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Abstract

Biochemical biomarkers are commonly used in environmental monitoring programs due to their sensitivity to certain
pollutants. From this perspective, their responses can be used as indicators of environmental quality. The present
study aimed to determine the activity of the catalase (CAT) and glutathione-S-transferase (GST) enzymes in
grasshoppers Abracris flavolineata (De Geer, 1773) from two forest remnant areas in Serra da Jiboia (BA) and
compare them between males and females. The specimens were collected at two sites in Serra da Jiboia (Bahia,
Brasil), named ‘Baixa de Areia’ and ‘Baixa Grande’. The animals were actively collected in the morning using a
sweep net and a 2.5 h sampling effort. In total, 160 individuals were collected, with 80 individuals from each
sampling site, 50 males and 30 females. After identification, an incision was made in the lateral region of the
abdomen to remove the midgut, which was used to extract the CAT and GST enzymes. The results obtained
demonstrated that CAT and GST activity did not vary significantly between sampling areas. However, with regard to
sex, enzyme activity was significantly higher in males (p<0.005) in both locations. This is a pioneer study on the
responses of CAT and GST activity in grasshoppers in Brazil.

Keywords: Enzyme; Oxidative estress; Glutathiona S-transferase; Catalase.

Resumo

Os biomarcadores bioquimicos sdo comumente usados em programas de monitoramento ambiental por serem
sensiveis a presenca de determinados poluentes. Assim, a resposta desse biomarcadores pode ser utilizada como um
indicador de qualidade ambiental. O presente estudo teve como objetivos determinar a atividade das enzimas catalase
(CAT) e glutationa-S-transferase (GST) de gafanhotos Abracris flavolineata (De Geer, 1773), coletados em &rea duas
areas de remanescente florestal na Serra da Jiboia (BA) e comparar a atividade destas enzimas entre machos e fémeas.
As coletas dos espécimes foram realizadas em dois pontos situados na Serra da Jiboia (Bahia, Brasil), denominados
‘Baixa de Areia’ e ‘Baixa Grande’. Os insetos foram capturados por meio de busca ativa com auxilio de rede
entomoldgica, no periodo matutino, e esforco de coleta com 2,5 h de duragdo. No total, foram coletados 160
individuos, sendo 80 exemplares provenientes de cada ponto amostral, com 50 machos e 30 fémeas. Apds a
identificacdo procedeu-se incisdo na regido lateral do abdémen para retirada do intestino médio, que foi utilizado para
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extracdo das enzimas CAT e GST. Os resultados obtidos demonstraram que a atividade da CAT e GST néo variou
significativamente entre os pontos de coletas, entretanto, em relacdo ao sexo, a atividade das enzimas foi
significativamente maior nos machos (p<0,005), em ambos 0s pontos amostrados. Este estudo € pioneiro na avaliacdo
das respostas da atividade da CAT e GST em gafanhotos no Brasil.

Palavras-chave: Enzima; Estresse oxidativo; Glutathiona S-transferase; Catalase.

Resumen

Se utilizan comUnmente biomarcadores bioquimicos en programas de monitoreo ambiental pues son sensibles a la
presencia de ciertos contaminantes. Por lo tanto, la respuesta de estos biomarcadores se puede utilizar como indicador
de la calidad ambiental. El presente estudio tuvo como objetivo determinar la actividad de las enzimas catalasa (CAT)
y glutation-S-transferasa (GST) del saltamontes Abracris flavolineata (De Geer, 1773) recolectados en dos areas de
remanentes forestales en la Serra da Jiboia (BA) y comparar la actividad de estas enzimas entre machos y hembras.
Los ejemplares se recogieron en dos puntos ubicados en la Serra da Jiboia (Bahia, Brasil), denominados 'Baixa de
Areia' y 'Baixa Grande'. Los insectos fueron capturados a través de la blisqueda activa con la ayuda de una red
entomoldgica, por la mafiana, y un esfuerzo de recoleccidén de 2,5 horas de duracion. Se recolectaron 160 individuos
en lo total, con 80 ejemplares de cada punto de muestreo, siendo 50 machos y 30 hembras. Después de la
identificacion, se realizé una incision en la region lateral del abdomen para extirpar el intestino medio, que se utilizé
para extraer las enzimas CAT y GST. Los resultados obtenidos demostraron que la actividad de CAT y de GST no
vario significativamente entre los puntos de muestreo, sin embargo, en relacién al sexo, la actividad enzimatica fue
significativamente mayor en los machos (p <0,005), en ambos puntos muestreados. Este estudio es pionero en la
evaluacién de las respuestas de la actividad de las enzimas CAT y GST en saltamontes de Brasil.

