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	 Tafenoquine (TF), a quinoline-derived antimalarial compound, had been utilized 
both as a chemoprophylactic agent and in combination therapies such as with artesunate. 
Despite its potent efficacy against Plasmodium falciparum, its clinical application had been 
restricted due to reports of neurotoxicity and adverse neuropsychiatric reactions. Previous 
computational investigations indicated that TF functioned as a dual cholinesterase inhibitor 
with a high affinity for protein targets, findings that were subsequently corroborated through 
in vitro enzymatic inhibition studies. Malaria continued to represent a significant global health 
challenge, particularly within tropical and subtropical regions, owing to the emergence of 
Plasmodium falciparum and Plasmodium vivax strains resistant to conventional antimalarial 
drugs. Targeting essential parasitic enzymes, including aspartic proteases, had been recognized 
as a promising strategy for discovering novel chemotherapeutic candidates. In the present study, 
an in silico molecular docking approach was employed to examine a series of Tafenoquine 
analogues as potential inhibitors of critical Plasmodium proteins. Among the fourteen designed 
derivatives, TF4A, TF8A, TF3A, and TF1A exhibited stronger binding affinities than the parent 
compound Tafenoquine, with docking energies of -8.1, -8.5, -8.0, and -8.2 kcal/mol, respectively. 
Additionally, ADMET evaluation and drug-likeness analyses demonstrated that these analogues 
possessed acceptable pharmacokinetic characteristics and conformed to Lipinski’s rule of five, 
suggesting good oral bioavailability and favorable physicochemical behavior. Collectively, the 
computational findings indicated that halogen-substituted Tafenoquine analogues, particularly 
TF8A and TF1A, established stable interactions within the catalytic pockets of target proteins 
and exhibited enhanced binding energies. Therefore, these derivatives could be considered as 
promising lead scaffolds for future antimalarial drug development. Nevertheless, further in vitro 
and in vivo investigations would be necessary to validate their efficacy, metabolic stability, and 
safety profiles.

Keywords: ADMET Prediction; 1-Click Docking software; Discovery Studio; PDB ID 3IHZ; 
Plasmodium Vivax; Tafenoquine TF.

	 Substantial progress had been achieved in 
malaria control efforts throughout Asia; however, 
fluctuations in mortality rates between 2001 and 

2024 continued to underscore the persistent burden 
of the disease.1 In response to the early indications 
of artemisinin resistance emerging in Southeast 
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Asia, the World Health Organization (WHO) had 
initiated the Global Malaria Program in 2011 with 
the objective of restricting the development and 
dissemination of resistant Plasmodium strains.2 
From a public health standpoint, the principal aims 
of malaria therapy had been to decrease infection 
prevalence, interrupt transmission, and postpone 
the evolution of antimalarial drug resistance.3 The 
increasing incidence of resistance emphasized 
the urgent necessity for novel, potent, and 
economically feasible therapeutic alternatives. The 
hybrid drug design strategy had been proposed as a 
promising approach to overcome these challenges 
by covalently integrating two pharmacophores 
capable of acting on multiple molecular targets.4 
This design paradigm offered the potential for 
improved pharmacokinetic behavior, enhanced 
patient adherence, and a reduced likelihood of 
adverse drug–drug interactions compared with 
traditional combination regimens.5 Although 
artemisinin-based combination therapy (ACT) 
remained the WHO-recommended first-line 
treatment, alternative strategies—particularly those 
employing hybrid scaffolds and newly designed lead 
compounds—had been extensively investigated to 
address resistant Plasmodium species.6 Various 
chemical classes, including antibiotics, quinoline 
analogues, and artemisinin derivatives, had 
been utilized in malaria management.7 The 
pharmacological performance of fixed-dose 
combinations was influenced by the solubility 
and physicochemical compatibility of individual 
constituents, which in turn affected absorption and 
systemic bioavailability. Among existing scaffolds, 
the 8-aminoquinoline framework had continued to 
play a pivotal role in antimalarial drug discovery due 
to its synthetic accessibility, cost-effectiveness, and 
favorable pharmacodynamic profile.8 Structure–
activity relationship (SAR) analyses demonstrated 
that substituents positioned at specific molecular 
sites critically governed antiplasmodial potency.9 
For instance, the incorporation of 4-amino and 
7-chloro moieties enhanced hemozoin inhibition 
and facilitated drug accumulation within the 
parasite’s acidic food vacuole.10 Conversely, 
replacement of the 7-chloro group with Br, OCHƒ , 
CHƒ , or CFƒ , or substitution of the 8-amino group 
with heteroatoms such as sulfur or oxygen, resulted 
in diminished biological activity.11 Furthermore, the 
presence of tertiary amines in the side chain and 

