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ABSTRACT 

Objective: Finding novel anti-inflammatory compounds is a crucial sector of research despite the significant advances this field has made. 
Inefficiency and unfavorable side effects are indeed potential drawbacks of conventional therapy utilizing steroidal or nonsteroidal drugs. This 
study aims to screen the designed quinoline-linked pyrimidine derivatives as Cyclooxygenase (COX) inhibitors. 

Methods: In the present study, we assessed the binding interactions of designed quinoline-linked pyrimidine derivatives with COX enzymes using a 
molecular docking approach. Using Molecular Dynamics (MD) simulations, the compound’s behavior was further investigated and its stability and 
conformational dynamics were demonstrated. Schrödinger's QikProp program was utilized to analyze the Absorption, Distribution, Metabolism, and 
Excretion (ADME) properties and toxicity properties were further investigated using Osiris Property Explorer. Additionally, the protein-ligand 
complexes' binding free energy has been ascertained using the Molecular Mechanics/Generalized Born Surface Area (MM-GBSA) approach, which 
offered crucial information regarding the strength of their interactions. 

Results: The designed quinoline-linked pyrimidine derivatives fulfilled the Lipinski Rule of Five and had physicochemical characteristics within 
acceptable ranges, better ADME properties, and were non-toxic. Among the designed compounds, QPDU1 and QPDT6 showed correspondingly good 
docking scores for COX-1 and COX-2. QPDT6 was additionally analyzed by MD simulation studies to thoroughly examine the interaction between 
protein and ligand and their stability. 

Conclusion: The proposed compounds exhibit strong binding affinities to COX enzymes, stable interactions in MD simulations, and favorable drug-
like features. These results support the need for more research and development of these substances as possible anti-inflammatory drugs.  
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INTRODUCTION 

Heterocyclic chemistry is vital in the design, synthesis, and 
optimization of potential pharmaceutical agents. The vast majority 
of commercially available drugs contain one or more heterocyclic 
rings. Heterocycles not only serve as an active pharmaceutical 
ingredient but also as key intermediates in chemical synthesis, 
enabling the development of new drug leads and analogs. The 
exploration of diverse heterocyclic scaffolds continues to be an 
active area of research for discovering novel therapeutic agents. 
Heterocycles are indispensable in the development and discovery of 
drugs due to their biological activity and versatility. Their 
incorporation into drug molecules contributes to the advancement 
of medicine by providing effective treatments for various diseases 
and conditions [1]. Quinoline is a bicyclic heterocyclic ring that 
contains nitrogen and is fused with pyridine at the benzene ring. 
Quinoline is referred to as 1-aza naphthalene or benzo [b] pyridine 
[2]. Quinoline is an important molecule commonly present in natural 
products showing a broad range of biological activity [3]. It has been 
observed that quinoline derivatives show a wide spectrum of 
biological functions comprising antibacterial [4], anti-malarial [5], 
antileishmanial activity[6], anti-cancer activity [7], anti-
inflammatory [8], antioxidant [9], anti-tubercular [10], anti-viral 
[11], anti-fungal [12], anti-HIV [13], antidepressant activity [14], 
anticonvulsant [15], antidiabetic [16], hypocholesterolaemia activity 
[17], analgesic [18], anti-alzheimer’s [19], and antiulcer activity [20]. 
Pyrimidine is a nitrogen-containing six-membered heterocyclic 
aromatic compound. Heterocycles containing pyrimidines represent 
a significant class of both synthetic and natural substances, with 
several applications in medicine and advantageous biological 

characteristics [21]. According to reports, pyrimidine derivatives 
exhibit anti-inflammatory [22], antimicrobial activity [23], 
anticancer [24], anti-HIV activity [25], antiplatelet [26], 
antihypertensive [27], antiviral [28], antifungal [29], anti-
Alzheimer's [30], antidiabetic [31], antitubercular [32], antioxidant 
[33], antidepressant [34], analgesic [35], anticonvulsant [36], anti-
Parkinson [37], and antihyperlipidemic activity [38]. 

Inflammation is the body's defense mechanism that fights against 
dangerous stimulants that harm tissues and cells; however, 
unrestricted inflammation is the primary factor behind some 
illnesses, including allergies, cardiovascular diseases, cancer, and 
autoimmune disorders [39]. The complex biological process of 
inflammation includes the activation of immune cells, the release of 
signaling molecules, and changes in blood flow. Eliminating the 
source of cell injury, removing damaged cells and tissues, and 
starting tissue repair are the main purposes of inflammation. In the 
context of acute inflammation, the body's response is typically well-
regulated and aims to resolve the issue efficiently. This acute 
inflammatory response is essential for maintaining overall health 
and has a significant impact on defending the body against infections 
and injuries. However, when the inflammatory process is not 
properly regulated or if the initial cause of inflammation persists, it 
can lead to chronic inflammation [40]. Prostaglandins are lipid 
compounds that are essential to the process of inflammation. They 
are created by the cells in the body through a series of enzymatic 
reactions, with the Cyclooxygenase (COX) enzyme being an 
important player in this process [41]. Mammals contain two 
catalytically functional COX isoforms, COX-1 and COX-2. There are 
significant parallels between the COX-1 and COX-2 protein 
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sequences, as well as in their catalytic mechanisms. Both isoforms 
take part in converting arachidonic acid into prostaglandins [42]. 
Non-steroidal anti-inflammatory Drugs (NSAIDs) are in general, 
given as analgesics, anti-inflammatories, and antipyretics. NSAIDs 
function by blocking the COX enzymes, which lowers the amount of 
prostaglandins that are produced [43]. 

