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ABSTRACT

New drugs for the inhibition of the enzyme xantlorglase are in development and they have to be
screened before being considered for preclinicadl &tinical evaluation. In order to understand the
mechanism of ligand binding and to identify poteanthine oxidase inhibitors, a study involving
molecular docking and virtual screening has beerfgumed. The objective of the current study is to
evaluate the xanthine oxidase inhibitory activifyflavonoids using in silico docking studies. Insth
perspective, flavonoids like Butein, Fisetin, Diesm Tricetin, Genistein, Tricin, Vitexycarpin,
Herbacetin, Biochanin, Rhamnetin, Isorhamnetin, iRetin, Peonidin and Okanin were selected.
Allopurinol, a known xanthine oxidase inhibitor wased as the standard. In silico docking studiesswe
carried out using AutoDock 4.2, based on the Laiiarc genetic algorithm principle. The three
important parameters like binding energy, inhibiticconstant and intermolecular energy were
determined. The results showed that all the sedefftaronoids showed lesser binding energy ranging
between -7.86 kcal/mol to -5.40 kcal/mol when caegbavith that of the standard (-4.47 kcal/mol).
Intermolecular energy (-9.95 kcal/mol to -7.49 keadl) and inhibition constant (1.72 uM to 110.19uM
of the ligands also coincide with the binding ener4ll the selected flavonoids consist of benzapyra
ring in its basic nucleus, which would have conitédd to its xanthine oxidase inhibitory activitheBe
molecular docking analyses could lead to the furthevelopment of potent xanthine oxidase inhibitors
for the prevention and treatment of gout and reldtdlammatory conditions.
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INTRODUCTION

Drug design is an important tool in the field ofdienal chemistry where new compounds are
synthesized by molecular or chemical manipulatibthe lead moiety in order to produce highly
active compounds with minimum steric effect [1].viNdrug discovery is considered broadly in
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terms of two kinds of investigational activitieschuas exploration and exploitatiff#]. Docking
of small molecules in the receptor binding site aatimation of binding affinity of the complex
is a vital part of structure based drug de$gjn

Nowadays, the use of computers to predict the b@qdf libraries of small molecules to known
target structures is an increasingly important congmt of the drug discovery process [4, 5].
There is a wide range of software packages availédnl the conduct of molecular docking
simulations like, AutoDock and DOCK, GOLD, FlexXdamCM [6, 7]. AutoDock 4.2 is the
most recent version which has been widely usedvidual screening, due to its enhanced
docking speed [8, 9]. Its default search functienbased on Lamarckian Genetic Algorithm
(LGA), a hybrid genetic algorithm with local optinaition that uses a parameterized free-energy
scoring function to estimate the binding energy].[Hach dockings comprised of multiple
independent executions of LGA and a potential veaintrease its performance is to parallelize
the aspects for execution.

Xanthine oxidase (XO) is a highly versatile enzythat is widely distributed among different

species from bacteria to man and within the vari@ssies of mammals. It is a member of group
of enzymes known as molybdenum iron — sulphur fiavydroxylases [11]. It catalyses the

oxidation of hypoxanthine to xanthine and thenro acid, the final reactions in the metabolism
of purine bases [12]. The accumulation of uric anithe body is responsible for the formation
of several diseases and thus it plays a vital mleroducing hyperuraecimia and gout [13].

Inherited xanthine oxidase reductase (XOR) defmydeads to xanthineuria and multiple organ
failure syndrome caused by the accumulation ofnaatin different tissues [14].

Gout is one of the most common metabolic disordeith a worldwide distribution and
continues to be a major health problem. It is otter&zed by an excessive concentration of uric
acid in the blood, causing the accumulation of nsmdaum urate crystals in the joints and
kidneys leading to acute goutry arthritis, tophi tbe joints and extremities and uric acid
nephrolithiasis [15]. Elevated levels of uric acidt only leads to gout but also results in the
development of hypertension, cardiovascular diseasdiabetes, obesity, cancer and
hyperlipidemia [16].

Xanthine oxidase inhibitors (XOI) are much usefsince they possess lesser side effects
compared to uricosuric and anti-inflammatory agdaf. Allopurinol is the only clinically
available XOlI, which also suffers from many seriaide effects such as hypersensitivity
reactions, Steven’s Johnson syndrome and renaitypxirhus, there is a necessary to develop
compounds with XOI activity with lesser side effeathen compared to allopurinol.

