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Abstract

Brain disorders are persistent medical conditions characterized by a gradual
deterioration in neurological functioning. There is a worldwide increase in
interest in phytomedicines for their beneficial health benefits and low
adverse effects. Hesperidin (Hsp), a flavanone glycoside in citrus fruit peels,
has many pharmacological characteristics. Nevertheless, there is a need for
more comprehensive investigations that elucidate the underlying mechanism
of action. The objective of this work is to assess the neuroprotective impact
of Hsp using in-vitro tests for the inhibition of acetylcholinesterase (AChE),
monoamine oxidase (MAO), and 1,1-diphenyl-2-picrylhydrazyl (DPPH)
(H202), followed by in-silico techniques such as molecular docking and
molecular dynamics. The outcomes of the current investigation demonstrate
significant inhibitory effects on AChE, MAO, DPPH, and H202, which may
be attributed to the intended pharmacological actions of Hsp. In-silico
studies showed strong interactions of Hsp with targeted proteins. Thus, Hsp

has the potential to be formulated as a neuroprotective medication.

1. Introduction

Neurons have a vital role in promoting
communication, hence ensuring the efficient
functioning of the human brain (Morrison 1997).
The finite lifespan of neurons is a significant
factor in the pathogenesis of various brain
disorders, including Alzheimer's Disease,
Parkinson's disease, Epilepsy, Huntington's
disease, and major Depression. This is primarily
attributed to the progressive reduction in
neuronal population, alterations in structural
integrity, and  compromised  functional
capacities, collectively known as
neurodegeneration. In addition to this, the
modified functioning of metabolic enzymes,
which subsequently impact the release of
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neurotransmitters, may also play a role in the
pathophysiology of many affective disorders
like anxiety and phobias. A complete
understanding of the exact causes of brain
disorders is not comprehensively elucidated;
however, they are commonly correlated with
abnormal production of reactive oxygen species,
and disturbed activity of enzymes involved in
the metabolism of Neurotransmitters.

The development and progression of brain
diseases are associated with oxidative stress
(Hayashi et al.,, 2012). The aforementioned
situation occurs when there is an imbalance
between the production of reactive oxygen
species (ROS) and the ability of the human body
to mitigate the resulting damage. Reactive
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oxygen species (ROS), including superoxide
radicals, hydrogen peroxide, and hydroxyl
radicals, are naturally occurring byproducts

(Hoidal, 2001) from several biological
processes, including metabolic activities.
Usually, the human body has natural

mechanisms to combat reactive oxygen species
(ROS) and reduce damage. However, when the
level of oxidative stress exceeds the ability of
these protective systems, it may damage the
structure and function of neurons (Rao et al.
2011; Popaetal. 2013). Reactive oxygen species
(ROS) have been found to harm the brain,
leading to the incorrect folding and buildup of
specific proteins namely alpha-synuclein in
Parkinson's disease, amyloid-beta in
Alzheimer's disease, and huntingtin in
Huntington's disease (Sun and Chen 1998;
Abdelhamid et al. 2023; Liu et al. 2023). The
formation of these misfolded proteins produces
harmful clusters, disrupting cellular functions
and facilitate the death of neuronal cells. ROS
have the potential to cause adverse impacts on
mitochondrial DNA and proteins, leading to
compromised energy generation and an
augmented ROS production (Li et al., 2022,
Rehman et al., 2022). Antioxidant drugs have
the potential to act as adjuvant drugs to benefit
in brain disorders caused by ROS.

In addition to oxidative stress, the
dysregulation of enzymes implicated in
neurotransmitter metabolism also leads to

disruptions in brain functionality, primarily
linked to conditions such as Alzheimer's disease
(AD) (Bai et al., 2022), major depression, and
mood disorders (Bhatt et al., 2020). Alzheimer's
disease (AD) is distinguished by the
deterioration of cholinergic neurons, which are a
specific kind of neuronal cell that plays a crucial
role in facilitating communication within the
central nervous system via the use of the
neurotransmitter acetylcholine (ACh) (Bekdash,
2021). Acetylcholine (ACh) is mainly found in
the hippocampal regions of the brain and is
closely linked to memory and cognitive
processes inside the human body. The enzyme
acetylcholinesterase (AChE) is responsible for
breaking down acetylcholine (ACh) in the
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synaptic cleft, which stops the passage of signals
and impacts memory (Benzi and Moretti 1998).
AD is characterized by increased activity of
AChE, leading to the use of
potent acetylcholinesterase inhibitors (tacrine
and donepezil) as the primary therapy for AD
(Marucci et al., 2021).

