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ABSTRACT

In the last years, the development of the drug for the treatment
of inflammation is very fast. The inflammation is a first-rate
example of a disease that symbolizes turmoil in normal host
defense systems. COX-2 is an oxido-reductase having a role
in prostaglandin biosynthesis, inflammatory responses and in
cardiovascular events. COX-2 has gained special focus on
research since past few decades. The  compounds isolated
from plants have good inhibitory effects against
cyclooxygenase.

In this study, Molecular modeling and docking analysis were
used to predict and understand interactions between COX-2
and some compounds isolated from Artemisia arborescensL.
The approach is applicable in engineering 3D structures of
enzymatic models, and studying interactions of active site
residues with ligands show that the three compounds: Lg Lg
and L, give the best results, so they may be effective as the
potential inhibitor compound against COX-2 protein and can
be evaluated as anti-inflammatory drug molecule using
clinical trials.
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1. INTRODUCTION

Inflammation is a protective measure taken by the organism to
eliminate the injurious stimuli; however the use of anti-
inflammatory substances can be an effective tool in the
therapeutic treatment of the diseases. In this context,
medicinal plants and their isolated compounds are employed
worldwide in folk medicine to treat different inflammatory
conditions, such as lung and skin inflammations. In the
continuous search for new bioactive natural products against
inflammation, essential oils are increasingly being referred to
as a rich source of such products; therefore the anti-
inflammatory activity of some essential oils and their isolated

components, i.e., the monoterpenes. Most investigations
concerning the anti-inflammatory potential of agents are
undertaken in rodents with the use of different test models
such as the carrageenan, formalin and arachidonic acid
induced paw edema, among others, and in vitro and ex vivo
protocols, which may employ essential oils or monoterpenes

[1].

Essential oils are a mixture of volatile and natural substances,
characterized by a strong odor and produced by aromatic
plants as secondary metabolites. They have a wide range of
applications and have been commercially important for the
pharmaceutical, food, cosmetic and perfume industries. The
variety of pharmacological activities found in essential oils is
remarkable. This class of natural products is attracting the
interest of many researchers to investigate its potential as
drugs for the treatment of various diseases. The number of
clinical and pre-clinical studies about essential oils and their
chemical constituents is increasing every year. Furthermore,
there are many bioactive substances that are synthesized from
constituents of essential oils. Some pharmacological activities
of these oils, such as anti-tumoral and anti-nociceptive actions
are related to their anti-inflammatory effects [2—6].

Artemisia is one of the genera of Asteraceae family with
many important medicinally valuable essential oils that have
been widely used for a variety of medicinal purposes for many
years [7].

Artemisia species are frequently utilized for treatment of
diseases such as hepatitis, cancer, infections by malaria, fungi,
bacteria, viruses and inflammation [8,9].

In the other hand the anti-inflammatory drugs are the most
important class of widely used therapeutics for the treatment
of inflammation and pain. Cyclooxygenases control the
complex conversion of arachidonic acid to prostaglandins and
thromboxanes, which trigger as autocrine and paracrine
chemical messengers many physiological and
pathophysiological responses [10, 11-13].
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COX-2, an isoform of COX family, is highly inducible in
response to proinflammatory stimuli, cytokines and
consequential in exaggerated prostaglandin release [14].

Previous studies demonstrated that COX-1 and COX-2 are
inhibited by the NSAIDs randomly and this leads to the
ulceration in the gastric parts and additionally affects renal
functions [15-17].

In this study, computations on the interactions at the active
site of COX-2 were carried out for nine ligands. All these
ligands have shown to be competitive inhibitors for the COX-
2 activity. We applied a molecular docking protocol to
explore the protein-ligand interactions. The study also focuses
on the comparison between the inhibitory potentials of the
novel compounds on the COX-2. In future, it may be
necessary to explore the development of potential new anti-
COX-2 drugs for treating cancer and inflammation.