Flavonoids are widespread phytochemical constitupnésent in plants and they contribute to
the flavour and colour of fruits and vegetables.yTbensist of 15 carbons of 2 phenolic rings
connected by a 3-carbon unit, and grouped accotdipgesence of various functional groups on
the rings and the degree of ring saturation [18yrare usually attached with sugar moiety to
increase their water solubility. Most of the flawi,s are known to possess various
pharmacological activities, such as antioxidantivamal, antibacterial and antimutageniffects
[19].
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The stereochemistyf bindingof the flavonoids on xanthine oxidase has been characterize
In the present studyhe structural models of the ligands in xanthine oxidas binding sites has
been carried outyhich may facilitate further development of mordégm anti gout agen

MATERIALSAND METHODS

Softwares required

Python 2.7 -language was downloaded from www.python.com, Cyggindata storage
c:\program and Python 2.5 were simultaneously dowddbm www.cygwin.com, Moleculz
graphics laboratory (MGL) tools and AutoDock4.2 wdmwvnloaded fromwww.scripps.edu,
Discoverystudio visualizer 2.5.5 was downloaded frwww.accelerys.col, Molecular orbital
package (MOPAC), Chemsketch was downloaded fiwww.acdlabs.col. Online smiles
translation was carried out using cactus.nci.n¥'translate/.

Coordinate File Preparation

An extended PDB format, termed as PDBQT file wasdu®r coordinate files which includ
atomic partial charges. AutoDock Tools was usedci@ating PDBQTfiles from traditional
PDB files [20]. Crystal structure of xanthine oxidase enzyme froowite milk source wa
downloaded from th8rookhaeverprotein data bank (Fig. 1).

Fig. 1 Xanthine oxidase from bovine milk sour ce (3BDJ)

The flavonoid ligands likdButein, Fisetin, Diosmetin, Tricetin, Genisteinjciim, Vitexycarpin,

Herbacetin, Biochanin, Rhamnetin, Isorhamnetin, iRetin, Peonidin and Okar and the
standard allopurinol were built using Chemsketcti aptimized using “repare Ligands” in the
AutoDock 4.2 for docking studies. The optimized ligand males were docked into fined

xanthine oxidase model using “LigandFit” in the ADbck 4.2 [21].
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Fig. 2 The optimized ligand molecules (1 Butein, 2 Fisetin, 3 Isorhamnetin, 4 Rhamnetin, 5 Robinetin, 6
Herbacetin, 7 Diosmetin, 8 Biochanin, 9 Okanin, 10 Tricetin, 11 Peonidin, 12 Genistein, 13 Tricin, 14
Vitexycarpin and 15 Allopurinaol)

AutoGrid calculation

Rapid energy evaluation was achieved by precaloglatomic affinity potentials for each atom
in the ligand molecule. In the AutoGrid procedufes target enzyme was embedded on a three
dimensional grid point [22]. The energy of interant of each atom in the ligand was
encountered.

AutoDock calculation

Docking can be carried out by various methods. Bwg, most efficient method is Lamarckian
genetic algorithm. AutoDock was run several timegyét various docked conformations, and
used to analyze the predicted docking energy. Tihdirg sites for these molecules were
selected based on the ligand-binding pocket ofehwplates [23].

Analysis using AutoDock Tools

AutoDock Tools provide various methods to analyme results of docking simulations such as,
conformational similarity, visualizing the bindirgite and its energy and other parameters like
intermolecular energy and inhibition constant. Each ligand, ten best poses were generated
and scored using AutoDock 4.2 scoring functiong.[24

RESULTSAND DISCUSSION
Docking analysis
The docking poses were ranked according to theikidg scores and both the ranked list of
docked ligands and their corresponding binding pq28&]. In Fig. 3, docked pose of xanthine
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oxidase enzyme with Butein and Fisetin ligandsrtfedemonstrated the binding positions of the
ligand with the enzyme. Binding energy of the indual compound were calculated using the
following formula,

Binding energy = A+B+C-D

where A denotes final intermolecular energy + Wandersvahiergy (vdW) + hydrogen bonds +
desolvation energy + electrostatic energy (koal), B denotes final total internal energy
(kcal/mol), C denotes torsional free energy (kcalmD denotes unbound system’s energy
(kcal/mol).

