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Abstract 
The focus of the study is to evaluate the effects of a pyrethroid pesticide, alphamethrin on freshwater fish 

Cyprinus carpio. The LC50 of alphamethrin for 96 h was determined as 6 µg/L. For sub-lethal study, 

1/10th (0.6 µg/L-Treatment I) and 1/5th (1.2 µg/L-Treatment II) of 96 h LC50 concentration were exposed 

to C. carpio for 35 days. At each interval period, biochemical responses such as plasma glucose, protein 

and muscle glycogen were determined. During the study period, plasma glucose level was significantly 

increased with decrease in plasma protein in both the treatment groups. The muscle glycogen content in 

the fishes treated with 0.6 µg/L and 1.2 µg/L of alphamethrin were also observed to decrease 

significantly. The overall study concludes that alphamethrin at sublethal concentration affects the 

biochemical indices of Cyprinus carpio. The changes in these biochemical indices can be effectively 

used to monitor the alphamethrin pesticide in the aquatic environment. 
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1. Introduction 

Pollution has been regarded as one of the most severe menaces to the environment, including 

heavy metals, pesticides, sewage, oil, etc. in both freshwater and marine environment [1]. Over 

the world-wide ranges, pyrethroids pesticides have a high biological action and low rapid 

toxicity compare to the other pesticides (organochlorine and organophosphate) [2]. However, 

the concentration of residues in aquatic environments has increased with the wide application 

of pyrethroids pesticides, threatening the health of the aquatic animals [3, 4]. With the restriction 

of organophosphorus pesticides, synthetic pyrethroids have begun to occupy the market, 

accounting for 38% of the global pesticide market [5]. Of these pyrethroid insecticides, 

alphamethrin is extensively used for a wide range of crops in agriculture because it causes high 

toxic effect on a broad spectrum of insect pests. Alphamethrin is commonly and effectively 

used on cotton, cereals, pulses, vegetables, fruits, oilseeds, tea, tobacco and other crops. 

Although alphamethrin is considered safe for human beings and mammals, long-term and 

large-scale use of it poses a potential hazard to both natural environment and non-target 

organisms. 

The synthetic pyrethroid insecticide alphamethrin is not only used in agricultural practices 

during crop production, but also in public health programs and as an ectoparasiticide in 

animals. This account for 30% of global pesticide consumption [6]. Alphamethrin have been 

reported to damage vital organs of various target and non-target species [7], also reduces 

reproductive ability [8] in fishes. Sarikaya [9] has reported that the 96 hr LC50 value for Nile 

tilapia was found to be 5.99 µg/L showing that it is a highly toxic synthetic pyrethroid 

pesticide. The seepage of this insecticide into water bodies, enter the food chain and leads to 

its accumulation in the tissues of the aquatic organisms of higher tropic levels like fish. The 

toxicity of alphamethrin in fish can be due to rapid absorption through gills and, the lacking of 

enzymatic system to hydrolyse these pesticides [10]. Alphamethrin was found to cause changes 

in reproductive and oxidative metabolism of Lymnaea acuminate [11] which may be due to 

inhibition of sodium channels of cells.  

Fish accumulate various fold higher concentration of chemical pesticide residues than the 

surrounding water in aquatic environment. Severe contamination of aquatic environment by 

chemical pesticides can cause chronic and acute poisoning of fish and other organisms [12-14].  
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The accumulated pesticide damage skeletal system, various 

vital organs of fish and cause biochemical alterations in fish. 

The pesticide hazard to aquatic organism is further increased 

by biomagnification of the synthetic pesticides from water by 

aquatic organisms [15]. The pesticide causing neurotoxicity, 

biochemical changes, hormonal alteration, reproductive 

toxicity, developmental abnormalities. The low solubility of 

synthetic pesticides greatly contributes to their high 

concentration in various fish and finally bioaccumulation in 

human body on consumption of these biopesticide 

contaminated fish. Despite their low availability, pesticides 

exhibit high toxicity to animals and humans their presence in 

food raises various safety issues [16]. 

