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Abstract

Background: The rising incidence of Major Depressive Disorder (MDD), in conjunction with the inadequate effectiveness
and resistance observed in existing therapeutic approaches, emphasizes the urgent need to investigate novel therapeutics that
provide enhanced efficacy with reduced adverse effects. Abrus precatorius L., an herb that is readily available and frequently
utilized in traditional medicine, is frequently prescribed to patients suffering from neurological disorders.

Objectives: The goal of this study is to discover novel active compounds from the A. precatorius plant that can specifically
target the GIuR3 receptor using in silico techniques, to develop a safe and efficient treatment for MDD.

Materials and Methods: Homology modeling, molecular docking, molecular dynamics simulation, and absorption, dis-
tribution, metabolism, excretion, and toxicity (ADMET) analysis were employed in this investigation to screen compounds
derived from A. precatorius. Their potential to inhibit a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor activ-
ity, specifically glutamate receptor 3 (GIuR3), which is associated with MDD, was the objective of this study.

Results: Among 3| compounds derived from A. precatorius, |5 successfully cleared the ADMET filter criteria. Subsequently,
the best homology model of GIuR3 was constructed using Phyre2. This facilitated an investigation into the intramolecular
interactions exhibited by the filtered compounds. Notably, the four compounds with the most pronounced binding affini-
ties are identified by their PubChem compound IDs (CIDs): 160511, 44257585, 1983, and 145857. The binding affinity and
internal molecular interactions of the top-ranking compound, PubChem CID 160511, were subjected to further validation
through MD simulations, affirming its sustained stability in binding.

Conclusion: CIDs: The compound 16051 | cleared ADMET analysis with no notable side effects and high binding affinity and
stability, making it a potential drug candidate for MDD. To ascertain the precise efficacy of medications, additional in vitro, in
vivo, and clinical studies are required.
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Major Depressive Disorder (MDD) is a common psychologi-
cal disorder characterized by chronic sadness, loss of
interest, and decreased cognitive and physical functioning.
Symptoms of MDD include persistently poor mood, despon-
dency, alterations in appetite and sleeping cycles, impaired

concentration, and suicidal ideation. Treatment for MDD
includes medicine, psychotherapy, and a change of lifestyle
(Otte et al., 2016). The World Health Organization (WHO)
rated MDD as the third most prevalent illness burden in 2008,
and it is anticipated that by 2030, it will surpass all other dis-
eases (Bains & Abdijadid, 2022).

Since new preclinical and clinical studies point to abnormal
glutamatergic neurotransmission as a potential therapeutic tar-

Province, Saudi Arabia

éDepartment of Biochemistry, Jamia Hamdard, New Delhi, Delhi, India
7Center for Global Health and Research, Saveetha Medical College and
Hospital, Chennai, Tamil Nadu, India.

8Hail Health Cluster, Ministry of Health, Ha'il, Hai’l Region, Saudi Arabia
*Department of Medical Microbiology, Faculty of Medical Laboratory
Sciences, University of Medical Sciences & Technology, Khartoum, Sudan

Corresponding author:

A. Saeed, Department of Clinical Laboratory Sciences, College of Applied
Medical Sciences, University of Hail, Hail Province 55476, Saudi Arabia.
E-mail: am.saeed@uoh.edu.sa

get, it is imperative to understand the neurobiology of MDD.
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The a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPA) subtype of ionotropic glutamate receptors is impor-
tant for synaptic plasticity, which is one of the mechanisms
underlying learning and memory (Radchenko et al., 2021).
AMPA receptors (AMPARs) are heterotetrametric complexes
made up of the subunits GluA1-4. Each of these subunits gives
the active receptor unique features, such as trafficking motifs
that are connected to synaptic plasticity (Gasbarri & Pompili,
2014; Hollmann & Heinemann, 1994; Shepherd & Huganir,
2007). AMPARs expedite central nervous system excitatory
synaptic transmission. Long-term potentiation and depression
of synaptic transmission in the hippocampus by these receptors
are crucial for synaptic plasticity. AMPARs were initially clas-
sified as ionotropic glutamate receptors using selective phar-
macological methods. Isolating the genes for the four AMPAR
subunits (GluR1-4) has helped us understand their structure,
pharmacology, and physiological functions (Jane, 2007).
Synaptic activity-related transmission is mediated in adult
brains by AMPAR complexes made up of the GluR1 and
GluR2 subunits. Synaptic AMPARs are rapidly switched out
for GluAl-containing types and kept at a steady level by
GluR2- and GluR3-containing receptors in an activity-depen-
dent manner (Banerjee et al., 2016; Henley & Wilkinson,
2016). Despite promising preclinical data linking AMPARSs to
neuropsychiatric diseases, many AMPAR-targeting drugs have
failed to provide therapeutic benefits. This divergence may be
due to several factors, but preclinical studies continue to show
the therapeutic value of AMPARs in modern antidepressants
(Juetal., 2022).