Palabras clave: Enzima; Estrés oxidativo; Glutation S-transferasa; Catalasa.

1. Introduction

Invertebrates are important ecosystem components, and several taxa are often used for environmental biomonitoring
purposes (Hsu et al., 2006; Zaoralova et al., 2020). From this perspective, insects are prone to normal levels of oxidative stress
imposed by their aerobic lifestyle (Barbehenn, 2003).

In herbivorous insects, the situation is exacerbated due to the ingestion of pro-oxidant allelochemicals, which are
eliminated at the cost of increased oxidative stress (Felton & Summers, 1995). Such as other eukaryotes, insects have a set of
antioxidant enzyme systems that protect their cells from the harmful effects of oxidative radicals (Ahmad, 1992), including
Reactive Oxygen Species (ROS). ROS are mainly produced by the incomplete reduction of O, and may cause lipid
peroxidation of membranes and direct damage to biomolecules, affecting cellular metabolic processes (Paital, 2018). Thus, all
organisms have an antioxidant defense system formed by enzymes responsible for neutralizing excess ROS. Therefore, the
analysis of the activity of these enzymes can indicate the antioxidant status of organisms, serving as a potential biochemical
biomarker of oxidative stress (Valavanidis et al., 2006).

Several biomarker enzymes can be used to assess oxidative stress in animals. From this perspective, catalase (CAT) is
an antioxidant enzyme that acts against ROS by converting H.O to H.O and O; and is mainly involved in the reduction of
H.O; produced by the long-chain fatty acid metabolism in peroxisomes (Birben et al., 2012; Afiyanti & Chen, 2014; Pierezan
et al. 2017). Likewise, the enzyme glutathione S-transferase (GST) is a biochemical marker involved in the cellular
detoxification of electrophilic compounds that highlights early signs of stress caused by pollutants (Lushchak, 2011; Board &
Menon, 2013).

The activity of CAT and GST enzymes were considered good biomarkers of aquatic contamination in freshwater
shrimp Macrobrachium jelskii (Miers, 1877) exposed to water from urban and rural (Mota et al., 2021). In grasshoppers, as in
other insects, the activity of enzymes such as CAT and GST can be increased when exposed to some stressor (Kafel et al.,
2014). From this perspective, many studies have demonstrated that these enzymes vary as a function of sex and the level of
environmental contamination, as observed by Zhang et al. (2011) when studying Oxya chinensis (Thunberg, 1815)
(Orthoptera: Acrididae: Oxyinae), and by Augustyniak et al. (2014) in Chorthippus brunneus (Thunberg, 1815) (Orthoptera:

Acrididae: Gomphocerinae). Likewise, Wang et al. 2020 observed that the activity of the CAT and GST enzymes in
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grasshoppers Calliptamus abbreviatus Ikonnikov, 1913 (Acrididae) was significantly increased when exposed to different
chemical substances, such as nicotine and azadirachtin, used as biopesticides.

Zaoralova et al. (2020) observed that the species Metrioptera roeselii (Hagenbach, 1822) (Tettigoniidae) and
Chorthippus parallelus (Zetterstedt, 1821) (Acrididae) are bioaccumulators of toxic elements, highlighting that the Order
Orthoptera is an appropriate group to study bioaccumulation. These insects can be contaminated by feeding, as most are
herbivores (Mogren & Trumble, 2010). Therefore, they act in the biotransfer and bioaccumulation of compounds, which are
transported to the organs, where they are stored or metabolized (Devkota & Schmidt, 2000). Thus, in the midgut lumen of
herbivorous insects (and not in the tissues), the allelochemicals ingested find oxidation or reduction conditions for the first time
(Felton et al., 1989; Appel, 1994; Barbehenn et al., 2001). From this perspective, the evaluation of antioxidant system enzymes
constitutes an important component for herbivorous insects in their defense against exogenous and endogenous oxidative
radicals.

