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ABSTRACT

CHj
CHy CHy \\
NO, | P
NO, lll 0,
o-Nitrotoluene m-Nitrotoluene p-Nitrotoluene
CAS No. 88-72-2 CAS No. 99-08-1 CAS No. 99-99-0

Molecular Formula: C;H7NO,
Molecular Weight: 137.13

Synonyms: o-NT, 2NT, 2-nitrotoluene, 2-methylnitrobenzene, 2-nitrotoluol,;
m-NT, 3NT, 3-nitrotoluene, 3-methylnitrobenzene, 3-nitrotoluol
p-NT, 4NT, 4-nitrotoluene, 4-methylnitrobenzene, 4-nitrotoluol

Nitrotoluenes are high production volume chemicals used in the synthesis of agricultural and
rubber chemicals and in various dyes. Because of differences in the metabolism of the 3
isomers and their capability to bind to DNA, comparative toxicity studies of o-, m-, or
p-nitrotoluene were conducted in F344 rats and B6C3F; mice. Animals were evaluated for
histopathology, clinical pathology, and toxicity to the reproductive system. The nitrotoluenes
were also studied in several in vitro and in vivo assays for genetic toxicity.

In 14-day studies, o-nitrotoluene, m-nitrotoluene, or p-nitrotoluene was administered in the feed
to male and female rats and mice at concentrations ranging from 388 to 20000 ppm (5
animals/chemical/species/sex/dose). There were no effects on survival or clinical signs of
toxicity in these studies, although animals at the higher doses showed decreases in body weight
gains relative to controls.

In the 13-week studies, o-, m-, or p-nitrotoluene was given to male and female rats and mice (10
animals/chemical/species/sex/dose) in the feed at concentrations between 625 and 10000 ppm.
The estimated daily doses based on measures of feed consumption were 40 to 900 mg
nitrotoluene/kg body weight/day for rats and 100 to 2000 mg/kg/day for mice and were similar
for each of the 3 isomers when compared for each dietary level/sex/species. There were no
effects on survival in any of the studies, and clinical signs of toxicity were limited to decreases
in feed consumption. Decreased body weight gains occurred in dosed rats and mice in all
studies at the higher dose levels and were most pronounced in rats receiving o-nitrotoluene.

In rats, histopathologic analyses after 13 weeks of dosing showed toxicity to kidney, spleen, and
testis in animals receiving any of the 3 isomers, and toxicity to the liver and mesothelium in
male rats given o-nitrotoluene. Kidney toxicity observed in male rats was characterized by the
presence of hyaline droplets in tubular epithelial cells, attributed to an increase in the level of
a-2u globulin. Pigment, possibly lipofuscin, and karyomegaly in the p-nitrotoluene study were
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present in the renal tubular epithelium of dosed male and female rats. In the spleen of treated
male and female rats, there was a mild increase in hematopoiesis, hemosiderin deposition,
and/or congestion; this effect was most severe with the para-isomer, followed by the ortho- and
then the meta-isomer. Administration of o-, m-, or p-nitrotoluene impaired testicular function of
the rat, shown by degeneration of the testis and reduction in sperm concentration, motility, and
spermatid number. All 3 isomers increased the length of the estrous cycle in rats. Hepatic
toxicity was characterized by cytoplasmic vacuolization and oval cell hyperplasia and by an
increase in the level of serum bile acids, SDH, and ALT activities in male rats given
o-nitrotoluene. There was no histopathologic evidence for liver toxicity in male or female rats
with the m- or p-isomers, or in female rats with the o-isomer; but evidence of liver injury was
observed in these groups, indicated by increases in relative liver weights and elevations in bile
acids and liver enzymes in serum. Mesotheliomas of the tunica vaginalis were observed in 3/10
male rats receiving o-nitrotoluene at 5000 ppm, and mesothelial cell hyperplasia was observed in
2/10 male rats receiving o-nitrotoluene at 10000 ppm.

The only histopathologic evidence for toxicity in mice in the 13-week studies occurred in the
olfactory epithelium in mice receiving o-nitrotoluene, where the chemical caused degeneration
and metaplasia. No liver lesions were noted in mice, but the 3 isomers caused increases in
relative liver weights. There was no toxicity to the reproductive system in male or female mice
treated with any of the nitrotoluene isomers.

