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ABSTRACT

Malaria remains a major public health issue in tropical and subtropical regions, exacerbated by the rapid
emergence of drug-resistant Plasmodium species. This study aimed to develop a novel antimalarial agent by
investigating a synthesized indenoimidazole derivative as a potential transketolase inhibitor, a key enzyme in the
pentose phosphate pathway. The research sought to provide a new avenue for antimalarial therapy. (E)-3a,8a-
dihydroxy-3-((2,4-hydroxybenzylidene)amino)-2-thioxo-1,3,3a,8a-tetrahydroindeno[1,2-d]  imidazol-8(2H)-one,
was synthesized and characterized using IR and NMR spectroscopy. Molecular docking (AutoDock Vina) and
molecular dynamics (MD) simulations (GROMACS) assessed the compound's binding affinity and stability with
Plasmodium transketolase. In-vivo studies evaluated antimalarial efficacy using Plasmodium berghei-infected
mice, with chemosuppression assays and survival index measurements conducted at doses of 5, 10, and 25 mg/kg.
Results indicated absorption band in IR (3344.71 cm™) and chemical shifts in *H NMR confirming the
compound’s structure. Docking studies showed a binding affinity of -7.8 kcal/mol compared to -6.7 kcal/mol for
thiamine pyrophosphate. MD simulations revealed a stable protein-ligand complex with RMSD ~0.2 nm over 50
ns. In-vivo tests showed 85.12% chemosuppression and 100% survival index at 25 mg/kg, outperforming
chloroquine (66.58% chemosuppression, 68.97% survival). In conclusion, the indenoimidazole derivative
demonstrated strong binding affinity, stability, and significant in-vivo antimalarial activity, suggesting its potential
as a transketolase inhibitor. Future research should focus on pharmacokinetics optimization and clinical trials to
confirm its efficacy and safety.

KEYWORDS: Indenoimidazole derivative, antimalarial activity, transketolase inhibitor, molecular docking,
chemosuppression, Plasmodium berghei.

INTRODUCTION

Malaria remains one of the most pressing global health
challenges, particularly in sub-Saharan Africa, South-
East Asia, and South America. In 2021, approximately
247 million cases were reported globally, with Nigeria
bearing the largest share of both cases and fatalities.™
Caused by protozoan parasites of the Plasmodium genus,
malaria is transmitted through the bite of an infected
female Anopheles mosquito. Plasmodium falciparum, the
deadliest of the five Plasmodium species infecting
humans, accounts for over 90% of malaria-related deaths,
particularly affecting vulnerable groups such as children
under five and pregnant women.” Beyond its
devastating human toll, malaria imposes significant
economic burdens on affected regions, perpetuating
cycles of poverty through lost productivity and strained
healthcare system.!
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Efforts to combat malaria have been hindered by the
growing resistance of P. falciparum to existing
antimalarial ~ drugs, including chloroquine  and
artemisinin-based combination therapies (ACTSs), which
are the current first-line treatment.*

Resistance to ACTSs, particularly in South-East Asia and
parts of Africa, poses a grave threat to global malaria
control efforts. This has necessitated a shift towards the
development of novel therapies targeting new biological
pathways within the parasite.”) One promising approach
is targeting the metabolic pathways critical for parasite
survival, such as the pentose phosphate pathway (PPP),
which provides essential metabolites and protects against
oxidative damage. Transketolase, a key enzyme in the
PPP, has emerged as a potential target due to its role in
nucleotide synthesis and redox balance.!”! In the search
for new antimalarial agents, heterocyclic compounds
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have gained attention for their versatility and broad
biological activities. Among these, indenoimidazole
derivatives, which combine the structural features of
indene and imidazole, show significant potential. These
compounds interact strongly with enzyme active sites
through hydrogen bonding and =n-m stacking, making
them suitable candidates for enzyme inhibition.[”” The
unique chemical and biological properties of
indenoimidazole derivatives, combined with their ease of
functionalization, position them as promising scaffolds
for the development of antimalarial drugs targeting
transketolase.®!  Advancements in  computational
techniques, particularly in-silico methods, have
revolutionized the drug discovery process. Molecular
docking predicts how a compound fits into the active site
of a target protein, while molecular dynamics
simulations assess the stability of the protein-ligand
complex under physiological conditions.®

These computational approaches accelerate drug
discovery by identifying promising candidates for further
in-vivo testing, such as using murine models to evaluate
efficacy in reducing parasitemia and improving
survival.’”! Given the urgent need for new antimalarial
therapies, this study investigates the potential of a novel
indenoimidazole derivative, (E)-3a,8a-dihydroxy-3-((2,4-
hydroxybenzylidene)amino)-2-thioxo-1,3,3a,8a-
tetrahydroindeno[1,2-d]imidazol-8(2H)-one as a
transketolase inhibitor. The compound was designed and
synthesized to disrupt the non-oxidative branch of the
PPP in P. falciparum. Using a combination of in-silico
and in-vivo approaches, the study evaluates the
compound’s binding affinity and stability with
transketolase through molecular docking and dynamics
simulations, followed by in-vivo efficacy testing in a
murine model of Plasmodium berghei. This integrated
approach aims to provide insights into developing novel
antimalarial therapies capable of overcoming drug
resistance.

MATERIALS AND METHOD

Synthesis

All reagents used in the study, including 2,4-
dihydroxybenzaldehyde, thiosemicarbazide, ninhydrin,
ethanol, and solvents, were of analytical grade and
purchased from Sigma-Aldrich. Water was double
distilled, and solvents were dried with molecular sieves
as necessary. The synthesized compound, (E)-3a, 8a-

dihydroxy-3-((2,4-hydroxy  benzylidene)  amino)-2-
thioxo-1,3,3a,8a-tetrahydroindeno[1,2-d] imidazol-
8(2H)-one, was characterized by IR and NMR
spectroscopy.

Molar equivalents of the 2, 4-dihydroxybenzaldehydes
and thiosemicarbazide were added together in a conical
flask, 10ml of ethanol was added. The reaction mixture
was then irradiated with microwave radiation (pulse) for
60 seconds to get the reactants to dissolve. 3 drops of
conc HCl was added to the reaction mixture which
afforded a colour change to yellow after which the
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reaction mixture was irradiated further (30 seconds). At
the end of the reaction, the observed colour became more
intense. The reaction was monitored with thin layer
chromatography. Upon leaving the reaction mixture to
stand for a day, pure crystalline solid (product) was
observed which was isolated by filtration.
Thiosemicarbazone (0.0047mol, 1g) was reacted with
ninhydrin (0.0047mol, 0.84g) in a conical flask with 10
ml of ethanol. Few drops of aqueous HCI were added to
the reaction mixture which was stirred at room
temperature (for 24 hours). It was observed that the
colour of the reaction mixture changed from yellow to
orange during the course of the reaction. The progress of
the reaction was monitored using thin layer
chromatography. The reaction mixture was filtered to
obtain the orange-coloured product and the melting point
obtained.
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Figure 1: Scheme of synthesis for (E)-3a, 8a-dihydroxy-3-((2, 4-hydroxy benzylidene) amino)-2-thioxo-1, 3, 3a,

8a-tetrahydroindeno [1, 2- d] imidazol-8(2H)-one.

