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APRESENTAÇÃO

A evolução das práticas realizadas nas atividades agrícolas para cultivo de alimentos 
e criação de animais, potencializadas por inovações tecnológicas, bem como o uso mais 
consciente dos recursos naturais utilizados para tais fins, devem-se principalmente a 
disponibilização de conhecimentos científicos e técnicos. Em geral os avanços obtidos 
no campo científico têm ao fundo um senso comum, que embora distintos, estão ligados. 

As investigações cientificas proporcionam a formação de técnicas assertivas com 
comprovação experimental, mas podem ser mutáveis, uma vez que jamais se tomam 
como verdade absoluta e sempre há possibilidade de que um conhecimento conduza a 
outro, através da divulgação destes, garante-se que possam ser discutidos.

	 Ademais, a descoberta de conhecimentos técnicos e científicos estimulam o 
desenvolvimento do setor agrário, pois promove a modernização do setor agrícola e 
facilita as atividades do campo, otimizando assim as etapas da cadeia produtiva. A difusão 
desses novos saberes torna-se crucial para a sobrevivência do homem no mundo, uma 
vez que o setor agrário sofre constante pressão social e governamental para produzir 
alimentos que atendam a demanda populacional, e simultaneamente, proporcionando o 
mínimo de interferência na natureza. 

Desse modo, faz-se necessário a realização de pesquisas técnico-científicas, e sua 
posterior difusão, para que a demanda por alimentos possa ser atendida com o mínimo 
de agressão ao meio ambiente. Pensando nisso, a presente obra traz diversos trabalhos 
que contribuem na construção de conhecimentos técnicos e científicos que promovem 
o desenvolvimento das ciências agrárias, o que possibilita ao setor agrícola atender as 
exigências sociais e governamentais sobre a produção de alimentos. Boa leitura!

Raissa Rachel Salustriano da Silva-Matos
Ramón Yuri Ferreira Pereira

Paula Sara Teixeira de Oliveira
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disrupters. Although some toxic effects of PPF have been studied in invertebrates, the risk of 
the insecticide to environment and human health is still unknown. The aim of this study was to 
evaluate the PPF toxicity in different biological models in vitro. The cell toxicity was determined 
using C6 cells by the MTT method to assess the feasibility and Comet Assay for determination 
of levels of DNA damage.  The N123 strain of Saccharomyces cerevisiae was also used to 
detection of forward mutation. The results showed that the lowest concentrations (30 e 60 
µmol/L) did not presented a cytotoxic effect in C6 cells, since the cell viability remained above 
70%, however at 120 µM a significant decrease in viability can be observed. Furthermore, 
the Comet Assay test revealed that PPF induced an increase in levels of DNA damage in 
all tested concentrations. According to the results found in mammals, a significant decrease 
in viability was also observed in N123 strain of Saccharomyces cerevisiae, as well as an 
increase in forward mutation rate at concentrations up to 240 µmol/L. These results indicate 
that PPF has negative impacts on all in vitro models performed. Therefore, considering the 
use of this pesticide in consumable water, it´s important to investigate the toxicity of PPF 
using other toxicological approaches.
KEYWORDS: Pyriproxyfen; MTT; Comet Assay; Saccharomyces cerevisiae; Toxicology.