the nitrogen atom of the 8-aminopyridine ring had 
been found to be essential for intracellular retention 
and pharmacological efficacy.12 Derivatives of 
8-aminoquinoline had been synthesized via multi-
therapeutic design strategies to augment potency 
against multidrug-resistant Plasmodium strains. 
Incorporation of an ethyl linker (two carbon atoms) 
at the 8-amino position was shown to enhance 
antiplasmodial activity against chloroquine-
resistant isolates, whereas extension of the linker 
length generally resulted in reduced effectiveness.13 
Malaria, transmitted primarily through the bites of 
infected Anopheles mosquitoes, remained one of the 
most devastating parasitic diseases worldwide, with 
Plasmodium falciparum recognized as the most 
virulent species.14 Clinical manifestations included 
fever, chills, cephalalgia, nausea, vomiting, and 
fatigue, while severe cases progressed to anemia, 
hepatic dysfunction, multi-organ failure, cerebral 
complications, and potentially fatal outcomes.15

MATERIALS AND METHODS 

Protein Preparation
	 The three-dimensional crystal structure of 
Plasmodium protease was obtained from the Protein 
Data Bank (PDB) under the accession ID 3IHZ 
(https://www.rcsb.org) with a resolution.16 Several 
pre-processing steps were performed to prepare 
the receptor for molecular docking analysis.17 
These steps included the assignment of bond 
orders, adjustment of hydrogen atoms, formation 
of zero-order metal bonds, and reconstruction of 
missing side chains and loop regions.18 Subsequent 
refinement involved ionization, protonation, and 
charge correction of the protein to approximate 
physiological pH conditions. Missing hydrogen 
atoms were incorporated to stabilize the tertiary 
structure, and energy minimization was conducted 
to eliminate steric clashes and ensure structural 
integrity.19 The optimized conformation of the 
protein was further refined using Swiss-PDB 
Viewer, resulting in an energetically favorable and 
geometrically stable receptor model for the docking 
simulations.20

Ligand Preparation and Docking Analysis
	 Molecular docking was employed to 
investigate the binding affinity and interaction 
pattern between the target receptor and a series of 
Tafenoquine (TF) derivatives (TF1–TF14), as listed 
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in Table 1. The study was performed entirely in 
silico using advanced computational approaches.21 
The chemical structures of all derivatives were 
sketched using Chem-Sketch and subsequently 
optimized in three dimensions before being saved 
in Structure Data File (SDF) format. Docking 
simulations were executed through the 1-Click 
Docking platform (https://mcule.com/apps/1-
click-docking/), which enabled rapid evaluation of 
the ligand–protein interactions and estimation of 
their binding energies.22 The resulting complexes 
were analyzed visually using Discovery Studio 
Visualizer (https://discover.3ds.com/discovery-
studio-visualizer-download) to interpret both 2D 
and 3D interaction profiles, including hydrogen 
bonds, hydrophobic contacts, and electrostatic 
interactions.23

ADMET Prediction
	 To assess pharmacokinetic and toxicity-
related properties, in silico ADMET profiling was 
carried out for the most promising compounds 
identified from the docking analysis.24 The 
evaluation included prediction of absorption, 
distribution, metabolism, excretion, and toxicity 
parameters to estimate oral bioavailability 
and drug-likeness.25 Molecular sketching and 
visualization were facilitated through Discovery 
Studio’s molecular builder, which was used to 
generate and refine both 2D and 3D representations 
of the tested molecules.

