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Abstract 
Background: The growing incidence of fungal infections caused by Candida albicans and the emergence of 
antifungal resistance necessitate the development of new therapeutic agents. N-Myristoyltransferase (NMT), an 
essential enzyme involved in fungal growth and survival, represents a promising target for antifungal drug 
discovery. 
Objective: This study aimed to evaluate Apixaban analogues as potential inhibitors of Candida albicans N-
myristoyltransferase through molecular docking and ADME analysis. 
Materials and Methods: Fifteen Apixaban analogues were designed and subjected to molecular docking 
against Candida albicans N-myristoyltransferase (PDB ID: 1IYL) using AutoDockVina. The docking protocol 
was validated by re-docking the co-crystallized ligand R64. Binding interactions were analyzed using Discovery 
Studio Visualizer, while pharmacokinetic and drug-likeness properties were assessed through in silico ADME 
prediction. 
Results: The docking validation yielded an RMSD value of 1.38 Å, confirming the reliability of the docking 
protocol. Several analogues demonstrated stronger binding affinities than the reference ligand R64 (-9.7 
kcal/mol). Compound 9 exhibited the highest docking score (-11.0 kcal/mol), followed by Compounds 2, 3, and 
15 (-10.6 kcal/mol). Interaction analysis revealed favorable binding with key active-site residues. ADME 
evaluation indicated acceptable pharmacokinetic characteristics and drug-likeness profiles for the majority of 
the designed compounds. 
Conclusion: The designed Apixaban analogues showed promising inhibitory potential against Candida albicans 
N-myristoyltransferase. Among them, Compound 9 emerged as the most promising lead candidate, warranting 
further experimental validation as a potential antifungal agent. 
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1. Introduction 
1.1 Global Burden of Fungal Infections 
Fungal infections continue to represent a major 
public health concern worldwide, particularly 
among immunocompromised individuals, 
hospitalized patients, and those receiving long-term 
antimicrobial therapy[1]. Although bacterial and 
viral infections often receive greater attention, 
invasive fungal diseases contribute substantially to 
morbidity and mortality[2]. The increasing 
prevalence of chronic illnesses, organ 
transplantation procedures, cancer chemotherapy, 
and human immunodeficiency virus (HIV) 
infections has led to a growing population of 
individuals susceptible to opportunistic fungal 

pathogens[3]. In addition to their clinical impact, 
fungal infections impose a considerable economic 
burden on healthcare systems due to prolonged 
hospital stays, diagnostic challenges, and 
treatment-related costs. The emergence of drug-
resistant fungal strains has further complicated 
disease management and highlights the urgent need 
for the discovery of new antifungal agents with 
improved efficacy and safety profiles[4], [5]. 
1.2 Candida albicans and Antifungal Resistance 
Among the various fungal pathogens affecting 
humans, Candida albicans remains one of the most 
frequently encountered opportunistic species. It is a 
normal component of the human microbiota but 
can cause superficial or invasive infections when 
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host immune defenses become compromised[6], 
[7]. Clinical manifestations range from oral and 
vaginal candidiasis to life-threatening bloodstream 
and systemic infections[8]. Despite the availability 
of antifungal drugs such as azoles, echinocandins, 
and polyenes, treatment outcomes are increasingly 
threatened by the development of resistance 
mechanisms[9]. Alterations in drug targets, 
overexpression of efflux pumps, biofilm formation, 
and genetic adaptations enable fungal cells to 
survive therapeutic exposure[10], [11]. These 
resistance-associated factors reduce treatment 
effectiveness and emphasize the importance of 
identifying novel molecular targets for antifungal 
drug development[9]. 
1.3 Candida albicans N-Myristoyltransferase as 
a Therapeutic Target 
N-Myristoyltransferase (NMT) is an essential 
enzyme that catalyzes the transfer of myristic acid 
to the N-terminal glycine residue of specific 
proteins[12]. This post-translational modification 
plays a critical role in protein localization, signal 
transduction, membrane association, and cellular 
regulation[13], [14]. In Candida albicans, NMT is 
indispensable for growth, viability, and 
pathogenicity, making it an attractive target for 
antifungal intervention[15]. Inhibition of this 
enzyme disrupts key biological processes required 
for fungal survival, ultimately leading to impaired 
cellular function[16]. Furthermore, structural and 
biochemical differences between fungal and human 
NMT enzymes provide opportunities for the 
development of selective inhibitors with reduced 
host toxicity. Consequently, NMT has emerged as a 
promising molecular target in contemporary 
antifungal drug discovery programs[17]. 
1.4 Importance of Apixaban Scaffold in Drug 
Design 
Apixaban is a well-established small-molecule drug 
recognized for its favorable pharmacokinetic 
characteristics, structural stability, and diverse 
functional groups capable of molecular 
interactions[18]. The presence of aromatic rings, 
heterocyclic moieties, and hydrogen bond-forming 
functionalities makes the Apixaban scaffold a 
valuable template for medicinal chemistry 
optimization[19]. Structural modification of 
existing drug scaffolds is a widely accepted 
strategy for generating new bioactive compounds 
with enhanced biological properties[20]. By 
introducing suitable substitutions and molecular 
alterations, it is possible to improve target affinity, 
selectivity, and physicochemical behavior. These 
attributes make the Apixaban framework a suitable 
starting point for the design of novel antifungal 
candidates targeting essential fungal enzymes[21]. 
1.5 Rationale for Designing Novel Apixaban 
Analogues 
The search for new antifungal agents requires 
compounds capable of interacting effectively with 

critical fungal targets while maintaining favorable 
pharmacokinetic properties. Considering the 
therapeutic relevance of NMT and the structural 
versatility of the Apixaban scaffold, the design of 
novel Apixaban analogues offers a promising 
approach for lead discovery. Rational structural 
modifications can enhance binding interactions 
within the active site of the target enzyme and 
potentially improve inhibitory activity[22]. In 
addition, computational approaches such as 
molecular docking and ADME prediction enable 
rapid screening of designed compounds before 
experimental evaluation[23], [24]. This strategy 
reduces development costs and facilitates the 
identification of promising lead molecules for 
further investigation. 
1.6 Aim and Objectives of the Study 
The present study was undertaken to explore the 
potential of newly designed Apixaban analogues as 
inhibitors of Candida albicans N-
myristoyltransferase using computational 
techniques. The specific objectives were to design 
a series of novel analogues, evaluate their binding 
affinity through molecular docking studies, 
investigate their interactions with key active-site 
residues, and assess their pharmacokinetic and 
drug-likeness properties using in silico ADME 
analysis. The ultimate goal was to identify 
promising lead compounds that could serve as 
potential candidates for future synthesis and 
experimental antifungal evaluation. 
 
2. Materials and Methods 
2.1 Protein Preparation 
The three-dimensional crystal structure of Candida 
albicans N-myristoyltransferase was obtained from 
the Protein Data Bank (PDB) using the accession 
code 1IYL[25]. This structure was selected 
because it contains a co-crystallized inhibitor and 
provides detailed information regarding the active-
site architecture required for molecular docking 
studies. The downloaded protein structure was 
subjected to a series of preparation steps to ensure 
its suitability for computational analysis. 
Initially, all crystallographic water molecules, non-
essential ions, and other heteroatoms that were not 
directly involved in ligand binding were removed 
from the protein structure. The elimination of these 
molecules helps minimize unnecessary interactions 
that may interfere with docking calculations and 
allows accurate identification of the active binding 
pocket. 
Subsequently, missing hydrogen atoms were added 
to the protein structure to reproduce physiological 
protonation conditions and improve the reliability 
of molecular interaction studies. The addition of 
hydrogen atoms is essential for accurate prediction 
of hydrogen-bonding interactions between the 
receptor and ligand molecules. Non-polar hydrogen 
atoms were merged with their corresponding 
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carbon atoms to simplify the docking calculations 
and reduce computational complexity. 
To further enhance structural accuracy, appropriate 
atomic charges were assigned to the protein using 
the Gasteiger charge method. Charge assignment 
plays a crucial role in determining electrostatic 
interactions within the binding site and contributes 
significantly to docking performance. The prepared 
protein structure was then examined for structural 
consistency, and any missing parameters required 
for docking simulations were corrected. 
Protein optimization was performed using the 
UCSF Chimera molecular visualization platform. 
The optimization process involved structural 
refinement, hydrogen addition, charge calculation, 
and preparation of the final receptor model. The 
optimized protein structure was subsequently 
converted into the appropriate format required for 
molecular docking studies. The prepared receptor 
was used throughout the study for evaluating the 
binding affinity and interaction profiles of the 
designed Apixaban analogues against Candida 
albicans N-myristoyltransferase. The overall 
computational workflow adopted for the design, 
docking evaluation, and ADME assessment of the 
novel Apixaban analogues is illustrated in Figure 
1. 

