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Abstract

For many centuries human populations have been suffering and trying to fight with disease-bearing mosquitoes.
Emerging and reemerging diseases such as Dengue, Zika, and Chikungunya affect billions of people around the
world and recently has been appealing to control with chemical pesticides. Malathion (MT) is one of the main
pesticides used against mosquitoes, the vectors of these diseases. This study aimed to assess cytotoxicity and
mutagenicity of the malathion for the bioindicator Allium cepa L. using a multivariate and integrative approach.
Moreover, an appendix table was compiled with all available literature of insecticides assessed by the Allium cepa
system to support our discussion. Exposures during 48h to 0.5 mg mL' and 1.0 mg mL"' MT were compared to the
negative control (distilled water) and positive control (MMS solution at 10 mg L'). The presence of chromosomal
aberrations, micronuclei frequency, and mitotic index abnormalities was evaluated. Anaphase bridges were the
alterations with higher incidence and presented a significantly elevated rate in the concentration of 0.5 mg mL",
including when compared to the positive control. The integrative discriminant analysis summarizes that MT in
assessed concentrations presented effects like the positive control, corroborating its potential of toxicity to DNA.
Therefore, it is concluded that MT in its pure composition and in realistic concentrations used, has genotoxic
potential in the biological assessment of A. cepa cells. The multivariate integrative analysis was fundamental to
show a whole response of all data, providing a global view of the effect of MT on DNA.
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Resumo

Por muitos séculos, as populagdes humanas sofrem e tentam combater os mosquitos transmissores de doengas.
Doencas emergentes e reemergentes como Dengue, Zika e Chikungunya afetam bilhdes de pessoas em todo o
mundo e, recentemente, vem apelando ao controle com pesticidas quimicos. O Malation (MT) é um dos principais
pesticidas usados contra mosquitos, vetores dessas doengas. O objetivo deste estudo foi avaliar a citotoxicidade
e a mutagenicidade do MT para o bioindicador Allium cepa L. usando uma abordagem multivariada e integrativa.
Além disso, uma tabela suplementar foi compilada com toda a literatura disponivel de inseticidas avaliada pelo
sistema Allium cepa para apoiar nossa discussao. Exposi¢des ao MT durante 48h a 0,5 mg mL"' e 1,0 mg mL"' foram
comparadas a um controle negativo (agua destilada) e um controle positivo (10 mg L' de MMS). Foram avaliadas
a presencga de aberragdes cromossdmicas, frequéncia de microndcleos e anormalidades no indice mitético. As
pontes anafasicas foram as altera¢des com maior incidéncia e apresentaram uma taxa significativamente elevada
na concentragdo de 0,5 mg mL", inclusive quando comparadas ao controle positivo. A analise discriminante
integrativa resume que o MT nas concentra¢des avaliadas apresentou efeitos semelhantes ao controle positivo,
corroborando seu potencial de toxicidade para o DNA. Portanto, conclui-se que o MT, em sua composic¢do pura e
nas concentragdes realistas utilizadas, possui potencial genotéxico na avaliagdo bioldgica de células de A. cepa. A
andlise integrativa multivariada foi fundamental para mostrar uma resposta completa de todos os dados, fornecendo
uma visdo global do efeito da MT no DNA.

Palavras-chave: citotoxicidade, genotoxicidade, mutagenicidade, organofosforado, pesticida.

1. Introduction

Vector-borne diseases account for more than 17% of all ~ The mosquito Aedes aegypti, for example, is a vector and
infectious diseases in the world (Beltran-Silva et al., 2018).  transmits the Dengue, Zika, and Chikungunya viruses in
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tropical countries. According to the USA Center for Disease
Control and Prevention (CDC), in 2020 forty percent of the
world’s population, about 3 billion people, lived in areas
at risk of dengue (CDC, 2020). Recently, a global alert
was issued for the Zika virus, given the increase in the
number of congenital malformations, such as Guillain-
Barré syndrome and other autoimmune manifestations,
in addition to the increase in the chronic joint diseases
related to chikungunya disease (Beltran-Silva et al., 2018).

