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Article Info Abstract

Article history: Phenolics, including flavonoids, are bioactive components in garlic in relatively
abundant amounts and are present 2—4 times more in black garlic. Both of these
compounds are reported to have biological activity, with one of them acting as an
antioxidant. However, its ability as an antigout is still not widely reported.
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Online: 315t August 2022 Xanthine oxidase, adenine deaminase, guanine deaminase, purine nucleoside
Keywords: phosphorylase, and 5-Nucleotidase II are involved during the production of uric
xanthine oxidase; adenine acid and causes gout. This study predicted the potential of the phenolic and
deaminase; guanine deaminase; flavonoid compounds in garlic and black garlic as antigout in inhibiting five target
purine nucleoside receptors through a molecular docking approach. Utilizing AutoDock Tools v.1.5.7
phosphorylase; for receptor and ligand preparation, AutoDock Vina and AutoDock4 for molecular
5- Nucleotidase II docking, and LigPlot* and PyMOL for visualization. About 21 compounds from the

phenolic and flavonoid groups were used as test ligands and 16 reference ligands
(substrate and commercial). SwissADME predicted the pharmacokinetic
parameters. The results showed that apigenin, morin, resveratrol, kaempferol,
(+)-catechin, isorhamnetin, and (-)-epicatechin were predicted to have good
interactions at each target receptor and had the potential to be developed as
candidates for multi-target antigout. Based on the pharmacokinetic parameters,
all these compounds had good scores in each, making them feasible to continue
in vitro or in vivo trials.

1. Introduction days. In recent years, black garlic has emerged as a new
product with different characteristics from garlic. Black
garlic was first introduced in Japan and is gaining
popularity in several countries such as China, South
Korea, the US, and Europe because of its nutritional
content and bioactive components better than garlic [6].
Several sensory properties change during the garlic-to-
black garlic process, including a darker color due to an
increase in melanoidin, a less intense taste and smell due
to a decrease in sulfur compounds, and an increase in
phenolic, flavonoids, and S-allyl cysteine (SAC) [7, 8].
Black garlic is reported to be good for preventing
cardiovascular, cancer, obesity, and inflammation [6, 9,
10]. Black garlic has much higher antioxidant activity

Black garlic is a garlic product that has been heated than garlic because it contains more phenolics, including
to high temperatures with controlled humidity for several flavonoids [10]. However, the ability of phenolic

Garlic (Allium sativum L.) is a bulbous flowering plant
widely used in culinary and cultivated in various countries
in Asia, such as China, Japan, and Indonesia. Garlic bulbs
are also reported to have antibacterial, antimicrobial,
anti-inflammatory, and immunomodulatory properties
due to their high sulfur compound content [1, 2]. In
addition to sulfur compounds, phenolic compounds such
as flavonoids are reported as natural antioxidants [3],
suitable for treating heart disease and cancer, reducing
the risk of chronic diseases, and preventing and treating
atherosclerosis [4], are also available in relatively
abundant quantities [5].
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compounds in garlic and black garlic as antigout has not
been widely reported. Only quercetin in garlic has been
reported to reduce blood uric acid levels [11]. Therefore, it
is necessary to explore the ability of phenolic compounds,
particularly flavonoids, in garlic and black garlic as
antigout.

Gout is a condition in which the body synthesizes
excessive amounts of uric acid. The synthesis of uric acid
in our body is catalyzed by several enzymes, including
xanthine oxidase (XDH) [12], adenine deaminase (ADA),
guanine deaminase (GDA) [13], purine nucleoside
phosphorylase (PNP) [14], and 5-nucleotidase I ( NT5C2)
[15]. Gout patients are treated clinically by taking
allopurinol and febuxostat, which inhibit XDH activity
and thus reduce uric acid production. However, both
drugs have side effects such as liver and kidney toxicity
[16]. As a result, gout patients frequently have
comorbidities such as hypertension, diabetes, and
hyperlipidemia [17].

The decrease in uric acid levels in the blood thus far
is achieved by inhibiting a single enzyme, XDH [11, 18,19].
However, single enzyme inhibition in lowering uric acid
levels may be less effective. This study tried to inhibit all
enzymes that play a role in uric acid biosynthesis using a
molecular docking approach. This method is used because
it can predict the binding conformation of ligands to the
appropriate target binding site, which is essential in drug
design and elucidating fundamental biochemical
processes [20]. Therefore, this study aimed to predict the
potential of compounds from the phenolic group,
including flavonoids in garlic and black garlic as antigout,
by inhibiting all target receptors using a molecular
docking approach.

