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Abstract  
Chlorantraniliprole is a novel insecticide introduced by DuPont Crop Protection (Tokyo, Japan) in 2007 and now it is widely 

used to control agricultural pests from the Order Lepidopteron, Coleopteran, Dipterans and Hemiptera species. Due to run off water 
and soil erosion these insecticides get introduced at nearest water bodies and thereby adversely affects non-target organism like fishes. 
Acid phosphatase is a lysosomal, hydrolytic enzyme involved in cellular degradation. Lysosome membrane is most vulnerable to 
numerous pesticides and can cause the loss of membrane integrity. This results in leakage of acid phosphatase from the lysosome to 
the cytoplasm. Lysosomes are now unable to digest the damaged cell organelles. Fingerlings of freshwater fishes are acclimatized in 
glass aquarium for seven days. After acclimatization, they were exposed to predetermined LC0 and LC50 concentration of 
Chlorantraniliprole in twenty-liter test container for 96 hrs (Static bioassay method). It was observed that the acid phosphatase activity 
in muscle intestine and liver were significantly decreased in LC0 and LC50 concentration as compared to the control group, which in 
turn inference that the selected insecticide Chlorantraniliprole, interferes in normal lysosomal function. 
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1. Introduction 

The aquatic ecosystems are rapidly degenerated by anthropogenic activities, pollutants and various pesticides (Zhou et al., 
2008; Egbo et al., 2019). Most of the chemicals present in the water bodies are being introduced coming from the agricultural sectors 
(Vitousek et al., 1997). This is the universal problem affecting the inhabited organisms in the aquatic ecosystem (Jayaraj et al., 2016). 
There are many species of freshwater fishes are consumed as a food as well as considered as bio indicators of the quality of water 
(Karr, 1981; Hellawell, 2012; Hoffman, 2019). In general, the freshwater fishes are continuously exposed to various pesticides which 
get accumulated in food web (Chivers and Smith, 1998). Fishes are first aquatic animals which are exposed to chemicals in aquatic 
bodies. They are more vulnerable and sensitive to introduced chemicals (Obiakor et al., 2012). They respond to exposed chemicals by 
altering physiological, biological and behavioral functions (Scott and Sloman, 2004). Various studies have suggested that analysis of 
enzymatic activities in the fishes is an indicator of water pollution and their activity alter after exposure of the toxicants (Zhang et al., 
2004; Javed and Usmani, 2019). 

 
In all living organism, enzymes are an important class of proteins which acts as a catalyst and accelerates the rate of reactions 

(Sheldon and Van, 2013). Enzymes also offer a potential territory for checking of toxicants impacts and have pulled in a lot of 
considerations of researchers from different fields. The binding of the toxicant to specific enzymes leads to acceleration or inhibition 
of enzymatic activities and progression of various metabolic issues (Gomez-Lechon et al., 2007). Lysosomes are membrane bound cell 
organelles containing a number of enzymes which are responsible for the degradation and recycling of macromolecules (De Duve and 
Wattiaux, 1966). Acid phosphatase is a lysosomal and hydrolytic enzyme (Braun et al., 1989). Lysosome and plasma membrane is the 
main target of toxicants (Parolini, 2011). Plasma membrane act as a first barrier to toxicants and lysosome act as degradation site of 
foreign bodies. Toxicants cause the damage to lysosome which releases the acid phosphatase into the cytoplasm. An analysis of 
lysosomal acid phosphatase activity in the cytoplasm is a good a biomarker of insecticide toxicity (Moore et al., 2006; Wang et al., 
2019).  

 
Chlorantraniliprole is a novel insecticide and widely used for controlling agricultural pests in the vegetables, various fruits, 

crops, cotton, rice, etc. (Hannig et al., 2009). Chlorantraniliprole have a wide range of insecticidal activity and mostly control 
Lepidopteron insect pests. This also controls the other insect pests belonging to the order Coleopteran, Diptera and Hemiptera. 
Numerous studies have reported that Chlorantraniliprole have toxicity to non-target animal likes fishes, birds, earthworms, arthropods, 
mammals, etc. Chlorantraniliprole triggers ryanodine receptors (Truong and Pessah, 2019). They are intracellular calcium channels 
present on muscle and brain tissue (Lanner et al., 2010). The stimulation of ryanodine receptors releases large amount of calcium ions 
from the sarcoplasmic reticulum in muscle and endoplasmic reticulum of other tissues (Truong and Pessah, 2019). The released 
calcium ions in intracellular induce the secondary messenger which leads to muscle paralysis of insect larvae and finally death on 
individual (Lahiani et al., 2017). 
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In the present investigation, an attempt has been made to study the effect of novel insecticide Chlorantraniliprole on acid 
phosphatase activity in muscle, intestine and liver tissue of freshwater of Cirrhinusmrigala. 
 
