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In this study, eﬀects of parabens on antioxidant defenses and oxidative damages in gills and liver of Nile tilapia
(Oreochromis niloticus) were evaluated. Adult Nile tilapia were exposed to methyl, ethyl, propyl, butyl and
benzylparaben and a mixture of methyl and propylparaben for 6 and 12 days. The biomarkers analyzed were
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), glutathione reductase (GR), total
glutathione (GSH-t) and lipid peroxidation measured by malondialdehyde (MDA) content. Results indicated that
exposure to parabens caused biochemical changes in gill and liver cells, which in turn modulated enzymatic and
non-enzymatic antioxidants in Nile tilapia. SOD, GPx and GR activity signiﬁcantly increased in gills and liver
after exposure to most parabens. CAT activity had little (liver) or no alteration (gills) in this ﬁsh species after
treatment with parabens. GSH-t content in liver decreased after 6 days of exposure to parabens, but after 12
days, GSH-t levels increased in liver in all treatments, indicating an antioxidant adaptation to exposure to
sublethal doses of parabens. Regarding the MDA levels, no alterations were observed in gills compared to control
and in liver the MDA content was reduced after 12d of exposure to ethylparaben, butylparaben and paraben
mixture, indicating no lipid peroxidation in the analyzed tissues. Our results demonstrate parabens-induced
adaptive responses in ﬁsh, which were important in the protection against oxidative damages.

1. Introduction

and the molecular weight grows, aspect this that increases the potential
preservative of the product (Núñez et al., 2010). Methyl-, ethyl-,
propyl-, butyl- and benzylparaben are some of the commercially
available parabens. Among them, methylparaben and propylparaben
are the most commonly used and are often present in the products together (Xue and Kannan, 2016). Parabens are largely used due to their
excellent features such as low reactivity, broad spectrum of antimicrobial activity, high chemical stability (for a wide temperature and
pH range), odorless, colorless, non-volatile, low costs of production and
they do not change consistency or color of formulations (Błędzka et al.,
2014; Soni et al., 2005).
Although parabens are generally considered as safe ingredients,
several studies have raised concerns on the safety of parabens (Darbre
and Harvey, 2008; Tavares et al., 2009; Xue and Kannan, 2016). Recent
reports indicate that exposure to parabens through ingestion, inhalation, or dermal absorption may modulate or disrupt the endocrine
system and induce oxidative stress, which may cause deleterious eﬀects
in animals and humans (Kang et al., 2013). In addition, parabens can

With the increased use of pharmaceuticals and personal care products for the human population, various anthropogenic substances are
continuously released into aquatic environments (Terasaki et al., 2012)
through domestic and industrial wastewater (Błędzka et al., 2014). As
the sewage treatment plants in most countries do not have an eﬀective
removal of parabens, they can be found in surface water samples at
concentrations ranging from 0.001 to 52.1 µg L−1 (e.g. CzarczyńskaGoślińska et al., 2017; Galinaro et al., 2015; Li et al., 2016; Yamamoto
et al., 2011) and may cause toxic eﬀects on non-target organisms, representing a threat to aquatic ecosystems functioning.
Parabens are widely used as preservatives in foods, cosmetics and
pharmaceutical products (Ramaswamy et al., 2011) since they act as
antimicrobial agents. They are alkyl ester derivatives of p-hydroxybenzoic acid, where the ester functional group is located at the 4carbon of the aromatic ring (Ley et al., 2006). Lipophilic character of
parabens increases as the length of the carbon chain of the alkyl group
⁎
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control (0.1% methanol, v/v) was included in the tests. Parabens exposure was performed in glass aquariums ﬁlled with 20 L static exposure medium with constant aeration and without feeding. Tests were
conducted using ten replicates per treatment with one ﬁsh per replicate
(n = 10). Five test concentrations besides a control were tested. After
48 h exposure, the mortality was evaluated and the median lethal
concentration (LC50) was determined for each paraben.