Protein model construction (homology modelling)

The amino acid sequence of the target protein,
Plasmodium falciparum transketolase, was obtained in
FASTA format from the National Centre for
Biotechnology Information (NCBI). To identify a
suitable template protein with homology, we conducted a
similarity search in the Protein Data Bank (PDB) using
the BLASTp tool. The selection of the template protein
was based on various factors, including the percentage of
homology with the target, the resolution of the 3D
structure, and the statistical significance (E-value) of the
alignment between the target and template protein. Next,
we aligned the amino acid sequence of the target protein
with that of the chosen template protein, Saccharomyces
cerevisiae transketolase, using the python script
"align2d.py" from the MODELLER software to achieve
an optimal alignment. Following this, we utilized the
python script "Build_profle.py" from the same
MODELLER software to generate five similar
models.™ Among these models, we selected the one
with the lowest Discreet Optimized Potential Energy
(DOPE) and the highest GA341 score as the most
suitable model for the P. falciparum transketolase. To
validate the constructed model, we employed the python
script "evaluate_model.py." Additionally, we verified the
model's accuracy by generating ramachandran plot
through the Zlab server provided by the University of
Massachusetts Medical School. Furthermore, we
calculated the Root Mean Square Deviation (RMSD) of
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the modelled protein structure to assess its precision and
reliability.

Protein structure optimization

The GROMACS software™®® was employed for the
molecular dynamic simulation of the P. falciparum
transketolase homology model. Initially, a
comprehensive topology was generated to define the
molecule's attributes for the simulation. The OPLS AA
force field was utilized, and a rhombic-dodecahedron
box filled with water molecules was employed. lons
were added to neutralize the charges in the solvated
protein system.

Following this, the homology model's 3D structure
underwent energy minimization to eliminate steric
clashes and ensure proper geometry. Subsequently, the
solvent and ions surrounding the protein were
equilibrated to attain the desired temperature, pressure,
and density.

Once the system achieved proper equilibration, the
production molecular dynamics phase was initiated to
collect data. The simulated protein was then subjected to
various analyses, including the assessment of stability
using RMSD, as well as the evaluation of the radius of
gyration and solvent-accessible surface area. These
analyses aimed to characterize the behavior and
properties of the simulated protein throughout the
molecular dynamic simulation.
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Molecular docking

The docking investigations were conducted employing
Autodock tools v1.5.4, as described by Morris et al.®!,
and AutodockVina v1.1.2, as outlined by Trott and
Olson.'™ Chemical structures were constructed using
Chemdraw v12.0, and energy minimization was
accomplished with Chem 3D v12.0. Subsequently, the
molecular docking of the synthesized compound and
thiamine pyrophosphate (TPP) was executed. TPP, a
crucial cofactor for transketolase, was initially converted
from .pdb to. pdbqt format. Following this, its binding
site was analyzed and assigned a grid box (search space
area) using Autodock Tool. Ligands were prepared for
the docking process using Chem3D and Autodock Tools.
Subsequent to the preparation of both ligands and protein,
Autodock Vina was employed to dock each ligand into
the protein, allowing for the estimation of binding
affinity and identification of the optimal binding pose.

MD simulation and free energy estimation

Molecular dynamics investigations of protein-ligand
interactions were conducted using the GROMACS
2018.3 software, running on an Ubuntu 18.04 LTS
platform.”® The simulation employed the docked
structures of the protein-ligand complex. For the protein,
pdb2gmx and the GROMOS54a7ath.ff force field
obtained from the automated topology builder website
were used to prepare the topology file, while the ligand
topology file was generated with the Automated
Topology Builder (ATB) version 3.0.

To establish the simulation environment, a cubic box
containing solvent molecules was added, maintaining a
minimum distance of 1.0 nm from the nearest protein
atom. The inclusion of CI- ions helped neutralize the
system. Energy minimization was executed with the
steepest descent algorithm, involving 50,000 steps and a
maximum force threshold of 5 kJ/mol. The simulation
incorporated the Verlet cut-off scheme with Particle
Mesh Ewald (PME) for managing long-range
electrostatic interactions. During the equilibration phase,
position restraints were applied. NVT equilibration was
conducted at 300 K for 100 ps, followed by NPT
equilibration using Parrinello-Rahman pressure coupling
at a reference pressure of 1 bar and 100 ps of steps. Bond
lengths were constrained using the LINCS algorithm.

Subsequently, a production molecular dynamics
simulation of the protein-ligand complex was run for a
duration of 50 ns. Following the simulation, various
structural parameters, including the RMSD of backbone
residues, the count of Hydrogen bonds, Root Mean
Square Fluctuations (RMSF), Radius of Gyration (RG),
and Solvent Accessible Surface Area (SASA), were
computed.*®]

For estimating the free energy of binding between the
ligands and the modeled transketolase, the g_mmpbsa
protocol, tailored for the GROMOS96 43al force field,
was employed. The Molecular Mechanics Poisson-
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Boltzmann Surface Area (MM-PBSA) method, a widely
accepted approach, was used to forecast the stability of
complexes and compute the free binding energy.™*!
Notably, the MM-PBSA algorithm is open-source
software and has been extensively used as a scoring
function in computational drug design.!*”

In this study, the MM-PBSA method was applied to
calculate the free energy of binding between the
investigated compound, TPP, and the modeled
transketolase. The free energy of binding (Gbinding) was
determined by subtracting the total free energy of the
protein-inhibitor complex (Gcomplex) from the
combined free energies of the isolated forms of the
protein (Gprotein) and inhibitor (Gligand) in solvent.
Gbinding = Gecomplex — (Gprotein + Gligand)

Average binding energy calculations were performed
using a python script provided in the g_mmpbsa stand-
alone program.

Pharmacological studies

Determination of Acute Toxicity (LDs)

Acute toxicity of (E)-3a, 8a-dihydroxy-3-((2, 4-hydroxy
benzylidene) amino)-2-thioxo-1, 3, 3a, 8a-
tetrahydroindeno [1, 2- d] imidazol-8(2H)-one was
determined using the Lorke’s method.”! Nine mice were
divided into three groups (A, B, and C). The three groups
were administered orally with graded doses (10, 100,
1000 mg/kg respectively) of the compound in a single
dose. The animals were closely monitored for 24 hours
for any manifestation of toxicity.

