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ABSTRACT 
Background: Paraquat is nonselective bipyridyl herbicide that induces hepatotoxicity through 
oxidative stress. Vitamin C and chitosan have antioxidant as well as radical scavenger 
properties and show protective effects against reactive oxygen species (ROS). In the present 
study, hepatoprotective effects of chitosan and vitamin C were evaluated in common carp 
exposed to paraquat.  
Methods: While exposed to 0.02 mg. L-1paraquat for 21 days, common carp were fed chitosan 
(1000 mg. kg-1 feed), vitamin C (1000 mg. kg-1 feed), and vitamin C combined with chitosan. At 
the end of the experiment, activities of hepatic enzymes and oxidative stress biomarkers were 
evaluated.  
Results: Paraquat induces changes in the activity of alanine aminotransferase, aspartate 
aminotransferase, gamma-glutamyl transferase, alkaline phosphatase and lactate 
dehydrogenase in liver tissue of fish. However, these enzymes were restored to normal levels in 
fish fed with vitamin C and vitamin C combined with chitosan following exposure to paraquat. 
Increased levels of malondialdehyde were observed in liver after exposure to paraquat, while 
glucose-6-phosphate dehydrogenase and catalase activities and the total antioxidant levels 
decreased. Administration of vitamin C combined with chitosan significantly reduced 
malondialdehyde levels and increased the total antioxidant capacity, glucose-6-phosphate 
dehydrogenase and catalase activities. 
Conclusion: Administration of vitamin C is effective in reducing liver toxicity of paraquat. 
However, administrating both vitamin C and chitosan is more effective. In other words, chitosan 
and vitamin C have a synergic effect. They could be used as hepatoprotective agents against 
paraquat-induced hepatotoxicity in fish. 
Keywords: Biochemical parameters, Chitosan, Oxidative stress, Paraquat, Vitamin C. 
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INTRODUCTION 

Paraquat (1, 1′-dimethyl-4 4′-bipyridinium 
dichloride) is one of the most important 
bipyridylium herbicides with unusual 
toxicological properties. This herbicide is one of 
the most common active agrochemicals used in 
Iranian agriculture. Contamination of the aquatic 
environment by paraquat is mainly via runoff 
from farmland. However, only a small fraction 
of the paraquat applied to the agricultural fields 
may ultimately enter surface waters. Paraquat 
exerts its effect as an electron donor and 
transforms molecular oxygen to active radicals, 
which are responsible for lipid peroxidation. 
Paraquat and its metabolites can affect some 

physiological and biochemical processes in fish 
by influencing the activities of several enzymes 
[1]. Fishes have evolved a complex antioxidant 
system composed by both non-enzymatic and 
enzymatic components to prevent the harmful 
effects of ROS. In recent years, however, the 
emphasis has been shifted to studying agents that 
can have either protective or ameliorative effects 
on biochemical parameters of fish exposed to 
various xenobiotics [2, 3]. Reduced 
bioavailability of paraquat in water or decreased 
biological effect of paraquat may be effective in 
maintaining the health of fish living in polluted 
waters. 

Chitosan, a deacetylated derivative of 
chitin, is a naturally occurring polysaccharide 
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found abundantly in marine crustaceans, insects 
and fungi. Chitosan can be used in the treatment 
of water contaminated with pesticides [4-6]. The 
potential of chitosan to remove paraquat from 
polluted water has been proven [7]. Therefore, 
chitosan can reduce the bioavailability of 
paraquat in water. Moreover, chitosan and its 
derivatives are used in delivery of drugs, 
hormones, vaccines and vitamins [8, 9]. 
Chitosan may also be effective in healing tissue 
damage caused by toxicity of pesticides.   

Vitamin C (ascorbic acid) is a naturally 
occurring antioxidant. It is an essential nutrient 
for the biosynthesis of collagen, L-carnitine, and 
the conversion of dopamine to norepinephrine 
[10]. Vitamin C neutralizes reactive oxygen 
species (ROSs) by reducing their amount. Thus, 
by increasing the bioavailability of vitamin C in 
the body of organisms, the biological effects of 
this vitamin would be augmented [11, 12]. 
Chitosan nanoparticles are capable of carrying 
Vitamin C in biological systems [11]. Therefore, 
chitosan can increase the bioavailability of 
vitamin C [12]. 

