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Abstract: : Diazinon (Organophosphorus insecticide) can cause reactive oxidative stresses during metabolism of aquatic organisms. The study presented here
aimed to investigate the antioxidant effect of vitamin C on antioxidant enzyme activities and lipid peroxidation in rainbow trout exposed to subchronic dosage
diazinon. A total number of 360 Oncorhynchus mykiss were allocated into four treatment groups (with three replicates): control; diazinon (0.1 mg L 1); vitamin C
(300 mg kg 1 in diet) plus diazinon (0.1 mg L-1), and vitamin C (1000 mg kg-1 in diet) plus diazinon (0.1 mg L-1). After two and four weeks, blood samples were
collected and superoxide dismutase, catalase enzymes, total antioxidant capacity and malondialdehyte index were measured. The specimens exposed exclusively
to diazinon showed a significant decrease in superoxide dismutase and total antioxidant capacity activities and also an increase in catalase activity and
malondialdehyde index compared to those of the control group. The changes in oxidative stress parameters may be related to destructive free oxiradicals such as
superoxide and hydroxyl radicals produced in diazinon metabolism. In conclusion, vitamin C moderated activity of the antioxidant enzyme, increased the total
antioxidant capacity, and decreased cellular damages caused by destructive lipid peroxidation process in presence of diazinon.
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INTRODUCTION

Organophosphorus pesticides are used in agriculture to
control pests. Organophosphorus pesticides decompose fast
and are less stable than chlorate pesticides causing them to be
consumed more than other pesticides. Diazinon is an
organophosphorus pesticides that is used against various
insects, household and garden pests (Virtue and Clayton,
1997), also, for pests of vegetables, tobacco, feedstuff and
ornamental house plants (Bailey et al., 2000). The average
residence times (half-life) of diazinon in lakes and rivers is
approximately 30 days (range: 14-184 days) and 39 days,
respectively (Arthur et al., 1983; Jarvinen and Tanner, 1892).
Diazinon is an organic, ingestional and dermal contact toxin.
Their lipophilic feature and solubility in lipid facilitates its
passing through the cell membrane. This toxin can enter the
fish body through the epithelium, skin and digestive system,
and owing to its lipophilic characteristics, it is transferred from
the blood to other tissues (Vale, 1998). The metabolism of
diazinon results in formation of metabolites that may upset the
balance between antioxidant factors and production of free
radicals. The occurrence of oxidative stress caused by diazinon
has already been demonstrated in trout, tilapia, and carp (Uner
etal., 2006).

Diazinon is decomposed in the fish body through
transformation into diazoxon in the phase | enzyme activities
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such as cytochrome enzymes (CYP1A2 & CYP3A2) during
desulphurization process (Schlenk, 2005). Carp, guppy, and
zebra fish are all able to transform diazinon into diazoxon
(Keizer et al., 1995). Also, in Dace and Yellow Tail, hydroxy
diazinon and hydroxyl methyl diazinon are both the main
metabolites having hydroxyl factor (Fujii and Asaka, 1982;
Schlenk, 2005). In the initial phase of diazinon metabolism, an
active polar group like hydroxyl (OH-) is produced in isopropyl
hydroxyl pyrimidine structure (IMP), which is one of the
metabolites of this toxin. This compound is electrophilic and has
the capacity to form conjugated compounds and defecated. On
the other hand, these compounds are likely to turn into oxygen
free radicals including hydroxyl and superoxide anion and able
to target the cellular structures (Fujii and Asaka, 1982).

Generally, organophosphorus pesticides can increase lipid
peroxidation through direct influence on the plasma membrane
(Hazarika et al., 2003). Malondialdehyde (MDA) is produced
during lipid peroxidation caused by an organophosphate
pesticide like diazinon and is regarded as an index of oxidative
stress induction. MDA damages the cells during the lipid
peroxidation (Doba et al., 1985).

To overcome toxicological stress, fishes have enzymatic
defense mechanisms such as secretion of specific antioxidant
defense enzymes including superoxide dismutase (SOD),
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catalase (CAT) that form the cellular antioxidant defense
system being responsible for scavenging of free radicals (El-
Gendy et al., 2010). In this respect, the SOD enzyme is
considered as the main defense factor against superoxide
anion radicals and is somehow the first line of defense against
oxidative stresses. This enzyme is responsible for accelerating
the transformation of superoxide anions into molecular oxygen
and hydrogen peroxide (Das et al., 1997; McCord and Fridovich
,1969). The CAT enzyme is found in cells of aerobic organisms
and decomposes hydrogen peroxide to water and oxygen
(Aebi, 1984).

