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Abstract

Benzene, a tobacco constituent, is a leukemogen in humans and a carcinogen in rodents. Several
benzene metabolites generate superoxide anion (O»°") and induce nitric oxide synthase in the bone
marrow of mice. We hypothesized that the reaction of nitric oxide ("NO) with O,°~ leads to the
formation of peroxynitrite as an intermediate during benzene metabolism. This hypothesis was
supported by demonstrating that the exposure of mice to benzene produced nitrated metabolites
and enhanced the levels of protein-bound 3-nitrotyrosine in the bone marrow of mice /n vivo. In
the current study, we investigated the influence of nitric oxide, generated from sodium 1-(N,N-
diethylamino)diazen-1-ium-1,2-diolate, on DNA strand breaks induced by each single or binary
benzene metabolite at different doses and compared the levels of the DNA damage induced by
each benzene metabolite in the presence of nitric oxide with the levels of DNA strand breaks
induced by peroxynitrite at similar doses /in vitro. We found that among benzene metabolites only
1,2 ,4-trihydroxybenzene (BT) can induce significant DNA damage in the absence of nitric oxide.
While 1,4-dihydroxybenzene (HQ), 1,4-benzo-quinone (BQ) and 1,2-dihydroxybenzene (CAT)
require *NO to induce DNA strand breaks, hydroguinone was the most potent DNA-damaging
benzene metabolite in the presence of *NO. The order of DNA breaks by benzene metabolites in
the presence of "NO is: Peroxynitrite = HQ > BT > BQ > CAT. The "NO and O,"" scavengers
inhibited DNA damage induced by [HQ+°NO]. Benzene, trans,trans-muconaldehyde, and phenol,
do not induce DNA strand breaks either in the absence or presence of *NO. However, adding
phenol to [HQ+°NO] leads to greater DNA damage than [HQ+°NQ] alone. Collectively, these
results suggest that nitric oxide is an important factor in DNA damage induced by certain benzene
metabolites, probably via the formation of the peroxynitrite intermediate. Phenol, the major
benzene metabolite that does not induce DNA damage alone and is inactive /n vivo,
synergistically enhances DNA damage induced by potent benzene metabolite in the presence of
nitric oxide.
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Introduction

Benzene is known to depress bone marrow and to induce leukemia in humans and is a
multisite carcinogen in rodents (1-3). It is a major industrial chemical, air pollutant and
tobacco smoke constituent (4,5). Of the benzene-related leukemia cases in the USA, ~50%
are attributed to tobacco smoking (6), and smokers have a two- to three-fold higher risk of
myeloid leukemia than non-smokers (7). The molecular mechanism(s) responsible for
benzene-induced bone marrow toxicity and leukemia have yet to be clearly defined.
However, metabolism is essential for the myelotoxic effects of benzene (8-11). The
cytochrome P450 2E1 which catalyzed the metabolic activation of benzene that primarily
leads to ring-hydroxylated benzene metabolites (Fig. 1) cannot fully account for the
benzene-induced toxicity because its primary metabolite (phenol) does not induce the same
toxic reactions as benzene does (8-15). Thus, it is likely that other cellular processes
participate in the bioactivation of benzene.

