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ABSTRACT:

MAGL is an important key enzyme responsible for various factors in the human body and the
development of disorders like pain, inflammation, CNS disorders and cancer. MAGL has an important
function in the endocannabinoid system and is responsible for of hydrolysis one of the
endocannabinoids, 2-arachidononoylglycerol lipase. 2-arachidonoylglycerol lipase has an agonist
action for G-protein coupled receptors CB1 and CB2. MAGL also causes the incline in the
concentration of specific lipids like lysophosphatidic acid, phosphatidic acid, prostaglandin E2 and
sphingosine-1-phosphate derived from free fatty acids which play important role in the proliferation
of cells, survival, migration, metastases, and development. In the current work, we are presenting
the docking-based screening studies of various designed MAGL inhibitors by studying the different
essential features of previously developed different potent inhibitors of enzyme monoacylglycerol
lipase.
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1. INTRODUCTION: neurodegenerative diseases like Alzheimer's
and Parkinson's disease (Kokona et al., 2021;
Korhonen et al., 2014). MAGL is also found to

be an important factor in the growth of certain

Monoacylglycerol lipase enzyme is a potent
drug target for carcinogenic diseases, and

psychiatric diseases, as well as its inhibition,
has also proven to be effective in the
treatment of retinal disease, anxiety,
depression, pain, inflammation, and
inflammation are some of the nervous system
disorders (Ahamed et al., 2017; Kokona et al.,
2021). As a result of MAGL's hydrolysis of 2-
arachidonoylglycerol (2-AG), arachidonic acid
(AA) is formed, which is a precursor to
proinflammatory eicosanoids, which cause

neuroinflammation and ultimately lead to

elISSN 1303-5150

cancer cells, therefore the inhibitors of MAGL
can be proven to be good agents in the
treatment of different types of cancers (Zhu et
al., 2020). MAGL has an important role in the
development and continuation of free fatty
acid supply to cancer cells. Overactivity of
MAGL is usually seen in many aggressive
tumour cells compared to nonaggressive
tumorigenic cells (Poli et al., 2019). MAGL
takes part in  the hydrolysis  of
monoacylglycerol in the liver and adipose
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Fig. 1. Image of the binding region of 9JX containing catalytic triad residue and oxyanion hole residues
by using BIOVIA Discovery Studio Visualizer 2020.

tissues, which contributes a large amount of
FFA (free fatty acid) for the growth of
developing tumour cells and also for the
development of protumourgenic signalling
factors (Poli et al., 2019; Tuccinardi et al.,
2014). Monoacylglycerol lipase is a key serine
hydrolase enzyme and activity is seen higher in
aggressive cancer cells compared to
nonaggressive cancer cells (Bononi et al., 2018;
Pagano et al., 2017). MAGL is a 33 kDa
hydrolase enzyme which takes part in the
hydrolysis of serine and preferentially
breakdown the monoacylglycerols into free
fatty acids (FFA) and glycerol (Bononi et al.,
2018; Tuccinardi et al., 2014). AEA and 2-AG
act as a ligand and major endocannabinoids for
both cannabinoid receptors.
Endocannabinoids (eCB) are transported to the
cytoplasm and where they get breakdown by
their particular enzymes. AEA get hydrolysed
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by fatty acid amide hydrolase (FAAH) to
Arachidonic acid (AA) and ethanolamine,
where 2-AG is mainly hydrolysed by up to 85%
into AA and glycerol by MAGL (Ahamed et al.,
2017; Chen et al., 2019; Poli et al., 2019). Thus
the inhibition of the monoacylglycerol lipase
can increase the level of 2-AG, which initiates
the activation of the neurotransmission system
and anxiolytic, antiemetic, anti-inflammatory,
neuroprotective and anti-nociceptive action
can be seen in the brain (Aghazadeh Tabrizi et
al., 2018; Mori et al., 2019; Zhang et al., 2019).
Human MAGL consists of an alpha/ beta
hydrolase fold (Cheng et al., 2018). The active
site is observed in the middle of both the
helices alpha and beta and it is called a catalytic
triad and it is consist of Ser 122, His 269 and
Asp 239 (Afzal et al., 2016; Chen et al., 2019;
Chengetal., 2018; Lauria et al., 2015; Ma et al.,
2016; Scalvini et al., 2016). Another section
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which  contains the amphiphilic and
hydrophobic properties, an extensive section
of the binding pocket is called a lipophilic
region of the acyl carrier binding region (ACB
cavity). On attachment of 2-AG in the ACB
domain (Acyl carrier binding pocket) the
activation occurs of Ser122 and its rush to the
carbon which contains the carbonyl group of 2-
AG (Mori et al., 2019). MAGL is also composed
of nucleophilic regions and contains binding
loops al and B3, whereas it B3conatains the
residues Ala51, Metl123, Gly50 and Gly124,
collectively referred to as oxyanion holes.
(Berdan et al., 2016; Sherer & Snape, 2015).
The cytoplasmic access channel (CA channel) is
another name of the catalytic triad that
contains polar residue to a greater extent and
due to the polarity of these residues, they do
interact with a 2-AG hydrophilic portion
(Glycerol) and on completion of hydrolysis,
release, free fatty acid and glycerol moiety
(Mori et al., 2019). In this study, we performed
docking studies to identify potent MAGL
inhibitors as anticancer agents, based on
previously developed MAGL inhibitors and
their studies.

