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Abstract: Biochemical parameters are appropriate biomarkers to assess the effects of pesticides on an aquatic ecosystem. Diazinon is an organophosphate
pesticide whose metabolism in fish body produces reactive oxygen species that can cause oxidative stress. In this study, Oncorhynchus mykiss were allocated
into four treatment groups (with three replicates): control; Diazinon; vitamin C + diazinon, and vitamin E,selenium + diazinon. Blood samples were obtained after
two and four weeks and superoxide dismutase (SOD), catalase (CAT), total antioxidant capacity (TAC), and malondialdehyde (MDA) were measured. SOD activity
was significantly lower in diazinon-exposed fish than in the control group. However, there were no differences between the two supplemented groups and the
control group in this regard. CAT activity was significantly higher in all three diazinon-exposed groups compared to the control group. However vitamin E, selenium
had the least difference with the control group. Maximum and minimum TAC were observed respectively in fish supplemented with vitamin E, selenium and those
only exposed to diazinon. The diazinon group also had the highest MDA levels. The two supplemented groups and the control group had no significant differences
in MDA levels. These findings highlighted the antioxidant effects of supplementation with vitamin E, selenium or vitamin C against free radical produced during the
metabolism of diazinon. Meanwhile, the combination of vitamin E, selenium had higher antioxidant effects than vitamin C. Moreover, SOD, the first defensive barrier
against superoxide radicals, and MDA, an index of cellular damage induced by hydroxyl radicals, are the most suitable indicators to assess the effects of diazinon.
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INTRODUCTION

Diazinon, 0O, O-diethyl  O-(2-isopropyl-6-methyl-4-
pyrimidinyl) phosphorothioate as defined by the International
Union of Pure and Applied Chemistry (U.S.EPA, 2006), is an

obvious example of such damage is caused by the free radical
chain reaction mechanism proceeding lipid peroxidation during
which free radicals steal electrons from cell membranes

organophosphorus pesticide, used to control various insects in
both agriculture and horticulture (Virtue and Clayton, 1997). It
is available in different forms, e.g. powders, emulsions, and
granules, and formulations. Diazinon has a half-life of about 30-
39 days in waters of lakes and rivers (Arthur et al. 1983;
Jarvinen and Tanner, 1982) and can be absorbed into the fish’s
body through the epithelial tissue of the gills, skin, and digestive
system. After entering the blood, diazinon will be metabolized
by liver cells (Vale, 1998).

Metabolism of diazinon in liver microsomes of rainbow trout
(Oncorhynchus mykiss) produces hydroxypyrimidine, hydroxyl
diazinon, and hydroxymethyl diazinon. These metabolites
contain a hydroxyl agent which can easily transform to a strong
free radical (Fujii and Asaka, 1982; Keizer et al. 1995). They
also contain active polar groups such as OH- which can be
disposed by participation in conjugated compounds. They may,
on the other hand, turn into oxygen free radicals, e.g. hydroxyl
and superoxide anion, which are capable of attacking and
damaging cellular components (Fujii and Asaka, 1982). An
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(Pereira et al. 1995).

To overcome toxicological stress, fishes have various
enzymatic defense mechanisms including the secretion of
specific antioxidant defense enzymes, e.g. superoxide
dismutase (SOD) and catalase (CAT), and formation of a
cellular antioxidant defense system to scavenge free radicals
(Halliwell and Gutteridge, 1990). SOD is the main defense
factor against superoxide anion radicals and is in fact
considered as the first line of defense against oxidative
stresses. It accelerates the transformation of superoxide anions
into molecular oxygen and hydrogen peroxide (Das et al. 1997;
McCord and Fridovich, 1969). On the other hand, CAT, which
is found in cells of aerobic organisms, decomposes hydrogen
peroxide to water and oxygen (Aebi, 1984).

