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In the present study an attempt has been made to evaluate the effect of heavy metals 
i.e. nickel (Ni) and zinc (Zn) on the serum biochemical parameters of Catla catla. The 
fish were exposed to lethal concentrations (96-hr LC50) of selected metals. The 
studied serum biochemical parameters were sodium (Na), potassium (K), chloride 
(Cl), albumin (Alb), urea (U), glucose (Glu), aspartate aminotransferase (Ast) and 
alanine aminotransferase (Alt). Results revealed a decrease in Na, Cl and Alb levels of 
metal exposed fish at all exposure periods as compared to control. However, an 
increase in K, U, Glu, Ast and Alt levels was observed in the metal exposed fish. All the 
biochemical parameters showed significant dependence on exposure durations in 
both treated fish except Na and Alb in Zn treated fish. This study indicated that the 
alterations in serum biochemical parameters may be the result of the target tissue 
damage and dysfunction induced by the metal and that these parameters can thus be 
used to assess the toxic effects of metals on organisms. 
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INTRODUCTION 

Freshwater is highly susceptible to pollution since it acts 

as a direct sink for the consequences of anthropogenic 

activities which are always accompanied with the danger 

of criminal negligence or accidental discharges (Sachar 

and Raina, 2014). The discharge of domestic, industrial 

and urban wastes produced through human activities 

into aquatic environments usually causes stress to 

aquatic organisms (Palanisamy et al., 2011). Heavy 

metals constitute a major group of aquatic contaminants 

and their large amount accumulates in aquatic 

ecosystems as a consequence of land-based activities 

(Vutukuru, 2003). Metals are of particular concern due to 

their non-degradable and persistent nature therefore 

could cause negative effects to the inhabiting fauna and 

flora (Javed et al., 2016).  

Nickel (Ni) is an essential element at low concentration for 

living organisms but it is highly toxic at higher concentration 

(Magyarosy et al., 2002). It is released by industries that use 

Ni, convert scrap or new Ni into Ni compounds or alloys and 

during Ni mining. These industries may also release Ni in 

wastewater (Al-Attar, 2007). Recently, several reports are 

available regarding the Ni toxicity in different animal 

species, particularly fish (Doreswamy et al., 2004; Gupta et 

al., 2006; Hoang et al., 2004). 

Zinc (Zn), as an essential micronutrient, is required in 

small quantities for normal development and metabolism 

of organisms and is important for various physiological 

processes of cells (Varin et al., 2008). If its level exceeds 

the physiological requirements, it can act as a toxicant. 

The common anthropogenic sources of Zn are galvanized 

iron work and ZnCl2 used in plumbing and paints. Zinc 
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wastes cause direct toxicity to aquatic organisms at 

augmented waterborne levels (Niyogi and Wood, 2006). 

The animals flourishing in water bodies are exposed to 

extraordinarily high levels of contaminants. Fishes are 

the animals that cannot escape from the negative effects 

of these contaminants and prove as good bio-indicators of 

aquatic pollution (N. and C., 2010). Measurement of 

serum biochemical parameters is valuable to ascertain 

the toxicity of target organs along with the overall health 

status of animals and provides initial warning of 

potentially detrimental alterations in stressed organisms 

(Jacobson-Kram and Keller, 2001). Alterations in serum 

enzyme activities are linked to the physiological changes 

in metal exposed fish (Kori-Siakpere et al., 2010).  

Metals exposure to fish may cause variability in plasma 

ions level and ions regulatory disruption which may be 

used for computing toxic effects of metals. Serum protein, 

the majority of serum proteins which are produced in the 

liver, is used as an indicator of liver injury (Bernet et al., 

2001). Studies have revealed that metals can cause either 

increase or of toxicant, length of exposure, water quality 

and fish species (Jee et al., 2005). Thus, the current study 

was aimed to examine the effects of Ni and Zn on the 

serum biochemical parameters of Catla catla. 

