~ |ARC MONOGRAPHS

EL AND GASOLINE ENGINE
D SOME NITROARENES

VOLUME 105

ion represents the views and expert
opinions of an IARC Working Group on the
Evaluation of Carcinogenic Risks to Humans,

which met in Lyon, 5-12 June 2012

LYON, FRANCE - 2014

IARC MONOGRAPHS
- R ON THE EVALUATION
. 4 "~ OF CARCINOGENIC RISKS
o TO HUMANS

International Agency for Research on Cancer

\y"@ World Health
K% Organization



3,9-DINITROFLUORANTHENE

3,9-Dinitrofluoranthene was evaluated by previous IARC Working Groups in 1988 and 1995
(IARC, 1989, 1996). New data have since become available, and these have been taken into

consideration in the present evaluation.

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Nomenclature

Chem. Abstr. Serv. Reg. No.: 22506-53-2

Synonym: 3,9-Dinitrofluoroanthene;
4,12-dinitrofluoranthene

1.1.2 Structural and molecular formulae and
relative molecular mass

C16H8NZO4

NO,

Relative molecular mass: 292.26 g/mol

1.1.3 Chemical and physical properties of the
pure substance

Description: Yellow needles (Nakagawa ef al.,
1987); yellow-orange crystals (Charlesworth
& Lithown, 1969)

Melting-point: 222-224 °C (Nakagawa et al.,
1987); 275-276 °C (Charlesworth & Lithown,
1969)

Spectroscopy data: Nuclear magnetic reso-
nance and ultraviolet spectral data have been
reported (Ramdahl ef al., 1988)

Octanol/water  partition
K,, = 4.44 (Lyman, 1985)

coefficient:  log

1.2 Analysis

Tokiwa et al. (1990) reported a method to
separate and identify dinitrofluoranthenes in
airborne particulates. The particulate matter
was collected on a silica fibre filter and extracted
with dichloromethane. The crude extracts were
applied to a column filled with silica gel and were
eluted step by step with hexane, hexane:benzene
(1:1, v/v), benzene, benzene:methanol (1:1, v/v)
and methanol. The components were fraction-
ated and identified by high-performance liquid
chromatography and gas chromatography with
mass spectrometry.
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1.3 Production and use

3,9-Dinitrofluoranthene can be synthesized
by the nitration of fluoranthene or 3-nitro-
fluoranthene in the presence of fuming nitric
acid, with subsequent fractionation and purifica-
tion by recrystallization (Nakagawa et al., 1987;
Horikawa et al., 1991; Matsuoka et al., 1993).

No evidence was found that 3,9-dinitro-
fluoranthene has been produced in commercial
quantities or used for any purpose other than
laboratory applications.

1.4 Occurrence and exposure

1.4.1 Natural occurrence

3,9-Dinitrofluoranthene is not known to
occur as a natural product.

1.4.2 Environmental exposure

Nitrofluoranthenes can be formed during the
combustion of fossil fuels that contain fluoran-
thene, and through atmospheric reactions of
fluoranthene with nitrogen oxides. Sources of
nitrofluoranthenes include diesel emissions,
combustion emissions from kerosene heaters,
gas fuel, liquefied petroleum, airborne particles,
coal fly ash and food (Horikawa et al., 1987).

3,9-Dinitrofluoranthene was detected at a
concentration of 0.013 mg/kg in particulates
emitted from a diesel engine (Tokiwa ef al., 1986).
In 1989, 3,9-dinitrofluoranthene was detected
in airborne particulates at a level of 0.009 pg/g
particulates, corresponding to 0.004 ng/m? in
Sapporo, Hokkaido, Japan (Tokiwa et al., 1990).

Monitoring data indicate that exposure of the
general population to 3,9-dinitrofluoranthene
may occur through its inhalation in the ambient
air (HSDB, 2013).

2. Cancer in Humans

No data were available to the Working Group.
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3. Cancer in Experimental Animals

3.1 Rat

See Table 3.1

3.1.1 Subcutaneous administration

A group of 11 male Fischer 344/DuCrj rats
(age, 6 weeks) received 3,9-dinitrofluoranthene
(purity, 99.8%) by subcutaneous injection at a
dose of 0.05 mg dissolved in 0.2 mL of dimethyl
sulfoxide twice per week for 10 weeks (total
dose, 1 mg/rat). A group of 21 males was injected
similarly with the solvent alone. Animals were
observed for 50 weeks; those with tumours at the
site of injection were killed when moribund. The
first subcutaneous tumour was observed in the
treated group on day 88, and 10 out of 11 (91%)
treated rats had developed tumours at the site
of injection by 48 weeks after the beginning of
treatment; controls did not develop tumours.
The incidence of tumours was highly statistically
significant [10/11 versus 0/21; P < 0.001]. Seven of
10 tumours were described as malignant fibrous
histiocytoma and three as rhabdomyosarcoma.
No metastasis was found. Mean tumour-induc-
tion time was 107 days (Tokiwa et al. 1987).