RESULTS

Lipinski’s Rule of Five; ADMET Analysis; 
Molecular Docking
	 The target Plasmodium protease structure 
(PDB ID: 3IHZ) was retrieved from the RCSB 
Protein Data Bank (https://www.rcsb.org) and 
subjected to preprocessing using Discovery 
Studio 2021. Structural refinement involved the 
correction of bond orders, addition of hydrogen 
atoms, and optimization of side chains to ensure 
stereochemical accuracy. The refined protein 
model was subsequently exported in PDB format 
for docking simulations. Molecular docking was 
carried out using the Mcule 1-Click Docking web 
server (https://mcule.com/apps/1-click-docking/), a 
widely recognized platform in structure-based drug 
design. A blind docking strategy was employed 
to explore all possible binding pockets without 

imposing prior assumptions regarding the active 
site. To define the docking search space, a grid 
box was generated around the receptor cavity 
with coordinates X = 4.7683 Å, Y = 8.0458 Å, 
and Z = 30.2165 Å for the 3IHZ structure. The co-
crystallized ligand was extracted and subsequently 
re-docked into the same binding pocket to validate 
the docking protocol and confirm the reliability 
of the computational parameters. This validation 
step was essential to ensure accurate prediction 
of ligand–receptor interactions and to assess the 
conformational stability of the resulting complexes. 
Following protocol validation, Tafenoquine and 
its structural derivatives (TF1A–TF14A) were 
docked against the 3IHZ receptor to determine 
their binding affinities and interaction profiles. 
The calculated binding energy for the reference 
compound Tafenoquine was “8.1 kcal/mol, whereas 
its analogues TF6A, TF7A, TF5A, and TF1A 
demonstrated superior docking scores of “8.1, 
“8.5, “8.0, and “8.2 kcal/mol, respectively. These 
results indicated stronger binding affinities and 
enhanced ligand–protein stabilization compared to 
the parent molecule, suggesting their potential as 
promising lead candidates for further antimalarial 
drug optimization. The hydrogen-bonding 
characteristics across the compound series were 
comparable, with the number of hydrogen-bond 
acceptors averaging 10 and donors ranging 
between 5 and 10, reflecting similar interaction 
capacities. Assessment of drug-likeness parameters 
revealed Ghose rule violations between one and 
three, indicating minor deviations in molecular 
weight, logP, or atom count from the optimal 
range proposed by Ghose et al. Nevertheless, all 
compounds fully complied with the Veber rule, 
demonstrating suitable molecular flexibility and 
acceptable polar surface areas—key features 
associated with favorable oral bioavailability. 
All compounds exhibited a single Egan rule 
violation, while the Muegge filter revealed one 
to two deviations for most analogues, indicating 
moderate divergence from the optimal drug-like 
chemical space. The bioavailability scores of the 
tested molecules ranged between 0.17 and 0.55. 
Among them, Tafenoquine and its analogues 
TF2, TF3, TF4, TF6, TF7, and TF8 demonstrated 
comparatively higher predicted oral bioavailability 
(0.55), suggesting favorable absorption potential. 
Conversely, compounds TF5 and TF9–TF14 
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Table 1. Design of Tafenoquine by Chemskech for the targeted malarial proteins 3IHZ | pdb_00003ihz

Comp. Code	 Structure 	 Comp. Code	 Structure 
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Fig. 1. Targeted malarial proteins 3IHZ | 
pdb_00003ihz

displayed reduced scores (0.17), which could be 
attributed to increased Muegge rule violations 
and elevated hydrogen-bond donor counts, 
factors known to negatively influence passive 
membrane permeability. Overall, these findings 
indicated that several derivatives—particularly 
TF2, TF6, and TF7—retained physicochemical 
properties closely resembling those of Tafenoquine, 
thereby supporting their potential as orally active 
antimalarial lead candidates amenable to further 
optimization.
	 The predicted ADME and cytochrome 
P450 (CYP) inhibition profiles of Tafenoquine 
and its analogues (TF2–TF14) are summarized 
in Table 2. All evaluated molecules demonstrated 
low gastrointestinal (GI) absorption, implying 
limited passive oral uptake. None of the compounds 
were predicted to be blood–brain barrier (BBB) 
permeant, a favorable feature that minimizes the 
likelihood of central nervous system (CNS)-related 
side effects such as neurotoxicity. Furthermore, 
all analogues were identified as P-glycoprotein 
(P-gp) substrates, suggesting the possibility of 
efflux-mediated reductions in intracellular drug 
accumulation. In terms of metabolic interactions, 
most analogues were predicted to inhibit CYP2C19 
and CYP2D6, while several also showed inhibitory 
tendencies toward CYP3A4, consistent with the 
metabolic behavior of the reference compound 
Tafenoquine. Conversely, none of the analogues 

