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Abstract 

The heated effluents from the cooling systems of thermal power plants contain stress factors such as increasing 

temperature and chlorine (used to control biofouling). These factors may alter the immune function of fish.  Hence, a 30 day 

study was carried out to demonstrate the concerted effects of elevated temperature and persistent sub-lethal concentration of 

chlorine on Labeo rohita fingerlings. The fish were segregated into two groups (control and experimental) of four treatments 

i.e. the fish were acclimated to four different temperatures (26, 31, 33 and 36°C) for 30 days. In addition, the experimental 

group was exposed to 0.01 mg L-1 chlorine. At the end of 15 and 30 days of acclimation period, haematological parameters, 

respiratory burst activity and serum parameters were tested to determine the health status of fish. Heamoglobin, erythrocyte 

and leucocyte counts and respiratory burst activity showed a decreasing trend in the chlorine treated groups when compared 

to their controls. Serum protein, albumin and globulin values declined in the experimental groups over their respective 

controls. In conclusion, the results clearly demonstrate that increasing temperatures alter the immune status of Labeo rohita. 

Further, the temperature induced enhancement of chlorine toxicity augments immunosuppression in the chlorine treated fish.  
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Introduction  

The environmental water temperatures are known 

to be influenced by various natural and anthropogenic 

factors. Aquatic thermal regimes are directly affected by 

anthropogenic point-source thermal discharges. One of the 

most extreme examples of thermally altered environments 

are thermal effluents associated with power plants (Encina 

et al., 2008). Heated effluents from such power stations are 

being continuously discharged into these water bodies. The 

discharged warm water therefore, may have an impact on 

the ecology of the receiving water body (Saravanan et al., 

2008). Apart from elevated temperature, discharged water 

may contain chemical stress factors such as chlorine, which 

are added to control biofouling on cooling system 

components (Choi et al., 2002; Saravanan et al., 2006). 

Aquatic organisms such as fish are therefore exposed to 

these stressors that are released into the environment. The 

susceptibility of fish to physical and chemical changes in 

the environment may be reflected in their blood 

components (Wilson and Taylor, 1993), due to their role in 

respiration (hemoglobin levels), defense mechanisms 

(leucocyte levels), and energetics (metabolic levels) (Gbem 

et al., 2003).  

The haematological analysis and biochemical 

parameters are used as health indicators in aquatic 

medicine following different stress conditions (Thrall, 
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2004; Pimpao et al., 2007). They have significant values in 

toxicological evaluations. Laboratory and field studies 

have documented the effects of chlorinated cooling waters 

on various fishes (Langford, 1990; Chen and Kuo, 2005; 

Verma et al., 2007a, b). However, to our knowledge, there 

have been no reports on the combined effects of increasing 

temperature and chlorine toxicity on the haemato-

immunological parameters of Labeo rohita, a major carp 

widely cultured throughout India. Therefore in the present 

study the cumulative effect of increasing temperature and 

sub-lethal chlorine toxicity on the health status of Labeo 

rohita have been investigated by the analysis of haemato-

immunological parameters of the fish.    

Materials and Methods 

Experimental fish  

Healthy specimens of Labeo rohita with an average 

weight of about 10±0.52 g were procured from Aarey Fish 

Farm, Mumbai. They were transported in polythene bags 

containing oxygenated water to the wet laboratory of 

Central Institute of Fisheries Education, Mumbai. Fish 

were acclimatized to laboratory conditions for 30 days and 

were fed with supplementary diet of 25% crude protein. 

After the 30 day period fish were subjected to acclimation 

studies.  

Temperature 

For the present study, the acclimation temperatures 

chosen were 26, 31, 33 and 36°C since it is in the range of 

preferred temperature of Indian Major Carps (Das et al., 

2004a). Furthermore, carps can survive extreme 

temperatures (4-39°C) and low dissolved oxygen for 

several days (Reynolds, 1987). 

Chlorine 

A concentration of 0.1 mg L-1 of chlorine was 

selected for the present investigation, as the chlorine levels 

in the immediate surroundings of power plants (near 

discharge canal) is about 0.1 mg L-1 (personal 

communication from power plant operators). A preliminary 

test was conducted to assess the evaporation rate of 

chlorine at different temperatures and monitored at 8-h 

intervals. Based on the results, chlorine was supplemented 

to maintain the level at 0.1±0.02 mgL-1 in the experimental 

aquaria. Sodium hypochlorite solution (Merck Ltd. 

Mumbai, India) was used as the chlorine source. Chlorine 

levels were monitored by the dipropyl-p-phenylenediamine 

(DPD) method using Spectroquant Chlorine test kit (1. 

