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ABSTRACT 

Naproxen, as a propionic acid derivative, causes serious gastro-
intestinal side effects due to the presence of free carboxylic group. 
In that sense, masking of carboxylic group with other pharmaco-
phores may be a promising strategy to decrease gastrointestinal 
toxicity. Thiourea derivatives have been intensively investigated 
as potential antitumor drugs, whereby their activity is based on 
potential inhibition of protein kinases, topoisomerases, carbonic 
anhydrase and sirtuins. In addition, it was shown that inhibition 
of certain protein kinases might reverse resistance to chemother-
apeutic drugs by enhancing the cell death in the presence of low 
concentrations of drug. Twenty new thiourea derivatives of 
naproxen were designed and their binding to four selected protein 
kinases involved in tumor multidrug resistance (AKT2, mTOR, 
EGFR and VEGFR1) was estimated using two molecular docking 
programs (AutoDock Vina and OEDocking). According to OE-
Docking, the highest potential to inhibit AKT2 and mTor has de-
rivative 1, while derivative 20 demonstrates the highest potential 
towards EGFR and VEGFR1. According to AutoDock Vina, the 
highest potential for inhibition of EGFR, AKT2 and VEGFR1 
have derivatives 16 and 17. Therefore, derivatives 1, 16, 17 and 
20 are potentially the most potent protein kinase inhibitors that 
could be further synthesized and tested for anticancer activity. 
 
Keywords: Antitumor activity, AutoDock Vina, molecular  
docking, naproxen, thiourea derivatives.
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INTRODUCTION

Naproxen is a non-steroidal anti-inflammatory drug 
which prevents conversion of arachidonic acid to eicosanoids 
through competitive inhibition of both cyclooxygenase iso-
enzymes (COX-1 and COX-2), resulting in analgesic and 
anti-inflammatory effects (1). As a propionic acid derivative, 
naproxen causes serious gastrointestinal side effects due to 
the presence of free carboxylic group (2). Therefore, masking 
carboxylic group with other moieties may be a promising 
strategy in order to decrease gastrointestinal toxicity (3). 
Piffar and coworkers showed that naproxen was able to re-
duce tumor growth in rats by 58% (4). Hydroxamic acid de-
rivative of naproxen demonstrated histone deacetylase inhi-
bition (5), while propanamide and urea derivatives showed 
cytotoxic effect against the cancer cell line HCT–116 (6). 

Thiourea and other structure-related derivatives, such as 
thiosemicarbazones, have attracted great attention of scientists 
in terms of evaluation of their biological activity (7-9). The thio-
urea moiety has been described as an important pharmacophore 
in a variety of pharmacologically active compounds, including 
anti-inflammatory (10), antiviral (11), anticancer (12,13), hypo-
glycemic (14) and antimicrobial agents (15). In the past few dec-
ades, thiourea derivatives have been intensively investigated as 
potential anticancer drugs. This class of compounds has been rec-
ognized as agents with promising inhibitory activity towards hu-
man lung adenocarcinoma cell lines, human breast cancer cells 
and human colorectal carcinoma (16-18). Antitumor activity of 
thiourea derivatives is based on potential inhibition of protein ki-
nases (19), topoisomerases (20), carbonic anhydrase (21) and 
sirtuins (22).  

Protein kinases are widely studied targets in the drug de-
sign studies due to their pivotal role in regulation of cell func-
tions (23). The activation of protein kinases in cell signaling 
pathways is associated with cancer cell survival, tumor inva-
siveness and drug resistance (24). Therefore, compounds tar-
geting protein kinases have become one of the most studied 
classes of cytotoxic agents (25). Multidrug resistance (MDR) 
is a predominant cause of cancer chemotherapy failure, 
which is responsible for over 90% mortality of cancer 
(26,27). MDR can be associated with elevated metabolism 
and increased efflux of xenobiotics, growth factors, increased 
DNA (Deoxyribonucleic acid) repair capacity, and various 
genetic factors (28,29). It was also demonstrated that inhibi-
tion of certain protein kinases not only decreases the prolif-
eration and growth of carcinoma cells, but may reverse re-
sistance to chemotherapeutic drugs by enhancing the cell 
death in the presence of low concentrations of drug, thereby 
reducing drug side effects (30-33). Today, a number of bio-
medical studies are focused on design of antitumor drugs that 
are able to reverse MDR. 

