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Abstract

*P-Postlabeling-HPLC is a highly sensitive analytical method for identification of chemical-modified DNA
adducts isolated from samples obtained from experimental animals or humans exposed to carcinogenic chemicals.
To determine optimal **P-postlabeling-HPLC conditions for efficient separation, we report here the use of ten
diol-epoxide-modified 3'.5'-bisphosphate deoxynucleotides derived from benzo[a]pyrene (BaP), nitrated BaP, and
related compounds. After testing ODS-modified, C,-modified, phenyl-modified. diphenyl-modified, and cyclodex-
trin-bonded reversed-phase HPLC columns, we found that the Vydac diphenyl-modified column can efficiently
separate these 3'.5'-bisphosphate deoxynucleotides. The results suggest that “*P-postlabeling-HPLC is a potentially
useful methodology for detecting environmental carcinogens that can be metabolized to diol-epoxides. The
relationships between the structures of ansi-diol-epoxides and HPLC retention order are also discussed.

1. Introduction

In the USA about 95% of the current energy
consumption is fossil fuel [1]. Combustion of
fossil fuel is never complete and produces poly-
cyclic organic matter (POM) as by-products. It
has been well documented that POM causes air
pollution and poses a threat to human health and
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the environment [2,3]. POM contains polycyclic
aromatic hydrocarbons (PAHs) and nitro-poly-
cyclic aromatic hydrocarbons (nitro-PAHs) [4-7],
both of which are carcinogenic chemicals
[4,5,8.9]. The POMs extracted from the ambient
air, coal, chimney soot, diesel and gasoline
engines, industrial carbon black, oil shale soot,
coke oven emissions, and roofing tar emissions
all induce tumors in experimental animals [4].
Consequently, it is important to assess human
health risk posed by air pollution from different
sources.

Benzo[a]pyrene (BaP) has been used as a
biomarker for measurement of PAHs extracted
from the POM. It has been found that POM
extracted from diesel soot contains a relatively
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high concentration of nitro-PAHs compared to
the parent PAHs [6,10]. For example, diesel soot
extract contains 30 and 202 ppm pyrene and
l-nitropyrene, respectively. and contains BaP.
I-nitrobenzo[a]pyrene (1-NBaP). 3-nitroben-
zo[alpyrene  (3-NBaP), and 6-nitrobenzo-
[a]lpyrene in quantities of 6.4, 3. 6, and 14 ppm.
respectively [6]. Both PAHs and nitro-PAHs
require metabolic activation to covalently bind to
DNA and to exert their mutagenic and
tumorigenic activities [4,5,8,9.11]. It has been
established that binding of the reactive anti-diol-
epoxide metabolites to DNA, resulting in the
formation of N°-deoxyguanosinyl adducts, is the
principal metabolic activation of PAHs in vivo
[1,8]. **P-Postlabeling has been established as a
sensitive analytical method for identification of
chemical-modified DNA adducts isolated from
samples obtained from experimental animals or
humans exposed to carcinogenic chemicals
[6.7,12-16]. Pfau and Phillips [16] developed an
efficient **P-postlabeling-HPLC methodology for
the separation of ten “P-labeled nucleoside
3',5'-bisphosphate adducts derived from anti-
diol-epoxides of PAHs, including benzo[a]pyrene
(BaP) anti-diol-epoxide. The optimal HPLC
conditions for separation of these adducts were
discussed in detail. Recently, King et al. [7]
reported the separation of several *’P-labeled
3',5'-bisphosphate adducts of anti-diol-epoxides
of PAHs and a series of nitro-PAH derived
adducts.

1-NBaP and 3-NBaP are potent mutagens in
Salmonella [17,18]. In vitro microsomal metabo-
lism of 1- and 3-NBaP-DE both produce the
corresponding bay-region anti-diol-epoxides as
metabolites [17,18], which upon interaction with
calf thymus DNA result in the formation of
N*-deoxyguanosinyl adducts [19,20]. Since both
BaP and NBaPs are present in diesel soot extract
in substantial quantities [6], it is relevant to
determine whether or not the ““P-labeled nu-
cleoside 3'.5'-bisphosphate adducts derived from
anti-diol-epoxides of BaP and NBaPs are separ-
able. We report in this paper the separation of
the *P-labeled nucleoside 3’.5'-bisphosphate ad-
ducts derived from ten PAH and nitro-PAH anti-
diol-epoxides. The relationships between the

structures of anti-diol-epoxides and HPLC re-
tention order are also discussed.

