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Abstract 
Heavy metals are serious pollutants of the aquatic environment because of their environmental persistence and 
ability to be accumulated by aquatic organisms.  Clarias batrachus was exposed to 0.02, 0.04, 0.06, 0.08 and 
0.10ppm of HgCl2 for 35days. After 35days of exposure red blood cell (RBC) count (1.66, 1.59, 1.54, 1.42 and 
1.23,106 mm-3)  and Hb content (67.2, 50.8, 42.6, 31.6 and 29.2, g/dL) decreased when compared to the control 
(RBC - 1.77, 106  mm-3 and Hb - 75.0 g/dL). The number of white blood cells (WBC) increased (10.4, 11.9, 12.7, 
13.3 and 14.8, mm3 x103) in mercuric chloride treated fish.  The results are statistically significant at P< 0.05 
level. 
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INTRODUCTION INTRODUCTION 
Intense activity in industrial and agricultural 
sectors has inevitably increased the levels of 
heavy metals in natural waters (Nimmo et al., 
1998; Gümgüm et al., 1994; Jordao et al. 2002). 
Heavy metals play a major role among pollutants 
of environmental concern (Singer et al., 2005). 
Heavy metals are serious pollutants of the 
aquatic environment because of their 
environmental persistence and ability to be 
accumulated by aquatic organisms (Veena et al., 
1997). 
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Mercury (Hg), the black listed element by 
environmentalists, is released into the 
environment by several sources, such as mining 
and fossil fuel combustion, thermal power 
projects, by the use of fungicides, bactericides 
and pharmaceuticals (Khangarot, 2003). Being 
an element, mercury is persistent. It cannot be 
broken down in the environment; only its form 

can change. All forms of mercury are extremely 
toxic. Mercury in its methylated form is a trace 
contaminant in the environment; it is especially 
of great concern because of its toxicity and its 
special ability to bioaccumulate to levels as high 
as 100,000 ppm in marine organisms (USPHS, 
1997) due to its bioavailability. Çavaş (2007) 
and Bonacker et al., (2004) suggested that 
aneugenicity and clastogenicity are mechanisms 
that lead to chromosomal genotoxicity by 
inorganic mercury.  Plausible underlying 
mechanisms are interactions with motor protein 
functions, leading to aneugenicity, and 
generation of reactive oxygen, leading to 
clastogenicity. Mercury (Hg), the black listed element by 

environmentalists, is released into the 
environment by several sources, such as mining 
and fossil fuel combustion, thermal power 
projects, by the use of fungicides, bactericides 
and pharmaceuticals (Khangarot, 2003). Being 
an element, mercury is persistent. It cannot be 
broken down in the environment; only its form 

can change. All forms of mercury are extremely 
toxic. Mercury in its methylated form is a trace 
contaminant in the environment; it is especially 
of great concern because of its toxicity and its 
special ability to bioaccumulate to levels as high 
as 100,000 ppm in marine organisms (USPHS, 
1997) due to its bioavailability. Çavaş (2007) 
and Bonacker et al., (2004) suggested that 
aneugenicity and clastogenicity are mechanisms 
that lead to chromosomal genotoxicity by 
inorganic mercury.  Plausible underlying 
mechanisms are interactions with motor protein 
functions, leading to aneugenicity, and 
generation of reactive oxygen, leading to 
clastogenicity. 
  
Blood parameters are considered 
pathophysiological indicators of the whole body 
and therefore are important in diagnosing the 
structural and functional status of fish exposed to 
toxicants (Adhikari et al., 2004). A number of 
hematological indices such as haematocrit (Hct), 
hemoglobin (Hb), red blood cells (RBCs) and so 
on, are used to assess the functional status of the 
oxygen carrying capacity of the bloodstream and 
have been used as indicator of metal pollution in 
the aquatic environment (Shah and Altindağ, 
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2004a). The present study was undertaken to 
analyse the impact of sublethal concentrations of 
mercuric chloride on haematological parameters 
of cat fish C. batrachus. 

