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ABSTRACT ARTICLE HISTORY
Serotonin (5-HT) antagonists and reuptake inhibitors (SARIs) are atypical antidepressants for managing Received 22 April 2022
major depressive disorder. They are oftentimes applied as adjuvants for ameliorating aftereffects of ~ Accepted 15 July 2022
SSRI antidepressants including insomnia and sexual dysfunction. The few available candidates of this
class including lorpiprazole and trazodone also display some daunting side effects, making a continu-
ous search for improved alternatives essential. Natural B-carboline alkaloids (NBCs) are interestingly —
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depression. However, their potentials as SARIs remain underexplored. In this study, 982 NBCs retrieved molecular dynamics;
from the Ambinter-Greenpharma (Amb) database were virtually screened for potent SARI alternatives drug design
using computational and biocheminformatics approaches: homology modelling of 5-HT1A receptor,
Glide HTVS, SP and XP molecular docking, molecular dynamics (MD) simulation, ADMET and mutage-
nicity predictions. The homology receptor was validated as a good representative of human 5HT1A
receptor using the RCSB structure validation and quality protocols. From the virtual screening against
the 5-HT1A receptor, Amb ligands, Amb18709727 and Amb37857532 showed higher binding affin-
ities by XP scores of —8.725 and —7.976 kcal/mol, and MMGBSA of —87.972 and —107.585 kcal/mol
respectively compared to lorpiprazole, a reference SARI with XP score and MMGBSA of —6.512 and
—62.788 kcal/mol respectively. They maintained ideal contacts with pharmacologically essential amino
acid residues implicated in SARI mechanisms and expressed higher stability and compactness than lor-
piprazole throughout the trajectories of 100ns MD simulation. They also displayed interesting ADME,
druggability, low toxicity and mutagenicity profiles, ideal for CNS drug prospects, thus, recommended
as putative SARI candidates for further study.
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Abbreviations: 5-HT: serotonin; SARI: serotonin antagonist and reuptake inhibitor; NBC: natural B-car-
boline; HTVS: high throughput virtual screening; SP: standard precision; XP: extra precision; ADMET:
absorption, distribution, metabolism, excretion and toxicity; MMGBSA: molecular mechanics general-
ized Born and surface area; MD: molecular dynamics; CNS: central nervous system; MDD: major depres-
sive disorder; MAO: monoamine oxidase; SSRI: selective serotonin reuptake inhibitor; GABA:
y-aminobutyric acid; SDF: structure data file; BC: B-carboline; PDB: protein data bank; 2D: 2-dimen-
sional; 3D: 3-dimensional; OPLS: optimized potentials for liquid simulations; RMSD: root mean square
deviation; RMSF: root mean square fluctuation; SAR: structure-activity relationship; SID: simulation
interaction diagram; HBA: hydrogen bond acceptor; HBD: hydrogen bond donor; TPSA: topological
polar surface area; MW: molecular weight; BBB: blood brain barrier; CYP: cytochrome P450; P-gp: P-

glycoprotein

Introduction

Major depressive disorder (MDD) is a debilitating psychiatric
condition, characterised by irritability, generalised anxiety,
insomnia, compulsive behaviour and post-traumatic stress,
leading to morbidity and mortality. It seriously contributes to
suicide ideation, disability-adjusted life years and the global
burden of diseases (Yusuf Oloruntoyin Ayipo et al., 2021;
Kochanowska-Karamyan et al., 2020). Although, the underly-
ing pathophysiology of MDD remains yet to be fully under-
stood, however, genetic, social, physiological and
psychological factors are mainly associated with its aetio-
logical onset development (Ferraz et al., 2019). At the cellular
and molecular levels, depression is caused by low levels of
monoamine neurotransmitters such as noradrenaline, dopa-
mine and serotonin (5-HT) as well as their metabolites at the
synapses, according to the monoamine hypothesis (Yusuf
Oloruntoyin Ayipo et al., 2021; Yohn et al., 2017). Being ubi-
quitous, polygenic and multi-faceted psychiatric disorder, the
effective treatment options for MDD remain challenging. The
applications of tricyclic monoamine oxidase (MAO) inhibitors,
selective 5-HT reuptake inhibitors (SSRIs) and selective 5-HT
antagonists and reuptake inhibitors (SARIs) constitute essen-
tial management strategies (Yusuf Oloruntoyin Ayipo et al.,
2021; Yohn et al., 2017). The basic mechanisms of actions of
these medications include the inhibition of 5-HT transporter
receptors and/or blockade of MAOs to prevent the reuptake
and degradation of neurotransmitters implicated in the
pathogenesis and treatment of depression including 5-HT.
However, most of the currently available chemotherapeutic
interventions for the pharmacological pathways in MDD con-
ditions are challenged by delayed actions, low efficacy and
unpleasant aftereffects. (Kochanowska-Karamyan et al., 2020).
For instance, the medicinal application of the most com-
monly prescribed SSRIs including fluoxetine and escitalopram
is reportedly limited by various side effects such as nausea,
gastrointestinal disturbances, anxiety, insomnia and sexual
dysfunction. These shortfalls oftentimes necessitate the adju-
vation of SARIs with SSRIs in the management of MDD
(Fasipe, 2018). Trazodone is a popular SARI adjuvant/stand-
alone medication for managing insomnia, sexual dysfunction
and some other physiological disorders induced by the SSRIs.
In addition to its mechanistic antagonism/blockade and
reuptake inhibition induced on the 5-HT receptor, it antago-
nises o1 adrenergic receptor, inhibits the 5-HT reuptake
transporter and modulates cortisol suppression of the hypo-
thalamic-pituitary-adrenal axis. These significantly enhance its

efficacy against primary and secondary insomnia forms of
MDD, hypothetically due to network pharmacology. By simi-
lar antagonism to the 5-HT receptors, it also suppresses the
expressions of akathisia and sexual dysfunctions stimulated
by the SSRIs through the 5-HT neurotransmitter. However,
together with other common SARI antidepressants including
lorpiprazole and lubazodone, they are also beleaguered by
various degrees of side effects. These range from mild such
as sedation, dizziness, dry mouth, vomiting and blurred
vision to chronic ones including weight gain, orthostatic
hypotension and priapism (Yusuf Oloruntoyin Ayipo et al,
2021; Fasipe, 2018; Jaffer et al., 2017; Krystal, 2013; Taciak
et al, 2018).

