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Abstract: Pesticides constitute a heterogeneous category of chemicals designed for
the control of pests affecting cultivated plants. Frequently, they are classified according
to their chemical structure, organic and non-organic pesticides. Biomonitoring studies
using somatic cells have been conducted to evaluate the possible genotoxic risk of
occupationally exposed workers to pesticides. The aim of this study was to assess the
genotoxic effects of pesticides in pilots occupationally exposed to these chemicals during
aerial application in agricultural fields. The study groups comprised 30 pilots who
applied aerial pesticides and 30 controls. The alkaline Comet Assay was performed
on freshly collected peripheral whole blood lymphocytes. The nonparametric Mann-
Whitney test was applied to compare the equality of two population medians.
Additionally, a comparison of two groups according to age and years of work as
quantitative variables and a one-way analysis of variance (Anova) with Tukey’s post
hoc test were applied. To corroborate differences between groups, a regression analysis
was performed to calculate the degree of correlation, expressing their magnitude by

RZ. Statistical significances were set at a p value of <0.05. The median of comet
frequency, tail length (159.6 + 16.8) and tail moment (16.75 + 3.13) reveals statistically
significant differences (p < 0.001) between exposed pilots and controls. The pilot
group divided according to age reveals Deoxyribonucleic acid (DNA) damage which
increases significantly when age of participant increases. Neither smoking nor alcohol
consumption could be statistically linked to DNA damage.
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Resumen: Los plaguicidas constituyen un grupo heterogéneo de quimicos destinados
para control de plagas que afectan plantas cultivadas. Frecuentemente se clasifican en
funcién de su estructura quimica, en plaguicidas no orgdnicos y organicos. Estudios de
biomonitoreo utilizando células sométicas han conducido a la evaluacién del posible
riesgo genotdxico en trabajadores expuestos a plaguicidas. El objetivo de este estudio fue
evaluar los efectos genoto6xicos de plaguicidas en pilotos ocupacionalmente expuestos
a estos durante su aplicacion aérea en campos agricolas. Se analizaron linfocitos de
sangre periférica recién recolectada de 30 pilotos que aplican plaguicidas via aérea y
30 controles, mediante electroforesis unicelular alcalina (ensayo cometa). La prueba U
de Mann Whitney se aplicé para determinar el grado de asociacién de los resultados
del ensayo Cometa entre los pilotos expuestos y el grupo control. Un andlisis de
varianza (Anova) de una sola via y una prueba de Tukey’s post hoc fueron utilizadas
para comparar los dos grupos de acuerdo a edad y afios de exposicién ocupacional.
La correlacién entre los grupos se analizé a través de regresién logistica expresado por

R%. Un valor de probabilidad < 0.05 se consideré estadisticamente significativo. La
frecuencia de la mediana en la longitud de cola fue (EE:159.6 + 16.8) y el momento de
la cola (EE:16.75 + 3.13) revelan diferencias estadisticamente significativas (p < 0.001)
entre pilotos y controles. El grupo de pilotos revela frecuencias elevadas de dafio al Acido
Desoxirribonucleico (ADN), el cual se incrementa significativamente al aumentar la
edad de los participantes, pero no se correlaciona con el consumo de alcohol y tabaco.

Palabras clave: Plaguicidas, pilotos, Ensayo Cometa.

INTRODUCTION

Global concern about the use of agricultural chemicals has grown
significantly during the past few years. In particular, the relationship
between both health and environmental issues and pesticide dosage is a
persistent problem in rural and urban areas. One of the main causes of
this problem could be the transport of pollutants via different pathways:
air, water, foods and feeds (Gil & Sinfort, 2005).

Pesticides constitute a heterogeneous category of chemicals designed
for the control of pests, and their application is the most used tool for
the protection of plants from plagues and have significantly contributed
to the enhanced agricultural productivity (Bolognesi, 2003). In many
countries with extensive agricultural production, an increasing trend in
crop cultivation is observed, which involves widespread use of pesticides
during vegetation periods. Unfortunately, pesticide residues can be
found in air, soil, water, plants and harvested products, as well as on
application equipment, on the clothing of agricultural workers, and
in human and animal tissues. Once dispersed, pesticides can enter
the human body by swallowing, by breathing, or directly through the
skin. Toxic effects in an exposed population depend on individual
health status and sensitivity to a particular pesticide (Bolognesi, 2003;
Gaikwad, Karunamoorthy, Kondhalkar, Ambikapathy & Beerappa,
2015). Therefore, while pesticides have brought revolutionary changes
to agriculture, they also represent a major potential health occupational
hazard for agricultural workers (Bhalli, Khan, Hag, Khalid & Nasim,
2006; Bolognesi, 2003).

Disregarded use of agricultural chemicals runs the risk of induced
mutations and the possible development of some types of tumors
(Yaduvanshi, Srivastava, Marotta, Jain & Yadav, 2012). Other known
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human health hazards include mild headaches, flu, skin rashes, blurred
vision and other neurological disorders; while rare, severe human health
hazards may include paralysis, blindness and even death (Abhilash &
Singh, 2009).

Aerial application is the most frequent application method associated
with drift events, and drift hazards from aerial applications have
been well documented (Weppner ez al, 2006). Pesticide drift, the
off-target movement of pesticides, is recognized as a major cause of
pesticide exposure affecting people involved in agricultural practices and
inhabitants living in communities situated close to protected fields (Lee
et al., 2011). The occurrence and extent of pesticide drift are affected by
many factors such as the nature of the pesticide (e.g., fumigants are highly
volatile, which increases their propensity for off-site movement), the
equipment and application techniques (e.g,, size and height of the spray
nozzles), the amount of pesticide applied, and the weather (e.g., wind
speed, temperature inversion), and the operator care (Lee ez a/., 2011).
Pesticide applicators are required to use necessary preventive measures
and to comply with label requirements to minimize pesticide drift and
risk of pesticide exposure; however, they do not often comply with all this.