Even though this discipline has achieved substantial progress, 
finding novel anti-inflammatory compounds is still an essential field 
of study. Conventional medical care using steroidal or nonsteroidal 
agents may indeed have limitations, such as inefficiency and 
undesirable side effects. That's why scientists and researchers are 
constantly exploring innovative approaches to discover safer and 
more effective anti-inflammatory compounds. This enables the 
development of novel compounds that specifically target 
inflammatory pathways, minimizing side effects and maximizing 
therapeutic benefits [44]. We have performed in silico studies to 
screen the inhibitory effect of designed quinoline-linked pyrimidine 
derivatives on COX enzymes. 

MATERIALS AND METHODS 

Docking studies 

The in silico analysis was performed on Maestro version 13.5.128, 
MMshare Version 6.1.128, Release 2023-1, with Linux-x86_64 
operating system. 

Ligand preparation 

Chemical structures of compounds are designed using ChemDraw, 
and then their structures are converted to SMILES format. The 
SMILES representations of the designed compounds are then 
imported into Schrödinger. The Schrödinger module LigPrep 
(https://www.schrodinger.com/platform/products/ligprep/) is 
used for ligand preparation. It neutralizes charged groups in the 
ligands by adding or removing hydrogen ions. This step is necessary 
before ionization states can be generated. It removes extra 
molecules, such as counter ions in salts and water molecules, to 
obtain a clean and representative structure of the ligand. LigPrep 
eliminates different tautomeric forms of a molecule. The prepared 
ligands in 2D structures are converted to 3D structures [45]. 

Protein preparation  

The X-ray crystal structures for the COX-2 and COX-1 enzymes were 
taken from the Protein Data Bank (PDB) (https://www.rcsb.org/) 
with PDB IDs of 5IKR and 6Y3C, correspondingly. The protein 
structures were imported and processed using Schrödinger's 
Protein Preparation Wizard. Preprocessing includes assignments of 
bond orders and formal charges, correction of bond order errors, 
and addition of missing atoms. Carried out the protein structural 
optimization. Refinement of bond lengths, angles, and torsion angles 
might be essential to provide a more realistic depiction of the 
original structure. Eliminated water molecules from the structure of 
the protein. To streamline the system and concentrate on the ways 
that ligands and proteins interact, this phase is important. The 
protein's energy was minimized to produce a stable shape. Finding a 
low-energy state entails modifying the atomic locations during 
minimization. To further enhance its quality, the protein's structure 
was further improved. This stage could involve more refinement or 
optimization to improve the protein model's accuracy. The most 
pertinent ionization state was selected once the ionization states of 
amino acid residues were determined. To create a grid for molecular 
docking, Receptor Grid Generation Wizard was utilized. To do this, a 
3D grid must be defined around the protein's active region, where 
ligands are to be docked [46]. 

Molecular docking 

The ligand is docked into the protein binding site using the Glide 
docking technique 
(https://www.schrodinger.com/platform/products/glide/). Glide 
assesses and ranks various ligand poses according to their expected 
binding affinities using a scoring algorithm. How the protein and 
ligand interact is evaluated by the scoring function. We analyze 
docking poses in the Extra-Precision mode (XP mode). The program 
examines many interactions, such as steric conflicts, metal-ligation 

interactions, hydrophobic interactions, and hydrogen bonding. This 
stage sheds light on the characteristics of the interactions between 
ligands and proteins. The Glide Score function is used for the final 
scoring [47].  

Molecular mechanics/Generalized born surface area (MM-
GBSA)  

Protein-ligand complex binding free energy is estimated using Prime 
MM-GBSA 
(https://www.schrodinger.com/platform/products/prime/). It 
computes the energy changes related to ligand binding to a protein 
receptor by combining continuum solvation models with force fields 
from molecular mechanics. The binding free energy, or ΔG bind, is 
determined by deducting the complex's energy from the energies of 
the separated protein and ligand after considering any entropy 
contributions and the solvation-free energy [48]. 

