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Abstract

 Common manifestation of gout is depo-
sition of monosodium urate crystals in joints 
followed by cytokinine-induced inflammatory re-
sponses. Xanthin Oxidase (PDB ID: 3NVY) and 
proinflammatory cytokinines, eg., TAK1 (PDB 
ID: 7NTH) and IL-1 β (PDB ID: 5R8Q) are vast-
ly accountable for the severity of the disease. 
Inhibition of these targets with phytoconstitu-
ents would be preferable option in the treatment 
of gout patients. In the present study, in silico 
molecular docking analysis of Orientin, Vitexin, 
Apigenin, and Harman were performed using 
Glide XP, Schrodinger 2017_2, with above drug 
targets to investigate docking score, binding 
free energies and druggability. The results re-
vealed a docking score and binding energy in 
the range of -11.862 kcal/mol to -3.130 kcal/
mol and -53.282 kcal/mol to -32.346 kcal/mol 
respectively. Except Harman all the compounds 
have considerable docking score and binding 
energies, which typically indicate that they have 
the optimum interaction with the binding sites. 
ADME/T analysis performed using QikProp pro-
gram of Schrödinger 2017-2 and the SwissAD-
ME online server indicated that the Vitexin and 
Apigenin have the physiochemical properties to 
be developed as drugs. These studies can be 
used to develop alternate therapeutic options 

for the treatment of gout. 

Keywords:Gout, Molecular docking, TAK1, 
Xanthin oxidase, IL-1 β, Phytoconstituents 

Introduction

 Arthritis caused by gout is a major dis-
ability of joints in the elderly population and 
accounts for millions of outpatient visits in the 
clinics (1). This painful condition occurs due to 
the inflammatory reaction, when monosodium 
urate crystallizes within the joints (2). Although 
the exact etiology of the disease is not known, 
the association between crystal deposition and 
inflammation of the joints have been well doc-
umented in the past (3, 4). Molecular patho-
physiology of the gout reveals the involvement 
of variety of molecules, including cell surface 
receptors, signalling proteins and/or transcrip-
tion factors in the cascade of cytokinine-induced 
inflammation and tissue injury (5, 6). The role 
of Xanthin Oxidase inhibitors in the manage-
ment of gout associated with hyperuricemia is 
established clinically, since half a century ago. 
These attenuate the catalysis by Xanthin oxi-
dase to produce uric acid and reactive oxygen 
species (7). Recently few novel drug targets for 
the treatment of gouty arthritis have been iden-
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tified, which upon pharmacological inhibition 
ameliorate the symptoms. Of these, the prom-
inent signalling factors are transforming growth 
factor β activated kinase-1 (TAK1) and interleu-
kin-1 beta (IL-1 β). TAK1 is activated midway in 
the signal transduction pathways in response 
to various inflammatory cytokines. Owing to its 
position in the signalling cascade i.e., upstream 
to mitogen-activated protein kinases and the 
IkB kinase complex, TAK1 may be considered 
as attractive drug target (8-12). In gout at the 
site of crystal deposition, release and activation 
of proinflammatory cytokines like IL-1 β triggers 
cardinal inflammatory response with vasodila-
tation and rapid recruitment of neutrophils, pre-
disposing acute inflammatory response (13). 
Sustained IL 1β secretion can result in the pro-
duction of matrix degrading enzymes that break 
down cartilage and bone, thereby augmenting 
the symptoms (14).

 Manipulating these drug targets with 
chemical drug can be effective, but may be ex-
pensive, develop resistance and led to many 
side effects. Hence, identification of phytocon-
stituents with TAK1, Xanthin Oxidase, and IL-1 
β inhibitory potential can be an important break-
through in the treatment of gouty arthritis. Here, 
we report the first In silico study to find the bind-
ing potential and druglike properties of four se-
lected phytoconstituents (eg. Orientin, Vitexin, 
Apigenin, and Harman ). The results from this 
study can be a foundation for developing new 
alternative therapy for gouty arthritis.