Biomonitoring studies using somatic cells have been extensively
conducted to evaluate the possible genotoxic risk of a defined exposure,
and some indicators, such as chromosomal aberrations and abnormalities,
have been shown to be a relevant biomarker for predicting cancer
risk (Hagmar ez 4., 1998; Martinez-Valenzuela ez al., 2015). A certain
number of field studies have been carried out, revealing an association
between the occupational exposure to pesticides and the presence of
chromosomal aberrations and AND damage (Bolognesi, Parrini, Bonassi,
Ianello & Salanitto, 1993; Cuenca & Ramirez, 2004; Garaj-Vrhorac &
Zeljeiic’, 1999; Gémez-Arroyo et al., 2013; Rupa, Rita, Reddy & Reddi,
1998).

Chemical, physical and biological agents can interact with the genetic
material, resulting in mutations, which are associated to genomic
instability and cancer. Accordingly, genotoxicity testing represents an
essential part of chemical validation. Such tests should include in vitro
and in vivo assays to detect the pesticide potential to induce genetic
mutations and/or chromosomal aberrations (Araldi ez 4/.,2015). Among
the available genotoxicity tests, the Comet Assay is recognized due to its
robustness, sensitivity and statistical power to evaluate Deoxyribonucleic
acid (DNA) breaks, which can be considered as hallmarks of mutagenicity
(Araldi ez al., 2015). The alkaline Comet Assay can evaluate cellular single
and double-stranded DNA breaks induced by pesticide exposition and
determine the cytotoxic effect of pesticides by assaying for apoptosis-
associated fragmentation of nuclear DNA.

In this study, we have used the Comet Assay to assess the potential
health risks associated with daily exposure to pesticides used most
frequently in harvest fields of Sinaloa, Mexico, which are listed in table
1. Therefore, the purpose of the study was to assess the genotoxic effects
of pesticides in workers occupationally exposed to these chemicals during
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their manipulation and aerial applications in agricultural fields of Sinaloa,
Mexico.

Table 1

Pesticides most frequently used in Sinaloa, Mexico

Table 1 Pesticides most frequently used in Sinaloa, Mexico

Pesticide

Organochlorine Endosulfan, Pentachlorphenol, Quintozen

Organophosphorus

Chlorpiriphos, Dimethoate, Malathion,
Monocrotophos, Methyl parathion

Carbamates

Aldicarb, Carbofuran, Methomil, Oxamil, Benomil,
Mancozeb, Thiram, Metam

Piretroids

Betacifluthrin, Bifentrin, Lambda-Cihalothrin,
Cipermethrin, Deltamethrin, Permethrin, Zeta-
Cipermethrin

Neonicotinoids

Acetamiprid, Clothianidin,
Imidacloprid, Tiametoxam

Triazins

Ciromazin, Atrazin

Triazols

Diphenoconazol, Epoxiconazol, Propiconazol,
Tebuconazol

Others

Abamectrin, Novaluron, Sulfoxaflor, 2,4-D,
Dicamba, Gliphosate,

Nicosulfurén, Paraquat, Azoxystrobin, Boscalid,
Captan, Carbendazim, Carboxin, Clorothalonil,
Cymoxanil, Dimethomorf,

Fluazinam, Fluoxastrobin, Alumino Fosetil,
Mandipropamid, Metalaxil, Cuprum oxide,
Procloraz, Pyraclostrobin, Tiabendazol,
Methyl Tiophanate, Trifloxystrobin, Methyl bromide

Source: Author’s own elaboration.
MATERIALS AND METHODS

Participants

The study groups were made from the population working as pesticide
applicators in Sinaloa, Mexico. The groups consisted of 30 pilots of small
airplanes used for pesticide aerial dispersions and 30 unexposed control
individuals who are engaged in other tasks and reported no history of
occupational exposure to pesticides. Both groups were matched according
to age, years of work as pesticide applicators, and lifestyle habits such
as smoking and alcohol consumption in order to calculate whether the
obtained results of abnormal nuclear Comet Assays could be influenced
by the pesticides applicators’ lifestyle. This study was approved by the
Ethics Committee of Universidad de Occidente, and all participants
involved gave their consent prior to intervention.
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Sample collection

Peripheral blood lymphocytes were separated from freshly collected
whole blood by centrifugation and washed twice in phosphate-buftered
saline.

Cell Viability Test

Cell viability was estimated before using the trypan blue exclusion
method (Altman, Randers & Rao, 1993). Trypan blue penetrates the
damaged membrane of dead cells and stains the nucleus. A mix of 10 pL
of cell pellet and 10 pL of trypan blue was incubated for 3 min. Then
the number of dead cells out of 100 consecutive cells was counted in
duplicate.

Alkaline Comet Assay

The alkaline Comet Assay was performed according to procedures
previously described by Singh, McCoy, Tice & Schneider (1988) and Tice
et al. (2000). Briefly, lymphocytes (50 pL) were mixed with 100 pL of
low-melting-point agarose (0.5%) at 37 °C, placed on fully frosted slides
(Fisher) coated with a thin layer of normal-melting-point agarose (1%)
and covered with a coverslip. Two slides were made for each individual.
The slides were kept at 4 °C for 5 min to allow the agarose to solidify.
The coverslip was then carefully removed, and the slides were immersed
in a Coplin staining jar containing a freshly prepared cold lysis solution
(2.5 M NaCl, 100 mM EDTA, 10 mM Tris, 1% Triton X-100, and 10%
DMSO, pH = 10) at 4 °C for 1 h. The slides were placed in a horizontal
electrophoresis chamber (Owl A5, Lab System Inc.) containing freshly
prepared cold electrophoresis alkaline buffer (300 mM NaOH, 1 mM
EDTA, pH = 13) for 20 min to unwind the DNA. Electrophoresis was
carried out at 25 V and 300 mA for 20 min in darkness to prevent
additional DNA damage. The slides were then washed three times with
freshly prepared neutralization buffer (0.4 M Tris, pH 7.5) for 5 min,
fixed with cold absolute methanol for S min and air-dried at room
temperature. Next, 50 uL of ethidium bromide (20 mg/mL) was added to
each slide to stain the DNA. The slides were labeled with a code that was
unfamiliar to the viewer and examined with an Axiostar Plus Carl Zeiss
fluorescent microscope equipped with an excitation filter (515 nm - 560
nm) and a barrier filter (590 nm).

