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Hyperuricemia, also called Gout is a medical term used for joints pain associated with increased levels of uric acid in 
blood serum of a patient. The end product of purine metabolism in human body is uric acid. An enzyme called Xanthine 
Oxidase (XO) is a catalyst for this purine metabolism. Inhibitor which reduces the activity of an enzyme is used as a 
therapeutic agent to maintain the desired levels of uric acid in blood serum of patients. Such available inhibitors in the 
market include Febuxostat and Allopurinol which are widely used by Rheumatologists. The search for new molecules 
which can act as better inhibitor than the inhibitors presently available in the market is never ending. Eighteen various 
triazole (5 newly designed) compounds have been identified and their inhibitory activity(in silico) is evaluated on Xanthine 
Oxidase and it is found that all these triazoles show much better inhibitory activity on said enzyme, when compared to 
Febuxostat and Allopurinol. 
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Research is going on to find new strategies to prevent 
and treat a painful gout attacks. New drugs are being 
developed to maintain serum uric acid levels 
and reduce the pain. Febuxostat, Allopurinol 
and Topiroxostat are extensively used1,2 by 
Rheumatologists to treat the patients suffering with 
Gout or hyperuricemia. It is a type of Arthritis 
commonly called as joint pain. In medical terminology, 
it is called hyperuricemia, means excess serum uric 
acid. It is characterized by sudden severe attacks of 
pain, swelling, redness and tenderness in one joint or in 
more joints. Gout usually attacks big toe, but it can 
appear in any joint. Other commonly affected joints 
include ankle, knees, elbows, wrists and fingers. 

The main reason for Gout is increased serum uric 
acid levels in patients. Uric acid is a by-product of 
purine metabolism in human body. Untreated 
increased levels of uric acid would lead to 
crystallization (called Urates, hard and sharp needle 
like structures) and deposition of crystals in various 
parts of human body, viz, joints, kidneys and 
connecting tissues. The sharp crystals of uric acid 
which were deposited in joints, pierce into soft tissue 
and creates a wound in joints leading to inflammation 

with severe pain. Deposits in kidney are generally 
referred as kidney stones.  

The uric acid has also proven to be harmful. The 
urate behaves as a pro-oxidant and induces the 
formation of other radicals that have a tendency to 
oxidize lipid membranes, which explains the 
correlation between hyperuricemia and obesity. 
Reactive oxygen species naturally tend to damage 
cellular structures, DNA, and proteins. and 
consequently, oxidative stress caused by uric acid also 
has links to hypertension, diabetes, kidney disease and 
cardiovascular diseases. 

The reaction carried out by XO reduces oxygen into 
superoxide anion which eventually progresses into 
hydrogen peroxide. Hydrogen peroxide is a reactive 
oxygen species (ROS), the excess of which is toxic to 
individual cells. It also has links to aging and a multitude 
of conditions such as diabetes and neurodegenerative 
disorders such as Alzheimer disease3. 

Normally, uric acid dissolves in the blood and 
passes through kidneys in to urine. Sometimes, either 
body produces excessive uric acid or kidney excretes 
too low amount of uric acid, when this happens uric 
acid can build up in blood serum. Therefore, one can 
understand this problem under four headings i) 
decreased excretion; due to medicines like diuretics 
(thiazide), excessive alcohol reduces the excretion ii) 

—————— 
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over production: due to food (purine rich e.g., meat, 
seafood and sugar), due to liquids (beer, wine and 
sugar-coated liquids) iii) due to over activity of enzyme 
called ‘Xanthine Oxidase’(XO) and iv) other4 factors: 
oxidative stress is associated with increased activity of 
Xanthine Oxidase. This paper deals with controlling 
the over activity of xanthine oxidase.  

The successful method of treating these conditions 
is to reduce the uric acid levels in blood serum to 
prevent the processes of crystallization. Out of four 
main areas mentioned above, the controlling the over 
activity of concerned enzyme by using inhibitors are 
most sought out options in these days. 

Inhibitors attracted the attention of chemists and of 
late, they became the first choice as a target and they 
became a safe option compared to other available 
options to treat the Gout. 