AMPAR antagonists are being studied as MDD treatments
because they may be effective antidepressants. GluR3, an
AMPAR subtype, regulates mood (Derkach et al., 2007).
More precise and effective depression treatments may result
from targeting GluR3 activity. Understanding GluR3’s role in
the AMPAR complex helps develop new depressive treat-
ment methods (Sanacora et al., 2008).

Humans and animals need natural products to stay healthy.
Their antioxidant, anti-inflammatory, and antiapoptotic prop-
erties have been extensively studied. These qualities make the
use of phytochemicals good for health and delaying disease
onset. Natural compounds have fewer side effects than syn-
thetic drugs, so people seeking alternatives prefer them
(Rehman et al., 2019).

The Fabaceae family includes Abrus precatorius L., popu-
larly known as rosary pea, a significant medicinal plant. The bio-
logical properties of A. precatorius, including free radical
scavenging, renoprotection, neuroprotection, immunomodula-
tory, anti-inflammatory, anti-lipotoxicity, and antiplatelet aggre-
gation, have been experimentally demonstrated in numerous
studies, supporting the plant’s ethnopharmacological uses and
other medicinal claims (Boye et al., 2021).

The goal of this study is to discover novel active com-
pounds from the A. precatorius plant that can specifically tar-
get the GluR3 receptor using in silico techniques, to develop
a safe and efficient treatment for MDD.

Materials and Methods

Selection of Ligand

The phytochemical constituents of A. precatorius were
retrieved through literature surveys and online databases, such
as Indian Medicinal Plants, Phytochemistry and Therapeutics
(IMPPAT) (Mohanraj et al., 2018) and ZINC Database (Sterling
& Irwin, 2015). The three-dimensional “.sdf” file of the com-
pounds was retrieved through PubChem (Kim et al., 2021).

Evaluation of In Silico Pharmacokinetics,
Metabolism, and Toxicity

This research includes quantitative measurements of drug-like
properties such as solubility, absorption, pKa, lipophilicity,
blood-brain barrier (BBB), plasma-protein binding (PPB), bio-
availability, penetration, permeability, volume of distribution,
transporters, skin and ocular irritation, hepatic clearance, and
metabolism, among others. The phytochemicals were screened
using SMART and the “Filter by Lipinski and Veber Rule”” mod-
ule from Discovery Studio (DS) (Dassault Systémes BIOVIA,
Discovery Studio Modeling Environment, Release 21.1, San
Diego: Dassault Systémes, 2021). A pharmaceutical molecule’s
pharmacokinetic profile, which encompasses absorption, distri-
bution, metabolism, excretion, and toxicity (ADMET), is essen-
tial for determining its pharmacodynamic activities. The
“ADMET Descriptor” module in DS calculated the ADMET
attributes of phytochemicals. Critical to the development of a
successful medication is the safety of the chemicals. The
“TOPKAT” module in DS was used to assess the toxicity.

Structure Prediction

The GIuR3 of AMPAR having accession ID: AAF97857.1
was retrieved from NCBI. The four homology modeling tools
(SwissModel, Phyre2, MODWEB, and I-TASSER) were
employed for the construction of a three-dimensional struc-
ture of AAF97857.1: (a) SwissModel is an automated homol-
ogy modeling application (Waterhouse et al., 2018; Wu et al.,
2003). (b) Phyre2 generates homology models and predicts
binding sites (Kelley et al., 2015; Wu et al., 2003). (c¢)
MODWERB is a comparison modeling tool that employs PSI-
BLAST to provide automated structural data (Pieper et al.,
2006), and (d) I-TASSER is a similar platform that constructs
protein structures (Roy et al., 2010). The most potential mod-
els from each tool were adopted for further evaluation. ProQ
(ProQ—Protein Quality Predictor) and Protein Structure
Validation Suite (PSVS) evaluated the best models generated
by each application. The “Define Site” module from DS was
then applied to this high-quality homology model to identify
the binding pocket. The binding pocket of the generated
homology model was found to have x, y, and z coordinates of
—0.590758, 37.753142, and —3.223064, respectively.
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Molecular Docking

The identified compounds from 4. precatorius were docked
using the “Cdocker” and “LibDock” from DS to explore the
binding affinities and modes of binding of the compounds
with the protein target (GIuR3).