MATERIALS AND METHODS 
80 days old C. batrachus were procured from a 
fish farm near Nerinjipettai, Bhavani Taluk, 
Erode District, Tamil Nadu, India. This source 
was selected for the supply of fish, since there is 
no agricultural land or industries nearby.  C. 
batrachus measuring 15-18cm in length and 
weighing about 12gms were used in the 
experiment.   C. batrachus was utilized as the 
model organism in this study, because it has 
well-documented general biology, short 
developmental time, easy culturing and year 
round reproduction. Because of these 
characteristics C. batrachus was considered 
suitable for toxicity test. 
 
The fishes were acclimatized to the laboratory 
conditions for at least 20 days prior to the 
experiment in a glass aquarium (150 L) filled 
with dechlorinated water. Water quality 
characteristics were determined. The mean 
values for test water qualities were as follows: 
temperature 27.5 ± 1.5 oC, pH 7.5 ± 0.03, 
dissolved oxygen 6.4 ± 0.2 mg/l, alkalinity 250± 
2.8 mg/l as CaCO3, total hardness 456 ± 3.5 mg/l. 
The fishes were fed daily with pieces of chick 
intestine (Arockiaraj et al., 2004).  The fishes 
were maintained on a photoperiod with 12 h 
light/12 h dark. 
 
Stock solution of mercuric chloride was prepared 
by dissolving analytical grade mercuric chloride 
(HgCl2 from Merck) in double distilled water. 
Acute toxicity of mercuric chloride to C. 
batrachus was determined using a standard 
static-renewal technique (APHA, 1989). Desired 
concentrations of mercuric chloride were 
prepared from mercuric chloride stock solution 
in double-distilled water. The toxicant in the test 
chambers was renewed completely with fresh 
solution of the same concentration every  24 h. 
The 96 h LC50 value of mercuric chloride was 
found to be 0.6ppm in C. batrachus using the 
probit analysis method described by Finney 
(1971). 
 
After determining LC50 96hr value 5 sublethal 
concentrations of mercuric chloride were taken 
and 5 fishes were introduced in each 

concentration. For each sublethal exposure 5 
replicates were maintained. Eventhough the 
water was changed everyday in the control and 
the treatment group, the concentration of 
mercuric chloride remained the same within the 
experimental period. The fishes were fed with 
finely chopped chicken intestine ad libitum as in 
the control (Arockiaraj et al., 2004). A facility 
for oxygenation of the test solution was provided. 
C. batrachus was exposed to 0.02, 0.04, 0.06, 
0.08 and 0.10ppm of HgCl2 for 35days. After 35 
days the blood from the control and mercuric 
chloride treated fishes was obtained by severance 
of caudal peduncle and collected in Eppendorf 
tubes containing EDTA anticoagulant (Mgbenka 
et al., 2003). These treated and control blood 
samples were used to estimate the 
haematological parameters.  

Total count of RBC 
Total red blood cells (tRBCs) were counted 
using an improved Neubaur haemocytometer 
(Shah and Altindağ 2004a). Blood was diluted 
1:200 with Hayem’s fluid (Mishra et al., 1977). 
Erythrocytes were counted in the loaded 
haemocytometer chamber and total numbers 
were reported as 106  mm-3 (Wintrobe, 1967).  

Total count of WBC 
Total white blood cells (WBC) were counted 
using an improved Neubaur haemocytometer 
(Shah and Altindağ 2005; Mgbenka et al., 2003). 
Blood was diluted 1:20 with Turk’s diluting fluid 
and placed in haemocytometer. 4 large (1 sq mm) 
corner squares of the haemocytometer were 
counted under the microscope (Olympus) at 640 
X. The total number of WBC was calculated in 
mm3 x103 (Wintrobe, 1967).  

