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ARTICLE INFO                                       ABSTRACT 
 
 

Effect of 10 and 30 % sublethal concentration (12.4 ppm; 96 h LC50) of nickel on the 
haematology of Liza parsia after the exposure period of 30 days was studied.   The RBC count               
(-35.82%) and Hb content (-63.28%) decreased significantly with an increase in WBC count 
(+28.95%). The light microscopic studies revealed many morphological changes in the RBC of 
fish such as wrinkling of cell membrane, vacuolization and rupture of erythrocytic membrane. 
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INTRODUCTION 
 
 

Heavy metals are usually non-biodegradable. Intrusion of 
heavy metals and their salts in aquatic environment and their 
toxicity to aquatic system were studied by various 
investigators. They were reported to cause massive fish kills 
and other aquatic life (Sastry et al., 1972 and Jhingran, 1991).  
Heavy metal nickel is employed in the industries of pulp, 
paper mills, paperboard, building paper and board mills, 
fertilizer, petroleum refining, basic steel works foundries and 
electroplating industries (Dean et al., 1972 and Klein et al., 
1974). Haematological tests are important diagnostic tools and 
recent findings have suggested that they may be equally 
valuable as indicators of disease or stress due to pollutants and 
environmental fluctuations in fishes (Bhatkar and Dhande 
2000). The blood plays an integrated and inevitable part in all 
immune systems. Haematological parameters are related to 
responses of the organisms to the changing environmental 
conditions and therefore can be used to screen the healthy state 
of fish experimented to the exposed toxicant. Further, 
haematological observations have greater contribution to the 
pathological changes obtained during toxicological studies. 
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Studies on the effect of different toxicants in the haematology 
of fishes have been made by many workers (Dalela et al., 
1981; Sastry and Sharma, 1981; Dutta et al., 1992; Shekar and 
Christy 1996; Ramaswamy et al., 1996; Anandkumar et al.,., 
2001; Joshi et al., 2002; Bhatia et al., 2002; Johal and Grewal, 
2004 and  Gauram and Suneelkumar, 2008).  Haematology 
may be utilized as a means of monitoring the environmental 
stress in aquatic animals. In view this physiological 
importance, Liza parsia was subjected to toxicological studies 
upon exposure to different sublethal concentrations of heavy 
metal nickel. 
 

MATERIALS AND METHODS 
 
Freshwater fish, Liza parsia fingerlings (Wt.8 ± 0.5 g; Length 
7 ± 1cm) were collected from the Muthupet estuary, Tamil 
Nadu and acclimated to laboratory conditions for a period of 
15 days in large glass aquaria, previously washed with 1% 
potassium permanganate to free the walls from microbial 
infection, if any. The fish were maintained in de-chlorinated 
tap water of the quality used in the test and renewed three 
times a week, whose physico-chemical characteristics were 
analyzed following the methods mentioned in (APHA 1976) 
and found as follows: Temperature: 24 ± 2°C, pH: 8.9. ± 0.3 
and Dissolved oxygen: 6.1 ± 0.7 mg/l. The fish were well 
reared and fed with rice bran and groundnut oil cake to keep 
the test animals in a normal metabolic state. An acute toxicity 
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(LC50) test by the static renewal bioassay method was 
conducted to determine the toxicity of nickel in Liza parsia 
which were exposed to various concentrations of nickel for 96 
h. After 96 h of exposure the data obtained was subjected to 
Finney’s probit analysis method (Finney, 1971) to determine 
LC50 value. The concentration at which 50% 
survival/mortality occurred in glyphosate treated fishes was 
taken as the median lethal concentration (LC50) for 96 h, 
which was 12.4 ppm. One tenth (1/10) and one thirtieth (1/30) 
of the LC50 value (1.24 & 3.72 ppm) was taken for the sub 
lethal studies according to Sprague (1973). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
After the recovery period, all such treated fishes were 
separated from the experimental containers and blood samples 
were collected from three experimental individuals from each 
group at each time with an interval of 24 h during the 
experiment. Fish was collected and gently wiped with a dry 
cloth to remove water.  
 
Caudal peduncle was cut with a sharp blade and the blood was 
collected in an Eppendorf tubes containing EDTA 
anticoagulant. The blood was mixed well with the EDTA 
solution by using a needle and this sample was used for 
determining the Red Blood Corpuscle Count (RBC), Total 
Leucocyte Count (TLC)and  Haemoglobin content (Hb). The 
haematological parameters were determined the method of 
Dacie and Lewis (1984). Blood smear slides were prepared 
from fresh unheparinished blood, air dried, fixed in methanol 
and stained with Leishman’s stain. Blood corpuscles were 
examined by phase contrast microscopy and photographed. 
 

