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(CAs), micronuclei (MN), and mitotic index (MI) were evaluated by exposing the cells at 1.5,
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0.75, 0.37, and 0.18 mg/mL of Malathion for 24 and 48 hr of exposure and 48 hr of recovery
time. The results showed that all concentrations were genotoxic to A. cepa cells. However,
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0.0009 mg/5 mL culture medium, for 24 hr of exposure. In the comet assay, all the
concentrations induced genotoxicity in the HTC cells. In the MN test, no significant
induction of MN was observed. The genotoxicity induced by the low concentrations of
Malathion presented in this work highlights the importance of studying the effects of low
concentrations of this pesticide and demonstrates the efficiency of these two test systems
for the detection of genetic damage promoted by Malathion.
© 2015 The Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences.
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Introduction
Pesticides are used to control the proliferation of unwanted
organisms and frequently end up into the environment
(Galloway and Handy, 2003). As a result, many chemicals
may affect species that are not their intended target.

Malathion, O,O-dimethyl-S-(1,2-dicarboethoxyethyl) phosphorodithioate (C10H19O6PS2), is a non-systemic organophosphate insecticide that is widely used in many countries of the
world both in agriculture and in the eradication of diseasecarrying insects (Flessel et al., 1993). It has a neurotoxic effect
that kills insects by inhibiting the enzyme acetylcholinesterase
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(Kwong, 2002). Because of its widespread use, Malathion can be
found even in drinking water and food (Galloway and Handy,
2003; John et al., 2001). According to Bolognesi and Morasso
(2000), residues of pesticides in food and drinking water have a
great potential to cause long-term changes in DNA, promoters
of carcinogenesis. Some evidence suggests that the human
exposure to organophosphate concentrations below those that
cause inhibition of acetylcholinesterase can cause several
health effects (Salvi et al., 2003; Singh and Sharma, 2000).
According to Cox (2003), Malathion is a potent contaminant
of water and air. Of the 36 river basins monitored by the U.S.
Geological Survey, 34 were contaminated with residues of
Malathion. They also found that urban streams are more
contaminated and contain higher concentrations of Malathion than agricultural streams. Furthermore, it was verified that
Malathion can also contaminate the groundwater (Cox, 2003;
Laine and Cheng, 2007). Studies performed by the U.S.
Department of Agriculture (USDA, 2000), indicated that the
application of Malathion near the water resources causes
toxicity in aquatic organisms as vertebrates, amphibious and
fishes. The contamination of soil by Malathion can also occur.
However, the rate of its degradation will vary with the moisture/
alkaline conditions (Patty, 1963).
Due to runoff and agricultural application, Malathion is
frequently found in the aquatic environment in low concentrations. In Egypt, Abdel-Halim et al. (2006) evaluated the presence
of several organophosphates in a drainage canal surrounding a
pesticide factory and found residues of Malathion ranging from
71.9 to 466 ppb. The presence of Malathion was also detected in
the studies of Sankararamakrishnan et al. (2005) in surface
water samples of the River Ganges in Kanpur with a concentration of 2.6 μg/L. In the ground water located in agricultural
and industrial areas, the authors detected Malathion with a
maximum concentration of 29.8 μg/L.
Plant species, because they are direct recipients of biological pesticides, are important organisms for genetic testing
and environmental monitoring (Ma et al., 1995). Among the
plants used for this purpose, Allium cepa has the advantage of
having few (2n = 16) and large chromosomes. In addition,
an enzyme oxidase system, which is crucial to detect promutagens, is present in this species (Fiskejö, 1985). Several
studies have evaluated the genotoxic action of pesticides by
the chromosomal aberration (CA) and micronuclei (MN) tests
in meristematic cells of A. cepa and have found positive
results with the induction of different types of alterations,
including those of clastogenic (chromosome breaks and
bridges) and aneugenic origin (chromosome loss) (Ateeq et
al., 2002; Chauhan et al., 1998; Fernandes et al., 2009; Rank et
al., 1993; Sinha and Kumar, 2014; Srivastava and Mishra,
2009), showing that this test system is an appropriate model
for these evaluations.
On the other hand, both in vivo and in vitro tests are often
used to evaluate pesticide-induced DNA damage in animals
(Das et al., 2007; Kumar et al., 2010; Soloneski and Larramendy,
2010). The in vitro tests are reproducible, rapid, and sensitive
(Rogero et al., 2003) and offer a good alternative to tests performed on live animals, which require a large number of
individuals (Freshney, 2005). The HTC cells are a good in vitro
system to detect DNA damage caused by mutagens that are
dependent on metabolic activation without the need for an
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exogenous metabolizing system (Dean et al., 1980; Marcarini
et al., 2011; Tsuboy et al., 2010). Genotoxicity assays performed with these cells presented positive responses in
studies that assessed the effects of environmental compounds, such as pesticides (Almeida et al., 2008; Malatesta et
al., 2008), industrial effluents (Manzano et al., 2015) and
mixture of environmental pollutants derived from petroleum (Mazzeo et al., 2013).
This study aimed at investigating the effectiveness of a
plant test system and a cultured mammalian cell to detect
genotoxic effects of low concentrations of Malathion.

