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Introduction

Parkinson's disease (PD) is a complex devastating
neurodegenerative illness that is the second most prevalent
movement disorder, next to Alzheimer's disease (AD) in

Abstract

Introduction: Parkinson's disease (PD) is
a chronic, devastating neurodegenerative
disorder marked by the death of dopaminergic
neurons in the midbrain's substantia nigra
pars compacta (Snpc). In alpha-synuclein 7
(a-Syn) self-aggregation, the existence of |swmwsemrameming

P pa

intracytoplasmic inclusion bodies called Lewy | ,| @ e |
bodies (LBs) and Lewy neurites (LNs) causes | fj . oubtecdosboses” |
PD, which is a cause of neuronal death. modon dactyin

Analysis of Results

Methods: The present study is aimed at
finding potential bioactive compounds from
Cynodon dectylon that can degrade a-Syn aggregation in the brain, through in silico molecular
docking investigations. Graph theoretical network analysis was used to identify the bioactive
compounds that target a-Syn and decipher their network as a graph. From the data repository,
twenty-nine bioactive chemicals from C. dactylon were chosen and their structures were retrieved
from Pubchem. On the basis of their docking scores and binding energies, significant compounds
were chosen for future investigation. The in silico prediction of chosen compounds, and their
pharmacokinetic and physicochemical parameters were utilized to confirm their drug-likeness
profile.

Results: During molecular docking investigation the bioactive compounds vitexin (-7.3 kcal.mol
') and homoorientin (-7.1 kcal.mol ") showed significant binding energy against the a-Syn target
protein. A computer investigation of molecular dynamics simulation study verifies the stability of
the a-Syn-ligand complex. The intermolecular interactions assessed by the dynamic conditions
indicate that the bioactive compound vitexin has the potency to prevent a-Syn aggregation.
Conclusion: Interestingly, the observed results indicate that vitexin is a potential lead compound
against a-Syn aggregation, and in vitro and in vivo studies are warranted to confirm the promising
therapeutic capability.

persons over the age of 65." It affects 1-2 percent of people
in the 65-69 age range and its incidence has risen by 1%-3%
in those over the age of 80.% According to a World Health
Organization (WHO) study, PD affects approximately 6.1
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million individual’s worldwide.® There are two kinds of
impaired behaviors that develop in people with PD: motor
and non-motor impairments. Tremors, muscle stiffness,
and bradykinesia are the most prevalent motor deficits.
Cognitive decline, autonomic impairment, rapid eye
movement, behavioral sleep problems, painful cramps,
constipation, and other behavioral abnormalities are
examples of non-motor impairments.* PD is connected to
the death of dopaminergic neurons in the substantia nigra
pars compacta (Snpc), which is situated in the midbrain's
basal ganglia and is responsible for transmitting signals to
the spinal cord thereby controlling muscular contraction,
addiction and coordinating movement.” The loss of
dopaminergic neurons in Snpc leads to the formation of
intracytoplasmic inclusions called as Lewy bodies (LBs)
and Lewy neurites (LNs) that contain alpha-synuclein
(a-Syn) which causes neuronal cell death.

a-Synuclein (14.5 kDa, 140 amino acids), is an
intraneuronal and intraglial protein that controls
neurotransmitter release.” The structure of a-Syn reveals
the existence of three domains: the N-terminal domain, a
non-amyloid-beta plaque component and the C-terminal
domain.? a-Syn is believed to be present as an intrinsically
disordered monomer or helically folded tetramer in its
natural state.” On the other hand, at the neuropathological
level, the a-Syn protein misfolds and accumulates in the
brain through protein aggregation, causing neuronal
cell damage.'"! A53T point mutation on chromosome
4q21-23 was originally discovered as the connection
between PD and a-Syn in the year 1996. The family type
of PD is affected by a mutation in the a-Syn gene.'*"
In autosomal dominant PD patients, the a-Syn gene is
linked to the PARKI1 locus on chromosome 4q21."* In
addition, four mutations in PD have been discovered so
far: A30P, E46K, H50Q and G51D." All these mutations
cause an increase in the rate of aggregation, a change
in the oligomeric state or a reduction in the normal
tetramer: monomer ratios, allowing these alterations to
occur.' There is no secondary structure in the natively
unfolded state of a-Syn. Changes in the environment such
as agitation, ionic strength and pH, make amyloid-like
fibrils and a-Syn aggregates.'” a-Syn, on the other hand,
is more cytotoxic than amyloid proteins, which produce
amyloid-like fibrils."® By targeting a-Syn, it is possible to
inhibit protein aggregation or breakdown in the treatment
of PD. Levodopa is a dopamine replacement medication
used to treat PD. Levodopa induces the production of
dopamine, which sends messages between regions of
the brain and nerves to efficiently regulate bradykinetic
movement.’” While this medication has been used for
a long time, it has caused various adverse effects such
as fluctuations, dyskinesias, toxicity and effectiveness
loss. Furthermore, present treatment methods mostly
concentrate on symptom management and postponing
the disease's development rather than preventing it.?
Interestingly, metabolites of plants have been shown to

