



Computational Studies of Selected Insecticides Used to Control Fall Army Worm as Potential Risk Factors for Environmental Poisoning and Breast Cancer

Abstract

Some of agro-insecticides used by farmers have been alleged to be a major contributory factor to some health and environmental hazards. Investigating the efficacy of some selected insecticides as a possible risk factor for breast cancer and environmental toxicity is the aim of this study. Selected insecticides were chosen from documented reports and information from interviewed farmers. The formula, identity number and active ingredients of the selected insecticides were obtained using Google and PubChem software. The inhibition of the compounds against estrogen receptor alpha (ERα) and acethylcholinesetrease (AChE) was studied using in silico methods. The docking results showed that fenvalerat (-10.4), lufenuron (-10.9 kcal/mol) and Lambda-cyhalothrin (-10.3 kcal/mol) showed comparable affinity and potency with the enzyme co-crystalize ligand (-12.1 kcal/mol) on ERα while Lambda-cyhalothrin (-11.4 kcal/mol), Fenvalerate (-11.3 kcal/mol) and Flubendiamide D (-11.0 kcal/mol) have higher binding scores than the co-crystalize ligand (-10.3 kcal/mol) on AChE. The stability and reactivity properties of these compounds on density functional theory (DFT) proves them a potential risk factors for environmental poisoning and breast cancer. Further, these compounds should undergo in-vitro studies to support these assertions. 
Keywords; acethycholinestrease, cancer, estrogen receptor, insecticides, poisoning.
1. Introduction
Historically, the agro pest narratives in Africa have involved desert locusts, grasshoppers, termites, and caterpillars, which were eventually utilized as food in various regions of the continent (Muya et al., 2022).  Climate shocks and human activities have caused the extinction of these pests that our ancestors used to gather and eat. Farmers in Imo and Abia States of Nigeria are currently dealing with the fast spread of fall armyworm on maize, which has become inedible to them because of civilization, urbanization, and climate change. Various control approach like the cultural, biological (Jackai & Singh. 1983). and most often the use of insecticides has been employed in the control of fall armyworm in Nigeria (Abrahams et al., 2017; Adamczyk et al., 1999). Insecticides are materials that can effectively control or rid off crop pests or post harvest pest (Cooper & Dobson. 2007). Pesticides have the potential to have negative effects on the environment and human health due to their high biological activity and, in certain cases, prolonged persistence in the environment (Damalas & Koutroubas 2016). According to the Agency for toxic substances and disease registry 2008  pesticides are a major factor in the decline of some wildlife species due to their high toxicity to both target and non-target organisms. Therefore, the harmful effects of pesticides on the environment should not be overlooked. Among the many categories of pesticides are the insecticides which can be classified as Organophosphates (OPs), carbamates, organochlorines, pyrethroids and sulfonylurease. Exposure to high concentrations of these insecticides can cause symptoms called "acute cholinergic syndrome" which include rhinorrhea, salivation, lachrymation, tachycardia, headache, convulsions, and even death in human (Karalliedded et al.. 2001) Additional harmful effects of pesticides include environmental pollution (Osborne et al., 2014; Clarke et al 2010), air pollution (Konar & Mullick 1993; Becker 2000), food poisoning (Asthana & Asthana 2006; Smith & Smith,  1998) and depletion of soil (Kola & Lawal 1999).  Prolonged exposure to these chemicals can lead to acetylcholine poisoning [Bolton & Lim 1991; Jones 2005), tissue inflammation, and cell proliferation which potentially results to conditions such as breast cancer (Dich  et al., 1997; George & Shukla 2011; Mostafalou & Abdollahi 2013; Ventura et al., 2015; Hamilton et al., 2014). This study examined how some selected agro-pesticides used to manage fall army worm could affect breast tissue proliferation and their potential to inhibit acetylcholinestrease.
Human estrogen receptors are part of the nuclear receptors family and have a crucial function in reproduction and normal physiology (Nilsson et al., 2001). Human estrogen receptors are of two types, namely the human estrogen receptor α (hERα) and human estrogen receptor β (hERβ) (Burns, & Korach 2012). Despite playing a crucial role in cellular behaviors, the main significance of these receptors in breast cancer lies in their ability to stimulate cell growth, contributing to the immense global burden of this disease. Of the two subtypes, hERα status is considered the most crucial factor in predicting breast cancer prognosis (Berger  et al., 2012). However, more than 50% of human diagnosed of breast cancers contain hERα (Etti  et al., 2016). Focusing on the estrogen receptor α in human, there is need for scientists to develop or employ tactics which are legitimate methods in uncovering novel compounds that can stop excessive growth in estrogen receptor positive breast cancer (Talesa. 2001). 
AChE's primary role is to break down ACh at cholinergic synapses (Hansen et al., 2008). Environmental Protection Agency (EPA) on its final list of pesticide active ingredients and pesticide inert ingredients 2009 reported that drugs that focus on AChE have many side effects including nausea, diarrhea, dizziness, weight loss, stomach pain, loss of appetite, and vomiting.
2. Materials and Methods:
2.1. Selection and identification of insecticides