Despite important advances in the development of
alternative measures for mosquito control, chemical
insecticides are still the main method of integrated pest
control programs. In some countries, such as Brazil, the
urban insecticide application through nebulizers (ultra-
low volume - ULV, known as “fumigation”) is used in
a large scale. This fumigation is mainly composed of
the organophosphate Malathion (MT). The Malathion
(C,,H,0,PS,) has been widely used in rural and urban areas
for the eradication of ectoparasites, domestic insects, for
the conservation of stocked grains, and for the elimination
of vectors of diseases (Selmi et al., 2018). Lately, it has
been employed as an adulticide to control the A. aegypti,
replacing the deltamethrin, to which the mosquito had
been demonstrating resistance (Coleone, 2014).

In this way, this pesticide is wide applied together
with the human population. Thus, the issues regarding
the risks and safety of its application become imminent.
According to Bolognesi and Morasso (2000), the residues
of pesticides in food and drinking water have great
potential for causing long-term alterations in the DNA,
which promotes carcinogenesis. Studies report that the
organophosphates such as the MT can affect all tissues,
eventually leading to severe pathologies, due to its
lipophilic nature and its simple and fast assimilation by
the intestine, including deficiency of the immune system
(Lee et al., 1991; Handy et al., 2002), which may cause
metabolic, histological changes and molecular disorders
(Selmi et al., 2018). The study of Campagna et al. (2006)
verified that a 40% organophosphorus pesticide cause
toxicity in eggs and larvae of fishes, and the larvae presented
reduced mobility after pesticide exposure. Environmental
problems can be seen too, as the nitrification inhibition
in the high malathion presence, alone or combined with
other substances (Enrich-Prast, 2006).

Monitoring of the toxicological/genotoxic effects of
chemical substances using biological assays is a useful
approach for the identification of danger and risk
assessment. Biological assays with the common onion
(Allium cepa) are an efficient and sensible system of low
cost that has been employed in recent years to assess the
cytotoxic and genotoxic potential of several substances
(Andrade-Vieira et al., 2017; Kiigiik and Liman, 2018; Silva
Souzaetal., 2018; Verma and Srivastava, 2018; Yadav and
Chandra, 2018; Bernardes et al., 2019; Kieling et al., 2019;
Ranjan et al., 2019; Almeida et al., 2020; Viega et al., 2020).
The test results with A. cepa showed a good correlation with
the test systems of mammals (Rank and Nielsen, 1994).
However, few studies show the result of the assessment of
the genotoxic potential of the MT pesticide in test systems
in low concentrations, i.e., realistic (Bianchi et al., 2015). In
addition, the impurities in the formulation of commercial
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pesticides may alter its toxicity. Thus, the aim of this study
was to evaluate by an integrative multivariate analysis the
cytotoxic and genotoxic potential of the MT under realistic
concentration using the product in its pure formulation
through biological assay on A. cepa cells. The integrative
analysis of every damage was held to obtain a global result
of the genotoxic effect of MT on cells.

2. Materials and Methods

The assays of genotoxicity, mutagenicity, and cytotoxicity
in meristematic cells followed the protocol established by
Grant (1982) with adaptations. We employed the seeds
of Allium cepa L. (common onion, 2n=16), of the same
lot and variety (ISLA®). The malathion (MT) insecticide
(99.9% purity) of the Sigma-Aldrich brand (PESTANAL®)
was used [O, O-dimethyl-S-(1,2-dicarcethoxyethyl)
phosphorodithioate] (C,;H,,O,PS,). The MT concentrations
are based on the lowest active product concentration
indicated for use in crops (1.5 mg mL), and following
the previous study from Bianchi et al. (2015), that use the
commercial formulation containing 50% MT. Because this
substance has a high viscosity and low solubility in water,
it was first diluted in ethyl alcohol P.A., in the proportion
of 4:1. After this, the mixture was again diluted in distilled
water to obtain an initial solution with a concentration
of 1.0 mg mL". The second solution (0.5 mg mL"') was
obtained by diluting the first mixture in distilled water,
in the proportion of 1:1.