Allopurinol (analog of hypoxanthine) got US FDA 
approval in1966 as an effective inhibitor of Xanthine 
Oxidase. Later, it was realized that the active isomer, 
which effectively inhibits the XO is oxipurinol. This 
was considered as the gold standard inhibitor5 for 
inhibition of Xanthine Oxidase and has been widely 
prescribed due to its excellent pharmacokinetics. 
However, it has half-life period of five hours, 
therefore high-dose prescription was inevitable which 
had drastic side effects. And there was a race to 
investigate more effective, long-lasting inhibitor for 
Xanthine Oxidase: and following are the winners in 
the race: BOF-4272, Febuxostat (2009), Topiroxostat 
(2013), which suffers with side effects in the form of 
fever, abdominal pain, skin rashes, allergic diarrhea 
and others which can damage liver, apart from positive 
outcome of reducing the serum uric acid. Due to the 
fact that commercialized drugs show side effects6; in 
recent years, large number of new alternative inhibitors 
were identified and tested for activity in in vitro 
studies, but majority of tested products do not advance 
for further pharmacological evaluation. 

There is a significant amount of literature7 
available on natural products extracted from various 
plants, which demonstrate strong potential as 
inhibitors of XO activity. 

Literature8-16survey also reveals that 1,2,3-triazole 
and 1,2,4-triazole moieties are the fundamental units 
favored in many drugs and their analogues have 
generated great deal of attention in the field of 
medicinal chemistry. Several papers17-20 have been 
published exploring the inhibitory effects of triazoles 
on xanthine oxidase. These papers likely investigated 
the synthesis and biological evaluation of various 

triazole derivatives to assess their potency and 
selectivity as xanthine oxidase inhibitors.  

In this backdrop, our study aims to identify new 
compounds that can efficiently inhibit the targeted 
enzyme while also possessing favorable 
pharmacokinetic properties. We seek to evaluate these 
potential inhibitors as alternatives to existing 
medications in the market, with the goal of minimizing 
side effects and improving overall therapeutic 
outcomes. As a part of strategy, we have first 
undertaken in silico studies21-23 to find better molecule 
than what we have in the market, in the process we 
landed up in selecting 13 structures (Fig. 1A) known 
for their inhibitory activity. Along with known 13 
structures, we generated 5 new alternate molecules 
(Fig. 1B) which are potential enough for the purpose 
along with 3 standard drugs (Fig. 1C) and conducted 
in silico studies. The results were compared with those 
of standard drugs and it is found that new molecules 
show better inhibiting activity. 

Materials and Methods 

Retrieval of the target protein structure 
X- ray Crystal structure of Xanthine Oxidase

retrieved from PDB ID IN5X24, the structure was 
homodimer with chain A and B, only Chain A was 
used for further studies.  

Preparation of protein 
The protein was prepared and refined using 

Discovery Studio (DS) protein preparation module. 
First, the protein was imported into DS and cleaned 
using the clean Protein protocol, which removed 
ligands, cofactors, and water molecules from the crystal 
structure to get rid of false positive results and increase 
the accuracy of the results25. Then, hydrogen atoms 
were added, missing atoms and residues were replaced, 
amino acid atoms were rearranged, and terminal groups 
and ionizable side chains were protonated based on 
predicted pKa values. The structure was further 
improved and geometries optimized using the 
CHARMm force field and standard minimization 
procedures in DS. The minimization procedure 
consisted of 1000 maximal steps for both the conjugate 
gradient and steepest descent algorithms, each applied 
with a 0.1 Å RMS gradient, to achieve a stable and 
minimal energy conformation of the protein. 

Ligand Generation and Optimization  
Twenty-one compounds were used as ligands. Out 

of 21, 13 compounds that have been reported with 
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inhibition properties are selected and 3 ligands /drugs 
available in market were taken as reference ligands and 
remaining 5 compounds are newly generated. 
ACD/ChemSketch (12.0) was used for drawing the 2D 
structures of all aforesaid ligands and the resulted files 
were retained in mol.file format. DS protocols were 

maintained preparing the ligands through CHARMm 
force field application. CHARMm force field based 
energy minimization of the ligands proceed using a 
total of 1000 maximum steps at a root mean square 
gradient of 0.001A till global minima have been 
attained to obtain lowest-energy ligand conformer. 

