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Noteto the Reader

The Nationd Toxicology Program (NTP) ismade up of four charter agencies of the United States Department of Health and
Human Services (DHHS):

e the National Cancer Ingtitute (NCI) of the National Ingtitutes of Hesdlth;

e the National Ingtitute of Environmental Health Sciences (NIEHS) of the National Institutes of Hedlth;

e the National Center for Toxicological Research (NCTR) of the Food and Drug Administration; and

e the National Ingtitute for Occupational Safety and Health (NIOSH) of the Centers for Disease Control.
In July 1981, the Carcinogenesis Bioassay Testing Program was transferred from NCI to NIEHS. NTP coordinates the
relevant Public Health Service programs, staff, and resources that are concerned with basic and applied research and with
biological assay development and validation.

NTP develops, evaluates, and disseminates scientific information about potentially toxic and hazardous chemicals. This
knowledge is used for protecting the health of the American people and for the primary prevention of disease.

NTP designs and conducts studies to characterize and eval uate the toxicologic potential of selected chemicals in laboratory
animals (usually two species, rats and mice). Chemicals selected for NTP toxicology studies are chosen primarily on the
bases of human exposure, level of production, and chemical structure. Selection per seis not an indicator of achemical's
toxic potential. The interpretive conclusions presented in this Toxicity Report are based only on the results of these NTP
studies. Extrapolation of these results to other species and quantitative risk analyses for humans require wider analyses
beyond the purview of these studies.

The study described in this toxicity study report was performed under the direction of NIEHS and was conducted in
compliance with NTP laboratory health and safety requirements. The study met or exceeded all applicable federa, state,
and local hedth and safety regulations. Animal care and use were in accord and compliance with the Public Health Service
Policy on Humane Care and Use of Animals.

Single copies of this report are available without charge, while supplies last, from the NTP Central Data M anagement
(telephone number 919/541-3419).

NTP Central Data M anagement
NIEHS
Post Office Box 12233
Research Triangle Park, NC 27709
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ABSTRACT

1-Nitropyrene

Molecular Formula C,H;NO,
CAS Number 5522-43-0
Molecular Weight 247.26
Synonyms 3-Nitropyrene

Pyrene, 1-nitro

1-Nitropyrene is a by-product of combustion. It is the predominant nitrated polycyclic aromatic
hydrocarbon emitted in diesel engine exhaust and has been found at concentrations of upd

57 pg/m®in the air over urban and suburban areas.

1-Nitropyrene is detoxified mainly to 1-aminopyrene by nitro reduction. 1-Nitropyrene can also
undergo ring oxidation, depending onthe concentration of oxygen. Aryl nitrenium ions generated
by nitro reduction or K-region nitropyrene epoxides generated by ring oxidation can react wit
DNA, forming adducts.

1-Nitropyrene was nominated for toxicity study because it is mutagenic, it is found in th
environment, and it has potential for human exposure. Administration by inhalation was chosen
because humans are exposed to 1-nitropyrene mainly by inhalation. Nose-only inhalation wa
chosen because whole-body inhalation exposure would require a large quantity of purifie
1-nitropyrene that is expensive and difficult to procure. The study was

performed in rats because of technical problems with conducting nose-only inhalation studiesin

mice and because mice are known to be more resistant to 1-nitropyrene toxicity.
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In the base study, groups of 10male and 10 female 7-week-old F344/N rats were exposed to O,
0.5, 2, 8, 20, or 50 mg/n 1-nitropyrene aerosol, 6 hours per day, 5 days per week, for 13 weeks.
At 13 weeks, rats were evaluated for histopathology, clinical pathology, and reproductive system
effects. In a supplemental evaluation, toxicokinetic effects were assessed in male F344/N rat

exposed to 1-nitropyrene for 13 weeks.

All rats survived to the end of the 13-week exposure. For all groupsbody weight gains of exposed
rats were similar to those of concurrent controls (but lower than those of historical whole bog
inhalation study control riats); however, liver weights of exposed male rats were higher than those
of the controls. There were dlight variations in certain hematology and clinical chemisir
parameters for some groups, but these were not considered related to 1-nitropyrene exposure
Squamous metadasia of the respiratory mucosa was observed in the larynx of male rats exposed
to 1-nitropyrene at a concentration of 2 mg/ni or greater and of female rats at all exposue
concentrations. Sguamous metaplasia of the bronchial epithelium also occurred in male ad
female rats in the higher exposure groups. Cytoplasmic ateration of the nasal respirator
epithelium was observed inboth sexes exposed to 1-nitropyrene at a concentration of 8 mg/mor
greater. No treatment-related effects on sperm motility or aginal cytology were noted. However,
testicular atrophy was observed in all male rats and was considered a secondaryeffect resulting

from the daily confinement within the exposure tubes.

The elimination half-life of 1-nitropyrene in the lungs was about 1 hour for rats exposedd
8 mg/m?® and 6 hours for rats exposed to 50 mg/mi. Lung burdens of 1-nitropyrene in rats exposed
to 8 mg/m? remained the same for the 13-week duration; however, lung burdens in rats exposed
to 50 mg/m?® increased with time indicating that the rats were unable to clear the 1-nitropyrea
between exposures. The half-lie of 1-nitropyrene in the plasma of rats exposed to 50 mg/m was
about 1 hour.

Based on data contained in this report and previously published reports on the genetic toxicity
carcinogenicity, and toxicokinetics of 1-nitropyrene, it is the opinion of the National Toxicology
Program (NTP) that 1-nitropyrene has a high likelihood ofbeing carcinogenic to the respiratory
tract, particularly under exposure conditions that leacto significant accumulations of 1-nitropyrene

in the lungs, and perhaps other organs of F344/N rats.
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In summary, nose-only inhalation exposure to 1-nitropyrene for 13 weeks induced squamosi
metaplasia of the laryngeal and bronchia respiratory epithelium in male and female rats
Cytoplasmic alteration in the nasal respiratory epithelium were alsoinduced in male and female
rats. The no-observed-adverse-effect level (NOAEL) formale rats was 0.5 mg/n?. A NOAEL

for female rats could not be determined from these studies.
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SUMMARY OF PEER REVIEW COMMENTS

On November 29, 1994, the draft Technical Report on the toxicity study of 1-nitropyrene received public review
by the Nationa Toxicology Program's Board of Scientific Counselors Technical Reports Review Committee and
associated Peer Review Panel. The review meeting was held at the Nationa Ingtitute of Environmental Health
Sciences, Research Triangle Park, NC.

Dr. JR. Bucher, NIEHS, opened the discussion by noting that at the last meeting (June 21, 1994), the
Subcommittee had voted to defer final action on the draft Technical Report of the toxicity study of 1-nitropyrene
to alow for obtaining athird externd review and to allow for public comment. Thisreport isthefirst in which the

conclusion was drawn that a chemical in an NTP study isalikely carcinogen in the absence of neoplasms.

Dr. P.C. Chan, NIEHS, introduced the toxicity study of 1-nitropyrene by discussing the rationale for study;
describing the experimental design for nose-only inhalation studies, including toxicokinetic studies in rats;
reporting on compound-related lesions; and relating literature reports on the mutagenicity, carcinogenicity, and
DNA-adduct-forming activity of 1-nitropyrene. Based on the findings in this study and in the literature, the
conclusion was that sufficient evidence exists that 1-nitropyrene is carcinogenic in rats and mice. Because the
International Agency for Research on Cancer (IARC) had determined that 1-nitropyrene is arodent carcinogen and
a possible human carcinogen, and because 2-year nose-only inhalation studies would be very expensive and

technically difficult, the NTP decided that 2-year studies would not be conducted.

Dr. Brown asked whether the IARC conclusionswere known at the time the NTP study was designed. Dr. Bucher
stated that there had been no demonstration that 1-nitropyrene was carcinogenic by itself when administered by
inhaation. He stated that the study provided evidence for an appropriate dose range were a 2-year study to be
conducted. Dr. Brown commented that Subcommittee members had the opportunity to read the four written

reviews and he sensed a consensus for approval for the report and the conclusions reached by the program.

Dr. Ryan moved that the conclusion be accepted as sufficient evidence of carcinogenic activity. Dr. Klaassen

seconded the motion, which was accepted unanimously with seven votes,
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INTRODUCTION

Physical Properties, Production, Occurrence, and Exposure

1-Nitropyreneis ayellow, needle-like crystallineor prismatic solid with a melting point of 155 C.
Itisvery solublein diethyl etherand is soluble to alesser degree in ethanol, benzene, toluene, and
tetrahydrofluorenone. 1-Nitropyrene is stable under normal laboratory conditions; however, ti
undergoes photodecomposition to 2-propanol underultraviolet/visible light (Stérket al., 1985).
Thereisno published irformation available on the boiling point, vapor density, or vapor pressure
of 1-nitropyrene (IARC, 1989a).

1-Nitropyrene isa by-product of combustion and is the predominant nitrated polycyclic aromatic
hydrocarbon emitted in diesel engine exhaust (Rosenkranz, 1982). It has been extracted &
concentrations of 16 to 57 pg/nt from particulates in air samples collected in urban and suburban
areasin Michigan (Gibson, 1982, 1986). 1-Nitropyreneis also found in coal combustion fly ash,
cigarette smoke, cooked meat products, gas burne and kerosene heater emissions (IARC, 1989a),
and airplane exhaust (McCartney et al., 1986; Rosenkranz and Howard, 1986). 1-Nitropyreneis
formed spontaneously through atmospheic reaction of nitrogen oxide with pyrene in the presence
of a trace amount of nitric acid (Pittset al., 1978; Tokiwaet al., 1987) and by photochemica
oxidation of 1-aminopyrene under ultraviolet irradiation (Okinakaet al., 1986).

1-Nitropyrene has reportedly been found in photocopy toners. However, a change in th
production process of the carbon black used in photocopy toners has effectively removed tl
nitropyrenes. Epidemiologic studies of employes of photocopy toner manufacturers (Rosenkranz
et al., 1980) and carbon black producers (Roberson and Ingalls, 1980) identified no health effects

that were related to exposure to these materials.

Disposition and Metabolism

After radiolabeled 1-nitrgoyrene was administered to rats intraperitoneally (Ballet al., 1984; Ball

and Lewtas, 1985), orally (Dutcher and Sun, 1983),0r by intragastric gavage (El-Bayoumy and
Hecht, 1984), approximately 0% to 80% of the administered dose was excreted within 4 days of
dosing. Excretion viafeces was two to three times greater than excretion via urine. The majo
1-nitropyrene  metabolites identified in the feces included 1-aminopyrene

1-amino-6-hydroxypyrene, and 1-amino-8-hydroxypyrene; urinary metabolites includd
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1-amino-3-hydroxypyrene, 1-amino-6-hydroxypyrene, and 1-amineB-hydroxypyrene (Dutcher and
Sun, 1983; Ball et al., 1984; El-Bayoumy and Hecht, 1984). HydroxyN-acetyl-1-aminopyrenes
(6 and 8 isomers) were also identifiedin the urine and feces (Ball et al., 1984; Ball and Lewtas,
1985; Bond et al., 1986a).

In nose-only inhalation studies in which male and femae F344 rats were administerd
[*H]-1-nitropyrene at 43 + 8 ng/L for 50 minutes adioactivity was cleared in less than 1 hour from
the respiratory system by direct absorptian into the blood followed by biliary excretion (Sunet al.,
1983). Biliary excretion was also reported following intravenous administration b
[®H]-1-nitropyrene; over 60% of an intravenous dose of 0.3 or 1.2 umol (74 or 297 uy
1-nitropyrene was excreted in bile within 24 hours in F344 rats (Medinskyet al., 1985). Bond
et al. (1986b), after exposing male F344 ats to 50 to 1,100 ng [**C]-1-nitropyrene/L by nose-only
inhalation for 1 hour, reported that the amount of radioactivity excreted by the rats via feces was
twice as much as that excreted via urine and that the pathway of excretion was independent ©
exposure concentration. Sunet al. (1983) reported that 76% of the radioactivity derived fron
inhaled [*H]-1-nitropyrene wasexcreted via urine. This may have been due ta®H,0 eliminated in
urine as aresult of °H exchange (Medinsky et al., 1985). Urinary and fecal metabolites identified
following inhalation exposure to 1-nitropyrene were similar to those found followig
intraperitoneal or oral administration (Bondet al., 1986b).

Inhaled (nose-only) [H]-1-nitropyrene condensed onto inert gallium oxide particles (administered
to rats at 360 + 65 ng [H]-1-nitropyrene/L for30 minutes) was removed by mucociliary clearance
in the upper respiratory airways withsubsequent ingestion as well as by absorption into the blood.
Evidence of mucociliary clearance included the detection of high levels of radioactivity in tl
stomachs of exposed rats (Sunet al., 1983). High levels of radioactivity were not observed in the
stomachs of rats exposed by nose-only inhalation for 1 hour to aerosols of 1'C]-1-nitropyrene
coated on diesel exhaust particles (50 to 1,100 ng [*C]-1-nitropyrene/L); however, radioactivity
in the lungs of these rats was five times greater 1 hour after exposre and 80 times greater 94 hours
after exposure than the levels measured in the lungs of rats exposed tqoure [**C]-1-nitropyrene
(Bond et al., 1986b).

Following nose-only inhalation exposure of rats to 490 ng [*C]-1-nitropyrene/L for 1 hour, the
greatest amounts of radioactivity were retained in the respiratory tract, kidneys, urinary bladder,
liver, and alimentary tract (Bondet al., 1986b). Tissue clearance of **C appeared to be biphasic.
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The short-term half-life of C in the lungs, liver,and kidneys was 1, 3, and 0.5 hours, respectively,
and the long-term half-life was 40, 35, and 120 hours, respectively (Bondet al., 1986b).

After 25 mg 1-nitropyrene/kg was intraperitoneadly injected into Wistar rats
N-(deoxyguanosin-8-yl)-1-aminopyrene (C8-dG-AP) was foundn the kidney, liver, and mammary
gland (Hashimoto and Shudo, 1985; Stantonet al., 1985); the same DNA adduct was identified
inthelung and liver of B6C3F, mice following intratracheal instillation of 1 mg 1-nitropyrene/kg
body weight (Mitchell, 1988a).

1-Nitropyrene requires metabolic activation by nitro reduction oring oxidation to react with DNA.
Oxygen concentration plays an important role in determining the degree to which each of thes
activation processes occusin vivo. Under anaerobic conditions, 1-nitropyrene is metabolized by
xanthine oxidase, DT-diaphorase, or adehyde oxidase in mammakin systems or by nitroreductases
in bacterial sygems through reduction of the nitro group to form, in sequence, the corresponding
1-nitrosopyrene, N-hydroxy-1-aminopyrene, and 1-aminopyrene (Figure 1; Saitoet al., 1984;
Beland et al., 1985; Rosenkranz and Howard, 1986; Wolffet al., 1988). 1-Aminopyrene may be
acetylated to N-acetyl-1-aminopyrene. TheN-arylhydroxylamine intermediate formed during the
nitro reduction undergoes spontaneous decomposition to form a reactive aryl nitrenium io
(Beland, 1991). The aryl nitrenium ion is capable of covalently bonding to DNA at the C-8 b
guanine, forming the C8-dG-AP DNA adduct (Figure 1; Howarckt al., 1983a).

In mutagenesis assays with cultured cells deficient in nitroreductases, such as Chinese hamste
ovary (CHO) cells (Heflich et al., 1986), Chinese hamster V79 cells (Takayameet al., 1983; Ball

et al., 1985), and Chinese hamster lung cells (Nakayasuet al., 1982; Sugimura and Takayama
1983), positive mutagenesis responses ocurred only in the presence of rat liver SO (Heflichet al.,

1990). In contrast, Salmonella typhimurium strains TA98 and TA 100, due to the presence @

nitroreductases, mutate readily when exposed to 1-nitropyrene (Mermelsteiret al., 1981).
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Under aerobic conditions, 1-nitropyrene is metabolized by liver cytochrome R, through ring

oxidation to a mixture of 3-, 6-, and 8-hydroxy-1-nitropyrene and the K-region nitropyrea

epoxides 1-nitropyrene-4,5-oxide and 1-nitropyrene-9,10-oxide (Figure 2). The K-regin

epoxides are capable of forming DNA adducts (EI-Bayoumy and Hecht, 1983; Belanctt al.,

1985; Djuric¢ et al., 1986; Fifer et al., 1986). Pretreatment with 3-methylcholanthrene increased
the binding of [**C]-1-nitropyrene metabolites totissue macromolecules in isolated, perfused, and
ventilated rat lungs (Bond and Mauderly, 1984).

Further metabolism of the K-region nitropyrene epoxides to K-region nitropyrene dihydrodiols
is catalyzed by the enzyme epoxide hydrolase. Inhibition of epoxide hydrolase by 1,2-epoxy
3,3-trichloropropane enhanced the mutagenicity of 1-nitropyrene at the hypoxanthine-guania
phosphoribosyltransferase locusin CHO céls; the enhanced mutagenicity can be attributed to the
build-up of adduct-forming K-region epoxides (Beland, 1991).

