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Abstract

Background: Inflammation is known to involve in many pathological processes of different diseases, but the current
therapy causes adverse effects. Thus, there is a great interest for the discovery of flavonoids as a valuable alternative
to classical analgesic and anti-inflammatory agent with dual-inhibitory action, especially on both COX-2 and 5-LOX
which can minimize or overcome this problem.

Results: In the present work, drug-likeness properties of the synthesized flavonoids via Lipinski’s Rule of Five were
predicted using QikProp prior to evaluation of their COX and LOX inhibitory activities using enzyme assays. Subse-
quently, molecular docking was performed using GLIDE to analyse their binding behaviour. The results showed that
all compounds obeyed the Lipinski's Rule of Five. NPC6 and NPC7 had displayed better selectivity towards COX-2 as
compared to Indomethacin with less than 50% inhibition against COX-1. In addition, these compounds also inhib-
ited activity of 5-LOX. Their selectivity to COX-2 was due to the binding to hydrophobic region and extends to lobby
region near the entrance of COX binding site forming hydrogen bond with Ser530. Interestingly, these compounds
showed a similar binding mode as Zileuton in the active site of 5-LOX and formed hydrogen bond interaction with
Ala424.

Conclusion: NPC6 and NPC7 had potential as dual inhibitor of COX-2 and 5-LOX. The scaffolds of these chemical
entities are useful to be as lead compounds for the dual inhibition of COX-2 and 5-LOX.
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1 Background

Arachidonic acid (AA) and its metabolites (prosta-
glandins and leukotrienes) are important intracellular
messengers which play an important role in pain and
inflammation regulatory pathways [1]. AA is a 20-carbon
polyunsaturated fatty acid which is released from mem-
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of AA to prostaglandin G2 (PGG,) and PGG, to PGH,.
PGH, is then transformed into a number of prostaglan-
dins (PGE,, PGD,, PGF,,, PGI,) and thromboxane A2
(TXA,) involved in fever, pain, swelling, inflammation,
and platelet aggregations [2]. COX-1 is involved in the
synthesis of prostaglandins that is necessary for haemo-
static integrity, gastric mucosal protection, renal func-
tion and platelet aggregation. Meanwhile, prostaglandin
which is derived from COX-2 catalytic pathway is pro-
duced when inflammation occurs. Therefore, COX-2
selective NSAIDs inhibit prostanoids that are involved
in the inflammation without disrupting COX-1 functions
and avoid gastrointestinal and renal toxicity theoretically
[3].

5-LOX is the other main pathway in the AA cascade.
It catalyses the oxidation of AA to 5-hydroperoxyeico-
satetratenoic acid (5-HPETE), which is converted into
leukotrienes (LT) such as LTB4, LTC4, LTD4 and LTE4
[4]. The leukotrienes mediators such as LTB4 regulate
the innate immune response and play roles in chronic
inflammation such as rheumatoid arthritis, osteoporo-
sis and asthma [5-8]. Targeting several arachidonic acid
pathways may lead to effective treatment while maintain-
ing normal physiological function. Therefore, concurrent
inhibition of COX-2 and 5-LOX but not COX-1 is a good
strategy to produce potential anti-inflammatory drugs
with fewer side effects.

Non-steroidal anti-inflammatory drugs (NSAIDs) are
widely used as an analgesic and anti-inflammatory agent
to treat inflammatory-related diseases including dys-
menorrhea, osteoarthritis, rheumatoid arthritis, gout,
ocular inflammation, ankylosing spondylitis, actinic
keratosis, tendinitis, and bursitis. However, long-term
treatment with traditional NSAIDs (tNSAIDs) such as
ibuprofen, indomethacin, diclofenac, ketoprofen, nap-
roxen, piroxicam and nabumetone are associated with
gastrointestinal bleeding, ulceration and perforation [9,
10]. Therefore, several approaches have been considered
to target COX-2 and 5-LOX in order to block the forma-
tion of prostaglandins and leukotrienes induced during
inflammation. This approach is trendy in drug discovery
to develop drugs with multi-targets and has a superior
safety profile but minimal adverse effects on gastro, renal
and cardiovascular system [11].

