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ABSTRACT 

	Aims: To understand the role of detoxifying enzymes in resistance development in Spodoptera litura against emamectin benzoate
Place and Duration of Study: This experiment was carried out in the laboratory of Department of Entomology and Central Instrumentation Cell, College of Agriculture, Rajendranagar during kharif, 2022
Methodology: Quantitative alterations in detoxification enzymes linked to emamectin benzoate resistance were evaluated in S. litura field populations collected from Chevella and Maheshwaram mandals and compared with a susceptible reference strain. The activities of esterase, glutathione S-transferase (GST) and cytochrome P450 monooxygenase (MFO) were measured in third-instar larvae that survived LC₅₀ exposure, using standard biochemical assay methods.
Results: The activity of detoxifying enzymes in emamectin benzoate–treated F1 third instar larvae of S. litura revealed that GST and esterases were significantly higher in Chevella and Maheshwaram field populations compared to the susceptible population, while MFO activity did not differ significantly. GST showed the highest increase (2.84–2.86-fold) followed by esterases (1.63–1.74-fold), indicating their major and partial roles, respectively, in detoxification of emamectin benzoate. Correlation analysis further confirmed a strong positive relationship between GST and esterase activities with resistance ratios (R² = 0.95–0.99), whereas MFO showed negligible correlation. Overall, GST emerged as the key enzyme conferring resistance to emamectin benzoate in field populations of S. litura, with esterases contributing to a lesser extent.Top of Form
Bottom of Form
Conclusion: Understanding the enzymatic basis of resistance highlights the need for proper insecticide rotation and integrated pest management strategies to sustain its effectiveness.
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1. INTRODUCTION 

Cotton, soybeans, groundnuts, tobacco and vegetables are only a few of the commercially significant crops that suffer significant losses due to destructive the dangerous insect pest, Spodoptera litura (Fabricius) (Qin et al., 2004). According to Dhir et al. (1992), it can occasionally result in a 26–100% yield loss in the field. The main method of controlling it has been the use of different insecticides. (Ahmad et al., 2007a, b; Armes et al., 1997; Kranthi et al., 2001). As a result, many field populations of this pest have developed numerous resistances, and field control failure has been reported extremely frequently. One of the main issues with using chemicals to control insect pests is pesticide resistance.
Emamectin benzoate, a widely utilized used insecticide plays a crucial role in managing agriculturally significant lepidopteran pests across various nationscountries. This popularity is attributed to its expansive wide spectrum of activity and impressive efficacy against this particular group of insects (Ahmad et al., 2008; Zhang et al., 2014). However, concerns have arisen regarding the development of resistance to emamectin benzoate inwithin multiple lepidopteran pest species. Notable instances include S. exigua, where resistance was observed (Ishtiaq et al., 2014), as well as Spodoptera frugiperda (Muraro, 2022; Muraro et al., 2021) and Mythimna separata (Zhao et al., 2018).
In order to evaluate the mechanism of resistance in S. litura and other Spodoptera spp., biochemical investigations have been carried out (Yu and McCord, 2007). In natural and regulated habitats, insects have developed a diversity of physiological and behavioural responses to different toxins (Li et al., 2007). Three major physiological processes associated with insecticide resistance includes increased detoxification, lower penetration and target site insensitivity. In most of the situation’s, decreased penetration has little impact. The detoxification is increased by several enzymes such as glutathione-S-transferase (GST), esterase and cytochrome P450 monooxygenase (also known as MFO) (Ishaaya, 1993). 	Comment by HP: Add objectives in a few sentences.