The 3 nitrotoluene isomers were not mutagenic in Salmonella typhimurium strains TA100, TA1535,
TA1537, and TA98. Only p-nitrotoluene induced chromosomal aberrations in cultured Chinese
hamster ovary (CHO) cells, and this required metabolic activation. Sister-chromatid exchanges
were increased in CHO cells following exposure to each isomer; the requirement for metabolic
activation varied. Only p-nitrotoluene was studied in the mouse lymphoma L5178Y test; it
caused mutations with metabolic activation. Unscheduled DNA synthesis (UDS) was increased
in in vitro incubations of hepatocytes isolated from both sexes of rats and mice after receiving a
single in vivo oral dose of o-nitrotoluene. UDS was not increased in a similar study with male
rats given m- or p-nitrotoluene. o-Nitrotoluene also induced s-phase DNA synthesis in
hepatocytes of rats but not in those of mice.

In summary, the 3 nitrotoluene isomers were toxic to the kidney, spleen and/or reproductive
system in rats; o-nitrotoluene also caused lesions in the liver of male rats. No treatment-
related lesions were noted in mice except with o-nitrotoluene where olfactory epithelium
degeneration occurred. The increase in relative liver weights and the increase in UDS in liver
indicate that all 3 isomers affected the liver of female rats and of male and female mice, even
though histopathologic lesions were not observed. In general, the extent of the toxicity was
most severe with the o-isomer in both rats and mice. o-Nitrotoluene was carcinogenic in male
rats in 13-week studies, based on the occurrence of mesothelioma and mesothelial cell
hyperplasia in dosed groups.
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Summary of Selected Treatment-Related Effects in the 13-Week Nitrotoluene Studies

o-Nitrotoluene

m-Nitrotoluene

p-Nitrotoluene

RATS
Final Body Weight
(90% or less than control)

Liver
Relative weight
ALT
SDH
Bile Acids
Nonneoplastic lesions

Kidney
Relative weight
Nonneoplastic lesions

Spleen
Hematology
Nonneoplastic lesions

Testis
Spermatid count
Nonneoplastic lesions

Mesothelium
Neoplastic and preneoplastic
lesions

Estrous cycle length

MICE
Final Body Weight
(90% or less than control)

Nose
Nonneoplastic lesions

Liver
Relative Weight

Male Female Male Female Male Female
1(3) a L(3) L(5) L(5) L(5) L(5)
1(1) 1(1) 1(5) 1(5) 1(4) 1(5)
1(4) - - 1 (4) - t (5)
1(3) - - - - -
1(4) 1(5) 1(4) 1(5) 1(5) -
+(3) - - - - -
1(3) 1(2) 1(5) 1(4) 1(4) 1(5)
+(2) +(3) +(1) - +(1) +(1)
(3) (3) (4) (4) (3) (3)
+(2) +(3) +(3) +(3) +(1) +(1)
1(4) 1(5) 1(5)
+(4) +(5) +(5)
+(4) - -
1(5) 1(4) 1(5)
1(3) 1(3) 1(5) 1(5) 1(5) 1(5)
+(2) +(2) - - - -
1(3) 1(2) 1(1) 1(1) (1) (1)

&  Lowest dose group in which an effect was seen; 1 = 625 ppm; 2 = 1250; 3 = 2500; 4 = 5000; 5 = 10000.

+  Presence of treatment-related histopathology.
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PEER REVIEW

Peer Review Panel

The members of the Peer Review Panel who evaluated the draft report on the toxicity studies of
o-, m-, and p-nitrotoluenes on November 21, 1991, are listed below. Panel members serve as
independent scientists, not as representatives of any institution, company, or governmental
agency. In this capacity, panel members act to determine if the design and conditions of the
NTP studies were appropriate and to ensure that the toxicity study report fully and clearly
presents the experimental results and conclusions.