Statistics

Statistical analyses were conducted using the Minitab statistical software
version 12 (Minitab Inc. State College, PA, USA), where continuous
variable values of DNA damage were expressed by descriptive statistics
as frequencies of their presence, such as arithmetic mean + standard
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errors of mean (SEM) and median. In order to determine the degrees
of associations between results of Comet Assay in pilots exposed to
pesticides and the control group, the nonparametric Mann-Whitney test
was applied, which compares the equality of two population medians.
Additionally, comparison of two groups according to age and years of
work as quantitative variables, one-way analysis of variance (ANOVA)
with Tukey’s post hoc test were applied. To corroborate differences
between groups, a regression analysis was performed to calculate the
degree of correlation expressing their magnitude by R2. Statistical
significances were set at a p value of <0.05 and marked with an
asterisk. Moreover, to visualize the magnitude of differences between the
genotoxic results of exposed pilots and controls, the Frequency Ratio
(FR), being the ratio of the mean genotoxic parameters values of the
exposed individuals to the corresponding control values, was calculated.

RESULTS

The studied group of pilots exposed to pesticides during aerial
fumigations of agricultural fields in Sinaloa, Mexico was composed of 30
males aged 21 to 62 years, with a median of 38.0 years; and 30 male not
involved (controls) in pesticide applications aged 21 to 59 years, with a
median of 34.5 years. The comparison between medians ages revealed not
statistical differences (p > 0.05). The results of Comet Assay comparisons
are presented in table 2. The median of the comet’s frequency, tail length
(SE:159.6 * 16.8) and tail moment (SE:16.75 #* 3.13), reveals statistically
significant differences (p < 0.001) between the exposed pilots compared
to the control group (p < 0.001). By computing the magnitudes of
differences expressed by Frequency Ratios, highest values for tail moment

(1.8) and tail length (1.5) were obtained.
Table 2

Comparison of comet assay results and frequency ratios between exposed pilots and controls groups

Comparison of comet assay results and frequency
Table 2 ratios between exposed pilots and controls groups

Mann

Variable Pilots exposed Controls not exposed Whitney test FR
X +SEM Median X+ SEM Median

Tail

159.6+168 : 1353 106.6 +7.7 98.1 0.001* 15
Length
Tail

16.75 +3.13 131 1377 £191 10.41 0.839 12
Moment
Age 377431 38 359+26 345 0.695

* Statistically significant differences between medians.
Source: Author’s own elaboration.

Comet Assay is a valuable tool in measuring single and double-strand
breaks of DNA and the extent of the damage caused by different types
of genotoxic compounds. Cells with increased DNA damage display
increased migration of chromosomal DNA from the nucleus toward
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the anode, which resembles the shape of a comet determining the
level of DNA damage. This permits early evaluation of health risks
in populations exposed to environmental toxic agents. The results of
frequency of damage calculated for 50 comets according to Collins (2004)
are presented in table 3 and figure 1.

Table 3
Distribution of DNA damage frequencies observed in comet assay of pilots studied
acording to 5 categories (0 - without damage, damage categories: 1, 2, 3 and 4)

Distribution of DNA damage frequencies observed in comet
Table 3 assay of pilots studied acording to 5 categories (0 - without

damage, damage categories: 1, 2, 3 and 4)

Category of damage 0 1 : 2 & 4

Damage frequency 27.60% 27.20% : 20.30% 10.20% 14.70%

Source: Author’s own elaboration.
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2

Figure 1
Figure 1
Human peripheral blood lymphocytes: 0: nuclei without DNA damage

(without comet) and 1, 2, 3, 4: nuclei with ascending DNA damage. 400 X.
Source: Author’s own elaboration.

To view whether the age of the exposed pilots can influence on the
DNA damage intensity, the total group was divided in two subgroups
according to age (21 years to 39 years and 40 years to 62 years). The
obtained results are presented in table 4.
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Table 4
Comparison of comet assay parameters and frequency ratios
between pilots divided into four subgroups according to the age

Comparison of comet assay parameters and frequency ratios
Table 4 between pilots divided into four subgroups according to

the age
Variable 21 to 39 years ajioloz R? ANOVA FR
years
X +SE X+ SE

Tail Length 1929 +26.3 1188+7.6 :2536%: 0.024* 0.6

Tail Moment : 23.35+4.75 8.68+152 :28.69%: 0.015* : 04

Age 273+2.2 506 +22 75.42% : 0.001* :

Up to 4 years 5 to 8 years

Tail Length 1417 +11.0 1774 + 316 5.95% 0.05* : 13
Tail Moment 1335+ 2.16 20.15+5.84 6.22% 0.05* | 1.5
Age 354 +4.2 40.1+45 3.10% 0.46

*p < 0.05 of Tukey test
Source: Author’s own elaboration.

The obtained results of Anova, post hoc Tukey test and regression
analyses expressed by R2 values revealed age as an influencing factor.
The results of DNA damage in human peripheral lymphocytes decreased
when age increased. The values of frequency of comets, tail length and tail
moment, were decreased statistically significant when age of participant
increased. Our results are not in concordance with Araldi ez 4/. (2015),
Chen, Hales & Ozanne (2007), Heuser, Andrade, Peres, Gomes & Bogo
(2008) who indicate that when age increases, DNA damage increases in
parallel. Evaluating the FRs of tail length and tail moment, the genotoxic
response decreased when age of participants increased. Some studies
have shown an increase in the frequency of nuclear abnormalities with
age (Bolognesi ez al., 1999; Fenech, 1998; Thomas, Harvey, Gruner &
Fenech, 2008). According to Barnett & King (1995), the influence of age
on genotoxic and cytotoxic endpoints may potentially reflect the increase
in spontaneous chromosome instability with ageing, which in turn relates
to an accumulation of DNA damage, due to a progressive impairment of
the overall DNA repair capacity. Our results of statistical comparisons
and a Frequency Ratio’s analysis indicated that there is no significant
association between the life years and DNA damage. In the cases of
chronic exposure of the pilots studied, early DNA damage was noted to
which the kinetics of cells replications did not affect the occurrence of
DNA damages. Afterwards, chronic exposure leads to a steady state of an
elevated expression of DNA and progressive DNA repair regardless of the
cell division rate (Ceppi, Gallo & Bonassi, 2011), which was expressed by
a decrease of tail length and tail moment values in elder pilots.