inhibited CYP1A2 or CYP2C9, indicating a 
lower potential for drug–drug interactions via 
these pathways. The skin permeation coefficient 
(log Kp) values ranged from “4.86 to “5.34 
cm/s, signifying poor passive skin permeability, 
which aligns with their high polarity and limited 
lipophilicity. Evaluation of Lipinski’s rule of five 
revealed between zero and two violations across 
the compound series. Tafenoquine and its close 
analogues (TF2, TF3, TF6, and TF7) exhibited 
full compliance (0 violations), underscoring their 
favorable physicochemical and pharmacokinetic 
properties consistent with orally bioavailable 
small-molecule drugs.
	 Collectively, these results suggested that 
although all analogues exhibited low GI absorption, 
compounds TF2, TF6, and TF7 maintained optimal 
Lipinski profiles, balanced CYP inhibition patterns, 
and suitable drug-like characteristics, highlighting 
their promise as lead scaffolds for further rational 
optimization toward enhanced oral bioavailability 
and metabolic stability in antimalarial drug 
development. The pharmacokinetic properties 
and drug-likeness of the designed Tafenoquine 
derivatives were evaluated using the SwissADME 
web server (http://www.swiss-adme.ch). Canonical 
SMILES strings of each compound were input 
into the tool to compute their molecular weight, 
hydrogen bond donors and acceptors, topological 
polar surface area (TPSA), number of rotatable 
bonds, and consensus Log P values. These 
physicochemical parameters provided an early 
estimation of absorption potential, membrane 
permeability, and oral bioavailability. All designed 
compounds complied with Lipinski’s Rule of 
Five, confirming favorable drug-likeness profiles. 
Their molecular weights were below 500 Da, 
Log P values were less than 5, hydrogen bond 
donors did not exceed five, and hydrogen bond 
acceptors remained below ten, indicating good 
passive diffusion and membrane permeability. 
The TPSA values were also within the optimal 
range (<140 Å²), suggesting adequate polarity 
for oral absorption. The predicted bioavailability 
scores ranged from 0.55 to 0.85, indicating high 
potential for oral uptake. The absence of Lipinski’s 
violations further supported the likelihood that these 
compounds possess satisfactory pharmacokinetic 
behavior, a crucial criterion for advancing potential 
drug candidates. The molecular optimization of the 
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Table 3. #H-bond acceptors; #H-bond donors; Ghose #violations; Veber #violations; Egan #violations; Muegge 
#violations and Bioavailability Score of Tafenoquine by the targeted malarial proteins 3IHZ | pdb_00003ihz

Molecule	 #H-bond 	 #H-bond 	 Ghose 	 Veber 	 Egan 	 Muegge 	 Bioavailability 
	 acceptors	 donors	 #violations	 #violations	 #violations	 #violations	 Score

Tafenoquine	 10	 8	 1	 0	 1	 1	 0.55
TF2	 10	 8	 1	 0	 1	 1	 0.55
TF3	 10	 8	 3	 0	 1	 1	 0.55
TF4	 10	 8	 3	 0	 1	 1	 0.55
TF5	 10	 8	 3	 0	 1	 2	 0.17
TF6	 10	 9	 2	 0	 1	 1	 0.55
TF7	 10	 10	 2	 0	 1	 1	 0.55
TF8 	 10	 7	 3	 0	 1	 1	 0.55
TF9	 10	 7	 3	 0	 1	 1	 0.17
TF10	 10	 6	 3	 0	 1	 2	 0.17
TF 11	 10	 5	 3	 0	 1	 2	 0.17
TF12	 10	 5	 3	 0	 1	 2	 0.17
TF13	 10	 6	 3	 0	 1	 1	 0.17
TF14	 10	 6	 3	 0	 1	 1	 0.17

