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Abstract
Metals and agrochemicals are among the main aquatic contaminants, being able to trigger oxidative stress in 
exposed organisms. The objective of this work was to evaluate the correlation between the level of oxidative stress 
biomarkers in Aegla crabs (Crustacea, Anomura) with (i) the set of metals present in the streams sediment and (ii) 
with land uses of three hydrographic basins. The study was carried out in streams (≤ 2nd order) of hydrographic 
basins in southern Brazil (Basins of Rio Suzana, Rio Ligeirinho-Leãozinho and Rio Dourado). In these streams were 
quantified the land uses and Cu, Cr, Cd, Fe, Mn and Zn concentrations in the sediment. The enzymes Catalase (CAT) 
and Glutathione Reductase (GR), as well as the level of membrane lipid peroxidation (TBARS), were analyzed in 
adult females. The PCA analysis showed that the distribution of metals was different between the basins. Cd, 
Cr and Fe were correlated positively with CAT and negatively with TBARS and GR. The Dourado basin had the 
lowest concentrations of these three metals and the highest levels of TBARS. However, in Dourado basin there is 
predominance of agriculture land use, and TBARS was positively correlated with agricultural land use. Besides in 
Dourado basin, GR activity was higher than in the others basins, indicating a compensatory response in relation 
to CAT inhibition. The basins of Suzana and Ligeirinho-Leãozinho rivers had lower TBARS values, which may be 
due to the induction of CAT in response to metals accumulated in sediment. In summary, this work indicates that 
in the basins with a higher concentration of toxic metals there is an adaptive response of CAT induction, which 
reduces TBARS in Aegla. On the other hand, in the basin with lower metallic contamination, TBARS occurrence 
was primarily influenced by agricultural land use.
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Resumo
Os metais e agroquímicos estão entre os principais contaminantes aquáticos, podendo desencadear estresse 
oxidativo em organismos expostos. O objetivo deste trabalho foi avaliar uma possível correlação entre o nível de 
biomarcadores de estresse oxidativo em Aegla (Crustacea, Anomura) com (i) o conjunto de metais presentes no 
sedimento e (ii) com os usos da terra, em três bacias hidrográficas distintas. O estudo foi realizado em riachos 
(≤ 2ª ordem) de bacias hidrográficas do Sul do Brasil (Bacias do Rio Suzana, do Rio Ligeirinho-Leãozinho e do Rio 
Dourado), as quais foram caracterizadas em função do percentual de usos da terra e do nível de Cu, Cr, Cd, Fe, Mn e 
Zn no sedimento. As enzimas Catalase (CAT) e Glutationa Redutase (GR), bem como o nível de peroxidação lipídica 
das membranas (TBARS), foram analisadas em fêmeas adultas. Uma análise de PCA mostrou que a distribuição 
de metais foi distinta entre as bacias. Cd, Cr e Fe no sedimento correlacionaram positivamente com a CAT e 
negativamente com TBARS e GR. Entretanto, a bacia do Dourado apresentou os menores níveis destes três metais 
e os maiores níveis de TBARS, o que pode ser justificado pelo predomínio da agricultura nesta bacia, já que o 
TBARS correlacionou positivamente com o percentual de uso agrícola. Nesta bacia, a atividade da GR foi mais 
alta do que nas outras, indicando uma resposta compensatória em relação a inibição da CAT. As bacias do rio 
Suzana e rio Ligeirinho-Leãozinho apresentaram valores menores de TBARS, o que pode decorrer da indução da 
CAT em função dos metais acumulados no sedimento. Em síntese, este trabalho indica que nas bacias com maior 
concentração de metais tóxicos ocorre uma resposta adaptativa de indução da CAT, o que reduz os níveis de TBARS 
em Aegla. Por outro lado, na bacia com menor contaminação metálica os níveis de TBARS foram primariamente 
influenciados pelo uso agrícola.

Palavras-chave: bacia hidrográfica, catalase, TBARS, glutationa redutase, biomonitoramento.
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contamination by metals, pesticides and other pollutants 
(Damásio et al., 2011b).

