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Abstract

Background: Malaria is a Death Causing disease that still remains more dangerous and scarring to the world. According to
a report of WHO about 249 million cases of malaria reported globally in 2022. Identifying new treatment targets, developing
new antimalarial drugs with unique mechanisms of action, overcoming medication resistance and reducing Plasmodium
parasite infection is prime need to improve the health of mankind. One of the primary proteins in Plasmodium falciparum,
RIFIN helps the malaria parasite to avoid the host's immune system, which helps to alleviate severe malaria. This study looks
into RIFIN as a drug target, in silico investigation of various molecules by using molecular docking. Pharmacokinetic learning
of the selected molecules from the docking and relations studies were intend to prepare the escort molecules.

Methods: Molecule was chosen according to score and protein ligand relations and preferred molecule was used for
pharmacokinetic investigation to find significant medicine parameters.

Results: The molecule which docked by using docking tools was numbered on the bases of the binding score and high-quality
relation model was found with RIFIN within top scoring molecule. The selected molecules had best pharmacokinetic
parameters too.

Conclusion: The pharmacokinetics and docking studies of the ten (10) substituted derivatives of 7 N pyrrolidine-3-oxadiazole
quinolone were conducted using SwissADME, Autodock Vina, and Mgl Tool. Since no components that pose a risk to the
environment were developed, it is digitally novel research of a chosen molecule that favors green chemistry. The
pharmacokinetic properties of the substances are sound since none of them broke Lipinski's rule of five. The molecule's
hydrogen bond and other hydrophobic interactions may be responsible for the compound's activity. Due to their exceptional
pharmacokinetic characteristics, the derivatives may be utilized in the treatment of malaria.
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Introduction halofantrine,  chloroquine, = mefloquine, and
artemisinin (ART). There Sulfadoxine/ pyrimetha-
mine and Quinine, Artemisinin and its derivatives are
good antimalarial agents that were isolated by

There are five species of Plasmodium that are
responsible for malarial infection. The malarial

parasite is transmitted by female mosquitoes, namely

Anopheles [1]. In 2022, there were 249 million cases researchers in China in 1972 from the Artemisia
annua L. Artemisinin is a sesquiterpene that contains

f malaria, compared to 244 million in 2021,
o7 miaria, compared 1o ° a bridging linkage of peroxide, the peroxide part

according to the most recent World Malaria Report. ; _ : ,
Experts predicted 608,000 malaria deaths in 2022, appearing to be responsible for the antimalarial

compared to 610,000 in 2021. According to WHO, act10r.1‘ In addition, resistance aga1'nst arte'm1sm1.n—
associated drugs and other effective antimalarial

agents is previously widespread. The recognition of
the latest drug targets and the formation of new
antimalarial compounds with special manners of

African still contributes an unreasonably high
percentage of the total malaria problem. Just over half
of all malaria deaths worldwide occurred in four

African nations: Nigeria (26.7%), the Democratic

Republic of the Congo (12.3%), Uganda (5.1%), and action may be the achievable response to drug
resistance in malarial parasites, and then it may

reduce the deaths caused by malarial infection [2,3].
As extremely studied diseases, quite a lot of potential
drug targets have been recommended in studies that