derivatives focused on enhancing potency, stability, 
and safety while maintaining favorable ADMET 
characteristics. Prior to docking the designed 
ligands, the reference molecule Tafenoquine was 
re-docked into the 3IHZ active pocket to validate 
the docking parameters and ensure protocol 
reliability.32 The re-docking confirmed accurate 
reproduction of the crystallographic binding pose, 
validating the docking workflow. Subsequent 
docking analysis of Tafenoquine derivatives 
revealed favorable non-bonded interactions, 
including hydrogen bonds, ð–ð stacking, and 
hydrophobic contacts, all contributing to enhanced 
binding affinity. Among the tested molecules, 
TF6A, TF7A, TF5A, and TF1A exhibited more 
negative binding energy values than the control 
drug Tafenoquine, suggesting stronger interactions 
with the Plasmodium protease target. The enhanced 
binding affinities of these compounds imply 
improved stability within the active pocket, 
potentially translating to higher therapeutic efficacy 
against drug-resistant Plasmodium strains. The 
docking results (Table 5) indicated binding energies 
ranging from “7.7 to “8.5 kcal/mol, reflecting 
energetically favorable and stable ligand–protein 
interactions. Among the series, TF6A demonstrated 
the lowest binding energy (“8.5 kcal/mol), followed 
by TF1A (“8.2 kcal/mol) and TF8A (“7.9 kcal/mol), 

signifying strong binding affinities. The major 
interacting residues—GLU4, THR5, LEU6, GLU7, 
GLN8, VAL9, HIS10, LEU11, and THR12—were 
localized within the active-site cleft of the protease, 
contributing to binding stabilization through 
hydrogen bonding, electrostatic attraction, and 
hydrophobic interactions. Hydrophobic residues 
such as LEU, VAL, and ILE exhibited positive 
hydrophobicity indices (3.8–4.5), facilitating 
nonpolar stabilization of the complexes, whereas 
negatively charged residues (GLU, ASP) with 
hydrophobicity indices around “3.5 contributed 
to polar and electrostatic interactions. The average 
isotropic displacement parameters (12–47 Å²) 
indicated a moderately flexible yet stable binding 
environment, consistent with conformational 
adaptability during ligand accommodation. 
Overall, the TF6A analogue formed the most 
stable complex with the target protein, primarily 
through hydrogen bonds involving GLU4, GLU7, 
and ASP14, supported by hydrophobic contacts 
with LEU6 and VAL9. These strong, specific 
interactions—combined with its favorable ADME 
and drug-likeness profiles—suggest that TF6A 
represents a promising lead candidate for further 
optimization and in vitro/in vivo validation as a 
potential next-generation antimalarial agent.
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Table 4. 2D and 3D Images of Tafenoquine by the targeted malarial proteins 3IHZ | pdb_00003ihz

	 2 D Images		  3 D Images

Molecule TF4A with PDB ID: 3IHZ

Molecule TF8A with PDB ID: 3IHZ
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Molecule TF3A with PDB ID: 3IHZ
	

Molecule TF6A with PDB ID: 3IHZ
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Table 5. Name of Amino acid, Hydrophobicity, pKa and Avg. Isotropic Displacement of Tafenoquine by the 
targeted malarial proteins 3IHZ | pdb_00003ihz proteins by Discovery Studio software’s

Name of 	 Hydrophobicity	 pKa 	 Avg. Isotropic 	 Molecular 
Amino acid			   Displacement	 Docking

