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Abstract

Chlorobenzenes due to their acute toxicity and the
capability of bioaccumulating are of great health and
environmental concern. Especially, 1, 2-dichloroben-
zene (CAS No. 95-50-1) is used for organic synthe-
sis, dye manufacture, as a solvent and for other
applications in chemical industry. Adverse effects of
1, 2-dichlorobenzene includes increases in liver and
kidney weights and hepatotoxicity. In this study, we
evaluated the genetic toxicity of 1, 2-dichloroben-
zene with more advanced methods, in vitro mouse
lymphoma assay tk*/~ gene assay (MLA) and in vitro
mouse supravital micronucleus (MN) assay. 1, 2-
Dichlorobenzene appeared the significantly positive
results and the induction of large mutant colonies
only in the presence of metabolic activation system
with MLA. But in vitro testing of 1, 2-dichlorobenzene
yielded negative results with supravital MN assay.
These results suggest that 1, 2-dichlorobenzene may
play a mutagen rather than clastogen in vitro mam-
malian system.
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thesis, dye manufacture, as a solvent and for other
applications in chemical industryOccupational expo
sure to 1, Aichlorobenzene could occur during its
use as an industrial cleaner in the automotive, truck-
ing and aircraft industries. 1;dichlorobenzene emis-
sions from about 78 sites in Europe producing chlo-
rine were estimated as 32 tyto air and 2.7t yr* to
water in 1999. Indirect routes of entry to the envi-
ronment include sewage sludge dumping at sea or
disposal in soil, metabolic breakdown of lindene and
the degradation of more highly chlorinated benzenes,
but these are difficult to quantify.

1, 2-Dichlorobenzene is the most acutely hepatotox-
ic of the three isomers of dichlorobenzene (ortho,
meta, and para). Although 1, 2(orthaichloroben-
zene exists in the environment, exposure to humans
predominantly occurs at the work plac&he avail-
able toxicological data indicate that metabolic pro-
files and effects from 1,-dichlorobenzene exposure
are similar in rats, mice and hum&n&nimal studies
with rats and mice have shown 1dhlorobenzene
to induce acute hepatotoxic effects. Several oral stud-
ies of rats and mice ranging from 10 days to 2 years
duration indicate that the adverse effects include in-
creases in liver and kidney weights and hepatotoxici-
ty.
The controversy on genotoxicity of l-d2chloro-
benzene has been reported in bacterial systewityo
andin vitro mammalian systems. In several microbial
organisms and mammalian systems-dichloroben-
zene tested negative vitro. However, it did induce
sister chromatid exchanges in Chinese Hamster ovary
cell$ and increased mutation frequency in mouse
lymphoma cells, both in the presence of metabolic
activatiort®. In this study, we evaluated the genetic
toxicity of 1, 2dichlorobenzene with more advanced
methods,n vitro mouse lymphoma assdly*'~ gene
assay (MLA) andn vitro mouse supravital micronu-

Chlorinated hydrocarbons are important contami- cleus (MN) assay.
nants for surface and groundwaters as well as marine
pollution*3, Among them, chlorobenzenes due to their 1, 2-Dichlorobenzene was Increased Mutant
acute toxicity and the capability of bioaccumulating Frequencies in MLA Assay

are of great health and environmental contemany

The genotoxic potentials of 1;dichlorobenzene

of these species being listed by US EPA as priority (Figure 2) were assessed with various concentrations
pollutants. Dichlorobenzene exists as three isomerdn the absence and presence ¢ &ctivation, respec-