National Toxicology Program Board of Scientific Counselors

Technical Reports Review Subcommittee

Paul T. Bailey, PhD
Mobil Oil Corporation
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Princeton, NJ

Louis S. Beliczky, MS, MPH
Department of Industrial Hygiene
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87 South High Street
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Jay I. Goodman, PhD
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East Lansing, MI

*Could not attend meeting.

*

o

David W. Hayden, DVM, PhD
Department of Veterinary Pathobiology
College of Veterinary Medicine
University of Minnesota

St. Paul, MN

Curtis D. Klaassen, PhD (Chair)
Department of Pharmacology and Toxicology
University of Kansas Medical Center
Kansas City, KS

Daniel S. Longnecker, MD
Department of Pathology
Dartmouth Medical School
Hanover, NH

Barbara McKnight, PhD
Department of Biostatistics
University of Washington
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Ellen K. Silbergeld, PhD
University of Maryland Medical School
Baltimore, MD

Matthew J. van Zwieten, DVM, PhD

Senior Director, Safety Assessment
Merck, Sharpe, and Dohme Research Labs.
West Point, PA

Lauren Zeise, PhD
California Department of Health Services
Berkeley, CA
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Summary of Peer Review Comments

Dr. J.K. Dunnick, NIEHS, introduced the short-term toxicity studies of o-, m-, and
p-nitrotoluenes by reviewing the uses and rationale for study, the experimental design, and the
results.

Dr. Goodman, a principal reviewer, said the report was written well and the results clearly
presented. He stated that the rationale behind the use of each of the genetic toxicology tests
employed should be presented and there should be some discussion regarding results. He
suggested that a specific subsection of the Discussion could be devoted to genetic toxicology.
Dr. Dunnick reported that in collaboration with Dr. E. Zeiger, NIEHS, the genetic toxicology
section would be upgraded and expanded.

Dr. Davidson, a second principal reviewer, said the report did a good job of presenting
background information and summarizing the results. She commented that although the degree
of toxicity of the ortho-isomer is compared with the other 2 isomers, the meta and para isomers
are not compared with each other regarding relative toxicity. Dr. Dunnick agreed that such a
comparison should be added to the Abstract. Dr. Davidson noted that considering that the main
uses of nitrotoluenes are in the agricultural, rubber and dye industries, it would relevant to
state how occupational groups (machine operators, welders, cutters, etc.) are exposed to the
chemicals. Dr. Janet Haartz, NIOSH, said the only isomer for which occupational data is
available is the para-isomer. There were no listings for the meta- and orth-isomers.

Seeing no objections, Dr. Klaassen accepted the report, with the suggested editorial and other
changes, on behalf of the panel.
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INTRODUCTION

Physical Properties, Environmental Occurrence, and Exposures to Nitrotoluenes

Ortho- and para-nitrotoluenes are important commercial chemicals used to synthesize
agricultural and rubber chemicals, azo and sulfur dyes, and dyes for cotton, wool, silk, leather,
and paper. An estimated 29 million pounds (10.8 x 109 kg) of the ortho-isomer and 15 million
pounds (5.6 x 106 kg) of the para-isomer are used annually in the United States. The third
isomer, meta-nitrotoluene, is produced in "negligible" quantities. (Dunlap, 1981; Abshire and
Hughes, 1982).

Nitrotoluenes are yellow liquids at room temperature. They are produced by the nitration of
toluene with an aqueous acidic mixture of HoSO4 and HNOj3 at a temperature that starts at
25°C and is slowly raised to 37°C. The resulting product contains 55-60% o-nitrotoluene, 3-4%
m-nitrotoluene, and 35-40% p-nitrotoluene. The isomers may be separated by a combination of
fractional distillation and crystallization (Dunlap, 1981). Isomers of nitrotoluene differ in the
position of the nitro group in relation to the methyl group on the benzene ring. While the
chemical formula is the same for all isomers, their chemical and physical properties vary (Table
1).