Fig. 1A — Structures of ligands under study; Triazoles with known XO inhibition activity 



INDIAN J. BIOCHEM. BIOPHYS., VOL. 61, AUGUST 2024 488

Defining Binding Site 

The active site of the XO was identified using the 
Define and Edit Binding Site tools in DS. 

Molecular Docking 

The Molecular Docking26 studies were conducted 
using DS LibDock module. Ligands with high LibDock 

scores and lowest binding energy (protein – ligand 
interaction) was selected for optimal binding pose. 
Further the Analyse Ligand poses subprotocol in DS was 
utilized to assess all docking positions and the optimal 
position for each compound’s binding interactions 
and was then examined. The outcome docking results 
were finally compared with reference drugs. 

Fig. 1B — Structures of ligands under study; Newly generated triazoles 
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Structure-based pharmacophore modeling 
Using current knowledge of protein-ligand 

interactions, structure-based pharmacophore modeling27 
is employed to uncover crucial structural characteristics 
of the target protein, bovine XOD. This involves 
calculating potential interactions and their locations 
within the protein's active site using the DS 
"Interaction Generation" methodology. Subsequently, a 
pharmacophore query is generated via Ludi interaction 
maps to evaluate hydrophobic characteristics, hydrogen 
bond acceptors, and donors within the active site. After 
grouping selected features using the Edit and Cluster 
Pharmacophores tool, a structure-based pharmacophore 
model is formed with minimal and maximal features 
set to 1 and 2, respectively. This model is validated by 
considering compound orientation in the active region 
through the DS ligand pharmacophore mapping 
protocol, assessing the predictive capability based on 
best-fit values indicating compound mapping accuracy 
onto pharmacophoric attributes. 

Molecular properties analysis 
Drug-likeness is a molecular modeling technique 

applied to the development of drugs for identifying 
compounds that satisfy the Lipinski, Veber, Mueggue 
and Igan rules, these three crucial rules that must be 
met in order for a molecule to be submitted as a 
therapeutic candidate. It is a calibration for a drug’s 
physicochemical properties with the pharmacokinetic 
properties in the human body. With the use of DS 
computer molecular properties approach, the drug-
likeliness molecular characteristics of the compounds 
under study were determined by applying the five 
principles of Lipinski. Most of the active biological 
pharmaceuticals have a molecular weight less than 
500, a log P (octanol/water coefficient) of less than 5, 
hydrogen bond donors of less than five and hydrogen 
bond acceptor of less than ten. 

ADMET studies  
Drug Absorption, Distribution, Metabolism, 

Excretion and Toxicity (ADMET) module is studied 
in DS for the chosen ligands. In order to determine the 
pharmacological characteristics and appropriate 
fitness for human administration, the results of 
ADMET plays a key role in drug design. With the 
help of DS modules, the parameters relating to 
mathematical predictive ADMET pharmacokinetics 
were obtained for these ligands include intestinal 
absorption, hepatotoxicity, plasma protein binding 
(PPB), blood brain barrier(BBB). aqueous solubility 
and CY2D6 binding. Additionally, the confidence 
ellipses were plotted using AlogP98 and PSA_2D. 

Due to limitations of software, evaluation of 
findings relies on standard parameters. Standard 
analysis values, such as level0 for human intestinal 
absorption, level3 and level 4 for solubility, level 0 for 
non-inhibitory property with CYP450 D6, level 3 for 
BBB penetration and level 0 for non-toxicity have been 
eliminated to identify drug-likeliness of compounds. 