3.1.2 Intrapulmonary administration

Groups of 10-21 male Fischer 344/DuCrj rats
(age, 11 weeks) received 3,9-dinitrofluoranthene
(purity, > 99.98%) as a single implantation at a
dose of 0, 50, 100 or 200 pg in 0.05 mL of bees-
wax:tricaprylin vehicle into the left lung by thor-
acotomy under ketamine anaesthesia, and were
then observed for up to 100 weeks. The incidence
of tumours of the lung in the groups at 50, 100
and 200 ug was 1 out of 10 (10%), 7 out of 10
(70%) and 19 out of 21 (90%), respectively. No
tumours were found in the vehicle-control group
(0 out of 19). In rats at 200 pg, the first tumour
was observed on day 257 after injection. The inci-
dence of tumours in the groups at 100 pg and
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Table 3.1 Studies of the carcinogenicity of 3,9-dinitrofluoranthene in rats

Strain Route Incidence of tumours Significance Comments
(sex) Dosing regimen
Duration  Animals/group at start
Reference
F344 (M) Subcutaneous injection Injection site (subcutaneous sarcoma): [P <0.001, Mann— Purity,
up to 50 0, 0.05 mg/rat in 0.25 mg/mL DMSO, twice/wk for 10 wks  0/21, 10/11 (91%) Whitney U] 99.8% by
wks (total, 1.0 mg or 3.42 umol) then observed up to 50 wk Injection site (malignant histiocytoma): HPLC
Tokiwa 11 or 21 M/group (age, 6 wk) 0/21, 7/11 (64%)
etal. (1987) Injection site (rhabdomyosarcoma):

0/21, 3/11 (27%)
F344 (M) Intrapulmonary implantation Lung (squamous cell and adenosquamous [P <0.001, mid- and Purity,
up to 100 0, 50, 100, 200 pg/rat in 0.05 mL beeswax:tricaprylin, carcinoma combined): high-dose; Mann— >99.9% by
wks injected directly into the left lower lung after thoracotomy  0/19, 1/10 (10%), 7/10 (70%), 19/21 (90%) Whitney U] HPLC
Horikawa  then observed up until 100 wk Lung (squamous-cell carcinoma):
etal. (1991) 10-21 M/group (age, 11 wk) 0/19, 18/21 (86%)

Lung (adenosquamous carcinoma):
0/19, 1/21 (5%)

DMSO, dimethyl sulfoxide; HPLC, high-performance liquid chromatography; M, male, wk, week

duayuelonyoIuIg-6's
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200 pg was statistically significantly increased in
comparison with the control group [P < 0.001,
Mann-Whitney U]. The tumours in the group
at 100 pg were described as five squamous cell
carcinomas, one adenosquamous carcinoma and
one undifferentiated carcinoma, and those in the
group at 200 pg as 18 squamous-cell carcinomas
and one adenosquamous carcinoma (Horikawa
et al. 1991).

4., Mechanistic and Other
Relevant Data

3,9-Dinitrofluoranthene was considered by
previous IARC Working Groups in 1988 and
1995 (IARC, 1989, 1996). Since that time, no
new data have become available on the biological
fate, metabolism or toxicity of this compound in
experimental animals or humans.

4.1 Absorption, distribution,
metabolism, excretion

4.1.1 Humans

No data were available to the Working Group.

