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            Neonicotinoids, which have a wide range of applications, are 

systemic insecticides that efficiently control several sucking pests. 

Recently, thiamethoxam (THIA) has become one of the popular pest 

control agents. In vivo study, the toxicity of THIA was evaluated against a 

laboratory strain of cowpea aphid (Aphis craccivora Koch.) using the leaf 

dipping method for 24 and 48 hrs of exposure. In silico study, THIA was 

docked to acetylcholine binding protein (AChBP) to explain their binding 

mode of interaction. THIA exhibited good toxicity against adult aphids 

with LC50 of 2.44 ppm at 24 hrs post-treatment, which greatly decreased to 

0.75 ppm at 48 hrs post-treatment. THIA showed better binding interaction 

with AChBP than the co-crystalized ligand (imidacloprid) and good 

alignment in the active site. THIA indicated different variations in the 

activities of tested enzymes. Where, aphids treated with LC50 of THIA 

increased the biochemical activities of acetylcholinesterase, antioxidant 

enzymes and peroxidases while decreasing the activity of alpha esterase, 

carboxylesterase (CarE), glutathione S-transferase and catalase. Therefore, 

this compound is efficient against sap-sucking pests with good irreversible 

and specific binding interaction with nicotinic acetylcholine receptor 

(nAChR) and, consequently, low mammalian toxicity. So, THIA is 

considered a favourable agent for the management of insect pests. 
 

 

     INTRODUCTION 

 

              In both industrialized and developing nations, the cultivated faba bean is typically 

utilized as food for humans and animals. It continues to be Egypt's most significant 

leguminous food crop. (Ebadah et al., 2006). The faba bean is among the most important 

pulse crops and is utilized for both human and animal nutrition due to its high yield 

potential and grain-rich protein content. The faba bean also contributes significantly to 

maintaining agricultural productivity and production through crop rationing and nitrogen 

fixation (Infantino et al., 2006; Torres et al., 2006; Braich et al., 2016).  

           Aphids directly harm plants by sucking sap, and they also cause damage to them 

indirectly by dispersing viruses and excreting honeydew that promotes the growth of 

fungus and closes the stomata on leaves (Capnodium spp.) (Kitajima et al., 2008; 

Fernandes et al., 2012 & 2013; Bachmann et al., 2014; Malaquias et al., 2014). Aphids 
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spread numerous viruses indirectly, including the bean leaf roll virus (BLRV) and the faba 

bean necrotic yellow virus (FBNYV), which directly injure plants inflicting substantial 

economic damage (Laamari et al., 2008). In addition, in 2015, it was shown that the 

geminivirus Alfalfa leaf curl virus (ALCV) was widespread by aphids of the species Aphis 

craccivora Koch. 1854 (Hemiptera: Aphididae) (Roumagnac et al., 2015; Varsani et al., 

2017).  

            Due to the high fertility of aphids and their potential for developing resistance to 

certain insecticides, using pesticides to control their population is not always successful 

(Abdallah et al., 2016; Mokbel et al., 2017; Mweke et al., 2019). Selective insecticides, 

such as neonicotinoids, have recently entered the market to take the place of 

organophosphates and methyl-carbamates as a result of resistance build-up in insect pests 

(such aphids) to the bulk of conventional insecticides (Tomizawa et al., 2007).    

            Neonicotinoids are irreversible systemic insecticides with a broad range of 

applications that can effectively control a variety of sucking pests, including leafhoppers, 

plant hoppers, whiteflies, and aphids, at very low dosages with low mammalian toxicity 

(Koch et al., 2005). They selectively attack the insect's central nervous system, where they 

cause overstimulation, paralysis, and ultimately death (Yamamoto and Casida, 1999). 

Moreover, neonicotinoids, like thiamethoxam, can have a variety of variable and 

potentially advantageous effects on plant health, growth, and stress tolerance (Afifi et al., 

2015). 

           First, second, and third-generation neonicotinoids are different in their chemical 

structures with the same mode of action. All of the chemicals in neonicotinoids have the 

same mode of action but differ in how they bind to nAChR (competitive modulators to 

nAChR), according to the Insecticide Resistance Action Committee's (IRAC) 4A 

classification (Crossthwaite et al., 2017; IRAC 2017). Thiamethoxam (second generation), 

on which our study is focused, has been sold since 1998 under the trade names Cruser® for 

seed and Actara® for foliar spray (Mainenfisch et al., 2001).  

         The identification and crystallisation of the ligand-free and ligand-bound structures 

of the acetylcholine binding protein (AChBP) have allowed for a more understanding of 

the details of the binding site and how they relate to function (Selvam et al., 2015).  In 

order to determine how thiamethoxam binds to the (nAChR) receptors and its in silico 

mode of action, we will use data about the 3D structure of thiamethoxam and the receptor's 

structure. The current study aimed to assess the toxicological and biochemical action of 

specific nicotinic acetylcholine receptor modulators (thiamethoxam) against cowpea aphids 

and use computer modeling to investigate acetylcholine receptor inhibitors mode of action. 

 

               MATERIALS AND METHODS 

 

Molecular Docking Study:  

              The nicotinic acetylcholine receptors (nAChR) of insects were investigated with 

regard to their chemical structure and three-dimensional (3D) structure. The 3D structures 

of nAChR were obtained from the Protein Data Bank website at http://www.pdb.org. 

Lymnaea stagnalis (L.s.) acetylcholine binding protein of the great bond snail (L.s.-

AChBP), was used for the molecular docking studies because the aphid's nAChR still lacks 

a crystal structure and shares a high degree of homology with the extracellular domain of 

insect nAChR (Ihara et al., 2008). In fact, L.s.-AChBP has been used to investigate how 

thiamethoxam inhibits nAChR and inhibition mode     

              X-ray crystal structure of L.s.-AChBP (Ihara et al., 2008) was downloaded from 

Protein Data Bank (PDB ID: 2ZJU). Chemdraw 17.0 (CambridgeSoft) (Perkin Inc.) was 

used for drawing ligands. The Wave Function Spartan v 14.0 program was used to 
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optimize the shape and globally decrease the energies of the ligands (tested pesticides) for 

better fitting and docking results (Adeboye, 2018). The equilibrium geometry experiences 

3D protonation, addition of partial charges, and hydrogen atoms for substances under 

investigation as well as the receptor were performed by using Molecular Operating 

Environment (MOE software, 2014) (Chemical Computing Group ULC, Canada). 

According to the ligand preparation protocol, the ligand and thiamethoxam were energy-

minimized in the MMFF94x force field to an RMS gradient of 0.05. Using the Triangle 

Matcher protocol, the MOE-Site Finder application's -spheres were used to specify the 

active site for imidacloprid placement (Corbeil et al., 2012). Imidacloprid and 

thiamethoxam were docked into the L.s.-AChBP binding site, and 30 poses were generated 

for each molecule in the binding site. The resulting conformations' binding orientations and 

interactions were investigated, and these conformations were compared. 

Insecticidal Assay: 

Insects:  

              The lab strain of the cowpea aphid, A. craccivora was obtained from the Central 

Agricultural Pesticides Laboratory, Dokki, Giza, Egypt. The aphids were reared in the 

insectary at the Department of Entomology, Faculty of Science, Ain Shams University, 

under controlled laboratory conditions (22 ± 2 °C, 70 ± 5% R.H., and 12: 12 light: dark 

photoperiod) without any exposure to insecticides. The insects were kept on metal 

platforms within chambers and were housed on faba bean seedlings that were grown in 

plastic pots with a 15 cm diameter. The pots housing the faba bean seedlings were 

maintained there until needed, free from pesticide contact. This strain established a 

baseline for our toxicity application and biochemical analysis (Kandil et al., 2022). 

Insecticides:     

                Commercial formulation of thiamethoxam (Actara® 25% WG, Novartis Co.) 

was obtained from the Central Pesticides Laboratory, Dokki, Giza, Egypt. 