Hepatoprotective effects related to the 
antioxidant activity of chitosan on paraquat-
induced hepatic injury have not previously been 
studied. However, the potential antioxidant 
effects of vitamin C against hepatotoxicity and 
oxidative stress caused by other pesticides were 
reported by some authors [13].  

Therefore, in this study we aimed to find 
out the efficacy of vitamin C, chitosan and the 
combination of them against toxicity of sub-
lethal concentrations of paraquat in common 
carp. 

MATERIALS AND METHODS 
Chemical Materials 

Low weight chitosan (80% deacetylated) 
purchased from Aldrich Chemical Company 
Inc., USA. Paraquat (Gramoxone) at 20% 
concentration was obtained as a commercial 
preparation (Jiangsu Hai Bang Company, China 
imported by Iran). Vitamin C (Ascorbic acid) 
was bought from Rooyan Darou Company, Iran. 
All biochemical kits were purchased from Pars 
Azmoun Co, Iran. Other chemical materials 
were obtained from Merck Chemical Company. 
Germany.  

Fishes Treatment 
One hundred and eighty juvenile Common 

carp, Cyprinus carpio, weighing (38.50 ± 5.80 g) 

were used according to the National Ethical 
Framework for Animal Research in Iran [14]. 
The fishes were purchased from a commercial 
farm in Behbahan, Khuzestan Province, Iran, 
and were transferred to the Aquaculture 
Laboratory of Aquaculture Department, Natural 
Resources and Environment Faculty, Behbahan 
Khatam Alanbia University of Technology.  

The specimens were randomly distributed 
in 18 plastic tanks (80 l) and acclimatized in 
aerated freshwater (24 ± 2° C; pH 7.4 ± 0.2; 16 
L/8D; 40% water exchange rate/day) for two 
weeks before use. During the acclimatization 
period, the fishes were fed two times per day 
with commercial diet from Beyza Feed Mill, 
Shiraz, Iran. The fishes were randomly assigned 
to six groups. Group I: the specimens were fed a 
normal diet for 21 days and were considered the 
control group; Group II: the specimens were 
exposed to 0.02 mg.L-1 paraquat; Group III: the 
fishes were fed a diet enriched with 1000 mg 
chitosan per 1 kg feed for 21 days; Group IV: 
the specimens were exposed to 0.02 mg.L-1 

paraquat and were fed 1000 mg chitosan per 1 
kg feed for 21 days; Group V: the specimens 
were exposed to 0.02 mg.L-1 paraquat and were 
fed a diet enriched with 100 mg vitamin C per 1 
kg feed for 21 days; Group VI: the specimens 
were exposed to 0.02 mg.L-1paraquat and were 
fed a diet enriched with 100 mg vitamin C 
combined with 1000 mg chitosanper 1 kg feed 
for 21 days. Each treatment was applied to 
triplicate groups in completely randomized 
design. To prevent the build-up of metabolic 
wastes and to keep concentrations of paraquat 
near the nominal level, the water was changed 
daily. 

On 21 days of the study, the specimens 
were euthanized by decapitation and their livers 
were carefully removed, washed repeatedly in 
ice-cold physiological saline and accurately 
weighed. Tissue samples were homogenized in 
ice cold phosphate buffer for two min (pH 7.4; 
1:10, w/v) using a glass homogenizer and then 
centrifuged for 15 min at 15000 g at 4 °C in a 
refrigerated centrifuge. The supernatants were 
immediately used to measure biochemical 
parameters via spectrophotometric assays. 
Biochemical Parameters Analysis 