To see if years dedicated to pesticide applications have any relation
to Comet Assay results, the exposed pilot group was divided into two
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subgroups according to years of work. The obtained results of the
comparison are presented in table 4.

Anova comparison and post hoc Tukey test between exposed pilots
up to 4 and from 5 to 8 years of work revealed a statistically significant
increase of Comet Assay results, which indicate that there exists an
influence of years of work and exposure period to DNA damage status.
In other words, when the years of work increase, the time of exposition
to aerial pesticide applications increase in parallel, enabling more DNA
damage. The Frequency Ratios calculated for means of both groups
showed an increase in magnitude of DNA damage.

To view if lifestyle habits such as tobacco consumption can potentiate
the magnitude of DNA damage among the studied pilots, the total pilot
population was divided according to the smoking habit: 19 no-smoking
and 11 smoking pilots. The results of the comparisons are presented in

table 5.
Table S

Comparison of comet assay results and frequency ratios between pilots divided in
four groups according to the tobacco smoking habit and alcohol consumption habit

Comparison of comet assay results and frequency ratios be-
Table 5 tween pilots divided in four groups according to the tobacco
smoking habit and alcohol consumption habit

Variable N°':’:‘1’gi“g : s‘;“;kli;‘g FR
X+SE Median X+SE Median

Tail Length 167.0 + 21.3 135.7 1372 +20.9 120 1

Tail Moment 18.10 + 3.94 13.15 12.70 + 4.20 8.47 1

Age 39.9+3.4 43 312465 26

Years of Work 52+0.3 5 43+0.3 4

Source: Author’s own elaboration.

To observe possible differences between the studied groups, the means
and medians were compared indicating a significant higher Comet Assay
expression (p < 0.05) of non-smoking participants and higher genotoxic

results (table 6).
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Table 6
Comparison of comet assay results and frequency ratios between
pilots divided into two groups according to tobacco smoking habit

Comparison of comet assay results and frequency ratios
Table 6 between pilots divided into two groups according to tobacco
smoking habit

Variable e SR | FR
X +SE Median X+SE : Median

Tail Length 167.0+213 1357 137.2+20.9 120 L2

Tail Moment 18.10 + 3.94 1315 12.70 + 4.20 : 8.47 14

Age 39.9+3.4 L 43 312465 26

Yearsof Work | 52 +0.3 5 43403 4

Source: Author’s own elaboration.

Finally, to compare if alcohol consumption can have an influence on
Comet Assay results, the pilot group was divided into drinkers (z = 13)
and no-drinkers (7 = 17). The results of these comparisons are presented
in table 7.

Table 7
Comparison of comet assay results and frequency ratios between pilots
divided into two groups according to the alcohol consumption habit

Comparison of comet assay results and frequency ratios
Table 7 between pilots divided into two groups according to the
alcohol consumption habit

Variable : No-:iit;'l;ers D;ix;l;ezrs ER
X+SE Median X+ SE Median

Tail Length 166.7+24.8 : 1349 : 1462 +149 1561 11

Tail Moment 18.19 + 4.61 9.4 14.08 +2.76 13,15 2

Age 385+ 4.6 45 36.4+24 37

Years of Work 52+04 5 43404 4

Source: Author’s own elaboration.

The mean and median comparison tests and Frequency Ratios revealed
significant differences between no-drinkers and drinkers (p < 0.05) with
higher values of no-drinkers and no influence of alcohol consumption on
genotoxic parameters of Comet Assay. The no-drinkers corresponds to
the older pilots (median 45.0 years old) and higher years of work (median
5.0 years old), factors which justified a more prolonged exposition period
which caused higher genotoxic damages expressed in Comet Assay results.
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In general, the results of our study showed alcohol consumption as a non-
influencing factor on DNA damage.

DISCUSSION

Occupational pesticide poisoning represents a major potential health
hazard for sprayers in agricultural fields. Prolonged exposure to pesticides
has been linked to increased risk of chronic diseases such as Parkinson’s
(Moisan ef al., 2015; Tingting et al., 2017), Alzheimer’s (Cabrera,
2017; Richardson ez 4/, 2014) multiple sclerosis (Parrén, Requena,
Herndndez & Alarcén, 2011), diabetes, and cardiovascular and renal
diseases (Gangemi ez al., 2016). Chronic pesticide exposure due to the use
of large quantities of agrochemicals at the fields are the most prevalent
and serious occupational hazards of workers in many countries (Falzone
et al.,2016). A drift of applied pesticides, originated during fumigations,
can cause severe health effects in the involved persons.

The oxidative stress induced by pesticide exposures as a possible
mechanism of toxicity and human health uncertainty has been the focus
of toxicological researchers for over a decade. Given that DNA damage is
one of the primary mechanisms for the progress of some of these chronic
diseases, genotoxicity biomarkers have been suggested as predictors of risk
for the expansion of cancer (Collins ez 4/., 2014). Genetic biomonitoring
is also important since it enables the identification of risk factors at a
time when control measures may still be implemented. Studies on DNA
damage in workers exposed to pesticides present both positive as well
as negative results which may reflect different exposure conditions such
as the intensity of exposure, the use of personal protective equipment,
the specific genotoxic potential of the pesticides used and worker health
status. A primary risk factor of genotoxic agrochemicals is that they act
directly or indirectly causing chronic genotoxicity (Guanggang ez al.,
2013).