Results  
Molecular docking 

The crystal structure of Xanthine oxidase from 
bovine with bound inhibitor TEI-6720(PDBID: IN5X) 
was selected as our protein target. A meticulous 
approach to molecule design focusing on fostering 
desired hydrogen bonding, van der waal’s 
interactions, alongside ensuring the ligand's flexibility 
within the binding pocket, is essential for achieving 
favorable docking scores28.The binding free energy 
was calculated to evaluate the enzyme protein's ability 
to bind to its substrate. Compounds exhibiting higher 
Dock scores and forming hydrogen bonds with key 
amino acids were identified as promising lead 
compounds for XO inhibition. Using the DS 
molecular docking approach with LibDock module, 

Fig. 1C — Structures of ligands under study; Available drugs in the market 
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the interaction between protein and all 21 ligands 
were studied using docking simulation. The obtained 
LibDock scores for all 21 ligands/compounds are 
listed in (Table 1) along with other parameters viz 
binding energies, H-bond count and H-interactions 

etc. all the poses were ranked according to the docked  
scores and the pose having the highest LibDock 
score29 is taken into consideration. The ligand poses 
with high LibDock scores are prioritized for 
predicting the optimal ligand binding conformation 

Table 1 — The compounds' docking scores (LibDockScores), an overview of the interacting amino acids, and the interacting 
atoms' bond lengths for the compounds into the Xanthine Dehydrogenase active site 

Name LibDock 
Score 

H-BOND
Count

H-bond interactions Distance Binding energy 
(kcal/mol) 

Compound_1 47.431 2 Compound_1:H8 - B:GLU802:OE1 
Compound_1:H8 - B:GLU802:OE2 

2.365000 
2.360000 

-316.66627

Compound_2 55.471 2 Compound_2:H9 - B:GLU802:OE1 
Compound_2:H9 - B:GLU802:OE2 

Compound_2:H15 - B:ARG880:HH21 

1.821000 
2.368000 
1.404000 

-298.77414

Compound_3 55.471 2 B:ARG880:HH21 - Compound_3:N11 
Compound_3:H13 - B:GLU802:OE1 

Compound_3:H16 - B:ARG880:HH21 
Compound_3:C9 - B:ARG880:HH21 

1.861000 
2.387000 
1.802000 
2.008000 

-348.17891

Compound_4 76.963 1 B:ARG880:HH21 - Compound_4:N13 1.698000 -226.2064
Compound_5 81.162 1 B:ARG880:HH21 - Compound_5:O2 2.427000 -241.94647
Compound_6 91.279 4 B:ARG880:HH21 - Compound_6:N3 

Compound_6:H16 - B:MOS4004:O1 
Compound_6:H17 - B:GLU802:OE1 
Compound_6:H17 - B:GLU802:OE2 
Compound_6:H20 - B:PHE1009:HD2 

1.880000 
1.933000 
2.339000 
2.405000 
1.456000 

-264.24608

Compound_7 90.772 1 Compound_7:H19 - B:GLU802:OE1 2.032000 -27.5102
Compound_8 86.238 1 Compound_8:H15 - B:MOS4004:O1 1.640000 -195.31519
Compound_9 95.504 0 -253.40888

Compound_10 94.402 0 -150.72317
Compound_11 131.796 1 B:ASN768:HD22 - Compound_11:O27 

Compound_11:H34 - B:VAL1011:HG21 
Compound_11:H39 - B:LYS771:HZ2 

2.346000 
1.580000 
1.634000 

-181.42839

Compound_12 116.537 2 B:LYS771:HZ2 - Compound_12:O8 
B:SER876:HN - Compound_12:N15 

B:LEU873:HD22 - Compound_12:H29 
B:ASN768:HD22 - Compound_12:C7 

B:ASN768:HD22 - Compound_12:H27 

2.052000 
2.177000 
1.662000 
2.084000 
1.088000 

-248.70386

Compound_13 123.963 5 B:ASN768:HD22 - Compound_13:O15 
B:LYS771:HZ2 - Compound_13:O15 
B:SER876:HN - Compound_13:N1 
B:SER876:HN - Compound_13:N3 

Compound_13:H28 - B:LEU648:HD11 

2.388000 
2.430000 
2.441000 
2.477000 
1.820000 

-297.60549

Compound_14 167.826 4 B:ASN768:HD22 - Compound_14:O17 
B:ASN768:HD22 - Compound_14:O19 
B:LYS771:HZ2 - Compound_14:O17 
B:LYS771:HZ2 - Compound_14:O19 