 

MATERIALS AND METHODS 

An experiment was conducted in the wet laboratory of 

Fisheries Research Farms, Department of Zoology, 

Wildlife and Fisheries, University of Agriculture, 

Faisalabad. Catla catla of desired weight (30 g) were 

obtained from the Fish Seed Hatchery, Faisalabad. They 

were brought to the wet laboratory and acclimatized to 

the laboratory conditions for 14 days.  Pure chloride 

compounds of metals viz. nickel (NiCl2. 6H2O) and zinc 

(ZnCl2. 2H2O) were used in this experiment. Metals were 

dissolved into deionized water and stock solutions were 

prepared for required metals dilutions. The stock 

solutions were diluted to make required concentrations 

of metallic ions. Fish were exposed for 96-hr to 

waterborne lethal concentrations (LC50) of metals which 

are already determined by (Kousar, 2014). The water 

temperature (30 C), pH (7) and total hardness (225 

mg/L) of the test media were kept constant. Total 

ammonia, magnesium, carbon dioxide and calcium 

contents of the test media were monitored on daily basis 

by following the methods of (Association, 2013).  

Blood samples for serum biochemical analysis were 

collected without an anticoagulant. Serum was obtained by 

centrifugation of blood at 3000 rpm for 10 minutes.  Samples 

were stored at -80 °C before the further analysis. Serum 

biochemical parameters (sodium, potassium, chloride, 

albumin, urea, glucose, aspartate aminotransferase and 

alanine aminotransferase) were estimated following 

standard methods using commercially available kits by 

BioMed Company. Data were reported as mean±S.D. 

Significance of samples means (p<0.05) between control 

and metals exposed fish were measured using Sudent's t-

test by SPSS. The treatment-wise data were subjected to 

step-wise regression to see the probable impacts of 

exposure durations on biochemical parameters. 

 

RESULTS  

The results of present study showed some differences in 

the values of serum biochemical parameters of control and 

metal contaminated C. catla. It was noted that the level of 

Na in fish exposed to metals (Ni and Zn) was reduced at all 

exposure periods as compared to control. The comparative 

decrease in Na level of metals exposed fish from control 

was significant at the end of all exposure durations except 

24-hr exposure. Potassium ions in serum of treated fish 

differed significantly from control fish at all exposure 

durations except at the end of 24-hr exposure. Chloride 

level in the fish exposed to either Ni or Zn was significantly 

decreased after 74 and 96-hr exposure as compared to 

control while it was non-significant after 24 and 48-hr of 

exposure. In present study the Alb content in fish exposed 

to metals decreased at all exposure periods as compared to 

control. The comparative decrease in Alb contents of 

metals exposed fish from control was significant at the end 

of all exposure durations. Higher urea and glucose level 

was observed in metals exposed fish than the control. 

Significant differences in glucose and urea levels were 

recorded in fishes exposed to metals as compared to 

control for different exposure durations. Increase in 

aspartate aminotransferase and alanine aminotransferase 

levels was recorded in both Ni and Zn exposed fish as 

compared to control.  

The differences in the levels of aspartate 

aminotransferase and alanine aminotransferase of fish 

exposed to different treatments were statistically 

significant (Table 1). Ionic serum biochemical parameters 

i.e. Na, K and Cl level in Ni exposed fish showed significant 

(P<0.05) dependence on exposure durations. However, in 

Zn exposed fish, the K and Cl level showed significant 

dependence on exposure durations while Na level 

depended non-significantly on exposure durations. 
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Albumin content in Ni exposed fish showed significant 

dependence on exposure duration while in Zn exposed 

fish it showed non-significant dependence on exposure 

duration. Exposure duration dependent increase in the 

level of glucose and urea was observed. In Ni and Zn 

treated fish urea and glucose level showed significant 

dependence on exposure durations. Both enzymes level 

in Ni and Zn treated fish showed significant dependence 

on exposure durations (Table 2). 

 

DISCUSSION 

The presence of toxicants in the aquatic ecosystem exerts 

toxic effects at cellular and molecular levels which result in 

significant changes in biochemical composition of the 

aquatic biota (Chowdhury et al., 2004). The present results 

are in agreement with the findings of (Oner et al., 2008). 