In this work, freshwater crustaceans of Aegla genus 
Leach (1820) were used as bioindicadors for oxidative 
stress ecotoxicological analysis. Invertebrates of this genus 
are links in food chain (Bueno and Bond-Buckup, 2004; 
Cogo and Santos, 2013) as well are good models for in situ 
analyses of oxidative stress biomarkers (Borges et al., 2018). 
Thus, our objective was characterized three hydrographic 
basins in relation to the metals set in their sediments 
and in relation to the land uses, and so correlated these 
data with oxidative stress biomarkers in Aegla crabs. The 
main hypothesis of this work is that GR, CAT and TBARS, 
will response to the metals set and agricultural use at 
hydrographic basin scale.

2. Material and Methods

2.1. Characterization of study area and sampling period

The study was performed in 14 streams (≤ 2nd order) 
within 3 basins of Southern Brazil (Suzana River basin, 
Ligeirinho-Leãozinho River basin and Dourado River basin) 
(Figure 1). The climate belongs to category Cfb (Köppen), 
mean annual temperature is 17.6 °C and rainfall annual 
mean of 1912.3 mm (Alvares et al., 2013). The rainfall mean 
along the sampling period was about 151 mm (INMET, 2019) 
and the water temperature was 16.8 ± 2.5 °C (our data).

The rivers sampled inside each basin were characterized 
in relation to drainage area land uses. For this purpose, the 
perimeter of analyses was defined around the 2 streams 
(upstream and its respective downstream stretch) in the 
same main river, resulting in 7 sampling points (Figure 1 – 
numbered boxes). The land uses classes were percentage of 
water blade, exposed soil, natural vegetation, agriculture, 
pasture and urbanized area, obtained with Mapinfo 8.5 
software.

The sampling of biological material and sediment were 
carried out between March and June 2014 (fall season of 
south hemisphere). This period was defined to avoid the 
capture of juvenile crabs (Bueno and Bond-Buckup, 2004; 
Noro and Buckup, 2002). In all the cases, the sampling of 
Aegla and sediment from streams was made at same day.

2.2. Metals analysis in sediment

Concentrations of Cu (copper), Cr (chromium), Cd 
(cadmium), Fe (iron), Mn (manganese) and Zn (zinc) were 
analyzed in the potentially bioavailable fraction of the 
sediment. In each stream were collected three samples 
of sediment in the first 10 cm depth, using a sampler 
of 70 mm diameter. In the laboratory, they were dried 
at 45 °C/24h and sieved on sieve ≤ 62 µm mesh. The 
resulting powder was diluted in 10 mL of HCl 0.1 mol 
L-1 (150 rpm, 20 °C, 12h), filtered with 25 µm filter and 
keep at 4 °C until analyses by flame atomic absorption 
spectrophotometry (Varian, SpectraAA55). For each 
metal, were generated standard curves used to calculate 
the metal concentration in the samples. The results are 
presented as mean ± standard error.

1. Introduction

The combination of stressors as habitat and water 
flow alterations, sudden changes in physical-chemical 
parameters and, especially, contamination by metals 
and pesticides, have deleterious effects for many aquatic 
organisms and ecosystems (Romero, 2004; Magalhães et al., 
2015). Metals are among the main aquatic contaminants, 
being common that a same aquatic environment to be 
contaminated by a range of different metals (La Colla et al., 
2017; Qu et al., 2017).

Besides metals, agrochemicals and pesticides are also 
stressors frequently encountered as pollutants of surface 
water specially in cultivated areas (Moreno-González et al., 
2013). Agricultural activity requires major changes in the 
environment for its development, including the removal 
of riparian forest and the intensive use of agrochemicals 
and fertilizers (Callisto et al., 2004; Campos, 2008). These 
chemical compounds can accumulate in the environment 
as well in the tissues of living organisms (Paulo and Serra, 
2015).

The pattern of aquatic accumulation of metals and 
pesticides is influenced by human activities (Wang et al., 
2016; Sundararajan et al., 2017) and land uses in the 
drainage areas (Bunzel et al., 2014). So, hydrographic 
basins are an important scale in the studies of environment 
impacts in aquatic habitats. Hydrographic basins with 
intensive agricultural land use are subjected to great inputs 
of pesticides (Moreno-González et al., 2013) and metals 
on water bodies (Naveedullah et al., 2013).

In this context, it is essential to understand how 
aforementioned pollutants interfere with the health of 
aquatic environments as well of the species that inhabit 
them, especially in basins affected by anthropogenic 
uses. Biomarkers are an excellent tool to assess effects of 
multiple stressors on living organisms (Damásio et al., 
2011a; Colin et al., 2016), because they provide early 
warning signals at individual level to predict outcomes at 
population or community (Chapman et al., 2013).