Compound_14:H41 - B:LEU873:HD21 
Compound_14:H41 - B:LEU873:CD2 

Compound_14:H41 - B:LEU873:HD22 
Compound_14:H56 - B:PHE1009:HD2 
Compound_14:C23 - B:LEU873:HD22 
Compound_14:H53 - B:LEU873:HD22 
Compound_14:H54 - B:LEU1014:HD11 

Compound_14:H55 - B:PHE914:CZ 
Compound_14:H55 - B:PHE914:HZ 

Compound_14:C18 - B:ASN768:HD22 
Compound_14:H56 - B:PHE1009:HD2 
Compound_14:C18 - B:LYS771:HZ2 

1.505000 
2.342000 
2.267000 
2.204000 
1.316000 
1.859000 
1.730000 
1.739000 
1.937000 
1.407000 
1.772000 
2.090000 
1.278000 
2.131000 
1.739000 
1.989000 

-46.28257

(Contd.)
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and estimating the binding energies of protein-ligand 
complexes, with the highest scoring poses being 
selected for further analysis of binding interactions30. 
Docking scores and binding energies 

The perusal of the docking scores (Fig. 2A-D and 
Table 1) reveals that compound-18 is well located 
into the active site of protein with highest docking 
score (168.433) when compared to reference drugs, 
Febuxostat (115.304), Topiroxostat (101.206) and 
Allopurinol (82.124). The calculated binding energies 
for the compound-18 is (-258.61393 kcal/mol) 

was slightly higher than those found for the 
drugs Allopurinol (-342.34267 kcal/mol), Febuxostat 
(-363.2245 kcal/mol) whereas the drug Topiroxostat 
(664.17765 kcal/mol) has showed positive binding 
energy. Compounds with a high LibDock score suggest 
that they are more geometrically, energetically, and 
chemically compatible with reference compounds. 
Hydrogen bonds between protein and ligands 

The interaction of the compound 18 with the 
amino acid residues in the catalytic site is depicted 
in (Fig. 2). The interaction between the compound 18 

Table 1 — The compounds' docking scores (LibDockScores), an overview of the interacting amino acids, and the interacting 
atoms' bond lengths for the compounds into the Xanthine Dehydrogenase active site. (Contd.) 

Name LibDock 
Score 

H-BOND
Count

H-bond interactions Distance Binding energy 
(kcal/mol) 

Compound_15 141.023 3 B:ASN768:HD22 - Compound_15:O17 
B:LYS771:HZ1 - Compound_15:O19 
B:LYS771:HZ2 - Compound_15:O19 
Compound_15:C18 - B:LYS771:HZ2 
Compound_15:C25 - B:LEU873:HA 

Compound_15:C25 - B:LEU873:HD22 
Compound_15:C27 - B:LEU873:HA 

Compound_15:H52 - B:ASN768:HD22 
Compound_15:H56 - B:LEU873:HD22 

2.497000 
2.348000 
2.366000 
2.122000 
2.182000 
2.094000 
1.931000 
1.724000 
1.587000 

-181.58904

Compound_16 153.37 1 B:ASN768:HD22 - Compound_16:O19 2.417000 -197.21761
Compound_17 137.927 6 B:ASN768:HD22 - Compound_17:O17 

B:ASN768:HD22 - Compound_17:O19 
B:LYS771:HZ2 - Compound_17:O17 
B:LYS771:HZ2 - Compound_17:O19 
B:SER876:HG - Compound_17:O21 
B:SER876:HG - Compound_17:N30 

Compound_17:H57 - B:PHE1009:HB2 

1.892000 
1.890000 
2.318000 
2.298000 
2.367000 
1.764000 
1.429000 

575.01593

Compound_18 168.433 4 B:ASN768:HD22 - Compound_18:O17 
B:ASN768:HD22 - Compound_18:O19 
B:LYS771:HZ2 - Compound_18:O17 
B:SER876:HG - Compound_18:N30 