2. MATERIALS AND METHODS

2.1. DOCKING WORK
2.1.1 Computer Hardware Facility, Software
Programs Used
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Fig. 2. 2D Image of the binding region of 9JX
containing catalytic triad residue and
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oxyanion hole residues by using BIOVIA
Discovery Studio Visualizer 2020.

The present docking studies were performed
using HP laptop 64-bit apparelled with
Windows 11 operating system, single
language, Intel(R) Core TM i3-8130U CPU with
@ 2.21 GHz processor unit, with installed
random access memory (RAM) of 8GB, and SD
drive of 256GB. PDB Swiss Viewer was utilized
to prepare the Apo form of protein in the PDB
file and the separation of the ligand as a PDB
file from the original protein-ligand complex
PDB file (Kaplan W, 2001). Preparation of
library SDF file of 14 designed derivatives for
each scaffold from 1 to 4 was performed using
Open Babel software (O’Boyle et al., 2011;
Swain, 2014). Preparation of reference ligand
and protein for docking, conversion of
compound SDF library into PDBQT, and
docking of Apo form of protein and ligand
libraries was performed using different wizards
like Open Babel wizard and Vina wizard in PyRx
virtual screening tool software (Dain et al., 123
C.E.; Dallakyan & Olson, 2015; Mai et al., 2018),
Sketching, designing and preparation of
ligands in 2D, SD, and another required format
was performed using ACD/ChemSketch
molecular structure drawing application in ACS
style using structure drawing style option and
OpenBabel GUI tool. Visualizations were done
using BIOVIA Discovery Studio Visualizer 2020
(Tannas, 1985)(Studio 2020, 2020). Online
resources used were: Protein data bank
(Berman et al., 2000).

2.1.2. Monoacylglycerol lipase enzyme
binding site interaction

Monoacylglycerol lipase enzyme and ligand
complex binding site interaction as well as a
catalytic triad and oxyanion hole residues were
visualized with the help of BIOVIA Discovery
Studio Visualizer 2020. Protein PDB file 5ZUN
was utilized to know the presence of catalytic
triad residues and oxyanion hole residues in
the protein-ligand interaction site for the
identification and confirmation of the binding
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region in the downloaded PDB file of a protein-
ligand complex of 5ZUN.

MAGL binding site contains the catalytic triad
residues Ser122, His 269 and Asp 239 (Afzal et
al., 2016; Chen et al., 2019; Cheng et al., 2018;
Lauria et al., 2015; Ma et al., 2016; Scalvini et
al., 2016). Protein PDB file 5ZUN was
downloaded from  https://www.rcsb.org/
(Protein data bank) and was observed for the
residues present in the ligand binding site.
Catalytic triad residues Ser122, His269 and
Asp239 were observed in the original ligand-

protein interaction site, similarly, Gly50, Ala51,
Met123 and Gly124 were also observed as
oxyanion hole residues (Berdan et al., 2016;
Sherer & Snape, 2015) in the ligand-protein
interaction binding site.

2.1.3. procedure used in docking

A. Protein structure preparation

The PDB ID: 5ZUN X-ray crystallographic
structure of Monoacylglycerol lipase along
with the ligand (9JX) was chosen for this study.
The PDB file format of 3 D X-ray
crystallographic structure of protein and ligand
was downloaded from https://www.rcsb.org/

PBD resources (protein data bank) (Berman et
al., 2000) and preparation of APO form of the
protein was done in the MOLPROBITY server

(Protein  Science - 2017 - Williams -
MolProbity More and Better Reference Data
for Improved All-atom Structure

Validation.Pdf, n.d.). The preparation process
of the protein involved fetching the protein
molecule from the MOLPROBITY server, by
uploading the PDB file of the MAGL protein
molecule (PDB ID: 5ZUN). Further hydrogens
were added to it and applied selected “Make
Flipkin kinemages illustrating any Asn, GlIn, or
His flips” option to perform the tasks, which
make flips to residues, analysing all the atom
contacts, and geometry of the molecule. By
clicking on the option software perform the job
and by clicking on “download” it downloads
the final protein file. The Apo form of the
protein was developed using a Swiss PDB
viewer, which was used further for protein
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preparation and finally for docking with
reference ligands (9JX) and differently
designed ligands.