exhibit neuroprotective benefits. Tobacco, coffee, Mucuna
pruriens, green tea, Ginkgo biloba, Panax ginseng, Curcuma
longa, Bacopa monnieri and Salvia officinalis are just a few
examples.”!

The discovery of plants having antioxidant properties
has received a lot of interest recently. In this view, bioactive
chemicals from Cynodon dectylon (Family: Poaceae) were
selected for evaluating their neuroprotective effects and
other movement problems in this study.?? Carbohydrates,
proteins, calcium, iron, potassium, phosphorus, beta-
carotene, cynodine, triticin, furfural, levoglucosenone
and other nutrients are abundant in C. dactylon.”® The
metabolites are used in the treatment of cough, cancer,
snakebites, kidney stones, skin illnesses, bronchitis,
asthma and neurological disorders in traditional
medicine.?* Furthermore, many studies have shown that
C. dectylon extract has potential antioxidant capabilities
for neuroprotective benefits.»** Therefore, this study
was designed to analyze protein aggregation in the brain
by targeting the a-Syn. Using graph theoretical network
analysis, we build the signaling network of genes implicated
in the a-Syn protein. The network that was created has
been utilized to identify the optimal medication target
for successful neuroprotection. The binding effect of the
identified bioactive chemicals with the specified target was
predicted using molecular docking. The pharmacokinetic
(absorption, distribution, metabolism, and excretion)
toxicity properties of the chosen bioactive chemicals
were also studied. The molecular stability and binding
mechanisms of the chosen bioactive molecules with
a-Synuclein protein were investigated using molecular
dynamics (MD) simulation as well.

Materials and Methods

Network analysis

The protein signaling network of (HSA: 05012) Homo
sapiens was screened using graph theoretical network
analysis (Cytoscape software 3.7.1) to find the influential
genes involved in the target protein (derived from the
Kyoto Encyclopedia of Genes and Genomes (KEGG)
database).?>*” In the present research, the a-Syn signaling
network was recreated as a graph, containing several
entities of genes, proteins (nodes) and their connections
(edges). The network includes one node and 134 edges,
as shown in Fig. 1, based on centrality characteristics
such as degree, proximity, eccentricity, eigenvector, and
radiality. The beginning value of all measurements, as well
as important nodes in the network organisation has been
shown using the measured values of degree (11), proximity
(0.0418), eccentricity (0.6216), eigenvector (0.06054),
radiality (61.29496) and stress (4914) (Supplementary file
1, Table S1).

Protein receptor preparation
The crystal structure of a-Syn, PDB entry ID: 1XQ8,
was downloaded and utilized as a target protein from
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Fig. 1. The a-synuclein signaling network was developed through graph theoretical network analysis using Cytoscape software 3.7.1.

the RCSB Protein Data Bank (PDB: http://www.rcsb.
org/pdb). Before the molecular screening, optimize the
protein structure by adding missing residues through
Swiss-PDB Viewer v4.1.0's protein process tool.?® The file
was given the name target.pdb and was stored for future
investigation. The protein of interest was then prepared
using the Discovery studio visualizer 2020 (BIOVIA). All
the water molecules occupying the protein were examined
and eliminated. The ligands and ions that were bound
were also removed. PDB proteins are devoid of hydrogen
atoms in general. As a consequence, hydrogen atoms
were added to the protein to give it a more conventional
feel. Optimization and minimization techniques were
employed to make the target protein ready for docking.

Preparation of ligands

The Indian Medicinal Plants, Phytochemistry and
Therapeutics (IMPPAT) database contains twenty-
nine bioactive chemicals from C. dactylon.?® For virtual
screening, the 3D SDF structures of identified bioactive
components were acquired from the chemical database
PubChem (http://pubchem.ncbi.nlm.nih.gov).