 Names of the insecticides were retrieved by examining some farmers in Imo and Abia State, and report by Timothy et al., 2021 on the list of chemicals for controlling fall army worm by Environmental protection agency 2009.  The active components were identified with goggle search, while the structures, Pubchem ID, and molecular formula were downloaded from Pubchem database (Ikpa &  Maduka 2024; Monga et al., 2023).
2.2.  Ligand preparation

The 3D structure-data files (SDF) of the insecticide`s active ingredients were identified and downloaded from the PubChem database. They were minimized in PyRx virtual screening tool, using Universal Force Field at 200 steps and converted to AutoDock ligands (pdbqt) and used for the docking analysis.  
2.3. Protein target preparation 
The 3D structure of the Human Estrogen Receptor (PDB ID: 2iog) and Acethylcholinestrease (PDB ID: 1qti) ligands binding were retrieved from Protein Databank. The 3D structure has been produced by taking off the cofactor, substrate, and water molecules, then identifying the active sites and amino acid residues around the active site using the Biovia Discovery Studio. 

2.3. Docking studies 

Multiple docking of the ligands on estrogen receptor alpha (ERα) and acetylcholiestrease (AChE) protein binding pockets were done with Autodock Vina in PyRx software (version 0.8) (Ghosh et al., 2024). The binding free energies of the compounds on the protein target were obtained after the docking process. Biovia Discovery studio 4.5 was used to visualize the interactions between the protein-ligand complexes after the docking process (Trott & Olson 2010).
2.4. Density functional theory (DFT):                                                                                                    
All density functional theory calculations were performed using acceryl 7.0 material studio software (Adindu et al., 2024). Prior to frontier orbitals calculations, the structures were optimized in the Dmol3 tool of the software.
3.1.  Molecular docking results

Computational molecular docking study was performed to identify the target-ligand interaction effects between the chosen targets; human estrogen receptor (PDB ID: 2iog) and Acethylcholinestrease (PDB ID: 1qti) with the identified insecticidal compounds. 

The amino acids involved in the ligand-target interactions as well as the force of interactions involved are presented in fig 1a – 1d for human estrogen receptor and fig 2a – 2b for acethylcholinestrease.
Table 1. Selected Insecticides with the ER and AChE Binding Affinity in Kcal/mol
	S/N
	Active 

ingredients
	Binding Energy (Kcal/mol)