Moreover, non-enzymatic antioxidant defense mechanisms
involve various chemical groups such as vitamins, carotenoids,
amino acids, and peptides (Zama et al. 2007). Vitamin E is a
fat-soluble vitamin with antioxidant properties. It prevents lipid
peroxidation and protects cell membranes by establishing a
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structure against primarily peroxyl radicals (ROO) (Di Giulio
and Meyer, 2008). In addition to vitamins, selenium can play a
major role in the removal of free radicals. As glutathione
peroxidase (GPX), a selenium-containing enzyme, contributes
to the decomposition of hydrogen peroxide (Bell et al. 1986),
selenium can be regarded as a micronutrient that indirectly
protects the cells of an organism from serious damages caused
by the presence of hydrogen peroxide (Bell et al. 1986).
Therefore, dietary supplementation with a combination of
vitamin E and selenium may protect cell membranes against
lipid oxidation (Bell et al. 1985; Bell et al. 1987) and exert
synergistic effect in hydroperoxide detoxification (Bell et al.
1985).

Another non-enzymatic antioxidant is vitamin C (ascorbic
acid). Since most bony fishes lack L gulonolactone oxidase to
convert glucose and are thus unable to synthesize vitamin C,
they need to receive this vitamin from food (Moreau et al. 1999;
Verlhac and Gabaudan, 1997). Intake of adequate vitamin C by
rainbow trout can neutralize the revival of O2-, OH, and H20:
free radicals and prevent the damages caused by oxidative
stresses (Verlhac and Gabaudan, 1997; Verlhac et al. 1998).
All these antioxidant factors present in the body of an organism,
either intracellular enzymes or antioxidant nutritional
compounds (non-enzymatic factors), are called its total
antioxidant capacity (TAC) (Mahfouz et al. 2009). In other
words, TAC shows how capable an organism is in removing
free radicals (Miller et al. 1993).

Physiological and biological changes in the bodies of
various organisms, especially the fish, are appropriate
biomarkers for the evaluation of environmental contaminants
and environmental health of aquatic ecosystems. Such
biomarkers are considered as warning signals received from
living organisms to acquaint humans with the hazards of
different environmental pollutants (Payne et al. 1987).
Biomarkers are defined as changes in biological responses of
an organism (at cellular, molecular, biochemical, and
physiological levels) after exposure to toxins or chemicals in the
natural environment (Van der Oost et al. 2003).

Understanding  biochemical mechanisms, including
antioxidant defense, involved in detoxification processes can
help elucidate the required biomarkers to evaluate the
damaging effects of various environmental pollutants in aquatic
systems. For instance, SOD and CAT are the first line defense
against reactive oxygen species (ROS). Cheung et al.
assessed the suitability of numerous antioxidant parameters
such as SOD, CAT, GPX, glutathione-S-transferase (GST), and
glutathione reductase (GR) as biomarkers in various organisms
(Cheung et al. 2001). Moreover, malondialdehyde (MDA), the
end product of lipid peroxidation, is directly related to cell
damage during oxidative stress and can be used in evaluation
of such damages (Doba et al. 1985).

According to previous studies, the optimal levels of
selenium, vitamin E, and vitamin ¢ in the diet of rainbow trout
are 0.15-0.40 mg/kg (Hillton et al. 1980), 100 mg/kg (Watanabe

etal. 1981), and 300 mg/kg (Verlhac et al. 1998), respectively.
The present study measured SOD and CAT activities, TAC,
and serum levels of MDA to illuminate the antioxidant effects of
dietary vitamin E, selenium, and vitamin C in the rainbow trout
exposed to subacute dosages of diazinon.

