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Abstract. The third most prevalent neurological condition in the world is epilepsy. It has become a major concern for
both medicine and public health in recent years. Currently, there are many approved therapies to address epilepsy diseases,
but most of them are often associated with undesirable effects. Recent studies have pointed out the advantages of
Acetylcholine Esterase Inhibitors (AChEIs) in the treatment of epilepsy with their ability to modulate cholinergic
transmission and neuroprotective effects. However, AChEIs have adverse drug effects, necessitating the design of a novel
drug. Flavonoids have emerged as promising alternatives in neuropharmacology due to their reported positive role in
cognitive dysfunction, learning, and memory deficits. Thus, we aimed to identify the potential Acetylcholine Esterase
(AChE) inhibitory activity of kanzonol B. The molecular docking simulation was used in the current in silico investigation
to evaluate kanzonol B's capacity to bind with Torpedo californica AChE (TcAChE). Additionally, ADMET screening
was performed on kanzonol B to forecast its pharmacokinetic characteristics. According to our findings, kanzonol B
exhibited a considerable binding affinity (-10.58 kcal/mol) against the TCAChE enzyme. It also complied with the drug-
likeness characteristics and Lipinski's RO5. The standard drug donepezil had a binding affinity of -11.73 kcal/mol. But
both donepezil and kanzonol B interacted with ARG289, PHE331, PHE288, TRP84, PHE330, ILE287, SER286,
TYR334, GLY441, HIS440, and PHE290. According to these computer studies, kanzonol B may have a therapeutic use
for epilepsy as a strong AChE enzyme inhibitor. Therefore, to confirm the encouraging findings of the current in silico
work, we advise more experimental research.
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1. Introduction

A serious neurological condition called epilepsy causes
both recurrent and spontaneous seizures. Globally, it is
the third-leading cause of neurological disease burden,
affecting around 50 million people in the world [1].
About 30% of epileptic patients are not responding to
the treatments and are suffering from the medications'
associated side effects and interactions [2, 3]. To
improve seizure control, it is necessary to create new
antiepileptic medications (AEDs) with multitargeting
and a tolerable profile [4]. The role of
acetylcholinesterase (AChE) in epilepsy is a complex
area due to its dual role in modulating cholinergic
signaling and the brain's inflammatory response. A
crucial neurotransmitter in the central cholinergic
system is acetylcholine (ACh). ACh exerts anti-
inflammatory effects in the brain, primarily through
muscarinic receptors, and it suppresses the microglial
activation and the release of pro-inflammatory
cytokines. However, following seizure activity, AChE is
often upregulated, leading to a rapid decline in available
ACh. This will diminish the cholinergic anti-
inflammatory  response, increase the microglial
activation, and increase the levels of pro-inflammatory

cytokine IL-1p. This heightened inflammatory state can
promote neuronal hyperexcitability and epileptogenesis
[5].

AChE inhibitors (AChEls) have emerged as a
promising approach to address the neurotransmitter
imbalance and inflammatory response. Donepezil, a
well-known AChE inhibitor approved for Alzheimer’s
disease (AD), demonstrates neuroprotective effects in an
epilepsy model. A study has shown that donepezil
administration for a period of three weeks after seizures
subside significantly reduces neuronal death, oxidative
stress, and microglial activation. The antiepileptic
potential of donepezil is also demonstrated in a study
that showed resistance to induced seizures was increased
in a mouse model of Dravet syndrome [6]. These
findings suggest that AChEls administration might be
useful for epilepsy [7].

Additionally, the central cholinergic system is also
important in the memory processes. Degeneration or
dysfunction of cholinergic neurons is often observed in
aging individuals, particularly with cognitive decline
and memory impairment. Similarly, studies in epileptic
mice have shown a significant decrease in ACh levels,
which may be linked to impaired memory performance
[8]. This impairment occurs because epilepsy can
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negatively impact cholinergic function in brain regions,
particularly the hippocampus, which is crucial for
memory. The increase in ACh availability has been
demonstrated to improve the memory in epilepsy-
treated mice. Therefore, these findings support the
potential use of AChEIs to modulate seizure activity and
inflammation and also to alleviate epilepsy-associated
cognitive deficits. However, AChEIs are often
associated ~ with  adverse  effects, such as
neuropsychiatric, gastrointestinal, and cardiovascular,
due to the overstimulation of peripheral cholinergic
activity and muscarinic receptor activation [9, 10].
Reports of AChEI-induced adverse drug reactions
(ADRs) have increased over the last decades, with 70%
being severe and up to 2.3% being fatal [11].

