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ABSTRACT

Inhibitors of xanthine oxidase (XO) are effective and most
major therapeutic drugs for the management of gout. Chalcone
compounds are important in terms of biological activity and
have great importance in enzyme studies in recent years. In the
presented study, the effects of some chalcones on the enzyme
were tested in vitro by the spectrophotometric method.
Compounds showed an inhibitory effect between 7.21+£0.07 and
13.7840.13 puM IC50 values. The conformations and
interactions of the compounds in the active site of the enzyme
were determined by the molecular docking method using
Molegro Virtual Docker software. Molecular modeling studies
show that the B ring of chalcones has a significant contribution
to the inhibition effect on the XO enzyme. The presented study
suggests that chalcones may be a potential inhibitory group for
XO.

Keywords: Chalcone, xanthine oxidase inhibitor, molecular
docking.

Benzoik asitli kalkonlarin ksantin oksidaz
inhibitori Uzerine etkisinin incelenmesi

0z

Ksantin oksidaz (XO) inhibitorleri, gut tedavisinde ¢ok 6nemli
ve etkili terapdtik ilaglardir. Kalkon bilesikleri biyolojik
aktivite acisindan Onemli olup, son yillarda enzim
calismalarinda da biiyiik bir neme sahiptir. Yapilan ¢alismada,
bazi kalkonlarin enzim {iizerindeki etkileri spektrofotometrik
yontemlerle in vitro olarak test edildi. Bilesikler, 7.21+£0.07 ve
13.7840.13 uM IC50 degerleri arasinda bir inhibitor etki
gosterdi. Enzimin aktif  bolgesindeki  bilesiklerin
konformasyonlar1 ve etkilesimleri Molegro Virtual Docker
yazihmi kullanilarak molekiiler yerlestirme yontemi ile
belirlendi. Molekiiler modelleme caligmalari, kalkonlarin B
halkasinm, XO enzimi iizerindeki inhibisyon etkisine énemli
bir katkist oldugunu gostermektedir. Yapilan caligma
sonucunda, kalkonlarin XO igin potansiyel bir inhibitdr grup
olabilecegini diisiindiirmektedir.

Anahtar kelimeler:
molecular docking.

Kalkon, ksantin oksidaz inhibitdrii,

1. INTRODUCTION

Compounds with o-f unsaturated ketone structure
containing 1,3-diarylprop-2-en-1-one structure are called
chalcone. Chalcones can be isolated both naturally and
synthetically. Chalcones show very different biological
activities. In recent years, research on enzyme inhibition
of chalcones has become very important. The chalcones
have inhibitory effects against enzymes such as xanthine
oxidase,! protein tyrosine kinase,> quinone reductase,’
tyrosinase,Y mammalian alpha-amylase’, monoamine
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oxidase,® pyruvate kinase M2 (PKM2),” carbonic

anhydrase 1 (CAIl),” heme oxygenase,® carbonic
anhydrase I (CAID), aldose reductase,
acetylcholinesterase (AChE),’ a-amylase and o-

glucosidase,'’ butyrylcholinesterase (BChE).’ Xanthine
oxidase inhibitor reduces uric acid production in humans
and inhibits xanthine oxidase. Xanthine oxidase (XO) is
a type of enzyme that is a form of xanthine
oxidoreductase and produces reactive oxygen species.
XO catalyzes the oxidation of hypoxanthine to xanthine
and catalyzes the oxidation of xanthine to uric acid.
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Xanthine oxidase is used for the treatment of
hyperuricemia and gout, as it is an enzyme responsible
for the catabolism of purines and their conversion to uric
acid. The XO inhibitor drug, which has been used
commercially for many years, is the purine analog called
allopurinol.'' However, new drug candidates were
needed because of the many side effects of allopurinol
such as hypersensitivity, gastrointestinal problems, and
renal toxicity. Because XO inhibitors, especially in the
treatment of gout and hyperuricemia; It has also been
associated with diabetes, hypertension, and other
cardiovascular diseases.

2. MATERIALS AND METHODS

Materials

Enzyme, substrate, inhibitor and other reagents used in
enzyme activity studies were purchased from Sigma-

Aldrich. Structures of the analysed compounds 1,'* 2,
3,13 4,13 and 5'% are given in Table 1.
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Table 1 The structures of the analysed compounds (1-5).

4

2.1. Inhibitory
Chalcones

effects of Xanthine oxidase by

The Xanthine oxidase inhibition experiment was
performed according to the slightly changed methods in
the previous reports.'* Desired concentrations of enzyme
and substrate were arranged by potassium phosphate
buffer (pH 7.5, 50 mM), and the tested compounds were
dissolved in DMSO at 1 mg/mL, then diluted with pure
water ten times.