The course of depression symptoms is also
influenced by changes in the levels of MAO-B
in the brain (Klimek et al., 2003). The enzymatic
catalyst known as monoamine oxidase (MAO)
plays a crucial role in the modulation of
neurotransmitters such as serotonin,
norepinephrine, and dopamine in the cerebral
region, (Shih et al., 1999). The primary role of
MAO-B is the enzymatic breakdown of the
monoamines which play a crucial role in
regulating mood and motivation (Feinberg et al.,
2016). Any change in the levels of monoamines
contribute to manifestation of symptoms
associated with depression and mood disorders.
From extensive analysis of the literature, it has
been determined that there is a need to develop
drugs with neuroprotective properties to treat
the brain disorders effectively. The significance
of flavonoids in treating neurological diseases is
increasing due to their diverse pharmacological
actions (Ayaz et al., 2019, Kim et al., 2019).
Hesperidin is a bioflavonoid predominantly
found in Citrus fruits such as oranges, lemons,
and grapefruits (Hajialyani et al., 2019). Its
antioxidant and anti-inflammatory properties
help protecting neural cells from oxidative stress
and inflammation, which are often implicated in
neurodegenerative diseases such as Alzheimer's
and Parkinson's (Kim et al., 2019). Research
suggests that hesperidin may improve cognitive
function and memory, offering a promising
complementary  approach  to  traditional
treatments for brain health (Roohbakhsh et al.,
2014). Despite of diverse pharmacological
actions of Hsp, studies revealing the mechanism
of action associated with Hsp’s neuroprotective
action are scanty.

In the present investigation, in-vitro assays
were conducted to assess the antioxidant
characteristics and AChE and MAO-B
inhibitory ability of Hsp. To confirm the
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efficacy of the pharmacological investigations
on the specific enzymes in achieving the
intended therapeutic outcome, molecular
docking experiments were conducted, followed
by molecular dynamics studies. The primary
objective of this study is to assess the
neuroprotective properties of Hsp through the
utilization of in-vitro assays measuring the
inhibitory  effects on acetylcholinesterase
(AChE), monoamine oxidase (MAO), and 1,1-
diphenyl-2-picrylhydrazyl (DPPH).
Additionally, in-silico techniques such as
molecular docking and molecular dynamics
studies were employed to investigate the
potential of Hsp as an adjuvant therapy for
various brain disorders.

2. Material and Methods

Hesperidin was procured from Sigma
Aldrich. All chemicals were of analytical grade.
2.1.  Invitro AChE inhibitory activity

The inhibitory effect of the test extract on
AChE activity was evaluated by the
spectrophotometric method of Ellman et al.
(Classics Ellman et al. 1961). Donepezil (10-80
pg/ml) was used as standard AChE inhibitor.
The control, standard, and test samples
contained the following: ¢« Control = Phosphate
buffer (0.1 M, 8 pH, 2.6 ml) + DTNB (0.01 M,
0.1 ml) + distilled water (0.1 ml) + AChE (0.1 U
ml-1, 0.1 ml) + ATI (0.075 M, 0.1 ml). «
Standard = Phosphate buffer (0.1 M, 8 pH, 2.6
ml) + DTNB (0.01 M, 0.1 ml) + Donepezil (0.1
ml) + AChE (0.1 U ml—1, 0.1 ml) + ATI (0.075
M, 0.1 ml). « Test = Phosphate buffer (0.1 M, 8
pH, 2.6 ml) + DTNB (0.01 M, 0.1 ml) + extract
(0.1 ml) + AChE (0.1 U ml-1, 0.1 ml) + ATI
(0.075 M, 0.1 ml). All the readings were taken
in triplicate. The percentage inhibition was
calculated in comparison to control (test sample
absent).