 

 
Figure 1: Workflow of the complete 
computational study. 
Figure 1. Schematic workflow of the computational 
methodology employed for the identification of 

potential Candida albicans N-myristoyltransferase 
inhibitors, including protein preparation, ligand 
design, molecular docking, interaction analysis, 
and ADME evaluation. 
2.2 Ligand Design and Optimization 
A series of fifteen novel Apixaban analogues were 
designed to investigate their potential inhibitory 
activity against Candida albicans N-
myristoyltransferase. The design strategy was 
based on structural modification of the parent 
Apixaban scaffold through the introduction of 
different substituents at selected positions to 
enhance binding affinity, molecular interactions, 
and pharmacokinetic characteristics. The structural 
modifications were performed with the objective of 
improving the interaction of the designed 
compounds with key amino acid residues present 
within the active site of the target enzyme. 
The chemical structures of all designed analogues 
were drawn using ACD/ChemSketch software. 
This platform was utilized for the construction and 
visualization of two-dimensional molecular 
structures as well as the generation of 
corresponding three-dimensional conformations 
required for computational studies. Each analogue 
was carefully examined to ensure proper valency, 
bond connectivity, and structural integrity prior to 
further analysis. 
Following structure generation, the designed 
ligands were subjected to geometry optimization 
and energy minimization to obtain stable molecular 
conformations. Energy minimization is an essential 
step that reduces steric clashes, bond strain, and 
unfavorable atomic interactions within the 
molecule. The optimized structures represent 
energetically favorable conformations that are more 
suitable for molecular docking simulations and 
interaction analysis. 
The minimized ligand structures were subsequently 
converted into the appropriate file formats required 
for docking studies. These prepared ligands were 
then employed for molecular docking against 
Candida albicans N-myristoyltransferase to 
evaluate their binding affinity and interaction 
patterns within the enzyme active site. The 
workflow ensured that all compounds were 
analyzed under standardized conditions, thereby 
enabling reliable comparison of their docking 
performance and pharmacokinetic properties. 
The chemical structures of the fifteen designed 
Apixaban analogues used in the present 
investigation are shown in Figure 2. 
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Figure 2. Chemical structures of the fifteen 
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designed Apixaban analogues developed for 
molecular docking and ADME evaluation 

against Candida albicans N-myristoyltransferase 
Figure 2 illustrate the two-dimensional chemical 
structures of the designed Apixaban analogues 
evaluated in this study. Structural modifications 
were introduced into the parent scaffold to 
investigate their effects on molecular docking 
performance and predicted ADME characteristics 
against Candida albicans N-myristoyltransferase. 
2.3 Molecular Docking Protocol 
Molecular docking studies were carried out to 
investigate the binding affinity and interaction 
patterns of the designed Apixaban analogues 
against Candida albicans N-myristoyltransferase. 
Docking simulations were performed using 
AutoDockVina, an extensively utilized molecular 
docking program known for its accuracy, 
computational efficiency, and reliable prediction of 
ligand–protein binding conformations[26]. The 
prepared protein structure and optimized ligand 
molecules were converted into the required file 
formats prior to docking calculations. 
The active binding pocket of Candida albicans N-
myristoyltransferase was identified based on the 
location of the co-crystallized inhibitor present in 
the crystal structure[25]. A grid box was generated 
to encompass the entire binding region and to allow 
sufficient space for ligand flexibility during 
docking simulations. The grid center coordinates 
were set at X = 13.82, Y = 48.84, and Z = 1.68, 
while the grid dimensions were maintained at 21 × 
21 × 21 Å with a grid spacing of 1.0 Å. These 
parameters ensured complete coverage of the 
active-site residues involved in ligand recognition 
and binding. 
During the docking procedure, each designed 
Apixaban analogue was individually docked into 
the active site of the target protein. Multiple 
binding conformations were generated by the 
docking algorithm, and the pose exhibiting the 
lowest binding free energy was selected as the most 
favorable binding orientation. The docking score, 
expressed in kcal/mol, was used to estimate the 
strength of ligand–protein interactions, where more 
negative values indicated stronger predicted 
binding affinity. 
The resulting docked complexes were further 
analyzed to identify key molecular interactions 
between the ligands and active-site amino acid 
residues. Hydrogen bonding, hydrophobic contacts, 
π–π interactions, π–alkyl interactions, and other 
non-covalent interactions were examined using 
Discovery Studio Visualizer. The generated 
docking poses and interaction profiles were 
subsequently employed for comparative analysis 
and identification of potential lead compounds 
among the designed Apixaban analogues. 
2.4 Validation of Docking Protocol 

To ensure the reliability and accuracy of the 
molecular docking procedure, a validation study 
was performed by re-docking the co-crystallized 
ligand (R64) into the active site of Candida 
albicans N-myristoyltransferase. Docking 
validation is an essential step in computational drug 
discovery, as it assesses the ability of the docking 
protocol to reproduce the experimentally observed 
binding orientation of the native ligand within the 
target protein[26]. 
The co-crystallized ligand was extracted from the 
crystal structure and subsequently re-docked into 
the predefined binding pocket using the same 
docking parameters employed for the designed 
Apixaban analogues. The predicted binding pose 
obtained from the docking simulation was then 
compared with the experimentally determined 
crystallographic conformation. The similarity 
between the two conformations was evaluated 
using root mean square deviation (RMSD) 
analysis[27]. 
The re-docking experiment produced an RMSD 
value of 1.38 Å with a docking score of −9.7 
kcal/mol, indicating excellent agreement between 
the native and predicted ligand orientations. 
Generally, RMSD values below 2.0 Å are 
considered indicative of a reliable docking protocol 
capable of accurately reproducing experimentally 
observed binding modes. The obtained RMSD 
value therefore confirmed the suitability of the 
selected docking parameters and validated the use 
of the docking protocol for subsequent evaluation 
of the designed Apixaban analogues. 
To evaluate the reliability of the docking protocol, 
the co-crystallized ligand R64 was re-docked into 
the active site of Candida albicans N-
myristoyltransferase. The superimposition of the 
experimental ligand pose and the predicted docking 
conformation is presented in Figure 3. The close 
overlap between the two structures confirms the 
ability of the docking procedure to accurately 
reproduce the experimentally observed binding 
mode. 
The close alignment of the two conformations with 
an RMSD value of 1.38 Å demonstrates the 
accuracy and reliability of the molecular docking 
protocol. Key active-site residues involved in 
ligand recognition and binding are indicated. 
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Figure 3.Superimposition of the native co-
crystallized ligand (green) and the redocked 
ligand (yellow) within the active site of Candida 
albicans N-myristoyltransferase (PDB ID: 1IYL) 
2.5 Binding Interaction Analysis 
The molecular interactions between the designed 
Apixaban analogues and Candida albicans N-
myristoyltransferase were analyzed using 
Discovery Studio Visualizer[28], [29]. This 
software was employed to investigate the binding 
orientation of the docked ligands within the active 
site and to identify the key amino acid residues 
contributing to ligand stabilization. Detailed 
interaction analysis provides valuable information 
regarding the molecular basis of ligand recognition 
and helps explain variations in binding affinity 
among the designed compounds. 
Following molecular docking, the most favorable 
binding pose of each ligand was selected based on 
the lowest docking energy. The selected complexes 
were subsequently subjected to interaction profiling 
to characterize the nature and extent of ligand–
protein interactions. Particular attention was given 
to hydrogen bonding, hydrophobic contacts, and π-
based interactions, as these non-covalent forces 
play a crucial role in determining the stability of 
protein–ligand complexes. 
Hydrogen-bond interactions were examined to 
identify residues involved in strong directional 
contacts with the docked ligands. These 
interactions contribute significantly to binding 
specificity and are often associated with enhanced 
ligand affinity. The hydrogen-bonding patterns 
observed within the active site were evaluated in 
terms of interacting residues and binding 
orientation. 
Hydrophobic interactions were also analyzed 
because they facilitate favorable accommodation of 
the ligands within the binding pocket. Residues 
participating in alkyl, π-alkyl, and other 
hydrophobic contacts were identified to assess their 
contribution to complex stabilization. These 
interactions are important for maintaining the 
structural integrity of the ligand–protein complex 
and enhancing overall binding strength. 
In addition, π-based interactions, including π–π 
stacking and π–π T-shaped interactions, were 
investigated. Such interactions commonly occur 
between aromatic rings of the ligands and aromatic 
amino acid residues present within the active site. 
These contacts contribute to ligand stabilization 
and frequently play a significant role in improving 
docking performance. 
The interaction profiles generated using Discovery 
Studio Visualizer were subsequently used to 
identify key active-site residues involved in ligand 
recognition and to compare the binding behavior of 
the designed Apixaban analogues. The resulting 
interaction maps provided important insights into 
the molecular features responsible for enhanced 