Mozambique (4.2%). However, antimalarial agents
have been available for a long time, and the main
antimalarial agents used to cure malarial infection
include chloroguanide (proguanil), atovaquone,
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may be additionally developed as drug objectives in
experiments. RIFIN#6 is also this type of drug target
in malarial parasites. P. falciparum RIFIN proteins,
which belong to the biggest recognized family of
unevenly infected-erythrocyte surface-uttered
proteins. These proteins are encoded by the genes,
namely rif. Recently it was found that these genes are
capable of producing a strong immune response in
Plasmodium falciparum [4]. Plasmodium falciparum
contains sly of intrascattered rhythmic DNA. The
sequences of rif were obtained from chromosomes 2
and 3 from the database of the malaria parasite
genome project [5]. Rif genes contain two exons, in
which one exon encodes a responsible putative signal
peptide, whereas another one is responsible for an
extracellular domain, which is comprised of preserved
and changeable regions, which is succeeded by a
transmembrane fragment and a small cytoplasmic
part [6]. These immunoglobulins could recognize and
opsonize IEs interconnected by the binding between
RIFIN protein and the injected LAIR1 (Pieper et al.,
2017). Tan et al. (2016) recently studied the
separation of, largely reactive, Remicade antibodies
from malarial-infected humans via a LAIR1 inclusion.
Additionally, by targeting the immune-suppressing
receptor LILRB1, P. falciparum acquired a large
number of RIFINs to achieve immunological elusion
(Saito et al., 2017) [7]. The extracellular domain of
RIFINs is composed of the relatively conserved N-
terminal region (CR) and the highly variable C-
terminal region (VR), which are followed by the
transmembrane region and intracellular tail. Tan et
al. (2016) showed that MGD21 binding is driven by
RIFIN's VR rather than its CR, suggesting that RIFIN
may bind to LAIR1 through its VR. In this work, we
used the in vitro refolding approach (Li et al., 2005)
to express and purify the VR of RIFIN
PF3D7_1400600 (residues G157-A319; referred to as
RIFIN #6 by Saito et al. [2017]). In solution, the
RIFIN #6-VR protein is present as a monomer. After
that, we were able to acquire a high-resolution
structure of 2.2 A. Overall, RIFIN #6-VR has a
watchtower-like form and is primarily made up of five
a helices with four connecting loops. The tower top
is formed by loop 3, loop 4, and helix a4, while the
long tower body is formed by the two N-terminal and
C-terminal long a helices (helices al and o5). The
helices a3 and a4 are stabilized by a disulfide link
formed by two cysteine residues, C244 and C255 [8].

Methods and Materials
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Preparation of Ligands and Protein

Plasmodium falciparum's RIFIN#6 crystal structure
(PDB ID: 7F9K) was obtained in pdb format from the
Protein Databank (https://www.rcsb.org/
structure/7F9K]. ChemSketch [https://www.acdlabs.
com/resources/ free-chemistry-software-apps/chem
sketch-freeware/] is a program used to draw the ligand
utilized in this study [9].

Formation of Target Protein

Plasmodium falciparum's RIFIN#6 structure (PDB
ID: 7F9K) has a resolution of 2.18 A. It was obtained
in PDB format from the Protein Databank. RIFIN#6
contains one chain A. The protein structures were
readied for docking studies through the process of
assigning hydrogen and polarities, as well as
calculating Gasteiger charges. Additionally, the
protein structures were converted from the PDB
format to the PDBQT format using the Auto-Dock
tool (Auto-Dock Vina) [10].

Preparation of Ligand

The derivative of naturally occurring quinolone (7-N-
pyrrolidine-3-oxadiazole quinolone) was drawn by
using the software ChemSketch (https://blog.acdl
abs.com/acdlabs/rss.xml) and downloaded the file in
MOL format and was also employed to carry out
docking studies. The drawn molecule was a single file,
and all the ligand molecules were extracted from it by
using the software. Then, using Open Babel and
custom PERL scripts, all of the ligand molecules were
transformed from MOL format into PDB format.

Molecular Docking

To identify possible hit compounds for additional
drug discovery research, molecular docking studies
were conducted using all of the ligands in the organic
chemical library against RIFIN#6 [11]. AutoDock
version 4.2 was utilized in the current study to
conduct the docking investigations. AutoDock is built
on a semi-empirical free energy force field and
employs a Lamarckian Genetic Algorithm (LGA). The
complete RIFIN#6 binding site was covered by the
docking grid, which was manually created by
visualizing the protein [12]. Molecular docking
experiments establish the orientation and molecular
interactions between the protein target and the
proposed derivatives of 7 N pyrrolidine-3-oxadiazole
quinolone. The Autodock Vina program was used to
help with the docking studies. Prior to the designed
derivatives being imported for the molecular
interaction experiments, the cavity detection wizard
finds the binding sites. Figure 1 shows the ribbon
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diagram of Plasmodium falciparum RIFIN#6 with the Y=40, and Z=40, while the coordinates for docking
7N  pyrrolidine-3-oxadiazole quinolone-developed the ligand library with 7F9K were X=-18.988, Y=-
derivatives. The grid dimensions were set to X=40, 2.359, and 7=6.968.
Table 1: Structures of the designed derivatives of 7 N pyrrolidine-3-oxadiazole Quinolone.
S.No. Structure
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Al10

Figure 1: Ribbon diagram of Plasmodium falciparum RIFIN#6 with the 7 N pyrrolidine-3-oxadiazole Quinolone developed
derivatives.