Lactate dehydrogenase (LDH) activity was 
measured based on the conversion of pyruvate to 
L-lactate by monitoring the oxidation of NADH. 
Aspartate aminotransferase (AST) was assayed 
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in a coupled reaction with malate dehydrogenase 
in the presence of NADH. In alanine 
aminotransferase (ALT) assay, the enzyme 
reacts with alanine and α-ketoglutarate to form 
glutamate and pyruvate. Lactate dehydrogenase 
converts pyruvate to lactate and NAD+. All these 
activities were monitored by measuring changes 
in absorbance at 340 nm. Alkaline phosphatase 
(ALP) assay was based on the enzyme-mediated 
conversion of p-nitrophenol phosphate to 
nitrophenol in an alkaline buffer at 405 nm. 
Gamma-glutamyl transferase (GGT) activity was 
determined by a coupled enzyme assay, in which 
the GGT transfers the g-glutamyl group from the 
substrate L-g-Glutamylp-nitroanilide, and 
liberates chromogen p-nitroanilide proportional 
to the GGT present. GGT activity was recorded 
during 3 min at 418 nm [15]. In G6PDH assay, 
this enzyme catalyzes the oxidation of glucose-
6-phosphate (G6P) to 6-phospho-D-gluconate, 
along with the concomitant reduction of NADP+ 
to NADPH. The rate of NADPH formation is 
proportional to G6PDH activity and is measured 
using spectrophotometry as increase in 
absorbance at 340 nm [16]. Protein levels in 
tissues were determined by standard procedures 
used in clinical biochemistry laboratories 
according to thebiochemical kits user manuals 
(Pars Azmoun Co, Iran) [17].  

CAT activity was determined according to 
Góth [18], with some modifications. Catalase 
activity was measured by hydrogen peroxidase 
assay based on formation of its stable complex 
with ammonium molybdate. 200 µL of the 
supernatant was incubated in working solution 
including 1000 µL hydrogen peroxide and 500 
µL phosphate buffer (pH: 7.4) at 25 °C for 60 S. 
Then 1000 µL of 32.4 mmol.L-1 ammonium 
molybdate was added to the reaction solution 
and the concentration of the yellow complex of 
molybdate and hydrogen peroxide was measured 
at 405 nm wavelengths.  

 
Blank 1 contained 1.0 mL substrate, 1.0 

mL molybdate and 0.2 mL distilled water; blank 
2 contained 1.0 mL substrate, 1.0 mL molybdate 
and 0.2 mL buffer; blank 3 contained 1.0 mL 
buffer, 1.0 mL molybdate and 0.2 mL buffer.  

Total antioxidant capacity was estimated 
according to the ferric reducing ability of plasma 

(FRAP). Briefly, the FRAP reagent contained 5 
mL of (10 mmol/L) TPTZ (2,4,6- tripyridyl- s- 
triazine) solution in 40 mmol/L HCL plus 5 mL 
of FeCl3 (20 mmol/L) and 50 mL of acetate 
buffer (0.3 mol/L, pH=3.6) and was prepared 
freshly. Aliquots (100 µL) of the supernatant 
were mixed with 3 mL FRAP reagent. The 
conversion rate of ferric tripyridyl-s-triazine 
(Fe3+-TPTZ) complex to ferrous tripyridyl-s-
triazine (Fe2+-TPTZ) at pH 3.6 and 25 °C is 
directly proportional to the concentration of total 
antioxidant in the sample. Fe2+-TPTZ  has an 
intense blue color that can be monitored for up 
to 5 min at 593 nm by a UV/VIS 
spectrophotometer. The calculations were 
performed using a calibration curve of 
FeSO4·7H2O (100 to 1000 µM/L) [19].  

Malondialdehyde (MDA) content was 
assessed by modified thiobarbituric acid assay 
and was expressed as µmol/g tissue [20]. 
Briefly, 500 µl of the supernatant was 
transferred to a Pyrex tube and mixed with 2500 
µl trichloroacetic acid (20%) and 1000 µmL 
thiobarbituric acid (67%). The tubes were then 
placed in boiling water (100 °C) for 15 min. 
After cooling, the chromogenic substrate was 
extracted into the organic phase with 1000 µL of 
distilled water and 5000 µL n-butanol: pyridine 
(15: 1). The mixture was then centrifuged at 
2000 g for 15 min at 4 °C. The pink color 
produced by these reactions was measured by 
spectrophotometry at 532 nm to measure MDA 
levels. MDA concentration was calculated using 
MDA standard. Tetraethoxypropane and 
absolute ethanol were used to prepare the MDA 
standards. Concentrations of MDA in whole 
body samples are expressed in µM per g protein. 
All biochemical parameters were measured by 
UV/VIS spectrophotometer (model UNICCO 
2100).  