ADMET studies 

Schrödinger's QikProp 
(https://www.schrodinger.com/platform/products/qikprop/) tool 
is designed to anticipate different physicochemical and ADME 
features of organic compounds. The abbreviation ADME refers to the 
processes of absorption, distribution, metabolism, and excretion—
all important elements in comprehending how drug-like compounds 
behave within the human body. Numerous physicochemical 
parameters, like molecular weight, hydrogen bond donors and 
acceptors, lipophilicity (log P), Polar Surface Area (PSA), and more, 
can be computed using QikProp. The program makes predictions for 
characteristics of ADME, including oral absorption in humans, blood-
brain barrier penetration, and aqueous solubility, among others. The 
molecules' Three-Dimensional (3D) structure, which accounts for 
their structural characteristics and conformational flexibility, is the 
basis for the predictions [49]. The toxicity and drug-likeness of the 
designed quinoline-linked pyrimidine derivatives were determined 
by using the OSIRIS property explorer (https://www.organic-
chemistry.org/prog/peo). To calculate various drug-relevant 
properties, OSIRIS Property Explorer uses chemical structures. Color 
codes and values are used to express the results. C log P, solubility, 
drug score, drug-likeness and toxicity parameters such as 
tumorigenic, mutagenicity, reproductive effect, and irritant effect are 
some of the properties analyzed [50]. 

Molecular dynamics (MD) simulation studies 

Among the designed compounds, QPDT6 showed the highest 
docking score and it is further analyzed by MD simulation studies. 
The Schrödinger LLC software was used to do MD simulations to 
analyze compound QPDT6. The duration of these simulations was 
100 nanoseconds, generating 1000 frames at 20 picosecond 
intervals. The SPC model was utilized to achieve solvation while the 
system was kept under orthorhombic boundary conditions. To 
verify the neutrality of the systems, the charges on the models were 
neutralized by the introduction of sodium and chloride ions. The box 
size was determined using a buffering technique, and the systems 
underwent 2000 energy reduction iterations with a convergence 
threshold of 25 kcal mol−1A°−1. Following energy minimization, 
simulations using the NPT ensemble were run at 300 Kelvin 
temperature and 1 bar pressure [51]. 

RESULTS 

In silico studies were carried out for designed quinoline-linked 
pyrimidine derivatives. QPDG, QPDU, and QPDT are the three series 
of compounds that were designed. Table 1 illustrates the structures 
of designed compounds from each series. 

Physicochemical properties 

The physicochemical properties of the designed compounds are 
listed in table 2. There are no violations of Lipinski's rule of five, 
and the values of all the compounds are within the recommended 
limit. 

ADMET properties 

ADME properties of designed quinoline derivatives are determined 
by the Qikprop module of Schrödinger and it is given in table 3.

https://www.schrodinger.com/platform/products/ligprep/
https://www.rcsb.org/
https://www.schrodinger.com/platform/products/glide/
https://www.schrodinger.com/platform/products/prime/
https://www.schrodinger.com/platform/products/qikprop/
https://www.organic-chemistry.org/prog/peo
https://www.organic-chemistry.org/prog/peo
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Table 1: Structures of designed quinoline-linked pyrimidine derivatives 

QPDG series QPDU series QPDT series 
Ligand ID Structure Ligand ID Structure Ligand ID Structure 
QPDG1 

 

QPDU1 

 

QPDT1 

 
QPDG2 

 

QPDU2 

 

QPDT2 

 
QPDG3 

 

QPDU3 

 

QPDT3 

 
QPDG4 

 

QPDU4 

 

QPDT4 

 

QPDG5 

 

QPDU5 

 

QPDT5 

 
QPDG6 

 

QPDU6 

 

QPDT6 

 
QPDG7 

 

QPDU7 

 

QPDT7 

 
QPDG8 

 

QPDU8 

 

QPDT8 

 

 

Table 2: Physicochemical properties of quinoline-linked pyrimidine derivatives 

Ligand ID Molecular weight QPlogPo/w Donor HB Accpt HB Rule of five 
QPDG1 347.806 3.108 3.5 4.5 0 
QPDG2 347.806 3.104 3.5 4.5 0 
QPDG3 361.833 3.4 3.5 4.5 0 
QPDG4 361.833 3.399 3.5 4.5 0 
QPDG5 377.832 3.225 3.5 5.25 0 
QPDG6 377.832 3.227 3.5 5.25 0 
QPDG7 382.251 3.587 3.5 4.5 0 
QPDG8 382.251 3.587 3.5 4.5 0 
QPDU1 348.791 3.499 2.5 4 0 
QPDU2 348.791 3.496 2.5 4 0 
QPDU3 362.818 3.802 2.5 4 0 
QPDU4 362.818 3.799 2.5 4 0 
QPDU5 378.817 3.611 2.5 4.75 0 
QPDU6 378.817 3.612 2.5 4.75 0 
QPDU7 383.236 3.984 2.5 4 0 
QPDU8 383.236 3.985 2.5 4 0 
QPDT1 364.851 4.486 2.3 4 0 
QPDT2 364.851 4.483 2.3 4 0 
QPDT3 378.878 4.787 2.3 4 0 
QPDT4 378.878 4.788 2.3 4 0 
QPDT5 394.878 4.596 2.3 4.75 0 
QPDT6 394.878 4.597 2.3 4.75 0 
QPDT7 399.297 4.976 2.3 4 0 
QPDT8 399.297 4.973 2.3 4 0 
Anthrafenine 588.551 8.031 0 5.500 2 
Epirizole 234.257 3.082 0 3.000 0 