Material and Methods

In silico studies

Molecular docking

 The crystal structure of TAK1 (PDB ID: 
7NTH) (15), Interleukin-1 beta (PDB ID: 5R8Q) 
(16), and Bovine Xanthine Oxidase (PDB ID: 
3NVY) (17), were extracted from the RCSB 
Protein Data Bank (PDB). All the crystallized 
protein structures were then prepared using the 
Protein Preparation Wizard module in Schro-
dinger 2017_2 (18) to remove all the water mol-
ecules (in case of co-crystallized ligand bind-

ed protein i.e. 7NTH, 5R8Q, and 3NVY water 
molecules remained only beyond 5 Å from the 
ligand molecule), missing side chains, missing 
loops, and hydrogen atoms were added, proton-
ation states and partial charges were assigned 
using the OPLS3 force field. After that, all the 
protein structures were restrained-minimized 
until the root-mean-square deviation (RMSD) of 
the non-H atoms converged to 0.3 Å. The struc-
tures of the of Orientin, Vitexin, Apigenin, and 
Harman were retrieved from the PubChem da-
tabase, and prepared using the LigPrep module 
of Schrodinger 2017-2 suite to generate tautom-
ers, the chiralites were retained and the ioniza-
tion state at pH 7.0±2.0 was determined using 
Epik (19). Using the prepared and minimized re-
ceptor structures, the receptor grids were gen-
erated either around the co-crystallized-ligand 
site of the crystal structure. Then, the Orientin, 
Vitexin, Apigenin, and Harman were docked 
with the proteins using the Glide XP protocol 
(20).

Molecular dynamics

 The docked complexes of the protein-li-
gand were simulated in the Desmond module 
of Schrodinger software. An orthorhombic box 
was built using a system builder panel. Simple 
point charge model was used as a water mod-
el for the simulation of the docked ligand-pro-
tein complex. The constant-temperature, con-
stant-pressure ensemble (NPT) was used for 
the MD Simulation at a temperature of 310 K 
and an atmospheric pressure of 1.013 bar for 50 
ns. The output of the molecular dynamics stud-
ies was studied in detail using the Simulation 
Interactions Diagram Report of the Desmond 
software (21, 22).

In silico physico-chemical and ADME/T stud-
ies

 Qikprop module of Schrödinger suite 
2017-2 (QikProp, 2017_2) and SwissADME 
were used to determine the physico-chem-
ical and ADME/T properties of the best two 
molecules which helps to determine the phys-
ico-chemical significant descriptors and phar-



Current Trends in Biotechnology and Pharmacy
Vol. 17(4) 1496-1505,October 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2023.4.83

Yasir  et al

1498

macokinetically important properties of the 
molecules. For the fast assessment of the 
physico-chemical and ADME/T properties of the 
Orientin, Vitexin, Apigenin, and Harman it was 
discussed in the results section.

Results and Discussion

Molecular docking analysis

 Molecular docking studies of Orientin, 
Vitexin, Apigenin, and Harman were performed 
using Glide XP, Schrodinger 2017_2 and the en-
ergy minimized structures of the ligands were 
docked into the crystal structure of TAK1 (PDB 
ID: 7NTH, resolution of 1.97 Å), Interleukin-1 
beta (PDB ID: 5R8Q, resolution of 1.23 Å), and 
Bovine Xanthine Oxidase (PDB ID: 3NVY, reso-
lution of 2.00 Å) with validated grid parameters. 
The Glide XP docking scores and the amino 
acid residues responsible for the interactions 
were listed in Table 1 respectively. Based on 
the docking scores, the compounds’ 3D and 2D 
interaction diagrams were analysed for the pro-
posed activity. The molecular mechanics-gen-
eralized Born surface area (MMGBSA) method 
was used to calculate the binding free energy.