binding affinity and assisted in the selection of 
promising lead compounds for further evaluation. 
2.6 ADME Prediction 
The pharmacokinetic and drug-likeness properties 
of the designed Apixaban analogues were 
evaluated using the SwissADME web server[30]. 
SwissADME is a widely utilized computational 
platform that provides comprehensive information 
regarding the absorption, distribution, metabolism, 
excretion, and physicochemical characteristics of 
small molecules[23]. The generated data were 
employed to assess the suitability of the designed 
compounds as potential drug candidates prior to 
experimental investigation. 
Drug-likeness evaluation was performed using 
established empirical rules commonly applied in 
early-stage drug discovery. Lipinski’s Rule of Five 
was used to assess oral drug-likeness based on 
molecular weight, lipophilicity, hydrogen bond 
donors, and hydrogen bond acceptors[31]. 
Compounds satisfying these criteria are generally 
considered to possess favorable oral bioavailability 
and acceptable physicochemical properties. 
In addition, Veber’s rule was applied to evaluate 
oral bioavailability based on the number of 
rotatable bonds and topological polar surface area 
(TPSA)[32]. Molecules meeting Veber’s criteria 
are typically associated with improved membrane 
permeability and gastrointestinal absorption. 
Egan’s rule was further employed to examine the 
balance between lipophilicity and polarity, which 
are important determinants of oral drug 
absorption[33]. 
The designed analogues were also assessed 
according to Muegge’s drug-likeness filter, which 
integrates multiple molecular descriptors to identify 
compounds with favorable characteristics for drug 
development[34]. Compliance with these filters 
provides an indication of the overall suitability of 
the compounds for further pharmaceutical 
investigation. 
Pharmacokinetic predictions generated by 
SwissADME included gastrointestinal absorption, 
blood–brain barrier permeability, skin 
permeability, bioavailability score, and cytochrome 
P450 enzyme inhibition profiles. These parameters 
were analyzed to estimate the absorption behavior, 
metabolic stability, and potential drug–drug 
interaction risks of the designed compounds. The 
obtained ADME profiles were subsequently used to 
compare the pharmacokinetic suitability of the 
analogues and to support the identification of 
promising lead candidates for further antifungal 
development. 
 
3. Results and Discussion 
The designed apixaban analogues were evaluated 
using a comprehensive computational approach 
involving molecular docking and ADME prediction 
studies. The objective was to identify compounds 
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with strong binding affinity toward Candida 
albicans N-myristoyltransferase while maintaining 
favorable pharmacokinetic characteristics. The 
obtained results provided valuable insights into the 
binding behavior, drug-likeness, and lead 
optimization potential of the designed derivatives. 
3.1 Docking Validation Results 
Validation of the molecular docking protocol is a 
critical step to ensure the reliability of the predicted 
ligand–protein interactions. In the present study, 
the docking procedure was validated through re-
docking of the co-crystallized ligand R64 into the 
active site of Candida albicans N-
myristoyltransferase (PDB ID: 1IYL). The 
predicted binding pose obtained after docking was 
compared with the experimentally determined 
crystallographic conformation using root mean 
square deviation (RMSD) analysis. 
The re-docking experiment yielded an RMSD 
value of 1.38 Å, indicating a high degree of 
similarity between the native and predicted ligand 
conformations. In molecular docking studies, 
RMSD values below 2.0 Å are generally 
considered acceptable and demonstrate that the 
docking protocol can reliably reproduce the 
experimentally observed binding orientation. The 
low RMSD value obtained in this study confirms 
the accuracy of the selected docking parameters 
and validates the suitability of the docking 
methodology for evaluating the designed Apixaban 
analogues. 
Furthermore, the native ligand R64 exhibited a 
docking score of −9.7 kcal/mol, reflecting 
favorable binding within the active site of the target 
enzyme. The close agreement between the 
crystallographic and redocked conformations, 
together with the observed docking score, provides 
confidence in the reliability of the docking protocol 
and supports its application for subsequent 
screening of the designed compounds.Table 1 
summarizes the docking validation statistics 
obtained from the re-docking experiment. 
Table 1. Docking validation statistics for the 
molecular docking protocol. 

Protein 
Native 
Ligan
d 

RMS
D  
(Å) 

Docking 
Score 
(kcal/mol
) 

Candida albicans 
N-
Myristoyltransfera
se (PDB ID: 1IYL) 

R64 1.38 -9.7 

Table 1 illustrate theresults of docking protocol 
validation using the co-crystallized ligand R64. The 
low RMSD value indicates successful reproduction 
of the experimental binding pose and confirms the 
suitability of the docking parameters for 
subsequent molecular docking studies. 
3.2 Docking Scores of Designed Analogues 

To investigate the binding potential of the designed 
apixaban analogues against Candida albicans N-
myristoyltransferase (PDB ID: 1IYL), molecular 
docking studies were performed using 
AutoDockVina. The docking score, expressed in 
kcal/mol, was used to estimate the binding affinity 
of each ligand toward the active site of the target 
protein, where more negative values indicate 
stronger predicted interactions. The docking results 
and ranking of the designed compounds are 
presented in Table 2. 
Table 2. Molecular docking scores and ranking 
of the designed Apixaban analogues against 
Candida albicans N-myristoyltransferase 

Compound 
Number 

Docking 
Score 
(kcal/mol) 

Rank 

Compound 9 -11 1 
Compound 2 -10.6 2 
Compound 3 -10.6 3 
Compound 15 -10.6 4 
Compound 5 -10.5 5 
Compound 6 -10.4 6 
Compound 10 -10.4 7 
Compound 11 -10.3 8 
Compound 14 -10.1 9 
Compound 12 -9.9 10 
Compound 4 -9.8 11 
Compound 8 -9.7 12 
R64 (Reference 
Ligand) 