4.1.2 Experimental systems

Mitchell et al. (1993) reported the metabo-
lism of 3,9-dinitrofluoranthene under anaerobic
conditions in vitro in subcellular fractions of the
lung, the target organ for carcinogenicity in rats
(Tokiwa et al., 1987; Horikawa et al., 1991). The
rate of metabolism of 3,9-dinitrofluoranthene,
the most carcinogenic compound of the various
nitrofluoranthene derivatives, was compared
with that of 2-, 3- and 8-nitrofluoranthenes,
which have been reported to be relatively weak
or inactive in the induction of tumours in exper-
imental animals (Ohgaki ef al., 1982; Tokiwa &
Ohnishi, 1986; Tokiwaetal.,1986,1993; Horikawa
et al., 1991). Both the cytosolic and microsomal
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fractions from rat lung anaerobically converted
3,9-dinitrofluoranthene and 2-, 3- or 8-mono-
fluoranthene into their amino derivatives, i.e.
3-amino-9-nitrofluoranthene and 2-, 3- or
8-aminofluoranthene, respectively. The extent of
formation of the amino derivative of 3,9-dinitro-
fluoranthene was found to be much greater
than that of the three mononitrofluoranthenes
(Mitchell et al., 1993). Because the formation of
amino derivatives of carcinogenic nitroarenes,
such as 1,3-, 1,6- and 1,8-dinitropyrenes, has
been reported to be a key step in the metabolic
activation of nitroarenes to DNA-binding prod-
ucts (Rosenkranz & Mermelstein, 1983; Tokiwa
et al., 1986; Wislocki et al., 1986; Moller, 1994;
Purohit & Basu, 2000), 3,9-dinitrofluoranthene
may also be classified as potentially carcinogenic
in view of this metabolic conversion (Mitchell
et al., 1993; Moller, 1994).

Mitchell et al. (1993) also reported that
3-nitrofluoranthene was oxidized by microsomes
from rat lung to form at least three metabolites,
the most important of which was identified as
3-nitrofluoranthene-8-ol.

4.2 Genetic and related effects

4.2.1 Humans

No data were available to the Working Group.

4.2.2 Experimental systems

As reported in a previous JARC Monograph
(IARC, 1989), 3,9-dinitrofluoranthene was
highly active in the induction of reverse muta-
tions in Salmonella typhimurium tester strains
TA98, TA100, TA1538 and TAI1537, but not
TA97, in the absence of a mammalian metabolic-
activation system. Of these tester strains, TA98
was the most sensitive to 3,9-dinitrofluoran-
thene, indicating that this chemical induces
frameshift-type mutations (LARC, 1989; Tokiwa
et al., 1993). Several laboratories compared the
potencies of various nitroarenes, including
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3,9-dinitrofluoranthene, to induce reverse muta-
tions in S. typhimurium TA98 in the absence of
metabolic activation (IARC, 1989; Tokiwa et al.,
1993; Reifferscheid & Heil, 1996). Among several
mono-, di- and trinitrofluoranthene derivatives,
3,7- and 3,9-dinitrofluoranthene were highly
mutagenic, to an extent that was comparable
with that of the dinitropyrenes.

The mutagenicity of 3,9-dinitrofluoranthene
was also determined in other strains, such as S.
typhimurium TA98/NR and TA98/1,8-DNP6,
that are deficient in nitroreductase and
O-acetyltransferase  activities,  respectively
(IARC, 1989; Yamada et al., 1997). The results
showed that 3,9-dinitrofluoranthene was less
mutagenic in these strains than in TA98 (Tokiwa
et al., 1987, 1993), indicating that this chemical
may be activated to mutagenic products by
nitroreductase (IARC, 1989).

In the Ames assay, 3,9-dinitrofluoranthene
was less mutagenic in the presence than in the
absence of metabolic activation, which suggests
that xenobiotic-metabolizing enzymes convert
this compound to a less mutagenic product. It
should be noted that several other mutagenic
nitroarenes, such as 1,3-, 1,6- and 1,8-dinitro-
pyrene, have also been reported to be inactivated
by human and rat cytochrome P450 enzymes
to form products that have lost their genotoxic
and mutagenic activity in bacteria (Shimada &
Guengerich, 1990; Shane & Winston, 1997).

Oda et al. (1992) reported that 3,9-dinitro-
fluoranthene was genotoxic and induced umu
gene expression (measured as (-galactosidase
activity) more strongly in S. typhimurium
NM1011, which has high nitrofurazone-reduc-
tase activity, than in the parent strain, S. typh-
imurium TA1535/pSK1002. The strains deficient
in nitroreductase and/or O-acetyltransferase
were less sensitive to the induction of umu
gene expression by 3,9-dinitrofluoranthene and
other nitroarenes, such as 3,7-dinitrofluoran-
thene, 3-nitrofluoranthene, and 1,3-, 1,6- and
1,8-dinitropyrene, which indicates that these two

enzyme activities are required for the activation
process (Oda et al., 1993). As expected, S. typh-
imurium NM3009, which expresses both high
nitroreductase and high O-acetyltransferase
activity, showed sensitivity for wumu gene
expression induced by 3,9-dinitrofluoranthene,
followed by strains NM2009 and NM1011, which
have O-acetyltransferase and nitroreductase
activity, respectively.