Control groups were employed to ensure the comparison
among results. To negative control, the seeds were exposed
only to distilled water (H,0,), which served as a base for the
normal development of A. cepa cells; As a positive control,
the alkylating agent methyl methanesulfonate (MMS,
10 mg L, Sigma-Aldrich®) diluted in distilled water was
tested. This compound is considered an inducer of DNA
damage because it modifies the guanine to 7-methylguanine
and the adenine to 3-methyladenine, resulting in a bad
pairing of bases and blockage of replication (Beranek,
1990). The seeds were organized in germination boxes
(gerbox) lined with filter paper and irrigated with distilled
water (pH= 7.0). The seeds were placed to germinate in
a controlled environment (B.0.D incubator) at 20 °C, and
photoperiod of 12h. These conditions were maintained
until the roots reached 1-1.5 cm length.

After germination, 40 seeds were selected and
transferred into a new gerbox. Each box had individual
exposure to the MT concentrations proposed for this
study (0.5 and 1.0 mg mL"), the MMS solution at 10 mg L"!
(positive control), and distilled water (negative control), and
they remained for 48h in a controlled environment (B.0.D.
incubator). The analytical verification of the stock solution
after 48h was performed by Liquid Chromatography
Tandem-Mass Spectrometry (LC-MS / MS) with a minimum
detection limit of 0.01 mg mL'. The measured values were
close to the nominal ones. The solution of 0.5 mg mL*' was
recovered, after two days in a concentration of 0.51 mg mL".
The stock solution of 1.0 mg mL' was recovered at the
1.17mg mL. This variation of the nominal value can be
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explained by the evaporation of water or by acceptable
minimum variations in pipetting accuracy.

After 48h of exposure, the roots were fixed in Carnoy’s
solution for 18h, at room temperature. Subsequently, the
material was stored in a new Carnoy’s solution, in which
it remained at 4 °C until its preparation. The slides were
prepared according to the protocol described by Kasahara
(2003). Previously, the hydrolysis of the root tips was held,
by dipping them in 1N HCl solution, kept in a water bath at
60 °C for 5 min. After, they were dipped into distilled water
to interrupt the hydrolysis. The material was allocated in a
Petri dish with 45% acetic acid and then the apical part of
the roots was separated to be analyzed. The meristematic
tissue was transferred to a glass slide, in which a drop of
1% acetic carmine dye was added. Afterward, it remains
for more 3 min and was covered with a coverslip, waiting
for 3 more min. Later, the slides were allocated on a folded
filter paper, at a straight surface, with the coverslip facing
up. In these conditions, the material was firmly crushed
with the thumb, taking care not to displace or break the
coverslip.

A total of 1,000 cells per glass and 10 glasses per
treatment were analyzed, thus totaling 10,000 cells per
treatment. Analyses were carried under a light microscope
with an objective of 40 x. The assessments consisted
of verifying chromosomal aberrations (genotoxicity),
frequency of micronuclei (mutagenicity), and mitotic
index (cytotoxicity assay). For assessment of genotoxic
effects, chromosomal aberrations were considered, such
as chromosome fragments, chromosome losses, bridges,
and delays, in the different phases of cell division. For
this purpose, all cells were considered in the division at
a total of 1,000 cells per glass. Damages were compiled
separately. Mutagenic effects were verified using the
frequency of micronuclei in 1,000 cells. To analyze the
cytotoxic effects, the mitotic index (MI) was measured
in each replica.

The statistic assumptions were applied for validation
of comparisons. All results were submitted to the non-
parametric Kruskal-Wallis one-way analysis of variance,
followed by the Mann-Whitney U test to compare the
medians, considering a <5% level of significance. Analyses
were conducted using the Statistica version 8.0 (StatSoft,
Inc., 2007). A discriminant analysis was performed from
the matrix of chromosomal aberrations, to identify the
variables with greater discriminatory power and to evaluate
the overall effect in the different treatments. This analysis
was performed with the help of the IBM SPSS® Statistics
version 20.0 program.

