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Abstract: The snake-headed fish, Channa sp. Bloch (Actinoptrygii: Channidae) is animportant 

component of inland fishery in the Indian subcontinent and one of the fashionable commercial fish. The 

industrialized effluents’ accomplishment to the aquatic ecosystem is one of the foremost causes of 

environmental pollution, and its hazardous influence on the exposed edible fishes may be a serious 

threat to human health. The present investigation has been designed to study the effects of sublethal 

concentrations of paper mill effluent on the serum glucose, serum lactic acid, liver glycogen, and liver 

lactic acid contents of Channa punctatus (Bloch) after in vitro exposure for96 hours. The investigation 

recorded a significant increase in serum glucose, serum lactic acid, and liver lactic acid contents with a 

significant quantitative decline in liver glycogen among effluent exposed fishes were recorded during 

the investigation. Thus the authors supposed to propose that the carbohydrate metabolism of freshwater 

snake-headed fish, C. punctatus affected during effluent exposure based on their experimental findings. 

Keywords: snake-headed fish; Channa punctatus; paper mill effluent; metabolism, glucose; glycogen; 
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1. Introduction 

Snakehead fish, Channa sp. Bloch (Actinoptrygii: Channidae) is animportant 

component of inland fishery in the Indian subcontinent. It is one of the fashionable commercial 

fish in India as yummy proteinaceous food [1-3]. In recent years, the freshwater ecosystem has 

experienced serious threats from human activities such as industrial effluents, agricultural 

activities, urban waste management issues, and increased urbanization [4-7]. Wastewater 

discharged from industries is regarded as a key source of water pollution [8-10]. Untreated 

industrial, technological, and agricultural wastes containing various metallic compounds often 

contaminate natural waters [11-13]. Due to their bio-accumulative and non-biodegradable 

properties, heavy metals constitute a major group of aquatic pollutants. Thus the safe disposal 

of wastes discharged from various industries is a serious problem worldwide [14-19]. Due to 

rapid industrialization, many Indian rivers face chemical pollution problems because these 
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rivers act as temporary reservoirs for sewage wastewater and industrial effluent [20-22]. The 

discharges of untreated and partially treated industrial effluent have depleted the dissolved 

oxygen content of water bodies, so by interfering with the respiratory metabolism, they 

seriously affect aquatic biota and their production because toxic substances found in it are 

detrimental to health [23-26]. The environmental toxicant can induce physiological and 

biochemical changes in fish, leading to growth inhibition and declined commercial production 

[27-29]. 

The paper industry has been one of India's major sources of aquatic pollution. Its 

effluent contains various acute toxic and bio-accumulating components such as chlorophenols, 

fatty acids, and resin. These chemicals are responsible for alteration in metabolic processes 

among aquatic organisms [13,20,30,31]. Day by day's deterioration of water quality due to the 

discharge of untreated effluent has demanded urgent and strong measures to assess pollution. 

The use of the biochemical approach has been advocated to provide an early warning of 

potentially damaging changes in stressed organisms. The alteration in the physicochemical 

properties of the water usually affects the behavioral and physiological activities of the 

inhabitants, fish population, and others [10,32-34]. As the principal metabolic organ, the liver 

plays a major role in the uptake, accumulation, bio-transformation, and excretion of toxicants 

[20,35-37]. In the aquatic environment, fish are usually regarded as organisms of choice for 

assessing the effects of aquatic environmental pollution. Therefore the present study was 

undertaken to investigate the alterations in the levels of serum glucose and lactic acid levels as 

well as liver glycogen and lactic acid content in freshwater snake-headed fish, Channa 

punctatus exposed to sublethal concentrations of paper mill effluent. 

2. Materials and Methods 

2.1. Procurement of test fish. 

Healthy specimens of snake-headed fish, Channa punctatus Bloch (weight, 45±5g, and 

size, 12±5cm), were collected from a local fish farm at Balrampur, Uttar Pradesh, India. The 

fish were brought to the laboratory and carefully examined for any injury. These were kept in 

a 1% solution of KMnO4 for a few hours to get rid of dermal infection. Finally, these treated 

fish were placed in a large plastic jar containing 50L of clean tap water and acclimatized for 

15 days to the laboratory conditions. During this time, these fish were fed on boiled egg yolk 

and commercial fish food.  

