
0/50 
0/50 
1/50 

(b)  31449 (0.7%) 
1 .OO% 

1/50 
0150 

(e) 9/2,135 (0.4%) 
0.94% 

(b) 2/49 
0150 

(a) Data as of March 1,1989, for studies of a t  least 104 weeks 
(b) Squamous cell papillomas 
(c) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 
(e) Includes one papilloma, NOS, seven squamous cell papillomas, and one squamous cell carcinoma 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF FURFURAL 

DISPOSITION SUMMARY 
Animals initially in study 
Early deaths 
Dead 
Moribund 
Dosing accident 

Dead 
Terminal sacrifice 

Survivors 

Animals examined microscopically 

50 50 50 

9 
9 
4 

5 
11 
2 

4 
9 

19 

1 
32 17 
50 50 

28 
50 

ALIMENTARY SYSTEM 
Intestine large, cecum 

Parasite metazoan 
Intestine large, colon 

cys t  
Parasite metazoan 

Parasite metazoan 

Angiectasis, focal 
Basophilic focus 
Clear cell focus 
Degeneration, cystic 
Eosinophilic focus 
Fatty change 
Fatty change, diffuse 
Fatty change, focal 
Granuloma, multiple 
Hematopoietic cell proliferation 
Hepatodiaphragmatic nodule 
Hyperplasia, focal 
Mixed cell focus 
Necrosis, focal 
Necrosis, multifocal 
Vacuolization cytoplasmic, focal 
Bile duct, hyperplasia 
Centrilobular, fatty change 
Centrilobular, necrosis 
Hepatocyte, cytomegaly 

Hemorrhage 
Fat, necrosis, focal 

Acinus, atrophy, focal 
Acinus, atrophy, multifocal 
Acinus, basophilic focus 
Acinus, hyperplasia, focal 
Acinus, hyperplasia, multifocal 
Duct, ectasia 

Salivary glands 
Atrophy, multifocal 
Inflammation, subacute 

Intestine large, rectum 

Liver 

Mesentery 

Pancreas 

(49) (50) 

(50) 
1 (2%) 

1 (2%) 
2 (4%) 

7 (14%) 

2 (4%) 
45 (90%) 
10 (20%) 
1 (2%) 
1 (2%) 

2 (4%) 
1 (2%) 

22 (44%) 
1 (2%) 
4 (8%) 
1 (2%) 

(50) 

(50) 

(48) 

(49) 
1 12%) 

2 (4%) 

3 (6%) 

2 (4%) 
40 (80%) 
14 (28%) 

(47) 

(50) 

(49) 

4 
(50) 

3 
(50) 

39 
8 

(8%) 

(6%) 

(78%) 
(16%) 

1 (2%) 
1 (2%) 

13 (26%) 
2 (4%) 
5 (10%) 
2 (4%) 
2 (4%) 
1 (2%) 
1 (2%) 

11 (22%) 

(6%) 
(4%) 

(4%) 

3 
2 

2 
1 12%) 
1 (2%) 

28 (56%) 
2 (4%) 
9 (18%) 

34 

10 
1 

(8) 

(68%) 

(20%) 
(2%) 

24 (48%) 
1 (2%) 
4 (8%) 

(10) 

10 (100%) 

5 (10%) 
6 (12%) 
1 (2%) 
2 14%) 
1 (2%) 

(50) 

(50) 

(11) 
1 (9%) 
6 (55%) 

(48) 

4 (8%) 

1 (2%) 

6 
(50) 

2 
9 

(75%) 

(4%) 
(18%) 

1 
(50) 

1 

(2%) 

(2%) 
(49) 

1 (2%) 1 (2%) 
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TABLE B5. SUMMARY O F  T H E  INCIDENCE O F  NONNEOPLASTIC LESIONS I N  FEMALE RATS IN  T H E  
TWO-YEAR GAVAGE STUDY O F  FURFURAL (Continued) 

Vehicle Control 30 mg/kg 60 mgflrg 

ALIMENTARY SYSTEM (Continued) 
Stomach, forestomach 

Erosion 
Hyperkeratosis 
Hyperplasia 
Inflammation, subacute 
Mineralization 
Ulcer 

Stomach, glandular 
Erosion 
Erosion, multiple 
Inflammation, subacute 
Mineralization 
Ulcer 

Foreign body 
Granuloma 

Tongue 

(50) 

2 (4%) 
2 (4%) 

2 (4%) 
(50) 

1 (2%) 
9 (18%) 
1 (2%) 

(50) 

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

4 (8%) 

1 (2%) 
1 (2%) 
1 (2%) 
9 (18%) 
1 (2%) 

1 150%) 
1 (50%) 

(50) 

(2) 

(50) 
1 (2%) 

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

(50) 
1 (2%) 

1 (2%) 
5 (10%) 
1 (2%) 

CARDIOVASCULAR SYSTEM 
Blood vessel (1) 

Heart (50) (50) (50) 
Aorta, mineralization 1 (100%) 

Cardiomyopathy 16 (32%) 24 (48%) 18 (36%) 
Inflammation, chronic, multifocal 1 (2%) 
Mineralization, multifocal 1 (2%) 
Valve, thrombus 1 (2%) 

ENDOCRINE SYSTEM 
Adrenal gland, cortex 

Focal cellular change 
Hematopoietic cell proliferation 
Hyperplasia 
Hyperplasia, focal 
Hypertrophy, focal 
Inflammation, granulomatous 
Mineralization, multifocal 
Necrosis, multifocal 
Capsule, accessory adrenal cortical nodule 

Adrenal gland, medulla 
Hyperplasia, focal 
Infiltration cellular, lymphocytic, multifocal 

Hyperplasia 
Hyperplasia, focal 

Parathyroid gland 
Hyperplasia 

Pituitary gland 
Hyperplasia, focal 
Pars distalis, angiectasis 
Pars distalis, cyst 
Pars distalis, hyperplasia 
Pars distalis, hyperplasia, focal 
Pars distalis, pigmentation, hemosiderin 

Ultimobranchial cyst 
C-cell, hyperplasia, focal 
Follicle, cyst 
Follicular cell, hyperplasia 

Islets, pancreatic 

Thyroid gland 

(49 ) 
7 (14%) 

1 (2%) 

1 (2%) 

1 (2%) 

4 (9%) 
1 (2%) 

2 (4%) 

(47) 

(50) 

(48) 

(49) 

27 (55%) 
24 (49%) 
1 (2%) 

12 (24%) 
18 (37%) 

1 (2%) 
11 (22%) 
1 (2%) 
1 (2%) 

(50) 

(50) 
9 (18%) 

1 (2%) 
1 (2%) 
1 (2%) 
5 (10%) 

5 (10%) 
(50) 

(50) 

(48) 

(50) 
1 (2%) 

30 (60%) 
16 (32%) 
1 (2%) 

10 (20%) 
22 (44%) 

1 (2%) 
15 (30%) 
3 (6%) 

(50) 

(50) 
5 (10%) 
3 (6%) 

2 (4%) 

2 (4%) 

7 (14%) 
(50) 

(48) 

1 (2%) 
(48) 

(50) 
1 (2%) 

19 (38%) 
22 (44%) 

1 (2%) 
17 (34%) 
7 (14%) 

1 (2%) 
11 (22%) 
1 (2%) 

(50) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF FURFURAL (Continued) 

Vehicle Control 30 mgflcg 60 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Clitoral gland (50) (49) (47) 

Inflammation, subacute 1 (2%) 3 (6%) 1 (2%) 
Inflammation, suppurative, acute 2 (4%) 2 (4%) 
Duct, cyst 3 (6%) 5 (10%) 1 (2%) 
Duct, cyst, multiple 1 (2%) 

cys t  7 (14%) 8 (16%) 7 (14%) 
Inflammation, chronic 1 (2%) 
Inflammation, granulomatous 1 (2%) 

Cyst 1 (2%) 1 (2%) 1 (2%) 
Fibrosis 1 (2%) 
Hemorrhage 1 (2%) 2 (4%) 
Hydrometra 1 (2%) 1 (2%) 
Hyperplasia, cystic 1 (2%) 
Neovascularization 1 (2%) 
Pigmentation, hemosiderin 1 (2%) 
Prolapse 1 (2%) 
Cervix, abscess 1 (2%) 1 (2%) 
Cervix, cyst 1 (2%) 1 (2%) 
Cervix, hypertrophy 2 (4%) 1 (2%) 

Ovary (50) (50) (50) 

Uterus (50) (50) (491 

HEMATOPOIETIC SYSTEM 
Blood (1) (2) 

Anemia 1 (50%) 
Polychromasia 1 (50%) 

Bone marrow (50) (47) (50) 
Hyperplasia 3 (6%) 6 (13%) 2 (4%) 

Ectasia 3 (6%) 3 (6%) 2 (4%) 

Atrophy 4 (8%) 
Fibrosis, focal 1 (2%) 
Hematopoietic cell proliferation 4 (8%) 6 (12%) 4 (8%) 
Hemorrhage, focal 1 (2%) 
Hyperplasia, lymphoid 1 (2%) 

Lymph node, mandibular (50) (50) (49) 

Spleen (50) (50) (50) 

[NTEGUMENTARY SYSTEM 
Mammary gland 

Galactocele 
Duct, cyst 
Duct, inflammation, suppurative, acute 

Cyst epithelial inclusion 
Inflammation, subacute, focal 
Subcutaneous tissue, abscess 

Skin 

(49) (50) (50) 
1 (2%) 1 (2%) 

44 (90%) 39 (78%) 29 (58%) 
1 (2%) 

1 (2%) 
1 (2%) 

(50) (50) (50) 

1 (2%) 

:MUSCULOSKELETAL SYSTEM 
Bone 

Fibrous osteodystrophy 
Cranium, osteopetrosis 
Femur, osteopetrosis 

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

1 (2%) 2 (4%) 2 (4%) 
3 (6%) 3 (6%) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF FURFURAL (Continued) 

Vehicle Control 30 m*g 60 mg/kg 

NERVOUS SYSTEM 
Brain 

Compression 
Hemorrhage, multifocal 

(50) (50) (49) 
7 (14%) 8 (16%) 3 (6%) 
2 (4%) 1 (2%) 

RESPIRATORY SYSTEM 
Lung 

Congestion 
Foreign body 
Granuloma, multiple 
Hemorrhage, multifocal 
Infltration cellular, histiocytic, multifocal 
Mineralization 
Pigmentation, cholesterol, multifocal 
Alveolar epithelium, hyperplasia, focal 

Fungus 
Inflammation, suppurative, acute 
Nasolacrimal duct, cyst 
Nasolacrimal duct, foreign body 
Nasolacrimal duct, inflammation, subacute 
Nasolacrimal duct, inflammation, suppurative, 

Nose 

acute 

(50) 
6 
5 

16 

6 

4 

(50) 

(12%) 
(10%) 
(32%) 

(12%) 

( 8 % )  

(2%) 
(16%) 

(4%) 

(50) (50) 
23 (46%) 6 (12%) 
19 (38%~ 4 (8%)  

15 (30%) 5 (10%)  
1 (2%) 
6 (12%) 1 (2%) 
1 (2%) 
2 (4%) 
1 (2%) 

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

(50) (50) 

12 (24%) 6 ( 1 2 % )  

2 (4%) 

SPECIAL SENSES SYSTEM 
Eye 

Cataract 
Hemorrhage 
Retina, degeneration 

(3) (4 )  (2 )  
2 (67%) 4 (100%) 2 (100%) 
1 (33%) 
2 (67%) 4 (100%) 2 (100%) 

URINARY SYSTEM 
Kidney 

Hydronephrosis 
Nephropathy, chronic 
Cortex, cyst 
Medulla, inflammation, suppurative, acute 
Papilla, necrosis 
Renal tubule, dilatation, multifocal 
Renal tubule, mineralization, focal 
Renal tubule, mineralization, multifocal 

Inflammation, suppurative, acute 
Urinary bladder 

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

28 (56%) 39 (78%) 29 (58%) 
1 (2%) 1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 1 (2%) 
(48) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGESTUDYOFFURFURAL 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 

DISPOSITION SUMMARY 
Animals initially in study 
Early deaths 
Dead 
Moribund 
Accidentally killed 
Dosing accident 

Terminal sacrifice 
Survivors 

Missing 
Animals examined microscopically 

50 50 

9 12 
6 8 

2 

35 28 

50 50 

50 50 

13 9 
12 8 

6 

24 27 

49 50 
1 

ALIMENTARY SYSTEM 
Gallbladder (46) 
Intestine large, cecum (49) 
Intestine large, rectum (48) 
Intestine small, ileum (45) 
Intestine small, jejunum (47) 

Polyp adenomatous 
Liver (50) 

Carcinoma, metastatic, kidney 
Fibrosarcoma, extension, metastatic, mesentery 
Hemangioma 1 (2%) 
Hemangiosarcoma 2 (4%) 
Hemangiosarcoma, two, tnultiple 
Hemangiosarcoma, four, multiple 
Hepatoblastoma 1 (2%) 
Hepatocellular carcinoma 6 (12%) 
Hepatocellular carcinoma, multiple 
Hepatocellular carcinoma, two, multiple 1 (2%) 
Hepatocellular carcinoma, three, multiple 
Hepatocellular adenoma 9 (18%) 
Hepatocellular adenoma, two 
Hepatocellular adenoma, two, multiple 
Hepatocellular adenoma, three, multiple 
Squamous cell carcinoma, metastatic, stomach 1 (2%)  

Carcinoma, metastatic, kidney 
Fibrosarcoma, extension. metastatic, skin 
Fibrosarcoma, greater than five, multiple 

Pancreas (50) 
Fibrosarcoma, extension, metastatic, mesentery 

Salivary glands (50) 

Stomach (50) 

Stomach, forestomach (50) 

Mesentery (4) 

Fibrosarcoma, extension, metastatic, skin 1 (2%) 

Carcinoma, metastatic, seminal vesicle 

Adenocarcinoma 
Fibrosarcoma, metastatic, mesentery 
Papilloma squamous 1 (2%)  
Squamous cell carcinoma 1 (2%)  

(50) 

4 (8%) 

1 (2%) 

12 (24%) 

12 (24%) 

1 (2%) 

(3) 

(50) 

(50) 

(49) 

(49) 

1 (2%) 

1 (2%) 

(43) 
(49) 
(49) 
(48) 
(47) 

(49) 
1 (2%) 

1 (2%) 

2 (4%) 
1 (2%) 

1 (2%) 
5 (10%) 

1 (2%) 

7 (14%) 

4 (8%) 

(5) 

1 (20%) 
1 (20%) 

1 (2%) 

2 (4%) 

(49) 

(49) 

(49) 

(49) 

1 (2%) 

(50) 
1 (2%) 

1 (2%) 
15 (30%) 
1 (2%) 
4 (8%) 
1 (2%) 

14 (28%) 
1 (2%) 
2 (4%) 
2 (4%) 

(5) 
1 (20%) 

(49) 

(50) 

(49) 

(49) 
1 (2%) 

1 (2%) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF FURFURAL (Continued) 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 

CARDIOVASCULAR SYSTEM 
Heart (50) (50) (49) (50) 

Alveolar/bronchiolar carcinoma, metastatic, 

Carcinoma, metastatic, kidney 1 (2%) 
Hemangiosarcoma 1 (2%) 
Sarcoma, metastatic, skeletal muscle 1 (2%) 

lung 1 (2%) 

ENDOCRINE SYSTEM 
Adrenal gland, cortex (50) 

Capsule, fibrosarcoma, extension, metastatic, 

Spindle cell, adenoma 
mesentery 

Adrenal gland, medulla (50) 
Pheochromocytoma malignant 1 (2%) 
Pheochromocytoma benign 2 (4%) 
Pheochromocytoma benign, multiple 

Adenoma 1 (2%) 

Pars distalis, adenoma 

Follicular cell, adenoma 1 (2%) 

Islets, pancreatic (50) 

Pituitary gland (47) 

Thyroid gland (49) 

(50) 

1 (2%) 
(50) 

4 (8%) 
1 (2%) 

(48)  

(45) 

(50) 

(49)  

1 

(48) 

2 

(49) 

(46) 

(48)  

(50) 

(2%) 

(50) 

(4%) 1 (2%) 

(49) 

(49) 

(50) 
2 (4%) 

2 (4%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Coagulating gland (4) (5) (2) (2) 
Epididymis (50) (50) (49) (50) 
Penis (1) 

Preputial gland (9) (10) (14) (8) 

Prostate (50) (50) (48) (49) 
Seminal vesicle (50) (50) (48)  (50) 

Fibrosarcoma 1 (100%) 

Papilloma squamous 1 (7%) 

Carcinoma 1 (2%) 
Fibrosarcoma, extension, metastatic, mesentery 1 (2%) 

Interstitial cell, adenoma 1 (2%) 2 (4%)  
Testes (50) (50)  (49)  (50 )  

HEMATOPOIETIC SYSTEM 
Bone marrow (50) (49)  (49)  (50) 

Lymph node (50) (50) (49)  (50) 
Hemangiosarcoma 1 (2%) 2 (4%) 1 (2%)  

Axillary, histiocytic sarcoma 1 (2%) 
Iliac, histiocytic sarcoma 1 ( 2 % )  
Inguinal, histiocytic sarcoma 1 (2%) 
Inguinal, squamous cell carcinoma, metastatic, 

Mediastinal, alveolarhronchiolar carcinoma, 
skin 1 (2%) 

metastatic, lung 
Mediastinal, carcinoma, metastatic, kidney 1 (2%) 

Mediastinal, fibrosarcoma, metastatic, mesentery 1 (2%) 

Mediastinal, carcinoma, metastatic, seminal 
vesicle 

1 (2%) 

1 (2%) 
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TABLE Cl.  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF FURFURAL (Continued) 

~~ ~ 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 

HEMATOPOIETIC SYSTEM 
Lymph node (Continued) 

Pancreatic, histiocytic sarcoma 
Pancreatic, squamous cell carcinoma, 

metastatic, stomach 
Renal, histiocytic sarcoma 

Lymph node, mandibular 
Histiocytic sarcoma 

Lymph node, mesenteric 
Fibrosarcoma, metastatic, spleen 
Histiocytic sarcoma 

Fibrosarcoma 
Hemangiosarcoma 

Histiocytic sarcoma 
Sarcoma, metastatic, skeletal muscle 

Spleen 

Thymus 

(50) 

1 (2%) 

(44) 

(49) 
1 (2%) 

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

(47) 

(50) 

(46) 

(45) 

(49) (50) 
1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

(47) (48) 

(49) (50) 

(48) (49) 

(44) (45) 
1 (2%) 

1 (2%) 

I NTEGUMENTARY SYSTEM 

Basal cell adenoma 
Keratoacanthoma 
Papilloma squamous 
Squamous cell carcinoma 1 (2%) 
Subcutaneous tissue, fibroma 3 (6%) 
Subcutaneous tissue, fibrosarcoma 2 (4%) 
Subcutaneous tissue, fibrosarcoma, multiple 1 (2%) 
Subcutaneous tissue, fibrous histiocytoma 
Subcutaneous tissue, hemangioma 

Subcutaneous tissue, sarcoma 

Skin (50) ( 

Subcutaneous tissue, hemangiosarcoma 2 (4%) 

50 ) (49) (50) 
1 (2%) 

1 (2%) 
2 (4%) 

2 (4%) 
1 (2%) 2 (4%) 1 (2%) 
6 (12%) 10 (20%) 2 (4%) 

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

1 (2%) 

MUSCULOSKELETAL SYSTEM 
Skeletal muscle (1) 

Alveolar/bronchiolar carcinoma, metastatic, 

Fibrosarcoma, extension, metastatic, mesentery 
Fibrosarcoma, extension, metastatic, skin 
Hemangiosarcoma 
Sarcoma 
Abdominal, carcinoma, metastatic, seminal 

vesicle 
Diaphragm, carcinoma, metastatic, seminal 

vesicle 
Intercostal, carcinoma, metastatic, seminal 

vesicle 

two, multiple, lung 

(3) (2) (1) 

1 (33%) 
1 (50%) 
1 (50%) 

1 (33%) 
1 (100%) 

1 (33%) 

1 (33%) 

1 (33%) 

NERVOUS SYSTEM 
Brain 

Meningioma malignant 

RESPIRATORY SYSTEM 
Lung (501 (50) (491 (50 )  

Alveolar/bronchiolar adenoma 9 (18%) 3 (6%) 2 (4%) 8 (16%) 
Alveolar/bronchiolar carcinoma 3 (6%) 4 (8%) 2 (4%) 6 (12%) 
Alveolar/bronchiolar carcinoma, greater than 

Carcinoma, greater than five, metastatic, 
five, multiple I (2%) 1 (2%) 

multiple, kidney 1 (2%) 
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF FURFURAL (Continued) 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 

RESPIRATORY SYSTEM 
Lung (Continued) (50) 

Carcinoma, greater than five, metastatic, 
multiple, seminal vesicle 

Fibrosarcoma, metastatic 
Fibrosarcoma, greater than five, metastatic, 

Hemangiosarcoma 
Hepatocellular carcinoma, metastatic, liver 
Hepatocellular carcinoma, metastatic, two, 

Hepatocellular carcinoma, four, metastatic, 

Hepatocellular carcinoma, greater than five, 

Sarcoma, metastatic, skeletal muscle 
Mediastinum, carcinoma, greater than five, 

metastatic, multiple, seminal vesicle 
Mediastinum, fibrosarcoma, metastatic, 

mesentery 

Polyp 

Retinoblastoma, metastatic 

multiple, skin 

multiple, liver 

multiple, liver 

metastatic, multiple, liver 

Nose (49) 

Trachea (50) 

(50) 

1 (2%) 

(49) (50) 

1 (2%) 

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

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

1 (2%) 
1 (2%) 

1 (2%) 
(49) (50) 

(48) (50) 
1 (2%) 

1 (2%) 

SPECIAL SENSES SYSTEM 
Harderian gland 

Adenoma 
Carcinoma 

(2) (2) (1) 
2 (100%) 1 (50%) 1 (100%) 

1 (50%) 

URINARY SYSTEM 
Kidney (50) (50) (49) (50) 

Carcinoma, metastatic, seminal vesicle 1 (2%) 
Cortex, adenoma 1 (2%) 1 (2%) 
Cortex, carcinoma 1 (2%) 
Cortex, carcinoma, metastatic 1 (2%) 

Urinary bladder (49) (50) (49) (49) 

SYSTEMIC LESIONS 
Multiple organs *(50) *(50) *(49) *(50) 

Histiocytic sarcoma 1 (2%) 
Lymphoma malignant histiocytic 1 (2%)  
Lymphoma malignant lymphocytic 2 (4%) 2 (4%) 1 ( 2 % )  
Lymphoma malignant mixed 3 (6%) 2 (4%) 5 (10%) 2 (4%) 

TUMOR SUMMARY 
Total animals with primary neoplasms ** 

Total animals with benign neoplasms 

38 
Total primary neoplasms 60 

24 
Total benign neoplasms 28 

22 
Total malignant neoplasms 32 

3 

Total animals with malignant neoplasms 

Total animals with secondary neoplasms *** 
Total secondary neoplasms 4 

41 
70 
24 
29 
31 
41 

6 
16 

42 
59 
20 
24 
27 
35 

5 
15 

43 
77 
30 
37 
33 
40 

6 
13 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
*** Secondary tumors: metastatic tumors or tumors invasive into an  adjacent organ 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF FURFURAL: VEHICLE CONTROL 

DAYS ON 
STUDY 0 2 7 5 5 r i a i 2 6 6 7 0 1 3 3 3 3 3 3 3 3 3 3  

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

0 1 3 4 4 4 5 5 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7  

7 7 1  
CARCASS 
ID - 

Eso ha  s 
GalPblager 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, lelunum 
Liver 

Hemanpoma 
Hemangxosarcoma 
Hepatoblastoma 
Hepatocellular carcinoma 
Hepatoce!lular carcinoma, two, multiple 
Hepatoce!lular adenoma 
Squamous cell carcinoma, metascat:c. 

stomach 
Mesenterj 
Pancreas 
salivary glands 

skin 
Stomach 
Stomach. forestomach 

Papilloma squamous 
Squamous ceii carcinoma 

Stomach. giandular 
Tooth 

Fibrosarcoma. extension, metastatic. 

SCULAR spsTF?vI 
Heart 

Hemanposarcoma 

T ~ O C R I N E  SYSTEM 
4drenal gland 
4drenal gland, cortex 
4drenal gland, medui.a 

Pheochromocytoma malignant 
Pheochromocytoma benign 

slets, pancreatic 
Adenoma 

'arathyroid gland 
I'ituitary l a i d  
Thyroid k,h 

Follicufar cell, adenoma 

None 
(>E 

t- 
('oa lating gland 
i p i 8 y m : s  
Pems 

Fibrosarcoma 
Preputial gland 
Prostate 
Seminal vesicle 
.'estes 

Interstitial cell, adenoma 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ A + + + + M + + + + + + + + + + + + + + + + + +  
+ A + + t + + + + + + + + t t + + + + + + + + + +  
+ A + + + + + t + + + + + + t + + + + + + + + + +  
+ A + + + + + + + A + + + + A + t + + + + + t + +  
+ M + - + + + t + + + + + + A + + + t + + + t + +  
+ t + + + t + + + + + + + + + + + + + + + + t t +  
+ + + t + + M + t + + + + + A t + + + t t + t + +  
+ A + + + + M M + A + + + + A + + + t + + + + t +  
A A + + + + ~ t + A + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
I X 

x x x 
X 

x 
Y 

x 
X I 

X 
t 

t t ~ t t + + + + + t + t + + ~ + t t + + + + + t  
+ + - + + + t + + + + + + + + + + t + t + + + + +  

x 
. . . . . . . . . . . . . . . . . . . . . . . . .  
* r ~ - t r + + + + + t t + + + + ~ + + + + + + +  

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

+ +  + + + r + +  

~~ ~ ~ 

~ + - - + i T + + * + + t + t + + + + + + + + + +  

x 
I 

+ + ~ r + + + + t + + + + + r + + + + + + + + + +  
+ + - ~ + + + + t + t + + + + + + + + t + + t + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

M + M + M + + + + + M + + t M + + f + t + + t + + 
+ M - + + + + + + + + t + + + + + + t + + + M + +  
M + - + t + + t + + t + + + + + + + + + + + + + +  

+ 
+ + + * t t + + + + + t + t + + + + t + + + + + +  + 

X 
+ + t  t + 

. . . . . . . . . . . . . . . . . . . . . . . . .  
t t - + + + + + + + + + + + + t + + c + + + t r t  
+ + C + + + + t ~ + + + + + + + + + t + + + + + +  

X 

+ : Tissue examined microscopically 
Not examined 

I: Inwf ic ien t  tissue 

M; Missing 
A Autolvsis precludes examination 
X: Incidence of listed morphology 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE CONTROL 
(Continued) 

- 
3 3 3 3 3 3 3 3 i i 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2  

DAYS ON 
STUDY 

CARCASS 
ID 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  + + +  + + +  + +  + t  + +  + + + + + + +  

X 

E % X r  
Intestine large 
Intestine large cecum 
Intestine large: colon 
Intestine large, rectum 
Intestme small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine smal1,jejunum 
Liver 

Hemanpoma 
Heman osarcoma 
HepatoEastoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma, two, multiple 
Hepatocellular adenoma 
Squamous cell carcinoma, metastatic. 

stomach 
Mesentery 
Pancreas 
Salivary glands 

skin 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Squamous cell carcinoma 

Stomach, glandular 
Tooth 

Heart  

Fibrosarcoma. extension, metastatic, 

Hemangosarcoma 

M 
Adrenal gland 
Adrenal gland cortex 
Adrenal gland: medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 

Islets pancreatic 
Adehoma 

Parathyroid gland 
Pituitary land 
Thyroid kand 

Follicukar cell, adenoma 

None 
L BODPSVSFFhl  

50 
1 
1 

50 
27 

-_ 

TOTAL 

4 4 5 5 5 6 6 6 6 7 7 7 I 8  8 8 9 9 9 9 0 0 0 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + M + + M + + + + + + - + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + +  

50 
46 
49 
49 
47 
48 
50 
48 
45 
47 
50 

+ +  + 
+ + + + t + + + + + + + + + + + + + + t + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

1 
4 

50 
50 

I 5: 

/-- 
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

. . . . . . . . . . . . . . . . . . . . . . . . .  50 . . . . . . . . . . . . . . . . . . . . . . . . .  50 
i l  

I :  X . . . . . . . . . . . . . . . . . . . . . . . . .  50 
X 

+ M + + +  + + + + + + + + t + + + + + + +  + M + +  43 
+ + + + + + + + M + + + + + + + + + + + + + + + + I  47 + + + + + + + + + + + + + + + + + + + + + + + + + i  49 

x 11 

E p i g  ymis 
Penis 

Fibrosarcoma 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

Interstitial cell. adenoma 

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

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

4 
50 

1 
1 
9 

50 
50 
so 
1 
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DAYS ON 
STUDY 

CARCASS 
ID 

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

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

Blood 
Bone marrow 

Lymph node 

metastatic, stomach 
Lymph node, mandibular 

Spleen 

Hemannosarcoma 

Pancreatic. squamous cell carcinoma. 