-9.7 Reference 

Compound 1 -9.3 13 
Compound 7 -9.2 14 
Compound 13 -9.1 15 
Table 2 illustrate the molecular docking scores and 
ranking of the designed Apixaban analogues 
against Candida albicans N-myristoyltransferase. 
The compounds were ranked according to their 
predicted binding energies, with more negative 
docking scores indicating stronger ligand–protein 
interactions and greater binding affinity toward the 
target enzyme. 
The molecular docking study revealed notable 
differences in the binding affinities of the designed 
Apixaban analogues toward Candida albicans N-
myristoyltransferase. The docking scores obtained 
for the compounds ranged from −9.1 to −11.0 
kcal/mol, indicating generally strong interactions 
with the target enzyme. The reference ligand R64 
exhibited a docking score of −9.7 kcal/mol and was 
used as a benchmark for comparative evaluation. 
Among all evaluated analogues, Compound 9 
demonstrated the highest binding affinity with a 
docking score of −11.0 kcal/mol, suggesting a 
highly favorable interaction within the active site. 
Compounds 2, 3, and 15 also displayed excellent 
docking performance, each producing a docking 
score of −10.6 kcal/mol. Similarly, Compounds 5, 
6, 10, and 11 showed strong binding affinities, with 
docking energies ranging from −10.3 to −10.5 
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kcal/mol. These values were considerably more 
favorable than that of the reference ligand, 
indicating the potential of these analogues as 
promising inhibitors of *Candida albicans* N-
myristoyltransferase. 
The superior binding affinities observed for the 
top-ranked compounds may be attributed to their 
ability to establish multiple stabilizing interactions 
within the active site. Interaction analysis revealed 
the presence of hydrogen bonds, hydrophobic 
contacts, π–π interactions, π–anion interactions, 
and alkyl interactions involving key amino acid 
residues such as TYR225, TYR354, HIS227, 
ASP110, GLU109, LEU451, and PHE117. These 
interactions contributed to enhanced ligand 
stabilization and improved docking scores. 
A comparative representation of the docking 
energies of all designed compounds and the 
reference ligand is presented in Figure 4. 

 
Figure 4.Comparative docking scores of the 
designed Apixaban analogues and the reference 
ligand R64 against Candida albicans N-
myristoyltransferase. 
More negative docking energies indicate stronger 
predicted binding affinity toward the target protein, 
with Compound 9 exhibiting the highest docking 
affinity among all evaluated compounds. 
3.3 Binding Interaction Analysis of Lead 
Compounds 
To gain a deeper understanding of the molecular 
basis underlying the observed binding affinities, 
detailed interaction analyses were performed for 
the top-ranked Apixaban analogues using 
Discovery Studio Visualizer. The study focused on 
identifying key non-covalent interactions, including 
hydrogen bonds, hydrophobic contacts, π–π 
interactions, π–anion interactions, and other 
stabilizing forces that contribute to ligand binding 
within the active site of Candida albicans N-
myristoyltransferase. Such interactions play a 
crucial role in determining the strength and stability 
of ligand–protein complexes and are often 
associated with enhanced inhibitory potential. 
Among the evaluated compounds, Compounds 9, 2, 
3, and 15 demonstrated the most favorable docking 
scores and were therefore selected for detailed 
interaction analysis. These lead compounds 
exhibited extensive interactions with important 
active-site residues, suggesting strong binding 
compatibility within the enzyme binding pocket. 

The interaction profiles revealed the involvement 
of several conserved amino acid residues, including 
TYR225, TYR354, HIS227, ASP110, GLU109, 
LEU451, and PHE117, which are known to 
contribute significantly to ligand recognition and 
stabilization. 
A comparative summary of the molecular 
interactions observed for the top-performing 
Apixaban analogues is presented in Table 3. The 
table provides an overview of docking scores, 
hydrogen-bonding interactions, π-based 
interactions, hydrophobic contacts, and key amino 
acid residues involved in ligand binding within the 
active site of Candida albicans N-
myristoyltransferase. 
Table 3. Binding interaction summary of the 
top-performing Apixaban analogues. 

Comp
ound 

Dock
ing 
Scor
e 
(kcal
/mol) 

Hydr
ogen 
Bond
s 

Pi 
Intera
ctions 

Hydro
phobic 
Contac
ts 

Key 
Resi
dues 

Comp
ound 
9 

-11 

ASN
392, 
HIS2
27, 
LEU
451 

TYR2
25, 
TYR3
54, 
PHE2
40, 
PHE1
15 

VAL10
8, 
TYR10
7, 
PHE11
7, 
LEU39
4, 
CYS39
3, 
VAL44
9 

ASN
392, 
HIS
227, 
LEU
451, 
TYR
225, 
TYR
354, 
ASP
110, 
GLU
109 

Comp
ound 
2 

-10.6 

ILE1
11, 
GLY
413 

TYR2
25, 
TYR3
54, 
PHE1
17, 
LEU4
51, 
ASP1
10 

TYR10
7, 
TYR11
9, 
PHE17
6, 
VAL44
9, 
LEU39
4 

ILE1
11, 
TYR
225, 
TYR
354, 
ASP
110, 
GLU
109, 
LEU
451 

Comp
ound 
3 

-10.6 — 

TYR2
25, 
TYR3
54, 
PHE1
17, 
LEU4
51 

ILE111
, 
LEU39
4, 
VAL44
9, 
TYR10
7, 
PHE17
6, 
TYR11

TYR
225, 
TYR
354, 
LEU
451, 
ASP
110, 
GLU
109 



Molecular Docking, Binding Interaction Analysis and ADME Assessment of Apixaban Analogues as 
Potential Candida albicans   N-Myristoyltransferase Inhibitors 

 IJDDT Volume 16 Issue 67s 2026 Page: 89 

9 

Comp
ound 
15 

-10.6 
LEU
451 

TYR2
25, 
TYR3
54 

VAL39
0, 
PHE24
0, 
PHE33
9, 
PHE11
7, 
ILE352
, 
LEU35
0, 
LEU39
4, 
TYR10
7, 
CYS39
3 

TYR
225, 
TYR
354, 
LEU
451, 
ASP
110, 
GLU
109 

Table 3illustrate thesummary of the key molecular 
interactions exhibited by the top-ranked Apixaban 
analogues within the active site of Candida 
albicans N-myristoyltransferase. The table includes 
docking scores, hydrogen-bonding interactions, π-
based interactions, hydrophobic contacts, and the 
principal amino acid residues contributing to ligand 
stabilization and binding affinity. 
Compound 9exhibited the highest binding affinity 
among all designed analogues, with a docking 
score of −11.0 kcal/mol. detailed interaction 
analysis revealed the formation of a conventional 
hydrogen bond with ASN392 and carbon 
hydrogen-bond interactions involving HIS227 and 
LEU451. In addition, the compound established 
multiple π–π T-shaped interactions with TYR225, 
TYR354, PHE240, and PHE117. Several 
hydrophobic contacts involving VAL108, TYR107, 
PHE117, LEU394, CYS393, and VAL449 further 
contributed to the stability of the complex. The 
presence of both hydrogen-bonding and extensive 
aromatic interactions within the active site is likely 
responsible for the superior binding affinity of 
Compound 9. The two-dimensional interaction 
profile and three-dimensional binding orientation 
of Compound 9 within the active site of Candida 
albicans N-myristoyltransferase are presented in 
Figure 5A and Figure 5B, respectively. 
Compound 2demonstrated excellent binding 
affinity with a docking score of −10.6 kcal/mol. 
The ligand formed a conventional hydrogen bond 
with ILE111 and a carbon hydrogen-bond 
interaction with GLY413. Strong π–π stacking 
interactions were observed with TYR354 and 
PHE117, while TYR225 contributed through π–π 
T-shaped interactions. Additional stabilization was 
provided by π–anion interactions involving 
LEU451 and ASP110 together with hydrophobic 
contacts formed with TYR107, TYR119, PHE176, 
VAL449, and LEU394. These interactions 
collectively supported the favorable docking score 