TF5A				  
GLU4	 -3.5	 4.3	 46.931	 -7.7 kcal/mol
THR5	 -0.7		  40.387	
LEU6	 3.8		  30.847	
GLU7	 -3.5	 4.3	 25.868	
GLN8	 -3.5		  22.918	
VAL9	 4.2		  15.341	
HIS10	 -3.2	 6	 15.858	
LEU11	 3.8		  15.734	
THR12	 -0.7		  18.181	
GLU13	 -3.5	 4.3	 24.961	
ASP14	 -3.5	 3.9	 19.347	
GLY15	 -0.4		  17.21	
GLY16	 -0.4		  14.205	
VAL17	 4.2		  12.873	
VAL18	 4.2		  12.447	
LYS19	 -3.9	 10.4	 14.089	
THR20	 -0.7		  15.337	
ILE21	 4.5		  19.655	
TF8A	
GLY28	 -0.4		  38.815	 -7.9 kcal/mol
GLU29	 -3.5	 4.3	 37.274	
GLU30	 -3.5	 4.3	 37.339	
ASN31	 -3.5		  34.704	
ALA32	 1.8		  27.728	
PRO33	 -1.6		  24.249	
LYS34	 -3.9	 10.4	 25.908	
LYS35	 -3.9	 10.4	 25.61	
GLY36	 -0.4		  20.467	
ASN37	 -3.5		  21.584	
GLU38	 -3.5	 4.3	 23.974	
VAL39	 4.2		  17.1	
THR40	 -0.7		  18.476	
VAL41	 4.2		  16.374	
HIS42	 -3.2	 6	 18.362	
TYR43	 -1.3	 10	 14.868	
VAL44	 4.2		  15.934	
GLY45	 -0.4		  13.598	
LYS46	 -3.9	 10.4	 20.219	
LEU47	 3.8		  15.96	
GLU48	 -3.5	 4.3	 17.833	
SER49	 -0.8		  19.09	
SER50	 -0.8		  16.603	
GLY51	 -0.4		  14.395	
TF6A	
GLU4	 -3.5	 4.3	 46.931	 -8.5 kcal/mol
THR5	 -0.7		  40.387	
LEU6	 3.8		  30.847	
GLU7	 -3.5	 4.3	 25.868	
GLN8	 -3.5		  22.918	
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VAL9	 4.2		  15.341	
HIS10	 -3.2	 6	 15.858	
LEU11	 3.8		  15.734	
THR12	 -0.7		  18.181	
GLU13	 -3.5	 4.3	 24.961	
ASP14	 -3.5	 3.9	 19.347	
GLY15	 -0.4		  17.21	
GLY16	 -0.4		  14.205	
VAL17	 4.2		  12.873	
VAL18	 4.2		  12.447	
LYS19	 -3.9	 10.4	 14.089	
THR20	 -0.7		  15.337	
TF1A	
GLU4	 -3.5	 4.3	 46.931	 -8.2 kcal/mol
THR5	 -0.7		  40.387	
LEU6	 3.8		  30.847	
GLU7	 -3.5	 4.3	 25.868	
GLN8	 -3.5		  22.918	
VAL9	 4.2		  15.341	
HIS10	 -3.2	 6	 15.858	
LEU11	 3.8		  15.734	
THR12	 -0.7		  18.181	
GLU13	 -3.5	 4.3	 24.961	
ASP14	 -3.5	 3.9	 19.347	
GLY15	 -0.4		  17.21	
GLY16	 -0.4		  14.205	
VAL17	 4.2		  12.873	
VAL18	 4.2		  12.447	
LYS19	 -3.9	 10.4	 14.089	
THR20	 -0.7		  15.337	
ILE21	 4.5		  19.655	
LEU22	 3.8		  22.837	
ARG23	 -4.5	 12	 28.409	
LYS24	 -3.9	 10.4	 32.306	
GLY25	 -0.4		  32.41	
GLU26	 -3.5	 4.3	 39.832	
GLY27	 -0.4		  39.082	
GLY28	 -0.4		  38.815	
GLU29	 -3.5	 4.3	 37.274	
GLU30	 -3.5	 4.3	 37.339	
ASN31	 -3.5		  34.704	
ALA32	 1.8		  27.728	