00599. 0001, E Merck, Germany) with an accuracy of 0.01 

mg L-1. 

Experimental design  

A total of 160 fish with an average weight of 

10±0.52 g were segregated and maintained in two different 

groups (Control and Experimental groups) in eight 

thermostatic aquaria (175 L capacity, sensitivity ± 0.2°C) 

with 20 fish per aquaria. Four thermostatic aquaria were 

maintained for each group and the fishes were acclimated 

to four different temperatures (26, 31, 33 and 36°C) in both 

the groups. The acclimation process was carried out as the 

temperature was raised in the two groups at the rate of 

1°C/day from ambient temperature of 26°C to reach the 

prescribed temperatures of 26, 31, 33 and 36°C. After 

acclimation, in the experimental groups, 0.1 mgL-1 of 

chlorine was maintained for a period of 30 days.  

Haemato- immunological parameters 

Collection of blood and serum 

At the end of 15th and 30th day of acclimation, three 

fish in triplicates from each of the control and experimental 

groups were anaesthetized with clove oil (50 µl L-1). Blood 

was drawn from caudal vein using a syringe rinsed with 

2.7% ethylene diamine tetraacetic acid (EDTA) solution 
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and transferred immediately to a test tube containing 

EDTA (as anticoagulant) and shaken well in order to 

prevent haemolysis of blood. The collected blood was 

immediately used for the analysis of various parameters. 

For the analysis of serum parameters, blood was drawn by 

caudal puncture without using anticoagulant (2.7% EDTA 

solution) and allowed to clot for 2 hrs, centrifuged for 5 

min at 3000 × g and the serum thus collected was used for 

analysis.  

Haemoglobin content 

The haemoglobin content of blood was analysed 

using Drabkin’s fluid (Qualigens Diagnostics) following 

the Cyanmethemoglobin method. To 20 µl of blood was 

added 5 ml of Drabkin’s working solution and mixed well. 

The absorbance was measured using a spectrophotometer 

at 540 nm. The final concentration was calculated by 

comparing with the standard cyanmethemoglobin 

(Qualigens Diagnostics). The haemoglobin content was 

then calculated by using the formula: 

Haemoglobin (gm/dl) =  
60 x 

1000

251
 x 

(S) OD

(T) OD















  

Where, OD (T) = Absorbance of test 

            OD (S) = Absorbance of standard 

Total erythrocyte and leucocyte counts 

Red blood cell (RBC) and white blood cell (WBC) 

counts were carried out by mixing 20 µl of blood with 

3980 µl of corresponding diluting fluid in a clean test tube 

and transferred to the Neubauer’s counting chamber of 

haemocytometer and the cell counts were performed.  

Nitroblue tetrazolium (NBT) assay 

Nitroblue tetrazoleum (NBT) assay was carried out 

to study the Respiratory Burst activity of the phagocytes 

following the method of Secombes (1990) subsequently 

modified by Stasiack and Bauman (1996). The wells of ‘U’ 

bottom microtitre plates were filled with 50 µl of blood and 

incubated for 1 h at 37°C for the cells to adhere. After 1 h, 

the supernatant was removed and the wells were washed 

three times in PBS (phosphate buffered saline, pH 7.4). 

Fifty microlitres of 0.2% NBT was added and incubated 

for 1 h. Then the cells were fixed using 100% methanol for 

2-3 min, washed three times with 30% methanol and 

subsequently the plates were air-dried. Sixty microlitres of 

2 N potassium hydroxide and 70 µl of dimethyl sulphoxide 

were added to dissolve the formazon blue precipitate 

formed. The optical density was recorded in an ELISA 

reader at 620 nm. 

Serum parameters 

Serum protein was estimated by Biuret method 

(Reinhold, 1953) using Total protein and albumin kit 

(Qualigens Diagnostics, Division of Glaxo Smithkline 

Pharmaceutical Limited). Albumin content was estimated 

by Bromocresol green binding method (Doumas et al., 

1971). The absorbance of standard and test were measured 

immediately against Blank at 630 nm using a 

spectrophotometer. The Globulin value was calculated by 

subtracting albumin values from total serum protein 

content. Albumin/Globulin ratio (A/G ratio) was calculated 

by dividing albumin values by globulin values.  

Statistical analysis 

 Statistical analyses of different parameters were 

carried out using one-way analysis of variance (ANOVA) 

using SPSS 15.0 for Windows. Duncan’s multiple range 

test (DMRT) was used for post hoc comparison of mean 

(p<0.05) between different acclimation temperatures. 

