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ABSTRACT

Physiological changes take place in the human body upon exposure to pesticides. These changes may be
followed by oxidative stress, which is caused by imbalance between the antioxidant defense system and
reactive oxygen species (ROS) generation. Pesticides can cause inflammatory changes, which alter the
structure of some cytokines essential for the functioning of the human body. Therefore, the aim of the
present study is to assess the oxidative and inflammatory status of farmers exposed to pesticides. Blood
samples from 50 exposed farmers and 50 non-exposed individuals (Control Group - CG) were collected.
Oxidative stress and inflammatory marker levels were assessed. Na increase in TBARS (p<0.0001), IL-6
(p=0.03700), IL-8 (p=0.0011) and IL-10 (p=0.0011) levels was found, a decrease in enzymatic activity: SOD
(p<0.001), CAT (p=0.0251), GPx (p<0.001), GST (p<0.001), GR (p<0.0001) in the evaluted farmers in relation
to the CG data. Farmers demonstrated high oxidative damage. Low levels of antioxidants and

inflammatory changes.
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RESUMO

Durante a exposicdo a agrotoxicos ocorrem alteracBes fisioldgicas no organismo humano, como o
estresse oxidativo, caracterizado por um desequilibrio entre o sistema de defesa antioxidante e a
geracdo de espécies reativas de oxigénio (EROs). Os pesticidas podem ocasionar altera¢8es inflamatorias
em algumas citocinas, que sao essenciais para o funcionamento do nosso organismo. Neste contexto, o
objetivo desse estudo foi avaliar o perfil oxidativo e inflamatorio de agricultores expostos a agrotoxicos.
Foram utilizadas amostras de sangue de 50 agricultores e 50 individuos ndo expostos a agrotdxicos

’
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(Grupo Controle - GC). Foram mensurados no plasma dos participantes marcadores de dano oxidativo
e marcadores inflamatérios. Foi encontrada uma elevacdo nos niveis de TBARS (p<0,0001), IL-6
(p=0,03700), IL-8 (p=0,0011) e IL-10 (p=0,0011), diminuicao da atividade das enzimas: SOD (p<0,001), CAT
(p=0,0251), GPx (p<0,001), GST (p<0,001), GR (p<0,0001), GSH (p<0,0001) e BChE (p<0,0001) nos
agricultores avaliados em relagdo aos dados do GC. Os agricultores demonstraram um elevado dano
oxidativo, baixos niveis de antioxidantes e alteracdes inflamatoérias.

Palavras-chave: Produtores agricolas; Intoxicacdo; Estresse oxidativo

1 INTRODUCTION

Pesticide use has been growing globally, as it has become essential for crop
management and pest control. Rio Grande do Sul is among the four states where
pesticide use is most widespread in Brazil (DE MORAES, 2019). Rural workers are
directly exposed to pesticides, as these substances have several chemical
properties with different biological functions and actions; therefore, they can be
highly toxic to human health JACOBSEN-PEREIRA et al., 2018). Thus, appropriate
use of Personal Protective Equipment (PPE) by rural workers is essential to protect
their health (RISTOW et al., 2020).

The human body undergoes significant physiological changes upon exposure
to pesticides. Oxidative stress may result from it, given the imbalance between the
antioxidant defense system and Reactive Oxygen Species (ROS) production
(YARIBEYGI et al., 2018). Absorption of toxic substances by the biological system
triggers ROS production. When these substances are not eliminated by the
antioxidant defense system, the following issues may arise: Enzyme inactivation,
excessive consumption of endogenous antioxidants (ANTONIJEVIC et al., 2018;
CLASEN et al., 2018), cell damage such as oxidation of cellular molecules through
Lipid Peroxidation (LPO) (AKBEL et al., 2018) protein carbonylation and excessive
activation of pro-inflammatory genes. As a result, rural workers exposed to
pesticides develop serious diseases (SILVERIO; PINHEIRO, 2020).