Abracris flavolineata (De Geer, 1773) belongs to the Order Orthoptera (Acrididae: Ommatolampidinae) (Cigliano et
al., 2020) and is widely distributed across the Neotropical region in countries such as Argentina, Mexico, and Brazil (Lhano,
2021). Its main habitat consists of open environments and forest edges (Roberts & Carbonell, 1981), with a preference for
moist forests (Rowell & Behrstock 2012), being found in the middle strata of trees, bushes, and young trees (Costa et al. 2010).
Due to its occurrence in the Serra da Jiboia region (BA), the few studies related to the activity of biochemical biomarkers in
grasshoppers, and the absence of these data for the studied species, this study aimed to quantify the activity of the GST and
CAT enzymes in A. flavolineata from forest remnant areas in Serra da Jiboia (BA) by comparing the enzyme activity between
males and females and relating the responses of these biomarkers with the level of degradation of the sampling sites in order to

assess the bioindicator potential of the species.

2. Methodology
2.1 Study area

The specimens of A. flavolineata were collected at two sampling sites in Serra da Jiboia, South Rec6ncavo region of
Babhia, in the northern central corridor of the Atlantic Forest: Baixa de Areia (BA) (12°54'04.60”S 39°28'26.23°W) and Baixa
Grande (BG) (12°57'40.10”S 39°26'54.36”W) (Figure 1).

Serra da Jiboia is an Atlantic Forest remnant composed of different conservation levels, with the presence of
agricultural activities throughout its entire extent (Blengini et al., 2015). Although the largest part (65.4%) of its extension is

preserved, 34.6% of this hotspot is in early and middle regeneration stages or has disappeared (Caiafa, 2015).
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Figure 1. Sampling sites of Abracris flavolineata (De Geer, 1773) in Serra da Jiboia, Bahia, Brazil. The dashed line shows the

distance (km) between the sites. Sampled areas: Varzedo (Baixa de Areia = P1) and Elisio Medrado (Baixa Grande = P2).
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Source: Authors.

Sampled areas

P1 — Baixa de Areia (12°54'04.60”S 39°28'26.23”W): located east of the municipality of Varzedo (Bahia).
Characterized by an Atlantic Ombrophilous Dense Forest vegetation (Caiafa, 2015) whose edge is rich in grasslands that serve
as feed for cattle and fruit trees distributed across the property, such as cashew Anacardium occidentale (Anacardiaceae),
jackfruit Artocarpus heterophyllus (Moraceae), mango Mangifera indica (Anarcadiaceae), and jenipapo Genipa americana
(Rubiaceae). The area is located close to Highway BA-026, which connects the municipalities that compose the Serra da
Jiboia. In addition to the traffic flow, the area is surrounded by crops such as banana (Musa spp. L. - Musaceae), cocoa
(Theobroma cacao L. - Malvaceae), and cassava (Manihot esculenta Crantz - Euphorbiaceae), in addition to intensive cattle
farming.

P2 — Baixa Grande (12°57'40.10”S 39°26'54.36”W): located southeast of Serra da Jiboia, in the municipality of
Elisio Medrado (BA). The area shows an Atlantic Ombrophilous Dense Forest vegetation and is located close to a rocky
outcrop (Caiafa, 2015) characterized by its hard-to-reach location and the absence of a continuous traffic flow. Despite this, the

area is surrounded by farming areas with crops such as banana and cocoa, in addition to grazing areas.

2.2 Sampling

The specimens of A. flavolineata were collected monthly in the two study areas from December 2016 to August 2017.
The grasshoppers were captured in the morning by active sampling using a sweep net and a 2.5 h sampling effort by three
collectors distant approximately five meters from each other.

The captured grasshoppers were individually transferred to plastic bags containing the vegetation of the sampling site
in order to avoid stress and were subsequently stored in a thermal box. After sampling, the animals were transported to the
Laboratory of Insect Ecology and Taxonomy (LETI) of CCAAB/UFRB for sex identification and species confirmation.
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Eighty specimens were collected at each sampling site (50 males and 30 females), totaling 160 individuals (100 males

and 60 females).

2.3 Sampling of the biological material

After sex sorting, the animals were transferred to a plastic box containing ice until their metabolic activity was visibly
reduced. Subsequently, using surgical material and a stereomicroscope (Olympus SZ51®, SZ2-1LST), an incision was made in
the lateral region of the abdomen to remove the midgut. The midguts (IM) were immediately transferred to 1.5 mL cryotubes
(Eppendorf®), identified, and stored in an ultra-freezer (Sanyo®, Ultra Low) at -80 °C to determine the activity of the CAT
and GST enzymes.

