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ORIGINAL ARTICLE / OZGUN MAKALE

MOLECULAR DOCKING STUDIES ON SOME 4,5-DIHYDRO-1H-
PYRAZOLE DERIVATIVES AS CYCLOOXYGENASE INHIBITORS

SIKLOOKSLJIENAZ INHIBITORLERI OLARAK BAZI 4,5-DIHIDRO-1H-PIRAZOL
TUREVLERI UZERINDE MOLEKULER DOKING CALISMALARI
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ABSTRACT

Objective: To examine the interactions of some 4,5-dihydro-1H-pyrazole derivatives, which are thought
to have antiinflammatory effects, with cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2) enzymes,
docking studies were carried out on these enzymes.

Material and Method: COX-1 enzyme (3KK6) and COX-2 enzyme (3LN1) were selected from the
protein data bank for docking studies. The ligand and protein constructs were prepared using Autodock 1.5.6.
AutoDock Vina was used to determining the binding affinity, and Discovery Studio 3.5 was utilised to analyse
and display the docking results.

Result and Discussion: As a result of the docking process on COX-1 and COX-2 enzymes, 4,5-Dihydro-
1H-pyrazole derivatives were observed to interact with both enzymes. The 4,5-dihydro-1H-pyrazole ring was
found to be important in its interactions with the COX-2 enzyme. The inclusion of a bulky group in the
construct did not cause any problems in interaction with the COX-1 enzyme but eliminated some interactions
with the COX-2 enzyme. To better elucidate the inhibition properties of enzymes, this study should be
supported by in vitro and in vivo COX inhibition tests.

Keywords: Cyclooxygenase-1, cyclooxygenase-2, 4,5-dihydro-1H-pyrazole, inflammation, molecular
docking

oz

Amac: Antiinflamatuvar etkileri oldugu diistiniilen bazi 4,5-dihidro-1H-pirazol tiirevierinin siklooksijenaz
1(COX-1) ve siklooksijenaz 2 (COX-2) enzimleri ile etkilesimlerini incelemek amaciyla bu enzimler tizerinde
docking calismalart yapilmigtir.

Gerec ve Yontem: Doking ¢alismalari igin protein veri bankasindan, COX-1 enzimi igin (3KK6) ve COX-
2 enzimi i¢in (3LN1) se¢ilmistir. Ligand ve proteinin yapilart Autodock 1.5.6 kullanilarak hazirlanmistir.
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Baglanma afinitesini belirlemek icin AutoDock Vina, doking sonu¢larint analiz etmek ve gériintiilemek icin ise
Discovery Studio 3.5 kullamlmigtir.

Sonuc ve Tartisma: COX-1 ve COX-2 enzimleri iizerine yapilan doking islemi sonucunda 4,5-dihidro-
1H-pirazol tiirevlerinin her iki enzimle de etkilesime girdigi goriildii. 4,5-Dihidro-1H-pirazol halkasinin COX-
2 enzimi ile etkilesimde onemli oldugu bulundu. Yapiya hacimli bir grubun dahil edilmesi, COX-1 enzimi ile
etkilesimde herhangi bir soruna neden olmazken, COX-2 enzimi ile bazi etkilesimleri ortadan kaldird:.
Enzimlerin inhibisyon ozelliklerinin daha iyi aydinlatilabilmesi i¢in bu ¢alismanin in vitro ve in vivo COX
inhibisyon testleri ile desteklenmesi gerekmektedir.

Anahtar Kelimeler: Siklooksijenaz 1, siklooksijenaz 2, 4,5-dihidro-1H-pirazol, inflamasyon, molekiiler
doking

INTRODUCTION

Inflammation, which is the body's protective response, occurs after an injury and/or an infection
aims to heal the tissue and can be chronic or acute. Acute inflammation includes a highly coordinated
physiological response, beginning with constructing soluble mediators such as chemokines and
cytokines. Simultaneously, circulation of leukocytes and endothelial cells are provided to the
injured/infected tissue. Nonsteroidal antiinflammatory drugs target the phase of the inflammation by
inhibiting cyclooxygenase (COX) enzymes [1,2].