Cell damage suffered by farmers can be assessed through the study of
oxidative stress and inflammatory markers, which helps understanding biological

changes caused by exposure to agrochemicals (FARKHONDEH et al., 2020).
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Since rural workers exposed to pesticides are more likely to suffer from
physiological changes, high levels of oxidative biomarkers and changes in
inflammatory markers, the aim of present study was to assess redox signaling and

inflammatory status of farmers exposed to pesticides due to labor activities.

2 METHODS

2.1 Ethical considerations

The present study is subproject of research projects known as
“Occupational monitoring of rural workers exposed to agrochemicals based on
biomarker using” approved by the Research Ethics Committee of Cruz Alta
University (UNICRUZ) under Substantiated Opinion n. 0071.0.417.000-11. This is an
analytical cross-sectional study on the biological material of rural workers exposed
to pesticides due to labor activities. All participants signed the informed consent

form.

2.2 Population and Sample

Farmers who participated in the study were chosen at random, but they met
the inclusion criterion: having been exposed to pesticides at any degree.
Collections were carried out in Alto Jacui region, Rio Grande do Sul State, which is
known for the presence of large rural properties. Fifty farmers exposed to
pesticides expressed their wish to participate in the study. Samples were randomly
collected from 50 individuals non-exposed to pesticides due to labor activities
(control group); this number was equivalent to that of exposed farmers. The study
included participants in the age group 18 to 60 years. Individuals with the following
chronic diseases were excluded from the research: Asthma, high blood pressure,
diabetes mellitus, among others. Therefore, the study encompassed 100

participants, in total.
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All study participants (farmers and controls) answered a questionnaire
composed of a structured set of questions regarding age, sex, farming duration,

time since last exposure to pesticides, PPE using and most used pesticides.

2.3 Blood collection and sample preparation

Blood collection was carried out at participants’ homes. First, blood was
collected into vacuum tubes pre-filled with ethylenediaminetetraacetic acid (EDTA)
for plasma analysis. Next, blood samples were centrifuged at 3000 rpm for 10
minutes. The samples were stored in freezer at -20°C for further laboratory

analyses.

2.4 Laboratory analyses

All the collected plasma was analyzed in triplicate. Glutathione S-transferase
(GST) enzyme activity was determined through the method described by Habig,
Pabst and Jakoby (1974). Results were expressed in pmol GS-DNB/min/mg protein.
CAT enzyme activity was determined based on the method described by Nelson
(1972) and results were expressed in nmol/mg ptn/min. The activity of enzymes
Glutathione Reductase (GR), Glutathione Peroxidase (GPx) and Superoxide
Dismutase (SOD) was determined with the aid of VIDA biotecnologia® (commercial
kit brand) in colorimetric microplate readers - results were expressed in pg/mL.
Reduced Glutathione (GSH) levels were determined through the method described
by Ellman (1959) - results were expressed in pmol GSH/mL.

Thiobarbituric Acid Reactive Substance (TBARS) levels were determined
according to the protocol by Jentzsch et al., (1996). Results were expressed in
nmol/mL (MDA). Total protein (ptn) was measured with the aid of Labtest®
(commercial kit) and Protein Carbonylation (PC) levels were measured according to

the method described by Levine (1990). Results were expressed in nmol/mg ptn .
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Butyrylcholinesterase (BChE) enzyme activity was measured with the aid of
Labtest® (commercial kit) and results were expressed in Ul/mL. Interleukin (IL-6, IL-
8, IL-10) levels and the Tumor Necrosis Factor (TNF-a) were determined through
microplate-based screening with the aid of VIDA biotecnologia® (commercial kit

brand) - results were expressed in pg/mL.

2.5 Statistical analyses

Results were expressed in mean + standard deviation. Data normality was
assessed through Kolmogorov-Smirnov and Shapiro-Wilk tests. The assessed
groups were compared through nonparametric student’'s t-test. Differences

between groups were considered statistically significant when p<0.05.

