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Abstract:

The discovery of an ideal, and effective Alzheimer’s therapy is urgently
required. The main pathological hallmarks of Alzheimer’s disease are
neurofibrillary tangles, amyloid plaques, inflammation, and neuronal
atrophy. Reports suggested Glycogen Synthase Kinase-3f is a promising
target for exploring novel therapeutic regimens. The main objective of this
study is to explore, and decipher natural inhibitors that can target GSK-33
protein effectively. The receptor-based pharmacophore modeling of GSK-
3 protein was developed and screened against CNS-like natural databases.
The final survival hits aligning accurately with the pharmacophoric features
was assessed for molecular docking studies. Taking standard control of
GSK-3p, Batatasin III, and Gigantol were confirmed as the best hits based
on their binding free energies, molecular interactions, and optimal ADMET
profiles. Our findings represent a promising starting point for developing
novel natural regimens however rigorous testament is imperative through
biological screening which is still underway.

Keywords: Alzheimer’s Disease, Glycogen Synthase Kinase-3f, Binding
Affinity, Natural Products, Pharmacophore modeling

This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under the
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided original

work is properly credited.

1. INTRODUCTION

GSK-3pB protein, a serine/threonine kinase, operates

Alzheimer's disease represents one of the most
devastating neurodegenerative disorders currently
affecting over 55 million people worldwide (1).
Despite this enormous societal impact and decades of
research, current therapeutic approaches have shown
limited efficacy (2). Presently, FDA-approved
medications primarily focus on acetylcholinesterase
inhibitors such as donepezil, rivastigmine,
galantamine, and NMDA receptor antagonist
memantine (3). These medications provide temporary
symptomatic relief, but they fail to address the
underlying pathological mechanisms driving disease
progression. Traditional drugs have shown limited
success while higher AD clinical trials fail to
demonstrate significant clinical benefits (4). The

through multiple mechanisms in AD pathogenesis (5).
GSK-3B phosphorylates tau protein at multiple sites
leading to microtubule destabilization, and the
formation of neurofibrillary tangles (6). Additionally,
it modulates amyloid precursor protein processing
through interaction with the fy-secretase complex,
influencing AP production (7). Its hyperactivation also
triggers inflammatory responses via NF-kB pathway
activation, promoting the release of pro-inflammatory
cytokines such as IL-1 and TNF-a in microglia (8).

Natural Products could be attractive chemotypes for
addressing the challenges above due to their plethora
of benefits such as structural diversity (9), broader
pharmacological bioactivity, lesser toxicity (10), and
minimal drug resistance (11) over the synthetic drugs.
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Hence, natural products serve as the pivotal source for
the  development of new  regimens in
ethnopharmacological research (12). Structure-based
virtual screening has been a benchmark in the early-
stage drug discovery paradigm. Pharmacophore
modeling has been versatile due to its conformational
and developed hypothesis features explored from the
databases which ease in screening chemical space
(13). Virtual screening allows us to explore vast
chemical space to acquire for biological evaluations.
Utilizing multiple parameters for screening virtual
libraries embedded with augmented molecular
modeling became a holistic approach for the
identification of lead hits in the early-stage drug
discovery (14, 15).
Encouraged by the above facts, we pioneered the
potential of natural products targeting GSK-3f protein
in the present study. By integrating pharmacophore
modeling, and structure-based virtual screening, we
aim to identify novel chemotypes capable of
modulating GSK-3f effectively.
2. COMPUTATIONAL
METHODOLOGIES
2.1. Structural Crystallography Preparations
The crystallography structures of GSK-33 protein
(PDB ID: 8QJI) (16) was obtained from the RCSB
PDB bank. The crystallographic species such as
heteroatoms, co-factors, and solvents were removed.
The protein was analyzed to fill any missing loops and
sidechains and protonated at pH 7.0 + 2.0. Further, the
hydrogens were assigned, optimized, and minimized
using Chimera.
2.2. Virtual = Database
Preparations
Firstly, we examined the virtual natural chemical
space that qualifies CNS-like drug properties (17). In
the current study, a natural virtual database was
constructed from the ZINC natural products (18),
COCONUT (COlleCtion of Open Natural ProdUcTs)
(19), LOTUS (20), and SuperNatural 3.0 (21). The
common natural compounds, ambiguous structures,
and broken fragments were filtered using the RDKit
program. The physicochemical and virtual ADMET
assessments are performed using ADMETlab 3.0 (22).
The qualified natural hits were prepared using the
Avogadro program.
2.3. Development of
hypothesis and screening