Statistical Analysis 
All data were examined for normality 

(Shapiro-Wilk test). Statistical tests were 
performed with SPSS (IBM, Release 19) 
software by means of one way analysis of 
variance, followed by Duncan multiple 
comparison test (P<0.01). Data are presented as 
mean ± SD in each experimental group. 
Significant differences between values were 
characterized by alphabetical symbols (P<0.05). 
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RESULTS 
No mortality was observed during the 

experiment. Alterations in the biochemical 
parameters of liver tissue are presented in Figure 
1-9. 

Aspartate aminotransferase (AST) activity 
significantly decreased in liver tissue of fishes 
exposed to paraquat as compared to control 
group. However, administration of vitamin C 
and vitamin C combined with chitosan showed 
an increase in the activity of AST as compared 
to the group exposed to paraquat alone (Figure 
1).  

Paraquat decreased alanine 
aminotransferase (ALT) activity. Combined 
treatment of vitamin C and chitosan resulted in a 
significant improvement in ALT activity in liver 
tissue of paraquat-exposed fishes (Figure 2). 

Exposure to paraquat decreased alkaline 
phosphatase (ALP) and gamma-glutamyl 
transferase (GGT) activities in liver tissue. 
Administration of vitamin C and chitosan did not 
significantly affect ALP and GGT activities in 
liver tissue of fishes exposed to paraquat (Figure 
3 & 4).  

Lactate dehydrogenase (LDH) activity 
significantly increased in fishes exposed to 
paraquat alone. Simultaneous administration of 
chitosan and vitamin C resulted in a marked 
normalization of LDH activity when compared 
to the paraquat treated groups (Figure 5). 

There was a significant decrease in 
catalase activity in liver of fishes exposed 

to paraquat (P<0.05), whereas CAT activity 
was elevated in fishes fed a diet enriched 
with vitamin C and vitamin C combined 
with chitosan as compared to the group 
exposed to paraquat alone. Chitosan 
administration did not significantly modify 
the activities of the CAT in liver tissue of 
fishes exposed to paraquat (Figure 6).  

Activity of G6PDH significantly 
decreased in liver tissue of fish exposed to 
paraquat as compared to control group. 
However, its activity in fish treated with 
paraquat along with vitamin C and the 
group which were treated with paraquat 
along with chitosan, was significantly 
(P<0.05) lower than that of control group 
(Figure 7).  

Levels of malondialdehyde (MDA) in 
liver significantly increased (P<0.05) in the 
group exposed to 0.02 mg.L-1 of paraquat 
when compared with the non-exposed 
group on day 21. The MDA levels in 
hepatocytes reduced significantly in groups, 
which ascorbic acid and ascorbic acid 
combined with chitosan, were used. 
However, MDA levels in hepatocytes of 
fishes exposed to paraquat and treated with 
chitosan were reduced compared with non-
treated group exposed to paraquat. The 
MDA level in liver of fishes exposed to 
paraquat and treated with chitosan was 
greater than that of control group (Figure 
8).   
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Figure 1. Ameliorative effect of chitosan and vitamin C on the AST activity in the liver tissue of 

common carp exposed to paraquat. 
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Figure 2. Ameliorative effect of chitosan and vitamin C on the ALT activity in the liver tissue of 
common carp exposed to paraquat. 
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Figure 3. Ameliorative effect of chitosan and vitamin C on the GGT activity in the liver tissue of 

common carp exposed to paraquat. 
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Figure 4. Ameliorative effect of chitosan and vitamin C on the ALP activity in the liver tissue of 
common carp exposed to paraquat. 
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Figure 5. Ameliorative effect of chitosan and vitamin C on the LDH activity in the liver tissue of 
common carp exposed to paraquat. 
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Figure 6. Ameliorative effect of chitosan and vitamin C on the CAT activity in the liver tissue of 
common carp exposed to paraquat. 
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Figure 7. Ameliorative effect of chitosan and vitamin C on the G6PDH activity in the liver tissue of 
common carp exposed to paraquat. 
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Figure 8. Ameliorative effect of chitosan and vitamin C on the MDA levels in the liver tissue of common 
carp exposed to paraquat. 