2. material and methods 

Test insect: Tobacco caterpillar, Spodoptera litura (Fabricius)
Collection of susceptible strain of S. litura 
The Entomology laboratory of ICRISAT, Patancheru, Hyderabad, provided the first susceptible population of S. litura larvae that were raised in a lab setting without being exposed to any insecticide for roughly six generations. In the Department of Entomology laboratory at the College of Agriculture in Rajendranagar, Hyderabad, the collected population was raised on an artificial diet for four further generations. The F10 generation population's third instar larvae were then employed in bioassay investigations. 	Comment by HP: Either explain the preparation of the diet or give brand or manufacturer.
 Collection of S. litura population from vegetable crop ecosystem of Rangareddy district 
In Kharif, 2022, a field population of S. litura was collected from the vegetable crop ecosystem of two important vegetable-growing mandals, Maheshwaram and Chevella. The populations that were collected in the field were taken to the laboratory, where they were raised independently on artificial diets at a temperature of 25±2°C and a relative humidity of 75±5%. Bioassay investigations were conducted using the third instar larvae of the F1 generation.	Comment by HP: See comment above.
Determination of quantitative changes in enzymatic titertitre that offers resistance against emamectin benzoate in S. litura population collected from vegetable crop ecosystem of Rangareddy district
In susceptible and field populations, the activities of the enzymes cytochrome P450 monooxygenase/mixed function oxidase (MFO), glutathione S-transferase (GST) and esterase were measured in accordance with established techniques.
Newly hatched neonate larvae of F1 generation field collected population of Chevella and Maheshwaram mandals that were reared on artificial diet under laboratory conditions were used for the experiment. The larvae were fed with fresh untreated castor leaves separately for each population until they attained third instar stage. Once they entered third instar, fifty larvae were reared individually in petri plates containing leaf disc treated with median lethal concentration (LC50) of 0.018310 and 0.018078 were obtained during preliminary studies for the Chevella and Maheshwaram population. After 24 hours of feeding on treated leaves, the larvae that were survived were picked up and used for estimating the enzymatic titre. Similarly, the untreated susceptible larval population that were fed with fresh untreated castor leaves served as control. Few random healthy larvae were picked up for estimating the enzyme titre from the control petri plates on the same time when the insecticide treated and survived larvae were picked.
Estimation of esterase and glutathione S-transferase (GST) activity in S. litura strains
Ten third instar larvae of S. litura from Chevella, Maheshwaram and susceptible populations were used to estimate the detoxification enzymes associated with resistance.
Enzyme stock preparation
Larvae representing each treatment were rinsed with acetone to remove surface residues and weighed. Whole larval homogenate was prepared by grinding uniformly weighed third instar larvae of S. litura using homogenization buffer (100 mM phosphate buffer, pH 7.0 containing 1 mM EDTA, 1 mM PTU, 1 mM PMSF and 20% glycerol). The homogenate was centrifuged at 15,000 rpm for 10 min at 4oC. The supernatant was collected and centrifuged again at 15,000 rpm for 20 min at 4o C (Kranthi 2005). The crystal-clear supernatant was collected and stored at -20o C and used as a source for estimation of esterase and glutathione-S-transferase enzymes.
Estimation of esterase activity
Esterase activity was measured by the method described by Kranthi (2005). The sample was prepared by taking 50 μl of enzyme stock solution and 200 μl of a mixed solution comprising 10 mM 1-naphthyl acetate solution and 4 mM fast blue RR salt in eppendorf tubes and the solution was incubated at room temperature for 20 minutes under dark with intermittent shaking. Control blank was prepared by adding phosphate buffer and substrate solution. A drop of sample was pipetted out and placed on the pedestal of nano spectrophotometer and absorbance was recorded.
Observations recorded
The absorbance of the sample was recorded at 450 nm at 25 seconds interval for 10 min at 27o C. The esterase activity was expressed in terms of μ moles of α- naphthyl acetate formed min-1 mg-1 of protein.
Estimation of glutathione S-transferase (GST) activity
Glutathione S-transferase activity was measured using the procedure given by Kranthi (2005). Enzyme assay mixture was prepared by adding 10 μl of enzyme stock, 50 μl of 50 mM 2,4-dinitrochlorobenzene (DNCB) and 150 μl of 50 mM reduced glutathione and 2.77 ml phosphate buffer containing 1 mM EDTA and 1 mM PTU. The resulting mixture was taken into eppendorf tubes and incubated at 20°C for 2-3 min after gentle shake. Control blank was prepared by adding phosphate buffer and substrate solution. A drop of sample was pipetted out and placed on the pedestal of nano spectrophotometer and absorbance was recorded.
Observations recorded
The absorbance of the sample was recorded at 340 nm at 25 seconds interval for five minutes. The activity of glutathione S-transferase was expressed in terms of μ mol of DNCB conjugated/min/mg of enzyme protein.
Estimation of Cytochrome P450/MFO activity in S. litura strains
Enzyme stock preparation
The enzyme stock was prepared from larval midgut. Ten third instar larvae of S. litura were used from each population viz., Chevella, Maheshwaram and susceptible populations. Midguts were dissected using dissection buffer (Phosphate buffer saline) and placed immediately into homogenization buffer (0.1 M sodium phosphate buffer, pH 7.8, including 1 mM EDTA, 1 mM DTT, 1 mM PTU and 1 mM PMSF). The homogenate was centrifuged at 15,000 rpm for 10 min at 4oC, then the supernatant was collected and centrifuged again at 15,000 rpm for 20 min at 4o C. The crystal-clear supernatant was collected and used as a source of enzymes to measure cytochrome P450 activity (Hansen and Hodgson, 1971).
Enzyme assay
Cytochrome P450 associated monooxygenase was estimated by method as described by Omura and Sato (1964) and Kranthi (2005). Enzyme assay mixture was prepared by adding 100 μl of p-NA (2 mM) and 90 μl of enzyme stock solution into an eppendorf tube and incubated at room temperature for 2-3 minutes. Then, 10 μl of 9.6 mM NADPH was added to the mixture before the initiation of reaction. Control blank was prepared by adding phosphate buffer and substrate solution. A drop of sample was pipetted out and placed on the pedestal of nano spectrophotometer and absorbance was recorded.
Observations recorded
The absorbance of the sample was recorded at 405 nm at 25 seconds interval for 10 minutes at 27oC and expressed in terms of μ moles of p- nitro-anisole formed min-1 mg-1 of protein.
Statistical analysis: The activity of MFO, GST and esterase was subjected to analysis of variance (ANOVA) followed by t-test at 5 per cent level of significant using SPSS statistical software.
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Fig.1 Enzyme assay