The percentage inhibition was calculated
using the following equation:

% Inhibition = 1— (absorbance of test sample/
absorbance of control) x 100.

(1)
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2.3. In vitro MAO-B inhibitor activity

The fluorometric technique was used to
conduct the in-vitro MAO-B inhibition test,
whereby the percentages and IC50 values of Hsp
was determined. This inhibition assay is based
on the principle of revealing the hydrogen
peroxide ions via a reaction called as horseradish
peroxide coupled reaction by utilizing amplex
red (10-acetyl-3,7-dihydroxyphenoxazine)
reagent by the method of Can et al., 2017 (Can
etal. 2017).

2.4. In vitro antioxidant property

The DPPH (2,2-diphenyl-1-picrylhydrazyl)
assay (Blois 1958; Kaur et al. 2017) was used to
evaluate the antioxidant activity of Hsp. The
expression of DPPH radical scavenging activity
was determined by calculating the percentage
inhibition using the following equation:

% Inhibition= {(Absorbance of
control—Absorbance of test
sample)/Absorbance of control} <100

(2)
2.5.Statistical Analysis
Acetylcholinesterase, MAO-B inhibitory,
DPPH and H20:2 inhibitory assays were
presented as mean+SD and statistically analysed
by one-way ANOVA followed by Tukey’s
multiple comparison test.

2.6. In silico Studies
2.6.1. Molecular docking studies

The affinities of Hsp with
acetylcholinesterase and MAO-B  were
investigated by molecular docking tests using
the Biovia Discovery Studio application. The
molecular docking of Hsp was performed using
the crystalline structures of the
acetylcholinesterase (AChE) and MAO-B
(2v52 (1.6 ) proteins, which were obtained from
the RCSB-protein database library (PDB)
(https://www.rcsb.org/) (Sharma et al. 2023; Wu
et al. 2003). The structures underwent pre-
processing, preparation, and optimization using
the "Macromolecule” module for later analysis.
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The first phase in protein pre-processing was the
removal of water molecules and heteroatoms,
followed by the protonation technique using the
'‘Add Polar' function. Following this, the "Define
and Edit Binding Site" tool was used to construct
and generate a binding site encompassing the co-
crystallized  ligands.  MarvinSketch  and
ChemDraw 16.0 software were used to construct
Hesperidin's SMILES notations and molecular
structure, respectively. The ligands were
synthesized and underwent comprehensive
minimizing utilization of the Small Molecules
module. The technique used for the docking
study was the "Dock Ligands (CDOCKER)"
approach. Visual examination was used to
analyze the molecular interactions between
docked complexes of Hsp with AChE and
MAO-B. The formation and establishment of a
binding site encompassing the co-crystallized
ligands depended on the docking scores of the
amino acids found in AChE and MAO-B.

2.6.2. Molecular dynamic Simulations

The molecular dynamics (MD) studies were
performed (with simulation for 20 nanoseconds)
using the molecular dynamics component of
Schrodinger's Desmond software. Additionally,
the thermal equilibrium of hesperidin
concerning time was assessed (Furlan et al.,
2021; Bhatia et al., 2023; Li et al., 2023; Sharma
et al., 2023; Mahajan et al., 2020; Nagu et al.,
2021). The protein-ligand connection was
strengthened by reducing or minimizing energy
simulations, which allowed for the attainment of
hesperidin’s optimal structure via interactions
over time. The study investigated the connection
between the complex ligand and the target
macromolecule during the whole 100
nanosecond simulations, using simulation-
interaction analysis (Sharma et al. 2023). This
methodology offers a valuable understanding of
essential ligand-interacting relationships that
may be used to ascertain a ligand's affinities with
enhanced accuracy. The first construction of the
component used the orthorhombic box-shaped
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TIP3P solvable method, whereas the ionic
potential of the input system was altered by
applying a 0.15 M salt solution. The modeling
operation was conducted using the NPT
consortium and a time interval of 1.0 fs. The
Nose-Hoover Chain methodology provided a
constant temperature of 310 K, while the
Martyn-Tobias-Klein method was utilized to fix
the barometric pressure at 1.01325 bar.