obtained for Compound 2. The corresponding two-
dimensional interaction map is shown in Figure 5C. 
Compound 3also produced a docking score of 
−10.6 kcal/mol and displayed a binding pattern 
similar to that of Compound 2. The ligand 
established significant π–π stacking interactions 
with TYR354 and PHE117 along with a π–π T-
shaped interaction involving TYR225. A π–anion 
interaction with LEU451 and extensive 
hydrophobic contacts with ILE111, LEU394, 
VAL449, TYR107, PHE176, and TYR119 further 
enhanced complex stability. The predominance of 
aromatic and hydrophobic interactions contributed 
substantially to the favorable binding affinity 
observed for this analogue. The two-dimensional 
interaction map of Compound 3 is presented in 
Figure 5D. 
Compound 15was among the top-performing 
analogues, exhibiting a docking score of −10.6 
kcal/mol. Interaction analysis revealed a carbon 
hydrogen-bond interaction with LEU451 and 
multiple π–π T-shaped interactions involving 
TYR225 and TYR354. The ligand further 
established extensive hydrophobic interactions with 
VAL390, PHE240, PHE339, PHE117, ILE352, 
LEU350, LEU394, TYR107, and CYS393. These 
interactions collectively contributed to strong 
ligand accommodation within the active-site region 
and supported the favorable docking performance 
of Compound 15. 
Overall, the interaction analysis indicated that 
aromatic residues such as TYR225, TYR354, and 
PHE117, together with catalytic-site residues 
including ASP110, GLU109, HIS227, and 
LEU451, play important roles in ligand recognition 
and stabilization. The interaction profile of 
Compound 9 was particularly favorable, supporting 
its selection as the most promising lead candidate 
for further pharmacokinetic evaluation and 
antifungal investigation.To gain deeper insight into 
the molecular basis of ligand binding, the 
interaction pattern of the top-ranked compound was 
analyzed using Discovery Studio Visualizer. The 
analysis revealed the involvement of several key 
active-site residues through hydrogen bonding, 
hydrophobic contacts, and π-interactions, which 
contributed to the stability of the protein–ligand 
complex. The detailed binding interactions of 
Compound 9 with Candida albicans N-
myristoyltransferase are illustrated in Figure 5. 
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Figure 5.Binding interaction analysis of the lead 
Apixaban analogues with Candida albicans N-
myristoyltransferase (PDB ID: 1IYL) 
(A) Two-dimensional interaction map of 
Compound 9 showing hydrogen-bonding, π-based 
interactions, and hydrophobic contacts with key 
active-site residues. (B) Three-dimensional binding 
orientation of Compound 9 within the active-site 
cavity highlighting ligand–protein interactions. (C) 
Two-dimensional interaction map of Compound 2 
illustrating the major interactions responsible for 
ligand stabilization within the enzyme binding 
pocket. (D) Two-dimensional interaction map of 
Compound 3 showing the principal interactions 
involved in ligand recognition and binding within 
the active site. 
3.4 Structure–Activity Relationship (SAR) 
The structure–activity relationship analysis was 
performed to identify the molecular features 
responsible for the enhanced binding affinity of the 
designed Apixaban analogues toward Candida 
albicans N-myristoyltransferase. Comparative 
evaluation of the docking results revealed that 
modifications introduced on the aromatic ring 
system significantly influenced the interaction 
profile and binding strength of the compounds 
within the enzyme active site. 
The highest-ranked compounds, particularly 
Compounds 9, 2, 3, and 15, contained structural 
modifications that promoted favorable interactions 
with key active-site residues. These analogues 
demonstrated improved docking scores compared 
with the reference ligand R64, suggesting that 
strategic substitution of the parent Apixaban 
scaffold enhanced ligand–protein recognition and 
stabilization. The presence of aromatic moieties 
facilitated π–π stacking and π–π T-shaped 
interactions with residues such as TYR225, 
TYR354, and PHE117, which contributed 
substantially to binding affinity. 
Aromatic ring modifications played an important 
role in determining ligand orientation within the 
binding pocket. Compounds possessing 
appropriately substituted aromatic rings exhibited 
stronger hydrophobic and aromatic interactions, 
allowing improved accommodation within the 

active-site cavity. These interactions enhanced the 
stability of the ligand–protein complexes and were 
associated with more favorable docking energies. 
Electron-donating substituents were observed to 
positively influence binding affinity by increasing 
electron density within aromatic systems and 
strengthening aromatic interactions with active-site 
residues. Such substitutions promoted enhanced π-
based interactions and improved molecular 
complementarity within the binding pocket. The 
superior performance of several lead compounds 
may be partially attributed to the presence of these 
electron-rich functional groups. 
Conversely, electron-withdrawing substituents 
contributed to binding through modulation of 
molecular polarity and interaction potential. In 
selected analogues, these groups facilitated 
favorable contacts with catalytic residues and 
improved overall binding orientation. The balance 
between electron-donating and electron-
withdrawing effects appeared to be important for 
achieving optimal interaction patterns and 
maximizing docking performance. 
Overall, the SAR analysis demonstrated that the 
combination of aromatic ring optimization and 
strategic electronic modifications significantly 
influenced binding affinity toward Candida 
albicans N-myristoyltransferase. The results 
suggest that enhanced aromatic interactions, 
favorable hydrophobic contacts, and appropriate 
electronic characteristics are key determinants for 
the development of potent N-myristoyltransferase 
inhibitors based on the Apixaban scaffold.The 
major structure–activity relationship trends 
identified in the present study are summarized in 
Figure 6. 

Figure 6.Structure–activity relationship (SAR) 

Figure 6 SAR summary of the designed Apixaban 
analogues illustrating the influence of aromatic ring 
modifications and electron-donating/electron-
withdrawing substituents on binding affinity 
toward Candida albicans N-myristoyltransferase. 
3.5 ADME Analysis 
To evaluate the pharmaceutical suitability of the 
synthesized apixaban derivatives, an in silico 
ADME assessment was performed using the 
SwissADME platform. The analysis included 
physicochemical characterization, drug-likeness 
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prediction, and pharmacokinetic profiling. These 
parameters are widely employed during early-stage 
drug discovery to identify compounds with 
favorable oral bioavailability and acceptable 
pharmacokinetic behavior. 
To assess the physicochemical suitability of the 
synthesized apixaban derivatives for oral 
administration, key molecular descriptors including 
molecular weight, topological polar surface area 
(TPSA), lipophilicity (LogP), and rotatable bonds 
were evaluated using the SwissADME platform. 
The calculated physicochemical properties of all 
designed derivatives are presented in Table 4. 
Table 4. Physicochemical properties of the 
synthesized compounds 

Compou
nd 

Molecul
ar 
Weight 
(g/mol) 

TPS
A 
(Å²) 

Consens
us LogP 

Rotata
ble 
Bonds 

1 515.52 
128.
79 

3.19 9 

2 556.55 
143.
07 

0.22 10 

3 544.99 
102.
76 

4.34 9 

4 623.88 
102.
76 

4.93 9 

5 525.56 
128.
78 

3.35 9 

6 511.53 
115.
65 

3.36 9 

7 546.66 
102.
76 

5.21 15 

8 526.54 
122.
99 

3.49 9 

9 569.56 
148.
58 

3.63 10 

10 540.57 
111.
99 

3.83 10 

11 525.56 
128.
78 

3.34 9 

12 540.57 
111.
99 

3.88 10 

13 545.97 
115.
65 

3.71 9 

14 571.54 
168.
81 

2.96 10 

15 544.99 
102.
76 

4.4 9 

Physicochemical descriptors predicted using 
SwissADME. TPSA = Topological Polar Surface 
Area; LogP = Consensus lipophilicity value; 
Rotatable Bonds indicate molecular flexibility. 
The data presented in Table 4 demonstrated that 
most compounds possessed molecular weights 
between 500 and 600 g/mol with moderate to high 
lipophilicity. Compounds 3 and 15 exhibited 
favorable TPSA and LogP values that may support 
membrane permeability, whereas Compounds 9 
and 14 showed relatively higher polarity due to 

elevated TPSA values. Overall, the 
physicochemical profiles suggested that several 
derivatives possessed characteristics compatible 
with oral drug candidates. 
Drug-likeness assessment was subsequently 
performed to evaluate the compliance of the 
synthesized derivatives with established medicinal 
chemistry guidelines. Lipinski, Veber, Egan, and 
Muegge filters, along with the predicted 
bioavailability score, were employed to estimate 
the oral drug potential of the compounds. The 
results of the drug-likeness evaluation are 
summarized in Table 5. 
Table 5. Drug-likeness evaluation of the 
synthesized compounds 