Lymph node, mesentenc 
Fibrosamoma. metastatic. spleen 

Fibrosarcoma 
Hemangosarcoma 

rhymus 

Mammary gland 
i k i n  

Squamous ceii carcinoma 
Subcutaneous tissue. fibroma 
Subcutaneous tissue. fibrosarcoma 
Subcutaneous tissue, fibrosarcoma. 

multiple 

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

+ + + + + + + + + + + M M + + + + + M + + + + + +  
+ + + + + + + + + + + + + + M + + + + + + + + + t  

t + + + + + + + + + + t + + + + * + t + + + + + +  

+ + + M + + + + + + + + + + + + + + + + + + + + M  

M + M M M M M M M M M M M + M M M + M + M M M M M  
+ + + + + + + + + + + + + + + + + + + + + ~ + + +  

X 

X 

X 

X 

x 
X 

I I 

STEM 
Brain 
Spinal cord 

Lung 
AlveolarbronLhiolar adenoma 
Alveolaribronchiolar carcinoma 

Nose 
Trachea 

>PECIAL S E N S E m T E , M  
None 

URINARY SYSTEM 

Unnary bladder 
Kidney 

Multiple organs 
ONS 

Lymphoma malignant lymphocvtic 
Lymphoma malignant mixed 
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+ M + + + + + + + t c ~ + + + t + + + + + + + + +  + 
- 

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

X X 
X 

+ M + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

- 

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

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

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

X X 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE CONTROL 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

Blood 
Bone marmw 

L mphnode 

metastatic. stomach 
Lymph node mandibular 
Lymph node: mesentenc 

Spleen 

Thymus 

Mammary gland 
Skin 

Hemansosarcoma 

iancreahc,  squamous cell carcinoma 

Fibrosarcoma. metastatic, spleen 

Fibrosarcoma 
Hemanmosarcoma 

Squamous cell carcinoma 
Subcutaneous tissue. fibroma 
Subcutaneous tissue. fibrosarcoma 
Subcutaneous tissue, fibrosarcoma, 

Subcutaneous tissue. hemanposarcoma 
multiple 

Bone 
Skeletal muscle 

Brain 
Spinal cord 

Lung 

Nose 
Trachea 

None 

Kidney 
Unnary  bladder 

Multiple organs 

M 

Alveolar/bronchiolar adenoma 
Alveolarhronchiolar carcinoma 

M 

S 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2  

a O O O O o O O O O O O O O O O ~ ~ O O o ~ l ~ l  

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

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

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

+ + + + + + M + + + + + + + M + + + t M + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
h l + + + + + + + + + + + + i + + + + + + + + t + +  

X 

X 

M + M + ~ M M M M M + M M M M M M M + + M M M M M  
. . . . . . . . . . . . . . . . . . . . . . . . . .  

x x  x 
X 

X 

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

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

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

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

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

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

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

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

1 
50 
1 

50 

1 
44 
49 
1 

50 
1 
2 

47 

9 
50 
1 
3 
2 

1 
2 

50 
1 

49 
1 

50 
9 
3 

49 
50 

-- 
50 
49 

50 
2 
3 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF FURFURAL: 50 mg/kg 

DAYS ON 
STUDY 

CARCASS 
ID 

Eso na s 
G a h a % e r  
Intestine large 
Intestine large. cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenhm 
Intestine small, ileum 
Intestine srnall,lelunum 
Liver 

Hemanaosarcoma 
Hemanaosarcoma, four, multiple 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma. three,  rnuJtiple 

Mesentery 
Pancreas 
Salivary glands 

Fibrosarcoma. extension. metastatic, 
skin 

Stomach 

Stomach. forestomach 
Carcinoma, metastatic, seminal veslcle 

Stomach, glandular 
Tooth 

M 
Hear t  

Alveolarbronchiolar carcinoma. 
metastatic. lung 

M 
Adrenal gland 
Adrenal gland, cortex 

Spindle cell, adenoma 
Adrenal gland, med?illa 

Pheochromocytoma benign 
Pheochromocytoma benign. mult;ple 

Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

L BODY 
None 

-AL SYSTEM 
Coa lating gland 
E p i E y m i s  
Preputial gland 
Prostate 
Seminal vesicle 

Carcinoma 
Testes 

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

1 + + + + + + + t + + t + + + + t + + + + + + + +  
+ M M A + + + + t + + + + + M + + M + + + t + t +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + A + + + + M + + + + t t + + + + t A + + + t +  
+ + + + + + t + M t + + t + + + + + + + + + + + +  
+ M + t + t + + t t + + t + + t + + + + + + + + +  
+ + + t + + + * t + + + + + + + + + t + + + + t +  
+ + A A + + + M M + t + + + + + + + + + + + t + +  
+ + A + + + + t A t + + + t + + + + + A + + + + +  
+ + A A s M + + + t + - + + + + + + + + A  + +  + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  x X X 

x x  X x X 
X 

x x x  x X x x  

+ +  + 
+ t +  + +  + +  + + +  f +  + + + + t t + +  + + +  + +  
+ + + t + + + + + t + ~ + + + + + + + t + + + t + +  

+ + + + + t + + + t + t + ~ + + + t + A + + + + t  

+ ~ + + * + - + + + + + + + + f + + t A + + + + +  
+ + + t + + + + + + + + + + + + + + t A + t t + t  

+ +  + +  + + +  + 

x 

+ + + + - + + t t + + + t + + + + + t + + + t + t  

x 

+ + + + + + + t + t + . + t + t t + + + + + ~ + t +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + +  + + t + + C t + + +  + + t t +  + + + + +  
X E  X 

t + M + + t + * t + + t + + + + + + + A t + + + +  
M M M + + + + - + + + + + + M + + + + M + + + + +  
I M + M + + + t t + M + + + + + + + t + + + t + +  
+ + + + + + + + + + + t + + + + + + t + + + + + t  

~ ~ _ _ _ _ _ _ _  ~~~ 

t 
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

+ + t + +  t 

x 
+ + + t + + + + + + t L C + + + f t + + t + + + t  
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: 50 mg/kg 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

7 7 7 7 7 7 7 - 7 7 7 7 i 7 7 7 7 7 1 7 7 7 7 7 7  

2 2 2 2 2 2 2 2 2 2 2 2 2 5 5 5 5 5 5 5 5 5 5 5 5  

3 3 3 3 3 3 3 3 3 3 3 3 3 3  TISSUES 
2 2 3 3 4 4 4 4 5 5 5 5 6 7 
4 5 4 5 2 3 4 5 2 3 4 5 5 1 5 4 5 3 4 5 1 2 3 4 5  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

&Ti!Xr 
Intestine large 
Intestine large cecum 

Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small. jejunum 
Liver 

Hemanposarcoma 
Hemanposarcoma. four, multiple 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, three,  multiple 

Intestine large: colon 

Mesentery 
Pancreas 

skin 

Salivary glands 
Fibrosarcoma, extension, metastatic, 

Carcinoma, metastatic, seminal vesicle 
Stomach 

Stomach, forestomach 
Stomach, giandular 
Tooth 

Heart  

- 

Alveolar/bronchiolar carcinoma. 
metastatic, lung 

Adrenal gland 
Adrenal gland cortex 

Spindle cell, kdenoma 
Adrenal gland, medulla 

Pheochromocytoma benign 
Pheochromocytoma benign, multiple 

Islets, pancreatic 
Parathyroid gland 
Pituitary land 
Thyroid gfand 

None 

117 

i 

+ + + + t C t + + t f f + * + * + f + + + * + + +  49 1 

-- 

I . . . . . . . . . . . . . . . . . . . . . . . . .  49 
t + + + + M + + + + + + + + + + + + + t + + + + +  44 
+ t + + + t + + + + + t + + + + + + + + - + + + +  50 
+ + + * + + * + + t + + + + + + + + * * + + + * *  47 + + + * + + + + + + + f + ,- t + + + 49 

* + + + + + + + f + t + + + * + + f f + + * * + *  
. . . . . . . . . . . . . . . . . . . . . . . . .  46 
+ + + + t + + t + + + + + + + + * t + + f C + + +  47 + + + + + + + + + + + + + t + + + ~ + +  + + + + +  46 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 x 4 

50 I 

1 1  

x x x  x x x  x 12 i 

+ t- + + + + + + + + + + + + + + + + + + L + 50 j 
I x I '  

12 1 x x x  x x 
x i i  

* * + + ~ + ~ t + * t + + + + + + + + + + + + - +  50 

, 
+ + * + + + + + + + + + +  + + * + - + +  L + +  + +  19 

-- 
+ + + + + + + + + + + + + + + + + + + + - + +  + -  50 I 
+ + + + + + + t + t + + r t + + + + + t - - + + +  50 ~ 

x 1 .  + + + + + + * + + + + * + * * * + + + + + + - + +  50 ~ 

X x 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 
+ + + M +  + + + M + +  + +  t + +  + + + +  + + +  + t 4; ~ 

+ + + + t + + t M + + t + t + + + + + + + + + + +  45 
+ t + + t + + + + + + + + * + * + * + * + + * t +  50 

___ 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: 50 mg/kg 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

1- 
I3lood 
Bone marrow 

I, mphncde 
Hemannosarcoma 

hediast inal ,  alveolarhronchiolar 

Mediastinal. carcinoma. metastatic. 
carcinoma, metastatic, lung 

seminal vesicle 
Lymph node, mandibular 
]Lymph node. mesentenc 
Spleen 

Hemangiosarcoma 
Thymus 

M 
IMammary gland 
iskin 

Keratoacanthoma 
Papilloma squamous 
Subcutaneous tissue. fibroma 
Subcutaneous tissue. fibrosarcoma 
Subcutaneous tissue. fibrous 

Subcutaneous tissue hemannoma 
Subcutaneous tiqsue: hemangiosarcoma 

histiocytoma 

AL S r  
Bone 
Skeletal muscle 

Alveolarlbronchiolar carcinoma, 
metastatic. two, multiple. lung 

Hemangiosarcoma 
Abdominal. carcinoma, metastatic, 

seminal vesicle 
Diaphra m. carcinoma. metastatic. 

semina? vesicle 
Intercostal, carcinoma, metastatic. 

seminal vesicle 

Brain 
Meningioma malignant 

Lung 
Alveolarlbronchiolar adenoma 
Alveolarhronchiolar carcinoma 
Alveolarhronchiolar carcinoma, 

greater than five. multiple 
Carcinoma. greater than 5ve. 

metastatic, multiple, sem;nal 
vesicle 

Hemangiosarcoma 
Hepatocellular carcinoma. metastatic, 

liver 
Hepatocellular carcinoma, four, 

metastatic, multiple, liver 
Hepatocelldar carcinoma. greater 

than five. metastatic. multiple. 
liver 

Mediastinum, carcinoma. greater than 
five. metastatic. multiple, 
seminal vesicle 

Nose 
Trachea 

SPECIAL SENSES SYSTEM 
Hardenan gland 

Adenoma 

YSTEM 
Kidney 

Unnary  bladder 

Multiple organs 

Carcinoma, metastatic, seminal vesicle 
Cortex, carcinoma 

ONS 

Lymphoma malignant mixed 

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

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

+ + M + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

x x  

X 

X 
f + M f + i + t + + f + i + + + + + t + + + + + +  
+ + + A + + + + + + + M + + + + + + + A + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + M + + + + + + + + + + + + M M + + + + + +  

X 

M ~ M M M M M M M M M M M M M + M M M M M M M M M  
. . . . . . . . . . . . . . . . . . . . . . . . .  

x X X  

+ + M + + + + + + + + + + + + + + - + + + + + + +  
+ + + 
X 

X 

X 
X 

X 

+ + + + + + + + + + + + + + + + + + + + + + + + +  
X 

+ + + + + + + + + + + + + + + + + + + + + + + + +  
X 

X 
X 

X 

X 

X 

X 

X 

X 
+ t + + + + + + + + t + + + + + + + + + t + + + +  + + + + + + + + + + + + + + + + + + + + + + + + +  

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

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

X 

+ t + + + + + + + + + + t t + + + + + + + + + + +  
X X 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: 50 mglkg 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

Blood 
Bone marrow 

Hemangosarcoma 
L mph node 

bediastinal, alveolarhronch~olar 
mmnoma,  metastatic, lung 

Mediastinal, carcinoma, metastatic, 
seminal vesicle 

Lymph node, mand~bular 
Lymph node, mesentenc 
Spleen 

Hemangosarcoma 
Thymus 

TARY SYSTEM 
Mammary gland 
Skin 

Keratoacanthoma 
Pa illoma squamous 
S u g cutaneous tissue. fibroma 
Subcutaneous tissue, Rbrosarcoma 
Subcutaneous t~ssue,  fibrous 

histiocytoma 
Subcutaneous tissue. hemanpoma 
Subcutaneous t~ssue,  hemangosarcoma 

Bone 
Skeletal muscle 

Alveolarhronchiolar carcmoma. 
metastatic, two, mult~ple, lung 

Hemangosarcoma 
Abdominal, carc:noma, metastahc. 

seminal vesicle 
Dnphra m, carcinoma, metastat~c. 

sem:naT vesicle 
Intercostal, carcinoma, metastatic. 

seminal ves~cle 

Brain 
Memngoma malignant 

Lung 
Alveolarhronch~olar adenoma 
Alveolarhronchiolar carcinoma 
Alveolarhronchiolar carc:noma, 

greater than five, multiple 
Carcinoma, greater than five, 

metastatic, mult~ple, seminal 
vencle 

Hemangosarcoma 
Hepatocellular carcinoma. metastat~c. 

IGer 
Heoatocellular carcinoma. four 

metastatx, m.::tiple. !iver 
klepatoce..':lar carrir.oln. grester 

!bar. 5ve, me:ni:n:lc, mu.tio.e. 
hver 

Med~as t~num,  carcmoma, greater than 
five, metastat~c, muit~ple, 
sem~nal  veacle 

Nose 
Trachea 

S P R ~ A L  SENEXITEM 
Hardenan gland 

Adenoma 

Kidney 
Carcinoma, metastat:c, seminal ves~cle 
Cortex, carcmoma 

Unnary bladder 

S 
Multiple organs 

Lymphoma malignant m~xed  
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DAYS ON 
STUDY 

CARCASS 
ID 

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

~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ f ~ ~ ~ f ~ ~ ~ ~ ~  
1 1 2 1 2 2 3 3 1 1 2 1 3 3 2 2 3 1 2 4 2 2 2 4 4  

+ + + r t + + t + + + + + + + + + +  + + + + + +  + +  + t + 
+ + + + + + + + + + + + + + + + + +  + + + + + +  
+ + + M + + + + + + + + + + + + + +  + + + + + +  

Eso ha  s 
G a l b l a E e r  
Intestine large 
Intestine large cecum 

Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small. jejunum 

Polyp adenomatous 

Intestine large: colon 

Testes 
Interstitial cell, adenoma 

I I 

+ + + + + + + + + + + + + + + + + +  + + + + + +  
+ + M + + + + + + M + + + + + + + +  + M + + + +  
+ + + + + + + + + + + + + + + + + +  + + + + t +  
+ + + + + + + + + + + + + + + + + +  + + + + + +  
+ + + + + + + + + + + + + + + + + +  + + + + + +  + + + + + + + + + + + + + + + + + +  + + + + + +  
+ + + + + + + + + + + + + + + + + +  + + + + + +  
A + + + M + + + + + t + + + + + + +  + + + + +  
+ + + - + + + + + + t + + + + + + +  + + + + +  
A + + + + + + + + + + + + + + + + +  + + + + +  

I X ~ + + + + + + + + + + + + + + + + + +  + + + + + +  
X 

Fibrosarcoma, greater than  five, 

F.brosarcoma. extension, metastatic, 

Fibrosarcoma. extension, metastatic, 

multiple 
Pancreas 

mesentery 
Salivary glands 

s h n  
Stomach 
Stomach, forentomaci 

Stomach, glandular 
Tooth 

Heart 

Fibrosarcoma, metastatic, mesentery 

ULAR SYSTEM 

Adrena! gland 
Adrenal gland, cortex 

Capsule, fibrosarcoma, extension, 
metastatic, mesentery 

Pheochromocytoma benign 
Adrenal gland, medulla 

Parathyroid gland 
Pituitary gland 
Thyroid gland 

Islets, pancreatic 

L BODY SlT’EZM 
None 

Furfural, NTP TR 382 

X 

X 

I 
+ t + + + * + + + + + + + + + + + +  + + + + + e  

+ + + + + + + + + + + + + + + + + +  + + + + + +  
X x 

+ + + + + t + + + + + + t + + + + +  + + + + + +  
+ t t + + t r + + + + + + + + + t +  + + + + + +  
+ + + + + + + + + + + + + + + + + +  + + + + + +  X 

+ +  + 

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

+ + + * + + + + + + + + + + + + + +  + + + + + +  
+ + + + + + + + t + + + + + + + + +  + + + + + +  

I X 
+ + + L + + + + + + + + + + + + + +  M + + + + +  

+ t + t + + + + + + + + + + + t + +  + + + + + +  
+ + + + + + + M + + + + + + + + + +  + + + + + +  
+ + + + + + , c + M + + + M + + + +  + + + + + +  
t + + + + + + M + + + + + + + + + +  + + + + + +  
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DAYS ON 
STUDY 

CARCASS 
ID 

7 7 7 7 7 7 - 7 7 7 7 7 7 7 1 7 7 7 7 7 7 7 7 7 7  

4 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 3 9  
1 2 2 2 2 2 ~ 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  -*-.. 
3 5 3 4 5 1 5 3 4 5 3 4 5 1 4 5 1 4 5 3 4 5 5 4 5  

- 

Intestine large 
Intestine large cecum 
~ntes t ine  large: colon 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 
+ + + + M + + + + + + + +  + + + + + + + + + + M M  43 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 . . . . . . . . . . . . . . . . . . . . . . . . .  49 

121 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large, rectum 
Intestine small 
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49 
49 

+ + + + + + + + + + + + + + + + + + + + + + + + +  
i Fibrosarcoma, extension. metastatic, 

skin 
Stomach 
Stomach, forestomach . . . . . . . . . . . . . . . . . . . . . . . . .  
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + +  
Tooth + + +  + + + +  + + +  + + 

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

Fibrosarcoma, metastatic, mesentery 

Adrenal gland . . . . . . . . . . . . . . . . . . . . . . . . .  
Adrenal gland, cortex . . . . . . . . . . . . . . . . . . . . . . . . .  

Capsule, fibrosarcoma, extension. 

Pheochromocytoma benign X X 

metastatic, mesentery 
Adrenal gland, medulla . . . . . . . . . . . . . . . . . . . . . . . . .  

Parathyroid gland + + + + + + + + M + + + + + + + + + + + + + + + +  
Pituitary land + + + + + + + + + i + + + M + + + + + + + + + + +  
Thyroid gfand . . . . . . . . . . . . . . . . . . . . . . . . .  

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + +  

B- 
None 

Coa lating gland 
Ep iGymis  

Seminal vesicle / t i  + + i t +  + t +  + t +  + + t t + t t i  + i + + 

I +  + ; + + + + + : + + + + + + + + + + + + + + + + 

II + : + + M + +  + +  + + + + + + + + + + + + +  + +  
Preputial gland + + +  + + +  
Prostate 

Papilloma squamous X 

Fibrosarcoma, extension, metastatic, 
mesentery 

2 
49 
49 

1 
49 
15 

49 

49 
49 

1 
48 

2 
49 
47 
46 
48 

2 
49 
14 
1 

48 
48 

Testes 
Interstitial cell, adenoma 

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



TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: 100 mgkg 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

Blood 
Bone marrow 
Lymph node 

Axillary histiocytic sarcoma 
Iliac, hiskocytic Sarcoma 
Inguinal, histiocytic sarcoma 
Mediastinal, fibrosarcoma, metastatic. 

mesenterv 
Panc&at$:histioeytic sarco 
Renal, histiocytic sarcoma 

Histiocytic sarcoma 

Histiocytic sarcoma 

Histiocytic sarcoma 

Lymph node. mandibular 

Lymph node. mesenteric 

T%ymus 
s hell 

ma 

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

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

+ +  + + * + + + + + + + + * + + + + + *  * + + + * +  
+ + * + * + + + * * * * + + + * + +  * * + * + +  

X 
X 
X 

X 
X 
X 

X 

X 

+ + + M + + + + + + + + + M + + + +  + + + + + + I  
+ + + * + + + + + + * * * * + * * +  + * + + +  
+ + - + + + + + + + + + M + + + + +  + + + t i +  
M * - M + * + + + + + + M + * + + M  M + * * + +  

* I  
X 

Mammary gland 
Skin 

Basal cell adenoma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue. fibrosarcoma 
Subcutaneous tissue hemanposarcoma 
Subcutaneous tissue: sarcoma 

ETAL 3YSTEM 
Bone 
Skeletal muscle 

Fibrosarcoma, extension, metastatic. 

Fibrosarcoma. extension. metastatic, 
meSeIltBl'!4 

skin 

Brain 

Lung 
Alveolarhronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Alveolarhronchiolar carcinoma. 

mater  than five, multiple 
F%rosarcoma metastatic 
Fibrosarcoma: greater than five. 

Mediastinum. fibrosarcoma. metastatic, 
metastatic, multiple. skin 

m8SBntery 
NOW 
Trachea 

Ear 

Hardenan gland 
Eye 

Adenoma 
Carcinoma 

Kidney 

Unnary  bladder 
Cortex, adenoma 

M M M M I M M M t M M M M M M M M M  M M * M M M  + * + + + + + + + + * + * * + + *  * + + t *  + I  
X X  X X  X X  X X X  I +  X 

/ + + * * + + * * + * + + * + + + + *  + + * + + * I  
+ +  
X 

X 

j * + + + * + * + + + + + * + * * * +  + * + + + * /  

X + + * * + * + + + + + + * + + + + +  * + * * + *  
* * + + + + + M + + * + + + + * + +  + + + + * +  

I + + I 
X 

+ + + + + + + + + + * * + + * + + +  + + + * + *  
* + + * + * + * * + + + * + + + * +  + + * + + +  

* + * + + * + + + * + * + + + * + *  + * t * * *  I X 

I X  X X 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: 100 mg/kg
(Continued)

DAYS ON
STUDY

CARCASS
ID

HEMATOPOIETIC SYSTEM
Blood
Bone marrow
Lymph node

Axillary, histiocytic sarcoma
Iliac, histiocytic sarcoma
Inguinal, histiocytic sarcoma
Mediastinal, fibrosarcoma, metastatic,

mesentery
Pancreatic, histiocytic sarcoma
Renal, histiocytic sarcoma

Lymph node, mandibular
Histiocytic sarcoma

Lymph node, mesentenc
H.btiocytic sarcoma

Spleen

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

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

+

Histiocytic sarcoma

INTEGUMENTARY SYSTEM
Mammarv gland
Skin

M + M M M M M M M M M + M M + M M + + M M M + M M

Basal cell adenoma X
Subcutaneous tissue, fibroma
Subcutaneous tissue, fibrosarcoma
Subcutaneous tissue, hemangiosarcoma
Subcutaneous tissue, sarcoma

MUSCULOSKELETAL SYSTEM
Bone
Skeletal muscle

Fibrosarcoma, extension, metastatic.
mesentery

Fibrosarcoma, extension, metastatic.
skin

NERVOUS SYSTEM
Brain

RESPIRATORY SYSTEM
Lung

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Alveolar/bronchiolar carcinoma,

greater than five, multiple
Fibrosarcoma, metastatic
Fibrosarcoma, greater than five,

metastatic, multiple, skin
Mediastinum, fibrosarcoma, metastatic,

mesentery
Nose
Trachea

SPECIAL SENSES SYSTEM
Ear
Eye
Hardenan gland

Adenoma
Carcinoma

URINARY SYSTEM
Kidney

Cortex, adenoma
Urinary bladder

SYSTEMIC LESIONS
Multiple organs

Histiocytic sarcoma
Lymphoma malignant lymphocytic
Lymphoma malignant mixed

X Xx
x

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

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

X X
X X

+ ^ + + + + + + + + + + + + + + + + + + + + + + +

+

+

X

X

+ + + + + + + + + + + + + + + + + + + + + + + + +
X

X X X

TOTAL:
TISSUES
TUMORS

4
49
49
1
1
1

1
1
1

47
1

49
1

48
44
1

9
49
1
2

10
1
1

49
2

1

1

49

49
2
2

1
1

1

1
49
48

1
1
2
1
1

49
1

49

49
1
2
5
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE
STUDY OF FURFURAL: 175 mg/kg

DAYS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Gallbladder
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Liver

Carcinoma, metastatic, kidney
Hepatoblastoma
Hepatocellula carcinoma
Hepatocellula carcinoma, multiple
Hepatocellula carcinoma, two, multiple
Hepatoceilula carcinoma, three.

multiple
Hepatocellula adenoma
Hepatocellula adenoma, two
Hepatocellula adenoma, two, multiple
Hepatocellula adenoma, three, multiple

Mesentery
Carcinoma, metastatic, kidney

Pancreas
Salivary glands
Stomach
Stomach, forestomach

Ade noca rci no ma
Papilloma squamous

Stomach, glandular
Tooth

CARDIOVASCULAR SYSTEM
Heart

Carcinoma, metastatic, kidney
Sarcoma, metastatic, skeletal muscle

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex
Adrenal gland, medulla

Pheochromocytoma benign
Islets, pancreatic
Parathyroid gland
Pituitary gland

Pars distahs, adenoma
Thyroid gland

Folhcular cell, adenoma

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Coagulating gland
Epididymis
Preputial gland
Prostate
Seminal vesicle
Testes

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

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

+ + + + + A + + A - t - M M M + -f- + + + +M + + +

X

X X X X X X X
X

X X X

X
X X X

X X
X

+
X

-t- + +•

X
X

+ + + + + + + + + + + + + .,- + + + + + + + + +

X

x

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

4- + +

4- + -H + + + + + -f + + 4 - - l - - ( - + + 4- + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + +

7 7
3 3
0 0

T — r~
1 1
1 5

+ +
+ +
+ +
+• +
+ +
-1- +
+• -t-
+ +

X

+• +

+• +

-*- +

+ +

+ +

+ +

+ +
+ +

+ +

+ +

+ +

Furfural, NTPTR 382 124



TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: 175 mg/kg
(Continued)

DAYS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Gallbladder
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Liver

Carcinoma, metastatic, kidney
Hepatoblastoma
Hepatocsllula carcinoma
Hepatocellula carcinoma, multiple
Hepatocellula carcinoma, two, multiple
Hepatocellula carcinoma, three.

multiple
FTepatocelhila adenoma
Hepatocellula adenoma, two
Hepatocellula adenoma, two, multiple
Hepatocellula adenoma, three, multiple

Mesentery
Carcinoma, metastatic, kidney

Pancreas
Salivary glands
Stomach
Stomach, forestomach

Adenocarcmoma
Papilloma squamous

Stomach, glandular
Tooth

CARDIOVASCULAR SYSTEM
Heart

Carcinoma, metastatic, kidney
Sarcoma, metastatic, skeletal muscle

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex
Adrenal gland, medulla

Pheochromocytoma benign
Islets, pancreatic
Parathyroid gland
Pituitary gland

Pars distahs, adenoma
Thyroid gland

Folhcular cell, adenoma

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Coagulating gland
Epioidymis
Preputial gland
Prostate
Seminal vesicle
Testes

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

+ + + + + + + + + + + + + + + + + + + + + -1- + + +

+ 4 - 4 - + + 4 - + - 4 - 4 - - 4 - 4 - 4 - 4 - 4 - 4 - 4 - + 4 - 4 - 4 - 4 - + + 4-

+ + + + + + + + + + + + -1- + + + + + + + + + + -.- +

4 - 4 - 4 - 4 - + 4- + 4 - 4 ~ - t - + - 4 - 4 - 4 - l - 4 - r 4 - 4 - 4 - 4 - - t - 4 - - t - 4 -

4- + 4 - 4 - 4 - - ' - 4 - - r - » - - - ' - 4 - - t - - l + + i - J - - t - + -l- + + - » - 4 -

X
X X K X X XX X

X

X X X X X X X X X X
X

X
4- 4- f -r

+ + + + + + + + + + + < - 4 - + + + + + -H + + - - | - + -t-

+ + + + + + + +- + 4- + + + 4 - 4 - 4 - - i - f + 4 - - h + 4- + 4-

+ + + + -t- + + + + -«- + 4- + -r + + -f + + + - l - - ' - J - - ' - +
X

X
+ 4 - + - 4 - 4 - + + f 4 - 4 - 4 - 4 - 4 - 4 - + + 4- + 4 - 4 - 4 - - t - 4 - 4 - 4 -
4- + 4- + + + 4- + - + • + 4- + " - - ( - + +