 

Molecular docking 

The designed quinoline-linked pyrimidine derivatives were placed 
for molecular docking analysis with two COX enzymes, and the 
interactions between the enzyme and compounds were analyzed. 
The docking scores were compiled in table 5 for COX-1 and COX-2 
enzymes with PDB ID 6Y3C and 5IKR correspondingly. 2D and 3D 
interaction of designed quinoline-linked pyrimidine derivatives 

with enzymes COX-2 and COX-1 was given in fig. 1 and fig. 2, 
respectively. 

MM-GBSA 

The ligand binding free energy (ΔG bind) of docked molecules was 
predicted using the Prime MM-GBSA technique and presented in 
the corresponding table 6 and table 7 for COX-2 and COX-1, 
respectively.
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Table 3: ADME properties of quinoline-linked pyrimidine derivatives 

Ligand ID %HOAa QPPCacob Qplog Khsac Qplog BBd QPlog HERGe QPPMDCKf 

QPDG1 88.655 269.894 0.26 -1.197 -6.442 254.947 
QPDG2 88.571 267.811 0.26 -1.201 -6.437 252.132 
QPDG3 90.369 270.043 0.404 -1.243 -6.351 254.556 
QPDG4 90.311 268.235 0.404 -1.247 -6.35 252.612 
QPDG5 89.34 269.762 0.294 -1.297 -6.324 254.286 
QPDG6 89.296 267.979 0.296 -1.301 -6.327 252.676 
QPDG7 91.469 270.099 0.365 -1.057 -6.352 628.505 
QPDG8 91.408 268.094 0.366 -1.061 -6.353 623.362 
QPDU1 91.627 294.607 0.419 -1.153 -6.433 280.381 
QPDU2 91.561 292.725 0.419 -1.156 -6.429 277.918 
QPDU3 93.405 294.744 0.571 -1.199 -6.347 280.566 
QPDU4 93.336 292.883 0.571 -1.201 -6.344 278.141 
QPDU5 92.279 294.55 0.447 -1.252 -6.315 279.524 
QPDU6 92.241 292.802 0.448 -1.255 -6.318 278.015 
QPDU7 94.475 294.805 0.529 -1.012 -6.344 691.179 
QPDU8 94.43 292.949 0.53 -1.016 -6.346 687.079 
QPDT1 100 1160.359 0.518 -0.333 -6.532 3536.192 
QPDT2 100 1152.066 0.518 -0.336 -6.528 3500.718 
QPDT3 100 1160.248 0.671 -0.361 -6.435 3526.456 
QPDT4 100 1152.789 0.672 -0.364 -6.437 3504.98 
QPDT5 100 1159.294 0.544 -0.417 -6.411 3524.533 
QPDT6 100 1151.81 0.545 -0.421 -6.414 3502.382 
QPDT7 100 1160.659 0.631 -0.179 -6.444 8731.041 
QPDT8 100 1152.734 0.631 -0.182 -6.44 8647.378 
Anthrafenine 100 655.728 1.764 0.413 -8.760 6685.361 
Epirizole 100 4946.865 0.109 0.158 -4.249 2785.086 

aPercent human oral absorption, bApparent caco-2 cell permeability, cBinding to human serum albumin, dBrain/blood partition coefficient, eBlockage 
of HERG K+channels, fApparent MDCK cell permeability. 

The toxicity calculations and drug-relevant properties of designed quinoline-linked pyrimidine derivatives were determined using Osiris property 
explorer and it is given in table 4. 

