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Three healthy volunteers were exposed to 1,4-
dichlorobenzene (p-DCB) vapor (2.4–2.8 ppm) for 1 hr,
peripheral blood was taken before and after exposure.
Serum was collected and incubated with calf thymus
DNA to examine whether there are any DNA-binding
metabolites persisting in human serum. Among the
3 subjects we detected 4, 2, and 0 DNA adducts respec-
tively, no differences were found in adduct profiles
before or after p-DCB inhalation. The result reflects
that qualities and quantities of DNA-reactive metabo-
lites in human sera are different, depending upon in-
dividual exposure to environmental carcinogens and
their metabolism ability. There were no additional
DNA-reactive metabolites found after inhalation ex-
posure to p-DCB.
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INTRODUCTION

The chemical 1,4-dichlorobenzene (p-DCB) is
a chlorinated aromatic compound, which has been
used for several decades in consumer products, in
pest control and as an intermediate in chemical in-
dustries. These uses result in different exposure pat-
terns for human, the three most important routes

being vapor exposure, oral exposure via contami-
nated foods and local contact.1) p-DCB causes mito-
genic stimulation of hepatocellular proliferation in
rodents.2) There are a number of reports on
carinogenicity, mutagenicity in rats and mice, but
data in humans are limited.3,4) p-DCB showed major
differences in the hepatic cytochrome P450-medi-
ated biotransformation in different species and also
in different rat strains, and is a selective carcinogen
in these species.5) Formation of DNA adducts is con-
sidered a crucial step in the initiation of carcinogen-
esis. The determination of macromolecular adducts
in experimental animals and humans can contribute
to better understanding of the mechanisms of chemi-
cal carcinogenesis. DNA adducts represent the end
product of carcinogen disposition taking into account
all the variable intraindividual factors of absorption,
metabolism, excretion, and adduct repair, and thus,
best represent the actual critical dose of a chemical
measurable on an individual basis.6,7) There are no
available data on DNA adducts of p-DCB in labora-
tory animals or human beings. One of the difficul-
ties is that human tissue DNA can not be obtained
readily. The present study was undertaken to evalu-
ate the use of blood serum as a source to detect reac-
tive, adduct-forming metabolites of p-DCB by the
32P-postlabeling method and as a potential novel
approach to biomonitoring, which could be extended
for use in humans due to the ready availability of
human serum.

MATERIALS AND METHODS

Subject Information and p-DCB Inhalation —–—
Three volunteers, S1, S2 and S3, were selected for
this experiment. All subjects inhaled p-DCB vapor
(2.4–2.8 ppm) continually for 1 hr, approximately
10 ml of peripheral blood was collected at three time-
points: before inhalation (T1), just at the termina-
tion of inhalation (T2), and 1 hr after the termina-
tion of inhalation (T3). Concentration of p-DCB in
each serum specimen was measured by GCMS-
QP5050A (Shimadzu, Japan). Background informa-
tion regarding the 3 selected subjects is shown in
Table 1.
Reaction with DNA —–—  Six hundred µl of serum
was mixed with 400 µl of 50 mM Tris–HCl buffer,
pH 7.4, containing 300 µg of calf thymus DNA
(Boehringer Mannheim, Gmbh, Germany) and in-
cubated for 1 hr at 37°C with constant agitation.8)

Samples were extracted three times with water–satu-
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rated ethyl acetate to remove unreacted metabolites
or the parent compound.9) The aqueous phase was
briefly evaporated to remove ethyl acetate.
DNA Isolation —–—  DNA incubated with serum
was treated with RNases and proteinase K to remove
RNA and protein respectively and extracted with
phenol, phenol : CIAA (chloroform : isoamyl alco-
hol = 24 : 1), and CIAA. DNA was recovered by
ethanol precipitation and its concentration was de-
termined spectrophotometrically.10)

Analysis of DNA Adducts by the 32P-Postlabeling
Method —–—  DNA samples were analyzed by the
32P-postlabeling method after enrichment of adducts
with nuclease P1.11) DNA was digested with micro-
coccal nuclease and spleen phosphodiesterase. Ad-
ducts were enriched by nuclease P1 and labeled by
T4 polynucleotide kinase catalyzed phosphorylation
in the presence of molar excess of [γ-32P]ATP. La-
beled adducts were resolved by multidirectional PEI-
cellulose TLC using 1.0 M sodium phosphate, pH
6.0 for D1; 4.5 M lithium formate/8.5 M urea, pH 3.5
for D3; isopropanol:4 M ammonium hydroxide
(1 : 1) for D4 and 1.7 M sodium phosphate, pH 5.7
for D5. The adducts were detected with a Bio-Im-
age Analyzer (FLA-3000; Fuji Photo Film Co. Ltd.
Tokyo, Japan) after exposing the TLC sheet to the
Fuji imaging plate.

