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I. Introduction

Organic solvent extracts of urban airborne
particulates or diesel exhaust particulates are
mixture of hundreds of polycylic aromatic hy»
drocarbons (PAHs) present in concentrations
ranging from 0.01 to 10ppm"’. The extracts are
directly active(S9 mix not required) in the
Ames assay. Because the carcinogenic PAHs
known to be In extracts are mutagenic in the
Ames assay with S9 mix, direct-acting muta-
genic activity implies that the extracts con-
tain mutagens and therefore possible car-
cinogens, and differ from the “classical” PAH.

Very little can be said, however, about the
potential human health effects of the direct-
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acting mutagens until they are identified.?

To assess the toxicological significance of
direct -acting mutagenic activity in particulat-
es, 1t 1s first necessary to establish the chemi-
cal identities of the mutagens.” A number of
nitro polycyclic aromatic hydrocarbons(nitro-
PAHs) have tentatively been identified in par-
ticulate emussions from mobile and stationary
sources.*® Some of these compounds have
been shown to cause mutation in bacteria and
are suspect carcinogens.” Nitration of pyrene
under various conditions{ e. £ with a mixture
of nitric acid and sulfuric acid, with nitric acid
in acetic acid, with acetyl nitrate) yields 1,3-,
1,6-and 1,8-dinitropyrene with various amo-
unts of 1-nitropyrene. However, separation of

these isomers In preparative amounts in diffi-
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cult because of the slight solubility of these
compounds in light organic solvents and their
similar polarity values., Since highly purified
samples of these suspected nitro-PAHs are
needed for analytical standards and sub-
sequent biological testing for mutagenic /car-
cinogenic potencies, we have undertaken the
synthesis and separation of dinitropyrenes by
preparative HPLC to yield pure isomers of
dinitropyrenes, and here report on their mut-
agenicities.

1. Materials and Methods

1. Synthesis of Dinitropyrene

Pyrene was nitrated by the method of Vol-
lman et al® to yield a mixture containing the
three isomers of dinitropyrenes and substantial
quantity of 1-nitropyrene. The synthesis of 1,3
-dinitropyrene, 1,6-dinitropyrene and 1,8-din-
itropyrene, shown in Fig, 1 was accomplished
by treating a 90 C glacial acetic acid solution
of pyrene with 70% nitric acid. The yellow
precipitates were diluted with water and the
products isolated by filtration.

2. HPLC Fractionation

The reaction products were purified by usi-
ng a high performance preparative liquid chr-
omatograph LC-09(Japan Analytical Industry
Co., Ltd.) equipped with a normal phase silica
column(JAIGEL-SIL) on a UV detctor at 254
nm.

The crystals were dissolved in a minimum
amount of n-hexane :dichloromethane (8:2
and the solution was subjected to HPLC. The
injection volume was 3m/ and the eluent was
the same solution as above at a flow rate of
5.7 mi/min.

Fractions separated by HPLC were col-
lected automatically in glass vials.

Each fraction was purified by recrystallizati-
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Fig. 1. Chemical structures of isomers of
nitropyrenes.

on from a mixture of benzene and n-hexane,
Collected peaks were identified us'ing electron
impact mass spectrometry and high resolution
proton magnetic resonance spectrometry.

3. Capillary Gas Chromatography with ECD
A gas chromatography(Shimadzu Model :
GC 7A) with an electron capture detector
(ECD) and solventless injection system was
used for the analysis of nitropyene. High resol-
ution gas chromatography was performed with
a 25mX 0.31mm i.d, fused silica methyl sili-
cone OQV-1 capillary column with 0.52 um film
thickness. Typical run conditions comprised an
initial oven temperature of 150 C for 2 min fol-
lowed by a 4/ min temperature programed
to 250 ¢, hold for 5min.

4. High Resolution Capillary Gas Chro-
matography/Mass Spectrometry
GC /MS was performed in the elctron im-
pact mode with a JEOL DX 303 mass spec-

—115-



trometer interfaced to a JEOL GCG 06 gas
chromatograph equipped with a 25mXx (.31 mm
1.d. fused silica methylsilicone OV-1 capillary
column with 0.52um film thickness. Tempera-
ture programmung conditions consisted of an
initial oven temperature of 220 C followed by a
4 /min program to 250 2. Mass spectra acq-
uired at 70-eV electron ionization conditions
Jwere processed with an JEOL DA 5,000 data
system. Masses from 50 to 400 amu were sca-
nned every 0.5s.