2. MATERIALS AND METHODS

2.1 Experimental study

These results taken from experimental paper which published
in”African Journal of Pharmacy and Pharmacology Vol.
6(42), pp. 2912-2921, 15 November, 2012” by our laboratory

Plant material

The aerial part of A. arborescensL. was collected from the
region near Tlemcen in the West Northern of Algeria: Bidar
(131 m, 35°4°0”N, 2°6°0”W), during the flowering period
(May, 2010). Botanical identification of plant was conducted
by Prof. Noury BENABADJI - Laboratory of Botany,
Department of Biology, University of AboubekrBelkaid,
Tlemcen, Algeria. Before extraction, plant was extended by
ground, in one layer, in an open room protected from the sun.
During drying time, plant was turned over to allow
homogeneous drying.

Essential oil analysis
You found the Gas chromatography (GC) and Gas
chromatography-mass spectrometry (GC/MS) analysis in [18].

Component identification
Identification of the components was based:

1) On comparison of their GC retention indices (RI) on non-
polar and polar columns with those of authentic compounds or
literature data [19-27].

2) On comparison of their recorded mass spectra with those of
a computer library provided by instrument software and MS
literature data [19-21, 28-31]. Rl was determined with C7 to
C25 alkane standards as reference.

Chemical composition

The essential oil was obtained by hydrodistillation using a
Clevenger apparatus, from the aerial part of A. arborescens.
The blue essential oil obtained was analyzed by GC and
GC/MS techniques. The relative percentages and the RI of the
major detected components were shown in Table 1.
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Table 1. Major Compounds of theA. arborescensL.
Essential oil from the West Northern of Algeria [1]

N | Compoun | IR | IRP IR Essential

0 ds oil®

Monoterpenehydrocarbon EOCT

L | Myrcene | g79 | o980 | 1154 2.7

1

Lir 1047 | 1048 | 1238 3.1

, | Terpinene

L | p-Cymene | 1511 | 1012 | 1261 13

3

Oxygenatedmonoterpene

L | Cis-

4 | sabinene- 1083 1085 1509 3.4
hydrate

L | Camphor | 4105 | 1124 | 1505 328

5

L | Terpinen- | 1167 | 1163 | 1590 8.9

s | 4-ol

L | B-Thujone | 4105 | 1007 | 1411 1.0

7

Sesquiterpenehydrocarbon

L | Chamazul | ;205 | 4707 | 2360 8.7

s | ene

Oxygenatedsesquiterpene

L | Elemol 1535 | 1532 | 2061 16

9

#Retention indices of literature on the apolar column reported
from Ardmes Library (1987-2011), Kénig (2001), Adams
(2001), Velasco-Negueruela et al. (2002), Dabiri and Sefidkon
(2003), Bendimerad et al. (2005), Cha (2007), Dib et al.
(2010) and Khamsan et al. (2011).°Retention indices on the
apolar Rtx-1 column.’Retention indices on the polar Rtx-Wax
column.%Percentages are given on the apolar column except
for components with identical RI (percentages are given on
the polar column), tr, trace (< 0.05%); EO, essential oil of
aerial part of A. arborescens,; CT, Chetouane.

2.2 Molecular Docking study

X-ray crystallographic 3-dimensional structure of mouse
Cyclooxygenase, 1CX2 atomic coordinates was taken from
protein data bank (PDB) [32] to study protein-ligand
interactions. 1CX2 is a Cyclooxygenase-2 (prostaglandin
synthase-2 or COX-2) enzyme with EC Number: 1.14.99.1
classified under Oxido-reductase class of enzymes,
complexed with a selective inhibitor S58 with 4 chains, with
3.0 A° resolution and 0.216 R-value respectively.
Computational analysis was carried out on chain A of 1CX2.
The nine COX-2 inhibitor molecules L;: Myrcene, Ly v-
Terpinene, Ljs: p-cymene, L, cis-Sabinene-Hydrate, Ls:
Camphor, Lg: Terpinen-4-ol, L;: B-Thujone, Lg:Chamazulene,
Lo:Elemol were selected to study the associated physico-
chemical parameters and protein-ligands interactions. All
ligands (Figure 1) were drawing by software ISIS Draw [33].