2. Experimental
2.1. Materials

BaP diol-epoxide, trans-7.8-dihydroxy-anti-
9.10 - epoxy - 7,8,9,10 - tetrahydrobenzo[a]pyrene
(BaP-DE), was prepared as previously described
[21]. The following five anti-diol-epoxides were
previously prepared in our laboratory: trans-7,8-
dihydroxy-anti-9,10-epoxy- 7,8,9,10-tetrahydro-1-
nitrobenzo[a]pyrene (1-NBaP-DE) [22], trans-
7.8 - dihydroxy - anti -9,10 - epoxy - 7,8,9,10 - tetra-
hydro-2-nitrobenzo[a]pyrene (2-NBaP-DE) [23],
trans - 7.8 - dihydroxy - anti -9,10 - epoxy-7,8,9,10-
tetrahydro-3-nitrobenzo[a]pyrene (3-NBaP-DE)
[19]. cis-7.8-dihydroxy-anti-9,10-epoxy-7,8,9,10-
tetrahydrobenzo[a]pyrene (cis-BaP-DE) [24],
and  trans-9,10-dihydroxy-anti-7,8-epoxy-7.8,9,
10-tetrahydrobenzo|a]pyrene (9,10-BaP-DE)
[24]. Following the established procedures for
synthesis of the diol-epoxides described above
[19-22]. trans-7,8-dihydroxy-anti-9,10-epoxy-
7.8.9,10-tetrahydro-7-methylbenzo[a]pyrene
(7-MBaP-DE) was synthesized by epoxidation
of trans-7,8-dihydroxy-7,8-dihydro-7-methylben-
zo|a]pyrene [25]. Trans-8,9-dihydroxy-anti-10,11-
epoxy-8,9.10,11-tetrahydrobenz[a]anthracene
(8.9-BA-DE), trans-10,11-dihydroxy-anti-8,9-
cpoxy-8,9,10,11-tetrahydrobenz[a]anthracene
(10,11-BA-DE), and trans-10,11-dihydroxy-anti-
12,13-epoxy-10,11,12,13 - tetrahydrodibenz[a,c]-
anthracene (DB[a,c]A-DE) were similarly pre-
pared.

2.2. Chemical synthesis of DNA adducts

The DNA adducts of BaP-DE, 3-NBaP-DE,
cis-BaP-DE, and 7-MBaP-DE were prepared
according to previously described procedures
[19.24,26]. The DNA adducts of 1- and 2-NBaP-
DE were prepared in a manner similar to the
3-NBaP-DE DNA adduct [19]. The DNA ad-
ducts of the remaining diol-epoxides were pre-
pared by a standard procedure: a solution of a
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diol-epoxide (5.0 mg, dissolved in 200 wul of
freshly distilled tetrahydrofuran) in 10 mAM Tris
buffer (20 ml, pH 7.5) was incubated with
purified calf thymus DNA (20 mg) at 37°C for 4
h. The reaction mixture was extracted three
times with an equal volume of n-butanol satu-
rated with 10 mM Tris buffer (pH 7.5). The
aqueous layer was extracted three times with 20
ml of water-saturated isoamyl alcohol. An
amount of 2 ml of 5 M sodium chloride was
added to the aqueous phase and the DNA was
precipitated with 22 ml of ice-cold 95% ethanol.
The DNA concentration was determined spec-
trophotometrically by measuring the UV absor-
bance at 260 nm.

For structural identification of the adducts,
each of the modified DNA was enzymatically
digested to nucleosides by incubating with
DNase 1, followed by incubation with alkaline
phosphatase and snake venom phosphodies-
terase 1.