accumulate in the tissues of organisms due to the constant exposure to
low concentrations and cause changes in biochemical, physiological
and reproductive processes of aquatic organisms. Recently, Xue et al.
(2015) and Xue and Kannan (2016) reported bioaccumulation of
parabens and their metabolites in marine mammals, ﬁsh and birds; as
well as the biomagniﬁcation potential of paraben in a marine food web.
Despite the presence of parabens in the aquatic environment and
their toxicity to biota, few studies have focused on oxidative stress induced by parabens in aquatic species. Oxidative stress occurs in organisms when the equilibrium between the reactive oxygen species
(ROS) production and the antioxidant defenses is altered, which can
lead to lipid peroxidation, membrane destabilization, DNA damage and
protein degradation in cells (Sakuragui et al., 2013). Analyzing oxidative stress markers is important to evaluate the eﬀects of chronic exposure under sublethal doses of parabens. Nevertheless, most of the
information available in literature for ﬁsh is about the estrogenic activity of these compounds (Alslev et al., 2005; Terasaki et al., 2009) and
adverse eﬀects on reproduction, development and fertility (Dambal
et al., 2017). In rodent models, butylparaben can cause oxidative stress
by inhibiting antioxidants (Shah and Verma, 2011). Methylparaben
exposure may induce alterations in antioxidant system as well as increase lipid peroxidation in zebraﬁsh embryos (Ateş et al., 2018). To
date, studies on the eﬀects of methyl and butylparaben on oxidative
stress biomarkers in ﬁsh are still limited (e.g. Ateş et al., 2018; Brown
et al., 2018) and for some parabens, such as ethyl, propyl and benzylparaben, the eﬀects on antioxidant defenses are unknown.
The aim of the present study was to evaluate the antioxidant system
biomarkers responses and oxidative damage in gills and liver of Nile
tilapia (Oreochromis niloticus) after 6 and 12 days of exposure to methyl,
ethyl, propyl, butyl and benzylparaben and a mixture of methyl and
propylparaben. For this purpose, enzymatic and non-enzymatic antioxidants (superoxide dismutase – SOD, catalase – CAT, glutathione
peroxidase – GPx, glutathione reductase – GR, total glutathione – GSHt) and the malondialdehyde (MDA) level were selected as biochemical
biomarkers. In addition, the acute toxicity of parabens to Nile tilapia
was evaluated.

2.4. Exposure of animals for biochemical assays
The animals were randomly divided into seven groups of six ﬁsh
(n = 6), with each ﬁsh individually placed in one of 42 aquariums
containing 20 L of dechlorinated tap water (one ﬁsh per aquarium).
Fish remained for two days in aquariums for acclimation period. The
groups were then exposed for 6 and 12 days to one of the following
treatments: methylparaben (4.0 mg L−1); ethylparaben (4.0 mg L−1);
propylparaben (4.0 mg L−1); butylparaben (4.0 mg L−1); benzylparaben (4.0 mg L−1); mixture of methyl and propylparaben (6.0 mg L−1
methyl + 1.7 mg L−1 propyl); and one group remained in aquariums
without contaminant (control group). A solvent control group (0.1%
methanol, v/v) was also included in the tests. Based on acute toxicity
tests, the concentration of 4.0 mg L−1 was selected because it was the
lowest sublethal concentration for Nile tilapia (mortality less than 10%)
considering all the selected parabens. Concentrations of methyl and
propylparaben mixture were selected based on preliminary acute toxicity tests using values close to 10% of LC50 for these compounds. The
test solutions were renewed every two days to maintain water quality
and compound concentrations. After the exposure periods, ﬁshes were
anesthetized with phenoxyethanol (3.0 mL L−1) and had their liver and
gills removed and immediately stored at −80 °C for subsequent biochemical analysis.
2.5. Chemical analyses

Male Nile tilapia adults (Oreochromis niloticus) (3–5 months old,
body size 10–15 cm) were acquired from Fazolin ﬁsh farming, Socorro,
São Paulo, Brazil. Fish were acclimated in 250 L indoor stock-tanks with
dechlorinated water for 15 days prior to the assays and kept under
controlled temperature (27 ± 1 °C), photoperiod (16:8 h light/dark)
and constant aeration. The animals were fed with commercial ﬁsh food
once a day during the experimental period. This study was approved by
the Ethics Committee for Animal Use of the University of São Paulo
(USP), Campus Ribeirão Preto, Brazil – protocol number 12.1.382.53.5.