TABLE 1 Physical Properties of the Nitrotoluenes

o-nitrotoluene m-nitrotoluene p-nitrotoluene
Boiling point 220.4°C 232.6°C 238.3°C
Melting point -9.3°C 15°C 51.7°C
Density (20°C) 1.163 1.157 1.286
Solubility (H20, 30°C) 652 mg/L 498 mg/L 442 mg/L
Volatility (20°C) 0.1 mm Hg 0.1 mm Hg 0.1 mm Hg
Volatility (30°C) 0.25 mm Hg 0.25 mm Hg 0.25 mm Hg
Log partition coef. 2.30 2.40 2.37

Environmental surveys have detected o-nitrotoluene in rivers and drinking water (Shackelford
and Keith, 1976); all 3 isomers of nitrotoluene have been found in waste streams and
atmospheric emissions from industrial plants (Shackelford and Keith, 1976; Forsten, 1973). The
Federal Occupational Safety and Health Administration (OSHA) set an 8-hour, time-weighted
average (TWA) permissible exposure limit of 5 ppm (30 mg/m3) for nitrotoluenes, while the
American Conference of Governmental Industrial Hygienists has recommended an 8-hour, TWA
threshold limit value of 2 ppm (11 mg/m3) (ACGIH, 1988).

The National Occupational Exposure Survey found exposure to p-nitrotoluene among workers in
S different occupational groups: biological technicians; painting and paint-spraying machine
operators; machine operators; welders and cutters; and operators of separating, filtering, and
clarifying machines. The latter group accounted for approximately 60 % of potential exposures.
An estimated 4350 people in the United States potentially could be exposed to p-nitrotoluene in
the workplace. Data on exposure potential in the workplace for the m- and o- isomers was not
available (J.A. Seta, 1991, personal communication).
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Acute Toxicity

Oral LDsg values for rats and mice are: o-Nitrotoluene: 891 mg/kg (rats), 2463 mg/kg (mice); m-
Nitrotoluene: 1072 mg/kg (rats), 330 mg/kg (mice); p-nitrotoluene: 2144 mg/kg (rats), 1231
mg/kg (mice). These acute toxicity studies did not include a histopathologic examination of
tissues (RTECS, 1990; Ciss et al, 1980a, b).

Chronic Toxicity and Carcinogenicity

There have been no reports of rodent chronic toxicity or carcinogenicity studies on the
nitrotoluenes. Interest in the carcinogenicity of mononitrotoluenes stems from the results of
long-term rodent studies using technical-grade dinitrotoluene (DNT), 2,6-dinitrotoluene, or 2,4-
dinitrotoluene. Results of these studies suggest that 2,6-DNT is a potent carcinogen in rat liver
(Rickert et al., 1984).

The results of Weisburger et al. (1978) have also suggested that ortho-substituted aromatic
compounds are more potent carcinogens than corresponding isomers with meta- or para-
substitutions. This was seen with o-, m-, and p--toluidine in rats and mice, as well as with other
compounds. The toluidine studies are of interest because reduction of the nitro group of the
nitrotoluenes yields the corresponding toluidine. The NCI has reported that o-toluidine was
positive in 2-year studies in male rats (mesotheliomas, splenic sarcomas, subcutaneous
fibromas), in female rats (splenic sarcomas, urinary bladder transitional cell tumors, tumors of
the mammary gland), in male mice (hemangioma or hemangiosarcoma), and in female mice (liver
tumors) (NCI, 1979).

Metabolism

The comparative metabolism of o-, m-, and p-nitrotoluenes administered orally was studied in
F344 rats (deBethizy and Rickert, 1984; Chism and Rickert, 1985; Rickert et al., 1984b; Chism et
al., 1984). Following an oral dose of all 3 radiolabeled compounds as individual chemicals, 73 to
86% of the dose was excreted in the urine within 72 hours. Fecal excretion accounted for 5 to
13% of the dose, and minimal amounts of label were captured in expired breath (Chism et al,
1984). The major urinary metabolites are shown in Table 2.