5. Nuclear Magnetic Resonance Spec-
trometry
Fourter-transformed 400 MHz '"H-NMR spe-

ctra of nitropyrenes in CDCl: were obtained

using a JEOL -GX 400 spectrometer. The che-
mucal shifts of each resonance peak were, cal-
ibrated against tetramethylsilane (TMS) as an
internal reference, and expressed in ppm on
the ¢ scale,

6. Mutagenic Assay

Mutagenic activity was measured in histi-
dine requiring strains of Salmonella tvphimuri-
um” by the plate incorporation method,® using
strain TA98 kindly provided from Dr. Bruce N.
Ames of the Univerisity of California. Dupli-
cate plates were used in all assays. Mutagenic
activity, corrected for the spontaneous number
of revertants, 1s expressed as net revertants
per plate.

7. Chemicals
Pyrene was purchased from Aldrich Che-
micals Co., Inc. Its purity was checked by gas
chromatography. Acetic acid and nitric acid
were reagent grade products of Wako Fure
Chemicals Co., Inc. The organic solvents were
also of guraranteed reagent grade,

[I. Resuits and Discussion

1. HPLC Fractionation

Fig. 2 shows the elution profile for nitropyr-
enes using the preparative HPLC procedure,
As shown in Fig. 2, the separation efficiency
of the HPLC system used for the fractionation
was quite satisfactory. 1-Nitropyrene, 1,3-din-
itropyrene, 1,6-dinitropyrene and 1,8-dinitrop-
yrene were eluted in that order. Each yellow
nitropyrene fraction was evaporated and pur-
ified by recrystallization from a mixture of
benzene and n-hexane to give vellow needles.
Identification of the HPLC fraction was con
firmed by GC /MS and '"H-NMR spectrometry,
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Fig. 2. HPLC fractionation profiles for 1-nit-
ropyrene, 1,3-dinitropyrene, 1,6-dinitropy-
rene and 1,8-dinitropyrene, utilizing nor-
mal phase silica column(JAL GEL SIL) with
UV at 254 nm.

2. Capillary Gas Chromatography with ECD

Fig. 3 presents the chromatogram of the

muxture of nitropyrenes obtained by gas chr-

omatography with ECD. Complete separtion of

1,3-, 1,6- and 1,8-dinutropyrenes was ach-
leved.

3. Capillary Gas Chromatography/ Mass
Spectra

Fig. 4 shows the mass spectra of 1-nitropyr-

ene. 1,3-dinitropyrene, 1,6-dinitropyrene and

1,8-dinitropyrene. The mass spectrum of 1-nit-
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ropyrene showed a molecular ion at m /e 247
(M)* and fragment ions at m /e 217(M-NO)*,
m /e 201{M-NO:)*, m/e 200(M-HNO:)" and
m /e 189(M-CNO:)* ions. The mass spectra of
dinmtropyrenes showed a molecular ions at
m /e 202(M)" and fragment ions at m /e 262
(M-NOJ+, m/e 232(M-2NO)* m/e 216(M-
N:Os)* and m/e 200(M-2NO.)™ ions. Mass
spectra of 1,6- and 1,8-dinitropyrene charac-
1 8-dinitropy teristically yiglded abundant(M)*, (M-2NO)*
rene and (M-2NO:)" ions. Although there are some
spectral differences among dinitropyrenes, the

1-nitropyrene

1,6-dinitropyrene

1,3-dinitropyrene

mass spectra of the three are so similar that

no positive identification can be made on the

r/ basis of mass spectra only,
| )|

0 15 30 4. 'H-NMR - Spectra

Retention time(min) Structural assignments were accomplished

using *H-NMR spectra. Fig. 5 shows the Fou-

Fig. 3. Gas chromatograms for 1-nitropyrene, 1,3 rier-transformed 400MHz nuclear magnetic
-dinitropyrene, 1,6-dinitropyrene and 1,8- resonace spectra of nitropyrenes. The spectro-
dinitropyrene, obtained with a 25m X 0.31

mm i. d. fused silica methyl silicone OV-1
capillary column with an electron capture