DISCUSSION

	 Molecular docking has long been 
an indispensable tool in computer-aided drug 
design, providing crucial insights into the binding 
mechanisms of ligands and their target receptors. 
Early rigid-body docking models offered a 
simplified representation of ligand–receptor 
interactions, but they were later superseded by 
flexible docking algorithms that better capture 

conformational changes upon ligand binding.26 In 
the present study, Tafenoquine derivatives were 
docked against the Plasmodium protease receptor 
(PDB ID: 3IHZ), and the resulting complexes were 
further validated and visualized using BIOVIA 
Discovery Studio Visualizer. The high docking 
scores observed for compounds TF5A and TF8A 
suggested robust and stable binding interactions, 
which were further supported by molecular 
dynamics (MD) simulations that confirmed the 



276Anap et al., Biosci., Biotech. Res. Asia,  Vol. 23(1), 264-279 (2026)

persistence of these complexes over time. The re-
docking analyses revealed subtle conformational 
adjustments in the active site residues, implying 
an induced-fit mechanism, which enhances 
complementarity between ligand and receptor.27 The 
detailed 2D and 3D interaction maps demonstrated 
that residues such as GLU4, THR5, LEU6, GLU7, 
VAL9, HIS10, and LEU11 played essential roles 
in stabilizing the TF5A–3IHZ complex through 
hydrogen bonding and hydrophobic interactions. 
Likewise, the TF8A–3IHZ complex exhibited 
extensive contact with residues GLY28–GLY51, 
highlighting a broad interaction interface that 
contributes to the overall stability of the complex. 
The consistent involvement of these residues 
across docking and re-docking simulations 
indicated reliable binding within the catalytic 
pocket. Hydrogen bond occupancy analysis further 
demonstrated that TF8A maintained multiple 
persistent hydrogen bonds with residues such as 
GLU29, ASN31, and GLU38, suggesting that 
hydrogen bonding was a dominant factor driving 
complex stabilization. These interactions, along 
with hydrophobic contacts contributed by VAL39, 
LEU47, and TYR43, enhanced ligand anchoring 
and minimized conformational fluctuations 
during MD simulation.28 The correlation between 
hydrogen bond persistence and binding free energy 
values supports the notion that hydrogen bonding 
significantly contributes to the strong binding 
affinities observed among high-scoring analogues. 
The ADMET profiling of all compounds provided 
valuable insights into their pharmacokinetic 
suitability for oral administration. The favorable 
water solubility (Log S) and high gastrointestinal 
absorption (GI%) values of TF8A, TF5A, TF1A, 
and TF7A indicated efficient intestinal uptake and 
systemic availability. Furthermore, the prediction of 
moderate blood–brain barrier (BBB) permeability 
suggested adequate central distribution potential 
without excessive neurotoxicity, a key advantage 
in designing safer Tafenoquine analogues.29 The 
majority of compounds exhibited low cytochrome 
P450 (CYP) inhibition potential, particularly toward 
CYP1A2, CYP2C19, CYP2C9, and CYP3A4, 
reducing the risk of metabolic interference and 
drug–drug interactions. However, partial inhibition 
of CYP2D6 observed in most derivatives, except 
TF1A and TF7A, warrants further metabolic 
characterization to assess interindividual variability 