Benzene induces NOS and generates *NO and reactive oxygen species (ROS), such as
superoxide anion (O,"7), hydroxyl radicals, hydrogen peroxide and singlet oxygen in the
bone marrow of mice (16-23). NOS is a cytochrome P-450 type of hemoprotein that
contains a reductase and heme domain on the same polypeptide. The heme present in NOS
is involved in the conversion of L-arginine to “NO and citrulline. The flavin-containing
reductase domain is similar to the function of NADPH-dependent CYP reductase and is
capable of producing O,"~ with compounds such as quinones (24). The simultaneous
production of nitric oxide and superoxide by NOS may lead to the formation of
peroxynitrite (ONOQO™), a reactive intermediate that is known to cause protein damage
through the nitration of tyrosine, tryptophan or cystein residue. It can also oxidize, nitrate
and nitrosate biomolecules, such as DNA and lipids, thereby altering their function (25-29).
Peroxynitrite can also nitrate aromatic compounds such as benzene and its metabolites,
leading to the formation of toxic nitro-derivatives of benzene. Previously, we demonstrated
the formation of nitro-derivatives of [14C] benzene metabolites in the bone marrow of mice
treated with [14C] benzene (30) and found that benzene enhanced the levels of protein-
bound 3-nitrotyrosine in the bone marrow of mice treated with benzene (31), suggesting the
involvement of peroxynitrite in benzene metabolism. The present study initially aimed to
investigate the influence of *NO on DNA damage induced by benzene and its metabolites
and to compare them with DNA damage induced by peroxynitrite at the same doses. A
second aim was to examine the synergistic interaction between benzene metabolites in the
absence and presence of *NO on the induction of DNA nicks /n vitro.

Materials and methods

Chemicals

Sodium phosphate, dimethyl sulfoxide (DMSO), diethylenetriamine penta-acetic acid
(DTPA), xylene cyanol FF, glycerol, agarose, tris-borate/EDTA buffer, ethidium bromide
and superoxide dismutase (SOD) were purchased from Sigma Chemical Co. (St. Louis,
MO). Phenol, 1,4-dihydroxybenzene (hydroquinone, HQ), 1,4-benzoquinone (BQ), 1,2,4-
trihydroxybenzene (benzenetriol, BT), 1,2-dihydroxybenzene (catechol, CAT), sodium
azide, bromo-phenol blue, sodium periodate and cis-3,5-cyclohexadien-1,2-diol were
procured from Aldrich Chemical Co. (Milwaukee, WI). The plasmid pBR322 DNA was
obtained from Amersham Pharmacia Biotech (Piscataway, NJ). Sodium 1-(/N, -
diethylamino)diazen-1-ium-1,2-diolate (DEA-NO) and 1H-imidazol-1-yloxy,2-(4-
carboxyphenyl)-4,5-dihydro-4,4,5,5-tetramethyl-3-oxide potassium salt (carboxy-PT10)
were bought from Cayman Chemical Co. (Ann Arbor, Ml).
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The synthesis of peroxynitrite

Peroxynitrite was prepared by reacting ozone with sodium azide (32). Ozone was generated
by passing dry oxygen (100 ml/min) through an ozonator (Fisher Model 500) at 120 V. The
gas stream from the ozonator containing ~5% ozone in oxygen was bubbled through a glass
frit into 100 ml of sodium azide solution at pH 12 and kept in an ice bath at 4°C
(peroxynitrite is stable at pH 12). Peroxynitrite was quantified spectrophotometrically after
dilution with 0.01 /NaOH (e = 1670 M~1cm™1 for peroxy-nitrite at A = 302 nm).

The synthesis of muconaldehydes

The cis,cis- and trans, trans-muconaldehydes were synthesized according to a previously
reported procedure (33). The characteristic feature of the MS of synthesized
muconaldehydes is the molecular ion at /7/z110 and a major fragment at 7/z81 (M-CHO)*.
The UV spectrum in MeOH corresponded to the literature data at Ay, 269 nm. The ¢/s, cis-
and trans,trans-muconaldehydes were analyzed by HPLC using a 300x3.9 mm, 10-um
Bone-clone column (Phenomenex, Torrance, CA). The column was eluted with a linear
gradient from 100% H,0 to 25:75 MeOH: H,0 for 35 min at a flow rate of 1 ml/min. The
cis,cis-muconaldehyde eluted at 22.6 min and the #rans, trans-muconaldehyde at 24.2 min.