The Comet Assay analyze the genotoxicity in specific samples, which
are in direct contact with the tested chemicals or in which the absorption,
distribution, metabolization or excretion occur, allowing to detect the
clastogenicity in situ. Comet Assay also allows detecting breaks in DNA
strands, which can be visualized by the increased migration of free DNA
segments, resulting in images similar to comets (Azqueta & Collins,
2013). These breaks are associated to chromosomal aberrations and
genomic instability (Pfeiffer, Goedecke & Obe, 2000), directly associated
to malignancy (Araldi ez al., 2015; Charames & Bapat, 2003; Eyfjord &
Bodvarsdottir, 2005; Hanahan & Weinberg, 2011; Negrini, Gorgoulis &
Halazonetis, 2010).

The results of Yaduvanshi ez a/. (2012) caused a highest increase in
the DNA damage compared to individual pesticides treatments. The
observed synergistic effect might be due to the combined impact of these
complementary pesticides simultaneously acting in different ways and,
thus, magnifying their toxicity. The genotoxic potential of pesticides
mixture used habitually in agricultural fields was found to be synergistic

20
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and, therefore, may pose greater mutagenic risk to exposed individuals
such as pilots applying different pesticides during one working day and
being exposed to the pesticide mixture. Certain pesticides are capable
to interact chemically when they are combined in mixtures, mainly
because the metabolism of one chemical can affect the metabolism of
the other. Thus, it is possible that mixtures of pesticides can produce
additive or synergistic effects. Combined exposure of non-toxic doses
can induce significant frequencies of chromatid breaks and fragments,
whereas independent exposure of similar doses failed to induce any effect.
These studies indicate that pesticides used, which can form mixtures
during aerial fumigations on Sinaloa agricultural fields, show an increase
in the frequencies of chromosomal aberrations, DNA adducts formation
that can disrupt the genetic integrity and alter the metabolism and
other vital functions of the cell or organism (Yaduvanshi ez 4/., 2012),
perhaps associated with generation of oxidant stress. Diverse studies have
shown that organophosphorus, carbamate, organochlorines, pirethroids
pesticides stimulate ROS production or generate more toxic compounds.
ROS, such as superoxide anions (O, @), hydrogen peroxide (H,O,),
and hydroxyl radicals (OH"), are highly reactive with DNA and produce
diverse kind of damage, including single and double-strand DNA breaks,
nucleoside modifications, mutations and apoptosis which are associated
in the process of carcinogenicity (Valko, Rhodes, Moncol, Izakovic &
Mazur, 2006). Possibly, the results expressed by higher DNA damage
in human peripheral lymphocytes confirmed the cytotoxic effect of
pesticides by assaying for apoptosis-associated fragmentation of nuclear
DNA (Jha, 2008; Li et al., 2015).

In the present study we used a software program to objectively describe
and measure comet sizes and, thereby, to eliminate the need for subjective
visual estimation (e.g., the presence or absence of a comet shape). In
general, for both Comet Assays and dimension measures (comet and tail
length, comet height, head diameter and area) had the least variability,
while intensity measures were the greatest. Comet Assay dimension
measures used in our study are more repeatable than intensity and
moment (i.e., tail/Olive) measures. The moment measures are more likely
to exhibit variability because they incorporate intensity, a highly variable
measure, into the value (Serafini, Romano, Varner, Di Palo & Love,
2015).

In this study, the visual appearance and the length of the comet
tails showed marked differences between exposed pilots and controls,
reflecting DNA breaks (i.c., higher tail length — 1.5) in samples from
exposed pilots compared to those of controls, results that can be observed
in the tables of the results section. The comets were rounded shape which
suggested that DNA remains in a more compact form, resulting in fewer
actual comet shapes. The head diameter and area were smaller and less
intense; suggesting that less DNA remained in the nucleoid. Therefore,
DNA that is more fragmented prior to analytical process may result in
the production of smaller fragments that may disappear visually (Simon
& Carrell, 2013).
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Measurements made by image analysis and DNA migration are
expressed by the tail intensity (% tail DNA). This approach might
be particularly useful in human biomonitoring, because relatively low
DNA damage levels can usually be expected after occupational and
environmental exposure to genotoxic agents (Bausinger & Speit, 2014).

The study found that the incidence of drift-related pesticide poisoning
has influenced on pilots who do aerial spraying of pesticide on Sinaloa
agricultural fields. These groups of agricultural workers were found, by
Calvert ez al. (2008), to have a higher incidence of poisoning pesticide. It
is not known why the incidence occurs but the Comet Assay results show
higher DNA damage among pilots studied, indicating that they are at
greater risk of exposure, and that they can be more susceptible to pesticide
toxicity, or that they can more likely report exposure and illness or seek
medical attention (Lee ez /., 2011).

These findings, which are limited only to 30 exposed pilots and
30 controls, presented higher incidence of Comet Assay results from
monitored pilots and DNA damage. The rate of poisoning from inhaled
drift of applied pesticides was many times higher for occupationally
exposed applicators in agricultural fields than in nonagricultural workers
that constituted the controls.

The genotoxicity studies of chemical compounds require special
attention to the age of the biological material donor. Extensive
observations suggest that DNA damage accumulates with age (Chen ez
al.,2007; Heuser et 4l.,2008). These data are not similar to those obtained
in this study, where age of participants was not calculated as an influential
factor on Comet Assay results and degree of DNA damage intensity,
suggesting only worked and exposure period as significant factors in
evaluation of DNA damage degree.