2. Methods
2.1. Tools, materials, and preparation of ligand and
protein

The tools used in the research were Intel Core i7-
8550U processor specifications laptop with 16384 MB
RAM, and the software used was AutoDock Tools v.1.5.7
(https://ccsb.scripps.edu/mgltools/), AutoDock Vina
(https://vina.scripps.edu/), AutoDocks
(https://AutoDock.scripps.edu/AutoDock4/), PyMOL
(https://pymol.org/2/), and LigPlot* v.2.2
(https://www.ebi.ac.uk/thornton-
srv/software/LigPlus/). The materials used were the
three-dimensional structure of enzyme XDH (PDB ID:
2E1Q), ADA (PDB ID: 3IAR), GDA (PDB ID: 4AQL), PNP
(PDB ID: 1RSZ), NT5C2 (PDB ID: 2JC9) and the database
contains 21 compounds from phenolic and flavonoid
groups in garlic and black garlic as test ligands, and 16
reference ligands consisting of 11 substrates and 5
commercial ligands (Table 1 and 2). In addition, literature
on the ligand was obtained from literature related to
garlic and black garlic compounds.

The database used for molecular docking was taken
from the Pubchem database catalog
(https://pubchem.ncbi.nlm.nih.gov/). The ligand
molecule was geometrically optimized using Orca2
software to resemble its natural state. The ligand was
prepared using AutodockTools v.1.5.7 by first adding a
hydrogen atom, detecting the root, and selecting the
torque. The target protein molecules were taken from the

Protein Data Bank (https://www.rcsb.org/). The receptors
and their natural ligands were separated and converted
into PDB format using AutoDock Tools v.1.5.7. Water
molecules and other heteroatom molecules were
removed. Furthermore, adding polar hydrogen and a
Kollman charge after checking for any missing atoms and
then saving the file as *.pdbqt.

Table 1. Bioactive compounds on garlic and black garlic
as test ligands
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Table 2. Reference ligands

Reference ligand
Substrate Ref.

Commercial Ref.

Xanthine [24] Allopurinol [25]

Hypoxanthine [24] Azepinomycin [26]
Adenosine [24] Ulodesine [27]
Fludarabine [28]

Xanthosine [24]

Guanine [24]
Guanosine [24]
Inosine [24] Adenosine monophosphate [24]

Guanosine [24]
monophosphate

Xanthosine monophosphate  [24]

Inosine [24]
monophosphate

Erythro-9-(2-hydroxy-3- [29]
nonyl)adenine [EHNA]

2.2. Docking molecular simulation

Molecular docking of the receptor was conducted on
the test and reference ligands. First, docking was done
using AutoDock Vina. The receptor was redocking with
co-crystal ligands before docking the test and reference
ligands. This redocking aimed to obtain the coordinates of
the receptor’s active site. The structure of the protein and
co-crystal ligands was made in the size of a grid box
(search space) which covered the entire area of the
receptor with sizes x, y, and z, as shown in Table 2 with
1.0 A spacing. Grid box size data was stored in the *.config
file format.

Then, co-crystal ligand binding to the receptor was
done using AutoDock Vina based on the data in the config
file. After the redocking was completed, docking
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validation was performed between the co-crystal and
docked ligand, where the validation parameter was the
RMSD value < 2 A [30]. After being validated, the test and
reference ligands were docked. The docking of the test
and reference ligands used a binding site reference area
based on the results of redocking. Docking results with
AutoDock Vina were analyzed to obtain the highest
binding energy. Five ligands with the highest binding
energies were docked again using AutoDock4. The
docking involved creating grid box sizes x = 60, y = 60,
and z = 60 with 0.5 A spacing. Grid box size data was
stored in the *.gpf file format. The selected docking
parameters were Genetic Algorithms (GA) run
determined as 200 with the population size of 300, and
the maximum number of evals was selected long (25
million). GA parameter data was stored in a *.dpf file
format. Analysis of docking results in the form of Gibbs
free energy and amino acid residue interactions were
visualized using LigPlot* 2.2 and PyMOL.

2.3. Screening of bioactive compounds as drug
candidates

All compounds targeted by drug candidates were
subjected to Lipinski’s rule of five testing and ADMET
(absorption, distribution, metabolism, excretion, and
toxicity) testing through the ADMETsar website
(http://www.swissadme.ch/).

