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Abstract

Gout is a medical condition characterized by inseeaf the serum urate levels (SUAS) in extra-
cellular fluids that results in its precipitatiamthe tissues causing joint swellingic acid stones
and further complications if not cured. Xanthineidase (XO) and xanthine oxidoreductase
(XOR) are two inter convertible enzymes responditeuric acid production from hypoxanthine
and xanthine. It has been reported that increaspession of XO leads to excessive oxidative
stress leading to the formation of ROS and ultityatieic acid. Therefore, inhibitors of XO can
act as a drug to treat conditions leading to hypeaemia and gout. Allopurinol and febuxostat
are two molecules presently in use for the treatnaérthis medical condition that work by
inhibition of XO. Present work involved selectioh ksmown XO inhibitors from literature and
exploration of their mechanism for inhibition usiimgsilico docking studies. After an extensive
literature search nine compounds belonging to flame and cinnamic acid derivatives were
shortlisted along with Pinobanksin (flavones), licsacid and umbelliferone. All the compounds
were docked against “de-molybednum rat xanthindaneductase D428A enzyme” that showed
pinobanksin as the best inhibitor due to its fléxihature at C-3 carbon having $pybridization.
However, studies on human XO and XOR enzyme nedgktdone bothn-silico and in wet

experiments for development of these moleculestgeadrugs.
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Chapter 1: Introduction

Gout is a medical condition characterized by inseea the serum urate levels (SUAS) of extra-
cellular fluids, resulting in the precipitation ofonosodium urate monohydrate crystals in the
tissue.® Monosidium urate is the biological product of uaitid produced as an end product of
purine metabolism itHomo sapiensnd other animals. Hyperuricaemia, the medicah tesed
for such condition can start with symptoms of josmtelling!® uric acid stoned! but if left
untreated can result in kidney failtifé high blood pressufe!, increased sugar content in blood
and heart related diseas&s:!

Purines are the constituents of many biomolecules GTP, ATP, coenzyme A, NADH and
many more. Tea, coffee, bear, meat and many daosiupts also contain purinés? An
enzyme Xanthine oxidase (XO) interconvertible frotanthine oxidoreducatse (XORY! is
responsible for Uric acid production from two subtts hypoxanthine and xanthine by
formation of reactive oxygen species (ROS). Bothtlxme and hypoxanthine are ultimate and
penultimate products of purine metabolism respettivincreased expression of XO leads to
excessive oxidative stress leading to formatiolR&S and ultimately uric aci® Thus, any

inhibitor of XO can act as a drug and can treadd@ns leading to hyperuricaemia and gout.

N N | \ Hth“ HN | N
0 U0 00 10—

@ (b) (c) (d)

Figure- 1.1: Structures of molecules related to gout (a) Garstructure of purine (b)

Hypoxanthine (c) Xanthine (d) Uric acid.

At present, Allopurinol and Febuxostat are two males used for the treatment of this condition
by inhibition of XO!*"*8l Besides this a number of molecules have been tezpan literature
known to inhibit XO. Present work involves selentiaf known XO inhibitors and in silico study

of their interactions with the enzyme to get anghsof the mechanism involved.
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Chapter 2: Review of Literature

Xanthine oxidoreductase (XOR) consists of two itwevertible enzymes namely Xanthine
dehydrogenase (XDH) and Xanthine oxidase (XO). B4 and XO are important enzymes in

purine metabolism where they catalyze conversidmypbxanthine to xanthine and ultimately to
uric acid as shown iRigure - 2.1, {15192
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Figure- 2.1: Mechanism of formation of Uric acid
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It has been documented that in mammals XOR nornedigts as dehydrogenase (XDH), but
under certain conditions this enzyme post- tramsiatly converts into oxidase (XO) either
reversibly or irreversibl{*® This results in increased production of uric adde to its
exceptional binding ability with oxygen in companisto NAD".**Also, the reactive oxygen
species (ROS) produced in the process gives rissuper oxide radicals resulting in further
complications. Thus, inhibition of Xanthine oxidaseone of the best solutions to deal with the
issue.Figure - 2.2 shows the structure of some of the known inhibitof XO used for the

treatment of such a medical conditiér"*%2°!
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Figure - 2.2: Known inhibitors of XO namely Allopurinol (3.1), Baxostat (3.2) and
Oxypurinol (3.3)