Recent research has focused on the identification of
potential COX-2 as well as 5-LOX inhibitors based on
the scaffold of flavonoids [12, 13]. Flavonoids consist of
a benzene ring (A) that is condensed with a six mem-
bered ring (C) and carry a phenyl ring (B) at the 2-posi-
tion [14]. Its subclasses, chalcones, and flavanones, had
been reported to exhibit anti-inflammatory activity in
both proliferative and exudative phases of inflammation
via inhibition of various enzymes such as nitric oxide
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synthase, xanthine oxidase, aldose reductase, LOX, and
COX [15, 16]. In the continuous effort to find a dual
inhibitor of COX-2/5-LOX, the present study investi-
gated the anti-cyclooxygenase and anti-lipoxygenase
properties of chalcone and flavanone derivatives using an
enzymatic assay. The derivatives of flavonoids were syn-
thesized based on our previous study that reported their
potential as anti-inflammatory agents [17]. The study also
analysed the binding mode of the active compounds and
predicted the drug-likeness properties of the compounds.
As far as we know, this is the first time that these deriva-
tives were tested for their dual COX-2/5-LOX inhibitory
activities.

2 Methods

2.1 Chemicals

The chemicals used were analytical grade and com-
mercially available. All chemicals were purchased from
Sigma-Aldrich (St. Louis, MO, USA) unless otherwise
stated. The chalcone, flavone, pinostrobin, and pinocem-
brin derivatives were obtained from the Institute of Sci-
ence (IOS), UiTM (Table 1) [18]. These compounds were
synthesized using the previous method with some modi-
fications [19].

2.2 Drug-likeness properties

The drug-likeness properties of the synthetic compounds
were performed using Qikprop module in Schrédinger
package.! It was evaluated based on Lipinski's Rule
of Five, where the properties are molecular weight
(MW) <500 Dalton, the number of hydrogen-bond
donors (HBD) <5, the number of hydrogen-bond accep-
tors (HBA) <10 and the octanol/water partition coeffi-
cient (log P) <5. The compounds that violated more than
one of Lipinski’s Rule of Five were excluded from further
study. Besides that, the number of rotatable bonds was
also calculated where the acceptable range was between
0 and 15.

2.3 COX peroxidase assay

The inhibitory activity of COX was determined by meas-
uring the formation of oxidized N,N,N;N’-tetramethyl-
p-phenylenediamine (TMPD) spectrophotometrically
at 550 nm. The experiment was carried out based on a
previous study with modifications [20]. The inhibitory
activity of the synthetic compounds was tested against
the human COX-1 and human recombinant COX-2
enzymes whilst the compounds were replaced with
dimethyl sulphoxide (DMSO) as the total activity of the
enzymes. Reactions were initiated in a 96-well plate at

! QikProp. Schrédinger Release 2017—1: QikProp. 2017.
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Table 1 Series of synthesized flavonoids from I0S
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Class of flavonoids Compounds R, R, R; R, Molecular formula
Chalcones NCT H H OCH, OCH, CiH160,
Ry
R, on O NC6 OCH, H OCH, OCH, CyH140s
‘ Re NC7 CH,CH, H OCH, OCH, CroHy0s
NC5 CH,CH;CH,4 H OCH,4 OCH, CooHy04
NC2 Br H OCH, OCH, C,,Hys0,Br
Rq ° NC8 H NO, OCH, OCH, C,7H1sNOg
Flavones NF2 H H OCH, OCH;, Ci7H1604
R,
R © O
Rz
NF4 CH,CH, H OCH, OCH, CroHy0O4
NF5 CH,CH5CH,4 H OCH, OCH, CyoH»,04
R o NF7 H NO, OCH, OCH, C,,H sNOg
Pinostrobin NPC3 (Pinostrobin) H H Ci6H1404
Ry
o o O NPC5 OCH,4 H - - Ci7H1605
- R, NPC7 CH.CH, H - - CigHhaOs
NPC6 CH,CH,CH, H - - CroHy0s
NPC4 Br H - - C,6H150,Br
oH 0o NPC8 H NO, - - CreHi5NOg
Pinocembrin NP4 (Pinocembrin) H H - - Ci5H,,0,
R,
HO o
Re NP5 OCH, H - - Cy6H140s
NP6 CH,CH;CH;3 H - - CygH1604
NP9 CH,CH, H - - C,H, 0,
OH o NP7 Br H - - Ci5Hp,0,Br