Student’s t-test was used to compare the significance of 

different parameters between acclimation periods (15 and 

30 days). All data presented in the text and tables are mean 

± standard error. 
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Results 

Haemoglobin content and Total erythrocyte count (TEC) 

 Haemoglobin content and total erythrocyte count 

(TEC) demonstrated an increasing trend (p<0.05) with 

increasing temperatures in the control group at both 15 and 

30 days (Table 1). However, in the experimental groups, 

both the parameters decreased with increasing 

temperatures (p<0.05) at both exposure periods. Further, 

the two parameters decreased (Student’s t-test) with 

increasing duration of exposure in the control and chlorine 

treated groups. 

Total leucocyte count (TLC) and Respiratory burst activity 

Total leucocyte count (TLC) and respiratory burst 

activity declined significantly (p<0.05) with increase in 

temperature in the control and experimental groups with a 

further reduction in the presence of chlorine (Table 1). A 

similar decreasing trend with increasing exposure period 

was observed in the control and experimental groups 

(Student’s t-test).  

Serum parameters 

 Serum protein, albumin and globulin values 

decreased significantly (p<0.05) with increasing 

temperatures in the control and experimental groups at 15 

and 30 days acclimation period with a further inhibition in 

the chlorine treated groups (Table 2). However, 

albumin/globulin ratio (A/G ratio) remained unchanged in 

the control groups at 15 days duration whereas, in the 

experimental groups a declining trend was observed. At 30 

days acclimation period the A/G ratio reduced significantly 

(p<0.05) with increasing temperatures in both the groups. 

In addition, all the above serum parameters decreased 

further at 30 days duration. A significant variation 

(Student’s t-test) in the serum protein, albumin and 

globulin values was observed between the acclimation 

periods in most of the control and experimental groups, 

whereas the albumin/globulin ratio differed significantly 

only at high temperatures. 

Discussion 

Alterations in haematological profiles (Allen, 

1994; Santhakumar et al., 1999) and blood chemistry 

(McLeay, 1973; Demael et al., 1980; Omoregie et al., 

1990) of fish exposed to various contaminants have 

remained the most studied physiological indices of stress 

response mechanisms in fish. Hematological parameters 

act as physiological indicators to changing external 

environment (Gill and Pant, 1981) as a result of their 

relationship with energetics (metabolic levels), respiration 

(hemoglobin levels) and defense mechanisms (leucocyte 

levels), as these parameters provide an integrated measure 

of the health status of an organism which overtime 

manifest in changes in weight (growth) (Gbem et al., 

2003).  

Haemoglobin content 

The haemoglobin (Hb) levels increased with 

increasing temperatures in the control group after 15 and 

30 days of acclimation period, which may be due to the 

increase in oxygen demand as indicated by Verma et al. 

(2007a) in common carp Cyprinus carpio. In contrast, the 

decline in the haemoglobin content in the chlorine treated 

groups may be due to the inhibitory effect of chlorine as 

stated by the above authors. The decrease in the 

haemoglobin content may be due to the inhibition of 

erythropoiesis, haemosynthesis, osmoregulatory 

dysfunction or due to an increase in the rate of erythrocyte 

destruction in the haematopoietic organ, which may lead to  
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Parameter 
Acclimation 

Period (days) 

Temperature(°C) 

(Control group) 

 Temperature(°C) + 0.1 mg L-1 Chlorine 

(Experimental group) 

26  31 33 36  26 31 33 36 

Haemoglobin 

(gm/dl) 

15 days 7.62±0.09 e 8.20±0.12 f,*** 8.70±0.12 g,*** 9.10±0.08 h,**  6.82±0.09 d,** 6.24±0.04 c,** 5.62±0.14 b,** 4.72±0.15 a,** 

30 days 7.28±0.14 e 7.70±0.09 f 8.22±0.15 g 8.44±0.06 g  6.12±0.08 d 5.43±0.15 c 4.80±0.06 b 3.63±0.16 a 

Total erythrocyte 

count 

(105 cells/mm3) 

15 days 3.48±0.05 d 3.85±0.02 e 4.45±0.07 f,* 5.13±0.11 g,**  3.04±0.13 c,** 2.84±0.07 c,** 2.43±0.04 b,* 1.87±0.08 a,* 

30 days 3.34±0.06 e 3.67±0.07 f 3.75±0.05 f 4.68±0.02 g  2.37±0.02 d 1.92±0.09 c 1.58±0.04 b 1.13±0.04 a 

Total leucocyte 

count  

(104 cells/mm3) 

15 days 10.04±0.11 f 9.31±0.08 e,*** 8.72±0.05 d,** 8.03±0.15 c,**  8.67±0.08 d,** 7.15±0.12 b,** 6.91±0.13 b,** 5.53±0.06 a,** 