According to recent reports, huperzine A, an AChEI
derived from Ilycopod plants [12], may have
antiepileptic properties through enhancing GABAergic
intracortical inhibition [13]. Furthermore,
anticholinesterases, which have a higher seizure
tolerance, can be utilized as an adjuvant therapy to treat
epilepsy-related cognitive impairment [14]. Therefore,
traditional anti-epileptic properties of medicinal plants
may aid Alzheimer's patients who also have epilepsy,
and they may also serve as a source of natural
pharmaceuticals for neurological conditions.

Flavonoids, naturally occurring polyphenolic
components found in fruits and vegetables, have
attracted significant interest and attention due to their
various beneficial effects on health, including anti-
inflammatory, antimicrobial, antioxidant,
antimutagenic, and anticancer effects. [15]. Numerous
in vitro and in vivo studies have been conducted to
evaluate the antioxidant and neuroprotective properties
of flavonoids. Numerous studies [16-18] have
demonstrated and highlighted the role of flavonoids in
preventing and treating cognitive dysfunction, learning,
and memory deficits. Due to the potential beneficial
effects of flavonoids on health, flavonoids may be
considered as potential adjunct therapeutic agents for
epilepsy and to improve cognitive function in epilepsy
patients.

Kanzonol B is a prenylated flavonoid known from
plants such as Dorstenia barteri, Glycyrrhiza
eurycarpa, and Canarium odontophyllum [19-21]. It has
been recently reported that kanzonol B can be a potential
chelator in the treatment of neuroinflammatory
disorders by downregulating iINOS and COX-2 in
activated microglial cells [22]. Based on these findings,
we aimed to determine the acetylcholinesterase (AChE)
inhibiting activity of kanzonol B, which may be of value
for patients with epilepsy or cognitive dysfunction.
Compared to traditional methods of drug design, such as
synthesis, in vitro and in vivo studies, computer-aided
drug design can significantly shorten the development
time due to the prediction of the pharmacokinetics,
stability, and efficacy of a compound and thus save on
time, cost, and manpower. Herein, we evaluated
kanzonol B as an AChE inhibitor by molecular docking
and assessed ADMET properties to estimate safety and
potential efficacy. Donepezil was used as a reference
drug, as it is a clinically approved AChE inhibitor with
a clearly understood pharmacological profile. Kanzonol
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B is compared to donepezil as a good reference for its
binding efficacy and therapeutic potential, which
assures the relevance of the study and its applicability to
clinical practice.

2. Computational details

2.1. Molecular docking studies

The structures of the enzyme and kanzonol B were
obtained from online databases, such as the Protein Data
Bank  (https://www.rcsb.org/)  and PubChem
(https://pubchem.ncbi.nlm.nih.gov/). Additionally, the
modeling software such as Chem Office-16
(https://chemistrydocs.com/chemoffice-2016-
chemdraw-professional-2016/),  Discovery  Studio
Visualizer 2020 (https://discover.3ds.com/discovery-
studio-visualizer-download), AutoDock 4.2.6 and
AutoDock Tool 157
(https://ccsb.scripps.edu/mgltools/downloads/), Swiss-
PdbViewer (https://spdbv.unil.ch/) and PyMOL Win
(https://lwww.pymol.org/), online tool SwissADME
(http:/lwww.swissadme.ch/), SAVES 6.0 (https://saves.
mbi.ucla.edu/), ProSA (https://prosa.services.

came.sbg.ac.at/prosa.php), ProQ
(https://prog.bioinfo.se/ProQ/ProQ.html), ProTox
(https://tox-new.charite.de/  protox_II/), toxCSM
(https://biosig.lab.ug.edu.au/toxcsm/), and  UCSF-

Chimera (https://www.cgl.
used in the present study.

ucsf.edu/chimera/) were

2.2. Processing of ligands for docking

Kanzonol B's structure was obtained as a.sdf file from
PubChem (Figure 1). Additionally, PubChem provided
the structure of donepezil, the common FDA-approved
AChEIl medication. Then, using MM2 force field
techniques, both structures were transformed into 3D
structures and put through an energy reduction process
in Chem Office-16's Chem3D tool. Hydrogens and
charges were added to each structure before it was saved
as a.sdf file for subsequent use.

Figure 1. Structure of kanzonol B

2.3. Processing of enzyme for docking

The researchers obtained the three-dimensional
structure of the enzyme Torpedo californica AChE
(TcAChE) (PDB ID: 5NAU) from the PDB for this
investigation. This enzyme has a resolution of less than
3 A and is not mutated. The crystallographic structure
was inspected for defects and broken chains using
PyMOL. PyMOL was used to add the missing residues
at the end of the enzyme chains. The restored enzyme
was then verified after being energy reduced in UCSF-
Chimera using the SWISS-PDB viewing tool.