Inoculation with Parasite

Swiss albino mouse weighing 18-20 ¢ previously
infected with Plasmodium parasite (parasitemia level of
40 %) was used as donor. The donor mouse was
sacrificed with chloroform anesthesia and blood was
collected into sterile disposable syringe by cardiac
puncture method. The desired volume of blood collected
from the donor mouse was appropriately diluted with
saline based on the calculated percentage parasitemia of
the donor mouse. Each experimental mouse was
inoculated intraperitoneally with 0.2 ml of the infected
blood.

Grouping and Dosing of Animals

Swiss albino mice were randomly divided into five
groups (with five mice per group). Three groups were
assigned as test groups while the other two groups were
used as control (positive and negative) groups. Different
doses of the synthesized compound were dissolved in
olive oil. The animals in the test groups were
administered with doses of 5, 10 and 25 mg/kg of (E)-3a,
8a-dihydroxy-3-((2, 4-hydroxy benzylidene) amino)-2-
thioxo-1, 3, 3a, 8a-tetrahydroindeno [1, 2- d] imidazol-
8(2H)-one respectively while the control groups were
administered with 10 mg/kg chloroquine (reference drug,
positive control) and 0.2 ml of vehicle (olive oil) for the
negative control group for four consecutive days
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Suppressive Test

The chemosuppressive test was evaluated using the
Knight and Peters (1980) method against mice infected
with chloroquine-sensitive Plasmodium berghei. The
mice were infected on the first day of the experiment.
Twenty-four hours post-infection, the experimental mice
were distributed into groups as described in the grouping
and dosing section. The synthesized compound was
administered for four consecutive days. The percentage
parasitemia was determined to evaluate the effectiveness
of the compound.

Determination of Parasitemia

The determination of parasitemia was carried out on the
fifth day (120 hours post infection). Thin blood smear of
each of the mouse was done by taking a drop of blood
from a tiny cut to the tail of the animal on to a
microscope glass slide and spreading it thinly with the
aid of another slide. The smear was air-dried and then
fixed with methanol. The glass slide was allowed to dry
and was then stained with Giemsa solution (diluted 1:10
with phosphate buffered saline). The stain was
sufficiently poured on each of the slide and allowed to
stand for 1 hour, decanted, slowly rinsed with water and
dried. The slides were viewed under the light microscope
(with 100-x magnification, oil immersion) individually.
The parasitemia level was determined by counting the
number of parasitized red blood cells out of the total red
blood cell in random fields of microscope. The
percentage chemo suppression of parasitemia for each
dose level was calculated by comparing the percentage
parasitemia of the controls (positive and negative control)
with those of treated mice using the modified Knight and
Peters (1980).

% Parasitemia = Parasitized blood cells x 100
Total blood cells

(45 100
A

% Chemosuppression =

Where “A” is the average parasitemia for the negative
control group and “B” is the average parasitemia for the
test compounds.

Determination of Survival Index
Daily monitoring of mortality was conducted, with the
number of days from parasite inoculation to death
recorded for each mouse in both the treatment and
control groups during the follow-up period. The survival
index, representing the percentage of animals that
survived, was calculated after closely observing and
tracking the animals until day 28 post-infection in the
chemosuppression experiment. The formula used to
calculate the survival index is provided below.*!
Survival Index (SI) (%)= A-B x100

C-B
Average number of days that the test group survived = A
Average number of days that the negative control
survived = B
Maximum number of days for the test groups = C

www.ejbps.com | Vol 12, Issue 6, 2025. |

European Journal of Biomedical and Pharmaceutical Sciences

RESULTS AND DISCUSSION

Synthesis and Characterization of (E)-3a, 8a-
Dihydroxy-3-((2,4-Hydroxybenzylidene) ~ Amino)-2-
Thioxo-1,3,3a,8a-Tetrahydroindeno[1,2-d] Imidazol-
8(2H)-one

The synthesis of (E)-3a, 8a-dihydroxy-3-((2,4-
hydroxybenzylidene) amino)-2-thioxo-1,3,3a,8a-
tetrahydroindeno[1,2-d]imidazol-8(2H)-one was
successfully carried out in a two-step process. Initially,
thiosemicarbazide  was  condensed  with  2,4-
dihydroxybenzaldehyde in ethanol with the aid of
concentrated hydrochloric acid as a catalyst. This step
produced a thiosemicarbazone intermediate, evident
from the yellow crystalline precipitate. The intermediate
was purified and subsequently subjected to cyclization
with ninhydrin in the presence of an acidic medium to
form the desired indenoimidazole compound. The final
product, isolated as an orange crystalline solid,
demonstrated the formation of the expected fused
heterocyclic system.

The key structural change during the cyclization process
is the loss of molecular symmetry. Prior to cyclization,
ninhydrin possesses a high degree of symmetry, with its
two carbonyl groups and hydroxyl group arranged
symmetrically around the core (as shown in Figure 2a).
Upon  substitution  of  ninhydrin  with  the
thiosemicarbazone intermediate, the molecule maintains
this symmetry, although now centered around a new
chiral carbon bearing the hydroxyl (-OH) and R-group
(as depicted in Figure 2b). However, the subsequent
cyclization reaction breaks this symmetry due to the
formation of the indenoimidazole ring. This disruption of
symmetry is clearly illustrated in Figure 2c, where the
cyclized structure displays non-equivalent proton
environments in the aromatic rings, leading to distinct
NMR signals. This structural transformation significantly
alters the chemical environment of the molecule, as
evidenced by both NMR and IR spectroscopy.

The 1H NMR spectrum of the synthesized compound
reveals the disruption of symmetry in the aromatic region.
Prior to cyclization, the protons in the ninhydrin moiety
are magnetically equivalent, leading to fewer distinct
signals. However, after cyclization, the aromatic protons
exhibit splitting into distinct multiplets between & 7.56
and 6 8.40, confirming the loss of symmetry and the
formation of the indenoimidazole core. Additionally, the
hydroxyl protons resonate at a high chemical shift
around & 12.51, indicating strong hydrogen bonding
interactions. The presence of signals at & 9.43 and 6 8.83
further confirms the formation of the imidazole ring.
This splitting pattern is characteristic of a fused
heterocyclic system, where the newly formed rings
create unique electronic environments for the protons,
consistent with previous reports on indenoimidazole
derivatives.*!