30 days 9.77±0.13 g 8.83±0.08 f 8.12±0.12 e 7.04±0.07 d  7.14±0.13 d 6.28±0.13 c 5.53±0.16 b 4.65±0.14 a 

Respiratory burst 

activity 

(OD/620 nm) 

15 days 0.395±0.012 g 0.358±0.007 f 0.342±0.011 f,*** 0.313±0.005 e,**  0.272±0.004 d 0.230±0.009 c 0.195±0.006 b,*** 0.163±0.004 a,** 

30 days 0.378±0.006 g 0.335±0.010 f 0.302±0.008 e 0.264±0.004 d  0.257±0.009 d 0.206±0.005 c 0.164±0.006 b 0.112±0.008 a 

Table 1. Haemoglobin content, Total erythrocyte count (TEC), Total leucocyte count (TLC) and Respiratory burst activity in 

the blood of Labeo rohita exposed to increasing temperatures and 0.1 mg L-1 chlorine for 15 and 30 days 

Values are expressed as mean ± SE (n = 6). Different superscripts (a, b, c, d, e, f, g, h) in the same row indicate significant difference 

amongst different treatments (Duncan’s multiple range test, α = 0.05). Different superscripts (*p<0.001, **p<0.01, ***p<0.05) in the same 

column indicate significance between two different acclimation periods (Student’s t-test) 

anaemia in the exposed fish as observed by Jenkins et al. 

(2003) in Cyprinus carpio. 

Total erythrocyte count (TEC)  

The increase in the red blood cell (RBC) counts 

with increasing temperatures in the control groups at both 

the acclimation period may possibly be due to the 

increased demand for oxygen. Adeyemo et al. (2003) 

observed a similar trend in Clarias gariepinus exposed to 

increasing temperatures. However, the decrease in the 

erythrocyte counts in the control groups with increasing 

acclimation episode indicated that the 30 days of 

acclimation time has contributed to the better plasticity of 

the fish over the test temperatures. The decreased 

erythrocyte count in the experimental groups with 

increasing temperature and exposure period may be due to 

a decrease in the erythropoietic activity of the kidney as 

reported by Santhakumar et al. (1999), which may be 

attributed to the inhibitory effect of chlorine. Similar 

reductions in the RBC count were observed in Cyprinus 

carpio and in Asian swamp eel, Monopterus albus 

(Jenkins et al., 2003; Hii et al., 2007) exposed to 

endosulfan. An insufficient quantity and quality of red 

blood cells would therefore consequently have several 

additional effects on metabolism beyond the function of 

supplying oxygen for tissue metabolism (Adeyemo et al., 

2003). 

Total leucocyte count (TLC)  

The leucocytes are involved in the regulation of 

immunological function of body (Santhakumar et al., 

1999). A reduction in total leucocyte production with 

increasing acclimation temperatures and exposure period in 

control and chlorine treated groups may lead to a decrease 

in the non-specific immunity of fish as indicated by 

Svobodova et al. (1994). Leukopenia is another 
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Parameter 
Acclimation 

Period (days) 

Temperature(°C)  

 (Control group) 

 Temperature(°C) + 0.1 mg L-1 Chlorine 

 (Experimental group) 

26 31 33 36  26 31 33 36 

Total serum 

protein (gm%) 

15 days 6.47±0.08 f,** 5.95±0.05 e,** 5.57±0.07 d,** 4.89±0.12 c,*  5.37±0.10 d,* 4.83±0.06 c,* 4.01±0.08 b,* 3.13±0.09 a,* 

30 days 6.01±0.09 g 5.25±0.08 f 4.54±0.11 e 3.62±0.05 c  4.12±0.04 d 3.95±0.13 d 2.92±0.12 b 2.15±0.05 a 

Total albumin 

(gm%) 

15 days 2.83±0.07 f 2.52±0.05 e,** 2.42±0.05 e,* 2.14±0.06 d,* 
 

2.04±0.08 d,** 1.68±0.07 c 1.35±0.02 b,* 1.02±0.04 a,* 

30 days 2.69±0.06 g 2.24±0.01 f 1.70±0.04 e 1.19±0.05 c  1.49±0.04 d 1.47±0.09 d 0.91±0.02 b 0.61±0.03 a 

Total globulin 

(gm%) 

15 days 3.64±0.14 d 3.43±0.07 cd,*** 3.15±0.11 c 2.76±0.13 b 
 

3.33±0.12 cd,** 3.15±0.06 c,** 2.67±0.09 b,** 2.11±0.09 a,** 

30 days 3.32±0.13 f 3.02±0.08 e 2.84±0.12 de 2.44±0.05 c  2.63±0.04 cd 2.48±0.08 c 2.02±0.12 b 1.54±0.04 a 