MATERIALS AND METHODS
This was an in vivo study with ecotoxicological assessment.
Experimental Animals

A total of 180 immature rainbow trouts (mean weight; 121
+ 18 g, mean length: 22.9 + 1.6 cm) were purchased from a
fish farm in Karaj, Iran (35°49'N/51°1°E). The fish were
transferred from a 1000 L tank into four 300 L fiberglass tanks
filed with farm water and aerated with oxygen cylinders. A
period of seven days was considered for fish adaptation. During
the whole experiment, 10% of the total volume of tank water
was changed per day. The mean temperature, pH, dissolved
oxygen, and water hardness during the experiment period were
125+1.0°C, 7.8 £ 0.1, 8.0 £ 0.5 mg/L, and 205 + 16 (mg/L
CaCos), respectively. The fish were divided into four groups of
15 with three replicates. While the control group remained in
unpolluted water, the other groups were exposed to 0.1 mg/L
diazinon. One group was then maintained untreated while the
other two received either vitamine C (300 mg/kg) or vitamin E
(100 mg/kg) plus selenium (0.5 mg/kg). The groups and
received a diet equal to 2% of their body weight and were
studied for four weeks.

Chemical Materials and Equipment

Diazinon emulsion (60%) and soluble diazinon (40%) were
purchased from Partovnar Co., Iran. In order to produce
subacute composition of diazinon (0.1 mg/L), the stock solution
of 10 parts per frillion (ppt), i.e. 0.1 of its sub-lethal
concentration (Eisler, 1998), was produced (Koprucu et al.
2006). Encapsulated L-ascorbic acid-2-phosphate, a form of
vitamin C which is stable in water, was also bought (Tiger Co.,
China). The chemical formula and molecular weight of vitamin
C were CeHgOoP and 256.11 g/mol, respectively. A solution
containing 100,000 mg/L vitamin E and 500 mg/L selenium
(sodium  selenite) was also prepared (Damloran
pharmaceutical Co., Iran).

Preparation of Serum Samples

Sampling was performed at the end of the second and
fourth weeks. A clover powder solution of 100 parts per million
(ppm) was used to anesthetize the fish during blood sampling.
Blood samples were obtained from the hemal arch in the caudal
peduncle using 2 mL syringes (without heparin as an
anticoagulant). Five fish from each tank were randomly
selected at each sampling time. The samples were transferred
into 2 cc tubes (Eppendorf International, Germany) and
centrifuged at 4500 rounds per minute (rpm) for 15 minutes.
The isolated serums were then maintained in a freezer at-70°C
until analysis.
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SOD Measurement

The method suggested by Marklund and Marklund (1974),
was applied to assess SOD levels in serum samples. The
mentioned method measured SOD activity based on the
oxidation of pyrogallol in the presence of hydrogen peroxide.
Since serum levels of SOD in serum determine the reduction in
pyrogallol oxidation, decreased absorption of light (420 nm) in
spectrophotometry was measured. One unit of SOD activity
was defined as the amount of enzyme which causes 50%
inhibition of pyrogallol autoxidation.

CAT Measurement

CAT activity was assessed according to the method
proposed by Goth (1991). At first, serum samples and hydrogen
peroxide solution were mixed and maintained at room
temperature for 10 minutes. Ammonium molybdate was then
used to stop the oxidation process and determine the CAT
activity. Goth demonstrated that higher CAT activity in serum
was associated with less light absorption at 410 nm. Therefore,
each unit of enzyme activity was defined as enzyme activity
which could decompose 1 mm of hydrogen peroxide in one
second.

TAC Measurement

Ferric-reducing ability of plasma (FRAP) assay, proposed
by Koracevic et al. (2001), was used to examine TAC.
Accordingly, a standard solution of complex ferric-
ethylenediaminetetraacetic acid (Fe-EDTA) and hydrogen
peroxide produced hydroxyl radicals during Fenton reaction.
The resulting reactive oxygen then caused thiobarbituric acid
(TBA), areactive acid, to be released. In this method, according
to total antioxidant serum samples studied, the production of
TBA was inhibited. Absorption at wavelength of 532 nm will
then be reduced as a result of decreased color production.