King and Lewtas (1993) demonstrated that tracheal epithelial cellsisolated from rats, hamsters,
and rabbits metabolized 1-nitropyrenein vitro by both ring oxidation and nitro reductiom
mechanisms. Inin vivo studies in female Sprague-Dawley rats, nitro-reduction appearsto b
minor (Roy et al., 1989).

Addition of hypoxanthine and bovine milk xanthine oxidase to cultures of human fibroblast
containing 1-nitropyrene resulted in enhanced reduction of 1-nitropyrene to 1-aminopyrea
(Howard et al., 1983b). Bovine xanthine oxidase and hypoxanthine also enhanced covalen
bonding of 1-nitropyrene to calf thymus DNA (Howard and Beland, 1982); the major DM
adduct formed was identified as C8-dG-AP.

Gut bacteria play an essential role in 1-nitropyrene metabolism and activation. Whe
1-nitropyrene was administered orally to conventional and germ-free F344 rats, 1-aminopyrene
was detected only in the feces of conventiona rats (El-Bayoumy et al., 1983). In
antibiotic-treated rats, a 50%decrease in covalent binding of radiolabeled 1-nitropyrene to DNA
in the lungs was observed (Ayreset al., 1985). Reduction of N-hydroxy-1-aminopyrene ©
1-aminopyrene is considered to be a detoxifying step, as 1-aminopyrene is nonmutagenic ad
nonclastogenic in S. typhimurium strain TA98 (Matsuoka et al., 1991) and did not bord
covaently to calf thymus DNA or Chinese hamster lung fibroblast DNA to form C8-dG-R
(Edwardset al., 1986).
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Toxicity

ANIMAL TOXICITY

No toxic effects were observed in male or female F344 rats killed 4 or 14 days after receiving a single oral dose of
5 g 1-nitropyrene/kg body weight (Marshall ¢t al., 1982). However, when [?H]-1-nitropyrene, pure (7 mg/m?® without
SO, or 8 mg/m?® with SO,) or particle-associated (8 mg/m?® with or without SO,), was administered by nose-only
inhalation to F344 rats for up to 4 weeks, renal clearance of 1-nitropyrene-derived radioactivity was impaired. These
results suggest that the kidney is a target organ (Sun et al., 1985). This was corroborated by Medinsky et al. (1988)
in a study showing high levels of covalently bound radioactivity in the kidney following inhalation exposure of male
F344/N rats to [*C]-1-nitropyrene.

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY

No information on the effects of 1-nitropyrene on reproduction or development was found in the

literature.

TRANSFORMATION STUDIES

Incubation of normal human fibroblasts under anaerobic conditions with various concentrations
of 1-nitropyrene led to concentration-dependent increases in anchorage-independent growthri
soft agar (Howard et al., 1983b). 1-Nitropyrene also induced dose-dependent increasesm
transformed colonies in Syrian hamster embryo cells (DiPaol et al., 1983).

CARCINOGENICITY

The purity of 1-nitropyrene in carcinogenicity studies is critical. Ohgakiet al. (1982) reported
that when 2 mg 1-nitropyrene in DM SO was subcutaneously injected into 8-week-old ma
F344/DuCrj rats twice a week for 10 weeks for a total dose of 40 mg, 8 of 17 rats develope
tumors at the injection site (one extraskeletal osteosarcoma and seven malignant fibros
histiocytomas). However, Ohgakiet al. reportedly observed no tumors at the injection site when
0.2 or 2.0 mg 1-nitropyrene was subcutaneously njected into male F344/DuClrj rats twice a week
for 10 weeks for total doses of 4 or 40 mg (Ohgakiet al., 1985). The authors attributed tre
earlier results to contaminatian by dinitropyrenes in the 1-nitropyrene preparation. Tokiwaet al.
(1984) aso reportedly olserved no tumors at the site of subcutaneous injection in male BALB/c

mice receiving 0.1 mg 1-nitropyrene
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in DM SO weekly for 20 weeks. In contrast, Odagiriet al. (1986) reported induction of mammary
gland adenocarcinomas infemale F344/Jcl rats receiving 5, 10, or 20 mg/kg 1-nitropyrene (with
0.6% dinitropyrenes) in DM SO and olive ail, by intragastric instillation, twice a week fo
55 weeks.

1-Nitropyrene does not act as a skin tumor initiator in mice. Female CD-1 mice receivinga
dermal application of 0.1 mg 1-nitropyrene every other day for atotal of 10 doses, followed by
promotion with 12-O-tetradecanoylphorbol-13-acetate (TPA), did not lave an increased incidence
of papillomas comparedto the controls (EI-Bayoumyet al., 1982). In addition, the incidence of
skin papillomas was not increased in male or female SENCAR mice receiving two dermla
applications of 3 mg 1-nitropyrene or a single intraperitoneal dose of 8 mg 1-nitropyreng
followed by promotion with TPA (Nesnowet al., 1984).

1-Nitropyreneis carcinogenic in mice; male mice are more sensitive than female mice. Whe
1-nitropyrene (>99% pure) was inected intraperitoneally into A/J mice (17 injectionsin 6 weeks
for a total dose of 175, 525, or 1,575 mg/kg), an increased incidence of lung tumors (7/32
control; 22/28, 1,575 mg/kg) was dserved in the highest dose group (El-Bayoumyet al., 1984).
Newborn male CD mice injected intraperitoneally with 1-nitropyrene (99% pure) on Days 1, 8,
and 15 after birth for atotal dose of 0, 173, or 692 ug had liver cell tumor incidences of 2/28
5/34, and 8/29, respectively (Wislockiet al., 1986). Newborn male CD mice injected wih
173 pg/kg of the probalde proximate carcinogen 1-nitrosopyrene at similar times had aliver cell
tumor incidence of 1431. Newborn female CD mice receiving the same 1-nitropyrene doses as
those given to the male CD mice developed no liver celltumors; however, those receiving 173 g
1-nitrosopyrene/kg had alivercell tumor incidence of 3/34. Lung tumor incidences in the dosed

mice were similar to those in the controls (Wislockiet al., 1986).

1-Nitropyrene is carcinogenic in rats, Sprague-Dawley rats are more sensitive than CD rats
Hirose et al. (1984) reported induction of malignant fibrous histiocytomas (control, 0%
males, 32%; females, 28%) at the site of subcutaneous injection of highly purified 1-nitropyrene
(25 mg/kg weekly for 8 weeks) in newborn male and female Sprague-Dawley rats. In addition,
anincreased incidence of mammary gland tumors (47% vs. 4%) occurred in the dosed females.
Similar findings were also reported by ElI-Bayoumy et al. (1988). In contrast, newborn female
CD rats receiving subcutaneous injections of 1-nitrogrene in dimethyl sulfoxide (DM SO) weekly
for 8 weeks (total dose: 15.5 mg) and weanling female CD rats receiving 1-nitropyrene weekly
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for 5 weeks (total dose: 19 mg) did not have increased incidences of mammary gland tuma
(King, 1988). Weanling (30-day-old) female CD rats receiving a single injection of 2 pmb
(494.5 pg) 1-nitropyrene in the mammary gland aso did not have an increased incidence b
mammary gland tumors (Imaidaet al., 1991). On the other hand, EI-Bayoumyet al., (1995)
reported that 30-day-old female CD rats receiving eight weekly doses of 50 pumol 1-nitropyrene

developed benign mammary gland tumors.

Thirty-day-old female CD rats intraperitoneally injected with 67 pmol 1-nitropyrene/ly
(17 mg/kg) three times per week for 4 weels did not have a greater incidence of mammary gland
tumors than the controls 61 weeks after the first dose was administered (Imaidaet al., 1985,
1991). However, 30-day-old female CD rats intraperitoneally or subcutaneously injected wit
100 pmol 1-nitropyrenelkg (24.7 mg/kg) weekly for 4 weeks hach greater incidence of mammary
gland tumors than the controls (59% vs. 37%, respectively) 87 to 8 weeks after the first dose was
administered (Imaida et al., 1991). The authors explained that 1-nitropyrene is a wel
carcinogen, becausethe mammary gland tumors required along time to develop, and they ruled
out contamination of the 1-nitropyrene by dinitropyrene. Female weanling CD rats receiving 1-
nitropyrene (>99.9% pure) intaperitoneally had increased incidences of mammary gland tumors
when exposed to 2.5 mg/kg three times per week for 4 weeks (control: 7/31; 2.5 mg/kg: 25/36)
or to 25 mg/kg weekly for 5 weeks (control: 11/30; 25 mg/kg: 17/29) (King, 1988). However,
asingle 1.5 mg dose of 1-nitropyreneinjeted directly into the lungs of male F344/DuCrj rats did
not induce any tumors (Maedaet al., 1986).

El-Bayoumy et al. (1988) reported induction of mammary gland tumors by 1-nitropyres
(excluding dinitropyrene by GC-M S analysis) followingoral administration to newborn female
Sprague-Dawley rats at doses of 100 pumol/lg (24.7 mg/kg) or 250 pumol/kg (61.8 mg/kg). Also,
Dendaet al. (1989) reported induction of livery-glutamyltranspeptidase (GGT)-positive foc
when 1-nitropyrene was administered by intragastric intubation at doses of 100 to 1,000 mg/kg
daily for 6 days to 6-week-old male F344 rats. The rats underwent partial hepatectomy 4 hours
after the fourth dose of 1-nitropyrene. Two weds after partial hepatectomy, the rats were placed
on a0.02% 2-acetylaminofluorene (AAF) diet and received a single intragastric dose of carbon
tetrachloride 1 week later; AAF feeding was conducted for a total of 2 weeks. The rats wes
killed 5 weeks after the final dose of 1-nitropyrene. No increase in the incidence of GGT-positive
foci was observed in rats receiving a single dose of 1,000 mg 1-nitropyrene/kg and placed on the

same regimen (Dendaet al., 1989).
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The reduced  acetylated  metabolites  N-hydroxy-N-acetyl-1-aminopyrene  ard
N-acetyl-1-aminopyrene injected intraperitoneally into 30-day-old female CD rats at doses 6
67 umol/kg (16.6 mg/kg) three times per week for 4 weeks did not induce mammary glad
tumors. However, both metabolites induced hepatic neoplasms (Imaidat al., 1991).

GENETIC TOXICITY

1-Nitropyrene has demonstrated genotoxic activity in awide variety of assays. The genotoxd
effects of nitroarenes were reviewed by Rosenkranz and Mermelstein (1983) and Tokiwa ad
Ohnishi (1986). The most recent reviev of the genetic toxicity data for 1-nitropyrene isincluded
in a comprehensive review of agroup of nitroarenes presented in an IARC Monograph (IARC,
1989a,b). Results of subsequent reported studies have supported the conclusions of thes

reviews.

1-Nitropyrene induced DNA damage in Escherichia coli, Bacillus subtilis, and Salmonella
typhimurium. It was mutagenic inE. coli and several strains of S. typhimurium, inducing both
frameshift and base-pair substitution mutations (IARC, 1989a). In addition, urine and bg
extracts from male rats receiving 1-nitropyrene intraperitoneally were mutagenic n
S typhimurium (IARC, 1989a).

1-Nitropyrene induced gene mutations in human diploid fibroblasts and in a huma

hepatoma-derived cell line (IARC, 1989a), as well asin mouse lymphomaL5178Y cells (IARC,
19894) and Chinese hamster ovary cells (Heflichet al., 1990). It also induced DNA single-strand
breaks in primary mouse hepatocytes, Chinese hamster ovary cells, and cultured rat hepatora

cels (IARC, 1989a). Unstheduled DNA synthesis was induced in cultured mouse, rat, hamster,
and human hepatocytes (Y oshimi et al., 1987; IARC, 1989a; Shaddocket al., 1989) and in

cultured human and rat tracheal epithelial cells (IARC, 1989a). Chromosomal aberrations and
sister chromaid exchanges (SCEs) were induced in Chinese hamster ovary cells (IARC, 1989g;
Matsuokaet al., 1991).

In vivo, SCEs were induced in bone marrow cells of hamsters administered 125 rg
1-nitropyrene/kg and rats administered 0.5 tab mg 1-nitropyrene/kg (IARC, 1989a). In addition,
the frequency of micronuclei in bone marrow erythrocytes of Chinese hamsters was increass

after intraperitoneal injection of 1,000 mg 1-nitropyrene/kg (IARC, 1989a). 1-Nitropyrea
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bonded to DNA in target tissues (i.e., Iver, lung) of rats and mice treatedin vivo (IARC, 1989a),
and DNA single-strand breaks were observed in lung cells of mice following intratrachda
instillation of 1-nitropyrene (Mitchell, 1988Db).

Studies were performed with 1-nitropyrene to investigate some of the mechanisms ad
characteristics involved in the formation of DNA adducts. The molecular mechanism
responsible for 1-nitropyrene mutagenicity involved reductive production of arylhydroxylamines
that react with DNA, with or without further eterification or the production of reactive epoxides.
DNA adducts were detected by [2P]-postlabeling techniques in the livers of newborn male CD-1
mice receiving three irtraperitoneal injections of 1-nitropyrene (total dose of 2,800 nmol) and in
the lungs of adult male A/J mice receiving 17 intraperitoneal injections of 1-nitropyrene (tota
dose of 1,575 mg/kg) (Smih et al., 1990). DNA adducts were also detected in mammary gland
tissue and at the injection site in adult Sprague-Dawley rats receiving eight subcutaneos
injections of 100 umol 1-nitropyrene/kg, starting within 24 hours of birth, for a total dose b
800 umol/kg (Smithet al., 1990).

Study Rationale and Design

1-Nitropyrene was nominated for toxicity testing by the AmericarFederation of State, County and
Municipal Employees because it is mutagenic, has been found in the environment (in photocopy
toners and diesel exhaust particles), and has potential for human exposure. Inhalation wa
selected as the route of administration for this study in F344/N rats because human exposure to
1-nitropyreneis mainly through this route and lecause long-term inhalation studies have not been
conducted. Nose-only inhalation was conducted due to the high cost and difficulty involvedn
procuring alarge quantity of purified 1-nitropyrene and to minimize ingestion during exposure.
A high dose of 50 mg/m? was selected because 1-nitropyrene was not toxic to F344 rats wha
administered orally at 5 g/kg (Marshall et al., 1982) and because 50 mg/nt was considered a
reasonable maximal dose for a nose-only inhalation study of 1-nitropyrene, a chemical with low
acute toxicity. In the 13-week base study, gross and histopathol ogic examinations and clinida
pathology analyses were performed. In a supplemental evaluation, the toxicokinetics of 4
nitropyrene were assessed in male F344/N rats exposed to the chemical by nose-only inhalation
for 13 weeks. The study was performed only in rats because of the limited supply of purifie

1-nitropyrene, the unavailability of equipment appropriate for conducting nose-only inhalatin
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studies in mice, and the repored lower sensitivity of mice to 1-nitropyrene toxicity (El-Bayoumy
et al., 1984).
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MATERIALSANDMETHODS

Procurement and Characterization of 1-Nitropyrene

A single lot of 1-nitropyrene was obtained from Chemsyn Science Laboratories (Lenexa, KS)
Lot CSL-89-219-63-6 was used throughout the study.

Initial identity and purity studies were peformed on Lot CSL-T-10-85-21-36, which was not used
in the study, by Midwest Research Institute (MRI; Kansas City, MO). The chemical, a yello
powder, was identified as 1-nitropyrene by infrared, ultraviolet, and nuclear magnetic resonance
(NMR) spectroscopy and by a comparison of sample and literature melting point values
Elemental analyses for carbon, hydrogen, and nitrogen, Karl Fischer water analysis, thin-laye
chromatography, and high-performance liquid chroméography (HPLC) indicated an overall purity
of approximately 99% for Lot CSL-T-10-85-21-36.

Infrared and NMR spectra of Lot CSL-89-219-63-6 were consistent with the structure b
1-nitropyrene, with literature referenes (Sadtler Standard Spectra; Martin et al., 1965; Pouchert,

1985), and with the spectra of Lot CSL-T-10-85-21-36. Concomitant analysis of the two lots of
1-nitropyrene by HPLC indicated a purity of 100% + 1% for Lot CSL-89-219-63-6 relatived

Lot CSL-T-10-85-21-36, consistent with a purity greater than 99%.

Accelerated stability studies performedby MRI on Lot CSL-T-10-85-21-36 by HPL C indicated
that bulk 1-nitropyrene was stable for 2 weeks when stored protected from light at temperatures
upto 60° C. At the study laboratory, 1-nitropyrene was stored in the dark at room temperature.
The study laboratory reanalyzed the bulk chemical byHPL C before the start of the study and again
after the study ended; no degradation of 1-nitropyrene was observed.