2.2. Collection of paper mill effluent. 

For the in vitro study, the treated effluent samples were collected from Yes Paper Mill 

Ltd., Darshan Nagar, Ayodhya, Uttar Pradesh, India, in a polyethylene container. The percent 

concentration of the test solution has been calculated by using the formula after FAO [38]: 

100
 V  V

Effluent of Volume
)(VPercent  Volume

DWE

% 
+

=
 

Where VE = Volume of effluent; VDW = Volume of dilution water. 
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2.3. Plan of the experiment. 

The LC50 for treated paper mill effluent for 96 hours was 15% after Prakash and Verma 

[39]. Based on reference LC50, the experimental fishes were treated with paper mill effluents 

of the sublethal concentrations (10%) for a time period of 24 hrs. (one day), 48 hrs. (two days), 

72 hrs (3 days), and 96 hrs. (4 days). On the other hand, the control group of the model organism 

was maintained in the normal aquatic environment for the same periods. The experimental and 

control group fishes were periodically fed with similar nutritious commercial food; meanwhile, 

the water medium was replaced daily with fresh control water and experimental paper mill 

effluents to remove the excess feces and food remains. After successful treatment, fish of both 

groups were sacrificed at the end of 24, 48, 72, and 96 hours for further assessment.   

2.4. Blood sample collection. 

The blood sample was collected from the caudal region after piercing the caudal 

peduncle of fish from both experimental and control groups at 24, 48, 72, and 96 hours 

exposure periods and subjected to analysis for serum glucose and lactic acid after Mendel et 

al.[40], Barker and Summerson [41] and Pryce [42], respectively. 

2.5. Tissue sample collection. 

The liver of both experimental and control groups fishes just after 24, 48, 72, and 96 

hours exposure periods were excised rapidly, then homogenized in 0.25M sucrose solution and 

centrifuged at 1000xg for 10 minutes. The supernatants were filtered, and the filtrates were 

used for the analysis of glycogen and lactic acid after the standard method of Carroll et al. [43], 

Roe and Dailey [44], and Griffith [45], respectively.  

2.6. Statistical analysis. 

The biostatistical analysis was performed using advanced biostatistical tools, and the 

findings were represented as mean ± standard error (S.E.). The level of numerical significance 

of the difference between the control and experimental group was calculated by student’s t-test 

after Brunning and Knitz [46]. 

3. Results and Discussion 

The serum glucose level is a sensitive biochemical indicator of environmental stress 

induced by water pollutants. Glucose, a monosaccharide, is the immediate energy source 

because it is a major metabolic fuel. In the present study, serum glucose level was significantly 

increased in effluent exposed fish, C. punctatus, compared to control in all the periods of 

exposure. The percent increase in serum glucose level in effluent exposed fish from the control 

level at 24, 48, 72, and 96 hours were 9.08%, 12.56%, 23.66%, and 35.53%, respectively (Table 

1). The increased serum glucose level (hyperglycemia) in effluent-exposed fish may be due to 

coping with the enhanced metabolic rate under stressful conditions [47]. Sastry has also 

reported a similar increase in serum glucose level, and Subhadra [48,49], Singh and Reddy [50] 

in cadmium exposed Heteropneustes fossils, Prakash and Singh [23], Saroj et al. [51] in 

distillery effluent exposed Cyprinus carpio, Mcleay [52] in salmon, Onchorhynchus kisutchi, 

Mattsson et al. [53], Herbert et al. [54], Maoraes et al. [55] and Zeumer et al. [56] in rainbow 

trout (O. mykiss). 
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Table 1. Alterations in serum glucose and lactic acid level in paper mill effluent exposed fish, Channa 

punctatus (N=6). 

Experimental Group Treatment  of fish to sublethal concentration (10%) at different periods 

24 hrs 48 hrs 72 hrs 96 hrs 

Glucose (mg/l) 

a. Control 86.5±0.17 88.4±0.41 87.5±0.98 89.5±1.02 

b. Treated 94.3±1.04 99.5±0.35 108.2±0.99 121.3±1.06* 

c. % increase over control 9.08 12.56 23.66 35.53 

Lactic acid (mg/l) 

a. Control 1.09±0.05 1.11±0.06 1.09±0.03 1.18±0.04 

b. Treated 1.22±0.03 1.59±0.04 1.81±0.02* 1.97±0.05* 

c. % increase over control 11.93 43.24 73.39 66.95 

*significant at 5% level of student ‘t’ test 

The liver glycogen content was decreased in effluent exposed fish, C. punctatus, 

compared to control in all the exposure periods. The percent decrease in liver glycogen content 

in effluent exposed fish from the control level at 24, 48, 72, and 96 hours were 10.85%, 17.44%, 