2. Materials and Methods 
2.1 Collection and Acclimatization of the Specimen 

The freshwater fish Cirrhinusmrigala were collected from government fish seed production and rearing center Dhom, Dist. 
Satara. Prior to the acclimatization in laboratory condition, fishes were offered a bath with 0.05% KMnO4 solution to avert bruise and 
disease. After disinfection fish were maintained in glass aquaria with continuous aeration. During the span of acclimatization, the 
water was changed daily to discard remaining food particles and fecal material, and the specimens were fed every day with fish food 
(TAIYO Pet Products Pvt Ltd, India). 

 
2.2 Toxicity Test 

The insecticide chlorantraniliprole (98%) was purchased from M/S Super Bio Tech Marketing Company, India. The clear and 
de-chlorinated water was used for acclimatization and experimentation. A well-acclimatized healthy fish measuring about 6±8 cm in 
length and 9-11g in weight were selected for the present study. The toxicity protocol was carried out in 20-liter plastic trough. In each 
trough, ten fishes were released. The trough was distinguished in three groups viz. Control group (Without any exposure of 
Chlorantraniliprole); LC0 Concentration group (Exposed to 0.0025ppm concentration of Chlorantraniliprole) and LC50 concentration 
group (Exposed to 0.01ppm concentration of Chlorantraniliprole). After 24hrs, the experimental medium was replaced by fresh 
medium.  

 
2.3 Acid Phosphatase activity analysis 

After 96 hours of exposure, the fishes from the control, LC0 and LC50 concentration group were sacrificed. The muscle, 
intestine and liver were pooled out from sacrificed fishes and acid phosphatase activity was estimated by Linhardt and Walter 
(Linhardt and Walter, 1965) method using p-nitrophenyl phosphate as the substrate.  Homogenate of each tissue was prepared in 0.9% 
chilled saline solution and centrifuged at 3000 rpm for 10 minutes. For the assay triplet set of test tubes were prepared for the control 
group, LC0 Concentration group and LC50 concentration group. Thereafter, 0.2 ml supernatant was added in each test tube followed by 
0.8 ml 0.05M sodium citrate buffer containing 5 X 10-3M p-nitrophenyl phosphate. The blank was prepared by adding 0.2 ml distilled 
water and 1 ml substrate buffer and incubated at 370C for 30 min. 4 ml of 0.1 N NaOH was added for inhibition of reaction. The 
absorbance value was measured at 400 nm by systronics spectrophotometer 166 by using blank as a control. The lysosomal acid 
phosphatase activity in terms of µmols of p-nitrophenol /mg protein is calculated by the formula:  

 
Acid Phosphatase activity = optical density X 2.76 X1000 / amount of protein/mg tissue. 

 
2.4 Statistical analysis 

The observed data from each group were expressed in arithmetic mean ± standard deviation. The level of significance was 
calculated using student's t test. 
 
3. Results 

The result of the acid phosphatase activity in term of p-nitrophenyl phosphate/mg tissue protein after acute exposure (96 
hours) of Chlorantraniliprole in various tissues of freshwater fish Cirrhinusmrigala viz. muscle, intestine and liver in the control group, 
LC0 concentration group and LC50 concentration group are depicted in table 1 and graphically represented in figure 1. The acid 
phosphatase activity in the muscle, intestine and liver tissues after exposure of 96 hours of Chlorantraniliprole at LC0 and LC50 
concentration was decreased as compared to the control group. The difference was highly significant at p<0.001. 

 
Table 1: Effect of Chlorantraniliprole on the Acid Phosphatase activity in various tissues of the fish Cirrhinusmrigala. 

Groups µm of p-nitrophenol phosphate/mg protein in tissue 
Muscle  Intestine Liver 

Control group 6.81 ± 1.03 15.19 ± 0.18 51.42 ± 0.17 
LC0 1.32 ± 0.13*** 1.92 ± 0.12*** 16.2 ± 0.24*** 
LC50 0.61 ± 0.08*** 1.01 ± 0.08*** 3.64 ± 0.13*** 
Results expressed as Arithmetic mean ± Standard deviation, *** indicates p< 0.0001. 
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Fig. 1: Acid Phosphatase activity in various tissues of the fish Cirrhinusmrigala after exposure Chlorantraniliprole. Values 
expressed as Arithmetic Mean of (n=5); ±SD), *** indicate P<0.001. 