2.3. “P-postlabeling-HPLC identification of
3'5"-bisphosphates deoxyribonucleotides

The modified DNA (10 ug) suspended in 20
pl of 5 mM Bis-Tris, 0.1 mM EDTA, pH 7.1
buffer was hydrolyzed to deoxyribonucleoside
3’-monophosphate at 37°C for 4 h with 30 ul of a
mixture containing micrococcal nuclease (125 U/
ml) and spleen phosphodiesterase (12.5 U/ml)
in 20 mM sodium succinate and 10 mM calcium
chloride (pH 6.0) following the procedure of
Gupta [27]. DNA adducts were enriched by the
n-butanol extraction method. The resulting
deoxyribonucleoside 3'-monophosphates  were
dissolved in 25 ul of water and [y-""P] phos-
phorylated with 5 ul of PNK mix containing 200
©Ci [y-"PJATP and 1 U/ug DNA of T4 polynu-
cleotide kinase at 37°C for 40 min. The residual
[v-"PJATP was destroyed by the addition of 1.5
nl of potato apyrase (30 pU). followed by
incubation at 37°C for 30 min.

To separate the modified 3',5'-bisphosphate
deoxyribonucleotides from the unmodified nu-
cleotides, thin-layer chromatography was per-
formed using Machery—Nagel PEI cellulose
plates (3 X5 cm, Alltech Associates, Deerfield.

IL, USA) with 0.65 M sodium phosphate, pH
6.8, onto a 15-cm Whatman 1 paper wick that
had been attached to the top of the plate (D,
direction only). The material from the origin of
the plates was scraped, transferred to 1.5-ml
polypropylene microcentrifuge tubes, and ex-
tracted with 500 pl of 4 M pyridinium formate,
pH 4.2 at room temperature for 4 h with stirring
on a mechanical mixer. After centrifugation for
10 min, the supernatant was collected and cen-
trifuged again for 10 min to remove fine par-
ticles. The supernatants were dried under re-
duced pressure and redissolved in 0.5 M sodium
phosphate buffer (pH 2.0) for HPLC analysis.
The radioactivity was determined by liquid scin-
tillation counting.

2.4. HPLC analysis

HPLC analysis was performed with a Waters
Associates instrument consisting of two Model
510 pumps, a Model 680 solvent programmer, a
Model U6K injector, and in line with a
Radiomatic FLO-ONE/Beta A-515 system with
the samples measured in a 500-ul flow cell.
Samples were eluted at 1.2 ml/min with a 3-step
linear gradient as follows: (1) a linear gradient
from 10% of solvent A (methanol-500 mM
sodium phosphate buffer, pH 2.0, 9:1) in solvent
B (500 mM sodium phosphate butfer, pH 2.0) to
30% of solvent A in solvent B for 10 min; (2) a
linear gradient for 30 min from 30% of solvent A
in solvent B to 35% solvent A in solvent B; and
(3) a 20 min linear gradient from 35% solvent A
in solvent B to 90% solvent A in solvent B. The
columns used were: Zorbax ODS (250 X 4.6 mm
[.D.); Zorbax phenyl (250 X 4.6 mm 1.D.) (DuP-
ont Medical Products, Wilmington, DE, USA);
Vydac 201TP54 ODS (250 x 4.6 mm 1.D.); Vydac
219 diphenyl (250 x 4.6 mm 1.D.) (The Sepa-
rations Group, Hesperia, CA, USA); MetaChem
C4/E (250 x4.6 mm 1.D.) (MetaChem Tech-
nologies, Redondo Beach, CA, USA); Phenom-
cnex IB-SIL 5 phenyl column (250 X 4.6 mm
[.D.) (Phenomenex, Torrance, CA, USA); Wa-
ters uBondapak ODS (300 X 3.9 mm 1.D.) (Wa-
ters Assoctates, Milford, MA, USA); Beckman
ODS (250 x4.6 mm 1.D.) (Beckman Instru-
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ments, San Ramon, CA, USA); Astec Cyclo-
bond II (y); Supelcosil LC-18-DB (250 x 4.6
mm [.D.) (Supelco, Supelco Park, Bellefonte.
PA, USA); Hypersil ODS (250 x 4.6 mm 1.D.)
(Sigma-Aldrich, Aldrich, Milwaukee, W1, USA).
All columns have a particle size of 5 um. To
eliminate the possible UV photolytic decomposi-
tion of the compounds, the laboratory was
equipped with UV absorbing films placed above
the light diffusion panels.