Oxidative stress is one of the biological conditions 
that can be induced by exposure to metals (Kaur et al., 
2014) and pesticides (Ndonwi et al., 2019). An organism 
in oxidative stress has impairment of redox homeostasis 
and use different defenses mechanisms to deal with this 
condition. The antioxidant defense can occur with help 
of the enzymes such as catalase (CAT), which is present in 
virtually all aerobic organisms (Halliwell and Gutteridge, 
2007). Another important line of defense involves the 
glutathione system, within which enzyme Glutathione 
Reductase (GR) plays a key role in the recycling of reduced 
glutathione molecule (Halliwell and Gutteridge, 2007). If 
the antioxidant defense systems are not sufficiently efficient 
to cope with the stress, the body may be damaged at 
different cellular targets including oxidation of membrane 
lipids. This oxidation generates organic peroxides that 
can be detected by analysis of thiobarbituric acid reactive 
substances (TBARS) (Regoli and Winston, 1999). CAT, 
GR and TBARS are employed in environmental quality 
assessments because they are robust indicators with easy 
experimental evaluation (Damásio et al., 2008, 2011b). In 
addition, to being responsive to changes in land use and 
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2.3. Organisms and biological extracts

The crabs were collected using dip nets with a 30 x 50 cm 
mouth, a depth 60 cm and 1.0 mm mesh. The study was 
made only with non ovigerous female of Aegla, all that being 
adults (with at least 15 mm carapace length). Females have 
no seasonal variation in oxidative stress biomarkers, in 
opposite to the observed in males (Borges et al., 2018). Sex 
and gender identification were done in field according to 
Melo (2003). Were collected 3 organisms per sampling site, 
totalizing 42 organisms (18 organisms from Suzana River 
basin; 12 from Ligeirinho-Leãozinho River basin; 12 from 
Dourado River basin). The organisms were kept inside of 
ice boxes and transported alive to the laboratory in flasks 
containing water from the own sampling site. The time 
interval between collection and arrival at the laboratory 
did not exceed 20 minutes. Once in the laboratory, each 
crab was used to the preparation of an individual biological 
extract (each crab considered as a sample unit) as described 
following. For the development of a robust assessment, in 
preparation of biological extracts we chose to use whole 
organisms, without separation of organs or tissues (except 
exoskeleton).

2.4. Oxidative stress biomarkers analyses

Biological extracts were obtained from individual 
crabs (Borges et al., 2018). Protein determination was 
assayed according to Bradford (1976). CAT (EC 1.11.1.6) 
activity was measured by rate of H2O2 degradation 
rate at 240 nm (Bertholdo-Vargas et al., 2009) and was 
expressed in international units (U), which is defined as 
the amount of enzyme that catalyzes the degradation of 
1µmol H2O2 min-1 mg-1 protein. GR (EC 1.6.4.2) activity 
was measured following NADPH consumption at 340 nm 
(Ramos-Vasconcelos and Hermes-Lima, 2003). Were 
performed kinetic reactions of 6 minutes, with data 
acquisition at each 30 seconds, being that in the first 
3 minutes was made the reading of blank (buffer, NADPH 
and biological samples) and then the reaction was 
initiated by GSSG addition. GR activity was expressed 
in international units (U), defined as the amount of 
enzyme that catalyzes the consumption of 1µmol 
NADPH min-1 mg-1 protein. TBARS levels were quantified 
in according to Esterbauer and Cheeseman (1990) and 
were expressed as nmol MDA mg-1 protein. The data are 
presenting as mean ± standard error. Biochemical analyses 

Figure 1. Map of the sampling sites. (A) Suzana River basin (between 27°35’38” and 27°36’16”S; 52°11’11” and 52°13’41”W); (B) 
Ligeirinho-Leãozinho River basin (between 27°40’15” and 27°36’16”S; 52°16’03” and 52°13’41”W); (C) Dourado River basin (between 
27°33’59” and 27°37’13”S; 52°17’46” and 52°19’36”W). The circles (•) indicate the sampled streams. The numbered boxes indicate the 
areas of land uses analysis.



Brazilian Journal of Biology, 2022, vol. 82, e2301474/9

Borges, A.C.P. et al.

were performed at least in triplicate. Biomarkers general 
means were obtained from the average of replications 
of each individual organism (each crab was considering 
one sample unit).

