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Abstract

Purpose: To investigate the molecular interaction of Naproxen and cyclooxygenase (COX) using a
docking approach.

Methods: Naproxen structure was built and energy minimized in HyperChem to afttain its stable
conformation. The COX receptor (PDB ID: 6COX) was prepared by stripping water molecules and co-
crystal ligands, adding polar hydrogens and assigning charge prior to performing molecular docking.
AutoDock Vina was used to dock Naproxen to predict its orientation within the COX active site.

Results: The docking yielded five binding modes with the best-ranked pose having a binding affinity of
—7.643 kcal/mol, which indicates favorable binding. Visualization by PyMOL indicates that Naproxen fits
well inside the COX binding pocket, where the aromatic core is buried deep in the hydrophobic channel,
while the carboxylic group is directed toward the pocket entrance, supporting stabilizing interactions.
Conclusion: Naproxen binds within the COX active site with a predicted binding affinity of —7.643
kcal/mol. The ligand is stabilized by hydrophobic interactions and hydrogen bonding.
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INTRODUCTION

The important role of cyclooxygenase (COX)
enzymes in initiating inflammation is particularly
associated with the COX-2 variant. These
enzymes catalyze the conversion of arachidonic
acid into prostaglandins, which are important
mediators of inflammation, pain and fever [1]. In
many parts of the body, COX-1 is constitutively
expressed in normal tissues. However, COX-2 is
not typically present except temporarily during
and after inflammation, where it tends to be
expressed to a greater extent [2].
Cyclooxygenase-2 (COX-2) has become an
important target for pharmacological intervention

as the basis for anti-inflammatory therapies.
Naproxen is one of the most widely used
NSAIDs, used for the treatment of a good
number of inflammatory conditions, including
arthritis, pain in muscles, and menstrual cramps.
Naproxen inhibits the activity of COX enzymes,
thereby reducing the formation of the
prostaglandins whose action leads to pain and
inflammation [3]. Although proven useful
clinically, understanding the detailed behavior of
Naproxen and COX-2 interactions at a molecular
level will give additional insight into its action,
and may assist drug design efforts aimed at safer
and more selective agents.
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In recent years, various computational
approaches based on modeling and docking
have been developed for studying interactions
between a drug and target protein. This yields
predictions of how the bound drug will orient
itself, along with estimates of binding energy and
details of important stabilizing interactions, mode
of action, and effect of binding [4]. Therefore, this
study examined the molecular interaction of
Naproxen with its target enzyme, COX-2, using
following computational workflow from initial
building and  molecular orientation to
visualization. The structure of Naproxen was built
and optimized using HyperChem, while docking
of Naproxen into COX-2 binding site was
performed using AutoDock Vina, and PyMOL
was used to visualize the best binding pose and
examine how Naproxen fits inside the COX
binding pocket. Many researchers have recently
been drawn to how non-steroidal anti-
inflammatory drugs (NSAIDs) interact with the
COX-2 enzyme, due to the advancement in drug
discovery approaches using computers. Docking
and visualizing how NSAIDs bind into the COX
active site and how binding occurs relative to
other inhibitors are valuable for both selectivity,
predicting the strength of binding, and designing
better anti-inflammatory drugs.

Ruslin et al [5] analyzed the interaction of (R)-
Naproxen with COX-2 using a framework
computational strategy, which first performed

pharmacophore modelling of the ligand in
LigandScout and subsequent docking
simulations with AutoDock and iDock, and

reported specific amino acid interactions. Flores
et al [6] compared similar docking analyses of
popular NSAIDs (aspirin, ibuprofen, diclofenac
and naproxen) to selective COX-2 inhibitors
(e.g., celecoxib and etoricoxib) and saw evidence
of higher binding affinities and better selectivity
toward COX-2. Hanjal et al [7] constructed a
virtual library of potential COX-2 inhibitors and,
ultimately, applied molecular docking and
molecular dynamics simulations to screen them,
highlighting two interestingly active compounds
and the power of terrain predictions alongside
ADMET (absorption, distribution, metabolism,
excretion, and toxicity) profiling. Also, Shinu et al
[8] designed and evaluated a compound (MAS-
1696), which potentially inhibited COX-1 and
COX-2, and under docking instructions,
concluded that MAS-1696 showed good
selectivity towards COX-2 compared to S-
Naproxen. These studies displayed the
importance of molecular docking and comparison
within inhibitors to accurately study drug/enzyme
interactions at atomic level. However, many of
the previous studies merely took a docking score
or looked at how the structures compared