3. Results and discussion

3.1. Selection of diol-epoxides for study

To determine optimal **P-postlabeling-HPLC
conditions for efficient separation of diol-epox-

ide-modified 3',5'-bisphosphate deoxynucleotides
derived from PAHs and nitro-PAHs, we em-
ployed ten structurally related PAH and nitro-
PAH diol-epoxides and a number of different
types of HPLC columns for study. The structures
and abbreviations of the diol-epoxides used in
this study are shown in Fig. 1. The reason for
choosing these diol-epoxides is based on the
following considerations: BaP-DE, 1-NBaP-DE,
3-NBaP-DE, and DBJ[a,c]A-DE are the ultimate
metabolites of BaP, 1-NBaP, 3-NBaP, and
DBla,c]A [28], respectively. BA trans-8,9-di-
hydrodiol and BA f#rans-10,11-dihydrodiol are
the predominant metabolites of BA in vitro [29].
Metabolism of these two BA dihydrodiols may
result in the formation of 8,9-BA-DE and 10,11-
BA-DE. 7-MBaP is a possible environmental
contaminant, and metabolism of 7-MBaP forms

3-NBaP-DE

o

9,10-BaP-DE

10,11-BA-DE

cis-BaP-DE

DB[a,c]A-DE

Fig. I. Structures and abbreviations of anti-diol-cpoxides of BaP. 1-NBaP, 2-NBaP, 3-NBaP, and related PAHs.
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7-MBaP trans-7 8-dihydrodiol [30]. With an addi-
tional methyl group at the C, position compared
with that of BaP-DE. study of this compound
will enable us to determine the effect of a methyl
group on HPLC retention. Since BaP rrans-7.8-
dihydrodiol is a metabolite of BaP, 9.10-BaP-DE
is also possibly formed. The use of cis-BaP-DE
will enable us to determine the effect of the cis
configuration on elution order.

With the exception of 9,10-BaP-DE and cis-
BaP-DE. all the other diol-epoxides employed
for this study are anti-diol-epoxides. As reported
previously, diol-epoxides of cis-BaP-DE and
9,10-BaP-DE are a mixture of the svn- and anti-
diastereoisomers [24].

The diol-epoxide-modified DNA adducts, pre-
pared by reacting diol-epoxides with purified calf
thymus DNA, were hydrolyzed to deoxyribonu-
cleoside 3’-monophosphates with micrococcal
nuclease and spleen phosphodiesterase following
the published standard procedure [12]. [5'-
32P]Phosphorylation of 3'-monophosphates re-
sulted in diol-epoxide-modified 3'.5’-bisphos-
phate deoxynucleotides [12] which were enriched
by the n-butanol extraction procedure [14] and
analyzed by HPLC.

3.2. Separation of diol-epoxide-modified 3',5'-
bisphosphate deoxynucleotide adducts by HPLC

To compare separation efficiency among dif-
ferent types of columns (monomeric and poly-
meric; octadecyl-modified and phenyl-modified
etc.), eleven reversed-phase HPLC columns [six
ODS columns (Zorbax. Vydac, pBondapak,
Supelcosil LC-18-DB, Ultrasphere, and Hyper-
sil), one C,-modified column (MetaChem), two
phenyl-modified columns (Zorbax and Phenom-
enex IB-SIL), one diphenyl-modified column
(Vydac). and one cyclobond column (Astec
Cyclobond II(y))] were used. The Zorbax ODS.
#Bondapak C,,, and Vydac ODS columns have
a conventional bonding between the silicate
hydroxy groups and the substituents. However,
the bonded phase of the Zorbax and uBondapak
ODS columns is monomeric and the Vydac ODS
is polymeric. The MetaChem C, column is
packed with a uniform matrix of crosslinked
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polysiloxane functional groups. The phenyl and
diphenyl columns, which are recommended for
polypeptides, particularly those containing aro-
matic sidechains, have an aromatic phenyl or
diphenyl group chemically bonded to silica that
is capped with trimethylsilane to prevent ad-
sorption of polar compounds. The Cyclobond
[I(y) column consists of eight glucopyranose
units arranged in the shape of a hollow truncated
cone with the interior cavity of 9.5 A in diam-
cter. Separation of compounds by the Cyclobond
column is in general governed by the molecule’s
ability to fit the cavity of the cyclodextrin,
although the polarity of the molecule is also a
factor. Thus, comparison of the separation ef-
ficiencies of the columns and the retention order
of the compounds will provide a better under-
standing of the mechanisms of interaction be-
tween the bonded phase and the diol-epoxide-
modificd 3’,5'-bisphosphate deoxynucleotide sol-
utes.