TABLE 2 Urinary Metabolites of o-, m-, and p-Nitrotoluene (Chism et al., 1984)
o-Nitrotoluene m-Nitrotoluene p-Nitrotoluene
o-nitrobenzoic acid (29%)* m-nitrobenzoic acid (21%) p-nitrobenzoic acid (28%)
o-nitrobenzyl glucuronide (14%) m-nitrohippuric acid (24%) p-nitrohippuric acid (13%)
S-(o-nitrobenzyl)-N-acetylcysteine (12%) m-acetamidobenzoic acid (12%) p-acetamidobenzoic acid (27%)

unidentified, contains sulfur (16%)

*Percent of administered label appearing in urine.
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All 3 isomers apparently were converted to the corresponding benzyl alcohol and to benzoic acid
in the liver; the m- and p-isomers underwent conjugation with glycine to form the hippuric acid,
or nitro reduction and acylation. For o-nitrotoluene, formation of the o-nitrobenzyl alcohol
glucuronide was a major metabolic pathway. Conjugation with glucuronide was not a major
metabolic route for the m- and p-isomers. The o-nitrobenzyl glucuronide was excreted via the
bile into the intestine, where bacterial enzymes reduced the nitro group to form aminobenzyl
alcohol. The aminobenzyl alcohol was reabsorbed and further metabolized by hepatic enzymes to
a species capable of covalent binding to hepatic DNA. Recent studies by Chism and Rickert
(1989) suggested that o-aminobenzylsulfate was the metabolite of o-nitrotoluene responsible for
binding covalently to DNA (see Figure 1).

An analogous metabolic pathway was followed by 2,6-DNT, which was oxidized in the liver to 2,6-
dinitrobenzyl alcohol, then conjugated with glucuronic acid and excreted in the bile. Intestinal
microflora hydrolyzed the glucuronide and reduced the nitro group to form 2-amino-6-nitrobenzyl
alcohol. A portion of this metabolite was reabsorbed from the intestine and oxidized to a
hydroxylamine by hepatic enzymes. The hydroxylamine was then conjugated with sulfate by
hepatic sulfotransferase. The unstable N-sulfate decomposed to form an electrophilic nitrenium
ion which could react with cellular nucleophiles such as DNA. This electrophilic ion was formed
in the liver, hence the high carcinogenic activity of 2,6-DNT for rodent liver (Kedderis et al,
1984). 2,6-DNT was more active than 2,4-DNT in the in vivo/in vitro hepatocyte unscheduled
DNA synthesis assay (Mirsalis and Butterworth, 1982).

The metabolic profiles for 2,6-dinitrotoluene and o-nitrotoluene were similar. Both were
excreted as glucuronides into the intestine where bacterial enzymes reduce nitro groups; the
aminobenzyl alcohols were reabsorbed and further metabolized in the liver to electrophilic
compounds which presumably could interact with DNA. Binding of 2,6-DNT and o-nitrotoluene
to rat hepatic DNA was decreased by pretreatment with sulfotransferase inhibitors, suggesting
that the final step in the activation of both chemicals was formation of an unstable N-O-sulfate
which decomposed to yield an electrophilic nitrenium ion. It was suggested that the
carcinogenic potential for 2,6-DNT and o-nitrotoluene would be similar (Rickert et al., 1984b).

Genetic Toxicity

The testing of the mononitrotoluenes in vitro for mutagenicity has generally yielded negative
results, although occasional positive responses in various assays have been reported. The
aromatic nitro group of the nitrotoluenes is considered a structural alert to potential DNA
reactivity (Tennant and Ashby, 1991), but such activity would presumably be dependent upon the
metabolic activity of the test system. For example, it is likely that reduction of the nitro group
to produce an aromatic amine would be necessary for a positive response in the Salmonella
assay. The o- and m-nitrotoluene isomers demonstrated no mutagenic activity in any of several
strains of Salmonella typhimurium, with or without S9 metabolic activation; isolated positive
responses were reported for p-nitrotoluene in strain TA100, with or without S9 (Chiu et al., 1978;
Miyata et al.,, 1981; Spanggord et al., 1982; Haworth et al., 1983; Suzuki et al.,, 1983; Shimizu and
Yano, 1986; Kawai et al.,, 1987). p-Nitrotoluene also induced cell
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growth inhibition, a measure of DNA damage, in B. subtilis M45/H17 in the absence of S9
(Shimizu and Yano, 1986); a weakly positive response was reported in this assay for
o-nitrotoluene, and results with the m-isomer were negative.

