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ABSTRACT 
 

The aim of the current research has been investigation of the antioxidant effect of vitamin C in heavy metals (Pb, Cr 

and Cd) intoxicated carp fish through biochemical and hematological parameters. For this purpose, the activity of 

enzymes alkaline phosphatase (ALP), aspartate aminotransferase (AST), total proteins (TP) on fish’s blood and 

activity of glutathione S-transferase (GST) and malondialdehyde (MDA) level in fish gills carp (Cyprinus carpio) was 

investigated. The investigation has proved that exposure of fish to heavy metals mixture (Pb, Cd and Cr) induced 

significant increase in MDA content and increased activity of GST in their gills. A significant increase was also 

observed in enzymatic activities of ALP and AST but followed with a decrease of the level of total protein in blood. 

However, administration of vitamin C resulted in significant decrease of MDA level and GST activity in the gills of 

fish receiving mixture of heavy metals. Ascorbic acid supplementation effectively decreased activity of AST and ALP 

altered due to heavy metals in blood. The findings support that dietary vitamin C supplementation might be 
considered as effective antioxidant against toxic effects of heavy metals in common carp.  
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INTRODUCTION 

 

Metal pollution has increased with the technological 

progress of human society. In this context water as source 

of life is not excluded from metal pollution, rather they 

are attacked in a large extent. Aquatic systems are 

permanently endangered by contamination with metals as 

the result of various human activities such as: industrial 

and domestic wastewater discharge, farming and mining 
but also from natural activities such are volcanic 

eruptions. The most common heavy metal pollutants are 

arsenic, cadmium, chromium, copper, nickel, lead and 

mercury. 

Metals can accumulate in aquatic organisms, 

including fish, and persist in water and sediments (Luoma 

and Rainbow, 2008). Polluted water has direct impact on 

living organisms and biological equilibrium. The reaction 

and survival of organisms exposed to heavy metals 

depend not only on the biological state of the organisms 

but also on the toxicity and exposure time and type of the 

toxicant (Vinodhini and Narayanan, 2009).  

Cadmium is considered to be as one of the most toxic 

contaminant of polluted water that causes toxicity of 

every ecological layer (Rashed, 2001). Cadmium does not 

generate ROS directly, but can alter GSH levels. Changes 

in GSH can lead to lipid peroxidation (LPO) of the cell 

membrane. Unlike cadmium, lead may cause LPO and 

this is evidenced by the results of many researchers (Ercal 

et al., 2001; Winston and Di Giulio, 1991; Romeo’O et 

al., 2000).  
Chromium is another metal that is also considered to 

be toxic that we have also used in the current research. 

The most biologically important oxidative states of 

chromium are trivalent (Cr III) and hexavalent (Cr VI) 

ions and both were found to induce oxidative stress. Metal 

accumulation can cause an increase in Reactive Oxygen 

Species (ROS) like hydrogen peroxide, superoxide anion 

radical and hydroxyl radical leading so to oxidative stress 

(Winston and Di Giulio, 1991; Livingstone, 2001; Atli et 

al., 2006). The antioxidant defense system removes ROS; 

therefore, it was suggested to be used as biomarkers of 

metal exposures in aquatic organisms (Li et al., 2009; Atli 
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and Canli, 2010). Biomarkers are important as “early 

warning systems” before hazardous effects occur in the 

aquatic animals. In current research glutathione S-

transferase (GST) and malondialdehyde (MDA) is used as 

a biomarker which is reporetd by meany autohrs as one of 

those systems that allows the removal of ROS and used as 

a biomarker for metal pollution (Sevickova et al., 2011; 

Mani et al., 2014). Enzyme activities (AST, ALP, ALT 

and LDL) are considered as sensitive biochemical 

indicators of imminent hazardous effect in fish and have 
been used as important parameters in the testing of water 

for the presence of toxicants according to El-Demerdash 

and Elagamy (1999); Oruc and Uner (1999). Animals 

exposed to metallic contaminants in both field and 

laboratory experiments displayed increased or decreased 

enzyme activity depending on the dose, species and route 

of exposure in agreement with Wong and Wong (2000); 

Jiraungkoorskul et al., (2003). Proteins can also constitute 

a target for oxidative damage with subsequent alteration 

of their functions (Levine et al., 1994). 

In recent years, scientists have focused their research 
on finding mechanisms that, through the application of 

antioxidant substances, increase the efficiency of the 

antioxidant system. Among the many antioxidant 

substances, vitamins have been shown to be effective 

against oxidative stress caused by heavy metals, both in 

humans and in animals. Therefore, in this research we 

have been assigned to vitamin C as an antioxidant to fight 

the stress induced by heavy metals in fish. 

 Vitamin C as an electron donor (reducing agent or 

antioxidant), is a powerful antioxidant that protects low-

density lipoproteins from oxidation, reduces harmful 

oxidants in the stomach and promotes iron absorption 
(Buettner and Jurkiewicz 1995); and has as well as other 

physiological functions on animals. A deficiency of 

vitamin C results in bone or hard tissue deformation 

(Wang and Huang 2015). Vitamins C and E are major 

antioxidant additives used in the food industry and have 

been shown to reduce the oxidative stress in animals 

(Baker and Davies 1996; Baker and Davies 997). 