Generally, several natural psychoactive products with psy-
chedelic and hallucinogenic effects reportedly expressed
impressive antidepressant actions upon exploration (Ferraz
et al, 2019; Tang & Tang, 2019). Notably, B-carboline alka-
loids are structurally diverse natural/synthetic heterocyclic
compounds with a characteristic tricyclic pyrido-3,4-indole
ring similar to 5-HT. They were first isolated from Peganum
harmala and subsequently from dozens of other natural
sources including Arenaria kansuensis, Psilocybe mushrooms,
Acanthostrongylophora ingens, Annona foetida, and Eudistoma
spp (Blei et al., 2019; Cui et al., 2017; Ibrahim & Mohamed,
2017). Interestingly, due to their ability to interact with vari-
ous biological targets, the unique class of organic com-
pounds have been reported with a broad spectrum of
pharmacological actions against several ailments including
inflammation, cancer, neuropsychiatric disorders and recently
coronavirus disease (Yusuf Oloruntoyin Ayipo et al, 2021;
Yusuf Oloruntoyin Ayipo et al., 2021; Dai et al., 2018). In add-
ition, BC alkaloids have been evaluated with interesting
potency along the pharmacological pathways implicated in
the development and effective management of MDD. These
include the induction of neurogenesis and neuroendocrine
response, modulation of the 5-HT, y-aminobutyric acid
(GABA) and glutamate receptors, and restoration of astrocytic
functions (Ferraz et al, 2019). They are also understood to
enhance serotonin (5-HT) levels in the tissues through revers-
ible competitive inhibition of the monoamine oxidases A and
B, effective binding to the 5-HT receptors, the immunoregu-
lators in both vertebrates and invertebrates. The pharmaco-
logical implications of the interactions include an increase in
the levels of 5-HT metabolite, 5-hydroxy indole acetic acid
(5-HIAA) and homovanillic acid, a catecholamine metabolite
(Wronska & Bogus, 2019).



Despite the interesting neuropharmacology, the evalu-
ation of vast NBC alkaloids as improved and safer candidates
for SARIs remain underexplored. Moreover, the application of
computer-aided drug design has been supporting a faster,
cheaper and environmentally friendly approach towards
screening a large molecular database and identify the most
promising candidates for specific ailments. The scientific
approach has successfully enhanced the discovery of drug
alternatives with top-notch medicinal values worthy of
replacing the existing ones (Phillips et al., 2018).

Thus, this study is aimed at the evaluation of NBC alka-
loids from the Ambinter-Greenpharma chemical library
(https://www.ambinter.com/) as potent SARIs using a compu-
tational and molecular modelling approach. The human
5-HT1A receptor was modelled using server-based SWISS-
MODEL (Waterhouse et al, 2018), Maestro Glide high
throughput virtual screening (HTVS), standard precision (SP)
and extra precision (XP) Maestro 12.12 (Schrodinger, LCC,
New York, NY, 2019) docking modules were employed to
investigate the interactive potentials of the NBC alkaloids as
antagonists and reuptake inhibitors of 5-HT1A homology
receptor. The stability of four selected ligands from the vir-
tual screening was studied using Desmond 2020-3 (Maestro-
Desmond Interoperability Tools, Schrodinger, New York, NY,
2021) molecular dynamics (MD) simulation. The physico-
chemical, pharmacokinetics and pharmacodynamics, as well
as toxicological profiles of the selected NBCs, were predicted
using Swiss ADMET (Daina et al., 2017), while VEGA ToxRead
java-based software was used to study their mutagenicity in
silico (Gini et al., 2014).

Materials and methods
Ligand selection and preparation

The Ambinter-Greenpharma chemical library of natural prod-
ucts (https://www.ambinter.com/) was searched for substruc-
tures of PC alkaloids. The retrieved (982) ligands were
downloaded in structure data file (SDF) format for prepar-
ation. The SDF files of the retrieved BC ligands as well those
of lorpiprazole, trazodone, metformin and albendazole (2
positive and 2 negative controls) were imported as 2D struc-
tures into the workspace of Maestro 12.12 (LigPrep,
Schrodinger, LCC, New York, NY, 2019). Their preparation
was carried out through the protonation, energy minimiza-
tion and the estimation of geometry and partial atomic
charges using OPLS-3e force field (Harder et al., 2016). The
default Epik at a target was maintained as pH 7.0+2.0 to
generate possible ionization states and the ready-to-dock
minimized conformers were saved in LigPrep.out file.

Homology modelling and validation

The unavailability of a resolved crystal structure of human 5-
HTTA receptor at the protein data banks (PDBs) as at the
time of conducting the research necessitate homology recep-
tor modelling. The human 5-HT1A receptor has been mod-
elled in our previous study (Ayipo et al., 2022) using the
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SWISS-MODEL server (https://swissmodel.expasy.org/)
(Waterhouse et al., 2018) by the input of the FASTA file of
human 5-HT receptor 1A (P08908) protein sequence
retrieved from UniProtKB (https://www.uniprot.org/). A crystal
structure for 5-HT1B (PDB 4IAR) was returned with highest
similarity (42%) from the blast, as such, was then adopted as
a template receptor. The modelled structure has been vali-
dated using RCSB structure validation and quality protocols
including MolProbity (Williams et al, 2018), ProSA-web
(Wiederstein & Sippl, 2007), ERRAT (Colovos & Yeates, 1993),
PROVE (Pontius et al., 1996), Verify-3D (Luthy et al., 1992),
NQ-Flipper (Weichenberger & Sippl, 2007) and WHATCHECK
(Hooft et al., 1996) for a reliable adoption for further study
(Ayipo et al.,, 2022). However, a crystal structure of 5-HT1A
titled “Aripiprazole-bound serotonin 1A (5-HT1A) receptor-Gi
protein complex” (PDB 7E2Z) with a sequence similarity of
>95% to the modelled 5-HT1A has been released to the
RCSB PDB after the completion of this study. In order to
revalidate the modelled receptor with the new crystal struc-
ture, comparative analyses were carried out between the
two structures. Among the various chains of the complex
crystal structure (PDB 7E2Z), aripiprazole, an antipsychotic
drug and inhibitor of 5-HT1A receptor was co-crystallized
within the active site on chain D/R (Xu et al., 2021). To find a
scientific correlation between our modelled 5-HT1A receptor,
AlphaFold human 5-HT1A model (https://alphafold.ebi.ac.uk/
search/text/5HT1A_HUMAN?suggested=true) (Varadi et al.,
2022) and the newly released crystal structure of 5-HT1A, we
aligned the three structures using Maestro 12.2 (Schrodinger,
LCC, New York, NY, 2019).