Insecticidal Bioassay Test: 

               With a few minor modifications, (Moores et al., 1996) leaf-dipping bioassay 

method was used to determine the toxicity of thiamethoxam (Kandil et al., 2022). Fresh 

faba bean leaves were gathered, cleaned, and then uniformly sliced into discs using a metal 

tube. The leaf discs were subjected to serial dilutions of the indicated insecticide for 

around ten seconds, the tested concentrations were as follows: 0.05, 0.1, 0.5, 1, 2, and 4 

ppm which were prepared by dilution of thiamethoxam with water as solvent Following 

that, they were placed upside down on an agar substrate in Petri plates (60 mm in 

diameter). Ten apterous adults of the A. craccivora were transferred to the treated leaf 

surface, whereas the control group consisted of untreated leaves that had been dipped in 

water. Each pesticide concentration and control were performed three times. Deaths were 

noted 24 and 48 hrs later. A correction was made to the mortalities using Abbott's formula 

(Abbott, 1925). Ldp line software and a probit analysis were used to calculate the LC90, 

LC50, and LC25 values. 

Biochemical Assay: 

Preparation of samples for biochemical assay: 

            Following the detection of the LC50 values using the adult aphids, the insects were 

prepared according to (Amin's, 1998) guidelines. In (50 mg/ml) of distilled water, they 

were homogenized. A chilled centrifuge was used to centrifugal homogenates at 8000 rpm 

for 15 min at 2 ºC. Then samples were kept until use at -4 ºC. 

Acetylcholinesterase (AChE) Activity Assay: 

           As described by (Simpson et al., 1964), acetylcholine bromide (AChBr) was used as 

the substrate to measure AChE (acetylcholinesterase) activity. 
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Carboxylesterase Activity Assay: 

            Simpson et al., (1964) method was followed to determine the carboxylesterase 

activity, where methyl n-butyrate (MeB) was used as the substrate. 

Non-Specific Esterases (alpha esterase) Activity Assay: 

           Alpha esterase (α-esterase) has been determined using the substrates α -naphthyl 

acetate, according to (Van Asperen, I962). 

Glutathione S- transferase activity assay: 

           Glutathione S-transferase (GST) uses the glutathione's -SH group as a catalytic 

intermediate to combine reduced glutathione (GSH) with 1-chloro 2,4-dinitrobenzene 

(CDNB). S-(2,4-dinitro-phenyl)-L-glutathione, a conjugate, could be detected, according 

to the procedure of (Habig et al., I974). 

Peroxidase Activity Assay: 

            Peroxidase activity was evaluated using the method described in (Hammerschmidt 

et al., 1982). 

Catalase activity assay: 

            The catalase activity was measured using the biodiagnostic kit No—CA 2517, 

which is based on the spectrophotometric method described by (Aebi, 1984). 

Antioxidant Capacity Reaction Assay: 

              To determine the antioxidant capacity, (Prieto et al., 1999) developed a 

spectrophotometric method. 

Statistical Analysis:  

              Mortality was adjusted for control by using Abbott's formula (Abbott, 1925). By 

applying Ldp line software and probit analysis, LC50 values and other parameters were 

determined. The statistical analysis of the toxicity levels was done using the probit analysis 

(Finney, 1971) program. All biochemical experiments used 3 repetitions (insect 

homogenates), and the results of the biochemical analyses were combined from analysis 

performed in triplicate. One-way analysis of variance (ANOVA) was used to analyze the 

data using the costat statistical program (Cohort Software, Berkeley). When the ANOVA 

statistics were significant (P>0.01), Duncan's multiple range test was used to compare 

means (Duncan, 1955)  . 

 

               RESULTS  

 

Modeling Studies: 

             The docking result of IMI is shown in Figure (1), where two hydrogen bonds have 

been formed between (O) from the nitro group of the imidazolidine and Met114, two 

hydrogen-pi bonds have been formed between (C) atom number 14 of the chloropyridin 

ring with Trp143, and two pi-pi bonds have been formed between the 6-ring chloropyridin 

with Tyr185. Co-crystallized IMI and docked THIA have very similar binding mechanisms 

in the AChBP active site, but thiamethoxam was superior due to its high docking score and 

the interaction's pi-H bonds, which were superior to pi-pi bonds in IMI and were attached 

to a crucial amino acid Figure (2). There are two hydrogen bonds between the (Cl) atom 

(which is attached to the thiazole ring) and Leu112, also there are two hydrogen-pi bonds 

between (C) atom number 13 (in conjunction between thiazole and oxadiazinane ring) with 

Tyr192, and two pi-H bonds between the thiazole ring with Met114. Docking energy for 

IMI and thiamethoxam were -6.49 and - 6.95 kcal/mole, respectively. 
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Fig. 1: Shows 2D and 3D configurations of imidacloprid docked to Lymnaea stagnalis 

acetylcholine binding protein.  

 

 
Fig. 2: Shows 2D and 3D configurations of thiamethoxam docked to Lymnaea stagnalis 

acetylcholine binding protein. 

 

Toxicological Study: 

             In Figure (3), it was noted that the increase in thiamethoxam concentrations greatly 

elevated the mortality of the aphids. After 24 hrs of exposure, the mortality percent 

enhanced from 6.67% at 0.05 ppm to 64.40% at 4.00 ppm. Also, the mortalities enhanced 

with time of exposure, the death percentages of aphids increased after 48 hrs of exposure 

more than 24 hrs. At a concentration of 2 ppm, the mortality percent of aphids was 40% 

after 24 hrs of exposure while it increased to 81.34 % at 48 hrs post-treatment.  

            The data was subjected to probit analysis and the obtained data was tabulated as 

shown in Table (1). Thiamethoxam exhibited LC50 values of 2.44 and 0.75 ppm at 24 and 

48 hrs post-treatment, respectively. The slope value was 0.85 after 24 hrs and 1.35 after 48 

hrs shown in Table (1) indicating that the bioassay's sample population reacted to the tested 

pesticides uniformly.  
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Fig. 3: Mortality of apterous adults of the A. craccivora observed against different 

concentrations of thiamethoxam after 24 and 48 hrs post-treatment. 

 

Table 1: Toxicity of thiamethoxam against apterous adults of the A. craccivora after 24 

and 48 hrs post-treatment. 
Thiamethoxam 

(ppm) 

24 hrs 48 hrs 

LC25  

(F.l. at 95%)a 

0.39 

(0.07- 0.86) 

0.24 

(0.11- 0.38) 

LC50  

(F.l. at 95%)a 

2.44 

(1.1-15.96) 

0.75 

(0.48-1.12) 

LC95  

(F.l. at 95%)a 

215.76 

(25.5-837912.03) 

12.35 

(6.03-43.70) 

Slope ± SEa 0.85 ± 0.26 1.35 ± 0.21 

P 0.82 0.15 

χ2b 1.52 6.70 
a (F.l.) fiducial limits. The slope of the concentration–inhibition regression line ± standard error. b (χ 2) chi 

square value. 

Biochemical Studies: 

            The activity of the neurotoxic, detoxification enzymes and antioxidant capacity in 

the tested aphids, was determined by treating aphids with the LC50 of the thiamethoxam 

and collecting samples after 24 hrs of treatment as shown in Table (2) and graphically 

illustrated in Figure (4). AChE activity slightly increased after treatment by thiamethoxam, 

with a mean increase value of (100.5 ug AChBr/min/mg protein) with a percentage 

increase (10.93 %) from the control (90.6 ug AChBr/min/mg protein) with non-significant 

difference between them at (p˂0.01). 

