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ABSTRACT

In this work,a computational chemical study of Etoricoxib was carried out at the X/6311G(d,p) (where X=B3LYP,M06 and ®B97XD) level oftheory, at the gs,
aqueous and ethanol phases. Through the chemical reactivity descriptors derived from the DFT, it was possible to find that Etoricoxib structure exhibits a major
chemical activity in water and ethanol phases in comparison to the gas phase, which suggests this drug would be more active in biological solvents like in blood,
tissuesand places where theciclooxigenasa 2 (COX)-2 is found. In addition, a molecular docking analysis was conducted to study the interaction of Etoricoxib with
the COX-2 active site. The results suggest that Etoricoxib interacts with 19 amino acid residues inside the COX-2 active site.
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INTRODUCTION

Etoricoxib, [5-chloro-2-(6-methylpyridin-3-yl)-3-(4-methylsulfonylphenyl)
pyridine], is a nonsteroidal anti-inflammatory drug (NSAID) prescribed as
analgesic and anti-inflammatory . As a selective Cyclooxygenase-2 (COX-2)
inhibitor, this lipophilic drug is taken orally to treat inflammatory conditions such
as rheumatoid arthritis, gouty arthritis, osteoarthritis, musculoskeletal and
menstrual pain. The recommended dosage prescribed by medical doctors goes
from 60 to 120 mg/day coming in 3 presentations (60, 90, 120 mg/tablet).*?%
Etoricoxib (ETX) is considered a medium sizedrug with a molecular weight of
358.84 g/mol. It is synthesized from vinamidinium salts. ** Its physical properties
and stability can be defined by five ETX polymorphs reported in the literature."®
Also, this drug has been studied, in the materials science, for preparing densified
glasses and ultra-stable materials*® ETX has a good conformational flexibility,
low and highly pH-dependent water solubility (3.28x10° g L), a logP of 3.14
and a pKa of 4.6 behaving like a weak base. 2 In this sense, there are several
reports in the literature, which try to synthesize it in an amorphous form to
overcome its water solubility issues.® In vitro and in vivo studies have shown a
rapid absorptionanda good bioavailability of ETX when taken orally. > Here,
it is important to mention that ET X is part of the coxib family, which includes
other related compounds such as celecoxib, valdecoxib and rofercoxib. This type
of drugs hasarisen a concernin regards to their safety, because a high number of
cardiovascular events have been associated with the intake of these drugs.5"
However, ETX has shown that is able to inhibit COX-2 but also
neurodegeneration, neuroinflammation and memory impairment. Also, is able to
reduce neuroinflanmation in the hippocampus produced by colchicine.?
Furthermore, studies have demonstrated that this molecule exhibits antioxidant
and anti-inflammatory properties, suggesting its benefits in temporary middle
cerebral artery occlusion-related ischemia, testicular and ovarian ischemia
reperfusion damage. >**** Here, it is interesting to mention that the antioxidant
activity of a compound is measured by their ability/capacity of transferring a
hydrogen atom or an electron to reactive species.”® Thus, electronic parameters
such as: electronegativity, electrophilic index, hardness, softness, ionization
potential, bond dissociation enthalpy and electron affinity may be used o
evaluate this capacity. In this sense, the Density Functional Theory (DFT) has
been used to analyze the relation between the structure of some compounds,
identified as antioxidants, and their scavenging activity through the use of these
electronic parameters **2°

To the best of our knowledge, an analysis ofthe chemical reactivity of ETX at
the molecular levelhas not been reported, yet. Therefore, in order to gain a deeper
insight into this system, we analyze the chemical behavior of ETX through
electronic parameters derived fromthe DFT. Also, a docking study is performed
to analyze the binding conformation of ETX in theactivesite of COX-2.