3. Results and Discussion
3.1. Molecular docking simulation

Before docking, the docking method must be
validated using AutoDock Vina software by redocking the
co-crystal ligand to each receptor (Figure 1). However, as
the xanthine oxidase receptor has no co-crystal ligand, a
grid box was created by employing all of the amino acid
active sites in the xanthine oxidase protein. The grid used
in molecular docking can be seen in Table 3. The
validation parameter was based on the RMSD value,
which indicated the level of deviation of the docking
ligand position against the co-crystal ligand. The smaller
the RMSD value, the smaller the deviation between
docking ligand positions and co-crystal ligands, and this
position is considered to be the best. The RMSD value is
said to be valid if < 2 A [30], and if it is in the range of 2—3
A, the validation results are still acceptable [31].

The redocking of each receptor had an RMSD value of
<2 A. This value is acceptable, and the docking process is
valid, so the grid box size and position for each receptor
can be used for docking with the test ligand [32].
However, the xanthine oxidase protein does not have an
RMSD value because the protein does not have a co-
crystal ligand, so the docking method cannot be validated.

Table 3. Size of the redocking grid box

RMSD

Receptor Size (x, v, z) and center (X, V, z) ®)

Si 24,24, 2.
Xanthine oxidase (XDH) ize (24, 24, 24) n.a
Center (31177, 22.319, 149.462)

Adenine deaminase Size (20, 20, 20) 1509
(ADA) Center (6.361, -3.504, 0.741) ’

Guanine deaminase Size (16, 16, 16) 1767
(GDA) Center (5.159, -26.598, 1.557) .

Purine nucleoside Size (16, 16, 16)

1191

phosphorylase (PNP) Center (2.247, 18.992, 25.392)
5-Nucleotidase I1-1497 Size (12,12,12) 0.778
(NT5C2-1497) Center (-2.566,18.342, 58.224) ’
5-Nucleotidase I1-1498 Size (13,13, 13) 2128

(NT5C2-1498) Center (-22.736, 32.601, 49.929)

n.a = not available

Molecular docking is an in silico method to observe
the best interactions between protein-ligand complexes.
Molecular docking simulations in this study were
performed employing AutoDock Vina software between
XDH, ADA, GDA, PNP, and NT5C2 proteins with 21 test and
16 reference ligands consisting of 11 substrates and 5
commercial compounds for each target protein (Table 1
and 2). The XDH, ADA, GDA, PNP, and NT5C2 were used
as target receptors because these five enzymes were
directly involved in uric acid biosynthesis [24]. Figure 2
shows the mechanism of uric acid formation catalyzed by
these five enzymes.

“““““““““

Figure 1. 3D visualization of the validation results of the
docking method (notes: green = ligands contained in the
protein structure (co-crystal ligand), red = redocking
ligand, NT5C2-1497 and NT5C2-1498 = position of
effector site 1 and effector 2 of protein 5-Nukleotidase IT)
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Figure 2. Uric acid biosynthesis mechanism

The Gibbs free energy, or the binding affinity of the
ligand to the acceptor, is considered a determining factor
in the stability of a ligand-protein complex [33]. The
more negative the Gibbs free energy value or the binding
affinity of the ligand to the receptor, the stronger the
binding of the ligand to the target receptor, which causes
the ligand to be better at inhibiting the target receptor
[33]. The results of the docking simulation using the
virtual screening method resulted in different energy
affinities at each target receptor are tabulated in Table 4.

Based on the molecular docking results (Table 4), the
energy affinity values of the test ligands ranged from
-9.30 to -2.70 kcal/mol. The highest energy affinity
values of -9.30 kcal/mol belonged to (-)-epicatechin and
luteolin compounds when docked to the xanthine oxidase
(XDH) receptor. Apigenin, luteolin, myricetin, quercetin,
and isorhamnetin are compounds that bind strongly to all
target receptors. The value of its energy affinity is more
negative than commercial and substrates at each target
receptor. The same thing happened to (-)-epicatechin,
(+)-catechin, kaempferol, and morin which were bound
to five different receptors, as shown in Table 3.
(- )- Epigallocatechin was the only compound that could
bind to four receptors, namely XDH, GDA, PNP, and
NT5C2-1498.