2.5. Data analysis

The normality of data was tested by Anderson-
Darling test. Only TBARS not fit in normal curve and 
was then normalized by logarithmic conversion using 
box-cox approach. The metal content in sediment as 
well biomarkers in Aegla between three basins were 
compared by one way ANOVA and Tukey post hoc test. 
A principal component analysis (PCA) was performed to 
evaluate the metal distribution in sediment of the three 
basins. The metal sediment matrix was standardized in 
0-1 values using the ‘range’ function of “vegan” package 
(Oksanen et al., 2010). This standardization considers the 
maximum values   within each data set variables. Pearson 
correlation test was used to analyze the correlation 
between the metal concentration and biomarker levels, 
and Spearman correlation was employed to analyze 
the correlation between biomarkers and land uses. 
The analyses were performed using “vegan” package 
(Oksanen et al., 2010) software R (R Development Core 
Team, 2010) and p < 0.05 were considered statistically 
significant.

3. Results

3.1. Hydrographic basins land uses

The rivers of all basins studied presented high 
percentage of anthropogenic land uses, with lower value 
observed inside Suzana River basin (58.8%) and the upper 
value on Ligeirinho-Leãozinho basin (87.5%) (Table 1). In 
these two basins, the main anthropogenic influence was 
exposed soil, while agriculture and pasture predominates 
in Dourado River basin.

3.2. Metal concentration in sediment

Metal content varied between the hydrographic 
basins (Table 2). Dourado River basin presented the lower 
concentrations of Cd, Cr, Fe and the highest level of Mn, 
distinguished itself from the two other basins. Suzana River 
basin and Ligeirinho-Leãozinho River basin presented similar 
metal composition in the sediment, except for Fe and Zn 
(Table 2). In agreement, PCA also showed that metals were 
distributed in relation to hydrographic basin. The first two 
principal components (PC) explained 70% of the variation, 
with PC1 explained 48.5% and PC2 explained 21.5% of data 
variation (Figure 2). For Dourado River basin, Mn concentration 
ordered the study sites. In Ligeirinho-Leãozinho River basin, 
the main ordination factor was Zn concentration. For Suzana 
River basin, the concentration of Fe, Cr and Cd ordered 
studied sites and presented partial superposition with the 
Ligeirinho-Leãozinho River basin (Figure 2).

3.3. Oxidative stress biomarkers

TBARS, CAT and GR showed variation between the 
studied hydrographic basins (Figure 3). CAT and TBARS had 
a significant negative correlation at basin scale (r=-0.98, 
p=0.039). TBARS levels was approximately 60% higher in 
the organisms from Dourado River basin as compared to 
Suzana River basin (0.75 and 0.47 nmol MDA mg-1 protein, 
respectivelly). CAT showed opposite pattern, highest 
enzymatic activity was observed in organisms from Suzana 
River basin (11.48 U), whereas lower enzymatic activity 
occurred in organisms from Dourado River basin (7.27 U) 
(Figure 3). GR activity was also higher in Dourado river basin 
(72.6 U), reaching values 28% and 53% upper in relation 
to Ligeirinho-Leãozinho and Suzana Rivers basins (56.76 
and 47.34 U), respectively. However, GR activity no have 
significant correlation with the two other biomarkers.

3.4. Metal concentration, land uses and oxidative stress 
biomarkers

Several analyzed metals showed correlation with 
studied biomarkers (Table 3). CAT presented positive 

Table 1. Characterization of hydrographic basins land uses (%).
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Suzana basin 1 0.4 21.5 32.8 17.2 28.1 0.0 78.1

2 0.0 41.2 27.2 10.9 20.7 0.0 58.8

3 0.4 25.7 30.9 18.9 19.4 4.7 73.9

Ligeirinho-Leãozinho basin 4 0.0 19.0 32.5 14.9 19.7 14.0 81.0

5 0.1 12.4 43.3 31.3 12.9 0.0 87.5

Dourado basin 6 0.0 40.4 14.3 19.1 23.5 2.7 59.6

7 0.0 29.8 18.9 28.9 22.4 0.0 70.2

*In accordance with Figure 1.
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correlation with Cd, Cr and Fe, while was negatively 
related to Mn concentration. The concentrations of Cd, 
Cr and Fe in sediment were also correlated to TBARS and 
GR biomarkers; however, in these cases the correlations 
were negative. In relation to the land uses, TBARS was 
correlated positively with agricultural land use. The remain 
land uses no presented any significant correlation with 
biomarkers (Table 4).

