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Abstract: Lophine is one of the new core moieties with substitution of three phenyl rings at 2nd, 4th, and 

5th position of the imidazole. Lophine is not explored in development of drug molecules. In this research, 

we have designed 30 lophine derivatives with different substituted functional groups. The designed 

compounds were evaluated through different in-silico tools and softwares to check their properties for 

different biological receptors. Molecular docking study was carried out on different receptors i.e. EGFR for 

anti-cancer, COX-1, and COX-2 for anti-inflammatory, fungal oxidoreductase for anti-fungal, bacterial 

DNA gyrase for anti-bacterial and TNF-α, which co-relates different type of inflammatory diseases. The 

molecular docking results revealed that the SAP-28 has significant binding energies -9.8, -9.6 and -10.0 

kcal/mol against EGFR, fungal oxidoreductase, and TNF-α receptors respectively. SAP-26 has potent 

interaction -9.8 and -11.0 kcal/mol against EGFR and COX-2 receptors respectively. Whereas, SAP-25 and 

SAP-19 showed the best interaction for bacterial DNA gyrase (-8.9 kcal/mol) and COX-1 receptor (-9.7 

kcal/mol) respectively. To enhance the acceptability top docked compounds, the ADME parameters along 

with toxicity analysis were carried out where all the compounds showed acceptable results. Furthermore, the 

stability of the protein-ligand complexes were determined by a 100 ns MD simulation analysis. The common 

pharmacophore was generated with the help of the top compounds in the PharmaGist web server. 
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1. Introduction 

The derivatives of imidazole, an aromatic 

heterocyclic compound under the diazole class 

which has two heteroatoms (nitrogen), have shown 

high efficacy in many diseases [1,2]. Although the 

imidazole scaffold may be found in many natural 

compounds, most imidazoles employed in medicine 

today are synthetic molecules. These five-

membered heteroaromatic compounds have been 

utilized as anticancer (dacarbazine, zoledronicacid, 
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azathioprine, and tipifarnib) [3], antifungal 

(clotrimazole, miconazole, ketoconazole, and 

oxiconazole) [4], antibiotic (Bacitracin) [5], 

antiparasitic (metronidazole, benznidazole, 

ornidazole, and secnidazole) [6], antihistaminic 

(cimetidine, imetit, immepip, and thioperamide) 

[7,8], antihypertensive (losartan, eprosartan, and 

olmesartan) [9–11], and anti-inflammatory 

(celecoxib) [12–14] medicines since their discovery 

in the early 1840s [15]. Since 1877 there are 36 
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crystal structures of lophine (2,4,5-triphenyl-1H-

imidazole). With the dihedral angles of 21.4˚, 24.7˚, 

and 39.0˚ the three phenyl rings attach in the 2, 4, 

and 5 positions of the imidazole ring respectively in 

a non-coplanar manner [16,17]. Due to its bright 

yellow hue when it interacts with oxygen in the 

presence of a strong base, it has been used as a 

chemiluminescent agent by scientists since its 

discovery [18,19]. In 2013, da Costa et al. produced 

tacrine-lophine hybrids through a one-pot, four-

component synthesis and reported its activity as 

acetyl- and butyrylcholinesterase inhibitors, paving 

the way for the lophine derivative to be used as a 

physiologically active molecule [20]. Recently 

Lopes et al. has reported new lophine-carbohydrate 

hybrids containing cholinesterase inhibitor 

property [21].  

Inflammation functions as a protective mechanism 

for wounded tissues, shielding them from diverse 

stimuli and facilitating their recovery while 

eradicating destructive agents [22]. Vasodilation is 

one of the parallel processes that occur concurrently 

with inflammation, in which leukocytes migrate 

from blood vessels to the injury site and cytokines 

are produced [23,24]. Comparatively to other small 

molecules, imidazole is a potent inhibitor of 

multiple inflammatory parameters, including 

cyclooxygenase 1 (COX-1), cyclooxygenase 2 

(COX-2), microsomal prostaglandin E2 synthase 

(mPGES-1), cytosolic phospholipase A2α 

(cPLA2α), phosphodiesterase 4 (PDE4), and 

lipoxygenase (LOX), and also upon nuclear factor 

κ B (NF-κB) and p38 mitogen-activated protein 

kinase (p38 MAPK) [15]. Recently Nascimento 

MVPS et al. reported that tetra-substitute 

imidazole-containing compounds can inhibit nitric 

oxide metabolites and pro-inflammatory cytokine 

(TNF-α, IL-6, and IL-1β) secretion in J774 

macrophages which was stimulated with LPS 

(lipopolysaccharide) [25]. Among the reported 

compounds “methyl 1-allyl-2-(4-fluorophenyl)-5-

phenyl-1H-imidazole-4-acetate” showed the best 

potency [25]. 

Cancer is the uncontrolled proliferation of cells that 

may invade or spread to other parts of the body [26]. 

RTKs are cell surface receptors that possess a high 

affinity for polypeptide growth factors, cytokines, 

and hormones. Most of the biological functions 

such as cell proliferation, differentiation, survival, 

metabolism, migration, and cell cycle control are all 

regulated by receptor tyrosine kinases [27,28]. The 

epidermal growth factor receptor (EGFR) or HER-

1 is one of the four members of the tyrosine kinase 

family along with ErbB2/HER-2, ErbB3/HER-3 

and ErbB4/HER-4 receptor [29–31]. EGFR is 

activated through ligand-dependent and ligand-

independent pathways, as well as by receptor 

upregulation (a situation noted commonly in 

cancer) [32,33]. The EGFR expression is associated 

with the RAS/RAF/mitogen-activated protein 

kinase pathway [30], Phosphatidylinositol 3-

kinase/Akt pathway, Phospholipase Cγ activation 

[30], Signal transducers and activators of 

transcription pathway, Src kinase pathway [30], 

Endocytotic pathway [34], Stress pathway [34], 

Autophagy pathway [34]. The upregulation of 

EGFR has been associated with increased 

aggressiveness and poor clinical outcomes in a 

variety of cancer tissues, including breast, lung, 

ovarian, cervical, bladder, oesophageal, brain, and 

head and neck cancers [35]. Heppner DE et al. in 

the year 2020 reported the tetrasubstituted 

imidazole molecules as the potent inhibitors of the 

EGFR receptor [36]. They also reported the binding 

nodes of the tetrasubstituted imidazole against 

mutant EGFR: EGFR(T790M/V948R), 

EGFR(L858R/T790M), EGFR(L858R/T790M), 

EGFR(L858R/T790M/C797S), 

EGFR(L858R/T790M/C797S). 

Tumour necrosis factor-alpha (TNF-α), an 

inflammatory cytokine generated by 

macrophages/monocytes during acute 

inflammation, causes a variety of cell signalling 

pathways that cause necrosis or apoptosis. TNF-α is 

mostly produced by immune cells in response to 

pathogen- or danger-associated molecular patterns 

(PAMPs or DAMPs), although it may also be 

produced by endothelial cells, microglia, cardiac 

myocytes, and fibroblasts [37]. TNF-α stimulates 

proliferation and cellular differentiation at the 

cellular level, as well as inducing proinflammatory 

gene expression patterns [38,39]. 