All 3 mononitrotoluene isomers induced sister chromatid exchanges (SCE) in Chinese hamster
ovary (CHO) cells; only m-nitrotoluene required S9 for a positive response (Galloway et al., 1987).
Only p-nitrotoluene induced chromosomal aberrations in CHO cells in the presence of S9
(Galloway et al., 1987); however, no increases in micronuclei (sampled 24 hr post-treatment) or
chromosomal aberrations (sampled 6, 24, and 48 hours post-treatment) were observed in bone
marrow erythrocytes of male B6C3F; mice given a single i.p. injection of p-nitrotoluene
(Ohuchida et al.,, 1989; Furukawa et al.,, 1989).

No induction of unscheduled DNA synthesis (UDS) was observed in male F344 rat hepatocytes
or spermatocytes treated with m- or p-nitrotoluene in vitro (Doolittle et al, 1983; Working and
Butterworth, 1984) or in vivo (Doolittle et al., 1983; Mirsalis et al.,, 1989; Butterworth et al., 1989).
o-Nitrotoluene was also unable to induce UDS in rat hepatocytes in vitro, but a strong positive
response was observed in hepatocytes of male F344 rats treated in vivo (Doolittle et al., 1983).
No induction of UDS by o-nitrotoluene was noted in germ-free male rats, indicating that
activation of o-nitrotoluene, or an intermediate metabolic conjugate by intestinal bacteria, is
necessary to the process. No induction of UDS was observed in hepatocytes of female rats
treated in vivo, possibly the result of differences in hepatic metabolism or disposition of
o-nitrotoluene between the sexes. Differences between males and females have been attributed
to the fact that males excrete more of the glucuronic conjugates of the nitrotoluenes into the
bile and, subsequently, into the intestine where they are metabolized further by bacterial
systems. Sex-related differences in metabolism have also been observed with the dinitro-
toluenes in rats (Long and Rickert, 1983).

In another series of experiments, male F344 rats were given a single oral dose of either (ring-U-
14C) o-, m-, or p-nitrotoluene. Covalent binding to hepatic macromolecules and to DNA was
measured. o-Nitrotoluene was observed to bind at higher concentrations to the hepatic
macromolecules and was the only isomer shown to bind to DNA. Binding was inhibited by
sulfotransferase inhibitors (Rickert et al., 1984b).

Study Rationale and Design

The National Institute for Occupational Safety and Health (NIOSH) and the NTP nominated the
nitrotoluenes for rodent toxicity and carcinogenicity studies, based on the considerable human
exposure to these chemicals, as well as the absence of long-term studies for carcinogenicity in
rodents. Because of the known differences in the metabolism of the 3 nitrotoluene isomers and
in the capability of their metabolites to bind to DNA, a comparative study of the toxicity and
carcinogenicity of all 3 isomers was recommended. Studies were performed to evaluate the
toxicity (histopathology, clinical pathology, reproductive system evaluations) of the 3
nitrotoluene isomers in F344 rats and B6C3F; mice by administering the isomers orally in the
feed. Additional studies included in vitro genetic toxicity studies of mutagenesis in Salmonella
and mouse lymphoma L5178Y cells, chromosome aberration and sister-chromatid exchange
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studies in Chinese hamster ovary cells, and UDS studies in hepatocytes isolated from animals
given a single oral dose of the nitrotoluenes.
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MATERIALS AND METHODS

Procurement and Characterization of o-, m-, and p-Nitrotoluene

o-Nitrotoluene and p-nitrotoluene were obtained from Aldrich Chemical Co. (Milwaukee, WI), and
m-nitrotoluene was obtained from Eastman Kodak Co. (Rochester, NY). Cumulative analytical
data for each isomer indicated a purity of greater than 96%. Infrared, ultraviolet, and nuclear
magnetic resonance spectra were consistent with the structure of the chemicals and with
available literature references. The elemental analyses results for carbon, hydrogen and
nitrogen agreed with theoretical values. No impurities greater than 1% relative to the major
peak (either o-, m- or p-nitrotoluene) were observed by high performance liquid chromatography
(HPLC). The bulk chemicals were stored at room temperature, protected from light.
Quantitative reanalysis was undertaken at approximately 4-month intervals. Results from
these HPLC analyses revealed no degradation of the bulk chemical during the course of the
studies.

