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Introduction:  

• Brown plant hopper (BPH), Nilaparvata lugens (Stål.), is the primary insect pest that 

attacks rice and is responsible for a significant decline in yield in the rice ecosystem 

(Jena et al., 2018).  

• Chemical insecticides have been the mainstay of the fight against N. lugens; however, 

repeated and widespread use of these pesticides has resulted in resistance to most of the 

insecticides currently in use, including carbamates, pyrethroids, pyridines, 

neonicotinoids, and organophosphates (Liao et al., 2021). However, BPH can quickly 

become resistant to pesticides due to abuse and misuse (Zhang et al., 2016).  

• Understanding the molecular mechanisms behind BPH's pesticide resistance is crucial 

for creating strategies to counteract the significant danger posed to crop productivity by 

the rapid evolution of insecticide resistance, for effective management strategies 

implementation. 

Detoxifying enzymes involved in IR in BPH: 

It is known that pesticide resistance is either caused by altered target sites, such as 

amino acid changes in voltage-gated sodium channels in some insects (Soderland & Knipple, 

2003) or by increased amounts of detoxifying enzymes. The most prevalent resistance 

mechanism is the upregulation of these detoxification enzymes. Nilaparvata lugens, is one of 

the four principal (major) detoxifying enzymes included in the IR in BPH (Lu et al., 2021a), 

which are:  

• Cytochrome P450 monooxygenase (P450s), 

• Glutathione-S-Transferase (GSTs)  

• Carboxylesterases (CarEs), and  

• UDP-glycosyltransferases (UGTs)  
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Like other insect species, insecticide resistance of BPH is most often acquired through 

the enhancement of metabolic detoxification (metabolic resistance) and alterations in the target 

sites causing reduced binding affinity of insecticides (target-site resistance) (Tang et al., 2022). 

The roles of various detoxifying enzymes involved in insecticide resistance of BPH are; 

1. Mixed Function Oxidase (MFO): The enhanced resistance in BPH is mostly caused 

by cytochrome P450s, as demonstrated by metabolic enzyme activity primarily related 

to detoxification, synergism test, and RNA interference (RNA interference) (Abbas et 

al., 2016). Neonicotinoid resistance in BPH is primarily caused by enhanced 

detoxification by cytochrome P450s, which results in cross-resistance because of 

broad-spectrum detoxification by cytochrome P450s (Wen et al., 2009). Buprofezin 

resistance is also conferred by BPH cytochrome P450 CYP6AY1, which has been 

shown to metabolize imidacloprid well (Ding et al., 2013). 

2. Glutathione-S-Transferase (GSTs): Previous research in Nilaparvata lugens 

suggested that it has been noted that, perhaps through metabolic and antioxidant 

defense, GSTs gave BPH resistance to pyrethroids (Vontas et al., 2000). It has been 

observed that overexpression of GST genes in BPH results in resistance to insecticides, 

including fipronil and pyrethroids (permethrin and λ-cyhalothrin) (Zhang et al., 2016). 

Neonicotinoid pesticide resistance is influenced by glutathione-S-transferase and these 

GST genes' functions in imidacloprid resistance were validated by their constitutive 

overexpression and expression induction (Garrood et al., 2016). 

 

Fig. Xenobiotic detoxification of insecticides inside rice brown planthopper, Nilaparvata 

lugens (Stål) 
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3. Carboxylesterases (ESTs): In insects, CarE acts as a Phase I detoxification enzyme to 

directly metabolize xenobiotic compounds, such as insecticides and phytochemicals (Li et al., 

2007). Esterases that function by sequestration are known to be elevated through gene 

amplification and have been reported in OP-resistant strains of Nilaparvata lugens (Small and 

Hennigway, 2000) to insecticides like malathion, methamidophos, acephate, carbosulfan, etc. 

In BPH, several studies have shown that increased CarE activity is involved in the development 

of resistance to nitenpyram, sulfoxaflor, ethiprole, and acephate (Liao et al., 2019).  

4. UDP Glycosyl-transferases (UGTs): According to Bajda et al. (2015), Phase II UDP 

glycosyltransferases (UGTs) catalyze the conjugation of Phase I detoxification intermediates 

for solubilization and transport. As a key enzyme in Phase II detoxification, UGTs catalyze the 

conjugation of various small lipophilic compounds with sugar donors that create UDPs to 

produce water-soluble molecules that aid in the removal of hazardous substrates and help with 

detoxification (Dimunova et al., 2022). There are 21 known UGTs, and recent case studies 

have revealed that the HNF4 factor may also function in UGTs to control BPH's resistance to 

imidacloprid (Rowland et al., 2013). A recent study (Zhang et al., 2021b) functionally clarified 

their involvement in nitenpyram resistance. In BPH extensive work is still going on regarding 

organophosphorus and other insecticide resistance related to UGTs. 

Examples of some recent research conducted on detoxification enzymes in IR in BPH: 

Sl. 

