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prepared under optimized conditions and UHPLC method was 
employed to determine the presence of BOA. In the second study, 
the binding modes of selected BOA and selected derivatives of 
BOA [6-Bromo-BOA (6-BrBOA), 6-Chloro-BOA (6-
ClBOA), Hydroxy-BOA (HBOA) and 6-methoxy BOA (6-
MBOA)] were evaluated by in silico molecular docking studies on 
COX-2 and 5-LOX as inflammatory therapeutic targets.  

Materials and Methods  

Chemicals and Reagents 

2-Benzoxazolinone (BOA; Purity >98%) was obtained from Tokyo 
Chemical Industry  (TCI), Japan.  99.9 % pure methanol 
(Chromasolv) were purchased from Sigma Aldrich, U.S.A. Purified 
water obtained from Milli-Q gradient system (Millipore, USA) with 
the resistance value of 18MÃ measured at the time of sampling was 
used in this study. 

Plant Material 

Fresh A. ilicifolius leaves were collected from Pichavaram 
Mangrove forest, TamilNadu, India. The shade dried leaves were 
made into a coarse powder using a pulveriser and used for 
supercritical CO2 fluid extraction.  

Supercritical CO2 Fluid Extract of A. ilicifolius 
A. ilicifolius leaves powder (5 kg) was packed in the pilot 
supercritical fluid extraction vessel (10 L). Four parameters such as 
pressure, temperature, CO2 flow rate and extraction time were 
optimized for better yield. The boiling point of BOA was considered 
while optimizing the experimental parameters. 

UHPLC Analysis of SCFE for BOA Content  

The content of BOA in SCFE of A.ilicifoius was analysed using 
Accela 1250 UHPLC system (Thermo Fisher Scientific Inc., USA) 
equipped with Accela 1250 photodiode array (PDA) detector and 
Accela 1250 binary pump. 10.72 mg of SCFE of A.ilicifoius was 
dissolved in 10 mL of methanol, filtered using 0.22 μm nylon 
syringe filter (Millipore) and 1μL (1.072 μg of SCFE) was injected 
into the UHPLC system. The separation was employed by isocratic 
elution mode with 100% methanol as mobile phase at a flow rate of 
1mL/min using Thermo Hypersil C18 column (240  4.6 mm, i.d., 5 
μ) maintained at 27 C. Column effluent was monitored at 265nm 
using PDA detector. 1 μL of BOA (1 μg) was used as a internal 
standard under above experimental conditions. The retention time 
and percentage area was calculated using ChromQuest 
chromatography data system software (Version 5.0, Thermo Fisher 
Scientific Inc., USA). The percent of BOA in SCFE of A.ilicifoius 

was calculated via external standard method using ChromQuest 
software. 

In-Silico Molecular Docking Analysis 

Protein preparation and optimization 

The X-ray crystallographic three dimensional (3D) structure of 
mouse cyclooxygenase-2 (COX-2) (PDB id: 1CX2) is a 
homotetramer enzyme with EC Number: 1.14.99.1 classified under 
Oxidoreductase class of enzymes, complexed with a selective 
inhibitor S58 with 3.0 A  resolution [14]. While 5-LOX enzyme with 
EC Number: 1.13.11.34 with 2.39A  resolution (PDB id: 3O8Y) 
were used as inflammatory drug target respectively [15]. For both 
COX-2 and 5-LOX PDB protein structures water molecules were 
removed and hydrogen atoms were added and energy 
minimization was done using UCSF Chimera [16]. 

Ligand preparation and optimization  

The canonical SMILES (Simplified molecular-input line-entry 
system) of antagonists Benzoxazolinone (BOA), 6-Bromo-2-
Benzoxazolinone (6-BrBOA), 6-Chloro-2- Benzoxazolinone (6-
ClBOA), Hydroxy-2-Benzoxazolinone (HBOA) and 6-Methoxy 
benzoxazolinone (6-MBOA) were obtained from NCBI PubChem 
compound [17]. The 3D structures for the ligands were generated 
and optimized using VIDA version 4.2.1, OpenEye Scientific 
Software (Figure 1). 

Docking studies 

In the docking study, the optimized COX-2 crystal structure A-chain 
was used for the initially molecular docking studies targeting the 
SC-558 binding site as reference with a cut off of 12 Å radius 
around with 100% genetic algorithm (GA) parameter setting using 
GoldScore as fitness function to dock BOA using Genetic 
Optimization for Ligand Docking (GOLD V 5.1) [18]. From initial 
docking study, itÊs known that SC-558 binding site was not a 
promising binding site of BOA. So, in the later part of the study 
prediction of possible allosteric binding-site of BOA and its 
derivatives on COX-2 protein was determined used Pocket-Finder, 
a Ligsite based algorithm [19].  

Blind Docking: BOA and its derivatives binding site 
identification 

To determine the preferred allosteric binding site of BOA and its 
derivatives among the pockets predicted by Pocket-Finder, a blind 
docking study was carried out using Autodock [20] by forcing the 
entire COX-2 protein into grid in order to dock BOA by 
parameterizing the docking with GA run of 100 and population size 
150. 
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Figure 2: UHPLC Chromatographic fingerprint of BOA (top) and SCFE of A.ilicifolius (bottom). Right axis = retention time (minutes); Left axis = 
intensity of the peak (Volts). The chromatograms were detected at 265 nm. 