 The four phytoconstituents shows con-
siderable docking score and binding free energy 
against the PDB ID: 7NTH were found to be Ori-
entin (-11.862 kcal/mol, -46.669 kcal/mol), Vi-
texin (-11.844 kcal/mol, -53.282 kcal/mol), Api-
genin (-9.277 kcal/mol, -49.012 kcal/mol), and 
Harman (-5.587 kcal/mol, -38.578 kcal/mol). 
Except Harman, all the compounds had the 
docking score of above -8.000 kcal/mol, which 
typically indicate that they have the optimum in-
teraction with the binding site. Val 42, Arg 44, 
and Ala 107 were the amino acids responsible 
for the H-bond formation. Val 42, Ala 46, Ala 61, 
Val 90. Met 104, Tyr 106, Ala 107, Pro 160, Leu 
163, Cys 17 were the most common amino ac-
ids which are accountable for the hydrophobic 
interactions. Ser 111 was responsible for the po-
lar interaction with the two best  docking score 
containing Orientin and Vitexin. Harman is able 
to form a Pi-pi stacking interaction with the Tyr 
106 as shown in Figure1.

Figure 1. Molecular docking interactions of phy-
toconstituents in the binding pocket of PDB ID: 
7NTH. (3D and 2D representation of Orientin 
(A1, A2), Vitexin (B1, B2), Apigenin (C1, C2), 
and Harman (D1, D2) in the binding pocket of 
(PDB ID: 7NTH))

 The four phytoconstituents shows con-
siderable docking score and binding free energy 
against the PDB ID: 5R8Q were found to be Ori-
entin (-7.078 kcal/mol, 44.091 kcal/mol), Vitexin 
(-7.029 kcal/mol, -44.036 kcal/mol), Apigenin 
(-5.293kcal/mol, -39.896 kcal/mol) and Harman 
(-3.130 kcal/mol, -32.346 kcal/mol). The most 
common H-bond forming amino acids were Tyr 
24 and Glu 25 while Pro 23, Tyr 24, Leu 26, Leu 
80, Leu 82, Val 132, and Phe 133 were the most 
common amino acids accountable for the hy-
drophobic interactions. Ser 21, Thr 79, and Gln 
81 were found to be responsible for the polar 
interactions (Figure 2).
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Figure 2. Molecular docking interactions of phytoconstituents in the binding pocket of PDB ID: 
5R8Q. (3D and 2D representation of Orientin (A1, A2), Vitexin (B1, B2), Apigenin (C1, C2), and 
Harman (D1, D2) in the binding pocket of (PDB ID: 5R8Q))

Table 1. Molecular docking results of the compounds based on their docking scores and interac-
tions

PDB ID Com-
pound 
Name

Glide 
score
(Kcal/
mol)

MM-GBSA 
dG Bind 

(Kcal/mol)

H-bond 
forming 
residues 

Hydrophobic interaction forming 
residues

Polar interaction 
forming residues

7NTH Orientin -11.862 -46.669 Val 42, 
Arg 44

Val 42, Ala 46, Ala 61, Val 90. Met 
104, Tyr 106, Ala 107, Pro 160, Leu 

163, Cys 174

Ser 111

7NTH Vitexin -11.844 -53.282 Arg 44, 
Ala 107,  
Pro 160

Val 42, Ala 46, Val 50, Ala 61, Val 90, 
Met 104, Tyr 106, Ala 107, pro 160, 

Leu 163, Cys 174

Ser 111

7NTH Apigen-
in

-9.277 -49.012 Val 42, Ala 
107

Val 42, Val 50, Ala 61, Val 90, Met 
104, Tyr 106, Ala 107, Leu 163, Cys 

174

-

7NTH Harman -5.587 -38.578 Ala 107 Val 42, Val 50, Ala 61, Val 90, Met 
104, Tyr 106, Ala 107, Leu 163, Cys 