2.4. Modeled enzyme quality assessment

To assess the prepared enzyme structure, SAVES v 6.0
was utilized. SAVE version 6.0 was used to upload the
enzyme structure in PDB format, and the pertinent
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parameters were assessed. Model quality was evaluated
using ERRAT, Verify3D, and PROCHECK. The
modeled structure with the superior result was chosen
for further studies [23].

2.5. Active sites determination
The active site of the enzyme was identified with the
help of Discovery Studio Visualizer 2020.

2.6. Docking protocol validation

The redocking technique was used to validate the
docking methodology. Using AutoDock 4.2.6, the
ligand's crystallographic structure of the ligand from the
protein complex was re-docked against the same
enzyme. Next, PyMOL was used to calculate the RMSD
of the re-docked ligand against its initial
crystallographic structure [24].

2.7. Molecular docking studies

Docking investigations were conducted using the
AutoDock tool 1.5.7 (AutoDock 4.2.6). Water, Kollman
charges, and polar hydrogens were eliminated to prepare
the protein. The ligands were protonated, and then
Gasteiger charges were added. Following that, the
".pdbgt" format was used to save both the ligands and
the enzyme. The active Grid box was transformed by
typing the X, Y, and Z values of coordinates obtained
using Discovery Studio Visualizer [25]. All the docking
parameters were kept as default values, except the
population size (300), number of genetic algorithm
(GA) trials (50), and maximum number of evaluations
(long). After the docking studies using the Lamarckian
Genetic Algorithm, and based on the binding affinity,
the best conformer was selected. The docking output
files were then analyzed for drug-amino acid residue
interactions in the enzyme using Discovery Studio
Visualizer 2020. A 2D protein-ligand binding
interaction map and the resulting 3D docking pose were
generated and used for further discussion of ligand-
target binding interactions [26].

2.8. Drug likeness and ADMET studies

The Chem3D program was used to determine kanzonol
B's SMILES code. The BBB and CNS permeabilities
were calculated using the PreADMET software, and the
ADME properties of kanzonol B were ascertained using
SwissADME [27, 28]. Lipinski's and Veber's rules were
used to forecast how drug-like kanzonol B would be.
The ProTox and toxCSM servers were also used to
evaluate Kanzonol B's toxicity. The toxCSM service
predicts numerous important toxicity factors, including
nuclear responses, stress responses, genomic,
environmental, dose-response, and organic responses
[29]. SwissADME predicted drug likeness and ADMET
results of kanzonol B were already reported elsewhere
[Reproduced from Ref. 21].

3. Results and discussion

3.1. Molecular docking studies

3.1.1. Modelled enzyme. A few residues were absent
from the head and tail sections of TcAChE (PDB ID:
5NAU), which was obtained from the PDB. Therefore,
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the PyMOL molecular viewer was used to model it by
adding the missing residues. Next, it was done by
aligning the restored enzyme structure with the original
structure. The alignment of the genuine enzyme (green)
and the modeled enzyme (blue) is shown in Figure 2.
Since the RMSD was less than 2 A, the RMSD for these
structures was determined to be 0.205 (4205 to 4205
atoms), suggesting a high similarity between these
enzymes.

3.1.2. Modelled enzyme validation. Model quality was
evaluated using protein structure verification services
like ProSA-web and SAVES 6.0. Tables 1 and 2
demonstrate that more than 90% of the amino acid
residues were located in the most favored and extra-
allowed regions, which demonstrates the high quality,
stability, and dependability of the model. Additionally,
strong model quality is indicated by a G-factor of > -0.5
overall (Table 3) [30-32].

Figure 2. Alignment of the original TCAChE (5NAU) and
modelled enzyme structure

By examining the statistics of non-bonded
interactions between various atom types, ERRAT
assesses the quality of models; higher scores denote
higher quality [33]. This parameter represents a good
high-resolution model with a score of 95% or above
[32]. Nonetheless, it is widely acknowledged that a
model of high quality has a quality factor of greater than
50% [34, 35]. The modeled acetylcholinesterase's
ERRAT value above 95% in the current investigation
indicated high resolution. A model Z-score within the
range indicates a high-quality model, whereas a score
that is outside the range indicates structural inaccuracy
[36]. According to Tables 1 and 2, the modeled enzyme's
scores were within the range of native proteins of
comparable sizes.