Due to the reduced size of the biological material, each sample was composed of ‘pools’, using five midguts for males

and three for females. Thus, ten samples were analyzed for each sex and sampling site.

2.4 Biochemical biomarkers

The frozen sample pool was homogenized in phosphate buffer solution (pH 6.8) in a proportion of 1:10
(weight:volume) in an ice-cooled container. Subsequently, the homogenized material was centrifuged at 10,000 RPM for 20
minutes in a centrifuge (Hettich®, MIKRO 220R) refrigerated at 4° C. After centrifugation, the supernatant was separated with
the aid of a micropipette and transferred to previously identified cryotubes. The samples were stored in an ultra-freezer at -80
°C for later determination of the activity of the CAT and GST enzymes.

CAT activity (nmol H,0, min™' mg.pt™!) was determined based on the degradation of exogenous H,O,, generating
H2O and O; as byproducts (Aebi, 1984). The readings were performed in triplicate with a UV/Vis spectrophotometer
(Biochrom Libra®, S21/ S22) (software Reaction Kinetics), using quartz cuvettes and a 240 nm wavelength. GST activity
(nmol CDNB min~! mg pt™') was determined based on the catalyzation of the conjugation reaction of the substrate 1-26 chloro-
2,4-dinitrobenzene (CDNB) with reduced glutathione at a wavelength of 340 nm in acrylic cuvettes (Keen et al., 1976). The

total liver protein concentration was quantified using a commercial kit (Interkit®).

2.5 Statistical analyses

In our work, we used the experimental method of a quantitative nature (Pereira et al., 2018), with the analysis of the
mean and standard deviation values of the analyzed biomarkers. The CAT and GST activity results were expressed using the
mean and standard deviation of the samples, and the mean values of the analyzed parameters were compared using a two-way
analysis of variance (ANOVA). When significant differences were identified (p<0.05), the Tukey test was applied at 5%
significance to compare the means. All analyses were performed with the statistical software Statistica, version 7.0.

3. Results
By comparing the results obtained, catalase (CAT) activity did not vary significantly between sampling sites and in
the interaction between sex and sampling sites (Table 1). However, CAT activity was significantly higher in males (p<0.05)

than in females in both sites (Figure 2).
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Table 1. ANOVA for catalase enzyme activity in Abracris flavolineata (De Geer, 1773) collected at the Baixa de Areia and

Baixa Grande sites, Serra da Jiboia, Bahia.

SQ GL QM F
Sampling site 0.8 1 0.8 0.0009
Sex 10120.4 1 10120.4 11.9933
Sampling site x Sex 589.4 1 589.4 0.6985
Error 30378.1 36 843.8

" Non-significant; *significant (p<0.05); Sum of squares (SQ); Degree of freedom (GL); Mean square (QM); F (Variance ratio); P

(Significance probability). Source: Authors.

Figure 2. Mean values of catalase activity in females and males of Abracris flavolineata (De Geer, 1773) collected at the
Baixa de Areia and Baixa Grande sites, Serra da Jiboia (BA). Values shown as mean + standard deviation. Means followed by

the same letter do not differ by the Tukey test at 5% probability; lowercase letters represent the comparison between sexes, and

uppercase letters represent the sampling sites.

140
120

100

80 i

nmol.min.mg de protein-1

40

0

Baxa oe Arela

DA

Catalase

Cabaction ponts

ba

Fema2s »haes

Eava Grande

The enzymatic activity of glutathione S-transferase (GST) in males and females of A. flavolineata did not differ

between sampling sites (ANOVA p>0.05). However, a significant difference in the activity was observed between sexes and in

Source: Authors.

the interaction between sex and sampling sites (p<0.05), as observed in the data shown in Table 2.



http://dx.doi.org/10.33448/rsd-v10i11.19877

Research, Society and Development, v. 10, n. 11, e409101119877, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i11.19877

Table 2. ANOVA for glutathione S-transferase enzyme activity in Abracris flavolineata (De Geer, 1773) collected at the Baixa

de Areia and Baixa Grande sites, Serra da Jiboia, Bahia.