Lipid Peroxidation Measurement Using MDA

The method suggested by Ledwozyw et al. (1986), was
employed to assess MDA. Hence, 1 ml of the obtained serum
samples was mixed with 2 ml trichloroacetic acid, TBA, and
hydrochloric acid under acidic conditions. The mixture was then
diluted to 200 ml with distilled water and settled in a sudatorium
for 30 minutes. Afterward, the tubes were transferred in vitro to
be cooled. Later, the samples were centrifuged for at 300 rpm
for 10 minutes and the supernatant solution was carefully
isolated. The absorption rate at 535 nm was finally calculated.
As the level of absorption depended on TBA inhibition by MDA
in the serum, higher MDA levels caused greater TBA inhibition
and less color production (absorption).

Statistical Analysis

One-way analysis of variance (ANOVA) and Tukey's tests
were applied to analyze the collected data. All analyses were
performed in SPSS for Windows 16.0 (SPSS Inc., Chicago, IL,
USA) at a significance level of P < 0.05). Bar graphs were also
drawn in Microsoft Excel 2007 to depict the mean + standard
deviation (SD).

Theory

Biotransformation of xenobiotic compounds in fish liver
requires three major phases as follows:

The first phase involves oxidation-chemical reduction and
hydrolysis processes and is controlled by microsomal
monooxygenase such as cytochrome P450. During the second
phase, the resulting metabolites will become water soluble
through exposure to a new set of enzymes. They will thus be
able to easily exit the cell walls and be completely excreted from
the aquatic organism. At this stage, some harmful compounds,
i.e. ROS, can damage cells by interacting with vital intracellular
molecules.

Despite the various enzymatic antioxidant defense
mechanisms, cells have a limited capacity for enzyme
production. Therefore, exposure to acute or subacute doses of
pollutants will definitely threaten aquatic organisms. In order to
deal with such threats, several non-enzymatic antioxidant
compounds such as vitamins, carotenoids (e.g. beta-carotene),
amino acids, and peptides have also been identified. As these
compounds can prevent the formation of free radicals and
inhibit their activity through averting their binding to cell
membranes and compounds, they are believed to help living
organisms reach hemostasis.

Research aiming to model the biochemical mechanisms
between intracellular antioxidant enzymes and non-enzymatic
antioxidant compounds (as scavengers) can be beneficial in
clarification of the overall oxidative defense mechanisms
against ROS. Moreover, measurement of enzymes other than
those described in the current study (e.g. glutathione, GPX, and
glucose-6-phosphate dehydrogenase) can expand the existing
knowledge about the cellular antioxidant defense system
against ROS.

RESULTS
Evaluation of SOD Activity

The results of ANOVA for SOD levels in the second and
fourth weeks were F3,16 = 9.707; P = 0.001 and F3,16 =
36.193; P < 0.001, respectively.

Untreated fish exposed to diazinon had significantly lower
SOD levels compared to the control group (P < 0.001). No
significant difference in SOD level was detected between the
unsupplemented fish exposed to diazinon and those
supplemented with vitamin C (P = 0.117). The SOD activity
levels in fish exposed to diazinon and treated with vitamin E
plus selenium did not have a significant difference with the
levels in the control group (P = 0.299). However, SOD
increased significantly in the specimens treated with vitamin E
plus selenium compared to the untreated diazinon-exposed
group (P = 0.016). On the other hand, after four weeks, SOD
decreased significantly in the group exposed to diazinon
compared to the other groups. Meanwhile, the three groups
were not significantly different in this regard (Figure 1).
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Figure1. Changes in superoxide dismutase (SOD) activity levels in serum
samples of fish exposed to diazinon (0.1 mg/L) and treated with either vitamin
E, selenium or vitamin C compared to the control group after two and four
weeks. Five fish in each group were sampled. Different alphabetic letters (a, b,
¢, d) show significant differences (P < 0.05) and similar alphabetic letters show
lack of a significant difference between groups (DZN: diazinon; Vit: vitamin)

Evaluation of CAT Activity

The results of ANOVA regarding CAT levels in the second
and fourth weeks were F3,16 = 81.871; P <0.001 and F3,16 =
65.575; P < 0.001, respectively.