After employing various solvent systems and
HPLC conditions, it was found that, in general,
the order of separation efficiency of these HPLC
columns is: diphenyl-modified column =
phenyl-modified column  >ODS  column
2 cyclobond column > C,-modified column.
Separation of each of the ten diol-epoxide-modi-
fied 3'.5'-bisphosphate deoxynucleotides on a
Vydac diphenyl-modified reversed-phase HPLC
column is shown in Fig. 2. The optimal HPLC
conditions employed a solvent system similar to
that reported by Pfau and Phillips [16], which
consists of buffer A, 0.5 M sodium dihydrogen
orthophosphate and 0.5 M orthophosphoric acid
{pH 2.0) and buffer B, a mixture of methanol in
buffer A (9:1, v/v). With the exception of 9,10-
BaP-DE and cis-BaP-DE, all the diol-epoxides
generated one major adduct. The major adducts
account for the following percentages of total
adduct formation: 10,11-BA-DE, 79%; 8,9-BA-
DE, 78%; BaP-DE, 90%; 1-NBaP-DE, 56%:;
2-NBaP-DE, 75%; 3-NBaP-DE, 73%; 7-MBaP-
DE, 61%; and DBla,c]A, 72%. Due to being a
mixture of syn- and anti-diol-epoxides, both
9.10-BaP-DE and cis-BaP-DE generate multiple
adducts (Fig. 2) and are not suitable to combine
with other adducts for HPLC separation. There-
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Fig. 2. Separation of each of the ten diol-epoxide-modified 3'.5'-bisphosphate deoxynucleotides on a Vydac diphenyl-modified
reversed-phase HPLC column. For chromatographic conditions. see Section 2.4.

fore, only eight diol-epoxide-modified 3'.5'-bis-
phosphate deoxynucleotides were employed for
determining HPLC separation efficiency (Fig. 3).
For comparison, the retention times of the 9,10-
BaP-DE and cis-BaP-DE adducts are marked in
Fig. 3.

Two approaches are used to determine the

relative HPLC retention times of each adduct.
The first is to compare the retention time of the
individual adduct. The second is to repeat the
HPLC separation by increasing the concentra-
tion of one or two components. For example, as
shown in Fig. 3B, when the quantities of the
10,11-BA-DE and BaP-DE adducts were in-
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Fig. 3. (A) Separation of a mixture containing eight diol-
epoxide-modified 3'.5'-bisphosphate deoxynucleotides on a
Vydac diphenyl-modified reversed-phase HPLC column. The
retention times from the major adducts of 9.10-BaP-DE and
cis-BaP-DE are marked (* and A. respectively). (B) The
quantities of 10,11-BA-DE and BaP-DE adducts in (B) are
increased compared to those in (A). For chromatographic
conditions, see Section 2.4.

creased, the intensity of the corresponding chro-
matographic peaks increased (compared with
those shown in Fig. 3A).

Pfau and Phillips [16] previously reported the
use of a phenyl-modified Zorbax column for
efficient separation of ten PAH anti-diol-epox-
ides, including the adducts of BaP-DE and
DBla.c]A that we also used. In our study of
anti-diol-epoxide adducts, separation by Zorbax
and another phenyl-modified HPLC column
(Phenomenex IB-SIL) resulted in less satisfac-
tory separation efficiency of 1-, 2- and 3-NBaP-
DE, although the HPLC retention order is in

gencral similar to that from the Vydac diphenyl-
modified column (data not shown). The adducts
of 1-NBaP-DE, 2-NBaP-DE, 3-NBaP-DE, and
BaP-DE eluted within a very narrow range
without having a baseline separation. Neverthe-
less, similar to the results reported by Pfau and
Phillips [16], the adduct of DB[a,c]A eluted last
(data not shown).

Separation of the adducts by the six ODS
HPLC columns was less successful. The C,
reversed-phase column provided the worst sepa-
ration affording all the adducts eluted within a
narrow range. The Cyclobond II column did not
result in satisfactory separation either. Several of
the diol-epoxide-modified 3',5’-bisphosphate
deoxynucleotide adducts had a very short re-
tention time, eluting closely with the unmodified
deoxynucleotides (data not shown). Separation
by the Cyclobond II(y) column is in general
governed by the molecule’s ability to fit the
cavity of the cyclodextrin, although polarity of
the molecule can be considered as a secondary
factor. Thus, these results indicate that part of
the adduct molecules do not fit the cavity.