Despite presence of these drugs in market theredad to discover more inhibitors of XO which
are safe and have fewer side effects unlike thesg dnolecule&®?5272838 Following

paragraphs discuss some molecules from literalateniave been reported over the years.
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A new class of Xanthone derivatives showrrigure - 2.3 was synthesized as XO inhibitor out
of which 8a, 8c, 8i, 8g and 8r had spectular irtfohi results. Their SAR and docking studies
were done showing insertion of 8i and 8r into narrtunnels of the enzyme towards
molybdenum cofactor region along with hydrogen boganabling interactions with Gln 1040,
Ser 1082, GIn 1261, Gly 797, GIn 797 as well as £3@. The 5 potent inhibitors showed4$C

values lower than 10 uM which was way far bettanthllopurinol >

HO /

HO (0] OH

Figure- 2.3: General structure of Xanthone derivative where RkylAgroup that can be
replaced with 2- Ck(8a), 4- CH (8c), 4- ClI (8i), 2- CI (8g), 4- CN (8r)

Recently, 4-aryl/hetroaryl-4H-fused pyrans were tgnized depicting 5n as a remarkable
inhibitor among them with an kgvalue of 0.59 uM as shown KFigure - 2.4. Due to presence

of a chiral centre in 5n both of its R and S er@anér were analysed via computational docking
studies showing better results in case of S-enaetiavhich is able to fit in a better way in the

binding site. [20]

N in-vifro screening

. against xanthine [
b 0~ "NH, oxidase Sn
IC5=0.59 uM
A series of 108 compounds

Binding interactions of S-enantiomer
of 5n (Green)

Figure- 2.4: Assay of 4-aryl/hetroaryl-4H-fused pyré&ids
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In the same way 16 compounds (10 of them new) cdzgmfe or pyrazolopyrimidine type named
as pyrazolo [3,4-d] pyrimidines were synthesizedvah in Figure - 2.5 out of which the ones
with cyano, nitro, trifluromethyl group or glycinmethyl ester derivatives showed maximum
potency of inhibition against XO along with a feimleem revealing 16 values below 1mmM?®

R
R R
i i CO,H
<> ACO// OAC
N/N NH, N/N N N /
7 NH MHOAC
LWy O
CN =N N OAc
H,N
(w) (x) () (2)

Figure- 2.5: General structure of pyrazolo [3,4-d] pyrimidinesidative where R= Alkyl group
that can be replaced with R= gHDCHs;; COOH; CN; NQ; CF;; Cl; CONHCHCOOCH;,

Certain derivatives of 18b-glycyrrhetic acid (186A) as shown inFigure - 2.6were also
synthesized marking towards highest XO inhibitiancase of moieties having lactone in them
after measuring xanthine oxidase activity with pilldnol as standard and xanthine as substrate.

[21, 40].

Figure- 2.6: 18b- GA compound with remarkable XO inhibition.
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Besides above mentioned synthesis based molecnées; natural sources have also been used

for the XO inhibition. Later on, active ingrediemfall such natural sources were also identified.

In 1994, Chiang et.al isolated six compounds fram(HOOK) of leaves oAlsophila spinulosa
Tryon. Among these caffeic acid (2)dvas the most potent constituent havinggb€39.21 uM

for uncompetitive inhibition against XO using subgt xanthine as control. Nagae et.al studied
inhibition of xanthine oxidase by both non- pla&d planar flavones and flavonols having 7-
hydroxyl group, planar ones like chrysin, quercitimiteolin, kaempferol, myricetin and
isorhamnetin showed kg values from 0.40 to 5.02 puM. On the other hand, iptemar
flavonoids, anthocyanidins and isoflavones hadelegshiboitory effect suggesting application

of former as anti- hyperuricemic agerts.