Compound_18:C3 - B:LEU1014:HD21 
Compound_18:O10 - B:LEU648:HD21 
Compound_18:C18 - B:ASN768:HD22 
Compound_18:C18 - B:LYS771:HZ2 

Compound_18:H50 - B:LEU1014:HD23 
Compound_18:H48 - B:LEU873:HA 
Compound_18:H46 - B:SER876:HN 

1.880000 
2.003000 
2.463000 
2.164000 
2.216000 
1.825000 
2.185000 
2.190000 
1.695000 
1.697000 
1.438000 

-258.61393

Allopurinol 82.124 5 B:ARG880:HH21 - Allopurinol:O10 
B:THR1010:HN - Allopurinol:O10 
B:THR1010:HG1 - Allopurinol:N5 
B:THR1010:HG1 - Allopurinol:O10 
Allopurinol:H14 - B:GLU802:OE1 

1.698000 
2.391000 
2.392000 
2.484000 
1.645000 

-342.34267

Febuxostat 115.304 6 B:ASN768:HD21 - Febuxostat:N8 
B:ASN768:HD22 - Febuxostat:N8 

B:ARG880:HH21 - Febuxostat:O21 
B:ARG880:HH21 - Febuxostat:O22 
B:THR1010:HN - Febuxostat:O21 
B:THR1010:HG1 - Febuxostat:O21 

2.1390002.373
000 

2.028000 
1.869000 
1.850000 
1.956000 

-363.2245

Topiroxostat 101.206 1 B:ARG880:HH21 - Topiroxostat:N5 
Topiroxostat:C6 - B:THR1010:HG1 
Topiroxostat:H22 - B:THR1010:HN 

Topiroxostat:H22 - B:THR1010:HG1 

1.527000 
2.173000 
1.673000 
1.363000 

664.17765 



INDIAN J. BIOCHEM. BIOPHYS., VOL. 61, AUGUST 2024 492

and the XO catalytic site revealed that van der Waals 
interactions are predominant, although four  
hydrogen bonds were identified. The four hydrogen 
bonds are formed from the oxygen and nitrogen 
groups at O17 and O19 to ASN768 (B:ASN768: 
HD22 - Compound_18:O17 and B:ASN768:HD22 - 
Compound_18:O19) with a bond distance of 1.880000 
Å and 2.003000 Å, O17 to LYS771(B:LYS771: 
HZ2 - Compound_18:O17) with a bond distance of 
2.4630 Å and N30 to SER876(B:SER876:HG - 
Compound_18:N30) with a bond distance of 2.164 Å, 
respectively. The compound shows Vander Waals 
interactions with the carbon group at C3 and the 
hydrogen group at LEU1014 (Compound_18:C3 - 
B:LEU1014:HD21), oxygen at O10 and hydrogen 
at LEU648 (Compound_18:O10 - B:LEU648: 
HD21), carbon at C18 and hydrogen at ASN768 
(Compound_18:C18 - B:ASN768:HD22), carbon C18 

and hydrogen at LYS771 (Compound_18: 
C18 - B:LYS771:HZ2), carbon group at C18 and 
the hydrogen group at LEU1014 (Compound_18: 
H50 - B:LEU1014:HD23), carbon at C18 and 
alpha hydrogen at LEU873 (Compound_18:H48 - 
B:LEU873:HA) and carbon at C18 and hydrogen at 
SER876(Compound_18:H46 - B:SER876:HN) with a 
bond distances of 2.216000 Å, 1.825000 Å, 2.185000 Å, 
2.190000 Å, 1.695000 Å, 1.697000 Å and 1.438000 Å. 
 