Aerosol Generation System

1-Nitropyrene aerosol was produced witha heated nebulizer assembly (Battelle Pacific Northwest
Laboratories, Richland, WA) and conveyedby an aerosol distribution system to Cannon flow-past
nose-only exposure units where rats were confined in exposure restraint tubes. The nebulize
assembly consisted of aglass tube reservoir, heater, nebulizer, and three-way output adapter with
openingsinto the aerosol output, nitroga, and aerosol distribution tubes. The output adapter was

enclosed in an insulated glass cylinder with an insulated metal cap to reduce heat loss and protect
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the aerosol from light. Bulk 1-nitropyrene in the reservoir was relted by the heater (approximately
230° C). Hest transfer to the reservoir and nebulizer was atled by the upward flow of compressed
ar. Melted 1-nitropyrene flowed upward through aliquid draft tube to the nebulizer head where
it met a stream of preheated nitrogen (approximately 130 C) flowing through the nebulizer &
3.5 L/minute. Asthe aerosol formed, a shroud on the nebulizer head screened the large droplets
by impaction and the fine droplets by diffusion, alowing only droplets with diameters D
approximately 0.5 to 5 pum to reach the aerosol output tube. 1-Nitropyrene aerosol flowed from
the nebulizer to the output adapter andinto the distribution system. At theinlet of the distribution
system, the droplets were diluted with air and cooled to form an aerosol of solid particles b

1-nitropyrene, which was conveyed to the exposure units.

At each exposure unit location, an Air-Va® pump (Air-Vac Engineering, Inc., Milford, CT)
siphoned materia from a six-branch manifold on the distribution line into the exposure unit inlet.
The flow rate through eachexposure unit was controlled by diluters and the Air-Va€ pumps and
was monitored by differential pressure gauges coupled to a Venturi tube that was mounted at the
inlet of each unit. In the exposure unit inlet, the aerosol was diluted to the target concentratio
with conditioned, filtered air; the concentration in eachexposure unit was controlled by a meter
which regulated the ratio of aerosol to dilution air entering the unit. Unused and exhaust aerosol
was removed from the distribution line by a high-efficiency particulate (HEPA) filter (American
Air Filter, Louisville, KY). Rats were exposed to the aerosol in confinement tubes that wer
connected to exposure ports branching from the exposure uriis. There were 56 exposure ports per
exposure unit. Each exposure unit was enclosed in a rigid clear plastic cabinet to preven

contamination of the room by the 1-nitropyrene aerosol.

During the study, nebulizers were cleaned after each exposure and wee occasionally replaced; new
nebulizerswere tested before use to determinethe 1-nitropyrene concentration and particle size
distribution generated. The Air-Vac® pumps and Venturi tubes were periodically cleaned and the
pumps were periodically replaced during the exposure periods to ensure sufficient air flow ad
uniform exposure. Tests indicated that the pump replacements did not have a significant impact

on particle size distribution.
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Concentration Monitoring

1-Nitropyrene aerosol mncentrations were monitored with three on-line RAM-1 realtime aerosol
monitors, or RAMs (MIE, Inc., Bedford, MA). Samples from the exposure units first flowe
through sample lines designed to reduce aerosol particle losses due to settling or impaction ad
then flowed into the RAMs. Results from the RAM s were automaticdly recorded by an automated
data acquisition and control system. An HP85B computer (Hewlett-Packard, Palo Alto, CA
remotely controlled the selection of the correct sample stream and th acquisition of data from each
RAM. Each RAM was calibrated daily by correlating the voltages measured by the RAM wit
1-nitropyrene concentrations determined by off-line HPL C analysis of exposure unit filter samples;

the HPL C was calibrated with gravimetrically prepared standard solutions of 1-nitropyrene.

Mean exposure unit concentrations of 1-nitropyrene during the study were calculated from daily
monitoring data (Table 1). The mean concentrations in all exposure units were betwee
93% and 101% of target concentrations, with relative standard deviations ranging frm
13% to 21%. Atleast80% of al individual concentration measurements were within 20% of the

target concentrations.

TABLE 1 Mean Exposure Unit Concentrations of 1-Nitropyrene
in the 13-Week Inhalation Study

Target Samples within
Concentration Mean + SD Target + RSD* Maximum Minimum Range? (%)
(mg/m?)
0 <MDL? ) <QL* <MDL )
0.5° 0.51 + 0.09 101.1+17.4 0.97 0.13 80
2.0 1.99 £ 0.41 99.6 £20.7 6.93 <QL 81
8.0 7.78 £ 1.05 97.2+135 13.0 3.62 89
20 19.9 + 3.40 99.6 £17.0 33.6 6.39 82
50 46.6 + 6.50 93.1+14.0 68.2 221 85

1 Mean concentration + relative standard deviation as a percent of target concentration.

2 A sample was considered to be in range if it was within 20% of the target concentration.

¥ MDL = minimum detectable limit. For the 0, 0.5, and 2.0 mg/m?® exposure levels, MDL = 0.005 mg/m?; for the 8.0 mg/m?®
exposure level, MDL = 0.015 mg/m?; for the 20 and 50 mg/m? exposure levels, MDL = 0.083 mg/m?®.

4 QL = quantitation limit, 0.012 mg/m?®.

® The 0.5 mg/m® group includes an additional exposure day because of the presence of animals used in the toxicokinetic
evaluations.
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Due to the high concentrations of 1-nitropyrene required in thedistribution lines, slight changes
in pump pressure or dilution air flows resulted in significant changes in concentration in t
0.5 mg/m? unit and, to alesser degree, the2 mg/m? unit. Additionally, 1-nitropyrene accumulated
in the distribution lines and Air-Va® pumps and occasionally broke loose and caused brié

increases in exposure concentrations.

Exposure Unit Characterization
PARTICLE SIZE DISTRIBUTION

The mass median aerodynamic diameter (MMAD) of the aerosol particles in each exposure unit
was measured monthly. Cascade impactor samples (M ercer-style seven-stage impactor; In-Tox
Products, Albuquerque, NM) were taken from each exposure unit, and the impactor stages were
analyzed for 1-nitropyrene content with HPLC. The relative mass collected on each stage wa
anayzed by NEWCAS probit analysis. The mean MMADSs ranged from 1.6 to 2.1 um, wh
geometric standard deviations of 2.2 to 2.5; these results were within the acceptable range b

1to 3 pm.

Bubbler samples from the 50 mg/n? exposure unit were analyzed by HPLC to determine tle
amount of 1-nitropyrene present in the vapor state relative to thearosol. HPLC indicated less than

0.2% 1-nitropyrene vapor relative to the aerosol concentration.

CONCENTRATION UNIFORMITY

The uniformity of aerosol cancentration within and between exposure ports in each exposure unit
was measured with the on-line RAMs before the start of the study. For all exposure units except
the 0.5 mg/nT unit, the within-port and between-port variability was within the specified limits of
+ 5%, and the total port variability was within the specifiedimits of + 7%. The 0.5 mg/n? unit
had a within-port variability of 8.3% and a total port variability of 8.2%, due to concentratio

fluctuations.

CONCENTRATION BUILDUP AND DECAY

The time following the start of eposure for the 1-nitropyrene aerosol concentration to reach 90%
of thefinal stable concentration in the exposure unit (T,,) and the time following the termination

of generation for the aerosol concentration to decay to 10% of the stable concentration (T,) were
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determined. Measurements were taken without animals present before the start of the study; &

ranged from 1 to 2 minutes and T,, was 1 minute. A Tgy, of 5 minutes was used for the study.

STABILITY STUDIES

The stability of 1-nitropyrene in the glass nebulizer reservoir before and after aerosol generation
and in the entire aerosol generation system during exposure periods was confirmed by HPLC
Reservoir samples were analyzed by major peak comparison against a reference sample b
1-nitropyrene. Samples were collected from the unoccupied 50 mg/m exposure unit during
aerosol generation and from occupied 0.5 and 50 mg/ni exposure units during the first and last
hours of exposure; the samples were analyzed for impurities by HPLC. The samples from té
occupied exposure chambers were screened for 4-nitropyrene; 1,3-, 1,6-, and 1,8-dinitropyrenes;
pyrene; 1-hydroxypyrene; l-aminopyrene; 1,6- and 1,8-pyrenequinones, and 2-nitropyrene
Additional samples were taken from the aerosol generation system and analyzed for the isome
2-nitropyrene by HPLC under conditions that were more sensitive to 2-nitropyrene. N

degradation products of 1-nitropyrene were detected during the study.

Toxicity Study Designs
BASE STUDY

Male and female F344/N rats used in thestudy were obtained from Taconic Farms (Germantown,
NY). Theratswere approximately 5 weeks oldat receipt and were quarantined for 14 or 15 days.
During the querantine period, rats were acclimated to confinement in the exposure tubes 6 hours
per day. Rats were approximately 7 weeks old when the study began. Blood samples wer
collected from 10 sentinel female rats 3 weeks after receipt and from five male and five fema
control rats at the end of the study. The serawere analyzed for antibody titers to rodent viruses
(Boorman et al., 1986; Rao et al., 1989ab); all results were negative. Additional detai$
concerning the study design are provided in Table 2.

Ten rats of each sex were exposed to 0, 0.5, 2, 8, 20, or 50 mg/ni 1-nitropyrene aerosol through
nose-only inhalation for approximately 6 hours per day, 5 days per week, except weekends ad
holidays, for 13 weeks. Rats were exposed for at |east 2 consecutive days before necropsy.

Rats were housed inindividual cages between exposures and in individual exposure tubes during
exposures. Softened water (City of Richland) and NIH-07 @en Formula Diet (Zeigler Bros., Inc.,
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Gardners, PA) in pellet form were availablead libitum except during the exposure periods. The
animal room was maintaned at 69° to 75° F with 40% to 70% relative humidity and 12 hours of
fluorescent light per day.

Complete necropsies were performed on all base-study rats. The heart, right kidney, liver, lungs,
right testis, and thymus of each rat were weighed. Organs and tissues were examined for gras
lesions and fixed in 10% neutral bufered formalin. Tissues to be examined microscopically were
trimmed, embedded in paraffin, sectioned, and stained with hematoxylin and eosin. Complet
histopathol ogic examinations were performedon al ratsin the control and 50 mg/ni groups. The
lungs, nasal cavity,and larynx were identified as target organs and examined, in addition to gross
lesions, in al lower exposure groups. For al paired organgi.e., kidney, ovary, and adrenal gland),

samples from each organ are examined. Tissues examined microscopicaly are listed in Table 2.

Upon compldion of the laboratory pathologist's histologic evaluation, the slides, paraffin blocks,
and residual wet tissues were sent to the NTP Archives for inventory, slide/block match, and wet
tissue audit. The dlides, individual animal data records, and pathology tables were sent to &

independent pathology laboratory where quality assessment was performed. Results wes

reviewed and evaluated by the NTP Pathology Working Group (PWG); the final diagnose
represent a consensus of contractor pathologists al the PWG. Details of these review procedures
have been described by Maronpot and Boorman (1982) and Boormaret al. (1985).

SUPPLEMENTAL EVALUATIONS
Clinical Pathology

Clinica pathology evaluationswere conducted on all base-study rats at the end of the study. Rats
were anesthetized with a 70:30 CQ:room air gasmixture and blood samples were drawn from the
retroorbital plexus. Blood for hematology was placedin Vacutainer® tubes (Becton-Dickinson;
Rutherford, NJ) containing potassium EDTA as the anticoagulant. Blood forclinical chemistry
evaluations was placed in tubes with separator gel but no anticagulant and allowed to clot at room
temperature; the samples were then centrifuged andthe serum was removed. All hematologic and

biochemical analyses were performed on the day of sample collection.

Hematology determinations were performed with an Ortho EL T8/ds Hematology Analyzer (Ortho
Diagnostic Systems, Westwood, MA). The parametersevaluated are listed in Table 2. Manual
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hematocrit determinations were performed with a Damon/I[EC MB microcentrifuge ad

Damon/IEC capillary reader (International Equipment Company, Needham Heights, MA)
Differential leukocyte counts were determined with a Wescor 7100 Aerospray slide staine
(Wescor, Logan, UT). Smears made from blood samples stained with new methylene blue were

examined microscopicaly using a Miller disc for the quantitative determination of reticulocytes.

Clinica chemistry determinations were made with a Roche Cobas Fea Chemistry Analyzer (Roche
Diagnostic Systems, Inc., Montclair, NJ) or an Abbott VP Bichromatic Chemistry Instrumen
(Abbott Laborataies, Irving, TX). The parameters evaluated are listed in Table 2. Reagents for
assay of sorbitol dehydrogenase activity were obténed from Sigma Chemical Company (St. Louis,

MO); reagents for the other endpoints were obtained from the manufacturer.

Sperm Motility and Vaginal Cytology

At the end of the 13-week study, vainal cytology and sperm motility evaluations were performed
on base-study rats (10 rats persex) from the 0, 8, 20, and 50 mg/ni groups. M ethods were those
outlined in the National Toxicology Program’'s Sperm Motility Vaginal Cytology Evaluatio
protocol (NTP, 1987). Briefly, for the 12 days before sacrifte, the vaginal vaults of 10 female rats
per exposure group were lavaged, and the aspirated lavage fluid and cells were stained wh
Toluidine Blue. Relative numbers of leukocytes, nucleated epithelial cells, andarge squamous
epithelia cells were determined and used to ascertain estrous cycle stage {.e., diestrus, proestrus,
estrus, and metestrus).

Sperm motility was evaluatedat necropsy in the following manner. The left testis and epididymis
were weighed. The tail of the epididymis (cauda epididymis) was then removed from ta
epididymal body and weighed. Test yolk buffer was applied to slides, and a small incision ws.
made in the cauda. Then sperm effluxing from the incision were dispersed in the buffer on ta
dides and the numbers of motile and nonmotile spermatozoa were counted for five microscopic

fields per slide by two observers.

Following completion of sperm motility estimates, each left cauda was placed m
phosphate-buffered saline solution. Caudae were finely minced and the tissue was incubated and
then heat fixed. Sperm density was then determined microscopicaly with the aid ofa

hemacytometer. To quantify spermatogeness, testicular spermatid head count was determined by
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removing the tunica albuginea and homogenizing the left testis in phosphate-buffered salia
containing 10% dimethyl sulfoxide. Homogenization-restant spermatid nuclei were counted with

a hemacytometer.

Toxicokinetics

A preliminary toxicokinetic study wasperformed to develop and validate analytical methods to be
used inthe 13-week toxicokinetic study and to estimate the elimination half-life of 1-nitropyrene
in the lungs of exposed rats. Twelve supplemental male rats were exposed to 8 g
1-nitropyrene/n? by nose-only inhalation for 6 hours on 1day. Following exposure, lung tissue
samples were collected from two or three rats per time point at five time points (15 minutes and

2,12, 24, and 72 hours) and analyzed for 1-nitropyrene content.

A 13-week toxicokinetic study was performed to determine the potential for 1-nitropyrened
accumulae in the lungs and plasma of exposed rats and to determine the clearance rate b
1-nitropyrenefrom the lungs and plasma following the last exposurgWeek 13). Supplemental
male rats (23 per exposure group) were exposed to 0.5, 8, or 50 mg 1-nitropyrene/rh by
nose-only inhalation for approximately 6 hours per day, 5 days per week, for 13 weeks.
measure 1-nitropyrene build-yp in the lungs and plasma over time, samples were collected within
1 hour after the end of exposure onDays 8 and 36 and at Week 13. At Days 8 and 36, samples
were collected from three rats per epposure group; at Week 13, samples were collected from four
to seven rats per exposure group. To measure the rate of clearance and half-life of 1-nitropyrene
in the lungs and plasma, tissue samples were collected from one to four rats per time point pe
exposure group at intervals immediately following the last exposure. The samples taken withm
1 hour after exposures ended at Week 13 and used to measure 1-nitropyrene accumulation were
also used to calculate clearance rate and elimination half-life, along with additional samples taken
at later postexposure time points. For the 0.5 mg/n? group, samples were collected at 10 minute
intervals for up to 90 minutes and at 2 hours. For the 8 and 50 mg/m groups, samples were
collected at 10 or 20 minute intervals for up to 1 hour and at 2, 4, 6, 16, and 24 hours.

All samples were analyzed for 1-nitropyrene content except the plasma samples from th
0.5 mg/m? group, whichwere not analyzed due to the low 1-nitropyrene concentrations observed
in the plasma of rats in the 8 mg/n? group. Clearance rates were modeledassuming first-order

clearance. Clearance rate and half-life calculations were based on the following expressions
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C(t)=C,e* and t,,=In(2/k), wheret is the time following the end of exposure, C(t) isthe lung or
plasma concentration at time t, G is the lung or plasma concentration at the time exposure wa

terminated (t=0), k is the first order clearance rate constant, and . is the clearance half-life.

For all toxicokinetic analyses, rats were anesthetized with 70% CQ and blood samples were

collected from the retroorbital sinus into tubes containing EDTA. The samples were centrifuged,
and the separated plasmawes stored in polypropylene centrifuge tubes. The rats were then killed
with approximately 70% CO, and both lungs were removed and frozen in liquid nitrogen. Lungs

and plasma were stored at approximately -70 C until analysis.

To prepare lung tissue for analysis approximately 1 g of tissue was placed in avial with saturated
ammonium chloride, deionized water, and FH]-1-nitropyrene internal standard. Followimg
homogenizaion, ethyl acetate was added and the vial was vortexed and centrifuged. The ethly
acetate extract was transferred to an amber glass vialand dried over low heat under a stream of
nitrogen. The extractwas then reconstituted in 70:30 acetonitrile:water, sonicated, vortexed, and
centrifuged to remove solids. The sample was further purified by solid phase extraction ad
reconstituted in a solution of acetonitrile containing 9-nitrophenanthrene, which was addeda
deactivate sites on the gas chromatograph column that could react with 1-nitropyrene and té

internal standard.