+ + + + + + + + + + +- + + + + + + + + + 4- + + + +-

X

+ + + + + + + 4- + + + + ^- + + + + + + + + + + » +
+ + + + + + + + + 4 - 4 - + + + + + + 4 - - t - + + + + + +

X

X

+

+ + + + +

+ + + + + + ->- + + + + + + + + + + + + + + + + + +

TOTAL
TISSUES
TUMORS

50
42
50
46
49
48
49
47
47
45
50

I
1

15
1
4

1
14
1
2
2
~)
L

49
50
49
49

1
1

49
19

50
1
1

50
50
50
1

49
44
49

50
2

2
50
8

49
50
50
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: 175 mg/kg 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

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

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

Blood 
Bone marrow 

L mphnode 
Hemangiosarcoma 

thguinal. squamous cell carcinoma, 
metastatic, skin 

Mediastinal. carcinoma. metastatic. 
kidney 

Lymph node, mandibular 
Lymph node, mesenteric 

%$ZS 
Sarcoma, metastatic, skeletal muscle 

Mammary gland 
Skin 

Squamous cell carcinoma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue. fibrosarcoma 
Subcutaneous tissue, hemangiosarcoma 

Bone 
Skeletal muscle 

Sarcoma 

Brain 

two multi le liver 
Hepa'tocelluya;carnnoma, greater 

than five, metastatic, multiple, 
liver 

Sarcoma. metastatic, skeletal muscle 
Nom 

Trachea 
Polyp 

Retinoblastoma, metastatic 

Hardenan gland 
Adenoma 

EM 
Kidney 

Unnary bladder 

Cortex, adenoma 
Cortex, carcinoma. metastatic 

NS 
Multiple organs 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

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

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

X 
+ + + + + M + + + + + + + + + + M + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + M + + + + + + + + + + + + + + + + + + +  
+ + + + M + + + M + M + M + C + M + t + + + + + +  

X 

X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  + 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  + !  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 
X X 

X 

X 

X 
X 

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

+ 
X 

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

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

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

I X I 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: 175 mg/kg 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

Blood 
Bone marrow 

L mphnode 
Hemanmosarcoma 

Lguinal. squamous cell carcinoma 
metastatic, skin 

Mediastinal, carcinoma. metastatic. 
kidney 

Lymph node, mandibular 
Lymph node, mesentenc 
Spleen 
Thymus 

Sarcoma. metastatic. skeletal m1;scle 

TARY SYSTEiI 
Mammary gland 
SKln 

Squamous cell carcinoma 
Subcutaneous tissue. fibroma 
Subcutaneous tissue. fibrosarcoma 
Subcutaneous tissue. hemanposarcoma 

Bone 
Skeletal muscle 

Sarcoma 

Brain 

Lung 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Carcinoma. greater than five, 

metastatic, multiple. kidney 
Hepatocellular carcinoma. metastatic. 

two, multiple, liver 
Hepatocellular carcinoma. greater 

than five. metastatic, multiple. 
liver 

Sarcoma, metastatic, skeletal muscle 

Polyp 

Retinoblastoma, metastatic 

Nose 

Trachea 

Hardenan gland 
Adenoma 

Kidney 

Unnary bladder 

Multiple organs 

Cortex. adenoma 
Cortex, carcinoma 

N S  

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 1 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

l l l l l l l l l l l l l l ~ l ~ ~ l ~ ~ ~ ~ ~ ~  
2 2 2 2 3 3 3 3 4 4 4 5 5 6 6 6 7 7 7 8 8 0 0 0 0  
2 3 4 5 2 3 4 5 3 4 5 1 5 3 4 5 2 4 5 4 5 2 3 4 5  

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

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ ~ + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + + + + + + + + + + +  

. ~ M M M + M M M M M M M ~ M M M M M M M M M M M M  
+ + + r c c + + + + + +  + + + + ~ + r + + + + +  

X X 
X x 

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

~~ 

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

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

X x x  x 

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

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

X 

+ + + + ~ + f f + + + + + t + f t + + + + + + + +  
X 

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

+ + + + + + + + + + + + + + + + + + + + + + + + +  
X 

X 

'OTAL. 
:SSUES 
JMORS 

1 
50 
1 

50 

1 

1 
48 
50 
49 
45 
1 

4 
50 

2 
1 
2 
1 

50 
1 
1 

50 

50 
8 
6 

1 

1 

1 
1 

50 
1 

50 
1 

1 
1 

50 
1 
1 

49 

50 
1 
1 
2 
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TABLE C3. ANALYSIS OF PRIMARY NEOPLASMS I N  MALE MICE I N  THE TWO-YEAR GAVAGE STUDY 
O F  FURFURAL 

Vehicle Control  50 mg/kg 100 mg/kg 175 mg/kg 

Adrenal  Medulla: Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (e) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates tc) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Carc inoma 
Overall Rates ( a )  
Adjusted Rates tb) 
Terminal Rates I C )  
Day of First Observation 
Life Table Tests id) 
Logistic Regression Tests (d)  
Cochran-Armitage Trend Test (d)  
Fisher Exact Test (d) 

2/50 (4%) 
5.7% 
2/35 (6%) 
729 
P=0.322N 
P=0.282N 
P=0.228N 

9/50 (18%) 
24.7% 
8/35 123%) 
61 1 
P = 0.004 
P = 0.008 
P=0.021 

(e) 7/50 (14%) 
17.4% 
4/35111%) 
456 
P=O.OOl 
P=0.002 
P=0.002 

Liver: Hepatocellular Adenoma or Carc inoma 
Overall Rates (a )  16/50 (32%) 
Adjusted Rates (b) 40.2% 
Terminal Rates I C )  12/35 (34%) 
Day of First Observation 456 
Life Table Tests td) P<O.OOl 
Logistic Regression Tests td) P < 0.001 
Cochran-Armitage Trend Test td )  P=0.002 
Fisher Exact Test (d)  

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates ( a )  9/50 (18%) 
Adjusted Rates lb) 24.8% 
Terminal Rates (c) 8/35 (23%) 
Day of First Observation 666 
Life Table Tests (d) P = 0.423 
Logistic Regression Tests ( d )  P=0.505 
Cochran-Armitage Trend Test td) P = 0.502N 
Fisher Exact Test ( d )  

Lung: Alveolar/Bronc hiolar Carc inoma 
Overall Rates la )  3/50 (6%) 
Adjusted Rates ib)  8.3% 
Terminal Rates ( C I  2/35 (6%) 
Day of First Observation 719 
Life Table Tests Id) P = 0.150 

Cochran-Armitage Trend Test Id) P=0.238 
Fisher Exact Test (d) 

Logistic Regression Tests Id) P=O.191 

5/50(10%) 
15.8% 
2/28 (7%) 
682 
P=0.151 
P=0.181 

P=0.218 

13/50 (26%) 
38.8% 
9/28 (32%) 
49 1 
P=0.116 
P=0.201 

P=0.235 

12/50 (24%) 
3 1.5% 
5/28 (18%) 
433 
P=0.107 
P = 0.157 

P = 0.154 

22/50 (44%) 
57.5% 
13/28 (46%) 
433 
P = 0.064 
P=0.136 

P=0.151 

3/50 (6%) 
9.7% 
2/28 (7%) 
668 
P =0.118N 
P =0.085N 

P =0.061N 

5/50 (10%) 
15.2% 
3/28 (11%) 
433 
P=0.264 
P=0.342 

P=0.357 

2/48 (4%) 
8.3% 
2/24 (8%) 
729 
P=0.553 
P = 0.553 

P=0.676 

11/49 (22%) 
36.4% 
6/24 (25%) 
57 1 
P = 0.153 
P = 0.292 

P=0.382 

( e )  6/49(12%) 
18.2% 
2/24 (8%) 
620 
P = 0.562 
P =0.516N 

P=0.516N 

17/49 (35%) 
49.5% 
8/24 (33%) 
57 1 
P = 0.183 
P = 0.43 1 

P=0.472 

2/49 14%) 
8.3% 
2/24 18%) 
729 
P=0.092N 
P=0.060N 

P =0.028N 

3/49 16%) 
10.6% 
2/24 (8%) 
599 
P = 0.505 
P=0.614 

P=0.651 

1/50 (2%) 
3.7% 
1/27 (4%) 
729 
P=0.591N 
P=0.591N 

P=0.500N 

19/50 (38%) 
56.7% 
13/27 (48%) 
563 
P = 0.004 
P = 0.008 

P = 0.022 

(e) 21/50 (42%) 
52.7% 
9/27 (33%) 
456 
P < 0.00 1 
P =0.001 

P = 0.002 

32/50 (64%) 
75.9% 
17/27 (63%) 
456 
P < 0.00 1 
P<O.OOl 

P=O.OOl 

8/50 (16%) 
26.7% 
6/27 (22%) 
576 
P = 0.496 
P=0.601 

P=0.500N 

6/50 (12%) 
20.1% 
4/27 (15%) 
662 
P = 0.148 
P=0.174 

P = 0.243 
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TABLE C3. ANALYSIS OF PRIMARY NEOPLASMS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY 
O F  FURFURAL (Continued) 

Vehicle Control 50 mg/kg 100 m g k g  175 mg/kg 

Lung: AlveolarBronchiolar Adenoma or Carcinoma 
Overall Rates (a)  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d)  

Subcutaneous Tissue: F ibroma 
Overall Rates (D 
Adjusted Rates (b)  
Terminal Rates (c) 
Day of First Observation 
Life Table Tests td) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test td) 
Fisher Exact Test (d)  

Subcutaneous Tissue: F ibrosarcoma 
Overall Rates (D 
Adjusted Rates (b)  
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Subcutaneous Tissue: F ibroma or Fibros 
Overall Rates (D 
Adjusted Rates tb) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d)  

10150 (20%) 
26.9% 
8/35 (23%) 
666 
P = 0.125 
P=0.184 
P=0.271 

3/50 (6%) 
8.6% 
3/35 (9%) 
729 
P=0.361N 
P=0.361N 
P = 0.266N 

3/50 (6%) 
7.6% 
1/35 (3%) 
61 1 
P=0.509 
P = 0.477N 
P = 0.478N 

iarcoma 
5/50 (10%) 
13.0% 
3/35 (9%) 
611 
P=0.536 
P=0.428N 
P = 0.403N 

Subcutaneous Tissue: Sarcoma o r  F ibrosarcoma 
Overall Rates t f ,  3/50 (6%) 
Adjusted Rates (b) 7.6% 
Terminal Rates (c)  1/35 (3%) 
Day of First Observation 
Life Table Tests td) P=0.476 
Logistic Regression Tests (d)  P=0.509N 
Cochran-Armitage Trend Test td) P=0.505N 
Fisher Exact Test (d) 

61 1 

8/50 (16%) 
24.1% 
5/28(18%) 
433 
P = 0.570N 
P=0.442N 

P = 0.398N 

1/50 (2%)  
3.6% 
1/28 (4%) 
729 
P=0.387N 
P=0.387N 

P=0.309N 

6/50 (12%) 
18.4% 
3/28 (11%) 
609 
P =  0.179 
P=0.228 

P=0.243 

7/50 (14%) 
21.6% 
4/28 (14%) 
609 
P =  0.270 
P = 0.350 

P = 0.380 

6/50 (12%) 
18.4% 
3/28(11%) 
609 
P =  0.179 
P=0.228 

P=0.243 

Subcutaneous Tissue: Fibroma, Sarcoma, or F ibrosarcoma 
Overall Rates (D 5/50 (10%) 7/50 (14%) 
Adjusted Rates (b)  13.0% 21.6% 
Terminal Rates (c)  3/35 (9%) 4/28 (14%) 
Day of First Observation 61 1 609 
Life Table Tests td) P = 0.506 P=0.270 
Logistic Regression Tests (d)  P = 0.458N P=0.350 
Cochran-Armitage Trend Test (d) P=0.428N 
Fisher Exact Test (d) P=0.380 

5/49 (10%) 
18.8% 
4/24 (17%) 
599 
P = 0.343N 
P =  0.210N 

P =  0.140N 

2/49 (4%) 
8.3% 
2/24 (8%) 
729 
P = 0.670N 
P=0.670N 

P = 0.510N 

10149 (20%) 
25.2% 
1/24 (4%) 
459 
P =  0.026 
P=0.034 

P = 0.033 

12/49 (24%) 
31.7% 
3/24 (13%) 
459 
P=0.028 
P=0.051 

P = 0.049 

11/49 (22%) 
28.4% 
2/24 (8%) 
459 
P =  0.014 
P=0.020 

P=0.018 

13/49 (27%) 
34.9% 
4/24(17%) 
459 
P=0.016 
P=0.031 

P = 0.030 

13/50 (26%) 
41.1% 
9/27 (33%) 
576 
P=0.137 
P = 0.197 

P=0.318 

1/50 (2%) 
3.7% 
1/27 (4%) 
729 
P =  0.401N 
P =  0.401N 

P=0.309N 

2/50 (4%)  
5.9% 
1/27 (4%)  
464 
P =0.579N 
P = 0.502N 

P = 0.500N 

3/50 (6%) 
9.6% 
2/27 (7%) 
464 
P=0.475N 
P = 0.387N 

P=0.357N 

2/50 (4%) 
5.9% 
1/27 (4%) 
464 
P=0.579N 
P=0.502N 

P=0.500N 

3/50 (6%)  
9.6% 
2/27 (7%) 
464 
P = 0.475N 
P=0.387N 

P = 0.357N 
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TABLE C3. ANALYSIS O F  PRIMARY NEOPLASMS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY 
O F  FURFURAL (Continued) 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 

Circulatory System: Hemangiosarcoma 
Overall Rates (D 
Adjusted Rates (b) 5.5% 
Terminal Rates (c) 1135 (3%) 
Day of First Observation 703 
Life Table Tests (d) P=0.325N 
Logistic Regression Tests (d) P=0.238N 
Cochran-Armitage Trend Test (d) P=0.228N 
Fisher Exact Test (d) 

2/50 ( 4% 

Circulatory System: Hemangioma or Hemangiosarcoma 
Overall Rates (n 3/50 (6%) 
Adjusted Rates (b) 7.6% 
Terminal Rates (c) 1/35 (3%) 
Day of First Observation 518 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test td) 

P = 0.204N 
P =  0.129N 
P =  0.124N 

llematopoietic System: Lymphoma, All Malignant 
Overall Rates (D 5/50 (10%) 
Adjusted Rates (b)  13.6% 
Terminal Rates (c) 4/35 ( 1 1 % ) 
Day ofFirst Observation 662 
Life Table Tests (d) P = 0.365 
Logistic Regression Tests (d) P=0.442 
Cochran-Armitage Trend Test (d) P = 0.495 
Fisher Exact Test (d) 

1\11 Sites: Benign Tumors  
Overall Rates (D 24/50 (48%) 
Adjusted Rates (b) 62.8% 
Terminal Rates (c) 21/35 (60%) 
Day of First Observation 518 
Life Table Tests (d) P=0.016 
Logistic Regression Tests (d) P = 0.041 
Cochran-Armitage Trend Test (d) P = 0.158 
Fisher Exact Test td) 

All  Sites: Malignant Tumors  
Overall Rates (D 22/50 (44%) 

Terminal Rates (c) 13/35 (37%) 
Day ofFirst Observation 456 
Life Table Tests (d) P=0.014 

P = 0.020 
Cochran-Armitage Trend Test (d)  P = 0.036 
Fisher Exact Test (d) 

All Sites: All Tumors  

Adjusted Rates (b) 49.7% 

Logistic Regression Tests (d)  

Overall Rates (0 38/50 (76%) 
Adjusted Rates (b) 84.4% 
Terminal Rates (c) 28/35 (80%) 
Day of First Observation 456 
Life Table Tests (d) P = 0.0 18 
Logistic Regression Tests (d) P=0.013 

P = 0.109 
Fisher Exact Test (d) 
Cochran-Armitage Trend Test (d) 
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7/50 (14%) 
19.6% 
2/28 (7%) 
49 1 
P=0.056 
P=0.078 

P = 0.080 

8/50 (16%) 
22.7% 
3/28 (11%) 
49 1 
P=0.070 
P = 0.098 

P = 0.100 

2/50 (4%) 
6.1% 
1/28 (4%) 
647 
P=0.298N 
P=0.241N 

P=0,218N 

24/50 (48%) 
67.8% 
17/28 (61%) 
49 1 
P=0.237 
P = 0.483 

P=0.579N 

31/50 (62%) 
68.7% 
14/28 (50%) 
433 
P=0.030 
P = 0.047 

P=0.054 

41/50 (82%) 
89.1 % 
23/28 (82%) 
433 
P = 0.075 
P=0.232 

P = 0.312 

4/49 (8%) 
12.6% 
2/24 (8%) 
403 
P = 0.234 
P=0.329 

P=0.329 

4/49 (8%) 
12.6% 
2/24 (8%) 
403 
P =  0.386 
P=0.491 

P=0.489 

7/49 (14%) 
22.6% 
3/24(13%) 
40 1 
P=0.201 
P=0.351 

P=0.365 

20/49 (41%) 
66.0% 
14/24(58%) 
571 
P=0.312 
P = 0.490N 

P =  0.303N 

27/49 ( 5 5 % )  
62.1% 
9/24(38%) 
40 1 
P=0.061 
P=0.184 

P=0.183 

42/49 (86%) 
89.4% 
19/24 (79%) 
40 1 
P=0.015 
P = 0.147 

P = 0.166 

1/50 (2%) 
3.2% 
0127 (0%) 
696 
P=0.574N 
P =  0.541N 

P=0.500N 

1/50 (2%) 
3.2% 
0127 (0%) 
696 
P=0.376N 
P = 0.318N 

P=0.309N 

4/50 (8%)  
13.1% 
2/27 (7%) 
662 
P=0.633N 
P=0.579N 

P=0.500N 

30/50 (60%) 
83.1% 
21/27 (78%) 
464 
P = 0.013 
P=0.039 

P=0.158 

33/50 (66%) 
78.4% 
18/27 (67%) 
456 
P=0.007 
P=0.007 

P=0.022 

43/50 (86%) 
97.7% 
26/27 (96% 1 
456 
P = 0.0 14 
P=0.013 

P=0.154 



TABLE C3. ANALYSIS OF PRIMARY NEOPLASMS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF FURFURAL (Continued) 

( a )  Number of tumor-bearing animals/number of animals examined microscopically a t the  site 
(b)  Kaplan-Meier estimated tumor incidences a t  the end ofthe study after adjusting for intercurrent mortality 
(c)  Observed tumor incidence in animals killed a t  the end ofthe study 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill a s  being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions a s  nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or a lower incidence in a dosed group than in vehicle controls is indicated by (N). 
(e )  A hepatoblastoma was also observed in an  animal bearing a hepatocellular carcinoma. 
t f l  Number of tumor-bearing animals/number of animals examined grossly a t  the site 
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TABLE C4a. HISTORICAL INCIDENCE OF HEPATOCELLULAR NEOPLASMS IN MALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Study Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence a t  Southern  Research  Insti tute 

Ethyl acrylate 
Benzyl acetate 
Allyl isovalerate 
HC Red No. 3 
Chlorinated paraffins (Czs, 43% chlorine) 
Allyl isothiocyanate 
Geranyl acetate 
C.I. Acid Orange 3 
Chlorinated parafins (CI2, 60% chlorine) 

TOTAL 
SD(b)  

Range (c) 
High 
Low 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

6149 
0150 
7150 

11/50 
10150 
9/49 
3150 

16/50 
11/50 

73/448 (16.3%) 
9.51% 

16/50 
0150 

33812,183 (15.5%) 
7.01% 

16/50 
0150 

12/49 
10/50 
18/50 
17/50 
9/50 

13/49 
11/50 
7/50 

11/50 

108/448 (24.1%) 
7.16% 

18/50 
7/50 

4 1 8/2,183 ( 1 9.1 %) 
7.42% 

19/50 
3/49 

17/49 
10150 
23/50 
25/50 
18/50 
2 1/49 
13/50 
2 1/50 
20150 

168/448 (37.5%) 
9.57% 

25/50 
10150 

71312,183 (32.7%) 
8.55% 

25/50 
7/50 

(a )  Data a s  of March 1,1989, for studies of a t  least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 

TABLE C4b. HISTORICAL INCIDENCE OF RENAL CORTICAL NEOPLASMS I N  MALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 

Historical Incidence a t  Southern  Research  Insti tute 01448 

Overall Historical Incidence 812,183 

( a )  Data a s  of March 1,1989, for studies of a t  least 104 weeks 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF FURFURAL 

Vehicle Control 50 m g k g  100 mg/kg 175 mg/kg 

DISPOSITION SUMMARY 
Animals initially in study 
Early deaths 
Dead 
Moribund 
Accidentally killed 
Dosing accident 

Terminal sacrifice 
Survivors 

Missing 
Animals examined microscopically 

50 50 

9 12 
6 8 

2 

35 28 

50 50 

50 50 

13 9 
12 8 

6 

24 27 

49 50 
1 

ALIMENTARY SYSTEM 

Foreign body 
Inflammation, suppurative, acute 

Inflammation, chronic 

Perforation 

Esophagus (50) 

Intestine large, cecum (49) 

Intestine small, jejunum (47) 

Liver (50) 
Angiectasis, focal 
Basophilic focus 
Congestion 
Developmental malformation 
Embolus tumor 
Fibrosis, focal 
Focal cellular change 
Focal cellular change, multiple 
Granuloma, multiple 
Hematopoietic cell proliferation 
Hepatodiaphragmatic nodule 
Inclusion body intranuclear 
Infiltration cellular, lymphocytic, multifocal 
Mineralization, focal 
Necrosis, focal 
Necrosis, multifocal 
Pigmentation, hematoidin 
Vacuolization cytoplasmic, diffuse 
Vacuolization cytoplasmic, focal 
Vacuolization cytoplasmic. multifocal 
Biliary tract, cyst 
Biliary tract, cyst multilocular 
Biliary tract, dilatation 
Biliary tract, proliferation 
Biliary tract, subserosa, hyperplasia, 

Centrilobular, vacuolization cytoplasmic, 

Kupffer cell, pigmentation, multifocal 
Serosa, subserosa, inflammation, chronic, 

Serosa, subserosa, pigmentation, multifocal 
Sinusoid, infiltration cellular, 

multifocal 

diffuse 

multifocal 

polymorphonuclear 
Mesentery 

Inflammation, granulomatous, multifocal 
Fat, necrosis, focal 

1 (2%) 

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

1 (2%) 

2 14%) 
1 12%) 

1 (2%) 

14) 
1 (25%) 
2 150%) 

(49) (49) ( 5 0 )  
1 (2%) 
1 (2%) 

1 (2%) 
(471 (491 (46)  

(46) (47) 145) 

(50) (49) (50) 
1 (2%) 

1 (2%) 

7 (14%) 

2 (4%) 

2 14%) 
1 (2%) 

2 (4%) 
1 (2%) 

1 (2%) 

1 (2%) 
1 ( 2 % )  

2 l4%1 

2 (4%) 
13) 

2 (67%) 

1 (2%) 
1 (2%) 

1 (2%) 

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

4 (8%) 

7 (14%) 

1 (2%) 

3 (6%) 

1 (2%) 

8 116%) 
8 (16%) 

1 ( 2 % )  
15) 

2 (40%) 

1 (2%)  

5 (10%) 

1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 
2 (4%) 
8 116%) 

1 (2%) 

1 (2%) 
1 12%) 
3 (6%) 
1 (2%) 

2 (4%) 

18 (36%) 
18 (36%) 

151 

4 (80%) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF FURFURAL (Continued) 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 

ALIMENTARY SYSTEM (Continued) 
Pancreas 

Infiltration cellular, lymphocytic, multifocal 
Necrosis, multifocal 
Acinus, atrophy, focal 
Acinus, atrophy, multifocal 
Duct, cyst 

Salivary glands 
Infiltration cellular, lymphocytic, multifocal 
Inflammation, suppurative, acute, focal 

Erosion 
Foreign body 
Hyperplasia 
Inflammation, subacute 
Mineralization 
Ulcer 
Ulcer, multiple 

Stomach, glandular 
Erosion, multiple 
Inflammation, subacute 
Mineralization 
Ulcer 

Dysplasia 
Inflammation, subacute 

Stomach, forestomach 

Tooth 

(50) 

1 (2%) 
1 (2%) 

(50) 
28 (56%) 

(50) 

5 (10%) 
1 (2%) 

1 (2%) 

(50 )  

3 (6%) 
5 (10%) 

(27) 
27 (100%) 
1 (4%) 

(50) 

1 (2%) 

4 (8%) 
1 (2%) 

21 (42%) 
1 (2%) 

1 (2%) 

2 (4%) 
2 (4%) 

(50) 

(49) 

(49) 
1 (2%) 
1 (2%) 
3 (6%) 

(21) 
20 (95%) 

(49) (49) 
1 (2%) 

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

(49) (50) 
24 (48%) 21 (43%) 

(49) (49) 
1 (2%) 
1 (2%) 
8 (16%) 6 (12%) 
3 (6%) 2 (4%) 

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

(49) (49) 

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

1 (2%) 
(15) (19) 

15 (100%) 19 (100%) 

CARDIOVASCULAR SYSTEM 
Heart I 

Fibrosis, focal 
Inflammation, subacute, focal 
Inflammation, subacute, multifocal 
Mineralization, multifocal 
Atrium, thrombus 
Endothelium, hyperplasia 
Pericardium, fibrosis 
Pericardium, inflammation, subacute 
Valve, bacterium 
Valve, thrombus 

:50) (50) (49) (50) 
1 (2%) 
1 (2%) 4 (8%) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

ENDOCRINE SYSTEM 
Adrenal gland, cortex 

Cyst 
Hyperplasia, focal 
Hypertrophy, focal 
Capsule, accessory adrenal cortical nodule 
Spindle cell, hyperplasia, focal 

Adrenal gland, medulla 
Hematopoietic cell proliferation 
Hyperplasia, focal 

Islets, pancreatic 
Hyperplasia 
Pigmentation, hemosiderin 

Parathyroid gland 

Pituitary gland 
cys t  

Pars distalis, cyst 
Pars distalis, hyperplasia, focal 
Pars nervosa, fibrosis 

(50) 
1 (2%) 
7 (14%) 

1 (2%) 
1 (2%) 

(50) 

5 (10%) 

14 (28%) 
1 (2%) 

( 5 0 )  

(43) 

(47 ) 

1 (2%) 

(50) 

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

(50) 

4 (8%) 

21 (44%) 
(48) 

(43 ) 

(45) 
1 (2%) 

2 (4%) 
2 (4%) 

(49) 

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

1 (2%) 
7 (15%) 

15 (31%) 

(48) 

(49) 

(47) 

(46) 

2 (4%) 
1 (2%) 

(50) 

5 (10%) 
2 (4%) 
1 (2%) 
2 (4%) 

(50) 

6 (12%) 

12 (24%) 
(49) 

(44) 

(49) 
3 (6%) 
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TABLE C5. SUMMARY OF THE INCIDENCE O F  NONNEOPLASTIC LESIONS I N  MALE MICE I N  THE 
TWO-YEAR GAVAGE STUDY OF FURFURAL (Continued) 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 

ENDOCRINE SYSTEM (Continued) 
Thyroid gland (49) (50) (48) (50) 

Ultimobranchial cyst 1 (2%) 2 (4%) 

Follicular cell, hyperplasia, cystic, focal 2 (4%) 1 (2%) 

Follicle, cyst 6 (12%) 1 (2%) 2 (4%) 3 (6%) 
Follicle, degeneration, cystic 17 (35%) 15 (30%) 14 (29%) 14 (28%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Coagulating gland ( 4 )  ( 5 )  (2) (2) 

Dilatation 4 (100%) 5 (100%) 2 (100%) 1 (50%) 
Inflammation, chronic 
Inflammation, subacute 

Fibrosis, focal 
Infiltration cellular, lymphocytic, multifocal 
Pigmentation, cholesterol, focal 

Preputial gland 
Hyperplasia 
Inflammation, subacute 
Duct, cyst 
Duct, hyperplasia 

Infiltration cellular, lymphocytic, multifocal 
Inflammation, subacute 

Seminal vesicle 
Atrophy 
Dilatation 
Inflammation, subacute 
Necrosis, focal 

Capsule, mineralization 

Epididymis 

Prostate 

Testes 

(50) 

(9) 

7 (78%) 
3 (33%) 

! 50) 

1 (2%) 
(50) 

7 (14%) 

(50) 

1 (20%) 
(50) 

1 (2%) 

(10) 
1 (10%) 
8 (80%) 
8 (80%) 

(50) 
2 (4%) 

(50) 
1 (2%) 
7 (14%) 
1 (2%) 

(50) 

1 (50%) 

(49) 

3 (6%) 

(14) 