In addition, there are non-enzymatic antioxidant defense
mechanisms involving different chemical groups, e.g. vitamins,
carotenoids, amino acids and peptides which are established in
various cellular structures to deal with anti-oxidative effects.
These factors prevent production of radicals and play an
important role in maintaining homeostasis in aquatic organisms
(Zama et al., 2007).

The all antioxidant factors of the body of an organism, either
intracellular enzymes or antioxidant nutritional compounds
(non-enzymatic factors), are called total antioxidant capacity
(TAC) (Mahfouz et al., 2009).

Vitamin C (ascorbic acid) is one of the non-enzymatic
antioxidant factors both in extracellular (interstitial and
intercellular fluids) and intracellular fluids (cytosol), being able
to neutralize many oxyradicals (Bigard, 2001). The
characteristics of this vitamin as reviving factor to nullify wide
variety of produced free radicals during the pesticide
metabolism has been proven (Tsao, 1997). For instance,
inclusion of vitamin C to the diet of Oncorhynchus mykiss may
neutralize the revival of 02-, OH and H202 free radicals and
prevent damages of oxidative stresses (Verlhac and Gabaudan
, 1997; Verlhac et al., 1998). Also, vitamin C prevents the lipid
peroxidation process through inhibiting reactive oxygen
species in aqueous phase (Frei et al., 1988; Jialal et al., 1990).
Effects of pesticides on enzymatic mechanisms of fishes (e.g.
MDA index, SOD and CAT activities) have extensively been
investigated (Durmaz et al., 2006; Isik and Celik, 2008;
Monterio et al., 2009).

Most bony fishes are however unable to synthesize vitamin
C as they lack L glunolacton oxidase enzyme to convert
glucose, which makes it an essential vitamin needed to be
supplied with food (Moreau et al., 1999; Verlhac and Gabaudan
,1997). In general, supplying vitamin C to enhance resistance
of fishes against environmental stresses has become an
effective way through influencing the biochemical parameters
of the blood (Fabiana et al., 2007). In other words, the role of
ascorbic acid is to reduce and balance biochemical function
during the oxidative stresses which can result in reduction of
ROS through various physiological methods in the body of
organisms (Buettner and Moseley, 1993).

Organophosphorus pesticides are used in agriculture to
control pests. Many flowing water resources contain diazinon
that may cause a serious threat to fish health exposed to this

pesticide. Diazinon can cause reactive oxidative stresses
(ROS) during metabolism of aquatic organisms. The present
study evaluated the activity of antioxidant enzymes and lipid
peroxidation during oxidative stress in rainbow trout. Therefore,
the present study aimed to reduce the adverse effects of
environmental toxins in trout farming using an antioxidant
compound. In this respect, this study investigated the
antioxidative effects of dietary vitamin C in Oncorhynchus
mykiss exposed to subacute dosages of diazinon using SOD
and CAT activities, total antioxidant capacity (TAC) and MDA
index of blood serum.

MATERIAL AND METHOD

The chemicals were purchased from Sigma and Merck
(Sigma, Merck Co., Germany). The spectrophotometer, Unico
version UV-2100, sudatorium or Ben Murray (Shimaz Co.), and
centrifuge (Genofuge M16) were used in this study.

Experimental condition

A total number of 360 rainbow trouts (Oncorhynchus
mykiss) with an average weight and length of 121 + 18 g and
22.9 £ 1.6 cm ( SD), respectively, were purchased from a fish
farm. In this study, the 360 Oncorhynchus mykiss (mean
weight: 121 £ 18 g) were allocated into four groups (with three
replicates). The animals were acclimatized to the tanks for a
week with 10% of water was changed every day. The
physicochemical properties of water during the experiment
period were: temperature, 12.5+ 1 °C, pH, 7.8 £ 0.1, dissolved
oxygen, 8 + 0.5 ppm and water hardness, 205 + 16 (mg L 1
CaCO03). Diazinon (Partovnar® Co., Iran), in emulation form
(60%) and soluble in 40% zylon were used in preparing the
treatments. A stock solution of 10 ppt was prepared (Koprucu
et al. 2006) to make a final solution of 0.1 mg L 1 diazinon as
sub acute concentration, which was 10% of diazinon’s LC50 in
O. mykiss (Eisler 1998). Vitamin C was provided in
encapsulated powder form and stable in water with chemical
structure of L-ascorbic acid-2-phosphate (Tiger C-35, Tiger
Co., China). The chemical formula and molecular weight of
vitamin C were C6H909P and 256.11 g mol 1, respectively.
The 300-L tanks (containing 30 specimens) were treated as
follows: (1) control (no diazinon), (2) exposed to diazinon (0.1
mg L 1), (3) exposed to diazinon (0.1 mg L 1) and vitamin C
(300 mg kg 1 in the diet), (4) exposed to diazinon (0.1 mg L 1)
and vitamin C (1000 mg kg 1 in the diet). The experiment was
run for four weeks and the animals were fed at the rate of 2%
of their mean body weight.