Furthermore, caffeic acid binds to XDH, GDA, and
NT5C2-1497 receptors, whereas chlorogenic acid binds to
XDH, ADA, and GDA receptors. Ferulic acid, p-coumaric
acid, and resveratrol are attached to the same two target
receptors, XDH and GDA. Finally, m-coumaric acid, o-
coumaric acid, and vanillic acid each bind to a single
receptor, with m-coumaric acid and o-coumaric acid
binding to the XDH receptor. In contrast, vanillic acid
binds to the GDA receptor.

Based on molecular docking results of the 21 tested
ligands, only p-hydroxybenzoic acid and gallic acid

did not exhibit excellent binding affinities for all target
receptors. In comparison, 19 other ligands are suspected
as potential candidates for multi-target antigout because
19 compounds had good binding when compared to
commercial and substrates at several different receptors
based on the binding affinity value. The 19 compounds are
highlighted in red (Table 4). This study’s results differ
from those previously reported, in which the test ligand
compounds from the flavonoid group in garlic were said
to only inhibit one target, specifically XDH [11].

A total of 19 test ligands from the docking were
ranked, and 5 test ligands were taken from each receptor
with the most negative energy affinity value compared to
the reference ligands (substrate and commercial). The 5
test ligands with the most negative energy affinity values
are highlighted in green (Table 4). The test ligands were
docked again using the AutoDock4 method. The results of
the docking are shown in Table 5. The purpose of docking
with AutoDocks4 was to compare the results of
calculations based on scoring function differences of
AutoDocks with AutoDock Vina.

Based on Table 5, it can be seen that there is a
difference in the energy affinity value of the docking
results from AutoDock Vina and AutoDock4; this is due to
the scoring function between the two methods. The
scoring function in AutoDocks is semi-empirical,
involving Coulomb potential, Lennard-Jones potential,
system desolvation, and conformational entropy. In
contrast, the AutoDock Vina scoring function is empirical,
consisting of Gaussian steric, hydrogen, hydrophobic,
and covalent bonds [34]. AutoDock vina has the advantage
of docking more quickly and accurately predicting the
binding pose than AutoDock4. Nonetheless, AutoDocks
provides good accuracy and precision regarding energy
affinity values correlated with experiments [34].
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Table 4. Energy affinity of the test ligand docking with the target receptor

Energy affinity (kcal/mol)

Ligand

XDH ADA GDA PNP NT5C2-1497 NT5C2-1498
(_)_Eptggsllgiate(:hm -830+1,34 -627+0,4,0 @ -6.97+0,58 -8.50+0,00 -3.83+1,99 -5.73 0,09
(-)-Epicatechin -9.30+0,05 @ -7.50+0,00 -6.73+0,05 -820+0,00 -507%0,25 -5.60 £ 0,00
(+)-Catechin -887+0,05 -810+0,00 -6.97+0,38 -8.50+0,00 -537%0,12 -5.37 £ 0,05
p_hydrg)c(i{]benzmc -6.10 + 0,00 -5.90+0,00 -6.17+0,05 -550#£0,00 -4.10%0,24 -3.87+0,09
Apigenin -890+0,00 -7.60+0,00 -7.87:0,31 -870+0,00 -523%0,48 -5.60 0,00
Caffeic acid -6.80+ 0,00 -6.80+0,00 @-6.67+0,05 -6.50+0,00 -4.83%0,00 -4.50+0,00
Chlorogenic acid -890+0,00 -7.77+0,05 -9.00+0,00 -8.10% 0,00 -3.77 £ 1.46 -5.33 £ 0,24
Ferulic acid -7.03 +0,00 -6.40+0,00 -6.80+0,28 -6.40%0,00 -4.77%0,05 -4.53+0,05
Gallic acid -6.10+ 0,05 -6.20+0,00 -6.40%0,00 -580+0,00 -4.27+0,21 -4.17 £ 0,05
Isorhamnetin -817+0,05 -7.90+0,00 -6.90+0,16 -8.40%0,05 -5.33+0,31 -5.60% 0,00
Kaempferol -8.40 £ 0,00 -7.73 £ 0,05 -7.57 + 0,33 -857+0,06 -523%0,42 -5.37%0,05
Luteolin -9.30+0,00 -7.70+0,00 -7.53+0,19 -9.03+0,09 -540%0,37 -5.97+0,05
m-coumaric acid -6.87 + 0,00 -6.93+0,05 -6.40+0,00 -6.00%0,00 -4.8020,08 -4.53 £ 0,05
Myricetin -850+0,00 -7.40+0,00 -6.97+0,26 -9.20 + 0,00 = -4.97 £ 0,58 -5.67+ 0,17
Morin -8.60+ 0,00 -7.30+0,00 -6.90%0,33 -8.67%0,05 -517+0,45 -5.33 + 0,05
o-coumaric acid -6.67 £ 0,05 -6.37 £ 0,05 -6.07 £ 0,05 -6.10 + 0,00 -4.67 £ 0,05 -4.53 £ 0,05
p-coumaric acid -6.63 £ 0,14 -6.33 £ 0,05 -6.70 + 0,00 -6.10 + 0,00 -4.47 + 0,26 -4.10 £ 0,00
Quercetin -8.40+ 0,05 -7.70+ 0,00 -7.03 0,40 -9.00 +0,00 -5.30+0,49 -5.60 + 0,00
Resveratrol -8.20 £ 0,09 -7.13 + 0,05 -7.87 + 0,05 -7.50 + 0,05 -4.80 + 0,36 -5.03 + 0,09
Vanillic acid -4.2 + 0,09 -5.70 £ 0,14 -6.50 £ 0,00 -5.80 + 0,00 -4.23 £ 0,17 -4.23 £ 0,12
Hesperidin -7.30+ 0,00 -7.47+0,25 -580+0,78 -8.27+0,75 -2.770+0,00 -4.70+ 0,73
Allopurm.(’l -6.60 + 0,00
(commercial)
Xanthine (substrate) -6.40 + 0,00
Hypoxanthine _
(substrate) 6.23£ 0,05
Erythro-9-(2-hydroxy-3- _
nonyl)adenin [EHNA] (commercial) 713 £ 0,05
Adenosine (substrate) -7.00 + 0,00