12 (86%) 
12 (86%) 

1 (7%) 

1 (2%) 
(48) 

(48) 

6 (13%) 
1 (2%) 

(49) 
1 (2%) 

(50) 
1 (2%) 

1 (2%) 
(8) 

6 (75%) 
5 (63%) 

(49) 

1 (2%) 
(50) 

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

(50) 

HEMATOPOIETIC SYSTEM 
Blood 

Leukocytosis 
Polychromasia 

Bone marrow 
Hyperplasia 
Necrosis 

Lymph node 
Hyperplasia, lymphoid 
Axillary, hyperplasia, lymphoid 
Iliac, hyperplasia, lymphoid 
Inguinal, hyperplasia, lymphoid 
Inguinal, inflammation, subacute 
Inguinal, pigmentation, hemosiderin 
Mediastinal, angiectasis 
Mediastinal, hyperplasia, lymphoid 
Renal, angiectasis 

Lymph node, mandibular 
Ectasia 
Hyperplasia, lymphoid 
Necrosis 

Angiectasis 
Hematopoietic cell proliferation 
Hyperplasia, lymphoid 

Lymph node, mesenteric 

(1) 
1 

t50) 
10 

(50) 

2 

1 

1 

(44) 

3 

(49) 
15 

10 

(100%) 

(20%) 

(4%) 

(2%) 

(2%) 

(7%) 

(31%) 

(20%) 

(2) 
2 
2 

(49) 
7 
1 

(50) 

1 

4 
1 

1 
(46) 

1 
1 

(45) 
18 
2 
8 

(100%) 
(100%) 

(14%) 
(2%) 

(2%) 

(8%) 
(2%) 

(2%) 

12%) 
(2%) 

(40%) 
(4%) 
(18%) 

(4) 
3 (75%) 
2 (50%) 

10 (20%) 
(49) 

(49) 
1 (2%) 

1 (2%) 
2 (4%) 

1 (2%) 

(47) 

(49) 
17 (35%) 
3 (6%) 
7 (14%) 

(1) 
1 (100%) 

(50) 
8 (16%) 

(50) 

2 (4%) 

(48) 

3 (6%) 
3 (6%) 

12 (24%) 
3 (6%) 

10 (20%) 

(50) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF FURFURAL (Continued) 

Vehicle Control 50 mg/kg 100 mg/kg 175 m g k g  

HEMATOPOlETIC SYSTEM 
Lymph node, mesenteric (Continued) (49) 

Spleen (50) 

Inflammation, chronic 
Necrosis 

Atrophy 
Developmental malformation 
Hematopoietic cell proliferation 10 (20%) 
Hyperplasia, lymphoid 16 (32%) 
Necrosis 

Atrophy 
cys t  7 (15%) 
Necrosis 

Thymus (47) 

(45) 

(50) 
2 (4%) 

19 (38%) 
14 (28%) 

(42) 
7 (17%) 
2 (5%) 

(49) 

(48) 

1 (2%) 
18 (38%) 
13 (27%) 

(44) 
1 (2%) 
8 (18%) , 

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

3 (6%) 

12 (24%) 
16 (33%) 
3 (6%) 

(49) 

(45) 

2 (4%) 
4 (9%) 

INTEGUMENTARY SYSTEM 
Skin (50) (50) (49) (50) 

Alopecia, focal 3 (6%) 1 (2%) 
Fibrosis, multifocal 1 (2%) 
Ulcer, focal 1 (2%) 2 (4%) 
Epidermis, hyperplasia, focal 5 (10%) 5 (10%) 8 (16%) 1 (2%) 
Epidermis, inflammation, suppurative, acute, 

Prepuce, developmental malformation 2 (4%) 
Sebaceous gland, hyperplasia, focal 1 (2%) 1 (2%) 1 (2%) 
Subcutaneous tissue, cyst 2 (4%) 
Subcutaneous tissue, edema, focal 1 (2%) 1 (2%) 
Subcutaneous tissue, fibrosis, focal 12 (24%) 5 (10%) 8 (16%) 10 (20%) 
Subcutaneous tissue, hemorrhage, focal 1 (2%) 
Subcutaneous tissue, inflammation, 

granulomatous, multifocal 1 (2%) 
Subcutaneous tissue, inflammation, subacute, 

focal 3 16%) 3 (6%) 
Subcutaneous tissue, inflammation, suppurative, 

acute, focal 1 (2%) 1 12%) 
Subcutaneous tissue, metaplasia, osseous, focal 1 (2%) 1 12%) 1 (2%) 
Subcutaneous tissue, mineralization, focal 1 (2%) 
Subcutaneous tissue, necrosis, focal 1 (2%) 

focal 1 (2%) 2 (4%) 

MUSCULOSKELETAL SYSTEM 
Bone (50) (49) (49) (50) 

Arthrosis, chronic 6 (12%) 1 (2%) 2 (4%) 1 (2%) 
Fracture 1 (2%) 

Abdominal, inflammation, suppurative 1 (100%) 
Skeletal muscle (1) (3 1 (2 1 (1) 

NERVOUS SYSTEM 
Brain (49) (50) 

Degeneration, focal 
Edema, focal 
Hemorrhage 
Hydrocephalus 
Meninges, infiltration cellular, lymphocytic, 

multifocal 

(49) (50) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 
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TABLE C5. SUMMARY OF T H E  INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY O F  FURFURAL (Continued) 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 

RESPIRATORY SYSTEM 
Lung (50) (50) (49) (50) 

Congestion 2 (4%) 1 (2%) 1 (2%) 2 (4%) 
Foreign body 1 (2%) 1 (2%) 
Hemorrhage, focal 1 (2%) 
Hemorrhage, multifocal 1 ( 2 % )  

Alveolar epithelium, hyperplasia, focal 1 (2%) 
Alveolar epithelium, hyperplasia, multifocal 1 (2%) 
Mediastinum, foreign body 2 (4%) 
Mediastinum, inflammation, chronic 1 (2%) 
Mediastinum, inflammation, subacute, focal 1 (2%) 

Inflammation, suppurative, acute 1 (2%) 4 (8%) 
Nasolacrimal duct, cyst 1 (2%) 
Nasolacrimal duct, exudate 1 (2%) 
Nasolacrimal duct, inflammation, subacute 1 (2%) 2 (4%) 2 (4%) 1 (2%) 
Nasolacrimal duct, inflammation, suppurative, 

Infiltration cellular, histiocytic, multifocal 4 (8%) 4 (8%) 4 (8%) 6 (12%) 

Nose (49) (50) (49) (50) 

acute 1 (2%) 

SPECIAL SENSES SYSTEM 
None 

URINARY SYSTEM 
Kidney (50) 

Bacterium, multifocal 
Fibrosis, focal 2 (4%) 
Infiltration cellular, lymphocytic, multifocal 25 (50%) 
Inflammation, suppurative, acute, multifocal 
Metaplasia, osseous, focal 1 (2%) 
Nephropathy, chronic 37 (74%) 
Renal tubule, dilatation, multifocal 
Renal tubule, hyperplasia 
Renal tubule, mineralization, multifocal 1 (2%) 
Renal tubule, necrosis, multifocal 

Inflammation, subacute 
Urinary bladder (49) 

(50) 

4 (8%) 
19 (38%) 

1 (2%) 
1 (2%) 

39 (78%) 

1 (2%) 

1 (2%) 

1 (2%) 
(50 )  

(49) (50) 
1 (2%) 

3 (6%) 2 (4%) 
25 (51%) 23 (46%:1 

1 (2%) 
1 (2%)  

37 (76%) 36 (72%1 
1 (2%) 

1 (2%) 
1 (2%) 

(49) (49) 
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TABLE D1. SUMMARY OF THE INCIDENCE O F  NEOPLASMS IN FEMALE MICE IN T H E  TWO-YEAR 
G A V A G E S T U D Y O F F U R F U R A L  

Vehicle Control 50 m g k g  100 mg/kg 175 mg/kg 

DISPOSITION SUMMARY 
Animals initially in study 50 50 50 50 
Early deaths 
Moribund 8 11 9 7 
Dead 8 9 12 11 
Dosing accident 1 
Accident 2 

Survivors 
Terminal sacrifice 33 28 29 32 

Animals examined microscopically 50 50 50 50 

ALIMENTARY SYSTEM 
Gallbladder (46) (46) (48) (43)  
Intestine small, duodenum (46) (48) (45)  (49) 

Intestine small, ileum (49) (47)  (48) (49)  
Polyp adenomatous 1 (2%) 1 (2%)  

Intestine small, jejunum (48) (48) (46) (50) 
Liver (50) (50) (50) (50) 

Carcinoma, metastatic, islets, pancreatic 1 (2%)  
Hemangiosarcoma 1 (2%) 

Histiocytic sarcoma, metastatic 1 (2%) 

Hemangioma 1 (10%) 

Histiocytic sarcoma 1 (2%) 

Hepatocellular carcinoma 4 (8%) 2 (4%) 4 ( 8 % )  
Hepatocellular adenoma 1 (2%) 3 (6%) 5 (10%) 8 (16%) 

Mesentery ( 6 )  (10) (7)  (11) 

Pancreas (50) (50) (48) (50) 

Salivary glands (50) (50) (50) (50) 
Stomach, forestomach (50) (50) (50) (50) 

Stomach, glandular (50) (50) (50) (50) 
Papilloma squamous 1 (2%) 1 (2%) 6 (12%) 

CARDIOVASCULAR SYSTEM 
Heart 

ENDOCRINE SYSTEM 
Adrenal gland, cortex 

Adenoma 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Carcinoma 

Pituitary gland 
Pars distalis, adenoma 
Pars distalis, fibrosarcoma, extension, 

metastatic, skin 
Thyroid gland 

Follicular cell, adenoma 
Follicular cell, adenoma, cystic 

(50) 
1 (2%) 

1 (2%) 
( 5 0 )  

(50) 

(46) 
7 (15%) 

(50) 

2 (4%) 

(50) 

(50) 

(50) 
1 (2%) 

(49) 
3 (6%) 

(50) 

1 (2%) 

(50) 

( 5 0 )  

(48) 

1 (2%)  

4 (8%) 
(49) 

1 (2%) 

1 (2%)  
3 (6%) 

(49 1 

(50 )  

(50) 
1 (2%) 

(49) 
9 (18%) 

(50) 
2 (4%) 

GENERAL BODY SYSTEM 
None 
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TABLE Dl. SUMMARY O F  T H E  INCIDENCE OF NEOPLASMS IN FEMALE MICE IN T H E  TWO-YEAR 
GAVAGE STUDY O F  FURFURAL (Continued) 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 

GENITAL SYSTEM 
Ovary 

Carcinoma 
Cystadenoma, papillary 
Mixed tumor benign 
Teratoma 
Yolk sac carcinoma 

Leiomyoma 
Polyp stromal 
Sarcoma stromal 
Cervix, histiocytic sarcoma 

Uterus 

(48) (49) (50) (50) 
1 (2%) 
2 (4%) 1 (2%) 1 (2%) 

1 (2%) 
1 (2%) 

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

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

1 (2%) 
1 (2%) 

HEMATOPOIETIC SYSTEM 
Bone marrow 

Lymph node 

Lymph node, mandibular 

Lymph node, mesenteric 
Spleen 

Hemangiosarcoma 
Hemangiosarcoma, multiple 

Hemangiosarcoma 

Pancreatic, histiocytic sarcoma 

Carcinoma, metastatic, harderian gland 

Thymus (49) 

INTEGUMENTARY SYSTEM 

Adenoacanthoma 
Adenocarcinoma 
Adenocarcinoma, two, multiple 

Papilloma squamous 
Squamous cell carcinoma 
Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue, hemangioma 
Subcutaneous tissue, hemangiosarcoma 

Mammary gland 

Skin 

(50) (50) (50) (48) 
1 (2%) 
1 (2%) 1 (2%) 1 (2%) 

1 (2%) 
1 (2%) 

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

1 (2%) 1 (2%) 

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

1 ( 2 % )  

MUSCULOSKELETAL SYSTEM 
Bone (50) (50) (50) (50) 

Carcinoma, metastatic, harderian gland 1 (2%) 
Cranium, fibrosarcoma, extension, metastatic, 

Carcinoma, metastatic, harderian gland 1 (33%) 
Hemangiosarcoma 1 (33%) 

skin 1 (2%) 
Skeletal muscle (1) (3)  (1) 

NERVOUS SYSTEM 
Brain (50) (50) 

Meninges, fibrosarcoma, extension, metastatic, 
skin 

Furfural, NTP TR 382 142 



TABLE D l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF FURFURAL (Continued) 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 

RESPIRATORY SYSTEM 
Lung (50) (50) (50) (50) 

Alveolar/bronchiolar adenoma 3 (6%) 1 (2%) 1 (2%) 3 (6%) 
Alveolar/bronchiolar carcinoma 1 (2%) 1 (2%) 
Alveolar/bronchiolar carcinoma, two, multiple 1 (2%) 
Carcinoma, four, metastatic, multiple, harderian 

gland 1 (2%) 

Lumen, carcinoma, metastatic, harderian gland 1 (2%) 
Nose (50) (50) (50) (50) 

Trachea (50) (50) (49) (50) 

SPECIAL SENSES SYSTEM 
Harderian gland 

Adenoma 
Carcinoma 
Fibrosarcoma, extension, metastatic, skin 

(1) (1) (2) 
2 (100%) 

1 (100%) 
1 (100%) 

URINARY SYSTEM 
Kidney 

C'rinary bladder 
Cortex, adenoma 

(50) (50) (50) (50) 

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

SYSTEMIC LESIONS 
Multiple organs *(50) *(50) *(50) *(50) 

Histiocytic sarcoma 2 (4%) 
Lymphoma malignant histiocytic 1 (2%) 1 (2%) 
Lymphoma malignant lymphocytic 2 (4%) 2 (4%) 
Lymphoma malignant mixed 8 (16%) 10 (20%) 7 (14%) 8 (16%) 

Total animals with primary neoplasms ** 33 
Total primary neoplasms 45 

16 
Total benign neoplasms 21 

22 
Total malignant neoplasms 24 

Total secondary neoplasms 

Total animals with benign neoplasms 

Total animals with malignant neoplasms 

Total animals with secondary neoplasms *** 

26 
37 
14 
14 
20 
23 

2 
6 

24 31 
32 51 
16 23 
18 33 
12 16 
14 18 
2 
5 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
*** Secondary tumors: metastatic tumors or tumors invasive into an  adjacent organ 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF FURFURAL: VEHICLE CONTROL

STUDY

CARCASS
ID

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

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

+ + + + + + + + + + 4
MM + + + + + + + + 4

+ + + + + + + + + 4
+ + + + + + + + + + + + + A + + + + + + + + +
+ + + + + + +A + + + + + + + + + + + + + + +
+ + + + + + + + + + + + !- + + + + + + + + + +
+ + + + + +• + + + 4

+ A + + + M + + A + + + + M + + + + + + + + + +
+ + + + + + + + + + + + + + A + + + + + + + + +
+ A + + + + + +A + + + + + + + + + + + + + + +
+- + + + + + + + + + 4- + + + + + + + + + + + + +

X
X

X
+ + + 4- +

+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + -t- + + + 4- + + + 4- + -t- + -(- + +
+ + + + + + + + + + + + + + + + * + + + + + + + +
4- + + + + + + + + + + + + + 4 - f - - + + -t- + + + + +

+ + + + + + + + + + + + + + + f - H + + - t - 1 - + + + +

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

+ + + + + + + + + + + + + + + + -(- + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + I- + + + +

+ + + + + + + + + + + + + + + + + + + + + + + + +
X

+ + + + + -*- + + + + + + + + + + -»- + + + + + + + +
+ + + + + -t- + + + + + -t- + + + M - t - + + + -t- + + + +
+ M + + + + + +M + + + + + + + + M + M + + + + +

+ + + + + + + + + + + + + + + + + -•- + + + + + + +

+ + ^ + + + + + + + + + + + + + + + + + + + + M +
X

X
+ + ->- + + + + + + + + + + + + + + + + + + + + + +

X

ALIMENTARY SYSTEM
Esophagus
jailbladder
[ntestine large
[ntestine large, cecum
[ntestine large, colon
rntestine large, rectum
intestine small
ntestine small, duodenum
ntestine small, ileum
ntestine small, jejunum
Liver

Hemangiosarcoma
Hepatocellular carcinoma
Hepatocellular adenoma

Mesentery
3ancreas
.Salivary glands
Stomach
Stomach, forestomach
Papilloma squamous

Stomach, glandular

CARDIOVASCULAR SYSTEM
•Jeart

SNDOCRINE SYSTEM
\drenal gland
\drenal gland, cortex

\denoma
\drenal gland, medulla
Pheocnromocytoma benign

slets, pancreatic
3arathyroid gland
Dituitary gland

Pars distahs, adenoma
Thyroid gland

Folhcular cell, adenoma cystic

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Ovary

Carcinoma
Cystadenoma, papillary

Jterus
Leiomyoma
Polyp stromal

+ Tissue examined microscopically
Not examined

I Insufficient tissue

M Missing
A Autolysis precludes examination
X Incidence of listed morphology
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL
(Continued)

DAYS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Gallbladder
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Liver

Hemangiosarcoma
Hepatocellular carcinoma
Hepatocellular adenoma

Mesentery
Pancreas
Salivary glands
Stomach
Stomach, forestomach

Papilloma squamous
Stomach, glandular

CARDIOVASCULAR SYSTEM
Heart

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex

Adenoma
Adrenal gland, medulla

Pheochromocytoma benign
Islets, pancreatic
Parathyroid gland
Pituitary gland

Pars distahs, adenoma
Thyroid gland

FolhcularceU, adenoma, cystic

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Ovary

Carcinoma
Cystadenoma, papillary

Uterus
Le 10 myoma
Polyp stromal

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2

5 4 5 1 2 3 4 5 3 4 5 3 4 5 3 4 5 4 5 3 4 5 3 4 5

+ + + + + + + + + + + + + + +• + + -(- + + + + + +
+ + + M + + + + +- + + + + + + + + + + 4- + + +
+ 4 - 4 - 4 - 4 - 4 - 4 - + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + +• + + + • + • • • + + + + + +

4- 4- 4- 4- 4- 4- 4 - 4 - 4 - + 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -
+ + + + + + - H 4 - + + + + 4- + + + + • + + + + + +
4 - 4 - 4 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 4 - 4 - 4 - - I - 4 - 4 - 4 - 4 - f 4- 4- 4-

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 + 4 4 - 4 - 4 - 4 - f + 4- + 1 - 4

X X X

4-
+ + + + + + + + + -l- + + + + + + + + * + + + + -t- +
+ + + + + + + + + + + + + + + + + + + + + + + -T +

X

+ + > + + + + * + + + + + + + + + + + + + + + + +

4- + + + + + + + + + ^ ^ - + ^ - - ^ + ^- + ^- + + + ^ - - ^ +
+ + + + + + + + + + + + -¥ + + + -<••>- + + + + + + +

X
+ + + + + + + + + + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + + + + + + + + + f
X X X X X X X

+ + 4 + + + + + + + + + + + + + + + + + + + + + +
X X

X
+ + + 4- + +- + + + + + + + + + + + + + + + +- + + +

X

TOTAL
•ISSUES
•UMOES

50
46
50
49
49
50
50
46
49
48
50

1
4
1
6

50
50
50
50
1

50

50

50
50
1

50
1

50
48
46

7
50

48
1
2

50
1
1
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

F V  
Ell& 
Ebne marrow 

Lymph node 
Lymph node mandibular 
Lymph node: mesentenc 
Etpleen 

Thymus 

1- 
Mammary gland 

(ikln 

Hemangosarcoma 

Hemanoosarcoma 

Adenoacanthoma 
Adenocarnnoma 

Pa illoma squamous 
Sugcutaneous tissue. fibrosarcoma 
Subcutaneous tissue, hemangosarcoma 

I-ETAL P 
Ibne 
Skeletal muscle 

1- 
I3ra1n 

1-M 
1,ung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Alveolaribmnchiolar carcinoma, two, 

multiple 
liose 
Trachea 

:- 
]Ear 

1 m -  
ICidney 
J n n a r y  bladder 

! j ysTENmn;Fs IumS 
Yultiple organs 

Lymphoma malignant histiocytic 
Lymphoma malignant mixed 

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + M + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + + + + + + M + + + + + + + t +  

+ I  + + + + + + + + + + + + + + + + + + + + - + + +  
" , 

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

X 

I 
I 

+ + i  + + t + + + + + t + t + + + + + + + + t + + + t  

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

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

X 
X 

+ t + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
~~ ~ _ _ _ _  ~ ~- 

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

X x x  X 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL 
(Continued) 

DAYS ON 
STUDY 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 1  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2  

CARCASS 
ID 

Blood 
Bone marrow 

Lymph node 
Hemangiosarcoma 

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

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

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

TEM I 

' . . . . . . . . . . . . . . . . . . . . . . . .  
X X I +  Lung 

Alveolar/bronchiolar adenoma 
Alveolaribronchiolar carcinoma 
Alveolarfbronchiolar carcinoma, two. 

multiple j 
Nose ' + + r t + + + + + + + + t + + + + + t + + + + + +  
Trachea r + + + + + + + + + + t + + + + + + + + + + + + +  

SPFCIAL SEN- 
Ear  + 

Kidney 
Unnary bladder 

Multiple organs 
S 

Lymphoma malignant histiocytic 
Lymphoma malignant mixed 

. . . . . . . . . . . . . . . . . . . . . .  ! I : : + + + + + + + + + + + + + + + + + + + + + +  
~ + + + + + + ~ + + t t + + + + + + t + + + + + + +  

I X  
X X X 

POTAL: 
ISSUES 
UMORS 

2 
50 
1 
50 
47 
48 
50 
1 

49 

50 
1 
1 

50 
1 
2 
1 

50 
1 

50 

50 
3 
1 

1 
50 
50 

1 

50 
50 

50 
1 
8 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF FURFURAL: 50 mg/kg 

DAYS ON 
STUDY 

CARCASS 
ID 

Eso ha s 
Gal&ia%er 
Intestine large 
Intestine large, cecum 
Intestine large. colon 
Intestine large, rectum 
Intestine small 
Intestine small. duodenum 

Polyp adenomatous 
Intestine small, ileum 
Intestine small, lejunum 
Liver 

Hepatocellular adenoma 
Histiocytic sarcoma. metastatic 

Mesentery 
Hemanpoma 

Pancreas 
Histiocytic sarcoma 

Saliva glands 
S t o m a 3  
Stomach, forestomach 
Stomach, glandular 

Hpart 

Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 
Islets, pancreatic 

Parathyroid gland 
Pituitary gland 

Thyroid land 

Adenoma 

Pars  distalis. adenoma 

Follicufar cell, adenoma, cystic 

None 

mNITAL SYSTEM 
Ovary 

L BODY SET'E?vf 

Cystadenoma, papillary 
Mixed tumor benign 
Yolk sac carcinoma 

Uterus 
Sarcoma stromal 
Cervix. histiocytic sarcoma 

2 3 3 4 4 4 4 4 4 4 4 6 6 6 6 6 6 6 7 7 7 7 7 7 7  
6 0 7 3 3 4 6 7 7 9 9 1 3 3 5 5 7 9 0 1 1 1 3 3 3  
1 9 4 4 5 5 4 3 7 1 2 6 0 4 4 7 9 3 4 0 5 9 2 2 2  1 :  : II : : II 9' 9' : ; l? : 9' : :: :: : 9' 3' : ml 
1 1 2 1 1 2 3 1 2 1 1 3 1 3 2 1 2 3 4 2 1 4 4 5 5  

~~ ~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  
M M + + + + + + + + M + + + + + + + + + M + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ t + + A A + + + + + + + + + + + + + + + + + + t  
+ M + + A + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ t + + + A t + A + + + + + + + + + + + + + + + +  

+ + + A A A + t t + + + + + + + + + + + + + + + t  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X + +  + + + + +  
+ + + + + t + + + + + + + t + + t + + + + + + + +  

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

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

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

X 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ t + t + r + + + + + + + + + + ~ + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ , M M t M + +  + - + + +  + + +  + + M + + M +  + + +  
+ + + + + + + + * + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

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

X 
+ + + + + + + + + ~ + + ~ ~ + + + + + + + + + + +  

~ X 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: 50 mg/kg 
(Con tinued) 

DAYS ON 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 1 7 ~ 1 7 7  
STUDY 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 9 3 3 3 3 3 . 3 3 3 3  