Preparation of blood samples

The clover powder solution (100 ppm) was used to
anesthetize the specimens and collect the blood samples.
Thirty fish in each group were sampled. The blood samples
were taken from the base of the pelvic fin using a 2-mL syringe,
transferred to a 2-mL Eppendorf tube and centrifuged
immediately at 4500 rpm for 15 minutes to separate the serum
from the blood. Then, the samples were maintained at 70 °C.
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Biochemical analysis

Superoxide dismutase (SOD)

The Marklund method was used to measure superoxide
dismutase of the blood serum (Marklund and Marklund, 1974).
In this method, the activity of superoxide dismotase enzyme is
assessed colorimetrically using pyrogallol auto-oxidasion
process in the presence of hydrogen peroxide (H202). With
increasing the amount of superoxide dismutase enzyme in the
serum, the process of pyrogallol auto-oxidation is decreased.
This assessment was measured spectrophotometrically at 420
nm.

Catalase (CAT)

The Goth method was used to measure the activity of
catalase enzyme in the blood serum (Goth, 1991). In brief, the
serum and hydrogen peroxide were mixed for 10 minutes (at
room temperature), then Amonium molybdate ((NH4)
MO7024)) was used to stop the oxidation and determine the
catalase enzyme activity level. An increase of CAT activity
decreases the light absorption at 410 nm.

Total antioxidant (TAC)

The FRAP (Ferric-reducing ability of plasma) assay was
used to examine total antioxidant capacity level as proposed by
Koracevic et al. (2001). Briefly, the standard solution of
complex Fe-EDTA and peroxide hydrogen (H202) produces
hydroxyl radicals during fentone reaction. The reactive oxygen
causes the release of thiobarbituric acid (TBA), which is a
reactive acid. The production of TBA is measured
spectrophotometrically at 532 nm.

Malondialdehyte (MDA)

The Ledwozyw method was used to measure MDA index
(Ledwozyw, 1986). In this method, an increase of MDA level
increases the level of TBA inhibition, and in turn decreases the
color production, which is measured spectrophotometrically.
One mL of serum samples was mixed with two mL Tri-chloro
acetic acid, thiobarbituric acid (TBA) and hydrochloric acid in
acidic condition and then diluted to 200 mL using distilled water.
Next, the tubes containing the solution were settled in
sudatorium for 30 min. Then they were transferred in vitro until
they were cold. Later, the samples were centrifuged for 10 min
(300 rpm) and the supernatant solution was carefully decanted.
Finally, absorption was read at 535 nm.

Statistical Analysis

A significant difference among the specimens treated with
vitamin C and diazinon in SOD, CAT, TAC and MDA was
examined using a one-way ANOVA followed by the Tukey test.
Normality and homogeneity of variance were examined using
the Kolmogorov-Smirnov goodness-of-fit and the Levene tests,
respectively. The analyses was performed in SPSS version 16.

RESULTS
SOD

After two weeks, SOD decreased significantly in the
specimens treated with diazinon compared to the control group
(P < 0.05). Also, during the fourth week the reduction of SOD
in diazinon treated group (DZN) showed significant difference
with that of the control group (P < 0.05). (Fig. 1). No significant
difference was detected between the specimens received
vitamin C300+diazinon and diazinonin in SOD after two weeks
and four weeks (P > 0.05) (Fig. 1). There was a significant
decrease in SOD in those treated with vitamin C1000+diazinon
compared to those received only diazinon after two weeks (P <
0.05) and the fourth week (P < 0.05) (Figure 1).

