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Abstract: The major concern for the halogenated compounds is their widespread distribution, in addition to
occupational exposures. Several chlorinated alkanes and alkenes were found to induce toxic effects. In this study,
we investigated the genotoxic potential of 1,1-dichloroethane in the bone marrow cells obtained from Swiss-
Webster mice, using chromosomal aberrations (CA), mitotic index (MI), and micronuclei (MN) formation as
toxicological endpoints. Five groups of three male mice each, weighing an average of 24 + 2 g, were injected
intraperitoneally, once with doses of 100, 200, 300, 400, 500 mg/kg body weight (BW) of 1,1-dichloroethane
dissolved in ethanol. A control group was also made of three animals injected with ethanol (1%) without the
chemical. All animals were sacrificed 24 hours after the treatment. Chromosome and micronuclei preparations
were obtained from bone marrow cells following standard protocols. Chromatid and chromosome aberrations
were investigated in 100 metaphase cells per animal and percent micronuclei frequencies were investigated in
1,000 metaphase cells per animal. 1,1-dichloroethane exposures significantly increased the number of
chromosomal aberrations and the frequency of micronucleated cells in the bone marrow cells of Swiss-Webster
mice. Percent chromosomal aberrations of 2.67 + 0.577, 7.66 + 2.89, 8.33 + 2.08, 14.67 + 2.51, 20.3 + 3.21, 28 +
3.61; mitotic index of 9.4%, 7.9%, 6.2%, 4.3%, 3.0%, 2.6% and micronuclei frequencies of 3.33 + 0.7, 7.33 + 0.9,
8.00+1.0,11.67 +1.2,15.33 + 0.7, 18.00 + 1.7 were recorded for the control, 100, 200, 300, 400, and 500 mg/kg
BW respectively; indicating a gradual increase in number of chromosomal aberrations and micronuclei formation,
with increasing dose of 1,1,-dichloroethane. Our results indicate that 1,1-dichloroethane has a genotoxic potential
as measured by the bone marrow CA and MN tests in Swiss- Webster mice.

Keywords: 1,1-dichloroethane; chromosomal aberrations; micronucleus formation; mitotic index; genotoxic,
Swiss-Webster mice.

Introduction

1,1-Dichloroethane (DCE) is a short—chain,
chlorinated aliphatic hydrocarbon (i.e., halocarbon). It is
used primarily as an intermediate in the synthesis of
other halocarbons and high vaccum rubber. DCE is
utilized to a limited extent as a degreaser, cleaning agent,
and finish remover [1]. Environmental releases occur
primarily by volatilization, but 1,1-dichloroethane can
also be discharged into surface waters and soils. DCE is
among the widely used chlorinated hydrocarbon and is
currently assigned the classification of C (Possible
Human Carcinogen) by the U.S. Environmental
Protection Agency [2]. The major concerns for this
group of compounds are their widespread distribution, in
addition to occupational exposure [3]. Several
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chlorinated alkanes and alkenes have been found to
induce genotoxic effects [4, 5], and also caused
miscarriages in women [6]. Judging from the very
limited information available it appears that the central
nervous system (CNS), kidneys, and liver are the most
likely target organs for DCE, causing depression, nausea,
dizziness etc [7, 8]. The main objective of this study was
to determine the genotoxic effect of 1,1-dichloroethane
in the bone marrow cells of Swiss-Webster mice using
chromosomal aberrations, mitotic index and micronuclei
formation as the toxicological endpoints. These end-
points were selected based on the fact that the bone
marrow assay for detecting chromosomal aberrations and
micronuclei formation is very sensitive, faster,
inexpensive and easier to run. It can also be used to
evaluate genotoxic hazards [9].
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Materials and Methods
Chemicals

1,1-dichloroethane Cat No: 48512, Potassium
chloride solution (0.075 M ) Lot No: 72K2447, Giemsa
stain stock solution (0.4%) Lot No: 22k8416, May-
Grunwald stain Cat No: MG-500 were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Methanol Cat No:
A 452-4, Glacial acetic acid Cat No: A38-500, Super
frost microscope slides Cat No0:12-544-15 was purchased
from Fischer-Scientific (Houston, TX, USA). Hanks
Balanced Salt Solution Cat No: 14025-092 and Fetal
Bovine Serum (FBS) Cat No: 16000-044 was obtained
from GIBCO (Grand Island, NY, USA).