Estimation of Haemoglobin 
Hemoglobin (Hb) was determined with a 
hemoglobin test kit (DIAGNOVA, Ranbaxy, 
India) using the cyanmethemoglobin method. 
Values of treated groups were compared 
statistically with control by student’s t-test. 
Significance was established at    P< 0.05 using 
the Microsoft Excel 2000 Programme. 
Significance of data was further checked with the 
percent change (+ increase and – decrease) in 
blood parameters of C. batrachus.  
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Table 1: Total count of RBC’s, WBC’s and Heamoglobin in the control and mercuric chloride treated C. batrachus. 
Concentrations of 
mercuric chloride 

(HgCl2) 

No. of RBCs 
(106  mm-3) 

 

No. of WBCs 
(mm3 X103) 

 

 
Haemoglobin (g/dL) 

Control 1.77 ±0.014 6.40±0.01 75.00±4.04 
 

0.02 ppm 1.66±0.024* 
-6.21 

10.40±0.86* 
+62.50 

67.20±2.78* 
-10.40 

0.04 ppm 1.59±0.013* 
-10.16 

11.90±0.40* 
+85.93 

50.80±2.74* 
-32.26 

0.06 ppm 1.54±0.018* 
-12.99 

12.70±0.50* 
+98.43 

42.60±1.85* 
-43.20 

0.08 ppm 1.42±0.028* 
-19.77 

13.30±0.50* 
+107.81 

31.60±1.62* 
-57.86 

0.10 ppm 1.23±0.019* 
-30.50 

14.80±1.53* 
+132.25 

29.20±1.16* 
-61.06 

Each value is mean ±SD of 5 observations (+ indicates increase over control, - indicates decrease over control, * indicates 
significant (P < 0.05). 
 

RESULTS 

Total RBC count 
The erythrocyte count of healthy controls 
showed a mean value of 1.77, 106  mm-3.  The 
fishes exposed to sublethal concentrations of 
mercuric chloride showed mean values of RBC’s 
as 1.66, 1.59, 1.54, 1.42 and 1.23, 106  mm-3 for 
0.02, 0.04, 0.06, 0.08 and 0.10 ppm treatments, 
respectively. The treatment with mercuric 
chloride was found to inflict a drastic reduction 
in the total count of RBC’s. The reduction was 
dosage dependent; as concentration of mercuric 
chloride increased the RBC levels declined 
(Table 1). The values mentioned above showed a 
significant decrease when compared to the 
control    (P< 0.05).  

Total WBC count 
The results of the total count of white blood cells 
revealed that the blood of the control fish 
showed a mean value of 6.40, mm3x103. The 
fishes exposed to sublethal concentrations 
showed the mean values of WBC as 10.4, 11.9, 
12.7, 13.3 and 14.8, mm3x103 for 0.02, 0.04, 0.06, 
0.08 and 0.10 ppm of mercuric chloride 
treatments, respectively (Table 1). The values 
mentioned above showed a significant increase 
when compared to the control (P< 0.05).  

Estimation of Haemoglobin 
The control fishes showed mean value of 75.00 
g/dL for haemoglobin.  The fishes were exposed 
to sublethal concentrations of mercuric chloride 

showed the haemoglobin mean values of 67.2, 
50.8, 42.6, 31.6 and 29.2 g/dL haemoglobin at 
0.02, 0.04, 0.06, 0.08 and 0.10 ppm treatment 
respectively (Table 1). The values for treatments 
showed a significant decrease when compared to 
the control (P<0.05).  

DISCUSSION 
In recent years haematological variables have 
been used more to determine the sublethal 
concentrations of pollutants (Wedemeyer and 
Yasutake, 1977).  The use of immune system 
parameters to assess alterations in fishes 
experiencing heavy metal exposure and interest 
in defense mechanisms stem from the need to 
develop healthy management tools to support a 
rapidly growing aquaculture industry (Jones, 
2001). 
 
The results of the present investigation show that 
the mercuric chloride treatment inflicted a drastic 
reduction in the total count of RBC’s. The 
reduction was dosage dependent. 
 
Panigrahi and Misra, (1978) observed reductions 
in haemoglobin percentage and red blood cell 
(RBC) count of the fish Anabas scandens treated 
with mercury. Decrease in haemoglobin, RBC 
count and Hct was observed in fish Tinca tinca 
exposed to mercuric chloride and lead (Shah and 
Altindağ, 2004a). Decline in RBC values and 
anemia were reported in fishes such as 
Salvalinus fontinalis (Holcombe et al., 1976), 
Salmo gairdneri (Johansson-Sjobecj and Larsson, 
1979), Colisa fasciatus (Srivastava and Mishra, 
1979), Anguilla anguilla (Haux and Larsson, 
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1982), Barbus conchonius (Tewari et al., 1987) 
which were exposed to heavy metals. 
 