The earliest class of synthetic antifungal drugs are 

azole chemicals such as imidazoles and triazoles 

[40,41]. It's widely assumed that the imidazole ring 

can effectively combine with the iron(II) ion of 

heme to prevent fungus growth by blocking 

ergosterol biosynthesis [15]. One of the most 

notable medical advances in the last century has 

been the creation of antibacterial medicines to treat 
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infections [42,43]. The potent effects of imidazole-

containing drugs made them very popular in 

antibacterial treatments. The growing resistance of 

microorganisms to antibiotics has become a severe 

issue in recent years. In epidemiology, multidrug-

resistant bacteria such as Escherichia coli, 

Klebsiella pneumoniae, Acinetobacter baumanii, 

etc. are the most important [44]. The prevalence of 

antimicrobial resistance in both human and animal 

diseases is rising. 

Very few lophine derivatives have been identified 

as bioactive molecules. In this study, we developed 

various lophine derivatives and examined them 

computationally against five distinct receptors, 

including COX for inflammatory, EGFR for cancer, 

TNF- α, bacterial DNA gyrase, and fungal 

oxidoreductase, using molecular docking and other 

techniques. In addition, ADME investigations, 

toxicological parameters, and target prediction 

were conducted. To determine the stability of the 

protein-ligand complexes, 100 ns of MD simulation 

tests were performed. The common pharmacophore 

was then constructed for the compounds with the 

highest hit rate. 

 

2. Computational Methods 

2.1. Molecular design 

Lophine is tri-substituted imidazole derivative at 

2nd, 4th and 5th position. Through the extensive 

literature survey, 30 lophine derivatives were 

designed computationally [45]. The phenyl rings of 

the compound make it easier to introduce any 

pharmacophoric functional group as per the 

receptor cavity and make it more favorable for a 

multi-targeting moiety. 

 

2.2. Molecular docking studies 

The Molecular docking study is one of the 

important computational approach to determine the 

“Best-Fit” interaction between ligand and receptor 

[46]. This method is widely used for lead 

optimization in the process of drug discovery and 

development. The molecular docking was carried 

out in AutoDock Vina v.1.2.0 on DELL system 

with Windows 10, 64-bit OS, 8 GB RAM, and an 

Intel(R) Core(TM) i5-7200U CPU with 2.5 GHz 

processor [47]. 

2.2.1. Selection of proteins 

Molecular docking was performed representative 

proteins of different diseases in this research. EGFR 

protein with PDB ID: 5HG7 [48] and1.85 Å 

resolution was considered for the docking studies. 

For the docking studies of COX-1, PDB 3KK6 [49] 

was considered (co-crystallized with celecoxib and 

with a resolution of 2.75 Å). The PDB 3LN1 [50] 

was considered for the COX-2 protein which is co-

crystallized with celecoxib and with a resolution of 

2.40 Å. To evaluate the anti-fungal activity the PDB 

1AI9 [51] which is the oxidoreductase enzyme of 

Candida albicans with a resolution of 1.85 Å was 

considered. DNA gyrase enzyme with the PDB ID: 

5L3J [52] with the resolution of 2.83 was 

considered for the evaluation of antibacterial 

activity through the In-silico pathway. Finally, the 

activity against the TNF-α was evaluated by taking 

the PDB 6OP0 [53] with a resolution of 2.55 Å. 

2.2.2. Protein preparation 

The PDB files of all the proteins were retrieved 

from Research Collaboratory for Structural 

Bioinformatics (RCSB) Protein Data Bank 

(https://www.rcsb.org/) [54]. The water molecules, 

as well as the unwanted amino-acid chains, were 

removed by using the Biovia Discovery Studio 

Visualizer [55]. The energy minimization of the 

protein was carried out on the Swiss-PdbViewer 

v4.1 by using the Steepest Descent method of 

energy minimization [56]. The Kollman charge was 

added followed by the addition of all polar 

hydrogen atoms with the help of AutoDock Tools 

[57]. The grid boxes were generated by taking the 

grid dimensions of 24*24*24 Å at a grid resolution 

of 1 Å and the grid box resolution was set according 

to the position of the crucial amino acids, interacted 

by the co-crystal ligands. The dimensions were set 

as grid center: x = -7.099, y = 18.955, z = -26.219 

for EGFR protein, x = -33.649, y = 43.259, z = -

4.846 for COX-1 protein, x = 30.274, y = -24.206, 

z = -15.586 for COX-2 protein, x = 28.932, y = -

5.96, z = 14.441 for the oxidoreductase enzyme of 

Candida albicans, x = -13.007, y = 12.783, z = 

18.168 for DNA Gyrase enzyme of bacteria and x 

= -11.084, y = -1.565, z = 17.475 for the TNF-α 

receptor. 

2.2.3. Ligand Preparation 

All the substituted lophine or substituted triphenyl 

imidazole moiety was designed and sketched for 

this In-silico by using the ChemSketch Freeware 

application. The ligand PDB file (.pdb) was 

prepared with the help of the PRODRG web server 

(http://davapc1.bioch.dundee.ac.uk/cgi-bin/prodrg) 
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by using the topology of the structure files and 

adding the polar hydrogens [58]. Finally, the 

PDBQT (.pdbqt) files were generated by adding the 

gasteiger charge and assigning atoms to the 

AutoDock-4 (AD4) type with the help of AutoDock 

Tools software. 

2.2.4. Docking 

The molecular docking was executed by using the 

AutoDock Vina script [47]. Nilotinib [59], 

Celecoxib [60], Itraconazole [61], Metronidazole 

[62], A7A Ligand (co-crystal ligand of TNF-α with 

PDB ID: 6OP0) [53] were considered for the 

standard molecules of EGFR, COX-1 and COX-2, 

anti-fungal, antibacterial and TNF-α inhibitor 

activity. The Local Gradient Optimization approach 

was used as a scoring function to find the optimal 

binding postures for the developed lophine 

molecules and various proteins. The binding energy 

(kcal/mol) and the number of binding interactions 

were used to analyze the molecular docking results. 

The protein-ligand complex was analysed by the 

BIOVIA discovery studio visualizer 2021 [55]. 

2.2.5. Validation of molecular docking 

The validation of the molecular docking protocol 

was accomplished by removing the co-crystal 

ligands from the binding pocket and re-docked the 

same in the same binding pocket and evaluating the 

Root-Mean-Square Deviation (RMSD) after 

superimposing both the protein-ligand complexes.  

 

2.3. Drug-likeness study and molecular 

properties 

In this current study, the drug-likeness parameters 

of the compounds were evaluated based on 

Lipinski’s Rule of Five and Veber’s Rule [63,64]. 

The top 7 compounds with the highest docking 

score (in terms of binding energy) were considered 

for the drug-likeness properties. Different 

parameters like molecular weight, the number of 

hydrogen bond donors/acceptors, polar surface 

area, the number of rotatable bonds, partition 

coefficient, etc. were determined. SwissADME 

web server (http://www.swissadme.ch/) was 

utilized to predict the Absorption, Distribution, 

Metabolism and Excretion (ADME) of the 

molecules [65]. The Simplified Molecular Input 

Line Entry System (SMILES) format of the 

molecules was uploaded to the SwissADME web 

server and the results were downloaded and 

analyzed manually. The Brain Or IntestinaL 

EstimateD permeation method (BOILED-Egg) was 

used to determine the pharmacokinetics and 

bioavailability of the compounds [66]. 