1. Materials and methods
1.1. Test models
A. cepa seeds and HTC cells were used as test organisms in the
genotoxicity assays of the insecticide Malathion. Seeds of
A. cepa (TopSeed, Agristar of Brazil LTDA) (2n = 16) from the
same batch and variety (Baia Periform) were commercially
acquired. The HTC cells, derived from Rattus norvegicus
hepatoma, were purchased from the Cell Bank of Rio de
Janeiro/Brazil (UFRJ).

1.2. Chemical substances
The chemical used was the commercially available pesticide
formulation containing Malathion (Malathion 500 CE®, w/w
50%, Dipil Chemical Industry Ltda - Massaranduba, SC, Brazil).
For the assays using A. cepa, 1.5, 0.75, 0.37, and 0.18 mg/mL of
Malathion were employed. In tests with HTC cells, the
non-cytotoxic concentrations of 0.09, 0.009, and 0.0009 mg/
5 mL culture medium were used. The Malathion concentrations tested here were defined based on the concentration
used in the field (1.5 mg/mL). Using it as a starting point,
serial dilutions 1:1 in Milli-Q water were obtained and thus
the final concentrations were defined as low concentrations.
Since all concentrations tested on A. cepa were cytotoxic to
HTC cells (data not shown), the concentrations tested on
those cells were obtained from a 1:1 dilution of the lowest
concentration tested on A. cepa (0.18 mg/mL).
Benzo[a]pyrene (20 μg/mL, CAS No. 50-32-8, Sigma,
Sigma-Aldrich Brasil Ltda, SP, Brazil) was used as a positive
control (PC) in tests using the HTC cells, and methyl
methanesulfonate (MMS, 10 mg/L, CAS No. 66-27-3, Aldrich,
Sigma-Aldrich Brasil Ltda, SP, Brazil) was used as the PC on a
test employing A. cepa. All substances were diluted in Milli-Q
water and prepared at the time of use.

1.3. A. cepa assays
Tests using A. cepa were performed according to the protocol
outlined by Grant (1982). After germination of seeds in Milli-Q
water, radicles measuring about 1 cm in length were exposed
to different concentrations of Malathion and to MMS, and
were left there for 24 hr. After exposure, 1/3 of the roots were
collected (24 hr treatment), another portion remained exposed to the test substances for an additional 24 hr (48 hr
treatment), and a third portion was transferred to Petri dishes
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containing Milli-Q water for 48 hr to evaluate whether the
damage induced by the insecticide on the cells of A. cepa is
minimized after the removal of Malathion from the growth
medium of the radicles (48 hr of recovery time). The exposure
times evaluated in this study were chosen based on the
duration of the cell cycle of A. cepa that is approximately 20 hr
for the meristematic cells (Grant et al., 1981). The radicles
maintained in Milli-Q water were used as negative control (NC).
After fixation in alcohol-acetic acid (Merck) for 6 hr, the
radicles were subjected to the Schiff's reactive, which reacts
specifically with DNA, as described by Feulgen and Rossenbeck
(1924) apud Mello and Vidal (1978). The meristematic and
F1 regions of the radicles were covered with cover slips and
carefully squashed with a drop of 2% acetic carmine (Vetec) to
enable better visualization of individual cells by its rosy
pigment that eases the delimitation of the cytoplasm and of
the cell contour.
The analysis was performed by counting 500 cells per slide,
totaling 5000 cells per treatment. The cytotoxic effect was
ascertained by evaluating changes in the MI, and the genotoxic
effects were evaluated by the presence of CA and MN in all the
mitosis stages (i.e., interphase, prophase, metaphase, anaphase,
and telophase).
All tests were performed in duplicate, and the results were
analyzed by Mann–Whitney test (p < 0.05).