The aims of this study were to design new thiourea deriv-
atives of naproxen and identify the most promising candi-
dates that could be used for the therapy of MDR tumors. For 
this purpose, molecular docking analysis was carried out to-
wards selected protein kinases involved in multidrug 

resistance in order to identify designed derivatives with the 
highest enzyme inhibitory activity.  

MATERIALS AND METHODS 

2.1. Software 

Geometry of designed compounds was optimized using 
Chem3D Ultra 7.0 (34). Preparation of ligands for the molec-
ular docking calculations was carried out in AutoDockTools 
1.5.6 (35) and OMEGA 2.5.1.4 (36,37). Protein molecules 
(selected protein kinases) were prepared for molecular dock-
ing in BIOVIA Discovery Studio Visualizer 17.2.0.16349 
(38), AutoDockTools 1.5.6 and MAKE Receptor 3.2.0.2 
software (39). AutoDock Vina (40) and OEDocking 3.2.0.2 
software (41-43) were used for the analysis of binding poses 
and ligand-receptor interactions. 

2.2. Designed compounds 

Compounds designed and tested in this study (1-20, Fig-
ure 1) are thiourea derivatives of naproxen, containing amino 
acids glycine, L-alanine, β-alanine, L-valine and L-phenylal-
anine (1-5), their methyl (6-10) and ethyl (11-15) esters, as 
well as aromatic amines (16-20).   

Figure 1.  The structures of the tested compounds (1-20) 
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2.3. Ligand preparation 

2.3.1. AutoDock Vina 

Geometry of tested molecules was optimized using AM1 
semi-empirical quantum chemical methods in Chem3D Ultra 
7.0 software. Furthermore, these molecules were imported 
into the Mercury 3.10.2 (44) and converted into the mol2 for-
mat. In order to prepare selected compounds for the docking 
calculations, AutoDockTools 1.5.6. was used to add Gastei-
ger charges, set rotatable bonds and save selected molecules 
in pdbqt format. 

2.3.2. OEDocking 

Prior to the molecular docking in OEDocking 3.2.0.2, lig-
and preparation was performed in OMEGA 2.5.1.4 and files 
containing 200 conformers for each ligand were generated. 

2.4. Selection and preparation of receptors 

Crystal structures of four protein kinases involved in mul-
tidrug resistance were taken from the Protein Data Bank (45): 
1M17 (Epidermal Growth Factor Receptor - EGFR), 3E87 
(RAC-beta serine/threonine-protein kinase - AKT2), 3HNG 
(Vascular endothelial growth factor receptor 1 - VEGFR1) 
and 4JSV (Serine/threonine-protein kinase - mTOR). Details 
of selected enzymes were presented in Table 1. 

2.4.1. AutoDock Vina 

BIOVIA Discovery Studio Visualizer v. 17.2.0.16349 
was used to remove the co-crystalized ligands, water mole-
cules and unnecessary receptor chains. Prior to docking, Au-
toDockTools 1.5.6. was used to prepare the proteins for Au-
toDock Vina by assigning hydrogens and converting protein 
structures from pdb to pdbqt format.  