At the end of the second and fourth weeks, CAT activity
was significantly higher in fish exposed to diazinon than in the
control group (P < 0.001) (Figure 2). CAT levels in fish treated
with vitamin C increased significantly compared to the control
group (P < 0.001). On the other hand, there was no significant
difference between the untreated diazinon-exposed group and
vitamin C supplemented fish in two stages of sampling (Figure
2). Meanwhile, the group supplemented with vitamin E plus
selenium had significantly lower CAT levels compared to
vitamin C-treated and untreated fish exposed to diazinon (P <
0.001) (Figure 2).
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Figure 2. Changes in catalase (CAT) activity levels in serum samples of fish
exposed to diazinon (0.1 mg/L) and treated with either vitamin E,selenium or
vitamin C compared to the control group after two and four weeks. Five fish in
each group were sampled. Different alphabetic letters (a, b, c, d) show
significant differences (P < 0.05) and similar alphabetic letters show lack of a
significant difference between groups (DZN: diazinon; Vit: vitamin)

Evaluation of TAC

The results of ANOVA for TAC levels in the second and
fourth weeks were F3,16 = 256.638, P < 0.001 and F3,16 =
17.826, P < 0.001, respectively.

At the end of the second and fourth weeks, fish exposed to
diazinon had significantly lower TAC compared to the control
group (P2weeks < 0.001; P4weeks = 0.033) (Figure 3). Two
weeks of vitamin C supplementation significantly increased (P
< 0.001) TAC in comparison with the untreated, diazinon-
exposed and control groups. However, this difference did not
remain significant (P = 0.055) at the end of the fourth week. On
the other hand, among all groups, diazinon-exposed fish
supplemented with vitamin E plus selenium had the highest
TAC at the end of the second and fourth weeks (P < 0.001)
(Figure 3).
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Figure 3. Changes in total antioxidant (TAC) activity levels in serum samples
of fish exposed to diazinon (0.1 mg/L) and treated with either vitamin
E,selenium or vitamin C compared to the control group after two and four
weeks. Five fish in each group were sampled. Different alphabetic letters (a, b,
¢, d) show significant differences (P < 0.05) and similar alphabetic letters show
lack of a significant difference between groups (DZN: diazinon; Vit: vitamin)

Evaluation of MDA levels

The results of ANOVA for MDA levels in the second and
fourth weeks were F3,16 = 18.029; P < 0.001 and F3,16 =
29.781; P < 0.001, respectively.

At the end of the second and fourth weeks, the diazinon-
exposed fish had significantly higher MDA levels compared to
the control group (P < 0.001) (Figure 4). MDA levels in the fish
fed with vitamin C were significantly higher than that in the
control group only at the end of the second week (P = 0.016).
No such a difference was detected after four weeks (P = 0.427).
However, supplementation with vitamin E plus selenium
prevented cellular destruction caused by diazinon exposure
and maintained MDA levels close to the levels in the control
group (P2weeks = 0.797; P 4weeks = 0.990) (Figure 4).
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Figure 4. Changes in malondialdehyde (MDA) activity levels in serum samples
of fish exposed to diazinon (0.1 mg/L) and treated with either vitamin
E,selenium or vitamin C compared to the control group after two and four
weeks. Five fish in each group were sampled. Different alphabetic letters (a, b,
¢, d) show significant differences (P < 0.05) and similar alphabetic letters show
lack of a significant difference between groups (DZN: diazinon; Vit: vitamin)

DISCUSSION

The present study evaluated the activity of antioxidant
enzymes and lipid peroxidation during oxidative stress in
rainbow trout. In fact, we exposed the fish to diazinon and
assessed the efficacy of vitamin C and vitamin E plus selenium
in reducing its adverse effects. The results obtained after two
and four weeks suggested that exposure to 0.1 ppm diazinon
could decrease SOD levels in rainbow trout. Increased volume
of superoxide anion radicals (O2.-) after the metabolism of
diazinon might have been responsible for this finding. A
previous study justified decreased SOD levels in rainbow trout
24,48, and 72 hours after exposure to 0.5-1.0 ppm diazinon by
the depletion of the enzyme following the removal of superoxide
anion radicals (Isik and Celik, 2008).