a final volume of 220 pL. COX inhibition reaction was
performed by 10 min of incubation at room temperature
in the presence of reaction buffer (Tris buffer, 0.1 M, pH
8.0, 150 pL), haem (2.2 mM in DMSO, 10 pL), COX-1
or COX-2 enzymes and tested compounds (100 pM,
diluted in DMSO, 10 pL). The reaction was initiated by
adding 20 uL of freshly prepared TMPD and followed by
the addition of 20 pL of AA (diluted with ethanol). The
absorbance was measured at 550 nm after 5 min of incu-
bation at room temperature and the calculations were
performed as in Eq. 1. Indomethacin (COX-2 inhibitor)
and Celecoxib (COX-1 inhibitor) were used as reference
drugs in this assay.

Percentage of Inhibition(%) = (Ao — At)/Ao x 100

(1)

where Ay=The total activity of the control (enzyme),
A =The activity of the tested compounds.

2.4 LOX assay

All synthetic compounds were screened against 5-LOX
at a concentration of 100 uM and compared with Zileu-
ton as a reference drug. The assay was carried out as
described by Pufahl et al. [21] with minor modifica-
tions. Basically, each well contained a mixture at a vol-
ume of 50 pL including buffer (50 mM Tris, 2 nM EDTA,
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2 mM CaCl,, pH 7.5), human recombinant 5-LOX (0.1
U, Merck), 2,7’-dichlorofluorescin diacetate (H,DCFDA,
10 uM), tested compounds (100 uM), AA (3 uM, Cayman
Chemicals) and adenosine triphosphate (ATP, 10 pM,
Sigma-Aldrich). In brief, H,DCFDA and 5-LO were incu-
bated for 5 min before the addition of the tested com-
pounds. This was followed by a second incubation with
the tested compounds for 10 min. The reaction was ini-
tiated by the addition of a substrate solution containing
AA and ATP. To measure the total activity of 5-LOX, the
compounds/inhibitors were replaced with DMSO. Then,
the reaction was measured using a POLARstar Omega
(BMG LabTech GmbH, Ortenberg, Germany) microplate
reader with fluorescence signal at excitation and emission
wavelengths of 485 and 520 nm, respectively. The signals
were measured at 0 and 60 min and the percentage of
inhibition was calculated as in Eq. 2. All the steps were
carried out at room temperature.

Percentage of Inhibition(%) =100—[A sgsCompounds
/AapsControl x 100]
)
where A,ps Compounds=The difference of absorbance
of the compounds/drug at the time interval, A,pg Con-
trol =The difference of absorbance of the enzyme at the
time interval.

2.5 Molecular docking

Docking studies were performed for the most active com-
pounds which had the potential to be a dual inhibitor of
COX-2/5-LOX in the binding site of COX-2 and 5-LOX
enzymes using GLIDE software (Schrédinger, LLC, Ore-
gon, USA) [22]. The docking study was performed to
evaluate a possible binding mode of active compounds in
the COX and 5-LOX binding sites. The crystal structure
of human COX-1, human COX-2, and human 5-LOX
with PDB ID of 6Y3C, 5F19, and 308Y, respectively, were
retrieved from the Protein Database Bank (PDB) (https://
www.rcsb.org/pdb/home/home.do) [23]. 5F19 was cho-
sen to represent COX-2 in this study because it has the
highest resolution number (2.04 A). 5F19 was found to
bind to aspirin and it inhibits COX-2 by acetylation of
Ser530. Therefore, the modified residue (OAS) at posi-
tion 530 was changed to its mother residue (SER) prior to
molecular docking.