1.4. Assays with HTC
For the MN and comet assay tests, approximately 1 × 106 HTC
cells were seeded on 25 cm2 culture flasks containing 5 mL
Dulbecco's modified Eagle's medium/F12 (Gibco) supplemented with 10% fetal bovine serum (FBS, Gibco) (complete culture
medium). Cells were incubated at 37°C for 24 hr before being
subjected to the treatments (Tsuboy et al., 2010), and then
exposed for 24 hr to different concentrations of Malathion and
benzo[a]pyrene. The NC was performed with complete culture
medium.

with PBS, trypsinized (500 μL trypsin-EDTA 0.025%, 37°C,
Gibco), centrifuged (1000 r/min, 5 min), and re-suspended in
500 μL of culture medium. The cell suspension was mixed
with low melting point agarose (Invitrogen) and dropped onto
pre-gelatinized microscope slides with normal melting point
agarose (Invitrogen). The slides were immersed in a lysis solution
for 1 hr at 4°C in the absence of light. After denaturation (20 min)
and alkaline electrophoresis (0.9 V/cm, 20 min), the slides were
neutralized, dried at room temperature, and fixed in ethanol
(Merck) for 10 min. The slides were stained with 30 μL of a
solution of Ethidium bromide 1 × (CAS No. 1239-45-8, Sigma
Aldrich) obtained from a 10 × stock solution (200 μg/mL) and
examined immediately using a fluorescence microscope with a
515–560 nm excitation filter and a 590 nm barrier filter at a 400×
magnification.
DNA damage analysis was performed by counting 100 cells
per replicate totaling 300 cells per treatment. The cells were
visually classified according to the size of their tails into four
classes, according to Kobayashi et al. (1995): class 0: no
damage; class 1: small damage; class 2: medium damage;
and class 3: big damage. An overall score (arbitrary units) was
calculated for each slide by applying the formula: (percentage of
cells in class 0 × 0) + (percentage of cells in class 1 × 1) + (percentage of cells in class 2 × 2) + (percentage of cells in class
3 × 3) (Azqueta et al., 2011). The results were statistically
analyzed by the Mann–Whitney test (p < 0.05).
Concomitant with the comet assay, cell viability tests were
carried out for all treatments. To this, 20 μL of cell suspension
from each treatment was mixed with 20 μL 0.4% Trypan Blue
(Gibco) and transferred to a Neubauer chamber. Viable (white)
and non-viable (stained blue) cells were quantified. The cell
viability indexes were obtained considering the percentage of
viable cells in the total cells analyzed. A limit of 80% of viable
cells was considered to perform the comet assay (Manzano et
al., 2015).

2. Results
1.4.1. Micronuclei test with cytokinesis block
After 24 hr of exposure to the treatments, the medium was
discarded and the cells were washed twice with phosphatebuffered saline (PBS). Then, 5 mL of complete culture medium
and 50 μL of a final solution of cytochalasin B 300 μg/mL
(Sigma Aldrich) were added. The cells remained in this
medium for 26 hr to induce binucleated cells (Marcarini et
al., 2011) and then, they were harvested as described by
Oliveira et al. (2006). The slides were stained with Giemsa 5%
(Merck) in PBS for 10 min. Three replicates were conducted for
each treatment and about 1000 binucleated cells of each
replicate were analyzed, totaling approximately 3000 cells per
treatment. The criteria for selection of binucleated cells and
the identification of MN followed the description given by
Fenech (2000). The significance of the results was ascertained
using the Mann–Whitney test (p < 0.05).

1.4.2. Comet assay
The comet assay was performed according to the protocol
described by Tice et al. (2000), with minor modifications as
described in Marcarini et al. (2011). Briefly, after a 24 hr
exposure to the treatment with Malathion, cells were washed

2.1. A. cepa tests
The results of the A. cepa tests are shown in Table 1. The
analysis of the MI of A. cepa cells showed a significant
reduction in dividing cells for the concentration 0.75 mg/mL
of Malathion after 24 hr of exposure (p = 0.003). No cytotoxic
effect was observed for the other tested concentrations of
Malathion. In the genotoxicity assays, all concentrations of
Malathion presented higher frequencies of CA and MN than
those observed for the NC, although not all differences were
statistically significant. In the exposures of 24 and 48 hr, a
slight increase in the values of MN in meristematic cells in a
dose-dependent manner was verified. During 24 hr of exposure, significant values of CA and MN were induced by the
concentrations 1.5, 0.75, and 0.18 mg/mL of Malathion.
During 48 hr of exposure, significant MN values were
induced by the concentrations 1.5, 0.75, and 0.37 mg/mL of
Malathion and significant CA values were induced by the
concentrations 1.5 and 0.18 mg/mL. After the 48 hr recovery,
it was observed that the cells of A. cepa exposed to the
concentrations 1.5 and 0.75 mg/mL of Malathion continued
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Table 1 – Mitotic index, chromosomal aberrations, and micronuclei in A. cepa cells exposed to different concentrations of the
insecticide Malathion (mg/mL).
Exposure times
24 hr