To conﬁrm the nominal concentrations used in the tests, parabens
concentrations were quantiﬁed using an Agilent Technologies series
1200 high-performance liquid chromatograph (HPLC) (Waldbronn,
Germany), equipped with a diode array detector (DAD). The chromatography conditions were: Agilent Zorbax SB-C8 column (250 mm ×
4.6 mm × 5 µm) (Agilent Technologies, USA) and oven temperature of
25 °C. The mobile phase was a gradient of methanol (A) and wateracetic acid (1%) (B). The gradient was as follows: 0 min – 65% A: 35%
B; 11 min – 100% A: 0% B; 16 min – 65% A: 35% B. The injection
volume was 20 µL, ﬂow rate of 1.0 mL min−1 and run time of 20 min.
Based on absorbance signals observed in the DAD spectrum of the
standard solutions, parabens were detected and quantiﬁed at 258 nm.
The retention time found for methyl, ethyl, propyl, butyl and benzylparaben was 4.336, 5.158, 6.631, 8.670 and 9.107 min, respectively.
The linear correlation coeﬃcient of the curve was > 0.99 for all
parabens. The precision in terms of repeatability, expressed as relative
standard deviation (RSD), was 1.5% for methylparaben; 1.2% for
ethylparaben; 1.6% for propylparaben and butylparaben; and 1.7% for
benzylparaben. The detection limit for methyl, ethyl, propyl, butyl and
benzylparaben was 0.03; 0.03; 0.05; 0.07 and 0.08 mg L−1, respectively. The quantiﬁcation limit was 0.13 mg L−1 for methyl, ethyl and
propylparaben, 0.18 mg L −1 for butylparaben and 0.25 mg L−1 for
benzylparaben.

2.3. Acute toxicity tests

2.6. Biochemical analyses

Acute toxicity tests with Nile tilapia followed the USEPA guidelines
(USEPA, 2002). Based on the results from Dobbins et al. (2009), the
tests were carried out at the following concentration ranges:
2.1–16.9 mg L−1 of benzylparaben, 2.7–21.5 mg L−1 of butylparaben,
3.1–24.8 mg L−1 of propylparaben, 5.5–43.9 mg L−1 of ethylparaben,
and 17.1–136.5 mg L−1 of methylparaben. Besides a control, a solvent

2.6.1. Enzyme assays and protein quantiﬁcation
Liver and gills were weighed and homogenized (1:4, w/v) in buﬀer
solution (20.0 mmol L−1 Tris, 1.0 mmol L−1 EDTA, 1.0 mmol L−1 DLDithiothreitol, 0.5 mol L−1 sucrose and 0.15 mol L−1 KCl, pH 7.5)
containing 1.0 mol L−1 protease inhibitor (PMSF). The homogenized
samples were centrifuged at 7426g for 20 min at 4 °C. The supernatant

2. Material and methods
2.1. Chemicals
Methylparaben (MeP), ethylparaben (EtP), propylparaben (PrP),
butylparaben (BuP) and benzylparaben (BeP) were purchased from
Sigma Aldrich with purities ≥ 99%. The stock solutions of parabens
were prepared in HPLC-grade methanol (Panreac, Spain).
2.2. Test organisms
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was collected and then centrifuged at 50,000g for one hour at 4 °C. The
resulting supernatant fraction was used for SOD, CAT, GPx and GR
assays.
SOD activity was measured by the inhibition of cytochrome c reduction by the superoxide radicals that were generated by the xanthine/xanthine oxidase system at 550 nm (McCord and Fridovich,
1969). CAT activity was quantiﬁed at 240 nm by the H2O2 decomposition according to Beutler (1975). GPx activity was determined by
the oxidation of NADPH (linked to GSSG reduction by excess glutathione reductase) at 340 nm, as described by Sies et al. (1979). GR
activity was quantiﬁed by the NADPH oxidation at 340 nm, according
to Carlberg and Mannervik (1985). Protein levels were measured by
Bradford (1976) method using bovine serum albumin as standard.

Table 1
Values of LC50-48 h for acute toxicity of ﬁve parabens and their
respective 95% conﬁdence intervals (CI) obtained for Nile tilapia
(Oreochromis niloticus).
Parabens

LC50 (95% CI) (mg L−1)

Benzylparaben
Butylparaben
Propylparaben
Ethylparaben
Methylparaben

7.98 (5.38–11.83)
7.80 (6.16–9.89)
17.36 (14.63–20.61)
24.08 (18.70–31.02)
67.11 (56.61–79.57)

28.9 °C. Thus, all tests met the validity criteria set forth in the USEPA
guidelines (USEPA, 2002).
Analysis of the test solutions in HPLC-DAD showed that the actual
exposure concentrations in acute toxicity tests and biochemical assays
with all parabens diﬀered by less than 10% from the nominal concentrations. Measured chemical values are given in Supplementary
material Tables S1 and S2.