Objectives of the present study were to explore the 

possible modulatory effect of ascorbic acid on some 

oxidative damage biomarkers such is lipid peroxidation 

(malondialdehyde), antioxidant enzyme (GST) in gills and 
some other enzymes such as AST and ALP in blood 

serum of Common carp intoxicated with lead, cadmium 

and chromium. In the present work it is also determined 

the amount of total protein and the amount of heavy 

metals accumulated in gills. 

 

MATERIALS AND METHODS 

 

Common carp (Cyprinus carpio) was obtained from a 

small fish pound in the village Janjevo (central part of 

Kosovo). Their average weight were 85±5 g (mean±SD) 

and average length 15±1cm (mean±SD). In experiment 
gender differences ware not taken in consideration. Fish 

were divided into two groups, one group served as control 

(n=6) and the other as experimental group (n=14). They 

were held in two glass aquariums (250 liters) that 

contained 170 L of fresh tap water and aerated with 

adequate aeration device for aquariums. 20 days before 

commencement of experiment, fish were acclimatized and 

were fed once a day with adequate commercial food. 

Physicochemical conditions of water during the 

acclimatization and experiment were: pH 7,7±0.5, 

temperature 15±1⁰C. Photoperiod was 14:10 day/dark 

cycle. Water in aquaria was changed every 48 hours. After 

acclimatization, experimental group of fishes were 

intoxicated for 7 days. Mixture of heavy metal contained: 

lead acetate (Pb(CH3COO)₂) - 6mg/l, cadmium chloride 

(CdCl₂) - 8mg/l and chromium oxide (CrO₃) - 2mg/l. 

During intoxication period, water in aquaria was changed 
every day to reduce contamination with food remains. 

After 7 days of intoxication, 7 fishes of exposed group 

were sacrificed; gills were removed and blood was taken 

from caudal vein with heparinized syringes. Remained 

group of exposed fishes than were treated with vitamin C 

(5mg/l) for 14 days. Water was changed every 48 hours. 

After this period fishes were sacrificed and again gills 

were isolated and blood was taken from caudal vein with 

heparinized syringes. 

Gills tissue was homogenized with 50 mM buffer 

phosphate pH 7.4 in 1.17% KCl in ratio 1/10 for weight of 
sample. Homogenate for analyses was obtained after 

centrifugation. Determination of malondialdehyde (MDA) 

concentration in gills homogenate was assessed by the 

thiobarbituric acid method by Buege et al. (1978). GST 

activity was measured using the method of Habig et al., 

(1974). Total proteins in blood serum was determined by 

biuret method (Gornall et al., 1949) and absorbance was 

measured at 540 nm. The activities of enzymes alkaline 

phosphatase (ALP) and aminotransferase (AST) in blood 

serum were measured with commercial colorimetric kits. 

The enzyme activities were measured at 37°C and the 

results were presented in units U/L.  
Concentrations of heavy metals were determined by 

atomic absorption spectrophotometry (AAS) and the 

graphite oven. 

 

RESULTS AND DISCUSSION 

 

Lipid peroxidation is important especially for aquatic 

organisms because they normally contain large amounts 

of unsaturated fatty acids compared to other types of 

organisms (Huang et al., 2003). Malondialdehyde (MDA) 

is one of lipid peroxidation products (LPO) caused by 
oxidative attack in the cell membrane and circulating 

phospholipids and its level directly reflects degree of 

oxidative damage caused by contaminant (Banerjee et al., 

1999). Therefore, the MDA level is widely used as a 

biomarker to evaluate lipid peroxidation. In present study, 

mixture of heavy metal exposure of fish (group B) has 

increased MDA amount to a significant level (P<0.001) 

compared to the control group (group A) as it is described 

in Table 1. This has been evidenced by many researches 

that have shown that peroxidation of lipids and oxidative 

stress increases in different tissues of different types of 

aquatic organisms because of exposure to environmental 
stress (Vinodhini and Narayana, 2009; Mirmazloomi et 

al., 2015; Mehrpak et al., 2015; Flora et al., 2003; Eroglu 

et al., 2015). 

The application of vitamin C to fish initially treated 

with heavy metals has shown a decline in MDA levels in 

these fish and the level has almost dropped to the value of 

the control group (group A). This can be seen from the 
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Table 1: Oxidative stress in gills and blood serum on three groups of fish (Results are presented as mean values±SD. Significant with 

control group *P<0.05, **P<0.01). 

