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Abstract 
Effect of mercury on blood and its components of fish Labeo rohita was carried out in this study. 
The LC50 dose of 57.074 mg/L and mercuric chloride exposure for 96 h resulted in significant changes in the 
physico-chemical properties such as hemoglobin, osmotic fragility and blood cell counts. Further, mercury 
exposure also caused a considerable reduction in the sulf-hydryl group of glutathione peroxidase in 
erythrocytes. The findings are further discussed with relation to mercury toxicological studies. 
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Introduction 
Environmental mercury and its contamination has been a 
recent focus of scientific attention. There is a possibility 
of potential health risks due to mercury exposure. 
Mercury is a ubiquitous elemental metallic toxicant and 
exists in three forms: elemental form, inorganic 
substances and organic compounds (methyl mercury 
and phenyl-mercury). Each has a specific characteristic 
of chemical behavior for the entry into environment. 
Metallic mercury is transformed within microorganisms 
and converted into methyl mercury (Clarkson, 1992; 
1997). The soil with methyl mercury contamination or 
water with mercury methyl chemical species is easily 
absorbed by aquatic organisms, because of its strong 
affinity of sulfhydryl biopolymers such as proteins 
(Jayaprakash, 2009). Among aquatic organisms, fishes 
are said to be the most vulnerable group subjected for 
the mercury tissue contamination as water receives 
mercury pollutants. Mercury contamination in water in 
India is verging on alarming situation due to discharge of 
industrial effluents containing mercury ranging from 
(0.058-0.268 mg/L). The toxicity of mercury in fishes 
depends on the specific compound discharged into the 
water bodies. Alkyl mercury compounds (eg., Methyl 
mercury) are extremely toxic in comparison to the 
inorganic mercury compounds. Absorption of inorganic 
mercury salts by tissues is less than 10%, whereas 
absorption of methyl mercury exceeds 90%. The pattern 
of distribution of Hg in the biological tissue also differs 
between alkyl and inorganic forms of mercury. The red 
blood cell/plasma ratio for inorganic forms generally is 
less than 2, while for organic forms it is approximately 
10, indicating a longer body half-life for the latter. The 
principal problem of mercury toxicity is related to the 
exposure of organic mercury compounds, which may 
accumulate in fishes. Toxicological studies with relation 
to mercury on fishes offer an understanding about the ill 
effect of mercury.  
 
 

 
Although much investigation has been carried out on this 
aspect still there is a dearth of knowledge about the 
effect of mercury on the blood and its components.  
The present study is some light on the effect of mercury 
exposure in blood and enzyme of fresh water edible fish 
Labeo rohita. 
 
Materials and methods 
Test organism: The fresh water edible teleost common 
carp Labeo rohita was used as a material for the present 
investigation, which is cosmopolitan in habitat found in all 
fresh water bodies. Ethical approval was obtained from 
the institute Ethical committee as this basic toxicological 
study on fishes demonstrate the ill effect of mercury 
pollution released by various industrial process on other 
higher organisms. 
 
Laboratory acclimatization: The fishes collected from fish 
farm were acclimatized to the laboratory condition for 
over 20 d before using them for experiments by keeping 
them in glass aquarium of 15 x 30 cm containing 
unchlorinated water. During acclimatization, the 
individuals were fed with fish feed (market product) and 
the water is changed twice per day i.e. morning and 
evening. At the time of experiment, the fishes Labeo 
rohita were kept in starvation. According to Strickland 
and Parson (1968) and Spraugue (1971), the fishes 
exposed to toxicants should not be fed since; feeding 
accelerates the respiratory metabolism and influence the 
discharge of metabolic wastes, which affects the toxicity 
of the medium. The animal chosen for the studies were 
in the range of average weight of 20 to 22 g. 
 
Test toxic substance: Mercury chloride (HgCl2), a 
synthetic pollutant water of known dilution was used as a 
toxic medium for the present investigation.  
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Determination of LC50: To study the toxicological effect of 
HgCl2 on fish Labeo rohita, probit mortality concept was 
employed. Various concentration of probit mortality was 
prepared and 96 h exposure was given. The probit 
regression line was drawn out of the mortality values.  
The lethal concentration of probit mortality at which 50% 
mortality occurs was taken at test dose for the 
toxicological studies on blood and blood enzyme.  
Probit mortality analysis was disclosed about  
57.074 mg/L HgCl2 exposure for 96 h as LC50 dose for 
the toxicological studies (Chitra and Jayaprakash, 2012). 
 