Curation and

pharmacophore
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The pharmacophore model was developed using ZINC
Pharmer (23). The chemical attributes such as
hydrogen bond donor, hydrogen bond acceptor,
hydrophobic group, positive, negative, and aromatic
ring were used to generate pharmacophore feature
sites. The screening of natural hits screened against the
GSK-3B pharmacophore model. The qualified
screened natural hits were taken for molecular docking
simulation studies.

2.4. Receptor Grid Generation and Molecular

Docking

The receptor grid of the GSK-3B protein was
generated using MzDOCK (24). The grid was
coordinated at the co-crystallized ligand of GSK-3f
which was centered to generate a three-dimensional
box and represented as the active binding site. The
screened natural hits were fed for the virtual screening
under the default parameters of MzDOCK. For each
ligand, three poses were generated and the best-
scoring states were considered for post-docking
analysis. The binding free energies were computed
using g mmpbsa under a continuous solvent model
(25).

3. RESULTS AND DISCUSSIONS

3.1. Structural Crystallography and

Pharmacophore Development

The crystallographic structure of GSK-38 (PDB ID:
8QJI) complexed with TW362 was solved at 3.02A
resolution (16) (Figure 2). The co-crystal occupies a
binding pocket, with its aminopyridine fragment
oriented towards critical residues such as Aspl33,
Tyr134, and Vall35 in the hinge region between N-
terminal, and C-terminal lobes forming tridentate
harboring motif in the adenine binding region (26).
The phosphorylation occurs at the adopted catalytic
domain with Tyr216 residue supporting A-loop
conformation situated with Arg220, and Arg223
residues (27, 28). The phosphate-binding region
(Phe67, Lys85, and Asp200 residues) creates the
anchoring motif. The structure adopts the
characteristic bilobal fold typical of kinases, with a
well-defined ATP-binding site located between the N-
and C-lobes of the kinase domain. The pharmacophore
hypothesis has been developed based on the
crystallographic facts. The developed pharmacophore
hypothesis comprised four pharmacophoric features
HBA, HBD, hydrophobic, and aromatic rings. The co-
crystal bounded with GSK-3 determines geometric
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orientation at the catalytic binding site. The developed
pharmacophoric features were drawn from the binding
interaction pattern of co-crystal with the hall marker
residues situated at the hinge region, adenine binding
region, phosphate binding region (catalytic domain),
A-loop conformation, and anchoring motif of GSK-33
protein.
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Figure 1: Crystallography structure of GSK-3p and
pharmacophore model. The co-crystal and the
interacting residues are represented in green, and
magenta respectively. The h-bond, aromatic-h, and
hydrophobic bond are in magenta, yellow, and grey
respectively.

To explore the curated databases and find accurate
natural compounds that can bind with the essential
residues, the validated pharmacophore hypothesis
models were selected for maximum common
pharmacophoric features. These commonly aligned
features were projected towards the potential residues
intended for this study. The
compounds against the GSK-3f hypothesis model
produced 626 compounds respectively. The final
survived hits were compared to explore natural

compounds resulting in eleven compounds (Table 1).