To prepare plasma samples for analysis, fH]-1-nitropyrene internal standard, potassium sulfate,
and benzene were added to 1 mL plasma samples; the samples were thervortexed and centrifuged.
The benzene extract was then removed and dried under a nitrogen stream and reconstitutedn
acetonitrile containing 9-nitrophenanthrene. Lung tissue ad plasma samples were analyzed by gas

chromatography/mass spectroscopy.
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TABLE 2 Experimental Design and Materials and Methods
in the 13-Week Inhalation Study of 1-Nitropyrene

EXPERIMENTAL DESIGN

Study Laboratory
Battelle Pacific Northwest Laboratories, Richland, WA

Strain and Species
F344/N Rats

Animal Source
Taconic Farms, Germantown, NY

Size of Study Groups
10 male and 10 female rats per exposure group

Route of Administration
Nose-only inhalation

Exposure Concentrations/ Duration
0, 0.5, 2, 8, 20, or 50 mg/m?, approximately 6 hours per day, 5 days per week for 13 weeks

Date of First Exposure
Males: 8 August 1991
Females: 9 August 1991

Date of Last Exposure
Males: 5 November 1991
Females: 6 November 1991

Date of Necropsy
Males: 6 November 1991
Females: 7 November 1991

Type and Frequency of Observation
Rats were observed twice daily and were weighed initially, weekly thereafter, and at necropsy. Clinical signs were recorded
weekly.

Necropsy and Histologic Examinations

Complete necropsies were performed on all rats from the base study. The heart, right kidney, liver, lungs, right testis, and
thymus of each rat were weighed. Histopathologic evaluations were performed on all rats in the control and 50 mg/m?®
groups. The following tissues were examined: adrenal glands, brain (3 sections), clitoral glands, esophagus, eyes (if
grossly abnormal), femur and marrow, gross lesions and tissue masses, heart, kidneys, large intestine (cecum, colon,
rectum), larynx, liver, lungs, lymph nodes (bronchial, mandibular, mediastinal, and mesenteric), mammary gland, nasal cavity
and turbinates (three sections), ovaries, pancreas, parathyroid glands, pharynx (if grossly abnormal), pituitary gland,
preputial glands, prostate, salivary glands, seminal vesicle, small intestine (duodenum, jejunum, ileum), spinal cord and
sciatic nerve (if neurologic signs were present), spleen, stomach (forestomach and glandular stomach), testes (with
epididymis), thigh muscle, thymus, thyroid gland, trachea, urinary bladder, and uterus. The larynx, lungs, nasal cavity, and
gross lesions were examined in all lower exposure groups.

Supplemental Evaluations

Clinical Pathology Study:

Blood for hematology and clinical chemistry evaluations was collected from base-study rats at the end of the study.
Hematology parameters evaluated included automated and manual hematocrit, hemoglobin concentration, erythrocyte count,
reticulocyte count, mean cell volume, mean cell hemoglobin, mean cell hemoglobin concentration, platelet count, and
leukocyte count and differential. Clinical chemistry parameters evaluated included urea nitrogen, creatinine, glucose, total
protein, albumin, globulin, albumin/globulin ratio, alanine aminotransferase, alkaline phosphatase, creatine kinase, sorbitol
dehydrogenase, and bile acids.




1-NITROPYRENE, NTP ToxiciTY REPORT NUMBER 34 33

TABLE 2 Experimental Design and Materials and Methods
in the 13-Week Inhalation Study of 1-Nitropyrene (continued)

EXPERIMENTAL DESIGN (continued)

Supplemental Evaluations (continued)

Sperm Motility and Vaginal Cytology Evaluations:

Sperm motility and vaginal cytology evaluations were performed on base-study rats at the end of the study. Rats in the 0, 8,
20, and 50 mg/m? groups were evaluated. Male rats were evaluated for necropsy body and reproductive tissue weights,
spermatozoal data, and spermatogenesis. Females were evaluated for necropsy body weight, estrous cycle length, and the
percent of cycle spent in the various stages.

Preliminary Toxicokinetic Study:

A preliminary toxicokinetic study was performed on 12 supplemental male rats. Rats received a single 6-hour exposure to
8 mg/m® 1-nitropyrene. At five time points following exposure (15 minutes and 2, 12, 24, and 72 hours), lung tissue samples
were collected from two or three rats per time point and analyzed for 1-nitropyrene content. Rate of clearance and
elimination half-life of 1-nitropyrene in the lungs were calculated.

13-Week Toxicokinetic Study:

A toxicokinetic study was performed on supplemental rats (23 males per exposure group) exposed to 0.5, 8, or 50 mg/m?
1-nitropyrene for 6 hours per day, 5 days per week for 13 weeks. To measure the accumulation of 1-nitropyrene over time in
the lungs and plasma of exposed rats, lung tissue and plasma samples were collected at time points within 1 hour after the
end of exposure at Day 8, Day 36, and Week 13. To measure the rate of clearance and elimination half-life of 1-nitropyrene
in lungs and plasma, tissue samples were collected at intervals following the last exposure (Week 13). All samples except
plasma samples from rats in the 0.5 mg/m® group were analyzed for 1-nitropyrene content.

ANIMAL MAINTENANCE

Time Held Before Study
Males: 14 days
Females: 15 days

Age When Study Began
7 weeks

Age When Killed
20 weeks

Method of Animal Distribution
Animals were distributed randomly into groups of approximately equal initial mean body weight.

Diet
NIH-07 Open Formula Diet (Zeigler Bros., Inc., Gardners, PA) in pellet form and softened water (City of Richland), available
ad libitum except during exposure periods.

Animal Room Environment

Rats were housed in individual cages between exposures and in individual exposure tubes during exposures. In the animal
room, the temperature was maintained at 69° to 75° F with 40% to 70% relative humidity and 12 to 18 room air changes per
hour. In the exposure tubes, the temperature was maintained at 72° to 78° F with 30% to 50% relative humidity with an air
flow of 22 to 34 L/minute. Fluorescent light was provided for 12 hours per day.
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Statistical Methods
ANALYSIS OF CONTINUOUS VARIABLES

Two approaches were employed to assess the significage of pairwise comparisons between dosed
and control groups in the analysis of continuous variables. Organ and body weight data, whit
have approximately normal dstributions, were analyzed with the parametric multiple comparison
procedures of Williams (1971, 1972) or Dunnett (1955). Clinical pathology, spermatid, ad
epididymal spermatozod data, which typically have skewed distributions, were analyzed with the
nonparametric multiple comparison methods of Shirley (1977) anddunn (1964). Jonckheere's test
(Jonckheere, 1954) was used to assess the significance of dose-response trends and to determine
whether a trend-sensitive test (Williams or Shirley's test) was more appropriate for pairwis
comparisons than atest that does not assume a monotonic dose responséDunnett's or Dunn's test).
Trend-sensitive tests were used when Jonckheere's test was significant at a P-value less than 0.1.
Average severity values were analyzed br significance using the Mann-Whitney U test (Hollander
and Wolfe, 1973). Before analysis, extreme values identified by the outlier test of Dixon ad
Massey (1951) were examined by NTP personnel and implausble values were eliminated from the
anaysis.

ANALYSIS OF VAGINAL CYTOLOGY DATA

Because the data are proportions (the proportion of the observation period that an animal wasin
a given estrous stage), an arcsine transformation was used to bring the data into close
conformance with normality assumptions. Treatment effects were investigated by applyinca
multivariate analysis of variance (Morrison, 1976) to the transformed data to test for th

simultaneous equality of measurements across dose levels.

Quality Assurance

The animal study of 1-nitropyrene was performed in compliance wt United States Food and Drug
Administration Good L aboratory Practies regulations (21 CFR, Part 58). The Quality Assurance
Unit of Battelle Pacific Northwest Laboratories performed audits and inspections of protocols
procedures, data, and reports throughout the course of the study.
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RESULTS

13-Week Inhalation Study in F344/N Rats

All rats survived until the end of the study (Table 3. The final mean body weights and mean body
weight gains of all exposed groups were similar to those of the controlgTable 3 and Figure 3).

There were no clinical signs of toxicity related to 1-nitropyrene exposure.

TABLE 3 Survival and Body Weights of F344/N Rats in the 13-Week Inhalation Study
of 1-Nitropyrene

Final Weight
Concentration Mean Body Weight (grams) Relative to
(mg/m?) Survival' Initial Final Change Controls (%)*
MALE
0 10/10 145 276 131
0.5 10/10 144 273 129 99
2 10/10 144 281 137 102
8 10/10 144 276 132 100
20 10/10 143 279 136 101
50 10/10 143 265 122 96
FEMALE
0 10/10 107 173 66
0.5 10/10 111 173 62 100
2 10/10 108 173 64 100
8 10/10 108 169 61 97
20 10/10 108 170 62 98
50 10/10 108 170 62 98

* Number surviving at 13 weeks/number of animals per exposure group.

2 (Exposure group mean/control group mean) x 100.



36

1-NITROPYRENE, NTP ToXICITY REPORT NUMBER 34

300

250

MEAN BODY WEIGHT IN GRAMS

100

<

S

e

<o R
G O
N
& JrEe

MALE RATS

W O ME/ME
1 0.5 MG/M3
2 2 MB/M3
O & MG/
W 20 MG/M3

& 80 MG/M3

200

5 B 7 8 ° 10 11 12 13
WEEKS ON STUDY

160

MEAN BODY WEIGHT IN GRAMS

100

FEMALE RATS
W O MG/ME
5 MB/MS
£ 2 MG/ME
O 8 MS/M3
& 20 MG/M3
< B0 MG/M3

5 6

7

8

WEEKS ON STUDY

FIGURE 3 Body Weights of F344/N Rats Exposed to 1-Nitropyrene by Inhalation

for 13 Weeks



1-NITROPYRENE, NTP ToxiciTY REPORT NUMBER 34 37

Hematology and clinical chemistry evaluations were conducted at th end of the 13-week study and
theresultsarelisted in Tables C1 ard C2. The few differences in these parameters were minimal,

inconsistent, and not considered related to 1-nitropyrene exposure.

Significant differences in organ weights were limited to male rats (Table 4 and Appendix B)
Absolute liver weights were significantly increased in males exposed to 2, 8, or 20 mg/m
1-nitropyrene, and relative liver weights were significantly increased at all exposure levels, but a
clear dose responsewas not evident. Absolute and relative lung weights of malesin the 2 mg/rh
group were also significantly increased. Noother differences in absolute or relative organ weights

occurred in the study.

TABLE 4 Liver and Lung Weights for Male F344/N Rats
in the 13-Week Inhalation Study of 1-Nitropyrene*

Concentration (mg/m?®)

0 0.5 2 8 20 50
n 10 10 10 10 10 10
Necropsy body wt 2725 269+4 280+ 6 273+ 4 277+5 262+5
Liver
Absolute 8.363+0.142 8.773+0.218 9.922 +0.233** 9.357 +0.142** 9.621 + 0.233** 8.816 + 0.221
Relative 30.80 £ 0.25 3254 +0.50* 35.40+0.40* 34.37+0.49* 34.81+0.72** 33.61+ 0.42**
Lungs
Absolute 1.295+0.033 1.421+0.046 1.525+0.075** 1.424 +0.051 1.384 £ 0.045 1.354 + 0.033
Relative 478 £0.13 5.28 £0.17 5.44 + 0.24* 5.23+0.20 5.00 £ 0.12 5.17 + 0.12

1 Organ weights and body weights are given in grams; relative organ weights (organ-weight-to-body-weight ratios) are
given as mg organ weight/g body weight (mean + standard error).

* Significantly different (P<0.05) from the control group by Williams' or Dunnett's test.

** Significantly different (P<0.01) from the control group by Williams' or Dunnett's test.
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Following a single 6-hour inhalation exposure (8 mg/ni), the terminal elimination half-life d

1-nitropyrene in the lungs of rats was 0.58 hours (Table 5).

TABLE 5 Clearance Rates of 1-Nitropyrene from the Lungs and Plasma
of Male F344/N Rats Following 6 Hours or 13 Weeks of Inhalation Exposure®

C, k ty, Correlation
(na/9) (hours™) (hours) Coefficient
Lungs
6-Hour Exposure (8 mg/m?) 0.20 1.19 0.58 0.97
13-Week Exposure? (8 mg/m?) 0.24 0.69 1.01 0.93
13-Week Exposure? (50 mg/m?) 5.20 0.11 6.12 0.72
Plasma
13-Week Exposure (50 mg/m?) 0.03 0.90 0.77 0.77

1 Clearance of 1-nitropyrene from the lungs or plasma was modeled assuming first-order clearance with the following
expressions: C(t)=C,e™* and t,,=In(2/k), where
t=time following the end of exposure
C(t)=1-nitropyrene concentration at time t
C,=1-nitropyrene concentration at the time exposure was stopped (t=0)
k=first order clearance rate constant
t,,=Clearance half-life
2 Final exposure and sample collection on Day 91.
® Final exposure and sample collection on Day 90.

In the 13-week study, a notable accumulation of 1-nitropyrene in the lungs of male rats wa
observed only in the 50 mg/nt group (Table 6). In rats exposed to 0.5 or 8 mg/n¥, mean amounts
of 1-nitropyrene per gram of lung tissue varied but did not notably increase from Day 8d
Week 13. However, in the 50mg/m? group, mean lung concentration of 1-nitropyrene doubled
between Day 8 and Day 36 and again between Day 36 and the end of the study (Table 6).

The mean concentration of 1-nitropyrene in the plasma of rats exposed to 50 mg/rhdid not

consigtently incresse during the 13-week study (Table 6). In the 8 mg/m group, plasma samples
contained less than the experimental limit ofquantitation (ELOQ) (5 ng/mL) of 1-nitropyrene, and
plasma samples from rats in the 0.5 mg/n? group were not analyzed due to the low 1-nitropyrene

concentrations observed in the 8 mg/nt group.
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TABLE 6 Concentrations of 1-Nitropyrene in the Lungs and Plasma
of Male F344/N Rats Exposed by Inhalation for 8 Days, 36 Days,
or 13 Weeks*

Exposure Concentration

0.5 mg/m? 8 mg/m? 50 mg/m®

Lungs

Day 8 0.010 0.121 181

Day 36 0.005° 0.077 3.71

Week 132 0.006° 0.185* 7.91°
Plasma

Day 8 )° by 0.015

Day 36 )° ) 0.010°

Week 13 )° ) 0.026°

-

Each value is the mean 1-nitropyrene concentration (ug/g lung tissue or plasma) of three samples, unless otherwise
specified. All samples were collected within 1 hour after the exposures ended on Day 8, Day 36, or Week 13. One
sample was analyzed per rat.

Final exposure and sample collection for the 8 and 50 mg/m?® groups on Days 91 and 90, respectively.

Value for one sample; all other samples contained less than the experimental limit of quantitation (ELOQ), 5 ng/mL.
Mean of five samples.

Mean of four samples.

Plasma samples from rats in the 0.5 mg/m® group were not analyzed because of the low 1-nitropyrene concentrations
observed in the 8.0 mg/m® group.

All samples contained <ELOQ.

o o A~ w N

~

Based on 1-nitropyrene concentrations observed in the lung tissue and plasma samples (Table 8)
taken at intervals following the end of exposure (Tables 7 and Figure 4), the first-order clearance
rate constant (k) and the half-life (i) of 1-nitropyrene were calculated for the 6-hour study (lungs
only) and the 13-week study (Table 5). The elimination half-life (f, = 1.01 hours) o
1-nitropyrenein the lungs of rats exposed to 8 mg/ni for 13 weeks was notably longerthan the
gimination half-life (t,, = 0.58 hours) in the lungs of rats receiving a single 8 mg/m exposure for
6 hours. For rats exposed to 50 mg/n? for 13 weeks, the elimination half-life (t,, = 6.12 hours)
of 1-nitropyrene in the lungs was approximately six times greater than that in the lungs of rat
exposed to 8 mg/n for 13 weeks. The half-life (t,, = 0.77 hours) of 1-nitropyrenein the plasma
of rats exposed to 50 mg/n?® for 13 weeks was considerably shorter than that in the lungs of rats
receiving the same exposure (Table 5). The data from rats exposed to 50 mg/m (Table 7) are

shown in Figure 4.
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TABLE 7 Concentrations of 1-Nitropyrene in the Lungs of Male F344/N Rats
Measured at Intervals Following a Single 6-Hour or 13-Week Inhalation

Exposure!
Exposure Concentration
Time? 05mg/m* 8 mg/m® 50 mg/m?®
6-Hour Exposure?® 15 min. 0.138
0.102
2 hr. 0.022
0.018
12 hr. )
24 hr. )°
72 hr. )°
13-Week Exposure 20 min. 0.006 0.210 4.98
<ELOQ 0.239 9.61
<ELOQ 0.225 12.5
30 min. <ELOQ 0.150
40 min. )° 0.099 4.54
50 min. <ELOQ
60 min. )° 0.120 2.10
0.148
0.108
70 min. 0.006
80 min. 0.007
90 min. <ELOQ
2 hr. )° 0.026° 3.26
0.059
4 hr. 0.011 2.04
5.17
8.11
6 hr. 0.005 0.994
16 hr. by 1.16
0.351
0.275
24 hr. <ELOQ 0.976
0.652
<ELOQ
0.220

Each value is the 1-nitropyrene concentration (ug/g lung tissue) for one tissue sample, unless otherwise specified. One
sample was analyzed per rat.