A massive study that included 26 species from h&ilfas of plants showed excellent inhibitory
activities. Almost 20% of the plants had greatemt!50% inhibition for XO™?. Among these
Quercitin and kaempferol had 90% and 85% XO inbilyitactivity respectively. It was
hypothecated that phenolic groups impart hydroijoitil that impart inhibition to XO. The work
concluded that 5 potent inhibitors fromAchillea millefolium Larix laricina, Ledum
groenlandicum Populus balsamiferandVeronica officinalenhibited XO more than 50% due
to presence of phenolic and tannin content.[54Balk extract ofSpartium junceum Lflowers
was used to isolate 5 flavonoid glycosides out bfclv antioxidant activity was maximum for
luteolin 4'4-glucoside and azaleatiB-§lucoside (quercetin 5-methylethef-glucoside) having
value of 22.59 and 19.08 U/ mL respectivély.

In 2018, certain triterpenes were isolated fromaethic extracts offribulus arabicugo access
XO inhibitory activity. A special compound- Ursolacid shown irFigure - 4.1 isolated from
the plant showed Il§gvalue of about 10.83g/mL leading towards reduction of uric acid levgl b
79.9% in in-vivo triald*!

As currently there are no clinical measures foaysin inhibiting generation and enhancing uric
acid excretion, a novel xanthone possessing natoi@bgical activity named norathyriol
(1,3,6,7-tetrahydroxy-9H-xanthen-9-one) shownFigure - 2.7 was investigated. It is mainly
found in medicinal plants likeMlangifera indica, Hypericum elegans, Gentianaceawl a

Tripterospermum lanceolatunReported results signify decreased serum urateslan mice
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upto 27%, 34%and 37% at intake of norathyriol dasesjuantities of 0.92, 1.85, 3.7 mg/kg

respectively. Moreover, the potent inhibition aities tested in- vitro proved that the novel
candidate is similar to allopurinol, but inferiarfebuxostat*®!

OH O OH

OH

OH o

Figure- 2.7: Chemical Structure of Norathyriol.
An inedible and non-toxic fungu3yromyces fissilisvas used to develop methanolic extract
from its fruiting bodies to isolate 8 compoundswhdn Figure - 2.8 which showed excellent
inhibitory activity due to involvement of salicyliacid and hydrophobic alkyl side chain.

Maximum non- competitive “inhibition was remarkey ®-hydroxy-6-pentadecylbenzoic acid
(ICso value 58.9 + 2.2% at 28V “°!

Ri, pR2
Ry, pRo Ho
Z
COOH
COOH
OH COOH
OH
OH
Compound(1) R;= H, R,=H
Compound(3) R;R,= O Compound(2) RiR,= O Compound(s)
Compound(5) Ry= OH, Ry= H Compound(4) R;= OH, Ry=H
HO "9
COOH COOH
OH OH

Compound(7) Compound(8)

Figure- 2.8: Chemical Structures of 8 compounds isolated figmomyces fissilig?*®

Present work involved screening of some compourmtaied from biological resources in

literature and understand their mechanism of inieibifor XO by in- silico docking studies.
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Chapter 3: Materialsand M ethodol ogy