Albumin/ 

Globulin ratio 

15 days 0.79±0.05 c 0.74±0.03 c 0.78±0.04 c,*** 0.79±0.05 c,**  0.62±0.04 b 0.53±0.03 ab 0.51±0.02 a 0.49±0.03 a,*** 

30 days 0.82±0.05 d 0.74±0.02 d 0.61±0.04 c 0.49±0.03 ab 
 

0.57±0.02 bc 0.60±0.04 c 0.46±0.03 a 0.40±0.03 a 

 

Table 2. Total protein, albumin, globulin and albumin/globulin ratio in the serum of Labeo rohita exposed to increasing 

temperatures and 0.1 mg L-1 chlorine for 15 and 30 days 

 

 

Values are expressed as mean ± SE (n = 6). Different superscripts (a, b, c, d, e, f, g, h) in the same row indicate significant difference 

amongst different treatments (Duncan’s multiple range test, α = 0.05). Different superscripts (*p<0.001, **p<0.01, ***p<0.05) in the same 

column indicate significance between two different acclimation periods (Student’s t-test) 

haematological response considered pertinent 

(Wedemeyer et al., 1983). A lower leucocyte count in the 

chlorine treated groups as compared to the control groups 

may correspond to augmented immunosuppression in 

Labeo rohita due to the combined impact of temperature 

and chlorine toxicity. The investigations of Sahoo and 

Mukherjee (1999), Choudhary et al. (2005) and Verma     

et al. (2007a) in Labeo rohita and Cyprinus carpio 

strengthened the above findings.  

Respiratory burst activity 

Leucocytic production of superoxide is an innate 

immune response observed in many vertebrates such as 

birds, reptiles (Mccoll and Daniels, 1988; Terron et al., 

2004), and also in teleost fish (Selvaraj et al., 2006; 

Panigrahi et al., 2007). Production of superoxide is the 

initial reaction in a complex pathway referred to as, 

respiratory burst (Merchant et al., 2009). The respiratory  

burst is a crucial reaction of phagocytes to degrade 

internalized particles and bacteria (Sung et al., 2008) and 

has been used as a biomarker of pollutant exposure 

(Fournier et al., 2000). The decreasing trend in superoxide 

production with increasing acclimation temperature and 

exposure period in the temperature control groups was in 

line with the findings of Verma et al. (2007a). The 

inhibition in respiratory burst activity in the chlorine 

treated groups may be attributed to impaired phagocytosis 

leading to immunosuppression as suggested by Garg et al. 

(2004a) in pesticide intoxicated broiler chicks. The total 

leucocyte count and the respiratory burst activity showed a 

similar trend and could be well correlated in the present 

study. 

Serum parameters 

Alterations in the animal’s metabolism are reflected 

in   the  serum  profiles   because  of   the  close association 

between the circulatory system of the fish and the external 

environment (Cassilas and Smith, 1977). Serum 

biochemical parameters are good indicators of the 

physiological state of an organism as blood serum contains 

important proteins of nutritive function (albumins), 

components of immune system (globulins), blood clotting 
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factors, hormones and enzymes (Lehninger, 1974). 

Depletion in total serum proteins, albumin, globulin and 

albumin/globulin ratio in the control and experimental 

group may correspond to a stress induced deleterious effect 

on protein synthesis, hepatic dysfunction and 

immunosuppressive effect due to increasing temperatures 

and chlorine toxicity as indicated by Das et al. (2004b), 

McConnell (1985) and Nayak et al. (2004) in their 

investigations on toxicant effects on fish species. These 

results find support in the findings of Jenkins et al. (2003) 

and Verma et al. (2007a) in Cyprinus carpio exposed to 

endosulfan and synergistic effect of temperature and 

chlorine respectively.   

In conclusion, the overall results indicate that 

Labeo rohita demonstrated increased immunosuppression 

with elevated temperatures. Further, enhanced 

immunosuppression in the fish on exposure to high 

temperature and persistent chlorine may affect the 

tolerance capacity of the fish which may be attributed to 

the temperature induced augmentation of chlorine toxicity. 

This laboratory based study may be used as a base-line 

data by environmentalists and power plant operators, to 

take appropriate measures and ensure the regulated release 

of thermal effluents with chlorine concentrations that does 

not exceed the permissible limits prescribed by the 

statutory bodies. As an extension of the laboratory work, 

field studies may provide a better understanding on the 

immune status of fish exposed to thermal pollutants.  
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