2.6.3. Drug likeliness and ADME studies

It has been demonstrated in periclinal
studies of drug moieties discovered earlier that
early estimation of ADME (absorption,
distribution, metabolism, and excretion profile)
in the discovery phase reduces drastically the
fraction of pharmacokinetics-related failure in
the clinical phases (Han et al., 2019). To predict
the pharmacokinetic study Hsp the SWISS
ADME, a web server tool was used. It provides
the access to a pool of quick yet reliable
predictive  models for  physicochemical
characteristics, pharmacokinetics, and drug-
likeness properties (Singh et al., 2017).

Using the swiss ADME programme, the
pharmacokinetic characteristics of the Hsp was
assessed (http://www.swissadme.ch). A wide
molecular profile, including physicochemical
characteristics, pharmacokinetics, solubility,
lipophilicity, and drug likeliness were examined.

3. Results and Discusions
3.1. Pharmacological studies
3.1.1. In-vitro acetylcholinesterase and MAO-
B inhibitory activity

Hsp was found to be strong AChE and
MAO-B inhibitor (Table 1). The present study
used donepezil and selegiline as the typical
inhibitor of acetylcholinesterase and MAO-B,
respectively.
3.1.2. In vitro Antioxidant Properties

Hsp showed strong inhibition of DPPH and
H202 with comparable IC50 value to ascorbic
acid (Table 1).
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Table 1. The AChE inhibition, MAO-B inhibition and radical scavenging activities of Hesperidin and

reference compounds.

MAO-B H202 Assay
AChE inhibitory Radical ICso values
Inhibitory activity activity scavenging activity | (MeanzSD,
Compounds ICso values ICso values ICso values pg/ml)
(Mean"+SD, pg/ml) (MeanzSD, (MeanzSD, pg/ml)
pHg/ml)

Hesperidin 17.18 +0.93 28.49 +1.72 8.92 +0.91 11.28 +0.61
Donepezil 19.27 £1.41 - - -
Selegiline - 26.29 £1.72 - -
Ascorbic

Acid - - 7.63£0.83 9.11 £ 0.52

n=3. No statistical difference was observed in Hesperidin and test drugs in all activities.

Table 2. Docking score and key interactions of Hesperidin with AChE & MAO-B enzymes

Target | -CDOCKER Interaction | Types of Interaction Key Residues
Proteins Energy (kcal/mol)
AChE -71.03 Conventional H-bond Tyrl21, Asp285, Ser286,
Glul199, His440, Tyr70.
Pi-Pi stacking Trp84, Leu282
Pi-donor Tyr334
H-bond
Pi-alkyl Trp84
Van der Waals Leu358, Phe290, Leul27,
MAO-B -68.32 Conventional H-bond Cys397, Argd2, Tyr435,
Leul71
Carbon H- bond Gly57, GIn206, Ile264,
Ala263, Thr426
Pi-Cation Arg42
Pi-sigma Gly13
Pi-alkyl Phe343, Tyr60
3.2. In Silico Studies Kcal/mol. Hesperidin exhibited interactions
3.2.1. Molecular Docking with the essential amino acid residues of the
Figure 1 and 2 depicts hesperidin's active site of MAO-B (Cys397, Arg42, Tyr435,
molecular docking and protein interaction Leul7l, Gly57, GIn206, lle264, Ala263,

studies with AChE and MAO-B. Hsp exhibited
interactions with both the peripheral anionic site
(PAS, Trp279, Asp285, Ser286, Glul99,
Tyr334) and catalytic anionic site (CAS, Trp84,
Tyr70, His440) of AChE. The binding energies
of hesperidin were -71.03 Kcal/mol, much
higher than the binding energies of the standard
medication donepezil, which were -51.89

192

Thr426, Arg42, Glyl3, Phe343, Tyr60) by
several mechanisms such as hydrogen bonding,
Pi-Pi stacking, Pi-Cation interactions, and Pi-
alkyl interactions. Compared to the
conventional medication  selegiline, Hsp
exhibited superior binding energies of -68.32
Kcal/mol, surpassing the latter's binding energy
of -60.12 Kcal/mol. Table 2 presents
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hesperidin's  docking score and critical the crucial residues are displayed in Figure 1
contacts with AChE and MAO-B enzymes. The and Figure 2.