B. Ligand Preparation

The original ligand 9JX was separated from the
protein-ligand complex using a Swiss PDB
viewer and saved as a different file, which was
used as a reference ligand in docking. The four
different scaffolds were designed in this study
based on the development of previously
designed compounds as MAGL inhibitors, the
important features which are seen as similarin
the previously developed compound were
considered for the development of the new
four scaffolds. From these four scaffolds, a
total of 56 different derivatives were designed.
14 derivatives were designed for each scaffold
and these derivatives were used as ligands are
displayed in Table 1. All the structures of
respective derivatives were drawn using
ACD/ChemSketch molecular structure drawing
application in ACS style using structure
drawing style option and OpenBabel GUI
software. Open Babel is also used in wizard in
PyRx virtual screening tool was applied for
preparation of ligands in PDBQT format for
docking. The preparation process contains the
insert of the SDF file of the ligand’s library and
minimization of all the ligands and conversion
to the PDBQT format. The final stabilized
structures were used for protein-ligand
docking using Vina wizard in the PyRx virtual
screening tool.

C. Docking Validation Studies.

www.neuroguantology.com
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J /
Fig. 3. Redocking pose image of validation
process of protein 5ZUN with ligand 9JX.

Validation studies of the crystal structure of
MAGL protein (PDB ID: 5ZUN) ligand complex
with an inhibitor ligand (9JX) [(4R)-1-(2'-
chloro[1,1'-biphenyl]-3-yl)-4-[4-(1,3-thiazole-

2-carbonyl) piperazin-1-yl] pyrrolidin-2-one)]
was performed by redocking of the separated
file of ligand 9JX (co-crystallized structure of
ligand) form the original PDB file and the Apo

H-Bonds
Donor

Acceptor B0

form prepared of MAGL protein file from 5ZUN
into the specific binding site coordinates. The
grid coordinate attributes were noted down
for reference purposes.

D. Docking of Prepared Protein and Ligand
The designed ligands docking procedures were
performed by using Vina wizard in the PyRx
virtual screening tool. Protein and ligand
complex was subjected to the Swiss PDB
viewer and the Apo form of protein and
separated ligand file was generated from it,
further the Apo protein file was upload to
MOLPROBITY Server and the prepared protein
file was download from the server and further
the downloaded file was utilized for the
redocking validation, as well as docking of
newly designed ligands. The ligand library was
generated using Open Babel software in SDF
format by using smiles of all the designed
ligands, further these ligand’s library was
minimized in Open Babel wizard in PyRx
screening tool and converted all to the
AutoDock PDBQT format and docking
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Fig. 4. 3D images and 2D images of Docking Interaction of Ligand 9JX.
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Fig. 5. 3D images and 2D images of docking interactions of Ligand S410.

procedures were involved the use of AutoDock
Vina wizard in PyRx virtual screening tool. In
the grid generation process, the dimensions of
the grid box were used as 25x25x25 in x, y, and
z directions. The attribute values coordinates
were taken from binding site interactions of
ligand 9JX and Protein from the original PDB
file. Grid point spacing was 0.375 A in each
case. The grid Attributes were selected as X = -
13.07,Y =20.8, Z =-9.6. AutoDock Vina wizard
in PyRx virtual screening tool was used to
perform the molecular docking job of each
ligand with prepared protein (Dain et al., 123
C.E.; Dallakyan & Olson, 2015). All the docking
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results were analysed of various structures
were done using BIOVIA Discovery Studio
Visualizer 2020 (Studio 2020, 2020).

2.2. ADME STUDIES

Adsorption, Distribution, Metabolism, and
Excretion (ADME) studies are a key factor in
determining whether molecules are effective
and secure for further study into the
possibility that the developed molecule will be
employed as a significant drug in the
treatment of disease. The SWISSADME web-
based tool (http://www.swissadme.ch/) was
utilized to

www.neuroquantology.com
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Fig. 6. 3D images and 2D images of docking interactions of Ligand S408
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Fig. 7. 3D images and 2D images of docking interactions of Ligand S412.
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identify ADME studies and predict various
criteria, including lipophilicity (iLOGP, XLOGP3,
WLOGP, MLOGP, SILICOS-IT), solubility in
water [Log S (ESOL), Log S (Ali), Log S (SILICOS-
IT)], pharmacokinetic  properties  [(GlI
absorption, BBB permeation, P-gp substrate
CYP2D6, CYP3A4 CYP1A2, CYP2C19, CYP2CY9,
inhibitor, Log Kp), Druglikeness (Bioavailability
Score Lipinski, Muegge, Ghose, Veber, Egan),
Medicinal Chemistry (PAINS, Brenk,
Leadlikeness, Synthetic accessibility, PAINS,
Brenk, Leadlikeness, Synthetic accessibility)]
(Daina et al., 2017).
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SWISSADME is a web server and is developed
as well as maintained by the Molecular
Modelling Group of the Swiss Institute of
Bioinformatics (SIB). SMILES of the different
structure was submitted and results were
obtained by submitting the SMILES by clicking
on RUN.