FT{;. 3 Docked pose of xanthine oxidase enzyme (3BDJ) with Butein and Fisetin

Table 1. Binding ener gies of the compounds based on their rank

Binding ener gies of the compounds based on their rank (kcal/mol)
COMPOUNDS = 2 3 4 5 6 7 8 9 10

Biochanin -7.03| -6.99 -6.61 -656 -6.44 -592 6 -563 -5.60 -5.41
Butein -7.86| -6.22| -6.03 -6.01 -507/ -503 -4Y5 .394| -4.37 -4.20
Diosmetin -7.13| -6.34] -6.04 -589 587 -584 555 -542 -5.25 -5.25
Fisetin -7.77| -7.01] -6.78 -6.08 -5.89 -5.84 -5.585.34 -5.30 -4.80
Herbacetin -7.42| -7.41 -7.0Yy -6.18 -579 -6.17 255| -4.76 -4.61 -4.54
Isorhamnetin -7.71] -599 578 -559 -527 -5075.02 | -4.96 -4.65 -4.49
Rhamnetin -7.60| -7.37 -7.09 -7.05 -6.%58 -595 95|7-5.57 -4.74 -4.45
Tricetin -6.88| -6.36| -6.87 -6.24 -6.1f -6.06 -6.02-5.09 -4.49 -4.06
Tricin -591 | -5.80| -5.55| -5.48 -5.41 -5.34 -5.304.87 -4.83 -4.65
Vitexycarpin -5.40| -5.28/ -5.01 -4.68 -456 -4.03 .58 | -4.29 -4.20 -4.10
Genistein -5.99| -5.96 -559 558 -5.52 -5.26 45/4-5.40 -5.22 -5.10
Okanin -7.01| -6.42| -6.18 524 511 -493 -4.744.25 -4.19 -4.14
Peonidin -6.72| -6.63 -6.02 -65p -6.55 -6.81 -5)665.61 -5.47 -5.19
Robinetin -7.58| -7.51] -5.46 540 506 -5.04 9Ap-451 -4.31 -4.19
Allopurinol 447 | -4.47| -4.46| -4.44 445  -4.20 048.| -4.09 -3.99 -3.87

Analysis of the receptor/ligand complex models gatesl after successful docking of the
flavonoids was based on the parameters such amdem bond interactions, — it interactions,

binding energy, RMSD of active site residues andntation of the docked compound within the
active site [26]. As a general rule, in most o fhotent antigout compounds, both hydrogen
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bond andn — n hydrophobic interactions between the compound thedactive sites of the
receptor have been found to be responsible foratiadithe biological activity.

As shown in table 1, flavonoids showed binding ggeanging between -7.86 kcal/mol to -5.40

kcal/mol. All the selected flavonoids had lesserdioig energy when compared to the standard
allopurinol (-4.47 kcal/mol). This proves that ftawids consist of potential xanthine oxidase
inhibitory binding sites when compared to the stadd

In addition, two other parameters like inhibitioanstant (K) and intermolecular energy were
also determined. As shown in table 2, flavonoidswad inhibition constantanging from 1.72
uM to 110.19um. All the selected compounds had lesser inhibitonstantwhen compared to
the standard (529.78v). Inhibition constant is directly proportional tonding energy. We
found a decrease in inhibition constant of all 8edected flavonoids with a simultaneous
decrease in the binding energy. Thus, the xantbxigase inhibitory activity of the flavonoids
were found to be higher compared to allopurinol.

Table 2. Inhibition Constant of the compounds based on their rank

Inhibition Constant of the compounds based on their rank (UM, mM*, nM**)

COMPOUNDS 1 2 3 4 5 6 7 8 9 10
Biochanin 7.05 7.49 14.17 1554 19.15 4581 74/505.05| 79.04| 108.10
Butein 1.72 27.48] 38.26 39.58 191.88 20589 330.661.16| 631.49 834.6p
Diosmetin 5.93 2255 37.65 48.50 49.62 5203 85697.26| 142.28 142.5p
Fisetin 2.02 7.30 9.13 38.00 48.04 52.23 81}47 @2)1.131.34] 303.4(
Herbacetin 3.64 3.70 6.59 29.713 56.89 30J05 140.882.77| 414.52 470.9p
Isorhamnetin 2.24 4048 62.95 80.19 13613 168.207.76]| 230.74 389.23 514.95
Rhamnetin 2.69 3.99 6.35 6.83 15.08 43[75 56,58 .1783 335.96] 546.04
Tricetin 9.02 21.83 9.13 26.75 29.83 35.90 3893 4.88| 509.05 1.06*
Tricin 46.92 | 55.83| 84.94 95.69 108.54 12104 129.2B7.21| 289.36 392.2D
Vitexycarpin 110.19 134.54 191.47 405.43 45531 21.1455.87| 721.88 834.91 989.47
Genistein 41.00] 4244 79.54 88.42 89./2 138.52 5B02.109.23] 149.68 182.44
Okanin 7.24 19.63] 29.7% 14529 17869 243.74 HJ.470.62| 853.01 915.64
Peonidin 11.85| 1385 38.74 1549 15.76 2374 71.427.58 | 97.43| 156.49
Robinetin 2.78 3.13 98.70 110.64 195,26 201.97 .16 491.60 698.10 848.43
Allopurinol 529.73| 534.14 541.00 541.30 545/56 880. 1.01* | 1.01*| 1.18*| 1.45*