48 hr

Recovery

Treatments

MI (%)

NC
1.5
0.75
0.37
0.18
MMS
NC
1.5
0.75
0.37
0.18
MMS
NC
1.5
0.75
0.37
0.18
MMS

15.51
13.92
09.64 ⁎
14.87
14.39
–
13.51
16.22
13.77
15.00
13.10
–
12.25
13.50
12.22
10.52
11.22
–

CA
1.25
2.70
2.80
2.10
2.60
4.05
0.85
1.95
1.85
1.60
1.75
4.10
0.85
1.70
1.75
1.55
1.50
2.15

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

1.52
2.03 ⁎ (0.01)
1.76 ⁎ (0.00)
1.44 (0.05)
1.73 ⁎ (0.01)
2.43 ⁎ (0.00)
1.09
1.73 ⁎ (0.03)
1.75 (0.06)
1.60 (0.15)
1.41 ⁎ (0.03)
2.61 ⁎ (0.00)
1.04
1.17 ⁎ (0.02)
1.16 ⁎ (0.01)
1.70 (0.24)
1.35 (0.14)
1.63 ⁎ (0.00)

MN-M

MN-F1

0.75 ± 0.79
6.85 ± 5.53 ⁎ (0.00)
3.35 ± 4.51 ⁎ (0.02)
1.60 ± 1.70 (0.09)
0.85 ± 1.14 (0.88)
26.25 ± 12.45 ⁎ (0.00)
0.81 ± 1.32
6.10 ± 4.51 ⁎ (0.00)
6.00 ± 6.50 ⁎ (0.00)
5.60 ± 9.27 ⁎ (0.00)
1.05 ± 1.00 (0.15)
45.15 ± 31.55 ⁎ (0.00)
0.90 ± 1.25
4.55 ± 4.08 ⁎ (0.00)
4.20 ± 5.10 ⁎ (0.01)
0.95 ± 1.19 (0.87)
1.60 ± 0.90 (0.64)
13.95 ± 13.44 ⁎ (0.00)

0.55 ± 0.82
7.25 ± 7.61 ⁎ (0.00)
1.90 ± 2.97 (0.06)
0.55 ± 0.82 (1.00)
2.60 ± 2.70 ⁎ (0.00)
13.80 ± 9.72 ⁎ (0.00)
0.95 ± 1.15
6.75 ± 5.32 ⁎ (0.00)
4.15 ± 3.72 ⁎ (0.00)
7.65 ± 13.61 ⁎ (0.00)
1.05 ± 1.60 (0.96)
40.45 ± 41.13 ⁎ (0.00)
0.95 ± 1.35
6.55 ± 7.66 ⁎ (0.00)
4.65 ± 5.49 ⁎ (0.00)
1.60 ± 1.87 (0.21)
1.70 ± 4.50 (0.81)
27.85 ± 27.21 ⁎ (0.00)

MI: mitotic index; CA: chromosomal aberrations; MN: micronuclei; MN-M: micronuclei on the meristematic region;
MN-F1: micronuclei on the F1 region.
Data are presented as mean ± standard deviation with p-value in parentheses.
⁎ Statistically different from NC (p < 0.05).

to be affected by this insecticide, presenting significant rates
of CA and MN.
Table 2 and Fig. 1 illustrate the various types of CA induced
by Malathion on A. cepa root cells in all stages of the cell cycle
(interphase, prophase, metaphase, anaphase, and telophase).
The CAs induced by Malathion from clastogenic origin (chromosomal breaks and bridges) were more frequent than the
CAs from aneugenic origin (chromosome loss, multipolar
anaphases, C-metaphases, polyploid cells, chromosome stickiness, binucleated cells, and laggard chromosomes). Interphasic
cells with small nuclear buds were also observed.

