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ABSTRACT 

Deltamethrin (DM) is a widely used pesticide based 
on pyrethroids, and is reported to be extremely toxic to 
fish species. We investigated the effect of DM concentra-
tions (0.010, 0.0125 and 0.0250 µg/L) on antioxidants in 
rainbow trout, Oncorhynchus mykiss, using standard labo-
ratory conditions. 24 h exposure caused whole body in-
duction of various antioxidant enzymes and nonenzymatic 
antioxidants. Results showed that DM significantly (p< 
0.05) increased malondialdehyde (MDA) levels. Catalase 
(CAT) activity decreased in all experimental groups. Glu-
tathione (GSH) was significantly (p<0.05) increased in the 
group with DM concentration of 0.0250 µg/L DM for 24 h. 
The activity of glutathione peroxidase (GSH-Px) was found 
to be statistical significantly (p<0.05) decreased in all other 
experimental groups except the 0.010 µg/L DM treated 
group. The parameters studied in this investigation can 
also be used as biomarkers of exposure to DM. It is sug-
gested that appropriate ecotoxicological risk assessments 
should be made wherever DM is proposed for use in pest 
control activities. 
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1. INTRODUCTION 

The increasing use of synthetic pesticides is amplify-
ing worldwide pollution risks. Pesticides are toxic and de-
signed to kill unwanted organisms, but when applied to the 
land they can be washed into surface waters and kill or 
adversely influence the life of aquatic organisms [1,2]. Be-
cause of their beneficial qualities, synthetic pyrethroids, 
such as DM, are popular with farmers and health depart-
ments for use in pest control. However, these compounds 
are generally found to be highly toxic to fish [3-5]. 
 
* Corresponding author 

Oxidative stress and reactive oxygen species (ROS)-
mediated toxicity have long been considered as the mecha-
nisms responsible for DM-induced organ injury in mam-
mals [6-8]. Effects of DM and other synthetic pesticides 
on lipid peroxidation (LPO) and antioxidant defense sys-
tems in fishes are reported [9-13]. 

The aim of this study is to comparatively investigate 
the effect of DM on the activities of CAT, GSH-Px and 
GSH and the content of MDA in the whole body tissue of 
rainbow trout. The relationship between antioxidant and 
LPO against oxidative stress in insecticides will also be 
investigated. 

 
 
2. MATERIALS AND METHODS 

Acute bioassays with DM were carried out with fry 
(0.27±0.06 g). Fish were kindly supplied by the Keban 
Fish Breeding Unit of IX. Region Directorate, the State 
Hydraulic Works in Turkey.  Fish were kept for at least 
2 weeks in 50 L glass tanks filled with continuous aera-
tion, at a water temperature of 13-14 °C before experimen-
tal use. They were fed ad libitum with commercial food 
pellets. Experiments were conducted in static tests in 5 L 
glass aquaria. Before the test, fish were transferred to 
aquaria filled with 3 L of tap water. Experiments were done 
in duplicate: each trial containing 10 fish corresponds to 
20 fish for each group. Treatments were a tap water con-
trol, and three DM concentrations (0.010, 0.0125 and 
0.0250 µg/L). The test period was 24 h.  

Water quality characteristics in the control units were 
determined according to APHA [14]. Dissolved oxygen and 
pH were determined by a digital oxygen meter and a pH 
meter. The mean quality parameters of water used for prepa-
ration of test solutions were as follows: dissolved oxygen 
8.4 ± 0.4 mg L-1, pH 7.2 ± 0.2, alkalinity 137 ± 09 mg L-1 
and total hardness 184 ± 13 mg L-1 as CaCO3. 

Fish were not fed during the test period. At the end of 
the test, fish were anaesthetized in icecold chilled water 
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and whole bodies were isolated for biomarker analysis. 
After rinsing with cold 0.09% NaCl solution and filtering 
to remove fluid, the fry samples were weighed meticu-
lously. The homogenization was carried out in a Teflon-
glass homogenizer with a buffer containing 1.15% KCl, to 
obtain 1:10 (w/v) whole homogenate. The homogenates 
were centrifuged at 18.000×g for 30 min at 4 oC to deter-
mine malondialdehyde (MDA) and reduced glutathione 
(GSH) concentrations, catalase (CAT) and glutathione per-
oxidase (GSH-Px) activities. 