3,9-Dinitrofluoranthene also induced chro-
mosomal aberrations in a Chinese hamster cell
line in the absence of rat-liver metabolic activa-
tion in vitro (Matsuoka et al., 1993) and micro-
nucleus formation in mouse bone marrow in vivo
(Tokiwa et al., 1993).

4.3 Mechanistic considerations

(See also the corresponding Section in the
Monograph on 3,7-Dinitrofluoranthene in this
Volume.)

Assays for genotoxicity and mutagen-
icity in bacteria indicated that 3,9-dinitro-
fluoranthene requires metabolic activation by
xenobiotic-metabolizing enzymes to form active
metabolites (Nakagawa et al., 1987; Oda et al.,
1992, 1993; Tokiwa et al., 1993).

3,9-Dinitrofluoranthene was metabolized to
its amino derivative by rat lung cytosolic and
microsomal nitroreductases under anaerobic
conditions in vitro (Mitchell et al., 1993), and
was hypothesized to be activated primarily to
a reactive intermediate by such nitroreductases
(Tokiwa et al., 1986; Moller, 1994; Purohit &
Basu, 2000).

Although 3,9-dinitrofluoranthene has been
postulated to be activated to reactive metabolites
by bacterial and mammalian enzyme systems,
the detoxification pathways of this chemical by
various xenobiotic-metabolizing enzymes are not
fully understood. Further studies are required to
understand the underlying mechanisms of the
genotoxicity, mutagenicity and carcinogenicity
of 3,9-dinitrofluoranthene.
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5. Summary of Data Reported

5.1 Exposure data

3,9-Dinitrofluoranthene is present in diesel
exhaust emissions and emissions from heaters
fuelled by liquefied petroleum gas. No evidence
was found that it has been produced in commer-
cial quantities or used for purposes other than
laboratory applications. Due to its low vapour
pressure, this substance is associated with the
particulate phase of these combustion emis-
sions. Exposure of the general population to
3,9-dinitrofluoranthene occurs through inha-
lation of airborne particulate matter in urban
environments. Exposure may also occur from
domestic use of burners of liquefied petroleum
gas. No data on occupational exposure were
available to the Working Group.

5.2 Human carcinogenicity data

No data were available to the Working Group.

5.3 Animal carcinogenicity data

3,9-Dinitrofluoranthene was tested for
carcinogenicity in rats by subcutaneous injection
in one study and by direct implantation into the
lung in another study. Subcutaneous injection
of 3,9-dinitrofluoranthene induced a signifi-
cant increase in the incidence of subcutaneous
sarcomas, and intrapulmonary implantation
produced a significant increase in the incidence
of carcinomas of the lung.

5.4 Mechanistic and other relevant
data

No data were available on the absorption,
distribution, metabolism and excretion, or
genetic and related effects of 3,9-dinitrofluoran-
thene in humans. Cytosolic and microsomal
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fractions from rat lung anaerobically converted
3,9-dinitrofluoranthene  into  3-amino-9-
nitrofluoranthene. The compound was strongly
mutagenic in bacteria in the absence of meta-
bolic activation, acting mainly as a frameshift
mutagen. The mutagenicity was weaker in bacte-
rial strains that are deficient in nitroreductase
or O-acetyltransferase, indicating that the
activation of 3,9-dinitrofluoranthene occurs
through its nitroreduction and acetyltransfer.
It was genotoxic in the umu gene-expression
assay, and induced chromosomal aberrations in
Chinese hamster cells in vitro and micronucleus
formation in the bone marrow of mice in vivo.
3,9-Dinitrofluoranthene induced tumours in
rats at the site of exposure, while its intrapulmo-
nary implantation produced lung tumours. This
evidence suggests that the mutagenic metabolites
formed from this agent could play a role in its
carcinogenicity.

Overall, these data provide weak mecha-
nistic evidence to support the carcinogenicity of
3,9-dinitrofluoranthene.

6. Evaluation

6.1 Cancer in humans

No data were available to the Working Group.

6.2 Cancer in experimental animals

There is sufficient evidence in experi-
mental animals for the carcinogenicity of
3,9-dinitrofluoranthene.

6.3 Overall evaluation

3,9-Dinitrofluoranthene is possibly carcino-
genic to humans (Group 2B).
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