3. results and discussion
The quantity of insecticide detoxifying enzymes viz., mixed function oxidases (MFOs), esterases and glutathione S-transferase (GST) in both susceptible and resistant field populations of third instar larvae of S. litura treated with emamectin benzoate at their median lethal concentration (LC50) of 0.018310 and 0.018078 in Chevella and Maheshwaram populations.
The results pertaining to effect of detoxifying enzymatic activity of F1 generation third instar larvae of S. litura of field populations (Chevella and Maheshwaram) and susceptible population after 24 hours after exposure to LC50 of emamectin benzoate. The activity of MFO in Chevella, Maheshwaram and susceptible populations were found to be 0.049 ± 0.000, 0.048 ± 0.010 and 0.047 ± 0.003 μ moles min-1 mg-1 of protein, respectively. No significant difference in enzyme activity between field populations and susceptible population was recorded. However, slightly higher MFO enzymatic activity of 1.04 and1.02 times was observed in Chevella and Maheshwaram populations, respectively compared to susceptible population.	Comment by HP: Please review this sentence for completeness and clarity.
Significantly higher activity of esterases i.e., 0.33 ± 0.012 μ moles min-1 mg-1 of protein in Chevella and 0.31 ± 0.012 μ moles min-1 mg-1 of protein in Maheshwaram population was recorded when compared to the susceptible population (0.19 ± 0.006 μ moles min-1 mg-1 of protein). The ratio of enzyme activity revealed that esterases were more active in Chevella and Maheshwaram population with 1.74 and1.63 times higher than the susceptible population.
The results revealed that significantly higher GST activity were observed in emamectin benzoate treated F1 generation third instar larvae of S. litura population from Chevella (2.86 ± 0.081μ moles min-1 mg-1 of protein) and Maheshwaram (2.84 ± 0.081 μ moles min-1 mg-1 of protein) than that of the susceptible population with 1.00 ± 0.029 μ moles min-1 mg-1 of protein. The ratio of GST activity was 2.84 and 2.86 times more in Maheshwaram and Chevella population as compared to susceptible population.
In the present study, increased activity of all the three enzymes viz., MFO, esterase and GST in emamectin benzoate treated F1 generation third instar larvae of S. litura from Chevella and Maheshwaram were observed as compared to susceptible population. However, the activity of MFO in field populations did not differ significantly from susceptible population, indicating absence of its role in detoxification of emamectin benzoate in field population of S. litura. The highest GST ratio of 2.86 and 2.84 times were recorded in Chevella and Maheshwaram population over susceptible population, respectively. Whereas, lowest esterase ratios of 1.74 and 1.63 times were observed in Chevella and Maheshwaram population, respectively. Current results indicated that the activity of GST was significantly higher in field populations of S. litura followed by esterases suggesting that GST has played key role in conferring resistance to emamectin benzoate and esterases contributed partially to some extent towards detoxification of emamectin benzoate in S. litura larvae.
Effect of emamectin benzoate application on detoxifying enzymatic activity in susceptible and resistant populations of third instar larvae of S. litura 
Table no. 1. Effect of emamectin benzoate application on detoxifying enzymatic activity in susceptible and resistant populations of third instar larvae of S. litura
	Population
	MFO1
	Esterase2
	GST3

	
	Enzyme activity
	Enzyme ratio
	Enzyme activity
	Enzyme ratio
	Enzyme activity
	Enzyme ratio

	Susceptible population
	0.047 ±
0.003a
	1.00
	0.19 ± 0.006b
	1.00
	1.00 ± 0.029b
	1.00

	Chevella population
	0.049 ± 0.000a
	1.04
	0.33 ± 0.012a
	1.74
	2.86 ± 0.081a
	2.86

	Maheshwaram population
	0.048 ± 0.010a
	1.02
	0.31 ± 0.010a
	1.63
	2.84 ± 0.081a
	2.84

