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Abstract
Our current work focuses on the CHRNA5 protein's susceptibility to lung cancer. This gene encodes nicotinic acetylcholine receptor subunits, which are ligand-gated ion channels that speed up signal transmission at synapses. A higher incidence of type 2 lung cancer (Non-Small Cell Lung Cancer (NSCLC)) has been linked to gene abnormalities. The primary purpose of this study is to investigate the efficacy of Cordia dichotoma-derived ZnO nanoparticles when combined with an existing anticancer drug against the mutant CHRNA5 of humans and Gorilla gorilla. Both humans and Gorillas are orthologous species as they share a similar sequence homology. The probable mutant areas were first identified using protein modelling tools and visualizers, and their three-dimensional structures studied. After modelling, we employed an automated docking service to link the modelled protein to our chosen molecule.  Discovery Studio Software, a powerful molecular visualization tool, was utilized to confirm the electrostatic interactions between the ligand and protein complex. Our chosen nano particles’ efficacy against the CHRNA5 protein was validated by binding interactions. Based on the docking scores and H-bond interactions, we conclude that the chosen molecule has the potential to be a promising Lung Cancer therapeutic agent. The drug was also tested against Gorilla gorilla to prove its efficiency against a homologous species. Our current study can be expanded into the areas of Clinical Oncology and Pharmacoinformatics.    
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1. INTRODUCTION
A serious concern to the global population, malignant lung cancer remains a contemporary clinical issue [Vicidomini G et al., 2023, Rina A et al., 2024]. Many screening initiatives have been launched in recent years to increase the statistics of early lung cancer detection, with the concurrent goal of improving the disease's prognosis [Gasparri R et al., 2023, Li C et al., 2021, Dama E et al., 2021]. Given that long-term, heavy smokers have a higher chance of acquiring lung cancer, the National Lung Screening Trial (NLST) program was established in the United States between 2002 and 2004. Patients from the greatest risk groups—those aged 55 to 74 who were active smokers with a history of more than or equal to 30 pack-years—were included in this study. Low-dose computed tomography (LDCT) screening was done on eligible individuals once every year. According to the study's findings, individuals screened using LDCT had a roughly 20% lower relative chance of dying than those observed with traditional X-rays. Nevertheless, this was linked to a significant number of false positives and unnecessary thoracic surgical procedures. Scientists have been working for a number of years to comprehend the molecular mechanisms that are helpful in the efficient selection of the best medicine for patients at different stages of the disease, given the lack of trustworthy, population-wide screening [Chehelgerdi M et al., 2023]. The clinical utility of lung carcinoma gene polymorphisms is becoming well understood. At first, it was believed that these investigations would enable the prediction of the reaction to the application of traditional cytostatics like cisplatin. Finding tumor polymorphisms may be a component of the panel of prognostic markers, according to an increasing amount of data [Zhou Y et al., 2024, Zhao Y et al., 2021].
According to Thandra K.C. et al. (2021), lung cancer is the most common cause of cancer-related deaths worldwide and the most frequently diagnosed malignant tumor. The most common type of cancer worldwide is lung cancer. According to the International Agency for Research on Cancer's (IARC) most recent estimates, the following are the global cancer statistics by world region for 2022. 9.7 million people died from cancer in 2022, including non-melanoma skin cancers (NMSCs), and there were about 20 million new instances of cancer in 2022 [Bray F et al., 2024]. One in five men and women are predicted to have cancer at some point in their lives. Cancer claims the lives of one in nine men and one in twelve women. In 2022, lung cancer was the most frequently diagnosed cancer. The disease affected 2.5 million new cases, or one in eight malignancies worldwide (12.4% of all cancers worldwide). Prostate cancer (7.3%), colorectal cancer (9.6%), stomach cancer (4.9%), and breast cancer in women (11.6%) were the next most frequent cancers. With an anticipated 1.8 million deaths (18.7%), lung cancer was also the most common cause of cancer-related mortality. Colorectal cancer (9.3%), liver cancer (7.8%), breast cancer in women (6.9%), and stomach cancer (6.8%) took the next positions. The most prevalent cancers in males and women, respectively, were lung and breast cancer. Our research investigation focus on increasing the efficiency of an existing anti-cancer drug using Zinc oxide nano particle using Insilico molecular docking studies. Cancer remains the biggest cause of death worldwide, despite substantial advances in treatment and prevention. This declaration recognizes the continued difficulty of studying, detecting, preventing, and treating this complicated disease. 