CAT

There was a significant difference in CAT between the
specimens received diazinon compared with the control group
after two and four weeks (P < 0.05). No significant difference
was detected between the specimens received vitamin
C300+diazinon and diazinonin in CAT after two week (P > 0.05)
and four week (P > 0.05) (Figure 2). On the other hand, no
significant difference was detected in CAT between the control
group and the specimens received vitaminC1000+diazinon
after four weeks (P > 0.05) (Figure 2). Also there was a
significant decrease in CAT between diazinon group and
vitaminC1000+diazinon group after four weeks (P < 0.05).

TAC

At the end of the second week, the specimens received
diazinon showed a significant decrease in TAC compared to the
control group (P < 0.05) (Figure 3). Also, TAC increased
significantly in the specimens treated with vitaminC300 and
C1000+ diazinon compared to the DZN group (P < 0.05).While
After four weeks, there was no significant difference in TAC
between the treatments diazinon, vitaminC300+diazinon and
the control group (Figure 3). On the other hand, there was a
significant difference (P < 0.05) between the DZN group and
the treatment VitaminC1000+diazinon in the fourth week in
TAC showing an increase of TAC in VitaminC1000+diazinon
compared to the DZN group (Figure 3).

MDA

After two and four weeks, the specimens received diazinon
showed a significant increase in MDA compared with that of the
control group (P < 0.05) (Figure 4). While, after two weeks,
there was no significant  difference  between
vitaminC1000+diazinon and the control group (P > 0.05). Also,
after four weeks, there was no significant difference between
vitamin C1000+diazinon and the control group in MDA (P >
0.05). However, there was a significant difference between
vitaminC300+diazinon and the control group within the two
week (P < 0.05) but after four weeks no significant difference
was detected between these two groups (P > 0.05) (Figure 4).
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Figure 1. Changes in Superoxide dismutase (SOD) activity level in
serum samples of fish treated with diazinon (0.1 mg L 1) and vitamin
C (300 and 1000 mg kg 1 per diet) after two and four weeks. Thirty fish
in each group were sampled. Different alphabetic letters (a, b, ¢, d)
show significant difference (P < 0.05) and similar alphabetic letters
show lack of significance difference among groups.
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Figure 3. Changes in total antioxidant capacity (TAC) in serum
samples of fish treated with diazinon (0.1 mg L 1) and vitamin C (300
and 1000 mg kg 1 per diet) after two and four weeks. Thirty fish in each
group were sampled. Different alphabetic letters (a, b, c, d) show
significant difference (P < 0.05) and similar alphabetic letters show
lack of significance difference among groups.

DISCUSSION AND CONCLUSION

The present study investigated oxidative effects of inducing
subacute doses of diazinon on the activities of SOD and CAT
enzymes, TAC and MDA index. In addition, it examined effects
of dietary vitamin C in 300 and 1000 mg kg 1 on activity of
biochemical factors in Oncorhynchus mykiss during the
exposure to diazinon pesticide. The results showed that
diazinon induction (0.1 mg L 1) could decrease the activity level
of SOD due to the increase of superoxide anion radicals O2- as
a metabolite produced by diazinon, and the reason is using
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Figure 2. Changes in catalase (CAT) activity level in serum samples
of fish treated with diazinon (0.1 mg L 1) and vitamin C (300 and 1000
mg kg 1 per diet) after two and four weeks. Thirty fish in each group
were sampled. Different alphabetic letters (a, b, c, d) show significant
difference (P < 0.05) and similar alphabetic letters show lack of
significance difference among groups
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Figure 4. Changes in malondialdehyde(MDA) index level in serum
samples of fish treated with diazinon (0.1 mg L 1) and vitamin C (300
and 1000 mg kg 1 per diet) after two and four weeks. Thirty fish in each
group were sampled. Different alphabetic letters (a, b, ¢, d) show
significant difference (P < 0.05) and similar alphabetic letters show
lack of significance difference among groups