 

2.4. Toxicity studies 

The toxicological parameters of the top 7 docked 

molecules were examined at the mcule toxicity 

checker web server 

(https://mcule.com/apps/toxicity-checker/). This 

web server provides the toxicological parameters in 

terms of yes or no. The detailed toxicological 

studies were verified in the ProTox-II web server 

(https://tox-new.charite.de/protox_II/) [67]. Here 

different toxicological parameters like 

Hepatotoxicity, Carcinogenicity, Immunotoxicity, 

Mutagenicity, LD50, etc. of the compounds were 

inspected. 

 

2.5. Biological activity predictions of the 

compounds 

Kinase inhibitors are those molecules that target 

protein kinases that have been changed in cancer 

cells and are thought to be responsible for part of 

the cancer cells' uncontrolled development. The In-

silico kinase inhibitor activity prediction of the best 

molecules was carried out on the Molinspiration 

Cheminformatics Software web server 

(https://www.molinspiration.com/) to re-verify the 

kinase inhibition. The SMILES format of all the 

compounds was submitted to the webserver and the 

results were retrieved. Moreover, the designed top 

molecules may possess some other biological 

activity along with the chosen disease. Thus, the 

detailed target prediction of the top small molecules 

was examined in the SwissTargetPrediction web 

server (http://www.swisstargetprediction.ch/) [68]. 

Here based on the molecular structure and 

functional groups present in the molecules, the 

probable biological targets can be predicted along 

with the percentage of biological activity. 

 

2.6. Molecular dynamics (MD) simulation 

MD studies were performed using the software 

named ‘WebGRO for Macromolecular 

Simulations’ (https://simlab.uams.edu/index.php) 

by the University of Arkansas for Medical 

Sciences, Little Rock, US. It utilizes GROMACS 

(GROningen MAchine for Chemical Simulations) 

[69] software for performing MD simulations. 

Here, the docked protein-ligand complex was 
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extracted and the ligand coordinates were inserted 

into the PRODRG webserver [70] to get the ligand 

topology files. The ZIP file from the PRODRG web 

server as well as the PDB file of the docked protein-

ligand complex was uploaded to the WebGRO 

server. GROMOS96 43a1 force-field was used to 

minimize the energy in the ‘steepest descent’ 

method at 5000 steps run and 100 nanosecond run 

time at T = 310K, constant volume ‘V’, constant 

number of atom = N (NVT); and constant pressure 

P = 1.0bar (NPT). Leap-frog MD integrator was 

used and 1000 was marked as the approximate 

number of frames per simulation. Simple Point-

Charge (SPC) water model was utilized in a triclinic 

grid box and nutrilized by 0.15 M NaCl salt. MD 

trajectories were analyzed for Root-mean-square 

deviation (RMSD) of protein and ligand, Root-

mean-square fluctuations (RMSF), the radius of 

gyration (Rg), and protein-ligand hydrogen 

bonding during the 100 nanoseconds MD runtime. 

 

2.7. Common pharmacophore generation 

Finally, the common pharmacophore of the top 

docked molecules was generated with the help of 

PharmaGist web server 

(https://bioinfo3d.cs.tau.ac.il/PharmaGist/php.php) 

[71]. The top docked ligands were converted to 

Sybyl mol2 format with the help of Open Babel 

software v2.4.0. The “.zip” extension of the top 

ligands was uploaded to the PharmaGist webserver. 

The output results were analyzed in BIOVIA 

Discovery Studio Visualizer 2021. 

 

3. Results and discussion 

3.1. Molecular design and strategic applications 

Based on the literature surveys and randomized 

substitution, the molecular design was performed. 

A total of 30 substituted lophine or substituted 

triphenyl imidazole were designed (Table 1). 

Different substitutions were implemented to the 

phenyl ring, present in the 2nd position of the 

imidazole. 

 

 
Table 1. Molecular Design of the lophine molecules 

Compound Code IUPAC Name Substitution Implemented 

SAP-1 2,4,5-triphenyl-1H-imidazole --- 

SAP-2 2-(4-nitrophenyl)-4,5-diphenyl-1H-imidazole 4-nitro 

SAP-3 2-(3-nitrophenyl)-4,5-diphenyl-1H-imidazole 3-nitro 

SAP-4 2-(2-nitrophenyl)-4,5-diphenyl-1H-imidazole 2-nitro 

SAP-5 2-(2,4-dinitrophenyl)-4,5-diphenyl-1H-imidazole 2,4-dintro 

SAP-6 2-(3-bromophenyl)-4,5-diphenyl-1H-imidazole 3-bromo 

SAP-7 2-(4-bromophenyl)-4,5-diphenyl-1H-imidazole 4-bromo 

SAP-8 2-(4-chlorophenyl)-4,5-diphenyl-1H-imidazole 4-chloro 

SAP-9 2-(2-chlorophenyl)-4,5-diphenyl-1H-imidazole 2-chloro 

SAP-10 2-(3-chlorophenyl)-4,5-diphenyl-1H-imidazole 3-chloro 

SAP-11 2-(2,4-dichlorophenyl)-4,5-diphenyl-1H-imidazole 2,4-dichloro 

SAP-12 2-(3,4-dichlorophenyl)-4,5-diphenyl-1H-imidazole 3,4-dichloro 

SAP-13 2-(2,6-difluorophenyl)-4,5-diphenyl-1H-imidazole 2,2-difluoro 

SAP-14 2-(3,4-dimethoxyphenyl)-4,5-diphenyl-1H-imidazole 3,4-dimethoxy 

SAP-15 4-(4,5-diphenyl-1H-imidazol-2-yl)benzene-1,2-diol 3,4-dihydroxy 

SAP-16 4-(4,5-diphenyl-1H-imidazol-2-yl)-N,N-

dimethylaniline 

4-(N,N-dimethyl)amino 

SAP-17 2-(4-ethoxyphenyl)-4,5-diphenyl-1H-imidazole 4-ethoxy 

SAP-18 2-(4-fluorophenyl)-4,5-diphenyl-1H-imidazole 4-fluoro 

SAP-19 2-(4,5-diphenyl-1H-imidazol-2-yl)phenol 2-hydroxy 

SAP-20 3-(4,5-diphenyl-1H-imidazol-2-yl)phenol 3-hydroxy 

SAP-21 4-(4,5-diphenyl-1H-imidazol-2-yl)phenol 4-hydroxy 

SAP-22 5-(4,5-diphenyl-1H-imidazol-2-yl)-2-methoxyphenol 3-hydroxy-4-methoxy 

SAP-23 2-(4-methoxyphenyl)-4,5-diphenyl-1H-imidazole 4-methoxy 

SAP-24 2-(3-methoxyphenyl)-4,5-diphenyl-1H-imidazole 3-methoxy 

SAP-25 4,5-diphenyl-2-(o-tolyl)-1H-imidazole 2-methyl 

SAP-26 4,5-diphenyl-2-(m-tolyl)-1H-imidazole 3-methyl 
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SAP-27 4,5-diphenyl-2-(p-tolyl)-1H-imidazole 4-methyl 