interactions of potent test compound Hesperidin

in the active gorge of AChE and MAO-B with
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Figure 1. Interactions of Hesperidin within the binding site of AChE (A) 2D profile for different
interactions of Hesperidin with AChE, and (B) 3D profile for binding of Hesperidin with TcAChE.
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CYs, e

A:397

interactions of Hesperidin with MAO-B, and (B) 3D profile for binding of Hesperidin with MAO-B

3.2.2. Molecular dynamics simulations.

A molecular dynamics (MD) simulation was
conducted on Hsp to investigate its
thermodynamic stability, the dynamic behavior
of the ligand-protein complex, and the influence
of ligand association with the activated domain
of Hsp on conformational changes (Furlan et al.,
2021; Bhatia et al., 2023). The MD analysis
maintained significant relationships while also
revealing new linkages. The examination of the
protein-ligand complex formed by AChE and

Hsp demonstrated the presence of hydrophobic
contacts with Trp279 and Tyr121, as well as
polar and charged bonding interactions with
His440 and Glul199, respectively (Figure 3A).
The plot depicting the protein-ligand
relationship (Figure 3B) comprehensively
depicts these interactions. After conducting
molecular dynamics (MD) simulations, the root
mean square deviation (RMSD) of Hsp
concerning the protein was calculated and is
shown in Figure 3C.
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Figure 3. Post-MD interactions of Hesperidin with AChE; (A) Protein interactions fractions with the
ligand (Hesperidin) plot throughout the simulation; (B) Protein-ligand contacts plot of compound
Hesperidin with AChE; (C) RMSD trajectory plot for compound Hesperidin.
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The similar pattern has been observed in the
complex of MAO-B and Hesperidin which
showed strong hydrophobic interactions with
11198, Ala263, Tyr398 and Tyr435 along with
charged interactions with active amino acid

Arg42 (Figure 4A). The interactions are potted
in the protein—ligand contacts plot (Figure 4B).
The RMSD graph of the Hesperidin-MAO-B
complex was displayed versus time (20ns) after
MD simulation investigations (Figure 4C).
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Figure 4. Post-MD interactions of Hesperidin with MAO-B; (A) Protein interactions fractions with the
ligand (Hesperidin) plot throughout the simulation; (B) Protein-ligand contacts plot of compound
Hesperidin with MAO-B; (C) RMSD trajectory plot for compound Hesperidin.

The root mean square deviation (RMSD)
plots of Hsp with AChE and MAO-B
demonstrated the stability of the complexes,
with little variations (ranging from 1.2 to 2.5)
seen within a 20 nanosecond time interval. The
results obtained from the simulation
demonstrate the inhibitory capacity of Hsp
against AChE and MAO-B. The Hsp -MAO-B
complex exhibited enhanced stability, as shown
by its minor or negligible pulsation within the
specified time frame. Conversely, the Hsp -
AChE complex exhibited oscillation within the
first 20 units of the binding cavity, after which it
reached a stable conformation. During the
simulated time necessary to elicit the therapeutic
response, the complexes formed between Hsp
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and both target proteins exhibited remarkable
stability inside the active site.
3.2.3. Drug Likeliness and ADME Studies
The pharmacokinetic studies ensure the
anticipated pharmacological profile of targeted
molecules. In order to identify new drugs, it is
necessary to inquire absorption, distribution,
metabolism, and excretion (ADME) profile at
progressively earlier stages of the discovery
process. In that situation, in silico models are
appropriate substitutes for experimentation
(Doogue et al., 2013). Our results (Table 3)
demonstrated that Hsp has low GI absorption
and has no blood brain barrier permeation.
Furthermore, it also violates the Lipinski’s rules.
Therefore, there are challenges with Hsp
molecule to develop it as a drug.