Blood is an excellent medium of intercellular transport. It acts 

as a pathophysiological reflector of the health status of 

animals exposed to the toxicant and other conditions [17, 18]. In 

general, biochemical parameters are extensively used as 

sensitive biomarkers for detecting the potential adverse 

effects of different contaminants [19-21]. Among them, glucose 

and total protein are commonly used as strong indicators of 

toxic stress, induced by environmental pollutants, and general 

health and nutritional status of fish. Proteins play a vital role 

in architecture, physiology, and metabolism. During stressful 

condition, fish typically use their body protein, converting it 

into energy to cope with the energy demand. In this sense, 

proteins are considered an alternative source of energy, along 

with glucose, to meet the increased energy demands of fish 

under stress conditions [22]. Another parameter utilized to 

measure stressful levels of pollutants, which also serves as an 

indicator of stress in fish is muscle glycogen [23-25]. 

Biochemical descriptions of fish and other aquatic organisms 

under pollution stress serve as important biomarkers in 

aquatic ecosystem control [26, 27].  

The common carp Cyprinus carpio is the most extensively 

cultivated fish throughout the world. The fish is also a very 

good model for ecotoxicological research because of its 

availability throughout the season and easy acclimatization to 

laboratory conditions. Hence, the objective of the present 

study was to investigate the changes in biochemical indices 

such as plasma protein, glucose and muscle glycogen in 

Cyprinus carpio exposed to sublethal concentration of 

alphamethrin. 

 

2. Materials and Methods 

2.1 Chemicals and reagents 

Chemicals of analytical grade (> 98%) were purchased from 

Loba Chemie Pvt. Ltd, Mumbai, India (reagents and 

chemicals). 

  

2.2 Animal and Maintenance  
Fingerlings of Cyprinus carpio (4.3 ± 0.4 g and 6.7 ± 0.6 cm) 

were acquired from the Tamil Nadu Fisheries Development 

Corporation, Aliyar, Tamil Nadu, India. Fingerlings cultured 

from the same brood stock were collected. In the laboratory, 

the fish were stocked in a large cement tank (1000 L capacity) 

before the commencement of the experiment. The water 

quality parameters of tap water were determined according to 

APHA [28] and are as follows: temperature 26.6 ± 1.5ºC, pH 

7.0 ± 0.1, dissolved oxygen 7.1 ± 0.02 mg/L, and total 

hardness 17.5 ± 0.4 mg/L. During the acclimation period, the 

fish stock was maintained under natural photoperiods and 

ambient temperature. The fish were fed ad libitum with rice 

bran and ground nut oil cake in dough form once in day 

before the water was replaced. The water was renewed daily 

for the removal of excess feed and faecal matter. All 

experiments were performed in compliance with relevant laws 

and guidelines of the Committee for the Purpose of Control 

and Supervision of Experiments on Animals (CPCSEA). 

 

2.3 Determination of LC50 and Sublethal toxicity study 

In the present study, preliminary toxicity tests were carried 

out to find out median lethal tolerance limit of fish Cyprinus 

carpio to alphamethrin for 96 h. Various concentration of 

alphamethrin (1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 and 10.0 

µg/L) along with control (toxicant free) were maintained and 

was recorded at the end of 24, 48, 72 and 96 h. Based on the 

mortality/survival of fish the 96 h LC50 for alphamethrin was 

found to be 6 µg/L.  

For sublethal toxicity, three glass aquaria of 100 L capacity 

were taken and filled with 100 L of water and 50 fishes were 

transferred into each glass tanks. One tank served as control 

(toxicant free) and for the sublethal toxicity studies, 1/10th 

(0.6 µg/L-Treatment I) and 1/5th (1.2 µg/L-Treatment II) of 96 

h LC50 concentration of alphamethrin were studied for a 

period of 35 days with 7 days intervals. Four replicates were 

maintained for the treated and control groups. Water was 

changed daily to avoid faecal and feed accumulation.  

 

2.4 Collection of blood and tissues 

At the end of every 7 days intervals (7th, 14th, 21st, 28th and 

35th day), 10 fishes from each group were euthanized and the 

blood were collected by cardiac puncture and expelled 

immediately into separate heparinized plastic vials kept on 

ice. The collected blood was centrifuged at 10,000 rpm for 10 

mins at 4ºC to separate the plasma, which was used for the 

estimation of plasma glucose and plasma protein. 