Structure based pharmacophore modeling 
Pharmacophore modeling complement molecular 

docking by aiding in the selection of drug leads with 
greater structural flexibility, while molecular docking 
provides a more precise calculation of specific binding 
interactions. Pharmacophore models can be developed 
via two methods: "structure-based" and "ligand-based" 
modeling. In the structure-based approach, the structural 
data of target proteins, like enzymes or receptors, is 

Fig. 2 — Computer generated interactions of XO with different compounds. (A) Interactions of XO with compound-18 
(LibDock Score, 168.433); (B) Allopurinol (LibDock Score, 82.124); (C) Febuxostat (LibDock Score, 115.304); and (D) Topiroxostat 
(LibDock Score, 101.206) 
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employed to identify potential drug compounds31. In this 
study, the structure-based pharmacophore method is 
adapted since the X-ray crystal structure of XO with 
bound inhibitor TEI-6720(PDB ID IN5X) is available in  
PDB. Interaction generation method of DS is used to 
calculate possible location of different interactions in 
active site of XO is evaluated. Subsequently, a 
pharmacophore query is generated through the Ludi 
interaction maps to evaluate the active site for 
hydrophobic characteristics, acceptors and donor sites of 
hydrogen bonds. Depending upon the best-fit values, 
which indicate how accurately the compounds have 
been mapped onto the pharmacophoric attributes, the 
predictive ability of the model was examined. Figure 3A 
illustrates the final edited pharmacophore model with 
two HBD, two HBA, and two hydrophobic 
characteristics. Compounds are mapped and ranked 
using ligand pharmacophore mapping in accordance 

with the fit values displayed in (Table 2). The predictive 
ability of the model was evaluated based on the best fit 
values, indicating the accuracy of compound mapping 
onto pharmacophoric features. Compounds were ranked 
by fit values, with higher values signifying better fit32. 
With a fit value of 4.04, as indicated in (Fig. 3B & C), 
compound 18 demonstrated good fitting on the 
pharmacophore. 

Molecular properties analysis 

The drug similarity and physicochemical properties 
are criteria for a new molecule to be judged in terms 
of a potential candidate for its biological activity. 
Many compounds show strong biological activity; 
nevertheless, due to their unfavorable qualities, they 
fail to be selected as pharmaceuticals. The famous 
Lipinski rule of five has been highly useful in this 
regard. For this reason, in this study, it is theoretically 

Fig. 3 — Structure based pharmacophore model. (A) Illustration of hydrophobic regions (light blue), the hydrogen bond acceptor (green) and the 
hydrogen bond donor (pink); (B) The compound 18 mapping the pharmacophore; and (C) Febuxostat mapping the pharmacophore 

Table 2 — The fit values of the compounds 

Name Acceptor 20 Acceptor 6 Donor 15 Donor 30 Hydrophobe2 Hydrophobe25 Pharmprint FitValue 
Compound_17 1 1 0 0 1 1 '110011' 3.573
Compound_14 1 1 0 0 1 1 '110011' 3.297
Compound_15 1 1 0 0 1 1 '110011' 3.266
Compound_16 1 1 0 0 1 1 '110011' 3.129
Compound_18 1 1 0 0 1 1 '110011' 4.042
Compound_11 1 1 0 0 1 1 '110011' 2.669
Compound_13 1 1 0 0 1 1 '110011' 1.876

Febuxostat 1 1 0 0 1 1 '110011' 4.508
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verified whether our newly developed compounds 
satisfy criteria laid down by Lipinski et al33, to be 
qualified as a drug. The Lipinski rule of five was 
applied to new compounds for evaluation and the 
different parameters obtained are listed in (Table 3). 
The rule of five says there should not be more than 
one violation of the following criteria: Hydrogen 
bonds should be < 5; Hydrogen acceptors should be < 
10; Molecular mass should be < 500 Da and a 
calculated octane-water partition coefficient (Alog P) 
should be < 5; rotatable bonds should be < 10 and 
polar surface area should not be more than 140 0A2 
(note: all the numbers are multiples of five, which is 
the origin of the rule name). 

Discussion 
The perusal of the values from Table 3 reveals that 

new compounds, except compounds-14 and 16, all 
showed their AlogP values less than 5, suggesting 
appropriate solubility in lipid and aqueous solutions, 
which is in line with the rule. The molar mass values of 
newly synthesized compounds under study are all 
marginally greater than 500 Da (deviation from rule 
five) and other compounds are less than 500Da 
suggesting their ability to pass through cellular 
membranes34. The values for H-acceptors and rotatable 
bonds are less than 10 for all the compounds under study 
and the vales for H-donors for all the compounds are 
less than 5, are in good agreement with the rule of five. 
Number of rings and aromatic rings less than 7 met the 
requirements of Muegge rule. The potential compound-

18, has deviated in terms of molar mass (519.551) and 
qualified in all other parameters to be qualified as a drug 
through Lipinski test. The famous rule of five has been 
highly influential in this regard, but only about 50% of 
orally administered chemical entities actually obey it. 