Protein preparation, binding site analysis and
generation of the receptor grid box

The PDB format of the homology 5-HT1A receptor model was
preprocessed by assigning bond order, protonation states and
filling missing loops using Protein preparation wizard
(Madhavi Sastry et al., 2013). Further preparation includes
optimization, refining and energy minimization for the conver-
sion of heavy atoms to relative mean standard deviation
(RMSD) of 0.3A using OPLS-3e force field of Maestro 12.12
(Harder et al., 2016). Since the homology receptor contains no
co-crystallized ligand for active site detection, the receptor
binding pocket was generated using a Biologics sitemap (T.
Halgren, 2009). The best druggable binding site was selected
based on Site score and Dscore while the grid box was
assigned with x, y and z coordinates using default settings of
the selected sitemap focal points and the identified amino
acid residues (Marondedze et al., 2020). The active site gener-
ated by the Biologics sitemap detection was compared with
the binding pocket occupied by aripiprazole in the newly
released crystal structure (PDB 7E2Z) for accuracy. The ready-
to-dock grid box was saved in the gridbox.zip file.

Virtual screening by molecular docking

Molecular ligand-receptor docking analysis was used to virtu-
ally investigate the inhibitory and antagonistic interactions of
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the BC conformers generated from the LigPrep module
against the homology 5-HT1A receptor. Both the receptor
grid zip and ligand output files were uploaded for complete
virtual screening through the step-wise HTVS, SP and
XP molecular docking modules of Maestro 12.2 Glide (T. A.
Halgren et al., 2004). The molecules were ranked in descend-
ing algorithms of the docking scores which were used for
screening at each docking module. The hydrophilic and
hydrophobic interactions of the selected ligands
with pharmacologically essential amino acid residues in
the active binding pocket of the receptor were analysed
using the binding poses from the XP module. Four BCs with
good scoring functions and binding interactions were
selected for further studies. In addition to the validation
using known positive and negative inhibitors, the docking
protocols were revalidated taking the advantage of the
newly published crystal structure (PDB 7E2Z) with co-crystal-
lized 5-HT1A inhibitor, aripiprazole. The co-crystallized ligand
was used to set the binding pocket of the minimized crystal
structure. The co-crystallized ligand was re-docked into the
active pocket of the crystal structure and the complex was
superimposed with the original crystal structure for RMSD
calculation. An RMSD value of <2.0 A (the smaller the better)
validates the docking protocols as accurate and precise
(Castro-Alvarez et al.,, 2017; Ramirez & Caballero, 2018). To
further validate the modelled 5-HT1A receptor with the
newly released crystal structure using molecular docking, the
two final hit ligands, Amb18709727 and Amb37857532
were redocked on the crystal structure. The docking scores
and poses of the two final hits ligands were compared when
docked separately on to the crystal structure and the mod-
elled 5-HT1A receptor herein reported.

Molecular dynamics simulations

The MD simulations were performed for the homology 5-
HT1A receptor as well as its complexes with the four
selected BCs including the reference drug, using the aca-
demic version of Desmond 2020-3 (Maestro-Desmond
Interoperability Tools, Schrodinger, New York, NY, 2021). The
solvated system was built using a pre-defined TIP3P water
model in the System Builder panel. The ligand-receptor com-
plex for each BC as well as the referenced lorpiprazole was
centred in an orthorhombic cubic box with periodic bound-
ary filled with Single-point charge (SPC) water molecules buf-
fered at a minimum distance of 10A units between a
protein atom and box edges. The charges of the complex
systems were electrically neutralised with an adequate num-
ber of counter-ions (Na™ and CI7), and an isosmotic state
was maintained by adding 0.15M NaCl. The energies of the
complexes were minimized by heating and equilibrium proc-
esses and relaxed using the OPLS 2005 force field with other
parameters of Desmond at default (Igrar Ahmad et al., 2021;
Jorgensen et al., 1996; Mohankumar et al., 2020; Patel et al.,
2021). The MD simulations were carried out using a Nose-
Hoover method with an isothermal-isobaric/NPT ensemble
with 300K temperature, 1atm pressure, and a 200ps
thermostat relaxation period (Mohankumar et al., 2020; Nosé,

1984). The systems were normalised in equilibrium states
with a total number of 1000 trajectories produced within the
100ns period. The results were analysed using the
Simulation Interaction Diagram (SID) tool and the best lig-
and-receptor conformations were selected based on their
interactions and dynamic properties for stability and flexibil-
ity (. Ahmad et al., 2021; Mohankumar et al., 2020). The
average fluctuation in the displacement of a selection of
atoms for a certain frame concerning a reference frame is
observed by the RMSD plot, considering the Co atoms for
calculations while the RMSF plot reveals the characteristic
local fluctuations along the protein chain (Patel et al,, 2021).
Equations (i) and (ii) (D. E. Shaw Research, 2021; Zrieq et al,,
2021) were computationally applied to estimate the RMSD
and RMSF.

RMSD, — %Z (F(t) — hi(ter))? (i)
T
RMSF; = %; < (F(1) — rilteef))* > (ii)

Calculation of binding free energy by MMGBSA method

The post-simulation molecular mechanics generalised Born
and surface area (MM/GBSA) analysis was conducted partly
to support the validity of the inhibitory mechanisms of the
ligands against the receptor in the absence of experimental
validation. Both MM/PBSA and MM/GBSA have been
regarded as efficient computational methods for binding free
energy calculations, and they have been successfully applied
in many aspects of drug design, including structure-based
virtual screening, lead optimization, and molecular recogni-
tion. With MMGBSA, protein-ligand and protein—protein
interaction energies can be relatively estimated more quickly
and accurately as an absolute sum of gas-phase, entropy
contributions and solvation free energy over snapshots from
MD trajectory when compared with alchemical free energy
methods. Moreover, the method is reportedly less sensitive
to calculation disparity arising from the application of differ-
ent force fields, implicating a good compatibility with various
force fields (Forouzesh & Mishra, 2021; Sun et al., 2018). The
MM/GB(SA) continuum solvation re-scoring method was
applied to estimate the binding free energy of each ligand
in complex with 5-HT1A receptor. The scoring function uti-
lised includes the OPLS3 force field and VSGB solvation
model. Every 100th frame was collected from the last 50 ns
of simulated trajectories of each MD trajectory, averaging
more than 6 frames, for lead compounds binding free energy
calculations. The prime MMGBSA was simulated using the
Glide pose viewer files, representing the inputs for energy
minimization for each ligand-receptor complex (Gcomplex) the
free ligand (Gjigana) and the free receptor (Gyeceptor) The MM/
GB(SA) was calculated as AGphg in the equation (iii)
(Genheden & Ryde, 2015) below:

AG'bind = Gcomplex - Greceptor - Gligand (iii)



The relative affinity of each selected ligand to the recep-
tor is estimated using this algorithm, while a more negative
value indicates a stronger binding affinity (Igrar Ahmad
et al,, 2021; Genheden & Ryde, 2015).