The concentrations of MDA as indices of oxidative 
stress were determined according to a modified method of 
Placer et al. [15] based on the reaction with thiobarbituric 
acid, and were expressed as nmol/g protein. CAT activity 
was determined by measuring the decomposition of hy-
drogen peroxide at 240 nm, according to the method of 
Aebi [16], and was expressed as k/g protein, where k is the 
first-order rate constant. GSH concentration was measured 
by a kinetic assay using a dithionitrobenzoic acid recycling 
method described by Ellman [17] and was expressed as 
µmol/g protein. GSH-Px activity was determined by the 
procedure described by Beutler [18]. The procedure of 
analysis performed was based on the oxidation of GSH by 
GSH-Px coupled to the disappearance of NADPH by 
glutathione reductase measured at 37 oC and 340 nm and 
were expressed as U/g protein. Protein concentrations were 
measured according to Lowry et al. [19]. 

The parametric test for ANOVA was used to compare 
the groups and applied considering p < 0.05. Each value 
was expressed as mean ± standard deviation (SD). 

 
 
3. RESULTS AND DISCUSSION 

DM exposure elicited hyperactivity characterized by 
opercula movement, erratic swimming, loss of equilibrium, 
hanging in the water vertically and gasping for air. How-
ever, no fish died after the 24h period of exposure to 
different DM doses. 

The effects of the acute DM exposure on MDA in 
rainbow trout are presented in Table 1, where it can be 
seen that MDA levels were significantly (p < 0.05) in-
creased. The increases in the mean values of MDA in ex-
perimental groups were 42.64%, 32.50%, and 47.48%, 
respectively, over control values. 

Changes in CAT activity in rainbow trout are shown 
in Table. 1. The enzyme activities at all the concentrations  

were moderately decreased from those in the control 
group. In all the DM treated groups, CAT activity was not 
significantly (p > 0.05) induced, with an approximate 
19.36% decrease in the 0.0250 µg/L DM group compared 
with the control group. 

Changes in GSH activity are shown in Table 1. In all 
experimental groups, the GSH level was higher than that 
in control fish. With DM concentration increasing, GSH 
activity increased significantly (p < 0.05), reaching a 
maximum of approximately 28.10% at 0.0250 µg/L DM 
treatment compared to the control group. 

Treatment of rainbow trout with DM caused a dose-
dependent change in GSH-Px activity. These data are shown 
in Table 1. GSH-Px activities were continuously induced at 
0.0125 and 0.0250 µg/L of DM concentrations showing a 
decrease (p < 0.05). 

In our study, DM exposure elicited hyperactivity char-
acterized by opercula movement, erratic swimming, loss 
of equilibrium, hanging in the water vertically and gasping 
for air. Similar findings in rainbow trout and other fish 
species given DM treated have been seen [20-22]. Stress 
responses are identified via various changes, including 
behavioral responses, clinical toxic symptoms and, pri-
marily, the biochemical indicators. The abnormal behav-
ioral responses were predominantly respiratory and nervous 
manifestations, ascribed to the neurotoxic effect of the DM 
[23]. Respiratory distress is one of the early symptoms of 
pyrethroid poisoning. The clinically observed toxic signs 
in fish may be attributed to the irritant and inflammatory 
effects of DM [24, 25]. Comparable clinical signs have been 
observed in fish species exposed to cypermethrin, a syn-
thetic pyrethroid  [26-28]. 

LPO may be due to oxidation of molecular oxygen to 
produce superoxide radicals. This reaction is also the 
source of H2O2, which causes the production of MDA by 
initiating the peroxidation of unsaturated fatty acids in the 
membrane. Both H2O2 and O-2 produce highly reactive 
hydroxyl radicals in the Haber-Weiss reaction. The hy-
droxyl radical can initiate lipid peroxidation, which is a 
free radical chain leading to loss of membrane structure 
and function [29,30]. 

LPO has been extensively used as a marker for oxida-
tive damage induced in fish tissues by water pollutants 
[31]. The delay of significant LPO induction in both the 
liver and intestine of fish presumably results from the 
compensatory response of the antioxidant defense systems 
following acute DM exposure. In this study, the relevant 

 
 
 

TABLE 1 - Biochemical parameters of control and experimental groups of fish exposed to 0.010, 0.0125 and 0.0250 µg/L deltamethrin for 24 h. 