Azepinomycin (commercial)

Guanine (substrate)

Ulodesine (commercial)

Guanosine (substrate)

Inosine (substrate)

Xanthosine (substrate)

Fludarabine (commercial)

-6.40 £ 0,00

-6.00 £ 0,00
-8.30 + 0,00
-8.27 £ 0,05
-7.83 £ 0,05
-7.80 % 0,00

Adenosine monophosphate (substrate)

Guanosine monophosphate (substrate)

Inosine monophosphate (substrate)

Xanthosine monophosphate (substrate)

-4.80 £ 0,08 -5.23 + 0,05
-4.73£ 0,46  -5.40+0,08
-3.87+0,87  -5.43+0,12
-4.03+1,39  -5.47+0,26
-3.33+2,00 -4.70 + 0,22

The binding affinity value of the test ligand is more nagative than commercial and
ligands for docking with Autodocks (highlight green)

substrate (highlight pink), test
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Table 5. Comparison of the energy affinity values of docking test ligands using AutoDock Vina and AutoDock4

Receptors

ligands

Energy affinity (kcal/mol)

AutoDock Vina AutoDocks
Allopurinol (commercial) -6.60 -5.00
Hypoxanthine (substrate) -6.23 -5.00
Xanthine (substrate) -6.40 -5.29
Xanthine Oxidase (—)—Epicat.echin 79:30 ~8.16
Luteolin -9.30 -7.87
Apigenin -8.90 -8.28
Chlorogenic acid -8.90 -7.87
(+)-Catechin -8.87 -8.05
Ulodosine (commercial) -8.30 -6.24
Guanosine (substrate) -8.27 -7.60
Inosine (substrate) -7.83 -5.05
. . Xanthosine (substrate) -7.80 -6.13
Purine Nucleoside Mvyricetin ~9.20 725
fosforilase y . ’ ’
Luteolin -9.03 -7.56
Quercetin -9.00 -7.08
Apigenin -9.70 -7.61
Morin -8.67 -6.85
Azepinomycin (commercial) -6.40 -5.39
Guanine (substrate) -6.00 -5.85
Chlorogenic acid -9.00 -6.45
Guanine Deaminase Apigenin -7.87 -6.20
Resveratol -7.87 -6.27
Kaempferol -7.57 -5.87
Luteolin -7.53 -6.76
9-(2-hydroxy-3-nonyl)adenine [EHNA] (commercial) -7.13 -5.65
Adenosine (substrate) -7.00 -5.75
(+)-Catechin -8.10 -7.73
Adenine Deaminase Isorhamnetin -7.90 -7.09
Chlorogenic acid -7.77 -5.86
Kaempferol -7.73 -6.71
Luteolin -7.70 -7.34
Fludarabine (commercial) -4.80 -4.25
Adenosine monophosphate (substrate) -4.73 -5.82
Guanosine monophosphate (substrate) -3.87 -5.44
Inosine monophosphate (substrate) -4.03 -4.76
5-Nucleotidase I 1497 Xanthosine monophos:phate (substrate) -3.33 -4.48
Luteolin -5.40 -5.99
(+)-Catechin -5.37 -5.32
Isorhamnetin -5.33 -5.41
Quercetin -5.30 -5.69
Apigenin -5.23 -6.94
Fludarabine (commercial) -5.23 -4.74
Adenosine monophosphate (substrate) -5.40 -5.18
Guanosine monophosphate (substrate) -5.43 -3.83
Inosine monophosphate (substrate) -5.47 -4.66
5-Nucleotidase IT 1408 Xanthosine mor;‘?llilelgls,iﬁhate (substrate) _;,;(7) _zg'ﬁ,
(-)Epigallocatechin gallate -5.73 -6.10
Myricetin -5.67 -5.48
(-)-Epicatechin -5.60 -6.24
Apigenin -5.60 -6.09