All protein structures were prepared using the Protein
Preparation Wizard (Schrédinger, LLC, Oregon, USA).2
The water molecules were removed, all hydrogens were
added, and their bond orders were assigned. Molecular
docking study was performed in extra precision (XP)

2 Protein Preparation Wizard. Schrédinger Suite 2017—1: Protein Preparation
Wizard. 2017.
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mode of GLIDE and the grid generation was generated
at the centre of selected amino acid residues with a grid
spacing of 12 A [24]. For the COX enzyme (COX-1 and
COX-2), the amino acid residues that had been selected
were His90, Argl20, GIn192, Tyr355, Tyr385, Trp387,
Val423, Arg513, Phe518, Val523, and Ser530. Mean-
while, for 5-LOX, the amino acid residues were based
on a description by Gilbert et al. where the grid box was
set at the coordinates of X=— 2.7017, Y=24.5204, and
Z=0.4547 within 14 A radius [25].

3 Results

3.1 Drug-likeness properties

The drug-likeness properties including the solubility of
the tested compound and the number of rotatable bonds
are presented in Table 2. Based on the predicted values,
MW of the compounds are between 256 and 363, and
the log P values of the compounds are in the range of
2.337-4.538. The HBD and HBA are<2 and<5, respec-
tively. Thus, all in-house datasets of compounds obeyed
the Lipinski’s Rule of Five with the number of rotat-
able bonds less than 8. These indicated that the synthetic
compounds are druggable and suitable to be adminis-
tered as oral drugs.

3.2 Dual-inhibitory activity of cyclooxygenase
and lipoxygenase

The ability of the synthesized compounds to inhibit
COX-2 and 5-LOX was evaluated using a biological
assay as shown in Fig. 1 and Table 3, respectively. All
compounds were tested for COX-1 and COX-2 inhibi-
tion at high concentration (100 pM) to determine the
percentage of inhibitory activity and selectivity of tested
compounds (percentage of COX-2 inhibition/percent-
age of COX-1 inhibition). Eight (8) tested compounds
were found to have a higher selectivity for COX-2 over
COX-1 compared to Indomethacin and slightly inhib-
ited 5-LOX. These compounds were NP6, NP9, NPC4,
NPC5, NPC6, NPC7, NPC8, and NC2. However, the
results revealed that none of the tested compounds were
able to exhibit inhibitory activity similar to or higher than
Celecoxib. Among the compounds, NPC7 showed the
most promising COX-2 inhibitory activity with a selec-
tivity index towards COX-2 at 5.661.

For 5-LOX activity, the compounds were evaluated
using a high dose concentration (100 uM) but the major-
ity of the compounds exhibited less than 40% of inhibi-
tory activities. Only compound NF4, NF5, NC1, NC5,
NC6, and NC7 did not show any inhibitory activity
towards 5-LOX. Meanwhile, nine (9) compounds known
as NPC5, NPC6, NPC7, NPCS8, NP4, NP6, NP7, NP9,
and NF7 showed more than 10% inhibition. Six (6) com-
pounds known as NPC3, NPC4, NP5, NF2, NC2, and
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Table 2 Drug-likeness based on Lipinski parameters and the number of rotatable bonds of the synthetic compounds
Compound MW <750 ndonorHB n accptHB QPlogPo/w n violations <1 #n rotor
NC1 284311 0 3.25 3.781 0 7
NCé6 314.337 0 4.00 3.871 0 8
NC7 282.338 0 2.50 4410 0 7
NC5 326.391 0 3.25 4.538 0 8
NC2 363.207 0 325 4365 0 7
NC8 269.256 0 2.75 2.786 0 6
NF2 284311 0 4.00 3.293 0 2
NF4 312.365 0 4.00 3.988 0 3
NF5 326.391 0 4.00 4314 0 3
NF7 269.256 0 3.75 2337 0 1
NPC3 270.284 0 3.00 3.092 0 2
NPC5 300.310 0 4.00 3.154 0 3
NPC7 298.338 0 3.00 3.787 0 3
NPC6 312.365 0 3.00 4115 0 3
NPC4 349.180 0 3.00 3.681 0 2
NPC8 315.282 0 4.00 2.348 0 3
NP4 256.257 1 3.00 2382 0 2
NP5 286.284 1 4.00 2494 0 3
NP6 298.338 1 3.00 3.361 0 3
NP9 284311 1 3.00 3.040 0 3
NP7 335.153 1 3.00 2.949 0 2

MW Molecular weight; n donorHB Number of hydrogen bond donor; n accpHB Number of hydrogen bond acceptor; QPlogPo/w Predicted octanol/water partition

coefficient; #n rotor Number of rotatable bonds

NC8 were shown to have less than 10% of 5-LOX inhibi-
tory activity. Thus, it can be summarized that NPC6 and
NPC?7 are potential dual inhibitors of COX-2 and 5-LOX.
It is also worth revealing that these tested compounds are
more selective against COX-2 with less than 50% inhibi-
tory activity against COX-1.