[(1, 2-(0-); 1, 3(m); and 1, 4(p-)] (Figure 1). 1, 2
dichlorobenzene (1,-BCB) is used for organic syn-

tively using MLA. Table 1 summarizes the results of
the MLA after treatment of L5178Y cells with 1 2
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dichlorobenzene at different concentrations for 3 h. peritoneal injection in male ICR mice was reported as
DMSO was used as the negative control. The adequal,228.0 mg/kg. To determine the optimal sampling
cy of the experimental conditions for detection of in- time, a single half dose of Isj 614.0 mg/kg of 1, 2
duced mutation was confirmed by employing positive dichlorobenzene was injected into mice, and blood
control chemicals, methylmethanesulfonate (MMS) samples collected at 12 h intervals from 36 to 60 h.
and cyclophosphamide (CP) for assays in the absenc&aximum frequency of micronucleated reticulocytes
and presence of-$, respectively. Background muta- (MNRETS) was observed at 48 h after treatment (Table
tion frequencies (MF) (189.0410°° and 148.7X% 2). The frequency of MNRETSs induced 48 h after i. p.
10°%) were within the historical control range, and injection at a single dose of 153.5, 307.0 and 614.0
positive controls gave large dedependent increases mg/kg of 1, 2dichlorobenzene was not dedepen-

in MF, meeting assay acceptance criteria. Treatment

of cells with 1, 2dichlorobenzene for 3 h led to a

clearly increased MF at concentrationspggmL in
the presence of-8$(Table 1 and Figure 2). 1;Richlo- 450
robenzene at 79g/mL caused a 2:#bld increase in 200
the spontaneous MF. A concentrati@iated muta- .
genic effect was measured in the presence ®&%s- &~ 350
tem. However, in the absence e9Sit did not appear 5
significant increase of MFs at all concentrations. % 300+
[S]
. . & 250-
1, 2-Dichlorobenzene did not Induced =
Micronucleus Formation in Peripheral Blood :’; 200 4
from Mice Exposed Intraperitoneally g
1, 2-Dichlorobenzene also subjected to acridine = 150+
orange micronucleus (MN) assay with mouse periph- 100
eral reticulocytes. The 50% lethal dose ()n intra —&— -S9
—A— +59
507 *P<0.05
0
c 0 10 20 40 79
Concentration{g/mL)
cl Figure 2. Mutation frequencies by 1;@ichlorobezene in
L5178Y cells in the absence and presence-8frBetabolic
1, 2-Dichlorobenzene activation system (3 h treatment). Tatiamutation frequency
is displayed. Results are taken from one representative experi-
Figure 1. Chemical structure of 1;@ichlorobezene. ment. *statistically significan®< 0.05).
Table 1. Toxicity and mutagenicity of 1 -8ichlorobenzene in L5178%*'~ mouse lymphoma cells.
3hr
-S9 +S9
(Hg/mL) %RS RTG Frequency (Hg/mL) %RS RTG Frequency
(x107°) (x107°)
0 100.00 1.00 189.01 0 100.00 1.00 148.72
9.9 95.83 1.46 105.83 NS 9.9 73.03 1.04 115.09 NS
19.8 91.84 1.11 163.56 NS 19.8 90.56 0.61 165.23 NS
39.5 150.22 1.04 200.68 NS 39.5 124.07 0.63 209.49 NS
79.0 145.37 0.68 184.09 NS 79.0 135.72 0.44 351.59 *
Linear trend NS Linear trend *
MMS CP
10 102.90 0.77 608.24 * 3 108.91 0.81 540.18 *

NS: Not significant
* **: Significant at 5% and 1% level, respectively
MMS: methylmethanesulfonate, CP: cyclophosphamide
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Table 2. Frequencies of MNRETS in peripheral blood of ICR mice after a single intraperitoneal administratiordichlgi®-
benzene.

: Route of Dose No. of Sampling %MNRET
Chemical administration (mga/kg) mouse time (h) (Me&s.D.) P value
Solvent control i.p. - 6 48 0.25+-0.04
MMC i.p. 1 6 48 3.36t1.31 <0.05
1, 2Dichlorobenznene i.p. 614.0 6 36 028.05 >0.05
614.0 6 48 0.26:0.09 >0.05
614.0 6 60 0.23-0.08 >0.05
307.0 6 48 0.23:0.08 >0.05
153.5 6 48 0.28:0.09 >0.05
#2000 Reticulocytes were counted in each mouse
bSolvent control group was injected i.p. with corn oil
MNRET: micronucleated reticulocyte
MMC: mitomycin C
dently increased (Table 2). performed with CHO celfs'® were positive in the