Simultaneously, the muscles were dissected, homogenized 

with 1 mL of 0.1 M Tris-HCl buffers (pH 7.5) in a Teflon 

homogenizer, and then centrifuged at 1000 rpm at 4ºC for 15 

min. The supernatant was used to determine the glycogen 

content in the muscles.  

 

2.5 Estimation of plasma glucose and protein 

Plasma glucose was estimated by O-Toluidine method [29]. To 

0.1 mL of plasma, 5.0 mL of O-Toluidine reagent was added, 

mixed well and kept in water bath for 10 min. The samples 

cooled under tap water and the optical density (OD) of the test 

samples were measured at 630 nm and expressed as mg/100 

mL. Plasma protein was estimated according to the method of 

Lowry et al. [30]. To 0.10 mL of plasma, 0.90 mL of distilled 

water was added, mixed well and treated with 5 mL of 

solution C [50 mL of solution A (2% sodium carbonate in 0.1 

N NaOH) and 1 mL of solution B (500 mg of copper sulphate 

in 1% sodium potassium tartarate solution)]. The mixture was 

allowed to stand for room temperature for 10 min. To this, 0.5 

mL of Folin-phenol reagent was added and the colour 

intensity was read at 720 nm. The protein contents were 

expressed as µg/mL.  

 

2.6 Estimation of Glycogen 

Glycogen content in the muscles was estimated using 

Anthrone method [31]. To 1 mL of the supernatant, 5 mL of 

ethanol was added and kept in refrigerator overnight for 

complete precipitation of glycogen. The contents were 

centrifuges at 2500 rpm for 15 min and the residue was 

dissolved in 1 mL of distilled water. To this 1 mL of glucose 

standard and 10 mL of anthrone reagent was added. The 

mixture was kept in a boiling water bath for 15 min, cooled 
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down and the colour intensity was measured at 620 nm. The 

presence of glycogen was expressed mg of glycogen/g wet wt. 

of tissue.  

 

2.7 Statistical analysis 

All values were expressed as mean ± S.E. One-way ANOVA 

(analysis of variance) followed by Duncan multiple range test 

(DMRT) was employed to determine the significance of the 

samples between control and alphamethrin treated groups 

were evaluated by. Different alphabets represent the 

significance levels at p< 0.05. 

 

3. Results and Discussion 

Chemicals such as pesticides and fertilizers accumulate in soil 

or water bodies. Exposure to over permissible limits of these 

chemicals is associated with mortalities, various diseases, and 

diverse genetic alterations and disorders in non-target 

organisms including humans, terrestrial, and aquatic animals 
[32]. For this reason, biomarkers are considered valuable tools 

to evaluate the general health of aquatic organisms and 

ecosystems [33]. Among the biomarkers, glucose and protein 

levels are considered as important stress indicators of toxic 

stress causing xenobiotics in the environment [34].  

Changes in glucose level of fish Cyprinus carpio treated with 

Treatment I and II of alphamethrin for 35 days are given in 

Fig. 1. During the above treatment period glucose level was 

elevated significantly (p< 0.05) both in Treatment I and II. In 

Treatment I, the increase during the study period remained 

more or less the same with a percent decrease of 57.68, 61.89, 

54.26, 40.34 and 47.59 at each exposure period. In Treatment 

2, it was noted a percent increase of 54.28, 34.26, 47.02, 

26.98, and 21.33 on each sampling period. 

 

 
 

Fig 1: Glucose level of Cyprinus carpio exposed to different sublethal concentrations (0.6 µg/L – Treatment I; 1.2 µg/L – Treatment II) of 

alphamethrin for 35 days. All the values are expressed as means ± SE. The values are indicated by different letters are significantly different 

from one another (P< 0.05) according to DMRT. 

 

Blood glucose level is a widely employed biomarker in 

toxicological and chemical risk assessment studies. The 

glucose levels of fish Cyprinus carpio treated with 

alphamethrin significantly (p< 0.05) increased in both the 

sublethal concentration due to the effected gluconeogenesis or 

glycogenolysis. Cyprinus carpio exposure to deltamethrin 

lead to hyperglycemia [35] and cypermethrin caused 

hyperglycemia in some freshwater fish species [36]. Ullah et al. 
[37] observed an increase in the blood glucose level was 

observed in the silver carp (Hypophthalmichthys molitrix) 

treated with 2 µg/L of deltamethrin. Under stressed condition, 

the release of glucocorticoids and catecholamine 

(hyperglycemic hormones) degrades the glycogen and 

glucose, which further leaks out in the blood resulting in 

hyperglycemia [38].  

