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ABSTRACT

Fipronil is an insecticide widely used in sugarcane crops in several areas of the world. In tropical areas, the application of this 
and other pesticides is intensified during the rainy season due the soil moisture, which coincides with the period of reproduction 
for many amphibian species. Since this pesticide can be easily incorporated into ephemeral ponds by leaching, it is possible that 
many neotropical amphibians are being affected by exposure to fipronil, specially during the initial stages of life when they are 
exclusively aquatics. This study aimed to evaluate the effects of the commercial formulation of insecticide fipronil (Regent®800WG) 
on antioxidant enzymes and development stages of tadpoles of Physalaemus nattereri at nominal concentrations of 0.5 and 1.5 
mg/L. Activity of antioxidant enzymes catalase (CAT), glutathione-S-transferase (GST) and glucose-6-phosphate dehydrogenase 
(G6PDH) was reduced in animals exposed to two tested concentrations of fipronil (0.5 mg/L and 1.5 mg/L), with similar response 
after two and seven days of exposure. Glutathione reductase (GR) activity was not altered after treatments. After seven days of 
exposure, an evident acceleration on stages of development was observed in animals exposed to the highest concentration of 
fipronil. This study conclude that the commercial formulation of fipronil (Regent®800WG) impair the antioxidant system of P. 
nattereri and accelerates the metamorphosis of these tadpoles, which could result in more vulnerable adults, promoting adverse 
consequences at population level.
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INTRODUCTION

Pesticides are among the most harmful substances released into the natural systems due to the high chemical stability, 
resistance to metabolism and rapid absorption [1]. In most seasonal tropical areas of the world, intensive agricultural 
activity and the large use of pesticides coincide with the rainy season [2]. During this period, the use of insecticides 
is also intensified because the favorable climatic conditions to insects reproduction, causing an increase in insect 
populations [3] including herbivores of crops [4,5]. Some studies have shown that the increase in rainfall intensity 
may results in a much bigger increase of surface runoff [6]. Leaching is also increased, because its absorption is 
intensified in the moist soil. Thus, through the direct release or by leaching during the rainy season, pesticides reach 
natural systems affecting non-target organisms, endangering especially the aquatic organisms [7,8]. Most neotropical 
anuran species occur and reproduce during the rainy season [9,10], and it is important to consider that most species 
have the first stage of life completely aquatic [9,11]. Regent®800WG is a commercial formulation of an insecticide 
that contains fipronil as its active ingredient (80%), and is one of the most used insecticides in sugarcane farming in 
Brazil [12], an agricultural activity with increasing demand due to the increased interest in renewable fuels. Fipronil 
(5-amino-1-[2, 6-dichloro-4(trifluoromethyl) phenyl]-4-[(trifluoromethyl) sulfinyl]-1H-pyrazole-3-carbonitrile) acts 
in the insect central nervous system binding to insect gamma-aminobutyric acid (GABA) chloride channels and 
blocking the action of GABA, the normal passage of chloride ions and the transmission of normal neural impulse 
[12-15]. Fipronil has played an essential role in sugarcane pest control because of its high effectiveness against 
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insects that are resistant to other insecticides such as the pyrethroids, organophosphates, and carbamates [16]. In 
southeastern Brazil, São Paulo state contributes to approximately 20% of pesticide consumption in the country and 
60% of sugarcane production. The northwestern area concentrates the main sugarcane farming activity of the São 
Paulo State. In this area 36 species of anurans have been recorded [10]. Considering the accelerated expansion of 
sugarcane cultivation in this region, there are strong reasons indicating that many of these species may be threatened 
by exposure to this insecticide. 