ERα (2iog)
	Binding 

Energy (Kcal/mol) ACHE (1qti)
	PUBCHEM

 ID
	Molecular Formula

	1
	Chlorpyrifos 
	-6.1
	 -7.3          
	2730 
	C9H11Cl3NO3PS

	2
	Cypermethrin
	-9.2
	-10.6
	2912 
	C22H19Cl2NO3

	3
	Dichlorvos
	-5.1
	-5.3
	3039
	C4H7Cl2O4P

	4
	Fenvalerate
	-10.4
	-11.3
	3347
	C25H22ClNO3

	5
	Carbosulfan
	-7.8
	-9.1
	41384
	C20H32N2O3S

	6
	Benfuracarb
	-8
	 -9.4
	54886
	C20H30N2O5S

	7
	Lufenuron
	-10.9
	-10.8
	71777 
	C17H8Cl2F8N2O3

	8
	Indoxacarb 
	-8.3
	-10.7
	107720 
	C22H17ClF3N3O7

	9
	Lambda-cyhalothrin
	-10.3
	-11.4
	6440557
	C23H19ClF3NO3

	10
	Chlorantraniliprole
	-8.4
	-10
	11271640
	C18H14BrCl2N5O2

	11
	Emamectin benzoate
	-8.9
	-6.4
	11650986
	C56H81NO15

	12
	Flubendiamide  D3
	-5.9
	-11.0
	124203139
	C23H22F7IN2O4S

	NL

2iog
	CHEMBL241303
	-12.1*
	-
	16750039
	C33H39N3O3


	NL

1qti
	galanthamine
	-
	-10.3*
	9651
	C17H21NO3



 NL = Native ligand
3.2. Docking Result and Visualization with estrogen receptor: 
This study on the binding affinity and binding positions of some selected pesticides on human estrogen receptor alpha enzyme socket is related to previous report on investigation of how pesticide exposure is linked to certain types of cancer like breast cancer (Gade et al., 2023).  Certain pesticides commonly used in the workplace have been linked to cancer in humans; specifically, organochlorine insecticides have been associated with breast and lung cancers (George & Shukla 2011). Estrogen receptor (ERα) is a hormone that binds with some compounds that encourages breast tissue to divide and proliferate, a process that increases the risk of a mutation leading to cancer (Sommer, & Fuqua 2001). Over a century ago, it was established that the steroid hormone estrogen was linked to breast cancer, the most common type of cancer in women (Osborne et al., 2014). The docking result of the insecticide compounds with estrogen receptor revealed that there is tendency of these compounds to cause breast cancer. The docking results of the selected insecticides compounds showed that the following compounds; lufenuron (judge),  fenvalerat (sumicidin) and Lambda-cyhalothrin (attack) with binding affinity (-10.4; -10.9 and -10.3)Kcal/mol respectively showed comparable potency by exhibiting similar binding site with the native ligand  (CHEMBL241303) which gave the highest binding affinity (-12.1Kcal/mol).
The co crystallize ligand or native ligand of ERα  2iog (CHEMBL241303) had the best binding affinity score (-12.1Kcal/mol) when compared to other selected insecticides on their binding with estrogen receptor alpha. The native ligand formed strong hydrogen bonds by interacting with leu-397 and Arg-384. However, it later formed Van dar wall bonds with twelve (12) amino acids and other interactions with Pi-sulfur, Pi-sigma and Pi-alkyl bonds (fig.1a). Lufenuron showed a closer affinity and interaction with the native ligand by indicating binding affinity of (-10.9K cal/mol), and interacting with the enzyme with two strong hydrogen bonds with Thr-247, Cys-970 and three Van der waal bonds with Met-628 & 345and Val-418. Other interactions observed include C-H bonding, Pi bonding and halogen bonds (fig 1b). Also, Flaverlerate showed related binding score (-10.4Kcal/mol) and positions with strong hydrogen bonds on interaction with Thr-347. Other interactions observed were eleven Van der waal forces, Pi-sigma, Pi-sulphure and Pi-alkyl bonds (fig.1c). Lambda-cyhalothrin also showed good binding score with weaker bonds of van der walls, halogen bonds and alkyl bonds.
              [image: image1.png]Fig. 1a; Interaction of the cocryatallized ligand with the protein site of ER@ (2iog)
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Fig. 1b; Interaction of Lufenuron with the protein site




                          [image: image3.png]Fig. 1c; Interaction of Fenyalerate with the protein site
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Fig. 1d; interaction with Lambda-cyhalothrin with protein site





3.3. Docking Result and Visualization with Acethylcholinestrease: 
The docking result of the insecticide compounds with Acetylcholinestrease showed the potency of these compounds to cause neuromuscular imbalance, shock, vomiting, even sudden death on humans which is the symptoms of ACh poisoning (Iwa et al.,  2015). This was established by higher binding scores of insecticides like Lambda-cyhalothrin (1.4Kcal/mol), Fenvalerate (-11.3Kcal/mol) and Flubendiamide D (-11.0Kcal/mol) than the binding score of the native ligand (galanthamine) (-10.3 kcal/mol) (Table 1).