Molecular docking

The AutoDock Vina program included in the PyRx
software was used to perform molecular docking
calculations of the selected bioactive molecules from C.
dactylon with the target protein, a-Syn.*® The protein-
ligand interaction profiler (https://plip-tool.biotec.tu-
dresden.de/plip-web/plip/index) was used to analyze the

active site in the target and the resulting receptor protein
was imported into the workspace. Using PyRx software,
polar hydrogen atoms and Kollman partial charges were
added to the three-dimensional structure of the protein.
AutoDock Vina program estimated the energy affinity
values of up to 10 distinct docking sites for each ligand.
The ligand conformation at the active binding site was
used to determine the complex affinity energies, with
the RMSD between the original and subsequent docked
structures taken into account. The Discovery Studio
Visualizer, which provides information on compounds
and interaction graphics (2D and 3D), was used to
estimate information on hydrogen bonds and non-
covalent interactions for each ligand-protein complex.

Physicochemical and ADME properties prediction
Pharmacokinetic (absorption, distribution, metabolism,
and excretion) and physicochemical features are critical
in the drug identification of new treatments since many
suggested compounds fail in the development phase. The
SwissADME online tool was used to examine molecular
weight, molar refractivity, solubility, bioavailability,
bioavailability radar map, egg-boiled plot, brain
permeation and human gastrointestinal absorption
properties for the selected bioactive substances (https://
www.swissadme.ch).?!

Toxicity prediction
Small molecule toxicology prediction is crucial for
anticipating the safety or hazardous profile of proposed
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bioactive substances before they are physiologically
appropriated. As a consequence, to predict toxicity,
and carcinogenicity profiles of the selected bioactive
compounds, the canonical SMILES (simplified molecular-
input line-entry system) of the selected bioactive
compounds were uploaded to the web-based server called
pkCSM-pharmacokinetics (http://biosig.unimelb.edu.au/
pkesm/prediction).*?

Molecular dynamics simulation

The MD simulation is a useful tool in current molecular
modeling techniques for understanding macromolecular
structure-to-function correlations. MD modeling was
used to examine the binding stability, conformation,
and interaction mechanisms between the chosen
bioactive compounds (ligands) and protein a-Syn.
Using GROMACS 2019.2 software, the best binding-
free energy of ligand-a-Syn complex files was chosen for
MD simulation investigations.*** The topology of the
selected bioactive compounds (ligand) was retrieved from
the PRODRG website.*® All of the complex systems were
prepared as previously described. In MD simulation, the
initial vacuum was lowered using the steepest descent
approach for 5000 steps. Using a simple point charge
(SPC) water model, the complex structure was solvated
in a cubic periodic box of 0.5 nm. After then, enough
Na* and Cl' counter ions were injected to keep the salt
concentration in the complex system at 0.15M. From the
NPT (Isothermal-Isobaric, constant number of particles,
pressure, and temperature) equilibration, each complex
was assigned a simulation time of 50 ns for the final run.
Using the internet server "WebGRO” for macromolecular
simulations (https://simlab.uams.edu/), the root mean
square deviation (RMSD) and root mean square
fluctuation (RMSF) trajectories structure was executed in
the GROMACS program.

Molecular mechanics Poisson-Boltzmann surface area
(MMPBSA) calculation

The protein-ligand binding free energy of each complex
was calculated using the MMPBSA technique. The g_
mmpbsa tool created for GROMACS was used to calculate
the binding free energy.*”*

Density functional theory (DFT)

The Gaussian 03W program and the Gauss View molecular
visualization tools were used to perform computational
calculations of the selected bioactive compounds.” Using
a 6-311G (d,p) basis set, the DFT/Becke-3-Lee-Yang-
Parr (B3LYP) approach was utilized to optimize the
molecular structures of the chosen bioactive compound.
Using the optimized structures, the frontier molecular
orbital energies of both compounds (lowest unoccupied
molecular orbital [ELUMOY], highest occupied molecular
orbital [EHOMO], and their energy gap [Eg]) were
computed. Gauss View, a molecular visualization tool,

was used to display the created molecular orbital energy
diagrams of the selected bioactive chemicals.

Results

Bioactive compounds retrieval and preparation

The IMPPAT database was searched for the available
bioactive chemicals of the selected plant from C. dactylon.
Table 1 shows a list of twenty-nine key bioactive chemicals
and their structures found in C. dactylon were retrieved
from the database.