Mol Dock Scorescoring function was employed to predict the
binding energy for active site residue-ligand interactions and
docking studies computed for all ligands using MVD program
that predicted interactions in terms of Dock score.
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Fig.1: Chemical structure ofthe ligands. L;: Myrcene, L,: Y-Terpinene, L3:p-cymene, L,:cis-Sabinene-Hydrate, Ls: Camphor,
Lg:Terpinen-4-ol, L;: B-Thujone, Lg:Chamazulene,Lq:Elemol.

The full geometrical optimization of the food dyes Ljq Table 2: Energies, volume and surface of each ligands.
(Figure 1) in the gas phase were carried out at the level of Compound Conformer Volume Surface
semi-empirical AM1 method [34], as well as density energy (u.a) A A
functional theory (DFT) [35] using a gradient technique

[36,37] and 6-31G* [38,39] basis set. The DFT calculations L, -390.63606 583.82 379.87
were carried out with the B3LYP functional, in which Becke’s

nonlocal exchange [40,41] and the Lee-Yang-Parr correlation L, -390.68333 547.31 356.63
functional [42]. Semi-empirical and DFT calculations were

performed using GAUSSIAN 03 for Windows Ls 38951115 533.81 348.88

programpackage [43]. All calculations were done on a
Pentium IV PC computer [44].
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L, -467.10058 563.60 350.12
Ls -465.92356 523.82 327.24
L -467.11326 560.17 350.52
L, -465.90166 550.17 349.03
Lsg -543.10197 657.43 404.88
Ly -662.42609 763.04 441.80
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Table 3: Chemical properties of our cavities

Cavities Volume
A3
Cavityl 139.776
Cavity?2 417.792
Cavity3 894.976
Cavity4 95.232
Cavity5 59.392

2.2.1  The Simulation Details

The structure of the protein was corrected for missing atoms
or unknown units using Molegro Virtual Docker (MVD2011)
[45-47] program, graphical-automatic software
(http://molegro.com/mvd-product.php).
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Docking was performed by using Molegro Virtual Docker
(MVD) software package. The identification of ligand binding
modes is done by iteratively evaluating a number of candidate
solutions (ligand conformations) and estimating the energy of
their interactions with the macromolecule. MVD performs
flexible ligand docking, so the optimal geometry of the ligand
will be determined during the docking. The MolDock [48]
scoring function (MolDock Score) used by MVD is derived
from the PLP scoring functions originally proposed by
Gehlhaar et al. and later extended by Yang et al [49]. The
MolDock scoring function further improves these scoring
functions with a new hydrogen bonding term and new charge
schemes.

2.2.2 The Docking

To obtain better potential binding sites in the cyclooxygenase-
2 (PDB ID: 1CX2), a maximum of five cavities was detected
using default parameters. The volume and surface area details
were given as (Table 3). The volume of cavity 2 (417,792A%
was found to be highest and in center of enzyme than the
other cavities, also we found that the reference ligand of
1CX2 is fixed in cavity 1 (139,776 A®). Out of the detected
cavities, cavity 1 and 2 was selected for further studies (figure
2). The chosen cavity was further refined using side chain
minimization by selection of an add-visible option set at a
maximum of 10,000 steps per residue and at a maximum of
10,000 global steps. The grid resolution was 0.30 A; the max
iterations were 1,500; the max population size was 50 and the
energy threshold was 100.was 0.30 A; the max iterations were
1,500; the max population size was 50 and the energy
threshold was 100.

Fig.2: Graphical interface with the cavities (cavity 1 and cavity 2 indicated by ellipses) identified by MolDock
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3. RESULTS AND DISCUSSION
3.1 Study of Ligand-Substrate Interaction

We evaluate the designed compounds through docking
techniques using MVD program. We docked the designed
compounds on one of the crystal structures of cyclooxygenase
Il available through the RCSB Protein Data Bank (PDB entry
1CX2). The scoring functions of the compounds were
calculated from minimized ligand protein complexes. In order
to compare the binding affinity of the newly our ligands, we
docked compounds L,g4 into the empty binding site of
cyclooxygenase Il with its bound inhibitors (1CX2).