Animal Maintenance

Healthy adult male Swiss-Webster mice (6-8 weeks
of age, with average bodyweight of 24 + 2 g were used
in this study. They were purchased from Simonsen
Breeding Laboratories in Gilrey, California. The animals
were randomly selected and housed in polycarbonate
cages (three mice per cage) with steel wire tops and
corn-cob bedding. They were maintained in a controlled
atmosphere with a 12h: 12h dark/light cycle, a
temperature of 22 + 2° C and 50-70% humidity with free
access to pelleted feed and fresh tap water. The animals
were supplied with dry food pellets commercially
available from PMI Feeds Inc (St. Louis, Missouri).
They were allowed to acclimate for 2 weeks prior to the
treatment.

Dose

Groups of three mice each were treated with five
different 1,1-dichloroethane dose levels 100, 200, 300,
400, 500 mg/kg BW. 1,1-dichloroethane was dissolved
in ethanol (as required) and intraperitoneally
administered to animals at the doses of 0, 100, 200, 300,
400, 500 mg/kg BW. Ethanol (1%) was used as the
solvent control.

Chromosome Aberration Assay

Cytogenetic analysis was performed on bone marrow
cells according to the recommendations of Preston et al
(9) with slight modifications. Experimental animals were
injected (i.p.) with colchicine (4mg/kg) 1.5 h prior to
sacrifice. Animals were sacrificed by cervical dislocation
24 hours after the exposure; both femora from each
animal were removed and freed of muscle. The muscle
free femora bone was cut at the proximal end and a
syringe needle with about 2 ml of mixture of fetal calf
serum and Hanks balanced salt solution (3:1 ratio), was
inserted at the distal end and bone marrow cells were
flushed in to a centrifuge tube, and gently aspirated for
uniform spread [10]. The cells were centrifuged at 800
rpm for 5min and the supernatant was discarded. The
collected bone-marrow cells were incubated in KCL
[0.075M] at 37° C for 25 min. The cells were then
centrifuged at 2000-x g for 10 min, fixed in aceto-
methanol (acetic acid: methanol, 1:3 v/v). Centrifugation
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and fixation were repeated five times at an interval of 20
min. The cells were re-suspended in a small volume of
the fixative, dropped onto chilled slides, flame-dried and
stained with freshly prepared 2% Giemsa stain for 3-5
min and were washed in distilled water to remove excess
stain. 300 metaphase plates containing 40 + 2
chromosomes were examined per animal to score
different types of aberrations.

Mitotic Index Determination

The mitotic index was used to determine the rate of
cell division. The slides prepared for the assessment of
chromosomal aberrations were also used for calculating
the mitotic index. Randomly selected views on the slides
were monitored to determine the number of dividing
cells (metaphase stage) and the total number of cells. At
least 1000 cells were examined in each preparation. The
mitotic index was calculated as the ratio of the number
of dividing cells to the total number of cells, multiplied
by 100.

Micronucleus Test

Mice were sacrificed by cervical dislocation 24h after
the treatment. The frequency of micro-nucleated cells in
femoral bone marrow was evaluated according to the
procedure of Schmid [11], with slight modifications as
reported by Agarwal and Chauhan [12]. The bone
marrow was flushed out from both femora using 2 ml of
Fetal Calf Serum and Hanks Balanced Salt Solution (3:1)
and centrifuged at 2000-x g for 10 min. The supernatant
was discarded. Evenly spread bone marrow smears were
first stained in 5% May-Grumwald solution for 2.5
minutes, and then immersed in 20% Giemsa solution for
20 minutes. Subsequently the slides were placed in
Sorensen’s buffer (pH 6.7 and pH 6.8) for 10 seconds,
rinsed in distilled water, and then dried overnight. The
following day, slides were sequentially immersed in
acetone and xylene for 5 seconds. After the slides have
dried, the frequency of cells with micronuclei was
determined using a microscope. A total of 3000 cells
were counted from each treatment group (1000 cells per
animal).