Aiming to compare our results to existing literature
evaluating insecticides on Allium cepa system, a searched
in Web of Science (database of Clarivate Analytics®) was
performed with the topic “Allium cepa” AND “insecticide*”
from 1945 until August 2020. We found 111 references
treating this issue. In this initial search, essential criteria
used in the selection process included the articles that
should present: (1) must be about some insecticide and, (2)
evaluated this insecticide by Allium cepa system. In refining
these data, we remain with 31 references. As exclusion
criteria, articles with non-insecticides pesticides and
several discussing about the management of onion thrips
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(Thrips tabaci) in A. cepa, were excluded. More 3 references
from other databases were added after the search in the
reference list because they attend the inclusion criteria.
An appendix table was constructed to corroborate and
support our findings, containing evaluated substance,
authors and year of the publication, reference title and
main results (second the authors).

3. Results

No induction of cell death was observed in any tests
performed, either at different MT concentrations, with
negative (H,0,) or positive (MMS) controls. In general,
genotoxic effects were found after A. cepa cells were exposed
to MT. The types of chromosomal aberrations (CA) found
and analyzed were anaphase bridges, chromosome delay,
and chromosome losses, and micronuclei.

From the CA found, the anaphase bridges had the highest
incidence. We observed a significantly higher rate for the
concentration of 0.5 mg mL, including when compared to
the positive control. The treatment with MT 1.0 mg mL"
also had a significant increase in the number of bridges, in
comparison with the negative control, and one equality, in
comparison with the positive control (Figure 1A).

Chromosome losses had a gradual incidence rate,
significantly increasing as the concentrations increased.
Concentrations of 0.5 mg mL" and 1.0 mg mL" had a
significant increase in the number of losses compared
with the negative control. In the treatment with MMS
(positive control), we found higher rates of chromosome
losses, together with the 1.0 mg mL! concentration, which
were statistically equal (Figure 1B).

The chromosome delays had an incidence significantly
higher for 0.5 mg mL' MT and MMS. The 1.0 mg mL-' MT
had a higher rate of alteration compared to negative control
and one equality compared to 0.5 mg mL'MT. Negative
control had the lowest mean values of this CA (Figure 1C).

A mutagenic effect was observed for meristematic cells
of A. cepa, when exposed for 48 hours to the dosages of
MT and MMS. The cells showed that the micronuclei index
was significantly higher for the treatment with 0.5 mg mL"!
concentration of MT and for the positive control (MMS)
when compared to the negative control. The 1.0 mg mL™
MT had values similar to the 0.5 mg mL"' MT and also
similar to the negative control (Figure 1D).

The analysis of the mitotic index presented a cytotoxic
action to the 0.5 mg mL* MT and to the MMS (positive
control). It was observed a significant Ml increase in these
treatments when compared to the results obtained for
the treatment with the 1.0 mg mL* MT and for negative
control. These latter had a noteworthy decrease in the MI
values and were statistically similar (Figure 2).

By the discriminant analysis (DA) we verified that
the rate of chromosomal abnormalities was significantly
influenced by the treatments (Wilks’ % = 0.096; 42 = 83.1;
df = 9; p < 0.001), showing a global effect. Functions 1
and 2 of the DA presented high discriminatory power,
summarizing 90.5% of the total data variance. Among the
parameters evaluated, we observed that the chromosomal
delays, followed by the anaphase bridges and the
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Figure 1. Rates of alterations found for Allium cepa cells exposed for 48h to distilled water (H,0, - negative control), 0.5 mg mL"!,
1.0 mg mL" of Malathion and methyl methanesulfonate (MMS - positive control), concerning: (A) anaphase bridge; (B) chromosome
loss; (C) chromosome delay; (D) micronuclei index. KW-H = results of Kruskal-Wallis test and p = value of the statistical probability.
Letters on the error bars indicate the result of the statistical Mann-Whitney U test.
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b,c ® Median[] 25%-75% T Non-Outlier Range
0.22

0.18 c

.
0.16
0.14 ab
b li|

mitosis/ 1000 cell

H,0d 0.5 mg.mi* 1.0 mg.mf* MMS

Treatment

Figure 2. Mitotic index at the radicular meristematic region of
Allium cepa cells, after exposure for 48 hours to distilled water
(H,0d - negative control), 0.5 mg mL"!, 1.0 mg mL"' of Malathion
and methyl methanesulfonate (MMS - positive control). KW-H
= results of Kruskal-Wallis test and p = value of the statistical
probability. Letters on the error bars indicate the result of the
statistical Mann-Whitney U test.
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chromosomal losses presented the highest coefficients
of the discriminant function. The chromosomal delays
were the determining parameter for function 1 and, the
anaphase and chromosomal losses, the discriminatory
variables for function 2 (Table 1).