 

Table 4: Toxicity calculation Drug likeness/scores of quinoline-linked pyrimidine derivatives based on Osiris property explorer 

Drug-relevant properties Toxicity 
Ligand ID C log P Solubility Drug 

likeness 
Drug 
score 

Tumorigenic Reproductive 
effect 

Irritant effect Mutagenicity 

QPDG1 3.63 -5.80 -3.42 0.43 Green Green Green Green 
QPDG2 3.63 -5.80 -0.97 0.53 Green Green Green Green 
QPDG3 3.97 -6.14 -4.40 0.40 Green Green Green Green 
QPDG4 3.97 -6.14 -1.97 0.45 Green Green Green Green 
QPDG5 3.56 -5.81 -2.73 0.43 Green Green Green Green 
QPDG6 3.56 -5.81 -0.41 0.57 Green Green Green Green 
QPDG7 4.24 -6.53 -2.48 0.41 Green Green Green Green 
QPDG8 4.24 -6.53 -0.18 0.55 Green Green Green Green 
QPDU1 3.96 -5.42 -3.34 0.42 Green Green Green Green 
QPDU2 3.96 -5.42 -0.92 0.52 Green Green Green Green 
QPDU3 4.31 -5.77 -4.32 0.39 Green Green Green Green 
QPDU4 4.31 -5.77 -1.92 0.43 Green Green Green Green 
QPDU5 3.89 -5.44 -2.67 0.42 Green Green Green Green 
QPDU6 3.89 -5.44 -0.36 0.56 Green Green Green Green 
QPDU7 4.57 -6.16 -2.50 0.39 Green Green Green Green 
QPDU8 4.57 -6.16 -0.19 0.53 Green Green Green Green 
QPDT1 4.12 -6.32 -5.64 0.39 Green Green Green Green 
QPDT2 4.12 -6.32 -3.21 0.41 Green Green Green Green 
QPDT3 4.47 -6.67 -6.62 0.37 Green Green Green Green 
QPDT4 4.47 -6.67 -4.21 0.37 Green Green Green Green 
QPDT5 4.05 -6.34 -4.96 0.39 Green Green Green Green 
QPDT6 4.05 -6.34 -2.65 0.41 Green Green Green Green 
QPDT7 4.73 -7.06 -4.76 0.35 Green Green Green Green 
QPDT8 4.73 -7.06 -2.46 0.37 Green Green Green Green 
Antrafenine 6.39 -6.43 0.49 0.07 Red Red Green Red 
Epirizole 1.26 0.19 2.81 0.94 Green Green Green Green 

 

MD simulation 

Based on the docking score, the compound QPDT6 was selected from 
the designed molecules for further MD simulation investigation. MD 
simulation was run for 100 ns on an explicit hydration environment 

to evaluate compound QPDT6's stability in a complex with 5IKR. 
Root mean Square Deviation (RMSD), Root mean Square Fluctuation 
(RMSF), protein-ligand contact mapping, and ligand-protein contacts 
were used to assess the MD simulation data. Throughout the 
trajectory analysis, the average displacement of a set of atoms in 
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each frame concerning a reference frame is measured using the 
RMSD, which sheds light on structural changes with time. Tracking 
the protein's RMSD during the simulation can reveal details about 
structural conformation. Ligand RMSD reflects the stability of the 
ligand with the protein and its binding pocket (fig. 3A). The RMSF is 
valuable for identifying local variations along the protein chain (fig. 

3B). Interactions between the enzyme 5IKR and the ligand QPDT6 
can be tracked throughout the simulation. The 'Simulation 
Interactions Diagram' panel allows for the exploration of more 
detailed subtypes within each interaction type (fig. 3C). A schematic 
of detailed interactions of atoms of QPDT6 with the 5IKR residues is 
given in fig. 3D. 

 

Table 5: Glide docking scores (kcal mol−1) of the quinoline-linked pyrimidine derivatives on enzymes COX-2 (PDB ID: 5IKR) and COX-1 
(PDB ID: 6Y3C) 

Ligand ID Docking score (kcal mol−1) 
COX-2 COX-1 

QPDG1 -6.698 -6.410 
QPDG2 -6.923 -6.137 
QPDG3 -7.026 -6.844 
QPDG4 -6.772 -6.981 
QPDG5 -6.695 -7.050 
QPDG6 -6.874 -6.460 
QPDG7 -6.163 -6.469 
QPDG8 -6.511 -2.836 
QPDU1 -6.303 -7.483 
QPDU2 -6.239 -6.632 
QPDU3 -6.764 -6.715 
QPDU4 -6.778 -7.157 
QPDU5 -6.699 -6.970 
QPDU6 -7.366 -6.721 
QPDU7 -6.795 -6.958 
QPDU8 -6.717 -5.636 
QPDT1 -6.428 -6.630 
QPDT2 -6.819 -6.869 
QPDT3 -5.905 -6.612 
QPDT4 -6.593 -7.104 
QPDT5 -6.647 -7.132 
QPDT6 -7.609 -5.624 
QPDT7 -6.768 -6.815 
QPDT8 -6.534 -6.955 
Anthrafenine -6.798 -7.127 
Epirizole -4.632 -5.318 

 