2 2 2 2 2 2 2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

C A R C A S S  
ID 

Eso ha s 
Galkla%er 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 

Polyp adenomatous 
Intestine small, ileum 
Intestine smal1,iejunum 

I TOTAL 
TISSUES 

3 4 5 2 3 4 5 2 3 4 5 2 3 4 5 3 4 5 2 3 4 5 5 4 5 1  

Liver 
Hepatocellular adenoma 
Histiocvtic sarcoma. metastatic 

M e s e n t e j  
Hemaneoma 

Pancreas 
Histiocytic sarcoma 

Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

Heart 

Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 
Islets, pancreatic 

Parathyroid gland 
Pituitary gland 

Thyroid gland 

Adenoma 

Pars distalis, adenoma 

Follicular cell, adenoma, cystic 

None 

Ovary 
Cystadenoma, papillary 
Mixed tumor benign 
Yolk sac carcinoma 

Sarcoma stromal 
Cervix, histiocytic sarcoma 

Uterus 

~~~ 

t t + t + t-t t + t + + + + + t t - t t + + + + + 1 50 
t t t + t + + t + + t + + + + + + + + + + + t + t  46 
t + + + t t t + t + t + + + + + + + t + t t + + + 1  + , 50 48 
. . . . . . . . . . . . . . . . . . . . . . . .  
+ + +  + + t t + + +  + + + + + t + +  + + +  r t + t  48 
t + + + + t t + + + + + + - + + r T t + + + +  + + I  i o  
+ t + + t + + + + + + + + + + + + t + + + + + ~ +  50 
t + + + + t t + + + + + + + + + + + + + + + + +  + 1 48 

t + + + + + + + + t + + t + + + + + + + + + + + + ~  47 
+ + + + + + + + * + + f + - + + c + + + + - + + + l 4 8  
. . . . . . . . . . . . . . . . . . . . . . . . .  50 x x x  3 

1 
t +  + 10 
x 

t + t +  + + + + + +  + + + + t i  + +  + + +  + + + t ~  4 
1 

+ + + + t + + i + + + t + + + + ~ r + + + * +  - +  50 
t I + t t + + + + + + t t + + + ~ + + T + + + + + l 5 0  
+ + r + + + + t t t + t + ~ t + - ~ t + i + i + c  50 
+ + + t + t +  + t +  t t t +  + + t + +  + h t +  + I  50 

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

x 
+ + +  + + + + +  + + t t + + +  + + r + + +  + + + 45 
+ + + t + ~ t + - + t + t + + + r M + t + t + t + ~  49 x x 3 
t + + t + + + t + + + + + t + + + + t + + + + + t  

X 

1-1 I I 
~ ~~~ ~~ 

+ + + t + + t + + + + + + + + + - + + + + + + + + ' 4 9  
X X ~1~ i 

8 1  
+ + + + + + + t + + + ~ + + t + r r + + + + t + t l 5 0  
X 

149 Furfural, NTP TR 382 



TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: 50 mgkg 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

Blood 
Bone marrow 

L mphnode 

Lymph node, man%a:8rcoma 

Lymph node, mesentend 
Spleen 

Thymus 

Hemansosarcoma 

$ancraatic, histi 

Carnnoma, metastatic hardenan gland 

Hemannosarcoma, multiple 

Adenocarnnoma. two, multiple 
S h n  

Bone 

Skeletal muscle 
Carnnoma. metastatic. hardenan gland 

Carnnoma. metastatic. hardenan gland 
Hemansosarcoma 

Brain 

Lung 
Alveolarhronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Carcinoma, four, metastatic, multiple, 

Lumen, carcinoma, metastatic, hardenan 

hardenan gland 
Nose 

gland 
Trachea 

%denan gland 

EM 

Carcinoma 

Kidney 

Unnary  bladder 
Cortex, adenoma 

S 
Multiple organs 

Histiocytic sarcoma 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

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

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

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

X 
+ + + + t + + + + + t + + + + t t + + + t t + + +  

M + + + + t + + + t t + + + + + + + + t + + t + +  

+ + + + + t + M t + M t + + + + + + + t + t + + +  
+ + + + + t + + + + + + + + + + t + + + + t t + +  

X 
+ + M t M + + t + t t + t t + + + + M + + + + + +  

X 

~ 

+ + + t + t + + + + + + + + + ~ + t + + t + t + +  

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

+ + + + + + + + + + t + + t + t + ~ + + + + + + -  

+ X 
X 

X 

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

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

X 

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

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

+ 
+ 
X 

+ + + t + + + + + + t t + + + + + t + + + + + - +  

+ t + + + t + + + t + + + + + + + + + + t + + + ~  

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

~ 

X 

X X  x X X  X 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: 50 mglkg 
(Continued) 

REMATOPO~T~SYSTEM 
Blood 
Bone marrow I +  + t 

Hemanaosarcoma 
Lymph node 

Pancreatx. h ~ s t ~ o c y t i c  sarcoma 
Lvmph node, mandibular 

Carnnoma,  m e t a s t a t ~ c .  h a r d e n a n  aiand 

TOTAL: 
TISSUES 

DAYS O N  
STUDY 

Lvmoh node. mesentenc  

7 7 7 7 7 7 " "  7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 4 i 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
2 2 2 2 2 2 2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

s&n + + + 
Hemangiosarcoma, rnui t~pie  

Thymus + + + 

I 
"rlammary gland + + +  

Adenocarclnorna, two, multiple 
Skin + i + 

CARCASS 8 
ID 3 3 3 4 4 4 4 5 5 5 5 6 6 6 6 7 7 7 8 8 8 8 9 O O T U M O E 3  

3 4 5 2 3 4 5 2 3 4 5 2 3 4 5 3 4 5 2 3 4 5 5 4 5  7 7 7 7 7 7 7 i 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8  

P 
Bone + + + + _ + + + + + + + + + + + + A + + + + + + +  50 

Carcinoma, metastatic,  h a r d e n a n  gland I 
Skeletal muscle + 

Carclnorna, metastatic,  h a r d e n a n  gland I 
1 : 

Hemangiosarcoma 1 
T E M  

Brain 

R P 
Lung 

Alveolar 'bmnch~olar adenoma 
Alveolarbmncmolar carcmoma 
Carnnoma. four. rnetastatlc,  muitiple. 

hardenan gland 
Nose 

Lumen, rarclnoma, rne tas ta t~c .  
hardenan gland 

Trachea 

ECI AL b I 

Eye 
H a r d e n a n  gland 

Carcinoma 

Kidney 
Cortex. adenoma 

U n n a r y  bladder 

IC LESIONS 
Multiple organs 

H~stiocvtic sarcoma 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF FURFURAL: 100 mg/kg 

DAYS ON 
STUDY 

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

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

CARCASS 
ID 

A-M 
Eso ha  s 
G a h a X i e r  
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 

Polyp adenumatous 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

Carcinoma, metastatic. islets, 
pancreatic 

Hepatocellular carcinoma 
Hepatocellular adenoma 

h'ilesentery 
Pancreas 
Salivary glands 
SLomach 
Stomach. forestomach 

Papilloma squamous 
SLomach. glandular 

C P  
Heart 

E N D O ~ E M  
Adrenal gland 
Adrenal gland. cortex 
Adrenal gland, medulla 
Irdets, pancreatic 

Parathyroid gland 
Carcinoma 

Pituitary gland 
Pars  distalis, adenoma 
Pars  distalis. fibrosarcoma, extension. 

Fbllicukar cell, adenoma 
Follicular cell, adenoma, cystic 

None 

metastatic, skin 
Thvroid land 

C m A L  BOD- 

C- 
Cvary 
L terus 

Polyp stromal 

+ + + + + + + + M + + + + + + + + + + + + + + + +  
+ + + M + + + + + + + + M + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + M + A + + + + + + + + A + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ A + + + + + + + M + A + + + + + + A + A + + + +  

X 
+ + + + + + + + + + + A + + + + + + t + A t + + +  
+ A + + + + + + + + + A + + + + + + A + A + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
9 X + + +  

+ + + + + + + + + + + A + + + + + + A + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + t + + + + + +  

+ + + + + + + + + + + + + + + + + + + + + + + + +  
X 

+ + ~ + + + + + + + + + + + + + + + + + + + + + +  

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

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

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

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

+ + + + + + + + M + M + + + + + + + + + M + + M +  
+ + + M r + + + + + + + + + + + + + + + + + + + +  

x x  
X 

+ + + + + + + + M + + + + + + + + + + + + + + + +  

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

X 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: 100 mg/kg 
(Continued) 

DAYS ON 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
STUDY 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3  

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 2 2 2 2 2 2  

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

CARCASS 
ID 

3 4 5 4 5 3 4 5 4 5 1 3 4 5 1 2 3 4 5 3 4 5 3 4 5  

TOTAL. 1 
TUMORS 

Eso ha s 
Gal&la%er 
Intestine large 
Intestine large, wcum 
Intestine large, colon 
Intestine large. rectum 
Intestine small 
Intertine small, duodenum 

Polyp adenomatous 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

I- 

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

+ + + + + + + + + + + t + + + + + + t t + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + - + + + + + + + + + + + I  50 

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

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

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

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

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

Carcinoma, metastatic, islets. 

Hepatocellular carcinoma 
Hepatocellular adenoma 

pancreatic 

Mesentery 
Pancreas 

,S,ad';;~ glands 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 

Heart 

Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 
Islets. pancreatic 

M 

Parathyroid Carcinoma gland 

Follicufar cell, adenoma 

Pituitary gland 
Pars  distalis, adenoma 
Pars  distalis. fibrosarcoma, extension, 

metastatic, skin 
Thjroid land 

Follicular cell, adenoma, cystic 

49 
48 
50 
47 
49 
49 
48 

X 
X 

X X X 
+ +  + *  7 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 
+ + + + + + + + + + + + + + + + + + + + + + + + +  50 . . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  ,50 

+ + + + + + + + + + + + + + M + + + + + + + + + : i  X 4: 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

X X 4 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

X 1 
X X  X 3 

I 

None 

Ovary 
Uterus 

Polyp stromal 

+ + + L + + + + + + + + + + + + + +  

+ + + + + + + + + + + + + + + + + + : I ::: ~ i! 1 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: 100 mg/kg 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

F S  
E l l d  
Elone marrow 
L,ymph node 
L,ymph node. mandibular 
L>ymph node, mesentenc 
B leen 
&mus 

1 7  
Mammary gland 

Skin 
Adenocarcinoma 

Subcutaneous tissue. fibrosarcoma 
Subcutaneous tissue, hemanpoma 

ii- 
Elone 

metastatic, skin 
ENkeletal muscle 

F- 
Elrain 

metastatic, skin 
Spinal cord 

1- 
Lung 

Cranium, fibrosarcoma. extension, 

Meninges, fibrosarcoma, extension. 

Alveolar/bronchiolar adenoma 
Nose 
Trachea 

E- 
E:ar 
I fardenan gland 

Fibrosarcoma, extension, metastatic. 
skin 

T- 
Kidney 
IJrinary bladder 

E-S 
Multiple organs 

Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

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

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

+ 
+ + t I  . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + t + + + + + + + + + t t + + + + + +  
+ t + + + + + + + + + + + + + + t + + t + + + + +  
+ + t + + + + + + + + M + + + + + + + + + + t + +  
+ + + + + t + + + + + + + + + + t t + + t + + + +  
+ M + M M + + M + + + + + + M + M + + + + + + + +  

~~~ 

+ + + + + + + + + + + + + t + t + + r + + + + + t  

+ + + + t t + t + + t + + + + + + * t + t + t ~ +  
X 

X 
X 

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

X 
t 

+ + t + + + + + + + t t + + + + + + t + + + + ~ +  

X 
t + 

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

+ + + + + + + + + + + * + t + + + + + t + + + t +  
+ t + + + + + + M + + + + + + + + + t + + t + t +  

+ + 
X 

+ + + + + + + + + + + r + t + + + + + + + t + + +  
+ + + + t t + + + + + + + t + + + + + + + + + + +  

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

X X I  
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: 100 mg/kg 
(Continued) 

DAYS ON 
STUDY 

CARCASS 
ID 

Blwd 
Bone marrow 
Lymph node 
Lymph node mandibular 
Lymph node: rnesentenc 
S leen 
TIymus 

Mammary g!and 

Slun 
Adenocarcinoma 

Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue, hemanpoma 

OSKEL- 
Bone 

Skeletal muscle 

Bra,n 

Spinal cord 

Lung 

Nose 
Trachea 

Ear  
Hardenan gland 

Cranium, fibrosarcoma, extension, 
metastatic. skin 

Meninges, fibrosarcoma. extension, 
metastatic. skin 

TEM 

Alveolar/bronchiolar adenoma 

Fibrosarcoma. extension. metastatic. 
skin 

Kidney 
Unnary bladder 

NS 
Multiole oreans 

Lymphoma malignant lymphocvtic 
Lymphoma malignant mixed 

7 7 7 1 7 7 7 7 7 - 7  7 7 7 7 7 7  7 7 1  7 7  

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 2 2 2 2 2 2  
2 2 2 2 2 2 2 2 2 ~ 2 ~ 2 2 2 2 2 2 ~ 3 3 3 ~ 3 3  

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

+ 
+ 
+ 

. . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + t + + + + + + t + + + t t + + +  
+ + + + M + + * + + + + + + + + + + + + + + + +  

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

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

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

+ + + + + + + + * + + + + + + * + + + + + + + + +  

~ 

- t + + + + + + t + t t + + + + + + + + + + + + +  

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

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

X 

L 

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

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

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

X x X x x  X 

IVI'AL: 
ISSUES 
UMORS 

1 
49 
50 
49 
49 
50 
44 

50 
1 

50 
1 
1 

50 

1 
1 

50 

1 
2 

50 
1 

50 
49 

50 
50 

50 
2 
7 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF FURFURAL: 175 mg/kg 

DAYS ON 
STUDY 

CARCASS 
ID 

Eso ha  s 
Galk laEer  
Intestine large 
Intestine large cecum 
Intestine large: colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small. jejunum 
Liver 

Hepatocellular carcinoma 
Hepatocellular adenoma 

Mesentery 
Pancreas .S;Szax glands 

Stomach, forestomach 
Papilloma squamous 

Stomach, glandular 

Heart 

Adrenal gland 
Adrenal gland. cortex 
Adrenal g!and, medulla 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 

Thyroid g!and 
Pars distalis, adenoma 

Folhcular cell. ade.oma 

Yone 

Ovary 

Uterus 

Blood 

BODY S Y S T E M  

Cystadenoma, papillary 
Teratoma 

Sone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesentenr 
Svleen 

Hemangiosarcoma 
Thymus 

MENTARY SYSTEM 
Mammary gland 

Skin 
Adenocarcinoma 

Squamous cell carcinoma 
Subcutaneous tissue, i5brosarcoma 
Subcutaneous t iswe. hemangiosarcoma 

Sone 

STEM 
Brain 

 IRAT TORY m f  
Lung 

Nose 
Trachea 

Alveolarfbronchio!ar adenoma 

m . 4 L  S E h i M  
Hardenan g!and 

Adenoma 

tiidney 
Unnary bladder 

___ 
-IC LESIONS 
Multiple organs 

Lymphoma malignant mixed 

2 3 4 5 j 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7  
4 8 4 1 2 4 8 9 0 1 1 3 3 4 5 5 6 7 3 3 3 3 3 3 3  
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: 175 m g k g  
(Continued) 

DAYS ON 
STUDY 

Adenoma 
Parathymid gland 
Pitmtary gland 

P a n  datalis, adenoma 
Thymd gland 

Follicular cell, adenoma 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
l l l l l l l l l l l l l l l l l l l l l l l l l  

CARCASS 
ID 

Eso ha s 
~ a i k l a % r  
Intestme large 
InterLine large cecum 
Intedme large: colon 
Intestine large, rectum 
Intestme small 
Intestme small, duodenum 
Intestme small, ileum 
Intestine small.je~unum 

- 
None 

~y;tadenoma, papillary 
Teratoma 

Uterus 

; ~ : i : : ; : ~ ; : ; ; : : ~ : ~ ~ ~ : : : : " o  
3 4 5 3 4 5 2 3 4 5 3 4 5 2 3 4 5 3 4 5 1 2 3 4 5  
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+ + + + + + + + + + + + + + + + + + c + ~ + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + t + + ~ + + ~ + + + + + + + + + + + + t ~ +  

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

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

Blood 
Bone marmw 
Lymph node 
Lymph node, mandibular 
Lymph node, mesentenc 
Spleen 

Hemanmosarcoma 
Thymus 

TOTAL. 
TISSUES I 

43 

50 i 50 , 

El 1 50 I 

49 

49 ~ 50 

Mammary gland 
Adenocarnnoma 

50 Lwer 

Skin 
Squamous cell carcinoma 
Subcutaneous tlssue, tibrosarroma 
Subcutaneous tlssue. heman~osarcoma 

I X 
Y 

Hepatocellular adenoma X X 
Mesentery 
Pancreas 
Sallva glands 
s t o m a 3  
Stomach, forestomach 

Pap~lloma squanous 
Stomach glandular 

Heart 

Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla . . . . . . . . . . . . . . . . . . . . . . . . . .  50 
Islets. pancreatic + + + + + + + + + + + + + ~ + + + + - + f C + + - 1 5 0  1 

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

Bone 

Hepatocellular carcmoma X 

Lung 
Alveolarlbronchiolar adenoma 

Nose 
Trachea 

SPECIAL S E N S E S X ~ E ~ I  
Hardenan gland 

Adenoma 

Kidney 
Unnary bladder 

Multiple organs 
Lymphomz malignant m~xed  
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TABLE D3. ANALYSIS O F  PRIMARY NEOPLASMS IN FEMALE MICE I N  T H E  TWO-YEAR GAVAGE 
STUDY O F  FURFURAL 

~ ~ ~ ~~ ~ 

Vehicle Control 50 mg/kg 100 mg/kg 175 m g k g  

Liver: Hepatocellular Adenoma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b) 3.0% 
Terminal Rates (e) 1/33 (3%) 
Day of First Observation 729 
Life Table Tests (d) P = 0.008 
Logistic Regression Tests (d) P = 0.007 
Cochran-Armitage Trend Test (d) P = 0.007 
Fisher Exact Test (d) 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 12.1% 
Terminal Rates (e) 4/33 (12%) 
Day of First Observation 729 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P = 0.403 
P = 0.402 
P = 0.400 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 5/50(10%) 
Adjusted Rates tb) 15.2% 
Terminal Rates (e) 5/33 (15%) 
Day of First Observation 729 
Life Table Tests (d) P = 0.012 
Logistic Regression Tests (d) P=O.Oll 
Cochran-Armitage Trend Test (d) P=O.Oll 
Fisher Exact Test (d) 

Lung: AlveolarBronchiolar Adenoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 9.1% 
Terminal Rates (c) 3/33 (9%) 
Day of First Observation 729 
Life Table Tests (d) P=0.525 
Logistic Regression Tests (d) P=0.525 
Cochran-Armitage Trend Test (d) P=0.528 
Fisher Exact Test (d) 

Lung: AlveolarBronchiolar Adenoma or Carcinoma 
Overall Rates (a) 5/50 (10%) 
Adjusted Rates (b) 13.9% 
Terminal Rates (c) 3/33 (9%) 
Day of First Observation 620 
Life Table Tests (d) P = 0.274N 
Logistic Regression Tests (d) P=0.270N 
Cochran-Armitage Trend Test (dl P =0.264N 
Fisher Exact Test (d) 

Pituitary G l a n d p a r s  Distalis: Adenoma 
Overall Rates (a)  7/46(15%) 
Adjusted Rates (b)  22.6% 
Terminal Rates (c) 7/31 (23%) 
Day of First Observation 729 
Life Table Tests (d) P=0.240 
Logistic Regression Tests (d) P = 0.224 
Cochran-Armitage Trend Test (d) P=0.256 
Fisher Exact Test (d) 

3/50 (6%) 
10.7% 
3/28 (11%) 
729 
P = 0.247 
P=0.247 

P=0.309 

0150 (0%) 
0.0% 
0128 (0%) 

P=0.085N 
P=O.O85N 

P = 0.059N 

3/50 (6%) 
10.7% 
3/28 (11%) 
729 
P=0.448N 
P = 0.448N 

P = 0.357N 

1/50 (2%) 
3.6% 
1/28 (4%) 
729 
P=0.365N 
P=0.365N 

P=0.309N 

2/50 (4%) 
7.1% 
2/28 (7%) 
729 
P=0.277N 
P =  0.241N 

P=0.218N 

3/49 (6%) 
10.3% 
2/27 (7%) 
704 
P = 0.2 11N 
P=0.173N 

P=0.134N 

5/50 (10%) 
14.9% 
3/29 (10%) 
493 
P = 0.087 
P=O.lOO 

P = 0.102 

2/50 (4%) 
6.1% 
1/29 (3%) 
61 1 
P = 0.398N 
P = 0.366N 

P=0.339N 

7/50 ( 14% ) 
20.5% 
4/29 (14%) 
493 
P=0.306 
P = 0.352 

P = 0.380 

1/50 (2%) 
3.4% 
1/29 (3%) 
729 
P=0.352N 
P = 0.352N 

P = 0.309N 

1/50 (2%) 
3.4% 
1/29 (3%) 
729 
P =0.138N 
P = 0.116N 

P=0.102N 

4/49 (8%) 
13.8% 
4/29 (14%) 
729 
P = 0.294N 
P = 0.294N 

P = 0.226N 

8/50 (16%) 
22.8% 
6/32 (19%) 
615 
P = 0.017 
P = 0.017 

P = 0.015 

4/50 (8%) 
11.4% 
3/32 (9%) 
549 
P=0.632 
P=0.640 

P=0.643N 

12/50 (24%) 
33.2% 
9/32 (28%) 
549 
P=0.050 
P = 0.05 1 

P=0.054 

3/50 (6%) 
9.4% 
3/32 (9%) 
729 
P = 0.650 
P = 0.650 

P = 0.661N 

3/50 (6%) 
9.4% 
3/32 (9%) 
729 
P=0.378N 
P = 0.363N 

P=0.357N 

9/49 (18%) 
27.8% 
8/31 (26%) 
643 
P = 0.386 
P=0.385 

P=0.447 
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TABLE D3. ANALYSIS O F  PRIMARY NEOPLASMS I N  FEMALE MICE I N  T H E  TWO-YEAR GAVAGE 
STUDY O F  FURFURAL (Continued) 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 

Forestomach: Squamous  Papilloma 
Overall Rates (e) 1/50 (2%) 
Adjusted Rates (b) 3.0% 
Terminal Rates (c) 1/33 (3%) 
Day of First Observation 729 
Life Table Tests (d) P=0.006 
Logistic Regression Tests (d) P=0.005 
Cochran-Armitage Trend Test (d) P=0.005 
Fisher Exact Test ( d )  

Thyroid Gland: Follicular Cell Adenoma 
Overall Rates ( a )  2/50 (4%) 
Adjusted Rates (b)  6.1% 
Terminal Rates (c) 2/33 (6%) 
Day of First Observation 729 
Life Table Tests (d) P =0.431 
Logistic Regression Tests (d)  P = 0.43 1 
Cochran-Armitage Trend Test (d) P = 0.430 
Fisher Exact Test (d)  

Hematopoietic System: LvmDhoma, All Malignant - -  
Overall Rates ( e )  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: Benign Tumors  
Overall Rates (e)  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test td) 

All Sites: Malignant Tumors  
Overall Rates (e )  
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d)  
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test td) 

All Sites: All Tumors  
Overall Rates (e )  
Adjusted Rates (b)  
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

9 / 6 ( 1 8 % )  
23.7% 
5/33 (15%) 
576 
P = 0.324N 
P =0.301N 
P = 0.307N 

16/50 (32%) 
47.1% 
15/33 (45%) 
700 
P=0.057 
P = 0.054 
P=0.059 

22/50 (44%) 
52.1% 
13/33 (39%) 
492 
P = 0.096N 
P =  0.061N 
P=0.067N 

33/50 (66%) 
78.5% 
24/33 (73%) 
492 
P=0.434N 
P=0.379N 
P=0.412N 

0/50 (0%) 
0.0% 
0/28 (0%) 

P=0.533N 
P=0.533N 

P = 0.500N 

1/50 (2%) 
3.6% 
1/28 (4%) 
729 
P=0.558N 
P =  0.558N 

P=0.500N 

13/50 (26%) 
37.1% 
7/28 (25%) 
492 
P =0.167 
P=0.202 

P = 0.235 

14/50 (28%) 
48.1% 
13/28 (46%) 
704 
P = 0.563 
P=0.521N 

P = 0.414N 

20/50 (40%) 
53.6% 
11/28 (39%) 
492 
P = 0.530 
P = 0.491N 

P = 0.420N 

26/50 (52%) 
70.0% 
17/28 (61%) 
492 
P=0.358N 
P=0.173N 

P = O . l l l N  

1/50 (2%) 
2.4% 
0/29 (0%) 
523 
P=0.741 
P = 0.763 

P=0.753N 

4/49 ( 8% ) 
13.8% 
4/29 (14%) 
729 
P=0.277 
P=0.277 

P=0.329 

9/50 (18%) 
3 1 .O% 
9/29 (31%) 
729 
P=0.491 
P = 0.546 

P=0.602N 

16/50 (32%) 
45.6% 
11/29 (38%) 
493 
P=0.427 
P=0.507 

P = 0.585N 

12/50 (24%) 
38.1% 
10/29 (34%) 
61 1 
P = 0.083N 
P = 0.036N 

P=0.028N 

24/50 (48%) 
67.7% 
18/29 (62%) 
493 
P=0.190N 
P =  0.071N 

P=0.053N 

6/50 (12%) 
15.4% 
2/32 (6%) 
596 
P=0.061 
P = 0.058 

P = 0.056 

2/50 (4%) 
6.3% 
2/32 (6%) 
729 
P = 0.685 
P = 0.685 

P=0.691N 

8/50 (16%) 
21.3% 
5/32 (16%) 
526 
P = 0.521N 
P=0.498N 

P=0.500N 

23/50 (46%) 
59.6% 
17/32 (53%) 
442 
P=0.088 
P = 0.094 

P =  0.109 

16/50 (32%) 
39.6% 
9/32 (28%) 
526 
P = 0.206N 
P = 0.148N 

P =0.151N 

31/50 (62%) 
73.2% 
21/32 (66%) 
442 
P=0.488N 
P = 0.405N 

P=0.418N 
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TABLE D3. ANALYSIS OF PRIMARY NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF FURFURAL (Continued) 

(EL)  Number of tumor-bearing animals/number of animals examined microscopically a t  the site 
(ti) Kaplan-Meier estimated tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
( c )  Observed tumor incidence in animals killed a t  the end of the study 
(c l )  Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions a s  nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or a lower incidence in a dosed group than in vehicle controls is indicated by (N). 
(68) Number of tumor-bearing animals/number of animals examined grossly a t  the site 
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TABLE D4a. HISTORICAL INCIDENCE OF HEPATOCELLULAR NEOPLASMS IN FEMALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Study 
Incidence in Vehicle Controls 

Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence at  Southern Research Institute 

Ethyl acrylate 
Benzyl acetate 
Allyl isovalerate 
HC Red No. 3 
Chlorinated paraf ins  (Cz3, 43% chlorine) 
Allyl isothiocyanate 
Geranyl acetate 
(3.1. Acid Orange 3 
Chlorinated paraf ins  (C12, 60% chlorine) 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

1/50 
0150 
2/50 
4/50 
3/50 
2/50 
2/50 
3/50 
0150 

171450 (3.8%) 
2.73% 

4/50 
0150 

10412,188 (4.8%) 
3.96% 

10150 
0150 

2150 
1/50 
1/50 
0150 
1/50 
0150 
3/50 
0150 
3150 

111450 (2.4%) 
2.40% 

3/50 
0150 

6012,188 (2.7%) 
2.41% 

5/50 
0150 

3/50 
1/50 
3/50 
4/50 
4/50 
2/50 
5/50 
3/50 
3/50 

281450 (6.2%) 
2.33% 

5/50 
1/50 

162/2,188 (7.4%) 
4.98% 

15/50 
0149 

(a) DataasofMarch 1,1989, for studiesof at least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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TABLE D4b. HISTORICAL INCIDENCE OF FORESTOMACH SQUAMOUS CELL NEOPLASMS IN FEMALE 
B6C3F1 MICE ADMINISTERED CORN OIL BY GAVAGE (a) 

Study 
Incidence in Vehicle Controls 

Papilloma Papilloma or Carcinoma 

llistorical Incidence at Southern Research Institute 

Ethyl acrylate 
13enzyl acetate 
Allyl isovalerate 
I-IC Red No. 3 
Chlorinated paraffins (CS3,  43% chlorine) 
,411~1 isothiocyanate 
Geranyl acetate 
C.I. Acid Orange 3 
(Chlorinated paraffins (CIz, 60% chlorine) 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

Overall Histoi .)al Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

1150 
0150 
1150 
0150 
0149 
0147 
0150 
4150 
2/50 

W446 (1.8%) 
2.73% 

4150 
0150 

(d)34/2,144(1.6%) 
2.74% 

5144 
0150 

1/50 
0150 
1150 
0150 
0149 
0147 
0150 
4150 
2/50 

81446 ( 1  3%) 
2.73% 

4150 
0150 

(d) 3712,144 (1.7%) 
2.74% 

5/44 
0150 

(a)  Data as of March 1,1989, for studies of a t  least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
(d) Includes two papillomas, NOS 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF FURFURAL 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 
~~ 

DISPOSITION SUMMARY 
Animals initially in study 
Early deaths 
Moribund 
Dead 
Dosing accident 
Accident 

Survivors 
Terminal sacrifice 

Animals examined microscopically 

50 

8 
8 
1 

33 
50 

~ 

50 

11 
9 

2 

28 
50 

50 50 

9 7 
12 11 

29 32 
50 50 

ALIMENTARY SYSTEM 
Gallbladder 

Intestine small, jejunum 

Liver 

Infiltration cellular, lymphocytic, multifocal 

Inflammation, subacute, focal 

Abscess 
Angiectasis, focal 
Focal cellular change 
Granuloma, multiple 
Hematopoietic cell proliferation 
Infiltration cellular, megakaryocyte 
Infiltration cellular, lymphocytic 
Necrosis, focal 
Necrosis, multifocal 
Vacuolization cytoplasmic, diffuse 
Kupffer cell, hyperplasia 
Kupffer cell, pigmentation, multifocal 
Serosa, subserosa, inflammation, chronic, 

Serosa, subserosa, pigmentation, multifocal 
Sinusoid, infiltration cellular, 

Subserosa, inflammation, chronic, multifocal 
Subserosa, pigmentation, multifocal 

Mesentery 
Abscess 
Inflammation, subacute 
Inflammation, suppurative, acute 
Fat, necrosis, focal 
Fat, necrosis, multifocal 

Infiltration cellular, lymphocytic, multifocal 
Inflammation, suppurative, acute 
Acinus, atrophy, focal 
Acinus, atrophy, multifocal 
Acinus, necrosis, focal 
Duct, cyst 
Duct, dilatation 

Salivary glands 
Atrophy, focal 
Hyperplasia, focal 
Infiltration cellular, lymphocytic, multifocal 
Pigmentation, hemosiderin, focal 

multifocal 

polymorphonuclear 

Pancreas 

(46) 

1 (2%) 
1 (2%) 
5 (10%) 

2 (4%) 

6 (12%) 

(6)  
1 (17%) 

2 (33%) 
2 (33%) 

(50) 
6 (12%) 

1 (2%) 

2 (4%) 

(50) 

24 (48%) 

(46) 

(48) 

(50) 

1 (2%) 

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

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

3 (6%)  

(10) 

1 110%) 

1 (10%) 
1 (10%) 

6 (12%) 
2 (4%) 
1 (2%) 
5 (10%) 
1 (2%) 
3 (6%) 

(50) 

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

22 (44%) 
1 (2%) 
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(48) 

(46) 

(50)  
1 (2%) 

1 (2%) 

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

1 (2%) 

3 (6%) 

1 (2%) 

14 (28%) 
1 (2%) 

(7 )  

3 (43%) 
3 (43%) 

(48) 
5 (10%) 
4 (8%) 

1 (2%) 

1 (2%) 
(50) 

21 (42%) 

(43) 

(50)  

(50) 

1 (2%) 

2 (4%) 

4 (8%) 

2 (4%) 
1 (2%) 

6 (12%) 
10 (20%) 

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

(11) 

1 (9%) 
2 (18%) 
7 (64%) 

(50) 
10 (20%) 

(50) 

23 (46%) 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF FURFURAL (Continued) 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 

ALIMENTARY SYSTEM (Continued) 
Stomach, forestomach 

Cyst epithelial inclusion 
Hyperkeratosis, focal 
Hyperplasia 
Inflammation, subacute 
Mineralization 
Ulcer 

Stomach, glandular 
Erosion, multiple 
Inflammation, subacute 
Mineralization 

(50) (50) 
1 (2%) 
1 (2%) 
5 (10%) 
3 (6%) 

1 (2%) 
(50) (50) 

1 (2%) 1 (2%) 
1 12%) 

(50) (50) 

5 (10%) 3 (6%) 
4 (8%) 

1 (2%) 
1 (2%) 

1 (2%) 
2 (4%) 

2 (4%) 1 (2%) 

(50) (50) 