The reaction of plasmid DNA with benzene metabolites in the presence or absence of
a *NO-releasing compound

These experiments were carried out as described by Yoshie and Ohshima (34) by incubating
(at 37°C for 1 h) the plasmid pBR322 DNA (100 ng) in 100 mM sodium phosphate buffer,
pH 7.4, containing 0.1 mM diethylenetriamine penta-acetic acid (DTPA) with the NO-
releasing compound DEA-NO, (0.01-2 mM) alone or with benzene, or with one of its
individual metabolites (0.01-1 mM), i.e., phenol, 1,4-dihydroxy-benzene (HQ), 1,4-
benzoquinone (BQ), 1,2-dihydroxybenzene (CAT), 1,2,4-trihydroxybenzene (BT) or

trans, trans-muconaldehyde with the volume of the final mixture at 10 pl. The reaction was
terminated by adding 2 w1 of the electrophoresis-loading buffer (0.25% bromophenol blue,
0.25% xylene cyanol FF and 30% glycerol) followed by agarose gel electrophoresis. The
pBR322 DNA incubated in buffer alone was used as the control. All experiments were
carried out in triplicate. The effects of different concentrations of DEA-NO (0.01-5 mM) on
DNA damage induced by HQ (0.2 mM) were also studied using plasmid DNA.

The reaction of plasmid DNA with peroxynitrite

The concentration of the synthetic peroxynitrite stock solution was determined by measuring
the absorbance at A = 302 nm of an aliquot diluted with 0.01 M aqueous NaOH versus that
of an aliquot that was decomposed in 0.1 M sodium phosphate buffer (pH 7.4). The
experiment was carried out by incubating plasmid pBR322 DNA (100 ng) in 100 mM
sodium phosphate buffer, pH 7.4 containing 0.1 mM DTPA with the desired concentrations
of peroxynitrite (0.01-1 mM). After adding peroxynitrite, the reaction mixture was
immediately vortexed for 2 min, and then incubated at 37°C for 1 h. All reactions were
carried out in 1 ml micro-centrifuge tubes allowing for large headspace.

The effects of various reactive oxygen and nitrogen scavengers on DNA strand breakage
induced by hydroquinone in the presence of *"NO

Incubation mixtures similar to that described above were prepared. In brief, the incubation
included plasmid pBR322 DNA (100 ng) in 100 mM sodium phosphate buffer at pH 7.4,
containing 0.1 mM DTPA, HQ (0.2 mM) and one of the scavengers (10 mM carboxy-PTIO,
10 mM DMSO or 5000 U/ml SOD). After adding DEA-NO (0.5 mM) to the above mixture,
the reaction was incubated for 1 h at 37°C.
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Agarose gel electrophoresis and measurements of pBR322 DNA strand breaks

A 10 pl sample out of 12 pl of each of the DNA incubation mixtures was loaded onto a
0.7% agarose gel prepared with 0.5X TBE buffer (45 mM tris-borate, 1 mM EDTA, pH 8.0),
containing 0.5 pg/ml ethidium bromide. A Bio-Rad (Hercules, CA) sub-cell GT wide mini
apparatus was used for gel electrophoresis at 8 VV/cm for 80 min. The Bio-Rad molecular
analyst software version 4 enabled us to measure the intensities of the supercoiled (1),
relaxed (11, SSB) and linear form (111, double-strand break) DNA. The number of single-
strand breaks per pBR322 DNA molecule was calculated according to equation 1, taking
into account that a relaxed form of DNA (form I1), when stained with ethidium bromide,
gives a fluorescence intensity 1.4-fold greater than the supercoiled DNA (35).

SSB=-Ln[1.4SC/(1.4SC+0C)] Equation (1)

In Equation (1), SSB represents the number of single-strand breaks per DNA molecule
induced directly by the damaging agent, while SCand OC are the fluorescence intensities of
the supercoiled and relaxed circular forms of the DNA, respectively. The results were also
expressed as the number of SSB per 104 bp (pBR322 consists of 4363 bp). The untreated
pBR322 DNA contains ~3-10% SSB.