3.3. Relationships between structures of the
adducts and HPLC retention order

We previously employed more than 100 PAHs,
nitro-PAHSs, and their derivatives for study of
relationships between structures and HPLC re-
tention order [31-33]. It is found that when a
compound is eluted from an HPLC column,
polarity and size of the molecule are important
factors in determining the HPLC retention time.
Polarity is largely related to the type, number,
and location of the functional group(s) in the
molecule. Thus, a functional group, such as a
nitro, hydroxyl, or a methyl group, would also
alter polarity and therefore affect HPLC reten-
tion times of nitro-PAHs. However, all diol-
epoxide-modified 3’,5-bisphosphate deoxynu-
cleotide adducts contain two highly polar phos-
phate groups attached to the deoxy ribose and
three hydroxyl and one secondary amino groups
linked to the saturated terminal benzo ring of the
aromatic moiety. As a consequence, due to
similar strong polarity, these adducts are not well
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separated by the ODS reversed-phase HPLC
columns. On the other hand. these adducts can
be better separated by diphenyl- or phenyl-modi-
fied reversed-phase columns, which are recom-
mended for separation of aromatic-ring-contain-
ing peptides. Theretfore, it is evident that the
determining factor in the separation of these
adducts is the number of aromatic rings con-
tained in the modified 3'.5'-bisphosphate deox-
ynucleotide adducts. This can well explain why
10,11-BA-DE and 8,9-BA-DE celuted first, fol-
lowed by the NBaP-DEs, BaP-DE, and 7-MBaP-
DE, and DBJa,c]A-DE last (Fig. 3).

We have found that, when a diphenyl-modified
HPLC column is used, the elution order of the
adducts, as shown in Fig. 3, is in accordance with
those of the parent PAHs, nitro-PAHs, and their
derivatives. Comparison of the retention times
between the adducts of BaP-DE and 1-, 2-. and
3-NBaP-DEs indicates that the presence of a
polar nitro functional group results in a shorter
retention time (Fig. 3). This finding is similar to
the results previously reported for the HPLC
separation of the parent PAHs and nitro-PAHSs
[31]. On the other hand, the increase of re-
tention time by adding an additional methyl
group to the molecule (e.g. the adduct of 7-
MBaP-DE vs. that of BaP-DE) is also consistent
with our previous report [31]. Thus, the molecu-
lar size, the geometric shape of the molecule,
and the substituted nitro and methyl groups
should be factors in determining HPLC retention
of the modified 3'.5'-bisphosphate deoxynu-
cleotide.

3.4. Separation of diol-epoxide-modified 3".5'-
bisphosphate deoxynucleotide adducts derived
from ambient air

Both PAHs and nitro-PAHs arc contaminants
present in ambient air, diesel soot extract, and
other environmental sources. Since BaP, I-
NBaP, and 3-NBaP have been detected in diesel
soot extract [7], it is highly possible that more
bay-region-containing PAHs and nitro-PAHs are
present in a variety of environmental samples.
When humans are exposed to these compounds.
these compounds may be cnzymatically con-
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verted into the corresponding diol-epoxides. For
hazard prevention, biomonitoring of their pres-
ence in the human is, therefore, timely and
important. Our study indicates that the BaP-DE
adduct can be separated from the other diol-
epoxide adducts (Fig. 3). These results are in
accordance with the findings by Pfau and Phillips
[16] and by King et al. [7] that the BaP-DE is
separable from the other adducts. Furthermore,
our results also indicate that the diol-epoxide
adducts derived from the mutagenic environmen-
tal 1-NBaP and 3-NBaP are also separable (Fig.
3). Thus, the results presented in this paper,
together with those reported by others, also
suggest that the ’P-postlabeling-HPLC system is
a potentially useful methodology for detection of
environmental carcinogens that can be metabo-
lized to diol-epoxides. Nevertheless, it is worthy
to note that due to exposure to various en-
vironmental carcinogenic chemicals, a large
number of chemical-modified DNA adducts are
present in human tissues. It is possible that some
of the diol-epoxide modified 3’,5'bisphosphate
deoxynucleotide adducts may co-elute together,
and may co-elute with the adducts derived from
other chemicals. Therefore, it is essential to use
more than one analytical technique for identifica-
tion and quantitation of DNA adducts contained
in human samples [34-36].
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