2.6.2. Total glutathione levels
Total glutathione (GSH-t) content, comprising the sum of oxidized
plus reduced glutathione, was measured by the Tietze (1969) method
adapted by Akerboom and Sies (1981). Tissues (liver and gill) were
weighed and homogenized in perchloric acid 0.5 M (1:9, w/v), and
centrifuged for 2 min at 15,000g at 4 °C. After centrifugation, the supernatant fraction was neutralized with K3PO4 and the GSH-t was determined by continuous reduction of 5,5V-dithiobis, 2-nitrobenzoic acid
(DTNB) in the presence of oxidized glutathione (GSSG), glutathione
reductase (GR) and NADPH, at 412 nm.

3.2. Acute toxicity
At the end of the tests, the mortality in control and solvent control
did not exceed 10% for all parabens tested, as recommended by the
USEPA guidelines (2002). The LC50-48 h mean values obtained for each
compound in toxicity tests are shown in Table 1. The toxicity of benzylparaben for Nile tilapia was similar to butylparaben, with no signiﬁcant diﬀerence between them (p > 0.05). In this study, both benzylparaben and butylparaben were the most toxic and methylparaben
was the least toxic to Nile tilapia.
Some changes in tilapia behavior were observed during the acute
toxicity tests, such as rotation around the longitudinal axis, high excitation and loss of balance after a few minutes of exposure to parabens.
With continued exposure, these animals remained immobile in the
bottom of the aquarium. However, after 24 h of exposure, ﬁsh treated
with low concentrations of parabens returned to normal behavior. Fish
dead after exposure to high concentrations of parabens showed redness
around the gills and darker coloring.

2.6.3. Lipid peroxidation
Lipid peroxidation was evaluated by the measurement of MDA levels. Tissues (gills and liver) were weighed and homogenized in Tris
buﬀer 0.1 M (1:3, w/v), pH 8.0. Then 0.3 mL of a thiobarbituric acid
(TBA) solution (40 mg in 10 mL of HCl 0.2 M) was added to homogenized sample and incubated for 40 min at 90 °C. Next, 1 mL of nbutanol was added and samples were centrifuged at 1123g for 3 min to
extract the MDA–TBA derivatives. The supernatant was collected and
the MDA–TBA derivatives were quantiﬁed by ultra-high performance
liquid chromatography (UHPLC) at 532 nm (Almeida et al., 2003,
2004). The UHPLC system (Prominence Nexera XR, Shimadzu) consisted of DGU20A3R degasser, LC-20 CEXR pump, and diode array detector (SPD-M20A) and ﬂuorescence detector (RF-20A). The chromatographic conditions were: Shim-pack XR-ODS II column
(3.0 × 100 mm, 2.2 µm), column temperature 40 °C, injection volume
of 4 µL, isocratic mobile phase of a potassium phosphate solution
0.05 M (pH 7.0) with 40% methanol and ﬂow rate of 0.5 mL min−1. To
quantify MDA–TBA derivatives, a MDA standard calibration curve was
previously prepared using the same procedure used for the samples.

3.3. Enzyme activity
The SOD activity was signiﬁcantly increased in Nile tilapia gills
exposed to BeP and parabens mixture after 6 days of treatment. After 12
days, EtP, PrP, BuP, BeP and mixture also caused an increase in SOD
activity in gills in relation to control group (Fig. 1A). In liver, the SOD
activity was increased after 6 days of exposure to BuP and, in contrast,
its activity was decreased in animals exposed to mixture. After 12 days,
MeP and EtP induced an increase in the SOD activity in ﬁsh liver
(Fig. 1B).
In Nile tilapia gills, the CAT activity was not altered by any treatment after 6 and 12 days of exposure (Fig. 1C). However, CAT activity
was increased in liver of animals exposed to MeP and EtP after 6 days of
treatment. After 12 days of exposure, CAT activity in Nile tilapia liver
showed no signiﬁcant diﬀerence when compared to control (Fig. 1D).
The GPx activity in gills was signiﬁcantly higher in tilapias exposed
for 6 days to MeP, EtP and PrP, compared to control values. After 12
days, EtP, BeP and mixture caused an increased in GPx activity in gills
(Fig. 1E). In liver, after 6 days of exposure to parabens mixture, the GPx
activity was increased and after 12 days of experiment, there was an
increase of GPx activity in groups exposed to BuP and BeP (Fig. 1F).
In Nile tilapia gills, the GR activity was increased only in group
exposed to PrP for 6 days. However, it was observed that GR activity in
ﬁsh group exposed to mixture after 12 days of experiment was reduced
(Fig. 1G). In liver, despite the GR activity did not show changes in relation to control group after 6 days of treatment, ﬁsh exposed to MeP,
EtP and mixture for 12 days signiﬁcantly increased the GR activity