             Thiamethoxam showed a good effect on carboxylesterase activity, with a mean 

value of (254 ug Meb/min/mg protein) in comparison with the control (282 ug 

Meb/min/mg protein). Thiamethoxam treatment resulted in a significant decrease in CarE 

activity (-9.93%). Alpha esterase was the most affected enzyme after treatment with 

thiamethoxam. Hence, thiamethoxam treatment resulted in a considerable decrease in alpha 

esterase activity (-30.84%). Where alpha esterase activity diminished to 500 (ug α - 

naphthol/min/mg protein) after treatment with thiamethoxam compared to the control 723 

(ug α - naphthol/min/mg protein). On the other hand, the glutathione S-transferase activity 

slightly decreased after treatment with thiamethoxam with a mean value (19.6 mmol sub. 

conjugated/min/mg protein) compared to the control (21.3 mmol sub. conjugated/min/mg 

protein) and percent change (-7.98%).  

           Thiamethoxam significantly increased the peroxidase activity as compared to the 

control (9.1 m∆ O.D./min/mg protein), with a mean value of (10.8 m∆ O.D./min/mg 

protein). Thiamethoxam treatments resulted in extremely high peroxidase activity 

(18.68%) which was significantly different from the control. Thiamethoxam diminished 

catalase activity with a mean value of (34 mU/mg protein) relative to control (37.3 mU/mg 
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protein). This treatment non-significantly reduced the activity of catalase (-8.85%). The 

thiamethoxam slightly increased the antioxidant activity with a mean increase value (86 

mg AAE/ 100 insects) in comparison with (81 mg AAE/ 100 insects) in the control, where 

thiamethoxam treatment non-significantly increased the enzyme activity with only 

(6.17%).  

       According to the biochemical studies, thiamethoxam increased peroxidase, 

acetylcholine esterase and antioxidant activity compared to control, on the other hand, it 

inhibited the activity of the detoxifying enzymes alpha esterase, carboxylesterase (CarE) 

catalase and glutathione s-transferase.  

 

Table 2: Effect of thiamethoxam on acetylcholinesterase, carboxylesterase, alpha 

esterases, glutathione S- transferase, peroxidase, catalase and antioxidant capacity 

in the hemolymph of apterous adults of the A. craccivora treated with LC50 24 hrs 

post-treatment. 

Enzyme Thiamethoxam  

 

Control 

 Activity means ± SE* %Change Activity means ± SE* 

Acetylcholinesterase 
(ug AChBr/min/mg protein) 

100.5 ± 3.3 a 10.93% 90.6 ±5.1a 

Carboxylesterase 

(ug Meb/min/mg protein) 

254 ± 4.5b -9.93% 282±13 a 

Alpha esterases 
(ug α - naphthol/min/mg 

protein) 

500 ± 11b -30.84% 723 ± 21a 

Glutathione S-

transferase 
(mmol sub. conjugated/min/mg 

protein) 

19.6 ± 0.55 a -7.98% 21.3 ± 0.87 a 

Peroxidase 
(m∆ O.D./min/mg protein) 

10.8 ± 1.6 a 18.68% 9.1 ± 0.6b 

Catalase 
(mU/mg protein) 

34 ± 1.3 a -8.85% 37.3 ± 3.3 a 

Total antioxidant 

capacity 
(mg AAE/ 100 insects) 

 

86 ±3.5 a 

 

6.17% 

 

81±3.1 a 

-Means bearing different subscripts are significantly different (p> 0.01) Duncan`s multiple range test. *SE 

standard error. 
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Fig. 4: Effect of thiamethoxam on acetylcholinesterase, carboxylesterase, alpha esterases, 

glutathione S- transferase, peroxidase, catalase and antioxidant capacity in the hemolymph 

of apterous adults of the A. craccivora treated with LC50 24 hrs post-treatment. 

 

                DISCUSSION 

 

                Neonicotinoids play a significant role in the management strategy of aphids, 

which was shown in our results that thiamethoxam effectively reduced aphid populations 

using low concentration, these results come in harmony with (Nauen and Elbert, 1997) 

who observed a strong neonicotinoid effect against the susceptible population of Myzus 

persicae and M. nicotianae, the green peach aphid. Also, the neonicotinoid group was most 

effective in causing mortality as indicated by the lower LC50 values (0.01-0.04 ppm for 

imidacloprid; 0.03-0.05 ppm for thiamethoxam) where seven insecticides were tested on 

adult aphids collected from Nagpur, Amravati, and Wardha districts between 2013 and 

2015. Also, George et al., (2019) reported that thiamethoxam effectively diminished the 

aphid population at low concentrations. Also, agree with Patil et al., (2018), who indicated 

that imidacloprid had the highest mean% reduction in cowpea aphid population in 

comparison with control (55.33%), followed by acetamiprid (50.81%) and thiamethoxam 

(49.92%). As well, according to Choudhary et al., (2017), both imidacloprid and 

thiamethoxam were successful in controlling cowpea aphids. Thamilarasi, (2016) reported 

that the mean population of A. craccivora was reduced to 7.33 aphids /plant, and M. 

persicae to 4.67 aphids/ plant after the application of THIA for 15 days, which indicates 

that the treatment with THIA found to be effective against sucking pests which agree with 
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our results. Moreover, the application of THIA at LC50 and LC30 showed adverse effects 

on the biological fitness of the F0 generation of soybean aphids (Aphis glycines) at low-

lethal concentrations (Zhang et al., 2021).  

           According to the experimental results, THIA was efficient against adult aphids. It 

was suggested that one of the reasons for the high efficiency of THIA is that, THIA was 

converted to clothianidin (a neonicotinoid pesticide) during the metabolism process and its 

good translocation in insects and plants (Meredith et al., 2002), which enhances the THIA 

toxicity. Where, THIA is a pro-insecticide, being activated post-ingestion because the 

THIA is rapidly converted to clothianidin in insects and plants. This hypothesis has been 

previously illustrated where, it was noted that the toxicity of THIA increased when 

metabolized in Spodoptera frugiperda and Periplaneta americana after 24 hours of 

treatment (Nauen et al., 2003; Mota-Sanchez et al., 2006; Benzidane et al., 2010). 

            Modelling research demonstrated how neonicotinoids work by clearly 

demonstrating how they interact with AChBP. Although there is no correlation between 

AChE and neonicotinoid toxicity, AChE was identified to study how this enzyme reacts to 

neonicotinoids. The docking studies showed that THIA had more effective bonding 

interactions than ligand (IMI) and this confirmed its high extremital potency. Although 

both IMI and THIA were targeted at the same active site they showed different binding 

modes with nAChR. These differences between THIA and IMI are primarily caused by 

their different pharmacological characteristics (Foster et al., 2008; Shi et al., 2011). 

           Neonicotinoids are the only insecticides that increase AChE activity (Samson-

Robert et al., 2015). In our result, it was found that AChE activity increased after treatment 

with thiamethoxam which agreed with (Boily et al., 2013) on honey bees and agree with 

(Abdel-Haleem, et al., 2018) on houseflies, but disagreed with the findings of (Győri et al., 

2017) and (Grünewald and Siefert 2019), both of which claimed that neonicotinoids reduce 

AChE activity.  
      One of the primary biochemical resistance of insects against insecticides  is 

detoxification (metabolic resistance). The main enzymes involved in the metabolism or 

detoxification of toxins include esterases (α and β), glutathione s-transferase, and CarEs 

(Li et al., 2007; Kaleem Ullah et al., 2023). Insecticides can be metabolized by detoxifying 

enzymes, primarily GSTs, and CarEs, into low- or non-toxic compounds (Enayati et al., 

2005; Yan et al., 2009; Feyereisen, 2011). Esterase-mediated pesticide resistance has been 

detected in more than 30 insect pest species, according to (Hemingway et al., 1998). It was 

noted in our results that α -esterases activity and carboxylesterase decreased after 

thiamethoxam treatment which disagrees with (Shehawy and Alshehri, 2015) who 

discovered that imidacloprid treatment dramatically increased the α -esterases activities in 

a laboratory strain of cowpea aphid, also our results disagree with (Abdel-Haleem et al., 

2020) who indicated that the third larval instar of Cx. pipiens treated with THIA showed a 

significant increase in the activity of the carboxylesterase and (α and β) esterases. The 

activity of general esterases clearly correlated with IC50, indicating that these enzymes may 

contribute significantly to neonicotinoid resistance.     