presence of, and negative in the absence of, metabolic
. . activation. A DNA synthesis inhibition assay per-
Discussion formed with human lymphocytes was positive with-
out metabolic activation and negative with metabolic
We investigated whether 1,dichlorobenzene in-  activatiort®. Following accidental exposure to &, 2
duce the baspair as well as frameshift mutations or dichlorobenzene vapour, estimated by the study au-
small deletions in L5178Y cells using MLA and it thors to be no greater than 100 ppm (602 nijy/the
induce the clastogenic potential vitro using supra-  mean value of chromosomal aberrations in peripheral
vital micronucleus (MN) assay. blood leukocytes from exposed individuals was 8.92%
MLA using the thymidine kinasé) locus has been compared to 2.02% for a control grétiDue to the
widely used to detect the ability of chemicals to in- relatively low number of cells examined, little confi-
duce genetic damage in cultured mammalian cells. Adence can be attributed to findings of this study.
large body of information demonstrates the capability ~And in vitro testing of 1, 2dichlorobenzene yielded
of the MLA tk assay to detect a broad spectrum of negative results with supravital MN assay. There are
mutational events. Therefore, the International somein vitro data similar with this data. In the Dro-
Committee for Harmonization (ICH), in selecting a sophila sexinked recessive mutation (BUA, 1990)
recommended test battery, discussed the MLA andand eye mosaic assaysl, 2dichlorobenzene did not
thein vitro mammalian cytogenetic assays as possibleappear positive results. Chromosomal aberration
alternatives. The rodent MN assay has been widelyassays with rat bone marrét@? and DNA damage
applied as arn vitro assay for detecting genotoxic studies in rats were negativeAlso, positive micro-
agents. The assay became a standard test system faucleus assay in mouse bone maffomas not con-
genotoxicity evaluations in regulatory agencies in firmed in a more recent, wetonducted study.

several countriég™. _ Consequently, genotoxic potential of idhloro-
In MLA assay, 1, Adichlorobenzene induced the benzene was observed fwitro micronucleus assay
mutation frequency only in the presence & &ix, using peripheral reticulocytes but MLA assay only in

which related to the increases in large mutant colo-the presence of metabolic activation system. These
nies but not in small colonies. Generally, large colony results suggest that 1;dichlorobenzene may play a
mutants reflected the induction of point mutation. mutagen rather than clastogenvitro mammalian
Genotoxicity testing with several microbial species system.

produced negative results with the exception of one

recombination assay witBacillus subtilid®. 1, 2Di-

chlorobenzene was previously found to be-geno- Methods

toxic in a bacterial reverse mutation assay (Ames test)

and anin vitro chromosomal aberration assay and Materials

HGPRT assay using Chinese hamster ovaryéelis 1, 2-Dichlorobenzene (1,-BDCB; CAS No. 9550
other study, two sister chromatid exchange assayd) was purchased from Junsei Chem. (Japan). Stock
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solutions of used chemicals were prepared freshly inand relative total growth (RTG) following 3 h treat-
medium before use. RPMI640, pluronic solution, ments at concentrations up to 5 mg/mL, usually regard
antibiotics and horse serum were the products ofless of solubility. The recommended highest concen-
GIBCOP (California, USA). All other chemicals used tration was one with a 30% RS and/or RTG. Mu-
were of analytical grade or the highest grade avail-tant selection was performed using the modified mic-
able. The preparation of rat liver&fraction for meta rowell version of the assay as described by Clements
bolic activation system was previously repoffed et al?’. Simply, the treated cells in medium contain-
The S9 fraction prepared was stored immediately ating 3ug TFT/mL for selection or without TFT for

—80°C before use. cloning efficiency were distributed at 2p@Q/well
into 96-well flat-bottom microtiter plates. For mutant
Cell Line and Culture selection, two plates were seeded with ~2,000 cells/
The mouse lymphoma L5178Y cell lintkf/~ well. For cloning efficiency, two plates were seeded

3.7.2c) was cultivated in 90% RPMB40 with 1 mM with ~1 cell/well. All plates were incubated in 5%
sodium pyruvate, 0.1% pluronic supplemented with CO; in air in a humidified incubator at 3Z. After
10% heatinactivated horse serum and antibiotics. 11-13 days incubation, clones were counted and the
These cells were maintained at’@7in humidified colony size distribution was determined. Mutant fre-

5% CQ atmosphere. quencies were calculated using a statistical package
(MutantTM: UKEMS, York, UK) in accordance with
L5178Y thymidine kinase (tk)*'~-3.7.2C the UKEMS guidelines.