Moreover, increased CAT levels were observed in the
untreated diazinon-exposed fish after both two and four weeks.
This finding indicated the elevated amounts of hydrogen
peroxide (H202) as a result of SOD activity. Research has
shown 40 days of exposure to atrazine and chlorpyrifos to raise
CAT activity in the liver tissues and gills of the Cyprinus carpio.
As mentioned, higher levels of superoxide anion radicals
following the exposure trigger the greater production of the
enzyme (Xing et al. 2012). It can thus be argued that certain
types of diazinon metabolism caused by the production of
oxygen free radicals can ultimately lead to decreased SOD
levels and increased CAT levels.

In the current study, TAC of diazinon-exposed fish was
significantly lower than that of the control group at both
sampling times. This reduction in antioxidant capacity occurred
due to the process of cleaning and scavenging of free radicals
by enzymatic and non-enzymatic antioxidant defense systems.
A previous study indicated that subacute diazinon affected liver
hepatocytes in rainbow trout and resulted in decreased TAC.
The researchers introduced excessive production of free
radicals during the metabolism of diazinon in the liver (the
detoxification process) as the main reason for this finding

(Banaee et al. 2011). Monterio et al. (2006), reported oxidative
processes which increased ROS to contribute to reduced TAC.

Lipid peroxidation evaluations in the present research
showed that after two and four weeks, MDA levels were
significantly higher in the untreated diazinon-exposed group
than in the control group. Such increments reflect the higher
production of hydroxyl radicals (OH-) subsequent to exposure
to the poison. Hydroxyl radicals are oxidizers with a key role in
the initiation of lipid oxidation processes. Increased MDA levels
were also confirmed in a study on the effects of 15 and 30 days
of exposure to 0.1 mg diazinon on muscle tissues and kidneys
of Oreochromis niloticus (Durmaz et al. 2006). In general,
decomposition of diazinon can generate oxygen free radicals,
such as superoxide anion radical and strong hydroxyl ions,
which in turn raise MDA levels. This increase may be due to the
decomposition membrane lipids during exposure to the
mentioned toxic metabolites (Hazarika et al. 2003; Valavanidis
et al. 2006).

We could not establish significant differences between
SOD levels of the control group and the diazinon-exposed fish
supplemented with vitamin E plus selenium at any time.
Likewise, SOD levels of the control group and the fish fed with
vitamin C were not significantly different at the end of the fourth
week. In the present study, SOD levels in the control group and
the groups supplemented with either vitamine C (after four
weeks) or vitamin E plus selenium (during the whole study)
were not significantly different. This finding can be justified by
antioxidant activity of the supplements (especially vitamin E
plus selenium) against superoxide anion radicals produced
during the metabolism of diazinon. Such an activity mimics the
effects of SOD and prevents its depletion following diazinon
exposure.

Adding vitamin E to the diet of African catfish (Clarias
gariepinus) with long-term exposure to atrazine resulted in
decreased SOD levels in the liver tissue. This highlights the
similar function of vitamin E and SOD in decreasing free
radicals (Kadry et al. 2012). Vitamin C, on the other hand, can
lose one electron and reduce ROS. It can also modulate the
antioxidant enzyme levels (Sies and Stahl, 1995).

CAT levels in fish treated with vitamin E plus selenium were
significantly lower than other groups at the end of the second
and fourth weeks. This can be justified by the antioxidant
activity of these nutrients in the decomposition of hydrogen
peroxide (which is parallel to CAT activity). GPX is an important
selenium-containing antioxidant enzyme which acts similar to
CAT in neutralizing free radicals.