SQ GL QM F p
Sampling site 687 1 687 0.3548 0.555121"™
Sex 67126 1 67126 34.6747 0.000001*
Sampling site x Sex 14050 1 14050 7.2578 0.010655*
Error 69692 36 1936

" Non-significant; *significant (p<0.05); Sum of squares (SQ); Degree of freedom (GL); Mean square (QM); F (Variance ratio); P
(Significance probability). Source: Authors.

Similar to CAT, GST activity was also higher in the males of A. flavolineata compared to females (Figure 3). This

result was observed in the animals from both sampling sites (Baixa de Areia and Baixa Grande) at Serra da Jiboia (Bahia).

Figure 3. Mean values of glutathione S-transferase activity in females and males of Abracris flavolineata (De Geer, 1773)
collected at the Baixa de Areia (BA) and Baixa Grande (BG) sites, Serra da Jiboia, (BA). Values shown as mean + standard
deviation. Means followed by the same letter do not differ by the Tukey test at 5% probability; lowercase letters represent the

comparison between sexes, and uppercase letters represent the sampling sites.
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4. Discussion

Since they act in the protection mechanism against oxidative stress in several organisms, including insects, the
response of catalase and glutathione S-transferase activity (Pavlidi et al., 2018) can be used as a bioindicator of environmental
contamination. However, few studies have characterized the activity of these biomarkers in grasshoppers. Therefore, this is a
pioneer study for the species as well as for grasshoppers in Latin America.

The enzyme catalase (CAT) is present in both aerobic and anaerobic organisms, and its function is to decrease the
toxicity of hydrogen peroxide. In addition to detoxification, glutathione S-transferase (GST) also acts in the process of

biotransformation, decreasing the toxicity of xenobiotics to the cell (Benavides et al., 2016). Thus, both enzymes are involved
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in the defense against Reactive Oxygen Species (ROS), and their responses have been used to assess the exposure effects of
various insect species to different chemical compounds (Wilczek et al., 2008; Wilczek et al., 2013; Zhang et al., 2011;
Nwaubani et al., 2015).

In our study, a higher CAT and GST activity was observed in the males of A. flavolineata than in females. In turn,
Augustyniak & Migula (2000) observed higher CAT activity in the midgut of females of Chorthippus brunneus (Thunberg,
1815) (Acrididae, Gomphocerinae, Gomphocerini) collected in Poland. However, the same authors mention that GST activity
was higher in males, corroborating our results for this enzyme. Wilczek et al. (2013) observed a similar result in spiders (X.
nemoralis) collected at two different locations in southern Poland. The authors observed higher CAT activity in females than in
males. However, the activity of the GST enzyme was also higher in the midgut of males. These data highlight the importance
of sex identification to analyze these biomarkers as enzyme activity may vary between males and females of the same species.

The variation in CAT and GST activity as a function of sex has also been observed in other arthropods, such as in
the spiders Linyphia triangularis (Clerck, 1757) (Linyphiidae) and Xerolycosa nemoralis (Westring, 1861) (Lycosidae)
collected at two locations in southern Poland (Wilczek et al. 2008). In the study by Wilczek et al. 2008, CAT and GST activity
was also observed in males. According to the authors, males may be more sensitive to oxidative stress than females (Wilczek
et al., 2008). Thus, the higher CAT and GST activity observed in A. flavolineata may be related to the sensitivity of male
animals to a stressor present in the environment. The rapid response of these biomarkers may suggest that males are more
protected as they readily activate defense mechanisms that protect them from the negative effects of oxidative stress (Wilczek
etal., 2013).

Individuals of different sexes of the same species can use different metabolic pathways to attempt to reduce the
oxidative stress caused by the presence of ROS. Thus, the activity of an enzyme can reduce or compensate for the activity of
another. CAT activation can be compensated by the higher activity of glutathione peroxidase (GSH), superoxide dismutase
(SOD), and glutathione reductase (GR) (Felton & Summers, 1995; Wang et al., 2001). The activity of these antioxidant
enzymes can be increased or inhibited under chemical stress, suggesting that there is no general rule for their activity (Hou et
al., 2019).