The scatterplot of DA showing function 1 x function 2,
associated with centroids analysis, revealed that clusters
followed an increased gradient of alterations from left-
to-right (Figure 3).

The control group was limited to the left of the figure,
presenting an extremely low internal variability, not being
associated with the occurrence of damages. The group
formed by the samples exposed 1.0 mg mL* MT presented
intermediate levels of chromosomal aberrations and low
internal variability. As expected, the cluster from the MMS
was positioned to the right of the figure, representing high
rates of chromosomal damage. Its internal variability can
also be considered small since it did not affect the position
of the centroid considerably. Finally, the group formed by
samples exposed to 0.5 mg mL! MT presented the greatest
internal variability, being its centroid positioned to the
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Table 1. Main functions of the discriminant analysis, indicating the
eigenvalues, variances, and discrimination coefficients.

Function
Discriminant analysis
1 2 3
Eigenvalue 2.520* 1.133* 0.384
% of Variance 62.4 28.1 9.5
Cumulative % 62.4 90.5 100.0
Canonical correlation 0.85 0.73 0.53
Coefficient of discriminant
Variables function
1 2 3
Chromosome delay 0.61* -0.23 -0.99*
Anaphase bridges 0.33 0.97* 0.39
Chromosome losses 0.33 -0.63* 0.89*

*Significant value.
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Figure 3. Discriminant canonical function, showing the distribution
of the centroids e of the groups of the different treatments; 1:
treatment submitted to distilled water; 4: positive control with
MMS; 2 and 3: groups exposed to Malathion, for 0.5 e 1.0 mg mL"
concentrations, respectively.

right of the figure, indicating high rates of abnormalities
(function 1 and 2). It was still observed that some samples
had chromosomal abnormalities superior to the positive
control group, showing that this concentration has high
clastogenic potential.

The Appendix Table 1 shows the comparison of different
studies evaluating the mutagenicity on Allium cepa after
different insecticide exposure. The main findings, second
the authors, were compiled, and the supplementary table
was constructed with this aim, to show what was already
published with malathion and other insecticides and
distinguish of our study.

Brazilian Journal of Biology, 2023, vol. 83, 240118

Toxicological assessment of the pesticide Malathion in onion

4. Discussion

Various studies carried out with different pesticides have
been showing the efficiency of the test systems of Allium
cepa in detecting genetic damages (e.g. Liman et al.,
2015; Fatma et al., 2018; Verma and Srivastava, 2018). A
positive result in A. cepa system test should be regarded
as a signal of warning for the agrochemical which may
constitute potential health risk (Fatma et al., 2018). Some
authors have been establishing a positive correlation
between results obtained with animal and vegetal test
specimens (e.g. Rank and Nielsen, 1994; Chauhan et al.,
1999). Studies conducted by Grover et al. (1990) have
evaluated the genotoxic effects of pesticides, using plants
and mammals as bioindicator specimens. Their analyses
evidenced the existence of a significant correlation (91.5%)
between these two test systems. This means that the data
obtained through A. cepa bioassay can be extrapolated to
other more complex organisms. In another study, Silva
Souza et al. (2018) evaluated surface water using A. cepa
test and histological analysis in a Neotropical fish. The
findings indicated that the waters of a river basin had
cytotoxic (mitotic index reduction) and/or genotoxic
potential (chromosomal abnormalities induction) in the
A. cepa and caused moderate histological alterations in
the fish (Silva Souza et al., 2018).

The A. cepa test could provide us valuable information
on the genotoxic potentiality of the evaluated substances
since the distinct types of CA involve particular action
mechanisms. The chromosome adhesions derive from inter-
associations of the chromatin fiber, resulting in chromatin
bridges, which indicated high toxicity, which can lead to
cell death. For the formation of binucleated cells, it has
its origin in the inhibition of cytokinesis (Grant, 1978).