2.2. Comet assay and micronuclei in hepatoma tissue
culture cells
The results of the MN test are summarized in Table 3. None
of the three concentrations of Malathion tested induced significant values of MN in the HTC cells. The p-values obtained
in the statistical tests were p = 0.1904 for the concentrations
0.09 and 0.009 mg/5 mL medium and p = 0.3827 for the
concentration 0.0009 mg/5 mL medium. The significant
induction of MN in HTC cells exposed to benzo[a]pyrene
(p = 0.0495) indicated that these cells responded efficiently to
the test.
In the comet assay (Table 4), the scores obtained showed a
significant damage in the DNA of the HTC cells after
exposure to the three concentrations of Malathion that were
tested (p = 0.0495 for all treatments). Most of the damage
induced by Malathion was classified as small (class 1),
corresponding to approximately 78% of the damage for the
concentration 0.09 mg/5 mL medium; 79% for the concentration 0.009 mg/5 mL medium; and 74% for the concentration
0.0009 mg/5 mL medium.

3. Discussion
Most of the chemical residues found in the environment end
up in the water resources where they become increasingly
diluted. As a consequence, they are often found at very low
concentrations (Trapp, 2000, 2002). Therefore, when trying to
assess the effects of environmental exposure to a given
compound, analyses using high concentrations are not very
relevant (Cavallo et al., 2010).
Many studies using pesticides employ animals (in vivo or in
vitro) as test systems to evaluate the effects of these
compounds on the DNA. However, the use of higher plants
as test organisms in the genotoxicity of pesticides has grown
substantially (Valencia-Quintana et al., 2013). Plants constitute an important and excellent material for genetic and
monitoring tests of these contaminants, and the root meristematic cells are the most suitable for these analyses (Ma et
al., 1995).
In the present study, positive results in the CA and MN
tests on A. cepa root cells and in the comet assay on the HTC
cells were induced by the insecticide Malathion.
The analyses of CA and MN on A. cepa cells show that the
chromosomal damage observed was persistent since it was
possible to ascertain that the damage was passed on to the
next generation of cells, which could be visualized in the form
of MN. Such inference is based on the observation that the
same concentrations that induced CA in the 24 hr of exposure
also induced significant levels of MN in the meristematic and/
or F1 cells of A. cepa. In addition, during the 48 hr of exposure,
it was observed that in general there was a slight decrease in
the values of CA and an increase in the values of MN in the
meristematic and F1 cells, in comparison with the values
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Table 2 – Frequency (%) of the types of CA induced by the different concentrations of the Malathion (mg/mL) in meristematic
cells of A. cepa.
Break Bridge Loss Multipolar C-metaphase Polyploidy Stickiness Binucleated Laggard Nuclear
anaphase
bud
24 hr NC
1.5
0.75
0.37
0.18
MMS
48 hr NC
1.5
0.75
0.37
0.18
MMS

0
11.11
5.35
4.76
1.92
25.92
0
2.56
0
6.25
5.71
30.49

32.00
31.48
26.78
38.09
48.08
20.99
52.94
74.36
56.76
68.75
65.71
28.05

0
9.26
8.93
2.38
3.85
14.81
0
5.13
2.70
3.12
2.86
9.76

0
0
1.78
2.38
1.92
1.23
0
0
5.40
0
0
1.22

4.00
0
0
0
3.85
1.23
11.76
2.56
0
6.25
0
3.66

4.00
3.70
1.78
2.38
3.85
0
0
2.56
0
0
0
2.44

12.00
1.85
10.71
9.52
7.69
1.23
11.76
0
10.81
3.12
2.86
2.44

4.00
1.85
0
0
1.92
0
0
2.56
0
0
0
1.22

0
0
0
0
1.92
2.47
5.88
0
0
0
0
0

44.00
40.74
44.64
40.48
25.00
32.10
17.64
10.26
24.32
12.50
22.86
20.73

Total
number
of CA a
25
54
56
42
52
81
17
39
37
32
35
82

a In a total of 10,000 cells analyzed per concentration.

observed for the 24 hr of exposure. These observations show
that in 48 hr of exposure to Malathion there was no induction
of more CA in A. cepa cells and that the high values of MN
observed for this exposure time are resulted from the damage
induced and unrepaired by the cells during the 24 hr of
exposure. Given the results found for A. cepa, it can be
emphasized that the analysis of CA and MN in both regions
of the root (meristematic and F1) is an important tool to assess
the genotoxic potential of Malathion. The data obtained
should be complementary, since the meristematic region of

the A. cepa consists of both dividing cells as cells that
have undergone the division process, whereas the F1 region
consists of daughter cells resulting from cell divisions that
occurred in the meristematic region (Ma et al., 1995).
Although the positive results of genotoxicity found in the
present study corroborate the results found by other authors
who assessed the effects of Malathion in plants, the predominant types of CA found in each study were different from
each other. Asita and Makhalemele (2009) attributed the
genotoxicity of Malathion to A. cepa cells, to the induction of