3 RESULTS AND DISCUSSION

Fifty farmers exposed to agrochemicals for more than 8 years (exposed
group) and 50 healthy individuals - not exposed to pesticides - (control group)
participated in the study. Farmers’ mean age was 52 years and 92.62% of them
were men, whereas control participants were mean age of 32 years and 62.15% of
them were men. The questionnaire assigned to the participants has shown that the
mean time of agrochemical exposure was 29 years and the last exposure happened
at least 90 days before the assessment.

Results recorded for the PPE using assessment evidenced that 46.06% of
farmers have used it, 11.09% have used it occasionally and 42.85% did not use any
type of PPE. The most widespread pesticides belonged to the following categories:
organophosphates, carbamates, pyrethroids, organochlorides, fungicides and
herbicides. Exposed farmers had lower enzyme activities than the control group
(Fig. 1): SOD (A) (p<0.001), CAT (B) (p=0.0251), GPx (C) (p<0.001), GST (D) (p<0.001)
and GR (E) (p<0.0001). Moreover, farmers’ GSH levels were lower than those of

individuals non-exposed to agrochemicals (p<0.0001) (Fig. 2).
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Farmers reported increased TBARS biomarker levels (p<0.001) (Fig. 3).
However, PC levels (p=0.3505) were not significantly different between the
assessed groups (data not shown). The exposed group reported BChE enzyme
activity (p<0.0001) lower than that of the control group (Fig. 4).

Furthermore, according to figure 5, the exposed group reported increased
IL-6 (A) (p=0.03700), IL-8 (B) (p=0.0011) and IL-10 (C) (p=0.0011) levels. There was
no significant difference in TNF-a levels among farmers (p=0.4620) (data not

shown).

Figure 1 - Antioxidant enzyme levels in the plasma of farmers occupationally exposed

to pesticides

20

SOD (pgimi)

CAT (umolimg ptn/min)
8 8 8 8

)
2s £ o1s
a
20 e g —
T . E 0.10
2
g 1.0 §°“
0.5
ki
o. 2o +
Control e [ Controle
38
15 —
|
2 1o
it
08

Controle

(A) Superoxide Dismutase (SOD); (B) Catalase (CAT); (C) Glutathione Peroxidase (GPx); (D) Glutathione-S-
Transferase (GST); (E) Glutathione Reductase (GR)

*Statistically significant results (p < 0.05) according to student’s t-test. Data is expressed as mean +
standard deviation
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Figure 2 - Reduced Glutathione (GSH) Levels in the plasma of farmers exposed to

pesticides due to labor activities
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*Statistically significant results (p < 0.05) according to student’s t-test. Data is expressed as mean +
standard deviation

Figure 3 - Thiobarbituric acid reactive substance (TBARS) levels in the plasma of farmers

exposed to pesticides due to labor activities
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*Statistically significant results (p < 0.05) according to student’s t-test. Data is expressed as mean +
standard deviation
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Figure 4 - Butyrylcholinesterase (BChE) levels in the plasma of farmers exposed to

pesticides due to labor activities
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*Statistically significant results (p < 0.05) according to student's t-test. Data is expressed as mean +
standard deviation

Figure 5 - Inflammatory changes in the plasma of farmers exposed to pesticides due to

labor activities
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Results indicated low PPE using among farmers, which further exposes them
to pesticide poisoning; however, farmers claim that the tropical climate makes PPE
using very uncomfortable (NETO; ANDRADE; FELDEN, 2018; SHIMOKOMAKI; COSTA,
2018).

Pesticide exposure triggers inflammatory processes that lead to cell
proliferation, ROS production and inflammatory cytokine release (SILVERIO;
PINHEIRO, 2019). Imbalance between increased ROS levels and antioxidant
defenses features oxidative stress (JACOBSEN-PEREIRA et al., 2018; KIM; KABIR;
JAHAN, 2017).