Chromosome bridges or losses result from a
chromosome or chromatinic breakages. It is considered
that a mitotic poison causes disturbance of the spindle
apparatus, resulting in c-mitosis effects, which means
the complete absence of a spindle. A weak c-mitotic effect
produces lagging chromosomes that do not attach to the
spindle apparatus. Chromosome lagging means evidence
of genotoxic effects, such as aneuploidy (Grisolia et al.,
2004). The C-mitoses also is an indication of weak toxic
effect and can be reversible, depending on the degree
of cell adhesion installed on the cell (Fiskesjo, 1985;
Fernandes et al., 2007).

Considering the classical Humphrey and Brinkley’s study
(1969), the chromosome bridges in the anaphase can result
from structural exchanges that have previously occurred
between chromatids of a chromosome or between the
chromatids of two different chromosomes. These authors
classified the anaphase bridges into three types, according
to its formation: a) false bridges or a “stickiness” - due
to adherence of surface materials, such as ribosomes
or persistent nucleoli and, according to Humphrey and
Brinkley (1969) and Cimini et al. (2003), proteins of
centromeres of sister chromatids; b) bridges resulting from
exchanges of sister chromatids or different chromosomes,
due to terminal breaks and deletions. In this case, after the
break, the chromosomal portions carrying kinetochores
formed links to each other, forming dicentric structures
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when this set moves to the opposite poles at anaphase, a
chromosomal bridge is formed; c) the terminal acentric
fragments are lost and do not reintegrate to the main cell
nucleus, sidearm bridges - they involve fiber exchanges
at a subchromatid level.

The micronucleus test provided important information
on the mutagenic potential of MT, showing that this
chemical promotes breaks in the genetic material
(clastogenic) and/or cause a disturbance in the mitotic
machinery (aneugenic) (Bianchi, 2008), which, in turn, will
result in the formation of micronuclei. The results observed
in this study for the delay and chromosomal loss and
anaphasic bridges agree with the suggestion of precursor
damages stimulating the formation of micronuclei, which
are formed in the telophase by recruiting its own nuclear
envelope, separate from the main nucleus (Hatch et al.,
2013). In this sense, the study of Silveira et al. (2017)
established a relationship between the occurrence of
chromosome loss and micronuclei. In that study, the
presence of lost chromosomes and fragments associated
with buds and micronuclei demonstrates the induction
of damage to the DNA by the pollutant’s agents, and the
comet assay gives evidence of the instability.

Cytotoxic effects can cause an increase or decrease
in the mitotic index (Fernandes et al., 2007). This index
corresponds to the frequency of cell division and consists
of a valuable parameter to be considered in cytotoxicity
studies (Bianchi et al., 2016). Here, when analyzing the MI,
it was found that only for the 0.5 mg mL!' MT, triggered
cytotoxic action, which was verified by the increase in the
number of cell divisions. Interestingly, the concentration of
1.0 mg mL! MT, which for most chromosomal aberrations
(anaphase bridges, chromosomal delay, and micronucleus)
triggered a reduced effect compared to the lowest
concentration tested, did not cause a relevant cytotoxic
impact on this parameter, which could be related to the
Hormesis phenomenon. The phenomenon of hormesis, seen
when exposure to high concentrations of stressors has an
inhibitory effect, while low concentrations (mild, sublethal,
and sub-toxic) act as stimulants, is challenging, not only
in ecotoxicological studies but also in chemotherapy and
pharmacology (Tang et al., 2019). This effect was also
mentioned by after the exposure of the cyanobacterium
Chroococcus sp. to different concentrations of Malathion
(1, 25, 50, 75, and 100ppm), where for the exposure to
50 ppm the highest growth rate was verified without
prejudice to the production of chlorophyll a, with a
significant decline in the highest concentrations (Martinez-
Aguilar et al., 2018).