In the fish C. batrachus exposed to mercuric 
chloride haemoglobin percentage decreased 
significantly. This indicates that mercury caused 
anaemia. This may be due to a decreased rate of 
production of red blood cells or an increased loss 
of these cells.  Gill and Epple (1993) have 
attributed anemia to: (i) impaired erythropoiesis 
due to a direct effect of metal on hematopoietic 
centers (kidney/spleen), (ii) accelerated 
erythroclasia due to altered membrane 
permeability and/ or increased mechanical 
fragility, and (iii) defective Fe metabolism or 
impaired intestinal uptake of Fe due to mucosal 
lesions. 
 
Heamatological studies done by Mc Kim et al., 
(1976) reported that mercury accumulates in the 
fish blood. Decline in Haemoglobin and 
haematocrit was observed in Channa punctatus 
exposed to Mercury (Sastry and Kamana sharma, 
1980).  Takeda et al., (1958) showed that when 
ethyl mercuric chloride was administered 
subcutaneously to rats, the metal appeared 
primarily in red blood cells as 5-methylmercuric 
cysteine in the haemoglobin molecule. 
According to Clarkson, (Clarkson et al., 1961) 
about half of the mercury in blood is associated 
with red blood cells and the remaining half forms 
a complex with serum albumin by combination 
with sulfhydryl groups. Thus the accumulated 
mercury could produce certain haematological 
and biochemical changes in blood.  Haematocrit 
decreased significantly in the mercuric chloride-
treated fish when compared with the control fish. 
The disturbed hemoglobin synthesis due to an 
effect of lead on ALA-D may result in anemia 
(Santos and Hall, 1990). 
 
White blood cells play a major role in the 
defence mechanism of the fish and consist of 
granulocytes, monocytes, lymphocytes and 
thrombocytes. Granulocytes and monocytes 
function as phagocytes to salvage debris from 
injured tissue and lymphocytes produce 
antibodies (Ellis et al., 1978; Wedemeyer and 
Mcleay, 1981). 
 
In the present investigation, leucocyte 
concentrations showed greater and quite different 
pattern of change with the effect of mercury 
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 
lymphocyte number may be the compensatory 
response of lymphoid tissues to the destruction 
of circulating lymphocytes (Shah and Altindağ, 
2005).  Allen, (1994) observed increased WBC 
(leucocytes) counts in Oreochromis aureus after 
mercury exposure. 
 
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 mercuric chloride. Gill and Pant, 
(1985) have reported that the stimulation of the 
immune system causes an increase in 
lymphocytes by an injury or tissue damage. 
Dhanekar et al., (1985) reported increase in large 
lymphocyte, reduction in small lymphocyte and 
thrombocyte populations as also elevation in 
monocyte, neutrophil and eosinophil cells in 
Heteropneustes fossilis, Channa punctatus and 
Mastacebalus puncalus on long-term exposure to 
least effective concentrations of mercuric 
chloride. Exposure to mercuric chloride induced 
variations in differential leucocyte counts and 
caused lympocytosis, neutrophillia, monocytosis, 
eosinophilia and thrombocytopenia in Anabas 
testudineus      (kumar et al., 2004).  Total WBC 
count and leucocrit increased in Tinca tinca 
exposed to lethal and sublethal treatments with 
mercury (Shah and Altindağ, 2005).  Oliveira 
Ribeiro et al., (2006) observed increase in the 
leucocytes number in fish Hoplias malabaricus 
exposed to subchronic and dietary doses of 
methyl mercury. 
 
In conclusion results of the present investigation 
show that mercuric chloride caused 
immunological impairments in C. batrachus, 
which suggests that the metal may weaken the 
immune system and may result in severe 
physiological problems, ultimately leading to the 
death of fish.  
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