            Carboxylesterase activity declined post-treatment with THIA, which agrees with 

Zhou et al., (2019) who found that CarE activity demonstrated a general trend of early 

upregulation and subsequent suppression following THIA application by LC10 and LC25 

values. The activity peaking in Sogatella furcifera was detected at 6 h. Also, CarE 

expression in silkworms was reduced at low doses of acetamiprid. Similarly, in 

Oxycarenus hyalinipennis, the acetamiprid suppressed CarE activity (Malik et al., 2019), 

which agrees with our results. A previous study indicated that after 48 hrs of treatment 

with cycloxaprid and imidacloprid (LC50), the GST activity in Aphis craccivora was 

greatly enhanced, while the CarE activity was suppressed, however, the observed 
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difference was not significant (Wu et al., 2016) in which agree with our finding in 

decreasing CarE activity but disagree with our finding in which GST level was greatly 

reduced. These results indicate that CarE may have a significant impact on how insects 

react to the stress of neonicotinoid application. 

           GSTs are a class of enzymes that perform several functions in insecticide 

detoxification. They are present in many aerobic organisms and play a major role in the 

phase II metabolism of xenobiotic substrates (Liu et al., 2014; Wang et al., 2019). GSTs 

facilitate the coupling of electrophilic xenobiotics with reduced glutathione (GSH), 

increasing their water solubility and making it easier for excretion (Kostaropoulos et al., 

2001; Ranson et al., 2005; Li et al., 2009; Hu et al., 2020). Because GST enzymes are 

soluble and persistent, they are found in a variety of insects, and exposure to xenobiotics 

increases the production of these enzymes (Yu, 1996).  

          The lipidic cell membrane is weakened by oxidative stress because of various free 

radicals peroxiding it. Pesticides cause oxidative stress in the cell, which produces several 

Reactive Oxygen Species (ROS) free radicals (Cortés-Iza et al., 2018). Atoms or 

molecules containing unpaired electrons are considered free radicals (Abdollahi et al., 

2004; Cortés-Iza et al., 2018). The pursuit of electronic stability by free radicals results in 

attacks on other molecules, altering chemical structures and affecting biomolecular 

functioning. Exposure to ROS can lead to modifications that cause genomic DNA 

mutations, negatively affect protein activity, damage cellular membranes, and eventually 

lead to cell death. The enzyme glutathione peroxidase is responsible for preventing the 

oxidation of lipids and proteins (Koirala et al., 2022). 

            In our results we found that peroxidase (POD) activity increased after 

thiamethoxam treatment, also, (Zhou et al., 2019) found that the exposure of Sogatella 

furcifera to thiamethoxam initially tended to promote upregulation of POD's activities 

before inhibiting it after the insecticide's concentration increase from LC10 to LC25. 

According to these findings, POD and CAT activities in insects are linked to insect 

resistance (Zhou et al., 2019) which agrees with our deduction. 
CONCLUSION: 

            Thiamethoxam was docked to the acetylcholine binding protein (AChBP) to 

demonstrate its interaction mode. 24 hours after treatment, THIA showed good toxicity 

against adult aphids; and after 48 hours, its toxicity significantly increased. Compared to 

the co-crystallized ligand imidacloprid, THIA exhibited preferable binding interaction with 

AChBP and excellent alignment in the active site. Strategies based on the rotation of new 

modes of action groups may weaken the strength of selection for novel resistance 

mechanisms. Aphids treated with THIA exhibited a decrease in the activity of glutathione 

S-transferase, alpha esterase, carboxylesterase (CarE), and catalase, and an increase in the 

biochemical activities of acetylcholinesterase, antioxidant enzymes, and peroxidases. 

THIA has minimal mammalian toxicity and is effective against sap-sucking pests due to its 

strong, permanent binding affinity with nAChR.  

ACKNOWLEDGMENT  

            The authors would like to thank Associate Prof. Eman Fouad at Central 

Agricultural Pesticides Laboratory, Agricultural Research Centre, Egypt, for her support 

and for providing the lab strain of aphids, besides her valuable help. 

 

              REFERENCES 

 

Abbott, W. S. (1925). A method for computing the effectiveness of an insecticide. Journal 

of Economic Entomology, 18(2), 265-267. 

Abdallah, I.S., Abou-Yousef, H.M., Fouad, E.A., and Kandil, M.A.E.H. (2016). The role 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjRhKeXgeeCAxVa_rsIHUsmAd8QFnoECAoQAQ&url=https%3A%2F%2Facademic.oup.com%2Fjee&usg=AOvVaw0U9piLFtfbaryDuCC9cOV0&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjRhKeXgeeCAxVa_rsIHUsmAd8QFnoECAoQAQ&url=https%3A%2F%2Facademic.oup.com%2Fjee&usg=AOvVaw0U9piLFtfbaryDuCC9cOV0&opi=89978449


Computational and Toxicological Evaluation of Thiamethoxam as Nicotinic Acetylcholine Receptor Modulator 145 

of detoxifying enzymes in the resistance of the cowpea aphid (Aphis craccivora 

Koch) to thiamethoxam. Journal of Plant Protection Research, 56, 67–72. 

Abdel-Haleem, D., Genidy N.A., Fahmy, A.R., Abu-El Azm, F.S.M., and Ismail, N.S.M. 

(2018). Comparative Modelling, Toxicological and Biochemical Studies of 

Imidacloprid and Thiamethoxam Insecticides on the House Fly, Musca domestica 

L. (Diptera: Muscidae)." Egyptian Academic Journal of Biological Sciences. A, 

Entomology, 11(1), 33-42. 

Abdel-Haleem, D., R., Gad, A.A., and Farag, S.M. (2020). Larvicidal, biochemical and 

physiological effects of acetamiprid and thiamethoxam against Culex pipiens L. 

(Diptera: Culicidae)” Egyptian Journal of Aquatic Biology & Fisherie, 24(3), 271 

– 283. 

Abdollahi, M., Ranjbar, A., Shadnia, S., Nikfar, S., and Rezaie, A. (2004). Pesticides and 

oxidative stress: a review. Medical science monitor, 10(6), Ra, 141-7. 

Adeboye, O. (2018). Computational modelling Procedures for Geometry Optimization, 

Kinetic and Thermodynamic Calculations using Spartan Software - A Review, 

Archives of Organic and Inorganic Chemical Sciences, 1(5), 122-125. 

Aebi, H. (1984). Catalase in vitro. Methods in Enzymology, Academic Press, 105, p. 121-

126. 

Afifi, M., Lee, E., Lukens, L., and Swanton, C. (2015). Thiamethoxam as a seed treatment 

alters the physiological response of maize (Zea mays) seedlings to neighbouring 

weeds. Pest Management Science, 71(4), pp. 505-514. 

Amin, T.R. (1998). Biochemical and physiological studies of some insect growth 

regulators on the cotton leafworm, Spodoptera littoralis (Boisd.). Ph.D. thesis, 

Faculty of science, Cairo Univ. Egypt. Fields. Journal of Biofertilizers & 

Biopesticides, 3, 118- 122. 

Bachmann, A.C., nault B.A., and Fleischer, S.J. (2014). Alate aphid (Hemiptera: 

Aphididae) species composition and richness in northeastern USA snap beans and 

an update to historical lists. Florida Entomologist, 97(3), 979-994. 

Benzidane, Y., Touinsi, S., Motte, E., Jadas-Hecart, A., and Communal, PY. (2010). Effect 

of thiamethoxam on cockroach locomotor activity is associated with its metabolite 

clothianidin. Pest Management Science, 66, 1351–1359. 

Boily, M., Sarrasin, B., De  Blois, C.,  Aras, P., and Chagnon, M. (2013). 