Although several studies have pointed that pesticides can lead to many deleterious effects on aquatic organisms 
and the evidences that most of them are reaching amphibians’ environment, few studies have been conducted to 
determine the potential negative effects of fipronil on tadpoles. Especially during the larval stage, amphibians have 
been shown to be more sensitive to contamination by pesticides than adults, since they are strictly aquatic and have 
higher skin permeability [17]. Some adverse effects of fipronil have been reported to other non-target organisms, such 
as the copepod Amphiascus tenuiremis which had their fertility, reproduction, and development delayed by fipronil at 
concentrations of 0.22 μg/L [18]. For amphibians, recent evidences also showed that the active ingredient fipronil can 
be responsible for alterations in antioxidant enzymes of Scinax fuscovarius tadpoles [2] increasing the susceptibility 
of the animals to oxidative stress that could lead to increases in the levels of oxidative damage cellular components 
[19,20]. Actually, it has been shown that numerous pesticides can impair the antioxidant defense system in tadpoles 
[2,21]. However, the sensitivity of species to these chemicals may be species-specific. Thus, the aim this study was to 
evaluate the effects of a formulation of the insecticide fipronil (Regent®800WG) on antioxidant enzymes and stages 
of development of Physalaemus nattereri tadpoles. This species occurs in open areas in central and southeastern 
Brazil, eastern Paraguay and Bolivia [22] and the major threat to this species is the spread of intensive agriculture. It is 
considered a generalist/wide-ranging species [10,22]. Generalist species have important ecological roles and, because 
their wide spatial distribution, their potential to influence the environmental conditions experienced by other species 
is great [23]. So, the effects of environmental contaminants in generalist species have to be carefully considered. 
We hypothesize that fipronil formulation may alter the antioxidant enzyme activity and also can change the normal 
development rates of tadpoles.

MATERIALS AND METHODS

Test Organisms

Tadpoles of Physalaemus natterer were collected in surrounding area of Macaubal, São Paulo State, Brazil in 
temporary ponds away from agriculture areas. After collected they were brought to the laboratory, where they were 
classified according the development stages described by Gosner [24]. Tadpoles in development stage were selected, 
when the legs are not present but only the limb buds are developed [24], since this is a period of intensive development. 
After identification of the development stages, the animals were acclimated and then exposed to the contaminant.

Tadpoles maintenance

Tadpoles were kept in 500 L indoor stock-tanks for acclimation before the beginning of the experiment. The tanks 
had dechlorinated water, temperature between 27°C and 28°C and were maintained under 12:12 h (light:dark) 
regimes. Commercial powdered food containing algal-based food (Sera Micron, Germany) was provided twice a day 
to satiation. External biological filters and constant aeration removed detritus and tadpole’s feces, ensuring the water 
quality. Tanks were siphoned once a week to remove remaining leftovers.

Experimental design

The effect of commercial formulation of fipronil (Regent 800WG®) was tested at two concentrations: 0.5 mg/L 
and 1.5 mg/L. Concentrations selected in this study were based on previous studies that found about 0.2 mg/kg of 
soil for fipronil close to agricultural areas in the region of São José do Rio Preto, Brazil [25]. So we decided to test 
higher concentrations estimating a higher amount of fipronil very close to the crops, and during application periods, 
to simulate a worst scenario for the tadpoles. For this, tadpoles were weighed, measured (0.23g ± 0.04g and 2.84cm 
± 0.11cm) and subjected to three treatments. Furthermore, the animals were subject to different exposure times (2 
days and 7 days), based in previous studies evaluating effects of oxidative stress in tadpoles [2]. For this study, three 
replicates containing five tadpoles (n=15) each were used by each treatment. The animals were fed every two days 
with 0.5 g of food. 

After the exposure period (2 days and 7 days) the animals were killed by lethal dose of benzocaine and the biometry 
was performed. This study was conducted in agreement with the precepts of National Council for the Control of 
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Animal Experimentation (CONCEA) and was approved by the Committee for Ethics on Using Animal (CEUA), 
UNESP, and São José do Rio Preto, SP, Brazil.

Chemicals

All chemicals used in this study were purchased from Sigma-Aldrich at the highest purity except the pesticide Regent 
800WG®, which was obtained from in a local commerce supplier.

Sample Preparation and analysis

For the enzymatic measurement, tadpoles were entirely and individually homogeneized in a ratio of (1:4, w/v) in Tris 
buffer 20 mM (pH 7.4), sucrose 0.5 mM, KCl 0.15 mM and 1 mM protease inhibitor (PMSF). The samples were then 
centrifuged at 10000 g for 30 min at 4ºC. To obtain the cytosolic fraction, the supernatant portions were collected and 
re-centrifuged at 50 000 g for one additional hour at 4ºC. The supernatant obtained after this second centrifugation 
was used for the analysis of CAT, GST, G6PDH and GR assays.