Statistical Analysis

Data obtained in this study were analyzed using two-
way ANOVA and Tukey test. All values were reported
as Means + SEMs. For all the experiments, the
significance level was set at p< 0.05.

Results

Induction of Chromosomal Aberrations in Mice Bone
Marrow Cells by 1,1-Dichloroethane

1,1-Dichloroethane (DCE) induced a statistically
significant increase in chromosome aberrations in
metaphase bone marrow cells. Table.1 shows the mean
frequency of cells with aberrations (as percentages)
calculated for each dose with 3 animals/dose. The most
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Table 1: Frequency of chromosome aberrations in bone marrow cells of Swiss-Webster mice induced by 1,1-

Dichloroethane.

Total

Chromosome

Dose Metaphases M| Chromatid Total Mean % SCA
(Mg/ka)  Eyamined ") Gap Break Gap Break SCA +SEM
Ethanol 300/3 9.4 2 1 3 2 8 2.67 +0.58

100 300/3 7.9 4 6 7 6 23 7.67 +2.88

200 300/3 6.2 7 3 8 7 25 8.33+2.08

300 300/3 4.3 6 5 16 17 44 14.67 + 2.51

400 300/3 3.0 15 10 19 17 61 20.3+3.21

500 300/3 2.6 20 19 24 21 84 28.0 +3.61

n: number of animals; SCA: Structural chromosomal aberrations; MI: mitotic index p< 0.05 compared to control

frequent types of aberrations were gaps, breaks and
fragments. Chromatid-type aberrations were detected at
high frequencies. Relatively higher frequencies of gaps
were observed for all the doses tested. A quantitative
assessment of the distribution of breaks and gaps
revealed that the distal regions of the chromosomes were
more vulnerable to the effects of 1,1-Dichloroethane.
The frequency of chromosomal aberrations also
increased with increasing doses of 1,1-dichloroethane
(Figure 1). The mean percentages of the induced
chromosomal aberrations were 2.67 + 0.577 %, 7.66 +
2.89 %, 8.33 + 2.08 %, 14.67 + 2.51%, 20.3 + 3.21%, 28
+ 3.61 at 1,1-dichloroethane doses of 0, 100, 200, 300,
400 and 500 mg/kg BW respectively.

% chromosome aberrations
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1,1-Dichlorethane (mg/kg)

Figure 1: Effect of 1,1-Dichloroethane on the frequency
of chromosomal aberrations.

Mitotic Index

The mitotic index was used to determine the rate of
cell division. The slides prepared for the assessment of
chromosomal aberrations were used for calculating the
mitotic index. Mitotic Index depression was observed in
the bone marrow cells of mice as compared with the
control, it was found to be dose-dependent (Figure 2).
Mean percentages of mitotic index were 9.4%, 7.9%,
6.2%, 4.3%, 3.0%, 2.6% for the doses 0, 100, 200, 300,
400 and 500 mg/Kg BW of 1,1-Dichloroethane
respectively.
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Figure 2: Effect of 1,1-Dichloroethane on the percent
Mitotic Index.

Induction of Micronuclei in Mice Bone Marrow Cells
Exposed to 1,1-Dichloroethane

The micronuclei frequencies in bone marrow cells
after intra-peritoneal treatment with 1,1-dichloroethane
are summarized in Table 2. 1,1-dichloroethane induced a
dose-dependent increase in micronuclei frequency
(Figure 3) and significant (p>0.05) differences from the
control were observed. The mean frequency of micro-
nucleated cells were 3.33 + 07, 7.33 + 0.9, 8.00 + 1.0,
1167 + 12, 1533 + 0.7, 1800 + 1.7 at 1,1-
Dichloroethane doses of 0, 100, 200, 300, 400, and 500
mg/kg BW respectively.