Acetylcholinesterase in honey bees (Apis mellifera) exposed to neonicotinoids, 

atrazine and glyphosate: laboratory and field experiments. Environmental Science 

and Pollution Research, 20(8), 5603-14. 

Braich, S., Sudheesh, S., Paull, J. G., and Kaur, S. (2016). Construction of genetic linkage 

map and QTLs identification for Ascochyta blight (AB) resistance and flowering 

time in faba bean (Vicia faba L.). In Proceedings of the Australian Pulse 

Conference. 

Choudhary, A. L., Hussain, A., Choudhary, M. D., Samota, RG., and Jat, SL. (2017). 

Bioefficacy of newer insecticides against aphid, Aphis craccivora Koch on 

cowpea. Journal of Pharmacognosy and Phytochemistry, 6(4), 1788-1792. 

Corbeil, C.R., Williams, C. I., and Labute, P. (2012). Variability in docking success rates 

due to dataset preparation. Journal of Computer-aided Molecular Design, 26, 

775–786. 

Cortés-Iza, S.C., and Rodríguez, AI. (2018). Oxidative stress and pesticide disease: a 

challenge for toxicology. Revista de la Facultad de Medicina, 66, 261-7. 

Crossthwaite, A.J., Bigot, A., Camblin, P., Goodchild, J., Lind, R.J., and Slater, R. (2017). 

The invertebrate pharmacology of insecticides acting at nicotinic acetylcholine 

receptors. Journal of Pesticide Science, 42(3), 67–83. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiQuPuu0N2CAxUj7rsIHdLmArcQFnoECAwQAQ&url=https%3A%2F%2Fjournals.indexcopernicus.com%2Fjournal%2F51623&usg=AOvVaw3_hZICZ7phIbYWYv6sQrSx&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiQuPuu0N2CAxUj7rsIHdLmArcQFnoECAwQAQ&url=https%3A%2F%2Fjournals.indexcopernicus.com%2Fjournal%2F51623&usg=AOvVaw3_hZICZ7phIbYWYv6sQrSx&opi=89978449


Mohamed N. Abdelmoteleb et al. 146 

Duncan, D. B. (1955). Multiple range and multiple F tests. Biometrics, 11, 1-42. 

Ebadah, I.M.A., Mahmoud, Y.A., and Moawad, S.S. (2006). Susceptibility of Some Faba 

Bean Cultivars to Field Infestation with Some Insect Pests. Research Journal of 

Agriculture and Biological Sciences, 2(6), 537-540. 

Enayati, A.A., Ranson, H., and Hemingway, J. (2005). Insect glutathione transferases and 

insecticide resistance. Insect Molecular Biology, 14, 3-8. 

Fernandes, F.S., Ramalho, F.S., Godoy, WAC., Pachu, JKS., Nascimento, ARB., 

Malaquias, JB., and Zanuncio, JC. (2013). Within plant distribution and dynamics 

of Hyadaphis foeniculi (Hemiptera: Aphididae) in field fennel intercropped with 

naturally coloured cotton. Florida Entomologist, 96, 92-103. 

Fernandes, F.S., Ramalho, F.S., Nascimento, A.R.B.., Malaquias, J.B.., Silva, C.A.D., and 

Zanuncio, JC. (2012). Within-plant distribution of cotton aphid (Hemiptera: 

Aphididae), in cotton with colored fibers and cotton-fennel intercropping system. 

Annals of the Entomological Society of America, 105, 599-607. 

Feyereisen, R. (2011). Insect CYP genes and P450 enzymes. Insect Biochemistry and 

Molecular Biology, 8, 236–316.  

Finney, D. J. (1971). Probit analysis. Cambridge University Press, London, pp, 68–78. 

Foster, SP., Cox, D., Oliphant, L., Mitchinson, S., and Denholm, I. (2008). Correlated 

responses to neonicotinoid insecticides in clones of the peach-potato aphid, Myzus 

persicae (Hemiptera: Aphididae). Pest Management Science, 64, 1111–1114. 

George, A., Rao, C.N. and Rahangadale, S. (2019). Current status of insecticide resistance 

in Aphis gossypii and Aphis spiraecola (Hemiptera: Aphididae) under central 

Indian conditions in citrus, Cogent Biology, 5(1), 1660494. 

Grünewald, B. and Siefert, P. (2019). Acetylcholine and Its Receptors in Honeybees: 

Involvement in Development and Impairments by Neonicotinoids. Insects, 10, 

420. 

Győri, J., Farkas, A., Stolyar, O., Székács, A., Mörtl, M., and Vehovszky, Á. (2017). 

Inhibitory effects of four neonicotinoid active ingredients on acetylcholine 

esterase activity. Acta Biologica Hungarica , 68(4), 345-357.  

Habig, W.H., Pabst, M.J., and Jakoby, W.B. (1974). Glutathione S-transferases. The first 

enzymatic step in mercapturic acid formation. Journal of Biological Chemistry, 

25, 249(22), 7130-9.  

Hammerschmidt, R., Nuckles, E., and Kuc, J. (1982). Association of Enhanced Peroxidase 

Activity with Induced Systemic Resistance of Cucumber to Colletotrichum 

lagenarium. Physiologia Plantarum, 20, 73-80. 

Hemingway, J., Hawkes, N., Prapanthadara, L., Jayawardenal, KG. and Ranson, H. (1998). 

The role of gene splicing, gene amplification and regulation in mosquito 

insecticide resistance. Philosophical Transactions of the Royal Society of London. 

Series B, Biological Sciences, 29,353(1376), 1695-9.  

Hu, C., Wang, W., Ju, D., Chen, G.-M., Tan, X.-L., Mota-Sanchez, D., and Yang, X.-Q. 

(2020). Functional characterization of a novel λ-cyhalothrin metabolizing 

glutathione S-transferase, CpGSTe3, from the codling moth Cydia pomonella. 

Pest Management Science, 76, 1039–1047. 

Ihara, M., Okajima, T., Yamashita, A., Oda, T., Hirata, K., Nishiwaki, H., Morimoto, T., 

Akamatsu, M., Ashikawa, Y., Kuroda, S., Mega, R., Kuramitsu, S., Sattelle, D. 

B., and Matsuda, K. (2008). Crystal structures of Lymnaea stagnalis AChBP in 

complex with neonicotinoid insecticides imidacloprid and clothianidin. 

Invertebrate Neuroscience, 8,71–81. 

Infantino, A., Kharrat, M., Riccioni, L., Coyne, C. J., McPhee, K. E., and Grünwald, N. J. 

(2006). Screening techniques and sources of resistance to root diseases in cool 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjRpO7Nu92CAxUpU6QEHTlfCykQFnoECAkQAQ&url=https%3A%2F%2Fjournals.flvc.org%2Fflaent&usg=AOvVaw0FSPviVP6qgSr3pXFd72jL&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjRpO7Nu92CAxUpU6QEHTlfCykQFnoECAkQAQ&url=https%3A%2F%2Fjournals.flvc.org%2Fflaent&usg=AOvVaw0FSPviVP6qgSr3pXFd72jL&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj5pe2fu92CAxWeTKQEHdgTCQYQFnoECAkQAQ&url=https%3A%2F%2Facademic.oup.com%2Faesa&usg=AOvVaw0fXAnEhY76wx4ACcyeFGUX&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj5pe2fu92CAxWeTKQEHdgTCQYQFnoECAkQAQ&url=https%3A%2F%2Facademic.oup.com%2Faesa&usg=AOvVaw0fXAnEhY76wx4ACcyeFGUX&opi=89978449
https://www.sciencedirect.com/journal/insect-biochemistry-and-molecular-biology
https://www.sciencedirect.com/journal/insect-biochemistry-and-molecular-biology
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjM95zDvN2CAxVbU6QEHY9qBvAQFnoECAoQAQ&url=https%3A%2F%2Fakjournals.com%2Fview%2Fjournals%2F018%2F018-overview.xml&usg=AOvVaw38-3XxFbJIQRKmX8w7rMc1&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjM95zDvN2CAxVbU6QEHY9qBvAQFnoECAoQAQ&url=https%3A%2F%2Fakjournals.com%2Fview%2Fjournals%2F018%2F018-overview.xml&usg=AOvVaw38-3XxFbJIQRKmX8w7rMc1&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi6yrf4vN2CAxU3g_0HHTMxCcAQFnoECAkQAQ&url=https%3A%2F%2Fwww.jbc.org%2F&usg=AOvVaw1XFZrfx5YH1-xD9NWPfVh7&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwikqZj-vd2CAxX0h_0HHSkLDj0QFnoECBUQAQ&url=https%3A%2F%2Facademic-accelerator.com%2FJournal-Abbreviation%2FInvertebrate-Neuroscience&usg=AOvVaw1UvarNF3cTAm66MNMk-6Tt&opi=89978449


Computational and Toxicological Evaluation of Thiamethoxam as Nicotinic Acetylcholine Receptor Modulator 147 

season food legumes. Euphytica, 147, 201–221.  