Table 1. Protein kinases selected for this study 

Target 
Selected PDB 

(resolution) 
Co-crystalized ligand Chains 

Selected 

chain 

EGFR 1M17 (2.60 Å) 
[6,7-bis(2-methoxy-ethoxy)quinazoline-4-yl]-(3-

ethynylphenyl)amine (Ligand ID: AQ4) 
A A 

AKT2 3E87 (2.30 Å) 
N-[(1S)-2-amino-1-phenylethyl]-5-(1H-pyrrolo[2,3-b]pyridin-4-

yl)thiophene-2-carboxamide (Ligand ID: G95) 
A, B A 

VEGFR1 3HNG (2.70 Å) 
N-(4-chlorophenyl)-2-[(pyridin-4-ylmethyl)amino]benzamide 

(Ligand ID: 8ST) 
A A 

mTOR 4JSV (3.50 Å) adenosine-5'-diphosphate (Ligand ID: ADP) A, B A 

Based on the location coordinates of the co-crystalized 
ligand AQ4 in the 1M17 crystal structure, which were set to 
x = 21.697, y = 0.303 and z = 52.093, a grid box of 42, 16, 
and 20 points in x-, y-, and z-direction, respectively, with grid 
spacing of 0.375 Å was built and centered on the co-crystal-
ized ligand. The location coordinates of native G95 ligand in 
the 3E87 crystal structure were x = 33.914, y = -14.631 and 
z = 7.695 and based on that, a grid box of 26, 32, and 24 
points was built and centered on the co-crystalized ligand. 
The coordinates of the co-crystalized ligand 8ST in the 
3HNG crystal structure were x = 3.911, y = 17.995 and z = 
32.857, while grid box size was set to x = 22, y = 32 and z = 
30. Finally, the location coordinates of ADP ligand in the 
4JSV crystal structure were x = 50.115, y = -1.981 and  
z = -45.385, while grid box size was set to x = 30, y = 18 and 
z = 32.  

2.4.2. OEDocking 

The receptor sites for molecular docking in OpenEye 
were prepared using MAKE Receptor 3.2.0.2 software (39). 
The outer contour sizes were 1017 Å3 (EGFR), 598 Å3 
(AKT2), 493 Å3 (VEGFR1) and 2150 Å3 (mTOR), while the 
grid box sizes were 6416 Å3 (EGFR), 5974 Å3 (AKT2), 6314 
Å3 (VEGFR1) and 5190 Å3 (mTOR). The setup of contours 

was set as “Balanced” and for the docking of ligands into 
AKT2 following constraints were added: Glu230 as a hydro-
gen bond donor and Ala232 as a hydrogen bond acceptor. 

2.5. Molecular docking 

2.5.1. AutoDock Vina 

Molecular docking calculations were performed in Auto-
Dock Vina software (40) with the default scoring function. In 
this docking simulation, semi-flexible docking protocols in 
which the target protein was kept as rigid were used. Maxi-
mum of nine poses were generated for the each tested com-
pound.  

2.5.2. OEDocking 

The OEDocking 3.2.0.2 software (41-43), which employs 
FRED (fast exhaustive docking) tool, was also used for the 
analysis of ligand binding poses into the defined receptor 
sites of tested enzymes. Exhaustive scoring was performed 
using Chemgauss4 scoring function. Further optimization 
was done using OEChemscore scoring function. Scoring and 
consensus pose selection were performed using Chemgauss4 
scoring function. Other settings were set as default.   
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2.5.3. Validation of docking methodology 

For the docking validation, the co-crystalized ligands 
were extracted and re-docked into the active sites of the target 
enzymes. Binding poses were compared with the 

conformations of co-crystalized ligands and root-mean-
square deviation (RMSD) values were calculated. In the mo-
lecular docking study, in silico prediction is considered suc-
cessful if the RMSD value is less than 2.0 Å for the best 
scored conformation (46). 

 
RESULTS

3.1. Validation of Molecular Docking 

For the evaluation of molecular docking results validity, 
the co-crystalized ligand has to be re-docked into the active 
site. RMSD value was calculated by superimposition of na-
tive and re-docked co-crystalized ligand conformations using 
BIOVIA Discovery Studio Visualizer. Calculated RMSD 
values were < 2 Å in all docking experiments. 