*Corresponding author email: hhuizar@uaeh.edu.mx

COMPUTATIONAL DETAILS
Molecular Descriptors

All the calculations were carried out at the X/6-311G(d,p) (where
X=B3LYP,2**? M06 2% and »B97XD*) level of theory in the gas, aqueous and
ethanolic phases, employing the Gaussian 09 package.?® The molecular
descriptors such as: ionization potential (IP), electron affinity (EA), chemical
hardness (), softness (S) and electrophilicity index () were evaluated because
they are able to predict the general chemical behavior of a molecular system.?
Into the DFT scheme, IP was calculated as the energy difference between the
compound derived from electron-transfer (cation) and the respective neutral
compound.?

IP = Ecation —En (1)
and EA as the energy difference between the neutral and anionic molecular
system ?’

EA = En—Eanion 2

Then, the parameters 4, , S and @ were evaluated by using the following
equations,® ™,

u=—(IP+EA)2 (3)

n=(IP—EA)/2 4)

S =1/(2n) ()

o =p?/21 (6)

Molecular Docking

For the docking study, the 2.70 A resolution X-ray crystallographic structure
of Rofecoxib bound to Homo sapiens COX-2 was used (PDB: 5KIR). The
structure was prepared for the docking calculations using Pymol,® Chimera
1.11.2** and Autodock Tools.3* In the preparation, as COX-2 is presented as a
dimer, Chain B was eliminated. Structures not belonging to the enzyme such as
phosphate ions, glycerol, alpha D-mannose, ammonium ions, and N-acetyl-D-
glucosamine were also eliminated. Two enzymatic models were built, one
leaving all the water molecules and the other eliminating them. Finally,
Rofecoxib structure occupying the activesite of Chain A was removed.
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The ligand ETX used for the calculation was obtained from the DrugBank
database (DB01628).%® Rofecoxib (RFX) structure was extracted from the crystal
structure, validated by comparing it with the molecular structure found in the
DrugBank database, and docked to COX-2 structure.

Molecular docking was performed using Autodock VINA.*® In the
calculations, spacing was set to 1 A, exhaustiveness to 8, and the grid box was
reduced to the active site. LigPlot+3” Pymol,® and Autodock Tools, **were used
for the analysis.

RESULTS AND DISCUSSION
Molecular Descriptors of ETX

The optimized structure of ET X at the B3LYP/6311G(d,p) level of theory, is
shown in Figure 1, whileall the descriptors obtained at the three different phases
namely gas, waterand ethanol are reported in Table 1. Observe that ETX exhibits
the lower value of IP in the aqueous phase, which suggests that, in this phase, is
easier removean electron due to the solvation effectrendered by water due to its
high polarity. The EA valuefor ETX is bigger in aqueous and ethanol medium
in comparison to the gas phase, which suggestsa minor electro affinity of ETX
in this phase. Also, note that the values of j and S are similarin the aqueous and
ethanol phases indicating that ETX is exhibiting a similar global stability, but in
gas phase ETX result to be more stable. ETX has bigger values of o at the
aqueousand ethanolicphases, indicating a major propensity to accept electrons
in comparisonto those obtained at the gas phase. Similarresults were obtained
atthe M06/6-311G(d,p) and ®B97xd/6-311G(d,p) levels of theory.

Figure 1. Optimized structure of ETX, at the B3LYP/6311G(d,p) level of
theory

Table 1. Molecular descriptive parameters of ETX evaluated at the X/6-
311G(d,p) (where X=B3LYP, M06 and ®B97XD) level of theory at the gas,
water and ethanolic phases.

B3LYP MO06 ®»B97XD

Gas H2O |C2HsOH| Gas H20 |C:HsOH| Gas H20 C2HsOH

@eVv) | (ev) (eVv) V) | (ev) (eVv) (eVv) (eVv) (eV)
IP ] 8.12 6.56 6.60 8.18 6.63 6.67 8.45 6.89 6.93
EA | 0.72 2.08 2.04 0.74 212 2.08 0.39 1.82 178
n | 3.70 2.24 2.28 3.72 2.26 230 | 4.03 253 2.58
S (014 0.22 0.22 0.13 0.22 0.22 0.12 0.20 0.19
o 264 417 4.08 268 |[424 | 417 243 3.74 3.68