Visualization of the docking revealed that Lambda-cyhalothrin with the best binding score of     (-11.4 kcal/mol)  interacted with the protein by forming Van der waal bonds with Gly-119, 118 and 441; Ser-122, 200 and 286; Phe-288; His-440 among others. Further interactions are formed by halogen bond with Gly- 118, Pi-sigma bond with Trp-84, pi-pi stacked bonds and pi-alkyl bonds (fig. 2a). The second highest binding affinity is fenvalerate  (-11.3 kcal/mol) but may have a stronger bonds by having conventional  hydrogen bond interaction with  Thr-121, Van der Waal bonds with Gly-441,118 & 118; Phe-290; & 331; Ser-122 and Glu-199. Other interactions include Pi-sigma, Pi-alkyl among others (fig 2b). The binding affinity of lambda cyhalothrin and fenvalerete are higher and stronger than that of the cocrystallize ligand (galanthamine)  (–10.3Kcal/mol) (table 1. Fig. 2c), indicating that they bind more effectively to the target leading to increased persistence and bioaccumulation thereby causing more toxic activities than the galanthamine which is the cocrystalize ligand of the enzyme target of ChE (JohnBull & Naidu 2000; JohnBull & Ikpa  2013). 
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Fig. 2a; Interaction of Lambda cyhalothrin with ChE. protein site




                     [image: image6.png]Fig. 2b; Interaction of Fenyalerete with ChE. protein site




3.4. Density functional theory (DFT) result:
To relate the chemical activities of the molecular structures of the compounds with good binding results to their electronic properties, density functional theory calculations were performed. The 3D structures of the compounds were used for the DFT calculations using the electronic structure DMol3 program in the framework of Mulliken population analysis, Perdew-Wang (PW) local correlation density functional and the DND basis set (Hussein 2021). Table 2 shows the calculated HOMO and LUMO energy values as well as the corresponding quantum chemical descriptors calculated from the HOMO and LUMO energies as calculated with the formula below. 
Table 2: The calculated HOMO and LUMO energies and their corresponding                     calculated quantum chemical descriptors

	Name of compound
	HOMO energy (Ev)
	LUMO energy (Ev)
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(Ev)

	CHEMBL241303
	-4.45
	-1.82
	2.63
	4.45
	1.82
	1.315
	0.760
	3.135
	3.737

	Lufenuron
	-6.07
	-2.99
	3.08
	6.07
	2.99
	1.540
	0.649
	4.530
	6.663

	Fenvalerate
	-5.68
	-1.97
	3.71
	5.68
	1.97
	1.855
	0.539
	3.825
	3.944

	galanthamine
	-4.69
	-1.34
	3.35
	4.69
	1.34
	1.675
	0.597
	3.015
	2.714
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Table 3 depicts the optimized structures, highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) surfaces. The frontier molecular orbitals also called the HOMO and LUMO orbitals are extremely useful in the characterization of the reactivity of a molecule (Nesereen 2022), whereas the HOMO orbital is an electron rich orbital ready to donate to an electron to an electron deficient center, the LUMO orbital is and electron deficient center ready to receive electron from an electron rich orbital. The quantum chemical descriptors listed in Table 3 including the energy gap ([image: image14.png]AE),



 ionization energy (I) (Adindu et al., 2024), electron affinity (A), chemical hardness (η),softness (δ), electronegativity (𝜒) and electrophilicity (ω) where all calculated from the HOMO and LUMO energies according to equations (1-7), whereas high energy gap value is an indication of chemical stability, low value of the energy gap ([image: image16.png]AE)