The analysis of CAT was performed in a Thermo Evolution 300 spectrophotometer with a dual beam and capacity 
for seven cuvettes. The activities of GR, GST and G6PDH were performed on a Victor TM X3 microplate reader 
(Perkin Elmer®). CAT activity was measured using the method described by Beutler, which monitors the rate of 
decomposition of hydrogen peroxide by the enzyme at 240 nm for 1 min. Specific activity was expressed as U/mg of 
protein-1 using a molar extinction coefficient of 0.071 mM-1 cm-1. The assays were performed using Tris-HCl buffer 
(1 M, pH 8.0) with 5 mM EDTA and 10 mM H2O2 as the substrate.

GST activity was measured using the method described by Keen [26] which monitors the formation of the conjugate 
of 1-chloride-2,4-dinitrobenzene (CDNB) with reduced glutathione (GSH) catalyzed by GST in the sample for 1 
min at 340 nm. Specific activity was expressed as U/mg of protein-1 using a molar extinction coefficient of 9.6 mM/
cm. The final volume of the assay was 110 μl, which contained a potassium phosphate buffer (0.2 M, pH 6.5), 1 mM 
CDNB (dissolved in 1.0 mL of absolute ethanol), 1 mM GSH and the sample. 

GR activity was measured based on the Carlberg and Mannervik methodology [27], in which the consumption of 
nicotinamide adenine dinucleotide phosphate (NADPH) is monitored for 2 min at 340 nm in the presence of the 
substrate glutathione disulfide (GSSG). The methodology consists of the reduction of GSSG to GSH by GR through 
the oxidation of NADPH. The final volume of the assay was 100 μL, which contained a potassium phosphate buffer 
(0.1 M, pH 7.5) with 2 mM GSSG (dissolved in buffer), 0.1 mM NADPH (dissolved in NaHCO3 0.1% (v/v)), 0.15 
mM GSH and the sample. Specific activity was expressed as U/mg of protein-1 using a molar extinction coefficient 
of 6.22 mM/cm. 

The enzymatic assay of G6PDH (EC 1.1.1.49) was based on the Glock and McLean methodology [28], which 
measures the formation of NADPH at 340 nm for 1 min. The assay consists of the reduction of NADP+ to NADPH 
by the G6PDH using glucose-6-phosphate (G6P) as the substrate. The assay had a final volume of 205 μL, which 
contained Tris-HCl buffer (0.1 M, pH 7.4), MgCl2, NADP+, G6P and the sample. The reference blank did not contain 
G6P. Specific activity was expressed as mU/mg of protein-1 using a molar extinction coefficient of 6.22 mM/cm. The 
quantification of proteins was performed using the Bradford assay [29] with Coomassie Brilliant Blue G-250 in an 
acidic solution. The absorbance values were determined at 595 nm, and the results were compared to the analytical 
curve prepared with bovine serum albumin (BSA) as the standard.

Statistical analysis

Data normality was evaluated by Shapiro Wilk’s W and homocedasticity by Cochran’s test. To assess whether there 
was a difference between the stages of development in animals in different treatments, the G test was performed with 
Yates’ correction [30]. Biochemical parameters were compared using one-way ANOVA followed by Fisher’s LSD. 
P<0.05 was established to infer statistical significance.

RESULTS

Development stage

After 2 days of exposure, tadpoles were classified at three different stages according to Gosner classification [24] (Gs30, 
Gs31, Gs32; Figure 1A). No differences were observed on stages of development after 2 days of exposure. However, 
there was acceleration on stages of development in tadpoles exposed to both concentrations of Regent®800WG 
(P<0.0001). After 7 days of exposure, tadpoles were classified at five different stages (Gs36, Gs37, Gs38, Gs39 and 
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Gs40; Figure 1B). We observed that the control group presented tadpoles distributed at younger stages of development, 
with 13% at Gs36, 27% at Gs37, 53% at Gs38 and 7% at Gs39. No animals reached stage Gs40 in the control group. 
For both concentrations, no tadpoles were classified at Gs36 and only 7% of tadpoles were in Gs37. After exposure 
to 0.5 mg/L of fipronil, 73% of the tadpoles reached stage Gs39 and 13% the stage Gs40. The treatment with higher 
concentration (1.5 mg/L) showed that 73% of the tadpoles reached stage Gs40.