Number of minutes or hours after the last exposure ended.

For the 6-hour exposure study, rats were only exposed to 8 mg 1-nitropyrene/m®.

Two samples were analyzed; both contained less than the experimental limit of quantitation (ELOQ), 5 ng/g.

Three samples were analyzed; all contained <ELOQ.

Three samples were analyzed, but one was not used to calculate clearance rate.

Three samples were analyzed; two contained <ELOQ and one was not used to calculate clearance rate.

N o 0 s w N
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TABLE 8 Concentrations of 1-Nitropyrene in the Plasma of Male F344/N Rats
Measured at Intervals Following 13 Weeks of Inhalation Exposure®

Exposure Concentration?

Time® 8 mg/m? 50 mg/m®
13-Week Exposure 20 min. ) 0.018
0.048
0.019
30 min. <ELOQ
40 min. <ELOQ 0.018
60 min. ) 0.011
2 hr. ) 0.006
4hr, <ELOQ )®
6 hr. <ELOQ <ELOQ
16 hr. 0.014° )
24 . <ELOQ by

-

Each value is the 1-nitropyrene concentration (ug/mL plasma) for one tissue sample, unless otherwise specified. One
sample was analyzed per rat.

Plasma samples from rats in the 0.5 mg/m® group were not analyzed because of the low 1-nitropyrene concentrations
observed in the plasma of rats in the 8.0 mg/m? group.

Number of minutes or hours after the last exposure ended.

Three samples were analyzed; all contained less than the experimental limit of quantitation (ELOQ), 5 ng/mL.

Three samples were analyzed; two contained <ELOQ, and one was not used to calculate clearance rate.

Three samples were analyzed; two contained <ELOQ.

Four samples were analyzed; all contained <ELOQ.

N
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There wereno gross lesions attributed to the inhalation of 1-nitropyrene. However, microscopic
lesions associated with the inhalation of 1-nitropyree were observed in the larynx, nose, and lungs
of male and female rats (Table 9 and Appendix A).

Squamous metaplasia of the larynx occurred in most exposed groups ith concentrati on-dependent
increases in incidence and severity (Table 9). This was a focal lesion which occurred in th
mucosa of the larynx at the base of the epiglottis. It was characterized by replacement of th
normal cuboidal and ciliated columnar cells with well-differeritated stratified squamous epithelium
(Plates 1 and 2). Minimal lesions were subtle and focally limited to the central area of the ventral
laryngesl floor, while moderate lesions at the higherexposure concentrations were more extensive.
Laryngeal squamous metaplasia was observed in males at a concentration of 2 mg/rhor greater

and in females at all exposure concentrations.

Squamous metaplasia of the bronchus was observed in the lungs of afew male and female rats at
the higher exposure concentrations (Table 9). The metaplasia occurred usually at one or mag

bronchial bifurcation points and consisted of focal replacement of the ciliated



1-NITROPYRENE, NTP ToxiciTY REPORT NUMBER 34 43

columnar mucosal cells by well-differentiated stratified squamos epithelium (Plates 3 and 4). The
affected mucosa was dightly thickenedand occasionally keratinized. Squamous metaplasia of the
bronchus was aminimal cange in all affected animals, regardless of exposure concentration, but
had increasing incidence at the higher concentratiols. This lesion was present in males at the three
highest exposure levels and in females at the two highest levels.

Cytoplasmic dteration of the nasal respiratory epithelium vas present in most male and female rats
at an exposure concentration of 8 mg/ni or greater (Table 9). Cytoplasmic alteration wa
characterized by the presence of brightly eosinophilic cytoplasmic inclusions within mucoda
epithelid cells. This change was minimalto moderate in severity and was most typically observed
in the cellslining the nasal septum in the anterior and nd-level nasal sections, with more extensive
involvement of the respiratory epithelium in more severe cases. Incidence and severity of ths

lesion increased with increasing exposure level.
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TABLE 9 Incidence and Severity of Respiratory Lesions in F344/N Rats
in the 13-Week Inhalation Study of 1-Nitropyrene®

Concentration (mg/m?®)

0 0.5 2 8 20 50
MALE
Larynx
Epiglottis, metaplasia,
sguamous 0/10 0/10 5/10* (1.0) 10/10** (1.8) 10/10** (2.1) 10/10** (2.5)
Lung
Bronchus, metaplasia,
sguamous 0/10 0/8 0/10 1/10 (1.0) 2/10 (1.0) 5/10* (1.0)
Nose
Respiratory epithelium,
cytoplasmic alteration 0/10 0/10 0/10 8/10** (1.4) 10/10** (2.1) 10/10** (2.8)
FEMALE
Larynx
Epiglottis, metaplasia,
sguamous 0/10 4/10* (1.0) 4/10* (1.0) 10/10** (1.7) 10/10** (2.0) 10/10** (2.8)
Lung
Bronchus, metaplasia,
squamous 0/10 0/10 0/10 0/10 2/10 (1.0) 3/10 (1.0
Nose
Respiratory epithelium,
cytoplasmic alteration 0/10 0/10 0/10 6/10** (1.2) 10/10** (2.2) 10/10** (2.7)

Average severity (in parentheses) is based on the number of animals with lesions: 1=minimal, 2=mild, 3=moderate, and
4=marked.

*  Significantly different (P<0.05) from the control group by the Fisher exact test.

** Significantly different (P<0.01) from the control group by the Fisher exact test.

No treatment-related effects were noted on spermmotility and vaginal cytology (Tables D1 and
D2). A lesion of the testis was observed in all male rats, both control and treated. The lesion
diagnosed as atrophy, consisted of partial to total loss of the germ cells. Thiswas a minimald
moderate change depending on the extent oftubule involvement. Hypospermia of the epididymis,
characterized by decreased numbers of spermat@oa within the lumens of epididymal tubules, was
associated with the testicular atrophy. These lesions were not considered to be chemical -related
effect, but rather due to heator pressure resulting from the daily confinement within the exposure

tubes.



PLATE 1 PLATE 2

Normal laryngeal mucosa at the base of thiglatfis from a control ~ Laryngeal mucosa from a male rat exposed to 50 mgitmopyrene.
male rat showing the mixture ofli@ed columnar cells (arrows) and Note the replacement of the normal epithelium by mild squamous
nonciliated, stratified cells. Compare to the exposed male rat in Plate rdetaplasia, with horizontal orientation of superficial cells. H&E, 260x.
H&E, 260x.

PLATE 4
PLATE 3

) _ Bronchial mucosa from a male rat exposed to 50 rthgitropyrene.
Normal bronchialmucosa from a control male rat showing the low Note the focalreplacement of the normal ciliated epithelum by
columnar diated cells. Compare to the exposed male rat in Plate 4.squamous metaplasia (arrows). H&E, 260x.
H&E, 260x.
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DISCUSSION

All rats survived to the end of the 13-week study. Body weight gains of exposed groups wer
similar to controls. However, body weight gains of controlF344/N rats in this nose-only inhalation
study were significantly lower than those of control F344/N rats in whole-body inhalation studies
of other chemicalsconducted by the same laboratory (Figure 5). The reduced body weight gains
observed in the present study were probably due to the stressful effects of confinement in th
exposure tubes. Michajlovskij et al. (1988) reported that rats confined in exposure tubes fo
150 minutes daily for 7 to 38 days had lower feed and water intake than control rats not confined,
with concomitant decreases in body weight and urine output. Excessive heat buildup durig
exposure tube confinement may have produced the testicudr atrophy observed in the present study
in control and exposed male rats. Bowler (1972) also reported testicular degeneration in rat
following repeated exposures to heat. In one study (Leest al., 1993), the incidence of spontaneous
testicular degeneration in control rats fom inhalation studies was more than threefold greater than
that seen in control rats from oral toxicity studies and was attributed to stress and immobilization
associated with restraint during the exposure period. Histopathologic effects attributabled

confinement in exposure tubes were not evident in female rats.

Sporadic changes in hematolayy and clinical chemistry end points occurred in the 13-week study.
However, the changes were not considered to have any biological significance, and thei

relationship to 1-nitropyrene exposure was unclear.

The haf-life of 1-nitropyrenein the lungs of male rats &posed to 8 mg/n? for 13 weeks was about
1 hour, whereas that in the lungs of rats exposed to 50 mg/m for 13 weeks was about 6 hours
These dataindicae that rats in the 8 mg/n? group were able to clear the 1-nitropyrene from their
lungs between exposures (18-hour interval), whereas rats in the 50 mg/m group accumul ated
1-nitropyrenein their lungs faster than it was cleared during the daily exposure, resulting ina

increased lung burden of 1-nitropyrene over time.
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Bond et al. (1986a,b) conducted nose-only inhalation studies of [“C]-labeled 1-nitropyrene and
reported that radioactivity in the lungs of rats exposed to 50 ng/L for 1 hour was cleared ira
biphasic manner with a short-term half-life of 1 hourand along-term half-life of 100 hours. In the
same study, radioactivity in the lungs of rats exposed to 490 ng/L *C]-1-nitropyrene for 1 hour
was cleared with a short-term half-life of 1 hour and a long-term half-life of 40 hours. Ta
chemical identity of the™C label in the lungs was not determined. The long-term half-life could
be the result of some form of tissue binding (Medinskyet al., 1988). In the present study, tre
elimination half-life of inhaled 1-nitropyrene in the lungs of rats exposed at 8 mg/mfor 6 hours
was 0.6 hours. No short-term or long-term half-lives were discerned from the present dat
obtained from gas chromatography/mass spectroscopy analyses, however, only unreacte

1-nitropyrene was detected by this method.

After 13 weeks of nose-only inhalation exposure to 1-nitropyrene, squamous metaplasia of th
laryngeal epithelium was observed in male rats exposed to concentrations of 2 mg/mor greater
and in female rats exposed to concentrations of 0.5 mgih® or greater. Squamous metaplasia of the
bronchial mucosa was also observed in the lungs of males exposed to concentrations of 8 mg/rh
or greater and of females exposed to concentrations of 20 mgm?® or greater. Sguamous metaplasia
of the larynx and tracheobronchia epithelium isacommon rgponse to a variety of inhaled irritants
and carcinogens (Renneet al., 1992), such as cigarette smoke (Auerbachet al., 1961), asbestos
(Woodworth et al., 1983), and benzo[a]pyrene-ferric oxide (Harriset al., 1972). Sguamous
metaplasiais considered to be an adaptive reponse of the respiratory mucosato chronic irritation.
With chronic exposure to carcinogens, squamous metaplasia with cellular atypia (dysplasia) may
develop and is considered a precursor to neoplasia (Monticelloet al., 1990). The metaplastic
lesions of the larynx and bronchus in the current study of 1-nitropyrene did not have dysplast
changes and were not consideed necessarily preneoplastic, although the potential for progression
with exposures of longer duration must be considered and cannot be ruled out. The stressfu
experimental conditions and lower body weights may have had an impact on neoplast

progression.

Cytoplasmic alteration (hyaline doplets) of the nasal respiratory epithelium was observed in male
and female rats exposed to 1-nitropyrene at concentrations of 8 mg/m or greater. The

accumulation of hyaline droplets, which are believed to be proteinaceous secretory material, is a
minor, nonspecific degenerative change that can occur spontaneously and can be exacerbated by

chemical exposure (Monticelloet al., 1990). It isunusual that the lower airway had metaplastic
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changes but the nasal cavity was spared. This may be related to the site-specifianetabolism of

1-nitropyrene.

The lung is probably atarget organ for 1-nitropyrene caranogenesis following inhalation exposure,
as demonstrated by the metabolism of 1-nitropyrene to the reactive intermediate by rat, hamster,
and rabbit tracheal epithelia cells (King and Lewtas, 1993) and by rabbit lung slices (Jackso
et al., 1985), by the formation of C8-dG-AP adducts in mouse lung following intratrachda
instillation of 1-nitropyrene (Mitchell, 1988a), and by the appearance of lung tumors in mie
following intraperitoneal administetion of 1-nitropyrene (El-Bayoumyet al., 1984). However, in
the present study, the only histopathol ogic changes observed were metaplasiain the epithelium of
the larynx and bronchi. Wolffet al. (1988) observed no lesions in the lungs of F344 rats afte
nose-only inhalation exposure to 1-nitropyrene at 7.5mg/m?, 2 hours per day, 5 days per week, for
4 weeks. 1-Nitropyrene is considered aweak carcinogen; therefore, alonger period of time may

be required for 1-nitropyrene-induced carcinogenesis to manifest (Imaidaet al., 1991).

Inhaled 1-nitropyrene has been shown to distribute thraghout the body of rats and be metabolized
by both nitro reduction andring oxidation (Ball et al., 1984; El-Bayoumy and Hecht, 1984; Bond
et al., 1986¢). In mice instilled intratracheally with 1-nitropyrene, C8-dG-AP adducts wer
identified in the liver and kidney in addition to the lung (Mitchell, 1988a). 1-Nitropyrea
intraperitonedlly injected into ratshas been shown to form C8-dG-AP adducts in the kidney, liver,
and mammary gland (Hashimoto and Shudo, 1985; Stantonet al., 1985). Imaidaet al. (1991)
reported induction of neoplastic hepatic lesions in CD rats after intraperitoneal injection of th
1-nitropyrene metabolites N-hydroxy-N-acetyl-1-aminopyrine or N-acetyl-1-aminopyrine &
67 pmol/kg, three times per week for 4 weeks. Dendaet al. (1989) reported that six daily
intragastric intubations of 1-nitropyrene at 100 mg/kg induced y-glutamyltranspeptidase
(GGT)-positive foci in the liver of F344 rats. GGT-positive foci are considered preneoplast
changes. In the present study, 1-nitropyrene was detected inthe plasma of rats in the 50 mg/n?
group; however, no lesionsin the liver, kidney, or mammary gland were observed. This may be

due to the low concentration of 1-nitropyrene circulating and the short duration of exposure.

Ohgaki et al. (1985) reported that 1-nitropyrene containing 0.2% 1,3-dinitropyrene, 0.36
1,6-dinitropyrene, and 0.3% 1,8-dinitopyrene was carcinogenic and that 1-nitropyrene containing
less than 0.05% of each dinitropyrene was not. These authors questioned the purity of ta
1-nitropyrene used in a previous study by Ohgakiet al. (1982) that reported 1-nitropyrene-induced
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carcinogenesis. Beland (1991) demonstrated that 1-nitropyrene used in the studies indeed could
be contaminatedwith dinitropyrenes and again raised the question of whether tumors induced by
1-nitropyrene could be due to the presence of dinitropyrenes. The 1-nitropyrene used in ta
present study was 99.3% pure, and no impurities greater than 0.1% were detected. Thus, th

histopathologic changes observed in rats were considered 1-nitropyrene related.

The International Agency for Research on Cancer (IARC) has concluded that whole diesel engine
exhaust is carcinogenic in animals and that 1-nitropyrene, one of the many chemical carcinogens
identified in diesel engine exhaust, is a carcinogenin animals and is possibly a 2B carcinogen in
humans(IARC, 1989a). A computer program called the Carcinogenicity Prediction and Battery
Selection (CPBS) system has been developed to compute the probability that a given chemical is
carcinogenic based a the results of short-term tests. According to analyses by the CPBS, values
between 0.3 and 0.7 are considered indeterminant. 1-Nitropyene has a value of 0.4375; therefore,
its probability of carcinogenicity is considered inconclusive (Rosenkranz and Howard, 1986)
Based on data contained in this report and previously published reports on the genetic toxicity
carcinogenicity, and toxicokinetics of 1-nitropyene, it is the opinion of the NTP that 1-nitropyrene
has a high likelihood of being carcinogenic to the respiratory tract, particularly under expos#
conditions that lead to significant accumulations of 1-nitropyrene in the lungs, and perhaps other
organs of F344/N rats.

The NTP has elected not to perform a 2-year study of 1-nitropyrene at this time because b
technical difficulties and high costs associated with nose-only inhalation and procuring highyt
purified 1-nitropyrene. If a 2-year study were to le performed, the highest exposure concentration
would likely be 50 mg/nT, based on the lack of significant pathologic or clinical changesin th
13-week study, which could compromise the long-term heath of the rats from other tha
neoplagtic effects. It is recognized that a significant accumulation of 1-nitropyrene in the lung
would occur at 50 mg/n?. In order to provide exposure levels not likely to cause a significah
accumulation of 1-nitropyrene in the lungs, lower exposure levels would be based primarily p

existing toxicokinetic data.

In summary, nose-only inhalation exposure of rats to 1-nitropyrene for 13 weeks inducd
sguamous metaplasia of the laryngea and bronchia respiratorymucosa at the bronchial bifurcation

inmaesand females. Cytoplasmic alterations in the respiratory epithelium were also induced in
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males and females. The no-observed-advers-effect level (NOAEL) for male rats was 0.5 mg/m.
A NOAEL for female rats could not be determined from these studies.