Further confirmation of the structural changes was
provided by infrared (IR) spectroscopy. The IR spectrum
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of the compound shows a broad absorption band at 3343
cm™t, corresponding to the O-H stretching vibrations of
the hydroxyl groups. A sharp peak at 1681 cm™ was
observed for the C=0O stretching vibration, confirming
the presence of a carbonyl group within the
indenoimidazole structure. Additionally, a peak at 1561
cm™ was assigned to the C=N stretching, characteristic
of the imine group formed during the condensation step.
The aromatic C=C stretching vibrations were observed
around 1233 cm™, further validating the presence of
aromatic rings within the compound. These spectral
features are in agreement with the structural changes
observed in the NMR analysis and confirm the
successful synthesis of the target molecule.®!

The loss of symmetry during the cyclization process, as
depicted in Figure 2c, is crucial for the biological activity
of the compound. The rigid, fused ring system of the
indenoimidazole provides a stable framework for

(E) 324 dibydrosy benzy Bdene)audno) JaSa dihydrosy -2 thioxe
13,33 8a tetrahy drolndeno|1,2 4] lmidazol $(217) ene
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potential interactions with biological targets, such as
enzymes or receptors, and enhances the compound’s
binding affinity. This structural rigidity, combined with
the presence of functional groups such as hydroxyl and
imine moieties, positions the synthesized compound as a
promising candidate for further biological evaluations,
including enzyme inhibition studies and antimalarial
assays.

The characterization of the compound through NMR and
IR spectroscopy provides strong evidence of its
successful synthesis. The observed spectral patterns are
consistent with the literature for related indenoimidazole
compounds and support the proposed structural
transformations. The changes in symmetry, as
highlighted in Figure 2, play a pivotal role in the
compound’s overall stability and reactivity, making it a
suitable candidate for further exploration in drug
development.©?°]

Figure 2: Chemical Structures Showing Symmetry Changes in Ninhydrin and Synthesized Compound. 1la:
Chemical structure of the synthesized compound (E)-3a, 8a-dihydroxy-3-((2,4-hydroxybenzylidene) amino)-2-thioxo-

1,3,3a,8a-tetrahydroindeno[1,2-d]imidazol-8(2H)-one.

b: Chemical structures showing the presence of symmetry in ninhydrin and substituted ninhydrin prior to cyclization.
The symmetric arrangement of functional groups is preserved, even after substitution at carbon.

c: A chemical structure of the synthesized compound illustrating the loss of symmetry after the cyclization of
ninhydrin. The newly formed indenoimidazole ring system disrupts the symmetry, resulting in distinct proton

environments, as confirmed by NMR and IR analyses.

Table 1: Spectroscopic and Physicochemical Data of the Synthesized Compound.
Property Data
Molecular Formula C17H13N304S
Color Orange
IR (cm™) 0O-H: 3343.42; C=0: 1681.03; C=N: 1561.75
'H NMR (500 MHz, DMSO) | 6 12.51 (s, 1H), 9.43 (s, 1H), 8.83 (s, 1H), 8.40-7.56 (m, 13H)
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Physicochemical and Spectroscopic Characterization
The physicochemical and spectroscopic properties of the
synthesized compound (E)-3a, 8a-dihydroxy-3-((2,4-
hydroxybenzylidene)amino)-2-thioxo-1,3,3a,8a-
tetrahydroindeno[1,2-d]imidazol-8(2H)-one were
characterized extensively. The compound was isolated as
an orange crystalline solid with the molecular formula
C17H13N304S. The melting point of the compound
could not be determined under the experimental
conditions.

IR Spectroscopy

The infrared (IR) spectrum of the compound was
recorded, revealing characteristic absorption peaks
(Figure 3a). A broad absorption band at 3343.4 cm™
corresponds to the O-H stretching vibrations of the
hydroxyl groups. The C=0 stretching vibration of the
imidazole ring appears at 1681.8 cm™, while a sharp
peak at 1561.8 cm™ corresponds to the C=N stretching,

European Journal of Biomedical and Pharmaceutical Sciences

confirming the presence of an imine bond. Additionally,
the aromatic C=C stretching vibrations are observed at
1233.75 cm™, indicating the presence of aromatic
systems in the compound. These key absorption bands
confirm the formation of the intended structure.

NMR Spectroscopy

The proton (1H) nuclear magnetic resonance (NMR)
spectrum of the compound (Figure 2b) provided further
structural confirmation. A singlet at § 12.51 ppm is
attributed to the hydroxyl proton (-OH), which is likely
involved in hydrogen bonding. The aromatic protons of
the substituted benzylidene moiety give rise to multiplets
between & 8.40 and 7.56 ppm. Additionally, singlet peaks
are observed at & 943 ppm and & 8.83 ppm,
corresponding to the protons on the imine (C=N) and the
imidazole ring, respectively. The detailed chemical shifts
confirm the presence of the indenoimidazole structure in
the synthesized compound.
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Figure 3: Spectroscopic Characterization of (E)-3a, 8a-Dihydroxy-3-((2,4-Hydroxybenzylidene) Amino)-2-
Thioxo-1,3,3a,8a-Tetrahydroindeno[1,2-d]Imidazol-8(2H)-one. (A) IR spectrum showing key absorption bands:
O-H stretching at 3343.4 cm™, C=0 stretching at 1681.8 cm™, and C=N stretching at 1561.8 cm™. (B) “1H NMR
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spectrum showing chemical shifts: 6 12.51 ppm (OH), 6 9.43 ppm (C=N), 6 8.83 ppm (Imidazole protons), and

aromatic proton multiplets between 6 8.40 and 7.56 ppm.

Homology Modelling and Structural Evaluation of
Plasmodium falciparum Transketolase

Homology modeling is an essential computational
method used to predict the three-dimensional structure of
proteins, particularly when experimental techniques such
as X-ray crystallography or NMR spectroscopy are
unavailable. This technique has been widely used for
drug discovery and understanding protein function,
especially for pathogens like Plasmodium falciparum,
where structural information can be critical for
identifying therapeutic targets.”” In this study, the
transketolase enzyme from Plasmodium falciparum was
modeled using Saccharomyces cerevisiae transketolase
(PDB ID: 1GPU) as a template, which showed 48.8%
sequence identity and 98% query coverage. These
parameters indicate high reliability for modeling the
target protein, ensuring that key structural features are
preserved, especially those involved in the enzyme’s
catalytic function.?®

Transketolase is vital for the parasite’s pentose
phosphate pathway, a process that maintains redox
balance and is crucial for synthesizing nucleotides.
Disrupting this enzyme's activity presents a promising
strategy for antimalarial drug development.”® The
sequence alignment conducted using Clustal Omega
confirmed the conservation of key residues involved in
the enzyme’s active site, further justifying the choice of
Saccharomyces cerevisiae transketolase as the template
(Figure 4a). The strong conservation of active site
residues is critical because any future efforts to design
inhibitors must consider these functional regions to
effectively block enzymatic activity.”