Comet Assay can be used to assess apoptosis in a general term and
to describe a non-inflammatory programmed cell death in contrast
with frequently non-programmed and highly inflammatory necrosis.
Several features confer to apoptotic cells a peculiar signature allowing
them to be discriminated from cells compromised with other non-
apoptotic mechanisms (Kepp, Galluzzi, Lipinski, Yuan, & Kroemer,
2011). Meanwhile, currently several methods aimed at identifying DNA
damages may be performed, and Comet Assay stands out as a potential
alternative to evaluate DNA injuries, mainly due to easy implementation
and low costs. The results provide valuable information at the stage of
potentially degenerative diseases on the early pre-symptomatic diagnosis.
A combination of nuclear alterations with the development of various
diseases suggests that the used assay could potentially play an important
role in identifying individuals, such as pilots applying pesticides as a
group, with a higher risk to develop diseases originated from nuclear
instability. These results make clear that pesticide exposition increases
frequencies of cells with nuclear damage significantly, due to the
genotoxic effect of inhaled pesticide vapors to which they are exposed.
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CONCLUSION

The present results indicate a significant association between the
occupational exposure to managed pesticides and the occurrence of
nuclear damages determined by Comet Assay. The use of biomarker
studies reflects the potential alterations in DNA kinetics and metabolism
viewed in the genomic instability events. The results provide valuable
information at the stage of potentially degenerative diseases on the early
pre-symptomatic diagnosis. A combination of Comet Assay results with
the development of various diseases suggests that the used assay could
potentially play an important role in identifying individuals, such as pilots
applying pesticides, who have a higher risk todevelop diseases originated
from nuclear instability. These results make clear that pesticide exposition
increase significantly frequencies of nuclear abnormalities, due to the
genotoxic effect of inhaled pesticide vapors to which they are exposed.

Acknowledgements

We gratefully acknowledge Dr. Jestis Kumate, for their valuable support
and the Programa para el Desarrollo Profesional Docente (Prodep) for
funding this research.

REFERENCES

Abhilash, P. C., & Singh, N. (2009). Pesticide use and application: an Indian
scenario. Journal of Hazardous Materials, 165(1-3), 1-12. doi: https://
doi.org/10.1016/j.jhazmat.2008.10.061

Altman, S. A, Randers, L., & Rao, G. (1993). Comparison of trypan blue
dye exclusion and fluorometric assays for mammalian cell viability
determinations. Biotechnology Progress, 9(6), 671-674. doi: https://
doi.org/10.1021/bp00024a017

Araldi, R. P., de Melo, T. C., Mendes, T. B., de S Junior, P. L., Nozima, B.
H., Iro, E. T., de Carvalho, R. F., de Souza, E. B., & de Cassia, S. R.
(2015). Using the comet and micronucleus assays for genotoxicity studies:
A review. Biomedicine & Pharmacotherapy, 72, 74-82. doi: https://
doi.org/10.1016/j.biopha.2015.04.004

Azqueta, A., & Collins, A. R. (2013). The essential comet assay: a comprehensive
guide to measuring DNA damage and repair. Archives of Toxicology,
87(6), 949-968. doi: hteps://doi.org/10.1007/500204-013-1070-0

Barnett, Y. A, & King, C. M. (1995). An investigation of antioxidant
status, DNA repair capacity and mutation as a function of age
in humans. Mutation Research, 338(1-6), 115-128. doi: https://
doi.org/10.1016/0921-8734(95)00017-Z

Bausinger, J., & Speit, G. (2014). Induction and repair of DNA damage
measured by the comet assay in human T lymphocytes separated by

immunomagnetic cell sorting. Mutation Research, 769, 42-48. doi:
https://doi.org/10.1016/j.mrfmmm.2014.07.005

23



Acta Universitaria, 2018, vol. 28, no. 5, November-December, ISSN: 0188-6266

Bhalli, J.A., Khan, Q. M., Hag, M. A, Khalid, A. M., & Nasim, A. (2006).
Cytogenetic analysis of Pakistani individuals occupationally exposed
to pesticides in a pesticide production industry. Mutagenesis, 21(2),
143-148. doi: https://doi.org/10.1093/mutage/gel009

Bolognesi, C., Parrini, M., Bonassi, S., Ianello, G., & Salanitto, A. (1993).
Cytogenetic analysis of a human population occupationally exposed
to pesticides. Mutation Research, 285(2), 239-249. doi: hteps://
doi.org/10.1016/0027-5107(93)901 12-S

Bolognesi, C., Lando, C., Forni, A., Landini, E., Scarpato, R., Migliore, L.,
& Bonassi, S. (1999). Chromosomal damage and ageing: effect on
micronuclei frequency in peripheral blood lymphocytes. Age and Ageing,
28(4), 393-397. doi: https://doi.org/10.1093/ageing/28.4.393

Bolognesi, C. (2003). Genotoxicity of pesticides: a review of human
biomonitoring studies. Mutation Research, 543(3), 251-272. doi: https://
doi.org/10.1016/S1383-5742(03)00015-2

Calvert, G. M., Karnik, J., Mehler, L., Beckman, J., Morrissey, B., Sievert, J.,
Barrett, R., Lackovic, M., Mabee, L., Schwartz, A., Mitchell, Y., & Moraga-
McHaley, S. (2008). Acute pesticide poisoning among agricultural
workers in the United States, 1998-2005. American Journal of Industrial
Medicine, 51(12), 883-898. doi: https://doi.org/10.1002/2jim.20623

Ceppi, M., Gallo, F., & Bonassi, S. (2011). Study design and statistical
analysis of data in human population studies with the micronucleus assay.
Mutagenesis, 26(1), 247-252. doi: https://doi.org/10.1093/mutage/
geq060

Charames, G. S, & Bapat, B. (2003). Genomic instability and
cancer. Current Molecular Medicine, 3(7), 589-596. doi: hteps://
doi.org/10.2174/1566524033479456

Chen, J. H., Hales, C. N, & Ozanne, S. E. (2007). DNA damage, cellular
senescence and organismal ageing: causal or correlative?. Nucleic Acids

Research, 35(22), 7417-7428. doi: https://doi.org/10.1093/nar/gkm681

Collins, A., Koppen, G., Valdiglesias, V., Dusinska, M., Kruszewski, M.,
Moller, P., Rojas, E., Dhawan, A., Benzie, 1., Coskun, E., Moretti, M.,
Speit, G. & Bonassi, S. (2014). The comet assay as a tool for human

biomonitoring studies: the ComNet project. Mutation Research, 759,
27-39. doi: https://doi.org/10.1016/j.mrrev.2013.10.001

Collins, A. R. (2004). The comet assay for DNA damage and repair: principles,
applications, and limitations. Molecular Biotechnology, 26(3), 249-261.
doi: https://doi.org/10.1385/MB:26:3:249

Cuenca, P., & Ramirez, V. (2004). Aberraciones cromosdmicas en trabajadoras
expuestas a plaguicidas. Revista de Biologfa Tropical, 52(3), 623-628.