SAP-28 4-(4-(4,5-diphenyl-1H-imidazol-2-yl)phenyl)pyridine 4-pyridinyl 

SAP-29 5-(4,5-diphenyl-1H-imidazol-2-yl)benzene-1,2,3-triol 3,3,4-trihydroxy 

SAP-30 4,5-diphenyl-2-(3,4,5-trimethoxyphenyl)-1H-

imidazole 

3,3,4-trimethoxy 

 

Table 2. Interaction affinity of substituted lophine molecules 
Compound 

Code 

5HG7 (EGFR) 

(kcal/mol) 

3KK6 (COX-

1) (kcal/mol) 

3LN1 (COX-

2) (kcal/mol) 

1AI9 (Oxidoreductase) 

(kcal/mol) 

5L3J (DNA 

Gyrase) (kcal/mol) 

6OP0 (TNF-

α) (kcal/mol) 

SAP-1 -8.7 -9.5 -10.7 -7.2 -7.6 -8.7 

SAP-2 -9.4 -7.8 -9.2 -8.3 -7.5 -9.6 

SAP-3 -8.5 -7.8 -8.6 -7.5 -7.7 -8.8 

SAP-4 -8.8 -7.1 -9.4 -8.6 -8.4 -9.7 

SAP-5 -8.9 -7.8 -7.6 -8.2 -8.0 -8.0 

SAP-6 -9.5 -9.0 -10.5 -7.4 -8.3 -9.6 

SAP-7 -9.4 -9.1 -8.9 -7.3 -7.5 -9.5 

SAP-8 -9.4 -8.9 9.8 -8.5 -7.6 -9.6 

SAP-9 -8.6 -9.4 -10.5 -7.4 -8.2 -9.6 

SAP-10 -9.6 -9.2 -10.7 -7.5 -8.3 -9.7 

SAP-11 -8.6 -7.5 -9.9 -7.6 -8.1 -9.4 

SAP-12 -9.7 -9.2 -8.3 -8.6 -7.7 -9.9 

SAP-13 -9.5 -9.6 -10.8 -8.6 -8.6 -8.6 

SAP-14 -8.3 -7.9 -6.6 -7.3 -8.2 -7.2 

SAP-15 -9.4 -7.5 -10.7 -7.9 -7.9 -9.7 

SAP-16 -9.3 -8.7 -6.2 -8.4 -7.8 -9.2 

SAP-17 -7.9 -8.0 -8.7 -7.7 -7.5 -8.8 

SAP-18 -9.4 -9.0 -10.8 -7.7 -8.2 -9.4 

SAP-19 -9.0 -9.7 -10.3 -7.4 -8.3 -8.3 

SAP-20 -9.1 -9.1 -10.2 -7.5 -7.6 -8.6 

SAP-21 -9.2 -9.0 -10.4 -8.2 -7.7 -9.1 

SAP-22 -9.3 -7.7 -9.3 -8.0 -7.9 -9.6 

SAP-23 -9.1 -8.9 -9.7 -7.8 -7.6 -9.2 

SAP-24 -9.4 -9.0 -10.5 -7.3 -8.0 -9.6 

SAP-25 -9.3 -7.8 -9.6 -8.1 -8.9 -9.4 

SAP-26 -9.8 -9.2 -11.0 -7.5 -8.4 -9.8 

SAP-27 -8.4 -7.3 -8.8 -7.6 -8.2 -8.7 

SAP-28 -9.8 -7.7 -7.0 -9.6 -8.4 -10.0 

SAP-29 -9.3 -8.2 -8.4 -7.7 -7.6 -9.3 

SAP-30 -7.8 -7.2 -8.1 -7.6 -7.5 -8.2 

Standard 

Compound 

-11 

(Nilotinib) 

-7.4 

(Ibuprofen) 

-11.1 

(Celecoxib) 

-10.0 

(Itraconazole) 

-5.4 

(Metronidazole) 

-13.7 

(A7A Ligand) 

3.2. Molecular docking analysis 

The molecular docking was performed by using the 

AutoDock Vina module. The substituted lophine 

showed a good docking score in terms of interaction 

affinity. The values of interaction affinities are 

given in table 2. The compound SAP-19, SAP-25, 

SAP-26, and SAP-28 shows the best docking score 

with the selected different receptors. Rather than 

these the SAP-12, SAP-13 and SAP-18 showed 

satisfied docking scores. The compound SAP-26 as 

well as SKB-28 was found to be most active against 

the EGFR (PDB ID: 5HG7) with the interaction 

affinity of -9.8 kcal/mol which is near to the 

standard tyrosine kinase inhibitor drug nilotinib 

with the interaction affinity of -11.0 kcal/mol. The 

compound SAP-19 was found to be most active 

against the COX-1 receptor (PDB ID: 3KK6) with 

the docking score of -9.7 kcal/mol which is quite 

higher than the standard COX-1 inhibitor Ibuprofen 

with -7.4 kcal/mol interaction affinity. Whereas the 

compound SAP-26 was found to show the best 

interaction with the COX-2 receptor (PDB ID: 
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3LN1) with the interaction affinity of -11.0 

kcal/mol which is almost the same as the standard 

celecoxib with an interaction affinity of -11.1 

kcal/mol. Itraconazole was considered the standard 

drug as the inhibitor of fungal oxidoreductase 

enzyme (PDB ID: 1AI9). Itraconazole showed the 

interaction affinity of -10.0 kcal/mol with the 

receptor, while the compound SAP-28 showed 

almost the same interaction affinity of -9.6 

kcal/mol. The compound Sap-25 showed a very 

good interaction affinity of -8.9 kcal/mol with the 

DNA gyrase enzyme of bacteria (PDB ID: 5L3J), 

whereas metronidazole is being a standard drug 

showed an interaction affinity of -5.4 kcal/mol. 

Finally the best compound for the inhibition of 

TNF-α (PDB ID: 6OP0) was came out as SAP-28 

with an interaction affinity -10.0 kcal/mol, while 

the co-crystal ligand A7A ((R)-{1-[(2,5-

dimethylphenyl)methyl]-6-(1-methyl-1H-pyrazol-

4-yl)-1H-benzimidazol-2-yl}(pyridin-4-

yl)methanol) showed the interaction affinity of -

13.7 kcal/mol. 
 

3.2.1. Binding interaction of EGFR with SAP-26 

and SAP-28 

The In-silico molecular docking study between the 

designed ligands and EGFR protein (PDB ID: 

5HG7) directed us towards the two best interaction 

energy-containing compounds SAP-26 and SAP-28 

with the same interaction energy of -9.8 kcal/mol. 

Both EGFR_SAP-26 complex, as well as 

EGFR_SAP-28 complex, showed crucial 

interactions with the receptor as compared to the 

interactions of standard compound nilotinib with 

the same receptor (Figure 01). The compound SAP-

26 recreated both the π-σ interactions with Leu718 

and Leu844 amino acids, as of the standard 

compound nilotinib. Additionally, SAP-26 showed 

a π-π stacked interaction with Phe856 amino acid. 

