
365

SINTEZA 2022
INTERNATIONAL SCIENTIFIC CONFERENCE ON INFORMATION TECHNOLOGY AND DATA RELATED RESEARCH

Sinteza 2022
submit your manuscript | sinteza.singidunum.ac.rs

DOI: 10.15308/Sinteza-2022-365-372

Miloš Nikolić*,  
Marina Mijajlović,  
Nikola Nedeljković

Faculty of Medical Sciences,  
Kragujevac, Serbia

Correspondence: 
Miloš Nikolić 

e-mail: 
milos.nikolic@medf.kg.ac.rs  

ANTI-INFLAMMATORY SCREENING OF THIOUREA DERIVATIVES 
BASED ON MOLECULAR DOCKING STUDIES

Abstract: 
Computer-aided drug design has emerged as an efficient tool of developing 
candidate drugs for the treatment of many diseases. The thiourea derivatives 
represent one of the most promising classes of compounds that exhibit vari-
ous biological properties. The aim of this mini literature review was to analyze 
the molecular fitting of synthesized thiourea derivatives into the actives sites of 
COX-1, COX-2 and 5-LOX.
Lipinski’s rule of 5 is widely used in rational drug design to predict drug similarity 
and druglikeness. Among selected compounds with available druglikeness data, 
all molecules meet criteria for Lipinski’s rule except compounds 2-4 and 41-46. 
In silico molecular docking analysis were performed in Molecular Operating 
Environment, OpenEye, AutoDock Tools and AutoDock Vina to explore the 
binding modes of these compounds into the active sites of target proteins. Within 
the molecular docking analysis, the interactions of key amino acid residues of 
enzyme's active sites involved in ligand-protein interactions were investigated.
Based on the results highlighted in this review we can conclude that certain 
structural features of thiourea derivatives contribute to high binding potential 
to interact with active sites of COX-1, COX-2 and 5-LOX. It was observed that 
insertion of carboxyl functional group to the parent compounds increased interac-
tion strength due to formation of additional hydrogen bonds. On the other hand, 
introduction of pi-reached heterocycles increased the number of hydrophobic 
interactions that leads to higher binding affinity towards target proteins.
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INTRODUCTION

Computer-aided drug design (CADD) comprises two different ap-
proaches, structure based drug design (SBDD) and ligand based drug design 
(LBDD). SBDD uses knowledge of the target protein structure to calculate 
interaction energies, while in LBDD, chemical similarity search is performed 
based on knowledge of known active and inactive molecules [1].

The thiourea derivatives represent one of the most promising classes 
of compounds that exhibit various biological properties such as anti-
inflammatory [2], antiviral [3], anticancer [4], hypoglycemic [5] and an-
timicrobial [6] activities. Inflammation is a complex biological response 
of vascular tissues against aggressive agents such as pathogens, irritants, 
or damaged cells [7]. 
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Figure 1 - Molecular structure of human COX-1 (left) and COX-2 (right) enzymes. Membrane binding domain  
(brown), epidermal growth factor binding domain (red), and catalytic site (yellow) of COX-1 and COX-2

Traditionally, inflammation is treated with non-ste-
roidal anti-inflammatory drugs (NSAIDs) and corticos-
teroids. Long treatment with these drugs is followed by 
multiple severe side effects, which causes significantly 
limited efficacy. Due to this fact, there is a constant need 
to develop new anti-inflammatory drugs [8].

Anti-inflammatory drugs usually act by inhibiting 
cyclooxygenase-1 (COX-1), cyclooxygenase-2 (COX-2) 
[8] and/or 5-lipoxygenase (5-LOX) [9] COX enzymes 
mediate the biosynthesis of prostaglandins (PGs) from 
arachidonic acid (AA) and have 60% of structural ho-
mology. COX-1 is a constitutive enzyme responsible 
for the production of the cytoprotective PG in gastroin-
testinal tract and kidneys, while COX-2 is an inducible 
enzyme that is expressed at the site of injury in response 
to the release of proinflammatory mediators [10]. In ad-
dition to the high similarity, the COX-2 active site is 
approximately 20% larger than binding site of COX-1. 

These differences are due to the presence of less vo-
luminous valine at position 523 in COX-2 concerning 
isoleucine in COX-1 at the same position. COX-2 has 
an additional hydrophobic side pocket available for 
drug binding, which is located in the extension of the 
main pocket. The size of this hydrophobic side pocket 
is the result of the "replacement" of isoleucine at posi-
tion 434 and histidine at position 513 in COX-1 with 
valine and arginine in COX-2, respectively. Mentioned 
amino acid differences may provide additional interac-
tion in the selective binding of COX-2 inhibitors [11]. 
Scientists identified an epidermal growth factor binding 
(EGF) domain, a membrane-binding domain, and two 

catalytic domains in structures of human COX-1 and 
COX-2. Both cyclooxygenase isoforms have two active 
sites within the catalytic domain: peroxidase active site 
and cyclooxygenase active site (Figure 1) [12].