Blood and blood factors analysis: After the exposure of 
LC50 dose of HgCl2, fishes were sacrificed for various 
hematological studies. The blood samples were obtained 
immediately after the caudal puncture. Thin blood 
smears were made and stained by Wright’s stain. Blood 
cell counts were made with Neubauer crystalline 
counting chamber. Hemoglobin estimation was done by 
acid hematin method and other blood factors such as 
osmotic fragility were determined according to 
Christensen (1972). The fishes were divided in to  
6 groups, each having 6 specimens. They were kept in 
15 x 30 cm, glass aquarium. Five groups of fish were 
exposed to LC50 for 96 h without feeding and change of 
water. The 6th group was taken as control and was 
maintained in plain water. 
 
Results 
It is evident to note that hemoglobin  decreased to  
13.4 ± 1.3 g% in the case of experimental mercury 
treatment, against the healthy non-exposed controls 
(17.1 ± 2.7 g%) (Table 1). Results would suggest the 
presence of stress response or the anemic state at the 
mercury exposure. However, hemoglobin reduction is 
very significant (P<0.05) when statistically analyzed. 
Comparably it is also observed a remarkable decrease in 
RBC count. There are only 2.3 ± 1.1 x 106 m/cmm of 
RBC over healthy fishes, where the corresponding value 
is 4.5 ± 1.6 x 106 m/cmm. It can also be observed that 
the number of lymphocytes in the mercury treated  
L. rohita showed a trend towards an increase.  
In controls, the lymphocytes value is 55.2 ± 1.1% out of 
total leucocytes. 
 

 
Fig. 1. Blood smear  of Labeo rohita (Healthy) (X 45). 

 
 

Fig. 2. Blood smear  of Labeo rohita (Experimental) (X 45). 

 
 
But there is 69.1 ± 1.1% of lymphocytes in the fishes 
kept under mercury medium for 96 h. Similarly, there is a 
significant raise of leucocytes. In controls, the total 
leucocytes are read as 1.6 ± 0.8 x 103 m/cmm. But there 
is a high level of leucocytes 4.4 ± 0.9 x 103 m/cmm found 
in the cases of experimental fish groups. From the above 
results, it can also be distinctive that mercury toxic action 
is influenced the physical property of the blood of  
L. rohita. There is a significant raise in the osmotic 
fragility.  
 

Table 1. Effect of HgCl2 on the blood components of Labeo rohita*. 
Factors Control Experimental 
Hemoglobin (g%) 17.1 ± 2.7$ 13.4 ± 1.3 
Oxygen capacity (Vol. %) 15.1 ± 4.2 14.6 ± 2.8 
Bicorbonates (mm/L) 23.2 ± 1.2 18.0 ± 7.8 
Osmotic fragility (% NaCl causing 50% lysing) 0.316 ± 1.1 0.703 ± 2.2 
Clotting time (Sec) 36 31 
RBC (x 106  m/cmm) 4.5 ± 1.6 2.3 ± 1.1 
Leucocytes total (103 m/cmm) 1.6 ± 0.8 4.4 ± 0.9 
Erythroblasts (% of total erythrocytes ) 1.2 ± 0.5 0.8 ± 0.3 
Lymphocytes (% of total leucocytes ) 55.2 ± 1.1 69.1 ± 2.1 
Thrombocytes (% of total leucocytes 44.8 ± 0.5 40.07 ± 2.2 
Neutrophils (% of total leucocytes )  6.1 ± 0.3 13.2 ± 0.8 
Others (% of total leucocytes ) 0.6 ± 0.1 0.9 ± 0.1 
*Fishes treated with 57.074 mg HgCl2 for 96 h. All values are mean standard error and analyzed by students’‘t’ test P<0.05. 
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The mean osmotic fragility of healthy fishes is recorded 
as 0.316 ± 1.1% NaCl causing 50% lysing. The test dose 
of HgCl2 for 96 h exposure influenced the fragility raised 
to 0.703 ± 2.2 % NaCl causing 50% lysing. The mercury 
treatment decreased the electrolytes content of blood of 
fish. The bicarbonate levels are only 18.0 ± 7.8 against 
control (2.3 ± 1.2). In the light of above results it would 
be reasonable to suggest that the mercury exposure 
considerably altered the blood parameters of the fish  
L. rohita. 
 
Structural effect on the blood corpuscles: It is inferred 
from the results of preceding sections that mercury 
treatment changes the blood factors of the fish.  
In this critical point one would expect the result of any 
structural damage to the blood tissue of the fish under 
studied. Therefore, blood smears are prepared on the 
experimental group of fishes with mercury test dose and 
observed under microscope. Comparative observation 
was also done with the healthy ones. Figure 2 represent 
the photomicrograph of red blood corpuscles from the  
L. rohita upon exposure of HgCl2 at test dose for  
96 h. From the figure it is evident that RBC lyses is more 
significant, when compared with the picture of blood 
smear of healthy animal (Fig. 1). On the other hand, the 
blood smear image of unexposed fishes shows normal 
structure of RBC and in the count as explained in the 
previous section. 
 