The key residues involved in the binding site included
Tyr226, His225, Thr227, Lys188, and Lys297, along
with several adjacent residues (Figure 2). Ultimately,
molecular docking was performed on the target
proteins using all ligands from the library with a self-
created PERL script, specifically focusing on the
docking of RIFIN#6 from P. falciparum. The organic

RIFIN#6 to identify potential ligand molecules
suitable for further drug design studies and to confirm
the significance of RIFIN#6 as a key drug target in
malaria. The pharmacokinetic properties of the
highestranked molecules were also computed to
facilitate the selection of candidates with superior
pharmacokinetic profiles for subsequent wet lab

molecular library was positioned into the active site of testing.
ALA
A:293
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Figure 2: Showing Interaction of ligand Al with Residues.

Drug-likeness and ADME Prediction

The  suggested
properties and druglikeness were evaluated online
using the Swiss ADME program
(http://www.swissadme.ch). Using Lipinski's rule of
five, the compound’s druglikeness was assessed. This
recommendation was made in order to establish
baseline standards for the druglikeness of novel
molecular entities [13]. The rule of five states that
molecules should not have more than five hydrogen
bond donors, more than ten hydrogen bond
acceptors, a logP (iLogP) larger than five, or a
molecular weight greater than 500. Poor absorption
take place due to several characteristics, like a limited

derivative’s  pharmacokinetic

© 2026 Shalini Singh, et al.

number of rotatable bonds (nRotb) and topological
polar surface area (TPSA) < 140 A? [14]. Molar
refractivity (MR), logarithm of skin permeability
(logKp), blood-brain barrier (BBB) penetration,
permeability glycoprotein (Pgp) substrate status, and
gastrointestinal (GI) absorption are among the
pharmacokinetic characteristics evaluated.

Results

The molecule which docked by using docking tools
was numbered on the bases of the binding score and
high-quality relation model was found with RIFIN
within top scoring molecule (Table 2-4).
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Table 2: Binding affinity of selected potential molecules.

S.No. Binding Affinity Hydrogen Bonding Hydrophobic
((kcal/mol) Interaction
Al 6.7 Tyr226, His225, Thr227, Lys188, Lys297 9
A2 6.7 Tyr226, Lys188, Ala293, Lys297, Gly191, His225, 10
Thr227,
A3 -6.6 Lys213, Thr215, Ser219, Thr223 9
A4 -6.4 Val196, Ala222, Glu192 5
A5 -6.3 Ile229, His225, Asp228, Thr227, Ser230 4
A6 -6.2 Met281, Ala277, Leu261, Lys266, Val272, lys280 8
AT -6.2 Val235, Lys213, Thr215, Ser219, Thr227 8
A8 -60.2 Ala277, Val196, Glu192 5
A9 6.2 Lys213, Val235, Thr215, Ser219, Thr223 7
Al10 6.2 Met281, Ala277, Leu261, Gly262, Lys266, Val272, 7
Lys280

Table 3: Lipinski’s and Veber parameters of the designed derivatives of 7 N pyrrolidine-3-oxadiazole Quinolone.