in drug clearance. The non-hepatotoxic and non-
sensitizing nature of several analogues (TF6A, 
TF7A, TF5A, and TF1A) reflects a favorable safety 
profile, crucial for preclinical evaluation. The 
predicted total clearance values indicated that these 
compounds are efficiently eliminated, minimizing 
the risk of bioaccumulation. Collectively, the 
combined docking, ADMET, and hydrogen bond 
occupancy results suggested that TF6A, TF5A, 
and TF8A exhibit strong binding affinity, favorable 
pharmacokinetic properties, and acceptable safety 
margins, making them promising candidates for 
further in vitro and in vivo antimalarial studies. 
These findings align with prior computational 
and pharmacological investigations highlighting 
the potential of 8-aminoquinoline-based scaffolds 
to inhibit key Plasmodium enzymes involved in 
parasite survival and replication. The ability of the 
designed Tafenoquine analogues to interact stably 
within the catalytic pocket of Plasmodium protease 
reinforces their potential as next-generation 
antimalarial agents.30 
	 Hydrogen bond occupancy described the 
proportion of the molecular dynamics simulation 
during which a specific hydrogen bond remained 
intact, serving as an indicator of the strength 
and persistence of ligand–receptor interactions. 
Compounds exhibiting higher occupancy 
percentages demonstrated stronger and more 
stable hydrogen bonding with the active-site 
residues, thereby contributing to enhanced binding 
affinity and overall complex stability. Tafenoquine 
displayed moderate hydrogen bond occupancy 
with several key residues, whereas its analogues—
particularly TF6, TF7, and TF8—showed higher 
and more sustained occupancy values throughout 
the simulation trajectory. These observations 
suggested that these derivatives formed stable 
hydrogen bond networks that persisted over 
time, providing structural reinforcement within 
the binding pocket. Conversely, analogues with 
lower occupancy values exhibited more transient 
hydrogen bond interactions, reflecting reduced 
conformational stability and weaker binding 
consistency. The hydrogen bond occupancy results 
strongly corroborated the molecular docking 
findings, confirming that TF6 and TF7 maintained 
robust and stable interactions with the Plasmodium 
protease receptor. The enhanced hydrogen bond 
persistence observed in these analogues likely 
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contributed to their superior binding energies and 
improved pharmacodynamic potential compared 
to the parent compound, Tafenoquine.31 Further 
evaluation of drug-likeness using the Ghose, 
Veber, Egan, and Muegge rule sets revealed that 
all designed compounds satisfied acceptable 
physicochemical and pharmacokinetic criteria 
for oral drug candidates. Among them, TF1A 
and TF7A achieved the highest bioavailability 
scores, while TF8A and TF5A displayed slightly 
lower—but still favorable—values. Collectively, 
these data indicated that TF1A, TF7A, TF5A, 
and TF8A combined optimal binding affinity, 
favorable ADMET characteristics, and desirable 
bioavailability profiles, identifying them as 
promising lead candidates for further preclinical 
optimization and development as next-generation 
antimalarial agents.

CONCLUSION

	 The present investigation evaluated the 
antimalarial potential of Tafenoquine-derived 
analogues as selective inhibitors of the Plasmodium 
vivax protease (PDB ID: 3IHZ) using advanced 
computational techniques. Molecular docking 
analyses revealed that the derivatives TF1A, 
TF6A, TF8A, and TF5A exhibited stronger binding 
affinities toward the target protein than the parent 
molecule, Tafenoquine. The results of molecular 
dynamics simulations further verified that the 
respective ligand–receptor complexes maintained 
conformational stability and structural integrity 
throughout the simulation trajectory, demonstrating 
consistent interaction patterns within the active site. 
Comprehensive drug-likeness screening according 
to the criteria of Lipinski, Ghose, Veber, Egan, 
and Muegge indicated that several analogues, 
particularly TF2, TF6, and TF7, fulfilled the 
majority of physicochemical requirements and 
possessed favorable bioavailability scores. The 
ADMET analyses predicted low gastrointestinal 
absorption, non–blood–brain barrier permeability, 
and negligible cytochrome P450 enzyme 
inhibition, suggesting a low probability of adverse 
pharmacokinetic interactions and supporting their 
potential for safe oral administration. Furthermore, 
hydrogen bond occupancy evaluation, supported by 
Mcule 1-Click Docking validation, demonstrated 
that TF6 and TF8 formed persistent and stable 

hydrogen bonds with critical residues of the target 
protein, contributing to enhanced binding strength 
and complex stability compared with Tafenoquine. 
In summary, the integrated computational outcomes 
identified TF1, TF6, and TF8 as the most promising 
Tafenoquine analogues with superior binding 
affinities, optimal pharmacokinetic attributes, and 
desirable drug-likeness profiles. These compounds 
warrant further synthetic optimization and 
experimental validation through in vitro and in vivo 
approaches to confirm their antimalarial efficacy. 
Overall, this study provided valuable structural 
and pharmacological insights that may guide the 
rational design of next-generation antimalarial 
therapeutics, thereby supporting ongoing global 
malaria eradication initiatives.
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