The oxidation of dihydrorhodamine to rhodamine as an indicator of peroxynitrite formation

Peroxynitrite readily oxidizes dihydrorhodamine (DHR) to form the fluorescent rhodamine
(36). To determine the formation of peroxynitrite, the incubation mixtures consisting of
DHR (50 M) and DTPA (0.1 mM), reacted either with synthetic peroxynitrite (0.5 mM) or
with a benzene metabolite (0.5 mM) plus DEA-NO (0.5 mM) in 50 mM potassium
phosphate buffer (pH 7.4). The formation of peroxynitrite was determined based on the
formation of rhodamine by UV absorbance at A = 500 nm. DHR has no absorbance at 500
nm, whereas rhodamine has a high molar extinction coefficient (500 ym = 74500 M~1cm™1)
at this wavelength.

Statistical analysis

Results

The percentage of DNA breaks induced by peroxynitrite alone was compared with the DNA
damage induced by each benzene metabolite in the absence or presence of "NO, using one-
way analysis of variance (ANOVA), followed by Dunnett’s multiple comparison procedure
(37). This comparison was made separately for each concentration (0.1, 0.5 and 1.0 mM).
Alternatively, an area under the curve (AUC) of the percentage of DNA breaks versus the
concentration of individual benzene metabolite or peroxynitrite (0.0-1 mM) was estimated
separately for each of the three replicate experiments for each metabolite, using WinNonlin
statistical software (38). The AUC values obtained for each metabolite were then compared
to the AUC for peroxynitrite, using one-way ANOVA and Dunnett’s procedure.

The pBR322 DNA SSB induced by a single benzene metabolite or binary mixture of
benzene metabolites in the absence and presence of nitric oxide

Table | summarizes the levels of DNA SSB induced by various benzene metabolites at 0.25
mM. The metabolites tested were BT, HQ, BQ, CAT, phenol, trans,trans-muconaldehyde, as
well as binary combinations of metabolites in the absence or presence of the *NO-releasing
compound, DEA-NO (1 mM). Except for BT, incubations of the plasmid DNA with benzene
or with one of its metabolites resulted in SSB that were not significantly different from the
untreated control DNA. BT was the only metabolite that induced a significant level of SSB
in supercoiled DNA in the absence of DEA-NO (3.48 SSB per 104 DNA base pairs).
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However, HQ, CAT and BQ, in the presence of DEA-NO, induced 3.7, 1.15 and 1.13 SSB
per 10% base pairs, respectively. No significant DNA damage was observed with benzene,
phenol or trans, trans-muconaldehyde in the presence of DEA-NO (0.07-0.16 SSB per 104
base pairs).

In assays that employed the binary combinations of metabolites, phenol, in the presence

of *NO, increased the levels of HQ-induced SSB from 3.7 to 6.44 SSB per 10* DNA base
pairs (Table 1). In contrast, phenol, HQ or CAT, in the absence of DEA-NO, decreased BT-
induced SSB from 3.48 to 1.47, 1.14 and 0.87 SSB per 104 base pairs, respectively (Table I).

The effects of "NO concentrations on HQ-induced pBR322 plasmid DNA single-strand

breaks

We used HQ in this study because, as described above, it is a potent DNA-damaging
metabolite in the presence of "NO. Fig. 3 shows the levels of SSB induced in the plasmid
DNA following incubation with 0.2 mM HQ while the concentrations of *NO varied from
0.01 to 5 mM. The DNA SSB reached a maximum and at concentrations >0.5 mM DEA-NO
the number of SSB declined (Fig. 3).