The data on muscle glycogen level of fish Cyprinus carpio 

treated with sub lethal concentrations (Treatment I and II) of 

alphamethrin are presented in Fig. 2. The muscle glycogen 

content showed a significant (p< 0.05) decreasing trend 

during the study period in both treatments. In Treatment I, the 

glycogen level recorded a percent decrease of 36.07, 41.21, 

41.65, 49.55 and 66.69 on 7, 14, 21, 28 and 35th day. In 

Treatment II, the glycogen level showed a percent decrease of 

19.36, 53.41, 43.23, 55.45 and 57.67 on each sampling period. 

 

 
 

Fig 2: Glycogen level of Cyprinus carpio exposed to different sub lethal concentrations (0.6 µg/L – Treatment I; 1.2 µg/L – Treatment II) of 

alphamethrin for 35 days. All the values are expressed as means ± SE. The values are indicated by different letters are significantly different 

from one another (P< 0.05) according to DMRT. 
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Glycogen is the main storage source of energy in all 

organisms and hence their levels in the fishes that have been 

exposed to various toxic chemicals indicate the health of these 

fishes [23]. The muscle glycogen levels in the Cyprinus carpio 

treated with alphamethrin showed a significant (p< 0.05) 

decrease in both the concentration at the end of each interval 

period might be due to a hypoxic state which is accompanied 

with glycogen reserve depletion [39]. Similarly, Tripathi and 

Singh [11] observed a significant decrease in glycogen content 

of about 37% in hepatopancreas and 46% in ovotestis after 96 

h exposure to 12 µg/L of alphamethrin. In general, a reduction 

in glycogen level and increased glucose level showing 

enhanced glycogenolysis and reduction of glycolytic pathway 

[40]. The reduction in glycogen level in deltamethrin and 

permethrin treated fish Anabas testudineus indicates the use 

of glycogen to cope of with the stress [24].  

Fig. 3 represents the data on changes on protein content of 

Cyprinus carpio treated with sub lethal concentrations 

(Treatment I and II) of alphamethrin for a period of 35 days. 

The plasma protein of the alphamethrin treated fish was found 

to decrease throughout the study period, showing 15.08, 

35.62, 34.51, 36.42 and 39.63% and 12.28, 26.94, 26.33, 

38.65 and 59.63% at each sampling period in Treatment I and 

II respectively. Statistical analysis found the values to be 

significantly (P< 0.05). 

 

 
 

Fig 3: Protein levels of Cyprinus carpio exposed to sublethal concentrations of alphamethrin for 35 days. All the values are expressed as means 

± SE. The values are indicated by different letters are significantly different from one another (P< 0.05) according to DMRT. 

 

Proteins perform different key functions in fish, such as 

making the functional and structural cell components, 

nitrogenous metabolism source, and an energy source under 

chronic stress. In the present study, the protein contents of 

Cyprinus carpio was found to decrease significantly (p< 0.05) 

with respect to the exposure days might be associated with 

protein degradation to fulfill the increased demand of energy 

for metabolic purposes or reduced protein synthesis under 

stress. An exposure of 12 µg/L of alphamethrin for 96 h in the 

snails observed a significant decrease in the total protein 

levels to 63% in hepatopancreas and 60% in ovotestis [11]. A 

decrease in the protein content through glucogenesis was 

noted in Acipenser nudiventris when treated with atrazine [41]. 

Similarly, decrease in protein content was noted in gill and 

muscle of catfish, Clarias batrachus exposed to alphamethin 
[42] due to the utilization of protein in gluconeogenesis 

pathway. Narra et al. [43] reported that the reduction in plasma 

protein in chlorpyrifos treaded fish Clarias batrachus indicate 

the breakdown of protein to meet energy demand caused by 

chlorpyrifos.  

 

4. Conclusion 

The present study indicates that alphamethrin has significant 

effect on plasma protein, glucose and glycogen contents in 

muscle of the fish, Cyprinus carpio. This study helps to 

establish the safe limits and effects of alphamethrin on 

freshwater fishes with a dose dependency.  
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