The compound SAP-28 recreated the π-σ 

interactions with Leu718 amino acid. Two 

additional π-π stacked interaction has been 

observed with Phe723 and Phe856 amino acids. 

One conventional H-bond was created by the 

compound with Met793 amino acid. 

 
Figure 01. Docking interaction of SAP-26 and SAP-28 with the EGFR protein (PDB ID: 5HG7). A: 3D 

interaction of the SAP-26 ligand, presented in ball and stick format, with the EGFR receptor, represented 

as solid ribbon and the interacting amino acids are labelled with red color. B: Compound SAP-26 inside 

the binding pocket of the receptor. C: 2D interaction of SAP-26 with the EGFR protein. D: 3D interaction 

of the SAP-28 ligand, presented in ball and stick format, with the EGFR receptor, represented as solid 
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ribbon and the interacting amino acids are labeled with red color. E: Compound SAP-28 inside the binding 

pocket of the receptor. F: 2D interaction of the SAP-28 with EGFR protein. 

 
Figure 02. Docking interaction of SAP-19 with the COX-1 protein (PDB ID: 3KK6). A: 3D interaction of 

the SAP-19 ligand, presented in ball and stick format, with the COX-1 protein, represented as solid ribbon 

and the interacting amino acids are labelled with red color. B: The compound SAP-19 inside the binding 

pocket of the protein. C: 2D interaction of SAP-19 with the COX-1 protein. 

 
Figure 03. Docking interaction of SAP-26 with the COX-2 protein (PDB ID: 3LN1). A: 3D interaction of 

the SAP-26 ligand, presented in ball and stick format, with the COX-2 protein, represented as solid ribbon 

and the interacting amino acids are labelled with red color. B: SAP-26 inside the binding cavity of the 

COX-2 protein. C: 2D interaction of SAP-26 with the COX-2 protein. 

 

3.3.2. Binding interaction of COX-1 with SAP-

19 

After the molecular docking studies of all the newly 

designed compounds with the COX-1 protein (PDB 

ID: 3KK6), the compound SAP-19 showed the 

lowest interaction energy of -9.7 kcal/mol. From 

the COX-1_SAP-19 complex, it was observed that 

the compound perfectly went inside the binding 

pocket of the protein and recreated the crucial 

interaction as compared to the standard molecule 
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celecoxib (Figure 02). SAP-19 reproduced the π-σ 

interaction of the standard with Ile523 amino acid, 

along with an extra π-σ interaction with Ser353 

amino acid. The compound SAP-19 also showed 

similar π-π stacked interaction with Tyr355 amino 

acid. Finally, the compound was stabilized by a 

conventional H-bond with Gly354 amino acid. 

 
Figure 04. Docking interaction of SAP-28 with the oxidoreductase protein of Candida albicans (PDB ID: 

1AI9). A: 3D interaction of the SAP-28 ligand, presented in ball and stick format, with the Oxidoreductase 

protein, represented in solid ribbon and the interacting amino acids are labelled with red color. B: SAP-28 

inside the binding pocket of the receptor. C: 2D interaction of SAP-28 with the oxidoreductase protein. 

 
Figure 05. Docking interaction of SAP-25 with the bacterial DNA gyrase (PDB ID: 5L3J). A: 3D 

interaction of the SAP-25 ligand, presented in ball and stick format, with the DNA gyrase protein, 
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represented as solid ribbon and the interacting amino acids are labelled with navy blue color. B: SAP-25 

inside the biding pocket of the protein. C: 2D interaction of SAP-25 with the DNA gyrase protein. 

 

3.2.3. Binding interaction of COX-2 with SAP-

26 

With the binding interaction energy of -11.0 

kcal/mol, the compound SAP-28 entered deep into 

the binding pocket of COX-2 protein (PDB ID: 

3LN1) (Figure 03). The molecule creates two π-σ 

interactions with the Val509 and Ser339 amino 

acids of which the Val509 is a crucial amino acid 

with respect to celecoxib. The molecule is 

stabilized by a π-π stacked interaction with Tyr373 

amino acid. Other than these interactions, many π-

alkyl interactions have been observed with the 

receptor. 
3.2.4. Binding interaction of fungal 

oxidoreductase with SAP-28 

The compound SAP-28 showed good interaction 

with the oxidoreductase enzyme of the fungus 

Candida albicans (PDB ID: 1AI9) with an 

interaction energy of -9.6 kcal/mol. The docked 

complex of fungal oxidoreductase and SAP-28 

revealed that the compound generated a 

conventional H-bond with Lys57 amino acid 

through the hydrogen atom, attached to the nitrogen 

atom of the 3rd position of the imidazole core 

(Figure 04). The molecule generated four π-cation 

interactions with Arg56, Arg79, and Glu116 amino 

acids and got the stabilization. Additionally, one π-

σ interaction was observed with the Ile117 amino 

acid. Many π-alkyl interactions were observed and 

the compound seemed to be stable in the binding 

pocket of the receptor. 

3.2.5. Binding interaction of bacterial DNA 

gyrase with SAP-25 

The designed compound SAP-25 binds with the 

bacterial DNA gyrase protein (PDB ID: 5L3J) with 

very good interaction energy of -8.6 kcal/mol. The 

protein-ligand complex of bacterial DNA gyrase 

and SAP-25 revealed that the hydrogen atom at the 

1st position of the imidazole produced a 

conventional H-bond with the crucial amino acid 

Asn46 (Figure 05). The compound developed π-σ 

interaction with another crucial amino acid Ile78 as 

per the standard compound metronidazole. Finally, 

the compound is stabilized by another π-σ 

interaction and a π-π stacked interaction with Ile94 

and Asp49 respectively. 

3.2.6. Binding interaction of Tumor Necrosis 

Factor-α with SAP-28 

The compound SAP-28 showed very good 

interaction with the TNF-α protein with the binding 

interaction energy of (-) 10.0 kcal/mol. After 

analyzing the protein-ligand complex of TNF-α and 

SAP-28, it was found that the compound went deep 

inside the binding pocket of the TNF-α protein 

(Figure 06). All the three crucial π-σ interaction of 

the co-crystal ligand A7A with Leu57 amino acid 

of the three chains of the protein was re-generated 

by SAP-28. The crucial π-π stacked interaction with 

Tyr56 amino acid was also re-created by the newly 

designed compound. Additionally, SAP-28 shows a 

π-anion interaction was found with Leu157 amino 

acid. 

 
Figure 06. Docking interaction of SAP-28 with the TNF-α protein (PDB ID: 6OP0). A: 3D interaction of the 

SAP-28 ligand, presented in ball and stick format, with the TNF-α protein, represented as solid ribbon and the 
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interacting amino acids are labelled with red color. B: SAP-28 inside the binding pocket of the protein. C: 2D 

interaction of SAP-28 with the TNF-α protein. 

 
Figure 07. Superimposed image of co-crystal celecoxib molecule and re-docked celecoxib molecule. The 

co-crystal celecoxib molecule is represented in ball and stick format and in red color. The original protein 

from PDB file is represented as solid ribbon and in sky blue color. The re-docked celecoxib molecule is 

represented in ball and stick format and yellow in color. The protein chain of the re-docked complex is 

represented in solid ribbon format and in navy-blue color. 