Oxidative stress parameters Control group (Group A) Heavy metal group (Group B) Vitamin C group (Group C) 

MDA g/wt (gills) 39.7±2.1  78.7±4.8 ** 61.4±2.6 
GST g/wt (gills) 3,7±0.3 7,9± 0.5 ** 5,6± 0.5 
AST U/L (blood serum) 454.3±1.7 1141±4.3* 841.8±1.6* 
ALP U/L  (blood serum)    72.2±1.5 124.1±3.6** 92.5±1,3** 
Total protein g/l (blood serum) 46.8±4.8 30.65±5.2* 37.4±5.6* 

 
results presented in Table 1, where the MDA amount in 
gills tissue has decreased even at significant levels 
(P<0.05) in third group of fish (group C) compared with 
metal exposed group of fish (group B). The use of dietary 
antioxidant compounds such as vitamin C with possible 
chelating abilities may be considered as a potential 
approach for alleviation of pathologies related to heavy 
metals toxicity (Mirmazloomi et al., 2015).  

The results presented in Table 1 that relate to GST 
activity also show an increase of activity of this enzyme in 
the group of fish exposed to heavy metals compared to the 
group of fish that have received vitamin C (P<0.001). 
Glutathione S- transferase (GST) is a cytosolic antioxidant 
involved in the conjugation of toxic reactive metabolites. 
The results of many researches carried out in different fish 
tissues showed elevated GST activity in case of heavy 
metal poisoning (Vinodhini and Narayana, 2009; Eroglu 
et al., 2015). This can be justified by the fact that the gills 
are in direct contact with the contaminated water so that 
the heavy metals get in into the gills via the epithelial 
cells. Hence the gills are considered as a sensitive 
biochemical indicator of environmental pollution. The 
results show that the use of vitamin C in fish treated with 
heavy metals has achieved to lower GST activity and the 
difference between the control group compared to the 
group C is non-significant. 

Enzymatic activities of aspartate amino transferase 
(AST), alkaline phosphatase (ALP) and total protein was 
observed in blood serum and results are presented in 
Table 1. Serum activities of AST and ALP increased in 
response to metal exposure in heavy metals group (group 
B) compared to the control group (group A) and 
difference is significant (AST P<0.05; ALP P<0.01). The 
activity of these enzymes is used as a pathological marker 
because any damage caused in the tissue by various 
pollutants including heavy metals they are released in the 
blood in high amounts. Similar results have been shown 
also by the research of many authors in fish treated with 
heavy metals (Vineetkumar and Muniswamy, 2013; Öner 
et al., 2008; Zeynab et al., 2013; M Saeed et al., 2013). 
Compared to the fish receiving mixture of heavy metals 
(group B), vitamin C supplementation in the group C 
decreased AST and ALP activities to the level that 
differences are significant (AST P<0.05; ALP P<0.01). 
Meanwhile, the fish treated with metals then with vitamin 
C activity of these enzymes has decreased to a significant 
degree but nevertheless higher than the control group 
activity. Similar the results of a research conducted by 
Mirmazloomi et al. (2015), regarding to the protective 
effect of vitamins C and D in the activity of these 
enzymes in various tissues of lead traded carp also 
showed increased activity of these enzymes compared to 
the control group. 

Our findings show a significant decrease of the total 

protein level in fish treated with heavy metals compared 

(P<0.05) to the control group (Table 1) and are consistent 

with the results of research of Hedayati et al. (2010). The 

decline in total protein levels may be due to the 

breakdown of protein caused by the stress of severe metal 

intoxication. Amino acids released after the breakdown of 

proteins then could be used for the construction of new 

cells, in the synthesis of enzymes or can be used as a 

source of energy (Saker and Al Iail, 2005). After 

administration of vitamin C in third group (group C) the 

level of total proteins was increased significantly (P<0.05) 

compared to the metal exposed group (Table 1). The 
elevated level of total protein at significant level can be 

attributed to the antioxidant effect of vitamin C. The 

results of many authors have shown evidence of the 

antioxidant effect of vitamin C and their vital role in 

lipoid and protein metabolism. The results of a research 

conducted by Asaikkuttia et al. (2016), regarding the 

effect of vitamin C showed that among other things the 

application of different amounts of vitamin C had also 

contributed to the rise of total protein, which is also 

evidenced in the current research. 

The average metal concentrations (lead, chromium 

and cadmium) in gill tissues are presented in Figure 1. In 
metal exposed group the highest level of concentration 

was accumulated chromium followed from lead and then 

cadmium. The results show that administration of vitamin 

C did not affect the level of lead in gills in third group, but 

has decreased concentration of chromium and cadmium 

but not in significant level.  

 

 
 
Fig. 1: Level of accumulated metals on fish gills. 

 

Conclusions 

Ascorbic acid (vitamin C) as a reducing agent has 

reduced oxidative stress induced by heavy metals, results 

of this research shown that. Application of vitamin C has 

achieved in a significant level to reduce the effects of 

heavy metals intoxication in all researched parameters 

(MDA, GST, AST, ALP and TP). However, vitamin C 

has very little effect on reducing the accumulation of 

heavy metals in gills and this may be due to the short 
duration time of vitamin C treatment (14 days). This may 

be also an evidence that vitamin C can serve as a food 
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supplement that can modulates adverse effects of 

environmental pollution.  
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