COX enzymes classified in the myeloperoxidase family are therapeutic targets for nonsteroidal
antiinflammatory drugs (NSAID) [3-5]. All clinically used NSAIDs, except aspirin modify the COX
protein noncovalently. These enzymes, which play a role in the catalysis of prostaglandin biosynthesis,
consist of two basic isozymes, COX-1 and COX-2 [6]. NSAIDs display their activities on both of the
COX isozymes. Since the inhibition of the COX-1 enzyme is responsible for the gastrointestinal and
renal adverse effects of NSAIDs, it was thought that these side effects could be eliminated only by
inhibiting the COX-2 enzyme [2]. When selective inhibition of the COX-2 enzyme appeared to cause
serious cardiovascular problems, a balanced inhibition of both isozymes became important [7,8].

COX-1 and COX-2, which are homodimers of each other and have almost superimposable 3D
structures, contain 3 and 4 high mannose oligosaccharides, respectively [6]. The active site of COX-2,
unlike COX-1, includes a side pocket [9]. COX-2 enzyme has a broader substrate specificity than COX-
1 [6]. These enzymes, most of which are located in the lumenal region of the endoplasmic reticulum,
are bifunctional [9]. Each COX monomer includes three domains: the epidermal growth factor domain,
the membrane-binding domain, and the catalytic domain [6,9]. The catalytic domain, which is the site
of action of nonsteroidal antiinflammatory drugs, has peroxidase and cyclooxygenase active sites
[4,6,9]. Arachidonic acid is oxygenated in the cyclooxygenase active site, while prostaglandin G2
(PGG2) is reduced in the peroxidase active site [9].

The pyrazole ring, a 5-membered ring system containing two nitrogen atoms, and its
monounsaturated derivative, the 4,5-dihydro-1H-pyrazole ring, are in the structure of many nonsteroidal

antiinflammatory drugs (NSAIDs) such as antipyrine, phenazone, metamizole and phenylbutazone [2].
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These ring systems inhibit cyclooxygenase enzymes, particularly the COX-2 enzyme [10-16]. It is
thought that these compounds, whose antidepressant and antimicrobial activities we have previously
published [17-19], may inhibit the COX enzymes because of their similarity to celecoxib (Figure 1),
which is a selective COX-2 inhibitor in terms of chemical structure and also carrying a 4,5-dihydro-1H-
pyrazole ring in their structure. In this study, molecular docking interactions of some 4,5-dihydro-1H-
pyrazole derivatives with COX-1 and COX-2 enzymes were investigated.

Figure 1. Formula of celecoxib

MATERIAL AND METHOD

The X-ray crystallographic structure of COX-1 (PDB: 3KK6) and COX-2 (PDB: 3LN1) were
provided from Protein Data Bank [20]. 3KK®6 is the crystal structure of COX-1 in complex with
celecoxib, while 3LN1 is the construct of celecoxib bound at the COX-2 active site. 3KK6 has two
chains. Chain A was selected. 3LN1 is composed of four symmetric chains and active sites of the protein
present in all chains [21]. Chain A selected, and other chains were deleted.

For preparing the protein and ligands (Tablel) and determining the Grid map, Autodock 1.5.6
[22] was used. Chain A was selected. Then, the water was deleted, and polar hydrogens and Gasteiger
charges were added. A grid map was determined. ChemDraw Ultra 12.0 was utilised to draw the 2D
formula of the compounds. Energy minimisation was applied with Avogadro software [23]. The docking
process was realised with Autodock Vina [24], and visualisation of interactions was made by Discovery
Studio 3.5 [25]. To optimise the docking process, crystal structures of celecoxib (CEL) were compared
with the predicted conformations of docking results. Superimposition of crystallised form and docking

results of CEL was given in Figure 2.

RESULT AND DISCUSSION

Molecular docking interactions of 4,5-dihydro-1H-pyrazole derivatives were elucidated, and it
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was observed that compounds interacted with both the COX-1 and COX-2 enzymes. When 4,5-dihydro-
1H-pyrazole derivatives and celecoxib were docked in the 3KK6 enzyme, various interactions with

Table 1. The formula of ligands tested in molecular docking

Rl
OH N R
RS
R2
’}\N
o—
R (Ring 3)