Kandhwal et al. / Carpathian Journal of Food Science and Technology, 2024, 16(4), 188-201

Table 3.The predicted Pharmacokinetic (ADME) profile of Hesperidin and Hesperetin molecules

Consensus | Silicos-1T GI BBB Lipinski
Drug MW |HBA HBD| TPSA Log P LogSw |absorption | permeant [#violations
Hesperidin| 610.56 | 15 8 123429 -0.72 -0.58 Low No 3
3.3.Discussion computational and laboratory experiments

Brain disorders refer to a range of illnesses
characterized by the progressive decline or death
of neurons, particularly in the central nervous
system, particularly the brain. These disorders
often have a chronic trajectory and usually result
in a gradual decline in cognitive, motor,
emotional, and sensory functions. The potential
development of various brain disorders can be
attributed to the disruption of the cholinergic
system, excessive activity of metabolizing
enzymes such as monoamine oxidase (MAO)
and acetylcholinesterase (AChE), and the
presence of reactive oxygen species (Lawrence
et al., 1995; Feinberg et al., 2016; Duncan et al.,
2012; Liu et al., 2015; Pohanka, 2014; Jenner,
2003). Thus drugs targeting oxidative stress,
AChE and MAO-B could be beneficial in
treating brain disorders.

In this study, hesperidin, a plant flavonoid,
was studied for its neuroprotective effect
through in-vitro studies which were further
validated using in-silico methods to explore its
possible underlying mechanism of
neuroprotection. The in-vitro experiments
demonstrated that hesperidin exhibits favorable
antioxidant properties, as evidenced by its strong
DPPH and H202 inhibitory effects. Additionally,
hesperidin has shown inhibitory activity against
AChE and MAO-B enzymes, suggesting its
potential therapeutic application in
treating brain  disorders.  Further, in-silico
molecular docking and molecular dynamics
studies demonstrated that hesperidin interacted
with crucial residues in the active areas of
acetylcholinesterase and MAO-B  enzymes.
Molecular dynamics simulation research
examines the functioning of biomolecular
processes, including ligand binding,
conformational changes generated by ligands or
voltage, protein folding, and membrane
transport. The results obtained from
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indicate that hesperidin has potential as a viable
therapeutic strategy or supplementary treatment
for managing brain disorders. The impact of
oxidative stress on regulating enzyme activity,
namely AChE and MAO-B, is well recognized.
The AChE plays a crucial role in suppressing
acetylcholine  transmission at  cholinergic
synapses (Schallreuter et al., 2003). The rise in
AChE activity may be attributed to many
factors, including the loss of cholinergic
neurons, the deposition of amyloid plaques, the
formation of  tau protein tangles,
neuroinflammation, and the altered expression
of acetylcholinesterase variations (Schallreuter
et al., 2003; Uddin et al., 2020). ROS may
oxidize the amino acid residues of AChE,
leading to direct damage. The oxidative
modification process can potentially disrupt the
enzyme's active site, affecting its ability to bind
to acetylcholine and facilitate effective
breakdown. Excessive oxidative stress has
capillary peroxidation, leading to the production
of lipid peroxides that may cause damage to
proteins, including AChE. The reduced function
of enzymes may be indirectly attributed to the
presence of damaged lipids and their breakdown
products. According to Hasselmo (2006),
acetylcholine is crucial in memory consolidation
because it converts temporary memories into
durable long-term memories. The regulation of
acetylcholine levels inside the synaptic cleft by
AChE plays a vital role in maintaining the
proper functioning of neuronal circuits involved
in memory formation. AChE does this by
hydrolyzing excessive quantities of
acetylcholine, thereby preserving the optimal
equilibrium of this neurotransmitter (Lehmann
and Fibiger 1979; Dansman et al. 2022; Sharma
et al. 2020). Therefore, changes in the
functioning of AChE might result in
impairments in  memory, which is a
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significant factor in the development of
memory-related illnesses such as Alzheimer's.
An inhibitory assay is conducted to evaluate the
inhibitory activity hesperidin on AChE. The
present investigation revealed that the I1Cso value
of hesperidin was comparatively lower than that
of the donepezil. Consistent with previous
research done by Singh et al. (2016), the present
study suggests that hesperidin may possess
efficacy in suppressing the activity of AChE,
hence establishing its potential as a
potent therapeutic agent for addressing diseases
resulting from  AChE dysregulation.
Similarly, the activity of MAO-B is impacted by
oxidative stress, a factor linked to the
pathogenesis of several brain illnesses (Seif-El-
Nasr et al., 2008). The enzymatic destruction of
monoamine  neurotransmitters,  such  as
serotonin, dopamine, norepinephrine, and
epinephrine, is attributed to monoamine oxidase,
leading to the production of their respective
metabolites (Tipton et al., 2004) which functions
as a preventative strategy against the excessive