CITOTOXICIDADE E GENOTOXICIDADE EM CÉLULAS DE MAMÍFEROS E DETECÇÃO 

DE MUTAÇÃO DIRETA NA CEPA N123 DE LEVEDURA DO PESTICIDA PIRIPROXIFENO

RESUMO: O piriproxifeno (PPF) é um larvicida que é adicionado aos reservatórios de água 
no Brasil para combater mosquitos e é classificado como desregulador endócrino. Embora 
alguns efeitos tóxicos do PPF tenham sido estudados em invertebrados, o risco do inseticida 
para o meio ambiente e a saúde humana ainda é desconhecido. O objetivo deste estudo 
foi avaliar a toxicidade do PPF em diferentes modelos biológicos in vitro. A toxicidade 
celular foi determinada usando células C6 pelo método MTT para avaliar a viabilidade e o 
Ensaio Cometa para determinação dos níveis de dano ao DNA. Também foi utilizada a cepa 
N123 da levedura de Saccharomyces cerevisiae para a detecção de mutações futuras. Os 
resultados mostraram que as menores concentrações (30 e 60 µmol / L) não apresentaram 
efeito citotóxico nas células C6, uma vez que a viabilidade celular permaneceu acima de 
70%, porém a 120 µM pode ser observada uma diminuição significativa na viabilidade. Além 
disso, o teste Ensaio Cometa revelou que o PPF induziu um aumento nos níveis de dano ao 
DNA em todas as concentrações testadas. De acordo com os resultados encontrados em 
mamíferos, também foi observada uma diminuição significativa da viabilidade na cepa N123 
de S. cerevisiae, bem como um aumento na taxa de mutação direta em concentrações de 
até 240 µmol/ L. Esses resultados indicaram que o PPF tem impactos negativos em todos os 
modelos biológicos in vitro realizados. Portanto, considerando o uso desse pesticida em água 
consumível, é importante investigar melhor a toxicidade do PPF usando outras abordagens 
toxicológicas.
PALAVRAS-CHAVE: Piriproxifeno; MTT; Ensaio Cometa; Saccharomyces cerevisiae; 
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Toxicologia.

1 | 	INTRODUCTION

Pesticides are a group of chemical compounds used in agriculture to increase 
agricultural productivity (Wu et al., 2017). They act to prevent disease and crop pests 
but their toxicities in humans and animals have always been a concern (Mostafalou and 
Abdollahi, 2017; Zhao et al., 2018).

	 The exposure to pesticides and the incidence of human diseases including diabetes, 
cancer, asthma, allergies, infertility, Alzheimer, Parkinson has frequently become the 
research topic of numerous studies (Parrón et al., 2014; Kim et al., 2017; Sabarwal et al., 
2018).

	 Pesticides with an extremely high acute toxicity may be easily metabolized and 
eliminated from the body; following long-term low exposure, they may be less toxic and 
without carcinogenic or mutagenic properties. On pesticide residues, these remain in the 
ecosystem for longer and enter the food chain through air, water and soil, these residues 
then accumulate in the body of consumers and result in health problems causing diseases 
for animals and humans, as well as affecting the ecosystem (Ravinder, 2018). On the other 
hand, pesticides with low acute toxicity – such as organic mercury compounds and some 
organochlorine compounds – can accumulate in the body and cause chronic toxicity after 
long-term exposure even in comparatively low doses (Dich et al., 1997; Ravinder, 2018).

	 Among the pesticides, we highlight the pyriproxifen (PPF), which is a larvicide used 
in water supply in Brazil, against the proliferation of larvae of the mosquito Aedes aegypti 
L. and A. albopictus L. (Jaffer et al., 2015). PPF mimics the action of juvenile hormone and 
keeps the insect in an immature state (Chen et al., 2016).

	 However, being a potent hormone agonist, PPF is classified as an endocrine 
disruptor, an exogenous substance or mixture that alters the function of the endocrine 
system and consequently causes adverse effects on health causing effects on an intact 
organism or a population (Mnif et al., 2011).

