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ABSTRACT 

Effects of copper (Cu) and lead (Pb) applied singly and 
in mixture with chitosan (CT) on sera aspartate aminotrans-
ferase (AST), alanin aminotransferase (ALT) activities, 
glucose, total protein and cholesterol levels of Clarias 
gariepinus were studied after exposing the animals to 5.0 
ppm Cu and 1.0 ppm Pb singly and in mixture with 75 ppm 
Chitosan over 1, 7 and 15 days. Sera parameters were 
measured using an auto analyzer and statistical evaluation 
of the experimental data was carried out by Variance Anal-
ysis and Student Newman Keul’s Procedure (SNK). 

Abundant biosorbants such as chitin and chitosan are 
known to form stable complexes with many metal ions. 
Chitin is widely distributed in nature, especially in the ex-
oskeletons of marine invertebrates such as prawn, crab and 
lobster whereas its derivative chitosan has reactive amino 
groups which forms complexes between metal ions and the 
polymer chain. 

No mortality was observed during the experiments. 
Exposure to Cu-CT mixture decreased sera glucose level at 
all exposure periods, sera cholesterol level on day 15, sera 
ALT activity on day 1 and sera total protein level on day 
15 compare to Cu alone. Exposure to Pb-CT mixture de-
creased sera glucose, cholesterol levels and AST and ALT 
activities on day 15 compared with Pb alone. This might be 
due to chitosan has reactive amino groups which forms 
complexes between metal ions and the polymer chain. 
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1. INTRODUCTION 

Heavy metals are natural components of aquatic envi-
ronments and enter to these environments by natural phe- 
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nomenon such as volcanic eruptions and erosion. The levels 
of these metals, however, increased significantly mainly by 
anthropogenic activities [1]. 

Copper is necessary in trace amounts for the function-
ing of various biological mechanisms [2], while lead have 
no biological function and is toxic even at very low con-
centrations [3]. Discharge of various metal mixtures con-
taining urban, agricultural and industrial waste waters to 
freshwater environments result in a number of physiologi-
cal and biochemical disturbances to organisms living in 
these environments [4-5]. 

Various biosorbents such as chitin and chitosan (CT) 
are known to form stable complexes with many metal ions. 
Chitin is widely distributed in nature, especially in the ex-
oskeletons of marine invertebrates such as prawn, crab and 
lobster whereas its derivative CT has reactive amino 
groups which forms complexes between metal ions and the 
polymer chain. 

Clarias gariepinus is a widely distributed species in 
inland waters and drainage channels of Mediterranean re-
gion and is consumed commonly as a protein source. Due 
to its wide tolerance against pollutants and its habitat being 
under direct influence of agricultural and industrial activi-
ties, the species was chosen as an experimental fish. 

Effects of heavy metals result in significant variations 
in blood parameters. CT is well known as an excellent bi-
osorbent for metal cation removal in near-neutral solutions 
because of its large number of NH2 groups. Hence sera 
AST and ALT activities, glucose, cholesterol and total 
protein levels were determined after exposing the animals 
to 5.0 ppm Cu and 1.0 ppm Pb singly and in mixture with 
75 ppm CT over 1, 7 and 15 days. 

 
 
2. MATERIAL AND METHODS 

C. gariepinus was obtained from a private fish farm in 
Silifke-Mersin. The mean length and weight of the animals 
were 21.9 ± 1.5 cm and 73 ± 3.11g respectively. Fish were 
adapted to laboratory conditions for one month in glass 
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aquaria 40x120x40 cm in height. Experiments were run in 
triplicate being 3 fish in each replicate, hence 9 fish were 
placed in each aquarium. The same sized five aquaria were 
used in the experiments. The first four aquaria were 
filled with 120 L of 5.0 ppm Cu, 1.0 ppm Pb, 5.0 ppm 
Cu + 75 ppm CT and 1.0 ppm Pb + 75 ppm CT, respec-
tively while the fifth one was filled with the same 
amount of copper and lead free tap water and used as con-
trol. Copper sulphate (CuSO4:5H2O) and lead nitrate 
(Pb(NO3)2) were used in the preparation of experimental 
solutions and trisodium citrate (C6H5Na3O7.5H2O) was 
used to prevent precipitation and adsorption of the metals. 
Experimental solutions were replaced daily, by serial dilu-
tions of freshly prepared 1000 ppm stock solution of the 
metals. 1 % acetic acid was used to prepare CT stock solu-
tion. Some physical chemical properties of experimental 
water are given in Table 1. 