% micronucleated cells

500
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Figure 3: Effect of 1,1-Dichloroethane on the percent
Micronuclei induction.
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Table 2: Frequency of micronucleated cells in mice bone marrow. Means followed by a common letter are not

significantly different from each other at p< 0.05 (Tukey test).

Dose Rat Number MN* per 1000 Cells Fixation Time (h)
Ethanol (1%) 1 3
2 4
3 3
Mean + S.E. 3.33+0.58a 30
1.1 DCE (mg/kg BW, i.p)
100 1 7
2 7
3 8
Mean + S.E. 7.33+0.57b 30
200 1 9
2 7
3 8
Mean + S.E. 8.0+ 1.0b 30
300 1 11
2 12
3 12
Mean + S.E. 11.67 + 0.58¢c 30
400 1 15
2 14
3 17
Mean + S.E. 15.3 +1.52d 30
500 1 17
2 17
3 20
Mean + S.E. 18.0 +1.73d 30

* Micronuclei; DCE: 1,1-dichloroethane

Discussion

Rodent animal bioassays are valuable tools for
investigating the pharmacokinetics, mechanisms of
action, and differential toxicity of various chemicals [3].
The data obtained from this study clearly shows that 1,1-
DCE significantly increased the number of chromosomal
aberrations and the formation of micronuclei as
compared to the control. These results support earlier
studies with halogenated compounds [13-15]. The
increase in chromosome aberrations and micronuclei
formation was in a dose-dependent manner. The
different type of aberrations produced by the test
chemical suggests their clastogenic potential. The
increased chromosomal aberrations could be attributed to
either an increase in induced DNA lesions or
interference with their repair [16]. The chromosome gap,
which represents only the loss of chromatin material
[17], may be due to the damage to the protein part of the
chromosome rather than the whole chromosome. The
chromatid breaks represent the DNA double strand
breaks that have not undergone G, repair [18]. However,
a number of factors can influence the time of appearance
of chemically induced aberrations such as compound
solubility, rate  and distribution of  biotransport,

availability at the target site as influenced by time and
cell permeability [19].

Mitotic index depression was observed in the bone-
marrow cells of mice as compared with the control. The
decrease was in a dose-dependent manner. These results
were in agreement with Rank & Nielsen [15] who
observed a decrease in mitotic index in the Allium cepa
root tips. Duma et al [20] found decreased mitotic index
by the monocrotophos in rodents. Significant decrease in
the mitotic index was observed with the Roundup
herbicide [21].

Chromosomal breaks or interference in the mitotic
process results in lagging of the chromosomal material
and during cell division, this leads to the formation of
micronuclei [22]. Treatments with 1,1-DCE have shown
a dose-dependent increase in the number of micronuclei.
These results were in conjunction with the studies of
Tafazoli & Kirsch-Volders [23] with chlorinated
hydrocarbons in human lymphocytes; Jagetia & Jyothi
[24] with Vinesine (desacetyl vinblastinamide sulphate)
in mouse bone marrow cells; and Gutierrez et al [25]
with **!1 sodium iodide exposure in human. Several other
studies have shown an increased in micronulei formation
in treated cells [22, 26-29]. The induction of micronuclei
by 1,1-DCE may be due to the ability of these
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compounds to affect DNA synthesis, which may lead to
DNA strand breaks and as a result, breakage of
chromosome and or loss of whole chromosome owing to
the spindle failure.

Conclusions

Our data indicate that 1,1-dichloroethane induces
chromosome aberrations and the formation of
micronuclei in the bone marrow cells of Swiss-Webster
mice. The repression in mitotic index indicates the
potential for 1,1-dichloroethane to induce growth arrest
or to inhibit cell growth. These findings demonstrate that
1,1-dichloroethane has a strong clastogenic/genotoxic
potential. The chromosome aberration assay and
micronuclei test appear to be promising technique to
assess the clastogenic/genotoxic potential of 1,1-
dichloroethane and its compounds.
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