This enzyme model's dependability is further
supported by the local model quality estimation, which
shows a lower energy than zero for the modeled enzyme.
ProQ, which was also used to assess the quality of the
enzyme structure, predicted LG score of the modeled
enzyme was greater than 6, indicating that the modeled
protein is extraordinarily good [34]. Furthermore, the
modeled enzyme's Verify3D values revealed that the
model passes the criteria with high scores (> 80%). The
modeled enzyme's overall high quality and
appropriateness for the molecular docking studies were
confirmed when it fulfilled the validation criteria.
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Table 1. Ramachandran plot, z-score, and local model quality of the modelled enzyme

PDB Ramachandran Plot ProSA "
ID Z-Score Local model quality
Ramachandran Plot Overall model quality Local model quality
Z-Score:  «10.58
- =3
Modelled ? M
5NAU | © \p\/
&3 1
|
ds. 180
Phi (degrees) =
Table 2. Validation metrics of the modelled enzyme
Protein PBD ID Validation Metric
Modelled SNAU ERRAT (%) 95 6685
Overall quality factor
Verity 3D (%) Pass
Ramachandran plot (%)
Most favored 88.1%
Additional allowed 11.4%
Generously allowed 0.2%
Disallowed 0.2%
Overall G-factors -0.15
ProSA Z-Score -10.58
ProQ
Lgscore 6.390

3.1.3. Docking protocol validation. The RMSD was
calculated by superimposing the top-ranked poses onto
their co-crystallized pose (Table 3).

Table 3. Validation criteria for docking protocol

Protein Crystal ligand name (Ff&'\)/ISD
(2~{E})-5-methoxy-2-

Modelled Torpedo [[1-

californica (phenylmethyl)piperidin-  1.82

acetylcholinesterase  4-yllmethylidene]-

(TcAChE) 3~{H}-inden-1-one

The RMSD value accurately predicts the ligand's
shape, orientation, and position in relation to its
reference native pose [37]. The ligand location is more
closely aligned with the native ligand morphology when
the RMSD value is lower. An RMSD value of less than
2 A between docked and original crystallographic
ligands suggests a valid docking methodology and
acceptability for the docking operation [38]. However,
an acceptable range for an RMSD is 2 A to 3 A. On the
other hand, an RMSD greater than 3 A is deemed
unsatisfactory [39]. It is widely acknowledged that the
most efficient criterion for verifying correctly posed

molecules is an RMSD cut-off value of less than 2 A
[40, 41].

Table 3 shows that the re-docked ligand binds
similarly to the co-crystallized ligand in the enzyme's
binding pocket, with an RMSD value of less than 2 A.
The resulting RMSD value attests to the successful
validation of the docking methodology and its suitability
for accurately and specifically docking the test chemical
against the chosen enzyme.

3.1.4. Docking studies. Table 4 shows the binding
affinities of kanzonol B and donepezil, the standard
drug, to TcAChE. Figure 3 depicts two-dimensional
interactions and binding interaction surface poses on
receptors. Nonetheless, Table 5 showed the amino acid
residues implicated in interactions.

Table 4. Docking scores of Kanzonol B and the standard

drug
Protein TcAChE
Compounds Kanzonol B
Binding affinity
(kcal/mol) -10.58
Standard drugs Donepezil
Binding affinity 17
(kcal/mol) )

Table 5. Amino acid residues of proteins interacted with kanzonol B, a standard drug and crystallographic ligand

Enzyme PDB ID (used Bound amino acid residues
after adding missing Ligand . van der .
residues) Hydrogen Hydrophobic Waals Electrostatic Others
SNAU Standard ARG289, PHE330, TYRI21, HIS440 -
(Donepezil) PHE288 TRP84, TRP&4, PHE290,
HIS440, PHE331,
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Enzyme PDB ID (used Bound amino acid residues
after iggil(;lugelsl;lssmg Ligand Hydrogen Hydrophobic \;;I;;llgr Electrostatic | Others
LEU282, SER286,
TRP279, GLY335,
TYR334, GLY441,
ILE287 GLU199
SNAU Kanzonol B ARG289, TRPg4, GLY335, - -
ARG289, PHE330, SER286,
PHE331, PHE331, TYR334,
PHE288 ILE287 GLY118,
GLY441,
HIS440,
PHE290,
ILE288,
TRP279,
LEU282
SNAU Crystallographic ARG289, LEU282, VALT71, - -
ligand PHE331, TYR334, SER122,
((2~{E})-5-methoxy- SER286, ILE287 PROS6,
2-[[1- ASP72, ASNSS,
(phenylmethyl)piperid PHE288 TRP84.
in-4-ylJmethylidene]- PHE330,
3~{H}-inden-1-one) GLY335,
TRP279,
TYR70,
PHE290,
TYRI121