	CD (P=0.05)
	0.013
	
	0.035
	
	0.236
	


*Enzyme ratio= enzyme activity of field population/ enzyme activity of susceptible population 
*MFO- Mixed Functional Oxidases, GST- Glutathione- S- Transferase 
1μmoles of p- nitroanisole formed min-1 mg-1 of protein 
2μmoles of α- naphthyl acetate formed min-1 mg-1 of protein 
3μmoles of 2, 4- dinitro chloro benzene conjugated min-1 mg-1 of protein
These results are in conformity with those of Su et al. (2021) who found that only the glutathione S-transferases of Grapholita molesta increased significantly when the insect was exposed to sublethal concentrations of abamectin, but the cytochrome P450 monooxygenases and carboxylesterase activity were not significantly affected. Liang et al. (2003) found that the activity of glutathione S-transferases of P. xylostella treated with sublethal dose of abamectin significantly increased when compared to the control treatment. Wei et al. (2015) also found that the resistance of Liriomyza sativae (Diptera: Agromyzidae) to abamectin was related to the increase of glutathione S- transferase activity. The glutathione S-transferase activity of the two abamectin-resistant strains of L. sativae was significantly higher than that of the sensitive strains. Ibrahim et al. (2016) concluded that the metabolic detoxification processes via general esterase(s), P450-Monooxygenase(s) and GSTs play important role in imparting resistance against emamectin benzoate in the resistant larvae of S. littoralis. Ismail (2022) revealed that MO and GST activities are higher in emamectin benzoate treated Egyptian field population than in the susceptible population. In contrast, Xin et al. (2010) reported that P450 monooxygenase activities in the abamectin selected P. xylostella strain were significantly elevated compared to susceptible strain. They attributed enhanced oxidative metabolism as the mechanism involved in imparting resistance.
Correlation between enzyme activity and resistance ratios of selected emamectin benzoate against field populations of S. litura
The enzyme GST with highest coefficient of determination values (R2 = 0.99 and 0.99, respectively) in Chevella and Maheshwaram populations showed significant contribution in metabolism of emamectin benzoate. The esterases with almost similar values of coefficient of determination (R2 = 0.96 and 0.95, respectively) in Chevella and Maheshwaram population contributed in metabolism of emamectin benzoate. Whereas, MFO with least coefficient of determination (R2 = 0.20 and 0.02, respectively) showed almost nil contribution in development of resistance against emamectin benzoate by S. litura field populations.
Table no.2. Correlation between enzyme activity and resistance ratios of emamectin benzoate against field populations of S. litura
	Populations
	Enzymes
	Emamectin benzoate

	
	
	r
	R2

	Chevella population
	MFO
	0.44
	0.20

	
	Esterase
	0.98**
	0.96

	
	GST
	0.99*
	0.99

	Maheshwaram population
	MFO
	0.15
	0.02

	
	Esterase
	0.97**
	0.95

	
	GST
	0.99**
	0.99


r is correlation coefficient, R2 is coefficient of determination
*Significant at 5% level
**Significant at 1% level
In case of emamectin benzoate, among the enzymes, esterase and GST contributed significantly in detoxification of emamectin benzoate in F1 generation third instar larvae of S. litura from Chevella and Maheshwaram. No correlation was observed between activities of MFO and emamectin benzoate resistance suggesting that these enzymes have not played any role in detoxification of emamectin benzoate. The variable function of MFO on different substrates was suggested by Wargantiwar and Kang (2017). This could be the possible reason for its low activity on certain insecticides and moderate on others and high in few other insecticides. Several earlier workers have reported the involvement of GST and esterase in detoxification metabolism of emamectin benzoate. Reyes et al. (2007) who observed increased glutathione-S-transferase activity correlated with resistance to emamectin benzoate in Cydia pomanella. The GST involvement in abamectin resistance in Tetranychus urticae was reported by Konanz and Nauen (2004). Stavrakaki et al. (2022) reported that detoxification enzymes strongly correlated with abamectin resistance in T. absoluta. Elevated GST activitiy was associated with development of resistance to all the major groups of insecticides (Prapanthadara et al., 1993).
4. Conclusion
Overall, the results underscore the risk of resistance development in S. litura arising from the prolonged and indiscriminate application of emamectin benzoate in vegetable production systems. Gaining insight into the enzymatic mechanisms underlying resistance offers an important foundation for formulating effective insecticide resistance management (IRM) approaches, including the rotation of insecticides with different modes of action, cautious use of avermectins, and the incorporation of non-chemical control tactics. Implementing these strategies will be essential to preserve the effectiveness of emamectin benzoate and to ensure sustainable, long-term management of S. litura in vegetable crops.
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