General: For docking studies, Autodoc (AutoDockTools- 163 available at internet was
downloaded on the laptop along with chemdraw saw@hemdraw Ultra 10.0). From the
literature forty different compounds were shordléthat have shown activity against Xanthine
Oxidase (XO) enzyme of different organisms. All ttempounds were categorized on the basis
of their structure. A total of twelve compounds &shortlisted on the basis of theisjalues
and non availability of literature for interactiomsth amino acids of the enzymEigure - 4.1
lists the compounds that were chosen for the study.
3.1: Human XOR Enzyme: Crystal structure of the only human xanthine oxédiictase
available on open database was the structure ainhuanthine oxidoreductase with PDB ID:
2E1Q®! The amino acid sequence of 2E1Q was downloadetiamdlogy molecular modeling
was performed using SWISS Model due to missingtatygructure for 24 amino acid residues.
Three new crystal structure models were obtainethaPDB ID: 3AN1, 2E3T and 2CKJ with
90.31, 90.23, 99.92% similarity along with 0.9998).0.98 A° resolution respectively. Thus,
3AN1 was chosen as the best model due to maximsatuteon which is demolybdo-form of the
D428A mutant of rat xanthine oxidoreductase hentefmamedas deMo-rXOR D428A
Enzyme.
3.2: Docking Studies: All the compounds chosen for analysing the inhifyitactivity via
docking studies were drawn in Chemdraw Ultra 1@@ later subjected to energy minimization
technigues with the help of MMind saved as pdb format.

* Preparation of ReceptoddM o-r XOR D428A)
Water molecules were removed and polar hydrogemsgalith kollman charges were added
using autodoc and the atoms were assignegltyyi2 before saving the file in PDBQT format.

* Preparation of ligand
With the same tool mentioned above ligand file also be saved in PDBQT format after adding
gasteizer and setting number of rotatable bondsabéli.e. the number of torsions set lesser than
6.

* Preparation of gridbox
After fulfilling the above- mentioned steps dockiwgs performed in three sets via choice of 3
sets of grid box highlighted ifhable 3.1.
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Table 3.1: Grid paramaters of docking studies done.

Set: 1 Set: 2 Set: 3
Blind Docking for Docking site of Active site as per Literature
Allopurinol Allopuranol
Points in 3D 126 each 41 each 40 each

Centre

X) -3.468 25.912 -8.314

(Y) 11.632 10.369 18.908

2) -17.33 -30.876 -26.198
Spacing 0.819A° 0.375A° 0.986A°

3.3. Procedure

Firstly, the standard drug allopurinol was leftthe vicinity of macromolecule in Autodock to
dock the protein blindly at the most potent acts#e. The grid parameters covered the whole
macromolecule and the energy results were noteschddle second set included grid parameters
covering a smaller area surrounding the site whlopurinol was bound with the protein in first
set and docking experiments were performed on atdrek well as 12 other ligands chosen from
literature. While in the third set the only difface lied in choosing grid box according to the
common binding sites in the active pocket site moeed in review of literature. Finally, the
docking results were compared to that of set: 1and whole with standard allopurinol through
programming of config file with command prompt ugsivina file stored in Local disk: C. The
best energy scoring molecules were chosen to reprédseir most stable conformation for direct

relation with binding affinity of the chosen ligasd
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Chapter 4: Results and Discussion

After an extensive literature search, two majoregaties of compounds along with
Umbelliferone and Ursolic acid were shortlisted folocking studies with Xanthine
Oxidoreductase (XOR) enzyni{€igure - 4.1). Five compounds each from the two categories
consisting of flavones, flavanone and cinnamic abgdivatives were taken up due extensive
literature reports of their antioxidant and antplguricaemic activity as reported in the previous
section.

For docking studies, a mutant human xanthine oxidiectase (PDB ID: 2E1Q) protein was
optimized by homology modeling using SWISS Modehr@é sequences with structure
similarity of 90.31, 90.23 and 99.92 percent haviigB IDs 3AN1, 3E3T and 2CKJ were
identified having a resolution of 0.99, 0.98 an8l80A°. Finally, 3AN1 with highest resolution
was taken for further docking studies with aboventiemed compounds.

@ )

Ry

R;

Cinnamic Acid Derivatives
R, (o)

Flavanone Derivatives

N

HO (o} (o]
Umbelliferone

\_

Figure- 4.1: Flavanone and Cinnamic acid derivatives along Withbelliferone and
Ursolicacid shortlisted for docking studies with R@nzyme.