CARDIOVASCULAR SYSTEM 
Heart (50) (50) (50) (50) 

Angiectasis, focal 1 (2%) 
Inflammation, acute, focal 1 (2%) 
Inflammation, subacute, focal 2 (4%) 1 (2%) 
Mineralization, multifocal 1 12%) 

ENDOCRINE SYSTEM 
Adrenal gland, cortex 

Degeneration, fatty, focal 
Hematopoietic cell proliferation 
Hyperplasia, focal 
Hypertrophy, focal 
Capsule, accessory adrenal cortical nodule 
Spindle cell, hyperplasia, focal 

Adrenal gland, medulla 
Hyperplasia, focal 

Islets, pancreatic 
Hyperplasia 

Parathyroid gland 

Pituitary gland 
cys t  

Pars distalis, angiectasis 
Pars distalis, cyst 
Pars distalis, hyperplasia, focal 
Pars distalis, pigmentation, hemosiderin 

Ultimobranchial cyst 
C-cell, hyperplasia, focal 
Follicle, cyst 
Follicle, degeneration, cystic 
Follicular cell, hyperplasia, cystic, focal 

Thyroid gland 

(50) 
1 (2%) 

1 (2%) 

(50) 

(50) 
1 (2%) 

1 (2%) 

5 (11%) 

(48) 

(46) 

12 (26%) 
1 (2%) 

(50) 

2 (4%) 
2 (4%) 

14 (28%) 
2 (4%) 

(50) 

(50) 

(50) 

(45) 

2 (4%) 

2 (4%) 

(49) 
5 (10%) 
1 (2%) 

14 (29%) 

(50) 
1 (2%) 

1 (2%) 
13 (26%) 
2 (4%) 

(50) 

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

2 (4%) 

2 (4%) 

3 (6%) 

150) 

(48) 

(45) 

(49) 
6 (12%) 
1 (2%) 
9 (18%) 

(49) 

1 (2%) 
3 (6%) 

11 (22%) 

(50) 

2 (4%) 

1 (2%) 

(50) 

(50) 

(44) 

1 (2%) 

2 (4%) 

(49) 
11 (22%) 
1 (2%) 
6 (12%) 

(50) 

4 (8%) 
12 (24%) 
3 (6%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Ovary (48) 

Abscess 9 (19%) 
Angiectasis 
c y s t  7 (15%) 
cys t ,  two 1 (2%) 
Hemorrhage 
Hyperplasia, tubular 1 (2%) 
Infiltration cellular, lymphocytic, multifocal 

(49) (50) (50) 
6 112%) 15 (30%) 3 (6%) 
1 (2%) 

11 (22%) 9 (18%) 12 (24%) 
1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 
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TABLE D5. SUMMARY O F  T H E  INCIDENCE O F  NONNEOPLASTIC LESIONS I N  FEMALE MICE I N  THE 
TWO-YEAR GAVAGE STUDY O F  FURFURAL (Continued) 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 

GENITAL SYSTEM (Continued) 
Uterus (50) (50) (50) (50) 

Angiectasis 3 (6%) 1 (2%) 
cys t  1 (2%)  
Hydrometra 6 (12%) 6 (12%) 3 (6%) 2 (4%) 
Inflammation, suppurative, acute 2 (4%) 4 (8%) 8 (16%) 2 (4%) 
Endometrium, hyperplasia, cystic 43 (86%) 42 (84%) 44 (88%)  48 (96%) 

HEMATOPOIETIC SYSTEM 
Blood (2) (2)  (11 (1)  

1 (100%) Leukocytosis 1 (50%) 1 (50%) 1 1100%) 
Polychromasia 1 (50%) 1 (100%) 

Infiltration cellular, megakaryocyte 1 (2%) 

Iliac, hyperplasia, lymphoid 1 (2%) 3 (6%) 1 (2%) 1 (2%)  
Mediastinal, hyperplasia, lymphoid 1 (2%) 1 (2%) 1 (2%) 
Mediastinal, inflammation, suppurative, acute 1 (2%) 1 12%) 
Renal, hyperplasia, lymphoid 2 (4%) 5 (10%) 5 (10%) 1 (2%) 

Infiltration cellular, megakaryocyte 1 (2%)  

Angiectasis 2 (4%) 
Hyperplasia, lymphoid 
Infiltration cellular, megakaryocyte 1 (2%) 

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

Hyperplasia, lymphoid 1 (2%) 1 (2%) 
Infiltration cellular, megakaryocyte 1 (2%) 

cys t  4 (9%) 2 (5%) 1 (2%) 

Bone marrow (50) (49) (49) (50) 
Hyperplasia 8 (16%) 13 (27%) 11 (22%) 8 (16%) 

Lymph node (50) (50) (50) (50) 

Lymph node, mandibular (47) (47) (49) (48) 
Hyperplasia, lymphoid 1 (2%) 7 (15%) 

Lymph node, mesenteric (48) (46) (49) (48) 

12 (25%) 9 (20%) 13 (27%) 13 (27%) 

Spleen (50) (50) (50) (50) 

11 (22%) 19 (38%) Hematopoietic cell proliferation 16 (32%) 17 (34%) 

Thymus (49, (47) (44) (46) 

INTEGUMENTARY SYSTEM 
Mammary gland (50) (50) (50) (481 

Skin (50) 150) (50) (50) 
Duct, cyst 4 (8%) 1 (2%) 2 (4%) 2 (4%) 

Subcutaneous tissue, fibrosis, focal 1 (2%)  

MUSCULOSKELETAL SYSTEM 
Bone (50) (50) (50) (50) 

Skeletal muscle (1) (3) (1) 
Femur, fracture 1 (2%) 

Inflammation, suppurative, acute 1 (100%) 

NERVOUS SYSTEM 
Brain (50) (50) (50) (50) 

Compression 1 (2%)  
Granuloma 1 (2%) 
Hemorrhage, focal 1 (2%) 1 (2%)  
Meninges, inflammation, suppurative, acute 1 (2%) 
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TABLE D5. SUMMARY O F  T H E  INCIDENCE O F  NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY O F  FURFURAL (Continued) 

Vehicle Control 50 mg/kg 100 mg/kg 175 mg/kg 

RESPIRATORY SYSTEM 
L u g  (50) 

Congestion 
Hemorrhage, focal 1 (2%) 
Infiltration cellular, megakaryocyte 
Infiltration cellular, polymorphonuclear 
Infiltration cellular, histiocytic, multifocal 2 (4%) 
Inflammation, suppurative, acute, multifocal 
Pigmentation, hemosiderin, multifocal 
Alveolar epithelium, hyperplasia, focal 
Mediastinum, foreign body 1 (2%) 
Mediastinum, inflammation, subacute 
Mediastinum, inflammation, suppurative, acute 3 (6%) 

Nose (50) 
Foreign body 
Inflammation, suppurative, acute 

Nasolacrimal duct, inflammation, subacute 4 (8%) 
Nasolacrimal duct, foreign body 1 (2%) 

(50) 
1 (2%) 

1 (2%) 

1 (2%) 

2 (4%) 
(50) 

1 (2%) 

5 (10%) 

(50) (50) 

1 (2%) 

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

1 (2%) 
3 (6%) 

1 (2%) 
(50) (50)  

4 (8%) 2 (4%)  

SPECIAL SENSES SYSTEM 
Eye 

Cataract 
Hyperplasia, melanocyte 

Harderian gland 
cys t  

(1) 
1 (100%) 
1 (100%) 

(1) (1) (2) 
1 (100%) 

URINARY SYSTEM 
Kidney (50) 

Amyloid deposition 
Fibrosis, focal 
Inflammation, suppurative, acute, multifocal 1 (2%) 
Metaplasia, osseous, focal 1 (2%) 
Nephropathy, chronic 24 (48%) 
Renal tubule, degeneration, multifocal 
Renal tubule, dilatation, multifocal 
Renal tubule, mineralization, multifocal 
Renal tubule, pigmentation, hemosiderin, 

multifocal 
Urinary bladder (50) 

Infiltration cellular, lymphocytic, multifocal 7 (14%) 
Inflammation, subacute 

(50) 

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

33 (66%) 
1 (2%) 

1 (2%) 

(50) 
8 (16%) 
1 (2%) 

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

1 (2%) 

33 (66%) 35 (70%) 

1 (2%) 1 (2%) 

1 (2%) 
(50) (50) 

9 (18%) 6 (12%) 
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APPENDIX E. SENTINEL ANIMAL PROGRAM 

Methods 

Rodents used in the Carcinogenesis Program of the National Toxicology Program are  produced in op- 
timally clean facilities to eliminate potential pathogens that may affect study results. The Sentinel 
Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic 
evaluation of chemical compounds. Under this program, the disease state of the rodents is monitored 
via serology on sera from extra (sentinel) animals in the study rooms, These animals are  untreated, 
and these animals and the study animals are both subject to identical environmental conditions. The 
sentinel animals come from the same production source and weanling groups a s  the animals used for 
the studies of chemical compounds. 

Fifteen B6C3F1 mice and 15 F344/N rats of each sex were selected at the time of randomization and 
allocation of the animals to the various study groups. Five animals of each designated sentinel group 
were killed at 6, 12, and 18 months on study. Data from animals surviving 24 months were collected 
from 5/50 randomly selected vehicle control animals of each sex and species. The blood from each ani- 
rnal was collected and clotted, and the serum was  separated. The serum was cooled on ice and shipped 
to Microbiological Associates’ Comprehensive Animal Diagnostic Service for determination of the 
antibody titers. The following tests were performed: 

Hemagglutination Complement 
Inhibition Fixation ELISA 

Mice PVM (pneumonia virus of mice) M. Ad. (mouse adenovirus) MHV (mouse hepatitis 
Reo 3 (reovirus type 3) LCM (lymphocytic chorio- virus) 
GDVII (Theiler’s encephalo- meningitis virus) M .  pul. (Mycoplasma 

Poly (polyoma virus) 
MVM (minute virus of mice) 
Ectro (infectious ectromelia) 
Sendai (12,18,24 mo) 

myelitis virus) Sendai (6 mo) pulrnonis) (18,24 mo) 

Eta t s PVM RCV (rat  coronavirus) M .  pul.  (18,24 mo) 
RCV/SDA (rat coronavirus/ 

Sendai (6 mo) sialodacryoadenitis virus) 
KRV (Kilham rat  virus) 
H-1 (Toolan’s H-1 virus) 
Sendai (12,18,24 mo) (18,24 mo) 

(6,12 mo) 

Ilesults 

No positive titers were observed. 
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APPENDIX F 
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TABLE F1. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a) 

Ingredients (b) Percen t  by Weight 

Ground #2 yellow shelled corn 
Ground hard winter wheat 
Soybean meal (49% protein) 
Fish meal (60% protein) 
Wheat middlings 
Dried skim milk 
Alfalfa meal (dehydrated, 17% protein) 
Corn gluten meal (60% protein) 
Soy oil 
Dried brewer’s yeast 
Dry molasses 
Dicalcium phosphate 
Ground limestone 
Salt 
Premixes (vitamin and mineral) 

24.50 
23.00 
12.00 
10.00 
10.00 
5.00 
4.00 
3.00 
2.50 
2.00 
1.50 
1.25 
0.50 
0.50 
0.25 

(a )  NCI, 1976; NIH, 1978 
(b) Ingredients ground to pass through a U.S. Standard Screen No. 16 before being mixed 

TABLE F2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION (a) 

Amount  Source  

Vitamins 

A 
D3 
K3 
d-a-Tocopheryl acetate 
Choline 
Folic acid 
Niacin 
d-Pantothenic acid 
Riboflavin 
Thiamine 

Pyridoxine 
Biotin 

B12 

Minerals 

Iron 
Manganese 
Zinc 
Copper 
Iodine 
Cobalt 

5,500,000 IU 
4,600,000 IU 

2.8 g 
20,000 IU 

560.0 g 
2.2 g 

30.0 g 
18.0 g 
3.4 g 

10.0 g 
4,000 pg 

1.7 g 
140.0 mg 

Stabilized vitamin A palmitate or acetate 
D-activated animal sterol 
Menadione 

Choline chloride 

d-Calcium pantothenate 

Thiamine mononitrate 

Pyridoxine hydrochloride 
d-Biotin 

120.0 g Iron sulfate 
60.0 g Manganous oxide 
16.0 g Zinc oxide 
4.0 g Copper sulfate 
1.4 g Calcium iodate 
0.4 g Cobalt carbonate 

(a) Per ton (2,000 lb) offinished product 

r- 
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TABLE F3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION 

Nutrients 
Mean k Standard 

Deviation Range Number of Samples 

Protein (percent by weight) 
Crude fat (percent by weight) 
Crude fiber (percent by weight) 
Ash (percent by weight) 

Amino Acids (percent of total diet) 

Arginine 
Cystine 
Glycine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Tyrosine 
Valine 

23.40 f 0.98 
5.03 f 0.58 
3.43 k 0.51 
6.53 k 0.43 

1.320 f 0.072 
0.319 k 0.088 
1.146 f 0.063 
0.571 f 0.026 
0.914 f 0.030 
1.946 f 0.056 
1.280 f 0.067 
0.436 f 0.165 
0.938 f 0.158 
0.855 f 0.035 
0.277 f 0.221 
0.618 f 0.086 
1.108 k 0.043 

Essential Fatty Acids (percent of total diet) 

Linoleic 
Linolenic 

Vitamins 

Vitamin A ( IUkg)  
Vitamin D ( I U k g )  
a-Tocopherol (ppm) 
Thiamine (ppm) 
Riboflavin (ppm) 
Niacin(ppm1 
Pantothenic acid (ppm) 
Pyridoxine (ppm) 
Folic acid (ppm) 
Biotin (ppm) 
Vitamin BIZ (ppb) 
Choline (ppm) 

Minerals 

Calcium (percent) 
Phosphorus (percent) 
Potassium (percent) 
Chloride (percent) 
Sodium (percent) 
Magnesium (percent) 
Sulfur (percent) 
Iron (ppm) 
Manganese (ppm) 
Zinc (ppm) 
Copper (ppm) 
Iodine (ppm) 
Chromium (ppm) 
Cobalt (ppm) 

2.290 f 0.313 
0.258 f 0.040 

12,207 k 480 
4,450 -+ 1,382 
43.58 f 6.92 
16.7 _+ 3.19 
7.6 k 0.85 
97.8 _+ 31.68 
30.06 k 4.31 
7.68 k 1.31 
2.62 k 0.89 
0.254 k 0.053 
24.21 2 12.66 
3,122 f 416.8 

1.30 
0.98 
0.900 
0.513 
0.323 
0.167 
0.304 
410.3 
90.29 
52.78 
10.72 
2.95 
1.85 
0.681 

k 0.13 
k 0.05 
f 0.098 
f 0.114 
f 0.043 
f 0.012 
_+ 0.064 
f 94.04 
f 7.15 
f 4.94 
f 2.76 
f 1.05 
f 0.25 
f 0.14 

21.8-26.3 
3.3-5.7 
2.9-5.6 
5.7-7.3 

1.310-1.390 
0.2 18-0.400 
1.060-1.210 
0.53 1-0.603 
0.881 -0.944 
1.850-1.990 
1.200- 1.370 
0.306-0.699 
0.665-1.05 
0.824-0.898 
0.156-0.67 1 
0.564-0.769 
1.050-1 A70 

1.83-2.52 
0.210-0.308 

3,600-24,000 
3,000-6,300 
31.1-48.0 
12.0-27.0 
6.18-8.2 
65.0- 150.0 
23.0-34.0 
5.60-8.8 
1.80-3.7 
0.19-0.32 
10.6-38.0 
2,400-3,430 

1.1 1-1.63 
0.89-1.10 
0.772-0.971 
0.380-0.635 
0.258-0.371 
0.15 1-0.18 1 
0.268-0.420 
262.0-523.0 
81.7-99.4 
46.1-58.2 
8.09-15.39 
1.52-3.82 
1.44-2.09 
0.490-0.780 

25 
25 
25 
25 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 

25 
4 
5 
25 
5 
5 
5 
5 
5 
5 ’  
5 
5 

25 
25 
3 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
4 
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TABLE F4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 

Contaminants 
Mean f Standard 

Deviation Range Number of Samples 

Arsenic (ppm) 
Cadmium (ppm) (a )  
Lead (ppm) 
Mercury (ppm) (a)  
Selenium (ppm) 
Aflatoxins (ppb) (a) 
Nitrate nitrogen (ppm) (b)  
Nitrite nitrogen (ppm) tb) 
BHA (ppm) (c) 
BHT (ppm) (c) 
Aerobic plate count (CFUig) (d)  
Coliform (MPN/g) (e )  
E.  coli (MPNIg) ( a )  
Total nitrosamines (ppb) (D 
N-Nitrosodimethylamine (ppb) (0 
N-Nitrosopyrrolidine (ppb) (D 

Pesticides (ppm) 

a-BHC (a,g) 
0-BHC ( a )  
y-BHC (a)  
6-BHC (a)  
Heptachlor ( a )  
Aldrin ( a )  
Heptachlor epoxide ( a )  
DDE ( a )  
DDD ( a )  
DDT (a) 
HCB ( a )  
Mirex ( a )  
Methoxychlor (a) 
Dieldrin ( a )  
Endrin (a )  
Telodrin (a )  
Chlordane ( a )  
Toxaphene (a) 
Estimated PCBs (a) 
Ronnel (a) 
Ethion (a)  
Trithion (a )  
Diazinon (a) 
Methyl parathion ( a )  
Ethyl parathion ( a )  
Malathion th) 
Endosulfan I ( a )  
Endosulfan II ( a )  
Endosulfan sulfate ( a )  

0.53 k 0.15 
co.10 

0.79 f 0.62 
C0.05 

0.30 f 0.07 
C 5.0 
8.75 k 4.49 
2.08 f 2.01 
4.34 +_ 4.68 
2.47 f 2.53 

40,477 k 33,886 
46.27 f 122.7 

<3.00 
5.17 k 5.82 
4.15 f 5.81 
1.02 k 0.25 

<0.01 
c0 .02  
<0.01 
<0.01 
<0.01 
co.01 
co .01  
co .01  
co.01 
co .01  
co.01 
<0.01 
<0.05 
co.01 
co .01  
<0.01 
C0.05 
co.10 
<0.20 
<0.01 
<0.02 
C0.05 
< G . l O  
c0.02 
<0.02 

0.10 k 0.09 
co .01  
<0.01 
C0.03 

0.17-0.77 

0.33-3.37 

0.13-0.40 

0.10-22.0 
0.10-7.20 
2 .O- 17 .O 
0.9-12.0 

4,900- 130,000 
3.0-460 

1.7-30.9 
0.8-30.0 
0.81-1.7 

0.05-0.45 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

( a )  All values were less than the detection limit, given in the table a s  the mean. 
(b)  Source ofcontamination: alfalfa, grains, and fish meal 
(c) Source ofcontamination: soy oil and fish meal 
(d)  CFU = colony-forming unit 
( e )  MPN = most probable number 
(D All values were corrected for percent recovery. 
(g)  BHC = hexachlorocyclohexane or  benzene hexachloride 
( h )  Fourteen lots contained more than 0.05 ppm. 
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APPENDIX G. CHEMICAL CHARACTERIZATION 

Procurement  and Character izat ion of Furfura l  

Furfural was obtained in one lot (lot no. Q112979) from the Quaker Oats Co. (Chicago, IL) as  a clear, 
yellow liquid. The purity of the lot was 99%. Purity and identity analyses were conducted a t  Midwest 
Research Institute (MRI) (Kansas City, MO). MRI reports on the analyses performed in support of the 
furfural studies are  on file a t  the National Institute of Environmental Health Sciences. 

The study chemical was identified as  furfural by infrared, ultraviolet/visible, and nuclear magnetic 
resonance spectroscopy. All spectra (Figures G1 and G2) were consistent with those expected for the 
structure and with literature spectra (Sadtler Standard Spectra; Varian NMR Spectra Catalog). 

The purity of lot no. Q112979 was determined by elemental analysis, Karl Fischer water analysis, po- 
tentiometric back-titration of excess dimethylaminoethanol with 0.2 M perchloric acid after the study 
material was reacted with hydroxylammonium chloride in the presence of dimethylaminoethanol, 
titration with 0.1 N sodium hydroxide to the phenolphthalein endpoint to determine acid content, 
thin-layer chromatography, and gas chromatography. Thin-layer chromatography was performed on 
silica gel plates with two solvent systems: petroleum ether:diethyl ether (1:l) (system 1) and chloro- 
form:methanol (93:7) (system 2). The samples were visualized under ultraviolet light (both 254 nm 
and 366 nm), with a p-phenylenediamine (2% in methanol) spray and a 50% aqueous sulfuric acid 
overspray. Gas chromatographic analysis was performed with flame ionization detection, a nitrogen 
carrier a t  a flow rate of 70 ml/minute, and a 20% SP2100/0.1% Carbowax 1500 column (system 1) or a 
10% Carbowax 2OM-TPA column (system 2). 

The results of elemental analyses for carbon and hydrogen were in agreement with the theoretical 
values. This lot contained 0.022% water by Karl Fischer analysis. Back-titration with perchloric 
acid indicated a purity of 99.6%. Acid content was 0.0102 equivalents per liter by sodium hydroxide 
titration. Thin-layer chromatography by solvent system 1 indicated two minor and four trace im- 
purities; solvent system 2 detected one minor impurity, two trace impurities, and one slight trace 
impurity. Gas chromatography with system 1 indicated three impurities after the major peak, one 
with an area of 0.8% relative to the major peak and the remaining two with a combined relative area 
of 0.2%; an  additional four impurities were observed after the major peak, with individual areas less 
than 0.1% relative to the major peak area. Gas chromatography by system 2 indicated two impurities 
following the major peak, with areas of 0.1% and 0.9% relative to the major peak, and two additional 
impurities eluting after the major peak, with individual relative areas of less than 0.1%. 

Stability studies were conducted with samples of bulk chemical stored at  temperatures from 20" to 
60' C under a nitrogen headspace in amber vials. Analyses performed by gas chromatography with 
the same column as  described for system 2 and methylene chloride solutions containing 0.2% (v/v) 
furfural and 0.34% (v/v) hexadecane as  a n  internal standard indicated that furfural is stable as  the 
bulk chemical when stored for 2 weeks a t  temperatures up to 60" C. The samples progressively dark- 
ened with increasing temperature, indicating some decomposition a t  the higher temperatures which 
was not detected by the gas chromatographic system. Throughout the studies, the bulk chemical was 
stored a t  - 20" C under nitrogen and repackaged as  needed into smaller bottles. Confirmation of the 
stability of the bulk chemical at  the study laboratory during the the 13-week and 2-year studies was 
obtained by gas chromatography with the same column as  described before for system 1 and by 
infrared spectrometry. No changes in the bulk material were observed during the course of the 
studies by infrared spectrometry. 
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APPENDIX G. CHEMICAL CHARACTERIZATION 

Preparation and Characterization of Dose Formulat ions 

The appropriate amounts of furfural and corn oil were mixed by stirring in a beaker to give the de- 
sired concentrations (Table Gl ) .  The stability of furfural in corn oil (4 mg/ml) was determined by gas 
chromatographic analysis after extraction of a 5-ml sample with 20 ml methanol and the addition of 2 
ml octanol in methanol (2 mg/ml) as an internal standard to a n  8-ml aliquot of the methanol extract. 
Gas chromatography was performed with flame ionization detection, a nitrogen carrier, and a 10% 
Carbowax 20M + KOH column. The chemical in corn oil was found to undergo no notable decrease in 
concentration after storage in the dark at room temperature for 14 days. The results indicated that 
some decomposition occurred near the air  interface when the solution was stored open to air and light 
for 3 hours. During the studies, the dose formulations were stored a t  5" C under nitrogen and in 
amber serum bottles for no longer than 2 weeks. 

Periodic analysis of furfural/corn oil dose formulations was conducted a t  the study laboratory and the 
analytical chemistry laboratory by extracting the mixtures with methanol and reading the ab- 
sorbance of the methanol extract a t  270 nm. Dose formulations were analyzed three times during the 
13-week studies (Table G2). 

During the 2-year studies, the dose formulations were analyzed a t  approximately 8-week intervals by 
ultraviolet spectroscopy after methanol extraction. One set of analyses was also performed by gas 
chromatography. Both sets of results were considered to be consistent. Based on the number of times 
that concentrations were within specifications, it was estimated that the mixtures were formulated 
within f 1 0 %  of the target concentrations approximately 93% (69/74) of the time throughout t)he 
studies (Table G3) .  Five times during the studies, aliquots of each dose formulation were taken from 
residual formulation after completion of dosing and were analyzed. Analysis of the first set of animal 
room samples indicated a decrease in furfural concentration due to evaporation during handling. 
With increased care in the handling of dose formulations in the animal rooms, no other decrease in 
furfural concentration was observed. Results of periodic referee analyses performed by the analytical 
chemistry laboratory indicated generally good agreement with the results from the study laboratory 
(Table G4). For one set of samples, results from the analytical chemistry laboratory were 83% of the 
target concentrations, and those from the study laboratory were 103% of the target concentrations. It  
was concluded that chemical loss probably occurred during sample shipping or handling. 

TABLE G1. PREPARATION AND STORAGE OF DOSE FORMULATIONS IN THE GAVAGE STUDIES OF 
FURFURAL 

Sixteen-Day 
Studies 

Thirteen- Week 
Studies 

Two-Y ear 
Studies 

Preparation 
Appropriate weight of chemical added to 
beaker. Corn oil added to volume. 
Mixture stirred with stir bar for 3 min 

Appropriate volume of corn oil added Appropriate volume of chemical added to 
to chemical in a beaker. Beaker beaker containing appropriate weight of 
flushed with nitrogen, covered with corn oil. Beaker flushed with nitrogen, 
aluminum foil, and placed on magnetic covered with aluminum foil, and placed on 
stirrer for 3 min magnetic stirrer for 1-2 min 

Maximum Storage Time 
14 d 14 d 14 d 

Storage Conditions 
5" C under nitrogen in amber serum 
bottles bottles bottles 

5" C under nitrogen in amber serum 5" C under nitrogen in amber serum 
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TABLE G2. RESULTS OF ANALYSIS OF DOSE FORMULATIONS IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF FURFURAL 

Concentration of Furfural in Corn Oil (a) Determined as a 
Date Mixed Target Determined (b) Percent of Target 

0 1/20/81 

01/23/81 

0 1 /27/8 1 

0 1/29/8 1 

02/02/81 

03/03/81 

03/06/81 

2.2 
4.4 
7.5 
9.0 

15.0 
18.0 
30.0 
36.0 
60.0 

120.0 

2.24 
4.16 
7.3 
8.41 

(c) 13.2 
17.5 
27.2 
33.5 

(c )  125.6 
(c) 295.6 

102.0 
94.5 
97.3 
93.4 
88.0 
97.2 
90.7 
93.6 

209.3 
246.3 

60.0 (d) 63.2 105.3 

2.2 
4.4 
7.5 
9.0 

15.0 
18.0 
30.0 
36.0 
60.0 

120.0 

4.4 
9.0 

15.0 

4.4 
9.0 

2.4 
4.8 
8.2 
9.8 

16.0 
20.0 
33.0 
39.0 
65.0 

4.8 
8.2 
9.8 

65.0 

2.12 
(c) 3.8 

7.92 
(c) 7.97 

(c) 12.2 
16.8 
27.5 
36.0 
58.0 

116.0 

(c,d) 3.64 
(c,d) 7.97 
(d) 14.2 

4.80 
9.65 

(e)  2.16 
(c,e) 3.83 
(c,e) 7.10 
(c,e) 8.52 
( e )  15.3 
(e)  18.8 
(e)31.9 
(e)  36.5 

(c,e) 57.0 

(d) 4.4 
(d) 7.7 
(d) 9.3 

(d)  63.3 

96.4 
86.4 

105.6 
88.6 
81.3 
93.3 
91.7 

100.0 
96.7 
96.7 

I 

85.0 
88.5 
94.7 

109.1 
107.2 

90.0 
79.8 
86.6 
88.0 
95.6 
94.0 
96.7 
93.6 
87.7 

91.6 
93.9 
94.8 
97.5 

(:a) Concentration of formulations prepared through 1/29/81 are expressed as milligrams per milliliter of corn oil; from 
2/2/81 through 3/6/81, the concentration is expressed a s  milligrams per gram ofcorn oil. 
63) Results of duplicate analysis except as noted 
(I:) Out of specifications 
(d) Remix 
(1.) Results of single analysis 

Furfural, NTP 382 178 



TABLE G3. RESULTS OF ANALYSIS OF DOSE FORMULATIONS IN THE TWO-YEAR GAVAGE STUDIES 
OF FURFURAL 

Date Mixed 

Determined Concentration of Furfural in Corn Oil 

5.4 6.5 10.9 13.1 19 
for Target Concentration (mg/g) (a) 

03/02/82 
03/09/82 
0 412718 2 
04/29/82 
0 5/04/8 2 
06/22/82 
0 812 418 2 
10/12/82 
12/07/82 
0 210418 3 
0410 1/83 
05/27/83 
0 712 218 3 
0911 6/83 
1111 1/83 
01/06/84 
02/24/84 

5.45 

tb) 4.80 
( c )  4.76 

5.16 
4.87 
5.05 
5.59 
5.44 
5.28 
5.34 
5.52 
5.28 
5.40 
5.32 
5.48 

6.44 
(b) 5.80 
(c) 5.81 

5.94 
6.14 
6.27 
6.59 
6.70 
6.28 
6.48 
6.63 
6.38 
6.49 
6.40 
6.40 
6.42 

10.6 
12.6 

tb) 9.7 (b)  11.7 
9.9 11.8 

10.6 12.2 
10.4 12.4 
10.2 12.4 
11.2 13.2 
11.4 12.8 
10.5 12.7 
10.8 12.9 
11.1 13.0 
10.8 13.0 
10.9 13.0 
10.6 12.8 
11.0 12.8 

12.9 

18.4 

(b)  14.7 
(c) 16.2 

18.0 
18.1 
18.0 
19.2 
19.7 
18.5 
18.8 
19.0 
18.7 
19.0 
18.8 
18.9 

Mean (mg/g) 5.28 6.36 10.6 12.6 18.4 
Standard deviation 0.238 0.245 0.47 0.43 1.17 
Coefficient of variation (percent) 4.5 3.9 4.4 3.4 6.4 

Number of samples 14 15 15 16 14 
Range (mglg) 4.80-5.59 5.80-6.70 9.7-11.4 11.7-13.2 14.7-19.7 

la) Results of duplicate analysis 
(b)  Out of specifications; not used in studies. 
(c) Remix; out of specifications; not included in the mean. 