Five homology models of Plasmodium falciparum
transketolase were constructed using MODELLER, a
tool known for generating reliable models by
incorporating sequence alignment data while minimizing
energy to achieve the most stable structure.® Out of the
five generated models, the one with the lowest Discrete
Optimized Protein Energy (DOPE) score of -
84453.69531 was selected, as it showed the highest
likelihood of representing the native structure of the
enzyme. Additionally, the GA341 score of 1.00000
further validated the model, indicating that it is highly
reliable and suitable for downstream studies such as
molecular docking.?

DOPE scores have been widely used to evaluate the
overall energy of a protein model, where lower scores
reflect a more energetically favorable conformation.!*”
The GA341 score, which ranges from 0 to 1, assesses the
reliability of the model, with values close to 1.0
suggesting a high-quality model suitable for further
structural and functional analysis.**! These metrics are
essential in ensuring that the generated model can be
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trusted for further studies, especially when used for drug
design.¥

The accuracy of the homology model was further
validated by comparing its energy profile to that of the
template protein. As shown in Figure 4b, the energy
profile of the target protein closely aligns with that of the
template, indicating similar structural stability between
the two proteins. This is an important step in model
validation because it provides insight into how the
protein might fold and behave under physiological
conditions.®™ Large deviations in the energy profile
could indicate potential errors in the model, such as
misfolding or incorrect loop modeling, which would
render the model unsuitable for drug design.®! However,
the alignment of the energy profiles suggests that the
model accurately represents the native fold of
Plasmodium falciparum transketolase.

The energy profile is a reflection of the structural
integrity of the model, where regions of high energy can
signify instability or incorrect folding. The close match
between the energy profiles of the model and the
template highlights the reliability of the model, making it
suitable for subsequent applications such as virtual high-
throughput  screening and  molecular  dynamics
simulations.!®"

Further structural validation was carried out using a
Ramachandran plot, a standard tool for assessing the
stereo-chemical quality of protein models (Figure 4c).
The plot showed that 84.7% of the residues were in the
most favored regions, with an additional 6.37% in
allowed regions. Only 4.72% of the residues were in the
outlier regions, which is within the acceptable range for
homology models.*® This level of stereo-chemical
quality suggests that the model is highly reliable, with
only a small proportion of residues adopting
conformations that deviate from ideal bond angles.®"!

The importance of the Ramachandran plot lies in its
ability to provide insights into the overall geometry of
the protein. Residues in outlier regions can often occur in
flexible or disordered regions of the protein, such as
loops or termini, which are less critical to the protein's
overall stability and function.”” Given the small
percentage of outliers in this model, it can be concluded
that the protein’s core regions, including the active site,
are well-modeled and suitable for future studies
involving ligand binding and inhibitor design.[*"

The homology model of Plasmodium falciparum
transketolase generated in this study offers a robust
platform for structure-based drug design. Since
transketolase plays a crucial role in the pentose
phosphate pathway, inhibiting this enzyme could disrupt
the parasite’s ability to synthesize nucleotides and
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maintain redox balance, thereby impairing its growth and
survival."? The conserved regions in the enzyme’s
active site make this model a valuable tool for virtual
screening efforts aimed at identifying potential
inhibitors.™*’!

Additionally, the close energy profile alignment between
the model and the template reinforces the structural
accuracy of the model. This alignment is particularly
important for predicting interactions between the enzyme
and small-molecule inhibitors, as an accurate energy
profile ensures that the model reflects the enzyme’s

functional conformation.*”!  Furthermore, the high
a
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c "\ o
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)
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percentage of residues in the favored regions of the
Ramachandran plot supports the use of this model in
molecular docking and molecular dynamics simulations,
both of which are essential for optimizing potential drug
candidates.[*!

Given the importance of transketolase in the metabolic
processes of Plasmodium falciparum, the model
generated in this study can be employed in virtual high-
throughput screening to identify potential inhibitors.
These inhibitors could be developed into antimalarial
drugs, providing a novel approach to combating drug-
resistant strains of malaria.!*!
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Figure 4: Homology Modelling and Evaluation of Plasmodium falciparum Transketolase. a) Amino acid
sequence alignment between Plasmodium falciparum transketolase (KNC36558.1) and Saccharomyces
cerevisiae transketolase (PDB ID: 1GPU_A). This alignment shows conserved regions and homology between the
target and template proteins. b) Energy profile comparison between the target protein model and the template
protein. The alignment in the energy distribution suggests structural stability and close resemblance between the
model and template. ¢) Ramachandran plot of the homology model of Plasmodium falciparum transketolase.
Light blue regions indicate highly favored areas, purple regions are allowed areas, and dark regions represent
outliers, which account for 4.72% of the residues. This plot confirms the stereo-chemical quality of the model.

Molecular Docking Studies

Molecular docking is an essential computational
technique used to predict how small molecules, such as
synthesized compounds, interact with their biological
targets. In this study, molecular docking was employed
to investigate the interactions between (E)-3a, 8a-
dihydroxy-3-((2,  4-hydroxybenzylidene)  amino)-2-
thioxo-1, 3, 3a, 8a-tetrahydroindeno[1, 2- d] imidazol-
8(2H)-one and the enzyme transketolase from
Plasmodium falciparum. The results of this docking
study provide critical insights into the potential of the
synthesized compound to inhibit the enzyme, offering
implications for antimalarial drug development.
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Using CASTp to identify the active site of the
transketolase enzyme, the docking simulations were
carried out within a grid box optimized to include key
catalytic residues. The synthesized compound exhibited a
binding affinity of -7.8 kcal/mol, indicating a strong
interaction with the enzyme’s active site (Table 2). This
value is particularly noteworthy when compared to the
binding affinity of the enzyme's natural cofactor,
thiamine pyrophosphate (TPP), which showed a lower
affinity of -6.7 kcal/mol.

The higher binding affinity of the synthesized compound
compared to TPP suggests that it could potentially act as

a competitive inhibitor of transketolase. This is
significant because competitive inhibition could
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effectively block the enzyme’s function, thus disrupting
the pentose phosphate pathway, which is crucial for the
parasite’s nucleotide synthesis and redox homeostasis. A
similar study by Nath and Atkins demonstrated that
small molecules targeting the active sites of key enzymes
in the pentose phosphate pathway could lead to effective
parasite inhibition.*”? Our findings support this
hypothesis, indicating that the synthesized compound
could offer a new mechanism of action against
Plasmodium falciparum by outcompeting TPP for
enzyme binding.