Ligand and Protein Preparation

Ligand structures were processed to assign appropriate atom
types, bond orders, and partial charges. The Ligand Partial
Charge Method was set to “CFF” in the CDOCKER module to
ensure compatibility with the force field used during the dock-
ing simulations. Protein structures were prepared by removing
water molecules, optimizing hydrogen bond networks, and
assigning appropriate charges to polar atoms. These prepara-
tions are critical for accurate docking simulations and were car-
ried out in accordance with best practices (Zrieq et al., 2021).

Ligand Optimization with SMART Minimizer

To enhance the accuracy of ligand—protein interactions, the
ligands were further optimized using the SMART minimizer
from DS (Zrieq et al., 2021). This optimization involved
energy minimization of ligand conformations within the pro-
tein binding site. The maximum minimization steps were set
to 1,000, and the CHARMm force field was applied for this
purpose. Ligand optimization helps to alleviate steric clashes
and improve the overall quality of the binding poses
(Wu et al., 2003).

Molecular Docking with LibDock and CDOCKER

The “LibDock” module, known for its efficiency and robust-
ness, was used for the initial ligand docking simulations. This
module considers both polar and apolar interactions and relies
on the identification of protein site characteristics known as
hot spots. The “Cdocker” module, a molecular dynamics-
based approach, was employed to validate and refine the
docking results (Zrieq et al., 2021). “Cdocker” utilizes a sim-
ulated annealing algorithm to explore ligand binding confor-
mations more comprehensively. Only the optimal docking
positions with the lowest binding energies were retained for
subsequent analysis (Tasleem et al., 2021, 2023).

Binding Energy Calculation and Intramolecular
Interaction Study

The binding energies of the docked ligand—protein complexes
were calculated using the “Calculate Binding Energy” mod-
ule within DS (Zrieq et al., 2021). These energies provide
insights into the stability and strength of the ligand—protein
interactions. To assess the binding affinity and stability fur-
ther, we selected the optimum docking positions based on the
lowest binding energy for each complex. Additionally, intra-
molecular interaction analysis was performed to identify key

interactions contributing to binding affinity and stability
(Tasleem et al., 2021, 2023).

Molecular Dynamics Simulations

Using the Desmond program accessible through Schrodinger
Maestro, we ran Molecular Dynamics (Saeed et al., 2021) sim-
ulations of the complex to examine GluR3 dynamic activity in
simulated physiological settings. The protein—ligand complex
was solvated in periodic orthorhombic water-filled TIP3P
boxes with a symmetry of 10 10 10 (Jorgensen & Tirado-Rives,
1988). Using OPLS 2005 as a force field, the energy of this
solvated device was reduced and its placement was restricted
[24]. Additionally, a 100 ns MD simulation was conducted
using the NPT ensemble with a 100 ps monitoring interval and
1,000 reading frames at 1 atm pressure and 300 K temperature.
Various MD simulation research parameters, such as analysis
of ligand binding site, root mean square deviation (RMSD),
root mean square fluctuation (RMSF), protein—ligand contacts,
and secondary structure element analysis, were investigated to
determine the stability, compactness, structural fluctuations,
and protein—ligand interactions in a solvated system.

Results

The retrieved A4. precatorius phytochemicals were found to
have structural diversity, as shown in Figure 1. These 31 phy-
tochemicals with structural variations are highly useful for
medicinal purposes.

This study comprises an in silico investigation into
A. precatorius phytochemicals that address several molecular
mechanisms in both the pharmacokinetics and pharmacody-
namics (Silva et al., 2019) stages. In silico pharmacokinetics
analysis includes complete drug similarity and ADMET pro-
filing of compounds using various computational tools. To
determine the potency of the compounds, in silico pharmaco-
dynamics studies are conducted, which include molecular
docking and intramolecular interactions of the phytochemi-
cals with GIluR3.