3.1.5. Binding to TcCAChE (PDB ID: 5NAU). The main
protein targets in antiepileptic drug discovery are
focused on the GABA receptor, ion channels, and
signaling proteins. In our previous works, we reported
the molecular docking studies on the primary targets in
epilepsy studies [21]. While these targets directly
modulate seizure activity, other proteins are also often
included in docking studies to assess potential secondary
or supportive effects. AChE has been increasingly
recognized as a valuable in silico docking target in
epilepsy research. Beyond serving as a primary target in
AD, AChE is also incorporated in docking studies for
epilepsy research to assess whether the candidate
antiepileptic compounds may affect the cholinergic
balance, contributing to seizure regulation or cognitive
effects.

For example, in the evaluation of olivetol as a
potential anticonvulsant, AChE was selected alongside
MAPK, Caspase-3, and histone deacetylase for
molecular docking [42]. This has reflected AChE
involvement in epilepsy pathways. Similarly, another
study aimed to screen the novel carboxamide derivatives
against both AChE and butyrylcholinesterase (BChE),
in combination with in vivo anticonvulsant testing,
assessing the dual role of the candidate compounds in
modulating cholinergic signaling in addition to seizure
control [43]. These studies have highlighted that AChE
may serve as an auxiliary target in antiepileptic drug
design. By docking compounds against AChE in
epilepsy studies, it offers insights into the cholinergic
pathway. Therefore, in this work, we incorporated
TcAChE to explore the AChE inhibition potential of
kanzonol B.

Kanzonol B demonstrated molecular interactions
with a binding score of -10.58 kcal/mol on the TCAChE
active site residue. While hydrophobic connections were
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created at residues TRP84, PHE330, PHE331, and
ILE287, kanzonol B generated four H-bond contacts
with residue ARG289 using two bonds (1.88 A and 2.24
A), PHE331 (2.08 A), and PHE288 (2.51 A) of the
TcAChE, as seen in Figure 3a. With a binding score of -
11.73 kcal/mol, the conventional medication donepezil
also displayed eight hydrophobic contacts at PHE330,
TRP84 (two bonds), HIS440, LEU282, TRP279,
TYR334, and ILE287 on the acetylcholinesterase
enzyme, in addition to two H-bonds with ARG289 (2.27
A) and PHE288 (2.77 A) (Figure 3b).

Additionally, it experienced a single electrostatic
contact at HIS440. In contrast to donepezil at TYR121,
PHE290, PHE331, SER286, GLY335, GLY441, and
GLU199, a small number of van der Waals interactions
were detected between TcAChE and kanzonol B at
GLY335, SER286, TYR334, GLY118, GLY441,
HIS440, PHE290, ILE288, TRP279, and LEU282. Five
H-bonds were seen with ARG289 (2.24 A), PHE331
(2.79 A), SER286 (3.04 A), ASP72 (3.14 A), and
PHE288 (2.59 A) in the crystallographic ligand
interaction that was derived from the TcAChE model.
The binding score of the interaction was -12.02
kcal/mol. Additionally, it exhibited three hydrophobic
interactions at LEU282, TYR334, and ILE287 (Figure
3c).

In the context of our investigation, kanzonol B had a
binding score of -10.58 kcal/mol, and its interaction
profile included four hydrogen bonds with ARG289,
with 2 bonds (1.88 A and 2.24 A), PHE331 (2.08 A),
and PHE288 (2.51 A), and four hydrophobic
interactions with TRP84, PHE330, PHE331, and
ILE287. While donepezil had a binding score of -11.73
kcal/mol, and its interactions with the TcAChE active
site were characterized by two H-bonds at ARG289
(2.27 A) and PHE288 (2.77 A), eight hydrophobic
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interactions with PHE330, TRP84 (two bonds), HIS440,
LEU282, TRP279, TYR334, and ILE287, and one
electrostatic interaction at HIS440.

Figure 3. 2D Interaction map of TcAChE with (a) kanzonol B; (b) donepezil; (c) crystallographic ligand.

The crystallographic ligand demonstrated the
strongest binding to the TCAChE, forming an extensive
network of five hydrogen bonds. These included
interactions at ARG289 (2.24 A), PHE331 (2.79 A),
SER286 (3.04 A), ASP72 (3.14 A), and PHE288 (2.59
A). Three hydrophobic contacts were also formed at
LEU282, TYR334, and ILE287.