Prediction of pharmacokinetics, pharmacodynamics and
druggability

Some physicochemical, pharmacokinetics and pharmaco-
dynamics parameters crucial to drug-like candidates were
estimated for the four selected NBCs using readout of the
BOILED-Egg SwissADME model by the input of SMILE strings
of the molecules (http://www.swissadme.ch/) (Daina et al.,
2017). The parameters including molecular weight (MW), lip-
ophilicity (XLog P3), solubility (ESOL Log S), number of
hydrogen bond acceptor/donor (HBA and HBD), flexibility
(number of rotatable bonds) and topological polar surface
area (TPSA) were quantitatively predicted to profile their
absorption, distribution. metabolism and excretion (ADME).
The druggability of the selected NBCs was also determined
using the potentials for blood-brain barrier (BBB), p-glyco-
protein (pg) substrate and human gastrointestinal absorp-
tion. The parameters for the selected ligands were
compared with the standard drug about the Lipinski's and
BDDC rules of 5 (RO5) and druggability (Benet et al., 2016;
Lipinski, 2004).

In silico toxicology and mutagenicity

The toxicological and mutagenicity profiles of the selected
NBCs were determined in silico through the potentials for
interaction with superfamily cytochrome P450 (CYP) isoen-
zymes and modelled read-across structure-activity relation-
ship (SAR) using Swiss ADME server and Java-based VEGA
ToxRead 0.2Beta software respectively. In both cases, the
string SMILE formats of the selected molecules were input
into their workspace and run under default settings (Ayipo
et al.,, 2022; Gini et al., 2014).

Final hits

The NBCs alkaloids with promising potentials as SARIs, good
pharmacokinetics and pharmacodynamics profiles, and low
expressions for systemic toxicity and mutagenicity were
selected as final hits for further experimental and transform-
ational studies into SARI therapeutics.

Results and discussion
Ligand selection and preparation

Exactly 982 NBC alkaloids were identified from the Ambinter-
Greenpharma chemical library search and downloaded in
SDF format. The ligand preparation step generated 5006
ready-to-dock minimized protonated conformers.

JOURNAL OF BIOMOLECULAR STRUCTURE AND DYNAMICS . 5

Revalidation of homology 5-HT1A receptor model

The homology 5-HT1A model was validated in our previous
studies as good as shown in Table 1 (Ayipo et al, 2022).
Since a crystal structure has been released before this sub-
mission, the modelled receptor was revalidated for similarity
according to Schrodinger protocols for structure alignment.
The structures of the modelled 5-HT1A receptor, the
AlphaFold 5-HT1A model and new crystal structure of 5-
HT1A (PDB 7E2Z) chain R were strongly aligned with an
alignment score of 0.1635 and RMSD of 2.0055 A, whereas,
an alignment score between 0.0-7.0 (the smaller the better)
and RMSD of 0.0-3.0 A indicates a significant alignment with
sufficient similarity. The structures of the modelled receptor
and crystal structure template were well superimposed with
one of the final ligand, Amb18709727 occupying their common
active binding site (Figure 1 and Supplementary Figure S1)
(http://gohom.win/ManualHom/Schrodinger/Schrodinger_2015-
2_docs/maestro/help_Maestro/tools_menu/protein_structure_
alignment.html).

The only slight difference was observed in the head and
tail of the AlphaFold model sequence which extended by 34
amino acid residues (residue number 31-64) and 7 amino
acid residues (residue numbers 446-452), whereas, our model
only has 3 amino acid residue extensions at each end com-
pared to the crystal structure. Moreover, the regions of slight
extensions are irrelevant to the binding pockets of the recep-
tors. In addition, the amino acid residue numbered 95 is leu-
cine (L) in both AlphaFold and our model, whereas, it
represents tryptophan (W) in the crystal structure. These
insignificant differences are indicated with red squares in the
supplementary Figure S1. Apart from these, the three struc-
tures, our model, AlphaFold model and crystal structure (PDB
7E2Z, chain R) have perfectly aligned sequences across local
and global regions, supporting the validity of our model as a
good representative of the human 5-HT1A receptor.

The homology structure obtained represents a typical
phylogenic G-protein coupled receptor (GPCR) with trans-
membrane helices for signal processing across cell mem-
brane and ability to transform its conformation during
biological actions (Figure 2A). For a reliable adoption of the
modelled receptor, the quality of the structure was validated
by the RCSB-established protocols. From the validation
results (Table 1, Supplementary file, Figures 52-S4), the hom-
ology 5-HT1A model attained a ranking percentile of 97,
about 361 out of 386 (93.52%), residues in favoured regions,
>99% residues in allowed regions and an insignificant 0.3%
of residues within the disallowed region. It has a good Z-
score of —5.21 and a Verify 3D score of 57.22, a value higher
than that of the receptor template (PDB 4IAR). The model
was therefore validated as a good representative of the
human 5-HT1A receptor in a strong similarity to the template
receptor (Ayipo et al., 2022; Karim et al., 2018; Negi et al.,
2019; Weichenberger et al., 2008). Moreover, the new crystal
structure of 5-HT1A (PDB 7E2Z) was later included in the val-
idation sets. Interestingly, the validation scores recorded for
the new crystal structure were similar to those of the initial
validation template (PDB 4IAR), and both were within the range
of the results for the modelled 5-HT1AR. These further support
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Table 1. Homology 5-HT1A receptor validation results in comparison with the templates PDBs 4IAR and 7E2Z.

Validators Parameter PDB 4IAR PDB 7E2Z 5-HT1A model
MolProbity Clash score 4.21 1.73 3.28
Percentile 100 100 97
MolProbity score 1.96 0.96 1.95
Ramachandran Favoured region (%) 93.7 94.6 93.5
Plot Allowed region (%) 100 100 99
Disallowed region 0 0 0.3
ProSA-web Model Z-core —4.52 —4.87 —5.21
ERRAT Quality factor 96.64 89.43 91.73
PROVE Buried outlier protein 55 (4.1%) 7.0 58 (5%)
Verify 3D 3D-1D> =0.2 (%) 39.05 7391 57.22
NQ-Flipper Erroneous Asp and Glu rotamers 0 0 0
WHAT-CHECK No of Error Residue 4 4 5
SAVE Overall summary Pass Pass Pass
Y Side view

Top view

[ FoB 41AR
- PDB 7E2Z
! - Model SHT1A

Figure 1. Superimposition of modelled 5-HT1A receptor and crystal structures of the templates (PDBs 4IAR and 7E2Z). The model receptor aligned well with the
template crystal structures along the various helices and loops, indicating a good resemblance.

the validity of the modelled 5-HT1AR as a good representative
receptor for the target. Thus, the modelled structure has been
reliably and qualitatively adopted for further study.

