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Most of pathogenic characteristics of Pseudomonas aeruginosa, a very well-known opportunist gram-negative 
bacteria, are modulated by its quorum sensing systems. Therefore, blocking quorum sensing pathways can 
be used as a strategy to confront P. aeruginosa. Non-steroidal anti-inflammatory drugs are among the most 
popular chemicals used as therapeutics against microbial infections. Chemical interaction space of diclofenac 
sodium, a well-known non-steroidal anti-inflammatory drug, has been investigated herein against two major 
receptors (LasI and LasR) involved in quorum sensing system of P. aeruginosa. Optimized structures of lig-
ands and receptors were subjected to molecular docking simulations, applying AutoDock Vina plugin available 
in PyRx software. Results obtained from docking and non-covalent interaction space analyses revealed suit-
able binding energies against both LasI and LasR receptors. However, binding energy of diclofenac sodium 
was more negative for LasR, showing its higher affinity for LasR receptor. Finally, based on our results, it is 
suggested that diclofenac sodium has a good potential to bind both LasI and LasR receptors. This, in turn, can 
followed by downregulation of some virulence factors genes. Therefore, diclofenac sodium can be considered 
as a potent inhibitor of quorum sensing in P. aeruginosa. 
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Introduction
Pseudomonas aeruginosa is recognized as 

an opportunistic nosocomial pathogen associ-
ated with various acute and chronic infections. 
These infections include respiratory tract infec-
tions, bloodstream infection, urinary tract infec-
tions, wound infections, and skin and soft tissue 
infections, particularly in immunocompromised 
patients (Lorenz et al. 2016). Quorum sensing 
(QS) is a bacterial communication mechanism in 
which bacterial cells initiate a series of coordi-
nated behaviors based on the density of signaling 
molecules (Rutherford and Bassler, 2012). Nu-
merous aspects of P. aeruginosa pathogenesis, 
including the secretion of toxins and degrading 
enzymes, iron acquisition, biofilm formation, 
and motility, are controlled by quorum sensing 
(Bjarnsholt et al. 2010). P. aeruginosa possesses 
a complex network of quorum sensing pathways, 
including Las, Rhl, PQS, and IQS, which form 
an intricate and interdependent system. These 
pathways are intricately connected, featuring 
autoregulation and control mechanisms that in-
fluence the overall activity of one another (Pa-
penfort and Bassler, 2016). IQS utilizes a novel 
signaling molecule, 2-(2-Hydroxyphenyl)-4-thi-
azolecarbaldehyde. Besides assessing bacterial 
population density, IQS also responds to phos-
phate scarcity, a frequent stress during infections, 
to control the production of virulence factors. 
Additionally, IQS hinders host cell growth, in-
duces apoptosis, and impairs host DNA dam-
age repair (Wang et al. 2019). The Las and Rhl 
circuits utilize N-acyl-L-homoserine lactones 
(AHLs), whereas the PQS system use quinolo-
nes as signal molecules. In the Las and Rhl net-
works, following an increase in bacterial popu-
lation density, LasI and RhlI synthases generate 
the N-3-oxo-dodecanoyl-L-homoserine lactone 
(3O-C12-HSL) and N-butanoyl-L-homoserine 
lactone (C4-HSL) signals molecules, respective-
ly. At a critical concentration, AHL molecules 
bind to their receptors and initiate the expression 
of various genes.

3O-C12-HSL binds to the LasR regulator, and 
C4-HSL binds to the RhlR regulator (Miranda 
et al. 2022). Discovering substances capable of 

inhibiting the quorum sensing system is a prom-
ising strategy to address bacterial infections and 
drug resistance (Marshall, 2013). Non-steroidal 
anti-inflammatory drugs (NSAIDs) have recently 
gained attention as promising chemicals in mi-
crobial infection chemotherapy (She et al. 2018; 
Askoura et al. 2019; Khodaparast et al. 2022). 
Applying molecular docking simulations, here-
in, chemical interaction space governed by di-
clofenac sodium and LasI/LasR receptors has 
been investigated in P. aeruginosa.
Materials and methods
Preparation of chemical structures
Diclofenac sodium