Molecular docking

The structure-based molecular docking method was used
to evaluate the efficacy of identified putative bioactive
chemicals against the a-Syn protein which could offer
neuroprotective effects. Twenty-nine bioactive chemicals

Table 1. Bioactive compounds from Cynodon dectylon and their binding
affinity against a-Syn

Ligand Compound Id  Docking score (kcal.mol?)
Vitexin CID:5280441 -7.3
Homoorientin CID:114776 -7.1
Friedlein CID:244297 -6.8
Beta-carotene CID:5280489 -6.6
Orientin CID:5281675 -6.4
Triterpenoids CID:71597391 -6.3
Ergonovine CID:443884 -6.3
Luteolin CID:5280445 -6.3
Ergometrinine CID:5486180 -6.2
Phytosterols CID:12303662 -6.2
2"-O-glycosylisovitexin  CID:101698596 -6.2
Arundoin CID:12308619 -6.2
Apigenin CID:5280443 -6.1
Tricin CID:5281702 -5.6
Beta-lonene CID:53249763 -4.9
2-Coumarinate CID:5280841 -4.9
Triglochinin CID:5281124 -4.8
Ferulic acid CID:445858 -4.5
Phenyl acetaldehyde CID:998 -4.1
Syringic acid CID:10742 -4.1
Vanillic acid CID:8468 -4.0
L-ascorbic acid CID:54670067 -3.9
Phytol CID:145386 -3.9
Palmitic acid CID:985 -3.6
Docosanoic acid CID:8215 -3.6
Hexadecanal CID:984 -3.5
Tritriacontane CID:12411 -3.4
Furfuryl alcohol CID:7361 -3.2
Furfural CID:7362 -3.1
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were docked against the a-Syn protein using AutoDock
Vinatoolsin PyRx software. Thirteen bioactive metabolites
out of 29 have a greater binding affinity (-6 kcal.mol™")
with the target protein and the results are presented in
Table 1. Two of the bioactive compounds, vitexin (-7.3
kcal.mol') and homoorientin (-7.1 kcal.mol') which
exhibited higher binding energy values were selected for
further studies. The intermolecular interactions between
the a-Syn protein with vitexin (Fig. 2), homoorientin (Fig.
3), and other compounds are presented in Table S2. The
Maestro 11.7 version of the Schrodinger suite was used
to depict the interactions between the ligands (vitexin
and homoorientin) and the a-Syn protein. Vitexin (VIT)
created three hydrophobic contacts with LYS43A (3.68 A),
VAL48A (3.68 A) and VAL48A (3.73 A), while LYS32A
(2.68 A), VAL40A (3.06 A) and LYS45A (3.08 A) formed
three hydrogen bonds. Homoorientin (HOM) formed
four hydrogen bonds with LYS32A (3.15 A), GLU35A
(2.19 A), GLY36A (2.42 A), LYS43A (2.91 A) and one
n-Stacking with TYR39A (5.43 A).

In silico prediction of physicochemical and ADME
properties

SwissADME  (http://www.swissadme.ch/) online tool
was used to evaluate the pharmacokinetics (ADME) and
physicochemical characteristics of the bioactive molecules

from C. dactylon and the results are shown in Table 2 and
Table S3. As the data in Table 2 indicates, the molecular
weights of VIT and HOM are 432.38 g.mol"' & 448.38
g.mol’ respectively and this was found to contradict
Lipinski's rule of five as the molecular weights are higher
(MW >350). The two bioactive molecules, VIT and
HOM have a polar surface area of 181.05 A% and 201.28
A? respectively. The anticipated findings also revealed
that the bioactive chemicals VIT and HOM had a lower
rate of gastrointestinal (GI) absorption in humans. The
greater the amount of H-bonds, the more likely they are
engaged in protein-ligand interaction. As a result, VIT, the
discovered bioactive molecule, has a higher probability of
becoming a drug-relevant candidate with neuroprotective
potential. Both the chosen bioactive molecules and the
conventional drug. The synthetic accessibility scores were
determined to be 5.12 (VIT), and 5.04 (HOM), which
showed that the bioactive molecules, VIT and HOM are
difficult to manufacture.

Fig. 4 depicts a bioavailable radar map of drug-like
properties of the selected chemicals VIT and HOM. The
pink zone within the hexagon signifies the optimal range
for the compounds. The drug-like compound's authorized
range was unsaturation (INSATU): rotatable bonds
(FLEXI): no more than 9 rotatable bonds, molecular
weight (SIZE): between 150 and 500 g.mol’, polar

Fig. 2. Representation of intermolecular interaction between the bioactive compound vitexin with a-Syn protein. The left side shows three-dimensional and

the right side shows the two-dimensional structure of protein-ligand interaction.