The Lipinski rule identifies molecular properties, such as
ADME, required for a drug’s pharmacokinetics in the human
body. Each phytochemical’s drug-likeness and ADMET char-
acteristics were analyzed, and the drug-likeness filtered
compounds (Table 1) were further investigated.

Based on 95% and 99% confidence ellipses, an ADME
model was built using the descriptors 2D PSA and AlogP98 to
calculate the compounds’ penetration of the BBB and intesti-
nal absorption. Nine phytochemicals with 95% and 99% con-
fidence levels that met the requirements for intestinal
absorption and the BBB (Table 2 and Figure 2) were selected
for further study. All the filtered compounds were observed to
have the best possible solubility and absorption.

As estimated by TOPKAT and ADMET, while most of the
filtered chemicals were found to be non-mutagenic; however,
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Figure |. Three-dimensional Structures of the Retrieved Phytochemicals and their PubChem Compound ID (CID) from A. precatorius.

Source: https://pubchem.ncbi.nim.nih.gov/

a subset of them were found to be carcinogenic. Few com- Homology Modeling and Best Model Selection

pounds, when taken long-term or in high dosages, cause

developmental or reproductive toxicity in addition to mild Using PSI-BLAST to search for comparable sequences in the
skin and ocular irritation (Table S1). PDB database, it was determined that the AAF97857.1 protein
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Table 1. Drug-likeness Properties of the Compounds.

PubChem ID H Acceptors H Donors Mol.Weight ALogP Rot. Bonds PSA
4477788 4 2 486.726 5.57 2 66.75
305 2 I 104.171 —-1.575 2 20.23
1983 3 2 I51.163 0.708 I 49.33
5570 3 0 137.136 -0.41 I 4401
145857 5 0 306.698 1.557 I 112.49
160488 4 I 246.305 -0.694 4 5591
160511 4 3 218.252 —l1.106 4 65.11
5316110 4 3 4727 5.345 I 77.75
6451058 5 2 484.667 5.255 3 83.83
6451058 5 2 484.667 5.255 3 83.83
12300199 6 5 194.182 -2.656 I 110.38
21594203 4 3 4727 5.345 I 77.75
44257585 6 2 314.289 2619 3 85.22
44575701 3 | 454.684 5.928 0 46.53
54704420 7 2 289.24 1.309 4 110.77

Table 2. Properties of the Filtered Compounds Concerning Their In Silico Pharmacokinetics (Absorption, Distribution, Metabolism,

Excretion, and Toxicity (ADMET)).

Name Solubility AlogP98 BBB CYP2Dé Hepatotoxic Absorption PPB
4477788 | 0 4 False False I True
305 5 0 4 True True 2 False
1983 4 0 3 False True 0 False
5570 5 0 4 False True I False
145857 2 0 0 False True 0 True
160488 4 0 3 False True | False
160511 3 0 3 False False 0 False
5316110 I 0 4 False False | True
6451058 | 0 4 False False | True
6451058 | 0 4 False False | True
12300199 5 0 4 False True 3 False
21594203 | 0 4 False False | True
44257585 3 0 3 False True 0 True
44575701 | 0 0 False False | True
54704420 4 0 3 False True 0 False

Note: Standard level information: Solubility O, I, 2, 3, 4, 5 (extremely low, no but possible, low, good, optimal, too soluble); blood—
brain barrier (BBB) 0, 1, 2, 3, 4 (very high, high, medium, low, undefined); absorption 0, I, 2, 3 (good, moderate, poor, very poor);
plasma-protein binding (PPB) True/False (highly/poorly bound); hepatotoxicity True/False (toxic/nontoxic); CYP2D6é binding True/False

(inhibitor/non-inhibitor) (Padariya et al., 2014; Saeed et al., 2021).

sequence is the most similar to GIuR3 from Rattus norvegicus
(PDB ID: 6NJM_A) with a similarity of 98.6% and a query
coverage of 97%. This sequence was chosen as the template for
generating the homology model of AAF97857.1. By employ-
ing Phyre2, ModWeb tool, SwissModel, and I-Tasser, four

structures of the human GIuR3 were generated. Using ProQ
and PSVS, the optimal model developed by each tool was vali-
dated. The model generated by Phyre2 contains all 232 resi-
dues and has the highest LG score, with 91.9% of residues in
the most favored region (Table 3).
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Figure 2. Absorption, Distribution, Metabolism, Excretion, and Toxicity (ADMET) Plot of the A. precatorius Phytochemicals.