3.3 Molecular docking study

The binding interactions of NPC6 and NPC?7 in the bind-
ing pockets of COX-2 and 5-LOX were further analysed
through docking studies. Figure 2 shows the preferred
binding poses of both compounds in the catalytic active
site of COX-2 and 5-LOX. Noteworthy, both compounds
exhibited different binding positions as Celecoxib in
COX-2 but similar binding mode as Zileuton in 5-LOX.
Additionally, in COX-2, the orientation of these com-
pounds was opposite to each other where chromanone of
NPC6 protruded near the opening site of COX-2 while
chromanone of NPC?7 buried inside the hydrophobic side
pocket of COX-2.

Based on the docking results (Table 4), Celecoxib had
the highest number of hydrogen bonds with three hydro-
gen bonds while only one hydrogen bond was observed
between NPC7 and the binding site of COX-2. In

contrast, no hydrogen bond was formed in the binding
pocket of COX-2 for NPC6. Besides, the highest selec-
tivity of Celecoxib against COX-2 was contributed by the
m-cation interaction with Argl20. For both tested com-
pounds, there was also 77— interaction with Tyr355. The
position of Celecoxib and the tested compounds inside
the catalytic site of COX-2 was stabilized by surrounded
hydrophobic interactions.

In the case of 5-LOX (Table 5), there were two hydro-
gen bonds were established between Zileuton and inter-
acting amino acids of 5-LOX. In contrast, NPC7 formed
only one hydrogen bonds between its chromanone group
and Ala424. Similarly, NPC6 created a hydrogen bond
in the active site of 5-LOX but it was stabilized by sur-
rounded hydrophobic and polar interactions which
contributed to a slightly higher 5-LOX inhibition as com-
pared to NPC7.

4 Discussion

Understanding the structure of COX and differentiat-
ing between COX isoforms are necessary in designing
novel and selective COX inhibitors. Active site of COX
is comprised of long hydrophobic channel with a nar-
row entrance at the membrane-binding domain. Even
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Table 3 5-LOX inhibition of the tested compounds

Compounds % Inhibition of  Compounds % Inhibition of
5-LOX (100 uM) 5-LOX (100 uM)
Celecoxib NA NF7 11.77 £2.64
Indomethacin ~ NA NPC3 1.114£022
Zileuton 9851+£0.14 NPC5 16414£1.02
NC1 NI NPC7 16.10£1.73
NCé6 NI NPC6 20.254+7.49
NC7 NI NPC4 5071046
NC5 NI NPC8 2621+£0.27
NC2 505+2.59 NP4 35.89+5.65
NC8 470+£7.72 NP5 3934£0.71
NF2 2211371 NP6 20.184+3.88
NF4 NI NP9 29524726
NF5 NI NP7 39.11+£3.05

NA Not applicable; NI No inhibitory activity

though the active site is highly similar, their binding cav-
ity is different where COX-2 has a larger binding cavity
than COX-1. This lead to rooms for the development of
selective COX inhibitors [26]. The active site of COX
is divided into three regions: entrance of the active site
which comprised of Argl20 and Tyr355; hydrophobic
pocket which located beneath the haem group; and side
pocket which determined the selectivity of COX inhibi-
tors. The entrance of the active site and the hydropho-
bic pocket are highly conserved regions, but the side
pocket is a non-conserved region where a few amino

Fig. 2 Binding mode of the compounds inside the active site. a
COX-2, b 5-LOX. Celecoxib (turquoise), Zileuton (green), NPC6 (blue)
and NPC7 (red) are represented in stick form. Ferum is depicted as
sphere

acid residues are different and give rise to extra pocket to
COX-2.