Fig. 1 – Chromosomal aberrations and micronuclei induced by different concentrations of Malathion in Allium cepa cells.
(A) Nuclear bud (arrow); (B) cell with polyploid nucleus (arrow); (C) binucleated prophase; (D) metaphase with chromosomal
stickiness; (E) C-Metaphase; (F) polyploid metaphase; (G) anaphase with chromosomal break (arrow); (H) anaphase with
chromosomal loss (arrow); (I) anaphase with bridge (arrow) and chromosomal break (arrow head); (J) multipolar anaphase
(arrows); (K) anaphase with bridge (arrow heads) and chromosomal loss (arrow); (L) polyploid anaphase; (M) telophase with
chromosomal loss; (N) telophase with bridge (arrow head), chromosomal breaks (arrows) and chromosomal loss (arrow with
double head); (O) telophase with chromosome bridge (arrow); (P) metaphase with MN (arrow) and chromosomal loss;
(Q) telophase with MN (arrow) and chromosome bridge (arrow head); (R) cell on interphase with MN (arrow); (S) cells of the
F1 region with MN (arrow). Magnification: 400 ×.
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Table 3 – Micronuclei in hepatoma tissue culture cells
exposed for 24 hr to the insecticide Malathion and
benzo[a]pyrene.
Treatment
NC
Malathion

Benzo[a]pyrene

Concentration

Micronuclei

–
0.09 (mg/5 mL medium)
0.009 (mg/5 mL medium)
0.0009 (mg/5 mL medium)
20 (μg/mL)

4.0
7.3
7.7
5.7
14.3

±
±
±
±
±

1.00
2.87
3.21
2.31
1.53 ⁎

Data are presented as mean ± standard deviation.
⁎ Statistically different from the NC (p < 0.05).

lagging chromosomes. In Vicia faba root tip cells, various types
of CA were induced by Malathion, such as bridges, losses,
adherences, and multinucleated cells. However, most of the CA
induced was the chromosomal adherence (Adam et al., 1990). In
Tradescantia cells, Ma et al. (1983) found no genotoxicity of
Malathion when the plant was exposed to the insecticide in a
greenhouse. However, they observed a significant induction of
MN when the plants were exposed to Malathion in gaseous
form, leading to the conclusion that the use of Tradescantia is
more appropriate for assessing the effects of the compounds
present in the air.
In the present study, most of the CA induced by Malathion
was derived from a clastogenic effect, principally due to the
high induction of chromosomal bridges, as shown in Table 2.
This result corroborates the studies of Moore et al. (2011), who
found, by the CA test, that Malathion is potentially clastogenic
to the bone marrow cells of Sprague–Dawley rats, and studies
of Giri et al. (2002), who showed the same effects of Malathion,
but by observing the induction of chromosomal breaks in
bone marrow cells of mice.
Chromosomal fragments can result from DNA doublestrand breaks (Hartlerode and Scully, 2009; O'Donovan and
Livingston, 2010), events of base excision repair (Bull and
Fenech, 2008; Dianov et al., 1991; Fenech and Crott, 2002), or
breaks of nucleoplasmic/anaphasic bridges (Hoffelder et al.,
2004; Shimizu et al., 2005), which can turn into MN. According to
Humphrey and Brinkley (1969), the anaphasic chromosomal
bridges can result from structural changes between sister
chromatids or between different chromosomes due to breaks