No. 
Test insect 

Insecticide 

resistant to BPH 
Detoxifying enzymes References 

1 The brown 

planthopper, 

Nilaparvata 

lugens, (Stål) 

(Delphacidae: 

Hemiptera), 

and  

White-backed 

plant hopper, 

Sogatella 

furcifera 

Triflumezopyrim Cytochrome P450s 
Gong et al., 

2022 

2 Chlorpyrifos Carboxyl-esterase (CarE) Lu et al., 2022 

3 

Acephate, 

Thiamethoxam, 

and Buprofezin 

Esterases [ESTs], 

Glutathione S-

transferases [GSTs], and 

 mixed-function oxidases 

[MFOs] 

Malathi et al., 

2017 

4 Imidacloprid 
Cytochrome P450 

monooxygenase 

Elzaki et al., 

2016 

5 Triflumezopyrim 
Glutathione S-

transferases [GSTs] 

Zhang et al. 

(2020) 
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6 

(Delphacidae: 

Hemiptera), Nitenpyram  

Cytochrome P450 

monooxygenase, and 

Esterases [ESTs], 

Zhang et al., 

2017 

7 

 

Nitenpyram, 

Dinotefuran, and 

Chlorpyrifos 

 

Cytochrome P450 

monooxygenase 
Jin et al. (2019) 

*IR – Insecticide Resistance, BPH – Brown planthopper 

Conclusion:  

The detoxification enzymes have inhibitory effects on xenobiotic compounds utilizing 

detoxification through various pathways. This makes an insect pest resistant to synthetic 

chemicals by causing huge crop loss. Various molecular mechanisms should be adopted to alter 

the genetic configuration of the amino acids that constitute the enzymes and proteins so that 

the overexpression of that particular gene will be stopped and the functioning of the 

detoxification process (xenobiotic degradation) can be erased, which will not favor the pest 

against the insecticides and ultimately the crop yield will be enhanced. 

References: 

Abbas, N., Shah, R. M., Shad, S. A. and Azher, F. (2016). Dominant fitness costs of resistance 

to fipronil in Musca domestica Linnaeus (Diptera: Muscidae). Vet. Parasitol. 226: 78–

82. 

Bajda, S., Dermauw, W., Greenhalgh, R., Nauen, R., Tirry, L., Clark, R. M. and Van Leeuwen, 

T. (2015). Transcriptome profiling of a spirodiclofen susceptible and resistant strain of 

the European red mite Panonychus ulmi using strand-specific RNA-Seq. BMC Genom., 

16: 974. 

Dimunova, D., Matouskova, P., Podlipna, R., Bousova, I. and Skalova, L. (2022). The role of 

UDP-glycosyltransferases in xenobiotic-resistance. Drug Metab. Rev., 1: 17.  

Ding, Z., Wen, Y., Yang, B., Zhang, Y., Liu, S., Liu, Z. & Han, Z. (2013). Biochemical 

mechanisms of imidacloprid resistance in Nilaparvata lugens: over-expression of 

cytochrome P450 CYP6AY1. Insect Biochem. Mol. Biol., 43(11): 1021-1027. 



Vol. 4 Issue- 8, April 2024                                                                       (e-ISSN: 2582-8223) 

                                                                                                                                                                                                                                                                  

www.justagriculture.in                                                                
 

 

P
ag

e3
6

6
 

Elzaki, M. E. A., Zhang, W., Feng, A., Qiu, X., Zhao, W. and Han, Z. (2016). Constitutive 

overexpression of cytochrome P450 associated with imidacloprid resistance in 

Laodelphax striatellus (Fallén). Pest manage. Sci., 72(5): 1051-1058. 

Garrood, W. T., Zimmer, C. T., Gorman, K. J., Nauen, R., Bass, C. and Davies, T. G. (2016). 

Field‐evolved resistance to imidacloprid and ethiprole in populations of brown 

planthopper Nilaparvata lugens collected from across South and East Asia. Pest 

Manage. Sci., 72(1): 140-149. 

Gong, C., Ruan, Y., Zhang, Y., Wang, Q., Wu, Y., Zhan, X. and Wang, X. (2022). Resistance 

of Sogatella furcifera to triflumezopyrim mediated with the overexpression of 

CYPSF01 which was regulated by nuclear receptor USP. Ecotoxicol. Environ. 

Saf., 238: 113575 

Jena, M., Rath, P. C., Mukherjee, A. K., Raghu, S., Prasanthi, G., Yadav, M. K. and Adak, T. 

(2018). Exploring new sources of resistance for insect pests and diseases of rice. ICAR-

NRRI. 

Jin, R., Mao, K., Liao, X., Xu, P., Li, Z., Ali, E. and Li, J., 2019. Overexpression of CYP6ER1 

associated with clothianidin resistance in Nilaparvata lugens (Stål). Pestic. Biochem. 

Physiol., 154: 39-45. 

Li, X., Schuler, M.  A. and Berenbaum, M. R. (2007). Molecular mechanisms of metabolic 

resistance to synthetic and natural xenobiotics. Annu. Rev. Entomol., 52: 231e253. 

Liao, X., Jin, R., Zhang, X., Ali, E., Mao, K., Xu, P., Li, J. and Wan, H. (2019). 