Both active sites of COX-1 and COX-2 are very simi-
lar but in COX-2, there is side pocket which is located
above the entrance of COX binding site (Argl20 and



Md Idris et al. Beni-Suef Univ J Basic Appl Sci

(2022) 11:117

Page 7 of 9

Table 4 Binding interaction analysis of the active compounds in COX-2 active site

Compound Hydrogen bond interaction amino acids Hydrophobic interaction amino acids

Polar interaction amino acids

Celecoxib ~ Three hydrogen bonds between sulphona-
mide group with Leu352, Ser353 and
Phe518

NPC6 -

NPC7 One hydrogen bond formed between

7- hydroxyl group of chromanone with

Val349, Leu352, Tyr355, Leu359, Phe381,
Leu384, Tyr385, Trp387, Ala516, lle517,
Phe518, Met522,Val523, Ala527, Leu531

Val89, Leu93, Val116, Val349, Leu352, Tyr355,
Leu359, Phe381, Leu384, Tyr385, Trp387,
Phe518, Met522, Val523, Leu531, Ala527;
ring B formed 77—77 interaction with Tyr355

Leu93, Val116, Val349, Tyr355, Leu384,
Trp387, Phe518, Met522, Val523, Ala527,

His90, GIn192, Ser353, Arg513, Gly526, Ser530;
7-cation interaction between the pyrazole
and Arg120

Arg120, Ser353, Gly526, Ser530

Arg120, Ser353, Gly526, Ser530

Ser530
Tyr355

Leu531; ring B formed - interaction with

Table 5 Binding interaction analysis of the active compounds in 5-LOX active site

Compound  Hydrogen bond interaction amino acids Hydrophobic interaction amino acids Polar interaction amino acids
Zileuton Two hydrogen bonds between ketone and Phe177,Tyr181, Phe359, Leu368, Leu4d14, GIn363, Asn425, His600
amide groups with Asn425 and His600, Phe421, Alab03, Val604, Leu607
respectively
NPC6 One hydrogen bond between O atom of Phe177,Tyr181, Phe359, Leu368, Ala410, GIn363, His367, His372, Lys423, Asn425,
O-methyl group with Ala424 Leud14, Leu420, Phe421, Ala424, Trp599, His600
Ala603, Val604, Leub07
NPC7 One hydrogen bond between O atom of Phe177,Tyr181, Phe359, Leu368, Ala410, GIn363, His372, Lys423, Asn425, His600

O-methyl group with Ala424

Leud14, Ala424, Leu420, Phe421, Trp599,

Ala603, Val604, Leub07

Tyr355) [27]. Further, a crystal structure analysis of the
non-conserved region identified that the side pocket
in COX-2 is raised due to a single amino acid residue
which is different at position 523; near to Argl20, and it
is important for the selectivity of the drugs. The changes
of a single methyl group of isoleucine (Ile) in COX-1 to
valine (Val) in COX-2 at position 523 leaves a space in the
lining of the binding site and allows drugs or inhibitors
to access the side pocket [27, 28]. The accessibility of the
side pocket in COX-2 allows the additional interactions
with Arg513 (substitution of His513 in COX-1) which
contributes to COX-2 selectivity [29]. The orientation of
Leu384 also contributes to the selectivity of COX-2. The
presence of Phe503 causes the Leu384 side chain to point
into the active site in COX-1. Meanwhile, in COX-2, the
small size of Leu503 allows Leu384 to move away from
the active site and increases accessible space in COX-2
binding site [30].

For this study, both the crystal structures of human
COX-1 and COX-2 are required, and they had been pre-
pared using the Protein Preparation Wizards tool in the
Schrodinger package before proceeding to molecular
docking. The COX-1 protein structure is necessary for
this study to identify the compounds that are selective
toward COX-2 protein. Previous studies had used homol-
ogy modelling for COX-1 since no crystal structure of

human COX-1 is available in the PDB database [31, 32].
However, there was an apoprotein of human COX-1
deposited in February 2020 [33]. Thus, the study per-
formed docking analysis using this crystal structure (PDB
ID: 6Y3C).