 shows that the molecule would have good chemical reactivity. While ionization energy (I) is the energy needed to remove an electron from a molecule in its ground state, the electronic affinity (A) is the energy given out when the compound in its ground state gains an electron. Compounds with high values of ionization energy usually show high chemical stability whereas those with high electronic affinity values show high electron acceptance (Louis et al., 2017). Interestingly, the molecules listed in Table 3 can be said to be stable and reactive due to low energy gaps, high ionization energies and low electron affinities. Chemical hardness and softness are very important descriptors in the study of the chemical reactivity of molecules, whereas, hard molecules show high resistance to change of their electron distribution, soft molecules show low resistance to change of electronic distribution in the process of chemical reaction, electronegativity is the ability of a molecule to attract electron to itself while electrophilicity predicts the electrophilic nature of a molecule. The values of quantum chemical descriptors obtained in this research are in comparable to what have been previously reported (Wang et al., 2021). The stability and reactivity of these compounds are major properties that led to their good binding affinities with the enzymes; estrogen receptor alpha and acetyl-cholinesterase. 
Table 3: The optimized structures, HOMO and LUMO molecular orbital structures of the selected molecules.
	Name of compound
	Optimized structure
	Homo orbital
	LUMO orbital
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Conclusion   
Herein, the research found out that the prolong use of the selected insecticide compounds for the control of fall army worm in Imo and Abia State of Nigeria can cause cancer especially breast cancer and interrupt the nerves as well as, neuromuscular junctions of human. Flanveret, Flubendiamide, lufenuron and lambda cyhalothrin used mainly by industrial farmers in south east to control both growing crop pest and post harvest pest are poisonous and can contribute to the cause of breast cancer, shock and death. The choice of using caterpillar force and DD force by some farmers to control fall army worm (recent climatic change pest) is probably safer, though persistent use can be dangerous to human health.
Farmers are therefore advised to check the chemical composition of pesticides they are using, to avoid benzene-based pesticides which may pose a higher risk of environmental contamination. In addition to this, farmers should devise the way of using natural insecticides or improvised materials to control fall army worm, and other post harvest pest attack. Thus, additional study is urged, which could involve, investigating other agro chemicals, in-vitro and in - vivo analysis.
DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
Author(s) hereby declares that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

COMPETING INTERESTS 
Authors have declared that no competing interests exist.
      References

Abrahams P., Beale T., Cock M., Corniani N., Day R.,  Godwin  J.,  Murphy  S.,  Richards,  G.  and Vos,  J.  (2017).  Fall  Armyworm  Status.  Impacts  and  control  options  in  Africa:  Preliminary Evidence Note. 14p. 
Adamczyk, J.J  Jr,  Leonard,  B.R and  Graves,  J.B. (1999).  Toxicity  of  selected  insecticides  to  fall  armyworms   (Lepidoptera:  Noctuidae)  in laboratory  bioassay  studies.  Florida Entomologist.;  82:230-236.
Adindu, C. B., Kalu, G. I., U. Ikezu, J. M., Ikpa, C. B. C. and Okeke, P. I. (2024). Molecular Docking, ADMET & DFT Predictions of Cinnamomum zylanicum for Prostate Cancer Inhibition, Journal of Materials Science Research and Reviews, 7, 3, 392-426
Agency for Toxic Substances and Disease Registry (ATSDR): Toxicological Profile for Malathion; U.S. Department of Health and Human Services, Agency for Toxic sub‐ stances and disease registry: Atlanta, (2008).

Asthana, D.K. and Asthana, M. (2006). A Textbook of Environmental Studies (1st Edition); New Delhi, S. Chand & Company, page 64

Becker PR. (2000). Concentration of chlorinated hydrocarbons and heavy metals in Alaska arctic marine mammals. Mar Poll Bull; 40(10):819-829

Berger, C.E.; Qian, Y.; Liu, G.; Chen, H and Chen, X. ( 2012). A Target of Estrogen Receptor (ER), Modulates DNA Damage-induced Growth Suppression in ER-positive Breast Cancer Cells. J. Biol. Chem. 287, 30117–30127.

Bolton T.B and Lim S.P. (1991) Action of acetylcholine on smooth muscle. Z. Kardiol. ;80(Suppl. 7):73–77
Burns, K and Korach, K. (2012). Estrogen receptors and human disease: An update. Arch. Toxicol., 10, 1491–1504.

Clarke, B.O., Porter, N.A., Marriott PJ and Blackbeard, J.R. (2010).  Investigating the levels and trends of orga‐ nochlorine pesticides and polychlorinated biphenyl in sewage sludge. Environ Int; 2010; 38:323-329. 
Cooper, J and Dobson, H. (2007). The benefits of pesticides to mankind and the environment. Crop Protection, 26(9), 1337–1348.