The docking simulation provided detailed insights into
the molecular interactions between the synthesized
compound and the enzyme. Figure 5a shows the 2D
representation of the binding mode of the synthesized
compound within the active site of transketolase. Key
hydrogen bonds were formed between the carboxyl
group (-COO) of GLU 221 and the hydroxyl group (-
OH) of the benzene moiety of the ligand, with a bonding
distance of 2.2 A (Table 2). These hydrogen bonds are
critical for stabilizing the compound in the enzyme’s
active site, facilitating a strong and stable interaction.

This interaction is particularly important because GLU
221 is known to play a pivotal role in the catalytic
mechanism of transketolase, as previously reported by
Nauton et al.l*®! Their study highlighted the essentiality
of residues such as GLU and ASP in maintaining the
enzyme's catalytic activity. Our docking results, showing
strong interactions with GLU 221, suggest that the
synthesized compound could potentially disrupt the
enzyme's catalytic function, thereby impairing its
activity.

Interestingly, the synthesized compound’s binding
affinity is higher than that of TPP, despite the latter also
forming significant interactions with catalytic residues
such as HIS 31, GLY 161, and ASP 160 (Figure 5b).
However, as shown in Table 2, the bonding distances for
TPP (ranging from 1.8 A to 3.3 A) are slightly longer
and involve weaker interactions compared to the
synthesized compound. These findings suggest that while
TPP interacts with key catalytic residues, the synthesized
compound forms more stable and energetically favorable
interactions. This is consistent with the work of Ali et
al.*’ who demonstrated that synthetic inhibitors with
shorter hydrogen bond distances often exhibit stronger
inhibitory effects on enzyme activity.

The docking results suggest that the synthesized
compound could effectively inhibit the activity of
transketolase by displacing TPP, thus blocking the
enzyme's catalytic function. This is particularly
important because transketolase plays a crucial role in
the pentose phosphate pathway, which is vital for
maintaining the redox balance and nucleotide
biosynthesis in Plasmodium falciparum. Inhibition of this
pathway could lead to parasite death, offering a
promising therapeutic strategy against malaria.
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Moreover, the strong interaction between the synthesized
compound and GLU 221 (as shown in Figure 5a) may
have broader implications for drug design. According to
Jung et al.®¥ inhibitors targeting key residues in
metabolic enzymes are often highly effective in
disrupting enzyme activity. Our findings align with this,
suggesting that future drug design efforts could focus on
developing compounds that target similar residues to
enhance binding affinity and inhibitory potential.

Additionally, the fact that the synthesized compound
exhibits a stronger binding affinity than TPP (Table 2) is
an encouraging result for its potential as an antimalarial
agent. This is particularly relevant in the context of
growing resistance to traditional antimalarial drugs, such
as artemisinin-based therapies. The ability of the
synthesized compound to bind more strongly than the
natural cofactor suggests it could be developed into a
potent inhibitor capable of overcoming existing
resistance mechanisms.

The findings from this study are consistent with previous
research that has identified transketolase as a viable drug
target in Plasmodium falciparum. For example, the work
of Wang et al.™! identified transketolase inhibitors that
exhibited similar binding affinities, around -7.5 to -8.0
kcal/mol, suggesting that our synthesized compound is
within the range of known effective inhibitors.
Furthermore, our observation of competitive inhibition
with TPP is supported by studies showing that small
molecules with binding affinities below -7.0 kcal/mol are
typically strong competitors for active site occupancy.®!

In contrast to these earlier studies, our compound
exhibited a higher affinity than TPP, which suggests it
may offer a more robust inhibition mechanism. This
finding highlights the potential of the synthesized
compound for further optimization and testing as an
antimalarial agent, offering an alternative strategy for
inhibiting key metabolic pathways in the parasite.
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Table 2: Binding Affinity, Polar Interactions, and Distances of Synthesized Compound and Thiamine
Pyrophosphate (TPP).

Binding Residues Polar Bondin
Ligand Affinity | within 4Aof | | 320 . Distancge
(kcal/mol) | Ligand
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Figure 5: 2D Representations of Protein-Ligand Interactions in Transketolase. a) 2D representation of the
interactions between (E)-3a, 8a-dihydroxy-3-((2, 4-hydroxybenzylidene) amino)-2-thioxo-1, 3, 3a, 8a-
tetrahydroindeno[1, 2-d] imidazol-8(2H)-one and transketolase. The figure highlights key residues within 4 A of
the ligand, including polar contacts that stabilize the ligand in the enzyme's active site. The compound forms
multiple hydrogen bonds with critical residues such as GLU 221 and ARG 250, which are vital for the enzyme's
function. b) 2D representation of the interactions between thiamine pyrophosphate (TPP), the natural cofactor
of transketolase, and the enzyme. The figure shows the residues within 4 A of the cofactor, illustrating the
hydrogen bonding and other interactions, including bonds with HIS 31, HIS 71, and ASP 160. These interactions
are critical for the proper catalytic activity of transketolase.

(E)-3a, 8a-dihydroxy-3-((2, 4-hydroxybenzylidene)
amino)-2-thioxo-1, 3, 3a, 8a-tetrahydroindeno[l, 2-d]
imidazol-8(2H)-one and thiamine pyrophosphate (TPP),

Molecular Dynamics Simulation
Molecular dynamics (MD) simulations provide valuable
insight into the stability, flexibility, and conformational

changes of both the protein and ligand complexes over
time. In this study, MD simulations were carried out to
evaluate the dynamic behavior of the transketolase
enzyme complexed with both the synthesized compound
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the natural cofactor. The following sections discuss the
results of the root mean square deviation (RMSD), root
mean square fluctuation (RMSF), radius of gyration (Rg),
and solvent-accessible surface area (SASA) analyses.
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Root Mean Square Deviation (RMSD)

The RMSD plot, presented in Figure 6A, reveals the
backbone fluctuations for both TPP and the synthesized
compound bound to transketolase. The RMSD values
provide a measure of the system’s stability over the
simulation period. Both compounds exhibit relatively
stable RMSD values, indicating that the complexes
achieved equilibrium early in the simulation and
maintained stability throughout the 50-ns timescale.

Notably, the synthesized compound exhibited slightly
higher RMSD values compared to TPP, which may
indicate a marginally greater degree of flexibility within
the transketolase-synthesized compound complex.
However, the overall low fluctuations (ranging from 0.2
to 0.5 nm) suggest that both complexes remained stable
during the MD simulation. Stability is an important
indicator of the reliability of molecular interactions,
particularly for potential drug candidates, as it implies
strong binding at the protein active site.