activation of monoamine receptors. The
maintenance of appropriate amounts of
neurotransmitters  inside  synapses  relies

heavily on controlling monoamine breakdown
by MAO-B. Thus, MAO-B inhibitors are often
used in the treatment of several brain illnesses,
including depression, epilepsy, and Parkinson's
disorders (Jazvingcak et al., 2023). In the present
investigation, the ICso value of hesperidin were
determined to be 28.49 +1.72 ug/ml, indicating
its efficacy as a therapeutic agent for addressing
illnesses associated with the modified activity of
MAO-B.

Oxidative stress leads to a decrease in
energy production and an increase in the
synthesis of reactive oxygen species (ROS)
(Federico etal. 2012; Niki et al. 2008; Tramutola
et al. 2017; Barzilai et al. 2004). The process of
neuronal death is expedited by oxidative
stress since  neurons possess an increased
vulnerability to ROS due to their elevated
metabolic rate, significant oxygen consumption,
and restricted antioxidant defense systems
(Niizuma et al., 2009). Flavonoids have the
ability to act as scavengers of free radicals,
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hence assisting in the neutralization of these
intrinsically unstable molecules via electron
donation, leading to their eventual stability
(Gupta et al., 2010). The antioxidant activities of
hesperidin were assessed using the DPPH and
H202 assays in this study. Numerous in vitro
investigations have shown evidence that several
plant flavonoids can mitigate the DPPH radical
scavenging activity. Consistent with previous
research, the present study found that hesperidin
successfully scavenged DPPH radicals, with the
extent of scavenging being dependent on the

concentration of the radicals. In the H20:2
experiment, hesperidin demonstrated
antioxidant characteristics. Therefore, it may be
inferred that hesperidin  has antioxidant
capabilities, potentially
providing neuroprotective  benefits in  the
context of brain diseases.

In addition to inhibitory tests, the binding ability
of hesperidin with AChE and MAO-B was
assessed by molecular docking and molecular
dynamic investigations. The investigations
revealed that hesperidin displayed interactions
with key amino acid residues located in the
active region of the target proteins AChE and
MAO-B. Consequently, hesperidin has shown
the ability to block the receptor, castigating the
symptoms associated with brain disorders.
Further, Hsp molecule was further assessed for
the determination of its drug-likeliness and
ADME characteristics. The Lipinski's rule of
five was used to evaluate the drug-like potential
of the Hsp. Various parameters such as
physicochemical properties, lipophilicity and
solubility behaviors were predicted on the basis
of topological polar surface area (TPSA),
consensus log P, and ESOL LogS. Hsp showed
optimal pharmacokinetic characteristics but did
not comply with Lipinski's rules, indicating
potential challenges in oral bioavailability,
possibly due to sugar moieties hindering
gastrointestinal absorption. Despite this, some
drugs like erythromycin and rituximab also defy
Lipinski's rules yet are clinically prescribed.
Therefore, alternative administration routes may
be explored to develop hesperidin as a viable
drug candidate, considering its predicted ADME
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properties and inhibition

capabilities.

strong enzyme

4. Conclusion and Future Perspectives

The present work confirmed by in-vitro and
in-silico investigations that hesperidin has
strong inhibitory effects on AChE and MAO-B,
indicating its potential as a medication or
adjunctive treatment for memory and mood
disorders. In addition, it has strong antioxidant
characteristics which reveal potential use in
many neurological illnesses. Moreover, the
computational investigations confirmed the in-
vitro effects on the target proteins. Hesperidin
had the excellent docking scores and substantial
interactions with the target proteins AChE and
MAO-B, as shown by the molecular docking
experiments. Post-molecular dynamics
simulations revealed the preservation of
significant interactions with crucial amino acids
in the active site. Therefore, it is necessary to
conduct more in-vivo investigations on
hesperidin to examine its pharmacological and
mechanical properties.
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