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ABSTRACT

Apixaban (C,;H,.N.O,), as an anticoagulant has been shown to be superior to warfarin in pre-
venting stroke and systemic embolism and causes significantly less major bleeding based on large
randomized trials. In this study, in the first stage, the conformational preferences of Apixaban
molecule were examined by conformational analysis, using PM3. The most stable conformer of
the Apixaban, which has the lowest energy among all possible conformations, was used as initial
data in molecular docking analysis of the molecule into the target protein. Since p38 Mitogen-ac-
tivated protein kinase protein (p38 MAPK) is an important player in the post-ischemic myocardial
apoptotic signal transduction pathway, the interaction mechanisms of Apixaban docked into the
p38 MAPK target protein were investigated. The interacting amino acid residues of the target

protein with Apixaban, interaction modes, as well as the binding affinity were calculated.

Keywords: Apixaban, Anticoagulant, Conformation, Molecular Docking

OZET

Apiksaban (C, H,)N.O,), bir antikoagiilan olarak inme ve sistemik emboliyi 6nlemede var-
farinden dstiin oldugu ve biiyiik randomize ¢alismalara dayanarak 6nemli dlglide daha az ma-
jor kanamaya neden oldugu gosterilmistir. Bu ¢alismada, ilk asamada, Apixaban molekiiliiniin
konformasyonlar1 PM3 kullanilarak konformasyonel analiz ile incelenmistir. Tiim olast konfor-
masyonlar arasinda en diisiik enerjiye sahip olan Apiksaban’m en kararli konformeri, molekiiliin
hedef proteine molekiiler kenetlenme analizinde baslangi¢ verisi olarak kullanilmistir. p38 Mito-
jenle aktive olan protein kinaz proteini (p38 MAPK) iskemi sonras1 miyokardiyal apoptotik siny-
al iletim yolaginda 6nemli bir rolii oldugundan, Apiksaban’in p38 MAPK hedef proteinine kene-
tlenerek etkilesim mekanizmalari arastirilmistir. Hedef proteinin Apiksaban ile etkilegsen amino

asit kalintilari, etkilesim modlar1 ve baglanma afinitesi hesaplanmustir.

Anahtar kelimeler: Apiksaban, antikoagiilan, Konformasyon, Molekiiler Kenetlenme

INTRODUCTION

Apixaban is a substance that activates the conversion of prothrombin to thrombin during clotting

in the vessel and prevents blood clotting (Deeks, 2012). In addition to being an anticoagulant,
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Apixaban, which inhibits Factor Xa, is used clinically against stroke risk (Byon et al., 2019). A
blood clot in heart arteries leads to heart attacks, and fibrinogen -a glycoprotein synthesized in
the liver- is linked to thrombotic and cardiovascular diseases when levels increase (Lefevre et
al., 2004). Apixaban, a Factor Xa inhibitor, prevents blood clotting by hindering prothrombin-
thrombin conversion (Lassen et al., 2010; Wang et al., 2016). Clinically, it reduces stroke and
embolism risks, particularly in patients with cardiac arrhythmias and during cardioversion (Flaker
etal., 2014). It also provides thromboprophylaxis in cancer patients and post-surgery for hip/knee
replacement (Carrier et al., 2019).

Apixaban, a 1-(4-methoxyphenyl)-7-0x0-6-(4-(2-oxopiperidin-1-yl)phenyl)-4, 5, 6, 7-tetrahydro
-1H-pyrazole(Byon et al., 2019; Watson et al., 2011) pyridine-3-carboxamide molecule, has a
molecular weight of 459.5 g/mol, a water solubility of 40-50 pug/mL and a cocoa-2 permeability of
0.9x10° cm/s (Byon et al., 2019). Apixaban has 50% bioavailability and is unaffected by food intake
(Watson et al., 2011).

In cardiovascular diseases, the inhibition of p38 MAPK pathway plays therapeutic roles (Fisk et
el.,2014). P38 MAPKs is a family that cansists of four isoforms: p38a, p38b, p38g and p38d. The
p38a is the first identified isoform of the p38 MAKSs family and is often denoted as p38 MAPK
(Fisk et al., 2014). P38 MAPK is involved in inflammation regulation and insulin resistance, thus,
represents a potential target for treating cardiovascular conditions (Liu, Z., & Cao 2009). Apixaban
suppresses MAPK phosphorylation, reduces NO-mediated inflammation, and enhances p16 tumor
suppressor expression (Jin et al., 2022). It is also beneficial in atrial fibrillation treatment, addressing
tissue architecture changes and long-term management (Jin et al., 2022).