RESULTS AND DISCUSSION

As shown in Fig. 1, each DNA adduct map was
different. We detected 2 DNA adduct spots in serum
from S1, 4 spots in that from S2, and no spots in that
from S3. Comparing DNA adduct profiles at the three
time-points: before inhalation, end of inhalation, 1 hr
after ending of inhalation, almost the same patterns
of qualitative and quantitative adducts were ob-

served. These results demonstrate that after exposed
to p-DCB vapor, there are no additional DNA-bind-
ing metabolites appearing in human serum compared
with those before inhalation. Like other
halobenzenes, such as chlorobenzene and
bromobenzene, p-DCB is bioactivated only through
oxidative metabolic steps.12) Cytochrome P-450 de-
pendent microsomal oxidase system and, to a much
lesser extent, cytosolic GSH-transferases are in-
volved in p-DCB metabolism.5) p-DCB is mainly
metabolized to 2,5-dichlorophenol.13) Content of p-
DCB in human serum decreased rapidly, only 1 hr
after termination of inhalation, half of serum p-DCB
has been metabolized and excreted as shown in
Table 1. Although the p-DCB concentration in hu-
man serum before p-DCB inhalation was low, it was
detectable in all three volunteers, suggesting that p-
DCB pollution in the ambient environment is wide
spread.

It is generally thought that the formation of DNA
adducts by covalent interaction of electrophilic spe-
cies of carcinogens with macromolecules, particu-
larly DNA, is an essential first step in the multistage
process of carcinogenesis. DNA adducts can be de-
tected at a level of 1 adduct per 1010 nucleotides by
32P-postlabeling technique.14) Most of the known

Table 1. Background Information on the Subjects and Concen-
tration of p-DCB in Each Serum

Volunteers S1 S2 S3

Age 45 49 54

Smoker No Yes Yes

Weight (kg) 57 70 77

Height (cm) 171 170 173

Exposure Conc. of p-DCB (ppm) 2.4 2.8 2.7

p-DCB absorption (mg) 2.4 4.7 3.3

T1 18.6 5 9.6

Serum p-DCB (ng/ml) T2 46.8 49.3 46.2

T3 23.8 21 20.4

Fig. 1. [32P]-DNA Adduct Maps Derived from Human Serum
Exposed to Dichlorobenzene Vapor

DNA adduct was enriched by nuclease P1 treatment. Origin is at
the left-down corner of each map. T1: before p-DCB inhalation; T2:
termination of p-DCB inhalation; T3: 1 hr after termination of p-DCB
inhalation. S1, S2, S3 represents different subjects.
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chemical carcinogens are metabolized to reactive
intermediary or ultimate metabolites which are ca-
pable of binding covalently to DNA. Human DNA
can not be easily obtained from the target tissue of a
specific chemical, therefore using human serum as
a novel surrogate to overcome the need for tissues
containing DNA for in the routine human
biomonitoring assessment of exposure is a useful
exploration. In practice, Arif et al. detected DNA
reactive metabolites in serum and described the tis-
sue distribution of these metabolites in mice exposed
to carcinogens,8) indicating that these approaches
have implications for human biomonitoring using
serum and carcinogenicity. In typical day-to-day life,
normal human populations are exposed to various
classes of carcinogenic substances, including PAHs,
environmental tobacco smoke, diesel and gasoline
exhausts, water pollutants, etc.15) In this study, we
detected 2 and 4 adduct spots in S1 and S2 respec-
tively, indicating that S2 might have been exposed
to more carcinogens than S1. There were no DNA
binding metabolites persisting in serum from S3.
Though the use of WBCs, PBLs and other cell sys-
tems has been applied in several studies regarding
the ultimate toxicity of specific chemicals, these
systems do not serve as a routine, simple and accu-
rate measure for biomonitoring of exposure to car-
cinogens in humans. In conclusion, this detection
approach, coupled with highly sensitive 32P-
postlabeling technique is capable of detecting early
and relatively low dose exposure to genetic chemi-
cals in humans.
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