3.2. Screening of bioactive compounds as drug
candidates

For their pharmacological properties, the Lipinski
test analyzed 12 ligands resulting from docking with
AutoDocks (Table 5). The Lipinski test aimed to
determine the permeability and ability of the test ligand
to be absorbed orally [35]. The rules required to abide by
the Lipinski test are molecular weight < 500 Da,
octanol/water partition coefficient (AlogP) < 5, number of
hydrogen bond donors (HBD) < 5, and number of
hydrogen bond acceptors (HBA) < 10 [36]. Lipinski’s rule
has a tolerance limit that is allowed to violate one rule

[35]. Allopurinol, ulodesine, azepinomycin, 9-(2-
hydroxy-3-nonyl)adenine [EHNA], and fludarabine are
commercial drugs that have been widely circulated and
used to treat gout and passed the Lipinski test. This result
is consistent with the finding tabulated in Table 6, which
shows that the five commercial ligands did not violate the
Lipinski test. Based on Table 6, the (-)-epigallocatechin
gallate has exceeded the tolerance limit of the Lipinski
test; namely, the number of hydrogen bond donors is
eight, and the number of hydrogen bond acceptors is 11.
Therefore, the compound (-)-epigallocatechin has poor
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permeability and is unsuitable for oral use. Meanwhile,
the other test ligands passed the Lipinski test.

The test was continued with the ADMET Test to
determine ADMET (Absorption, Distribution,
Metabolism, Excretion, and Toxicity) so that the
pharmacology and pharmacokinetics of these compounds
were known using the webserver
http://www.swissadme.ch/ [37]. Five important ADMET
indicators are bioavailability, Human Intestinal
Absorption (HIA), AMES mutagenesis, carcinogenicity,
and LDso [38]. Bioavailability describes the ability of a
drug to enter the systemic circulation, which ultimately
accesses the active site. Meanwhile, absorption in the
human gut, denoted as human intestinal absorption
(HIA), is the ability of a drug to be absorbed into the
intestine and digestive system. The next indicator is
AMES Mutagenesis, which is the ability of drugs to cause
mutations in test bacteria that can provide information
related to the toxicity of compounds.

On the other hand, carcinogenicity indicates the
potential of a compound to cause cancer. Positive and
negative signs indicate whether or not they can
occur [38]. The last indicator is LDso which refers to the
maximum dose in milligrams per kilogram of test animal
weight that can cause death in test animals. Table 6 shows
that allopurinol, azepinomycin, EHNA, fludarabine, and
ulodesine as control compounds had good ADMET
indicators. Based on the ADMET parameters (Table 6),
almost all test compounds had good scores in each
parameter, except for the Chlorogenic acid and
(- )- epigallocatechin gallate had a low score on the
bioavailability parameter (<0.55). Myricetin, luteolin, and
quercetin had poor scores on carcinogenicity and AMES
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mutagenesis parameters, so the five compounds are
unsuitable to be recommended as antigout candidates.
Finally, seven compounds were found that were
suspected to be the best antigout candidates because they
had good Lipinski and ADMET parameters. The selection
of seven compounds as test ligands is schematically
illustrated in the virtual screening protocol, as shown in
Figure 3.