S.No. Molecular LogP Hydrogen Hydrogen Hydrogen Lipinski#Violations | TPSA
Weight Rotatable Bonds Acceptors Donors
Al 372.31 2.24 3 7 2 0 100.25
A2 355.32 2.43 3 6 2 0 100.25
A3 356.31 1.48 3 8 2 0 131.57
A4 355.33 1.93 3 7 2 0 131.57
A5 369.35 2.72 3 6 2 0 128.51
A6 357.34 2.44 3 6 3 0 122.72
AT 372.31 1.92 3 7 2 0 122.72
A8 356.31 1.48 3 8 2 0 122.46
A9 356.31 1.46 3 7 2 0 109.57
Al10 357.34 2.39 3 7 3 0 109.57
Table 4: Pharmacokinetics properties of the designed derivatives of 7 N pyrrolidine-3-oxadiazole Quinolone.
S.No. | MR LogKp Gl BBB Pgp CYP1A2 CYP2C19 CYP2C9
(cm/s) Absorption | Permeant Substrate Inhibitor Inhibitor Inhibitor
Al | 107.2 5.9 High No No Yes No No
A2 | 107.2 -5.49 High No No Yes No Yes
A3 |93.06 1.7 High No No No No No
A4 |93.06 1.7 High No No No No No
A5 | 92.27 -1.39 High No No No No No
A6 | 89.89 -6.94 High No No No No No
A7 | 89.89 -6.94 High No No No No No
A8 90.7 -1.49 High No No No No No
A9 92.9 -1.54 High No No No No No
Al10 | 97.87 -1.35 High No No No No Yes

Gastrointestinal (GI) Absorption, Log of Skin Permeability (logkp), Blood-Brainbarrier (BBB) Penetration, Molar Refractivity (MR),
Permeabilityglycoprotein (Pgp) Substrate, Cytochrome P450 (CYP450) Enzymes: CYP1A2, CYP2C9, and CYP2C19 inhibitors.

Discussion

Molecular docking was performed with all ligands,
and it was deemed successful since each ligand was
positioned within the receptor's active site. The ten
molecules with the highest estimated free energy of
binding (EFEB) scores were selected for further
analysis. These high-scoring molecules' protein-ligand

© 2026 Shalini Singh, et al.

complexes were analyzed for interactions, the docked
compound’s orientation, and the active site's
interacting residues were observed. The EFEB values
of the ten molecules that were chosen ranged from -
6.70 to -6.20 (Table 2). The binding cavity's Tyr226,

His225, Thr227, Lys188, and Lys297 residues are all
substantially interacting with the top-scoring
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molecule, Al (Figure 2), (Table 2). Similarly, A2
molecule also have highest EFEB score forms
hydrogen bonds with Tyr226, Lys188, Ala293,
Lys297, Gly191, His225, and Thr227 (Figure 3, Table
2). Lys213, Thr215, Ser219, and Thr223 are all

ISSN:2997-6103 BioRes Scientia Publishers

strongly interacting with the molecule A3. Good
patterns of hydrogen bonding and hydrophobic
interactions are likewise displayed by all other chosen
compounds.

Interactions
[:] Conventional Hydrogen Bond

[ Carbon Hydrogen Bond

[: Pi-Cation

Z»
25

| Pi-Donor Hydrogen Bond

| Pi-Pi T-shaped

[] Pi-alkyl

Figure 3: Showing Interaction of ligand A2 with Residues.

Molecular Parameters

Drug molecules of molecular weights around 500 Da
are more easily transported, dispersed, and absorbed
as compare to larger molecules [15]. The
physicochemical characteristics were determined,
revealing that the molecular weight of each chosen
molecule was below 500 Da. Each of the molecules
listed in (Table 3) exhibited a logP value of less than
5, as shown in (Table 3). Additionally, all selected
molecules had less than 5 hydrogen bond donors and
less than 10 hydrogen bond acceptors, as indicated in

(Table 3).
Drug-likeness and ADME Prediction

Chemical compounds and potential drugs are
assessed for druglikeness using the Lipinski rule of
five (Ro5). Pharmaceutical-grade chemicals should
have a molecular weight (MW) of less than 500 g/mol,
a logarithm of the partition coefficient (logP) of less
than 5, less than five hydrogen bond donors (HBDs),
and less than ten hydrogen bond acceptors (HBAs), as
per Lipinski's Ro5 [16]. Furthermore, it has been
discovered that pharmacological flexibility and
permeability are related to a topological polar surface
area (TPSA) of no more than 140 A2 and a total of 10
or fewer rotatable bonds (RotB), respectively.
Compounds that meet these requirements have
shown enhanced bioavailability and pharmacokinetic
characteristics [17-20]. Low molecular weight (MW)
molecules are light and readily penetrate cell
membranes. Low molecular weight (MW>500)
chemicals are better absorbed orally [21]. But