1-NITROPYRENE, NTP ToxICITY REPORT NUMBER 34 51

REFERENCES

AUERBACH, O., StouT, A. P.,HAMMOND, E. C., AND GARFINKEL, L. (1961). Changesin bronchial
epithelium in relation to cigarette smoking and in relation to lung cancer.N. Engl. J. Med.
265, 253-267.

AYRES, P. H., SUN, J. D., AND BOND, J. A. (1985). Macromolecular covalent binding &
¥C-nitropyrene in normal and antibiotic-treated rats. Toxicologist 5, 212 (Abstr.).

BALL, L. M., AND LEWTAS, J. (1985). Metabolism and genotoxicity of 1-nitropyrene. h
Polynuclear Aromatic Hydrocarbons: Mechanisms, Methods and Metabolism (M. Cooke and
A. J. Dennis, Eds.), pp. 121-133. Battelle Press, Columbus, OH.

BALL,L.M.,KOHAN, M. J., INMON, J. P., CLAXTON, L. D., AND LEWTAS, J. (1984). Metabolism of
1-nitro[*C]pyrenein vivo in the rat and mutagenicity of urinary metabolites. Carcinogenesis
5, 1557-1564.

BALL, J. C., ZACMANIDIS, P., AND SALMEEN, I. T. (1985). The reduction of 1-nitropyrene b
1-aminopyrene does not correlate with the mutagenicity of 1-nitropyrene in V79 Chines
hamster cells. In Polynuclear Aromatic Hydrocarbons: Mechanisms, Methods and
Metabolism (M. Cooke and A. J.Dennis, Eds.), pp. 113-120. Battelle Press, Columbus, OH.

BELAND, F. A. (1991). Role of ring oxidation in the metabolic activation of 1-nitropyrene.Res.
Rep. Health Eff. Inst. 46, 1-33.

BELAND, F. A., HEFLICH, R. H., HOWARD, P. C., AND Fu, P. P. (1985). The in vitro metabolic
activation of nitro polycyclic aromatic hydrocarbons. InPolycyclic Hydrocarbons and
Carcinogenesis, Series 283 (R. G. Harvey, Ed.), pp. 371-396. American Chemical Society,
Washington, DC.

BoND, J. A.,AND MAUDERLY, J. L. (1984). Metabolism and macromolecular covalent binding of
[“C]-1-nitropyrenein isolated perfused and ventilated rat lungs. Cancer Res. 44, 3924-3929.



52 1-NITROPYRENE, NTP ToxICITY REPORT NUMBER 34

BonD, J. A., MEDINSKY, M. A., AND SUN, J. D. (19864a). Disposition and metabolism of free and
particle-associated nitropyrenes after inhalation. Res. Rep. Health Eff. Inst. 2, 15-48.

BonD, J. A., SUN, J. D., MEDINSKY, M. A., JONES, R. K., AND YEH, H. C. (1986b). Deposition
metabolism, and excretion of 1-[**C]nitropyrene and 1-* C]nitropyrene coated on diesé
exhaust particles as influenced by exposure concentration. Toxicol. Appl. Pharmacol. 85,
102-117.

BoND, J. A., MAUDERLY, J. L., AND MCCLELLAN, R. O. (1986¢). **C-1-Nitropyrene metabolism
inrat nasal tissue and isolated perfused rat lungs. In Polynuclear Aromatic Hydrocarbons:
Chemistry, Characterization and Carcinogenesis (M. Cooke and A. J. Dennis, Eds.), pp
87-98. Battelle Press, Columbus, OH.

BOorRMAN, G. A., MONTGOMERY, C. A., JrR., EusTIS, S. L., WOLFE, M. J.,, MCCONNELL, E. E., AND
HARDISTY, J. F. (1985). Quality assurance in pathology for rodent carcinogenicity studies. In
Handbook of Carcinogen Testing (H. A. Milman and E. K. Weisburger, Eds.), pp. 345-357.
Noyes Publications, Park Ridge, NJ.

BoOoORMAN, G. A., HICKMAN, R. L., DAvVIS, G. W., RHODES, L. S., WHITE, N. W., GRIFFIN, T. A,
MAYO, J., AND HAMM, T. E., JR. (1986). Serological titers to murine viruses in 90-day aad
2-year studies. InComplications of Viral and Mycoplasmal Infections in Rodents
to Toxicology Research and Testing (T. E. Hamm, Jr., Ed.), pp. 11-23. Hemisphere, Nev
Y ork.

BOWLER, K. (1972). The effect of repeated applications of heat on spermatogenesisin therat: A
histological study. J. Reprod. Fertil. 28, 325-333.

CoDE oF FEDERAL REGULATIONS (CFR) 21, Part 58. Good Laboratory Practice for Nonclinich
Laboratory Studies.

DENDA, A., TSUTSUMI, M., TsuJucHI, T., EIMOTO, H., KONISHI, Y., AND SATO, S. (1989).
Induction of rat liver y-glutamyltranspeptidase-positive foci by oral administration 6
1-nitropyrene. Cancer Lett. 45, 21-26.



1-NITROPYRENE, NTP ToxICITY REPORT NUMBER 34 53

DiPaoLO, J. A., DEMARINIS, A. J., CHow, F. L., GARNER, R. C., MARTIN, C. N., AND DONIGER, J.
(1983). Nitration of carcinogenic and non-carcinogenic polycyclic aromatic hydrocarbos
results in products able to induce transformation of Syrian hamster cells.Carcinogenesis 3,
357-359.

DJURIC, Z., FIFER, E. K., HOWARD, P. C., AND BELAND F. A. (1986). Oxidative microsoma
metabolism of 1-nitropyrene to DNA-binding of oxidized metabol#s following nitroreduction.
Carcinogenesis 7, 1073-1079.

DixoN, W.J.,, AND MASSEY, F. J.,, JR. (1951). Introduction to Statistical Analysis, 1st ed., pp. 145-
147. McGraw-Hill Book Company, New Y ork.

DUNN, O. J. (1964). Multiple comparisons using rank sums. Technometrics 6, 241-252.

DUNNETT, C.W. (1955). A multiple comparison procelure for comparing several treatments with
acontrol. J. Am. Sat. Assoc. 50, 1096-1121.

DUTCHER, J. S.,AND SUN, J. D. (1983). Metabdism and excretion of 1-nitropyrene in Fischer-344
rats. Fed. Proc. 42, 914. (Abstr.)

EDWARDS, M. J., BATMANGHELICH, S., EDWARDS, S., PARRY, J. M., AND SMITH, K. (1986). The
induction of DNA adductsin mammadian cells exposed to 1-nitropyrene and its nitro-reduced
derivatives. Mutagenesis 1, 347-352.

EL-BAyoumy, K., AND HECHT, S. S. (1983). Identification and mutagenicity of metabolites 6
1-nitropyrene formed by rat liver. Cancer Res. 43, 3132-3137.

EL-BAYouMY, K., ANDHECHT, S. S. (1984). Metabolism of 1-nitrolU-4,5,9,10-*C]pyrenein the
F344 rat. Cancer Res. 44, 4317-4322.

EL-BAYOUMY, K., HECHT, S. S., AND HOFFMANN, D. (1982). Comparative tumor initiating activity
on mouse skinof 6-nitrobenzo[a]pyrene, 6-nitrochrysene, 3-nitroperylene, 1-nitropyrene and
their parent hydrocarbons. Cancer Lett. 16, 333-337.



54 1-NITROPYRENE, NTP ToxICITY REPORT NUMBER 34

EL-BAYyoumy, K., SHARMA, C., Louls, Y. M., REDDY, B., AND HECHT, S. S. (1983). Therole of
intestinal microflora in the metabolic reduction of 1-nitropyrene to 1-aminopyrene

conventional and germfree rats and in humans. Cancer Lett. 19, 311-316.

EL-BAYoumy, K., HECHT, S. S., SACKL, T., AND STONER, G. D. (1984). Tumorigenicity ard
metabolism of 1-nitropyrenein A/J mice. Carcinogenesis 5, 1449-1452.

EL-BAYOouMY, K., RIVENSON, A, JOHNSON, B., DIBELLO, J., LITTLE, P., AND HECHT, S. S. (1988).
Comparative tumorigenicity of 1-nitropyrene, 1-nitrosopyrene, and 1-aminopyres
administered by gavage to Sprague-Dawley rats. Cancer Res. 48, 4256-4260.

EL-BAYoumy, K., CHAE, Y .-H., UPADHYAYA, P., RIVENSON, A., KURTZKE, C., REDDY, B., AND
HECHT, S. S. (1995). Comparative tumorigenicity of benzop]pyrene, 1-nitropyrene and 2
amino-1-methyl-6-pghenylimidazo-[4,5-] pyridine administered by gavage to female CD rats.
Carcinogenesis 16, 431-434.

FIFER, E. K., HOWARD, P. C., HEFLICH, R. H., AND BELAND, F. A. (1986). Synthesis ard
mutagenicity of 1-nitropyrene 4,5-oxide and 1-nitropyrene 9,0-oxide, microsomal metabolites

of 1-nitropyrene. Mutagenesis 1, 433-438.

GiBsoN, T. L. (1982). Nitro derivatives of polynuclear aromatic hydrocarbons in airborne ad

source particulate matter. Atmos. Environ. 16, 2037-2040.

GIBSON, T. L. (1986). Sources of nitroaromatic mutagensin atmgphere polycyclic organic matter.
J. Air Pollut. Control Assoc. 36, 1022-1025.

HARRIS, C. C., SPORN, M. B., KAUFMAN, D. G., SMITH, J. M., JACKSON, F. E., AND SAFFIOTTI, U.
(1972). Histogenesis of squamous metaplasia in the hamster tracheal epithelium caused ¥

vitamin A deficiency or benzo[a]pyrene ferric oxide. J. Natl. Cancer Inst. 48, 743-761.

HASHIMOTO, Y ., AND SHUDO, K. (1985). Modification of nucleic acids with 1-nitropyrene in the

rat: Identification of the modified nucleic acid base. Jpn. J. Cancer Res. 76, 253-256.



1-NITROPYRENE, NTP ToxICITY REPORT NUMBER 34 55

HEFLICH, R. H., FULLERTON, N. F., AND BELAND, F. A. (1986). An examination of the we&

mutagenic response of 1-nitropyrenein Chinese hamsterovary cells. Mutat. Res. 161, 99-108.

HEFLICH, R. H., THORNTON-MANNING, J. R., KINOUCHI, T., AND BELAND, F. A. (1990).

Mutagenicity of oxidized microsomal metabolites of 1-nitropyrene in Chinese hamster ovary
cells. Mutagenesis 5, 151-157.

HIROSE, M., LEE, M .-S., WANG, C. Y., AND KING, C. M. (1984). Induction of rat mammary gland

tumors by 1-nitropyrene, a recently recognized environmental mutagen. Cancer Res. 44,
1158-1162.

HOLLANDER, M., AND WOLFE, D. A. (1973). Nonparameteric Statistical Methods, pp. 120-123.
John Wiley ans Sons, New Y ork.

HowARD, P. C., AND BELAND, F. A. (1982). Xanthine oxidase catalyzed binding of 1-nitropyrene
to DNA. Biochem. Biophys. Res. Commun. 104, 727-732.

HowARD, P. C., HEFLICH, R. H., EVANS, F. E., AND BELAND, F. A. (1983a). Formation of DNA

adducts in vitro and in Salmonella typhimurium upon metabolic reduction of the
environmental mutagen 1-nitropyrene. Cancer Res. 43, 2052-2058.

HOWARD, P. C., GERRARD, J. A., MILO, G. E., Fu, P. P., BELAND, F. A., AND KADLUBAR, F. F.

(1983b).  Transformation of normal human skin fibroblasts by 1-nitropyrene ad

6-nitrobenzo[a]pyrene. Carcinogenesis 4, 353-355.

IMAIDA, K., HIROSE, M., LEE, M.-S., WANG, C. Y., AND KING, C. M. (1985). Comparative

carcinogenicitiesof 1-, 2-, and 4-nitropyrenes (NP) and structurally related compounds fo

female CD rats following intraperitoneally injection. Proc. Am. Assoc. Cancer Res. 26, 93
(Abstr.).

IMAIDA, K., HIROSE, M., TAY, L.,LEE, M .-S., WANG, C. Y., AND KING, C. M. (1991). Comparative

carcinogenicities of 1-, 2-, and 4-nitropyene and structurally related compounds in the female
CD rat. Cancer Res. 51, 2902-2907.



56 1-NITROPYRENE, NTP ToxICITY REPORT NUMBER 34

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER (IARC) (1989a). 1-Nitropyrene. IARC
Monogr. Eval. Carcinog. Risk Chem. Hum. 46, 321-358.

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER (IARC) (1989b). General remarks on the

agents considered. |ARC Monogr. Eval. Carcinog. Risk Chem. Hum. 46, 31-38.

JACKSON, M. A, KING, L. C.,BALL, L. M., GHAYOURMANESH, S., JEFFREY, A. M., AND LEWTAS, J.
(1985). Nitropyrene: DNA binding and adduct formation in respiratory tissues. Environ.
Health Perspect. 62, 203-207.

JONCKHEERE, A. R. (1954). A distribution-free k-sample test against ordered alternatives
Biometrika 41, 133-145.

KING, C. M. (1988). Metabolism and biological effects of nitropyrene and related compounds
Res. Rep. Health Eff. Inst. 16, 1-22.

KING, L. C., AND LEWTAS, J. (1993). An evaluation of the comparative metabolism and kinetics
of 1-nitropyrene by rabbit, rat, and hamster tracheal epithelibcells. Toxicol. Appl. Pharmacol.
122, 149-158.

LEE, K., FRAME, F. R., SYKES, G. P., AND VALENTINE, R. (1993). Testicular degeneration ard
spermatid retention in young male rats. Toxicol. Pathol. 21, 292-302.

MAEDA, T., 1zumi, K., OTSUKA, H., MANABE, Y ., KINOUCHI, T., AND OHNISHI, Y. (1986). Induction

of squamous cell carcinomain the rat lung by 1,6-dinitropyrene.JNCI 76, 693-701.

MARONPOT, R. R., AND BOORMAN, G. A. (1982). Interpretation of rodent hepatocellula
proliferative alterations and hepatocellular tumors in chemical safety assessment. Toxicol.
Pathol. 10, 71-80.

MARSHALL, T.C.,ROYER, R.E., LI, A.P.,KusewITT, D. F., AND BROOKS, A. L. (1982). Acuteand
genetic toxicity of 1-nitropyrene and itsfate after Sigle oral doses to rats. J. Toxicol. Environ.
Health 10, 373-384.



1-NITROPYRENE, NTP ToxICITY REPORT NUMBER 34 57

MARTIN, R.H., FLAMMANG, R., AND ARBAOUI, M. (1965). Applications of NMR spectroscopy in
the field of polycyclic aromatic derivative. X. Pyrene derivatives monosubstituted at position
1. Bull. Soc. Chim. Belges 74, pp. 418-425.

MATSUOKA, A., SOFUNI, T., MIYATA, N., AND ISHIDATE, M., JR. (1991). Clastogenicity d
1-nitropyrene, dinitropyrenes, fluorene and mononitrofluorenes in cultured Chinese hamster
cells. Mutat. Res. 259, 103-110.

McCARTNEY, M. A., CHATTERJEE, B. F., McCoy, E. C., MORTIMER, E. A., JR., AND ROSENKRANZ,
H. S. (1986). Airplane emissions: A source of mutagenic nitrated polycyclic aromats
hydrocarbons. Mutat. Res. 171, 99-104.

MEDINSKY, M. A., SHELTON, H., BOND, J. A., AND MCCLELLAN, R. O. (1985). Biliary excretion
and enterohepatic circulation of 1-nitropyrene metabolites in Fischer-344 rats. Biochem.
Pharmacol. 34, 2325-2330.

MEDINSKY, M. A., BOND, J. A., HUNSBERGER, S., AND SUN, J. D. (1988). Lung, liver, and kidney
as potentia target organs after exmpsure to 1-nitropyrene, as determined by the time course of
covalently bound material. J. Toxicol. Environ. Health 23, 445-454.

MERMELSTEIN, R., KIRIAZIDES D. K., BUTLER, M., McCoy, E. C., AND ROSENKRANZ, H. S. (1981).

The extraordinary mutagenicity of nitropyrenesin bacteria. Mutat. Res. 89, 187-196.

MicHAXLOVSKIg N., LICHARDUS, B., KVETNANSKY, R, AND PONEC, J. (1988). Effect of acute and
repeated immobilization stress food andwater intake, urine output and vasopressin changes
in rats. Endocrinol. Exp. 22, 143-157.

MITCHELL, C. E. (1988a). Formation of DNA adducts in mouse tissues after intratrachea
ingtillation of 1-nitropyrene. Carcinogenesis 9, 857-860.

MITCHELL, C. E. (1988b). Damage and repair of mouse lung DNA induced by 1-nitropyrene
Toxicol. Lett. 42, 159-166.