scopic data were as follows . 1-nitrepyrene : §
8.76 (d, 1, J (9, 10)=9.5 Hz, CiH), 68.56 (d,
1, J (2,3)=8.5 Hz C.,H), 68.2-7.9 (m, 7, ArH).
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Fig. 4. Mass spectra of 1-nitropyrene, 1,3-dinitropyrene, 1,6- dinitropyrene and 1,8 -dinitropyrene.
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1,3-dinitropyrene : § 9.38 (s, 1, C:H), 68.99 (d,
2, J (4,5)=J (9,10)=9.5 Hz, C:H and CiH), ¢
8.55 (d, 2, CsH and CH), 68.53 (d, 2, J (6,7)
and J (7,8)=7.5Hz, CsH and CsH), §8.30 (t, 1,
C:H. 1, 6-dinitropyrene : §9.02 (d, 2, } (4,5)=]
(9,10)=9.6 Hz, C:H and CyH), 48.76 (d, 2, ]
(2, 3)=J (7,8)=8.4Hz, C.H and C:H), §8.40
(d, 2, CsH and CsH), 68.40 (d, 2, CiH and Cy
H), 1,8-dinitropyrene : § 9.12 (d, 2, CsH and
CwH), 68.78 (d, 2, J (2,3)=] (6,7)=8.40Hz,
C.H and C/H), §8.40 (d, 2, J (2, 3)=] (6,7)
=8.40 Hz, CsH and CiH), 68.33 (d, 2, C.H and
C:H).

5. Mutagenicity of Nitropyrenes

Each of the synthetic nitropyrene compo-
unds was subjected to a mutation test using
Salmonella typhimurium TA 98 and TA 100. The
specific mutagenicity of 1-nitropyrene was
2,340 revertants /ug, and those of 1,3-din-
itropyrene, 1,6-dinitropyrene, 1,8-dinitropyre-
ne were 270,000, 288,000, 733,000, respect-
ively. It was noted that the mutagenicity of
dinitropyrenes was higher than that of mon-
onitropyrene, Of them 1,8-dinitropyrene was
the highest iIn mutagenicity. The mut-
agenicities of nitropyrenes were eliminated
almost completely by the addition of S9 mix to
the preincubation medium. All nitropyrenes
were more mutagenic toward TA 98 than TA
100.

Since these dinitropyrenes are the highest in
mutagenic activity reported in the environ-
mental samples, 1t 1s important and necessary
to clarify the extent to which the direct-act-

ing Ames assay mutagenicity of the urban air-

borne particulates or diesel exhaust par-
ticulates can be assigned to these compounds®™
' Assuming that emission of nitrated PAHs
into the environment is inherent in various
combustion processes, it might be possible to
influnece the degree of nitration through
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Fig. 5. 400 MHz 'H-NMR spectra of 1,3-dinitropyrene,
1,6 -dinitroypyrene and 1,8-dinitropyrene.



modification of the comustion process. The
avaiiability of PAH molecules nitrated to dif-
ferent degrees (e. g, mono-, tri-, tetra-substi-
tuted) and determination of their mutagenicity
might provide some indication as to whether
optimization of the combustion process to min-
imize the emission of highly mutagenic species
in a plausible approach. It is apparent that nit-
ropyrenes may account for a significant por-
tion of the direct-acting mutagenicity, better
bioassay and chemical quantitation of nit-
ropyrenes are required,

To understand the relationship between
chemical composition and mutagenicity, larger
scale HPLC separations and more sensitive
mutagenic assays are needed. By combining
HPLC fractioation methods and Ames assay,
the potent and interesting families of environ-
mental mutagens can be isolated.

Summary

Isomers of dinitropyrenes were synthesized
and separated via preparative HPLC. Each of
the molecular structures of the dinitropyrenes
was confirmed by gas chromatography /mass
spectrometry and NMR spcetrometry.

1-Nitropyrene, 1,3-dinitropyrene, 1,6-din-
itropyrene and 1,8-dinitropyrene were sub-
jected to a mutation test using Salmonella typ-
himurinm TA 98 without S9 mix. Of them, 1,8-
dinitropyrene was the most potent mutagen,
producing 733,000 revertant /ug, whereas 1-
nitropyrene showed the lowest mutagenicity.
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