Literature review |

form garlic and
|

i‘ biacllc gmlic |

! 21 ligands from ‘
| phenolic and |
| flavonoid groups \

Energy affinity
(Autodock Vina)

19 ligands
Energy affinity
(Autodock4)
12 ligands
Drug likeness
iinski's rul
(Lipinski's rule) 11 ligands
1 ADMETH St -~ -----~-=""—"
‘ 7 ligands

Figure 3. Compound virtual screening workflow as the
antigout candidate

Table 6. Lipinski’s rule and ADMET Test for the test and commercial ligands

Lipinski’s rule ADMET Parameters
Human LDso
a d
Ligand MW LogP® HBD¢ HéiA Bioavailability Intestinal AMES Carci icit (E,I;%/llé‘tgg d
(< 50_0 g (<5) (<5) (score) Absorption Mutagenesis arcinogenicity .
mol?) 10) Toxicity
(HIA)

Class)
Ulodesine 264.28 o 7_ 97 A 6 GB (0.55) HIA (+) AMES (-) NC 1000 (IV)
Azepinomycin 168.16 1 1'1 6 A 5 GB (0.55) HIA (+) AMES (-) NC 2032 (V)

Erythro-9-(2-hydroxy-3- _

nonyl)adenine [EHNA] 277.37 2.3 3 5 GB (0.55) HIA (+) AMES (-) NC 450 (IV)

Fludarabine 285.24 -2.84 4 9 GB (0.55) HIA (+) AMES (-) NC 13 (1I)
Allopurinol 136 o 1_87 2 4 GB (0.55) HIA (+) AMES (-) NC 1000 (IV)
Myricetin 318.24 1.08 6 8 GB (0.55) HIA (+) AMES (+) C 159 (III)
Luteolin 286.24 1.86 4 6 GB (0.55) HIA (+) AMES (+) C 3919 (V)
Quercetin 302.24 1.63 5 7 GB (0.55) HIA (+) AMES (+) C 159 (III)
Apigenin 270.24, 1.89 3 5 GB (0.55) HIA (+) AMES (-) NC 2500 (V)
Morin 302.24 147 5 7 GB (0.55) HIA (+) AMES (-) NC 3919 (V)
Chlorogenic acid 354.31 087 6 9 NGB (0.11) HIA (+) AMES (-) NC 5000 (V)
Resveratrol 228.24, 1.71 3 3 GB (0.55) HIA (+) AMES (-) NC 1560 (IV
Kaempferol 286.24 1.7 4 6 GB (0.55) HIA (+) AMES (-) NC 3919 (V)

(+)-Catechin 20027 133 5 6  GB(0.55)  HIA(+)  AMES(-) NC e
Isorhamnetin 316.26 235 4 7 GB (0.55) HIA (+) AMES (-) NC 5000 (V)

(-)-Epicatechin 29027 147 5 6  GB(0.55)  HIA(+)  AMES(-) NC WD
(-)-Epigallocatechin gallate 458.37 1.53 8 1 NGB (0.17) HIA (+) AMES (-) NC 1000 (IV)

a = molecular weight, b = octanol water partition coefficient, c = hydrogen bond donor, d = hydrogen acceptor donor, GB = good bioavailability, NGB = not good

bioavailability, NC = non carciogenicity, C = Carciogenicity


http://www.swissadme.ch/
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3.3. Visual analysis of receptor-ligand complex
interactions

The visual analysis aims to observe the interactions
between the ligands (several test ligands were taken as
samples and commercial ligands) as inhibitors and the
amino acids of the target protein. Based on the 2D and 3D
visualization results (Figures 4 and 5), interactions
occurred at the catalytic active site residues in the form of
hydrogen bond interactions on the amino acid residue.

These interactions occurred between Thr1011 in the
XDH-Allopurinol and XDH-Apigenin complex (Figure 4A
and 4D), Asn243 and Glu201 in the PNP-Ulodesine
complex (Figure 4B), Asp330 in the GDA-Azepinomycin
complex (Figure 4C), Tyr88 and Glu201 to the PNP-Morin
complex (Figure 4E), His17 and Asp19 to the ADA-EHNA
complex (Figure 4G), Glu217, Asp296, and Asp19 to the
ADA-Catechin complex (Figure 4H).