against each other, and were not holistic and
illustrative. This current study combined ligand
optimization (HyperChem), docking prediction
(AutoDock Vina), and 3D visualization (PyMOL)
to better understand Naproxen interaction with
COX-2.

EXPERIMENTAL

Molecular modelling using HyperChem

The 2D chemical structure of Naproxen was
generated in HyperChem 8.0.10 software. It was
then converted into a three-dimensional model
and optimized. Using a simple MM+ minimization
followed by a semi-empirical optimization with
PM3, a conformer was obtained (which has
minimal potential energy) before docking and
calculations.

Protein preparation

The 3D crystal structure of the target protein
cyclooxygenase-2 (COX-2) was retrieved from
Protein Data Bank [9]. Protein preparation was
done with AutoDock Tools (ADT) [10]. Water
molecules and any irrelevant ligands were
removed to avoid interference with the docking
process. Polar hydrogen atoms were then added,
and Kollman charges were assigned to the
receptor. The prepared protein structure was
finally saved in PDBQT format.

Ligand preparation

The optimized Naproxen structure was saved in
PDB format and imported into AutoDock Tools.
Polar hydrogens were added and Gasteiger
charges were calculated. The ligand was
converted into PDBQT format, which was
required for docking in AutoDock Vina.

Molecular docking using AutoDock Vina

Using AutoDock Vina (1.2.5) [11], docking
simulations were undertaken on a Windows OS.
A configuration file was created to specify
docking parameters (for example, size of the grid
box centered upon the active site region of the
COX-2 enzyme). Docking procedure was
executed using the command prompt. Several
poses were generated while docking Naproxen
to COX-2 enzyme, and the docking pose with the
lowest binding affinity (kcal/mol) was chosen.

Visualization and interaction analysis using
PyMOL

The constructed docking poses were evaluated
and modeled using PyMOL 2.5 [12] to visualize
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these interactions. In the visualization, the
protein backbone was illustrated as a cartoon,
and naproxen was represented using stick
representations so that the user could quickly
identify naproxen's position within the binding
pocket. Key binding site residues were defined
as those amino acid residues within 5 A of
Naproxen. Surface visualization and distance
measurements of Naproxen were evaluated to
understand how well the surfaces fit against
those of the proteins surrounding them.

Ligand preparation using HyperChem

Naproxen was built in HyperChem and optimized
[13]. The 2D structure of the ligand was used
throughout the molecular drawing. The full 3D
structure was created by using the MM+ force
field, and then semiempirical optimization was
done with the PM3 method. A better structure

visually lets the molecule relax into an ideal
conformation for subsequent docking.

RESULTS

Drawing and optimizing the ligand (Naproxen)
in HyperChem

Naproxen was built manually in HyperChem. It is
known to have a fused aromatic naphthalene
core structure, a methoxy group in the C6-
position, and a propionic acid side chain (Figure
1). Atom types were manually assigned (single,
double, aromatic bond types) to ensure correct
connectivity, and hydrogen atoms were added to
fill all valences. The molecule was then optimized
to yield a reasonably low-energy conformation
(Figure 2). The molecule was saved in PDB
format for use in docking studies (Table 1).
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Figure 1: Structure of Naproxen with HyperChem, with the correct bonds and functional groups (before

optimization)

Figure 2: Total charge density distribution of Naproxen calculated using the HyperChem program by semi-

empirical (PM3) method
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Table 1: Physicochemical properties of Naproxen