Damalas, C.A and Koutroubas, S.D. (2016).Farmers' Exposure to Pesticides: Toxicity Types and Ways of Prevention. Toxics. 4(1):1. 
Dich J, Zahm SH, Hanberg A and Adami HO. (1997). Pesticides and cancer. Can Causes Cont; 8:420-443

Environmental Protection Agency [EPA-HQ-OPPT-2004-0109; FRL-8399-7] Final List of Pesticide Active Ingredients and Pesticide Inert Ingredients to be Screened Under the Federal Food, Drug and Cosmetic Act 2009; 74(71):17579-17585 

Etti, I;  Etti, C;  Malami, I and Waziri P. M. (2016) Artonin E and Structural Analogs from Artocarpus Species Abrogates Estrogen Receptor Signaling in Breast Cancer. Molecules 21(7):839
Gade, A.C., Murahari, M., Pavadai, P, and Kumar, M.S, (2023). Virtual Screening of a Marine Natural Product Database for In Silico Identification of a Potential Acetylcholinesterase Inhibitor. Life (Basel).;13(6):1298.
George J and Shukla Y. (2011). Pesticides and cancer: Insights into the toxicoproteomic-based findings. J Proteomics; 74:2719-2722 DOI 10.1016/j.prot.2011.09.024

Ghosh, N. S., Monga, J., Mukhija, M., Kamboj, S and Singh. R, (2024). Development of Benzimidazole a promising scaffold against Breast cancer via in silico approaches. Journal of Integrated Science and Technology,  12(1), 714.
Hamilton, K.; Arao, Y and Korach, K. (2014) Estrogen hormone physiology: Reproductive findings from estrogen receptor mutant mice. Reprod. Biol., 14, 3–8.

Hansen R.A., Gartlehner G., Webb A.P., Morgan L.C., Moore C.G and Jonas D.E. (2008). Efficacy and Safety of Donepezil, Galantamine, and Rivastigmine for the Treatment of Alzheimer’s Disease: A Systematic Review and Meta-Analysis. Clin. Interv. Aging.  3:211
Hussein, R. K., Elkhair, H. M., Elzupir, A. O and Ibnaouf, K. H. (2021). Spectral, Structural, Stability Characteristics and Frontier Molecular Orbitals of tri-n-butyl phosphate (tbp) and its Degradation Products: DFT calculations. J. Ovonic Res. , 17, 23–30. Available online
Ikpa, C. B. C. and  Maduka, O.T. (2024). In-silico molecular studies of the phytochemicals in ethanolic extract of Chromolaena Odorata against H+/K+-ATPase enzyme for Proton Pump inhibitor. J. Integr. Sci. Technol., 12(5), 801

Iwa, L., Per, E., Anders, F, Sonja, B and Henrik, V. (2015). Developmental neurotoxic effects of two pesticides: Behavior and biomolecular studies on chlorpyrifos and carbaryl, Toxicology and Applied Pharmacology,:  288, (3), 429-438,

Jackai, L.E.N and Singh, S. R. (1983). Varietal Resistant in the Integrated Pest Management of cowpea pests. Insects Science and its Application, 4: 199- 203.
John Bull, E.O. and Ikpa, C.B.C. (2013) Isolation, characterisation and anti-cholinesterase activities of Physostigma venenosum (Calabar bean) American Journal of Scientific And Industrial Research 4(2): 226-230.
JohnBull, E.O. and Naidu, M.S.R. (2000) In Search of new Organophosphorus Pesticides and Insecticides, Part III Synthesis and Anticholinestrase Studies of new 3-(Subs)-quinoxylPyridoxy/eyclicamino-2-3-dihydro-2-(4-chlorophenyl)-l H-napth [l,2-e] [1,2,3] Oxazaphosphorine 3-sulphitcs. Phosphorus, sulfur, silicon and Related Elements. U.S.A. 167, 9-20; Chem. Abstract 135 (2001) 122SS8q.