Animals

Male and female F344/N rats and B6C3F; mice were obtained from Taconic Farms, Inc.
(Germantown, NY), and were placed on study at 6-8 weeks of age, following acclimation periods
of 10-15 days. The animals were offspring of defined microflora-associated parents that were
transferred from isolators to barrier-maintained rooms. At the end of the acclimation period,
selected animals were killed and evaluated for evidence of disease. Blood samples were
collected and the sera analyzed for viral titers from 5 animals per sex per species at study start
and at termination in the 13-week studies. No positive antibody titers were detected in 5 viral
screens performed in rats and 12 viral screens performed in mice (Boorman et al.,, 1986; Rao et
al., 1989a, 1989b).

Study Design

Rats were housed 5 per cage; mice were housed individually in all studies. Polycarbonate cages
were used for both species. Animals were maintained in rooms at 66-79°F in 32-90% relative
humidity with approximately 16-29 room air changes per hour. Fluorescent light was provided for
12 hours per day (See Table 3).

Control groups received NIH-07 feed (Zeigler Brothers, Gardners, PA) while treated groups
received NIH-07 feed mixed with the appropriate concentration of o-, m-, or p-nitrotoluene.
Dosed feed formulations for 13-week studies were measured regularly during the study period
and found to be acceptable (x 10 percent of the target concentration) with the following
exception: in the 13-week study in mice, a 1250 ppm mixture of m-nitrotoluene was analyzed at
-10.4% of target concentration; because this feed/chemical mixture was to be given to animals
for only 2 days prior to necropsy, the mixture was retained and used.
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Prior to beginning the 14-day study, animals were assigned randomly to each dosage group using
a computer-generated randomization procedure. Groups of 5 animals/sex/species received diets
containing o-, m-, or p-nitrotoluene for 14 consecutive days. Rats received diets of o- or m-
nitrotoluene at 0, 625!, 1250, 2500, 5000, or 10000 ppm; mice were given diets with o- or m-
nitrotoluenes at 0, 388, 6251, 1250, 2500, or 5000 ppm. Other groups of rats were given p-
nitrotoluene at 0, 1250, 2500, 5000, 10000, or 20000 ppm; mice were given the p-isomer at 0, 675,
1250, 2500, 5000, or 10000 ppm.

Mortality/morbidity checks were performed twice a day; body weights were recorded at study
start, after 1 week, and just before necropsy. All animals were examined for gross lesions at
necropsy, and the liver and representative portions of gross lesions were examined
microscopically from all dose groups and controls. Additionally, the testis/epididymis and
uterus were examined in rats given m-nitrotoluene; the kidney, spleen, thymus, and stomach
were evaluated microscopically in rats and mice given p-nitrotoluene.

Based on the results of the 14-day studies, a high dose of 10000 ppm was selected for the 13-
week study in rats and mice. The 3 nitrotoluene isomers were given to groups of 10 animals/
sex/dose/species, over an identical dose range in the 13-week studies (625, 1250, 2500, 5000,
and 10000 ppm) to allow for comparison of toxic effects. In the 13-week studies,
mortality/morbidity checks were performed twice a day; body weights were recorded at study
start and weekly thereafter.

At the end of the 13-week studies, complete necropsies were performed on all animals. The
heart, right kidney, liver, lung, right testis, and thymus were weighed; organs and tissues were
examined for gross lesions and fixed in 10% neutral buffered formalin. Tissues examined
microscopically were trimmed, embedded in paraffin, sectioned, and stained with hematoxylin
and eosin. Complete histopathologic examinations were performed on all control animals, all
early death animals, and all animals in the highest dose groups with at least 60% survivors.
Target tissues were examined in animals from lower dose groups until a no-effect level was
determined. All lesions observed at necropsy also were examined microscopically. Tissues and
groups examined for both sexes of rats and mice are listed in Table 3. Additional sections of
spleen from both dosed and control rats were stained for iron (Perl's stain); additional sections
of kidney were stained with Periodic acid Schiff (PAS), with and without diastase; Hall's stain
(bile); acid fast (lipofuscin); and Perl's stain. Sections of kidney from all dose and control groups
of male rats were stained by the Mallory-Heidenhain method to evaluate the morphology of the
protein droplets ("hyaline droplets") in the tubular epithelium and lumen.