In the meantime, human COX-2 crystal structure is
only available in PDB starting from March 2016. Most
of COX-2 previous studies used murine crystal structure
(PDB ID: 3LN1/1CX2/3NT1/6COX) because its bind-
ing site is similar to the human COX-2 (except for 5KIR)
and the differences are not in the binding site [27, 34]. In
the case of PDB ID: 5KIR where Rofecoxib is bound to
the human COX-2, the crystal structure of COX-2 has
approximately 20% larger unit cell volume and this is
due to the different method of crystallization of COX-2
used [34]. Meanwhile, there were also some studies that
used a homology model to build a crystal structure of the
human COX-2, especially before crystal structures of the
human COX-2 were deposited in the PDB [35].

LOX is another pathway that is involved in the AA cas-
cade. It is a non-haem iron-containing enzyme that is
involved in the conversion of AA into 5-HPETE, which
is responsible for the production of LTB4 and cysteinyl
leukotrienes. The 5-LOX binding site consists of a deep
bent-shaped which is mostly occupied by hydrophobic
amino acids. The 5-LOX binding site was reported to
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extend from Phel77 and Tyr181 in the upper part of the
cleft to Trp599 and Leu420 at the bottom of the cleft [36].
Besides that, the entrance of 5-LOX consists of Lys409,
a polar amino acid, and the study also claimed that sev-
eral amino acid residues such as Tyr181, Leu414, Asn425,
Arg411, and Phe421 are important residues for 5-LOX
interaction.

Based on the biological assay, NPC6 and NPC7 dis-
played significant dual COX-2/5-LOX inhibitory activity
and were chosen to proceed for docking studies. These
compounds were docked into the COX-1, COX-2, and
5-LOX active sites using the GLIDE software. These
compounds were found to be “preferential COX-2 inhibi-
tors” compared to “highly selective COX-2 inhibitors”
This is because the inhibitory activities and the binding
energy for COX activities were less than Celecoxib. These
findings were in agreement with the other “preferen-
tial COX-2 inhibitor” such as meloxicam, etodolac, and
nimesulide [37, 38].

Through docking studies, compounds NPC6 and
NPC7 possessed different binding pose in comparison
to Celecoxib where the compounds mostly occupied
the hydrophobic region in COX-2 binding site instead
of the side pocket region. This is due to the different
chemistry scaffold between Celecoxib and these deriva-
tives [39]. Besides that, the tested compounds displayed
higher selectivity to COX-2 in docking scores and it was
in agreement with experimental enzyme assay. This also
had been observed in 5-LOX inhibitory activity where
the result of the enzyme inhibition and the docking score
were in agreement.

COX-2 selectivity of these active compounds is attrib-
uted to their (i) hydrogen bond interactions with key
amino acids such as Ser530 in the COX catalytic domain
(active site); and (ii) 7—m interaction between ring B of
flavanone moiety with Tyr355 at the entrance of COX
binding site. The binding had been strengthened through
hydrophobic interaction at the hydrophobic region
and lobby region of the COX binding site of the COX
enzyme. For 5-LOX inhibition, the activity of NPC6 and
NPC7 was contributed by a hydrogen bond interaction
with Ala424. For comparison, Zileuton formed hydrogen
bonding interactions with Asn425 and His600. On the
other hand, hydrophobics and polar interactions were the
main contributors for the activity of NPC6 and NPC7
with Tyr181, Leu 414 and Phe421 are important residues
in the binding interactions of 5-LOX.

5 Conclusion

The present work described the potential of chalcone,
flavone and flavanone derivatives as dual COX-2/5-
LOX inhibitors. While eight (8) compounds possessed
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proportionate COX-2 inhibitory activity as Celecoxib,
none of them had higher selectivity index to COX-2 than
Celecoxib. However, these compounds showed inhibitory
activity against 5-LOX where they exhibited up to 40% of
inhibitory activity at high concentration (100 pM). On top
of that, NPC6 and NPC?7 have displayed dual COX-2/5-
LOX inhibitory activity. The results were consistent with
docking studies of these compounds in COX and 5-LOX
binding site. Furthermore, most of the compounds occu-
pied the hydrophobic region and extend to the lobby region
near the entrance of COX binding site, whereas structural
modifications are needed by extending the substitutions
at para-position of benzene ring to increase the selectiv-
ity towards 5-LOX. Overall, the scaffolds of these chemical
structures have potential to further optimise as lead com-
pounds for the dual inhibition of COX-2 and 5-LOX.
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