Molecular Docking

For the molecular docking studies, a two-step validation process was
performed. In thefirst one, RFX molecule was docked against COX-2 structure.
The conformations found after the calculations were compared with the
experimental crystallographic structure. The structure with the highest docking
score (-10.1 kcal/mol) presents a perfect fit as shown in Figure 2a. Inthe second
step of the validation process, ETX molecule was docked against COX-2
structure using the same parameters as for RFX. The conformations obtained
were compared again with the experimental RFX structure. The conformation
with the best binding score (-7.4 kcal/mol) presents the best fit against RFX
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where both molecules are almost overlaid (Figure 2b). This validation procedure
suggests the conformation obtained for the interaction of ETX with the active
site of COX-2 is correct.

Figure 2. Comparison between RFX experimental structure (Blue) with a.
RFX docked structure (Green) and b. ETX docked structure (Grey). Carbon
atoms are present in the different colors depend on the molecule; oxygen is
presented in red, sulphur inyellow and chlorine in light green.

With the ETX structure correctly fitted inside the active site of COX-2, a
further analysis of the interaction was done. At first sight, the active site of COX-
2 seems to be very accessible for molecules suchas ETX or RFX. Looking at the
electrostatic potential surface of theenzyme, it is revealed that the active pocket
is deep in the enzyme being more selective for this type of molecules (Figure 3).

Figure 3. Human COX-2structure bound to ETX.

The active site on COX-2 and COX-1 are very similar, probably, the main
difference between them is the presence of a lateral chamber. This chamber
located over the Arg120-Tyr355-Glu524 constriction made the active site 17%
bigger beingable to fit bulkier molecules suchas ETX, which COX-1 active site
cannot.®* A joint analysis of the interaction was performed using Pymol and
LigPlot+. With Pymol, all the hydrogen bonds between ETXand any residue of
COX-2 were estimated by measuring all the polar contact distances below 3.2 A.
The only hydrogen bond found for this interaction was between the hydrogen of
the primary amine group of the sidechain of Arginine 513 and an oxygen atom
in the sulphonyl group of ETX (Figure4).

Figure 4. Hydrogen bond (yellow dotted line) between human COX-2 and
ETX.

The analysis with LigPlot+ showed the same hydrogen bond between the same
atoms with a distance 0f 2.98 A. As the molecules are not fixed structures, the
interaction found can happen between any of the amine groups of the sidechain
of Arg513 with either Oxygen of the sulphonyl group of ETX. Furthermore,



LigPlot+ allows spotting other interactions that may include hydrophobic
interactions, n-stacking, weak hydrogen bonding, salt bridge, amide staking and
cation-m interactions.**** Note that ETX interacts with 19 residues in the active
site of COX-2 (Figure 5a). Furthera 3D analysis using Pymol can determine that
most of theinteractions are hydrophobic interactions, although nitrogen atoms in
the pyridine cycles of ETX may forma salt bridge with oxygenatoms in Ala527
and Met522 respectively. Moreover, an amide stacking interaction may be
happening between theamide bond of residues Gly527-Ala527 and the pyridine
cycle (Figure 5b).

Figure 5. Interaction between ETX and COX-2 active site in 2D (a) and 3D
(b).

CONCLUSION

The molecular structure study using molecular descriptors shows that
Etoricoxib structure exhibits an enhanced structural activity inwaterand ethanol,
which suggests this drug would be more active in biological solvents like in
blood, tissues and places where COX-2 can be found in the human body.
Pharmacologically, to inhibit COX-2, Etoricoxib interacts with 19 amino acid
residues inside the COX-2 active site. Fromsuch interactions, only one hydrogen
bond was found between the hydrogen of the primary amine group of the
sidechainof Args13andan oxygen atomin the sulphonyl group of ETX. Most
interactions found were hydrophobic interactions, one salt bridge interaction and
an amide stacking interaction. The bigger size of the COX-2 active site in
comparison with COX-1, allows Etoricoxib and coxib like molecules to
selectively inhibit the COX-2enzyme.
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