The oligomeric forms of AChE seen in electric fish,
such as Electrophorus and Torpedo, share structural
similarities with those found in humans [44]. The
conserved catalytic mechanism of TCAChE with human
AChE makes it a valid model for docking studies.
Additionally, TCAChE has been extensively researched
and utilized in multiple studies [44-46]. Thus, this
enzyme was selected and used in our study. The roles of
the amino acid residues PHE288, ARG289, and PHE331
of TcAChE in ligand binding for TcAChE inhibition
have been highlighted in various studies [47]. AChE is
a complex enzyme characterized by an alpha/beta
hydrolase fold and an overall ellipsoid structure. It
features a deep and narrow groove of 20 A known as the
aromatic gorge [48]. The precise geometry of the
catalytic triad, which involved conserved residues SER
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200, HIS400, and GLU327 within the active site gorge
of AChE from Torpedo -californica, had been
demonstrated through the high-resolution structural
analyses [49]. As we can observe from Figure 3a,
kanzonol B interacted only with the key residue HIS 400
through van der Waals at the catalytic triad. In contrast,
donepezil interacted with HIS440 through both
hydrophobic and electrostatic interactions (Figure 3b).
The crystallographic ligand did not show any contact
with any catalytic triad residues (Figure 3c).

The three conserved residues that make up TcAChE,
the peripheral anionic site (PAS)—TYR70, TYR121,
and TRP279—restrict access to the gorge [50]. In our
study, kanzonol B formed a van der Waals interaction
with TRP279. On the other hand, donepezil established
n-alkyl interactions with TRP279 and van der Waals
interactions with TYR121. The crystallographic ligand
formed van der Waals interactions with all three PAS
residues at the peripheral binding site.

Furthermore, the acyl pocket, which is a key
determinant of ChE specificity in TcAChE, is
characterized by PHE288 and PHE290 [51]. Our
analysis revealed that PHE288 contributed to hydrogen
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bonding with kanzonol B, donepezil, and the
crystallographic ligand. Likewise, all three ligands
showed evidence of PHE290's participation in van der
Waals interactions. These two residues, along with the
aromatic peripheral site residues, make up the acyl
binding pocket of TCAChE. They stabilize the attached
ligands by establishing an aromatic continuity with
TRP84, PHE330, and PHE331 of the hydrophobic
patch. Our results were consistent with other studies,
indicating that this aromatic network plays a key role in
both inhibitor efficacy and substrate selectivity [51, 52].

All in all, the crystallographic ligand exhibited the
highest binding affinity to TcAChE, forming the most
extensive hydrogen bond network, engaging in PAS and
the acyl pocket, but making no catalytic triad contact.
Donepezil demonstrated its ability as a dual-site binder,
interacting with both the PAS and catalytic site and
having strong hydrophobic core interactions. These
findings are consistent with its established clinical
potency as a potent inhibitor of AChE. Kanzonol B also
showed a high binding affinity to TCAChE, but slightly
lower than that of donepezil and the crystallographic
ligand. However, its interaction profile of PAS
engagement, acyl pocket binding, and limited catalytic
triad contact supports its possible role in inhibiting
TcAChE activity. In view of this, kanzonol B can be
considered for further investigation as a potential
AChEL.

3.2. Drug likeness and ADMET studies

The amount of rotatable bonds explains strong intestinal
availability, while MW, TPSA, and LogP suggest good
membrane permeability and oral bioavailability [53].
The rule of five (RO5) [54] is another name for
Lipinski's rule, which is used to determine if a chemical
compound possesses characteristics that support its use
as an oral medication. Lipinski's rule states that a
molecule with a molecular weight greater than 500 Da,
lipophilicity (LogP), hydrogen-bond donors (HBD)
greater than 5, and hydrogen-bond acceptors greater
than 10 is likely to have poor absorption or penetration
[55, 56]. The requirements for bioavailability are further
refined by Veber's rule (VR), which consists of two
basic rules that compounds should follow for optimal
bioavailability: TPSA < 140 A2 and rotatable bonds < 10
[57].

According to SwissADME, kanzonol B has a MW
of 322.35, an iLogP of 3.10, three rotatable bonds, two
donors, four hydrogen bond acceptors, and a TPSA of
66.76. The results of the drug-likeness predictions
showed that it had good oral bioavailability and adhered
to Veber's and Lipinski's rules [Reproduced from Ref.
21].