Protein preparation, binding site analysis and
generation of the receptor grid box

The protein preparation protocols as described in the experi-
mental section generated a minimised structure of the model
receptor. From the binding pocket analysis for the detection
of the most probable druggable sites of the receptor, the
Sitemap algorithms generated 5 sites ranked according to
their site score and Dscore. The sites were labelled 1, 2, 3, 4
and 5 (Figure 2A) with site score of 1.098, 1.064, 0.962, 0.869
and 0.722, and Dscore of 1.138, 0.958, 1.045, 0.796 and 0.634
respectively. Site 1 has the highest site score and Dscore,
thus, ideally selected as the most potent binding pocket of
5-HT1A receptor, consistently with relevant previous studies
(Marondedze et al., 2020; K. Ostrowska et al., 2017; Prandi
et al., 2012). Site 1 contains Asp 116, Ser 119, Phe 361, Phe
362 and Asn 386 (Figure 2A) which importantly constitute
the active binding pocket of the human 5-HT1A receptor,
according to some previous relevant studies, (Negi et al,
2019; K. Ostrowska et al., 2017; Ostrowska et al., 2018), thus
adopted for molecular docking. The parameters of the
selected site including the mapped amino acid residues were
used to generate a docking grid box with x, y and z coordi-
nates of —12.89, —15.72 and 14.06 A respectively within a
cavity volume of 30x30x30A, saved as .zip file.

Interestingly, the active site prediction here corresponds to
the site occupied by aripiprazole, a 5-HT1A inhibitor co-crys-
tallized in the newly released 5-HT1A crystal structure com-
plex (PDB 7E2Z) (Xu et al., 2021).

The inhibitory and antagonistic interactions of the ligands
were demonstrated against homology receptor at various
modules of HTVS, SP and XP molecular docking. The ligands
were docked deeply in the main active pocket of the G-
coupled protein receptor in similarity to a renowned SARI,
lorpiprazole (Figure 2B). Similarly, they occupy almost the
entire volume of the main active pocket cavity of the recep-
tor in the same manner as lorpiprazole (Figure 2C). These
analogic observations hypothetically support similar mecha-
nisms of actions between the selected ligands and lorpipra-
zole against 5-HT1A and support the ligands as potential
SARIs for further study.

Virtual screening

The prepared ligands docked within the configured active
pocket of the receptor were ranked in ascending order of
docking and XP Gscores, representing their theoretical bind-
ing affinity (Table 2). The higher the negative value the
higher the scores. Sixteen (16) ligands with good docking
scores compared with the controls were screened after dock-
ing, constituting 1.62% of the total initial dataset. Out of the
16 ligands, four (0.4%) with higher docking scores than the
controls and relevant binding poses were selected for further
analysis. All the four selected NPC ligands possess higher
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Figure 2. Receptor binding site analysis using 3 D models. (A) Druggable binding sitemaps of 5-HT1A receptor, Site 1 (green balls region) with grid box generated
for docking; Site 2 (blue balls); Site 3 (red balls); Site 4 (yellow balls); Site 5 (black balls). (B) The surface of the GPCR (5-HT1A homology receptor) active pocket
with selected docked NBCs in ball and stick models: ligand Amb932777 (red), Amb37857532 (black), Amb35813946 (yellow), Amb18709727 (green) and
Lorpiprazole (white). (C) Selected NBC ligands occupy a similar volume of the open ligand binding sub-cavity of the GPCR with the reference drug, lorpiprazole.

scores than the positive antidepressant controls, lorpiprazole
and trazodone, indicating higher binding affinity. The best
docked NBC has XP GScore of —10.145 kcal/mol compared to
the best docked positive and negative control drugs, lorpipra-
zole and albendazole whose scores are —6.512 and
—3.835 kcal/mol respectively. Generally, the negative controls,
albendazole and metformin scored least, demonstrating low
binding interaction as expected, thereby supportively validated
the protocols in the absence of a co-crystallized ligand.

The docking procedure was also validated as good and
reproducible by the Glide RMSD value of 1.97 A when the co-
crystallized aripiprazole was redocked and superimposed onto
the active site of PDB 7E2Z (Figure 3A) (Castro-Alvarez et al.,
2017; Ramirez & Caballero, 2018). The active pocket amino
acid residues of the crystal structure (PDB 7E2Z) where aripi-
prazole is bound is similar to the active pocket of our mod-
elled 5-HT1A receptor (Figure 3B). The SP docking scores
deduced for both Amb18709727 and Amb37857532 in com-
plex with the crystal structure are —6.690 and —7.728 kcal/mol
respectively. These are consistent with the SP docking scores

of —6.994 and —7.328 kcal/mol obtained for the respective
ligands against the modelled receptor (Table 2). As shown in
Figure 3B, both hit ligands interacted with the amino acids
residues in the active pocket of the two structures through
similar bonding and non-bonding interactions, supporting the
accuracy of both homology modelling, active pocket predic-
tion and docking results. For instance, with the crystal struc-
ture (PDB 7E2Z), Amb18709727 formed an H-bond and a salt
bridge interaction with Asp 116 through NH,, and a hydro-
phobic m-m interaction with Phe 362 through its benzene
group. Similar interactions could be observed with the 5-HT1A
model receptor with an addition of a H-bond to lle 189 and
other non-bonding van der Waals interactions. Consistently,
Amb37857532 also interacted with almost the same set of
amino acid residues in both crystal structure and the 5-HT1A
model through similar bonding and non-bonding interactions.

According to some relevant previous studies (Negi et al.,
2019; K. Ostrowska et al., 2017; Ostrowska et al., 2018), Asp
116, Phe 361, Phe 362 and Asn 386 constitute essential resi-
dues at the active site of 5-HT1A for pharmacological
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Table 2. Docking results of selected NBC ligands and reference drugs against 5-HT1A receptor.