Fig. 3. Representation of intermolecular interaction between the bioactive compound homoorientin with a-Syn protein. The left side shows three-dimensional
and the right side shows the two-dimensional structure of protein-ligand interaction.
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Table 2. In silico predicted physicochemical and ADME parameters of

vitexin, and homoorientin

Parameter Vitexin Homoorientin
Formula C,,H,00,, C,H,.0,,
MW (g.mol?) 432.38 448.38
Number of heavy atoms 31 32
Number of aromatic heavy atoms 16 16
Fraction Csp3 0.29 0.29
Number of rotatable bonds 3 3
Number of H-bond acceptors 10 11
Number of H-bond donors 7 8
Molar refractivity 106.61 108.63
TPSA (A2) 181.05 201.28
Solubility class Soluble Soluble
Gastro Intestinal absorption Low Low
Blood Brain Barrier crossing No No
Violation of Lipinski’s rule of five 1 2
Bioavailability score 0.55 0.17
Synthetic accessibility 5.12 5.04

surface area (POLAR): between 20 and 130 g.mol* and
polar surface area (POLAR): between 20 and 130 A2
The red slanted hexagon off-shoot of the vertex displays
drug-like properties of the bioactive chemicals VIT and
HOM (Fig. 4). In addition, using an egg-boiled model,
the pharmacokinetic characteristics of both the bioactive
chemical VIT and HOM were examined. The egg-
boiled model proved useful in predicting two important
pharmacokinetic characteristics at the same time, namely,
passive gastrointestinal absorption (HIA) and blood-brain
barrier (BBB) penetration. The chemical contained
in the yolk (i.e., yellow area) indicates very likely BBB
permeation, whereas albumin (i.e, white region)
represents highly possible HIA absorption in the egg-
shaped organization plot. The bioactive components, VIT
and HOM were detected outside the boiled egg in Fig. 5,
indicating poor gastrointestinal absorption. The bioactive

molecules VIT and HOM have significant potential to
be drug-like agents for neuroprotective treatment, as
indicated by the aforementioned expected findings.

Toxicity prediction

Using the pkCSM-pharmacokinetics web-based platform,
in silico toxicity prediction of the selected bioactive
molecules, VIT, and HOM was conducted. Table 3 and
Table S4 depicted the results of the predictions for AMES
toxicity, drug-induced hERG toxicity, LD, (median fatal
dosage), hepatotoxicity, skin sensitization, Tetrahymena
pyriformis (TP) toxicity, and minnow toxicity of selected
(higher binding energy) and other bioactive compounds
of C. dactylon, respectively. The results found that selected
bioactive compounds VIT and HOM were no unfavorable
effects such as hepatotoxicity, carcinogenicity, and skin
sensitization. The LD, specifies the instant or acute
toxicity of molecules that were determined to be the most
effective in the exploration.

Molecular dynamics

While protein-ligand docking is extensively used and
effective, it only offers a snapshot depiction of the ligand's
binding posture at the receptor's active area. MD must be
used to mimic the dynamics of atoms in the system as a
function of time while also integrating Newton's equations
of motion.*® The results of 100-ns MD simulations were
analyzed for two complexes produced from docking
studies against a-Syn: VIT, and HOM. To investigate
the stability and fluctuations of these complexes, MD
trajectory analysis was performed to calculate the RMSD
(Root Mean Square Deviation), RMSF (Root Mean
Square Fluctuation), RGY (Radius of gyration), and SASA
(Solvent Accessible Surface Area).

The RMSD is an important metric for analyzing the
equilibration of MD trajectories and ensuring the stability
of complex systems during simulation. To evaluate
structural conformation changes, the RMSD of the protein
backbone atoms was plotted vs time. With no substantial
differences in the results, a stable conformation was

v o LIPO L LIPO
Vitexin Homoorientin
FLEX SIZE FLEX SIZE
INSATU POLAR INSATU POLAR
INSOLU INSOLU

Fig. 4. The oral bioavailability radar map of the bioactive molecule vitexin, and homoorientin.
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Fig. 5. The EGG-BOILED model for vitexin and homoorientin.

attained between 31 and 100 ns (Fig. 6A). The test VIT
complex's backbone RMSD ranged from 3.6 to 30 ns.
With no substantial differences in the data, the stable
conformation was attained in 31-100 ns (Fig. 6A). The test
HOM complex had backbone RMSD variations ranging
from 3.6 to 40 ns. With no substantial fluctuations in the
measurements, a stable conformation was attained in 41-
100 ns (Fig. 6A). This suggests that throughout the early
stages of the simulations, the protein undertook small
structural changes in all of the complexes.