The enzyme solution (10 pL), 500 mM potassium
phosphate buffer (50 pL), and different concentrations of
chalcones (100 pL), and were added to the 96-well plate
and incubated at 37 °C for 15 min. Then, hypoxanthine
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as substrate (60 pL, 3 mM) was added to each well and
allowed to be incubated at 37 °C for 20 min. Finally, the
alteration in the absorbance within 7 minutes was
measured at 295 nm by using a multiple-reader
spectrophotometer. Allopurinol was used as a positive
control. The percent inhibition of xanthine oxidase
activity was computed by comparing the inhibitor
absorbance values with the control value without an
inhibitor. ICso values were obtained from the curve of
concentration plots of molecules versus % activity.

2.2. Molecular Docking

Molecular docking was accomplished by the
MolegroVirtual Docker for enzyme ligand docking.'®
The XO crystal structures (PDB IDs. 3NVY/ Quercetin,
7D60/ Oxypurinol (www.rcsb.org/structure/7D60),
3NRZ/Hypoxanthine, 3NVW/ Guanine) were retrieved
from RCSB Protein Data Bank.'®'® The XO structures
were optimized in the Protein Preparation tool to obtain
the chemically proper configuration by repairing
structural errors in amino acids. Inhibitor structures were
modeled in ChemDraw, and optimized and prepared
three-dimensional (3D) sdf structure wusing the
MarvinSketch. The docking site was described as the
area occupied by the co-crystal ligands plus a 13 A wide
zone in its immediate proximity, yielding a docking
region that was wide enough to set each of the docked
chalcones. The docking operation was repeated 10 times
for each compound. The best poses were visualized and
analysed using Discovery Studio 2021 Client program
(v17.2, Accelrys, San Diego, CA).

3. RESULTS AND DISCUSSION

3.1. Biological Activity

Xanthine oxidase inhibitors use as a drug to treat
hyperuricemia and gout disease.'**’ XO inhibitors from
many different groups have been reported in the
literature.”! The derivatives of some chalcones were
reported as strong xanthine oxidase inhibitors.??** In this
study, we tested some chalcones to determine their
inhibitor potentials against this enzyme activity at 1-25
UM concentrations. Also, we performed docking studies
to predict the accuracy of binding poses of compounds
with enzyme active sites. Results tabulated in Table 2.

As shown in Table 2, among the chalcone compounds
examined here compounds 1 and 2 had the greatest effect
with  7.21£0.07 and 7.54+£0.09 uM ICsy values,
respectively. Compounds 3, 4, and 5 showed a strong
inhibitory effect on XO, and the ICs of these compounds
were 8.82+ 0.12, 9.80+ 0.10, and 13.78+ 0.13 uM ,
respectively (Figure 1). Allopurinol was used as a control
to compare, its ICso values were determined as 6.18+
0.10. The compounds demonstrated an inhibition effect
against the enzyme at values very close to the standard.
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The name of ICso PDB ID and References ligands
compounds/Mol | yalues pM
ecular Weight 3NVY/ Quercetin
(g/mol) MolDock | LE | MolDock
Score Score
1/335.376 7.21£0.07 -142.45 -5.70 -176.96
2 /320.362 7.54+0.09 -145.96 -6.08 -181.03
3/330.153 8.82+0.12 -151.53 -7.58 -155.09
4/319.255 9.80+0.10 -162.30 -7.06 -170.20
5/434.337 13.78+0.13 -170.70 -5.33 -217.79
Resolution 2.00 A 1.99 A

7D60/ Oxypurinol | 3NRZ/Hypoxanthine

3NVW/ Guanine

LE MolDock LE MolDock LE

Score Score
-7.08 -176.21 -7.05 -179.97 -7.20
-7.54 -173.23 -7.22 -179.63 -7.48
-7.75 -152.52 -7.63 -155.03 -7.75
-7.40 -168.54 -7.33 -168.16 -7.31
-6.81 -210.66 -6.58 -224.05 -7.00
1.80 A 1.60 A

Table 2 The results obtained from in vitro and in silico studies against xanthine oxidase.
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Figure 1 Inhibition rate graphs of chalcones on xanthine
oxidase activity in vitro.