Table 3. Validation of the Homology-modeled Structures of the Human GIuR3.

Modeling ProQ PSVS

Tool Residues LG Max Sub Most Favored Additionally Allowed Generous Allowed Disallowed Region
Phyre2 232 10.19 —-0.56 91.9 6.2 0.5 1.4
ModWeb 204 9.71 —0.48 94.1 5.9 0.0 0.0
SwissModel 203 9.71 —0.47 90.4 9.1 0.5 0.0

|-Tasser 199 8.7 —0.64 80.7 15.0 1.7 2.5

Molecular Docking and Interaction Studies

Ten conformations for each ligand were chosen after the
CHARMmM forcefield and partial charge CFF for ligands were
applied. The docked poses with the lowest CDOCKER score
and highest LibDock score were selected for the intramolecular
interaction analysis, followed by an analysis of the intramo-
lecular interactions of the optimal conformations of the docked
poses of the phytochemicals with the target protein. Among the
compounds from A. precatorius, ligand 160511 displayed the
highest CDOCKER score of 37.28 (Table 4). The interactions
have a considerable impact on the compound’s ability to target
GluR3 (Table 5 and Figure 3). In compound 160511, salt
bridges are crucial for electrostatic interactions (Spassov et al.,
2022). The salt bridges in the compound 44257585 with Arg52
and Arg3 and in 160511 with Arg52 and Arg3 are significant as
they contribute to the stabilization of the ligand—receptor com-
plex. Conventional hydrogen bonds in compound 44257585
with Arg52 and Tyr73, in compound 160511 with Arg3, Ala2,
and GIn4, and in compound 1983 with GIn4 and Met! enhance
binding affinity (Hubbard & Haider, 2010). These bonds facili-
tate strong molecular interactions, promoting a stable complex.
Other hydrophobic interactions, such as Pi—alkyl, Pi—cation,
and Pi—Pi—T-shaped interactions play a role in hydrophobic

interactions, adding to the overall binding strength and enhanc-
ing complex stability (Sing et al., 2022; Tasleem et al., 2021).

The wide range of interactions observed demonstrates the
versatility of these compounds concerning establishing stable
complexes with GluR3. The implications of our findings for
GluR3-targeting drug development are encouraging. Ligand
160511, specifically, demonstrates substantial intramolecular
interactions with critical residues within the binding pocket
and exhibits high binding affinities. These top-scoring com-
pounds may serve as lead candidates for further optimization
and development into novel GluR3 modulators.

MD Simulation

During 100 ns MD simulation of the complex of 160511 with
GluR3, a stable complex was formed, which was monitored
for RMSD and RMSF to determine the fluctuation in the resi-
dues of proteins throughout simulations. Figure 4’s RMSD
plot of GluR3 and ligand 160511 provides a broad overview
of the structural alterations in proteins that take place during
binding. Despite the observed shift in RMSD from 2 to 11 ns,
the RMSD plot demonstrated the stability of the GIuR3 sys-
tem. In the simulation analysis, even hydrophobic interac-
tions are retained (Figure 4C).
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Table 4. Docking Score and Binding Energy of the Filtered A. precatorius Compounds.

PubChem ID Structure CDocker Energy CDocker Interaction Energy  LibDock Score
160511 37.9347 47.3254 94.0564
44257585 37.28 339116 77.6783
1983 20.376 22.7569 66.2657
145857 1.49638 20.27 75.6158

Table 5. Intramolecular Interactions Formed between AMPAR
and A. precatorius Compounds.

PubChem ID Interactive Residues

160511 Salt bridge: Arg52,Arg3.

Conventional hydrogen bond:Arg3,Ala2, GIn4.
Carbon hydrogen bond: Lys5, GIn9.
Pi—alkyl:Arg3.

Salt bridge: Arg52,Arg3.

Conventional hydrogen bond: Arg52,Tyr73.
Pi—alkyl: Tyr73,Arg3

Conventional hydrogen bond: GIn4, Met|.
Pi—alkyl:Arg3

Pi—cation: Arg3.

Pi—Pi—T-shaped: Tyr73.