4. Discussion

In this work, we quantify the concentrations of metals 
in stream sediments in three watersheds and evaluate the 
relationship with oxidative stress biomarkers in Aegla crabs. 
We observed that the relationships between metals and 
biomarkers were different and that agricultural use was 
related to oxidative stress (TBARS) of studied organisms.

Metals are common elements on lotic environments in 
which the metals variety and magnitude will dependent to 
the natural sources and contamination by external inputs 

as well of land uses (Thévenot et al., 2007; Proshad et al., 
2019). In this study, the three analyzed hydrographic basins 
presented singularities related to the set of metal in their 

Table 2. Mean ± standard error of metal concentration in bioavailable fraction of the sediment in the studied hydrographic basins 
(Suzana River basin, Ligeirinho-Leãozinho River basin, Dourado River basin).

Metals (µg.g-1) *
Hydrographic Basins

Suzana Ligeirinho- Leãozinho Dourado

Cd 0.038 ± 0.001 a 0.036 ± 0.002 a 0.027 ± 0.001 b

Cu 0.568 ± 0.021 a 0.642 ± 0.046 a 0.582 ± 0.009 a

Cr 0.250 ± 0.010 a 0.288 ± 0.046 a 0.004 ± 0.002 b

Fe 2.049 ± 0.187 a 1.455 ± 0.117 b 0.710 ± 0.042 c

Mn 1.520 ± 0.168 a 1.503 ± 0.286 a 2.510 ± 0.105 b

Zn 0.410 ± 0.028 a 0.708 ± 0.122 b 0.614 ± 0.115 b

*Different letters indicate statistical differences (p < 0.05) between the basins for each metal individually.

Figure 2. Biplot of PCA ordination for the metal concentration 
in sediment of the three studied basins. Suzana River basin (S); 
Ligeirinho-Leãozinho River basin (L); Dourado River basin (D).

Figure 3. Biomarkers grouped by hydrographic basin (Suzana River 
basin, Ligeirinho-Leãozinho River basin, Dourado River basin). 
Different letters indicate significant differences (p < 0.05), as 
compared by one-way ANOVA plus Tukey post-test (between basins).
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sediments. This result reflects the diffuse nature of water 
contaminations in rural areas (Turunen et al., 2019), which 
are affected by variables as uncontrolled management of 
fertilizers (Smith and Siciliano, 2015), rainfall rate (Schulz, 
2001), soil erosion (Thévenot et al., 2007) and topography 
of the watershed (Ye et al., 2009).

The concentration of several metals at the rivers 
sediment showed correlation with the levels of oxidative 
stress biomarkers in Aegla. Sediments are sites for long-
term metals storage and consequently their profile is an 
important indicator of environmental quality (Qu et al., 
2017). Metals in sediments are able to bioaccumulate in 
aquatic organisms and this process is influenced by the 
feeding strategy and agricultural activity around streams 
(Loureiro et al., 2018). Aegla crab is a filter macroinvertebrate 
and feeds on lower invertebrates and leaf debris (Cogo 
and Santos, 2013), which facilities the access to sediment 
content. The bioaccumulation of Cd in Aegla is negatively 
correlated with the Cd presence in the stream sediments 
(Piassão et al., 2019) which could suggest an easily of this 
metal transfer into the crab body.

The Dourado River basin was the most differentiated 
in terms of metal composition, showing the lower levels 
of Cd, Cr and Fe. Those last are metals with high potential 
to generate oxidative stress (Valko et al., 2005), so it’s 
surprising that samples of Aegla from Dourado River basin 
had presented the highest values of TBARS. On the other 
hand, the Dourado River basin has a predominance of 
agricultural land use. This is related to the increase in lipid 
peroxidation in Aegla, since the TBARS showed a strong 
correlation with agriculture in the river basins. Agriculture 
is an important economic activity in the study region, 
with crop rotation during the year (Rovani et al., 2020), 

which promotes a continuous use of agrochemicals and 
pesticides (Lima et al., 2020). These latter can contaminate 
water bodies by spraying, leaching, erosion processes, 
among others (Peters et al., 2013). Beside metals, several 
pesticides also have a strong ability to generate oxidative 
stress and, in particular, increasing lipid peroxidation 
(Clasen et al., 2018; Ndonwi et al., 2019).