Com
poun
d 

Lipin
ski 
Viola
tions 

Vebe
r 
Viola
tions 

Egan 
Viola
tions 

Mue
gge 
Viola
tions 

Bioavai
lability 
Score 

1 2 0 0 0 0.17 
2 2 1 1 0 0.17 
3 1 0 0 1 0.55 
4 1 0 0 2 0.55 
5 1 0 0 0 0.55 
6 1 0 0 0 0.55 
7 1 1 0 1 0.55 
8 1 0 0 0 0.55 
9 2 1 1 0 0.17 
10 1 0 0 0 0.55 
11 1 0 0 0 0.55 
12 1 0 0 0 0.55 
13 1 0 0 0 0.55 
14 2 1 1 1 0.17 
15 1 0 0 1 0.55 
Drug-likeness assessment generated using 
SwissADME. Lipinski, Veber, Egan, and Muegge 
rules were used to estimate oral drug potential. 
Bioavailability scores closer to 0.55 indicate 
improved probability of oral bioavailability. 
The results summarized in Table 5 indicated that 
Compounds 3, 5, 6, 8, 10, 11, 12, 13, and 15 
satisfied most of the evaluated drug-likeness 
criteria and achieved a bioavailability score of 0.55. 
In contrast, Compounds 2, 9, and 14 exhibited 
multiple violations that may adversely affect their 
oral bioavailability. These findings suggest that 
several derivatives possess favorable structural 
characteristics for further pharmaceutical 
development. 
To further investigate the pharmacokinetic 
behavior of the designed derivatives, parameters 
related to absorption, distribution, metabolism, and 
skin permeation were predicted using 
SwissADME. These descriptors provide 
preliminary insight into the potential in vivo 
performance of the compounds. The predicted 
pharmacokinetic properties are presented in Table 
6. 
Table 6. Predicted pharmacokinetic properties 
of the synthesized compounds 
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Comp
ound 

GI  
Absor
ption 

BBB 
Permea
bility 

CYP 
Inhibit
ion* 

Skin 
Permea
bility 
(log Kp) 

1 High No 

CYP2
C19, 
CYP2
C9, 
CYP2
D6, 
CYP3
A4 

-6.97 

2 Low No None -6.85 

3 High No 

CYP2
C19, 
CYP2
C9, 
CYP3
A4 

-5.89 

4 High No 

CYP2
C19, 
CYP2
C9, 
CYP3
A4 

-5.87 

5 High No 

CYP2
C19, 
CYP2
C9, 
CYP2
D6, 
CYP3
A4 

-6.69 

6 High No 

CYP2
C19, 
CYP2
C9, 
CYP2
D6, 
CYP3
A4 

-6.65 

7 High No 

CYP2
C19, 
CYP2
C9, 
CYP2
D6, 
CYP3
A4 

-5.01 

8 High No 

CYP2
C19, 
CYP2
C9, 
CYP2
D6, 
CYP3
A4 

-6.47 

9 Low No 
CYP2
C19, 
CYP2

-6.35 

C9, 
CYP3
A4 

10 High No 

CYP2
C19, 
CYP2
C9, 
CYP2
D6, 
CYP3
A4 

-6.32 

11 High No 

CYP2
C19, 
CYP2
C9, 
CYP2
D6, 
CYP3
A4 

-6.69 

12 High No 

CYP2
C19, 
CYP2
C9, 
CYP2
D6, 
CYP3
A4 

-6.32 

13 High No 

CYP2
C19, 
CYP2
C9, 
CYP2
D6, 
CYP3
A4 

-6.41 

14 Low No 

CYP2
C19, 
CYP2
C9, 
CYP3
A4 

-6.48 

15 High No 

CYP2
C19, 
CYP2
C9, 
CYP3
A4 

-5.89 

*CYP inhibition represents the predicted 
cytochrome P450 isoforms inhibited by the 
compounds. 
Predicted pharmacokinetic properties obtained 
using SwissADME. GI absorption indicates 
gastrointestinal uptake; BBB permeability 
represents the ability to cross the blood-brain 
barrier; CYP inhibition identifies possible 
metabolic enzyme interactions; log Kp values 
describe skin permeation characteristics. 
The pharmacokinetic evaluation revealed that most 
derivatives exhibited high gastrointestinal 
absorption, suggesting favorable oral uptake. None 
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of the compounds were predicted to permeate the 
blood-brain barrier, indicating a lower probability 
of central nervous system exposure. Compounds 2, 
9, and 14 displayed comparatively lower 
gastrointestinal absorption, whereas Compound 3 
demonstrated a favorable balance of absorption and 
drug-likeness characteristics. Additionally, the 
predicted CYP inhibition profiles suggested 
potential interactions with specific metabolic 
enzymes that should be further investigated 
experimentally. 
Overall, the ADME assessment demonstrated that 
several of the designed apixaban derivatives 
possess favorable physicochemical and 
pharmacokinetic characteristics. Most compounds 
exhibited acceptable gastrointestinal absorption, 
satisfactory drug-likeness profiles, and limited 
blood-brain barrier permeability. Among the 
evaluated derivatives, Compound 3 showed a 
balanced combination of molecular properties and 
pharmacokinetic behavior, indicating its potential 
as a promising lead candidate for further antifungal 
investigation. These findings complement the 
molecular docking results and support the 
continued evaluation of the selected derivatives in 
future experimental studies. 
3.6 Lead Optimization and Candidate Selection 
The identification of a lead compound requires the 
integration of molecular docking performance with 
pharmacokinetic and drug-likeness characteristics. 
Although several synthesized apixaban derivatives 
demonstrated strong binding affinity toward 
Candida albicans N-myristoyltransferase, the final 
lead selection was based on a balanced assessment 
of docking score, ADME profile, and overall drug-
likeness properties. 
Compounds exhibiting favorable binding energies 
were further evaluated for their physicochemical 
characteristics, oral bioavailability, gastrointestinal 
absorption, and compliance with established drug-
likeness criteria. This integrated approach enabled 
the prioritization of compounds with both strong 
target affinity and acceptable pharmacokinetic 
behavior. 
Among the evaluated derivatives, Compounds 9, 2, 
3, 5, and 15 emerged as the most promising 
candidates. Compound 9 demonstrated the 
strongest binding affinity toward the target protein 
with a docking score of −11.0 kcal/mol, indicating 
a highly stable protein–ligand complex. 
Furthermore, interaction analysis revealed multiple 
hydrophobic contacts, hydrogen bonding 
interactions, and π-interactions with key amino acid 
residues located within the active site of N-
myristoyltransferase. These interactions 
contributed significantly to its superior docking 
performance. 
Although Compound 3 exhibited a comparatively 
favorable ADME profile and higher predicted oral 
bioavailability, its docking score was slightly lower 

than that of Compound 9. Since the primary 
objective of the present investigation was the 
identification of potent inhibitors of fungal N-
myristoyltransferase, binding affinity was 
considered the principal selection criterion, while 
ADME properties were used as supporting 
parameters. 
The overall ranking of the lead candidates is 
presented in Table 7. Based on the combined 
evaluation of molecular docking and 
pharmacokinetic characteristics, Compound 9 was 
identified as the most promising lead molecule for 
further optimization and experimental validation. 
The exceptional binding affinity observed for 
Compound 9 suggests a strong potential for 
effective target inhibition, making it a suitable 
candidate for future synthesis, biological 
evaluation, and structure–activity relationship 
studies. 
Table 7. Final ranking of lead compounds 

Compound 
Docking 
Score 
(kcal/mol) 

ADME 
Assessment 

Overall 
Rank 

9 -11 Moderate 1 
2 -10.6 Moderate 2 
3 -10.6 Excellent 3 
5 -10.5 Good 4 
15 -10.6 Good 5 
Table 7illustrate the final prioritization of lead 
compounds based on combined molecular docking 
performance and ADME evaluation. 
The lead optimization study indicated that 
Compound 9 possesses the most favorable balance 
between target affinity and drug-like properties. Its 
superior docking score, extensive interactions 
within the active site, and acceptable 
pharmacokinetic profile collectively support its 
selection as the primary lead candidate. 
Consequently, Compound 9 may serve as a 
valuable scaffold for future optimization efforts 
aimed at developing novel antifungal agents 
targeting N-myristoyltransferase. 
 