Effect of mercury on enzyme: The mercury toxicity may 
cause protein damage through the interference of –SH 
bonds (Jayaprakash, 2009). Glutathione peroxidase is 
one such selenium bound –SH group antioxidant enzyme 
present in biological cells. Therefore, in this present 
investigation the effect of in vivo exposure of mercury on 
glutathione peroxidase of RBC in Labeo rohita has also 
been attempted. The erythrocytes were isolated by 
routine centrifugal method. The estimation of glutathione 
peroxidase in RBC is calculated by double beam 
spectrophotometer at 412 nm as outlined by Rotruck  
et al. (1973). The student’s‘t’ test was used for the 
comparison of control (Hg unexposed fishes) with that of 
experimental, to ascertain the significance at 95% 
confidence level (P<0.05) and to know the influence of 
the poisoning on GSH-Px activity.  

 

 
Fig. 3. GSH-Px of Labeo rohita exposed with Hg. 

 
 
It is evident that an average mean value of GSH-Px 
among 10 observations of control fishes is 12.4 ± 2.13 
µg/mL of RBC (Table 2). On the other hand, the 
corresponding data for the experimental fishes, the mean 
value is 9.58 ± 1.85 µg/mL of RBC for 24 h, 8.2 ± 1.74 
µg/mL of RBC for 48 h, 7.14 ± 1.52 µg/mL of RBC for  
72 h and 4.66 ± 1.39 µg/mL of RBC for 96 h respectively. 
It is inferred from the above comparison that Hg 
exposure caused a significant reduction in the GSH-Px 
activity. The above results would suggest that glutathione 
peroxidase activity in erythrocytes of Labeo rohita is 
reduced fairly large due to Hg exposure (Fig. 3).  
Further it may be assumed that this reduction may lead 
to several ill effects. 
 
Discussion 
The findings of the present investigation would 
unambiguously exhibited that mercury exposure caused 
significant changes in the physico-chemical 
characteristics of fish blood such as hemoglobin, 
bicarbonates, osmotic fragility, RBC count and WBC 
counts etc. Mercury exposure and its toxic effects are 
developed an alterations in intracellular thiol (-SH) status, 
in turn it is associated with the generations of free 
radicals, disruption of protein synthesis leading to 
inactivation of various enzymes and structural protein 
destruction. These may cause an effect in molecular 
transport functions by disturbing cell permeability 
(Elthassami, 1982; WHO, 1990; NRC, 2000).  
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Table 2. Glutathione peroxidase activity in Labeo rohita exposed with HgCl2 during different periods. 
S. No. Control 24 h 48 h 72 h 96 h 

1 12.1* 7.3 6.1 5.8 4.2 
2 16.4 10.4 9.3 8.2 5.8 
3 11.2 8.3 7.5 6.1 4.1 
4 10.5 9.2 7.2 6.3 3.0 
5 14.6 12.1 10.3 9.7 6.5 
6 12.9 10.6 8.4 7.2 4.1 
7 14.1 12.8 11.5 9.3 7.2 
8 12.2 9.2 8.3 7.5 5.1 
9 9.7 8.2 7.1 6.1 3.4 
10 10.3 7.7 6.3 5.2 3.2 

Mean 12.4 ± 2.13 9.58 ± 1.85 8.2 ± 1.74 7.14 ± 1.52 4.66 ± 1.39 
* Mean value of GSH-Px µg/mL of RBC. 
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It is evident from the present observation that thiol based 
enzyme GSH-Px is significantly reduced in the 
experimental animals. The biological significance of 
glutathione peroxidase is to keep the RBC structure 
intact and prevent cellular wall damage (Michael, 2003). 
This phenomenon is corroborated with the findings on 
the RBC lyses in this present study upon mercury 
exposures. It has been shown that Hg toxicity causes 
kidney damage by the retention of sodium and other 
electrolytes (www.arltma.com/mercurytox). It may also 
be presumed that glutathione peroxide reduction and 
loss of structural damage due to the loss of SH groups 
by the Hg poison may be suggested for the kidney 
functional impairment. It is desirable to study further 
extensively to substantiate this concept. 
 
Conclusion 
The results of present examination of toxicological 
studies on the blood and its components disclosed that 
mercury cause biological structural defect and metabolic 
functions. The industries and dumping of e-waste are the 
major contributing factors for the release of mercury 
pollution in the environment. There is an alarming report 
on the quantity of discharge of Hg in environmental 
media and getting a significant momentum to control 
mercury based pollutant substances. To conclude, only 
proper dissemination and awareness among industrial 
entrepreneurs with strict rules and regulations can only 
mitigate this burden.  
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