The dose-response of DNA strand-breakage induced by benzene metabolites in the
presence of *NO and the dose-response of DNA damage caused by peroxynitrite alone

Fig. 4 compares the levels of SSB induced by peroxynitrite alone, in the range of 0.01-1
mM, with those induced by the equimolar doses of benzene or its individual metabolites in
the absence or presence of 0.5 mM DEA-NO. The mean of the SSB levels at 0.1, 0.5 and 1
mM and the areas under curve (AUCs) (0-1 mM) are shown in Table Il. At 0.1, 0.5 or 1
mM, the mean of the SSB levels induced by peroxynitrite was not significantly different
from that induced by [HQ+'NQ] (Table II). AUCs (0-1 mM) for the SSB of DNA induced
by peroxynitrite were ~1.4-, 1.8- and 2.1-fold greater than those obtained with [BT+°NO],
[BQ+°NQO] and [CAT+'NO], respectively (p=0.01). SSB were not produced by benzene,
individual metabolites alone (except BT), [phenol+°NQ] or [benzene+"NO], at any
concentration tested (p<0.01, compared to peroxynitrite). The pattern of DNA strand breaks
induced by [HQ+'NO], [BQ+°NQ] or [CAT+°NQ] was similar to that caused by
peroxynitrite alone (Fig. 4).

The oxidation of dihydrorhodamine to rhodamine in the presence of peroxynitrite or of
benzene metabolites plus "NO

Incubations of dihydrorhodamine with 0.5 mM peroxynitrite, or 0.5 mM [HQ+'NO] or
[CAT+'NO] resulted in the formation of rhodamine at levels of 0.14, 0.07 and 0.007 mM,
respectively, as quantified by UV absorption at A = 500 nm. The levels of rhodamine
formed from the oxidation of dihydrorhodamine could not be determined for BQ and BT
because of color interference.

The effects of reactive oxygen and nitrogen scavengers on plasmid DNA nicks induced

by ‘"NO+HQ

To identify the intermediate(s) that may be responsible for the synergistic effect of *"NO with
HQ in inducing SSB, we examined the effects of the various scavengers (at 10 mM) and
SOD (at 5000 U/ml) on DNA nicks induced by HQ. We observed a 90% inhibition of DNA
damage by PTIO (a “NO-trapping agent), 65% by SOD (an O,"~ scavenger) and 45% by
DMSO (an "OH trapping agent). Ascorbic acid did not inhibit DNA damage induced by HQ,
but increased DNA strand breaks by 20%.
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Discussion

It has been shown that benzene can induce NOS in the bone marrow of mice (22). The
objective of the current study was to investigate which benzene metabolite(s) is (are) the
major contributor to the observed DNA damage in the presence of *NO. Our results indicate
that benzene and its metabolites, except BT, do not induce any remarkable damage to the
supercoiled DNA. While in the presence of the *"NO-releasing compound, several benzene
metabolites produce DNA strand breaks in supercoiled DNA. Furthermore, similar effects
were also observed in calf thymus DNA by alkaline gel electrophoresis (data not shown).
HQ is the most potent DNA-damaging metabolite in the presence of “NO, followed by BT,
BQ and CAT (Fig. 4 and Table I1). Benzene, phenol and #rans, frans-muconaldehyde do not
produce superoxide anion, and thus do not induce DNA damage in the absence or presence
of ‘NO.

The comparison of DNA damage induced by peroxynitrite or by benzene metabolites

with *NO in a dose response assay indicates that the patterns of DNA damage produced by
[HQ+'NO], [CAT+'NO] and [BQ+°NO] are similar to the biphasic nature of DNA strand
breaks induced by peroxynitrite (39) (Fig. 4). Moreover, the incubation of HQ or CAT in
combination with *NO oxidizes dihydrorhodamine to rhodamine. Previous reports indicate
that peroxynitrite is capable of oxidizing dihydrorhodamine, while H,O, does not (36).
Carboxy-PTIO (a NO-trapping agent), SOD (an O, scavenger) and, to a lesser extent,
DMSO (an "OH scavenger) blocked DNA damage induction by HQ in the presence of *NO.
This suggests that "NO and O," are needed to exert the effect on DNA breakage.
Quantitatively, there is no significant difference between plasmid DNA damage induced by
peroxynitrite or by [HQ+"NO] (Table II). Similar results were obtained with calf thymus
DNA by alkaline gel electrophoresis (data not shown). It is possible that nitric oxide can
mediate the conversion of HQ, CAT and BT to their respective semiquinone free radical
forms, as shown in Fig. 2, resulting in a one-electron reduction of *NO to the nitroxyl anion
(NO7). NO™ (in its triplet state) can react with O, to give ONOO™. Semiquinones can also
react with *NO to form NO~, which subsequently leads to ONOO™. Alternatively, *NO can
rapidly react with O,"~, generated during redox cycling, to form ONOO™. Thus, nitric oxide
can have a dual role in the production of DNA strand breaks: 1) it can increase the oxidation
of ring-hydroxylated benzene metabolites to corresponding quinones, and 2) it can lead to
the formation of peroxynitrite. It has been demonstrated that ONOO™, as well as NO™ can
cause strand breaks in plasmid DNA (40).