d d

a
bc b

c

0.00
5.00

10.00
15.00

Control Chitosan Paraquat PQ & 
Vitamin C

PQ & 
Chitosan

PQ & 
Vitamin C 

& ChitosanT
A

O
 le

ve
ls 

(µ
m

ol
.g

-1

pr
ot

ei
n)

Treatment
 

Figure 9. Ameliorative effect of chitosan and vitamin C on the TAO levels in the liver tissue of common 
carp exposed to paraquat. 
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Total antioxidant levels reduced 
significantly in liver of fishes exposed to 
paraquat with no supplementary feeding. 
However, ascorbic acid and ascorbic acid 
combined with chitosan treatment increased total 
antioxidant levels in liver tissue of paraquat-
exposed fishes. Chitosan treatment also 
improved total antioxidant levels (Figure 9). 

DISCUSSION 
In the present study, the protective effects 

of ascorbic acid (vitamin C) and chitosan against 
paraquat-induced toxicity in the liver of common 
carp and the resulting hepatic oxidative damage 
were investigated. Biochemical parameters of 
the treated fishes were compared to those of 
untreated controls (Table 1). Mussi and 
Calcaterra suggested lipid peroxidation as an 
important parameter of the toxicity of paraquat 
[21]. 

Our results indicated a significant decrease 
in the total antioxidant levels and an increase in 
MDA levels in the fishes exposed to paraquat as 
compared to controls (P<0.05). Therefore, the 
increase in MDA levels in the present study 
could be related to an increase in the generation 
of ROS in the liver of the fishes exposed to 
paraquat. An increase in MDA levels was 
reported in different tissues of fish exposed to 
fenpropathrin [22], Deltamethrin [23], methyl 
parathion [24], chlorpyrifos [24], carbamazepine 
[25], and atrazine [26]. This leads to the loss of 
cellular membrane integrity resulting in pores in 
the membranes. Due to cell membrane lipid 
peroxidation of unsaturated fatty acids, short 
chain fatty acids containing R-COOH, R-OOH, 
R-CHO, and R-OH are created which seriously 
affect the cellular membrane functions such as 
the activity of hormone receptors and neural 
mediators, ion transport channels and the activity 
of membrane enzymes and transportation of 
specific molecules. On the other hand, the 
formation of malondialdehyde (MAD) during 
peroxidation of fatty acids with double bonds 
can create covalent bonds and polymerize 
cellular membrane components. 

Total antioxidant levels reduced 
significantly in liver of fish exposed to paraquat 
with no supplementary feeding. The cellular 
total antioxidant capacity plays a crucial role in 
intracellular protection against the reactive 
oxygen species [27]. The overproduction of 

reactive oxygen species during pesticide 
detoxification may be associated with decrease 
in the hepatic total antioxidant capacity [28, 29]. 
Impairment in the synthesis of enzymatic and 
non-enzymatic antioxidants may be the most 
important factor in reducing levels of cellular 
total antioxidant capacity. Therefore, decline in 
the cellular antioxidant capacity makes the cells 
more vulnerable to oxidative stress damage. 
Concomitant supplementation with vitamin C 
and chitosan treatment elevate the level of total 
antioxidant in hepatocytes. This enhanced 
cellular total antioxidant capacity seems to be 
essential in maintaining the redox state and to 
cope with the oxidative stress in the fish exposed 
to paraquat. 

Significant decrease in the activity of 
catalase was observed in liver tissue of fish after 
exposure to paraquat (P<0.05). Catalase plays an 
important role in the elimination of hydrogen 
peroxide in cells [29]. Catalase acts on H2O2 by 
decomposing it, and protects the cell against 
hydrogen peroxide mediated lipid peroxidation. 
Therefore, significant decrease in CAT activity 
in liver tissue of fish exposed to paraquat might 
be a biochemical response to overproduction of 
H2O2 in liver cells. Hence, reduced CAT activity 
in hepatocytes may indicate a defect in the 
antioxidant defense system. Increased catalase 
activity in liver tissue of fish fed a diet 
supplemented with vitamin C or Vitamin C 
combined with chitosan may reflect the effects 
of vitamin C on reducing levels of reactive 
oxygen species. Our result is supported by study 
of Mehrpak et al. [13], where vitamin C and 
chitosan was demonstrated to alleviate 
cadmium-induced oxidative stress in common 
carp. 