Pi—alkyl:Arg3, Leul2

44257585

1983

145857

Discussion

In the present study, the three-dimensional structure of
A. precatorius retrieved through the IMPPAT database was
characterized by unique structural features, which are essen-
tial in determining the compounds’ chemical reactivity and
possible biological interactions. At first, we come across a
range of functional groups, such as the reactive hydroxyl

(OH), the adaptable carbonyl (C=0), and the amino (NH,)
group. As chemical anchors, these functional groups control
reactivity and interactions in chemical reactions as well as
possible biological contexts (Yu et al., 1998). Many of these
compounds contain aromatic rings, which are well-known for
their stability. Compounds with aromatic rings are especially
well-suited for a variety of applications, including organic
synthesis, materials science, and drug design, due to their
intrinsic stability (Poléto et al., 2018). In addition, we inves-
tigate compounds that consist of heterocyclic rings. These
structures contain atoms like nitrogen, oxygen, or sulfur
within the ring framework. They are frequently found in
pharmaceuticals and medicinal chemistry, where they con-
tribute to the bioactivity of molecules (Jampilek, 2019).
Additionally, certain compounds undergo ionization, which
manifests as carboxylate ions (Jorgensen & Tirado-Rives,
1988) or positively charged quaternary ammonium ions (N).
The ionization state of an element has a substantial influence
on its solubility, bioavailability, and interactions with biologi-
cal systems (Fabiano et al., 2020). Halogen atoms, such as
chlorine (Clark et al., 2012) and bromine (Br), are added to
specific compounds to impact chemical reactivity and
increase their ability to dissolve in fats and oils (lipophilic-
ity). The compounds containing halogens are used in various
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fields, such as medicinal chemistry and agrochemicals
(Wilcken et al., 2013). Polyhydroxylated compounds with
multiple hydroxyl (OH) groups frequently resemble carbohy-
drate-like structures. These compounds show promise for
possible biological activity and are very important for finding
new drugs and studying natural products (Zanardi et al.,
2019), as shown in Figure 1. The analysis of these structural
properties reveals the complex nature of these compounds,
emphasizing their versatility for a wide range of applications,
including pharmaceuticals and materials science.

Prioritizing the compounds that have the greatest potential
for early ADMET data collection could enhance the screen-
ing and testing procedure and lower attrition in the later
stages. AlogP98, PSA, PPB, intestinal absorption, aqueous
solubility, BBB, hepatotoxicity, and CYP2D6 enzyme inhibi-
tion are among the properties examined by the ADMET
descriptors module in DS. A linear regression model pre-
dicted aqueous solubility at 25°C. Absorption and solubility
after oral dosage are indicative of intestinal absorption and
drug-likeness. Values for intestinal absorption should be
between 0 and 1, indicating good and moderate absorption,
respectively, whereas values for aqueous solubility should be
between 3 and 4, indicating excellent solubility (Burley et al.
2021; Pu et al., 2022). The BBB score of one of the filtered
compounds is 2, whereas the scores of the other compounds
are all 3. BBB evaluates how well oral medications reach the
central nervous system. A medication with a negative CNS
effect would not pass the BBB. The most effective therapeu-
tic substances have BBB values of 3 or 2 (low or medium).
Toxicity is evaluated based on a drug’s potential to cause
dose-dependent liver injury. The enzyme CYP450 is involved
in drug metabolism, and its inhibition is brought by toxic
compounds (Ghaffar et al., 2020). 20% of drugs that are pro-
cessed by the liver are biotransformed by CYP2D6, which
makes up 2% of all CYPs. Five CYP isoforms are involved in
the metabolism of 80% of drugs tested in clinical trials: 3A4,
2D6, 2C19, 2C9, and 1A2. No substance tested in this study
affected the CYP2D6 enzyme, and no liver damage was
observed.

Molecular docking is a technique that expedites drug
development and reduces the expense of laboratory-based
screening by evaluating a compound’s binding affinity, con-
formation, and poses to a target protein. The possibility of
compounds qualifying the drug-likeness and ADMET criteria
to bind to the GIluR3 protein was assessed. These studies
aimed to examine the intramolecular interactions and binding
affinities between the protein and the identified chemicals
from A. precatorius to rule out false positives. It was observed
that hydrogen was generated within the binding pocket by
each of the selected compounds. The hydrogen bond forma-
tion between the ligand and the protein plays a significant
role in binding affinity (Bledsoe et al., 2005). Our docking
results demonstrate the successful binding of the selected
compounds from 4. precatorius within the GluR3 binding
pocket. Both the LibDock and CDOCKER algorithms were