	 Therefore, since it is of fundamental importance to conduct toxicity analyzes for 
the protection of the environment and human health, so the aim of this study was to 
evaluate the toxicity of PPF through in vitro models (C6 mammalian cells and S. cerevisiae 
N123 strains). The results obtained with this study may contribute to the knowledge of the 
toxicological potential of the pesticide, which can in turn reduce risks to public health and 
generating protection for the environment.
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2 | 	METHODOLOGY

2.1	Chemicals

Dulbecco’s modified Eagle’s medium (DMEM), Phosphate-Buffered Saline (PBS) and 
Fetal Bovine Serum (FBS) were obtained from Gibco-BRL (Grand Island, NY, USA). The 
MTT (3-(4,5-dimethylthiazole-2-yl)-2,5-biphenyl tetrazolium bromide), canavanine and 
dimethyl sulfoxide (DMSO) was purchased from Sigma–Aldrich (St. Louis, MO, USA). Low 
melting point agarose and agarose were obtained from Invitrogen (Carlsbad, CA, USA). 
Yeast extract, bacto-peptone and glucose were acquired from Difco Laboratories (Detroit, 
MI, USA). All other reagents were of analytical grade and purchased from local commercial 
suppliers.

The commercial larvicidal Pyriproxyfen 0.5 G (Sumilarv®, manufactured by Sumitomo 
Chemical) was kindly offered by Municipal Water Secretary of Agua Branca City (n° 
registration lot 5A42F4), prepared according to the Alves et al. (2019) methodology, with 
adaptations. Briefly, PPF was prepared with concentrations (30; 60; 120; 240; 500 and 
1000 µmol/L).

2.2	Cytotoxicity and genotoxicity evaluation in mammalian cells

C6 rat glioma cells from the American Type Culture Collection (ATCC, Rockville, 
Maryland, USA) were cultured and performed according to Steinmetz et al. (2018). The 
treatments with PPF was conducted during 24 h using concentration varying of 30 to 120 
µmol/L.

MTT reduction was used to viability determination. Briefly, after the treatments, cells 
were washed once with PBS before the addition of 100 μL of serum-free media containing 
yellow tetrazolium salt (MTT; 1 mg/mL) dye. After 3 h of incubation at 37 °C, the supernatant 
was removed, and the residual purple formazan product was solubilized in 200 μL DMSO, 
stirred for 15 min, and its absorbance was measured in a SpectraMax reader (Bio-Rad 
USA) at a wavelength of 570 nm. The absorbance of the negative control was set as 100% 
viability, and the values for treated cells were calculated as a percentage of the control. 
We used the Countess® Automated Cell Counter (Invitrogen, California, United States). 
The test was carried out according to the instructions of the manufacturer (Denizot and 
Lang, 1986).

The comet assay (single-cell gel electrophoresis) was performed to DNA damage 
determination in accordance with the protocol adopted to Singh et al. (1988) with 
modifications suggested by Steinmetz et al. (2018). After treatment, cells (~ 104 cells / mL) 
were mixed with low melting point agarose and put in a slide with agarose. Slides were 
incubated in lise buffer (2.5 mol /L NaCl, 10 mmol /L Tris, 100 mmol /L EDTA, 1% Triton 
X-100 and 10 µl. % DMSO, pH 10.0) for 1 hour at 4 °C. The slides were then incubated in 
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alkaline buffer solution (300 mmol/L NaOH, 1 mmol/L EDTA, pH 13.0) at 4°C for 15 min and 
electrophoresed at 25V in the same buffer. The samples were stained with silver nitrate. 
All of these steps were performed under low light to prevent additional DNA damage. 
One hundred cells randomly selected (in triplicate) were analyzed for DNA migration for 
each treatment and the average of the three slides of each treatment group was used to 
determine the DNA damage index, wherein each cell has been assigned to one of the 5 
categories (from 0 = no damage to 4 = maximum damage) according to size and shape 
of the tail, the values obtained may range from 0 (no tail; 100 cells X 0) to 400 (maximum 
migration: 100 cells X 4).

2.3	Detection of forward mutations in the yeast N123 strain

A procedure performed according to Sperotto et al. (2013), with few adaptations. N123 
yeast cells (MATa; his1-7) in exponential growth phase (2 x 108 cells/mL) were treated for 
24 h at 30 °C with PPF at increased concentrations (30-1000 µmol/L) in growth conditions 
(YPD: 1% yeast extract, 2% bacto-peptone and 2% glucose). After treatment, cells were 
washed and appropriate dilutions were plated onto SC plates to determine cell survival 
and were then plated onto SC media supplemented with canavanine (60 μg/mL) in order to 
determine the presence of a forward mutation in the CAN1 locus. Plates were incubated in 
the dark at 30 °C for 3-5 days before assaying survival and counting the revertant colonies.