 
TABLE 1 - Physical and chemical properties of the experimental wa-
ter. 

Illumination regime  12h/12h light/dark 

Temperature  22 ± 10C 

Total alkalinity  305 ± 0.5 mg CaCO3/L

Dissolved oxygen  7.1 ± 0.5mg/L 

pH  8.2 ± 0.5 

 
Fish were fed once a day with readymade fish feed 

(Pınar, Pellet No: 2) at amounts of 2% of total biomass. 
Three fish were removed from each aquaria at the end of 
each exposure period. Fish were anesthetized with MS222 
to prevent changes in the studied parameters. They were 
then washed with tap water and dried with Whatman filter 
papers. 

Blood samples to be used in determining sera parame-
ters were obtained by cutting caudal peduncle vertically. 
They were transferred to anticoagulant free centrifuge 
tubes and centrifuged at 4000 rpm for 10 minutes. Obtained 

sera samples were then transferred to sera tubes and ana-
lyzed using an auto-analyzer. 

Statistical analysis of the data were carried out by 
Analysis of Variance and Student Newman’s Procedure 
(SNK) using SPSS-16 statistical package program [6].  

 
 
3. RESULTS 

No fish mortality was observed during the experi-
mental period. Sera glucose levels increased significantly 
compared to control when exposed to Cu alone, whereas it 
decreased significantly in Cu-CT mixture compared to Cu 
alone at the exposure periods tested (Fig. 1a; P<0.05). 
There was a significant increase in sera cholesterol levels 
on days 1 and 7 under the effect of copper compared with 
control (Fig. 1b; P<0.05). No significant change in sera 
cholesterol level, however, was observed under the effect 
of Cu-CT mixture during these periods (Fig. 1b; P>0.05). 
Sera cholesterol was significantly lower in fish exposed to 
Cu-CT mixture than in those exposed to copper alone at the 
end of 15 days (Fig. 1b; P<0.05).  

There was a significant increase in sera AST and ALT 
activities of C. gariepinus when exposed to Cu for 1 and  
7 days compared to control (Fig. 1c-1d; P<0.05). AST and 
ALT activities remained unchanged when exposed to Cu-
CT mixture compared with Cu alone at the exposure peri-
ods tested. Sera total protein increased significantly com-
pared with control when exposed to Cu alone at all expo-
sure periods (Fig. 1e; P<0.05). Exposure to Cu-CT mixture 
decreased sera total protein levels at the end of 15 day com-
pared to Cu alone (Fig. 1e; P<0.05). 

Sera glucose and cholesterol levels were not affected by 
exposure to Pb alone and Pb-CT mixture except for day 15. 
Their levels were significantly lower in fish exposed to Pb-
CT mixture compared to Pb alone after 15 days (Fig. 2a-2b; 
P<0.05). 

 
 
 

 
a. Glucose (mg/dL)                                             b. Cholesterol (mg/dL) 
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c. Aspartate aminotransferase (AST) (U/L)                      d. Alanine aminotransferase (ALT) (U/L) 
 

 
e. Total protein (g/dL) 

 

FIGURE 1 - Effects of Cu and with Cu-CT mixture on some sera parameters of C. gariepinus. *=SNK; Letters a, b, c show differences among 
concentrations. Data shown with different letters are significant at the P<0.05 level. 
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                    c. Aspartate aminotransferase (AST) (U/L)                      d. Alanine aminotransferase (ALT) (U/L) 
 

 
e. Total protein (g/dL) 

 

FIGURE 2 - Effects of Pb and Pb-CT mixture on some sera parameters of C. gariepinus. *=SNK; Letters a, b, c show differences among concen-
trations. Data shown with different letters are significant at the P<0.05 level. 
 
 

 

Exposure to Pb alone and Pb-CT mixture did not affect 
sera AST and ALT activities on days 1 and 7 (Fig. 2c-2d; 
P>0.05). Sera AST and ALT activities increased signifi-
cantly compared with control when exposed to Pb alone for 
15 days, while Pb-CT mixture decreased their levels sig-
nificantly compared to Pb alone at a given period  (Fig. 2c-
2d; P<0.05). Sera total protein increased significantly when 
exposed to Pb alone compared with control after 7 days 
(Fig. 2e; P<0.05). 

 
 
4. DISCUSSION 

There was no mortality C. gariepinus exposed to 5.0 ppm 
Cu and 1.0 ppm Pb over 15 day which was probably due to 
short exposure periods and low metal concentrations. 