 

3.2.7. Validation of molecular docking 

The molecular docking protocol was validated by 

calculating the RMSD values after superimposing 

the original PDB file and re-docked PDB file with 

the same ligand. The RMSD of the COX-1 protein 

was found to be 0.0445 Å (Figure 07). The RMSD 

of COX-2 protein was found to be 0.0445 Å. The 

RMSD of the EGFR was found to be 0.0420 Å. The 

RMSD of fungal oxidoreductase was found to be 

0.0498 Å. The RMSD of bacterial DNA gyrase was 

found 0.0297 Å and for the TNF-α protein, RMSD 

was 0.399 Å. 

 

3.3. Molecular properties and drug-likeness 

The drug-likeness and molecular properties of the 

top compounds were measured in terms of 

physicochemical properties, Lipinski’s Rule of 

Five, and Veber’s Rule. The top four docked 

compounds SAP-19, SAP-25, SAP-26, and SAP-28 

as well as the compounds with satisfied docking 

scores SAP-12, SAP-13 and SAP-18 were 

considered for this evaluation. After evaluation, the 

parameters of the selected compounds have been 

reported in Table 3 including the parameters of the 

five standard compounds nilotinib, celecoxib, 

itraconazole, metronidazole, and A7A ligand. The 

molecular weight of all the selected molecules is 

below 400 g/mol. All the designed molecules 

contain 3 rotatable bonds except the SAP-28, which 

has 4 rotatable bonds. The number of H-bond 

acceptors varies from 1 to 3 which is lower in 

number compared to the standards (nilotinib has 8 

H-bond acceptors). Two H-bond donors are present 

in the SAP-19, whereas all other designed 

molecules have 1 H-bond donor which is 

comparable with all standards (0 to 2 H-bond 

donors). The total polar surface area of all the 

compounds is below 50 Å2, which is far below the 

range of veber’s rule parameter (Polar surface area 

no greater than 140 Å2). The consensus logP 

(average of all logP) varies from 4.26 to 5.5 which 

perfectly follows the veber’s rule. All the designed 

compounds have high GI absorption except the 

SAP-12 along with the nilotinib molecule. The 

SAP-19, SAP-25, and SAP-26 along with the 

standard compound A7A showed BBB permeation. 
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The other 4 compounds are BBB impermeable. All 

the compounds follow both Lipinski’s and Veber’s 

rules.  

The first glance of the bioavailability radar of all the 

top compounds along with standards was 

represented in Figure 08. The bioavailability radars 

of the compounds along with the standards are 

within the saturation range of the radar, which 

reveals the considerable physicochemical range of 

the compounds. The insaturation (INSATU) 

parameter in the bioavailability radar of all the new 

compounds along with nilotinib, celecoxib, and 

A7A ligands falls over the saturation level, but 

within the considerable range (0.25 < Fraction Csp3 

< 1). Thus, we can say that all the new compounds 

have very good bioavailability with respect to the 

standard drugs. 

 

Table 3. Molecular properties and Drug likeness 

Compound 

Code 

MW 

(g/mol) 

Rotatable 

Bond 

H-Bond 

Acceptor 

H-Bond 

Donor 

TPSA 

(Å2) 

Consensus 

Log Po/w 

GI 

Abs 

BBB 

Permeant 

Lipinski’s 

Rule 

Veber’s 

Rule 

SAP-19 312.36 3 2 2 48.91 4.26 High Yes Yes Yes 

SAP-25 310.39 3 1 1 28.68 4.93 High Yes Yes Yes 

SAP-26 310.39 3 1 1 28.68 4.92 High Yes Yes Yes 

SAP-28 373.45 4 2 1 41.57 5.15 High No Yes Yes 

SAP-12 365.26 3 1 1 28.68 5.63 Low No Yes Yes 

SAP-13 332.35 3 3 1 28.68 5.21 High No Yes Yes 

SAP-18 314.36 3 2 1 28.68 4.90 High No Yes Yes 

Nilotinib 529.52 8 8 2 97.62 4.63 Low No Yes Yes 

Celecoxib 381.37 4 7 1 86.36 3.40 High No Yes Yes 

Itraconazole 705.63 11 7 0 104.70 4.71 High No No No 

Metronidazole 171.15 3 4 1 83.87 (-) 0.23 High No Yes Yes 

A7A 423.51 5 4 1 68.76 3.6 High Yes Yes Yes 

 

 
Figure 08. Drug likeness of the top molecule at first glance of bioavailability radar. The pink area represents 

the optimal range for each property (lipophilicity: XLOGP3 between -0.7 and +5.0, size: MW between 150 

and 500 g/mol, polarity: TPSA between 20 and 130 Å2, solubility: log S not higher than 6, saturation: 

fraction of carbons in the sp3 hybridization not less than 0.25, and flexibility: no more than 9 rotatable 

bonds. 

 

The BoiledEgg representation of the compounds 

reveals that SAP-13, SAP-18, and SAP-28 along 

with standard compound celecoxib, itraconazole, 

and metronidazole have the best ADME parameter 
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which falls between the GI and BBB (Figure 09), 

which means that the compounds can easily pass 

the GI tract and go to the blood circulation but, can’t 

cross the BBB. The compound SAP-12 and the 

standard drug nilotinib falls very near to the GI 

border line, which means that the compound is little 

poor absorbable by the GI tract. The compound 

SAP-25, SAP-26, and SAP-19 along with the 

standard compound A7A can cross the BBB and 

work on brain also. 

 

3.4. Toxicity studies 

The toxicity study of all the top docked compounds 

was checked in the mcule toxicity checker web 

server (https://mcule.com/apps/toxicity-checker/) 

and the report revealed that all the compounds are 

non-toxic in nature. The detailed toxicity studies 

were carried out on the ProTox-II web server 

(https://tox-new.charite.de/protox_II/). The result 

parameters of the toxicity studies are reported in 

table 4. All the designed top docked compounds are 

non-hepatotoxic as well as non-carcinogenic in 

nature. The compounds have a good 

immunotoxicity nature, which means they can 

easily pass the immune system of the body and 

reach the target position like the standards. Though 

the mutagenicity of the compounds is moderate to a 

little high, it is comparable with the celecoxib and 

metronidazole with the value of 0.75 and 0.97 

respectively. All the compounds are in a safe range 

of cytotoxicity. Finally, the lethal dose (LD50) was 

calculated as 300 mg/kg for all the compounds 

which are comparable with the itraconazole 

molecule ((320 mg/kg). The output Toxicity Radar 

Chart of all the top compounds as well as standard 

molecules was represented in Figure 10. 

 
Figure 09. BoiledEgg presentation of the top 7 compounds along with standards. This diagram represents 

the intuitive evaluation of passive gastrointestinal absorption (HIA) and brain penetration (BBB) in function 

of the position of the molecules in the WLOGP-versus-TPSA referential. 

 

Table 4. Toxicity Studies of the top docked compounds. 