On the other hand, two and fourweek treatment of
diazinonexposed fish with vitamin C was associated with
significant increments in CAT levels (similar to untreated
diazinon fish). The difference remained significant at the end of
both the second and fourth weeks. This increase is probably
due to the inability of vitamin C to degrade hydrogen peroxide,
i.e. the increase in CAT level indicates increased amounts of
hydrogen peroxide during the intracellular detoxification
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process.

A similar study using an antioxidant compound called
silymarin reported reduced CAT levels in rainbow trout exposed
to diazinon. The authors explained their finding by the secretion
of diazinon metabolites in presence of silymarin (Banaee et al.
2011). We found comparable results in the group
supplemented with vitamin E and selenium. However,
introducing lycopene, a carotenoid and antioxidant, to the diet
of Cyprinus carpio exposed to chlorpyrifos (an
organophosphorus pesticide) could increase CAT levels (Ural,
2013). Therefore, the effects of lycopene and vitamin C are
similar.

We also detected the diazinonexposed fish treated with
vitamin E plus selenium to have significantly higher TAC
compared to other groups. This finding reflects the higher
antioxidant capacity of this combination in comparison with
vitamin C. In addition, adding vitamin C to the diet of the
diazinon-exposed fish significantly increased TAC levels
compared to the untreated diazinon-exposed fish and the
control group.

Vitamin E, ascorbic acid (vitamin C), uric acid, and
glutathione comprise about 70% of the total antioxidant activity.
Winston et al. suggested vitamins E and C to make up a great
share of the TAC (Winston and Di Giulio, 1991). Research has
also revealed the association between increased TAC and
enhanced ability of an organism to neutralize and remove free
radicals (Karaoz et al. 2002). As vitamin E and selenium are
critical components of the antioxidant defense and major
determinants of TAC, the highest levels of TAC in fish
supplemented with these two nutrients in the present study
seem logical.

In the current study, MDA levels in the fish supplemented
with vitamin E plus selenium and the control group were not
significantly different. However, adding vitamin C to the diet of
diazinon-exposed fish significantly increased MDA levels
(compared to the control group) at the end of the second week.
Nevertheless, such a difference was not present at the end of
the fourth week. According to available literature, vitamin E is a
strong antioxidant which can prevent lipid peroxidation caused
by the formation of lipid hydroperoxides (Bell et al. 1985).
Selenium is also an important part of GPX and is responsible
for reducing oxygen free radicals and interrupt lipid oxidation
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peroxidation in liver tissues of female African catfish (Clarias
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Among all measured biochemical factors, SOD is the first
specific antioxidant defense barrier against superoxide anion
radicals. In addition, it is more sensitive than CAT to exposure
to diazinon. Therefore, SOD seems an appropriate biomarker
for monitoring aquatic ecosystems.

While evaluating total antioxidant levels is crucial to the
general investigation of oxidative events in a biological system,
the interpretation of changes in biochemical factors in complex
ecological levels is difficult due to several factors. MDA is an
indicator of lipid peroxidation (caused by the exposure of cell
membranes to free hydroxyl radicals produced during the
metabolism of diazinon). As it reflects the level of damage in
aquatic organisms, it has been suggested as a reliable
biomarker to assess the effects of environmental pollutants
(Valavanidis et al. 2006; Van der Oost R et al. 2003).

Considering the possible presence of diazinon in aquatic
ecosystems and its damaging effects, the use of vitamin E and
selenium can be enhance non-enzymatic antioxidant defense
and adjust the levels of SOD and CAT to their normal values.
Such an intervention can also increase TAC in fish.

MDA measurements in the present study showed the
efficacy of vitamin E and selenium in preventing lipid
peroxidation. Vitamin C was also partially beneficial in the
adjustment of SOD activities. Moreover, vitamin C was less
effective than vitamin E plus selenium in improving TAC and
inhibiting lipid peroxidation.

In conclusion, our study demonstrated that introducing a
combination of vitamin E and selenium into the diet of rainbow
trout, especially during the agriculture farming season when the
presence of diazinon in waters is more probable, could
enhance the fish’s antioxidantdefense.
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