Parameters Control 0.010 µg/L  0.0125 µg/L  0.0250 µg/L  
MDA (nmol/g protein) 156.90 ± 32.8 223.40 ± 45.9a 207.90 ± 34.6a 231.40 ± 47.2a 

CAT (k/g protein) 3.08 ± 0.67 2.99 ± 0.27 2.79 ± 0.45 2.49 ± 0.55 
GSH (µmol/g protein) 18.46 ± 1.68 22.70 ± 5.75 20.62 ± 3.86 23.65 ± 1.76a 

GSH-Px (U/g protein) 6.87 ± 0.63 6.10 ± 0.50 5.49 ± 0.55a 4.16 ± 0.16a, b, c 

a: control; b: 0.010 µg/L DM; c: 0.0125 µg/L DM; d: 0.0250 µg/L DM groups, p < 0.05 
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induction of LPO observed after 24 h in the whole body 
of rainbow trout fry suggests an oxidative stress condition 
due to over-accumulation of ROS. A similar response was 
found in fish species exposed subchronically to industrial 
pollutants [32]. The oxidative stress causes injury to bio-
molecules such as nucleic acids, proteins, structural car-
bohydrates and lipids [33]. Among these targets, the per-
oxidation of lipids is basically damaging because the for-
mation of LPO products generates a cascade of free radical 
reactions [34]. As a result, LPO can greatly alter the phys-
icochemical properties of membrane lipid bilayers, result-
ing in severe cellular dysfunction. In addition, LPO prod-
ucts might react with some amino-acid side-chains of pro-
teins or with reducing sugars or their oxidation products 
[35]. The development of oxidative stress conditions in 
different tissues following DM exposure has therefore been 
suggested as a main cause of toxicity in freshwater fish 
Channa punctatus [10]. MDA has been shown to increase 
in plasma and some tissues in DM and in other synthetic 
pyrethroid toxicities [9-13]. Our study found similar re-
sults to the latter study on increased MDA levels in the 
whole body of rainbow trout. 

We found that CAT levels in all experimental groups 
were lower than those in the control group, but there was 
no significant difference between these groups. This de-
crease in catalase activity could be due to the flux of su-
peroxide radicals, which have been reported to inhibit 
CAT activity [36]. Sayeed et al. [10] have also reported 
the LPO inducing effect of DM, a synthetic pyrethroid, in 
all tissues in a freshwater fish, Channa punctatus, together 
with decreased CAT activity. In our present study, we 
also found decreases in whole body CAT activity in DM-
treated rainbow trout. 

GSH activities increased in all experimental groups 
with the exception of the control group. The GSH activi-
ties in rainbow trout fry receiving 0.0125 and 0.0250 µg/L 
DM were higher than in the 0.010 µg/L DM group, but 
there was no significant difference between these three 
groups. However, there was a statistically significant dif-
ference between the 0.0250 µg/L DM group and the con-
trol group. Increased GSH has been described as one of 
the protective mechanisms that fish adopt in the initial 
phases of exposure to aquatic pollutants [37,38]. We 
believe these findings indicate a moderately increased 
response to oxidative stress in the 0.0250 µg/L DM treated 
group. 

Our study indicates that GSH-Px activity decreased in 
all the experimental groups compared to the control. This 
is likely to be the result of oxidative stress. GSH-Px is in-
volved in protecting cytosol and plasma membrane from 
LPO [39]. In fact, this enzyme transforms lipid hydroper-
oxides produced at the membrane level into less reactive 
species. GSH-Px activity was reduced after 24 h DM ex-
posure. Our data are in accordance with reports on Channa 
punctatus in which reduced GSH-Px activity was ob-
served in the gills of DM exposed fish [10]. The lower 
enzymatic activity of GSH-Px in our study could indicate 

facilitation of increased MDA due to the lack of the pro-
tective effect of this antioxidant enzyme. The decreased 
activity of GSH-Px may be the result of O-

2 production [40] 
or a direct action of pesticides on the synthesis of the 
enzyme [41]. Oxidative stress causes an elevation in GSH-
Px activity, which probably reflects an adaptation to the 
oxidative conditions to which the fish has been exposed 
[42]. Sayeed et al. [10] reported increased GSH-Px levels 
in the liver and kidney of Channa punctatus exposed to 
DM. However in this case, GSH-Px levels were depleted 
in the gills. Consequently, in this study, whole body MDA 
levels were high in rainbow trout fry after 24 h exposure. 
GSH is responsible for cellular antioxidant defenses and 
acts as an essential cofactor for antioxidant enzymes, in-
cluding the GSH peroxidases [43]. 

 
This study showed antioxidant system alterations in the 

whole body of rainbow trout exposed to DM. The activities 
of CAT and GSH-PX, the most sensitive enzymes to ROS 
production in aquatic organisms, decreased after pesticide 
administration. The parameters studied in this investiga-
tion could be used as biomarkers of exposure to DM. How-
ever, the induction pattern of antioxidant enzymes under 
long-term and high dose exposure conditions needs to be 
investigated. 
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