4. Conclusion 
The present study employed a structure-based drug 
design approach to identify potential antifungal 
agents targeting *Candida albicans* N-
myristoyltransferase. A series of fifteen apixaban 
analogues were rationally designed and evaluated 
through molecular docking and in silico ADME 
investigations to assess their therapeutic potential. 
Molecular docking analysis revealed that several 
designed derivatives exhibited stronger binding 
affinities toward the target protein than the 
reference ligand R64, suggesting their potential to 
act as effective N-myristoyltransferase inhibitors. 
Detailed interaction studies demonstrated favorable 
binding patterns involving key amino acid residues 
within the active site, highlighting the suitability of 
the designed compounds for further investigation. 
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Among all evaluated derivatives, Compound 9 
displayed the highest binding affinity with a 
docking score of −11.0 kcal/mol, indicating the 
formation of a highly stable protein–ligand 
complex. The extensive network of hydrophobic 
interactions and non-covalent contacts observed for 
Compound 9 further supported its identification as 
the most promising lead candidate within the 
series. 
The ADME assessment demonstrated that the 
majority of the designed compounds possessed 
acceptable physicochemical characteristics, 
favorable drug-likeness properties, and suitable 
pharmacokinetic profiles. These findings suggest 
that the selected derivatives have the potential to 
exhibit adequate oral bioavailability and desirable 
drug-like behavior. 
Overall, the combined docking and ADME results 
identified several promising lead molecules, 
particularly Compound 9, for further development. 
The findings of this study provide a strong 
foundation for future synthetic efforts and 
experimental biological evaluation. Further in vitro 
and in vivo studies are required to validate the 
predicted antifungal activity and establish the 
therapeutic potential of these novel apixaban-
derived candidates. 
 
5. Abbreviations 
ADME – Absorption, Distribution, Metabolism, 
and Excretion; Å – Angstrom; BBB – Blood–Brain 
Barrier; CYP – Cytochrome P450; GI – 
Gastrointestinal; HBA – Hydrogen Bond Acceptor; 
HBD – Hydrogen Bond Donor; kcal/mol – 
Kilocalories per Mole; LogP – Octanol/Water 
Partition Coefficient; NMT – N-
Myristoyltransferase; PDB – Protein Data Bank; 
RMSD – Root Mean Square Deviation; SAR – 
Structure–Activity Relationship; TPSA – 
Topological Polar Surface Area; 2D – Two-
Dimensional; 3D – Three-Dimensional; 
AutoDockVina (ADV); Discovery Studio 
Visualizer (DSV); Molecular Docking (MD); 
SwissADME (Swiss Absorption, Distribution, 
Metabolism, and Excretion Prediction Platform) 
 
6. Declarations 

 Funding: The author declares that no 
specific funding was received for this 
research work from any funding agency in 
the public, commercial, or not-for-profit 
sectors. 

 Competing Interests: The author declares 
that there are no known competing 
financial interests or personal relationships 
that could have appeared to influence the 
work reported in this paper. 

 Ethical Approval: Not applicable. This 
study was conducted entirely using 

computational and in silico methods, 
including molecular docking and ADME 
prediction, and did not involve human 
participants, animals, or biological 
samples. 

 Consent to Participate: Not applicable. 
 Consent to Publish: Not applicable. 
 Data Availability Statement:The data 

generated or analyzed during this study 
are included in this published article and 
its supplementary information files. 
Additional data may be made available 
from the corresponding author upon 
reasonable request. 

 Acknowledgements: The author would 
like to acknowledge the use of freely 
available computational resources and 
databases employed in this study, 
including the Protein Data Bank (PDB), 
AutoDockVina, Discovery Studio 
Visualizer, and SwissADME. 

7. References 
[1] L. Martins-Santana, C. P. Rezende, A. 

Rossi, N. M. Martinez-Rossi, and F. 
Almeida, “Addressing Microbial 
Resistance Worldwide: Challenges over 
Controlling Life-Threatening Fungal 
Infections,” Pathogens, vol. 12, no. 2, 
2023, doi: 10.3390/pathogens12020293. 

[2] C. Firacative, “Invasive fungal disease in 
humans: Are we aware of the real 
impact?,” Mem. Inst. Oswaldo Cruz, vol. 
115, no. 9, pp. 1–9, 2020, doi: 
10.1590/0074-02760200430. 

[3] D. A. Enoch, H. Yang, S. H. Aliyu, and C. 
Micallef, “The changing epidemiology of 
invasive fungal infections,” Methods Mol. 
Biol., vol. 1508, pp. 17–65, 2017, doi: 
10.1007/978-1-4939-6515-1_2. 

[4] J. Geddes-McAlister and R. S. Shapiro, 
“New pathogens, new tricks: Emerging, 
drug-resistant fungal pathogens and future 
prospects for antifungal therapeutics,” Ann. 
N. Y. Acad. Sci., vol. 1435, no. 1, pp. 57–
78, 2019, doi: 10.1111/nyas.13739. 

[5] M. Hoenigl et al., “Novel antifungals and 
treatment approaches to tackle resistance 
and improve outcomes of invasive fungal 
disease,” Clin. Microbiol. Rev., vol. 37, no. 
2, 2024, doi: 10.1128/cmr.00074-23. 

[6] S. Hameed, S. Hans, R. Monasky, S. 
Thangamani, and Z. Fatima, 
“Understanding human microbiota offers 
novel and promising therapeutic options 
against candida infections,” Pathogens, 
vol. 10, no. 2, pp. 1–15, 2021, doi: 
10.3390/pathogens10020183. 

[7] J. Talapko et al., “Candida albicans-the 
virulence factors and clinical 
manifestations of infection,” J. Fungi, vol. 



Molecular Docking, Binding Interaction Analysis and ADME Assessment of Apixaban Analogues as 
Potential Candida albicans   N-Myristoyltransferase Inhibitors 

 IJDDT Volume 16 Issue 67s 2026 Page: 95 

7, no. 2, pp. 1–19, 2021, doi: 
10.3390/jof7020079. 

[8] N. Ujlayan, T. Singh, V. Dhama, H. P. 
Singh, M. Kumar, and R. K. B. Singh, 
“Quantifying biofilm-virulence index to 
predict antifungal resistance in Candida 
albicans,” 2026, [Online]. Available: 
http://arxiv.org/abs/2605.31150 

[9] A. Vitiello et al., “Antifungal Drug 
Resistance: An Emergent Health Threat,” 
Biomedicines, vol. 11, no. 4, 2023, doi: 
10.3390/biomedicines11041063. 

[10] S. Asif, A. Francis, E. Ijabani, and A. 
Thakur, “Genetic and Molecular 
Mechanisms Driving Antifungal Resistance 
in Emerging Fungal Species,” Integr. 
Approach to Fungal Infect. Bioprospecting 
Drug Discov. Vol. 1, pp. 139–178, 2026, 
doi: 10.1201/9781003633952-8. 

[11] U. Mallick, B. K. Sahu, S. K. Patra, M. C. 
Sahu, and S. K. Panda, “Breaking the 
Barrier: Cutting-Edge Microbial Strategies 
Against Candida Biofilm Infections,” 
Apmis, vol. 134, no. 5, 2026, doi: 
10.1111/apm.70214. 