Compound | R! R? R? R* R® R®
BE1 -H -Br -OCHs | -H -H Pyridine-4-yl
BE2 -H -Cl -OCHs | -H -H Pyridine-4-yl
BE3 -Cl -Cl -OCHs | -H -H Pyridine-4-yl
BE4 -H -Cl -OCHs; | -H -H Phenyl
BE5 -Cl -Cl -H -H - CHs Phenyl
BE6 -H -Br -H -H -OCHzs Phenyl
BE7 -H -Br -OCH; | -H -H Phenyl
BES8 -H -Cl -H -H -benzyloxy Pyridine-4-yl
BE9 -H -Cl -H -OCH; |-H Pyridine-4-yl
BE10 -H -Cl -H -OCH; |-H Furan-2-yl
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Figure 2. Superimposition of crystal form and docking result of celecoxib
A. For 3KK®, B. For 3LN1

HIS386, GLU454, PHE210, THR212, HIS207, ASP450, ASN382, LYS211, VAL291, VAL447,
HIS388, ASP314, ARG307, ARG311, LYS573, GLU260, VAL261, TYR254, LYS251, TYR385,
PR0O218, ARG469, ILE124, ILE137, ILE46, LEU152, PRO125, GLU289, HIS274, LEU294, HIS446
amino acids were determined (Table 2). Binding energies of ligands were found between -7.3 and -9.1
kcal/mol for the COX-1 enzyme (Table 2). Celecoxib, the native ligand, interacted with THR212,
PHE210, HIS446, VAL447, HIS207 and ASN382 amino acids (Figure 3A) with a binding energy of -
7.6 kcal/mol. All compounds except BE6 and BE10 showed lower binding energies than celecoxib.
Compound BES8 exhibited the best binding energy (-9.1 kcal/mol) with COX-1 enzyme and interacted
with TYR385, VAL291, PRO218, HIS386, HIS207, GLU454, HIS388 amino acids through phenyl,
pyridine, methyl and methylene groups of the molecule (Figure 3B). Compounds BE2, BE3 and BE4,
displayed good interactions with the COX-1 enzyme with a binding energy of -8.1 kcal/mol. BE2
interacted with ASN382, HIS386, THR212, HIS207, VAL291, VAL447, PHE210 amino acids through
phenyl, pyridine, chloro, hydroxy and methoxy groups. It made hydrogen bonds with hydroxy and
methoxy groups (Figure 3C). BE3 interacted with ASN382, THR212, LYS211, VAL291, HIS207,
H1S386, HIS388, PHE210 amino acids through phenyl at the 3rd position of 4,5-dihydro-1H-pyrazole
ring, pyridine, chloro and hydroxy groups. BE4 interacted with HIS386, VAL291, HIS207, VAL447,
PHE210, amino acids through phenyl, chloro and methoxy groups. The celecoxib was found to form
two hydrogen bonds with THR212 and PHE210 inside the COX-1 enzyme. All compounds made 1 to
3 hydrogen bond interactions and some other interactions, except BE8, as shown in Table 2.
Compounds made interactions with HIS193, HIS374, PHE196, TYR371, ASN368, VAL277,
VAL433, HIS372, ASN28, GLU27, LYS454, LYS64, LEUG65, LYS459, PHE49, GLN440, LEU284,
VAL281, LEU280, VAL430, ALA436, ARG46, ARG29, LEU60, THR47, TYR108, THR198,
LYS197, LEU394, MET444, GLN189, ILE260, SER457, LEU458 amino acids in the active binding
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site of COX-2 enzyme (Table 3). Binding energies of compounds were found between -7.7 and-9.0
kcal/mol.

Table 2. Binding energy values and interaction properties of celecoxib and 4,5-dihydro-1H-pyrazole
derivatives for the COX-1 enzyme

Compound Binding Conventional | Carbon Alkyl/n- | &- Halogen
energy Hydrogen Hydrogen | Alkyl Interactions
(kcal/mol) | Bond bond
BE1 -1.7 HIS386, THR212?, | LYS211, | HIS207?,
GLU454, HI1S207%, | VAL291 | HIS386
PHE210? ASP450,
ASN3822
BE2 -8.1 ASN382, THR212?, | HIS207%, | PHE210?,
HIS386 HIS386 VAL291, | HIS207?,
VAL447% | HIS386
BE3 -8.1 ASN382 THR2122 | LYS211, | HIS207?,

VAL291, | HIS386,
HI1S2078, | HIS388,
HIS386, PHE210%
HIS388,
BE4 -8.1 HIS386 - VAL291, | HIS2072,
HI1S2078, | HIS386,
VAL447* | PHE210?