RESULTS  
 
The toxic effects of nickel on the blood parameters of Labeo 
rohita such as number of red blood corpuscles (RBC), white 
blood corpuscles (WBC) and haemoglobin content (Hb)are 
depicted in Table -1. The observations were made at the end of 
exposure periods (10, 20 & 30 days) to calculate the 
percentage of increase and decrease of different blood 
parameters. Total RBC count of Liza parsia showed a 
significant decreasing tendency at 10 and 30% sublethal 

concentrations.  A marked decrease of 5.2, 3.6 and 6.0% were 
recorded in the number of RBCs in 10% sublethal 
concentration at 10, 20 and 30 days .The values were 14.6, 
20.7 and 35.8% for 10, 20 and 30 days at  30% sublethal 
concentration (Table 1 ). The WBC count of Liza parsia was 
increased with the increasing concentrations of nickel (Table 1 
). The increase in the number of WBCs was found to be 18.3, 
19.6 and 29% at 10, 20 and 30 days exposure at 30% sublethal 
concentrations, respectively. The haemoglobin content of L. 
parsia in 10 and 30% sublethal concentrations showed  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 1. Morphology of  RBC in control fish (X 450) 
 

decreasing trend with a significant reduction of 14.5, 23.0, 
39.2 and 26.8, 40.5, 63.3% at 10, 20 and 30 days of exposure 
respectively (Table 1 ). 
 
Light microscopic observation of RBC: The blood smear 
showed number of fragility, vacuolization, wrinkling of 
membrane, haemolysis of erythrocyte cells were observed in 
nickel exposed fishes. A distinct changes in the size and 
irregular shape of red blood cells was also observed                   
(Figs. 1-4). 

 

Table 1. Haematological parameters of Liza parsia under sublethal concentrations of Nickel 
 

Parameters Treatment Exposure periods (days) 

  10 Days 20 Days 30 Days 

 control 3.49±0.18 3.34±0.21 3.55±0.08 

Total RBC (×106/mm3 )     10% SLC 
%Variation 

3.31±0.29 
-5.16 

3.22±0.32 
-3.59 

3.15±0.29 
-5.98 

30% SLC 
%Variation 

2.98±0.51 
-14.61 

2.65±0.36 
-20.66 

2.15±0.20 
-35.82 

 control 10.75±0.31 11.69±0.49 11.47±0.87 

Total WBC (×106/mm3 )     10% SLC 
%Variation 

12.37±0.16 
+15.07 

13.69±0.24 
+17.11 

14.21±0.29 
+23.89 

30% SLC 
%Variation 

12.72±0.43 
+18.32 

13.98±0.64 
+19.59 

14.79±0.31 
+28.95 

 control 9.67±0.11 8.90±0.19 9.26±0.47 

Hb (%) 10% SLC 
%Variation 

8.27±0.41 
-14.48 

6.85±0.26 
-23.03 

5.63±0.67 
-39.20 

30% SLC 
%Variation 

7.08±0.37 
-26.79 

5.30±0.13 
-40.45 

3.40±0.29 
-63.28 

   Values are mean ± SD of six observations. – or + indicate percent decrease or increase over control 
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Fig. 2. Morphology of  RBC in 30% SLC of nickel treated fish  
after 10 days 

 

 
 

Fig. 3. Morphology of  RBC in  30% SLC of nickel treated fish  
after 20 days 

 

 
 

Fig. 4. Morphology of  RBC in  30% SLC of nickel treated fish  
after 30 days 

 

DISCUSSION 
 
Heavy metals and pesticides are the most potentially harmful 
chemicals released into the environment in an unplanned 
manner. Though they have contributed considerably to the 

welfare of humans, their adverse effects on non-target 
organisms are enormous. The major sources of environmental 
contamination by these chemicals are from agricultural 
practices, usage in public health programmes and industrial 
discharges (Hazarika & Dass 1998). The total red blood cell 
(RBC) and haemoglobin are reduced in Liza parsia on 
exposure to different sublethal concentrations of nickel. On the 
other hand WBC values were increased in nickel treated Liza 
parsia when exposed for 10, 20 and 30 days. Similar 
observations are made available in fishes treated with 
sublethal concentrations of cypermethrin (Parma et al., 2007). 
The results recorded in the present investigation corroborate 
the previous findings in fishes by Nath (1966) and Reddy and 
Bashamohideen (1989) after exposure to fenvalerate. Agarwal 
and Chaturvedi (1995) and Chauhan et al., (1994) have made 
observations with decreased values of above blood parameters 
in fishes when exposed to rogor. The reduced values of the 
total red blood cell and haemoglobin content in the species 
studied also, agree with the investigations made by many 
workers in fishes exposed to phosphamidon and endosulfan 
(Shekar and Christy, 1996; Anandkumar et al., 2001 and Abidi 
and Srivastava, 1980). A significant decrease in RBC, 
haemoglobin and an increase of white blood corpuscles in the 
fresh water fish Channa punctatus due to the toxicity of 
pesticide endosulfan (Abidi and Srivastava, 1980). Kabeer 
Ahamed et al. (1981) have reported the Malathion toxicity 
which caused a gradual and highly significant decrease in 
haemoglobin concentration and the total RBC count in the 
teleost, Tilapia mossambica. They have reported that the 
decrease in the value of haemoglobin and total RBC counts 
might be due to anaemia or disturbance in the haemopoietic 
organs or because of iron deficiency under toxic stress. Verma 
et al. (1982) have reported that a decrease in red blood 
corpuscles in Mystus vittatus might be due to the toxic action 
of pesticides on peripheral red cells as a result of which the 
viability of the cell is affected.  
 