They found that Na and Cl level was decreased in serum of 

Oreochromis niloticus although the K level elevated following 

metals exposure. Levels of Na and Cl were also decreased in 

Cyprinion maleness after exposure to metals (Al-Attar, 

2006). Similarly, Grosell et al. (2007) reported the toxic 

effect of metals on gills function which resulted in loss of Na 

ions. The osmoregulatory disturbances induced by metals 

were associated with an increased epithelial permeability, 

inhibition of active ions uptake and decrease in the number 

of active chloride cells (Monteiro et al., 2005). In general, 

serum Na and Cl tend to be similarly affected by waterborne 

toxicants (McDonald et al., 1989) as observed in present 

work. Chowdhury et al. (2004) concluded that the increase 

in K level probably attributable to stress and acidosis and 

reflects an efflux of K from the intracellular compartment of 

white muscle. Potassium is normally excreted by the 

kidneys, so disorders that decrease the function of the 

kidneys can result in hyperkalemia.    

Hypoalbuminemia observed in metals treated fish could 

be due to liver and kidney damage. This is in agreement 

with Gopal et al. (1997) who stated that every 2-hr 

analysis of serum total protein level of Cyprinus carpio 

fish showed an initial sharp increase for varying periods 

from 2- to 20-hr. After this period a steady decline in 

serum total protein level was observed over a period of 

72-hr metals exposure. Vutukuru (2005) documented the 

appreciable decline in protein contents of Labeo rohita 

exposed to metal for 96-hr. Kori et al. (2008) reported the 

decrease in protein after Zn exposure. The sub-lethal Ni 

exposure resulted in progressive and significant decrease 

in serum protein with an increase in the duration of 

exposure time (Mahananda, 2014). 

Elghobashy et al. (2001) showed an elevation in serum 

urea level in fish collected from the lakes and the river 

Nile. They attributed this increase to the action of metals 

on the glomerular filtration rate which causes 

pathological changes in the kidney. Abdel-Tawwab et al. 

(2011) found an increase in urea level in Nile tilapia 

under Zn toxicity which increased with increasing 

concentration and exposure duration. Al-Zahaby et al. 

(1998) also found that the exposure of fish to high 

concentrations of metals led to disintegration of the renal 

epithelium, shrinkage of glomeruli, breakdown of 

Bowman’s capsule and heavy infiltration by 

inflammatory cells.  

Increase in glucose level is a general response of fish to 

acute pollutant effects (Ceron et al., 1997). The observed 

results are in agreement with Firat and Kargın (2010) 

who reported an increase in serum glucose level of 

Oreochromis niloticus exposed to different concentrations 

of Zn and Cd. An increase in serum glucose level in fish 

under stress condition was also observed by CiCiK and 

ENGiN (2005). It was noted that higher concentration of 

metals caused more severe stress than that of low 

concentration which leads to further glucose elevation 

(Hoseini and Hosseini, 2010). An increase in the glucose 

level in stressed fish makes it clear that the glycogen 

reserves are being used to meet the stress caused by 

metals. Depleted glycogen levels under metal stress were 

observed by CiCiK and ENGiN (2005).  

The increase in Ast and Alt level observed in present study 

is in agreement with Kim and Kang (2004). They observed 

an increase in serum Ast and Alt concentrations in the 

Sebastes schlegeli after Cu exposure with increasing 

exposure duration. Firat and Kargın (2010) reported an 

increase in the serum Alt and Ast activities in Oreochromis 

niloticus exposed to Zn and Cd as compared to control. 

Younis (2012) observed a significant increase in Ast and Alt 

levels in Zn treated Oreochromis niloticus with short term 

exposure. The elevation in the level of these enzymes could 

be due to variety of conditions, including hepato-pancreatic 

injury that reflects potential damage to parenchymal cells, 

muscle, intestinal and hepatic injury (Kandeel, 2004). 
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