IRAC Mode of Action classification. Insecticide Resistance Action Committee (IRAC); 

(2017). (Available from: http://www.irac-online.org/modes-of-action/) 

Kaleem Ullah, R.M., Gao, F., Sikandar, A., and Wu, H. (2023). Insights into the Effects of 

Insecticides on Aphids (Hemiptera: Aphididae): Resistance Mechanisms and 

Molecular Basis. International Journal of Molecular Sciences, 4, 24(7), 6750.  

Kandil, M.A.E., Mokbel, E.M.S., and Fouad, E.A. (2022). Efficiency of Certain 

Neonicotinoid Mixtures Against the Cowpea Aphid, Aphis craccivora (Koch). 

Egyptian Academic Journal of Biological Sciences, F. Toxicology & Pest Control, 

14(2), 91-99. 

Kitajima, E.W., Alcântara, B.K., Madureira, P.M., Alfenas-Zerbini, P., Rezende, J.A.M. 

and Zerbini, FM. (2008). A mosaic of beach bean (Canavalia rosea) caused by an 

isolate of cowpea aphid-borne mosaic virus (CABMV). Archives of Virology, 153, 

743-747. 

Koch, R.L., Burkness, E.C., Hutchison, W.D., and Rabaey, T.L. (2005). Efficacy of 

systemic insecticide seed treatments for protection of early-growth-stage snap 

beans from bean leaf beetle (Coleoptera: Chrysomelidae) foliar feeding. Crop 

Protection, 24, 734-742 

Koirala, B.K.S., Moural, T., and Zhu, F. (2022). Functional and Structural Diversity of 

Insect Glutathione S-transferases in Xenobiotic Adaptation. International Journal 

of Biological Sciences, 18(15), 5713-5723.  

Kostaropoulos, I., Papadopoulos, A.I., Metaxakis, A., Boukouvala, E., and Papadopoulou-

Mourkidou, E. (2001). The role of glutathione S-transferases in the detoxification 

of some organophosphorus insecticides in larvae and pupae of the yellow 

mealworm, Tenebrio molitor (Coleoptera: Tenebrionidae). Pest Management 

Science, 57, 501–508.  

Laamari, M., Khelfa, L., and Coer D’Acier, A. (2008). Resistance source to cowpea aphid 

(Aphis craccivora Koch) in broad bean (Vicia faba L.). Algerian landrace 

collection. African Journal of Biotechnology, 7, 2486-2490. 

Li, X., Zhang, X., Zhang, J., Zhang, X., Starkey, S.R., and Zhu, K.Y. (2009). Identification 

and characterization of eleven glutathione S-transferase genes from the aquatic 

midge Chironomus tentans (Diptera: Chironomidae). Insect Biochemistry and 

Molecular Biology, 39, 745–754.  

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

resistance to synthetic and natural xenobiotics. Annual Review of Entomology, 52, 

231–253. 

Liu, J., Yang, X., and Zhang, Y. (2014). Characterization of a lambda-cyhalothrin 

metabolizing glutathione S-transferase CpGSTd1 from Cydia pomonella (L.). 

Applied Microbiology and Biotechnology, 98, 8947-8962.  

Mainenfisch, P., Angst, M., Brandl, F., Fischer, W., Hofer, D., and Kayser, H. (2001). 

Chemistry and biology of thiamethoxam: a second-generation neonicotinoid. Pest 

Management Science, 57, 906-913.  

 Malaquias, J.B., Ramalho, F.S., Lira, A.C.S., Oliveira, F.Q., Fernandes, F.S., Godoy, 

W.A.C., and Zanuncio, J.C. (2014). The biology and thermal requirements of the 

fennel aphid Hyadaphis foeniculi (Passerini) (Hemiptera: Aphididae). PLoS ONE, 

9(7), e100983. 

Malik, S.J., Freed, S., Ali, N., Ismail, H.M., and Naeem, A. (2019). Nitenpyram selection, 

resistance and biochemical characterization in dusky cotton bug, Oxycarenus 

hyalinipennis Costa (Hemiptera: lygaeidae). Crop Protection, 125, 104904. 

Meredith, R. H., Heatherington, P. J., and Morris, D. B. (2002). Clothianidin a new 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjj-8ntv92CAxVOhf0HHWQlBREQFnoECAgQAQ&url=https%3A%2F%2Fwww.springer.com%2Fjournal%2F705&usg=AOvVaw2ZsPlLzaUksDB_MYHTTJl4&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjj-8ntv92CAxVOhf0HHWQlBREQFnoECAgQAQ&url=https%3A%2F%2Fwww.springer.com%2Fjournal%2F705&usg=AOvVaw2ZsPlLzaUksDB_MYHTTJl4&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiB6P-SwN2CAxWzhP0HHdShBbcQFnoECBMQAQ&url=https%3A%2F%2Fwww.sciencedirect.com%2Fjournal%2Fcrop-protection&usg=AOvVaw0CI5iqwbdGrO3x5goLC6NV&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiB6P-SwN2CAxWzhP0HHdShBbcQFnoECBMQAQ&url=https%3A%2F%2Fwww.sciencedirect.com%2Fjournal%2Fcrop-protection&usg=AOvVaw0CI5iqwbdGrO3x5goLC6NV&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi_gcTHwN2CAxVIgv0HHTS4IQMQFnoECAkQAQ&url=https%3A%2F%2Facademicjournals.org%2Fjournal%2FAJB&usg=AOvVaw1CDydLHdtNBgE7c_n2xxIG&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi_gcTHwN2CAxVIgv0HHTS4IQMQFnoECAkQAQ&url=https%3A%2F%2Facademicjournals.org%2Fjournal%2FAJB&usg=AOvVaw1CDydLHdtNBgE7c_n2xxIG&opi=89978449
https://www.sciencedirect.com/journal/insect-biochemistry-and-molecular-biology
https://www.sciencedirect.com/journal/insect-biochemistry-and-molecular-biology
https://www.springer.com/journal/253/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi5p8m3wd2CAxWOgP0HHYnVBdEQFnoECAoQAw&url=https%3A%2F%2Fwww.bioxbio.com%2Fjournal%2FPEST-MANAG-SCI&usg=AOvVaw3IEq4u8cFWaTyZOYr_ZIWg&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi5p8m3wd2CAxWOgP0HHYnVBdEQFnoECAoQAw&url=https%3A%2F%2Fwww.bioxbio.com%2Fjournal%2FPEST-MANAG-SCI&usg=AOvVaw3IEq4u8cFWaTyZOYr_ZIWg&opi=89978449


Mohamed N. Abdelmoteleb et al. 148 

chloronicotinyl seed treatment for use on sugar beet and cereals: field trial 

experiences from Northern Europe. The BCPC Conference: Pests and diseases, 

British Crop Protection Crop Protection Council, 1, 2, pp. 691–696. 