Parameters Value

-60100.9828 Kcal/mol
-3119.7424 Kcal/mol
-94.2714 Kcal/mol
-349564.976 Kcal/mol
289463.9939 Kcal/mol
-60101 Kcal/mol
2.518 Debyes
0.08764 Kcal/mol

Total Energy
Binding Energy
Heat of Formation
Electronic Energy
Nuclear Energy
Free Energy
Dipole Moment
RMS Gradient

HOMO Energy -9.3294 ev
LUMO Energy -0.11348 ev
(HOMO —-LUOM) Energy -9.21592 ev

deviation (RMSD) values showed that the poses
were stable in the binding pocket. The small
range of energies suggested that stable
conformations of Naproxen existed in the active
site, with Mode 1 preferentially having the lowest
energy (Table 2).

Table 2: Binding affinites and RMSD values for
Naproxen docked into COX (6COX)

Ligand and receptor in AutoDock Tools

The optimized Naproxen molecule was imported
to AutoDock Tools, where polar hydrogens were
added and Gasteiger charges assigned so that
the correct molecular interactions were assumed
during docking. The target protein
(cyclooxygenase-2) was prepared by removing
all water molecules and any co-crystallized
ligands, adding polar hydrogens, and assigning
charges to make the target protein compatible
with AutoDock Vina (Figure 3).

Docking setup

A docking grid centered around 20, 25, and 30
with dimensions of 40 A x 40 A x 40 A covered
the entire length of the catalytic pocket to provide
an accurate representation of binding sites while
also minimising computation times by setting the
exhaustiveness parameter to 8.

Docking results

The docking run yielded 5 possible binding
poses. Best scoring pose (Mode 1) showed an
affinity of —7.643 kcal/mol binding, which showed
a strong and stable binding to target protein. The
rest of the poses showed slightly less affinity
(=7.583 to -7.154) kcal/mol. Root mean square

Mode Affinity RMSD I.Lb. RMSD u.b.
(kcal/mol)

1.0 -7.643 0.000 0.000

2.0 -7.583 1.188 1.461

3.0 -7.516 1.148 2.125

4.0 -7.157 1.202 2.152

5.0 -7.154 1.668 2.643

Visualization of the best pose

It was observed that the naphthalene aromatic
core of Naproxen was buried within the
hydrophobic channel of COX, and the propionic
acid group reached the entrance of the active
site, allowing -1 stacking (aromatic residues)
(Figure 4).

Hydrogen bonding interactions

Analysis of the hydrogen bonding network
illustrated the potential for forming bonds with
residues from both the carboxylic group in
naproxen and a variety of surrounding polar side
chains located in proximity to the catalytic region
on the cyclooxygenase (COX) enzyme active site
(Figure 5).

Identification of key interacting residues

Through the use of residue mapping, it was
possible to elucidate specific residues located
within the COX active site that participated in
both hydrophobic and hydrogen bonds with
Naproxen (Figure 6).

Figure 3: Optimized naproxen ligand (yellow sticks) near active site of cyclooxygenase (COX) (a cyan colored

cartoon representation of the homodimer)
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Figure 4: Best binding poses for Naproxen (yellow sticks) in COX active site (cyan cartoon). The aromatic core

was deeply inserted

Figure 5: Interacting with polar residues in COX (cyan cartoon) active site via hydrogen bonding (highlighted)

(red dashed lines)

Figure 6: Hydrogen bonding / hydrophobic contacts with COX active site residues, seen engaging naproxen

(yellow sticks) in its binding pocket

Surface representation of the binding pocket

A partially transparent molecular surface of the
COX binding site was prepared to assess the
extent to which flatter Naproxen was
complementary to the catalytic pocket. Naproxen
was deeply seated in a hydrophobic expanse
and its aromatic moiety was largely buried and
shielded from solvent exposure (Figures 7 and
8). Naproxen, being snugly fitted in the pocket,
suggests excellent steric packing leading to

lower degrees of freedom and higher binding
energy.