Jones B.E. (2005). From waking to sleeping: Neuronal and chemical substrates. Trends Pharmacol. Sci. ;26:578–586. doi: 10.1016/j.tips.2005.09.009. 
Karalliedded, L., Henry, J., Feldman, S and Marrs T. (2001). The acute cholinergic syndrome. In: Organophosphateand health; River Edge, World Scientific publishing ISBN: 978-1-78326-143-7

Kola, R.I. and Lawal, S.L. (1999). Degradation of Aquatic Environment by Agro-chemicals in the middle –belt of Nigeria”. In Osuntokun, A. (ed): Environmental Problems of Nigeria; Ibadan, Davidson Press, Pages 78 – 88

Konar, S.K and Mullick, M. (1993). Problems of safe disposal of petroleum products, detergents, heavy metals and pesticides to protect aquatic life. Sci Total Environ; Supple‐ ment:989-1000 

Louis, Enrique San-Fabián, EmilioDíaz-García, María A. Chiappe, GuillermoVergés and José A. (2017) Are Electron Affinity and Ionization Potential Intrinsic Parameters to Predict the Electron or Hole Acceptor Character of Amorphous Molecular Materials? J. Phys. Chem. Lett. 2017, 8, 11, 2445–2449 doi: 10.1021/acs.jpclett.7b00681

Monga, jyoti, Ghosh, N. S., Mukhija, M., Kamboj, S., and Singh, R. (2023). Development of Benzimidazole a promising scaffold against Breast cancer via in silico approaches. Journal of Integrated Science and Technology, 12(1), 714.
Mostafalou S and Abdollahi M. (2013). Pesticides and human chronic diseases: Evidences, mechanism, and perspectives. Toxicol Appl Pharmacol; 268:157-177 DOI 10.1016/ j.taap.2013.01.025

Muya, G.M.N., Mutiaka, B.K., Bindelle, J., Francis, F, and Megido, R.C. (2022). Human consumption of insects in Sub-Saharan Africa: Lepidotera and potential species for breeding. Insects,:. 13: 886.
Nesereen, T. M., Ahmed, M. A., Rageh, K. H., Moez, A. I., Abdulrahman, G. A  and Mortage. M. A, (2022), DFT, ADMET and Molecular Docking Investigations for the Antimicrobial Activity of 6,6′-Diamino-1,1′,3,3′-tetramethyl-5,5′-(4-chlorobenzylidene)bis[pyrimidine-2,4(1H,3H)-dione], Molecules,  27, 3, 620; 
Nilsson, S., Makela, S., Treuter, E., Tujague, M., Thomsen, J., Andersson, G., Enmark, E., Pettersson, K., Warner, M and Gustafsson, J.A (2001). Mechanism of Estrogen Action. Physiol. Rev.  81, 1535–1565.

Osborne, G., Rudel, R and Schwarzman, M. (2014). Evaluating chemical effects on mammary gland development: A critical need in disease prevention. Reprod Toxicol, http:// dx.doi.org/10.1016/j.reprotox.2014.07.077

Smith, R.L. and Smith, T.M. (1998). Elements of Ecology (4th Edition); California, Addison Wesley Longman Inc. pages 9, 10, 144, 235 – 240

Sommer, S, and Fuqua, S. A,. (2001).  Estrogen receptor and breast cancer, Seminars in Cancer Biology, 11, (5). 339-352,

Talesa V.N. (2001). Acetylcholinesterase in Alzheimer’s Disease. Mech. Ageing Dev.  122:1961–1969
Timothy O. A., Sunday E. A.,  Marcus O.,  Mayowa R. O.,  Clemen M.,  Olusola T. O.,  Olabisi O and Oluwafeyidara O. ( 2021). Review of Fall Armyworm (Spodoptera frugiperda) invasion in Nigeria and lessons learned for sustainable food productionVol. 11(1), pp. 48-56,
 Trott O and Olson A.J.  (2010). AutoDock Vina: Improving the speed and accuracy of docking with a new scoring function, efficient optimization, and multithreading. J. Comput. Chem. ;31:455–461. doi: 10.1002/jcc.21334
Ventura C, Venturino A, Miret N, Randy A, Rivera E and Cocca C. (2015). Chlorpyrifos inhibits cell proliferation through ERK1/2 phosphorylation in breast cancer cell lines. Chemosphere  120:343-350 DOI 10.1016/j.chemosphere.2014.07.088 

Wang, Liangliang; Ding, Junjie; Pan, Li; Cao, Dongsheng; Jiang, Hui; Ding, Xiaoqin (2021) Quantum chemical descriptors in quantitative structure–activity relationship models and their applications. Chemometrics and Intelligent Laboratory Systems. 217. 104384. 


_1789765558

_1790818258

_1790818534

_1789763781