 
4. Discussion 

Numerous studies have reported that the toxicants induce the deleterious effects on aquatic organisms mainly on the fish 
(Van der Oost, et al., 2003). The analysis of acid phosphates activity is commonly used to study toxicity stress of various toxicants in 
the aquatic organisms (Konradt and Braunbeck, 2001; Molina et al., 2005; Bama and Geetha, 2019). Lysosomes are membrane bound 
organelles involved in the catabolism of cellular materials (Braun et al., 1989). The lysosome contains different types of hydrolytic 
enzymes (Kornfeld, 1987). The main enzyme in lysosome which is involved in cellular degradation is acid phosphatase. The function 
of the lysosome is totally depended upon the membrane integrity. The plasma membrane of the lysosome is selectively permeable to 
lipids (Yang and Hinner, 2015). Numerous studies have reported that pesticides damage the membrane of the lysosome (Ray et al., 
2013; Patetsini et al., 2013; Bonomo et al., 2019). Due to damage to the permeability of the lysosome membrane, there was loss of 
phosphatase enzyme in the cytoplasm. This leads to decrease in the lysosomal acid phosphatase activity (Aits, 2019). 

 
In the present study, it was observed that the acute exposure (96 hours) of Chlorantraniliprole at LC0 and LC50 concentration 

(0.0025ppm and 0.01 ppm respectively) significantly decreased the acid phosphatase activity of muscle, intestine and liver tissue of 
freshwater fish Cirrhinusmrigala. The acid phosphatase activity was significantly decreased in the LC0 concentration group fishes and 
LC50 concentration exposed group fish as compared to control group fishes which were never exposed to toxicants. It might be due to 
the decrease or damage of lysosome membrane integrity and release of lysosome acid phosphatase into the cytoplasm. 

 
Bidlack and Tappel (1973) have demonstrated that increase in lipid peroxidation greatly damages the lysosome membrane 

integrity. In the lipid peroxidation, the concentration of free radicals was increased which damages the polyunsaturated fatty acid in 
the plasma membrane. Zdolsek and Svensson (1993) observed that there was a direct positive relationship between lipid peroxidation 
and lysosome membrane integrity i.e., increased lipid peroxidation leads to the increased damage of lysosome membrane. Bantu et al., 
(2013) observed the exposure of freshwater fish Labeo rohita to sub lethal concentration of Chlorantraniliprole (0.637mg /l) 
significantly increase lipid peroxidation and significantly decrease the acid phosphatase activity in the liver, muscle, kidney, brain, and 
gill tissue. Similar results were observed in the present study on the freshwater fish Cirrhinusmrigala after exposure to a lethal 
concentration of Chlorantraniliprole. Pawar and Bhilave (2019) observed that in LC0 and LC50 concentration group fish shows 
significant increase in lipid peroxidation in gill, liver, muscle and brain as compared to control group fish. In the present investigation, 
the LC0 and LC50 concentration group fish showed significant inhibition of acid phosphatase activity. It is attributing to the increased 
lipid peroxidation.  

 
Sharma (1990) observed that pesticide endosulfan (0.0022 mg/L) exposed to freshwater fish Channa gachua showed that at 

initial time of exposure, there was increase the acid phosphatase activity than exposure to several days and gradually decrease the acid 
phosphatase activity. Jayakumar et al., (2008) also observed that exposure of heavy metals mercuric chloride (3 ppm) and cadmium 
chloride (13 ppm) to freshwater mussel Lamellidensmarginalis increased the acid phosphatase activity at initial periods of exposure 
and inhibited in later duration. The increased phosphatase activity indicates the increased phosphorylation and transportation of 
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damaged molecules to the lysosome for degradation. In our present investigation, exposures of acute concentration of 
Chlorantraniliprole for 96 hrs significantly inhibited the acid phosphatase activity in muscle, intestine and liver tissue of 
Cirrhinusmrigala. It might be possible that at initial duration, the acid phosphatase activity was increased and lysosome tried to cope-
up with the increased stressful condition. But, continuous exposures for a longer duration beyond the threshold limit damaged the 
lysosome membrane integrity and leakage of acid phosphatase into the cytoplasm. This leads to inhibition of the acid phosphatase 
activity and in turn impairs the lysosome degradation.  

 
It can be concluded that the decreased acid phosphatase activity in muscle, intestine and liver tissue of the fish 

Cirrhinusmrigala exposed to predetermined values of toxicant, indicates that the Chlorantraniliprole effectively acts on lysosome and 
damage the lysosomal membrane integrity and leakage of acid phosphatase into the cytoplasm. 
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