Characterization of sulfoxaflor resistance in the brown planthopper, Nilaparvata 

lugens (Stål). Pest Manag. Sci., 75: 46–54. 

Liao, X., Xu, P. F., Gong, P. P., Wan, H. and Li, J. H. (2021). Current susceptibilities of brown 

planthopper Nilaparvata lugens to triflumezopyrim and other frequently used 

insecticides in China. Insect Sci., 28(1): 115-126. 

Lu, K., Li, Y., Cheng, Y., Li, W., Song, Y., Zeng, R. and Sun, Z. (2021a). Activation of the 

NR2E nuclear receptor HR83 leads to metabolic detoxification-mediated chlorpyrifos 

resistance in Nilaparvata lugens. Pestic. Biochem. Physiol., 173: 104800 

Lu, K., Li, Y., Xiao, T. and Sun, Z. (2022). The metabolic resistance of Nilaparvata lugens to 

chlorpyrifos is mainly driven by the carboxylesterase CarE17. Ecotoxicol. Environ. 

Saf., 241: 113738. 



Vol. 4 Issue- 8, April 2024                                                                       (e-ISSN: 2582-8223) 

                                                                                                                                                                                                                                                                  

www.justagriculture.in                                                                
 

 

P
ag

e3
6

7
 

Malathi, V. M., Jalali, S. K., Gowda, D. K. S., Mohan, M. and Venkatesan, T. (2017). 

Establishing the role of detoxifying enzymes in field‐evolved resistance to various 

insecticides in the brown planthopper (Nilaparvata lugens) in South India. Insect 

sci., 24(1): 35-46. 

Rowland, A., Miners, J. O. and Mackenzie, P. I. (2013). The UDP-glucuronosyltransferases: 

their role in drug metabolism and detoxification. Int. J. Biochem. Cell Biol., 45: 

1121e1132. 

Small, G. J. and Hemingway, J. (2000). Molecular characterization of the amplified 

carboxylesterase gene associated with organophosphorus insecticide resistance in the 

brown planthopper, Nilaparvata lugens. Insect mol. biol., 9(6): 647-653. 

Soderlund, D. M. and Knipple, D.  C. (2003) The molecular biology of knockdown resistance 

to pyrethroid insecticides. Insect Biochem. Mol. Biol., 33: 563–577. 

 

Tang, B., Xu, K., Liu, Y., Zhou, Z., Karthi, S., Yang, H. and Li, C. (2022). A review of 

physiological resistance to insecticide stress in Nilaparvata lugens. 3 Biotech, 12: 1–

8. 

Vontas, J. G., Small, G. J., Nikou, D. C., Ranson, H. and Hemingway, J. (2002). Purification, 

molecular cloning, and heterologous expression of a glutathione S-transferase involved 

in insecticide resistance from the rice brown planthopper, Nilaparvata lugens. Biochem. 

J., 362: 329−337. 

Wen, Y. C., Liu, Z. W., Bao, H. B. and Han, Z. J. (2009). Imidacloprid resistance and its 

mechanisms in field populations of brown planthopper, Nilaparvata lugens Stål in 

China. Pestic. Biochem. Physiol., 94: 36-q42. 

Zhang, S., Wang, X., Gu, F., Gong, C., Chen, L., Zhang, Y. (2020). Sublethal effects of 

triflumezopyrim on biological traits and detoxification enzyme activities in the small 

brown planthopper Laodelphax striatellus (Hemiptera: Delphacidae). Frontiers in 

Physiol., 11: 261. 

Zhang, X., Liao, X., Mao, K., Wan, H., Lu, P. and Li, J. (2016). Resistance monitoring of the 

field populations of the brown planthopper, Nilaparvata lugens (Hemiptera: 

Delphacidae) to common insecticides in rice production areas of Hubei Province, 

central China. Acta Entomol. Sinica, 59(11): 1222-1231. 



Vol. 4 Issue- 8, April 2024                                                                       (e-ISSN: 2582-8223) 

                                                                                                                                                                                                                                                                  

www.justagriculture.in                                                                
 

 

P
ag

e3
6

8
 

Zhang, Y., Meng, X., Yang, Y., Li, H., Wang, X., Yang, B., Zhang, J., Li, C., Millar, N. S. and 

Liu, Z. (2016). Synergistic and compensatory effects of two-point mutations conferring 

target-site resistance to fipronil in the insect GABA receptor RDL. Sci. Rep., 6: No. 

32335. 

Zhang, X., Liao, X., Mao, K., Yang, P., Li, D., Alia, E. and Li, J. (2017. The role of detoxifying 

enzymes in field-evolved resistance to nitenpyram in the brown planthopper 

Nilaparvata lugens in China. Crop Prot., 94: 106-114. 

Zhang, Y., Liu, C., Jin, R., Wang, Y., Cai, T., Ren, Z., Ma, K., He, S., Lee, K. S., Jin, B. R., 

Li, J. and Wan, H. (2021b). Dual oxidase-dependent reactive oxygen species are 

involved in the regulation of UGT overexpression-mediated clothianidin resistance in 

the brown planthopper, Nilaparvata lugens. Pest Manag. Sci., 77: 4159–4167.  

 

 

 