Zhang et al. (2011) observed the effect of different cadmium (Cd) concentrations (0.2, 0.4, and 0.8 mmol L) on CAT
activity at different developmental stages of Oxya chinensis grasshoppers (Thunberg, 1815) (Acrididae, Oxyinae, Oxyini). The
authors observed an increase in CAT activity with increased exposure to Cd. Thus, in addition to sex, insect exposure to a
contaminant may interfere with the results of this enzyme. In another study, Lijun et al. (2005) also observed a significant
correlation between increased CAT activity and increased exposure to Cd in males and females of Oxya chinensis Thunberg,
1815 (Acrididae).

Coleoptera specimens of Pterostichus oblongopunctatus (Fabricius, 1787) (Carabidae), Geotrupes stercorosus
(Scriba, 1791) (Geotrupidae), Staphylinus caesareus (Cederhjelm, 1798) (Staphylinidae), and Phyllobius betulae (Fabricius,
1801) (Curculionidae) collected from areas contaminated with heavy metals (Pb, Zn, Cd, Cu) in Poland also showed variation
in the values of CAT and GST activity. Therefore, the response pattern of the activity of these enzymes can be used as an
indicator of toxic elements in the environment (Migula et al., 2004).

In our study, despite the significant differences with regard to the anthropization of the sampling sites of A.
flavolineata, CAT and GST activity did not vary significantly between the Baixa de Areia and Baixa Grande sites. Therefore, it
was not possible to characterize the most impacted location based on the response of the analyzed biomarkers. In both
sampling sites, it was possible to observe the cultivation of species such as banana, cocoa, and cassava, in addition to a grazing
area. According to Blengini et al. (2015), the use of chemical products to control agricultural pests is a common practice in the

region. However, it was not possible to relate the agricultural activity of the sampling sites with the CAT and GST responses.
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A probable explanation is the resistance that the studied species may have developed to the pesticides by natural selection
(Brahimi et al., 2020). This resistance mechanism involves nonspecific enzymes that normally detoxify toxins and include
monooxygenases, oxidases, antioxidases, hydrolases, and transferases (Roy et al., 2016; Birnbaum et al., 2017). Toxin-exposed
insects may have higher levels of more efficient forms of these enzymes to induce tolerance (Després et al., 2007;
Tangtrakulwanich & Reddy, 2014), such as detoxifying (including cytochrome P450s, UDP-glucuronosyltransferase,
carboxylesterase, and glutathione S-transferase) and antioxidant enzymes (including superoxide dismutase, catalase, and
peroxidase), which are activated after exposure to toxins (Mittapalli et al., 2007; Birnbaum et al., 2017; Wang et al., 2018).

Nwaubani et al. (2015) also found no significant difference in the activity of the CAT, GSH, GST, and SOD enzymes
in dragonflies Austroaeschna inermis Martin, 1901 (Odonata: Aeshnidae) collected at different locations in Nigeria. On the
other hand, Yousef et al. (2017) observed a variation in the CAT activity of grasshoppers Aiolopus thalassinus (Fabricius,
1781) (Acrididae, Oedipodinae, Epacromiini) from areas polluted by the fertilizer industry. Thus, according to the authors, the
exposure to contaminants present in the environment may be related to higher CAT activity, as observed in grasshoppers from
that area.

Barbehenn (2002) also observed high CAT activity in the grasshoppers Melanoplus sanguinipes (Fabricius, 1798) and
Aulocara elliotti (C.Thomas, 1870) of the family Acrididae after ingesting plants contaminated with tannic acid. In the same
study, CAT activity was higher in M. sanguinipes, suggesting the existence of intraspecific sensitivity.

Therefore, although it was not possible to use the responses of CAT and GST activity in Abracris flavolineata to
separate the sampling sites studied, the activity of these enzymes can be used in future studies with other populations as the
species has a wide distribution. Finally, it is worth noting that the Order Orthoptera is an appropriate group to study

bioaccumulation (Zaoralova et al., 2020), and the results obtained here can contribute to environmental biomonitoring.

5. Conclusion

Our study allowed identifying and quantifying the activity of the enzymes catalase and glutathione S-transferase
(GST) from the midguts of grasshoppers Abracris flavolineata. The responses of these biomarkers were not sufficient to
characterize the sampling sites studied with regard to the presence of contaminants, which is probably due to the similarity
between locations and the proximity of the populations. We highlight the higher CAT and GST activity in males of Abracris
flavolineata compared to females. Thus, our results can be used as a reference for future research as this is a pioneer

ecotoxicological study with grasshoppers in Brazil.
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