Root Mean Square Fluctuation (RMSF)

The RMSF analysis, shown in Figure 6B, provides
insights into the flexibility of individual amino acid
residues in the transketolase protein. Higher RMSF
values correspond to increased flexibility, which may
indicate regions of the protein involved in dynamic
interactions or loop regions. The RMSF plot highlights
several regions with elevated fluctuations, suggesting
localized flexibility, particularly around the loops and
binding sites.

Both the synthesized compound and TPP exhibited
fluctuations in similar regions of the enzyme, with
notable peaks at key residues involved in ligand
interactions. The fact that both ligands show similar
RMSF patterns suggests that the synthesized compound
may be binding to the enzyme in a manner similar to
TPP. However, the synthesized compound showed
slightly elevated fluctuations in some regions, which
could reflect differences in the binding mode or
dynamics of interaction compared to the natural cofactor.

Radius of Gyration (Rg)

The Rg plot, depicted in Figure 6C, provides a measure
of the overall compactness of the protein-ligand
complexes. A lower Rg value indicates that the protein
structure is more compact, while higher Rg values
suggest a less compact, more extended structure. The Rg
values for both TPP and the synthesized compound
complexes remained relatively stable over the course of
the simulation, with TPP displaying slightly lower Rg
values compared to the synthesized compound.

The more compact structure of the TPP complex may
indicate tighter binding and better structural integrity,
which is expected given its role as the natural cofactor.
On the other hand, the synthesized compound still
exhibited a stable and consistent Rg value, suggesting
that its binding did not induce significant structural
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destabilization, and it maintained relatively strong
interactions with transketolase.

Solvent Accessible Surface Area (SASA)

The SASA plot in Figure 6D measures the extent of
solvent exposure of the residues in the protein-ligand
complexes. Increased solvent exposure can affect the
stability of a complex, with lower SASA values
generally indicating better buried and stabilized ligands.
The synthesized compound demonstrated a higher SASA
value compared to TPP, suggesting that it has greater
solvent exposure.

Although higher SASA values might imply a less tightly
bound complex, this does not necessarily undermine the
potential of the synthesized compound as an inhibitor.
The increased solvent exposure could be due to
differences in ligand size and conformation, and it may
allow the compound to make additional water-mediated
contacts that could enhance its inhibitory potential.

Free Energy of Binding Decomposition

The free energy binding decomposition analysis,
illustrated in Figure 6E, breaks down the total binding
free energy into different components, including van der
Waals (VDWAALS), electrostatic (EEL), and polar
solvation (GSOLV) contributions. As shown in the plot,
the synthesized compound exhibited a favorable total
binding energy compared to TPP, particularly in terms of
electrostatic and van der Waals contributions.

The favorable electrostatic interactions, combined with
strong van der Waals forces, suggest that the synthesized
compound forms energetically favorable contacts with
the transketolase enzyme. These findings further support
the potential of the synthesized compound as a
competitive inhibitor of transketolase, offering a
promising strategy for antimalarial drug development.
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Figure 6: Comparative Analysis of Molecular Dynamics Simulations for Transketolase-Ligand Complexes/
A) Root Mean Square Deviation (RMSD) Plot: the RMSD values of the transketolase backbone when bound to
both the synthesized compound (E)-3a, 8a-dihydroxy-3-((2, 4-hydroxybenzylidene) amino)-2-thioxo-1, 3, 3a, 8a-
tetrahydroindeno[1, 2-d] imidazol-8(2H)-one (red line) and its natural cofactor thiamine pyrophosphate (TPP,
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black line). The plot shows the stability of the enzyme-ligand complexes over a 50 ns simulation. RMSD values
were calculated after least-square fitting to determine the overall backbone stability, indicating minimal
deviation and sustained equilibrium during the simulation. B) Root Mean Square Fluctuation (RMSF) Plot: the
RMSF plot represents the flexibility of the individual residues in the transketolase protein over the course of the
simulation for both the synthesized compound and TPP. Peaks in the plot correspond to regions of the protein
that exhibit higher flexibility. This analysis highlights fluctuations, particularly in loop regions and binding
pockets, demonstrating differences in residue mobility between the two complexes. C) Radius of Gyration (RQg)
Plot: the Rg plot compares the compactness of the transketolase protein when bound to the synthesized
compound (red) and TPP (black). Rg provides a measure of the protein’s spatial distribution over time. Lower
Rg values for TPP suggest a slightly more compact structure, but both complexes maintained consistent
structural integrity throughout the simulation. D) Solvent Accessible Surface Area (SASA) Plot: the solvent
exposure of transketolase residues in the presence of the synthesized compound and TPP over the course of the
molecular dynamics simulation. The higher SASA value for the synthesized compound indicates greater solvent
exposure, possibly due to differences in ligand size and binding conformation, while TPP demonstrated slightly
lower solvent interaction. E) Free Energy Binding Decomposition: the bar graph displays the different energy
components (VDWAALS, EEL, EPB, ENPOLAR, GGAS, GSOLYV) contributing to the binding affinity of both
the synthesized compound and TPP. The plot demonstrates the contributions of van der Waals forces,
electrostatic interactions, and solvation effects to the overall binding energy. The synthesized compound
exhibited favorable binding free energy due to its strong electrostatic and van der Waals interactions, further

supporting its potential as a competitive inhibitor of transketolase.

Pharmacological Efficacy of the Synthesized
Compound on Parasitemia and Chemosuppression

The pharmacological efficacy of the synthesized
compound, (E)-34, 8a-dihydroxy-3-((2, 4-
hydroxybenzylidene) amino)-2-thioxo-1, 3, 3a, 8a-
tetrahydroindeno [1, 2- d] imidazol-8(2H)-one, was
evaluated in a mouse model infected with Plasmodium

berghei.  The  results of  parasitemia  and
chemosuppression  percentages  demonstrate  the
compound's antimalarial potential compared to

chloroquine (CQ), a standard antimalarial drug. As
shown in Figure 7a, the control group displayed high
parasitemia levels, indicative of an unchecked infection,
while all treatment groups exhibited significant
reductions in parasitemia levels, underscoring the
efficacy of both CQ and the synthesized compound.