Antioxidants work together through different mechanisms, such as
elimination or recovery of damaged biological structures through ROS inactivation
(AKBEL et al., 2018). Decreased antioxidant enzyme (SOD, CAT, GPx, GST, GR)
activity and GSH levels indicated that enzymatic inhibition was most likely caused
by chronic exposure to pesticides due to inappropriate PPE using (KLENIEWSKA;
PAWLICZAK , 2017; RISTOW et al., 2020).

Weakening of the antioxidant system is confirmed when farmers present
increased LPO levels, which indicate increased ROS production. These species can
attack polyunsaturated fatty acids (PUFA) by altering the permeability, fluidity and
integrity of membranes and forming lipid peroxidation products such as MDA,
which is highly harmful to the body because it hinders recovery and induces
programmed cell death (apoptosis) (HU; WANG; HAN, 2017; LATUNDE-DADA, 2017).

Cholinesterases are specific molecular targets of pesticides; therefore, their
activation is a human biomarker for poisoning by these chemicals.
Organophosphates and carbamates are specific cholinesterase inhibitors
(ANTONIJEVIC et al., 2018; SUAREZ-LOPEZ, 2018). Results have shown decreased
butyrylcholinesterase enzyme activity in rural workers, which indicates pesticide
poisoning assumingly caused by farmers lack of understanding about the

importance of using PPEs (DE MELO; DA CUNHA, 2017; KLEMZ; DE ASSIS, 2017).

Ci. e Nat., Santa Maria, v.43, e45, 2021



10 | Redox signaling and inflammatory statuses of farmers exposed to agrochemicals

The close association between oxidative stress and inflammatory response
may explain the results recorded for the herein described inflammatory status.
Evidence shows that inflammation can be activated by substance release in tissues
or by environmental agents such as ultraviolet radiation and xenobiotics, i.e.,
pesticides (GUZIK; TOUYZ, 2017; NAGAMI; SUENAGA; NAKAZAKI, 2017).

Inflammatory processes begin when Pattern Recognition Receptors (PRR)
detect the external pathogen. Some PRRs activate antimicrobial transcriptional
responses, while other PRRs protect the organism by aggregating complex redox
signaling molecules, known as inflammasomes. Some studies indicate that
pesticides are potential agents that can trigger inflammasome formation during
inflammation processes (CHEN; NUNEZ, 2010; JANG et al., 2015; LIU et al., 2017;
TAKEUCHI; AKIRA, 2010; TASSI et al., 2010).

This inflammasome is part of the inflammatory activation response; it is
followed by the activation of the proinflammatory cytokine cascade (CHEN; BOLDT;
RAN, 2015; KLEMZ; DE ASSIS, 2017). Accordingly, oxidative stress is defined as a
crucial inflammasome activator (KIM et al.,, 2016). Pesticides can induce the
overexpression of inflammasomes (KEPP; GALLUZZI; KROEMER, 2011; ZHOU et al.,
2011), since it increased the herein assessed oxidation and interleukin (IL 6, IL 8

and IL 10) levels.

4 CONCLUSIONS

Farmers presented severe lipid peroxidation, decreased antioxidant
enzymes, decreased main non-enzymatic endogenous antioxidants and
inflammatory changes. These conditions, in addition to BChE enzyme inhibition,
are mostly associated with occupational exposure to pesticides.

These changes trigger oxidative stress, which causes inflammatory diseases
in farmers. Therefore, the present results have proven that pesticides altered both

the oxidative stress and inflammatory statuses of rural workers. Briefly, these
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results highlighted the importance of proper and conscious use of PPEs, and of
giving special attention to the health of rural workers, as they are exposed to toxic
chemicals on a daily basis.

Furthermore, data in the current research entails a contemporary discussion
on pesticide using and on its relationship with the environment. Intoxication is
caused not only by PPE negligence, but also by PPE using in disagreement with
usage guidelines and technical specifications.

Nevertheless, such data indicate that damage caused to the health of rural
workers can also affect people who do not live in the countryside, since they have
access to pesticide waste that reaches urban areas through waste found in food,
water resources and wind drift. It also indicates the presence of pesticide in the

environment, which is harmful to flora, fauna and microorganisms.
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