174

-

5R8Q Orientin -7.078 -44.091 Tyr 24, 
Glu 25, 
Val 132 

Pro 23, Tyr 24, Leu 26, Leu 80, Leu 
82, Pro 131, Val 132, Phe 133

Ser 21, Thr 79, Gln 
81

5R8Q Vitexin -7.029 -44.036 Tyr 24, 
Glu 25

Pro 23, Tyr 24, Leu 26, Leu 80, Leu 
82, Pro 131, Val 132, Phe 133

Ser 21, Thr 79, Gln 
81

5R8Q Apigen-
in

-5.293 -39.896 Tyr 24, 
Leu 134

Tyr 24, Leu 26, Leu 69, Pro 78, Leu 
80, Leu 82, Trp 120, Val 132, Phe 

133, Leu 134

Thr 79, Gln 81

5R8Q Harman -3.130 -32.346 Tyr 24 Tyr 24, Leu 26, Leu 69, Leu 80, Leu 
82, Val 132, Phe 133, Leu 134

Thr 79, Gln 81

3NVY Orientin -8.985 -33.194 Lys 771, 
Ser 876, 
Glu 879

Leu 648, Phe 649, Leu 873, Phe 914, 
Phe 1009, Val 1011, Phe 1013, Leu 

1014

His 875, Ser 876

3NVY Vitexin -8.014 -34.359 Glu 802, 
Glu 879

Leu 648, Phe 649, Leu 873, Phe 914, 
Phe 1009, Val 1011, Pro 1012, Phe 

1013, Leu 1014, Phe 1142

His 875, Ser 876, 
Thr 1010

3NVY Apigenin -9.668 -45.574 Arg 880, 
Thr 1010

Leu 648, Phe 649, Leu 873, Phe 914, Phe 
1009, Val 1011, Phe 1013, Leu 1014, Pro 

1076, Ala 1078, Ala 1079

Ser 876, Thr 1010

3NVY Harman -5.548 -40.263 - Leu 648, Phe 649, Leu 873, Phe 914, Ala 
1009, Val 1011, Phe 1013, Leu 1014,  Ala 

1078, Ala 1079 

Asn 768, Thr 803, Ser 
876, Thr 1010
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 The four phytoconstituents shows con-
siderable docking score and binding free energy 
against the PDB ID: 3NVY were found to be Ori-
entin (-8.985 kcal/mol, -33.194 kcal/mol), Vitex-
in (-8.014 kcal/mol, -34.359 kcal/mol), Apigenin 
(-9.668 kcal/mol, -45.574 kcal/mol), and Harman 
(-5.548 kcal/mol, -40.263 kcal/mol). Except Har-
man all the compounds had the docking score 
of above -8.000 kcal/mol which typically tells 
that they have the optimum interaction with the 
binding site. Glu 879 was found to be the most 
common amino acid which is responsible for the 
H-bond formation. Leu 648, Phe 649, Leu 873, 
Phe 914, Phe 1009, Val 1011, Pro 1012, Phe 
1013, Leu 1014, and Phe 1142 were the most 
common hydrophobic interactions forming ami-
no acids present in the binding pocket. 876, Thr 
1010 were the amino acids accountable for the 
polar interactions. In some cases, the Phe 914, 
Phe 1009 and Phe 1013 were shown to form the 
Pi-pi stacking (Figure 3).

Figure 3. Molecular docking interactions of phy-
toconstituents in the binding pocket of PDB ID: 
3NVY. (3D and 2D representation of Orientin 
(A1, A2), Vitexin (B1, B2), Apigenin (C1, C2), 
and Harman (D1, D2) in the binding pocket of 
(PDB ID:  3NVY))

 Superimposition of the best docked 
pose of all four compounds into the binding 
pockets of TAK1, Interleukin-1 beta, and Xan-
thine Oxidase enzymes are depicted in the Fig-
ure 4 ((A), (B), and (C), respectively), exhibit-
ing the fitness of these compounds into these 
enzymes’ active pockets. The strong to moder-
ate binding affinities possessed by these com-
pounds against the three enzymes may lead to 
modulation of the enzymes.