58 1-NITROPYRENE, NTP ToxICITY REPORT NUMBER 34

MONTICELLO, T. M., MORGAN, K. T., AND URAIH, L. (1990). Nonneoplastic nasal lesionsin rats

and mice. Environ. Health Perspect. 85, 249-274.

MORRISON, D. F. (1976). Multivariate Statistical Methods, 2nd ed., pp. 170-179. McGraw-Hill
Book Company, New Y ork.

NAKAYASU, M., SAKAMOTO, H., WAKABAYASHI, K., TERADA, M., SUGIMURA, T., AND
ROSENKRANZ, H. S. (1982). Potent mutagenic activity of nitrogyrenes on Chinese hamster lung

cells with diphtheria toxin resistance as a selective marker. Carcinogenesis 3, 917-922.

NATIONAL TOXICOLOGY PROGRAM (NTP) (1987). Technical Protocol for Sperm Morphology and
Vaginal Cytology Evaluations in Toxicity Testing for Rats and Mice, 10/31/82 versin
(updated April 1987). Research Triangle Park, NC.

NESNOw, S., TRIPLETT, L. L.,AND SLAGA, T.J. (1984). Tumor initiating activities of 1-nitropyrene

and its nitrated products in SENCAR mice. Cancer Lett. 23, 1-8.

ODAGIRI, Y., ADACHI, S., KATAYAMA, H., MATSUSHITA, H., AND TAKEMOTO, K. (1986).
Carcinogenic effects of a mixture of nitropyrenes in F344 rats following its repeated orh
administrations. In Carcinogenic and Mutagenic Effects of Diesel Engine Exhaust (N.
Ishinishi, A. Koizumi, R. O.McClellan, and W. Stober, Eds.), pp. 291-307. Elsevier Science
Publishers, Amsterdam.

OHGAKI, H., MATSUKURA, N., MORINO, K., KAWACHI, T., SUGIMURA, T., MORITA, K., TOKIWA, H.,
AND HIROTA, T. (1982). Carcinogenicity in rats of themutagenic compounds 1-nitropyrene

and 3-nitrofluoranthene. Cancer Lett. 15, 1-7.

OHGAKI, H.,HASEGAWA, H., KATO, T., NEGISHI, C., SATO, S., AND SUGIMURA, T. (1985). Absence
of carcinogenidty of 1-nitropyrene, correction of previous results, and new demonstration of

carcinogenicity of 1,6-dinitropyrenein rats. Cancer Lett. 25, 239-245.



1-NITROPYRENE, NTP ToxICITY REPORT NUMBER 34 59

OKINAKA, R. T., NickoLs, J. W., STRNISTE, G. F., AND WHALEY, T. W. (1986). Photochemicd
transformation of primary aromatic amines into "direct-acting” mutagens. |nPolynuclear
Aromatic Hydrocarbons: Chemistry, Characterization and Carcinogenesis (M. Cooke and
A. J. Dennis, Eds.), pp. 717-728. Baittelle Press, Columbus, OH.

PATTON, J. D.,MAHER, V.M., AND MCCORMICK, J. J. (1986). Cytotoxic and mutagenic effects of

1-nitropyrene and 1-nitrosopyrene in diploid human fibroblasts. Carcinogenesis 7, 89-93.

PITTS, J. N., JR., VAN CAUWENBERGHE, K. A., GROSJEAN, D., SCHMID, J. P., FiTz, D. R., BELSER,
W.L.,JR., KNUDSON, G. B., AND HYNDS, P. M. (1978). Atmospheric reactions of polycyclic
aromatic hydrocarbons: Facile formation of mutagenic nitro derivatives. Science 202,
515-519.

POUCHERT, C. J. (1985). The Aldrich Library of FT-IR Spectra, 1st ed., Vol. 1, p. 1392A.

Ra0G. N., HASEMAN, J. K., AND EDMONDSON, J. (19894). Influence of viral infections on body
weight, survival, and tumor prevalence in Fischer 344/NCr rats on two-year studies.Lab.
Anim. Sci. 39, 389-393.

Rao, G. N., PEGORsCH, W.W., CRAWFORD, D. D., EDMONDSON, J., AND HASEMAN, J. K. (1989b).
Influence of viral infections on body weight, survival, and tumor prevalence of B6C3E
(C57BL/6N x C3H/HeN) mice in carcinogenicity studies. Fundam. Appl. Toxicol. 13, 156-
164.

RENNE, R. A., GIDEON, K. M., MILLER, R. A., MELLICK, P. W., AND GRUMBEIN, S. L. (1992).
Histologic methods and interspecies variations inthe laryngeal histology of F344/N rats and
B6C3F, mice. Toxicol. Pathol. 20, 44-51.

ROBERTSON, J., AND INGALLS, T. H. (1980). A mortality study of carbon black workers in tle

United States from 1935 to 1974. Arch. Environ. Health 35, 181-186.

ROSENKRANZ, H. S. (1982). Direct-acting mutagensin diesel @hausts: Magnitude of the problem.
Mutat. Res. 101, 1-10.



60 1-NITROPYRENE, NTP ToxICITY REPORT NUMBER 34

ROSENKRANZ, H. S., AND HOWARD, P. C. (1986). Structural basis of the activity of nitrate
polycyclic aromatichydrocarbons. 1n Carcinogenic and Mutagenic Effects of Diesel Engine
Exhaust (N. Ishinishi, A. Koizumi, R. O. McClellan, and W. Stober, Eds.), pp. 141-168

Elsevier Science Publishers, Amsterdam.

ROSENKRANZ, H. S., AND MERMELSTEIN, R. (1983). Mutagenicity and genotoxicity of nitroarenes,

all nitro-containing chemicals were not created equal. Mutat. Res. 114, 217-267.

RoOSENKRANZ, H. S., McCoy, E. C., SANDERS, D. R., BUTLER, M., KIRIAZIDES, D. K., AND
MERMELSTEIN, R. (1980). Nitropyrenes: Isolation, identification, and reduction of mutagenic

impurities in carbon black and toners. Science 209, 1039-1043.

Roy, A. K., EL-BAYoumY, K., AND HECHT, S. S. (1989). *P-postlabeling analysis d
1-nitropyrene)DNA adducts in female Sprague-Dawley rats. Carcinogenesis 10, 195-198.

SADTLER STANDARD SPECTRA. IR N0.11262; NMR No. 27622M. Sadtler Research Laboratories,
Philadelphia, PA.

AITo, K., KAMATAKI, T., AND KATO, R. (1984). Participation of cytochrome P-450 in reductive

metabolism of 1-nitropyrene by rat liver microsomes. Cancer Res. 44, 3169-3173.

SHADDOCK, J. G., HEFLICH, R. H., MCMILLAN, D. C., HINSON, J. A., AND CASCIANO, D. A. (1989).
Pretreatment with mixed-function oxidase inducers increases the sensitivity of th

hepatocyte/DNA repair assay. Environ. Mol. Mutagen. 13, 281-288.

SHIRLEY, E. (1977). A non-parametric equivalent of Williams' test for contrasting increasing dose
levels of atreatment. Biometrics 33, 386-389.

SMITH, B.A., KORFMACHER, W. A., AND BELAND, F. A. (1990). DNA adduct formation in target
tissues of Sprague-Dawley rats, CD-1 mice and A/J mice following tumorigenic doses b

1-nitropyrene. Carcinogenesis 11, 1705-1710.



1-NITROPYRENE, NTP ToxICITY REPORT NUMBER 34 61

STANTON, C. A, CHow, F. L., PHILLIPS, D. H., GROVER, P. L., GARNER, R. C., AND MARTIN, C. N.
(1985). Evidence for N-(deoxyguanosin-8-yl)-1-aminopyrene as a major DNA adductn
female rats treated with 1-nitropyrene. Carcinogenesis 6, 535-538.

STARK, G., STAUFF, J., MILTENBURGER, H. G., AND STUMM-FISCHER, [|. (1985).
Photodecomposition of 1-nitropyreéne and other direct-acting mutagens extracted from diesel-
exhaust particulates. Mutat. Res. 155, 27-33.

SUGIMURA, T., AND TAKAYAMA, S. (1983). Biological actions of nitroarenes in short-term tests on
Salmonella, cultured mammaliancells and cultured human tracheal tissues: Possible basis for

regulatory control. Environ. Health Perspect. 47, 171-176.

SuN, J. D., WoLFF, R. K., ABERMAN, H. M., AND MCCLELLAN, R. O. (1983). Inhalation d
1-nitropyrene associated with utrafine insoluble particles or as a pure aerosol: A comparison

of deposition and biological fate. Toxicol. Appl. Pharmacol. 69, 185-198.

SUN, J.D., WoLFF, R.K.,AND MCCLELLAN, R. O. (1985). Biologial fate of different 1-nitropyrene
aerosols after repeated inhalation exposures in rats. Toxicologist 5, 128 (Abstr.).

TAKAYAMA, S., TANAKA, M., KATOH, Y., TERADA, M., AND SUGIMURA, T. (1983). Mutagenicity

of nitropyrenes in Chinese hamster V79 cells. Gann 74, 338-341.

ToKIWA, H., AND OHNISHI, Y. (1986). Mutagenicity and carcinogenicity of nitroarenes and their

sources in the environment. CRC Crit. Rev. Toxicol. 17, 23-60.

ToKIWA, H., OToFUJ, T, HORIKAWA, K., KITAMORI, S., OTSUKA, H., MANABE, Y ., KINOUCHI, T.,
AND OHNISHI, Y. (1984). 1,6-Dinitropyrene: Mutagenicity inSalmonella and carcinogenicity
in BALB/c mice. JNCI 73, 1359-1363.

TokIwA, H., NAKAGAWA, R., HORIKAWA, K., AND OHKUBO, A. (1987). The nature of tre
mutagenicity and carcinogenicity of nitrated, aromatic compounds in the environment
Environ. Health Perspect. 73, 191-199.



62 1-NITROPYRENE, NTP ToxICITY REPORT NUMBER 34

WiLLiamMS, D. A. (1971). A test for differences ketween treatment means when several dose levels

are compared with a zero dose control. Biometrics 27, 103-117.

WiLLiams, D. A. (1972). The comparison of several dose levels with a zero dose contral
Biometrics 28, 519-531.

WisLockl, P. G., BAGAN, E. S, LU, A.Y.H.,DooLEY, K. L., Fu, P. P, HAN-HsuU, H., BELAND, F.
A., AND KADLUBAR, F. F. (1986). Tumorigenicity of nitrated derivatives of pyrene
benz[a]anthracene, chrysene and benzo[a]pyrenein the newban mouse assay. Carcinogenesis
7,1317-1322.

WoLFF, R.K.,BARR,E.B.,BOND, J. A., EIDSON, A. F., GRIFFITH, W. C., HAHN, F. F., HARKEMA, J.
R., HENDERSON, R. F., MITCHELL, C. E., ROTHENBERG, S. J., SHOPP, G. M., AND SUN, J. D.
(1988). Factors affecting possible carcinogenicity of inhaled nitropyrene aerosols. Res. Rep.
Health Eff. Inst. 19, 1-41.

WOODWORTH, C., MOSsMAN, B. T., AND CRAIGHEAD, J. E. (1983). Squamous metaplasia of the
respiratory tract. Possible pathogenic role in asbestos-associated bronchogenic carcinoma
Lab. Invest. 48, 578-584.

Y OsHIMI, N., SUGIE, S., MORI, H., KINOUCHI, T., AND OHNISHI, Y. (1987). Genotoxicity of various

nitroarenes in DNA repair tests with human hepatocytes. Mutat. Res. 182, 384 (Abstr.).



1-NITROPYRENE, NTP ToxiciTY REPORT NUMBER 34

APPENDIX A

Summary of Nonneoplastic L esions

Table Al Summary of the Incidence of Nonneoplastic Lesions in Male F344/N Rats
in the 13-Week Inhalation Study of 1-Nitropyrene . . ... .
Table A2 Summary of the Incidence of Nonneoplastic Lesions in Female F344/N Rats
in the 13-Week Inhalation Study of 1-Nitropyrene

A-1



A-2 1-NITROPYRENE, NTP ToxiciTY REPORT NUMBER 34

TABLE A1 Summary of the Incidence of Nonneoplastic Lesions in Male F344/N Rats
in the 13-Week Inhalation Study of 1-Nitropyrene®

0 mg/m? 0.5 mg/m?® 2 mg/m? 8 mg/m? 20 mg/m? 50 mg/m®
DISPOSITION SUMMARY
Animals initially in study 10 10 10 10 10 10
Survivors
Terminal sacrifice 10 10 10 10 10 10
Animals examined microscopically 10 10 10 10 10 10
Alimentary System
Liver (10) 2 (@) @) 1) (10)
Hepatodiaphragmatic nodule 2 (20%) 2 (100%) 4 (100%) 1 (100%) 1 (100%) 1 (10%)
Cardiovascular System
Heart (10) (10)
Cardiomyopathy 6 (60%) 4 (40%)
Endocrine System
None
General Body System
None
Genital System
Epididymis 9) (10) (10) 9) (10) (10)
Hypospermia 9 (100%) 10 (100%) 10 (100%) 9 (100%) 10 (100%) 10 (100%)
Testes (10) (10) (10) (10) (10) (10)
Atrophy 10 (100%) 10 (100%) 10 (100%) 10 (100%) 10 (100%) 10 (100%)
Mineralization 1 (10%) 2 (20%) 1 (10%)
Hematopoietic System
Lymph node 1) 1) 1)
Renal, hemorrhage 1 (100%) 1 (100%) 1 (100%)
Lymph node, mediastinal (10) 1) 8)
Hemorrhage 1 (100%)
Thymus (10) 1) (20)
Hemorrhage 1 (100%)

Integumentary System
None

Musculoskeletal System
None

Nervous System
None
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TABLE A1 Summary of the Incidence of Nonneoplastic Lesions in Male F344/N Rats
in the 13-Week Inhalation Study of 1-Nitropyrene (continued)

0 mg/m? 0.5 mg/m?® 2 mg/m? 8 mg/m? 20 mg/m? 50 mg/m®
Respiratory System
Larynx (10) (10) (10) (10) (10) (10)
Epiglottis, metaplasia,
squamous 5 (50%) 10 (100%) 10 (100%) 10 (100%)
Lung (10) 8) (10) (10) (10) (10)
Hemorrhage 10 (100%) 8 (100%) 10 (100%) 9 (90%) 10 (100%) 10 (100%)
Inflammation, chronic active 3 (38%) 1 (10%) 2 (20%) 1 (10%)
Bronchus, metaplasia,
squamous 1 (10%) 2 (20%) 5 (50%)
Nose (10) (10) (10) (10) (10) (10)

Olfactory epithelium,
cytoplasmic alteration

Respiratory epithelium,
cytoplasmic alteration

10 (100%)

10 (100%)

10 (100%)

10 (100%)

8 (80%)

10 (100%)

10 (100%)

10 (100%)

10 (100%)

Special Senses System
None

Urinary System
Kidney
Nephropathy

(10)
5 (50%)

(10)
5 (50%)

1

Number of animals examined microscopically at site and number of animals with lesion.
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TABLE A2  Summary of the Incidence of Nonneoplastic Lesions in Female F344/N Rats
in the 13-Week Inhalation Study of 1-Nitropyrene®

0 mg/m? 0.5 mg/m? 2 mg/m? 8 mg/m? 20 mg/m? 50 mg/m®

DISPOSITION SUMMARY

Animals initially in study 10 10 10 10 10 10

Survivors
Terminal sacrifice 10 10 10 10 10 10

Animals examined microscopically 10 10 10 10 10 10

Alimentary System

Liver (10) 3) 1) 4) 1) (10)
Hepatodiaphragmatic nodule 2 (67%) 1 (100%) 4 (100%) 1 (100%) 1 (10%)
Inflammation, chronic 1 (33%)
Inflammation, chronic active 1 (10%)
Necrosis 1 (10%)
Necrosis, focal 1 (10%) 1 (33%)

Cardiovascular System

Heart (10) (10)
Cardiomyopathy 4 (40%) 4 (40%)

Endocrine System

None

General Body System

None

Genital System

Ovary (10) (2) (10)
Cyst 1 (10%) 1 (100%) 1 (10%)

Hematopoietic System

Lymph node, mediastinal 9) 1) (10)
Hemorrhage 1 (100%)

Spleen (10) (1) (20)
Fibrosis 1 (100%)

Integumentary System

Skin (10) (10)
Inflammation, chronic active 1 (10%)

Musculoskeletal System
None

Nervous System
None
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TABLE A2

in the 13-Week Inhalation Study of 1-Nitropyrene (continued)

Summary of the Incidence of Nonneoplastic Lesions in Female F344/N Rats

0 mg/m? 0.5 mg/m? 2 mg/m? 8 mg/m? 20 mg/m? 50 mg/m®
Respiratory System
Larynx (10) (10) (10) (10) (10) (10)
Epiglottis, metaplasia,
squamous 4 (40%) 4 (40%) 10 (100%) 10 (100%) 10 (100%)
Lung (10) (10) (10) (10) (10) (10)
Hemorrhage 10 (100%) 8 (80%) 6 (60%) 9 (90%) 7 (70%) 9 (90%)
Inflammation, chronic active 5 (50%) 2 (20%) 2 (20%) 2 (20%)
Alveolar epithelium,
hyperplasia 1 (10%)
Bronchus, metaplasia,
squamous 2 (20%) 3 (30%)
Nose (10) (10) (10) (10) (10) (10)