Mokbel, E.S.M.S., Swelam, E.S.H., Radwan, E.M.M., and Kandil, M.A.E. (2017). Role of 

metabolic enzymes in resistance to chlorpyrifos-methyl in the cowpea aphid, 

Aphis craccivora (Koch). Journal of Plant Protection Research, 57, 288–293. 

Moores, G.D., Gao, X., Denholm, I., and Devonshire, A.L. (1996). Characterization of 

insensitive acetylcholinesterase in insecticide-resistant cotton aphids, Aphis 

gossypii Glover (Homoptera: Aphididae). Pesticide Biochemistry and Physiology, 

56, 102- 110. 

Mota-Sanchez, D., Hollingworth, R. M., Grafius, E. J., and Moyer, D. D. (2006). 

Resistance and cross-resistance to neonicotinoid insecticides and spinosad in the 

Colorado potato beetle, Leptinotarsa decemlineata (Say) (Coleoptera: 

Chrysomelidae). Pest Management Science, 62, 30–37. 

Mweke, A., Akutse, K.S., Ulrichs, C., Fiaboe, K.K.M., Maniania, N.K., and Ekesi, S. 

(2019). Efficacy of aqueous and oil formulations of a specific Metarhizium 

anisopliae isolate against Aphis craccivora Koch (Hemiptera: Aphididae) under 

field conditions. Journal of Applied Entomology, 143, 1182–1192. 

Nauen, R., and Elbert, A. (1997). Apparent tolerance of a field-collected strain of Myzus  

nicotianae to imidacloprid due to strong antifeeding response. Journal of 

Pesticide Science, 49, 252–258. 

Nauen, R., Ebbinghaus, K.U., Salgado, V., and Kaussmann, M. (2003). Thiamethoxam is a 

neonicotinoid precursor converted to clothianidin in insects and plants. Pesticide 

Biochemistry and Physiology, 76, 55–69. 

Patil S., Sridevi D., Ramesh Babu T., and Pushpavathi B. (2018). field efficacy of selected 

insecticides against cowpea aphid, Aphis craccivora (Koch). Journal of 

Entomology and Zoology Studies, 6(3), 668-672. 

Prieto, P., Pineda, M., and Aguilar M.  (1999). Spectrophotometric quantitation of 

antioxidant capacity through the formation of a phosphomolybdenum complex: 

specific application to the determination of Vitmin E. Analytical Biochemistry, 

269, 337-341. 

Ranson, H., and Hemingway, J. (2005). Mosquito Glutathione Transferases. Methods in 

Enzymology, Academic Press, 401, pp. 226-241. Methods in Enzymology.  

Roumagnac, P., Granier, M., Bernardo, P., Deshoux, M., Ferdinand, R., Galzi S., 

Fernandez, E., Julian, C., Abt, I., Filloux, D., Mesleard, F., Varsani, A., Blanc, S., 

Martin, D. P., and Peterschmitt M. (2015). Alfalfa Leaf Curl Virus: an Aphid-

Transmitted Geminivirus. Journal of Virology, 89, 9683-9688. 

Samson-Robert, O., Labrie, G., Mercier, P., Chagnon, M., Derome, N., and Fournier, V. 

(2015). Increased acetylcholinesterase expression in bumble bees during 

neonicotinoid coated corn sowing. Scientific Reports, 5, 12636.  

Selvam, B., Graton, J., Laurent, A.D., Alamiddine, Z., Mathe- Allainmat, M., Lebreton, J., 

Coqueret, O., Olivier, C., Thany, S.H., and Le Questel, J.-Y. (2015). Imidacloprid 

and thiacloprid neonicotinoids bind more favourably to cockroach than to 

honeybee alpha 6 nicotinic acetylcholine receptor: Insights from computational 

studies. Journal of Molecular Graphics and Modelling, 55, 1−12. 

Shehawy, A.A., and Alshehri, A.N.Z. (2015). Toxicity and biochemical efficacy of novel 

pesticides against Aphis craccivora koch (hemiptera: aphididae) in relation to 

enzymes activity. Journal of Plant Protection and Pathology, 6 (11), 1507 – 1517. 

Shi, X.B., Jiang, L.L., Wang, H.Y., Qiao, K., and Wang, D. (2011). Toxicities and 

sublethal effects of seven neonicotinoid insecticides on survival, growth and 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj-wfPxwd2CAxX_qf0HHXMlBGMQFnoECAgQAQ&url=https%3A%2F%2Fwww.plantprotection.pl%2F&usg=AOvVaw0gmI7FHuWM0xgI-EGdJcF_&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj-wfPxwd2CAxX_qf0HHXMlBGMQFnoECAgQAQ&url=https%3A%2F%2Fwww.plantprotection.pl%2F&usg=AOvVaw0gmI7FHuWM0xgI-EGdJcF_&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjQ2fWtwt2CAxUqgf0HHZYHAe4QFnoECAwQAw&url=https%3A%2F%2Fwww.sciencedirect.com%2Fjournal%2Fpesticide-biochemistry-and-physiology&usg=AOvVaw1LelVtHXz1HTL85LId7p01&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjQ2fWtwt2CAxUqgf0HHZYHAe4QFnoECAwQAw&url=https%3A%2F%2Fwww.sciencedirect.com%2Fjournal%2Fpesticide-biochemistry-and-physiology&usg=AOvVaw1LelVtHXz1HTL85LId7p01&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiFgODRwt2CAxUbh_0HHVi9CcQQFnoECAoQAQ&url=https%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F14390418&usg=AOvVaw2C4TComsBOhdIByfSNB7-B&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiFgODRwt2CAxUbh_0HHVi9CcQQFnoECAoQAQ&url=https%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F14390418&usg=AOvVaw2C4TComsBOhdIByfSNB7-B&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwitu7j2wt2CAxVygf0HHWBwD-AQFnoECAoQAQ&url=https%3A%2F%2Fwww.jstage.jst.go.jp%2Fbrowse%2Fjpestics&usg=AOvVaw1ymyYoLcE04q9mWsUbYt4Q&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwitu7j2wt2CAxVygf0HHWBwD-AQFnoECAoQAQ&url=https%3A%2F%2Fwww.jstage.jst.go.jp%2Fbrowse%2Fjpestics&usg=AOvVaw1ymyYoLcE04q9mWsUbYt4Q&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjet6-Dxd2CAxXDo_0HHeAFDiIQFnoECAoQAQ&url=https%3A%2F%2Fjournals.asm.org%2Fjournal%2Fjvi&usg=AOvVaw1SniAp523AHJ8R6rrcP-nE&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjet6-Dxd2CAxXDo_0HHeAFDiIQFnoECAoQAQ&url=https%3A%2F%2Fjournals.asm.org%2Fjournal%2Fjvi&usg=AOvVaw1SniAp523AHJ8R6rrcP-nE&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj40tPDxd2CAxXdgv0HHaR_BDAQFnoECAkQAQ&url=https%3A%2F%2Fwww.sciencedirect.com%2Fjournal%2Fjournal-of-molecular-graphics-and-modelling&usg=AOvVaw0sQVVDov7a9wbCKooqZOCk&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj40tPDxd2CAxXdgv0HHaR_BDAQFnoECAkQAQ&url=https%3A%2F%2Fwww.sciencedirect.com%2Fjournal%2Fjournal-of-molecular-graphics-and-modelling&usg=AOvVaw0sQVVDov7a9wbCKooqZOCk&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjh7OLexd2CAxWT_rsIHQhaARMQFnoECAcQAQ&url=https%3A%2F%2Fjppp.journals.ekb.eg%2F&usg=AOvVaw0SteAwO6NXUXs4PxV-ShaQ&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjh7OLexd2CAxWT_rsIHQhaARMQFnoECAcQAQ&url=https%3A%2F%2Fjppp.journals.ekb.eg%2F&usg=AOvVaw0SteAwO6NXUXs4PxV-ShaQ&opi=89978449


Computational and Toxicological Evaluation of Thiamethoxam as Nicotinic Acetylcholine Receptor Modulator 149 

reproduction of imidacloprid-resistant cotton aphid, Aphis gossypii. Pest 

Management Science, 67, 1528–1533. 