S58 ligand with surrounding active site residues within 3.5
A°, hydrogen bonding interactions and the spatial orientation
in binding pocket is given in Figure 3. The interacting
residues surrounding the ligand within 3.5 A° distance are
His90, Argl120, GIn192, Val349, Leu352, Ser353, Tyr355,
Leu359, Tyr385, Arg513, Ala516, Phe518, Val523 and
Alab527 respectively [17].

=\

TRP387 | !
\ TYR385

== PHE381

PHES18 \

S58701  y SERS30

Hisso =~ 2 /

TYR355 ARG120

Fig.3: Spatial orientation of S58 crystal ligand within 3.5
A° active site residues. Hydrogens are removed for clarity
and hydrogen bonds are shown in green dotted lines

3.2 Virtual screening
The nine ligands molecules having minimum energy were
screened out as the possible inhibitors for COX-2(Table 4).

In cavityl: All selected molecules were having energy
MolDock score as follows: Ligand L, is having minimum
energy MolDock score -75.4128 Kcal/Mol. Ligand L, is
having -67.0613 Kcal/Mol. Ligand L; is having -69.2694 and
Ligand L, is having energy MolDock score -77.2643
Kcal/Mol. Ligand Ls is having energy MolDock score-54.23.
Ligand Lg is having energy MolDock score -66.9286. Ligand
L, is having energy MolDock score -75.5506, Ligand Lg is
having energy MolDock score -94.1948, Ligand Lg is having
energy MolDock score -99.933. Also in cavity 2: All selected
molecules were having energy MolDock score as follows:
Ligand L; is having minimum energy MolDock score -
89.3531Kcal/Mol. Ligand L, is having -81.2475 Kcal/Mol.
Ligand Ls is having -79.5281 and Ligand L, is having energy
MolDock score -84.3366 Kcal/Mol. Ligand Ls is having
energy MolDock score -58.4656. Ligand Lg is having energy
MolDock score -83.1421. Ligand L; is having energy
MolDock score -90.67, Ligand Lg is having energy MolDock
score -116.244, Ligand L is having energy MolDock score -
105.498.
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Table 4. Docking results of nine ligands with 1CX2 in the both cavities
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Cavity 1 Cavity 2
MolDockScore? Interaction” H-bond MolDockScore? Interaction” H-bond

Ly -75.4128 -75.2507 0 -89.3531 -87.4622 0
L, -67.0613 -70.9719 0 -81.2475 -87.6021 0
L3 -69.2694 -75.2121 0 -79.5281 -87.759 0
L, -77.2643 -81.1219 -5 -84.3366 -89.3215 -2.5
Ls -54.23 -65.4724 -2.5 -58.4656 -69.7004 0
L -66.9286 -71.9045 -5 -83.1421 -89.620 -2.5
L, -75.5506 -76.986 0 -90.67 -92.2831 0
Lg -94.1948 -94.0805 0 -116.244 -113.899 0
Lo -99.933 -101.251 -2.5 -105.498 -106.098 -6.57914

®MolDock score calculated by summing the external ligand interaction (protein—ligand interaction) and internal ligand interaction
score using Virtual Molecular Viewer 1.2.0.
®The total interaction energy between the pose and the target molecules(s).
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4. CONCLUSION

Docking studies confirm that the main interaction of COX-2
inhibitors with enzyme is Hydrogen bond and Hydrophobic
interactions with the binding pockets made by hydroxyl
groups. The fifty compounds were identified by GC/MS
analysis of A. arborescens. Nine of them were docked using
Molegro Virtual Docker (MVD) software package. Among
the nine compounds Lg, Lg and L, have respectively low
values of energy MolDock score:-99.93, -94.1948 and -
77.2643.These results indicate that the Ly act as potential
binding sites for the design of highly selective and potent
COX-2 inhibitors in the both cavities (1 and 2).

This information has potential implications to understand the
mechanism of COX-2 related enzymatic inhibition reactions,
and also applicable in the prediction of more effective
inhibitors and engineering 3D structures of other enzymes as
well.

Hence, it is concluded that that Ly: Elemol could be a potent
anti-inflammatory target molecule against COX-2 which may
be worth for further clinical trials.
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