2.4	Statistical analysis

All experiments were repeated at least three times. Data were expressed as means ± 
standard error of the mean (SEM) values. Statistical analyses of the data were performed 
using ANOVA One-Way, and the means were compared using Tukey’s multiple comparison 
test. P-values less than 0.05 were considered to be significant.

3 | 	RESULTS 

3.1	Pyriproxyfen induced cell death

The results demonstrated that the treatment of C6 cells with PPF significantly 
decreases cell viability at increased concentration as compared to the control (Figure 1). 
It was also observed that at lower concentrations of pesticide (30 and 60 µmol/L) didn’t 
present a cytotoxic effect to the cells, since cell viability remained above 70%. At the 
120 µmol/L a significant decrease in PPF-induced viability in C6 cells can be observed, 
indicating a cytotoxic effect of the pesticide.
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Figure 1: Cell viability of C6 cells using MTT reduction assay after pyriproxyfen exposure for 24 h. The 
results were expressed as total percentage survival with mean ± SEM, p < 0.01.

3.2 Genotoxicity of PPF 

Our results showed that PPF induced an increase in levels of DNA damage at all 
tested concentrations (30, 60 e 120 µmol/L) when compared to the negative control (NC) 
(Figure 2). Increased DNA damage using the comet test indicates simple breaks, double 
breaks, breaks in alkali-labile sites and also oxidative damage.

Figure 2: Induction of DNA strand breaks by pyriproxyfen as evaluated by the comet assay in alkaline 
conditions. Bars represent the mean ± standard error (SEM) of three independent experiments. 

*Signifi cant difference as compared to negative control treatment at P < 0.05; ***P < 0.001/ One-way 
ANOVA Tukey’s multiple comparison test.

3.3 Saccharomyces cerevisiae

In the present study, we investigated the cytotoxic effects of pyriproxyfen on advanced 
mutations in S. cerevisiae yeast N123 strain. Our data showed that the PPF exposure 
leads to cytotoxic under high concentrations (500 and 1000 µmol/L). In the same way at 
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high tested concentrations (240, 500 and 1000 µmol/L) is possible observed an increase 
in forward mutation induction (Table 1).

Table 1: Induction of forward mutation (CAN1) in N123 strain of S. cerevisiae after Pyriproxyfen 
treatment at 30 °C for 24 h under growth.

Data represented as mean ± S.D. from four independent experiments; Signifi cantly different in relation to the negative 
control group at *P< 0.05; **P <0.01/ ***P <0.001 by one-way ANOVA Tukey’s Multiple Comparison Test. a  Negative control 

(solvent; DMSO). b Positive control: 4-NQO treatment at 0.5 µg/mL.

4 |  DISCUSSION

Research has shown low PPF toxicity to mammals (Evaluation Report 2012; 
EFSA Scientifi c Report, 2009). However, there are few experimental reports aimed at 
evaluating the potential mechanisms of PPF toxic effect in vertebrates (in in vitro and in 
vivo conditions) in recent years (Chlopecka et al., 2018). In invertebrates its toxicity has 
been widely studied, in which PPF can cause mortality in aquatic invertebrates and small 
fi sh (Maharajan et al., 2018).

Previous studies have shown PPF to be one of the most toxic pesticides among all 
insecticides tested against fourth-instar larvae of the Culex quinquefasciatus mosquito. In 
addition, there are reports of toxic effects of PPF through difl ubenzuron and methoprene 
against A. albopictus (Shah et al., 2016). However, their toxicity should not be limited 
to insects only, presenting toxic effects for fi sh through low and medium concentrations 
(Truong et al., 2016). Thus, the objective of this work was to propose results in mammalian 
toxicity. To do this, we use C6 glioma cells to verify the effi ciency of our in vitro model.