 

3.2. Molecular docking analysis 

Tables 2 and 3 summarize the binding parameters of the 
molecules with highest binding potential against selected 
protein kinases in AutoDock Vina and OEDocking. Binding 
parameters include docking score, as well as the type and 
number of the key binding interactions. Only those interac-
tions that both co-crystalized ligands and tested molecules 
form with receptors are listed in these tables. 

 

Table 2. An overview of the key binding interactions and docking scores  
of the top scored compounds in AutoDock Vina 

 

Table 3. An overview of the key binding interactions and docking scores  
of the top scored compounds in OEDocking 

 

Molecular docking analysis in AutoDock Vina software 
revealed that derivatives 16 and 17 bound to EGFR, AKT2 
and VEGFR1 similarly to the corresponding co-crystalized 
ligands. On the other hand, in the OEDocking software the 
best docking scores and presence of the key binding 

interactions were observed for derivatives 1 (AKT2 and 
mTOR) and 20 (EGFR and VEGFR1). 

 

 

Designed 
ligand num-

ber 

PDB 
code 

Hydrogen 
bonds 

Other interactions 
Docking score (kcal/mol) 

Designed 
ligand 

Co-crystalized 
ligand                   

16 

1M17 - Leu694, Leu820, Asp831, Ala719 -8.7 -7.2 

3E87 Asp293 Ala179, Leu158, Val166, Phe163, Met282 -9.0 -8.9 

3HNG 
Glu878, 
Asp1040 

Val841, Val892, Ala859, Leu1029, Lys861, 
Val909, Cys912, Phe1041 

-10.9 -10.5 

17 

1M17 - Ala719, Thr766, Leu820, Asp831 -8.7 -7.4 
3E87 Asp293 Ala179, Val166, Lys181, Phe163, Met282 -8.5 -8.8 

3HNG 
Glu878, 
Asp1040 

Val841, Val892, Ala859, Leu1029, Lys861, 
Val909, Cys912, Phe1041 

-10.7 -10.2 

Designed 
ligand 

number 

PDB 
code 

Hydrogen 
bonds 

Other interactions 
Docking score (kcal/mol) 

Designed 
ligand 

Co-crystalized 
ligand                   

1 
3E87 

Glu230, 
Ala232 

Val166, Leu158, Glu279, Asp293, Phe439 -9.48 -15.20 

4JSV Lys2187 Glu2190, Pro2169, Leu2185, Ile2356 -7.52 -9.43 

20 

1M17 Met769 
Thr766, Met742, Ala719, Lys721, 
Leu694, Val702, Cys773, Asp831 

-9,63 -10.49 

3HNG 
Glu878, 
Asp1040 

Cys1018, Leu1013,  Leu882, Val891, 
Val909, Val892, Val841, Phe1041, 

Ala859, Leu1029, Ile885 
-11.8 -14.60 
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DISCUSSION 

Multidrug resistance (MDR) is one of the major chal-
lenges in cancer treatment and may result in cross-resistance 
to many other structurally different chemotherapeutics. Anti-
tumor activity of thiourea derivatives has been established earlier 
in numerous studies (12,13). Preliminary in silico studies can 
facilitate the rapid discovery of novel antitumor drugs which 
are able to reverse MDR. To identify suitable antitumor 
agents from the designed compounds, the molecular docking 
study was carried out towards selected protein kinases in-
volved in MDR. 

Co-crystalized molecules AQ4, G95, 8ST and ADP 
(Adenosine diphosphate) are ligand molecules isolated from 
the crystal structures 1M17, 3E87, 3HNG and 4JSV (co-crys-
talized ligands). Interactions between co-crystalized ligands 
and corresponding enzymes are considered key binding in-
teractions. Type and number of key binding interactions, as 
well as docking scores were main parameters for assessing 
the potential of designed compounds to inhibit selected pro-
tein kinases. 