2.7. Statistical analyses
For acute toxicity tests, the LC50-48 h values with their 95% conﬁdence intervals for each paraben were calculated by the Probit method
(USEPA, 2002). Biochemical biomarkers data were ﬁrst checked for
normality (Shapiro-Wilk's test) and homogeneity of variances (Bartlett's
test), and then subjected to one-way analysis of variance (ANOVA). A
post hoc multiple comparisons Dunnett's test was carried out when
diﬀerences were revealed in data that followed a normal distribution.
When the normality test failed, a non-parametric Kruskal-Wallis test
was used. In statistical tests, diﬀerences were considered signiﬁcant
when p ≤ 0.05. All analyses were performed using Statistica 7.0 software (Statsoft, 2004).
3. Results
3.1. Abiotic variables of the toxicity tests and chemical analysis
During toxicity tests, the pH values of test solutions remained within
the range of 7.1 and 7.8 and did not vary by more than 1.0 unit in any
given test. The temperature in all toxicity tests varied between 25.4 and
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Fig. 1. Antioxidant enzyme activities in gill (A, C, E, G) and liver (B, D, F, H) of Oreochromis niloticus after 6 and 12 days of exposure to methylparaben (MeP),
ethylparaben (EtP), propylparaben (PrP), butylparaben (BuP), benzylparaben (BeP) and mixture (MeP + PrP). Asterisk (*) indicates value signiﬁcantly diﬀerent from
control (p < 0.05).

88

Ecotoxicology and Environmental Safety 162 (2018) 85–91

D.C. Silva et al.

A

B
0.6

10

Gill

-1

GSH-t (µmol g )

8

-1

GSH-t (µmol g )

0.5

*

0.4
0.3
0.2

6

0.0

* *

* *

*

*

4

2

0.1

* * * *

*

0

6 days
Control

Liver

MeP

EtP

12 days
PrP

BuP

6 days

BeP

Mixture

Control

MeP

EtP

12 days
PrP

BuP

BeP

Mixture

Fig. 2. Total glutathione (GSH-t) levels in gill (A) and liver (B) of Oreochromis niloticus after 6 and 12 days of exposure to methylparaben (MeP), ethylparaben (EtP),
propylparaben (PrP), butylparaben (BuP), benzylparaben (BeP) and mixture (MeP + PrP). Asterisk (*) indicates value signiﬁcantly diﬀerent from control
(p < 0.05).

methylparaben (LC50 = 34.3 mg L−1 and > 160 mg L−1, respectively).
Several studies have shown a relationship between the alkyl-chain
length of paraben and its toxicity (Terasaki et al., 2009; Yamamoto
et al., 2011), indicating that as chain length of parabens increase, the
toxicity to aquatic organisms increase concomitantly. This can be explained by the fact that pollutants with high lipophilicity (higher octanol/ water partition coeﬃcients) are more powerful to penetrate the
cell membrane, leading to greater toxicity (Gao et al., 2016).
Dobbins et al. (2009) suggested that a possible toxic action mode of
parabens in invertebrates and ﬁsh may be narcosis. Narcosis (or baseline toxicity) denotes the minimal eﬀects caused by nonspeciﬁc disturbance of membrane integrity and functioning as a result of partitioning of chemical into cell membranes (Escher and Hermens, 2002).
According to Van Wezel and Opperhuizen (1995), the accumulation of
pollutants in lipophilic portion of aquatic organisms can cause narcosis,
and consequently reversible loss of mobility, or death of the organisms
(Sandermann, 2008). In the present study, loss of mobility and ﬁsh
death was veriﬁed after exposure to parabens. Furthermore, changes in
ﬁsh behavior and characteristics (redness around the gills and darker
coloring) observed during paraben acute toxicity tests are considered
common responses in laboratory studies with ﬁsh after exposure to
pollutants that cause narcosis (Van Wezel and Opperhuizen, 1995). As
expected under the Meyer–Overton rule, the narcotic activity of parabens in Nile tilapia may have increased with lipophilicity.
Considering the acute toxicity values, there is a limited risk for ﬁsh
exposed to parabens in the environment. Yamamoto et al. (2011)