Mouse Lymphoma Assay (MLA)

To prepare working stocks for gene mutation experi In vitro Supravital Micronucleus Assay
ments, cultures were purged t&f’~ mutants by ex-  in Mice
posure for 1 day to THMG medium (culture medium  Outbred mice of strain ICR,-& weeks old, were
containing 3ug/mL thymidine, 5ug/mL hypoxan-  used in this study. The mice were allowed an adapta-
thine, 0.1ug/mL methotrexate and 7p®/mL gly- tion period of about 1 week, then randomized and
cine) and then the cells were transferred to THG subjected to the study. The six animals were housed
medium (THMG but without methotrexate) for 2 days. for each group. The test article was applied orally in
The purged cultures were checked for low backgroundthree doses in volumes of 10 mL/kg. The micronucle-
tkt/~ mutants and stored in liquid nitrogen. Each us test with mouse peripheral blood reticulocytes
experiment started with working stock. The cells were using acridine orangsupravital staining method was
usually used on day 3 or 4 after thawing and duringperformed essentially as described by Hayashi
logarithmic growth. A single lot of poshitochondri- al.?%. To determine the clastogenicity, td&hloro-
al supernatant fractions of rat liver homogenate®)(S benzene dissolved in corn oil was administrated intra-
for exogenous metabolic activation had been madeperitoneally (i.p.) at either 153.5, 307.0, or 614.0 mg/
from the liver of phenobarbitabnd 5, 6benzofla- kg. A single dose of MMC at 1 mg/kg was injected
vonepretreated Sprague Dawley rats9 Snixture i.p. as a positive control, and corn oil was administrat-
was prepared just prior to use by combining 4 S ed i.p. with 0.1 mL/kg as a solvent control. Peripheral
with 2 mL each 180 mg/mL glucosephosphate, 25 bloods were collected from mouse tail vein at 12 h
mg/mL NADP and 150 mM KCI. The concentration intervals from 36 h to 60 h after administration. The
of S-9 mixture was 5% during treatment and the final 10uL of 1 mg/mL acridine orange (AO) dissolved in
concentration of ® was 2%. For treatment, cells distilled water was placed on a glass slidelprated
were centrifuged and suspended at a concentration oét about 70C, spread out, and dried at room tempera-
0.5x 10°cells in 10 mL of medium in 15 mL polysty- ture. This glass slides were stored in a dark and dry
rene tubes. 1,-Pichlorobenzene was tested with and location at room temperature until used. Peripheral
without S9 mixture. 1, 2Dichlorobenzene at each blood was taken by piercing a tail blood vessel. Five
concentration was added and these tubes were gassed. of blood was obtained directly without anticoagu-
with 5% CQ in air and sealed. The cell culture tubes lant from a tail, and placed on an Asated glass
were placed on a roller drum and incubated 4€C37 slide. Glass slide was covered with coverslip, and
for 3 h. At the end of the treatment period, the cell allowed to be supravitally stained. To score and data
cultures were centrifuged and washed twice with analysis, two thousand reticulocytes (RETS) of type I,
fresh medium and resuspended in fresh medium. Wel, and Ill per animal were obsen®&dnd RETs with
conducted preliminary experiments to determine themicronucleated reticulocytes (MNRETS) were record-
solubility and cytotoxicity of 1, &lichlorobenzene. ed under the fluorescent microscopy which had the
Cytotoxicity was determined by relative survival (RS) combination of a blue excitation and a yellow to
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