When modeling the stability and flexibility of complex
systems, the RMSF is a crucial metric to consider*. When
a target protein interacts with a ligand, the RMSF was
utilized to see how the behavior of its amino acid residues
changed. The C atoms' RMSF values were considered and
plotted versus the residues (Fig. 6B).

The VIT complex fluctuated a little bit during the
simulation time shown in the image, but the HOM
complex fluctuated a lot. These results reveal that the
binding of the VIT ligand does not affect the protein's
flexibility.

The gyration radius (RGY) of complicated systems was
also examined. The RMS distance between the atoms of
the protein and the rotation axis is denoted by RGY. It is
one of the most important parameters for determining
the complete change in the compactness and dimensions
of the protein structure over time.”> Higher RGY values
imply a less compact and flexible protein, while low RGY
values indicate a compact and rigid protein. RGY values
of protein backbone atoms were plotted against time to
evaluate differences in structural compactness.

Table 3. Toxicity profile of top scored bioactive molecules

Between 31 and 100 ns, there were no notable
differences and the value of 2 nm remained fairly constant.
After VIT binding, the backbone RGY values dropped
35 ns. Between 36 and 100 ns, there were no significant
changes in duration and the value of 1.7 nm remained
nearly constant. Following HOM binding, the backbone
RGY values dropped by 40 ns. Between 41 and 100 ns,
there were no significant changes and the value of 1.6 nm
remained relatively constant (Fig. 6C). The compounds
cause no significant structural changes in the protein,
according to the results of the entire investigation.

A Solvent Accessible Surface Area (SASA) analysis
was also performed on all of the complexes.*® SASA is
an important parameter for determining the degree of
receptor exposure to the surrounding solvent molecules
during simulation. In general, ligand binding can impact
the structural integrity of the receptor, affecting the region
in contact with the solvent. The surface area changes in
protein SASA measurements were plotted against time.

Except for a few periods throughout the simulation,
minute alterations were seen throughout. The average
value of SASA was found to be 85 nm? The VIT complex
showed a decrease in values until 35 ns in its trajectory.
Around 80 nm? was found to be the average SASA value.
Until 45 ns, the HOM complex's trajectory showed a
decrease in values. Except for a few periods throughout
the simulation, minute alterations were seen throughout.
The average SASA value was 83 nm?, as shown in Fig. 6D.
According to the study, the surface area of protein in all
complexes shrank during the simulation.

The MD trajectories were analyzed to determine

Maximum
E E . - . . .
Compound AM .S tolerated dose . h. RG LD50 Hepatotoxicity Carcinogenicity ?k_m . T pyn_ft.)rmls Mln_n.ow
toxicity inhibition Sensitisation toxicity toxicity
(human)
Vitexin Yes 1.089 No 2.996 No No No 0.285 2.865
Homoorientin Yes 0.7 No 2.963 No No No 0.285 3.579
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Fig. 6. Time evaluation of RMSD plots for MD simulation of VIT (Blue) and HOM (Red) (A); Time evaluation of RMSF plots for MD Simulation. Chain of a-Syn-
VIT (Blue) and a-Syn- HOM (Red) (B); Time evaluation of Radius of gyration plot for MD Simulation of VIT (Blue) and HOM (Red) (C); Time evaluation of SASA
plots for MD Simulation of VIT (Blue) and HOM (Red) (D); Stability of intermolecular hydrogen bonding plot for MD Simulation of VIT (Blue) and HOM (Red).

the number of hydrogen bond formations throughout
the simulation and the results are shown in Fig. 6E to
investigate the ligands' binding energy to the target protein.
Almost, three hydrogen bonds were established regularly
throughout the simulation, showing the stability of the
complex. The steadiness in making three hydrogen bonds
with a maximum of five bonds for the VIT complex was
maintained at specific time intervals. The HOM complex
was found to be consistent in forming two hydrogen bonds
with a maximum of four bonds at various time intervals.
As can be seen, the top phytochemicals bind to the target
protein with greater affinity.

Binding free energy analysis /| MM/PBSA

The binding free energy (G bind) for VIT and HOM
complexes was determined using the MM/PBSA technique
for the final 20 ns (80-100 ns) of simulated trajectories
with dt 1000 frames. VIT and HOM complexes each had
a AG bind of -126.3011.215 kJ.mol! and -114.2717.66
kJ.mol", respectively. These low negative free binding
energies indicate that the test ligands have a strong affinity
for binding to a-Syn protein. The RMSD, RMSE, RGY,
and SASA were used to verify the complexes and the lead
complex Vitexin was determined to be stable throughout
the simulations.