Eyfjord, J. E., & Bodvarsdottir, S. K. (2005). Genomic instability and cancer:
networks involved in response to DNA damage. Mutation Research,
592(1-2), 18-28. doi: https://doi.org/10.1016/j.mrfmmm.2005.05.010

Falzone, L., Marconi, A., Loreto, C., Franco, S., Spandidos, D. A., & Libra,
M. (2016). Occupational exposure to carcinogens: Benzene, pesticides
and fibers. Molecular Medicine Reports, 14(5), 4467-4474. http://
doi.org/10.3892/mmr.2016.5791

Fenech, M. (1998). Important variables that influence base-line micronucleus
frequency in cytokinesis-blocked lymphocytes-a biomarker for DNA

24



Carmen Martinez-Valenzuela, et al. Comet Assay results of pilots exposed to pesticides

damage in human populations. Mutation Rescarch, 404(1998), 155-165.
doi: hteps://doi.org/10.1016/S0027-5107(98)00109-2

Gaikwad, A.S., Karunamoorthy, P., Kondhalkar, S. J., Ambikapathy, M.
& Beerappa, R. (2015). Assessment of hematological, biochemical
effects and genotoxicity among pesticide sprayers in grape garden.
Journal of Occupational Medicine and Toxicology, 10, 11. doi: https://
doi.org/10.1186/s12995-015-0049-6.

Gangemi, S., Miozzi, E., Teodoro, M., Briguglio, G., De Luca, A., Alibrando,
C., Polito, I, Libra, M. (2016). Occupational exposure to pesticides
as a possible risk factor for the development of chronic diseases
in humans. Molecular Medicine Reports, 14(5), 4475-4488. http://
doi.org/10.3892/mmr.2016.5817

Garaj-Vrhorac, V. & Zeljezi¢, D. (1999). Chromosomal aberrations and
frequency of micronuclei in workers employed in pesticide production.

Biologia, 54(6), 707-712.

Gil, Y., & Sinfort, C. (2005). Emission of pesticides to the air during sprayer
application: A bibliographic review. Atmospheric Environment, 39(28),
5183-5193. doi: https://doi.org/10.1016/j.atmosenv.2005.05.019

Gémez-Arroyo, S., Martinez-Valenzuela, C., Carbajal-Lopez, Y., Martinez-
Arroyo, A., Calderén-Segura, M. E. Villalobos-Pietrini, R., &
Waliszewski, S. M. (2013). Riesgo genotdxico por la exposicidon
ocupacional a plaguicidas en América Latina. Revista Internacional de
Contaminacion Ambiental, 29, 159-180.

Guanggang, X., Diqiu, L., Jianzhong, Y., Jingmin, G., Huifeng, Z., Mingan, S., &
Liming, T. (2013). Carbamate insecticide methomyl confers cytotoxicity
through DNA damage induction. Food and Chemical Toxicology, 53,
352-358. doi: https://doi.org/10.1016/j.£ct.2012.12.020

Hagmar, L., Bonassi, S., Strémberg, U., Brogger, A., Knudsen, L. E., Norppa,
H., & Reuterwall, C. (1998). Chromosomal aberrations in lymphocytes
predict human cancer: a report from the European Study Group on
Cytogenetic Biomarkers and Health (ESCH). Cancer Research, 58(18),
4117-4121.

Hanahan, D., & Weinberg, R. A. (2011). Hallmarks of cancer: the
next generation. Cell, 144(5), 646-674. doi: https://doi.org/10.1016/
j.cell.2011.02.013

Heuser, V. D., de Andrade, V. M., Peres, A., Gomes de Macedo Braga, L. M.,
& Bogo Chies, J. A. (2008). Influence of age and sex on the spontancous
DNA damage detected by micronucleus test and comet assay in mice
peripheral blood cells. Cell Biology International, 32(10), 1223-1229. doi:
https://doi.org/10.1016/j.cellbi.2008.07.005

Jha, A. N. (2008). Ecotoxicological applications and significance of the
comet assay. Mutagenesis, 23(3), 207-221. doi: https://doi.org/10.1093/
mutage/gen014

Kepp, O., Galluzzi, L., Lipinski, M., Yuan, J., & Kroemer, G. (2011). Cell
death assays for drug discovery. Nature Reviews Drug Discovery, 10(3),
221-237. doi: https://doi.org/10.1038/nrd3373

Lee, S. J., Mehler, L., Beckman, J., Diebolt-Brown, B., Prado, J., Lackovic, M.,
Waltz, J., Mulay, P., Schwartz, A., Mitchell, Y., Moraga-McHaley, S.,
Gergely, R, & Calvert, G. M. (2011). Acute pesticide illnesses associated
with off-target pesticide drift from agricultural applications: 11 States,

25



Acta Universitaria, 2018, vol. 28, no. 5, November-December, ISSN: 0188-6266

1998-2006. Environmental Health Perspectives, 119(8), 1162-1169. doi:
https://doi.org/10.1289/ehp.1002843

Li, D., Huang, Q., Lu, M,, Zhang, L., Yang, Z., Zong, M. &Tao, L. (2015). The
organophosphate insecticide chlorpyrifos confers its genotoxic effects by
inducing DNA damage and cell apoptosis. Chemosphere, 135, 387-393.
doi: https://doi.org/10.1016/j.chemosphere.2015.05.024

Martinez-Valenzuela, C., Rodriguez-Quintana, A. R., Meza, E., Waliszewski,
S. M., Amador-Mundz, O., Mora-Romero, A., Calderén-Segura, M.
E., Félix-Gastélum, R., Rodriguez-Romero, I, & Caba, M. (2015).
Cytogenetic biomonitoring of occupationally exposed workers to
ashes from burning of sugar cane in Ahome, Sinaloa, México.
Environmental Toxicology and Pharmacology, 40(2), 397-401. doi:
hteps://doi.org/10.1016/j.ctap.2015.07.010

Moisan, F., Spinosi, J., Delabre, L., Gourlet, V., Mazurie, ]., Benatru, L,
Goldberg, M., Weisskopf, M., Imbernon, E., Tzourio, C., & Elbaz,
A. (2015). Association of Parkinson's Disease and Its Subtypes with
Agricultural Pesticide Exposures in Men: A Case-Control Study in
France. Environmental Health Perspectives, 123(11), 1123-1129. doi:
http://dx.doi.org/10.1289/ehp.1307970.