(Fig. 1H).
3.4. GSH-t levels
GSH-t levels remained unchanged in ﬁsh gills in all treatments after
6 and 12 days of exposure, except for animals exposed to BuP for 6 days
that increased the GSH-t content (Fig. 2A). However, in tilapia liver, the
GSH-t content signiﬁcantly decreased after 6 days of exposure to MeP,
EtP, PrP, BuP and mixture. In contrast, after 12 days, the GSH-t level
increased in tilapia liver in all treatments when compared to control
group (Fig. 2B).
3.5. MDA levels
The MDA levels in gills showed no signiﬁcant diﬀerences after 6 and
12 days of exposure to parabens compared to control (Fig. 3A). In liver,
there was only a decrease in concentration of MDA in the groups exposed to EtP, BuP and mixture after 12 days (Fig. 3B).
4. Discussion
The 48-h EC50 mean values calculated for parabens indicated that
butyl and benzylparaben are more toxic to Nile tilapia than methyl,
ethyl and propylparaben. Dobbins et al. (2009) also found that benzyl
and butylparaben were more toxic to ﬁsh larvae of Pimephales promelas
(LC50 = 3.3 mg L−1 and 4.2 mg L−1, respectively) than ethyl and
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Fig. 3. Malondialdehyde (MDA) levels in gill (A) and liver (B) of Oreochromis niloticus after 6 and 12 days of exposure to methylparaben (MeP), ethylparaben (EtP),
propylparaben (PrP), butylparaben (BuP), benzylparaben (BeP) and mixture (MeP + PrP). Asterisk (*) indicates value signiﬁcantly diﬀerent from control
(p < 0.05).
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no lipid peroxidation in the analyzed tissues. In this study, resistance
development in Nile tilapia is related with increased antioxidant defenses, which were important in the protection against oxidative stress
caused by parabens, inhibiting lipid peroxidation. Enzymatic and nonenzymatic antioxidants were related to decrease in MDA levels in ﬁsh
exposed to EtP (SOD, GR, GSH-t), BuP (GPx, GSH-t) and mixture (GR,
GSH-t). Shah and Verma (2011) veriﬁed that the administration of BuP
for 30 days induced lipid peroxidation through reduction in the enzymatic activities of SOD, CAT, GPx and GR in mice liver leading to hepatotoxicity. Overall, our results for ﬁsh were diﬀerent from those reported for invertebrates and rodents in several studies (e.g. Comeche
et al., 2017; Nishizawa et al., 2006; Popa et al., 2011), evidencing that
the eﬀects of parabens are species-speciﬁc. Our results also showed that
adaptive responses of ﬁsh antioxidant system were dependent on exposure time, since prolonged exposures (6 and 12 days) to sublethal
concentrations favored the resistance development of Nile tilapia to
parabens. As reported by Sthijns et al. (2016), the dose, the compound
tested and the timing of exposure inﬂuence the adaptive mechanisms to
oxidative stress, speciﬁcally the GSH system. Therefore, in studies
evaluating oxidative damage, not only dose or compound, but also
time, should be considered.