Density functional theory analysis

In that HOMO is a crude estimate of a compound's
electron-donating capacity, the frontier-orbital energies
(highest occupied molecular orbital (HOMO) & lowest
unoccupied molecular orbital (LUMO)) of bioactive
compounds play a major influence on bioactivities.?
The energies and HOMO-LUMO energy gap of selected
bioactive chemical vitexin and homooreintein were
measured by B3LYP level using 6-311G (d, p) basis
set and the HOMO-LUMO diagram of vitexin, and
homooreintein was given in Table 4. The HOMO-LUMO
energy gap values of the bioactive molecule vitexin
were 0.12863 and for homooreintein were 0.12543. The
findings of the energy gap values revealed that vitexin,
homooreintein are very stable in nature.

Discussion

The most common reason for the pathological condition of
dopaminergic neurons of PD is an abnormal aggregation
of a-Syn protein in the form of Lewy bodies and Lewy
neuritis in neurons.* Oxidative stress plays a critical role
in the degradation of dopaminergic neurons in PD.*
Several studies were shown that bioactive compounds
from plants have neuroprotective effects against a-Syn
aggregation and oxidative stress on PD.***” Hence, the
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Table 4. E,,, and E ,  and AE values of Vitexin and Homoorientin
Drug Homo EHomo (eV) |LUMO ELUMO (eV) |Energy gap
Vitexin -0.31164 -0.18301 0.12863
Homooreintin -0.31063 -0.18520 0.12543

objective of this present study was to find out the effective
neuroprotective agents from a plant source to prevent
a-Syn protein aggregation that occurs in the midbrain’s
Snpc. Among the medicinal plants, C. dactylon possesses
enormous medicinal valued bioactive compounds that
are commonly used as antioxidants and neuroprotective
purposes.®® In silico molecular docking tools have been
used to narrow down these medicinally valued bioactive
compounds, particularly for the prevention of a-Syn
protein aggregation in a neuron.

In silico molecular docking helps in accelerating the
drug discovery process because the screening of the
bioactive compounds that bind to the target protein can
be predicted in a short duration. This along with in silico
evaluation of pharmacokinetic, physiochemical, and
pharmacodynamics properties assists in the identification
of a few lead compounds that can be developed into a drug
that can lead to disease prevention. In silico-based virtual
screening, molecular docking, and molecular dynamics
simulation experiments were employed in many studies
and the results obtained were later confirmed by in vitro
and in vivo activity evaluation studies.” This upholds the
value of in silico studies in the drug discovery processes.
Researchers may be able to find therapeutic solutions
for specific diseases by better understanding how the
compounds bind to, interact with, and down or up-
regulate the associated proteins.