5-LOX converts the AA to leukotrienes (LTs) that 
are lipid mediators with strong proinflammatory prop-
erties.

This enzyme is associated with acute inflammatory 
reactions, colon cancer, asthma, atherosclerosis, and 
pulmonary arterial hypertension [13]. Human 5-LOX 
comprises two domains, an N-terminal regulatory C2-
like domain (residues 1–112) which consists of two 
antiparallel β-sheets and C-terminal catalytic domain 
(residues 126–673) which is made up of predominant 
α-helices and ferrous ion located inside. Non-heme fer-
rous ion, essential for 5-LOX catalytic ability, is held 
inside by three conserved histidine residues (His367, 
His372, His550) and one carboxylate group of the 
C-terminal Ile673 (Figure 2) [14].

The aim of this mini literature review was to analyze 
the molecular docking studies to assess anti-inflammatory 
potential of synthesized thiourea derivatives.
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2. DRUGLIKENESS ANALYSIS

Drug-like compounds are molecules, which contain 
functional groups and/or have physical properties like 
majority of known drugs, so they can be biologically 
active or might show therapeutic potential [15]. Prop-
erties such as oral bioavailability or membrane perme-
ability are often correlated to partition coefficient (log 
P), molecular weight (MW) and number of hydrogen 
bond acceptors and donors in a molecule. 

These parameters are included in Lipinski’s rule of 
5, and are widely used in predicting drug similarity. The 
key factors used to describe druglikeness in the Lipins-
ki’s rule are molecular weight <500; partition coefficient 
<5; hydrogen bond donor atoms <5 and hydrogen bond 
acceptor atoms <10. Molecules that violate these criteria 
show poor pharmacokinetic properties for oral admin-
istration. In this way, the molecules are filtered in the 
early phase of drug development, which allows focusing 
on promising compounds [16], [17].

Present research summarizes the molecular modelling 
studies conducted on selected thiourea derivatives 
(1-46) (Figure 3).

Among the compounds with available druglike-
ness data (1-5, 31-46), all molecules meet criteria for  
Lipinski’s rule except compounds 2-4 and 41-46 (Table 1).

3. MOLECULAR MODELING STUDIES

In silico molecular docking analysis were performed 
in Molecular Operating Environment [10] [18] [19], 
OpenEye [19] AutoDock Tools [20] and AudoDock 
Vina [21] to explore the binding modes of these com-
pounds into the active sites of COX-1, COX-2 and 
5-LOX. Within the molecular docking analysis, the in-
teractions of key amino acid residues of enzyme's ac-
tive sites involved in ligand-protein interactions were 
investigated. 

The key residues involved in binding interactions of 
flurbiprofen, celecoxib and arachidonic acid during 
molecular fitting into the active sites of COX-1, COX-2 
and 5-LOX were presented in Figures 4 and 5.

3.1. MOLECULAR DOCKING INTO THE COX-1 ACTIVE SITE

The study of El-Kerdawy et al demonstrated that 
compound 1 bound to the COX-1 with a highest affin-
ity, thereby achieving two hydrogen bonds with Tyr130 
and hydrophobic interactions with residues Glu44 and 
Arg466 [18]. However, flurbiprofen does not achieve 
any of these binding interactions during molecular fit-
ting into the active site of COX-1.

Figure 2 - Molecular structure of human 5-LOX. C2-like domain (green), catalytic domain (yellow), serine  
phosphorylation sites (blue), Src homology domain 3 (SH3)-binding site (red), a putative ATP binding site near the 

Trp201 (dark grey), histidine residues (purple), and ferrous ion (brown) of 5-LOX
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Figure 3 - Analyzed thiourea derivatives
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Compound 
number

Molecular weight
(g/mol)