TABLE G4. RESULTS OF REFEREE ANALYSIS OF DOSE FORMULATIONS IN THE TWO-YEAR GAVAGE 
STUDIES OF FURFURAL 

Date Mixed 

Determined Concentration (mg/& 
Target Concentration Study Referee 

(mg/& Laboratory (a) Laboratory (b) 

03/02/82 
1011 2/82 
12/07/82 
05/27/83 
1111 1/83 

5.4 
6.5 

19.0 
13.1 
5.4 

5.45 5.5 
6.59 6.44 

19.7 15.9 
13.0 13.0 
5.32 5.17 

( a )  Results ofduplicate analysis 
( b )  Results of triplicate analysis 
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.APPENDIX H. GENETIC TOXICOLOGY 

METHODS 

Salmonella Protocol: Testing was performed as reported by Ames et  al. (1975) with modifications 
’listed below and described in greater detail by Haworth et  al. (1983) and Mortelmans et  al. (1986). 
Chemicals were sent to the laboratories as coded aliquots from Radian Corporation (Austin, TX). The 
study chemical was incubated with the Salmonella typhimurium tester strains (TA98, TA100, 
TA1535, and TA1537) either in  buffer or S9 mix (metabolic activation enzymes and cofactors from 
Aroclor 1254-induced male Sprague Dawley rat or Syrian hamster liver) for 20 minutes at 37” C be- 
:fore the addition of soft agar supplemented with L-histidine and D-biotin and subsequent plating on 
minimal glucose agar plates. Incubation was continued for a n  additional 48 hours. 

Chemicals were tested in  a series (four strains used). Each test consisted of triplicate plates of concur- 
rent positive and negative controls and of at least five doses of the study chemical. The high dose was 
limited by toxicity or solubility but did not exceed 6.7 mg/plate. All negative assays were repeated, 
#and all positive assays were repeated under the conditions that elicited the positive response. 

A positive response was defined as a reproducible, dose-related increase in histidine-independent (re- 
vertant) colonies in any one strainlactivation combination. An equivocal response was defined a s  a n  
increase in revertants which was not dose related, not reproducible, or of insufficient magnitude to 
support a determination of mutagenicity. A response was considered negative when no increase in re- 
vertant colonies was observed after chemical treatment. 

Mouse Lymphoma Protocol: The experimental protocol is presented in detail by McGregor et  al. 
(1988) and follows the basic format of Clive e t  al. (1979). All study chemicals were supplied a s  coded 
aliquots from Radian Corporation (Austin, TX). The highest dose of the study compound was deter- 
mined by solubility or toxicity and did not exceed 800 pg/ml. Mouse L5178Y/TK lymphoma cells were 
maintained a t  37” C as suspension cultures in Fischer’s medium supplemented with 2 mM L-gluta- 
mine, 110 pg/ml sodium pyruvate, 0.05% pluronic F68, antibiotics, and heat-inactivated horse serum; 
normal cycling time was about 10 hours. To reduce the number of spontaneously occurring trifluoro- 
thymidine (Tft)-resistant cells, subcultures were exposed once to medium containing thymidine, hy- 
poxanthine, methotrexate, and glycine for 1 day, to thymidine, hypoxanthine, and glycine for 1 day, 
and to normal medium for 3-5 days. For cloning, horse serum content was increased and Noble agar 
was added. 

All doses within a n  experiment, including concurrent positive and solvent controls, were replicated. 
Treated cultures contained 6 X lo6  cells in 10 ml of medium. This volume included the S9 fraction in 
those experiments performed with metabolic activation. Incubation with the study chemical con- 
tinued for 4 hours, after which time the medium plus chemical was removed and the cells were resus- 
pended in 20 ml of fresh medium and incubated for a n  additional 2 days to express the mutant pheno- 
type. Cell density was monitored so that log phase growth was maintained. After the 48-hour 
expression period, 3 X lo6  cells were plated in  medium and soft agar supplemented with Tft for selec- 
tion of Tft-resistant cells (TK’”), and 600 cells were plated in nonselective medium and soft agar to 
determine cloning efficiency. Plates were incubated a t  37” C under 5% carbon dioxide for 10-12 days. 
All data were evaluated statistically for both trend and peak response. Both responses had to be sig- 
nificant (P<0.05) for a chemical to be considered capable of inducing Tft resistance; a single signifi- 
cant response led to a n  “equivocal” conclusion, and the absence of both a trend and a peak response 
resulted in a “negative” call. 

Minimum criteria for accepting an experiment as valid and a detailed description of the statistical 
analysis and data evaluation are presented in Myhr et al. (1985). This assay was performed without 
s9.  
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Chinese Hamster Ovary Cytogenetics Assays: Testing was performed a s  reported by Galloway et  al. 
(1985) and is described briefly beIow. Chemicals were sent to the laboratories as coded aliquots from 
Radian Corporation (Austin, TX), Chemicals were tested in cultured Chinese hamster ovary (CHO) 
cells for induction of sister chromatid exchanges (SCEs) and chromosomal aberrations both in the 
presence and absence of Aroclor 1254-induced male Sprague Dawley rat  liver S9 and cofactor mix. 
Cultures were handled under gold lights to prevent photolysis of bromodeoxyuridine (BrdUbsubsti- 
tuted DNA. Each test consisted of concurrent solvent and positive controls and of at least three doses 
of the study chemical; the high dose was limited by toxicity or solubility but did not exceed 5 mg/ml. 

In the SCE test without S9, CHO cells were incubated for 26 hours with the study chemical in 
McCoy's 5A medium supplemented with 10% fetal bovine serum, L-glutamine (2 mM), and antibiotics. 
BrdC' was added 2 hours after culture initiation, After 26 hours, the medium containing the study 
chemical was removed and replaced with fresh medium plus BrdU and colcemid, and incubation was 
continued for 2 more hours. Cells were then harvested by mitotic shake-off, fixed, and stained with 
Hoechst 33258 and Giemsa. In the SCE test with S9, cells were incubated with the chemical, serum- 
free medium, and S9 for 2 hours. The medium was then removed and replaced with medium con- 
taining BrdU and no study chemical; incubation proceeded for a n  additional 26 hours, with colcemid 
present for the final 2 hours. Harvesting and staining were the same as  for cells treated without S9. 

In the chromosomal aberration test without S9, cells were incubated in McCoy's 5A medium with the 
study chemical for 8 hours; colcemid was added, and incubation was continued for 2 hours. The cells 
were then harvested by mitotic shake-off, fixed, and stained with Giemsa. For the chromosomal aber- 
ration test with S9, cells were treated with the study chemical and S9 for 2 hours, after which the 
treatment medium was removed and the cells were incubated for 10 hours in fresh medium, with 
colcemid present for the final 2 hours. Cells were harvested in the same manner as for the treatment 
without S9. 

For the SCE test, if significant chemical-induced cell cycle delay was seen, incubation time was 
lengthened to ensure a sufficient number of scorable cells. The harvest time for the chromosomal 
aberration test was based on the cell cycle information obtained in the SCE test; if cell cycle delay was 
anticipated, the incubation period was extended approximately 5 hours. 

Cells were selected for scoring on the basis of good morphology and completeness of karyotype (21 k 2 
chromosomes). All slides were scored blind, and those from a single test were read by the same 
person. For the SCE test, 50 second-division metaphase cells were usually scored for frequency of 
SCEs per cell from each dose; 100 first-division metaphase cells were scored a t  each dose for the chro- 
mosomal aberration test. Classes of aberrations included simple (breaks and terminal deletions), 
complex (rearrangements and translocations), and other (pulverized cells, despiralized chromosomes, 
and cells containing 10 or more aberrations). 

Statistical analyses were conducted on both the slopes of the dose-response curves and the individual 
dose points. An SCE frequency 20% above the concurrent solvent control value was chosen a s  a sta- 
tistically conservative positive response. The probability of this level of difference occurring by 
chance a t  one dose point is less than 0.01; the probability for such a chance occurrence a t  two dose 
points is less than 0,001. Chromosomal aberration data are  presented as percentage of cells with 
aberrations. As with SCEs, both the dose-response curve and individual dose points were statistically 
analyzed. A statistically significant (P< 0.003) trend test or a significantly increased dose point 
(P < 0.05) was sufficient to indicate a chemical effect. 

Drosophila Melanogaster Protocol: The assays for gene mutation and chromosomal translocation in- 
duction were performed as described by Woodruff et  al. (1985). Study chemicals were supplied as 
coded aliquots from Radian Corporation (Austin, TX). Initially, study chemicals were assayed in the 
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sex-linked recessive lethal (SLRL) test by feeding to adult Canton-S wild-type males that were no 
more than 24 hours old. If no response was obtained, the chemical was retested by injection into adult 
males. If either route of administration produced a positive result, the chemical was assayed for in- 
duction of reciprocal translocations (RTs) by using the same method of exposure. If, because of the 
physical nature of the chemical, feeding experiments were not possible, injection was selected as the 
method of study chemical administration, and a positive result was followed by a n  RT test. 

To administer a chemical by injection, a glass Pasteur pipette is drawn out in a flame to a microfine 
filament and the tip is broken off to allow delivery of the test solution. Injection is either done manu- 
ally by attaching a rubber bulb to the other end of the pipette and forcing through sufficient solution 
to slightly distend the abdomen of the fly (0.2-0.3 pl) or by attaching the pipette to a microinjector 
that automatically delivers a calibrated volume. Flies are  anesthetized with ether and immobilized 
on a strip of double-stick tape; injection into the thorax under the wing is performed with the aid of a 
'dissecting microscope. 

'Toxicity tests attempted to set concentrations of study chemical at a level that  would produce 30% 
mortality after 72 hours of feeding or 24 hours after injection, while keeping induced sterility at a n  
,acceptable level. For the SLRL test, exposure by feeding was done by allowing Canton-S males (10-20 
flies per vial) to feed for 72 hours on a solution of the study chemical in 5% sucrose. In the injection 
experiments, 24- to 72-hour-old Canton-S males were given a solution of the chemical dissolved in 
13.7% saline or peanut oil and allowed 24 hours to recover. Exposed males were mated to three Basc fe- 
males for 3 days and given fresh females a t  2-day intervals to produce three matings of 3, 2, and 2 
days; sample sperm from successive matings were treated a s  successively earlier postmeiotic stages. 
F1 heterozygous females were allowed to mate with their siblings and then were placed in  individual 
vials. F1 daughters from the same parental male were kept together to identify clusters. (A cluster 
occurs when a number of mutants from a given male result from a single spontaneous premeiotic mu- 
1;ation event and is identified when the number of mutants from that male exceeds the number pre- 
dicted by a Poisson distribution,) If a cluster was identified, all data from the male in question were 
discarded. After 17 days, presumptive lethal mutations were identified as vials containing no wild- 
type males; these were retested. At least two experiments were performed for each study chemical, 
resulting in the testing of some 5,000 treated and 5,000 control chromosomes. The only exceptions oc- 
curred when the results of the first experiment were clearly positive (induced frequency of recessive 
lethal mutations equal to or greater than 1%); then, the second trial was not run. 

IFiecessive lethal data were analyzed by the normal test (Margolin et al., 1983). A test result was con- 
sidered to be positive if the P value was less than 0.01 and the mutation frequency in the tested group 
was greater than 0.10% or  if the P value was less than 0.05 and the frequency in the treatment group 
was greater than 0.15%. A test was considered to be inconclusive if (a) the P value was between 0.05 
and 0.01 but the frequency in the treatment group was between 0.10% and 0.15% or (b) the P value 
was between 0.10 and 0.05 but the frequency in the treatment group was greater than 0.10%. A re- 
ijult was considered to be negative if the P value was greater than 0.10 or if the frequency in the 
txeatment group was less than 0.10%. 

For the RT test, the exposure regimen was the same as  that for the SLRL test except that  small mass 
inatings were used (10 males and 20 females). Exposed males were mated to X.Y;y;bw;st females for 3 
days and discarded. The females were transferred to fresh medium every 3-4 days for a period of 
about 3 weeks to produce a total of six broods. The results of the SLRL test were used to narrow the 
germ-cell stage most likely to be affected by the chemical; for example, if earlier germ-cell stages 
seemed to exhibit increased sensitivity, mating of the males was continued and translocation tests 
were carried out from the offspring derived from these earlier germ cell stages. F1 males were mated 
individually to X.Y;y;bw;st females and the progeny were examined for missing classes, which 
indicate the occurrence of a translocation in the parental male. Suspected RTs were retested. The 
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translocation data were analyzed according to the conditional binomial (Kastenbaum and Bowman, 
1970). 

I n  Vivo Mouse Bone Marrow Sister Chromatid Exchange Study Protocol: Doses of study chemical are 
determined by solubility of the chemical, animal lethality, and/or cell cycle delay induced by chemical 
exposure, Top dose should not exceed 5,000 mg/kg. A dose range-finding study was performed first, 
in the absence of adequate toxicity information from the literature. Based on animal mortality, the 
maximum dose of furfural was set a t  200 mg/kg. Male B6C3F1 mice (five animals per dose group) re- 
ceived intraperitoneal injections of furfural dissolved in phosphate-buffered saline (PBS) (injection 
volume = 0.4 ml). Solvent control mice received equivalent injections of PBS only. The positive con- 
trol mice received injections of 0.5 mg/kg mitomycin C. One hour prior to intraperitoneal injection, 
the mice were implanted subcutaneously with a 50-mg BrdU tablet (McFee et al., 19831, and 2 hours 
before being killed, the mice received an intraperitoneal injection of 2 mg/kg colchicine (in saline). 
Twenty-three hours after administration of furfural, the animals were killed by cervical dislocation. 
One or both femurs were removed, and the marrow was flushed out with 5 ml PBS (pH 7.0). The cells 
were treated with a hypotonic salt solution, fixed, and dropped onto chilled slides. After a 24-hour 
drying period, the slides were stained by the fluorescence-plus-Giemsa method and scored. Twenty- 
five second-division metaphase cells were scored from each of four animals per dose group. Responses 
were evaluated as SCE/cell, and the data were analyzed by trend test (Margolin et al., 1986). 

In  Vivo Mouse Bone Marrow Chromosomal Aberration Study Protocol: Doses of study chemical are  
determined by solubility of the chemical, animal lethality, and/or cell cycle delay induced by chemical 
exposure. Top dose should not exceed 5,000 mg/kg. A dose range-finding study was performed first in 
the absence of adequate toxicity information from the literature. Based on animal mortality, the 
maximum dose of furfural was set a t  200 mg/kg. Male B6C3F1 mice (10 animals per dose group) re- 
ceived intraperitoneal injections of furfural dissolved in PBS (injection volume = 0.4 ml). Solvent 
control mice received equivalent injections of PBS only. The positive control mice received injections 
of 1.0 mg/kg mitomycin C. One hour before injection with furfural, the mice were implanted 
subcutaneously with a 50-mg BrdU tablet (McFee et al., 1983). BrdU was used to allow selection of 
the appropriate cell population for scoring. (Chemically induced chromosomal aberrations a re  
present in maximum number a t  the first metaphase after chemical administration; they decline in 
number during subsequent nuclear divisions due to cell death.) Two hours before being killed, the 
mice received an  intraperitoneal injection of 2 mg/kg colchicine (in saline). Seventeen hours after fur- 
fural administration (18 hours after receiving BrdU), the animals were killed by cervical dislocation. 
One or both femurs were removed, and the marrow was flushed out with 5 ml PBS (pH 7.0). Cells 
were treated with a hypotonic salt solution, fixed, and dropped onto chilled slides. After a 24-hour 
drying period, the slides were stained and scored. Fifty first-division metaphase cells were scored 
from each of eight animals per dose group. Responses were evaluated as the percentage of aberrant 
metaphase cells, excluding gaps. The number of aberrations per cell (excluding gaps) was also 
analyzed to provide information on the extent of individual cell damage. The data were analyzed by 
trend test (Margolin e t  al., 1986). 
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APPENDIX H. GENETIC TOXICOLOGY 

RESULTS 

Furfural (33-6,666 pg/plate) was tested in two laboratories for induction of gene mutations in S. 
typhimurium strains TA98, TA100, TA1535, and TA1537 in a preincubation protocol with and with- 
out Aroclor 1254-induced male Sprague Dawley rat  or Syrian hamster liver S9 (Mortelmans et al.,  
1986; Table Hl ) .  Results of the Case Western Reserve University study were negative in all four 
strains, but in the study performed a t  SRI International, an  equivocal response was noted in strain 
TA100 without S9. Furfural induced Tft resistance in mouse L5178Y/TK lymphoma cells a t  doses of 
200 and 400 pg/ml in the absence of S9; i t  was not tested with S9 (McGregor et al., 1988; Table H2). In 
cytogenetic tests with CHO cells, furfural induced SCEs (Table H3) and chromosomal aberrations 
(Table H4) in both the presence and absence of Aroclor 1254-induced male Sprague Dawley rat liver 
S9. Chemical-induced cell cycle delay was observed in both tests; significant increases in SCEs were 
abserved in trials where delayed harvest was used, as  well as  in trials harvested a t  the normal time 
(26 hours). In germ cells of male Drosophila, furfural administered by abdominal injection (100 ppm) 
induced a significant increase in sex-linked recessive lethal mutations; no increase was observed 
when furfural was administered by feeding (1,000 ppm) (Woodruff et al., 1985; Table H5). Furfural 
a.dministered by abdominal injection (100 ppm) did not induce reciprocal translocations in the germ 
cells of male Drosophila (Woodruff et al., 1985; Table H6). Furfural did not induce SCEs or chromoso- 
mal aberrations in bone marrow cells of male B6C3F1 mice when administered by intraperitoneal in- 
jection a t  doses of 50, 100, or 200 mg/kg (Tables H7 and H8). 

Furfural, NTP TR 382 186 



TABLE H1. MUTAGENICITY OF FURFURAL IN SALMONELLA TYPHlMURlUM (a) 

Strain Dose 
(pglplate) 

Revertants/Plate (b) 

Studies conducted at Case Western Reserve University 

+IO% S9 (rat) 
Trial 1 Trial 2 Trial 3 

- s 9  + 10% S9 (hamster) 
TA100 Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 

0 117 f 8.1 
33 108 f 6.7 

100 105 f 12.7 
333 106 f 3.5 
666 

1,000 105 f 3.0 
1,666 
3,333 87 k 7.5 
6,666 

124 f 5.1 89 f 16.0 155 f 3.5 123 f 17.8 
119 f 3.5 153 f 13.7 
125 f 9.3 151 f 15.3 
114 f 3.6 152 f 10.2 

83 f 1.5 159 f 12.2 
137 f 12.9 77 f 6.4 185 f 7.8 151 k 12.7 

64 f 9.8 140 f 23.2 
Toxic Toxic 250 f 13.7 Toxic 

Toxic Toxic 

255 f106.2 159 k 15.1 146 f 6.2 
166 f 3.5 162 k 8.5 
173 f 12.5 160 t 16.8 
146 f 7.5 166 f 9.8 

169 f 5.8 
147 f 6.0 180 f 12.3 174 f 10.7 

163 f 1.7 
269 f 19.8 Toxic Toxic 

Toxic 

Negative Negative Negative 

539 f 86.0 367 j, 11.7 627 f 35.8 

Trial summary Negative Negative Negative Equivocal Negative 
Positive 
control(c) 334 f 10.4 374 f 15.6 467 f 11.3 628 f 39.1 868 f 75.0 

+ 10% S9 (rat) 
Trial 1 Trial 2 

+ 10% S9 (hamster) 
Trial 1 Trial 2 

- s9 
Trial 1 Trial 2 

5 f 1.2 6 f 0.7 
5 f 1.8 6 f 0.9 
7 f 1.3 7 f 0.9 
5 f 1.5 7 f 0.7 
6 f 0.9 6 ? 1.2 
5 f 1.5 6 f 0.3 

TA1535 

0 
33 

100 
333 

1,000 
3.333 

4 f 0.9 7 f 1.8 
8 f 2.3 10 f 2.7 
8 f 1.5 10 k 2.5 
7 f 0.6 11 f 0.9 
8 f 1.2 10 k 2.6 
9 f 1.5 10 f 3.7 

Negative Negative 
48 f 8.9 67 f 11.5 

4 f  1.5 7 f 1.5 
7 f 1.2 10 f 1.2 

10 f 2.2 8 f 1.9 
9 f 1.5 9 f 3.4 
7 f 1.5 8 f 1.9 
7 f 1.5 7 5 2.7 

Negative Negative 
21 f 4.5 26 f 2.6 

Trial summary 
Positive control (c) 

Negative Negative 
347 ?c 32.6 447 f 23.3 

t S 9  (rat) 
Trial 1 Trial 2 

t S9 (hamster) 
Trial 1 Trial 2 

- s 9  
Trial 1 Trial 2 TA1537 

13 f 2.8 6 f 2.7 
7 f 2.0 4 f 0.0 

6 f 1.2 10 f 2.1 
8 f 0.9 4 f 0.6 
9 f 1.3 9 f 2.1 
8 f 1.2 3 f 0.6 

Negative Negative 
29 f 2.0 40 k 12.3 

0 
33 

100 
333 

1,000 
3,333 

Trial summary 
Positive control (c )  

5 f 0.0 3 f 2.0 
5 5 2.0 4 k 0.6 
6 f 0.7 4 f 0.3 
3 f 1.2 4 2 1.0 
3 f 0.3 6 f 1.9 
2 k 0.7 5 +- 2.0 

Negative Negative 
332 f 29.2 123 k 7.0 

5 & 0.7 8 f 1.3 
8 f 3.0 8 f 2.0 
6 f 1.2 7 f 1.2 
4 f 0.0 7 f 0.3 
5 f 0.9 6 f 0.9 
8 f 1.9 7 f 2.3 

Negative Negative 
29 f 2.1 129 f 12.7 

+S9 (rat) 
Trial 1 Trial 2 

t S9 (hamster) 
Trial 1 Trial 2 

- s9 
Trial 1 Trial 2 TA98 

25 f 1.5 23 f 1.5 
28 f 0.3 22 f 3.5 
23 f 2.9 24 f 1.5 
27 f 1.8 30 f 4.0 
25 f 2.5 24 f 2.3 
27 f 3.0 29 f 2.6 

Negative Negative 
901 f 63.2 553 f 21.7 

28 f 2.4 26 f 3.6 
27 f 2.0 20 f 2.4 
32 k 2.8 21 f 4.5 
28 f 2.7 20 f 3.2 

26 f 1.5 28 f 3.7 
24 _+ 3.0 35 f 7.4 

Negative Negative 
384 f 11.1 469 f 29.0 

0 
33 

100 
333 

1,000 
3,333 

Trial summary 
Positive control (c) 

17 f 3.0 18 k 2.3 
14 f 0.9 17 f 1.2 
10 k 0.6 12 f 2.2 
10 f 1.3 17 f 3.4 
11 f 1.5 17 f 5.5 
11 f 2.5 27 f 8.0 

Negative Negative 
221 f 19.1 446 f 29.9 
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TABLE H1. MUTAGENICITY OF FURFURAL IN SALMONELLA TYfHIMURlUM (Continued) 

Strain Dose 
(pglplate) 

Revertants lPlate  (b) 

Studies  conducted at SRI Internat ional  

- s9 
Trial 1 Trial 2 

TAlOO 0 
33.3 

100 
333.3 

1,000 
3,333.3 
6.666.7 

Trial summary 
Positive control ( c )  

TA1535 0 
33.3 

100 
333.3 

1,000 
3,333.3 
6,666.7 

Trial summary 
Positive control ( c )  

TA1537 0 
33.3 

100 
333.3 

1,000 
3.333.3 
61666.7 

Trial summary 
Positive control ( c )  

TA98 0 
33.3 

100 
333.3 

1,000 
3,333.3 
6,666.7 

Trial summary 
Positive control ( c )  

85 f 6.6 

91 f 1.5 
94 f 8.4 

129 f 7.2 
td)69 ? 3.8 

Toxic 

Equivocal 
413 f 8.8 

10 f 1.3 

17 f 1.2 
12 k 4.0 
10 f 2.5 

( d ) 5  f 1.3 
( d ) l  f 1.0 

Negative 
350 f 10.4 

7 k 1.5 

7 f 1.9 
7 f 1.2 
3 k 1.2 

td) 1 k 0.7 
(d)O ? 0.3 

Negative 
124 f 40.2 

28 k 1.7 

26 f 5.4 
31 ? 2.9 
27 k 1.2 

( d ) 6  f 0.9 
td)O f 0.0 

Negative 
797 k 18.8 

91 ? 6.1 
92 f 3.0 

100 f 2.6 
105 k 0.3 
174 k 6.7 

td)27 f 17.2 

Equivocal 
338 f 11.6 

8 f 0.6 
14 f 1.2 
11 f 2.7 
10 2 2.2 
7 f 0.7 

( d ) 4  k 0.3 

Negative 
183 f 10.7 

7 k 1.3 
9 k 0.6 
8 f 2.1 
5 f 0.9 
9 k 2.3 

( d ) 6  k 0.9 

Negative 
197 k 18.6 

23 k 1.2 
24 k 3.0 
15 k 1.5 
18 f 2.5 
20 k 3.3 

( d ) 7  k 1.2 

Negative 
650 k 22.0 

+ S9 (hamster)  
Trial 1 Trial 2 

84 f 6.2 

89 k 3.8 
77 f 10.0 
92 f 6.7 

116 k 16.9 
( d ) 2 5  k 25.3 

Negative 
1,383 k 66.9 

6 f 2.5 

8 k 2.3 
3 i: 1.5 
7 f 1.5 
5 ? 0.3 
2 f 1.2 

Negative 
470 f 34.0 

7 f 3.1 

11 k 2.4 

5 f 0.6 
3 f 0.6 
0 f 0.3 

Negative 
445 f 13.0 

24 f 1.7 

37 f 3.9 
30 f 4.9 
32 f 3.8 
19 f 3.3 

(d)O f 0.0 

a f 2.3 

Negative 
1,177 f 53.5 

89 f 4.0 

111 f 3.3 
112 f 6.0 
126 k 17.5 

(d)40 f 5.7 
(d)O f 0.0 

Negative 
1,932 f 40.0 

6 f 1.7 

12 f 1.9 
6 f 2.1 
9 f 2.5 

( d ) 4  f 2.3 
td)O f 0.0 

Negative 
285 f 23.9 

3 k 0.7 
9 f 1.2 
8 f 1.9 

12 f 2.0 
9 k 1.9 

( d ) 4  f 0.3 

Negative 
159 f 21.9 

27 f 2.2 

29 f 6.8 
24 2 1.8 
28 k 2.2 
22 f 1.5 

( d ) 2  f 1.7 

Negative 
1,486 f 13.8 

t S 9  (rat) 
Trial 1 Trial 2 

96 f 10.0 

84 ? 2.0 
92 f 13.9 
88 f 6.4 
90 f 2.0 

(d)67 f 24.7 

Xegative 
528 f 9.3 

9 f 1.5 

7 f 1.2 
9 k 2.6 
8 f 0.7 
8 f 2.2 
4 f 0.3 

Negative 
313 f 14.2 

9 f 2.1 

7 f 1.5 
4 f 0.9 
6 f 1.2 
5 f 0.9 
3 f 1.7 

Negative 
235 f 5.8 

35 f 5.9 

36 f 8.0 
37 f 4.7 
36 C 2.8 

(d)  14 f 0.7 
( d ) l  f 1.0 

Negative 
326 f 16.1 

92 f 4.3 

108 f 5.9 
104 f 8.4 
159 f 10.7 

(d)32 f 7.3 
(d)3 k 1.5 

Negative 
861 f 48.2 

6 f 0.9 

6 f 0.9 
5 f 0.3 
6 f 1.5 

( d ) 3  k 1.0 
(d) 1 f 0.9 

Negative 
222 f 8.2 

3 f 1.0 
12 f 2.6 
13 f 1.2 
12 f 1.7 
10 f 3.7 

(d)O f 0.3 

Negative 
132 f 18.3 

29 f 4.3 

34 f 3.8 
35 rf: 2.7 
31 2 1.2 
25 f 0.6 

(d)O f 0.0 

Negative 
550 f 17.9 

la) The detailed protocol and the data are presented in Mortelmans et  al. (1986). Cells and study compound or solvent (dimethyl 
d f o x i d e )  were incubated in the absence of exogenous metabolic activation ( -S9) or with Aroclor 1254-induced S9 from male 
Syrian hamster liver or male Sprague Dawley rat liver. High dose was limited by toxicity or solubility but did not exceed 10 
mg/plate; 0 pglplate dose is the solvent control. 
b )  Revertants are presented as  mean f standard error from three plates, 
c )  Positive control; 2-aminoanthracene was used on all strains in the presence of S9. In the absence of metabolic activation, 
4-nitro-o-phenylenediamine was used with TA98, sodium azide was used with TAlOO and TA1535, and 9-aminoacridine was 
ised with TA1537. 
id) Slight toxicity 
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TABLE H2. INDUCTION OF TRIFLUOROTHYMIDINE RESISTANCE I N  MOUSE L5178Y LYMPHOMA 
CELLS BY FURFURAL (a,b) 