Pathway analysis, functional analysis and essentiality

prediction can help in the identification of key genes and
proteins in the biomolecular networks.”® In this study, a
graph theoretical network was constructed with the help
of centrality measures such as closeness, betweenness,
eigenvector, eccentricity, stress, radiality, and a degree
in order to explore the roles and responsibilities of
genes, proteins and enzymes that are essential for the
development of biological pathway (a-Syn protein
pathway). The created network comprising of some points
(nodes) linked in a pattern by a set of edges, follows the
structures of actual biological systems. The re-constructed
biomolecular network, a-Syn protein was recognized as an
ideal drug target for neurological disease “PD”. Historically,
plant extracts and natural phytoconstituents were majorly
utilized for drug discovery and development.®* As a result,
the goal of this study was to find out bioactive chemicals
from C. dactylon by inhibiting o-Syn aggregation in
the Snpc of the midbrain. Using IMPPAT database, a
total of twenty-nine phytocompounds present in C.
dactylon were selected. The docking scores of the chosen
phytocompounds against a-Syn protein range from -3.1
kcal.mol! to -7.3 kcal.mol’. Two of the compounds,
Vitexin (-7.3 kcal.mol!) and homoorientin (-7.1 kcal.mol
') were chosen for further study because they exhibited
significant binding energy. Similarly, Thangavel et al also
used in silico analysis to find out effective derivatives
of 7,8-dihydroxyflavone (DHF) for inhibiting a-Syn
aggregation previously."
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A new drug discovery process also involves the
assessment of pharmacokinetics (absorption, distribution,
metabolism and excretion) pharmacodynamics, and
physicochemical properties, because they are directly
linked with the effectiveness of phytocompounds.™
Several highly active compounds failed during the quality
control process due to unsatisfactory pharmacokinetics
and toxicity properties.”® Further, biologically active
phytocompounds must reach their desired target location
in sufficient quantity and remain in a stable form for
long enough to trigger biological reactions.’ Therefore,
pharmacokinetic and physicochemical properties of
phytocompounds must be evaluated during the drug
development stages in order to pass routine clinical
investigations and be regarded as promising drug
candidates. Further, the Lipinski rule of 5 methodologies
appears to be a helpful tool to predict the drug-likeness
properties of phytocompounds.®® Molecular weight and
topological polar surface area (TPSA) have been observed
under pharmacokinetic properties that govern the
permeability of bioactive compounds across the biological
barriers (i.e. blood-brain barrier).”® Permeability of a
phytocompounds may be reduced due to higher molecular
weight and lower TPSA.% Solubility impacts the absorption
of phytocompounds in the body.*® The selected bioactive
compounds (HOM and VIT) from this investigation show
lower gastrointestinal absorption which could be attributed
to the higher molecular weight of these two compounds.
A few phytochemicals are known to be absorbed into the
circulatory system through the small intestine, whereas
others are absorbed by the colon and are believed to be
transformed by the gut microbiota, and released back into
the blood along with some microbial metabolites. These
are known to exhibit substantial pharmacological action.”
The number of hydrogen bond acceptors/donors present
in a phytochemical molecule is also known to influence
their permeability. Phytocompounds that have 12 or a
smaller number of hydrogen bond donor provides good
permeability across the biological barriers.®” The bioactive
molecules evaluated in this study, VIT and HOM have 10
and 11 hydrogen bond acceptors and 7 and 8 hydrogen
bond donors respectively, these results indicate the
moderate permeability of biological barriers. Moreover,
good oral bioavailability indicates 10 or fewer rotatable
bonds of phytocompounds.® The boiled-egg analysis was
carried out to establish the human intestinal absorption
and blood-brain barrier permeability of identified
phytocompounds.* Since both the bioactive compounds,
VIT and HOM were detected outside the boiled egg (Fig.
5), these were considered to have poor gastrointestinal
absorption.

In this study, all the selected phytocompounds were
analyzed for pharmacokinetics and physicochemical
properties, and further assessment studies were conducted
based on the findings. The toxicity of phytocompounds
must be determined in order to explore their unwanted

toxic effects, which can harm human beings. It is also one
of the important phases in drug design and development.®*
The most common causes of drug failure in late-stage
drug development include toxicity and serious adverse
reactions.” Studies on animal models necessary to
investigate the toxic profile of phytocompounds were
constrained due to the longer time taken for the
studies, ethical consideration, cost, and complexity of
the studies.** As a result, in silico toxicity method that
uses computational tools for predicting the toxicity
of identified phytocompounds is regarded as useful.
The toxicity levels of chosen bioactive molecules were
evaluated using in silico methods in this study. In silico
analyses were used to predict the hERG (ion channel),
AMES, hepatotoxicity, carcinogenicity, and skin-irritating
properties of chosen drugs. VIT and HOM were found to
score negatively for hERG toxicity, carcinogenicity, and
skin irritation and exhibited favorable logBB values. The
LD, represents the speedy or acute toxicity of the drugs
that were shown to be the most effective in the study.
Molecular dynamics simulation, a method for examining
the physical movements of atoms and molecules,®
confirms the stability and fluctuation of a drug candidate
at the active site of the target protein. The a-Syn-ligand
(VIT and HOM) complexes were validated by interpreting
the RMSD, RMSE, RGY, hydrogen bond interactions, and
SASA during the simulations.

Conclusion

Plant extracts and plant-derived bioactive substances have
traditionally been used to help suppress chronic disease,
protect health, lower treatment expenses, and enhance the
quality oflife. a-Syn protein is a key component during the
earlier stages of development of neurodegeneration in PD.
The present study looked for a possible neuroprotective
agent in C. dactylon that can prevent a-Syn protein
aggregation. Vitexin, an unreported bioactive compound
showed significant binding energy (-7.3 kcal mol
') towards the a-Syn protein among the twenty-nine
compounds that were evaluated. The pharmacokinetics
and physicochemical properties of vitexin were found
non-toxic and drug-like. The stability of the ligand-
receptor complex was examined using molecular
dynamics simulation and it was discovered that vitexin
with a-Syn protein complexes was stable throughout the
simulation. The density functionality theory findings
also revealed that vitexin is very stable in nature. Overall,
the bioactive chemical vitexin from C. dactylon could be
a potential lead molecule for future testing as a possible
neuroprotective agent acting on a-Syn aggregation using
both in vitro and in vivo assays.
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