Hydrophobic interactions occurred in the amino acid
residues Arg881 and Phe915 on the XDH-Allopurinol and
XDH-Apigenin complex (Figure 4A and 4D), Met219 on
the PNP-Ulodesine and the PNP-Morin complex (Figure
4B and 4E). Other hydrophobic interactions occurred in
Glu1261and Val803 in the XDH-Apigenin complex (Figure
4D), Asn243 on the PNP-Morin complex (Figure 4E),
Trp102 and Leu103 in the GDA-Azepinomycin complex
(Figure 4C), Gly184, Glu217, and Asp296 in the ADA-
EHNA complex (Figure 2G), Gly184 and His17 in the ADA-
Catechin complex (Figure 4H). The protein catalytic
active site residues are involved in the binding of purine
substrates in the mechanism of uric acid formation [39].
The position of the interacting ligand on the active
catalytic site of the receptor causes the receptor activity
to be inhibited so that the receptor does not bind to the
substrate and cannot form a product (uric acid) [24]. The
interaction of the ligand-receptor complex can be seen in
Table 7.

Complex XDH — Allopurinol

Complex XDH Apigenin

Complex ADA FHNA

Complex PNP

Complex PNP

Ulodesine Complex GDA — Azepinomycin

Complex ADA Catechin

Figure 4. 2D visualization of the interaction of the target receptor complex with the test ligand (Notes: yellow circle =
hydrogen bond interaction on the catalytic side, green circle = hydrophobic interaction on the catalytic side, dashed

line = hydrogen bond interaction,

= non-ligand residues involved in hydrophobic bond)
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Complex ADA — EHNA

Complex ADA — Catechin

Figure 5. 3D visualization of the interaction between test ligand -target receptor complex

Table 7. Ligand-receptor complex interactions

Complex Energy Interacting residue
ligand- affinity :
receptors (kcal/mol) Hydrogen bond I_-Iydroph_oblc
interactions
XDH- -5.00 Thrio11 Arg881, Val1012,
Allopurinol Phe1010, Leu1015,
Ser877, Ala1079,
Phegis
PNP- -6.24 Ala116, Asn243, Arg8/, Asniis,
Ulodesine Glu201 Ser220, Met219,
Thr242, Gly218,
Val260, Phe200,
Gly118, Ala117,
Val245, Val217, Ser33,
Gly32
GDA- -5.39 Asp330, GIn87, Trp102, His54,
Azepinomycin Glu243 Gly333, His279,
His240, Leu103,
Arg213
ADA-EHNA -5.65 Asp181, Asp295, Gly184, Phe65,
His17, Asp19 Glu217, Leu62,
Met155, Leu106,
Asp296, Phe61, Leus8
XDH-Apigenin -8.28 Thrio11, Val1012 Phe799, Glu1262,
Glu800, Alag11,
Ala1079, Val803,
Phe1010, Leu874,
Leu1015, Ser877,
Arg88, Ala108o0,
Phegis
PNP—Morin -6.85 Tyr88, His86, Met219, Ala117,
Ala116, Val217, Gly218, Gly118,
Gluz01 Asn243,Val245,
Phe200
GDA- -6.27 His236, Pro208, Phe165, Leu235,
Resveratrol Asp234, Argl63, Lys207, Ser204
Glu38s
ADA-Catechin -7.73 Glu217, Asp296, Gly184, His214,

His238, Asp19

Met155, Leu62,

Leu106, His17,

Asp295, Phe61,
Ala183

The text in bold is the residue of the active catalytic site

4. Conclusion

According to molecular docking results, several
compounds from the phenolic and flavonoid groups in
garlic and black garlic are potential candidates for multi-
target antigout therapy. Apigenin and isorhamnetin are
the best compounds because they have significantly
higher negative energy affinity values in all target
receptors (XDH, GDA, PNP, NT5C2-1497, and NT5C2-
1498) and have good scores in all Lipinski and ADMET
parameters. Other compounds that have been proposed
include (-)-epicatechin, (+)-catechin, kaempferol, and
morin, which can inhibit five target receptors and have
high scores in all Lipinski and ADMET parameters. Based
on the visualization, the (+)-catechin and morin
compounds bind exactly to the active catalytic site to
inhibit the product’s formation in the form of uric acid.
These compounds should be clinically tested against
inhibitors at each target receptor.
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