Table 6: MM-GBSA for quinoline-linked pyrimidine derivatives with COX-2 

Ligand ID ΔG Bind 
(kcal mol−1)a 

ΔG Bind Coulombb ΔG Bind Covalentc ΔG Bind 
Hbondd 

ΔG Bind 
lipophilice 

ΔG Bind van 
derf 

QPDG1 -25.89 -1.61 2.87 -1.03 -32.79 -37.82 
QPDG2 -40.71 -9.99 2.38 -1.59 -23.91 -44.46 
QPDG3 -58.80 -14.26 2.36 -2.42 -30.75 -44.48 
QPDG4 -27.22 -5.30 1.68 -1.71 -23.88 -42.55 
QPDG5 -44.40 -9.60 -0.20 -1.09 -25.29 -46.86 
QPDG6 -44.81 -12.51 1.87 -1.77 -24.91 -46.00 
QPDG7 -28.35 -1.27 1.34 -0.95 -25.64 -43.49 
QPDG8 -29.33 -2.69 2.64 -1.61 -25.43 -43.31 
QPDU1 -28.62 1.92 0.86 -0.23 -33.56 -37.76 
QPDU2 -49.94 -13.39 5.96 -1.95 -29.25 -44.99 
QPDU3 -59.22 -14.96 2.29 -2.52 -30.78 -44.28 
QPDU4 -28.16 -6.52 1.58 -0.97 -23.71 -43.33 
QPDU5 -43.14 -9.43 0.07 -0.43 -25.13 -46.52 
QPDU6 -44.81 -13.82 2.31 -1.15 -24.07 -45.53 
QPDU7 -65.22 -13.68 2.45 -2.54 -34.49 -44.36 
QPDU8 -30.60 -6.41 1.63 -0.97 -24.94 -43.18 
QPDT1 -56.64 -14.59 2.50 -2.28 -24.56 -42.16 
QPDT2 -42.44 -8.03 1.95 -0.91 -24.35 -46.13 
QPDT3 -43.48 -5.17 -0.02 -0.19 -26.96 -47.51 
QPDT4 -37.20 -16.01 1.22 -2.17 -20.29 -34.18 
QPDT5 -45.43 -7.34 -0.11 -0.38 -25.93 -47.94 
QPDT6 -45.55 -9.33 1.55 -1.10 -25.37 -47.90 
QPDT7 -67.67 -12.98 3.11 -2.34 -34.14 -45.55 
QPDT8 -39.55 -15.07 1.23 -2.15 -21.46 -34.42 
Epirizole -44.74 -10.82 3.57 -0.30 -22.53 -32.17 
Antrafenine -40.67 -17.33 10.04 -1.10 -27.80 -47.61 

aFree energy of binding, bCoulomb energy, cCovalent energy, dHydrogen bonding energy, eHydrophobic energy, fVan der waals energy 
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Fig. 1: 2D and 3D interaction of compound (A) QPDG3 with 5IKR, (B) QPDU6 with 5IKR, (C) QPDT6 with 5IKR 
 

Table 7: MM-GBSA for quinoline-linked pyrimidine derivatives with COX-1 

Ligand ID ΔG Bind (kcal 
mol−1)a 

ΔG Bind Coulombb ΔG Bind Covalentc ΔG Bind H bondd ΔG Bind lipophilice ΔG Bind van derf 

QPDG1 -67.14 -11.53 2.87 -3.68 -28.44 -43.52 
QPDG2 -68.51 -13.01 3.62 -5.24 -28.40 -43.73 
QPDG3 -66.71 -13.74 4.28 -3.49 -34.34 -44.31 
QPDG4 -66.61 -14.47 5.31 -5.50 -34.05 -43.36 
QPDG5 -66.77 -13.07 3.33 -3.53 -32.85 -42.91 
QPDG6 -68.29 -14.34 4.60 -5.49 -32.99 -41.65 
QPDG7 -72.79 -9.87 4.34 -3.50 -38.27 -45.42 
QPDG8 -73.85 -11.47 5.01 -5.48 -37.98 -44.54 
QPDU1 -68.99 -19.11 2.82 -2.58 -28.41 -42.22 
QPDU2 -69.05 -15.94 3.47 -5.35 -28.44 -43.61 
QPDU3 -68.60 -17.25 4.22 -3.55 -34.36 -44.09 
QPDU4 -68.44 -17.96 5.14 -5.60 -34.15 -43.13 
QPDU5 -68.26 -16.29 3.33 -3.58 -32.88 -42.72 
QPDU6 -68.79 -18.54 4.76 -5.57 -33.11 -41.35 
QPDU7 -74.74 -13.93 4.24 -3.61 -38.28 -45.14 
QPDU8 -75.44 -14.93 4.93 -5.59 -38.03 -44.40 
QPDT1 -65.40 -12.30 3.32 -3.67 -29.12 -44.28 
QPDT2 -70.82 -13.69 3.43 -5.24 -28.34 -44.87 
QPDT3 -68.94 -14.16 4.12 -3.45 -34.18 -45.52 
QPDT4 -67.58 -12.07 5.94 -5.30 -34.54 -45.03 
QPDT5 -69.57 -13.97 3.27 -3.52 -32.82 -44.09 
QPDT6 -70.17 -16.03 4.74 -5.51 -32.98 -42.72 
QPDT7 -74.74 -7.44 3.03 -3.58 -36.77 -45.34 
QPDT8 -75.94 -12.16 4.65 -5.47 -37.79 -45.73 
Antrafenine -55.56 -2.84 4.12 -0.22 -37.37 -60.74 
Epirizole -46.24 -11.56 1.84 -0.91 -21.76 -33.71 