and terminal deletions or by adherence of ribosomes or
persistent nucleoli.
Cells with nuclear buds were also observed in the present
study. These alterations may be related to the initial process
of MN formation by the elimination of extra genetic material
(Fernandes et al., 2007) or aggregation of a delayed chromosome
by the nuclear envelope, before being totally reincorporated to
the nucleus (Serrano-García and Monteiro-Montoya, 2001), as a
transient effect after which the normal morphology of the cell is
restored.
In the recovery test, it was realized that the higher concentrations (1.5 and 0.75 mg/mL) of Malathion induced a
persistent effect on the A. cepa cells. This was evident by the
significant presence of CA and MN in the cells after the
exposure to Malathion had been discontinued.
Although it has been shown that the tested concentrations
of Malathion induce genotoxic damages in cells of A. cepa, the
non-relevant results of cytotoxicity (with the MI being just
affected by the concentration 0.75 mg/mL in 24 hr of exposure) may indicate that such damage does not really affect the
cell division. Studies carried out by different authors about the
cytotoxicity of Malathion in higher plants have found either
an increase (Adam et al., 1990) or a decrease (Asita and
Makhalemele, 2009) in the MI of the analyzed cells. Rank
(2003), when evaluating the MI of A. cepa cells exposed to both
tap water and synthetic fresh water and to Methyl methanesulfonate, observed a great variation in the results. Due to this
fact, the author has questioned the use of the MI in the
evaluation of the toxicity in A. cepa cells and suggested that
the MI analysis should be done only to verify whether there
is a sufficient amount of mitotic cells to perform the CA
analysis.
MMS, an alkylating agent used in this study as PC, has
induced significant levels of CA and MN in the A. cepa
genotoxicity assays, as expected. In the cytotoxicity tests,
the high MI observed in A. cepa cells exposed to MMS (data not
presented) raised the question about using this agent as PC in
these tests. As a general rule, it is expected that an alkylating
agent, such as MMS, causes an inhibitory effect on the MI of
the cells. However, some studies have shown that MMS did
not induce any significant cytotoxic effect on the A. cepa cells
(Bolle et al., 2004; Leme and Marin-Morales, 2008; Rank and
Nielsen, 1997; Rank and Nielsen, 1998).

Table 4 – Results of the comet assay in hepatoma tissue culture cells exposed for 24 hr to the insecticide Malathion.
Treatments
0
NC
0.09 mg/5 mL medium
0.009 mg/5 mL medium
0.0009 mg/5 mL medium
Benzo[a]pyrene

Score a

Classes

95
85.3
79.3
71.7
0.3

±
±
±
±
±

1
4.3
6.4
9.7
13.6 ⁎
0.6 ⁎

4.3
10.7
15.0
20.7
11.6

±
±
±
±
±

4.9
4.6
7.0
2.5 ⁎
9.6

2

3

0
3.0 ± 1.7 ⁎
3.0 ± 1.0 ⁎
4.7 ± 7.2
34.7 ± 28.5 ⁎

0
0
1.0 ± 1.7
2.7 ± 3.8
50.0 ± 35.5 a

4.3
16.7
24.0
38.0
231.0

±
±
±
±
±

4.9
8.1 ⁎
12.1 ⁎
27.7 ⁎
40.3 ⁎

Mean ± standard deviation.
Classes: classify the comets according to the length of their tails: Class 0: - no tail, no visible damage to the DNA; Class 1: tail length smaller than
the diameter of the nucleoid; Class 2: tail length between 1 and 2 times the diameter of the nucleoid; Class 3: tail length greater than 2 times the
diameter of the nucleoid.
⁎ Statistically different from the NC (p < 0.05).
a Score = (percentage of comets in class 0 × 0) + (percentage of comets in class 1 × 1) + (percentage of comets in class 2 × 2) + (percentage
of comets in class 3 × 3).
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Unlike the results found in the tests with A. cepa, the tests
performed with HTC cells showed no significant induction of
MN for the three tested concentrations of the Malathion.
However, a genotoxic effect was verified by the comet assay.
Based on the results of this assay, it can be inferred that the
tested concentrations induced mild genotoxic effects that
were subsequently repaired, since most of the damage
observed was small (class 1). The comet assay results also
demonstrated that lower concentrations of Malathion induced more damage to the DNA than the highest concentration tested. Studies performed by Au et al. (1988, 1990) and
Cavallo et al. (2010) showed that higher concentrations of a
certain compound can induce less damage to the DNA than
the lower concentrations. The authors explain this by the
higher activity of the antioxidant enzymes in response to the
high potential of inducing damage of the highest concentration.
Some authors (Banerjee et al., 1999; Etemadi-Aleagha et al.,
2002; Nordberg and Arnér, 2001; Rai and Sharma, 2007; Rai et al.,
2009) have showed that pesticides can induce oxidative stress
in mammal cells, leading to an increase in lipid peroxidation
and causing a significant increase in the activities of the
antioxidant enzymes. Although no tests for oxidative stress
have been carried out in this study, the effect observed by the
comet assay could be related with the oxidative responses
suffered by the cells when they were exposed to low concentrations of the insecticide. According to Moore et al. (2010),
Malathion was able to induce oxidative stress in human cells
cultured in vitro, causing lipid peroxidation.
Another hypothesis that could explain the induction of
higher damage in the DNA by the lowest concentrations of
Malathion as observed in the comet assay would be a possible
induction of crosslinks. According to Hartmann et al. (2001), a
higher concentration of a given compound can induce a minor
migration of the DNA in the comet assay if the agent studied
is a potential inducer of crosslinks. The DNA repair induced by
the lowest concentrations can lead to higher rates of DNA
migration, whereas the high amount of crosslinks induced by
the highest concentrations can lead to a decrease in the DNA
migration. According to Blasiak et al. (1999); Giri et al. (2002);
Shadnia et al. (2005), the oxidative stress, the alkylation, and
the immunotoxicity are some of the mechanisms by which
the organophosphates can induce their genotoxic effects and,
according to Nackerdien et al. (1991), the induction of
crosslinks in the chromatin of the cells is among the factors
that can lead to oxidative stress.
In the MN tests, the non-significant results are possibly
related to the repair mechanism of the HTC cells for the tested
concentrations of Malathion, which prevented the fixation of
the induced damage and its subsequent visualization in the
form of MN. According to Valentin-Severin et al. (2003), the
difference between the MN test and the comet assay is
basically the type of change that these tests detect. The
comet assay detects primary DNA lesions that can be
repaired, whereas the MN test detects irreparable lesions.
Since the comet assay is very effective in revealing the
primary DNA damage, it is able to provide useful information
on the effect of short-term exposures to low concentrations of
certain compounds (Cavallo et al., 2010).
Different types of cells and organisms can exhibit different
and specific responses to the effects of one substance. In