Because gorillas and humans have a close evolutionary link, they have a surprising amount of similarities. Given that they have roughly 98.3% of our DNA in common, gorillas are among our closest living cousins. There are many physical, biochemical, and behavioral similarities as a result of this genetic proximity. Molecular comparative studies were carried out in this research work between the CHRNA5 of the orthologous species, Homo sapiens and Gorilla gorilla. It was also found out that by combining nanoparticles with existing anti-cancer drugs, the efficiency of the drug can be increased drastically [Städele V et al., 2022, Lameira AR, (2020), Sharp PM et al., 2020,Dodd, G. K., & Keşmir, C. (2025)]. 
2. METHODOLOGY
3D Drug Docking: This protein sequence of CHRNA5 cholinergic receptor nicotinic alpha 5 subunit was obtained from the UnitProt database for Homo sapiens (https://www.uniprot.org/uniprotkb/P30532/entry) and for Gorilla gorilla (Western lowland gorilla) (https://www.uniprot.org/uniprotkb/G3QUJ5/entry). The SwissModel server (https://swissmodel.expasy.org/) was used to create a three-dimensional model of the CHRNA5 [Smolarz, B et al., 2025] protein (Waterhouse A et al., 2018). Docking testing was performed using the mutant protein CHRNA5 and cyclophosphamide (CID: 2997) and zinc oxide (CID: 14806). Yang Liu et al. (2022) and Xiaocong Yang et al. (2022) used the CB Dock tool. The CB dock server employs a protein-ligand docking technique that leverages AutoDock Vina to execute molecular docking after automatically determining the binding sites, calculating the center and size, and customizing the docking box size based on the query ligands. (https://cadd.labshare.cn/cb-dock2/index.php) It is used to predict the three-dimensional interaction of the receptor and ligand molecules. The ligand and receptor sequence (CHRNA5) was obtained in 3D docked file format. The CB Dock investigation also clarified H-bond interactions. Three-dimensional drug-receptor interactions: A molecular visualization tool called Discovery Studio Software was utilized to show the three-dimensional structure after CHRNA5 molecular drug docking research on the combination of cyclophosphamide and zinc oxide nanoparticles.
Picture 1 : Diagrammatic representation of the entire research work




3. RESULTS AND DISCUSSION
     MAARGSGPRA LRLLLLVQLV AGRCGLAGAA GGAQRGLSEP SSIAKHEDSL LKDLFQDYER
     WVRPVEHLND KIKIKFGLAI SQLVDVDEKN QLMTTNVWLK QEWIDVKLRW NPDDYGGIKV
     IRVPSDSVWT PDIVLFDNAD GRFEGTSTKT VIRYNGTVTW TPPANYKSSC TIDVTFFPFD
     LQNCSMKFGS WTYDGSQVDI ILEDQDVDKR DFFDNGEWEI VSATGSKGNR TDSCCWYPYV
     TYSFVIKRLP LFYTLFLIIP CIGLSFLTVL VFYLPSNEGE KICLCTSVLV SLTVFLLVIE
     EIIPSSSKVI PLIGEYLVFT MIFVTLSIMV TVFAINIHHR SSSTHNAMAP LVRKIFLHTL
     PKLLCMRSHV DRYFTQKEET ESGSGPKSSR NTLEAALDSI RYITRHIMKE NDVREVVEDW
     KFIAQVLDRM FLWTFLFVSI VGSLGLFVPV IYKWANILIP VHIGNANK

Fig.1: Normal sequence of CHRNA5 with V at 134th amino acid position and D at 398th amino acid position highlighted in yellow. 
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Fig.2: Normal 3D structure of CHRNA5 with V at 134th amino acid position and D at 398th amino acid position highlighted in yellow visualized using Discovery Studio software. A computational method for predicting the three-dimensional structure of proteins and RNAs is called 3D structure prediction. When creating drugs, 3D structures are important both structurally and functionally. The 3D arrangement of the helices and the stabilization of the structure with intricate tertiary connections are the primary components of RNA 3D structure prediction.  
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Fig.3: Mutated sequence of CHRNA5 with I at 134th amino acid position and N at 398th amino acid position highlighted in yellow. 
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Fig.4: Mutated 3D structure of CHRNA5 with I at 134th amino acid position and N at 398th amino acid position highlighted in yellow visualized using Discovery Studio software. 3D structure prediction refers to a computational method used to predict the three-dimensional structure of proteins and RNA. When developing medications, 3D structures are critical both structurally and functionally. The fundamental components of RNA 3D structure prediction are the 3D arrangement of helices and the stabilization of the structure via complicated tertiary connections.  