SOD for neutralizing oxidative factors. The role of geobiotics
especially pesticides in causing oxidative stress has already
been proven. Halliwell and Gutterdige (1984) found that these
compounds could produce the final product of O2- during the
oxidation-reduction reactions (redox) in cellular metabolism
processes. Also, decrease of SOD levels in presence of
diazinon in Oncorhynchus mykiss with the concentrations of
0.5-1 ppm in 24, 48 and 72 hours were reported (Isik and Celik,
2008). In a similar study, the effect of diazinon with
concentrations of 1, 0.1 ppm on Nile tilapia (Oreochromis
niloticus) during a 2-week period indicated a decrease in SOD
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level (Durmaz et al., 2006).The study presented here indicated
that after four weeks, SOD level in samples treated with dizinon
increased significantly compared to the second week.
However, this difference was not significant in comparison with
control group. Pesticides, including organophosphorous
pesticides, disable and inhibit antioxidants enzymes which are
inhibitors of SOD activity (Naqvi and Vaishnavi, 1993). This
increase may be due to continuous production of superoxide
anion O2- in cells, and induction and re-stimulation of cells for
enzyme production. In this respect, Oruc (2010) believes that
the excessive increase of O2- free radical production in the
sample tissues of Oreochromis niloticus in dealing with
chlorpyrifos  organophosphorus toxins caused significant
increase in SOD level in a 30-day period.

The CAT level increased in the treated fish dealing with
diazinon in the second and fourth weeks. This result indicates
an increase in the level of peroxide hydrogen (H202), which
may be the result of SOD enzyme activity to neutralize super
oxide radicals. According to Xing et al. (2012) induction of sub-
acute dose of Atrazine and chlropyrifos either separately or
combined caused an increase in CAT activity level in the liver
tissues and gills of Cyprinus carpio after 40 days. In another
similar study, an increase was reported in activity level of
catalase enzyme during the use of diazinon in heart tissues and
red blood cells of rats (Akturk et al., 2006). Furthermore, based
on a study prescribing the oral use of diazinon to mice could
increase the concentration of oxygen free radicals and in turn
change the biochemical parameters of the blood (Abdou and
El-Mazody, 2007).

In the present study, total antioxidant level of serum in fish
treated with diazinon compared with control group after two
weeks. This decrease may be the result of continuous
production of free radicals in diazinon metabolism. In other
words, decrease of TAC level occurs after scavenging process
and inhibiting free radicals through enzymatic and non-
enzymatic factors of antioxidant defense system and using
these factors. In another work, it was observed that subacute
diazinon affected liver hepatocytes cells in Oncorhynchus
mykiss which resulted in decrease of TAC level (Banaee et al.,
2011). In a similar work, diazinon induction in examined mice
caused decrease of total antioxidant in muscle tissues of
treated samples (Amirkabirian et al., 2007).

In general, based on the studies, excessive production of
free radicals during the detoxification process of pesticides
could cause decrease in total antioxidant capacity in liver cells.
In other words, when oxidative process increases through
reactive oxygen species (ROS), the antioxidant capacity level
decreases (Monterio et al., 2006; Turkez and Togar, 2011).

In addition, the findings of this study showed that TAC level
increased in the end of fourth week in comparison with second
week, however the difference was not significant in comparison
with control group. The reason for this compensation in TAC
level could be attributed to the increase in catalase and
superoxide dismutase levels in the fourth week, as subacute

doses of diazinon has improved the chance for compensatory
and adaptive responses for the cells to reach a kind of
homeostasis. According to some studies, the increase of TAC
caused by oxidative stresses in biological systems could be due
to the increase in antioxidant activities via cellular defense
mechanism in order to reach homeostasis and somehow
adaptation in dealing with antioxidative stresses (Castillo et al.,
2006; Kohen et al., 2000).

In the current study was investigating the amount of cellular
damages, called lipid peroxidation, during diazinon induction
which was measured by MDA index. Based on the
measurements of MDA levels in serums of samples during two
and four weeks, the amount of this index increased in DZN in
comparison with control group, which indicated the increase in
lipid peroxidation level of cells. This increase could be the result
of production of hydroxyl radicals (OH) as a powerful oxidizing
agent and key factor in the beginning of lipid oxidation process
which was produced in diazinon metabolism.

Based on previous studies, awareness of the destructive
process of lipid peroxidation could be possible through
measurement and investigation of the products such as
Aldehydes, acetone and MDA produced in this process.
Meanwhile, increase of MDA level could indicate the increase
of lipid peroxidation and damages to cell membrane (De Zwart
et al., 1999; Valavanidis et al., 2006). One of the important
factors in occurrence of lipid peroxidation is organophosphorus
pesticides which could increase lipid peroxidation through
affecting plasma membrane. For example, decomposition of
diazinon can cause the production of oxygen free radicals
especially superoxide anions and strong hydroxyl radicals and
in turn the increase of MDA level, which was proved by Abdou
and El-Mazoudy (Abdou and El-Mazoudy, 2007; Hazarika et
al., 2003).