employed to assess the binding affinity of these compounds,
and the results indicate favorable interactions. Among the
tested compounds, ligand160511 displayed particularly high
CDOCKER scores, indicating strong binding potential. These
findings suggest that these compounds have a high likelihood
of effectively modulating GluR3 activity. The formation of
hydrogen bonds between the compounds and specific resi-
dues, such as Arg52, Tyr73, Ala2, Gln4, Lys5, and GIn9,
underscores their potential as an effective inhibitor. These
interactions contribute to the stability of the ligand—protein
complex and are indicative of a strong binding mode (Bulusu
& Desiraju, 2020). The observed interactions have a consid-
erable impact on the inhibitors’ ability to target GIuR3 effec-
tively. Salt bridges, conventional hydrogen bonds, Pi—alkyl,
Pi—cation, and Pi—Pi—T-shaped interactions collectively con-
tribute to the binding affinity and specificity of the com-
pounds (Bosshard et al., 2004). The compound 160511 is an
indole alkaloid. The indole alkaloids are nitrogen-rich plant
alkaloids identified by their indole ring. Indole alkaloids have
been studied for their anticancer, antimicrobial, and central
nervous system-modulating properties. These are promising
drug discovery candidates due to their unique structure and
wide range of biological activities (Bajad et al., 2022). The
compounds 44257585 and 145857 are flavonoids. Flavonoids,
polyphenolic compounds found in plants, are made up of two
aromatic rings linked by a three-carbon chain. Flavonoids are
well known for their antioxidant, anti-inflammatory, and anti-
cancer properties. Their distinct pharmacological properties
make them promising drug discovery and development can-
didates (Ullah et al., 2020). Flavonoids have the potential to
treat cancer, neurodegeneration, and cardiovascular disorders
(Ullah et al., 2020). The compound 1983 is an acetanilide.
Acetanilides contain a phenyl ring and an acetamide group
(-NHCOCH,;). Acetanilides are important in drug discovery
due to their wide range of pharmacological activities.
Acetanilides have been used in pharmaceuticals, but they are
less common in plant products than flavonoids or alkaloids.
Acetanilides were investigated for their analgesic, antipyretic,
and anti-inflammatory properties (Nasim et al., 2022).

The results of the RMSD analysis demonstrate the stabil-
ity of the GluR3-160511 complex. The RMSF plot for the
GluR3-160511 complex system showed fluctuations in back-
bone residues in the 180-200 region; this region is significant
because it is connected to strong ligand binding. The docking
result revealed that the ligand and receptor created many hal-
ogen and H-bonds. A dynamic simulation trajectory was then
used to further investigate the stability of the ligand. The
results analysis revealed that the ligand 160511 has a substan-
tial effect on drug selectivity, metabolism, and adsorption
because it maintains a hydrogen bond with the backbone
atoms of Metl, Ala2, Arg3, GIn4, Lys5, GIn9, Asp106, and
GIn107, according to the results of the dynamic simulation
trajectory. The results of the RMSD analysis demonstrate the
stability of the GIuR3-160511 complex. The RMSF plot for
the GluR3-160511 complex system showed fluctuations in
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backbone residues in the 180-200 region; this region is sig-
nificant because it is connected to strong ligand binding. The
docking result revealed that the ligand and receptor created
many halogen and H-bonds. A dynamic simulation trajectory
was then used to further investigate the stability of the ligand.
The results analysis revealed that the ligand 160511 has a
substantial effect on drug selectivity, metabolism, and adsorp-
tion because it maintains a hydrogen bond with the backbone
atoms of Metl, Ala2, Arg3, Gln4, Lys5, GIn9, Asp106, and
GIn107, according to the results of the dynamic simulation
trajectory.