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Fig.5: 3D structure of Cyclophosphamide and Zinc oxide nanoparticle indicated by an arrow and viewed using Discovery Studio software. Cyclophosphamide is an antirheumatic medication which can cause can cause cancer, alkylation, immunosuppression, antineogenesis, environmental contamination, xenobiotics, and drug allergies. It is a nitrogen mustard, an organochlorine chemical, and a phosphorodiamide.

[image: ]
Fig.6: 3D interaction between CHRNA5 and the novel drug candidate with respective docking scores. Higher negative value indicates a higher binding efficiency between the drug and the receptor. In the domains of computational chemistry and molecular modeling, scoring functions are mathematical functions that are used to estimate the binding affinity between two molecules following docking. Scoring functions have also been created to estimate the intensity of intermolecular interactions between two proteins or between a protein and DNA.
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Fig.7: 3D interaction between CHRNA5 and the novel drug candidate viewed using Discovery Studio software. 
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Fig.8: H-bond interaction between CHRNA5 and the novel drug candidate with amino acids present at the binding site viewed using Discovery Studio software. Hydrogen (H) bonds are abundant in nature and perform critical roles in protein folding, protein-ligand interactions, and catalysis. H-bonds are widely regarded as facilitators of protein-ligand binding.
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Fig.9: Electrostatic interaction between CHRNA5 and the novel drug candidate viewed using Discovery Studio software. Electrostatic interaction is the force of attraction or repulsion between charged objects or particles that is governed by Coulomb's Law. It is a fundamental factor in physics, influencing a wide range of events, from atomic structure to material behaviour.
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Fig.10: Van der Waals interaction between CHRNA5 and the novel drug candidate viewed using Discovery Studio software. Van der Waals forces are caused by induced electrical interactions between two or more atoms or molecules that are extremely near together. The Van der Waals interaction is the lowest of the intermolecular forces between molecules. However, when a large number of Van der Waals forces contact between two things, the interaction can be quite strong.
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Fig.11: Hydrophobic interaction between CHRNA5 and the novel drug candidate viewed using Discovery Studio software. Hydrophobic interactions are a sort of non-covalent force that occurs when nonpolar molecules, such as oils or fats, cluster together in water to avoid contact with it. This clustering arises because water molecules prefer to interact with one another rather than with hydrophobic molecules, resulting in their "exclusion" from the interface between hydrophobic species.
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Fig.12: The 3D structure of CHRNA5 of Gorilla gorilla was viewed using Discovery Studio software. 
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Fig.13: 3D interaction between CHRNA5 of Gorilla gorilla and the novel drug candidate with respective docking scores. The expected binding affinity between a ligand (a tiny molecule, usually a medicine) and a protein target is represented numerically by a docking score in the context of molecular docking. In essence, it shows the likelihood that a ligand will bind to a protein; lower scores often indicate stronger binding interactions. When determining possible medication candidates and assessing the efficacy of various substances, docking scores are essential.
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Fig.14: 3D complex structure of CHRNA5 of Gorilla gorilla with the designed ZnO nanoparticle represented in yellow colour. 
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Fig.15: 3D interaction between CHRNA5 of Gorilla gorilla with ZnO nanoparticle. The picture clearly depicts how ZnO nanoparticle interacts at the corresponding amino acid positions. As a particular instance of dipole-dipole interactions, hydrogen bond interactions are a form of attractive intermolecular force that arises between an electronegative atom and a hydrogen atom that is linked to a strongly electronegative atom (such as N, O, or F). The structure and characteristics of many molecules and materials depend on these interactions.
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Fig.16: 3D Van der Waals interaction between CHRNA5 of Gorilla gorilla and ZnO nanoparticle. The binding interaction between the receptor and ligand is shown in Surface – Stick model view viewed using Discovery Studio software. When two or more atoms or molecules are in close proximity to one another, they create electrical interactions that drive van der Waals forces. Of all the intermolecular forces that attract molecules to one another, the van der Waals interaction is the weakest.
Previus research works have proved that Homo sapiens and Gorilla gorilla share a high percentage of genome sequence homology. [Jorstad NL et al., 2023]. In this research work, we have selected Cyclophosphamide, a widely used anti-cancer drug. Simultaneously, we used Zinc oxide. Several researches have proved that Zinc oxide is a potent nanoparticle [Rusli, R. K et al., 2024, Khajuria AK, et al., 2025]. Among all malignant tumor types, lung cancer resulting from a mutation in CHRNA5 has a high incidence rate and fatality rate (Thai et al., 2021). The largest risk factor for lung cancer is smoking, according to numerous epidemiological studies carried out globally (Balata et al., 2019; Gallaway et al., 2019). Tobacco contains over 50 different types of substances that can cause cancer, and nicotine is the primary addictive component of smoking, which can accelerate the growth of lung tumors. Studies show that nicotine has a variety of effects, including promoting cancer cell proliferation, motility, and immune regulation and playing a key role in tumor metastasis, invasive behavior, and the epithelial-mesenchymal transition (EMT) (Zhang et al., 2016). Fig. 1 and 2, clearly represent the normal 3D sequence of CHRNA5 with respective amino acid positions. Fig. 3 and 4 show the mutated 3D sequence of CHRNA5 also showing the amino acid positions. Fig. 5 shows the 3D structure of Cyclophosphamide drug combined with Zinc oxide nanoparticle using Molinspiration tool and viewed using Discovery Studio software. 