In this study, the lowest-energy stable conformer of apixaban was determined and utilized
as the initial dataset for molecular docking analysis targeting the P38 mitogen-activated protein
kinase (MAPK) (PDB ID 3E92) (Baldwin et al., 2008). The interactions between apixaban and
p38 MAPK were investigated. The results of this study may provide valuable information on the

mechanism of action of apaxiban as p38 MAPK inhibitor.

1. MATERIALS AND METHODS

Conformational analysis of the Apixaban molecule was conducted using Spartan06 software
(Shao et al., 2006), employing the semi-empirical PM3 method (Stewart, J. J. 1989a; Stewart, J.
J. 1989b; Stewart, J. J. 1991; Stewart, J. J. 2004) to achieve accurate determination of its potential
conformations. The most energetically stable conformer, identified from this analysis, was sele-
cted for subsequent docking studies. Docking studies were conducted using the AutoDock-Vina
software (Trott & Olson, 2010). The CAVER software (Jurcik et al., 2018) was utilized to iden-
tify potential binding sites during the docking process. As target protein, the crystal Structure of
P38 Kinase in Complex with A Biaryl Amide Inhibitor (PDB ID: 3E92) (Baldwin et al., 2008)
was retrieved from protein data bank and prepared for docking, by extracting ligand and water
molecules, and adding polar hydrogens. The Kollman charges of target were determined. Partial
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charges for the Apixaban molecule were calculated using the Gasteiger approach. The active site
of the p38 (p38 MAPK) protein was defined using a grid size of 40Ax40Ax40A.

2. RESULTS AND DISCUSIONS

2.1. Structure

In the first stage of this study, the most stable conformers of the Apixaban molecule were
identified through conformational analysis using the PM3 method. The geometry of the most
stable conformer is presented in Figure 1.

Figure 1. The most stable conformer of Apixaban molecule.

2.2. Molecular Docking

Apixaban, recognized for its bioactivity against cardiovascular disorders, was investigated
for its interaction with the mitogen-activated protein kinase p38 (p38 MAPK), a key mediator in
the post-ischemic myocardial apoptotic signaling pathway. Molecular docking is an important
computational method to reveal drug-target protein interactions. In this study to evaluate binding
modes, binding affinities of Apixaban-3E92 complex, and to determine specific amino acid resi-
dues involved in the interaction between Apixaban and the p38 MAPK target protein, Apixaban
was docked into 3E92. Figures 2 and 3 illustrate the docking results of Apixaban-3E92 complex.
The binding affinity (AG) of Apixaban to p38 (p38 MAPK) was found to be -7.4 kcal/mol.
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The detailed interactions between Apixaban and p38 (p38 MAPK) are as follows:

Apixaban forms three conventional hydrogen bonds with ARG67 (2.74 A), GLU71 (2.71 A)
and LYS152(2.31 A) and three carbon hydrogen bonds with ALA34 (3.26 A), SER37 (3.51 A)
and HIS174 (3.38 A) amino acid residues of p38 MAPK. Apixaban also realized an alkyl interac-
tion with ALA34 (4.04 A), a pi-cation interaction with LYS53 (4.28 A), pi-anion interaction with
GLU71 (4.37 A) and alkyl interactions with ALA34 (4.04 A) LEU171(4.74 A).

Figure 2. (a) Docking of Apixaban with p38 MAPK (b) Dashed lines indicate interactions.

Ambure et al. conducted molecular docking studies on a novel series of biphenyl amides to
design p38 MAPK inhibitors (Ambure et al., 2012), and identified active site interactions between
biphenyl amide derivatives and p38 MAPK. It was reported that the highly active compound 70
made two hydrogen conventional bonds with GLU71 and ASP168 (Ambure et al., 2012). Similar-
ly, in our study Apixaban was also found to interacted with GLU71 via hydrogen bonding, indica-
ting that Apixaban docked in the same active site of p38 MAPK with that of active compound 70.
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Figure 3. (a) 3D Hydrogen bonding surfaces around Apixaban, (b) [llustration of the isolated
compound docked to the p38 MAPK active site.

CONCLUSIONS

In this study, the interaction of Apixaban with p38 MAK has been investigated by molecular
docking technique and the binding mode and binding affinity was determined. It was found that
H-bonding interactions play important role in stabilizing the ligand in the active site of receptor.
The results revealed strong interactions between Apixaban and p38 MAPK target protein. The
binding affinity was found as -7.4 kcal/mol. These data are believed to make a vital contribution
to future drug design studies.
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