Ursolic acid )

Docking studies with Autodock software were perfedrusing both blind docking and active

site docking. Active site of the protein was id&éat using literature reports for the binding of
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various inhibitors including allopurinol. Allopurah was also used as a reference compound for
the studiesTable- 4.1 shows the energy scores for all the shortlistegtathone and flavone
compounds after interaction with demolybdo-form tbe D428A mutant of rat xanthine
oxidoreductas®. It can be seen that Pinobanksin, a flavanoneaoting sp hybridized carbon
stabilizes the active site to maximum extent hawngrgy score of -9.6 kcal/mol followed by
flavones. Isorhamnetin with energy value of -9.4lkool stabilizes the XOR enzyme maximum
at blind docking site. Stabilization by Azaleatimtigh much higer than standard Allopurinol
was lowest among all the flavanone compourgure-4.2shows that the binding site of
standard drug used in the study, Allopurinol, watind docking was entirely different from the

active site reported in literature. Although théues obtained in both cases were approximately

same.
Compound Name and Structures Blind Docking | Active Site
Energy Scor e (kcal/mol)
(o]
; \/ | NH -6.7 -6.4
N N7
Allopurinol (Standard)
HO o @
@ 5 -8.7 -9.6
OH
OH O
Pinobanksin (Flavanone)
Rs
R4
R4 o @
9d
R3
R, O
General Structure (Flavone)
Name R1 R Rs R4 Rs
Galangin OH OH OH H H -9.2 -9.2
Azaleatin OH | OCH| OH | OH OH -9.6 -9.1
Rhamnetin OCH| OH OH | OH OH -9.8 -9.3
Isorhamnetin OH OH OH OH OCGCH -9.8 -9.4

Table4.1: Minimum energy results of flavanone derivativeeatiocking with demolybdo-form
of the D428A mutant of rat xanthine oxidoreductase.
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enzyme(a) Blind Docking anc(b) Active site| Wl ufeerabioonorponer B e e
as per literature B s [ P

As shown inTable 4.1, both in case of flavanones and flavones the nmg® named A, B ar
C for convenience to discuss the interactions éetw the functional groups of the molect
and the amino acids of the enzyme. A compariscFigure 4.2 (b) andFigure - 4.3 shows that
binding site of Allopurinol flavanones and flavones, except for Azaleatin, waosely placec
but different amino @ds interacted in each casezaleatin was exceptional because its bin
site was markedly different from rest of the compasiofflavanone categor

It can be seen that Alal084 was common in casemfbBnksin, Isorhamnetin and Galan
involved in o to © interaction between AA and C aromatic rings respectively. In case
Isorhamnetin the same AA residue was also involwestionger hydrogen bonding interacti
between OH of ring A and carbonyl of the chain.\N&ble interactions were seen between
residue and Rhamnetin.

It is interesting to note that Rhamnetin and Isorhetin, both isomers of each other, flipg
their positions by 180° to accommodate only C3 group present in their structure for hydrog
bonding interactions with Ala 1080. This is alseeaf the rasons for Ala 1084 not interactir
with the former. Alal1080 residue, although visiliiecase of Pinobanin, is actually positioned
away from the flavanondsr any interactior

Arg 913 is common amino acid residue involvedsito n interaction in all four Pinobanksi

Isorhamnetin, Galangin and Rhamnetin. The ringagecof Pinobanksin, Isorhamnetin, Ggin

13| Page



(C ring) is different than in case of Rhamnetin (jAg). This once again proves

Rhamnetin and Isorhamnetin are flipped by 180°.

that the

| Carten ydragen Sand
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Figure-4.3 : Docking studies results of flavanone and flavonigs deMo-rXOR D428A mutant enzyme
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Compound Name and Structures Blind Active Site
Docking
Energy Score (kcal/mol)
(0]
N\/ I )NH '6.7 '6.4
N
Allopurinol (Standard)
N
-7.0 -7.4
HO (o) o]
Umbelliferone
-9.3 -6.9
H;C CH, Ursolic acid
o} *  HQ, COOH %% 0
’ P OCH3
/@A)Lm é\m )\/\C[
HO™ Y OH
OH
Ry
Ry
Cinnamic Acid Derivatives
Name R1 R Rs
Cis- Cinnamaldehyde H H H -6.1 -5.9
Trans- H H H -6.2 -6.4
Cinnamaldehyde
Trans- Ferulic Acid OH OH OH -7.0 -7.3
Chlorogenic Acid * OH OH -8.6 -8.1
Curcumin *x OH OCH -9.6 -8.5