We use the CB dock server, a drug-protein docking server (Ramarao, Venkatajothi  et al., 2025) Archana. G and Sundararaj. R 2024, Archana. G and Sundararaj. R 2024, Suvedha, A et al., 2024) ) (Fig. 3). Our lab created the protein–ligand blind docking server B-Dock [Liu Y et al., 2020] [R.Sathya, and Thirumagal .J. 2024] [R.Sathya, and Thirumagal .J. 2024]. The molecular docking with AutoDock Vina (version 1.1.2) was guided by our protein-surface-curvature-based cavity identification method (CurPocket) (Eberhardt J et al., 2021). Since its initial release in 2019, the CB-Dock website has received more than 200 job submissions every day from all over the world. Several researchers have used CB-Dock to investigate the molecular mechanism and the drugs' binding characteristics. For example, Alvarez et al. used CB-Dock to detect a non-charged binding pocket and dock with acetic acid, which allowed them to identify a protein functional area (Alvarez A.F et al., 2021). Singh et al. predicted the curcumin binding sites on Vibrio cholerae cytolysin (VCC) using the CurPocket method in CB-Dock (Singh M et al., 2022). In particular, CB-Dock has been widely utilized in the investigation of COVID-19 treatment drugs. (Mishra P.M et al., 2021, Ye X.-W et al., 2021, Somasekharan S.P et al., 2021, Padhi A.K et al., 2021, Hosseini M et al., 2021, Dey D et al., 2020).
The score for molecular docking using the CBDock server is -4.5 kcal/mol Fig : 6.  Software called Discovery Studio was used to validate the findings. Similarly, the binding score between CHRNA5 of Groilla gorilla with ZnO nanoparticle obtained using CB-Dock server was -4.5 kcal/mol.  The transmembrabe doman docking [Munivelan Balaji. (2020)] It is caused by the electrostatic attraction between the partially negative electronegative atom and the partially positive hydrogen. These bonds are necessary for proteins, DNA, and many of the properties of water. The following amino acids of our designed drug interact at the H-bond region of Homo sapiens:  ARG60 TRP61 LEU99 GLN101 SER125 ASP126 VAL128 TRP129 THR130 PRO131 ASP132 ILE133 ILE134 PHE143 GLU144 GLY145 THR146 SER147 TRP160 THR192 TYR193 ,HIS369. The functional domain present in CHRNA5 from 368 - 371 (PS00006) Casein kinase II phosphorylation site functional domain ranges. The primary finding of this lung cancer research study is that our unique medication, cyclophosphamide combined with zinc oxide, inhibits the functional and active sites of CHRNA5.   
Similarly, the following amino acids of our designed drug interact at the H-bond region of Gorilla gorilla:  TYP: 129 , TRY:193 ,THR:130, ILE: 133, PRO:131. The functional domain present in CHRNA5 from 48-249 (PF02931) is called Neurotransmitter-gated ion-channel ligand-binding [Hille B, (2022)] . The primary finding of this lung cancer research study is that our unique medication, cyclophosphamide combined with zinc oxide, inhibits the functional and active sites of CHRNA5 of both Homo sapiens and Gorilla gorilla.   

4. CONCLUSION
The current study focuses on a novel medication against the mutated lung cancer protein, CHRNA5. An existing anti-cancer drug, Cyclophosphamide was combined with Zinc oxide nano particle and its interaction with the cancer protein was observed. The overall drug docking scores of Homo sapiens and Gorilla gorilla and 3D interaction studies clearly elucidated that the novel drug directly binds to structural and functional part of the mutated CHRNA5 lung cancer protein. All of these were visualized clearly using 3D molecular visualization tools. Hence, we finally conclude that in order to increase the efficiency of the existing drug, Cyclophosphamide in combination with Zinc oxide nano particle acts as a potential therapeutic agent for lung cancer. Hence, we also conclude that Gorilla gorilla can be efficiently used for testing protocols. This modelled drug can be subject to anti-cancer cell line studies and Clinical Pharmacology for further research in the field of Lung cancer. 
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