The survival index, as shown in Figure 7c, further
validates the potential of the synthesized compound as an
antimalarial agent. While chloroquine achieved a
survival index of 68.97%, the synthesized compound
achieved a remarkable 100% survival rate at 25 mg/kg,
indicating that the compound not only reduces
parasitemia but also significantly improves survival
outcomes in infected mice. However, at lower doses (5
mg/kg and 10 mg/kg), the survival index of the
synthesized compound was lower (39.66% and 24.14%,
respectively), despite the high chemosuppression
observed at these doses (78.07% and 83.55%,
respectively). This discrepancy suggests that while the
compound effectively reduces parasitemia, its
therapeutic effect on overall survival may require higher
dosages for maximal efficacy.

This pattern aligns with previous studies on other
antimalarial compounds, where survival outcomes were
closely linked to the ability of the drug to maintain
parasite suppression over time.*? Additionally, the high
survival rate at 25 mg/kg suggests that the synthesized
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compound could be an effective alternative or
complement to existing antimalarial treatments,
especially in scenarios of chloroquine resistance.

The observed chemosuppressive activity of the
synthesized compound indicates its potential to interfere
with the life cycle of the malaria parasite, likely by
disrupting its ability to replicate within red blood cells.
The higher chemosuppression at 25 mg/kg could be
explained by the compound's interaction with key
metabolic pathways in Plasmodium berghei, inhibiting
the synthesis of vital components necessary for the
parasite's survival and replication.® This mode of action
could be analogous to that of chloroquine, which is
known to interfere with the parasite’s ability to detoxify
hemoglobin.® The results of this study suggest that the
synthesized compound may act on similar biochemical
pathways, though further molecular studies are required
to elucidate its precise mechanism of action.

The lower survival indices observed at 5 mg/kg and 10
mg/kg indicate that, while the compound effectively
reduces parasitemia, it may not provide sufficient
therapeutic benefit at these doses to ensure prolonged
survival. This could be due to the pharmacokinetic
properties of the compound, where higher concentrations
are required to maintain therapeutic levels in the
bloodstream and tissues for extended periods.®® The
sharp increase in survival index at 25 mg/kg suggests
that once a threshold concentration is achieved, the
compound’s efficacy is markedly enhanced, resulting in
both effective parasitemia control and improved survival
outcomes.

Chloroquine, despite being a widely used antimalarial
drug, has shown reduced efficacy in many malaria-
endemic regions due to the emergence of drug-resistant
strains of Plasmodium falciparum.®” In this study, the
synthesized compound demonstrated a more favorable
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profile in terms of parasitemia reduction and survival
enhancement, especially at higher doses. The lower
parasitemia and higher chemosuppression observed with
the synthesized compound, even at doses as low as 5
mg/kg, indicate that it may have a distinct advantage
over chloroquine in terms of potency and potential to
overcome resistance mechanisms.

The synthesized compound's superior chemosuppression
and survival outcomes at 25 mg/kg highlight its promise
as a candidate for further development. However, the
lower survival indices at lower doses suggest that
optimization of dosing regimens or formulation
improvements may be necessary to maximize its clinical
potential. Given that chloroquine-resistant malaria strains
are an ongoing global health challenge, the development
of novel antimalarial agents such as this synthesized
compound is of utmost importance.®®

European Journal of Biomedical and Pharmaceutical Sciences

The promising results from this study pave the way for
further research into the pharmacokinetics, safety, and
long-term efficacy of the synthesized compound. Future
studies could focus on expanding the in vivo model to
include other malaria strains, such as Plasmodium
falciparum, to determine whether the compound's
efficacy extends beyond Plasmodium berghei.”
Moreover, molecular docking and simulation studies
could be employed to investigate the interaction of the
compound with key parasitic enzymes and pathways,
providing further insight into its mechanism of action.*”!

The synthesized compound shows significant potential as
an antimalarial agent, demonstrating  superior
chemosuppressive  activity and survival benefits
compared to chloroquine. While the compound’s
efficacy at lower doses may require further optimization,
its performance at higher doses suggests that it could

serve as a valuable alternative or complement to existing
malaria therapies.

% Chemosuppression

ression, % survival index

Ll

Figure 7: Antimalarial Efficacy of (E)-3a, 8a-Dihydroxy-3-((2, 4-Hydroxybenzylidene) Amino)-2-Thioxo-1, 3, 3a,
8a-Tetrahydroindeno [1, 2-d] Imidazol-8(2H)-one and Chloroquine against Plasmodium berghei in Mice. a)
Parasitemia Levels in Mice: This bar chart represents the percent parasitemia in mice infected with Plasmodium
berghei and treated with different doses of chloroquine (CQ) and the synthesized compound (E)-3a, 8a-
dihydroxy-3-((2, 4-hydroxybenzylidene) amino)-2-thioxo-1, 3, 3a, 8a-tetrahydroindeno[1, 2-d] imidazol-8(2H)-
one. The compound shows a dose-dependent reduction in parasitemia, with the highest efficacy observed at 25
mg/kg. Values are expressed as mean + SD (n=5, p<0.05). b) Chemosuppression of Parasitemia: The percentage
of chemosuppression achieved by chloroquine and the synthesized compound at different doses is depicted. Both
agents demonstrate significant chemosuppression, with the synthesized compound achieving higher suppression
levels than chloroquine, particularly at higher doses. ¢) Chemosuppression and Survival Index in Mice: The
graph shows a comparison between chemosuppression and survival index in Plasmodium berghei-infected mice
treated with chloroquine and different doses of the synthesized compound. While chemosuppression was high
across all doses, the survival index was notably lower at 5 mg/kg and 10 mg/kg for the synthesized compound,
indicating suboptimal therapeutic advantage at these doses. However, the 25 mg/kg dose showed a survival
index of 100%0, surpassing chloroquine and demonstrating strong potential for further antimalarial studies.

CONCLUSION 3-((2,4-hydroxybenzylidene) amino)-2-thioxo-1,3,3a,8a-
This study successfully synthesized and characterized a tetrahydroindeno [1,2-d] imidazol-8(2H)-one, which
novel indenoimidazole derivative, (E)-3a, 8a-dihydroxy- demonstrated significant antimalarial potential by
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targeting the enzyme transketolase in Plasmodium
berghei. Molecular docking and dynamics simulations
confirmed a strong and stable interaction between the
compound and transketolase, with superior binding
affinity compared to the natural cofactor thiamine
pyrophosphate. In vivo pharmacological evaluation
showed high chemosuppressive activity, reducing
parasitemia by 85.12% at a dose of 25 mg/kg, and
achieving a 100% survival index in the treated mice.
These results suggest that the synthesized compound has
promising potential as a new antimalarial agent,
particularly in the face of growing resistance to existing
therapies like chloroquine. Further optimization and
investigation into its efficacy against other resistant
malaria strains, as well as detailed studies on its
pharmacokinetic and safety profiles, are warranted to
establish its clinical viability.
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