Upon completion of the histologic evaluation by the laboratory pathologist, the slides, paraffin
blocks, and residual wet tissues were sent to the NTP Archives for inventory, slide/block match,
and wet tissue audit. The slides, individual animal data records, and pathology tables were sent
to an independent pathology laboratory where quality assessment was performed. The results
were reviewed and evaluated by the NTP Pathology Working Group (PWG); the final diagnoses
represent a consensus of contractor pathologists and the PWG. Details of these review
procedures have been described by Maronpot and Boorman (1982) and Boorman et al. (1985).

1 Study protocols called for a concentration of 625 ppm, but occasional batches were formulated to 675 ppm and
were considered acceptable. This concentration group is designated as 625 ppm for the purposes of this report.
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Kidney Total Protein and 0—2u-Globulin Determination

The kidneys of male rats in the 13-week studies with o- and p-nitrotoluene were evaluated for a-
2u globulin accumulation. To determine total protein and a-2u-globulin in the kidney, the entire
right kidney from each male rat was homogenized with twice the organ volume of buffered saline
(pH 7.2) at 4°C, then stored at -20°C until analysis. At that time, kidney homogenates were
thawed, then centrifuged at 2000 RPM for 10 minutes. Total protein content in the supernatant
was determined by the bicinchoninic acid assay (Kit No. BCA-1, Sigma, St. Louis, MO; Smith et
al., 1985). The amount of a-2u-globulin in the supernatant was determined by an enzyme-linked
immunosorbant assay (ELISA) as described by Charbonneau et al. (1987). The standard a-2u-
globulin and the antibody (a mouse immunoglobulin G raised toward rat a-2u-globulin) for ELISA
were provided by Dr. S. Borghoff (Chemical Industry Institute of Toxicology, Research Triangle
Park, NC). The second antibody (anti-mouse IgG), conjugated with alkaline phosphatase, was
obtained from Sigma Co. (St. Louis, MO). Results were expressed as the ratio of a-2u-globulin
to total protein in the supernatant. These assays were run parallel with the a-2u-globulin
assays previously reported for p-chloro-a,a,a-trifluorotoluene (NTP, 1991).

Reproductive System Evaluations

Sperm morphology and vaginal cytology (SMVC) evaluations were performed in the 13-week
studies for rats and mice given diets containing 1 of the 3 nitrotoluene isomers in doses of O,
2500, 5000, or 10000 ppm. Procedures were according to methods described by Morrissey et al
(1988). For the 12 days prior to sacrifice, females were subject to vaginal lavage with saline. The
relative preponderance of leukocytes, nucleated epithelial cells, and large squamous epithelial
cells were used to identify the stages of the estrual cycle.

Sperm motility was evaluated at necropsy as follows: the sperm that extruded from a small cut
in the distal caudal epididymis were dispersed in solution, cover slipped, and counted. Two
independent observers counted the number of moving and non-moving sperm in 5 fields of 30
sperm or less per field. After sperm-sampling for motility evaluation, the cauda was placed in
phosphate buffered saline (PBS), and minced; the solution was mixed gently and heat-fixed at
65°C. Sperm density subsequently was determined using a hemocytometer.

To quantify spermatogenesis, the left testicular spermatid head count was determined by
removing the tunica albuginea and homogenizing the testis in PBS containing 10% DMSO.
Homogenization-resistant spermatid nuclei were enumerated using a hemocytometer.

Clinical Chemistry and Hematology

For each isomer, clinical chemistry and hematology evaluations were conducted on special study
male and female rats after 1 and 3 weeks of treatment and on core animals at termination.
Animals were anesthetized with 70% CO,/30% O5 and bled from the retroorbital sinus using

heparinized microcapillary tubes. For hematologic analyses, samples were collected in plastic
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tubes containing potassium EDTA. Automated analyses were performed using a Coulter S-Plus
IV (Hialeah, FL) and included erythrocyte, leukocyte, and platelet counts, hematocrit (HCT),
hemoglobin (HGB) concent