Docking Scores (kcal/mol)

MMGBSA (AGging)

Title HTVS SP XP Interacted amino acid residues (kcal/mol)
Amb35813946 —7.482 —8.592 —10.145 Asn 100, lle 189, Phe 362 —46.676
Amb18709727 —6.005 —6.994 —8.725 Asp 116, lle 189, Phe 362 —87.972
Amb37857532 —7.553 —7.328 —7.976 Asp 116, Phe 361, Phe 362, Asn 386 —107.585
Amb932777 —6.234 —6.681 —7.820 Asp 116, lle 189, Phe 362 —51.322
Lorpiprazole —3.680 —6.273 —6.512 Asp 116, Phe 361 —62.788
Trazodone —3.899 —6.108 —6.835 GIn 97, Asp 116, Phe 361, Phe 362 -
Albendazole —5.061 —4.134 —3.835 Asp 116, Phe 361 -
Metformin —1.656 —2.551 —1.601 GIn 97, Asp 116 -

See Supplementary File 1, Table S1 for more details.

interactions. From the 2D and 3D binding poses (Figure 4),
lorpiprazole, a commonly prescribed SARI antidepressant
interacted with the hydrophilic amino acid, Asp 116 through
H-bonding and a salt bridge to its basic NH moiety. Three BC
ligands, Amb18709727, Amb37857532 and Amb932777
also displayed strong hydrophilic interactions with this back-
bone amino acid residue, Asp 116, through H-bonding and/
or salt bridge formation to their basic NH groups in B-pos-
ition to the indole NH. The reference inhibitor displayed
hydrophobic interactions to either Phe 361, Phe 362 or both
through aromatic © - m interactions. Consistently, the four
selected NPBCs also showed these interactions through their
pharmacophoric aromatic m-system towards the same con-
served helices as observed with the reference drugs, indicat-
ing identical behaviour against the receptor. The interactive
phenomena support a propensity for similar inhibitory mech-
anisms between the selected NBCs and the known inhibitors
and are determinants for the stabilization of the ligands in
the active pocket of the 5-HT1A receptor (K. Ostrowska et al.,
2017; Ostrowska et al., 2018; Prandi et al., 2012). The hydro-
phobic interactions of these NBC ligands could induce a
decrease in the surface area and undesired hydrophilic par-
ticipations, thereby, contributing to the folding, stability and
biological activity of the 5-HT1A receptor which was report-
edly hypothesised as a rigid model with Gasteiger partial
charges (Dyson et al., 2006; Ostrowska et al., 2018). The inter-
actions are similar to those displayed by aripiprazole, a 5-
HT1A inhibitor co-crystallized in the newly released 5-HT1A
crystal structure (PDB 7E2Z) (Xu et al., 2021). Interestingly,
the selected ligands also interacted with more reserved
amino acid residues in the active pocket of the receptor. For
instance, ligands Amb37857532 additionally showed H-
bonding to the side chain residue, Asn 386 through NH,
while Amb35813946, Amb18709727 and Amb932777 also
expressed more hydrophilic interactions through Ille 189
compared to the reference drugs. Undoubtedly, these con-
tribute to their higher binding affinity and inhibitory poten-
tials than the reference antidepressants as observed in the
docking XP scores. In addition to the bonding interactions,
the non-bonding van der Waals association between the
ligands and the amino acid residues also enhance the inhibi-
tory potentials as indicated by the scoring functions.

Molecular dynamics

The structural conformation and thermodynamic stability of
the protein receptor as well as its complexes with bound

ligands were observed using the RMSD plot (Figure 5). The
plot indicates the equilibration and fluctuations of the simu-
lation systems throughout the trajectories. A conformational
change and structural fluctuation within 1-3 A indicate
acceptable stability for small and globular proteins. It could
be observed that the Apo protein became equilibrated just
around 2ns after the commencement of the simulation and
remain stable thereon, experiencing an insignificant perturb-
ation of <1 A till the end of 100ns simulation. Similarly, the
RMSD of the heavy atoms of the selected ligands mostly
became equilibrated around 0-2ns and maintained good
stabilities throughout the trajectories of simulations. From
then, ligands Amb35813946 and Amb18709727 experi-
enced the highest stability in complex with the protein and
maintained a strong contact throughout simulation with
average fluctuations of <1 A. Although ligands
Amb37857532 and Amb932777 showed slightly higher
fluctuations, however, they were all within the acceptable
1—3 A for stability, without diffusing away from the binding
pocket, consistently with the reference drug, lorpiprazole.
The RMSF plot (Figure 6) indicates the protein residues
that fluctuate most along the trajectories of the simulations.
The amino acid residues, Asp 116, Phe 361, Phe 362 and Asn
386 are most important for the inhibition of the 5-HT1A
receptor for pharmacological expression according to rele-
vant literature receptor (Negi et al.,, 2019; K. Ostrowska et al.,
2017; Ostrowska et al, 2018; Prandi et al, 2012).
Interestingly, these residues maintained good stabilities
mostly >3 A throughout the simulation of the Apo protein.
However, the highest fluctuations were experienced by the
residues numbered 191, 231 and 266 — 291, which are less
participating in the active binding of the receptor. The
results also support higher conformational stability of the
ligands Amb35813946 and Amb18709727 than
Amb37857532 and Amb932777 as well as lorpiprazole in
complex with the receptor, consistently with the RMSD plot.
The interactive contacts of the selected NBCs, as well as
lorpiprazole with the amino acid residues in the active bind-
ing pocket of the 5-HT1A receptor, are indicated by the con-
tact charts (Figure 7). These protein-ligand interactions were
expressed as hydrogen bonds, hydrophobic, ionic and water
bridges. Generally, all the selected ligands as well as the ref-
erence lorpiprazole exhibited strong water-mediated hydro-
gen bond interactions with residues Asp 116, lle 189 and
Asn 386, consistently with previous results (Figure 3). This
importantly supports their strong inhibitory binding poten-
tials against the receptor, and pharmacological profiles for
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Figure 3. Revalidation of docking protocols. (A) 3D Binding pose of co-crystallized and redocked aripiprazole superimposed at the active binding pocket of PDB
7E2Z. Ball and stick model: co-crystallized aripiprazole (green); redocked aripiprazole (red); RMSD = 1.97 D (B) 2D Binding poses of Amb18709727 and

Amb37857532 with the crystal structure of 5-HT1A receptor (PDB 7E2Z) and model 5-HT1A receptor. Similar active pocket residues and binding interactions dis-
played support a good resemblance between the modelled receptor and the crystal structure.