Figure 4. Superimposition of the best docked 
pose of Orientin, Vitexin, Apigenin, and Harman 
in the binding pocket of TAK1 (PDB ID: 7NTH) 
(A), Interleukin-1 beta (PDB ID: 5R8Q) (B), and 
Xanthine Oxidase (PDB ID: 3NVY) (C) respec-
tively.
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Molecular dynamics 

 The molecular docking studies stipu-
late the importance of the interacting amino ac-
ids which are mentioned above. For the insight 
study of the interactions there was a need for 
the molecular dynamics study of the best pro-
tein-ligand complexes which were performed for 
100 ns of the simulation time. 

 For the better understanding of the so-
lidity and visualization of the time span of the in-
teracting amino acids in the dynamics condition 
the protein-ligand RMSD as well as protein–li-
gand contacts were explored. The validation of 
the stability of the receptor-ligand complex was 
done by performing molecular dynamics simula-
tions using Desmond of Schrödinger 2017-2 for 
100 ns.

 Results revealed that Val 50, Lys 63, 
Ala 107, Gly 110, Pro 160, and Asp 17 etc. were 
found to be the important amino acids for bind-

ing of the ligands inside the binding pocket of 
the TAK1. The protein and ligand RMSD (Å) 
was found to be <1.2 Å which validates the sta-
bility of the analogue Orientin at the active site 
of the protein (PDB ID: 7NTH) (Figure 5A and 
5B). During the starting of the simulation (0-40 
ns and 80-100 ns), there was a bit of divergence 
(<1.2 Å). Moreover to demonstrate the protein–
ligand stability the interactions were simulated 
for 100 ns. In the halfway of the simulation (40-
60 ns) the protein ligand complex is exhibiting 
a negligible divergence. The amino acids Lys 
63, Ala 107, Gly 110 and Pro 160 Tyr 290 were 
involved in the H-bonding for maximum simula-
tion time of 0.3, 0.7, 0.5 & 0.4 fraction of time, 
respectively. Moreover, the important amino ac-
ids Val 50, and Ala 61 were involved in hydro-
phobic interactions for a fraction of 0.3. Glu 105, 
Pro 160, and Asp 175 were the amino acids 
responsible for water bridge formation for 0.7, 
0.6, & 1.1 fractions of the total simulation time 
respectively (Figure 5C and 5D). 

Figure 5. RMSD plot of the protein–ligand complex (PDB ID: 7NTH) (A) Protein-ligand  contacts 
(B), stacked bar plot of the fraction of time of the interactions (C) and Ligand Protein contacts (D) 
of analogue Orientin for 100 ns of simulation time
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 In the case of Interleukin-1 beta (PDB 
ID: 5R8Q) the Orientin is interacting with the Tyr 
24, Glu 25, Leu 26, Leu 80, Gln 81, Leu 82, Pro 
131, Val 132, Phe 133, and Leu 134 in the bind-
ing site of the particular protein (PDB ID: 5R8Q). 
During the starting of the simulation (0-20 ns), 
the protein ligand complex is in very stable inter-
actions. In the midway of the simulation (25-50 
ns) there was a bit of divergence (<1.5 Å). Rest 
of the simulation time the divergence is <1.0 Å 
which is in considerable range. Moreover, to 
demonstrate the protein–ligand stability the in-

teractions were simulated for 100 ns (Figure 6A 
and 6B). The amino acids Tyr 24, Glu 25, Leu 
26, Gln 81, Leu 82, and Val 132 were involved 
in the H-bonding for a maximum simulation time 
of 0.8, 0.8, 0.85, 0.7, 0.75, & 0.9 fraction of time, 
respectively. Tyr 24, Lys 74, Pro 131, and Phe 
133 were responsible for the hydrophobic in-
teractions with simulation time of 0.2 fraction of 
time. Leu 80, Leu 134 were the amino acids re-
sponsible for the formation of weak water bridg-
es with simulation time of 1.0 and 0.5 fraction of 
time respectively (Figure 6C and 6D). 