Simpson, D.R., Bulland D.L., and Linquist D.A. (1964). A semimicrotechnique for 

estimation of cholinesterase activity in boll weevils. Thamilarasi, N.(2016). 

Management of pests of cowpea and salad cucumber in polyhouse. Master thesis, 

Kerala Agricultural University, Thrissur, 156. 

Tomizawa, M., Maltby, D., Medzihradszky, K.F., Zhang, N., Durkin K.A., Presly, J., 

Talley, T.T., Taylor, P., Burlingame, A.L., and Casida, J.E., (2007). Defining 

nicotinic agonist binding surfaces through photo affinity labeling. Biochemistry, 

46, 8798-8806. 

Torres, A.M., Roman, B., Avila, C.M., Satovic, Z., Rubiales, D., Sillero, J.C., Cubero, J.I., 

and Moreno, M. T. (2006). Faba bean breeding for resistance against biotic 

stresses: Towards application of marker technology. Euphytica, 147(1–2), 67– 80. 

Van Asperen, K. (I962). A study of house fly esterase by means of sensitive colourimetric 

method. Journal of Insect Physiology, 8, 401-416. 

Varsani, A., Roumagnac, P., Fuchs, M., Navas-Castillo, J., Moriones, E., Idris, A., 

Briddon, RW., Rivera-Bustamante, R., Murilo Zerbini, F., and Martin, DP. 

(2017). Capulavirus and Grablovirus: two new genera in the family 

Geminiviridae. Archives of Virology, 162, 1819–1831. 

Wang, W., Hu, C., Li, X.-R., Wang, X.-Q., and Yang, X.-Q. (2019). CpGSTd3 is a 

lambda-cyhalothrin metabolizing glutathione s-transferase from Cydia pomonella 

(L.). Journal of Agricultural and Food Chemistry, 67, 1165–1172. 

Wu, Y. C., Xu, Z., Shao, X., Cheng, J., and Li, Z. (2016). Toxicity of cycloxaprid to Aphis 

craccivora (Koch) and its effects on detoxification enzymes". Chinese Journal of 

Pesticide Science, 18, 710–716. 

Yamamoto, I., and Casida, J.E. (1999). Nicotine to Nicotinoids: 1962 to 1997, in 

Nicotinoid Insecticides and the Nicotinic Acetylcholine Receptor.  Springer-

Verlag Press, Tokyo, Japan, pp.3–27. 

Yan, S. G., Cui, F., and Qiao, C. L. (2009). Structure, function and applications of 

carboxylesterases from insects for insecticide resistance. Protein & Peptide 

Letters, 16, 1181–1188.  

Yu, S.J. (1996). Insect gutathione S-transferases. Zoological Studies, 35, 9-19. 

Zhang, A., Zhu, L., Shi, Z., Liu, T., Han, L., and Zhao, K. (2021). Effects of imidacloprid 

and thiamethoxam on the development and reproduction of the soybean aphid 

Aphis glycines. PLOS ONE, 16(9), e0250311. 

Zhou, C., Yang, H., Wang, Z., Long, G.Y., and Jin, D.C. (2019). Protective and 

Detoxifying Enzyme Activity and ABCG Subfamily Gene Expression in 

Sogatella furcifera Under Insecticide Stress. Frontiers in Physiology, 8, 9, 1890. 

 

 

 

 

 

 

 

 

 

 

 

 

http://14.139.185.57:8080/jspui/browse?type=author&value=Thamilarasi%2C+N
https://www.sciencedirect.com/journal/journal-of-insect-physiology
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjSue7ByN2CAxUIhP0HHW4YAckQFnoECAoQAQ&url=https%3A%2F%2Fbenthamscience.com%2Fpublic%2Fjournals%2Fprotein-and-peptide-letters&usg=AOvVaw0K8_ZRLnlslXzlFWFxwFAf&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjSue7ByN2CAxUIhP0HHW4YAckQFnoECAoQAQ&url=https%3A%2F%2Fbenthamscience.com%2Fpublic%2Fjournals%2Fprotein-and-peptide-letters&usg=AOvVaw0K8_ZRLnlslXzlFWFxwFAf&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiLyrL8yN2CAxVqgP0HHRJxC3AQFnoECAUQAQ&url=https%3A%2F%2Fwww.frontiersin.org%2Fjournals%2Fphysiology&usg=AOvVaw3zjqKiek7uIVO1HH5_LEdA&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiLyrL8yN2CAxVqgP0HHRJxC3AQFnoECAUQAQ&url=https%3A%2F%2Fwww.frontiersin.org%2Fjournals%2Fphysiology&usg=AOvVaw3zjqKiek7uIVO1HH5_LEdA&opi=89978449


Mohamed N. Abdelmoteleb et al. 150 

ARABIC SUMMARY 

 

أفيس  اللوبيا،  مَن  لين النيكوتينية ضد حشرة ثوكسام كمعدل لمستقبلات الأسيتيل كويبي والسمي للثياموساالتقييم الح
 كوخ كراسيفورا

 

   معبد الحلي دعاء رمضان  – نھى عونى جنيدى –أماني زكي محمد – بعبد المطلمحمد ناصر الدين محمد 

 مصر -القاھرة -جامعة عين شمس  -كلية العلوم -قسم علم الحشرات

 

بكفاءة في    ات حشرية جهازية تتحكممن التطبيقات، ھي مبيد، التي لها مجموعة واسعة  النيوكوتينويدمبيدات  

أصبح   الأخيرة،  الآونة  في  الماصة.  الآفات  من  الآفات  عوامل    أحد(  THIA)  الثياميثوكسامعدد  في  الشائعة.  مكافحة 

تم الحي،  الجسم  على  سمية    دراسة  ال   THIAتقييم  السلالة  )ضد  اللوبيا  من  لحشرة   Aphis craccivoraمختبرية 

Koch  لمدة الأوراق  غمس  طريقة  باستخدام  ربط    48و  24(  تم  السيليكو،  دراسة  في  التعرض.  من    THIAساعة 

 ( كولين  الأسيتيل  ربط  أظهرت  AChBPببروتين  بها.  المرتبطة  التفاعل  طريقة  لشرح   )THIA    ضد جيدة  سمية 

بير  ساعة من العلاج، والتي انخفضت بشكل ك   24جزء في المليون بعد    2.44بمقدار    50LCحشرات المن البالغة مع  

بعد    0.75إلى   المليون  في  أظهرت    48جزء  العلاج.  من  مع    THIAساعة  أفضل  ا  ملزما مقارنةا   AChBPتفاعلاا 

المتبلور المشترك )  النشط. أشارت  IMIبالمركب  ة في أنشطة إلى اختلافات مختلف  THIA( ومحاذاة جيدة في الموقع 

تي تؤدي لقتل نصف  الزء في المليون  ج  2.44باستخدام جرعة    THIAالمن بـ    الإنزيمات المختبرة. حيث أدى علاج

بعد   التطبيق  24العدد  من  لأنزيمات    ساعة  الحيوي  الكيميائي  النشاط  زيادة    AChE  antioxidant enzymesإلى 

إنزيم  peroxidaseو نشاط  انخفض  بينما   ،alpha-esterase  ( وCarEو   )glutathione s-transferase  

للcatalaseو الماصة  الآفات  ضد  فعال  المركب  ھذا  مع    عصارة.  ومحدد  فيه  رجعة  لا  جيد  تفاعل  ، nAChRمع 

 .عاملاا مناسباا لمكافحة الآفات الحشرية THIAوبالتالي، سمية منخفضة للثدييات. لذلك، تعتبر 
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