absorption, metabolism and specificity. They also expressed ligands Amb35813946 and Amb18709727 displayed the
a good number of hydrophobic and water bridges but few highest number of contacts with the active amino acid resi-
ionic interactions. Consistently with the previous results, dues while lorpiprazole showed no ionic interactions.
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Amb37857532

Figure 4. Binding poses illustrating the interactions between the selected NBC ligands and amino acid residues in the active pocket of the 5-HT1A hom-
ology receptor compared to reference drug. (Left) 3D illustration of the ligand interactions at the active binding pocket (blue and grey solid region). Ball
and stick models: Selected ligands (white), lorpiprazole reference ligand (yellow), interactive bonding amino acid residues (red). (Right) 2D illustration of
the bonding and non-bonding ligand interactions with amino acid residues (small circles). Polar residues (blue), hydrophobic residues (yellow), negatively
charged residues (red), positively charged residues (indigo), unspecified residues (grey). Bonding interactions: H-bond (magenta arrow), salt-bridge (red-
blue line), m-n stacking (green line), m-cation (red line). The selected ligands showed more bonding interactions than lorpiprazole, indicating higher

inhibitory interactions.
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Figure 6. RMSF plot of the selected NBC ligands and reference lorpiprazole. Lower fluctuations are also demonstrated by the selected NBC ligands, especially
Amb37857532 and Amb18709727 inferring higher stability than others including lorpiprazole. Interestingly, the two ligands improve the stability of the highly
unstable residues such as the residues with number 191, 231 and 276 during the contacts.

The 2D intermolecular interaction diagrams from the MD
simulation (Figure 8) reveals more detailed interactions
between the selected NBC and the active site amino acid
residues of the 5-HT1A receptor, which could not be
observed from the molecular docking poses. The additional
interactions such as the water-mediated H-bonds to Lys 191,
Asn 386 and hydrophobic through Tyr 96 by Amb18709727
and water-mediated H-bond to Gly 382 and ionic participa-
tion to Phe 112 by Amb37857532 support the higher bind-
ing affinities, thermodynamic stabilities and more ideal
flexibility of the two NBC ligands. The cumulative observa-
tions from the virtual screening to MD molecular simulations
indicate that the ligands, Amb18709727 and Amb37857532
excellently display stronger inhibitory potentials and better
stabilities than others including the reference lorpiprazole. As
such, the two ligands were selected for further in silico study
on ADMET properties.

Binding free energy (MMGBSA) calculation

The post simulation MM-GBSA analysis of binding free
energy (AGging) calculation was carried out with the

generation of 500-1001 frames having a 100-step sampling
size. A total of 6 frames were processed and analysed
throughout the 100ns MD data of the lead compounds.
From Table 2, the binding free energy (MMGBSA) values of
the ligands, Amb18709727 and Amb37857532 are —87.972
and  —107.585kcal/mol  respectively  while that of
Lorpiprazole is estimated as —62.780 kcal/mol. This indicates
stronger bindings and inhibitory potentials consistently with
docking scores (Zrieq et al., 2021).

In silico pharmacokinetics, pharmacodynamics and
druggability

The physicochemical parameters which inclusively dictate the
pharmacokinetics, pharmacodynamics and druggability profiles
of the four selected NBC alkaloids are presented in Table 3. The
initial estimation has been reported to reliably reduce pharma-
cokinetic failures of potential drug molecules upon further
investigation (Daina et al, 2017). From the results obtained
from the server (Daina et al, 2017), the selected ligands,
Amb18709727 and Amb37857532 have MW in the range of
150 — 500 g/mol, <10 HBA, <5 HBD, TPSA 20 — 130 A% XLog
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Figure 7. Charts showing contacts between selected ligands and the interactive residues of 5-HT1A receptor (A) Amb35813946 (B) Amb18709727 (C)
Amb37857532 (D) Amb932777 (E) Lorpiprazole. The ligands, Amb37857532 and Amb18709727 consistently have interactive contacts with more amino acid resi-

dues than others, supporting their higher binding affinities.

P3 within —0.7 - +5.0, the fraction of sp3 carbon >0.25 and
Log S< 6. They all possess strong abilities to cross main bio-
logical barriers such as the gastrointestinal absorption (Gl) for
oral bioavailability and blood-brain barrier (BBB) for brain
access, consistently with the known medication, lorpiprazole.
Also, as shown in the bioavailability radar (Figure 9), the
selected ligands have ideal enzymatic stability, flexibility, lipo-
philicity (affinity for efflux mechanisms), size, solubility, satur-
ation and polarity (within the pink hexagons) as expected of
promising candidates. These physicochemical, pharmacokinetics
and pharmacodynamics qualitatively fall within the required
standards for molecules with the propensity for lead-like drug
candidates and medicinal suitability for homeostatic processes
in the central nervous system (CNS) (Daina et al., 2017; Meairs,
2015; Pajouhesh & Lenz, 2005).

In silico toxicology and mutagenicity

Having satisfied the physiochemical, pharmacokinetics and
pharmacodynamics requirements to be considered as CNS
drug-like candidates, other important determinants of their
medicinal suitability of the selected ligands, Amb18709727
and Amb37857532 especially as SARI antidepressants include
toxicological and mutagenic expressions for side effects.
According to Daina et al, P-glycoprotein (P-gp) substrates

protect the CNS from xenobiotics (Daina et al, 2017). From
Table 3, the two selected NBCs, Amb18709727 and
Amb37857532 displayed expressions for good P-gp substrates,
indicating a tendency for not accumulating in the CNS whereas,
trazodone, a popular SARI antidepressant fails in this prospect.
The inhibition of the cytochrome P450 (CYP) superfamily isoen-
zymes (CYPs 1A2, 2C19, 2C9, 2D6 and 3A4) by drug molecules
mainly constitute the unwanted pharmacokinetics-related drug
interactions. These interactions often induce drug elimination
within biological systems through metabolic transformations
(Daina et al., 2017). Overall, the selected ligands show no inhibi-
tory expressions against the CYPs except 2D6, similarly to the
reference drugs. Although, the metabolic expression of CYP2D6
is commonly observed in lipophilic amines, however,
Amb18709727 considerably tend to be exceptionally safer
than lorpiprazole and trazodone even in this regard. The inhib-
ition of CYPs 1A2 and 3A4 beleaguers the therapeutic indices
of most antidepressant and antipsychotic drugs including lorpi-
prazole, a reference SARI drug in this study (Mitchell, 2004,
2020). The two selected NBC alkaloids, Amb18709727 and
Amb37857532 also demonstrated potentials to be exception-
ally non-inhibitors of CYPs 1A2 and 3A4. Their highly negative
Log Kp values indicate a lower chance for skin permeation
(Daina et al,, 2017) consistently with the positive antidepressant
references. They showed no violation to both Lipinski's and
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Figure 8. 2D Intermolecular interactions of the selected ligands with active residues of the 5-HT1A receptor. The ligands, Amb37857532 and Amb18709727 inter-
acted more potently with active amino acid residues of 5-HT1A receptor than others including lorpiprazole.