As shown in table 3, flavonoids showed intermolac@nergy ranging between -9.95 kcal/mol
to -7.49 kcal/mol which was lesser when comparedthe standard (-4.47 kcal/mol).
Intermolecular energy is also directly proportiot@lbinding energy. We found a decrease in
intermolecular energy of all the selected compoumitls a simultaneous decrease in the binding
energy. This result further proved the xanthinéase inhibitory activity of all the selected
flavonoids.

Based on the docking studies, the xanthine oxiddsbitory activity of the selected compounds
was found to be decreased in the order of ButasetiR, Isorhamnetin, Rhamnetin, Robinetin,
Herbacetin, Diosmetin, Biochanin, Okanin, Tricetiteonidin, Genistein, Tricin, Vitexycarpin
and Allopurinol. On the basis of the above studytdi, Fisetin, Isorhamnetin, Rhamnetin,
Robinetin and Herbacetin possess potential xantbxidase inhibitory binding sites when
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compared to that of the standard. This may bebated due to the differences in the position of
the functional groups in the compounds. Flavonadssist of benzopyran ring in its basic
nucleus which could be responsible for the xantbixidase inhibitory activity [19].

Table 3. Intermolecular energies of the compounds based on their rank

Inter molecular energies of the compounds based on their rank (kcal/mol)

COMPOUNDS 1 2 3 4 5 6 7 8 9 10

Biochanin -8.22| -819 -7.81 -7.75 -7.63 -7.11 -6|856.82| -6.79| -6.60
Butein -9.95| -8.31 -8.11 -8.09 -7.16 -7.12 -6/84 .48 -6.45| -6.29
Diosmetin -8.62| -7.83 -7.583 -7.38 -7.36 -7.34 -7|06.91| -6.74| -6.74
Fisetin -9.26| -850 -8.66 -7.5P -7.38 -7.83 -7/06.83| -6.79| -6.29
Herbacetin -9.21 -9.20 -8.86 -7.97 -7.p8 -7]96 47.06.55| -6.40| -6.33
Isorhamnetin -950 -7.78 -7.592 -7.38 -7.06 -6/96.81| -6.75| -6.44 -6.28
Rhamnetin -9.39 -9.15 -8.88 -8.84 -8.37 -7|]74 87.57.36| -6.53] -6.24
Tricetin -8.67| -8.15 -8.66 -8.08 -7.96 -7.85 -7.816.88| -6.28| -5.85
Tricin -7.70| -7.59| -7.34 -7.27Y -7.20 -7.13 -7.09 .6&| -6.62| -6.44
Vitexycarpin -7.49| -7.37 -7.16 -6.72 -6.65 -6.11 .6%| -6.37| -6.29 -6.19
Genistein -7.18 -7.16 -6.79 -6.72 -6.Yy1 -6/46 -6/646.60| -6.41| -6.29
Okanin -9.40| -8.81 -856 -7.62 -7.50 -7.82 -7|]16.63| -6.57| -6.53
Peonidin -8.51 -8.42 -7.81 -835 -8.34 -8[10 -7|459.40| -7.26| -6.98
Robinetin -9.37, -9.30 -7.25 -7.19 -6.85 -6.83 86(4-6.30| -6.10] -5.98
Allopurinol -4.47 | -4.47| -4.4 -4.46 -4.45 -4.20 0@.| -4.09| -3.99 -3.87

CONCLUSION

Molecular docking studies of allopurinol with xaimté oxidase enzyme exhibited binding
interactions and warrants further studies needethi® development of potent xanthine oxidase
inhibitors for the treatment of gout. These resultsarly indicate that flavonoids especially,
Butein, Fisetin, Isorhamnetin, Rhamnetin, Robinetimd Herbacetin have excellent binding
interactions with xanthine oxidase. Further invgsions on the above compounds amdivo
studies are necessary to develop potential chereidéles for the prevention and treatment of
gout and related inflammatory disorders.
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