Our model was effi cient to demonstrate that reductions in PPF concentrations induced 
cell viability in a dose-dependent manner. Besides that, our results shown that the highest 
concentrations PPF induces a cytotoxic effect on the mammalian C6 cells, since there was 
a reduction in cell viability.

According to Boonstra and Post (2004), pesticides can induce cytotoxicity by 
increasing the production of ROS (oxygen reactive species) through higher concentrations 
of pesticides (Boonstra and Post, 2004). This formation of reactive oxygen species is a 
common response to different changes in physical and chemical parameters, such as 
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changes in temperature, pH, osmolarity, ionizing radiation, ultraviolet radiation, heavy 
metals, pollutants, pesticides, and toxins (Valko et al., 2005).

In addition, similar results were obtained in a study by Bayoumi et al. (2003), which 
conducted toxicity studies with lineages in mammalian CHO-K-1 cells in vitro, found in 
vitro cytotoxic effects of PPF that increased with exposure to time. Similar conclusions 
were reached by Ahemad and Khan (2010), which showed the presence of high toxicity at 
all concentrations analyzed in research using pea plants grown on soil treated with PPF.

In the study of Sharmin et al. (2013) showed mice treated with PPF (9 and 15 mM) a 
significant increase in the total immune response of IgG with high titers of antibodies. This 
reaction was restricted in time and, in the opinion of the authors, associated with the rapid 
elimination of PPF from the body. The possible effect of permanent exposure to PPF may 
be affected by simultaneous exposure to other substances in food, water or other parts of 
the human environment.

To tested the macromolecule damage we conducted the comet assay. DNA damage 
indicates any DNA modification that may be caused by a variety of intracellular and 
extracellular processes, some spontaneous, others catalyzed by environmental agents, 
in addition to DNA replication errors, spontaneous lesions, resulting from depuration, 
deamination and occurrence of oxidative damages. These reactive oxygen species can 
cause DNA damage, or even DNA precursors, resulting in mutation (Garcia and Macedo, 
2009). Our results showed that the PPF induces DNA damage at all tested concentrations. 
According to Silbergeld (1998), the probability of the genetic damage giving rise to a real 
effect on the health of the individual depends on the nature of the damage caused, the 
ability of the cell to repair or amplify this damage, the opportunity that the cell may or may 
not have to express this change and also the ability of the body to recognize and suppress 
the multiplication of aberrant cells.

On pesticide toxicity, FAO (1999) says that PPF because it is a highly lipophilic 
substance, is capable of penetrating the membranes and exhibiting a cumulative 
toxicological effect. However, there are very few in vivo mammalian tests that are not 
covered by regulatory toxicological studies that have shown the negative impact of PPF 
on organisms. However, biological effects were observed in the presence of high doses of 
the pesticide (Chłopecka et al., 2018).

Rand et al. (1995) justifies in its study that toxicity is dependent on the concentrations 
and chemical properties in which the organism is exposed as well as the exposure time. 
Tests with toxicity reveal the time and/ or concentration at which the study material is 
potentially harmful, in which, for any product, contact with the membrane or biological 
system may not produce an adverse effect if the concentration of the product is low or the 
contact the time is insufficient.
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5 | 	CONCLUSION

Pyriproxyfen induced cytotoxic damage on C6 lineage cells and N123 strain of 
Saccharomyces cerevisiae yeast only at the highest concentrations. Besides that, the 
pesticide promoted genotoxicity by assessing DNA damage at all concentrations tested, 
which may be derived from simple breaks, double breaks, breaks in alkali-labile sites 
and also oxidative damage. These results indicate that PPF has negative impacts on all 
in vitro biological models performed. Therefore, considering the use of this pesticide in 
consumable water it is important to further investigate PPF toxicity using other toxicological 
approaches.
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