In order to further analyse the conformation and
orientation between compounds, and xanthine oxidase,
molecular docking was performed using MolegroVirtual
Docker software. First, to evaluate the binding patterns
of some substrates and inhibitors to the active site of the
enzyme, interactions in their crystal structures were
visualized with the Discovery Studio 2021 Client
program (Figure 2). Then, the co-crystalline ligands were
placed in the centers of the grids, and docking was
performed against the active region. As seen in Table 2,
the results of the others are similar, except for the crystal
structure to which the quercetin ligand is attached.
Docking results with the crystal structure SNVW with the
best resolution were selected for detailed interaction

analysis. Figure 3 shows the docking site, the
conformations of active site amino acids and ligands, and
the overlap of ligands. The tested compounds displayed
similar binding diagrams due to the parallel orientations
of the ligands. The docking score of compounds 1, 2, 3,
4, and 5 are -176.21, -173.23, -152.52, -168.54 and -
210.66 MolDock Score. When the in vitro and in silico
results are evaluated together, there is a difference
between the experimental results of compound 5 and the
in silico results. It may be normal for it to have a higher
MolDock Score because it has a higher molecular weight
and contains more functional groups. However, another
factor in evaluating the docking results is the Ligand
Efficiency value obtained by the ratio of the docking
score to the number of heavy atoms in the molecule.
When the results are evaluated according to this value, it
is seen that the in silico results generally support the in
vitro results.
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Figure 2. Dimensional view of the interaction diagrams of
reference ligands with xanthine oxidase.
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Figure 3 The cavity (active site) of xanthine oxidase, ligands with amino acid residues at the active site, and overlapping of

chalcones.

It is observed that compound 1 formed hydrogen bonding
with THR1010 amino acid. GLY799 formed a carbon-
hydrogen bond with the O of propenal on the chalcone.
On the other hand, the sulfur atom present in
Methionine1038 residue interacted with the A ring of
chalcone to form a Pi-Sulfur interaction. MET1038, ALA
1078, and ARG912 residues performed Alkyl
interactions with cyclic structures on the Pi-fur molecule
(Figure 4).

The oxygen of carboxylic acid moiety in the B ring of
ligand 2 could form three hydrogen bonds with the
backbone donor hydrogen bond of Thr1010, the side
chain donor hydrogen bond of Arg880 and the side chain
donor hydrogen bond of Thr1010. This compound
formed the hydrophobic interactions with ALA1079,
ALA1078, PHE914, ARG912 and METI1038 via
piperazine and benzene groups (Figure 5).

The compound 3 established interactions with residues
MET1038, ARG912, GLY799 PHE914, ARGSS80,
THR1010, ALA1079, ALA1078, and PHE914. The
carboxyl substituent of the B ring formed hydrogen
bonds with ARG880 and THR1010. Benzene groups of
compound Br-Far showed hydrophobic interactions with

ARG912, PHE914, ALA1079, and ALA1078. Also, a Pi-
Sulfur interaction between MET1038 and A ring was
observed. Brome moiety established an alkyl interaction
with MET1038.
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As seen in Figure, ARG880, THR1010 and GLU802
residues play a vital role in the binding of the substrate
and inhibitors to the active pocket of the XO enzyme. The
carboxyl group attached to the B benzene ring of the
molecules makes strong hydrogen bonds with ARG880
and THR1010 in the enzyme’s active site. Also,
modifications to other parts of the molecule did not
strongly affect the inhibitory potential of the molecule
towards the enzyme. The inhibition effect of
hydroxylated chalcones against the enzyme was tested
previously. The article reported that molecules without
the -OH group on the B ring did not affect the enzyme
activity. The -OH groups in various positions on the B
ring enhanced the inhibition effect of the molecules
against the enzyme.?” Similar results are seen in the
results of another study. Also, the addition of -OCH-
substituted groups on the B ring reduced or eliminated
the effect of the molecules on the enzyme activity.”**

The previously reported studies and the data obtained in
this study may be said to be one of the main fragments of
the B ring in the inhibition of the XO enzyme by
chalcone-type molecules. In addition, heterocyclic
structures participate in Pi-Pi Stached and Pi-Pi T-
Tshaped hydroboical interactions. PHE914 and
PHE1009 are the most important amino acid residues
contributing to such interactions. Similar to the substrate
and inhibitors, PHE1009, ALA1079, and PHE914 were
evaluated to be the vital residues in the molecular
interaction between chalcones and xanthine oxidase.
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Figure 4 Three and two-dimensional view of the interaction diagram of chalcones with xanthine oxidase.
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Figure 5 Three and two-dimensional view of the interaction diagrams of chalcones with xanthine oxidase.
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4. CONCLUSIONS

Some chalcone evaluated their xanthine oxidase inhibitor
activity. Compounds 1 and 2 had the greatest effect with
7.21+0.07 and 7.54+0.09 uM IC50 values, respectively.
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