Compound 

Code 

Hepatotoxicity 

Probability 

Carcinogenicity 

Probability 

Immunotoxicity 

Probability 

Mutagenicity 

Probability 

Cytotoxicity 

Probability 

Predicted 

LD50 (mg/kg) 

SAP-19 0.57 0.52 0.94 0.70 0.84 300 

SAP-25 0.54 0.53 0.98 0.88 0.65 300 

SAP-26 0.54 0.53 0.99 0.88 0.88 300 

SAP-28 0.50 0.53 0.99 0.82 0.87 300 

SAP-12 0.54 0.53 0.99 0.64 0.77 300 
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SAP-13 0.50 0.50 0.99 0.69 0.74 300 

SAP-18 0.50 0.50 0.98 0.69 0.74 300 

Nilotinib 0.82 0.53 0.98 0.59 0.72 800 

Celecoxib 0.60 0.56 0.99 0.75 0.91 1400 

Itraconazole 0.88 0.62 0.75 0.53 0.90 320 

Metronidazole 0.87 0.87 0.95 0.97 0.88 1500 

A7A 0.71 0.54 0.83 0.55 0.61 700 

 

 
Figure 10. Toxicity Radar Chart of the top compounds with standards. Probabilities for average activity of 

active molecules/class are denoted by orange dots which forms the toxicity radar. The current molecule 

(molecule to be evaluated) is denoted by blue points. 

 

Table 5. Kinase inhibitor scores of the top hit compounds. 

Compound Code Kinase inhibitor Compound Code Kinase inhibitor 

SAP-19 0.38 SAP-12 0.36 

SAP-25 0.41 SAP-13 0.52 

SAP-26 0.37 SAP-18 0.42 

SAP-28 0.46 Nilotinib 0.63 

 

3.5. Biological activity prediction 

The In-silico kinase inhibition of the top 

compounds along with standard (nilotinib) were re-

verified through the Molinspiration 

Cheminformatics Software webserver 

(https://www.molinspiration.com/), which revealed 

that all the top docked compounds have very good 

kinase inhibitor activity (Table 5). Though the new 

designed molecules showed lower kinase inhibition 

value than that of nilotinib, the values are 

satisfactory as nilotinib is a very potent kinase 

inhibitor. 

Further, detailed perdition of the probable target for 

the top docked compounds was checked in the 

SwissTargetPrediction web server 

(http://www.swisstargetprediction.ch/index.php). 

The result reviled that compounds SAP-25 and 

SAP-26 among all compounds have 8 different 

target activities (Figure 11). The compound SAP-

12 and SAP-19 are active against 7 different targets. 

The SAP-13, SAP-18 and SAP-28 have very 

prominent kinase activity. 

 

3.6. MD Simulation analysis 

https://www.molinspiration.com/
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The stability of all the top docked compounds with 

their respective receptor protein was checked by the 

MD simulation studies for 100 ns. In this time 

interval different trajectories like RMSD, Rg, 

RMSF and H-bonding were analysed (Figure. 12-

16.). 

The root mean square deviation (RMSD) 

determines the stability of the protein-ligand 

complex by assessing the equilibration period of the 

MD run and denoting the dynamical changes of 

protein as well as a ligand at a particular 

temperature, pressure, throughout the simulation 

time. For the protein as well as the ligand the 

RMSD analysis was performed (Figure 12 and 

Figure 13). For the compound SAP-26 and EGFR 

(PDB ID: 5HG7), the complex the RMSD varies 

from 0.21 nm to 0.34 nm with an average of 0.28 

nm, while the ligand (SAP-26) RMSD varies from 

0.62 nm to 0.8 nm with an average of 0.71 nm with 

no instability observed. 

 
Figure 11. Target prediction of the top hit compounds. The predicted target for the top molecules are 

denoted by specific color with the probable %. 
 

 
Figure 12. The root mean square deviation (RMSD) of the backbone (protein) in protein-ligand complexes 

of top compounds. 
 

The same protein with compound SAP-28 complex 

showed RMSD from 0.18 nm to 0.28 nm with an 

average of 0.23 nm with no major instability, while 

the ligand (SAP-28) RMSD varies from 0.2 nm to 

0.4 nm with an average of 0.3 nm with no instability 

in the trajectory. For the COX-1 protein (PDB ID: 

3KK6) and SAP-19 complex, the RMSD varies 

from 0.28 nm to 0.38 nm with an average of 0.33 
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nm with no instability, while the ligand (SAP-19) 

RMSD varies from 0.23 nm to 0.38 nm with an 

average of 0.305 nm. The COX-2 protein (PDB ID: 

3LN1) and SAP-26 complex showed the RMSD 

varies from 0.2 nm to 0.34 nm with an average of 

0.27 nm, while the ligand (SAP-26) RMSD varies 

from 0.3 nm to 0.6 nm with an average of 0.45 nm 

with no instability in the MD run time. The fungal 

oxidoreductase protein (PDB ID: 1AI9) with the 

compound SAP-28 complex showed the RMSD 

from 0.2 nm to 0.34 nm with an average of 0.27 nm, 

while the ligand (SAP-28) RMSD varies from 0.35 

nm to 0.55 nm with an average of 0.45 nm with no 

instability in the trajectory. The bacterial DNA 

gyrase protein (PDB ID: 5L3J) with its top docked 

ligand SAP-25 showed the RMSD varies from 0.25 

nm to 0.48 nm with an average of 0.37 nm, while 

the ligand (SAP-25) RMSD varies from 0.3 nm to 

0.8 nm with minor instability till 60 ns and after 

that, it got stabilized. The TNF-α protein (PDB ID: 

6OP0) with its top docked compound SAP-28 

complex showed RMSD from 0.25 nm to 0.34 nm 

with an average of 0.3 nm, while the ligand (SAP-

28) RMSD varied from 0.2 nm to 0.35 nm with an 

average of 0.28 nm with no instability in the 

trajectory. All the compounds along with their 

respective receptor seem to be stable as the no 

major RMSD instability in the 100 ns MD runtime. 

 
Figure 13. The root mean square deviation (RMSD) of the ligands in protein-ligand complexes of top 

compounds. 

 
Figure 14: The radius of gyration (Rg) of the top compounds in the protein-ligand complexes. 
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Figure 15: The root mean square fluctuation (RMSF) of the protein-ligand complexes through 100 ns run 

time. 

 
Figure 16: H-bonds of the top compound containing protein-ligand complexes through 100 ns run time. 