The genotoxicity and mutagenicity observed can be
related to the concentration used in the test, or directly
related to the exposure time to the insecticide. However,
the chemical, even in low concentrations, had already
shown to be able to interact, somehow, with the genetic
material. Some previous studies showed that the MT
residues in the water were detected varying from 0.08 mg
mL" to 500 mg mL"' (Coppage et al., 1975) A more recent
study detected MT in a maximum concentration of 8.12 mg
mL"in water bodies (Karyab et al., 2013). This corresponds
around eight times the highest value we assessed.
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According to Bolognesi (2003), the cytogenetic damages
induced by pesticides seem to depend on the intensity
of exposure. The author says that a dose-response
relationship can be verified between the concentration and
the promoted damage. This dose-response relationship,
when promoting DNA damages, was described by authors
as Bianchi et al. (2015) that studied the genotoxic and
mutagenic effects of the MT insecticide. However, Rank
and Nielsen (1994) and Rank et al. (1993) studying A. cepa
showed that there is no simple positive relationship
between the frequency of chromosomal aberrations and
dose for most of the chemicals tested.

Taken together, our results suggest that the aggressions
to the DNA induced by the MT in lower concentration tested
occurred because it induced a larger quantity of divisions
and maybe had a higher permeability on the cells due to
the pesticide to be in more diluted concentrations. The root
growth is not simply cell proliferation but depends upon
the activation of enzymes that promote the elongation
and loosening of the cell wall during the differentiation
process (Silveira et al., 2017). Due to having an accelerated
and uncontrolled division, as happens also with cancer
cells, they cannot be efficiently repaired by the cellular
mechanisms. This statement is based on the observation
that the CA induced in meristematic cells resulted in a
larger quantity at the lower concentration, due to the great
increase in the number of divisions, which in subsequent
generations, would become micronuclei in F1 cells, as well
as by the analysis of the cells exposed to a MT treatment
longer than 48 hours (decrease of the CA indexes and
increase of the micronucleus indexes). Corroborating our
results, the study from Bianchi et al. (2015) evaluated in
the MT commercial formulation in A. cepa, and obtained
that, during 48h of exposure, significant MN values were
induced by the concentrations 1.5, 0.75, and 0.37 mg
mL" (50% MT) and significant CA values were induced by
exposure to 1.5 and 0.18 mg mL"' (50% MT).

The short exposure time evaluated in this study allows
us to infer that the observed effect was indeed associated
with the realistic concentrations 0.5 mg mL"' and 1.0 mg mL™!
MT (99.9% purity) due to degradation kinetics chemistry
of high purity MT in water, which is influenced mainly by
alkalinity and high temperatures (Wolfe et al., 1977). These
authors verified that, under environmental conditions with
pH = 8.0 and 27 °C, the half-life of malathion is 36 hours,
increasing significantly in lower pH and temperatures. The
report from the World Health Organization confirms that
malathion really is hydrolyzed faster at alkaline pH but, at
neutral pH and, mainly, its acid degradation becomes slower
(WHO, 2004). In this sense, our experiment was carried
out at neutral pH (=#7.0) and at controlled temperatures of
20 °C, favoring a higher MT persistence in the experiment,
estimated at about 12 days (Wolfe et al., 1977). Similarly,
Radford et al. (2018), when quantifying the concentration
of organophosphorus insecticides at lower temperatures,
found that MT did not show significant degradation in
purified water after seven days of the experiment, with
a half-life of 44.6 days being estimated. Moreover, in
terrestrial environments, a higher persistence of MT was
observed, which had a harmful action on the control of
the insect Trichogramma pretiosum in peach cultures up to
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30 days after its application (Giolo et al., 2008). Thus, we
consider that the concentrations diluted at the beginning
of the experiment remained constant throughout the 48
hours of exposure and were responsible for the genotoxic
effects observed.

Organophosphorus compounds, such as MT and its
analogs, have two potential electrophilic sites: alkyl
groups and one phosphoryl group. In vitro studies
showed that MT (99% pure) presents the potential to
weakly methylate DNA bases, suggesting that the major
methylation product is 7-methylguanine. Imamura and
Talcott (1985) demonstrated that MT (99% pure) and
several of its impurities alkylate nitrobenzylpyridine, a
synthetic substrate. This suggests that this insecticide acts
as a strong alkylating agent, i.e., cross-links are formed with
DNA filaments impeding its replication, and with it, they
destroy the cells under the process of active division, and
therefore the cytotoxicity is formed due to the cross-linked
reaction with another DNA string. The results found in
our research reinforce the need for studies that assess the
effects of environmental chemicals, in small concentrations
and, specifically, of pesticides and insecticides on the non-
target organisms, because most of the exposures happen
in concentrations smaller than the ones indicated for use,
whether in agriculture or in residences.