Table 4.2: Minimum energy results of cinnamaldehyde derivegiand other compounds after
docking with deMo-rXOR D428A mutant enzyme.
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Finally, high stability of deMo-rXOR D428A mutanhzyme complexed with Pinobanksin and
Isorhamnetin (E = -9.6 kcal/mol and -9.4 kcal/medpectively) can be attributed to stabilization
of B ring carbonyl and hydroxyl groups by the sermesidues. In case of Pinobankgtngur e-

4.3 a) both these groups are stabilized via two diffesmnine residues at position 1081 and 1083
while in case of Isorhamnetin Ser1083 stabilizebaayl and the OH is stabilized by Alal1084
as discussed aboWE&igure-4.3 b). The highest stability of Pinobanksin can be laftied to
hydroxyl (OH) group positioned on $phybridized carbon that leads to stronger hydrogen
bonding interactions than in case of Isorhamnetin.

Comparing Isorhamnetin, Rhamnetin and Azalegfiigure 4.3 b, ¢ and d) it can be reasoned
that the methoxy group at 5- position of A ringftdrithe molecule out of active site cavity by
making C-4 carbonyl inaccessable due to stericdramte. This is the reason that Rhamnetin did
not position itself in the active site pocket.

Table 4.2 shows minimum energy value for other compoundstksted for this study. As
compared to above discussed category of compousidgeny impressive values were obtained
for active site docking results. Curcumin the cgajied yellow colored compound among these
was the most active with minimum energy value abk8al/mol. However the binding site

pocket of this and the ursolic acid was differentrf the active site pocket of the enzyme.
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Chapter 5: Conclusion
Thus, it can be concluded that flavanone are plesgibtential inhibitors of the deMo-rXOR
D428A mutant enzyme enzyme due to their flexibleirea However, studies on human XO and
XOR enzyme need to be done both in silico and pearments to confirm the results for use of

these molecules as active drugs.

17| Page



References

1) P. Pacher, A. Nivorozhkin & C. Szald@harmacol Rey2006, 58, 87-114.

2) S. Mitomo, M. Hirota & T. FujitaJapan Society for Bioscience, Biotechnology and
Agrochemistry2019, 1347-6947.

3) A.Kratz, M.A. Pesce & R.C. Basnétarrison’s principles of internal medicin€011,
1091-1095.

4) P. Ruiz, A. Ruiz & M. Calaboz&Ann Rheum Dijsl998, 57, 545-549.

5) W. Zhang, M. Doherty & T. BardirAhnn Rheum Dj2006, 65, 1312-1324.

6) M.A. Becker, H.R. Schumacher & R.L. Wortmamrthritis Rheum 2005, 52, 916-
923.

7) M.A. Becker, H.R. Schumacher & R.L. Wortmamh Engl J Med 2005, 353, 2450-
2461.

8) H.R. Schumacher, M.A. Becker & R.L. Wortmamuithritis Rheum Arthritis Care
Res 2008, 59, 1540- 1548.

9) F. Martinon,Immunol Rev2010, 233, 218-232.

10) R.J. Johnson, D.H. Kang & D. Feigypertension2003, 41, 1183-1190.

11) 1. Ono, T. Hosoya & N.N.G. Zasshilyperuricemia 2007, 96, 922-927.

12) M. Li, X. Hu & Y. Fan,Sci Rep2016, 6, 195-200.

13) H. Lina, C. Tua, Y. Niua, F. Lia, L. Yuana, N. Li&. Xua, L. Gaoa & L. Lia,
European Journabf Pharmacology?2019 , 853, 371-380.