In assays that involved binary mixtures, the inclusion of phenol resulted in a two-fold
enhancement of the DNA damage induced by [HQ+'NO] (Table I). This observation appears
to be in agreement with /n vivo genotoxicity studies in which HQ, administered separately to
the mice, induced micronuclei in the mouse bone marrow and phenol alone had no
genotoxic effects while the binary mixture that consisted of phenol and HQ led to a greater
micronuclei induction in the bone marrow of mice than the exposure of the mice to HQ
alone (41). Similarly, the co-administration of phenol with HQ resulted in a significant loss
of bone marrow cellularity and an increased chromosome loss and breakage in the mice

(42). The mechanism by which phenol increased HQ-induced toxicity is unknown. It has
been demonstrated that the formation of peroxynitrite is maximal when *NO and O,"" are at
equimolar levels, whereas by increasing the concentration of one relative to the other results
in a decreased oxidation reaction (43). A similar phenomenon is observed in the current
study as well (Fig. 3). On the basis of this observation, the mechanism by which phenol
enhances DNA damage induced by HQ in the presence of *NO, occurs via a phenoxy radical
that enhances superoxide anion formation, which can have an impact on the extent of DNA
damage induced by HQ.
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We found that BT is the only benzene metabolite that induces scission in supercoiled DNA
in the absence of *NO. The induction of DNA damage by BT is partially inhibited by adding
phenol, HQ or CAT. BT is a strong reducing agent which readily participates in co-
oxidation and auto-oxidation, generating a reactive oxygen species (02", H,O,, "OH and
semiquinone) (44). The mechanisms by which BT induces DNA damage are apparently
distinct from those involving HQ or CAT.

Our results described herein, suggest that excess *NO generated by the metabolism of
benzene /n vivo may have an important role in DNA damage induced by benzene, likely via
peroxynitrite formation. This effect may be responsible for bone marrow cell toxicity.
Furthermore, peroxynitrite can also convert benzene metabolites to toxic nitrated derivatives
(30). In general, nitro substitution is known to alter the mutagenic and carcinogenic activity
of parent hydrocarbons (45,46).
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Abbreviations

BZ benzene
BQ 1,4-benzoquinone
BT 1,2,4-trihydroxybenzene
carboxy-PTIO 1H-imidazol-1-yloxy,2-(4-carboxyphenyl)-4,5-dihydro-4,4,5,5-
tetramethyl-3-oxide potassium salt
CAT 1,2-dihydroxybenzene
DEA-NO sodium 1-(N,N-diethylamino)diazen-1-ium-1,2-diolate
DTPA diethylenetriamine-penta-acetic acid
DHR dihydrorhodamine
HQ 1,4-dihydroxy-benzene
‘NO nitric oxide
iNOS inducible nitric oxide synthase
0, superoxide anion radical
SSB single-strand DNA breaks
SOD superoxide dismutase
ONOO~ peroxynitrite
RNS reactive nitrogen species
ROS reactive oxygen species
transtrans-MA trans, trans-muconaldehyde
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The metabolic activation pathways of benzene.
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The proposed pathways of peroxynitrite generation by a representative benzene metabolite.
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The effects of various concentrations of the NO-releasing compound (DEA-NO, 0.01-5
mM) on DNA single-strand breakage induced by HQ (0.2 mM).
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The percentage of DNA single-strand breaks induced by various concentrations of
peroxynitrite (0.01-1 mM) or benzene metabolites in the absence or presence of 0.5 mM