© 2026 Shalini Singh, et al.

compounds with MW > 500 Da are absorbed by a
different route, typically the membrane [22]. It was
discovered that all of the data (Table 3) were less than
500 Da. The implicit logP (ilogP) dissolves a given
molecule in both solvents while maintaining its
neutrality and represents the octanol /water partition
coefficients of that molecule in two immiscible
solvents. It was initially used for pharmacological and
medicinal research. ilogP facilitates drug interactions
with their biological targets and plays a crucial role in
medication absorption in the mouth [21,23]. Octanol
was believed to be a very good mimic of phospholipid
membrane characteristics due to its dual hydrophilic
and lipophilic properties [24]. According to Lipinski's
rule of five, the projected values of ilogP (Table 3)
were less than five (1.46 - 2.72). The produced
derivatives should therefore have high levels of
absorption. The number of H-bond acceptors (HBAs)
is as follows:

A hydrogen bond acceptor is any heteroatom that has
at least one bonded hydrogen atom. The Lipinski rule
of five states that the sum of these heteroatoms (N and
O atoms) should be less than 10 acceptors [21]. Table
2 shows that the H-bond acceptors for the selected
compounds ranged from 3 to 5, which is significantly
less than the upper limit that Ro5 predicted. The H-
bond donor (HBD) count is as follows: With the
exception of pyrrole, nitrogen, halogens, sulfur,
heterochromatic oxygen, and higher oxidation states
of nitrogen, phosphorus, and sulfur, any heteroatom
with a formal positive charge-including the oxygens
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bonded to itis a hydrogen bond donor. The Ro5
states that there should be less than or equal to five
hydrogen bond donors overall (the sum of the OH
and NH groups). All of the HBD values obtained were
less than 5, as shown in (Table 3). Due to their ability
to inhibit oral absorption and their ability to work in
concert with other compounds and macromolecules,
HBA and HBD were both considered critical [21]. By
adding together all of the polar pieces, the total polar
atoms (oxygen, nitrogen, and their associated
hydrogens) on a molecule's surface is known as its
TPSA [25]. Predicting drug transport attributes, such
as intestinal absorption and BBB penetration is the
aim of the TPSA [26-27]. In medicinal chemistry,
TPSA has become well-known for virtual screening
and ADME property prediction [28]. Good blood-
brain barrier penetration is indicated when the
quantitative value of TPSA is less than 60 A2 [29]. 1t
was discovered that the TPSA values of the suggested
derivatives (Table 3) varied between 100.25 and
131.57 A2 This suggests that intestinal absorption is
good because the readings are less than 140 A2. The
BBB assessment, however, shows that the suggested
derivatives do not effectively cross the blood-brain
barrier because the TPSA values are greater than 60
A? (Table 4). The entire number of bonds that have
the ability to freely spin about themselves is equal to
the total number of rotatable bonds (RBN). A non-
terminal heavy atom (i.e., non-hydrogen) is connected
to these non-ring single bonds. It has been noted that
molecules with less than 10 rotatable bonds are more
readily available orally [30]. The number of rotatable
bonds for the desighed compounds was determined
to be less than 5. It indicates that the designed
compounds had an excellent oral bioavailability.
Molar refractivity (MR), log of skin permeability
(logKp), blood-brain barrier (BBB) penetration,
permeability  glycoprotein (Pgp) substrate,
gastrointestinal (GI) absorption, and cytochrome
P450 (CYP450) enzymes: CYP1A2, CYP2C9, and
CYP2C19 inhibitors are among the pharmacokinetic
characteristics of the designed compounds that are
examined in the Insilco ADME studies. Molar
refractivity (MR) is the reciprocal of the volume of a
mole of a substance. Molar refractivity is correlated
with the total polarizability of a mole of a material.
Information regarding the electronic polarizability of
particular ions in solution can be obtained from
molar refractivity data [31]. Molecular interactions in
solution can be explained by the refractive index
results. For optimal oral bioavailability and
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absorption, the molar reactivity value should be
between the range of 40 and 130 [32]. When
combined with the number of rotatable bonds,
acceptable molar refractivity values show that a
chemical has sufficient oral bioavailability and
intestinal absorption [33]. The MR values of the
intended compound fall between 89.89 and 107.2
m3/mol. This suggests that the suggested compounds
have good oral bioavailability and intestinal
absorption.  Because it forecasts metabolite
absorption, distribution, metabolism, and excretion
(ADME), permeability is an essential part of
therapeutic development. Skin permeability (Kp) is a
measure of molecules' capacity to pierce the skin's
outer layer [34]. The Kp has been used as a source of
information for threat assessment on the skin and
includes assessments of a compound's biological
absorption through the skin [35]. It was found that all
of the produced compounds' log Kp values (Table 4)
ranged between the acceptable range of -8.0 and -1.0
[36]. The central nervous system (CNS) is surrounded
by a microvascular endothelial layer of cells called the
blood-brain barrier (BBB). The use of newly
developed drugs to treat brain diseases or other brain-
related conditions is futile because the BBB acts as a
structural and chemical barrier that keeps different
drugs from entering the brain. If there is little or no
BBB penetration, a number of potential therapeutic
compounds have been shown to pose a serious barrier
to therapeutic research for disorders of the central
nervous system. The BBB permeability test findings
for our suggested derivatives (Table 4) showed that
none of them had BBB permeability, which rendered
their use in treating cerebral malaria pointless [37-38].
The basic function of the adenosine triphosphate
(ATP)binding cassette transporter permeability
glycoprotein (Pgp) is to facilitate primary active efflux
through carrier-mediated transport. The substrates
that P-glycoprotein may bind to are many and
dispersed throughout the body. The small intestine,
blood-brain barrier capillaries, and a number of vital
organs, including the kidney and liver, have Pgp
transporters [39-40]. A class of proteins known as
cytochrome P450 (CYP) enzymes is involved in the
creation and metabolism of several internal and
external cellular components. Microorganisms,
plants, animals, and even certain viruses have been
found to have these enzymes. The fact that they are
attached to the cell membrane (cyto) and contain
heme pigment (chrome and P) that, when coupled
with carbon monoxide, generates a 450 nm spectrum
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gives them their name [41-42]. Heme-containing
cytochromes P450 (CYPs) are a superfamily of
enzymes found in humans that degrade a wide range
of xenobiotic and endogenous compounds. There are
about 50 different CYP enzyme isoforms; over 90% of
oxidative metabolic activities are mediated by the
1A2, 2C9, 2C19, 2D6, and 3A4 isoforms [43].
Inhibition of CYP enzymes results in the failure of
inhibitory drug metabolism. Examining the suggested
derivatives' inhibitory efficacy against a particular