Reduction of CAT activity can occur by in vivo exposure 
to pesticides and herbicides (Toni et al., 2010; Ndonwi et al., 
2019). In the present work, the lower levels of CAT were 
measured in organism from Dourado River basin, in which 
agricultural activity was predominant. Besides, our data 
showed an inverse correlation between TBARS and CAT 
activity in Aegla. So, it is possible infer that agricultural 
land uses, and consequently, their contaminants, could 
be inhibiting CAT in Aegla from Dourado River basin. As 
a consequence of this, there may be a favoring of lipid 
peroxidation in these organisms. The inverse profile of CAT 
and lipid peroxidation in response to agrochemicals was 
described for Eriocheir sinensis crab exposed to subletal 
concentrations of avermectin (Huang et al., 2019) and to 
synthetic pyrethroid deltamethrin (Hong et al., 2019). The 
increased GR activity in Dourado River basin can represents 
a response of the Aegla to cope with stress using defenses 
linked to the glutathione antioxidant system, as well for 
xenobiotics detoxification by Gluthatione-S-Transferase. 
This behavior has already been observed in crabs exposed 
to pesticides avermectin, trichlorphon and β-cypermethrin 
(Zhang et al., 2020).

The three analyzed biomarkers were correlate with a 
common group of metals (Cd, Cr and Fe). CAT activity can 
be influenced differently depending on the nature and 
magnitude of contact with metallic elements. For example, 

Table 3. Correlation (r) between sediment metal concentration and oxidative stress biomarkers (TBARS, CAT and GR).

Metals
CAT TBARS GR

R P r p r p

Cd 0.58 <0.001* -0.40 0.012* -0.40 0.011*

Cu -0.16 0.311 0.20 0.202 -0.29 0.069

Cr 0.63 <0.001* -0.47 0.002* -0.38 0.018*

Fe 0.50 <0.001* -0.41 0.009* -0.51 0.001*

Mn -0.39 0.013* 0.13 0.413 0.21 0.194

Zn -0.26 0.089 0.11 0.481 0.11 0.493

*Indicates significant correlation (p < 0.05).

Table 4. Correlation (r) land uses percentage and oxidative stress biomarkers (TBARS, CAT and GR).

Land uses
CAT TBARS GR

r P r p r p

Tree vegetation -0.29 0.498 -0.50 0.267 0.57 0.167

Exposed soil -0.14 0.713 0.64 0.110 -0.54 0.236

Agriculture 0.86 0.012* -0.32 0.444 0.21 0.595

Pasture -0.18 0.713 -0.29 0.498 0.36 0.444

Urban area -0.04 0.952 0.39 0.381 -0.67 0.124

*Indicates significant correlation (p < 0.05).
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Cd is known for its ability to inhibit catalase in vivo and 
in vitro (Wang et al., 2015). However, in Sinopotamon 
henanense freshwater crab, the treatment with Cd can both 
stimulates or inhibit CAT, depending on the concentration 
(Wu et al., 2013). In Tubifex tubifex (a freshwater worm) 
the simultaneous treatment with Cd and Fe increase CAT 
in vivo, being that certain concentrations of Fe appears 
to protect against Cd toxicity (Chen et al., 1994). Cr are 
also associated with increase of CAT activity in vivo 
(Elia et al., 2007). Our results indicated that Cd, Cr and Fe 
concentrations in sediment of the Suzana and Ligeirinho-
Leãozinho Rivers basins, having the effect of CAT induction 
and, consequently, containing the lipid peroxidation in 
Aegla from these hydrographic basins.

In summary, this work showed that both agriculture 
land use and the concentration of metals in sediments 
affect oxidative biomarkers in Aegla. Basins with higher 
content of poisoning metals leads to an adaptive response 
mediate by increase in CAT activity, which reduces TBARS 
levels. On the other hand, the hydrographic basin with 
minor metals contamination (Dourado River basin) was 
primarily influenced by the agricultural land use. In these 
case, the agrochemicals toxicity overcomes the effect of 
metals, resulting in CAT inhibition and adjustment of 
GR levels, which does not seem to be enough to contain 
oxidative stress, as TBARS levels remain high.
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