Docking visualization is presented as 2D and 3D view of 
the key binding interactions. In order to achieve visibility of 
the docked ligand into the protein structure, ligands were 
shown as blue color sticks in the binding pocket of the pro-
tein, shown as green surface. 

The OEDocking and AutoDock Vina software were used 
for the binding mode analysis of tested compounds into the 
active sites of selected protein kinases. According to OE-
Docking, top scored derivatives were 1 (towards AKT2 and 
mTOR) and 20 (towards EGFR and VEGFR1). On the other 
hand, in AutoDock Vina top scored derivatives were 16 and 
17 (towards EGFR, AKT2 and VEGFR1). The binding 
modes of these four derivatives will be further discussed in 
details. 

Derivatives 16, 17 and 20 bound to EGFR with lower 
binding energies compared to the co-crystalized ligand. Ni-
trogen atoms of erlotinib quinazoline ring formed two hydro-
gen bonds with Met769 and Gln767, while the phenyl moiety 
of quinazoline formed π-sigma interaction with Leu694. The 
ethynylphenyl moiety formed π-cation interaction with 
Lys721 and hydrophobic interaction with Ile720, Ala719, 
Ile765, Lue764, Thr766 and Thr830 (47). Derivatives with 
the best docking results in AutoDock Vina did not accom-
plish any key hydrogen bond interactions, but formed four 
hydrophobic interactions each. On the other hand, derivative 
20 formed an identical hydrogen bond with Met769 residue 
as erlotinib. Similar hydrophobic interactions with residues 
Thr766 and Ala719 were observed during the binding of N-
allylthiourea derivatives into the EGFR active site (48).  

In the active site of AKT2, co-crystalized nitrogen atoms 
of 1H-pyrrolo[2,3-b]pyridin-4-yl moiety formed two hydro-
gen bonds with Glu230 and Ala232, while phenylethyl moi-
ety formed one weak carbon-hydrogen bond with Asp293 

residue (49). Despite significantly higher binding energy of 
derivative 1 in comparison to the co-crystalized ligand, this 
derivative formed two hydrogen bonds with Glu230 and 
Ala232 (Figure 2). In contrast, derivatives 16 and 17 formed 
only one conventional hydrogen bond with residue Asp293, 
although they were bound with very similar binding energy 
in comparison to the co-crystalized ligand. 

Figure 2. Compound 1 docked into the active  
site of AKT2. 

 

A) Best ligand conformation in the binding pocket of the 
enzyme. B) and C) 2D and 3D summary views of all bind-

ing interactions achieved by compound 1 into the active site 
of AKT2 (hydrogen bonds were presented as green dash 

lines). D) 3D visualization of hydrogen bond donors and ac-
ceptors distribution of this compound. 

Binding score values indicate that derivatives 16, 17 and 
20 bound to the VEGFR1 with highest affinity compared to 
other target proteins, achieving the largest number of key 
binding interactions. Above-mentioned compounds formed 
two identical hydrogen bonds with residues Glu878 and 
Asp1040. On the other hand, derivative 1 formed the same 
hydrogen bond with Asp1040 and one different key hydrogen 
bond interaction with Cys912. The amino acid residues in-
volved in the formation of key binding interactions between 
the best docked derivatives and active site of VEGFR1 are 
illustrated in the Figures 3, 4 and 5. 
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Figure 3. Compound 16 docked into the  
active site of VEGFR1. 

 

A) Best ligand conformation in the binding pocket of the 
enzyme. B) and C) 2D and 3D summary views of all bind-
ing interactions achieved by compound 16 into the active 
site of VEGFR1 (hydrogen bonds were presented as green 
dash lines). D) 3D visualization of hydrogen bond donors 

and acceptors distribution of this compound. 

Figure 4. Compound 17 docked into the active site of 
VEGFR1. 