Olfactory epithelium,
cytoplasmic alteration

Respiratory epithelium,
cytoplasmic alteration

10 (100%)

10 (100%)

10 (100%)

10 (100%)

6 (60%)

10 (100%)

10 (100%)

10 (100%)

10 (100%)

Special Senses System
None

Urinary System
Kidney
Nephropathy

(10)
1 (10%)

(10)
1 (10%)

1

Number of animals examined microscopically at site and number of animals with lesion.
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APPENDIX B

Organ Weights and
Organ-Weight-to-Body-Weight Ratios

Table B Organ Weights and Organ-Weight-to-Body-Weight Ratios for F344/N Rats
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TABLE B Organ Weights and Organ-Weight-to-Body-Weight Ratios for F344/N Rats
in the 13-Week Inhalation Study of 1-Nitropyrene®
0 mg/m? 0.5 mg/m? 2 mg/m? 8 mg/m? 20 mg/m? 50 mg/m®

MALE
n 10 10 10 10 10 10
Necropsy body wt 2725 269+ 4 280+ 6 273+4 2775 262 +5
Heart

Absolute 0.867 £ 0.013 0.852 £ 0.017 0.873+£0.018 0.862 £ 0.013 0.904 £ 0.013 0.851 + 0.015

Relative 3.19 £ 0.02 3.17 £ 0.06 3.12 £ 0.06 3.17 £ 0.04 3.27+£0.03 3.25+ 0.03
Right kidney

Absolute 0.925 +0.014 0.947 £ 0.016 0.970 £ 0.016 0.966 + 0.011 0.968 + 0.019 0.920 £ 0.017

Relative 3.41 +£0.04 3.52 £ 0.04 3.47 £0.05 3.55+0.04 3.50 £ 0.04 3.51+ 0.04
Liver

Absolute 8.363 £ 0.142 8.773+0.218 9.922 + 0.233** 9.357 £ 0.142** 9.621 + 0.233** 8.816 + 0.221

Relative 30.80 £ 0.25 32.54 + 0.50* 35.40 £+ 0.40** 34.37 £ 0.49** 34.81 £ 0.72** 33.61 £ 0.42**
Lungs

Absolute 1.295 + 0.033 1.421 + 0.046 1.525 + 0.075** 1.424 + 0.051 1.384 + 0.045 1.354 + 0.033

Relative 4.78 +0.13 5.28 £0.17 5.44 + 0.24* 5.23+0.20 5.00 £0.12 517+ 0.12
Right testis

Absolute 0.788 + 0.061 0.732 £ 0.036 0.862 + 0.059 0.830 + 0.060 0.729 + 0.063 0.722 + 0.056

Relative 291+0.22 2.72+0.13 3.10+0.23 3.07+£0.25 2.63+0.21 277+ 0.24
Thymus

Absolute 0.236 + 0.008 0.232 £ 0.011 0.242 £ 0.018 0.241 + 0.008 0.245 £ 0.010 0.221 + 0.010

Relative 0.87 £0.02 0.86 £ 0.04 0.87 £0.07 0.88 £0.02 0.89 £0.03 0.84 = 0.03
FEMALE
n 10 10 10 10 10 10
Necropsy body wt 170+ 3 171+3 169 +2 165+ 2 168 +3 167 +3
Heart

Absolute 0.597 £ 0.013 0.608 + 0.013 0.604 + 0.008 0.593 + 0.009 0.582 + 0.012 0.598 + 0.011

Relative 3.51 +0.06 3.56 = 0.04 3.59 +0.04 3.61 +0.06 3.47 £ 0.06 3.59+ 0.02
Right kidney

Absolute 0.608 + 0.012 0.598 £ 0.016 0.595 + 0.009 0.595 £ 0.011 0.605 + 0.013 0.612 + 0.011

Relative 3.58 £0.10 3.50 £ 0.08 3.53+0.04 3.62 £ 0.07 3.61+£0.05 3.68 = 0.06
Liver

Absolute 5.296 £ 0.111 5.025 + 0.102 5.062 + 0.092 4957 £0.134 5.149+0.134 5.289 + 0.165

Relative 31.14 £ 0.56 29.42 +0.34 30.02 £0.32 30.12+0.71 30.68 £ 0.55 31.69 + 0.68
Lungs

Absolute 0.994 + 0.032 1.015 + 0.029 1.024 + 0.022 0.938 + 0.022 0.983 + 0.040 1.011 + 0.038

Relative 5.84+0.14 594 +0.14 6.08 £ 0.15 5.71+0.13 5.85+0.17 6.05+ 0.16
Thymus

Absolute 0.196 + 0.008 0.190 + 0.007 0.181 + 0.009 0.188 + 0.004 0.191 + 0.008 0.181 + 0.008

Relative 1.15+0.04 1.11 £ 0.04 1.07 £ 0.05 1.14 £ 0.02 1.13+0.04 1.08 £ 0.04

1 Organ weights and body weights are given in grams; relative organ weights (organ-weight-to-body-weight ratios) are given as mg organ
weight/g body weight (mean * standard error).
*  Significantly different (P<0.05) from the control group by Williams' or Dunnett's test.

*

*

Significantly different (P<0.01) from the control group by Williams' or Dunnett's test.
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TABLE C1 Hematology Data for F344/N Rats in the 13-Week Inhalation Study
of 1-Nitropyrene!

0 mg/m? 0.5 mg/m? 2 mg/m? 8 mg/m? 20 mg/m? 50 mg/m®

MALE
n 10 10 10 10 10 10
Manual hematocrit (%) 46.6+0.4 46.1+0.5 46.4+0.3 46.5+0.6 455+0.3 454+05
Packed cell volume

(mL/dL) 449+04 447+04 442 +0.7 448 +0.6 444+04 439+04
Hemoglobin (g/dL) 154 +0.1 15.3+0.1 15.2+0.1 154+0.1 15.1+0.1 15.1+0.1
Erythrocytes (10°%/pL) 8.91+0.04 8.81+0.07 8.83 £ 0.05 8.85+0.07 8.71+0.07 8.74 £ 0.06
Reticulocytes (10%/uL) 0.16 + 0.02 0.14+0.01 0.12+0.01 0.12 £ 0.02 0.14+0.01 0.12 £ 0.02
Mean cell volume (fL) 505+0.4 50.8+0.3 499+0.8 50.7+0.5 51.0+0.3 50.2 £ 0.3
Mean cell hemoglobin (pg) 17.3+0.0 17.3+0.1 17.2+0.1 17.4+0.1 17.4+0.1 17.2+0.1
Mean cell hemoglobin

concentration (g/dL) 344+03 342+0.1 344+05 343+0.3 341+0.2 343+0.2
Platelets (10%/uL) 486.3+7.3 4625+ 174 504.2 + 22.1° 4716+ 15.0 485.4+18.1 476.1+6.2
Leukocytes (10%/pL) 5.54 +0.18 5.83+0.23 5.30+£0.18 5.83+0.30 5.93+0.43 5.22+0.21
Segmented neutrophils

(10%uL) 1.22+£0.04 1.23+0.11 1.22+0.17 1.31+£0.09 1.34+£0.25 1.21+£0.10
Lymphocytes (10°%/uL) 4.26 +0.18 452 +0.25 4.02+0.10 442 +0.29 4.50 +0.30 3.95+0.19
Monocytes (10%/pL) 0.03 +£0.01 0.04 £0.01 0.03+0.01 0.05 + 0.02 0.05 +0.03 0.03+£0.01
Eosinophils (10%/pL) 0.03+£0.01 0.03 £ 0.02 0.02 £0.01 0.06 + 0.02 0.03+£0.01 0.02 £0.01
FEMALE
n 10 10 10 8 10 9
Manual hematocrit (%) 46.4+0.5 46.2+0.7 473+04 46.7+0.3 478+0.5 471+0.8
Packed cell volume

(mL/dL) 457+0.6 453+0.7 46.8+0.6 46.5+0.6 474+0.7 46.2+1.0
Hemoglobin (g/dL) 15.6 £0.2 155+0.2 15.7+0.2 159+0.2 16.1+£0.1 15.7+0.3
Erythrocytes (10%/pL) 8.47 £0.08 8.51 +0.08 8.66 + 0.07 8.71+0.08 8.80 + 0.08** 8.59 + 0.13*
Reticulocytes (10%/uL) 0.14 £ 0.02 0.11+0.01 0.13+0.01 0.12+0.01 0.10+£0.01 0.11+0.03
Mean cell volume (fL) 54.0+0.5 53.3+0.6 54.0+0.5 53.3+0.6 53.9+04 53.8+0.5
Mean cell hemoglobin (pg) 18.4+0.1 18.2+0.1 18.1+0.1 18.3+0.1 18.3+0.1 18.3+0.0
Mean cell hemoglobin

concentration (g/dL) 341+0.3 342+03 33.6+0.3 342+04 34.0+0.3 341+03
Platelets (10%/uL) 7255+73.6 635.0 +27.2 697.1+32.5 629.8 +39.3 647.7 +44.8 703.7 £ 69.8
Leukocytes (10%/pL) 7.44 £ 0.46 6.60 + 0.40 7.34+0.34 7.60 +£0.43 7.85+0.55 7.39+0.29
Segmented neutrophils

(10%uL) 0.98 £ 0.10 0.88 £ 0.07 1.05+0.08 1.33+£0.20 1.06 £0.17 1.17+£0.14
Lymphocytes (10°%/uL) 6.21+0.43 5.61 +0.42 6.10 £ 0.32 6.17 £ 0.32 6.70 £ 0.43 6.08 +£ 0.28
Monocytes (10%/pL) 0.16 £ 0.05 0.06 + 0.01 0.08 + 0.02 0.04 +£0.02 0.04 £ 0.02 0.10 £ 0.02
Eosinophils (10%/pL) 0.09 +0.02 0.05 +0.02 0.09 +£0.03 0.06 +0.04 0.05 +0.02 0.05 + 0.02

Data are given as mean + standard error. Statistical tests were performed on unrounded data.
Z n=9.

*  Significantly different (P<0.05) from the control group by Shirley's test.

** Significantly different (P<0.01) from the control group by Shirley's test.
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TABLE C2  Clinical Chemistry Data for F344/N Rats in the 13-Week Inhalation Study
of 1-Nitropyrene!
0 mg/m? 0.5 mg/m? 2 mg/m? 8 mg/m? 20 mg/m? 50 mg/m®

MALE
n 10 10 10 10 10 10
Urea nitrogen (mg/dL) 21.2+0.3 21.4+09 21.1+05 21.9+0.3 22.0+0.8 22.0+0.7
Creatinine (mg/dL) 0.77 £0.02 0.69 + 0.03* 0.72 £ 0.03 0.69 + 0.03* 0.67 £ 0.03* 0.65 + 0.02**
Glucose (mg/dL) 134 +7 150+ 11 136 +5 130+ 4 135+4 159+ 11
Total protein (g/dL) 7.0+£0.1 6.8+0.1 7.0+£0.1 6.9+£0.1 6.8 £0.1* 6.7 £ 0.1*
Albumin (g/dL) 42+0.1 41+0.1 42+0.1 42+0.0 42+0.1 41+0.1
Globulin (g/dL) 29+0.1 27+0.0 2.8+£0.0 2.7 £0.0* 2.6 £0.0* 25+£0.1*
Albumin/globulin ratio 1.5+0.0 1.5+0.0 1.5+0.0 1.6 + 0.0** 1.6 +0.0* 1.7 £0.1*
Alanine aminotransferase

(IU/L) 66 +3 57 + 4* 57 +2* 55+ 1* 55 + 2* 52 + 2**
Alkaline phosphatase

(IU/L) 325+ 10 3057 308 +8 323+8 300+8 291 + 8*
Creatine kinase (IU/L) 191 +20 160 + 20 145 + 26 164 + 30 148 + 23 121+17
Sorbitol dehydrogenase

(IU/L) 171 161 15+1 14+1 15+1 161
Bile acids (umol/L) 29.72 £2.40 30.99 + 4.07 26.29£2.16 31.04 £3.00 2942 £1.74 36.64 £ 4.01
FEMALE
n 10 10 10 10 10 10
Urea nitrogen (mg/dL) 21.1+0.7 20.8+0.6 21.8+0.7 224+1.0 21.6+0.6 22.1+13
Creatinine (mg/dL) 0.64 +0.02 0.60 +0.02 0.63 +0.02 0.64 +0.03 0.61+0.01 0.61+0.03
Glucose (mg/dL) 160 + 12 174 + 10 158 + 11 174 + 16 155+8 165+ 14
Total protein (g/dL) 6.6+£0.1 6.6+£0.1 6.6+£0.1 6.4+0.1 6.6 +0.1 6.4+0.1
Albumin (g/dL) 40+£0.1 41+0.1 3.9+0.1 3.9+0.1 42+0.1 40+£0.1
Globulin (g/dL) 25+0.1 25+0.1 27+0.1 25+0.1 24+0.1 24+0.1
Albumin/globulin ratio 16+01 1.7+0.0 15+01 16+01 1.8+0.2 17+01
Alanine aminotransferase

(IU/L) 47+ 2 50+2 44+ 1 49+1 53+2 48+ 3
Alkaline phosphatase

(IU/L) 289+7 273+9 305+ 17 287+9 288+9 283+9
Creatine kinase (IU/L) 154 + 17 174 + 20 155 + 267 189 + 19 166 + 23 146 + 18
Sorbitol dehydrogenase

(VL) 14+1 13+1 13+1 14+1 13+1 14+1
Bile acids (umol/L) 26.07 £3.40 40.41 +£6.70 38.71+£6.95 38.53+7.17 30.65 + 6.07 21.88+2.11

2 n=9.

*  Significantly different (P<0.05) from the control group by Dunn's or Shirley's test.
** Significantly different (P<0.01) from the control group by Shirley's test.

Data are given as mean + standard error. Statistical tests were performed on unrounded data.
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APPENDIX D

Reproductive Tissue Evaluations
and Estrous Cycle Char acterization

Table D1 Summary of Reproductive Tissue Evaluations in Male F344/N Rats
in the 13-Week Inhalation Study of 1-Nitropyrene

Table D2 Summary of Estrous Cycle Characterization in Female F344/N Rats
in the 13-Week Inhalation Study of 1-Nitropyrene . . ... .. D-2
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TABLE D1  Summary of Reproductive Tissue Evaluations in Male F344/N Rats
in the 13-Week Inhalation Study of 1-Nitropyrene®
Study Parameters 0 mg/m? 8 mg/m? 20 mg/m? 50 mg/m?®
n 10 10 10 10
Weights ()
Necropsy body weight 2725 2734 2775 262+5
Left epididymis 0.263 £ 0.010 0.284 £ 0.011 0.265 £ 0.015 0.260 £ 0.011
Left cauda epididymis 0.078 £ 0.003 0.091 + 0.002 0.081 + 0.003 0.079 + 0.0067
Left testis 0.772 £ 0.064 0.927 £ 0.067 0.735 £ 0.054 0.780 £ 0.064
Spermatid measurements
Spermatid heads (107/g testis) 5.19 + 0.86 7.03+0.35 451 +0.53 5.91+0.71
Spermatid heads (10"/testis) 4.36 + 0.91 6.56 + 0.60 3.50 + 0.65 4.89 +0.78
Spermatid count
(mean/10™* mL suspension) 36.30 £ 7.59 54.7 +5.01 29.13+5.41 40.73 £ 6.54
Epididymal spermatozoal measurements
Motility (%) 55.26 +£ 12.53 75.89 +5.02 60.06 + 9.58 63.12 + 7.507
Concentration
(10%g cauda epididymal tissue) 183 + 39 275+ 61 219 £ 65 345+ 777

1

2 n=9.

TABLE D2

in the 13-Week Inhalation Study of 1-Nitropyrene®

Summary of Estrous Cycle Characterization in Female F344/N Rats

Data presented as mean + standard error. Differences from the control group for necropsy body and reproductive organ weights and
spermatid and epididymal spermatozoal measurements are not significant by Dunn's test.

Study Parameters 0 mg/m? 8 mg/m? 20 mg/m? 50 mg/m®
n 10 10 10 10
Necropsy body weight (g) 170+ 3 165+ 2 168 +3 167 +3
Estrous cycle length (days) 5.10 + 0.10 5.10 + 0.10 5.40 + 0.22 5.20 +0.13
Estrous stages (% of cycle)
Diestrus 41.7 41.7 433 433
Proestrus 18.3 19.2 19.2 19.2
Estrus 21.7 20.8 20.0 18.3
Metestrus 18.3 18.3 175 19.2

Necropsy body weight and estrous cycle length presented as mean + standard error. Differences from the control group for necropsy body

weights are not significant by Dunn's test. By multivariate analysis of variance (MANOVA), exposed groups do not differ significantly from the

control group in cycle length or in the relative length of time spent in the estrous stages.
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