 

The root mean square fluctuation (RMSF) 

determines the fluctuation in the residues or local 

changes of a protein-ligand complex at isothermic 

and isobaric processes. The larger the range of 

fluctuations and/or the number of residues engaged 

in fluctuation, the worse the ligand and protein 

binding, and the more likely the ligand and protein 

will dissociate from the binding site throughout the 

MD simulation run time (Figure 15). The RMSF of 

EGFR and SAP-26 was found to be distributed 

between 0.07 nm to 0.3 nm with no major 

fluctuation, while the RMSF of SAP-28 with the 

same protein is distributed between 0.07 nm to 0.33 

nm with no fluctuation in the whole run time. The 

RMSF of COX-1 protein with SAP-19 is 

distributed between 0.06 nm to 0.4 nm with no 

major fluctuations. The COX-2 protein with SAP-

26 showed the RMSF in the range of 0.09 nm to 

0.35 nm with no fluctuations. The fungal 

oxidoreductase protein with SAP-28 showed the 

RMSF varies from 0.08 nm to 0.3 nm with minor 

fluctuation near residue no 75. The DNA gyrase 

protein of bacteria along with the SAP-25 showed 

the RMSF value varied from 0.07 nm to 0.45 nm 

with minor fluctuation near residue no 80. The 

RMSF of TNF-α with the compound SAP-28 was 

found to be distributed between 0.07 nm to 0.43 nm 

with minor fluctuations near residues no 25 and 
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110. The protein TNF-α is composed of three 

chains of amino acids and all three chains have their 

attributions in the binding pocket. Thus three 

parallel lines can be seen in the RMSF graph. As no 

major fluctuations are observed in the RMSF 

trajectories of all the protein-ligand complexes, 

thus it can be said that the complex was stable 

throughout the 100 ns runtime. 

For the prediction of the stability of the protein-

ligand complex, the determination of the hydrogen 

bond is very essential as it is the strongest bond 

between the protein and the ligand. Thus, we can 

say more the number of H-bond, the more is the 

stability of the complex in the MD simulation 

runtime (Figure 16). 

 

Table 6. Pharmacophoric features of all the top compounds in the top score model. 

SL NO Molecule Atoms Features Spatial Features Aromatic Hydrophobic Donors Acceptors Negatives Positives 

1 SAP-13 39 7 6 4 0 1 1 0 1 

2 SAP-19 40 9 7 4 0 2 2 0 1 

3 SAP-26 41 8 7 4 1 1 1 0 1 

4 SAP-25 41 8 7 4 1 1 1 0 1 

5 SAP-18 39 7 6 4 0 1 1 0 1 

6 SAP-28 48 9 8 5 0 1 2 0 1 

7 SAP-12 39 7 6 4 0 1 1 0 1 

 

 
Figure 17: Pharmacophore mapping of the top compounds. A: Common pharmacophoric feature of all the 

compounds. B: Superimposition of all molecules with the pharmacophoric features. C: Molecular overlay 

of all the top compounds. 

 

The EGFR protein with SAP-26 showed 0 to 1 H-

bond with an average of 0.5 H-bond, whereas the 

same protein with SAP-28 showed a similar 0 to 1 

H-bond with an average of 0.5 H-bond. The docked 

protein-ligand complex showed 0 and 1 H-bond 

respectively which is similar to the MD results. The 

COX-1 protein with SAP-19 showed 0 to 2 H-

bonds with an average of 1 H-bond, which perfectly 

matches with the docked complex. The COX-2 

protein with SAP-26 showed 0 to 0.5 H-bond with 

an average of 0.25 H-bond, which matched with the 

absence of H-bond in the docked complex. The 

fungal oxidoreductase enzyme complex with SAP-

28 showed 0 to 2 H-bonds with an average of 1 H-
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bond which matched with the 1 H-bond of the 

docked complex. The DNA gyrase enzyme 

complex with SAP-25 showed 0 to 2 H-bond with 

an average of 1 H-bond which perfectly matches 

with the 1 H-bond in the docked complex. The 

TNF-α protein with SAP-28 showed 0 to 1 H-bond 

with an average 0.5 H-bond, whereas the docked 

complex showed no H-bond which resembles the 

MD simulation results. 

 

3.7. Pharmacophore mapping 

The pharmacophores of a molecule are group of key 

functional or structural characteristics that are 

thought to be responsible for the molecule's 

biological activity involving interactions with the 

active site residues of the biological target. The 

common pharmacophore was generated through the 

PharmaGist web server 

(https://bioinfo3d.cs.tau.ac.il/PharmaGist/php.php)

. The best pharmacophore matching score was 

obtained as 47.829. Aromatic, Hydrophobic, H-

bond Donors, H-bond Acceptors, Negatives and 

Positives features were calculated for all the top 7 

compounds (Table 6). The result revealed that 4 

aromatic ring, 1 H-bond donor, 1 H-bond acceptor, 

and 1 positive feature is present in the common 

pharmacophore. The distance between the ring 

aromatic features should be 4.766 Å, 3.876 Å, 

3.880 Å, 3.875 Å respectively (Figure 17A). The 

distance between the middle ring aromatic feature 

and the acceptor as well as the donor feature should 

be 1.142 Å. The positive charge feature is 

overlapped with the H-bond donor feature as both 

are in the same position. 

 

4. Conclusions 

The new lophine moiety is very less exposed to the 

world of pharmaceuticals. The chemiluminescence 

property of the lophine moiety has been reported by 

many scientists. Based on the reported activity of 

imidazole moiety and randomized addition of 

different functional groups, different derivatives of 

the lophine was designed. The designed derivatives 

of lophine moiety showed potential activity as anti-

cancer, anti-inflammatory, anti-fungal, anti-viral 

molecules and a potential inhibitor of TNF-α 

protein. The compound SAP-28 with a pyridine 

substitution at the para position of the phenyl ring 

present at the 2nd position of the imidazole makes it 

a potential moiety against EGFR, viral 

oxidoreductase protein and TNF-α protein. The 

compound SAP-26 came out as potential EGFR and 

COX-2 inhibition activity for the presence of a 

methyl group at the meta-position of the phenyl ring 

at the 2nd position of imidazole. The compound 

SAP-25 with a methyl group at the ortho-position 

of the 2nd position phenyl ring of the imidazole core. 

The SAP-19 showed potential COX-1 inhibition for 

the presence of a hydroxyl group at the ortho-

position of the phenyl group present at the 2nd 

position of imidazole. Along with this the 

compound SAP-12, SAP-13 and SAP-18 had come 

out with satisfactory docking analysis results. All 

the designed top docked compounds follow 

Lipinski’s rule of five as well as Veber’s rule along 

with good GI absorption capability. The 

compounds SAP-19, SAP-25 and SAP-26 showed 

the BBB permeability and further can be developed 

for brain tumour treatment. The toxicological 

parameters say that all the compounds are in a safe 

zone for use with an LD50 of 300mg/kg/day. All the 

top compounds showed potent kinase inhibition 

activity. Finally, the MD simulation studies 

confirmed the receptor-ligand stability of the 

compounds. There are needed four aromatic ring 

centres with an H-bond donor and an H-bond 

acceptor group along with a positive ionisable 

group in the pharmacophoric structure of the 

compounds. 

This In-silico study established that, various 

substitution on the phenyl ring present in the 2nd 

position of the imidazole such as 2-hydroxy, 2-

methyl, 3-methyl, 4-pyridinyl etc. governing their 

ability to interact with diverse targets. For example 

introduction of 2-hydroxy group proved to be 

beneficial for COX-1 inhibition activity whereas, 

incorporation of 3-methyl group displayed COX-2 

inhibition activity. Introduction of 2-methyl and 4-

pyridinyl group govern the anti-bacterial, anti-

fungal, anticancer and TNF-α inhibitor. Organic 

chemist are encouraged to perform diverged 

synthetic pathway of lophine derivatives and to 

develop new lead molecules for the control and 

eradication of various diseases. More studies on 

lophine must be explored for rational drugs designs 

and development. 
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