conducted preliminary ecological risk assessments for seven parabens
using toxicological data from algae, cladocerans and ﬁsh and they also
found low risk of all the parabens to aquatic organisms. However, it is
important to emphasize that there is a potential for parabens to cause
estrogenic responses and oxidative stress in aquatic organisms at concentrations lower than those that may cause acute toxicity (Brausch and
Rand, 2011; Comeche et al., 2017; Yamamoto et al., 2011).
In this study, the results indicated that exposure to parabens cause
biochemical changes inside cells, which in turn modulate the enzymes
activity in Nile tilapia. The activity of SOD, GPx and GR in gills and
liver of Nile tilapia exposed to most parabens presented a signiﬁcant
increase, showing that the antioxidant system was activated. This increased activity of antioxidant enzymes in ﬁsh exposed to parabens
demonstrated that there was an increase in ROS in the liver and gills,
but the Nile tilapia showed no signs of lipid peroxidation in the analyzed tissues, indicating that antioxidant defenses were eﬃcient to
neutralize ROS. SOD has important role in withdrawal of ROS by protecting the organisms from oxidative stress. SOD is the enzyme that
catalyzes dismutation of the superoxide anion to O2 and H2O2, being
the ﬁrst defense mechanism against ROS. In ﬁsh gills, after 12 d of
exposure, all parabens tested, except MeP, caused an increase in SOD.
Gills were a major target for parabens probably due to their wide surface area in contact with the external medium and reduced distance
between internal and external medium (Ameur et al., 2015). In liver,
the tested paraben mixture (MeP + PrP) inhibited SOD, but its activity
was restored to normal after 12 d of exposure. Furthermore, MeP and
EtP enhanced SOD activity in liver.
CAT and GPx play complementary roles in the elimination of H2O2,
and GPx is also involved in the reduction of organic hydroperoxides by
GSH oxidation (Hermes-Lima, 2004). The increase in GPx activity in
gills and liver reinforces the idea of an increase in concentration of
H2O2 in these organs caused by exposure to parabens. Although there
was an increase in liver CAT after 6 d of exposure to MeP and EtP, the
activity of this enzyme in the liver and gills was not very representative
for this ﬁsh. Thus, we can infer that in Nile tilapia the GPx in the gills
and liver is acting with greater intensity in the elimination of reactive
species than the CAT. In ﬁsh gills, increased GPx activity following PrP
exposure enhanced GSH utilization, which assumed an oxidized form
(GSSG) and subsequently elevated the activity of GR to maintain a
suﬃcient amount of reduced equivalents in the cells, necessary for cell
protection against oxidative stress. GR is responsible for catalyzing the
reduction of GSSG to GSH at the expense of nicotinamide adenine dinucleotide phosphate (NADPH) (Sthijns et al., 2016). In animals treated
with mixture, although GPx activity increased after 12 d, the GR activity was reduced in the gills. This GR reduction may have been caused
by the inhibition of glutathione synthesis enzymes (i.e., g-glutamyl
cysteine synthetase and GSH synthetase) or decrease in the availability
of NADPH.
GSH-t levels were also modulated after treatments with parabens.
Glutathione (GSH) acts as a primordial electron donor in the reduction
of H2O2 and organic peroxides (Almeida et al., 2011). In Nile tilapia,
liver was more responsive to modulation of GSH content than gills. As
liver is the prime organ involved in metabolism of the compounds, it is
prone to be attacked by the free radicals produced by them (Shah and
Verma, 2011). In this study, the GSH-t content in liver decreased after 6
d of exposure to parabens probably due to the presence of free radicals
generated by oxidative stress. However, after 12 d, the GSH-t levels
increased in tilapia liver in all treatments, indicating an antioxidant
adaptation to exposure to sublethal concentrations of parabens. In
contrast, Shah and Verma (2011) reported that GSH levels were signiﬁcantly reduced in treated mice with paraben due to excessively
produced free radicals which surpassed the scavenging potency of this
antioxidant.
Regarding the MDA levels, alterations were not observed in gills
compared to control group and in ﬁsh liver, MDA content was reduced
after 12d of exposure to EtP, BuP and mixture (MeP + PrP), indicating

5. Conclusion
The present study demonstrates that parabens exposure induced
alterations in the antioxidant enzyme activities and the non-enzymatic
antioxidant content in gills and liver of Nile tilapia in order to neutralize the oxidative eﬀect of generated ROS. The increase in SOD, GPx
and GR activities and GSH-t level ensured the protection of Nile tilapia
against oxidative stress caused by parabens, since no sign of lipid peroxidation was observed in tissues analyzed. In addition, prolonged exposure to sublethal concentrations favored the resistance development
of Nile tilapia to parabens. Considering the increased use of parabens by
the human population and the continuous release of these compounds
in aquatic environments, adaptive responses of the antioxidant system
are crucial for the health of this ﬁsh. Our results show that the antioxidant defenses of Nile tilapia were eﬃcient and the biochemical
changes induced by parabens were important in the protection against
oxidative damages.
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