Glucose-6-phosphate dehydrogenase 
(G6PDH) was significantly inhibited by 
paraquat. Decreased G6PDH led to reduced 
biosynthesis of nicotinamide-adenine 
dinucleotide phosphate (NADPH) and cellular 
reduced glutathione (GSH) level [30]. In 
addition, NADPH is required for the generation 
of reduced glutathione, which is important for 
protective effect against oxidative damage. 
Therefore, the results of this study show that 
decreased G6PD activity is sufficient to increase 
oxidative stress. However, oral administration of 
chitosan or vitamin C supplementation 
significantly increased G6PDH activity as 
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compared to fishes exposed to paraquat. 
Administrating combination of vitamin C and 
chitosan had more preventive effect on the 
decrease of G6PDH caused by paraquat and 
improved the diminished activity of G6PDH in 
liver tissue of fishes exposed to paraquat. 

Aminotransferase enzymes such as AST, 
ALT, and GGT are important in cellular nitrogen 
metabolism, oxidation of amino acids, and liver 
gluconeogenesis [31]. In stress situations, 
increased activity of liver enzymes has 
stimulatory effects on gluconeogenic mechanism 
[31, 32]. After 21 days, the results showed that 
paraquat treatment significantly decreased AST, 
ALT and GGT activities in liver tissue. Thus, 
alterations in aminotransferase activities may 
indicate interference with the cellular energy 
supply for fish exposed to paraquat. Similar 
changes were observed in Labeo rohita and A. 
mossulensis after exposure to fenvalerate and 
fenpropathrin, respectively [22, 33]. However, 
oral administration of vitamin C combined with 
chitosan to fish exposed to paraquat reverses the 
activity of AST, and ALT to normal levels. 
Similar findings were reported by Merhpak et al. 
[13] who observed that vitamin C and chitosan 
reduces cadmium hepatotoxicity in fish.  

The increased LDH activity caused by 
paraquat could be explained by changes in the 
cellular metabolism process during the 
treatment. Paraquat significantly increased LDH 
activity in the liver of common carp, which 
indicated serious liver damage. This suggests 
impairment in the aerobic capacity of the liver 
tissue. The observed increase of LDH activity 
can be attributed to the conversion of 
accumulated pyruvate into lactate, transported 
through muscles to liver and regenerated glucose 
and glycogen to supply energy for fish exposed 
to insecticides. Banaee et al [27] demonstrated 
the adverse effects of malathion on liver and a 
resulting increase in LDH, AST and ALT 
activities. However, LDH activity returned to 
normal levels in fish fed a diet supplemented 
with ascorbic acid and ascorbic acid combined 
with chitosan. The present results agree with 
those obtained by Mehrpak et al. [13] who 
revealed that vitamin C and chitosan are capable 
of almost completely alleviating liver toxicity in 
fish exposed to cadmium chloride.   

ALP plays a significant role in phosphate 
hydrolysis and in membrane transport and acts 

as a good bio-indicator of stress in biological 
systems. The decrease in ALP activity by 
paraquat probably indicates altered transport of 
phosphate and inhibitory effect on the cell 
growth and proliferation. In contrast, increased 
ALP activity in the whole body of the freshwater 
fish Alburnus mossulensis in exposure to 
fenpropathrin has been reported [22]. Moreover, 
co-treatment of vitamin C and chitosan did not 
induce any significant changes in ALP activity 
in hepatocyte of fish exposed to paraquat. 

CONCLUSION 
Paraquat toxicity in liver could be 

attributed to the oxidative stress on the hepatic 
cells, which leads to decrease in cellular total 
antioxidant levels. The increase in MDA and 
CAT activity is indicative of reactive oxygen 
species formation in the hepatocytes of fish 
exposed to paraquat. Administration of ascorbic 
acid and ascorbic acid combined with chitosan 
allowed recovering some enzymatic activities, 
changed by paraquat treatment. Nevertheless, 
chitosan supplementation was not sufficiently 
effective in regulating liver enzymes activities in 
fish exposed to paraquat. Nonetheless, ascorbic 
acid and ascorbic acid combined with chitosan 
could be useful in decreasing paraquat toxicity 
by inhibiting the paraquat-induced oxidative 
stress. 
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