Heavy metals above given concentrations activate 
stress conditions in fish as other stress factors, such as tem- 

perature and anaerobic conditions, which in turn increases 
the need for energy. The increase in energy demand stimu-
lates the release of glucocorticoids such as cortisol, epi-
nephrine, and catecholamine causing mobilization of liver 
and muscle glycogen by glycogenolysis and result in hy-
perglycemia. 

Copper increases sera glucose and cortisol levels in 
Salmo trutta depending on exposure concentration and pe-
riod [7]. McLeay [8] reported that sera glucose levels in-
creased in Oncorhynchus mykiss exposed to zinc for 7 days. 
Exposure to lead for 4 days increased sera glucose level in 
O. niloticus [9]. Sera glucose level increased significantly 
compared with control when exposed to Cu alone at all ex-
posure periods. This might result from stimulation of gly-
cogenolysis in liver and muscle depending upon the energy 
demand under the effect of metal stress. 

Cholesterol is the main structural component of lipo-
proteins, bile acids and steroid hormones. Effects of heavy 
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metals on cholesterol levels in fish varies between fish spe-
cies and metals tested. Sera cholesterol levels increased in 
O. niloticus exposed to Ag, Zn, Cr, Cu and Cd singly [10] 
while long term effect of lead decreased sera cholesterol 
levels in Prohilodus lineatus [11]. Short term exposure to 
Cu and Pb increased sera cholesterol levels of C. gariepi-
nus whereas its level decreased with increasing periods. 
This might be due to tissue damage caused by the metal, 
breakdown in cholesterol synthesis and/or the use of cho-
lesterol in the synthesis of steroid hormones. 

Heavy metals not only induces stress conditions in fish 
but also cause tissue damages. Stress conditions in fish in-
crease energy requirements which are derived primarily 
from carbohydrates, such as glucose and from non-carbo-
hydrate sources, such as proteins and lipids, through glu-
coneogenic enzymes, namely AST and ALT. The levels of 
gluconeogenic enzymes are low under normal conditions. 
Zinc increased sera AST and ALT activities in O. niloticus 
at both short and long exposure periods [12]. Exposure to 
Cu and Pb for four and twenty one days increased sera AST 
and ALT activities in O. niloticus [9]. Sera AST and ALT 
activities also decreased in C. gariepinus when exposed to 
Cu for 1 and 7 days and to Pb for 15 days. 

Trace elements are transported between various tissues 
by binding to proteins such as albumin, globulin and ceru-
loplasmin. Sera total protein levels of C. carpio increased 
under the effect of Cu and Zn [13]. Four days of exposure 
to lead did not affect sera total protein level in O. niloticus 
[9]. Sera total protein levels of Oncorhynchus. mykiss in-
creased with increasing exposure periods when the fish 
were fed with 489.8± 1.9 mg Cu/kg food [14]. Copper in-
creased sera total protein levels of C. gariepinus at all ex-
posure periods and increased on the 7 day of exposure to 
Pb alone. The increase in synthesis of metal binding pro-
teins and time depended increase in protein catabolism 
might explain these variations. 

CT is produced by alkaline N-deacetylation of chitin, 
which is widely found in the exoskeleton of shellfish and 
crustaceans. It is widely known that the excellent adsorp-
tion behaviors of CT for heavy metal removal is attributed 
to: high hydrophilicity of CT due to large number of hy-
droxyl groups, large number of primary amino groups with 
high activity and flexible structure of polymer chain of CT 
making suitable configuration for adsorption of metal ions 
[15]. McKay et al. [16] reported that the maximum adsorp-
tion capacities of CT for Hg, Cu, Ni, and Zn. CT had an 
inhibitory effect on Cd intake in O. mykiss fed with Cd and 
Cd-CT mixed food [17]. Copper and CT complex de-
creased oxidative stress in C. carpio [18].  

Exposure to Cu-CT mixture decreased sera glucose 
level at all exposure periods, sera cholesterol level on day 
15, sera ALT activity on day 1 and sera total protein level 
on day 15 compared to Cu alone . Exposure to Pb-CT mix-
ture decreased sera glucose, cholesterol levels, and AST, 
ALT activities on day 15 compared to Pb alone. This might 
be resulted from reactive amino groups of CT form com-
plexes with metal ions through its polymer chains. 

   It was concluded that the studied metals concentra-
tions caused significant alterations in the carbohydrate and 
protein metabolism by effecting sera parameters. Chitosan, 
which is a natural adsorbent, seemed to decrease the harm-
ful effects of Cu and Pb on sera parameters especially on 
long term exposures.  
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