Figure 6. RMSD plot of the protein–ligand complex (PDB ID: 5R8Q) (A) Protein-ligand  contacts 
(B), stacked bar plot of the fraction of time of the interactions (C) and Ligand Protein contacts (D) 
of analogue Orientin for 100 ns of simulation time.

 In case of Xanthine Oxidase (PDB ID: 
3NVY), the interacting amino acid residues with 
Apigenin were Lys 771, Glu 802, Leu 873, Glu 
879, Arg 880, Phe 914, Phe 1009, and Leu 1014 
etc. in the binding site. From the starting point 
till the completion of the whole simulation, the 
protein ligand complex was found to be highly 
stabilized except the 0-20ns where little diver-
gence (< 0.6 Å) was reported. Glu 80 and Glu 
879 were the H-bonding forming residues for 

maximum simulation time of 0.8 & 0.9 fraction of 
time, respectively. Leu 873, Phe 914, Phe 1009, 
and Leu 1014 were the hydrophobic residues 
for 0.5, 0.4, 0.8, & 0.7 fraction of time of the sim-
ulation study respectively. Additionally, Lys 771, 
Glu 802, and Arg 880 were the amino acids 
responsible for the water bridges formation for 
0.4, 0.4 & 0.8 fraction of time of the simulation 
study (Figure 7).
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Figure 7. RMSD plot of the protein–ligand complex (PDB ID: 3NVY) (A) Protein-ligand contacts (B), 
stacked bar plot of the fraction of time of the interactions (C) and Ligand Protein contacts (D) of 
analogue Apigenin for 100 ns of simulation time.

In silico physicochemical and ADME/T stud-
ies

 The in silico physicochemical and phar-
macokinetic properties of all the compounds, 
i.e Apigenin, Harman, Orientin, and Vitexin 
were predicted using the QikProp program of 
Schrödinger 2017-2 and the SwissADME online 
server, and are tabulated in Table 2. From the 
QikProp-predicted properties, all of them were 
found to be in the acceptable range for all the 
compounds. Also, all the compounds exhibited 
Log P, molecular weights, polarizability, solu-
bility, and surface area within the acceptable 
range.

 On the other hand, from the SwissAD-
ME-predicted properties, it can be found that 
among all the four compounds, only Harman 
was CNS-active. However, the same compound 
was found to be P-glycoprotein (PGP)-sub-
strate, being responsible for the efflux of the 
foreign bodies from the human body (shown in 

egg-boiled diagram, Figure 8). All of the com-
pounds showed no violations of Ghose’s rule 
only except Orientin. Two compounds, i,e Orien-
tin and Vitexin were not found to be CYP or cy-
tochrome P450 enzymes (CYP1A2, CYP2C19, 
CYP2C9, CYP2D6, CYP3A4) inhibitors. Also, 
the other two compounds were not mostly CYP 
inhibitors.

Figure 8. Egg boil diagram of Orientin (A), Vitex-
in (B), Apigenin (C), and Harman (D) imported 
from SwissADME. The molecule Orientin (A) 
was out of range.
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Conclusions
 Orientin, Vitexin, and Apigenin except 
Harman all the three phytoconstituents showed 
a considerable docking score and MMGBSA 
score, which clearly indicates the possible inter-
action with the target proteins. ADME/T analy-
sis indicated that the Vitexin, and Apigenin are 
satisfying the druglike molecule criteria. On the 
other hand the most potent Orientin and less 
potent Harman were missing some of the drug-
like molecule criteria.
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