Figure 1: (A) Development stage of tadpoles of Physalaemus nattereri subjected to different concentrations of fipronil after 2 days of exposure 
and (B) after 7 days of exposure. Bars represent the development stage according to Gosner (1960).

Antioxidant enzymes

There was a decrease of CAT activity in tadpoles after 2 days of exposure in both treatments compared to the control 
group (P=0.003; Figure 2A). In addition, 7 days of exposure decreased CAT activity in the treatment with 0.5 mg/L 
compared to the control and the treatment with 1.5 mg/L (P=0.004; Figure 3A). A decrease on G6PDH activity was 
also observed for both concentrations after 2 days (P=0.031; Figure 2B) and 7 days of exposure (P<221 0.003; Figure 
3B). GST activity was decreased in tadpoles after 2 days of exposure in the treatment with 1.5 mg/L compared to 
the control and concentration 0.5 mg/L (P<0.0001; 223 Figure 2C). In addition, after 7 days of exposure, there was 
a decrease on GST activity at both concentrations compared to the control treatment (P<0.0009; Figure 3C). No 
differences were observed in enzyme activity of GR between treatments in both exposure periods (2 days: P=226 
0.236; Figure 2D; 7 days: P=0.539; Figure 3D).

Figure 2: Data expressed as mean ± standard deviation. (A) Catalase (CAT), Glutathione Stransferase, Glucose-6-phosphate-dehydrogenase 
(G6PDH) and Glutathione reductase (GR) activity in Physalaemus nattereri exposed to Control (without contaminant); 0.5 mg/L and 1.5 mg/L of 
Regent ® 800 WG after 2 days. Different letters indicate presence of statistical significance.



Juliane Silberschmidt Freitas et al. Euro J Zool Res., 2017, 5 (1):1-7

5Scholars Research Library

 
Figure 3: Data expressed as mean ± standard deviation. (A) Catalase (CAT), Glutathione Stransferase, Glucose-6-phosphate-dehydrogenase 
(G6PDH) and Glutathione reductase (GR) activity in Physalaemus nattereri exposed to Control (without contaminant); 0.5 mg/L and 1.5 mg/L of 
Regent ® 800 WG after 7 days. Different letters indicate presence of statistical significance.

DISCUSSION

While much has been published about the ecotoxicological impacts caused by fipronil in fishes [31] little attention 
has been given the effects of fipronil in tadpoles, that often live in temporary ponds near sugarcane crops, culture in 
which fipronil is widely used. In this study we observed that antioxidant enzyme activity in tadpoles of P. nattereri 
was impaired by exposure to fipronil and acceleration in developmental stages of the tadpoles was observed after 
exposure to this insecticide.

Development of tadpoles was accelerated in both concentrations tested after 7 days exposed to fipronil. According 
to Hartman [32], the increased metamorphosis rate for tadpoles exposed to commercial pesticide Pyraclostrobin 
Headline® may be considered an indication of stress. Also, some pesticides have been known to promote a delay 
on metamorphosis in amphibians larvae, such as tadpoles of Rana temporaria exposed to the fungicide prochloraz 
and Ambystoma tigrinum exposed to herbicide atrazine [33,34]. Metamorphosis in amphibians can be mediated by 
different hormones, such as corticotrophic and thyroid hormones [35], and an environmental stress can induce higher 
levels of these hormones and start early development in anurans [36]. The time needed to complete the metamorphosis 
process has important and essential effects on physiological performance on adult amphibians. Acceleration on this 
process may result in smaller and more fragile adults, which are more vulnerable to predators and have the fecundity 
rates reduced [37,38]. Thus, environmental stressors such as pesticide exposure including the fipronil can cause 
disturbances in the developmental 11 rates of Physalaemus nattereri, which could indicate an endocrine deregulatory 
action of fipronil to tadpoles.