During the 100 ns MD simulations, we observed notewor-
thy conformational changes in the ligand molecules, which
have critical implications for their binding to GluR3 recep-
tors. The ligands’ capacity to interact with specific residues in
the binding pocket is probably going to be greatly impacted
by the conformational changes, which will affect the binding
affinity and selectivity (Vogt et al., 2014). Additional research
into the ligands’ structural dynamics during binding could
provide significant novel understandings of how they bind.
MD simulations not only provide insights into ligand dynam-
ics but also shed light on the flexibility and dynamics of the
GluR3 receptor itself (Liu et al., 2018). It is important to
emphasize that upon ligand binding, particular regions of the
protein displayed significant flexibility or conformational
changes. To fully comprehend the intricacies of ligand-recep-
tor interactions and how they affect receptor activity, it is cru-
cial to comprehend the dynamics of those proteins. According
to our analysis, a crucial step in ligand binding is the creation
of hydrogen bonds between the ligands and GluR3 receptors.
These hydrogen bonds are essential for preserving the stabil-
ity of the ligand—protein complex and have a direct impact on
the binding affinity. Moreover, the discovery of non-covalent
interactions such as halogen bonds highlights the intricacy of
ligand-receptor interactions and their roles in binding stabil-
ity (Chen et al., 2016). One of the key findings from our MD
simulations is the extensive network of interactions between
the ligand 160511 and specific amino acid residues within the
GluR3 receptor binding pocket. These interactions play a piv-
otal role in determining the stability and binding affinity of
the ligand-receptor complex. Specific amino acid residues
within the binding pocket played crucial roles in ligand bind-
ing. In particular, residues such as Met1, Arg3, Argl3, GIn56,
Asn59, His70, Asn72, Tyr73, and Val75 were actively
involved in forming hydrogen bonds with the ligands.
Understanding the functional significance of these residues is
vital for elucidating the molecular mechanisms underlying
ligand binding and receptor modulation. The RMSD analysis
provides critical insights into the stability of the ligand—recep-
tor complex during the MD simulations. We observed spe-
cific trends in the RMSD plots for the GIuR3-160511
complex. The RMSD plot for these complexes revealed fluc-
tuations in protein structure within the 2-8 A range. However,
the fluctuations in the RMSD values of the protein fall within
55-6.5 A in the last 10 ns. This indicates a stable

equilibrium, suggesting that the ligand effectively interacts
with AMPAR without causing significant structural perturba-
tions. The maintenance of equilibrium is a key indicator of
the complex’s stability (Aier et al., 2016). While a shift in
RMSD was observed from 2 to 11 ns, the RMSD plot dis-
played equilibrium overall. This finding suggests that the
GluR3-160511 complex remains stable throughout the simu-
lation, despite transient structural variations. The stability of
this complex is reinforced by the RMSD analysis. The RMSF
analysis offers insights into the flexibility and dynamics of
protein residues during MD simulations. Notably, the RMSF
analysis highlighted specific regions within the protein struc-
ture that exhibited greater fluctuations (Dong et al., 2018).
The RMSF analysis revealed higher fluctuations in the back-
bone residues in the region between 180 and 200. This region
is particularly interesting as it is associated with potent ligand
binding. The increased flexibility of these residues may indi-
cate their active involvement in ligand binding and stabiliza-
tion. These detailed MD simulation results provide valuable
information for drug development targeting GluR3 receptors.
The specific amino acid residue interactions, including hydro-
gen bonds, with Metl, Arg3, Argl3, GIn56, Asn59, His70,
Asn72, Tyr73, and Val75, underscore the significance of these
residues in ligand binding. The complex’s RMSD plots dem-
onstrate stability, indicating that ligand 160511 forms stable
interactions with GluR3 without significantly altering its fun-
damental structure. This stability shows potential as an indi-
cator for potential drug candidates. Furthermore, the RMSF
analysis’s greater flexibility in the region linked to strong
ligand binding emphasizes the significance of this region in
ligand—protein interactions and proposes possible targets for
drug design optimization. A thorough molecular understand-
ing of the interactions between A. precatorius ligands and
GluR3 receptors is provided by these MD simulation results.
These findings offer critical insights for the rational design
and optimization of drug candidates targeting neurological
disorders associated with GIuR3 receptor dysregulation. It
will take more experimental validation and optimization
research to utilize these ligands’ therapeutic potential in drug
development.

Conclusion

In this study, A. precatorius L. compounds are screened
against the GluR3 modeled structure. The compounds that
passed the ADMET filter and complied with the drug-like-
ness were docked in the binding pocket of the GluR3 mod-
eled structure. The compound ID (CID) 160511 was found to
possess the highest docking score, which indicated the spe-
cific binding mechanism of the selected virtual hit with cru-
cial bond interactions such as hydrogen, van der Waals, and
hydrophobic contacts. Molecular dynamics and simulation
studies revealed that the compound underwent several con-
formational changes that allowed it to form stable complexes
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with the receptor proteins. These findings encourage the
potential that these compounds may be acceptable therapeutic
candidates for depression. Therefore, additional research and
in vitro and in vivo validation are required to develop a phy-
tochemical-based antidepressant that is more potent and
effective.
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