addition, the responses may also vary according to changes
in exposure time, kinds of treatments, and concentrations
tested. Some researchers have investigated the potential
induction of MN by the insecticide Malathion in in vitro systems,
and the results have often been conflicting. The results for MN
induction were positive for bone marrow cells of mice (Dulout et
al., 1982), peripheral blood cells of fish (Kumar et al., 2010), and
human lymphocytes (Titenko-Holland et al., 1997). Negative
results, however, were observed for whole human blood
(Titenko-Holland et al., 1997) and peripheral blood of Wistar
rats subjected to acute treatment with Malathion (Réus et al.,
2008). Despite such inconsistencies regarding the induction of
MN by Malathion, the commercial form of this insecticide is
considered genotoxic in in vitro assays (Blasiak et al., 1999).
For studying the genotoxic effects of the commercial form
of Malathion, the best test systems are those that are able to
metabolize xenobiotics, as the Malathion needs bioactivation
to produce its toxic effects (ATSDR, 2003; Buratti et al., 2005;
Sultatos, 1994). The HTC cells have high metabolic activity
(Gad, 2000) and because they have both phase I and phase II
enzymes of xenobiotic metabolizing process (Mantovani et al.,
2008; Oliveira et al., 2006), they also have the ability to
metabolize drugs (Marcarini et al., 2011; Tsuboy et al., 2010).
Similarly, A. cepa cells have important enzymes that metabolize chemicals (Fiskejö, 1985), as a mixed-function oxidase
system, which is essential to the activation of pro-mutagens
into mutagens (Vig, 1978).
The difference between the MN results in hepatocytes
cultured in vitro and A. cepa cells also was observed by Feretti
et al. (2008). The authors evaluated the genotoxicity of chlorite
and chlorate ions in A. cepa cells and human hepatocytes
cultured in vitro (HepG2 cells) and found MN induction just in
cells of A. cepa. According to the authors, the detoxification of
xenobiotics and the activity of the DNA repair enzymes are
more relevant in animal cells (especially in liver cells) than in
plant cells. Thus, as observed in the present study, it can be
added that the enzymatic particularities of each organism
may contribute to the difference in results obtained when
analyzing the genotoxic effects of the same compound in
different organisms.

4. Conclusions
Based on the results found in this study and on the observations
mentioned earlier, it can be concluded that the commercial
Malathion, in low concentrations, has a genotoxic potential in in
vitro assays with the HTC cells and in tests with A. cepa. In
addition, both test systems were effective in the detection of the
genotoxicity induced by the insecticide and can be indicated as
good systems for assessing genotoxic effects of low concentrations of pesticide with indirect action on the cells, such as
Malathion.
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