Appendix Table 1 is an important tool to relate the
available literature with A. cepa and insecticides and
help us to discuss what was already published with
MT and other insecticides and distinguish of our study.
Although the literature presents a diversity of research
covering the topics Allium cepa “and” insecticide, our
study stands out for the use of integrative statistical tests
that allowed the association of all parameters evaluated
in a multivariate analysis. There are eight previous
studies about MT and A. cepa: 1. Cortés-Eslava et al.
(2018) assessed commercial compounds of Malathion
0.075,0.75 and 7.5 M (corresponding to 24.777 mg mL;
247.768 mg mL'; 2477.68 mg mL"); 2. Singh and Roy
(2017): evaluated 50, 125, 250 and 375 ppm Malathion
(corresponding to 0.05; 0.125; 0.25;0.375 mg mL"); 3.
Das et al. (2017): evaluated Malathion concentrations
0.1g 100mL, 0.5g 100mL", 0.75g 100mL"' and 1g 100mL"'
(corresponding to 0.001; 0.005; 0.0075; 0.01 mg mL") 4.
Gogoi et al. (2016): Treatments of 0.1,0.2,0.3,0.4,0.5, 0.6,
0.7,0.8,0.9% of Malathion (corresponding to 1, 2, 3,4, 5, 6,
7, 8,9 mg mL"); 5. Bianchi et al. (2015): It was evaluated
commercially available pesticide formulation containing
MT (Malathion 500 CE®): 1.5, 0.75, 0.37,and 0.18 mg mL"'
MT; 6. Asita and Makhalemele (2009): Commercial
compounds of Malathion at 0.034, 0.069, 0.137% solution
(corresponding to 0.34; 0.69; 1.37mg mL); 7. Kumar et al.
(1995): MT ranging from 0 to 100 mg L'; 8. Kumar and
Sinha (1989): concentrations of 0.1;0.5;1.0;5.0;10.0; 25.0;
100.0; 250.0; 500.0 ppm (corresponding to 0.0001mg mL™!
to 0.5 mg mL1).

About these eight studies, Cortés-Eslava et al. (2018);
Bianchi et al. (2016) and Asita and Makhalemele (2009)
cited the origin of the pesticide used, and it is clearly
described that they used commercial formulations. All the
other articles did not mention the origin of the pesticides
evaluated and none describes having performed an

Brazilian Journal of Biology, 2023, vol. 83, 240118

Toxicological assessment of the pesticide Malathion in onion

analytical determination of concentrations. Ensuring the
real concentration of Malathion, based not only the nominal
assignment, we performed the chemical determination of
the insecticide in the solution. Thus, the effects observed
in our study refer only and exclusively to MT, unlike other
researches previously published, where the action of the
main compound may have been influenced by the presence
of other components in commercial formulations, as
substances described by manufacturers as ingredients inert
(Solvent, non-ionic surfactant, emulsifier and stabilizer, for
example). It is also relevant to highlight the fact that only
two studies (Asita and Makhalemele, 2009; Bianchi et al.,
2016) used seeds and not bulbs. We can perceive that there
are some studies testing similar concentration to us, and
for this reason, only two concentration were evaluated.
Moreover, based in Grant (1982) only one exposure time
was applied, based in the duration of the cell cycle of
A. cepa - around 20h for meristematic cells. For this reason,
we evaluated during 48h of exposure, i.e., approximately
2 cell cycles.

Based on results we found in this study and other
previous studies, we could conclude that the Malathion
insecticide in its pure composition and in realistic
concentrations used, has genotoxic potential in the
biological assessment of A. cepa cells. The multivariate
integrative analysis showed a whole response of all data,
providing a global view of the effect of MT on DNA.
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