The damaging effects of erthrocytes might be due to the action 
of the toxicant on the erythropoietic tissues which has led to a 
failure in the production of red blood cells. Anaemia is due to 
the low rate of production or to an increase in the destruction 
of red blood cells. Reduction of RBC count of fish blood after 
exposure to pesticide in Saccobrachus fossilis was reported by 
Verma et al. (1979). In the present study, similar pattern of 
reduction in RBC and Hb content indicated anaemic stage of 
experimental fish caused due to decreased erythopoietic 
activity or increased destruction of blood cells. The reduction 
in red blood cell count and haemoglobin percentage indicated 
the occurrence of acute anaemia (Nanda, 1997). White blood 
cells play a major role in the defence mechanism of fish and 
they consist of granulocytes, monocytes, lymphocytes and 
thrombocytes. Granulocytes and monocytes function as 
phagocytes to salvage debris from injured tissue and 
lymphocytes produce antibodies (Ellis and Robert, 1978; 
Wedemeyer and McLeay, 1981).  In the present investigation, 
white blood corpuscles concentrations of Liza parsia showed 
increase and quite different pattern of changes with the effect 
of nickel when compared with the erythrocyte levels of the 
control group. Blood of all experimental groups contained 
higher concentrations of leucocytes than those of controls. An 
increase in leucocyte numbers may be the compensatory 
response of lympoid tissues to the destruction of circulating 
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lympocytes (Shah and Altindag, 2005). Pooja Gupta and 
Kumar Saxena (2006) observed increased WBC counts in 
Channa  punctatus after cyhalothrin and permethrin. They 
have suggested that significant increase in WBC in the fish 
could be due to lympocytopoeisis and enhanced release of 
lympocytes from lympoid tissues such as kidney, spleen and 
thymus. The increase in WBC observed in the present study 
could be attributed to a stimulation of the immune system in 
response to tissue damage caused by pesticides. Karuppasamy 
et al. (2005) have reported that the stimulation of the immune 
system causes an increase in lymphocytes by an injury or 
tissue damage. Gautam and Suneelkumar (2008) have also 
reported an increase in the leucocyte counts in fish exposed to 
an organophosphate, Nuvan. The leucocytosis during 
metabolic stress has been considered to be of adaptive values 
to overcome the stressful conditions of the animal. 
Maheswaran et al. (2008) have reported the decrease in RBC, 
Hb and increase in WBC in the blood of Clarias batrachus 
exposed to mercuric chloride. Sastry et al. (1982) have 
observed significant increase in WBC count in Channa 
punctatus exposed to quinolphos. They have reported that the 
increase in WBC count may be due to lecocytosis, which is 
adaptation to meet stressful condition of the fish. 
 
Decrease in haemoglobin is proportional to concentration of 
the pesticides and duration of exposure. The low levels of Hb 
indicated anaemic conditions in fish due to stress caused 
haemolysis (Panigrahi and Misra 1978 and Satyajit, 2010). 
The lower haemoglobin levels of treated fish in the present 
study might be due to the distruption of the iron synthesizing 
machinery (Beena and Viswarajan, 1987). Erythrocytes are 
fundamentally capable of few stereotypic responses to a 
variety of environmental perturbations, which are sometimes 
considered to be vital physiological significance. Furthermore, 
it is implicated that modifications of the shape and size of the 
erythrocytes represent the most common morphological 
abnormalities that occur in pathological conditions (Barnnart, 
et al., 1983). The fragitity of RBC membrane and the rate of 
haemolysis were maximum after 30 days of exposure to 
nickel, which is indicate cumulative response of this toxicant 
on blood cells. Similar observation was reported by 
Karuppasamy et al (2005) in cadmium treated Channa 
punctatus. Further, observations of the present study are in 
good agreement with those of Kapila and  Ragothaman (1999) 
in Boleophthalamus dussumieri exposed to different heavy 
metals. Patil (1986) reported vacuolization of RBCs, 
thickening of cell membrane after treatment of monocrotophos 
in Boleophthalamus dussumieri. Sriwasta and  Sriwasta (1980) 
observed cellular and nuclear hypertrophy, change in shape, 
agglutination and bursting of erythrocytes in Cirrhinus 
mrigala fingerlings treated with urea. Devi et al (2008) also 
observed in similar findings in fish, Channa punctatus treated 
with pesticide endosulfan. Thus, this study clearly indicates 
the changes in haematological parameters and morphology of 
RBC of Liza parsia when exposed to sublethal doses of  
nickel.  
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