In the present study, SOD and CAT measurements showed
that vitamin C could decrease and moderate the activity level
of these two enzymes. In fact, the moderation of activity level
of mentioned enzymes was due to the role of this vitamin in
neutralizing superoxide anion free radical O2-, which resulted
in decrease of activities of these two enzymes. In general, acid
ascorbic has biologically acted in decreasing and balancing
biochemical reactions during oxidative stresses. This vitamin
can decrease the rate of reactive oxygen species (ROS)
produced in various physiological functions (Buettner and
Moseley, 1993). Based on the previous studies, vitamin C due
to its electronegativity can act as reviver, inhibitor and
scavenger of reactive oxygen species. Simply put, the
ascorbatic form of vitamin C can neutralize and revive
oxiradicals through electronegativity up to two levels. In this
way, this compound has the moderating effect on enzymatic
antioxidant defense activities (Deshpande et al., 1996).

In an experiment that was not using fishes, the role of
vitamin C as an antioxidant to protect against oxidative stresses
induced by imidoclopric pesticide in liver tissues of Swiss male
albino mice was investigated. The results indicated that use of
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vitamin C in the diet before and after dealing with this pesticide
could cause a balance in activities of CAT and SOD in liver
tissue (EI-Gendy et al., 2010). Also in another work, the effect
of vitamin E as an antioxidant in facing with chronic toxicity of
Atrazine in the diet of female African catfish (Clarias gariepinus)
was investigated, in which there was decrease in activity levels
of SOD and CAT enzymes in liver tissues (Kadry et al., 2012).
The results of this study were in line with some of the related
studies (El-Gharieb et al., 2010; Singh et al., 2011).

Moreover using vitamin C as non-enzymatic antioxidant
could increase total antioxidant capacity in diazinon treated
fish. In sum, regarding the fact that the non-enzymatic
antioxidant defense system of the cell especially vitamins play
the main and fundamental role in TAC, the increase of this
cellular defense part through using vitamin supplements -
especially vitamin C supplements - can have essential role in
increasing total antioxidant defense level of the cell.

It could be stated that total antioxidant is a series of
antioxidants present in the organisms’ cells which is an index
to indicate total rate of enzymatic and non-enzymatic
antioxidants (Prior and Cao, 1999). In other words, TAC is not
dependent only to the activity of one or two enzymes, but
includes a series of vitamins C, E, albunmin, Beta Carotene,
etc. in addition to intra cellular enzymes (Miller et al., 1993). In
a study conducted by Winston et al. (1998), it was revealed that
glutathione, ascorbic acid (vitamin C), uric acid and vitamin E
compose 70% of the total antioxidant. According to previous
studies, 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 ( Ali et al., 2015).

Geetha et al. (2010) reported that using chlorella extract
supplement as an antioxidant compound in diet of Grey mullet
(Mugil cephalus) in breeding environment could increase the
total antioxidant level (Geetha et al., 2010). Increasing the total
antioxidant capacity will increase the rate of free radical
removal (Karaoz et al., 2002). Also present study showed that
using vitamin C could decrease the MPA index and in turn
decrease the damages resulted from lipid peroxidation. This
decrease could be explained through two main and
fundamental characteristics of vitamin C in acting as scavenger
or removing free radicals especially hydroxyl radical and also in
recycling the vitamin E radicals called tocopheroxyl which has
an important role in preventing lipids oxidation processes.

The effect of vitamin C in protecting proteins, lipids,
carbohydrates and nucleic acids against attacks of free radicals
has been proved in natural metabolisms of animals (Jakeman
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period the experiment. Application of dietary vitamin C with a
dose of 1000 mg kg 1, as a factor enhancing the antioxidant
capacity of the cell, modulated and adjusted SOD, CAT enzyme
activity levels and increased the total antioxidant capacity of the
cells. Furthermore, these levels of vitamin in the diet reduced
lipid peroxidation. On the other hand, using a dose of 300 mg
vitamin had no significant effect on the SOD and CTA enzymes.
However this level of vitamin increased and decreased
significantly TAC and MDA, respectively. Nevertheless, this
level of vitamin C was less effective than a dose 1000 mg of
vitamin C. With respect to studies that examined presence of
agricultural contaminants and pesticides in domestic water
sources and their destructive effects on fishes, application of
suitable materials with antioxidant characteristics in diet of
species of the fish in order to increase antioxidant defense
seems necessary.
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