aFree energy of binding, bCoulomb energy, cCovalent energy, dHydrogen bonding energy, eHydrophobic energy, fVan der waals energy 
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Fig. 2: 2D and 3D interaction of compound (A) QPDG5 with 6Y3C, (B) QPDU1 with 6Y3C, (C) QPDT5 with 6Y3C 
 

 

Fig. 3: MD simulation analysis of QPDT6 in complex with enzyme 5IKR (A) Protein-ligand RMSD (B) Protein RMSF (C) Protein-ligand 
contacts (D) Ligand-protein contacts 
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Fig. 4: MD simulation analysis of Antrafenine in complex with enzyme 5IKR (A) Protein-ligand RMSD (B) Protein RMSF (C) Protein-ligand 
contacts (D) Ligand-protein contacts 

 

RMSD, RMSF, protein-ligand contact mapping, and ligand-protein 
contacts were analyzed for the standard drug Antrafenine during MD 
simulation and it is given in fig. 4. 

DISCUSSION 

Bioavailability is crucial for a compound to elicit a biological 
response, as poor bioavailability leads to ineffectiveness. Predicting 
pharmacokinetic parameters before drug development is essential 
to optimize compounds and reduce costs. Therefore, studying 
molecular parameters is vital [52]. The in silico ADMET studies of the 
quinoline derivatives, revealed that all the developed compounds 
exhibit excellent pharmacokinetic characteristics, Furthermore, 
these compounds demonstrated a tolerable toxicity profile, aligning 
with favorable drug-like properties. All pharmacokinetic parameters 
of the quinoline-based derivatives were found to be within the 
acceptable range [53]. 

Similarly, this study assessed the physicochemical and ADMET 
properties of designed compounds. The molecular weights of all the 
designed quinoline-linked pyrimidine derivatives, which range from 
321.765 to 399.297, are less than 500. The log P values are less than 
five ranging from 3.104-4.976. Lipinski's rule of five is satisfied by 
the compounds because they have an appropriate number of 
hydrogen bond donors (less than five), acceptors (less than ten), log 
P, and molecular weight, which is consistent with experimental 
standards. Designed compounds showed a high percentage of 
human oral absorption, above 88%. QPDT series compounds 
showed great apparent Caco-2 cell permeability and apparent MDCK 
cell permeability; the values for the other series are within the 
recommended limit. Brain/blood partition coefficient and predicted 
binding to human serum albumin values are within the 
recommended range.  

By using the Osiris property explorer, the molecules can be 
anticipated according to their functional groups. The results are 
displayed in three different colors: red, yellow, and green. The color 
red denotes a high danger of toxicity, yellow is a medium risk, and 
green is a low risk. The results suggest that all the compounds 
showed green color and they are safe and do not exhibit any toxicity 
in terms of carcinogenicity, mutagenicity, irritability, or harm to the 

reproductive system. The compounds possess acceptable drug 
scores. 

Molecular docking studies were performed to determine the in silico 
anti-inflammatory activity of developed compounds. A molecular 
docking study for quinoline-incorporated pyrazole derivatives and 
Quinoline-2-Carboxamides was carried out on the COX-2 binding 
pocket. These compounds showed good binding characteristics and 
anti-inflammatory action within the COX-2 active site [54, 55]. 
Likewise, in the present study, COX enzymes were selected as 
targets. X-ray crystal structures of COX-2 (PDB ID: 5IKR) and COX-1 
(PDB ID: 6Y3C) were obtained from the protein data bank. 

In the QPDG series, compound QPDG3 showed the highest docking 
score of-7.026kcal/mol with COX-2, and with COX-1, QPDG5 
displayed the highest docking score (table 5). QPDG3 showed 
hydrogen bonding with His 207 and His 386 through nitrogen and 
amino group respectively. It also shows pi-pi stacking with His 207 
through the quinoline ring (fig. 1A). QPDG5 showed hydrogen 
bonding with Glu 454 and Thr 206 through the amino group and 
nitrogen atom, respectively. It shows pi-pi stacking with Hie 207, His 
388, and His 386 through aromatic rings (fig. 2A).  