Data obtained from SwissADME [Reproduced from
Ref. 21] and PreADMET showed a CNS permeability of
-1.879 for kanzonol B. According to the interpretation
of CNS permeability, substances with a logPS > -2 are
thought to be able to enter the CNS, while those with a
logPS < -3 are thought to be unable to do so. Because of
its high CNS permeability and capacity to cross the
blood-brain barrier, kanzonol B can potentially treat
neurological illnesses by avoiding drug-hindering
obstacles. Compounds having Cprain/Chiood Values > 2.0
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are easily able to pass through the blood—brain barrier
(BBB). Compounds with blood/brain ratios between 2
and > 0.1 have a moderate level of BBB penetration. On
the other hand, substances with Cprain/Choicod Values less
than 0.1 diffuse poorly into the brain [58]. Kanzonol B
haS a BBB (Cbrain/Cblood) Value betWeen 2 > Cbrain/Cblood
> 0.1, which indicates this compound has moderate
absorption to the BBB. This BBB permeability is a
crucial pharmaceutical aspect, as we are targeting
neurodegenerative disease, and this compound should
be able to cross the BBB for pharmaceutical action.
Kanzonol B is also predicted to have human
intestinal absorption (HIA) of 93.89% and Caco2 cell
permeability of 28.13 nm/sec, which suggests that it has
middle permeability across Caco2 cells and is well
absorbed after oral administration. Compounds with a
bioavailability score (BA) of 0.55 or 0.56 are considered
optimal and well absorbed by the body [59-61].
Kanzonol B has favorable pharmacokinetic
characteristics with a BA score of 0.55 or 0.56
[Reproduced from Ref. 21]. Six isoenzymes, namely
CYP1A2,CYP2C9, CYP2C19, CYP2D6, CYP2E1L, and
CYP3A4, carry out 90% of drug metabolism in the
human body [62]. It is anticipated that CYP2C9,
CYP1A2, CYP2C19, and CYP3A4 will play a role in
kanzonol B metabolism. CYP3A4 and CYP2D6 are
principally responsible for donepezil's metabolism,
according to earlier research [63, 64]. As with the well-
known medication donepezil, kanzonol B was
anticipated to have strong oral bioavailability, high Gl
absorption, and good absorbance in the human gut.

3.3. Boiled egg for Gl
penetration prediction

The BBB's permeability and Gl absorption capacity are
evaluated using the BOILED-egg model [65]. The
yellow portion (yolk) in the BOILED-Egg model
denotes a high likelihood of brain penetration, while the
white region represents a high likelihood of passive
absorption by the Gl tract. Additionally, the spots are
colored red if they are projected to be a non-substrate of
P-gp (PGP-) and blue if they are predicted to be actively
effluxed by P-gp (PGP+) [66].

The BOLIED-Egg models for kanzonol B and
donepezil were within the prediction area. Both were
found in the yolk of a boiled egg, implying that these
chemicals can passively diffuse over the BBB and
generate minor CNS side effects [Reproduced from Ref.
21]. However, kanzonol B was anticipated not to be
pumped out by p-glycoprotein (PGP) efflux (red dot),
while donepezil was a PGP+ (blue dot), indicating that
active efflux in the presence of PGP may reduce the
intracellular drug concentration, decreasing the
therapeutic impact of donepezil. Besides, drugs that
are PGP substrates usually show poor bioavailability
due to low permeability [67]. Therefore, compared to
donepezil, kanzonol B may offer improved therapeutic
efficacy and bioavailability by avoiding PGP-mediated
efflux, making it a potentially more effective candidate.

absorption and brain

3.4. Toxicity prediction results

The kanzonol B was investigated for its toxicity using
several toxicological endpoints, and its results are
shown in Table 6.
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Table 6. Toxicity profile of kanzonol B