14) D.A. Kostit, D.S. Dimitrijevit, G.S. Stojanovit, R. Palit, A.S. Yorzevit & J.D.
Ickovski, Journal Of Chemistry2015, Article ID 294858, 8 pages.

15) M.G. Battelli, L. Poloto, M. Bortolotti & A. Bologesi, Current Medicinal Chemistry,
2016, 23, 4027-4036.

16) H.M. Schmidt, E.E. Kelleyc, A.C. StraubRedox Biology2019, 21, 101072.

17) S. Chohan & M.A. BeckeCurr Opin RheumatoP009, 21, 143-149.

18) G.B. Elion, A. Kovensky, G.H. Hitchings, E. Metz R.W. Rundus,Biochemical
Pharmacology1966, 15 , 863-868.

19) J. M. Pauff, H. Cao & R. HilleThe Journal Of Biological Chemistrg009, 284, 8760—
8767.

20) R. Kaur, F. Naaz, S. Sharma, S. Mehndiratta, M.kipta, P.M. Singh Bedi & K.
Nepali,Medicinal Chemistry ResearcP015, 24, 3334-3349.

21) D. Maitraie , C.F. Hung , H.Y. Tu, Y.T. Liou , B.Wei, S.C. Yang , J.P. Wang &
C.N. Lin, Bioorganic & Medicinal Chemistry2009, 17, 2785-2790.

22) A.G. Porras, J.S. Olson & G. PalméBiol Chem1981, 256, 9096-9103.

23) T.A. Krenitsky, T. Spector & W.W. Halkrch. Biochem. Biophy4986, 247, 108.

24) C. Enroth, B.T. Eger, K. Okamoto, T. Nishino, TshNino and E.F. PaRroceedings Of
National Academy Of Scienc@800, 97(20), 10723- 10728.

25) T. lwanaga, D. Kobayashi, M. Hirayama, T. Maeda.& &amai,Drug Metabolim &
Disposition 2005, 33(12).

18| Page



26) H. Choi, T. Neogi, L. Stamp, N. Dalbeth & R. Tettgeib, Arthritis Rheumatol2018,
70, 1702- 1709.

27) W.B. White, K.G. Saag & M.A. BeckeN Engl J Med2018, 378, 1200-1210.

28) L. D. Kong, Y. Cai, W.W. Huang, C. Cheng, R.X. TdnEthnopharmacgI2000, 73,
199-200.

29) L. Kong, J. Zhou, Y. Wen, J. Li & C. Cher@lanta Med 2002, 68, 175-178.

30) R.L. Wortmann & E. Brunwaldl998, 2158—-2166.

31) B.T. EmmersonN Engl J Med 1996, 334, 445-510.

32) R.A. TerkeltaubN Engl J Med2003, 349,1647-1655.

33) A.G. Fam,Curr Rheumatol2001, 329-335.

34) L. Stamp, P. Gow, K. Sharples & B. Raflust N Z J Me2000, 30, 567-572.
35) K.R. Hande, R.M. Noone & W.J. Storm J Med 1984, 76, 47-56.

36) A.G. Fam, J. Lewtas, J. Stein & T.W. Patém J Med 1992, 93, 299-302.
37) F. Arellano & J.A. Sacristainn Pharmacother]993, 27, 337-43.

38) J.Z. Singer & S.L. Wallacérthritis Rheum1986, 29, 82-87.

39) L. Hu, H. Hu, W. Wu, X. Chai, J. Luo & Q. Wioorganic & Medicinal Chemistry
Letters 2011, 21, 4013—-4015.

40) S. Gupta, M. Rodrigues, A.P. Esteves, M.F. Ana,Gampos, J. Nascimento, N.
Nazareth, H. Cidade, P.M. Neves, E. Fernandes &PMto, European Journal of
Medicinal Chemistry2008, 771-780.

41) A. Nagao, M. Seki & H. KobayasHgiotechnol. Biochen1999, 63, 1787-1790.