screened natural

Table 1: Best hits screened from pharmacophore model with docking results

Sr. No. Natural Hits Align Score GScore MMPBSA NBE
1. Macelignan 0.109 -6.187 -47.02 -64.14
2. Cardamonin 0.963 -7.963 -62.27 -75.73
3. Dehydrodiisoeugenol 1.031 -4.310 -37.63 -77.69
4. Gigantol 0.180 -9.605 -84.60 -88.37
5. Isorhapontigenin 0.972 -9.327 -61.14 -70.89
6. Neobavaisoflavone 0.880 -8.189 -66.24 -71.47
7. Licoflavone B 0.751 -6.360 -47.94 -61.29
8. Batatasin I11 0.681 -9.657 -74.72 -73.61
9. Nodakenetin 0.972 -4.488 -22.37 -68.23
10. Pinostilbene 0.665 -8.119 -63.14 -77.15
11. S-(+)-Marmesin 0.553 -5.959 -28.45 -60.37
12. Co-crystal 0.453 -7.637 -58.21 -64.16

Molecular docking simulations were performed for all
survival hits to evaluate their molecular binding
pattern and interactions. All natural chits achieved
accurate docking poses at the lowest RMSD and
interacted with the active binding residues. The
docking scores ranged from -4.310 kcal/mol to -7.327
kcal/mol.  Despite = the natural compounds
demonstrating the best align score, only two natural
hits Batatasin III and Gigantol were found to have
higher energies than the co-crystallized ligand. The
docking score of best hits were -9.657 kcal/mol, and -
9.605 kcal/mol, of Batatasin III, and Gigantol
respectively. The molecular docking interactions were
found to possess hydrogen bonding with the residues
present at the DFG motif of the activation loop

comprising the ATP binding site and the hinge region
(Figure 2). The Adenine pocket comprises 1le62 and
Val70 the glycine-rich loop, demonstrating
favorable hydrophobic contacts. Besides these several
favorable hydrophobic contacts were formed with
Ala83, Lys85, Leul32, Tyr134, Vall35, Leul88, and
Cys199 residues. Molecular Mechanics Generalized
Born Surface Area accurately predicts the Gibbs free
energy between the interacting molecules in all
protein-ligand complexes. It was noted that the best
natural hits had higher binding energies indicating of
stronger interactions compared to the co-crystal. The
MMGBSA of Batatasin III and Gigantol demonstrated
-74.72 kcal/mol, and -84.60 kcal/mol, respectively.

3

in
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Figure 2: Binding interactions of Batatasin III and Gigantol with GSK-3p protein. Here, hydrogen, aromatic-H, and
hydrophobic bonds are represented in magenta, yellow, and grey respectively.

3.2. Physicochemical and ADMET assessment
The best natural hits Batatasin I1I, and Gigantol were
assessed for physicochemical and pharmacokinetic
profiling. The hits exhibited predicted solubility
within the acceptable limits (0.5 to -4 log mol/L). The
partition coefficient shows higher lipophilicity,
exceeding the optimal range of 0 — 3 for the selected
molecules. All compounds demonstrated favorable
Caco-2 permeability. The predicted probability of
being a P-gp substrate and inhibitor is within optimum
limits. The therapeutic window absorption (human
intestinal absorption; HIA) is acceptable within the
limits. This correlation can be attributed to the plasma
protein binding (PPB) and blood plasma fractions,
directly influencing human intestinal absorption. A
higher PPB (> 90%) results in a lower volume of drug
distribution in blood plasma leading to a lower
absorption rate. All compounds showed optimal PPB
which led to good drug distribution, and clearance
time. The half-life was reasonably lower than others.
In terms of toxicity, the hits showed had lower adverse
risks.

4. CONCLUSION
In summary, our current study provided strong
evidence supporting structure-based drug design for
developing potent small-molecule natural inhibitors
that can exert against GSK-3p protein. To elucidate the
hypothesis, receptor-based pharmacophore modeling
and high-throughput virtual screening of natural
libraries were undertaken. After thorough screening,
two natural hits Batatasin III, and Gigantol emerged as
promising candidates, exhibiting better docking

scores, MMGBSA, and optimal ADMET profiling.
Computational investigations revealed that these hits
demonstrated a binding fashion similar to reported
crystallography structures. According to the crystal
structure, all the hits interacted with the A-loop,
harboring motif, and phosphate binding site residues.
In comparison with the co-crystal, the screened natural
hits effectively targeted GSK-3p suggesting their
potential as disease-modifying agents. Since these hits
hold promising therapeutic advancement, biological
evaluations are still underway.
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