BE5 -8.0 ASP314, - ARG311, | GLU260,
ARG307 LYS573, | VAL261,
ARG307 | TYR254
BE6 -7.3 ARG307 - ARG311, | GLU260,
TYR254, | VAL261,
LYS251,
LYS573
BE7 -8.0 HIS386 THR212?, | VAL291, | PHE210?,
ASN382% | VAL447* | HIS2073,
HIS386
BES8 9.1 TYR385 | VAL291, | HIS386,
PRO218 | HIS207?,
GLU454,
HIS388
BE9 -7.8 ARG469 ILE124 ILE137, ARG469
ILE46,
LEU152,
PRO125
BE10 -1.5 GLU289 THR212% | LYS211, | HIS386,

HIS274, PHE210?,
LEU294, | VAL291

VAL291
CELECOXIB | -7.6 THR212?, HI1S446, H1S2072 ASN382?2
PHE210? VALA447?,
HI1S2077,
PHE210?

a. Bold amino acids show the same amino acid interactions with celecoxib
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Figure 3. Molecular interactions of the COX-1 enzyme
A. Docked pose of celecoxib, B. Docked pose of compound BE8, C. Docked pose of compound BE2

The celecoxib was found to form two hydrogen bonds to ARG29 and ARG46, halogen bonds, n and
alkyl interactions (Figure 4A) inside the COX-2 enzyme with a binding energy -8.1 kcal/mol (Table 3).
All compounds except BE1, BE7 and BE10 exhibited lower binding energies than celecoxib. BE5 and
BES had the highest binding affinity for the COX-2 enzyme with -9 and -8.9 kcal/mol binding energies,
respectively. The carbonyl group of BE5 made a hydrogen bond to THR198. Phenyl rings at the third
and fifth positions of the 4,5-dihydro-1H-pyrazole ring of this compound made =- interactions with
HI1S193 and HIS372. While the phenyl ring attached to the carbonyl group made pi-alky interactions
with amino acids, the methyl and chlorine groups in the compound BE5 made alkyl interactions (Figure
4B). The phenyl ring of BES, attached to the p-position of the phenyl ring at the 5th position, made =
interactions with HIS372 and MET444. Also, BE8 made alkyl and n-alkyl interactions with chloro and
the phenyl ring at position 3 of 4,5-dihydro-1H-pyrazole, respectively (Figure 4C).

A chlorine atom in ring one enhanced common interactions when the compounds were evaluated
for their co-interactions with celecoxib for the COX-1 enzyme. The best mutual interactions occurred
when chlorine was in the 1st ring, methoxy in the ortho position of the 2nd ring, and pyridine in the 3rd
ring. The ortho position of the methoxy group in the second ring is essential for common interactions.
These interactions reduced when the o-substitution in the 2nd ring shifted to the meta or para positions.
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Table 3. Calculated binding energy values and interaction properties of celecoxib and 4,5-dihydro-1H-
pyrazole derivatives for the COX-2 enzyme

Compound Binding Conventional | Carbon Alkyl/n- | =- Halogen
energy Hydrogen Hydrogen | Alkyl Interactions
(kcal/mol) Bond Bond
BE1 -8.0 HIS193, TYR371, | VAL277, | HIS372,
HIS374, ASN368 | VAL433 | HIS374,
PHE196
BE2 -8.3 ASN282, LYS4542, | PHE49
GLu27 LYS642,
LEUG5?,
LYS459
BE3 -8.5 TYR371, GLN440, | VAL277, | VALA433,
HIS374, HIS372 LEU284, | HIS193,
VAL281, | HIS372,
LEU280,
VALA430,
ALAA436
BE4 -8.3 ARGA462 ARG29%, | LYS642,
LEU60 THR47,
TYR1082
BE5 -9.0 THR198 VAL281, | HIS193,
LEU280, | HIS372,
LYS197,
VAL277,
HIS374,
VALA430,
PHE196,
HIS193,
HIS372,
BE6 -8.2 PHE196, HIS193 LEU394, | HIS372,
HIS374 VAL281, | HIS374,
VAL433, | HIS193
VAL277
BE7 -8.0 ASN282 LEU652, | PHE49
LYS4542
BE8 -8.9 VAL277, | HIS372,
LYS197 | MET444
BE9 -8.2 PHE196, ASN368, | LEU280, | HIS372,
HIS374, HIS193, VAL281, | HIS193,
GLN189 TYR371 | VAL277, | HIS374
VALA433,
ILE260
BE10 -1.7 ASN282 LYS642, | PHE49
LEU65?,
LYS4542,
LYS459
CELECOXIB | -8.1 ARG29, LYS642 | LEUGS?, ASN282,
ARG462, TYR108?, LYS4542,
ARG29 SER457,
LEU458