Partition 
coefficient

Number H-bond 
acceptors 

Number H-bond 
donors

1 472.6 3.36 7 3

2 507.0 5.47 7 3

3 502.6 4.83 8 3

4 564.7 6.62 8 3

5 486.6 4.77 7 3

31 360.4 2.69 6 3

32 360.4 2.32 6 3

33 376.4 1.66 7 4

34 452.5 3.92 7 4

35 374.5 2.96 6 2

36 374.5 2.58 6 2

37 390.5 1.92 7 3

38 466.5 4.18 7 3

39 374.5 1.54 7 5

40 388.5 1.17 7 5

41 390.5 0.51 8 6

42 466.6 2.77 8 6

43 504.6 3.49 9 3

44 504.6 3.12 9 3

45 520.6 2.46 10 4

46 596.7 4.72 10 4

Table 1 – Druglikeness data of analyzed compounds

3.2. MOLECULAR DOCKING INTO THE COX-2 ACTIVE SITE

Analyzed thiourea derivatives demonstrated differ-
ent binding patterns during molecular fitting into the 
active site of COX-2. Table 2 summarizes the binding 
parameters of selected compound during molecular 
docking into the active site of COX-2. Celecoxib docked 
into the COX-2 active site, forming hydrogen bond with 
residue Gln189, while thiourea derivatives bearing sul-
phonamide moiety (1 and 6) achieved hydrogen bonds 
with completely different residues. On the other hand, 
substituted thiourea derivative 23 demonstrated hydro-
gen bond interactions with residues Tyr385 and Ser350, 
which were identical as hydrogen bonds achieved by ref-
erence diclofenac during molecular fitting into COX-
2. It should be also emphasized that derivatives 20 and 
22 achieved the same polar interactions with residues 
Arg120 and Tyr355 as co-crystallized flurbiprofen.  

Finally, derivative 25 formed even three key hydrogen 
bonds with residues Arg120, Tyr385, and Ser530. The 
study of Elhenawy et al illustrated that binding interac-
tions of the naproxen derivatives increased after inser-
tion of an acidic fragment to the initial compound. 

Therefore, it was observed that interaction strength 
decreased in order free acids (31-33) > methyl esters (35-
38) > hydrazide derivatives (39-42). Reference naproxen 
was docked into the COX-2, achieving two hydrogen 
bonds with residues Tyr385 and Ser530. Among tested 
compounds free acids derivatives 31 and 38 formed 
important hydrogen bond interactions with above- 
mentioned residues. Free acid derivative 32 demonstrat-
ed the lowest binding energy of -122.22 kcal/mol, while 
methyl ester derivative 35 and hydrazide derivative 40 
achieved also the lower binding energies of -107.78 and 
-101.83 kcal/mol, respectively.
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3.3. MOLECULAR DOCKING INTO THE 5-LOX ACTIVE SITE

Jacob and Manju showed that thiourea derivatives 
have a high potential for 5-LOX inhibition. Free binding 
energies of the analyzed compounds (28-30) were ap-
proximately -7.00 kcal/mol and were lower in compari-
son with the reference drug zileuton (-6.43 kcal/mol). 
Tiophene sulphur atom of tested compounds formed 
one hydrogen bond with Gln417 residue. Hydrophobic 
contacts were established with residues Ala157, Thr40, 
Asn148 and Glu412, while Met145 formed one pi-sul-
phur interaction with analyzed molecules [20].

4. CONCLUSION

Based on the results highlighted in this review we 
can conclude that certain structural properties of thio-
urea derivatives contribute to high binding potential to 
interact with active sites of COX-1, COX-2 and 5-LOX. 
It was observed that insertion of carboxyl functional 
group to the parent compounds increased interaction 
strength due to formation of additional hydrogen bonds. 
On the other hand, introduction of pi-reached hetero-
cycles increased the number of hydrophobic interactions 
that leads to higher binding affinity towards target proteins.

Figure 4 - X-ray crystallographic binding modes of flurbiprofen bound to COX-1 (PDB ID: 3N8Z) (left) and  
celecoxib bound to COX-2 (PDB ID: 3LN1) (right). Hydrogen bond interactions are shown as dashed green lines

Figure 5 - Close-up view of the key residues involved in binding interactions of arachidonic acid and  
active site of 5-LOX (PDB ID: 3V99)
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Compound  
number PDB code Hydrogen bond 

interactions
Hydrophobic  
interactions Co-crystal Reference

1
3LN1

Phe186 Phe184, Gln189, His372, Tyr371, Leu377
Celecoxib [19]

6 Trp373, Asn386 Ala185, Phe186, Tyr371, His372, Leu377

20

3PGH

Arg120, Tyr355 Pro86, Val89, Leu93, Val116, Ser119, Val349, 
Ser353, Glu524, Ala527

Flurbiprofen [10]
22 Arg120, Tyr355 Val116, Val349, Val523, Ala527, Ser353

23 Tyr385, Ser530 Val116, Arg120, Tyr348, Val349, Leu352, 
Tyr355, Phe518, Val523, Gly526, Ala527, Leu531

25 Arg120, Tyr385, 
Ser530

Val116, Val349, Leu352, Ser353, Tyr355, Phe381, 
Trp387, Gly526, Ala527, Leu531

31

1PXX

Ser530 Gln192, Phe205, Val344, Tyr348, Val349, 
Leu352, Val523, Ala527

Diclofenac [21]33 Ser455 Tyr460, Leu507, Thr521, Leu525

38 Tyr 385, Met522 Phe209, Val344, Tyr348, Val349, Phe381, 
Trp387, Leu534

Table 2 - An overview of key binding interactions achieved between selected compounds and COX-2
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