Cloning Relative Tft-Resistant Mutant  
Compound  Concent ra t ion  Efficiency Total Growth Cells Fraction (c) 

(pdml )  (percent )  (percent) 

Trial 1 

Distilled water ( d )  66.7 k 8.2 100.0 f 11.2 127.3 f 21.8 64.3 f 11.1 

Furfural 

Methyl methanesulfonate 

25 
50 

100 
200 
400 
800 

15 

71.5 f 0.5 122.0 k 15.0 114.0 f 12.0 53.0 f 5.0 
71.5 f 2.5 91.0 k 1.0 127.5 f 0.5 59.5 f 2.5 
43.0 f 9.0 60.0 f 15.0 125.0 k 4.0 100.5 fi 18.5 
51.5 f 3.5 31.5 f 3.5 205.0 -i: 10.0 ( e )  133.0 f 16.0 
29.5 f 5.5 9.5 f 1.5 615.0 f 12.0 (e)721.0 f 138.0 

Lethal 

20.5 k 4.5 11.0 f 3.0 376.0 k 64.0 (e)624.0 f 33.0 

Trial  2 

Distilled water (f, 80.0 f 6.8 100.0 f 5.4 224.0 f 13.2 94.5 f 3.9 

Furfural 25 81.0 f 5.0 104.5 f 9.5 229.0 f 10.0 95.0 f 10.0 
50 86.5 f 2.5 86.0 k 2.0 250.0 f 48.0 96.0 k 16.0 

100 93.5 f 12.5 55.0 2 0.0 312.0 t 40.0 111.5 f 0.5 
200 65.0 f 9.0 27.0 f 1.0 430.5 k 26.5 (d223.0 k 16.0 
400 Lethal 

Methyl methanesulfonate 15 35.5 f 10.5 19.5 k 3.5 565.0 f 161.0 (e1529.0 f 3.0 

(a) Study performed at Inveresk Research International. The experimental protocol and data are presented in detail by 
McGregor e t  al. (1988). The highest dose of study compound is determined by solubility or toxicity and may not exceed 5 mg!ml. 
All doses are tested in duplicate unless otherwise specified; the average for the tests is presented in the table. Cells (6 X lO5/ml) 
were treated for 4 hours a t  37” C in medium, washed, resuspended in medium, and incubated for 48 hours at 37” C. After es- 
pression, 3 X 106 cells were plated in medium and soft agar supplemented with trifluorothvmidine (Tft) for selection of Tft- 
resistant cells, and 600 cells were plated in nonselective medium and soft agar to determine the cloning eficiency. 
(b) Mean k standard error from replicate trials of approximately 1 x 106 cells each. All data are evaluated statistically for 
both trend and peak response (P<0.05 for a t  least one of the three highest dose sets). Both responses must be significantly 
(P<0.05) positive for a chemical to be considered capable of inducing Tft resistance. Ifonly one ofthese responses is significant, 
the call is “equivocal”; the absence ofboth trend and peak response results in a “negative” call. 
(c) Mutant fraction (frequency) is a ratio of the Tft-resistant cells to the cloning efficiency, divided by 3 ( t o  arrive a t  MF per 
1 X 106 cells treated); MF = mutant fraction. 
(d)  Data presented a re  the average ofthree tests. 
(e) Significant positive response; occurs when the relative mutant fraction (average M F  of treated culture/average M F  of sol- 
vent control) is greater than or equal to 1.6. 
(0 Data presented a re  the average of four tests. 
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TABLE H3. INDUCTION OF SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS 
BY FURFURAL (a) 

No. of SCEs/ Relative SCEs/ 
Dose Tota l  Chromo- No. of Chromo- SCEs/ Hours  Chromosome 

Compound (pg/ml) Cells somes SCEs some Cell in BrdU (percent) (b) 

- S9 (c)--Summary: Positive 

Dimethyl sulfoxide 

Furfural 

Mitomycin C 

Trend test: P<O.OOl 

+ S9 (e)--Summary: Positive 

Dimethyl sulfoxide 

Furfural 

Cyclophosphamide 

Trend test: P<O.OOl 

50 1,046 490 0.46 9.8 25.8 

11.7 50 1,048 640 0.61 12.8 25.8 **30.36 
38.9 50 1,038 874 0.84 17.5 (d)35 .8  **79.74 

117 50 1,037 851 0.82 17.0 tdj35.8 **75.18 

0.001 50 1,048 762 0.72 15.2 25.8 55.21 
0.01 5 104 261 2.50 52.2 25.8 435.73 

50 1,048 473 0.45 9.5 25.8 

117 50 1,046 568 0.54 11.4 25.8 **20.32 
389 50 1,046 686 0.65 13.7 25.8 **45.31 

1,170 50 1,044 1,252 1.19 25.0 td)35.8 **165.71 

0.3 50 1,053 777 0.73 15.5 25.8 63.49 
2 5 105 212 2.01 42.4 25.8 347.35 

la) Study performed a t  Litton Bionetics, Inc. SCE = sister chromatid exchange; BrdU = bromodeoxyuridine. A detailed de- 
:scription of the SCE protocol is presented by Galloway et  al. (1985). Briefly, Chinese hamster ovary cells were incubated with 
istudy compound or solvent a s  described in (c) and (e )  below and cultured for sufficient time to reach second metaphase division. 
(Cells were then collected by mitotic shake-off, fixed, air dried, and stained. 
1 b) Percentage change in the value of SCEs/chromosome for exposed culture compared with that for solvent control culture. An 
i.ncrease of 20% or more was considered to be a significant response. 
(c )  In the absence of S9, Chinese hamster ovary cells were incubated with study compound or solvent for 2 hours a t  37” C .  Then 
13rdU was added, and incubation was continued for 24 hours. Cells were washed, fresh medium containing BrdU and colcemid 
was added, and incubation was continued for 2-3 hours. 
td) Because some chemicals induce a delay in the cell division cycle, harvest times are occasionally extended to maximize the 
proportion of second division cells available for analysis. 
(e) In the presence ofS9, cells were incubated with study compound or solvent for 2 hours a t  37” C. Cells were then washed, and 
medium containing BrdU was added. Cells were incubated for a further 26 hours, with colcemid present for the final 2-3 hours. 
!39 was from the liver of Aroclor 1254-induced male Sprague Dawley rats. 
“*P<0.01 
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TABLE H4. INDUCTION OF CHROMOSOMAL ABERRATIONS I N  CHINESE HAMSTER OVARY CELLS 
BY FURFURAL (a) 

-S9 (b) ts9  (c) 

(pg/ml) Cells of Abs Cell Cells (pg/ml) Cells of A b s  Cell Cells 
Dose Total Number Abs/ Percent  Dose Total  Number Abs/ Percent 

with Abs with A b s  

Harvest time: 23.5 hours (d)  Harvest time: 22 hours (d) 

Dimethyl sulfoxide Dimethyl sulfoxide 
100 3 0.03 3.0 100 5 0.05 5.0 

Furfural Furfural 
200 100 7 0.07 5.0 500 100 4 0.04 4.0 
300 100 7 0.07 6.0 760 100 6 0.06 6.0 
400 100 24 0.24 *15.0 1.000 100 118 1.18 *54.0 
500 I00 23 0.23 *22.0 1,230 0 

Summary: Positive Summary: Weakly positive 

Mitomycin C Cyclophosphamide 
0.05 50 26 0.52 28.0 10 50 12 0.24 22.0 

Trend test: P<O.OOl Trend test: P<O.OOl 

( a )  Study performed a t  Litton Bionetics, Inc. Abs = aberrations. A detailed presentation of the technique for detecting chro- 
mosomal aberrations is found in Galloway et al. (1985). Briefly, Chinese hamster ovary cells were incubated with study com- 
pound or solvent as indicated in tb) and (c). Cells were arrested in first metaphase by addition of colcemid and harvested by 
mitotic shake-off, fired, and stained in 6% Giemsa. 
(b)  In the absence of S9, cells were incubated with study compound or solvent for 8-10 hours a t  37" C. Cells were then washed, 
and fresh medium containing colcemid was added for an additional 2-3 hours followed by harvest. 
(e) In the presence of S9, cells were incubated with study compound or solvent for 2 hours at 37" C. Cells were then washed, me- 
dium was added, and incubation was continued for 8-10 hours. Colcemid was added for the last 2-3 hours of incubation before 
harvest. S9 was from the liver of Aroclor 1254-induced male Sprague Dawley rats. 
td) Because of significant chemical-induced cell cycle delay, incubation time prior to addition ofcolcemid was lengthened to pro- 
vide sufficient metaphases a t  harvest. 
*P<0.05 
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TABLE H5. INDUCTION OF SEX-LINKED RECESSIVE LETHAL MUTATIONS IN DROSOPHILA 
MELANOGASTER BY FURFURAL (a) 

Route of Incidence of Incidence of No. of Lethals/No. of X Chromosomes Tested Overall 
E:xposure Dose Deaths Sterility Mating 1 Mating 2 Mating 3 Total 

(ppm) (percent) (percent) (b) 

Injection 100 0 
0 

Feeding 1,000 2 
0 

0 211,919 411,977 211,817 815,713 (0.14%) 
0/1,950 012,018 011,897 0/5,865 (0.00%) 

0 1/1,915 212,257 3/2,120 6/6,292 (0.10%) 
212,03 3 212,259 1/2,082 5/6,374 (0.08%) 

fa) Study performed a t  Brown University. A detailed protocol ofthe sex-linked recessive lethal assay is presented by Woodruff 
e t  al. (1985). Exposure by feeding was done by allowing 24-hour-old Canton-S males to feed for 3 days on a solution ofthe study 
chemical dissolved in 5% sucrose. In the injection experiments, 24-hour-old Canton-S males were treated with a solution of the 
cliemical dissolved in 0.7% saline and allowed 24 hours to recover. Exposed males were mated to three Basc females for 3 days 
and given fresh females a t  2-day intervals to produce three broods of 3 ,2 ,  and 2 days; sample sperm from successive matings 
here  treated as spermatozoa (mating l), spermatids (mating 2), and spermatocytes (mating 3). F, heterozygous females were 
crossed to their siblings and placed in individual vials. F, daughters from the same parental male were kept together to 
identify clusters; no clusters were found. After 17 days, presumptive lethal mutations were identified as vials containing no 
\\ild-type males; these were retested. Results of the injection experiment were significant a t  the 5% level (Margolin e t  al., 
1983). 
( h )  Combined total of number of lethal mutationshumber of X chromosomes tested for three mating trials 

TABLE H6. INDUCTION OF RECIPROCAL TRANSLOCATIONS IN DROSOPHlLA MELANOGASTER BY 
FURFURAL (a) 

Transfers Total Total Total 
R.oute of Dose TranslocationsRotal F, Tested Number Number of Translocations 
Exposure (ppm) 1 2 3 4 5 6 of Tests Translocations (percent) 

Injection 100 011,316 011,348 011.278 012,020 01488 0/0 6,450 0 0.00 

Historical 
control 0 116,163 2 0.00 
- 
(a)  Study performed a t  Brown University. A detailed protocol of the reciprocal translocation assay is presented by Woodruffet 
al. (1985). Exposed males were mated to three X.Y;y;bw;st females for 3 days and discarded. The females were transferred to 
fresh medium every 3-4 days t o  produce a total of six cultures, and then they were discarded. In this manner, sample sperm 
from successive cultures were stored for increasing lengths of time. Individual F, males were backcrossed to X.Y;y;bw;st 
females, and the F? were screened for pseudolinkage. This procedure allows the recovery of translocations involving the Y, 
socond, or third chromosomes in any combination. Presumptive translocations were retested. Results were not significant a t  
the 5% level (Kastenbaum and Bowman, 1970). 
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TABLE H7. INDUCTION O F  SISTER CHROMATID EXCHANGES I N  MOUSE BONE MARROW CELLS BY 
FURFURAL (a) 

Compound Dose (mg/kg) Mean SCEs/Cell (b) Number of Animals 

Phosphate-buffered saline 

Furfural 50 
100 
200 

Trend test (c) P=  0.456 

Mitomycin C 0.5 

P value (d) 

3.79 f 0.278 

4.73 rt 0.503 
3.30 f 0.427 
4.09 f 0.318 

7.04 f 0.505 

P = 0.0006 

4 

4 
4 
4 

4 

(a)  Study performed at Brookhaven National Laboratory. Male B6C3F1 mice were given an  intraperitoneal injection of furfural 
dissolved in phosphate-buffered saline (PBS); positive control mice were injected with mitomycin C, and solvent control mice re- 
ceived PBS only. Twenty-three hours after chemical administration, the animals were killed by cervical dislocation. Bone 
marrow from one or both femurs was treated with hypotonic salt solution, fixed, and dropped onto chilled slides. After a 24-hour 
drying period, the slides were stained by the fluorescence-plus-Giemsa method and scored. Twenty-five second-division meta- 
phase cells were scored from each offour animals per dose group. 
tb) Mean f standard error ofthe mean; SCE = sister chromatid exchange. 
(c) One-tailed trend test, used to determine if a dose-related increase is present; P value significant a t  a = 0.05 (Margolin e t  al., 
1986). 
td) Pairwise comparison between the positive control group and solvent control group, conducted with Student’s one-tailed t- 
test; Pvalue significant at  P = 0.0167. 

TABLE HB. INDUCTION O F  CHROMOSOMAL ABERRATIONS I N  MOUSE BONE MARROW CELLS BY 
FURFURAL (a) 

Compound Dose AberrationdCell  (b) Damaged Cells (b) Number of Animals 
(percent) (mg/kg) 

Phosphate-buffered saline 0.027 2.75 

Furfural 50 
100 
200 

0.007 
0.007 
0.012 

0.75 
0.75 
1.25 

Trend test (c) P = 0.085 P=0.085 

Mitomycin C 1 0.062 6.00 

P value (d) P=0.038 P = 0.041 

8 

8 
8 
8 

8 

(a) Study performed at Brookhaven National Laboratory. Male B6C3F1 mice were given an  intraperitoneal injection of furfural 
dissolved in phosphate-buffered saline (PBS); solvent control mice were injected with PBS, and positive control mice received 
mitomycin C .  Seventeen hours after chemical administration, the animals were killed by cervical dislocation. One or both fe- 
murs were removed, and the marrow was flushed out with 5 ml PBS (pH 7.0). Cells were treated with a hypotonic salt solution, 
fixed, and dropped onto chilled slides. After a 24-hour drying period, the slides were stained and scored. Gaps were scored but 
omitted from this analysis. 
(b)  Mean k standard error ofthe mean 
(c) One-tailed trend test used to determine if dose-related increase is present; P value significant a t  a = 0.05 (Margolin et al., 
1986) 
(d) Pairwise comparison between the positive control group and the solvent control group, conducted using Student’s one-tailed 
t-test; P value significant at P = 0.0167. 
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APPENDIX I 

ORGAN WEIGHTS IN THE THIRTEEN-WEEK 

GAVAGE STUDIES O F  FURFURAL 
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TABLE 11. ORGAN WEIGHTS OF RATS IN THE THIRTEEN-WEEK GAVAGE STUDIES OF 
FURFURAL (a) 

Vehicle Control 11 mg/kg 22 mg/kg 45 mg/kg 90 mg/kg 

MALE 

Number weighed 9 
Body weight (grams) 373 f 6.2 

Brain 
Absolute 
Relative 

Absolute 
Relative 

Absolute 
Relative 

Absolute 
Relative 

Absolute 
Relative 

Absolute 
Relative 

Heart 

Kidney 

Liver 

Lung 

Thymus 

FEMALE 

2,011 i 33 
5.4 f 0.07 

1,049 F 30 
2.8 f 0.07 

1,276 F 44 
3.4 i 0.09 

14,290 +_ 520 
38.3 f 1.19 

1,471 f 63 
3.9 f 0.13 

553 f 36 
1.5 i 0.10 

Number weighed 9 
Body weight(grams1 202 f 2.6 

Brain 
Absolute 
Relative 

Absolute 
Relative 

Absolute 
Relative 

Absolute 
Relative 

Absolute 
Relative 

Absolute 
Relative 

Heart 

Kidney 

Liver 

Lung 

Thymus 

1,807 2 10 
9.0 t 0.12 

661 2 10 
3.3 f 0.04 

693 f 24 
3.4 f 0.11 

7,227 f 234 
35.9 f 1.13 

1,129 f 89 
5.6 rf: 0.46 

317 f 22 
1.6 k 0.11 

10 
382 f 6.1 

2,127 f 126 
5.6 f 0.31 

1,066 2 23 
2.8 f 0.04 

1,403 f 39 
3.7 f 0.06 

15,660 f 610 
40.9 k 0.98 

1,592 f 69 
4.2 f 0.13 

466 f 40 
1.2 f 0.10 

10 
205 2 2.9 

1,834 f 16 
9.0 f 0.15 

675 f 14 
3.3 f 0.05 

7 3 5 f  16 
3.6 f 0.05 

7,184 f 175 
35.1 f 0.54 

1,031 k 24 
5.0 f 0.06 

287 f 16 
1.4 f 0.07 

10 
384 f 7.1 

1,988 f 16 
*5.2 f 0.07 

1,119 f 32 
2.9 f 0.05 

1,357 k 30 
3.5 f 0.05 

15,270 f 370 
39.9 f 0.96 

*1,631 k 40 
$4.2 f 0.08 

480 k 39 
1.3 f 0.10 

10 
207 k 2.4 

2,010 f 131 
9.7 f 0.66 

659 f 5 
3.2 f 0.04 

**866 f 95 
*4.2 f 0.53 

7,190 f 93 

1,120 f 20 

34.8 f 0.44 

5.4 f 0.12 

294 f 17 
1.4 f 0.08 

10 
*393 f 3.9 

1,989 f 15 
**5.1 f 0.06 

1,106 f 20 
2.8 f 0.04 

*1,336 f 116 
3.4 f 0.29 

14,760 rf: 620 
37.5 k 1.48 

$1,601 f 29 
4.1 f 0.08 

493 k 41 
1.3 f 0.10 

10 
202 f 3.9 

1,805 2 19 
9.0 f 0.18 

630 f 30 
3.1 f 0.14 

711 f 18 
3.5 f 0.04 

6,934 f 144 
34.4 f 0.74 

(b) 1,051 f 35 
tbl5.2 f 0.15 

334 f 64 
1.7 f 0.32 

9 
**401 f 6.9 

1,960 f 27 
**4.9 f 0.10 

1,007 f 120 
2.5 f 0.29 

**1,509 f 47 
*3.8 f 0.08 

**16,820 f 290 
**42.0 f 0.66 

**1,710 f 71 
4.3 f 0.15 

498 f 31 
1.3 f 0.08 

6 
209 f 2.6 

1,784 !I 23 
8.6 f 0.14 

671 f 15 
3.2 f 0.05 

*820 f 62 
3.9 f 0.33 

7,238 f 306 
34.7 f 1.41 

( e )  1,055 f 26 
(c15.0 f 0.08 

315 f 33 
1.5 f 0.15 

tal Mean i standard error in milligrams (absolute) or milligrams per gram (relative); P values vs. the controls by Dunn’s test 
t Dunn, 1964) or Shirley’s test (Shirley. 1977). 
( b )  Lungs of nine animals were weighed. 
(cl  Lungs offour animals were weighed. 
*P<0.05 
**P<O.Ol 
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TABLE 12. ORGAN WEIGHTS OF MICE IN THE THIRTEEN-WEEK GAVAGE STUDIES OF 
FURFURAL (a) 

~~~ ~ 

Vehicle Control 75 mgflrg 150 mg/kg 300 mg/kg 

MALE 

Number weighed 
Body weight (grams) 

Brain 
Absolute 
Relative 

Absolute 
Relative 

Absolute 
Relative 

Absolute 
Relative 

Absolute 
Relative 

Absolute 
Relative 

Heart 

Kidney 

Liver 

Lung 

Thymus 

FEMALE 

Number weighed 
Body weight (grams) 

Brain 
Absolute 
Relative 

Absolute 
Relative 

Absolute 
Relative 

Absolute 
Relative 

Absolute 
Relative 

Absolute 
Relative 

Heart 

Kidney 

Liver 

Lung 

Thymus 

10 
36.7 f 0.68 

443 f 6 
12.1 f 0.22 

tb)161 f 5 
(bj4.4 f 0.12 

282 f 6 
7.7 It 0.11 

1,602 f 50 
43.6 f 1.05 

179 k 4 
4.9 f 0.12 

47.5 f 2.50 
1.3 f 0.07 

9 
26.9 f 0.51 

453 f 16 
16.9 k O.GO 

127 f 5 
4.7 k 0.19 

184 f 7 
6.9 f 0.30 

1,104 k 25 
41.1 f 0.64 

172 f 4 
6.4 f 0.22 

42.2 f 4.94 
1.6 f 0.19 

10 
35.8 k 0.44 

433 f 16 
12.1 k 0.51 

178 k 11 
5.0 f 0.35 

**323 f 8 
**9.0 f 0.26 

1,645 f 35 
46.1 f 1.26 

187 f 7 
5.2 f 0.24 

47.5 f 4.03 
1.3 f 0.11 

10 
26.9 f 0.98 

447 k 4 
16.8 f 0.61 

121 f 4 
4.5 f 0.16 

197 f 5 
7.4 f 0.12 

1,227 f 52 
**45.6 f 0.76 

169 f 14 
6.4 f 0.59 

57.0 f 14.01 
2.0 f 0.38 

10 
*34.9 f 0.62 

430 f 6 
12.4 f 0.34 

155 f 4 
4.4 f 0.07 

284 f 6 
**8.1 f 0.11 

1,509 f 51 
43.2 f 0.97 

175 f 4 
5.0 k 0.12 

49.5 f 3.29 
1.4 f 0.09 

9 
26.7 k 0.53 

469 f 9 
17.6 f 0.36 

123 f 3 
4.6 f 0.06 

185 f 10 
7.0 f 0.40 

1,185 f 42 
**44.5 f 1.33 

176 f 4 
6.6 f 0.17 

56.1 f 3.20 
2.1 f 0.10 

10 
*34.5 f 0.73 

436 f 8 
12.6 f 0.21 

149 f 4 
4.3 f 0.10 

293 f 11 
**8.5 f 0.26 

1,750 f. 92 
*50.9 f 3.04 

183 f 3 
*5.3 f 0.12 

49.5 f 3.76 
1.4 f 0.10 

10 
27.6 f 0.54 

476 f 8 
17.3 f 0.41 

133 f 4 
4.8 f 0.12 

*209 f 5 
7.6 f 0.19 

**1,444 f 37 
**52.3 k 0.74 

184 f 7 
6.7 f 0.27 

48.5 k 3.17 
1.8 f 0.12 

(a )  Mean f standard error in milligrams (absolute) or milligrams per gram (relative); P values vs. the controls by Dunn’s test 
(Dunn, 1964) or Shirley’s test (Shirley, 1977). 
(b)  Hearts of nine animals were weighed. 
*P<0.05 
**P<O.Ol 
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APPENDIX J. AUDIT SUMMARY 

The pathology specimens, experimental data, study documents, and draft NTP Technical Report for 
the 2-year studies of furfural in rats and mice were audited for the National Institute of Environ- 
mental Health Sciences (NIEHS) at the National Toxicology Program (NTP) Archives. The audit in- 
cluded review of: 

(1) All records concerning animal receipt, quarantine, randomization, and disposition prior to the 

(2) All inlife records including protocol, correspondence, animal identification, animal husband- 

(3) Body weight and clinical observation data; all data were scanned before individual data for 

(4) All study chemical records. 
(5) All postmortem records for individual animals concerning date of death, disposition code, con- 

dition code, tissue accountability, correlation of masses or clinical signs recorded a t  or near 
the last inlife observation with gross observations and microscopic diagnoses, consistency of 
data entry on necropsy record forms, and correlation between gross observations and micro- 
scopic diagnoses. 

(6) Inventory for wet tissue bags from all animals and residual wet tissues from a random 20% 
sample of animals in each study group, plus other relevant cases, to evaluate the integrity of 
individual animal identity and the thoroughness of necropsy and trimming procedure 
performance. 

(7) Blocks and slides of tissues from a random 20% sample of animals from each study group, plus 
animals with less than complete or correct identification, to examine for proper inventory, la- 
beling, matching of tissue sections, and preservation. 

(8) All microscopic diagnoses for a random 10% sample of animals, plus 100% of the changes in 
diagnoses made to preliminary pathology tables, to verify their incorporation into the final 
pathology tables. 

(9) The extent of correlation between the data, factual information, and procedures for the 2-year 
studies as presented in the draft Technical Report and the study records available at the NTP 
Archives. 

start of dosing. 

ry, environmental conditions, dosing external masses, mortality, and serology. 

the random 10% sample in each study group were reviewed in detail. 

I’rocedures and events for the exposure phase of the studies were documented adequately by records 
at  the Archives. Review of the archival records indicated that protocol-specified procedures for ani- 
mal care were followed adequately. Records that documented the generation, analysis, distribution, 
and delivery of doses to animals were complete and accurate. Review of body weight records for rats 
showed that 24/24 recalculated mean values were correct. 

Data entries on necropsy forms were made appropriately for rats and mice. The thoroughness for ob- 
servation of external potential masses for rats and mice was fair inlife ( > 88% of the external masses 
noted a t  necropsy had an inlife correlate) and good at necropsy ( > 95% of the external masses noted 
inlife correlated with a necropsy observation). The date of death recorded a t  necropsy for each un- 
scheduled-death animal (139 rats and 164 mice) had a matching entry among the inlife records. The 
reason for animal removal recorded among the inlife records was in agreement with the disposition 
code recorded a t  necropsy €or all rats and mice. The condition code for each animal was consistent 
with the dispostion code and gross observations assigned a t  necropsy. 

Individual animal identifiers (ear mark and toe clip) were present and correct in the residual tissue 
bag for 61/62 rats and 87189 mice examined. Review of the entire data trail for the three animals with 
less than complete and correct identifiers indicated that the integrity of their individual animal iden- 
t i ty  had been maintained throughout the studies. A total of 4 untrimmed potential lesions were found 
in the wet tissues of 62 rats examined, and 3 were found in those of 89 mice. The gastrointestinal 
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APPENDIX J. AUDIT SUMMARY 

tract was not saved completely for 58/62 rats examined, and the liver, stomach, and small intestine 
were not saved for 21/89 mice. Each gross observation made at necropsy had a corresponding micro- 
scopic diagnosis for all but six in rats and five in rats; after microscopic review of the slides involved 
in these noncorrelations, only one was considered to be a discrepancy. Blocks and slides were present, 
and corresponding tissue sections matched each other properly. All post-Pathology Working Group 
changes in diagnoses had been incorporated into the final pathology tables. The P values and inci- 
dences of neoplasms given in the Technical Report were the same as those in the final pathology 
tables at the Archives. 

This summary describes general audit findings and the extent to which the data and factual informa- 
tion presented in the Technical Report are  supported by records a t  the NTP Archives. Full details are  
presented in audit reports that  are on file a t  the NIEHS. 
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