ADMET studies 
Poor ADMET property is one of the main reasons for 

the failures during the drug development and clinical 
trials. Therefore, it is necessary to determine ADMET 
property35 at this stage to avoid further failures in the 
pathway to develop new novel drugs. Hence compounds 
are subjects to additional scrutiny through 
pharmacokinetics and toxicity tests, employing the 
ADMET descriptors analysis technique in Discovery 
Studio. The parameters determined were presented in 
(Table 4). The results revealed that the compounds 
under study have low or indefinable values for blood 
brain barrier (BBB) penetration level (level 3 and 4) 
similar to reference drugs. Additionally, ninety-nine 
percent of the compounds displayed an absorption level 
of 0 and 1 suggesting favorable human intestinal 
absorption, except for compounds 14 and 17 which 
showed low absorption. The majority of compounds 
demonstrated ADME aqueous solubility levels between 
2 and 3, indicating good aqueous solubility. The crucial 
property, Polar Surface Area (PSA), was associated with 
drug bioavailability36. Molecules with passive 
absorption and PSA < 140 were predicted to have lower 
bioavailability. Consequently, all synthesized 
compounds were anticipated to exhibit good passive oral 

Table 3 — Molecular properties of the compounds 

Name ALogP Molecular Weight H_Acceptors H_Donors Rotatable Bonds Rings Aromatic Rings 
Allopurinol -1.479 136.111 5 2 0 2 0
Compound_1 0.47 101.13 3 2 0 1 1
Compound_10 2.692 247.255 4 0 2 3 3
Compound_11 4.729 443.681 5 0 5 4 4
Compound_12 3.137 293.32 4 0 6 3 3
Compound_13 3.114 309.319 5 0 6 3 3
Compound_14 5.743 574.414 7 0 6 6 4
Compound_15 4.154 547.561 8 0 7 6 4
Compound_16 5.357 533.577 7 0 7 6 4
Compound_17 4.795 564.548 9 0 7 6 4
Compound_18 4.421 519.551 7 0 7 6 4
Compound_2 0.366 119.189 4 3 0 1 0
Compound_3 1.245 178.214 4 2 1 2 2
Compound_4 0.378 193.229 5 2 1 2 2
Compound_5 0.88 179.199 4 1 1 2 2
Compound_6 2.019 220.294 4 2 3 2 2
Compound_7 1.107 238.248 5 1 2 3 3
Compound_8 1.745 213.3 4 2 2 2 1
Compound_9 4.474 301.794 3 1 3 3 3
Febuxostat 3.468 316.375 5 1 5 2 2
Topiroxostat 1.141 248.243 5 1 2 3 3
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absorption37. The results were visualized in a 2D 
ADMET plot shown in (Fig 4), depicting the 
relationship between calculated PSA_2D with its 
corresponding computed atom-type partition coefficient 
(ALogP98) which yields the ADMET Descriptors. The 
ellipses represent the intestine absorption model and the 
BBB absorption model at 95% confidence limits. 

Conclusion 
This publication involves pharmacophore modeling 

and molecular docking studies to determine the 
structures of potential drugs and their inhibitory activity 
on Xanthine Oxidase. These compounds exhibited the 
lowest binding energy and higher docking score which 
were further refined using LibDock score and the 
corresponding interactions were determined. While 
fitting the compounds to the produced pharmacophore, 

the most appropriate hypothesis was used. Subsequently, 
the compounds’ pharmacokinetics also has been 
investigated using ADMET and drug- likelihood studies. 
The results of this investigation would shed important 
light on the therapeutic potential of these compounds 
and emphasize the necessary for additional research 
investigations exploring the application of the newly 
designed triazole compounds as XO inhibitors.  
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