DEA-NO.
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The pBR322 plasmid DNA single-strand breaks induced by benzene metabolites in the absence or presence of

the NO-releasing compound (DEA-NO).4

Benzene metabolites

SSB per 104 bp DNAb SSB per 104 bp DNAb Ratio of DNA single-strand breakage

Absence of DEA-NO

Presence of DEA-NO

Presence/absence of DEA-NO

Control
HQ

BT
CAT
BQ
Phenol
Benzene
trans, trans-MA
HQ

HQ

HQ

HQ
CAT
CAT
BT

- 0.07+0.009

- 0.14+0.028

- 3.48+0.038

- 0.07+0.008

- 0.08+0.026

- 0.07+0.028

- 0.07+0.009

- 0.07+0.040
CAT 0.12+0.060
BT 1.14+0.120
Phenol 0.12+0.048
BQ 0.25+0.068
BT 0.87+0.210
Phenol 0.10+0.030
Phenol 1.47+0.480

0.07+0.009
3.70+0.160
3.96+0.100
1.15+0.200
1.13+0.079
0.16+0.032
0.07+0.007
0.14 +0.050
4.88+0.027
3.38+0.080
6.44 £0.041
3.36+0.580
2.58+0.095
1.34+0.039
3.27+0.081

1.0
26.4
11
16.4
141
2.3
1.0
2.0
40.6
3.0
53.6
134
3.0
134
2.2

alncubations included pBR322 DNA (100 ng), DEA-NO (1 mM) and benzene metabolites (0.25 mM). Data are the means of at least three different

experiments.

bSingIe-strand DNA breakage is calculated based on the Possion formula as described in Material and methods (35).
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The pBR322 DNA damage induced at different concentrations of peroxynitrite or by benzene metabolites in
the presence of the NO-releasing compound (DEA-NO).4

Compounds Percent of single-strand DNA breaks at different concentrations of peroxynitrite or AuUcbh
benzene metabolites (mean + SD) 0.0-1.0 MM (mean +
SD)
Concentration of 0.1 mM 0.5 mM 1.0mM
peroxynitrite or benzene
metabolites
Peroxynitrite 42.3+18.9 81.2+45 82.4+2.7 72.445.9
HQ+NO 54.0+12.2 77.7+7.6 78.0+6.3 70.246.2
BQ+NO 22.8+3.3€ 47.5+4.99 53.2+5.89 40.6+4.39
CAT+NO 24.3+6.9¢ 39.6+6.79 38.1+6.09 33.7+6.39
BT+NO 23.345.5¢ 57.4+2.49 80.748.9 52.0¢2.79
Phenol+NO 43339 33239 3.6+1.39 3.6£2.39
Benzene+'NO 0.1£0.19 2.8+1.67 0.1x0.19 0.740.4¢
HQ 1.1+0.89 1.9+0.79 2.8+2.09 1.9+0.79
BQ 0.1+0.19 0.7+1.29 1.1£1.09 0.6:0.79
CAT 244229 1.7+1.69 2.3+1.37 2.01.69
BT 20.2+5.39 42,6559 53.3+3.69 37.7+4.59
Phenol 1.1£1.79 16159 1.4 +1.49 1.4+1.39
Benzene 0.3+0.49 13059 1.3+0.87 1.0£0.97

alncubations included pBR322 DNA (100 ng), DEA-NO (0.5 mM), ring-hydroxylated benzene metabolites or peroxynitrite (0.01-1mM).

bAUC, area under curve. The values shown in the column AUC include concentrations of 0.01, 0.1, 0.2, 0.5 and 1.0 mM that are shown in Fig. 4.

Indicates a significant difference from peroxynitrite alone at p=0.05.

Indicates a significant difference from peroxynitrite alone at p=0.01.
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