 

A) Best ligand conformation in the binding pocket of the 
enzyme. B) and C) 2D and 3D summary views of all bind-
ing interactions achieved by compound 17 into the active 
site of VEGFR1 (hydrogen bonds were presented as green 
dash lines). D) 3D visualization of hydrogen bond donors 

and acceptors distribution of this compound. 

Figure 5. Compound 20 docked into the active site of 
VEGFR1. 

 

A) Best ligand conformation in the binding pocket of the 
enzyme. B) and C) 2D and 3D summary views of all bind-
ing interactions achieved by compound 20 into the active 
site of VEGFR1 (hydrogen bonds were presented as green 
dash lines). D) 3D visualization of hydrogen bond donors 

and acceptors distribution of this compound. 

Designed compound 1 demonstrated lower binding score 
towards mTOR compared to the co-crystalized ADP ligand. 
ADP in mTOR formed three hydrogen bonds with residues 
Lys2187, Val2240 and Asp2357 and also seven Van der 
Waals interactions (50). In the active site of mTOR, deriva-
tive 1 accomplished a hydrogen bond with Lys2187 and four 
significant hydrophobic interactions. 

Two the most critical components for a docking program 
are sampling algorithm and scoring function, which deter-
mine its sampling and scoring power. AutoDock Vina gener-
ates different ligands conformers using a quasi-Newton 
Broyden-Fletcher-Goldfarb-Shanno (BFGS) search algo-
rithm. BFGS uses scoring function with respect to the posi-
tion, orientation and torsions of the ligand. The Vina scoring 
function is fully empirical including Gaussian steric interac-
tions, repulsion, hydrogen bonds, hydrophobic and torsion 
terms. On the other hand, the OEDocking software employs 
fast exhaustive docking that docks molecules using an ex-
haustive search algorithm. During the exhaustive search, un-
realistic poses are filtered and retained ones are scored. The 
best scoring pose is used to rank the ligand against other lig-
ands in the screening database. Chemgauss4 is default scor-
ing function used by FRED that employs Gaussian-smoothed 
potentials to measure the complementarity of ligand poses 
within the active site. 
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AutoDock Vina and OEDocking estimated various bind-
ing affinity of the same ligands towards selected protein ki-
nases. Due to different scoring functions and search algo-
rithms of these two docking programs, the obtained binding 
parameters may be diverse even for the same protein-ligand 
complex. Although top scored derivatives in these two dock-
ing programs are different (1 and 20 in OEDocking, 16 and 
17 in AutoDock Vina), it can be noticed that according to 
OEDocking derivative 17 had lower binding score than de-
rivatives 1 and 20, but formed some of the key binding inter-
actions with mTOR and EGFR. Therefore, derivative 17 also 
has potential to inhibit these enzymes. Similarly, according 
to AutoDock Vina, derivative 1 had binding scores similar to 
binding scores of 16 and 17 and formed some of the key bind-
ing interactions with AKT2 and VEGFR1, which gives this 
derivative potential to inhibit listed enzymes. According to 
the results obtained in both docking programs, derivatives 1, 
16, 17 and 20 could be underlined as the most promising can-
didates that could be used as anticancer drugs for the therapy 
of MDR tumors. 

CONCLUSION 

Two docking programs (AutoDock Vina and OEDock-
ing) were used for the estimation of binding of twenty de-
signed thiourea derivatives of naproxen to four selected pro-
tein kinases involved in tumor multidrug resistance (MDR). 
According to OEDocking, the highest potential to inhibit 
these enzymes have derivatives 1 (inhibition of AKT2 and 
mTOR) and 20 (inhibition of EGFR and VEGFR1). Accord-
ing to AutoDock Vina, the highest potential to inhibit EGFR, 
AKT2 and VEGFR1 have derivatives 16 and 17. Derivatives 
1, 16, 17 and 20 are the most promising candidates that could 
be used for the therapy of MDR tumors. 
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