The 3-D SDfile structure of diclofenac sodi-
um was retrieved from PubChem chemical li-
brary (Kim et al. 2023). Obtained structure was 
geometrically optimized in SYBYL7.3. Tripos 
force field with distance-dependent dielectric 
and Powell conjugate gradient algorithm with 
convergence criterion of 0.01 kcal/mol Å were 
applied for optimization. Partial atomic charges 
were calculated by Gasteiger method (Gasteiger 
and Marsili 1980).
LasI/LasR receptors

The crystallized structures of LasI Synthase 
(PDB ID: 1RO5) and transcriptional activator 
protein LasR (PDB ID: 3IX3) were obtained 
from Protein Data Bank (PDB). Co-crystallized 
ligands and water molecules were removed from 
PDB structures before molecular docking simu-
lations. Then, polar hydrogens were added, and 
the Gasteiger method was used to assign partial 
atomic charges (Gasteiger and Marsili 1980), fol-
lowed by energy minimization utilizing the 1000 
steepest descent gradient algorithm (Pettersen et 
al. 2004; Meza 2010).
Docking simulation analysis
Molecular docking simulation was performed to 
detect the chemical interaction space governed 
by of diclofenac sodium and quorum sensing re-
ceptors (LasI and LasR) of P. aeruginosa. Prior 
to docking, structures of diclofenac sodium and 
receptors were prepared according to methods 
stated earlier above. Afterwards, the SDF file of 
diclofenac sodium was imported into OpenBa-
bel software and converted to PDBQT format, 
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followed by energy minimization via Universal 
Force Field (UFF) algorithm (Dallakyan and Ol-
son, 2015). The molecular docking simulations 
were carried out using the AutoDock Vina (Eber-
hardt et al. 2015) plugin integrated into the PyRx 
software (Dallakyan and Olson, 2015). The 
simulation runs were conducted on a desktop 
equipped with an Intel® Core™ i7-8700K 3.60 
GHz processor and 24 GB DDR4 memory. Ul-
timately, conformations with the lowest binding 
energy were selected and their chemical binding 
patterns were analyzed using Discovery Studio 
Visualizer and Chimera software.

Results 
Docking simulation analysis 

The lowest binding energy values observed 
in docking analysis results were -6 kcal/mol and 
-8.6 kcal/mol, respectively, for diclofenac sodi-
um/LasI and diclofenac sodium/LasR complexes 
(Table 1). This suggests a higher affinity of di-
clofenac sodium for LasR compared to that for 
LasI. Two- and three-dimensional views of di-
clofenac sodium/receptors complexes are shown 
in Figures 1 and 2, while important non-covalent 
interactions which govern diclofenac sodium/re-
ceptors chemical spaces are listed in Table 1.

Table 1. Binding affinities and interacting residues in diclofenac sodium/LasI and diclofenac sodium/LasR complexes

Based on docking simulation analyses, di-
clofenac sodium makes two conventional hydro-
gen bonds with LasI trough Phe105 and Thr144 
(Fig. 1, Table 1). Similarly, the same number 
of hydrogen bonds has been made between di-
clofenac sodium and LasR trough Asp73, Ser129 
(Fig. 2, Table 1). Differential chemical bind-
ing pattern relates to hydrophobic interactions, 
where diclofenac sodium/LasR complex shows 
more than double interactions compared to that 
of diclofenac sodium/LasI complex (Fig. 1 and 
Fig. 2). This suggests that the higher affinity of 
diclofenac sodium for LasR is likely related to 
the hydrophobic chemical space governed by di-
clofenac sodium and LasR receptor.

A closer insight into the hydrophobic chem-
ical space available between diclofenac sodium 
and LasI shows one pi-cation interaction and one 
alkyl interaction built through Arg30 and Val26 
residues, respectively (Fig. 1). Moreover, Ile107 
and Val148 residues of LasI receptor are involved 
in making pi-alkyl interactions with diclofenac 
sodium (Fig. 1). Regarding diclofenac sodium/
LasR complex, on the other hand, there are one 
pi-pi T-shaped interaction and one amide-pi 

stacked interaction, made respectively by Tyr47 
and Gly126, in addition to five pi-alkyl interac-
tions made by Leu36, Val76, Leu125, and Ala127 
residues (Fig. 2). Moreover, other four alkyl in-
teractions are also available between diclofenac 
sodium and LasR which are built through Leu40, 
Ala50, Val76 and Ala127 residues (Fig. 2). The 
higher number of hydrophobic interactions in 
diclofenac sodium/LasR complex compared to 
that in diclofenac sodium/LasI complex is highly 
compatible with calculated binding energies (Ta-
ble 1), suggesting higher affinity of  diclofenac 
sodium for LasR.
Discussion