a. Bold amino acids show similar interactions with celecoxib
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Figure 4. Molecular interactions of the COX-2 enzyme
A. Docked pose of celecoxib, B. Docked pose of compound BES5, C. Docked pose of compound BE8

Instead of o-methoxy substitution to the 2nd ring, p-benzyloxy substitution decreased common
interactions. In contrast, these interactions increased when the p-benzyloxy substitution was made to the
2nd ring instead of m-methoxy substitution. While there is chlorine in the 1st ring and o-methoxy in the
2nd ring, replacing pyridine with phenyl in the third ring decreased the mutual interactions with
celecoxib. When there is the bromine in the 1st ring and 0-methoxy substitution in the 2nd ring, replacing
the pyridine with phenyl in terms of co-interactions with celecoxib didn't make much difference. When
the methoxy attached to the 2nd ring was in the meta position, and there was chlorine in the 1st ring,
replacing the pyridine in the third ring with furyl increased the mutual interactions. Co-interactions with
celecoxib disappeared when the 2nd ring had a methyl or methoxy group at the para position, and the
3rd ring was phenyl. A bromine atom in the 1st ring or two chlorine atoms in the 3rd and 5th positions
did not make a big difference in mutual interactions.

When the interaction similarities of the compounds with celecoxib were evaluated in terms of the
COX-2 enzyme, it was observed that replacing the chlorine atom in the 1st ring with bromine decreased
the common interactions. In the presence of chlorine atoms in the 3rd and 5th positions of the 1st ring,
these interactions were disappeared. While there was chlorine in the 1st ring and m-methoxy in the 2nd
ring, the common interactions vanished due to the displacement of the furan with pyridine as the 3rd
ring. In the presence of bromine in the 1st ring and o-methoxy in the 2nd ring, these interactions

disappeared when the phenyl in the 3rd ring was replaced by pyridine. While the 1st ring was substituted
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with chlorine, the 2nd ring with an o-methoxy group, the 3rd ring is phenyl or pyridine did not make a
big difference in mutual interactions. When the p-benzyloxy group replaced the methoxy group in the
ortho position of the second ring, the common interactions disappeared. While there was chlorine in the
1st ring and pyridine in the 3rd ring, these interactions were lost when the methoxy group in the 2nd
ring moved from the ortho position to the meta position.

Consequently, the compounds interacted with both of the COX-enzymes. The phenyl ring in the
3rd position of the 4,5-dihydro-1H-pyrazole is essential in interaction with the COX-1 and COX-2
enzymes, and this phenyl interacted with amino acids in all compounds. Compounds made hydrogen
bonds to their methoxy, hydroxy or carbonyl groups for the COX-1 enzyme. With the introduction of a
bulky group such as benzyloxy into the structure of the BE8 compound, the interaction between the
pyridine ring and amino acids for the COX-2 enzyme has disappeared. The introduction of the bulky
group into the structure did not abolish the interaction between the pyridine ring and amino acids for the
COX-1 enzyme. The compounds' methoxy, hydroxy, carbonyl, and 4,5-dihydro-1H-pyrazole groups
made hydrogen bonds with the COX-2 enzyme. While the 4,5-dihydro-1H-pyrazole ring did not interact
with the COX-1 enzyme, it played a role in interactions with the COX-2 enzyme. The 4,5-dihydro-1H-
pyrazole ring is essential in interactions with the COX-2 enzyme, and this ring made hydrogen bonds
with ASN28 in these interactions. In vivo and in vitro COX inhibition tests of these substances are
required to obtain more detailed information about their inhibition properties.
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