[12] M. Yuan et al., “N-myristoylation: from 
cell biology to translational medicine,” 
Acta Pharmacol. Sin., vol. 41, no. 8, pp. 
1005–1015, 2020, doi: 10.1038/s41401-
020-0388-4. 

[13] S. Zhang, J. Li, M. Chen, and H. Huang, 
“Post-translational Modifications in 
Proteins: Prediction Methods, Biological 
Functions, and Diseases,” MedComm, vol. 
7, no. 4, 2026, doi: 10.1002/mco2.70729. 

[14] Z. Li et al., “Protein post-translational 
modification in plants: Regulation and 
beyond,” Hortic. Plant J., 2025, doi: 
10.1016/j.hpj.2025.02.003. 

[15] J. Liu et al., “Potential therapeutic targets 
for Cryptococcus,” Med. Mycol., vol. 64, 
no. 3, 2026, doi: 10.1093/mmy/myag015. 

[16] S. Kauser, M. Gulzar, G. M. Hasan, and P. 
Kumar, “Exploring fungal survival 
mechanisms: toward next-generation 
antifungal therapies against Candida spp.,” 
Arch. Microbiol., vol. 207, no. 11, 2025, 
doi: 10.1007/s00203-025-04519-5. 

[17] A. Hussain and C. K. Verma, 
“Computational drug repurposing resources 
and approaches for discovering novel 
antifungal drugs against Candida albicans 
N-Myristoyl transferase,” J. Pure Appl. 
Microbiol., vol. 15, no. 2, pp. 556–579, 
2021, doi: 10.22207/JPAM.15.2.49. 

[18] D. J. A. S. G. *Sonali Pawar, “Advances in 
design, molecular docking, synthesis, and 
biological evaluation of apixaban 
derivatives as factor xa inhibitors,” Int. J. 
Pharm. Chem. Anal., vol. 13, no. 1, pp. 4–

16, 2026. 
[19] W. Zhang et al., “Advances in Heparin 

Reversal Agents: Design Strategies, 
Structural Features, and Pharmacological 
Insights,” J. Med. Chem., vol. 69, no. 4, pp. 
3656–3692, 2026, doi: 
10.1021/acs.jmedchem.5c02439. 

[20] H. Jo, S. Kang, J. E. Yang, I. Kim, and S. 
S. Lee, “Biodegradable Natural Polymer-
Based Drug Delivery Systems for Bone 
Tissue Engineering,” Med. Res. Rev., 2026, 
doi: 10.1002/med.70039. 

[21] R. R. Ragheb, R. Atef, K. Abdou, S. 
Ahmed, and A. M. Fatouh, “Harnessing 
Hybrid Niosomes for Improved Oral 
Bioavailability of an Anticoagulant: 
Design, Optimization and In-Vivo 
Pharmacokinetics and Pharmacodynamics 
Evaluations,” AAPS PharmSciTech, vol. 
27, no. 3, 2026, doi: 10.1208/s12249-026-
03374-x. 

[22] M. Ayaz et al., “Exploring the anti-diabetic 
potential of bis-Schiff bases of ibuprofen: 
insights into the in vitro, molecular docking 
and density functional theory analyses,” 
RSC Adv., vol. 16, no. 12, pp. 11005–
11022, 2026, doi: 10.1039/d5ra03358f. 

[23] J. M. García-Díaz et al., “Computational 
Workflow for Chemical Compound 
Analysis: From Structure Generation to 
Molecular Docking,” Sci. Pharm., vol. 94, 
no. 1, p. 9, 2026, doi: 
10.3390/scipharm94010009. 

[24] A. Altharawi and S. M. Alqahtani, 
“Integrative Computational Chemistry 
Approaches in Modern Drug Discovery: 
Advances in Docking, Pharmacophore 
Modeling, Molecular Dynamics, and 
Virtual Screening,” Pharmaceutics, vol. 18, 
no. 5, 2026, doi: 
10.3390/pharmaceutics18050565. 

[25] A. M. Talib and A. H. Shntaif, “Synthesis, 
biological evaluation, in-silico ADME and 
molecular docking studies of novel 
chalcone derivatives as promising 
antifungal agents,” Zeitschrift fur 
Naturforsch. - Sect. B J. Chem. Sci., 2026, 
doi: 10.1515/znb-2025-0077. 

[26] F. G. Martins, H. A. Santos, and S. F. 
Sousa, “A Review of Current 
Computational Tools for Peptide–Protein 
Docking,” J. Comput. Chem., vol. 47, no. 
5, 2026, doi: 10.1002/jcc.70328. 

[27] A. G. Cavalli, G. Vistoli, A. Pedretti, L. 
Fumagalli, and A. Mazzolari, 
“PepScorer::RMSD: An Improved 
Machine Learning Scoring Function for 
Protein–Peptide Docking,” Int. J. Mol. Sci., 
vol. 27, no. 2, p. 870, 2026, doi: 
10.3390/ijms27020870. 



Molecular Docking, Binding Interaction Analysis and ADME Assessment of Apixaban Analogues as 
Potential Candida albicans   N-Myristoyltransferase Inhibitors 

 IJDDT Volume 16 Issue 67s 2026 Page: 96 

[28] A. S. Peter, I. Kandasamy, S. Ranjith, S. 
Jeyarajan, P. Chidambaram, and A. 
Kumarasamy, “Recombinant AMPs 
(Epinecidin-1 and its Variants): A New 
Hope against Invasive Fungal Infections 
against Candida spp. and Aspergillus 
flavus,” Curr. Microbiol., vol. 83, no. 4, p. 
168, 2026, doi: 10.1007/s00284-026-
04770-z. 

[29] P. Sankaranarayanan, A. Sreedevi, J. 
Parvathy, D. Sebastian, and S. T. Vasu, 
“Exploring the Antimicrobial Perspective 
of Citronella (Cymbopogon nardus) Oil 
Through GC/MS-based Compound 
Identification, Molecular Docking, and MD 
Simulation Insights,” J. Comput. Biophys. 
Chem., 2025, doi: 
10.1142/S2737416526500316. 

[30] S. Goyal, S. Kumar, and P. Wadhwa, 
“Computational Evaluation of ADMET 
Properties and Molecular Docking Studies 
of 1,2,4-oxadiazole Analogs as Potential 
Inhibitors of Prostate Cancer,” Curr. Signal 
Transduct. Ther., vol. 21, no. 1, 2025, doi: 
10.2174/0115743624372168250819040901
. 

[31] I. Fatima, A. Rehman, P. Wang, Z. He, and 
M. Liao, “Discovery of Small Molecule 
Inhibitors Targeting CTNNB1 (β-catenin) 
for Endometrial cancer: Employing 3D 
QSAR, Drug-Likeness Assessment, 
ADMET Predictions, Molecular Docking 
and Simulation,” Curr. Med. Chem., vol. 
31, 2024, doi: 
10.2174/0109298673307257240826111754
. 

[32] K. U. Nair and P. P. Samuel, “Theoretical 
insights into oxyisocyclointegrin: DFT, 
binding affinity, and pharmacokinetic 
evaluation for protein kinase inhibition,” J. 
Chem. Sci., vol. 138, no. 2, 2026, doi: 
10.1007/s12039-026-02497-9. 

[33] I. Khalil, S. Zaman, I. J. Aliza, M. Rahman 
Tanny, T. Hasan, and M. Uzzaman, 
“Structural tuning of diclofenac for 
enhanced medicinal efficacy and reduced 
adverse effects: an integrating 
computational validation,” RSC Adv., vol. 
16, no. 26, pp. 23740–23753, 2026, doi: 
10.1039/d6ra01053a. 

[34] Z. Noreen et al., “Chalcone–sulfonate ester 
derivatives as dual urease and α-amylase 
inhibitors: synthesis, biological evaluation 
and integrated computational studies,” RSC 
Adv., vol. 16, no. 30, pp. 27915–27936, 
2026, doi: 10.1039/d6ra02588a. 

 
 