Pseudomonas aeruginosa is associated with 
different acute and chronic infections such as 
respiratory tract, bloodstream, urinary tract, 
wound, skin and soft tissue infections. Many 
pathogenesis features of P. aeruginosa such as 
toxins/degrading enzymes secretion, biofilm for-
mation and motility are engaged by its quorum 
sensing systems. Therefore, discovery of chem-
ical compounds which are able to block quorum 
sensing systems of P.aeruginosa, can be a prom-
ising strategy to use against bacterial infections 
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and bacterial drug resistance. Since NSAIDs 
have been recently in the center of attention for 
microbial infection therapies, chemical interac-
tion space governed by diclofenac sodium as a 
well-known NASID and major quorum sensing 
receptors (LasI and LasR) of P. aeruginosa has 
been investigated herein using in silico methods. 
Applying docking simulations, binding energies 
and non-covalent interactions patterns have been 
extracted and compered between diclofenac so-
dium/LasI and diclofenac sodium/LasR com-
plexes. The results showed acceptable binding 
energies for diclofenac sodium against both re-
ceptors. However, binding energy of diclofenac 
sodium was more negative for LasR, suggesting 
its higher affinity towards this receptor. Esnaas-
hari et al. have recently conducted a docking 
study to investigate interaction patterns between 
naproxen (another well-known NASID) and Las 
receptors in P. aeruginosa. Similar to the pres-
ent study, they have also observed higher affinity 
of naproxen for LasR compared to that for LasI. 
They reported binding energies of -6.2 kcal/mol 
and -9.2 kcal/mol for naproxen/LasI and naprox-
en/LasR complexes, respectively (Esnaashari et 
al. 2023). Moreover, another study performed by 

Zahmatkesh et al. showed similar results with 
regard to a set of NASIDs. Chemical interac-
tion space of Ibuprofen, Ketoprofen, Mefenamic 
acid, Meloxicam and Tenoxicam was separate-
ly studied against Las receptors in P. aerugino-
sa. In case of all drugs, NASID/LasR complex 
showed lower binding energy than NASID/LasI, 
suggesting higher affinities of NASIDs for LasR 
receptor (Zahmatkesh and Rasti, 2022). These 
findings are in good agreement with outcomes 
observed here for diclofenac sodium and Las re-
ceptors. This was further strengthened by analy-
sis of non-covalent interactions patterns, where 
diclofenac sodium/LasR complex was shown to 
contain more than twice as much non-covalent 
interaction as diclofenac sodium/LasI complex. 
Finally, it is suggested that good capacity of di-
clofenac sodium to bind to LasI synthase can 
lead to inhibition of production of the signaling 
C12-HSL molecule. This, in turn, can interfere 
with the activation of the LasR system and fol-
lowed by downregulation of some virulence fac-
tors genes. Accordingly, diclofenac sodium can 
be considered as a potent candidate with ability 
to inhibit quorum sensing in P. aeruginosa.

Fig. 1. Chemical interaction space governed by diclofenac sodium and LasI. (A) Two-dimensional and (B) Three-dimen-
sional views
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Fig. 2. Chemical interaction space governed by diclofenac sodium and LasR. (A) Two-dimensional and (B) Three-dimen-
sional views

Conclusion
Pseudomonas aeruginosa is responsible for 

many acute/chronic infectious diseases such as 
wound infections, respiratory tract infections, 
urinary tract infections, etc. Since quorum sens-
ing systems are significantly engaged with path-
ogenic characteristics of P. aeruginosa, blocking 
QS pathways can be considered as an efficient 
strategy to confront pathogenicity of P. aerugi-
nosa. Non-steroidal anti-inflammatory drugs are 
among the most popular chemicals used as ther-
apeutics against microbial infections. Herein, in 
silico docking simulations have been carried out 
to investigate chemical interaction space gov-
erned by diclofenac sodium and Las QS recep-
tors. Non-covalent interactions analysis revealed 
good potential of diclofenac sodium to interact 
with both LasI and LasR, suggesting diclofenac 
sodium as a good inhibitor for quorum sensing 
mechanism in P. aeruginosa.
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