42) P.L. Owen & T. Johns]ournal of Ethnopharmacolog$999, 64, 149-160.

43) E.Y.K.Tsuchiya, Y. Takaishi, K. Kawazoelournal of ethnopharmacology2000,
73(3), 471-478.

44) E.A. Gharbieh, N.G. Shehab, .M. Almasri & Y. BugiaPlos One2018, 13(8)

45) S. Mitomo, M. Hirota & T. FujitaJapan Society for Bioscience, Biotechnology, and
Agrochemistry2019, 1347-6947.

46) Y. Yamaguchi, T. Matsummura, K. Ichida, K. OkamdloNishino,J. Biochem2007,

141, 513- 524.R1.
47) K. Okamoto, Y. Kawaguchi, B.T. Eger, E.F. Pai andNishino,J.Am.Chem.So010,
132, 17080-17083.

19| Page



Thesis

ORIGINALI

TY REPORT

o

SIMILAR

3% Sv% 3%

ITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Hua Lin, Caixia Tu, Yanfen Niu, Fashuang Li,

Lixian Yuan, Na Li, Aiping Xu, Lihui Gao, Ling Li.

"Dual actions of norathyriol as a new candidate
hypouricaemic agent: uricosuric effects and
xanthine oxidase inhibition", European Journal
of Pharmacology, 2019

Publication

1o

o

patents.google.com

Internet Source

1o

d-nb.info

Internet Source

1o

=

Lina Hu, Honggang Hu, Weifeng Wu, Xiaoyun
Chai, Jianfei Luo, Qiuye Wu. "Discovery of novel
xanthone derivatives as xanthine oxidase
inhibitors", Bioorganic & Medicinal Chemistry
Letters, 2011

Publication

1o

Sahin, Huseyin, Zehra Can, Oktay Yildiz, Sevqi
Kolayli, Alessio Innocenti, Gabriele Scozzafava,
and Claudiu T. Supuran. "Inhibition of carbonic

<1%



anhydrase isozymes | and Il with natural
products extracted from plants, mushrooms and
honey", Journal of Enzyme Inhibition and
Medicinal Chemistry, 2012.

Publication

Erdem Yesilada, Koichiro Tsuchiya, Yoshihisa <1 y
Takaishi, Kazuyoshi Kawazoe. "Isolation and °
characterization of free radical scavenging

flavonoid glycosides from the flowers of

Spartium junceum by activity-guided

fractionation", Journal of Ethnopharmacology,

2000

Publication

Zhen-Hua Li, Zhi-Jiang Jiang, Qiao-Ling Shao, <1 o
Jin-Jing Qin, Qiang-Feng Shu, Wen-Hao Lu, °
Wei-Ke Su. " One-Pot Cascade

Heterocyclization of y- and (3-Ketomalononitriles

to 2,4-Dichloro-Substituted Pyrano|2,3-

Jpyrimidines and Furol[2,3- Jpyrimidines

Mediated by Triphosgene and

Triphenylphosphine Oxide ", The Journal of

Organic Chemistry, 2018

Publication

Hidetomo Yokoo, Ayumi Ohsaki, Hiroyuki <1 o
Kagechika, Tomoya Hirano. "Structural °
development of canthin-5,6-dione moiety as a

fluorescent dye and its application to novel

fluorescent sensors", Tetrahedron, 2016



Publication

n Submitted to UT, Dallas <1 .
Student Paper A)
hysrev.physiology.or

Ilfw)terxn/etSourcE y gy g <1 %
eprints.usm.m

IntErnet Source y <1 %
Submitted to Mahidol Universit

Student Paper y <1 %
Submitted to University of Nottingham

Student Paper y g <1 %

Su.bmltted.to Blrla Institute of Technology and <1 o
Science Pilani
Student Paper
Submitted to Gyeongsang National Universit

Student Paper y g g y <1 %

Exclude quotes On Exclude matches < 8 words

Exclude bibliography On