BDDC's rules of 5 for drugability (Benet et al, 2016; Lipinski,
2004), insignificant PAIN alerts, good bioavailability (Figure 9A)
and synthetic accessibility scores, thus, represent promising and
accessible lead-like SARI candidates upon further experimental
assessments.

The mutagenicity potential of a chemical molecule to
cause genetic mutations remains a major public health con-
cern for its druggability. The undesired biochemistry is eval-
uated in silico for the selected compounds to further confirm
their safety compared to the reference drugs using VEGA

ToxRead Java-based software. The mutagenicity results from
a read-across SAR of the selected ligands about fragment
search and similarity measures to relevant molecules are rep-
resented by Figure 9B. The middle circle represents the mol-
ecule being studied while the colour indicates expression for
mutagenicity: non-mutagenic (green), mutagenic (red) (Y.O.
Ayipo et al,, 2021; Gini et al,, 2014). It could be observed that
the four selected NBC alkaloids displayed non-mutagenicity,
consistently with lorpiprazole. This also supports their relative
safety compared to the commonly prescribed SARIs.
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Table 3. Pharmacokinetics, pharmacodynamics and druggability of the selected NBC ligands.

Molecule Amb18709727 Amb37857532 Lorpiprazole Trazodone
Molecular weight (g/mol) 248.25 243.35 405.46 371.86
#Hydrogen bond acceptor 4 2 6 3
#Hydrogen bond donor 3 3 0 0
#Rotatable bonds 2 4 5 5
Fraction Csp3 0.31 0.47 0.62 0.37
TPSA (A?) 65.12 53.84 37.19 4578
XLog P3 —-1.16 1.65 3.32 2.84
ESOL Log S —0.89 —2.49 —44 —4.03
Gl absorption High High High High
BBB Yes Yes Yes Yes
P-gp substrate Yes Yes Yes No
CYP1A2 inhibition No No No No
CYP2C19 inhibition No No No No
CYP2C9 inhibition No No No Yes
CYP2D6 inhibition No Yes Yes Yes
CYP3A4 inhibition No No Yes No
Log Kp (cm/s) —8.64 —6.61 —6.42 —6.55
Lipinski violation 0 0 0 0
Bioavailability 0.55 0.55 0.55 0.55
PAINS alerts 0 1 0 0
Synthetic accessibility 2.84 2.84 412 2.93
A Amb18709727 & Amb37857532 i Lorpiprazole

Figure 9. Bioavailability and mutagenicity radars of the selected NBC alkaloids in comparison with the reference lorpiprazole. (A) Bioavailability illustration of the
ideal drug-like profiles of Amb18709727 and Amb37857532, in strong similarity to Lorpiprazole. (B) Read-across mutagenicity radar indicating lesser mutagenic
potentials of Amb18709727 and Amb37857532 (no red circles) compared to Lorpiprazole (with some red circles).

NH,
H
N OH
O H
NH N
O NH
F
2-(5-fluoro-2,3,4,9-tetrahydro-1H-pyrido[3,4-  4-(2,3,4,9-tetrahydro-1H-pyrido[3,4-blindol-1-
blindol-1-yl)acetic acid yl)butan-1-amine
Amb18709727 Amb37857532
Figure 10. Chemical structures of the four NBC alkaloids with promising SARI ligands.
Final hits accessibility, although Amb37857532 is reportedly present

in a measurable amount in Nitraria schoberi (Wink, 2000).
Significantly, they displayed lower expression for CYP isoen-
zymes inhibition and non-mutagenicity than the reference
drugs. Similar virtual screening studies have also been
reported in favour of some selected hits with equal or lesser
predicted toxicological parameters than approved drugs
through similar media (Abu-Melha et al, 2022; Duran-
lturbide et al, 2020; Umar et al, 2020). Further wet-lab
biochemical analyses are required to affirm the theoretical
findings. The results obtained in this study are in agreement

Two NPBC alkaloids, Amb18709727 and Amb37857532
(Figure 10) represent the final hit. They demonstrated stron-
ger potentials for antagonism and inhibition of 5-HT1A than
reference SARI antidepressants, lorpiprazole and trazodone.
They also showed more interesting physicochemical, pharma-
cokinetics and pharmacodynamics (ADME) properties rele-
vant to the medicinal application as SARIs than the reference
drugs. They are commercially available at Ambinter-
Greenpharma chemical library and possess good synthetic



with those deduced for coumarin derivatives, which were
later confirmed as potent 5-HT1A antagonists and inhibitors
upon biochemical experiments (K. Ostrowska et al, 2017;
Ostrowska et al., 2018). The consistency in the findings and
analogy from previous studies constitute strong confidence
and pose the compounds as promising SARI candidates from
vast natural products with enhanced pharmacological poten-
tials and lower expressions for side effects amenable for fur-
ther translational studies.

Conclusions

The application of computer-aided drug design has led to
the discovery of several drug molecules with successful
medicinal applications. In this study, two ligands with the
database annotations, Amb18709727 and Amb37857532
respectively demonstrated stronger inhibitory and antagonis-
tic potentials against 5-HT1A receptor than lorpiprazole and
trazodone, referenced SARI antidepressants. They displayed
enhanced stability and compactness with the human 5-HTTA
receptor than lorpiprazole. They showed interesting physico-
chemical, pharmacokinetics and pharmacodynamic potentials
for enhanced pharmacology and medicinal implications, and
toxicological propensity for lesser side effects. Moreover, the
available information shows that the two selected NBC alka-
loids have not been reported as 5-HT1A antagonists and
reuptake inhibitors, supporting their novelty for further
exploration. Although, basic and clinical experimental studies
through target-based in vitro and animal-based in vivo mod-
els are required to further authenticate the promising
enhanced pharmacology and lower potentials for side effects
as revealed in this theoretical investigation. However, the
cumulative findings build confidence for embarking on such
rigorous and resource-demanding scientific evaluation to
translate the selected ligands into real-life therapeutics. The
study represents a cost-effective, faster and environmentally
friendly model for the identification of lead-like SARI poten-
tials from vast natural products amenable for further study.
The finally retrieved hits are promising SARI candidates rec-
ommended for experimental assessments.
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