ISSN:2997-6103 BioRes Scientia Publishers

CYP isoform becomes crucial during the drug
development process. The inhibitory prediction
results for three CYP isoforms (CYP1A2, CYP2C9,
and CYP2C19) are displayed in (Table 4). Although
it was expected that all of the suggested compounds
would inhibit CYP1A2, with the exception of Al and
A2, none of the derivatives were found to inhibit
CYP2C19, and only A2 and 10 derivatives were
found to inhibit CYP2C9.
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Figure 4: Compounds A4, A9, A7, and A8 respectively showing the binding modes as well as their interaction images with
the protein.

Conclusion

The pharmacokinetics and docking studies of the ten
substituted derivatives of 7 N pyrrolidine-3-oxadiazole
conducted using SwissADME,

quinolone were

© 2026 Shalini Singh, et al.

Autodock Vina, and Mgl Tool. Since no components
that pose a risk to the environment were developed, it
is digitally novel research of a chosen molecule that
favors green chemistry. The pharmacokinetic
properties of the substances are sound since none of

8
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them broke Lipinski's rule of five. The molecule's
hydrogen bond and other hydrophobic interactions
may be responsible for the compound's activity. Due
to their exceptional pharmacokinetic characteristics,
the derivatives may be utilized in the treatment of
malaria.
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