 

Docking analysis with COX-2 enzyme 

Dual inhibition of COX-2 and 5-LOX enzymes is safe and effective 
than targeting COX or LOX alone [3], this is first report for 
examining BOA and its derivatives for dual COX/LOX inhibition 
using in silico approach. Commercially available flavonoids were 
used as ligands in identifying potential COX [22] and LOX [23] 
inhibitors using in silico approach. A similar approach was adopted 
in selecting the ligands in our study. Initial GOLD docking studies 
with BOA, targeting SC-558 binding site of COX-2 didnÊt provide 
desirable binding affinity and this could be due to the fact that the 
SC-558 binding site residueÊs electronic features and geomantic 
orientation was not feasible to accommodate a small molecule like 
BOA with molecular weight: 135.1201 g/mol which couldnÊt 
produce stable binding at the binding site (Data not shown). So, itÊs 
proposed that there could be a possible alternative binding site for 

BOA and its derivatives. In order to determine the possible 
allosteric binding site on COX-2, we performed pocket site 
prediction using Pocket-Finder, which predicted totally 9 pockets 
for COX-2 (Figure 3).  
Therefore, to determine the potentially feasible allosteric binding 
site for BOA among the 9 predicted pocket blinding docking studies 
were performed on COX-2 using AutoDock considering the entire 
protein under grid. From the blind docking study analysis itÊs known 
that there were 3 potential region i.e. SC-558 binding-site, 
hemoglobin binding site and an allosteric site to which BOA tend to 
bind with binding energies -5.05 ,-4.6 and -4.5 respectively. Further 
interaction analysis show that the allosteric binding site was more 
promising over HEM and S58 binding site. Therefore, it proposes a 
new allosteric binding site for the binding of BOA and its derivatives 
though our blind docking studies. 
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Figure 3: show the all the pocket predicted by pocket-finder, where the light green pocket is the hemoglobin (HEM) binding site, red color pocket 
is the S58 binding site and blue color pocket is the Allosteric binding site, while the black color are other pocket sites.  
 
Docking studies performed targeting the COX-2 validated allosteric 
binding site with BOA, 6-BrBOA, 6-ClBOA, HBOA and 6-MBOA are 
shown in Figure 4a. By comparing the binding mode of the docked 
BOA derivatives, itÊs clear that 6-MBOA, 6-BrBOA, BOA, HBOA 
and 6-ClBOA were well docked within COX-2 allosteric binding site 
with a gold score of 43.13, 41.98 and 40.89, 43.80 and 41.59 
respectively. Where in all the BOA derivativeÊs Oxazolidone O 
forms H-bond with guanidinium NH of Arg469, while the keto group 
O of oxazolidone forms H-bond with guanidinium NH of Arg44, 
while the benzene part of BOA form hydrophobic interaction with 
Phe529 benzyl group and with the side chain of Asp125 as shown 
in Figure 4b-f. Additionally, in the case of 6-MBOA, 6-BrBOA and 
6-ClBOA their methoxy methyl, Bromo and Chloro group forms 
hydrophobic interaction with Phe529 respectively (Figure 4b-d), 
whereas this sort of interaction was lost with BOA and HBOA 
interaction. Thereby, we could clearly say that 6-MBOA, 6-BrBOA 
and 6-ClBOA have a stronger affinity to COX-2 than BOA and 
HBOA. Nevertheless, both BOA and its derivatives could be a 
potential candidate that could inhibit COX-2 by binding to the 
allosteric site. 

Docking analysis with 5-LOX enzyme 

Gold docking study with BOA, 6-BrBOA, 6-ClBOA, HBOA and 6-
MBOA on 5-LOX considering the binding site of 5-LOX shows that 
BOA and its derivatives are good class of 5-LOX inhibitor. Out of 
the 5 docked compounds, BOA, 6-BrBOA and 6-ClBOA binds well 
within 5-LOX binding site with a goldscore of 38.90, 42.67 and 

41.79 respectively. Docking studies with well-known dual COX-2 
and 5-LOX inhibitor, Darbufelone and Licofelone, with gold score of 
57.72 and 62.76 respectively higher, when compared to the BOA 
and its derivatives and moreover, the binding mode was different 
among Darbufelone, Licoflone and BOA series as shown in Figure 
5.   
The binding mode of BOA series was very similar to one another 
binding deep in the 5-LOX active site, meaning that this class of 
compound would be a possible 5-LOX inhibitor, shown in Figure 
6a. While, docking studies with HBOA and 6-MBOA produced 
poor clustering and unstable binding mode.  
The binding mode of BOA is shown in Figure 6b, where BOA is in 
gray color, with the Arg370 guanidinium NH forms H-bond with 
Oxazolidone O of BOA, additionally the benzoxazolinone forms 
hydrophobic interaction with  side chain of Phe450, Trp478 
Leu448, Gl549, Val541 and  Phe554. While, in the case of BrBOA 
colored in pink as in Fig 6c, shows that Arg370 of guanidinium NH 
forms H-bond with Oxazolidone O of BrBOA, Moreover the 
benzoxazolineone and Bromine forms hydrophobic interaction with 
side chain of Phe450, Trp478 Leu448, Gl549, Val541 and Phe554.  
In Figure 6d, ClBOA in orange colored stick with its Oxazolidone O 
forms H-bond with guanidinium NH of Arg370. 
Thus, molecular docking simulations to screen A.ilicifolius for 
phytochemical was successful in screening BOA and its derivatives 
as promising drug candidates for targeting COX-2 and 5-LOX as 
dual target inhibitors. 
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