DISCUSSION

Molecular modeling and in silico docking
simulations are important methodologies in
rational drug discovery, allowing researchers to
evaluate the precise structural mechanisms of
ligand-receptor interaction at an atomic level [14].
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Figure 7: The binding pocket of COX, where Naproxen sits deep inside a hydrophobic cavity

Figure 8: Another view of Naproxen (red) docked deeply within the binding site of COX active site

Cyclooxygenase-2 (COX-2) is a critical
homodimeric, membrane-bound enzyme
that catalyzes the conversion of arachidonic
acid into pro-inflammatory prostaglandins
[15]. Cyclooxygenase-2 (COX-2) is the principal
therapeutic target for non-steroidal anti-
inflammatory drugs (NSAIDs) designed to treat
pain and swelling [15]. Naproxen is a classic,
arylpropionic acid non-selective NSAID [15]. A
rigid fused aromatic naphthalene core, a
methoxy substituent, and a flexible propionic acid
side chain characterize the structure of
Naproxen.

Previous computational and structural studies
revealed that acidic NSAIDs accumulate at
inflammation sites and competitively block the
active site of cyclooxygenase enzymes to inhibit
prostaglandin  biosynthesis [14].  Although
traditional research primarily uses standard
empirical frameworks to elucidate ligand-receptor
interactions, integrating semi-empirical quantum
chemistry provides an additional layer of
precision. This study investigated the molecular
interaction of Naproxen and cyclooxygenase
(COX) using a docking approach. The docking

revealed that Naproxen was buried inside the
COX active-site cavity with a -7.643 kcal/mol
binding pose affinity. The ligand was docked in
the hydrophobic channel where the aromatic
scaffold was stabilized and engaged in aromatic
benzene - interactions while the carboxylic
group was situated near the pocket entrance,
forming polar contacts (i.e., hydrogen bonding).
The flexible propionic acid tail projected outward
towards the more polar opening of the active site.
This distinct feature of the hydrophobic core
anchoring deep in the channel and the polar tail
interacting at the entrance is a classical structural
signature of NSAID binding networks consistently
documented in previous studies [14]. However, a
slight difference was noticed in energy among
predicted modes, indicating that the active site of
the protein can also accommodate naproxen in
more than one stable orientation, which may
allow this ligand to stay docked under biological
conditions. In a few words, the binding mode is
similar to other NSAIDs that also invade the COX
catalytic channel and block access to substrate.

Surface representation of the binding pocket
revealed that Naproxen sat deeply within the
hydrophobic channel, and the aromatic core was
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completely shielded from surrounding water
solvent. This steric effect maximizes Van Der
Waals contacts while restricting the ligand's
remaining degrees of freedom. This combination
of structural locking and favorable
thermodynamics explains the high binding
energy and reliable binding stability observed in
the simulations, consistent with previous
professional drug-design workflows [14].

Limitations of the study

Although this study presents an estimation of
how Naproxen may bind within active site of
cyclooxygenases (COXs) using only traditional
molecular docking techniques that rely on
simplistic scoring schemes and do not
appropriately consider all aspects of protein
flexibility, solvent effects and the evolution of
protein structure over extended periods of time.
As such, predictions for binding affinity are still
only educated guesses and may differ from
actual values obtained via experimental
methods. Future studies involving the Naproxen-
COX complex should be conducted to determine
its long-term stability in the body, using molecular
dynamics as well as realistic simulations or
physiological conditions to predict long-term
stability. Also, future work should include post-
docking calculations to assess the binding free
energies (MM-PBSA/MM-GBSA) associated with
Naproxen-COX complex formation. Comparative
docking studies for all available NSAIDs and
selective  COX-2 inhibitors  will  provide
information regarding the relative selectivity or
affinity of each inhibitor, and conducting in vitro
COX inhibition assays will further strengthen the
findings derived from computational methods.

CONCLUSION

Naproxen binds within the COX active site with
predicted binding affinities of -7.643 kcal/mol,
fitting inside the hydrophobic pocket and

stabilized through hydrophobic contacts and
hydrogen bonding across polar sites.
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