Activities of the enzymes CAT, GST and G6PDH were decreased after treatments with fipronil, showing that the 
antioxidant system and biotransformation reactions were also perturbed. The activity of antioxidant enzymes may be 
elevated or inhibited depending upon the type and concentration of the stressor [39]. We registered a decrease of CAT 
activity in animals exposed to the both concentrations of fipronil in both exposure periods (2 and 7 days). CAT is as 
heme-containing enzyme that facilitates the removal of H2O2 by metabolizing it into H2O and O2 [40]. This indicates 
that this enzyme could be affected in tadpoles at higher concentrations of fipronil, a fact that can result in a reduction 
of the capacity to scavenge H2O2. Several studies have demonstrated that CAT activity can be inhibited or have its 
activity decreased in different species of aquatic animals exposed to numerous pesticides [2,41,42]. These effects 
could impair the ability of these organisms to handle against reactive oxygen species generated as a consequence 
of exposure to these environmental contaminants. Clasen [43] showed that fipronil (Standak® – BASF) promoted 
inhibition of CAT in the fish C. carpio exposed to 0.65 mg. L−1, after 7, 30 and 90 days of exposure. Ballesteros 
[44] also observed a decrease in CAT activity in the fish Jenynsia multidentata exposed to endosulfan. The inhibition 
observed in this enzyme was also directly linked to the development of oxidative stress in common carp tissues after 
prolonged exposure to fipronil [43].

The enzyme Glucose-6-phosphate dehydrogenase (D-glucose-6-phosphate: NADP + oxidoreductase) catalyzes the 
first and rate-limiting step of the pentose-phosphate pathway and is an important celular source of NADPH, an 
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important co-factor for cytochrome P450 mediated biotransformation reactions, for antioxidant enzymes such as 
glutathione peroxidase, and for numerous other biosynthetic reactions [44]. Thus, the decrease in G6PDH activity of 
tadpoles from fipronil-exposed treatments compared to the control group can also contribute for a higher susceptibility 
to oxidative stress in tadpoles and an impairment of cellular metabolism. Nevertheless, the decrease in G6PDH 
activity did not affected the activity of GR, since GR was not affected by fipronil exposure in tadpoles. The enzyme 
GR is responsible for maintaining levels of GSH by reducing GSSG using electrons from NADPH [45]. Despite 
organophosphorus and carbamate pesticides have been related to decreases in GR activity in Rana arenarum tadpoles 
[46-48], fipronil has shown to present a puzzling effect in S. fuscovarius tadpoles [2] causing both increases, decreases 
or no alterations depending on the period of exposure and the fipronil concentration. This lack of changes in GR 
activity may be due to the short exposure time. Moreover, it could be suggested that even being not altered by fipronil 
GR activity could be limited by the lack of NADPH due to decreased G6PDH activity. 

The enzyme GST is involved in the detoxification process and contributes to phase II of biotransformation, in which 
exogenous compounds are conjugated with endogenous macromolecules such as glucose, sulfate, and, in the case of 
GST, the tripeptide glutathione [39]. Our results showed that tadpoles of P. nattereri exposed to fipronil had a decrease 
on GST activity for both period of exposure, which agrees with previous studies on S. fuscovarius tadpoles exposed to 
the same commercial formulation of fipronil [2] and studies on fish (J. multidentata) exposed to endosulfan [43]. The 
inhibition of this enzyme should decrease the ability of tadpoles to metabolize environmental xenobiotics, including 
fipronil, turning the animals more vulnerable for intoxication.

The present study documented considerable impairment of antioxidants enzyme of P.nattereri tadpoles exposed to 
a commercial formulation of fipronil (Regent 800WG®), in different concentrations after short periods of exposure. 
There was a decrease in the activity of enzymes CAT, GST and G6PDH at both concentrations of fipronil tested. In 
addition, we also showed that fipronil accelerate metamorphosis process in tadpoles after 7 days of exposure, despite 
the mechanisms involved in this process remains to be further investigated. Despite the survival of tadpoles were not 
affected in the tested exposure periods, the increase in developmental rates could seriously impact anuran populations, 
i.e. by producing smaller adults. The size of the organisms is directly related to their survival, because affect their 
ability to escape from predators, and to get food [49]. Also, small females have low fertility [50]. Thus, there is a 
large ecological importance of these results for amphibian’s conservation in current years, since many species are 
sharing areas of agriculture crops during the early stages of development, where the use of pesticides such as fipronil 
is constant and intensive.
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