Toxicity Toxicit Prediction
perspective Endpoint name Endpoint unit Prediction y . .
confidence interpretation
category
LDso Score (mg/kg)* 3800
Toxicity Class* 5
Neurotoxicity™* Safe
Nuclear NR-AR** Category (Toxic/Safe) Safe 0.02 High Safety
Response
Nuclear NR-AR-LBD** Category (Toxic/Safe) Safe 0 High Safety
Response
Nuclear NR-AhR** Category (Toxic/Safe) Safe 0.3 Medium Safety
Response
Nuclear NR-Aromatase** Category (Toxic/Safe) Safe 0.08 High Safety
Response
Nuclear NR-ER** Category (Toxic/Safe) Toxic 0.52 Low Toxicity
Response
Nuclear NR-ER-LBD** Category (Toxic/Safe) Safe 0.12 High Safety
Response
Nuclear NR-PPAR-gamma** Category (Toxic/Safe) Safe 0.02 High Safety
Response
Nuclear NR-GR** Category (Toxic/Safe) Safe 0.31 Medium Safety
Response
Nuclear NR-TR** Category (Toxic/Safe) Safe 0.2 Medium Safety
Response
Stress Response SR-ARE** Category (Toxic/Safe) Safe 0.44 Low Safety
Stress Response SR-ATADS** Category (Toxic/Safe) Safe 0.06 High Safety
Stress Response SR-HSE** Category (Toxic/Safe) Safe 0.29 Medium Safety
Stress Response SR-MMP** Category (Toxic/Safe) Toxic 0.56 Low Toxicity
Stress Response SR-p53** Category (Toxic/Safe) Toxic 0.51 Low Toxicity
Genomic AMES Mutagenesis** | Category (Toxic/Safe) Safe 0.33 Medium Safety
Genomic Carcinogenesis** Category (Toxic/Safe) Safe 0.1 High Safety
Genomic Micronucleus** Category (Toxic/Safe) Toxic 0.5 Low Toxicity
Environmental Fathead Minnow** Category (Toxic/Safe) Toxic 0.99 High Toxicity
Environmental T. Pyriformis** Category (Toxic/Safe) Toxic 0.99 High Toxicity
Environmental Honey Bee** Category (Toxic/Safe) Safe 0.47 Low Safety
Environmental Biodegradation** Category (Toxic/Safe) Safe 0.1 High Safety
Environmental Crustacean** Category (Toxic/Safe) Toxic 0.74 Med.u.lm
Toxicity
Environmental Avian** Category (Toxic/Safe) Safe 0 High Safety
Fathead Minnow | pLCS50 [log(mg/L)] -1 - Toxicity is
Environmental (Regression)** indicated when
pLC50 <-0.3
T. Pyriformis | pIGC50 [log (ug/L)] -1 - Toxicity is
Environmental (Regression)** indicated when
pIGCS50>-0.5
Environmental Rat (Acute)** LD50 [mol/kg] -1 - -
. . LOAEL -1 - -
k%
Environmental Rat (Chronic Oral) [log(mg/ke bw/day)]
Maximum  Tolerated | MRTD -1 - Toxicity is
Dose Response Dose™** [log(mg/kg/day)] indicated when
MRTD > 0.477
Organic Skin Sensitisation** Category (Toxic/Safe) Toxic 0.73 Medium
Toxicity
Organic hERG I Inhibitor** Category (Toxic/Safe) Safe 0.05 High Safety
Organic hERG II Inhibitor** Category (Toxic/Safe) Safe 0.32 Medium Safety
Organic Liver Injury I** Category (Toxic/Safe) Toxic 0.83 Medium
Toxicity
Organic Liver Injury IT** Category (Toxic/Safe) Safe 0.21 Medium Safety
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Toxicity Toxicit Prediction
perspective Endpoint name Endpoint unit Prediction y . .
confidence interpretation
category
Organic Eye Irritation** Category (Toxic/Safe) Safe 0.06 High Safety
Organic Eye Corrosion** Category (Toxic/Safe) Safe 0 High Safety
Organic Respiratory Disease** | Category (Toxic/Safe) Safe 0.49 Low Safety
According to the toxicity prediction, kanzonol B is References

safe because it belongs to Class V (potentially
dangerous if swallowed (2000 < LD50 < 5000 in
mg/kg)). Based on the toxCSM predictions, most of the
nuclear receptor-related responses are considered safe,
except NR-ER. Similarly, in the stress response
category, most endpoints are predicted to be safe, except
for SR-MMP and SR-p53, which exhibit low toxicity.
Under the genomic category, kanzonol B is predicted to
have low toxicity for the micronucleus endpoint. In
terms of environmental toxicity, kanzonol B is predicted
to be highly toxic to fathead minnows and Tetrahymena
pyriformis and moderately toxic to crustaceans. For
organic endpoints, most of them are safe, except for skin
sensitization and liver injury, which have moderate
toxicity. Notably, the hERG 1/1l inhibition, associated
with cardiotoxicity, shows no risk of toxicity, which is a
favorable outcome. Overall, the majority of endpoints
suggest that kanzonol B falls within the safe toxicity
range.

4. Conclusions

In this work, we investigated the affinity of kanzonol B
against TcAChE using molecular docking experiments.
Kanzonol B demonstrated a significant binding affinity
for the TCAChE active site, according to our molecular
docking studies. The results indicated that it would be a
successful AChEI. It has good bioavailability, Gl
absorption, CNS permeability, and BBB permeability,
and it complies with Lipinski's and Veber's rules. Above
all, it is regarded as safe for usage with toxicity class V.
Kanzonol B is a potentially viable AChEI agent because
of all these factors. Kanzonol B may have therapeutic
potential for epilepsy because AChEIs have been shown
to have neuroprotective and anticonvulsant properties.
Nevertheless, additional experimental research and
validations are necessary to validate its potential for
clinical application.
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