Negrini, S., Gorgoulis, V. G. & Halazonetis, T. D. (2010). Genomic instability
—an evolving hallmark of cancer. Nature Reviews Molecular Cell Biology,

11(3), 220-228. doi: https://doi.org/10.1038/nrm2858

Parrén, T., Requena, M., Herndndez, A. F., & Alarcén, R. (2011). Association
between environmental exposure to pesticides and neurodegenerative
diseases. Toxicology And Applied Pharmacology, 256(3), 379-385. doi:
https://doi.org/10.1016/j.taap.2011.05.006

Pfeiffer, P., Goedecke, W. & Obe, G. (2000). Mechanisms of DNA
double-strand break repair and their potential to induce chromosomal
aberrations. Mutagenesis, 15(4), 289-302. doi: https://doi.org/10.1093/
mutage/15.4.289

Richardson, J. R., Roy, A., Stuart, S. Shalat, von Stein, R., Hossain, M., Buckley,
B., Gearing, M, Levey, A., German, D. (2014). Elevated Serum Pesticide
Levels and Risk for Alzheimer Disease. JAMA Neurology, (3), 284. doi:
https://doi.org/10.1001/jamaneurol.2013.6030

Rupa, D. S, Rita, P, Reddy, P. P, & Reddi O. S. (1988).
Screening of chromosomal aberrations and sister chromatid
exchanges in peripheral lymphocytes of vegetable garden workers.
Human Experimental & Toxicology, 7(4), 333-336. doi: https://
doi.org/10.1177/096032718800700406

Serafini, R., Romano, J. E., Varner, D. D., Di Palo, R.,, & Love, C. C.
(2015). Sperm DNA assays and their relationship to sperm motility and
morphology in bulls (Bos taurus). Animal Reproduction Science, 159,
77-86. doi: https://doi.org/10.1016/j.anireprosci.2015.05.015

Simon, L. & Carrell, D. T. (2013). Sperm DNA damage measured by comet
assay. In D. T. Carrell & K. I. Aston (Eds.) Spermatogenesis: Methods and
Protocols. (pp. 137-146) New York: Humana Press, Springer.

Singh, N. P.,, McCoy, M. T., Tice, R. R,, & Schneider, E. L. (1988). A
simple technique for quantitation of low levels of DNA damage in
individual cells. Experimental Cell Research, 175(1), 184-191. doi:
https://doi.org/10.1016/0014-4827(88)90265-0

26



Carmen Martinez-Valenzuela, et al. Comet Assay results of pilots exposed to pesticides

Thomas, P., Harvey, S., Gruner, T., & Fenech, M. (2008). The buccal cytome and
micronucleus frequency is substantially altered in Down's syndrome and
normal ageing compared to young healthy controls. Mutation Research,
638(1-2), 37-47. doi: https://doi.org/10.1016/j.mrfmmm.2007.08.012

Tice, R. R, Agurell, E., Anderson, D., Burlinson, B., Hartmann, A., Kobayashi,
H., Miyamae, Y., Rojas, E., Ryu, J. C., & Sasaki, Y. F. (2000). Single cell gel/
comet assay: guidelines for in vitro and in vivo genetic toxicology testing.
Environmental and Molecular Mutagenesis, 35(3), 206-221.

Tingting, C., Jieqgiong, T., Zhengqing, W., Yongyi, Z., Afewerky, H. K.,
Zhuohua, Z., & Tongmei, Z. (2017). Effects of Commonly Used
Pesticides in China on the Mitochondria and Ubiquitin-Proteasome
System in Parkinson's Disease. International Journal Of Molecular
Sciences 18(12), 1-16. doi: https://doi.org/10.3390/ijims 18122507

Valko, M., Rhodes, CJ., Moncol, J., Izakovic, M., & Mazur, M. (2006).
Free radicals, metals and antioxidants in oxidative stress-induced
cancer. Chemico-Biological Interactions, 160(1), 1-40. doi: https://
doi.org/10.1016/j.cbi.2005.12.009

Weppner, S., Elgethun, K., Lu, C., Hebert, V., Yost, M. G., & Fenske, R.
A. (2006). The Washington aerial spray drift study: children's exposure
to methamidophos in an agricultural community following fixed-wing
aircraft applications. Journal of Exposure Science and Environmental
Epidemiology, 16(5), 387-396.

Yaduvanshi, S. K., Srivastava, N., Marotta, F., Jain, S. &
Yadav, H. (2012). Evaluation of micronuclei induction capacity
and  mutagenicity of organochlorine and  organophosphate
pesticides. Drug Metabolism Letters, 6(3), 187-197. doi: https://
doi.org/10.2174/1872312811206030006

Author notes
luisdaniel.ortega@upaep.mx
Additional information

Cémo citar:: Martinez-Valenzuela, C., Waliszewski, S., Calderén-Segura,
Caba, M., Meza, E., Gémez-Arroyo, S., Amador-Muioz, O., Villalobos-
Pietrini, R., Huichapan Martinez, J., & Ortega-Martinez, L. D. (2018).
Comet Assay results of pilots exposed to pesticides. Acta Universitaria,
28(5), 9-18. doi: 10.15174/au.2018.1410

27