The compounds of the QPDU series, QPDU6, and QPDU1, have the 
highest docking scores with COX-2 and COX-1, respectively, at-7.366 
and-7.483 kcal/mol (table 5). QPDU6 showed hydrogen bonding 
with Ala 199 and Asn 382 through amino and hydroxyl groups, 
respectively. It also showed pi-pi stacking with His 388, His 386, and 
His 207 through aromatic rings and halogen bond with Gln 203 and 
His 207 via chloride group on the quinoline ring (fig. 1B). QPDU1 
showed hydrogen bonding with Thr 212 and Thr 206 via amino 
group and nitrogen atom respectively. It also showed two more 
hydrogen bonds with Gln 203 through the nitrogen atom and 
hydroxyl group of the pyrimidine ring. Pi-pi stacking was observed 
with His 386, his 388, and Hie 207 through aromatic rings (fig. 2B). 

QPDT6 and QPDT5 in the QPDT series compound demonstrated the 
highest docking scores, respectively, of-7.609 kcal/mol and-7.132 
kcal/mol with COX-2 and COX-1 (table 5). QPDT6 showed hydrogen 
bonding with Ala 199, Asn 382, Pi-pi stacking with His 388, His 207 
and halogen bonding with His 207, Gln 203 (fig. 1C) QPDT5 showed 



D. K. et al. 
Int J App Pharm, Vol 16, Issue 6, 2024, 147-157 

155 

hydrogen bonding with Glu 454, Hie 207, Thr 206 and pi-pi stacking 
with His 386, His 388, Hie 207 (fig. 2C). 

The binding free energy of the protein-ligand complexes was found 
to verify the docking studies of the lead compound. The stability of a 
specific protein-ligand combination is determined by the binding 
energy (ΔG bind) released during bond formation, or rather, while 
the ligand and protein are interacting. All the compounds showed 
good binding-free energy, with values that ranged from-25.89 to-
67.67 kcal mol−1 with COX-2 (table 6). The binding-free energy with 
COX-1 is between the range of-65.40 to-75.94 kcal mol−1 (table 7). 
The compounds QPDT7 and QPDT8 showed the highest binding free 
energy with COX-2 and COX-1 correspondingly. 

The stability of compound QPDT6 in a complex with 5IKR was 
analyzed by performing MD simulations. An essential component of 
the MD simulation pathway that anticipates Cα variation in a 
dynamic environment is the protein Cα RMSD. There are not many 
fluctuations in the RMSD value of protein and ligand. Thus, it 
remains stable during the simulation. If the ligand's RMSD value is 
less than the protein's RMSD, it means that the ligand hasn't 
disseminated from its original binding site (fig. 3A). For every 
protein residue, the average variation from the starting point is 
calculated using RMSF. The RMSF identifies a particular protein 
structural element that departs from the average. The stability of 
protein molecules coupled to small molecules can be assessed using 
the RMSF of individual amino acids. The RMSF of each amino acid in 
the 5IKR protein coupled to compound QPDT6 is shown in fig 3B. 
QPDT6 interacts with 21 amino acids in the 5IKR. Most of the 
fluctuations are less than 2 A°, hence the residues are stable. The 
fluctuations are very low for most of the residues interacting with 
ligands. Which suggests that during the simulation, the interactions 
are quite stable. How the ligand and protein interacted was 
observed during the simulation. Within the time frame that has been 
set, Asn 382 forms water bridges, His 386 forms hydrophobic 
interaction for the majority of the time and it also forms water 
bridges for a very short period. Fig. 3C illustrates the specific 
sequence relationships amongst the various amino acid residues 
present in the complex QPDT6–5IKR. An illustration of detailed 
interactions of QPDT6 with the 5IKR residues is shown in fig. 3D. 
These interactions are stable for 51 – 58% of the simulation time.  

CONCLUSION 

In this study, we assessed the binding interactions of designed 
quinoline-linked pyrimidine derivatives with COX-1 and COX-2 
enzymes using a thorough computational approach. The results of 
docking studies indicated that there were promising interactions 
between the ligands and the enzymes' active sites with QPDT6 
showing the highest docking score. Using MD simulations, QPDT6's 
behavior was further investigated and its stability and 
conformational dynamics were demonstrated. Schrödinger's 
QikProp program was utilized to analyze the ADME properties. The 
results showed that quinoline derivatives have favorable 
physicochemical characteristics for drug-likeness, suggesting that 
they could be developed further as pharmaceutical agents. The 
compounds' toxicity properties were further investigated using 
Osiris Property Explorer and all the designed compounds were 
found to be safe. Additionally, the protein-ligand complexes' binding 
free energy was ascertained using the MM-GBSA approach, which 
offered crucial information regarding the strength of their 
interactions. The proposed compounds exhibit strong binding 
affinities to COX enzymes, stable interactions in MD simulations, and 
favorable drug-like features. These results lend support to the need 
for more research and development of these substances as possible 
anti-inflammatory drugs. To verify these compounds' safety and 
efficacy profiles, more research is required for synthesizing these 
compounds and in vitro and in vivo testing. 
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