25.29%, and 33.08%, respectively (Table 2). The present in vitro investigation showed 

hyperglycemia and a reduction in liver glycogen in effluent exposed fishes [57,58]. The present 

finding was also supported by other researchers who had noticed that glycogen content of the 

liver declined with increasing concentration and duration of industrial effluent exposure during 

yesteryears [59-63]. Anoxia or hypoxia increases carbohydrate consumption and thereby 

induces respiratory stress on organisms even at a sublethal level resulting in additional 

expenditure of energy [64]. In the present study, liver glycogen content in effluent exposed C. 

punctatus decreased significantly, indicating that the glycogen converted slowly into glucose 

that was utilized further to fulfill the additional demand of energy during stressful situations 

under effluent exposure [58,65,66]. The increased glycogenolysis indicated a general 

disturbance in carbohydrate metabolism, which might have an adverse effect on the life of 

exposed animals [27,67-69].  

Table 2. Alterations in Liver glycogen and lactic acid level in paper mill effluent exposed fish, Channa 

punctatus (N=6). 

Experimental Group Treatment  of fish to sublethal concentration (10%) at different periods 

24 hrs 48 hrs 72 hrs 96 hrs 

Glycogen (mg/l) 

a. Control 0.85±0.04 0.86±0.05 0.87±0.03 0.89±0.05 

b. Treated 0.76±0.02 0.71±0.04 0.65±0.03* 0.59±0.05* 

c. % increase over control 10.85 17.44 25.29 33.08 

Lactic acid (mg/l) 

a. Control 2.69±0.02 2.74±0.04 2.82±0.03 2.81±0.06 

b. Treated 3.11±0.03 3.35±0.04 3.69±0.02* 3.98±0.05* 

c. % increase over control 15.61 22.26 30.85 41.64 

*significant at 5% level of student ‘t’ test 

The serum glucose level represents a dynamic balance between the rate at which the 

sugar enters the blood from the liver and the rate at which it is being removed from the blood 

to the body tissue [70-72]. The liberated glucose metabolized from the liver glycogen was 

transported to other organs through the blood to meet the energy requirements necessitated by 

the accelerated movements of the fish during stress conditions to adapt themselves to the toxic 

effluent medium [51,73]. In the present study, the significant decrease in liver glycogen content 

with an increase in serum glucose level in experimental fishes indicated that paper mill effluent 

interfered with carbohydrate metabolism. Thus it could be accomplished that C. punctatus 

treated with paper mill effluent elicited a severe hypoxia anaerobic glycolysis to meet the 

energy demands under effluent stress.  
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Lactic acid was formed through glycolysis under the anaerobic condition of glucose 

catabolism. The increase in the lactic acid content of blood and liver among the experimental 

C. punctatus showed an association with the effluent exposure period (Tables 1, 2). It may be 

due to lactic acid formed in the muscle and other tissue during glycolysis, which might have 

been transported to the liver via blood, accounting for the hyper lactams in blood and liver [74-

76]. Because of the absence of the enzyme glucose-6-phosphatase in the tissue is transported 

to the liver through blood [77]. As the liver used the gluoces for the resynthesis of glycogen 

through the Cori [78-80]. Similar observations in the increase of lactic acid levels were 

observed in many fishes viz, Cyprinu scarpio exposed to distillery effluent [51,81-83]; 

Sarotherodon massambicus treated with sevin [84-86]; Clarias batrachus exposed to 

malathion [87-93]; Tilapia mossambica treated with phosphamidon [94-97]; Onchorhynchus 

kisutchi treated with Kraft pulp mill effluent [73,98] and various fishes exposed to industrial 

waste and effluents [99-103]. Thus the accumulation of lactic acid in the blood, thereby causing 

hyperlactemia in the present study, may be due to the formation of lactic acid through 

glycolysis and glycogenolysis from the liver through blood. The characteristic decrease in the 

glycogen and increase in the lactic acid leads to hypoxia condition and anaerobiosis during a 

period of effluent treatments [104-106]. 

4. Conclusions 

Thus it can be concluded that any changes in the physicochemical condition of water 

affect the health of aquatic organisms by influencing the physiological activities taking place 

in the body. Industrial effluent affects biologically active molecules such as carbohydrates, 

proteins, and lipids. Thus any alteration in the biochemical parameters will affect the efficiency 

of the fish, in turn reducing the consumption value. Therefore, the authors wish to propose an 

urgent requirement of industrial effluent management and treatment before its direct exposure 

to inland and riverine ecosystem for healthier aquaculture and societal welfare dependent on 

aquatic food directly and indirectly. 
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