2.3. TOXICITY PREDICTION
Toxicology studies were performed using the
pkCSM web server database online ADMET

MET
A3

A ww T @
4 A270 Al91 ' 4213 &
" e
]
' ' ALA
ﬁ ' A5
A, NN
ILE
A9
Interactions
D Conventional Hydrogen Bond [:J Alky
Pi-Signa D pi-Akyl
[:] Pii Stacked

Fig. 8. 3D images and 2D images of docking interactions of Ligand S409.

prediction tool that allows to access the
analysis of molecules by sketching or by
uploading in SMILES format (Pires et al., 2015).
Data related to toxicity includes AMES toxicity
(Use to find out the carcinogenic effect of
chemical), Max. tolerated dose (human), hERG
| inhibitor, hERG Il inhibitor (Use to find out
cardiotoxicity), Oral Rat Chronic Toxicity
(LOAEL), Oral Rat Acute Toxicity (LD50), Skin
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Sensitisation, Hepatotoxicity,

T.Pyriformis toxicity, Minnow toxicity studies.

3. RESULTS AND DISCUSSION

3.1. DOCKING WORK

3.1.1. Target Binding Site Identification
Previously reported monoacylglycerol lipase
blockers such as JZL184 (ICso = 10 nM) and

www.neuroquantology.com
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Ly218324012 (ICso = 20 nM) were found to act
through the catalytic triad amino acid residues
like Ser122, Asp239 and His269 and create a
covalent bond formation with serine
residue(Afzal et al., 2014, 2016). In the MAGL
protein-ligand complex 5ZUN PDB file, the
binding site of the ligand consists of the
catalytic triad and the presence of residues
Ser122, Asp239 and His269 were observed in
the binding region of 9JX, which is displayed in
Fig. 1, whereas the original ligand 9JX and
(5ZUN)
depicted in Fig. 2. Similarly, the presence of
Gly50, Ala51, Metl123 and Glyl24 is also
observed in the binding region of 9JX, which

original protein interactions are

confirms the presence of the oxyanion hole,
which plays a role in the stabilization of the
anionic transition state(Afzal et al., 2014). The
presence of these residues in the binding
region of 9JX confirms the presence of a
binding pocket of MAGL enzyme, the same
binding region was used with an increased grid
size of 25 for XYZ dimensions for attributes X =

-13.07,Y =20.87, Z =-9.62 to cover the whole
binding region.

3.1.2. Validation Process Results

The validation process of downloaded MAGL
protein with ligand (PDB ID: 5ZUN) was
performed using vina wizard in PyRx tool by
redocking the ligand (9JX) with recreated Apo
form of enzyme MAGL PDB file of 5ZUN. The
best docking pose of the ligand was found to
be superimposable on the original protein-
ligand complex position. The validation studies
revealed the binding energy observed for 9JX
was -13.4 kcal/mol. The redocking pose is
depicted in Fig. 3.

3.1.3. Docking Results

The results of the docking score of the ligands
from 1—-56 with MAGL are available in form of
binding energies in negative values. The best
docking score for each ligand is given in Table
2. The top ten docking score ligands are

Figure 1

Table 1. Structure of designed ligands with their codes and observed binding scores
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considered for further analysis like ADME
prediction and toxicity prediction studies. The
Hydrogen bond interaction and interactions
with residues are given for the top ten ligands
according to docking scores in Table 3. The 2D
and 3D interaction images are given for these
top five molecules in Figures 4 — 8.

3.2. ADME PREDICTION STUDIES

The best ten compounds with top docking
scores compounds were subjected to the

ADME investigations involving (Absorption,
Distribution, Metabolism, and Excretion) by
applying the online services of the SwissADME
online web server tool. All ten compounds
showed better Gl absorption and zero violation
for various drug-likeness factors Lipinski’s five
rules, Ghosh rule, Veber rule, Egan rule, and
Muegge rule with a good 0.55 bioavailability
score. All ten compounds also showed
synthetic accessibility in a good range. Other
criteria like LogP, Molar Refractivity, TPSA
value, XLOGP3, WLOGP and MLOGP were also

Table 2. List of Top ten Ligand Docking Score (Binding energy) with PDB file 52ZUN

S. No. Ligand No. Docking Score
1. Ligand 9JX -13.4
2. S410 -12.4
3. S408 -11.9
4, S412 -11.9
5. S409 -11.8
6. S411 -11.7
7. S308 -11.5
8. S210 -11.4
9. S211 -11.4
10. S310 -11.4
11. S311 -11.4

Table 3. Molecular interactions of top scoring ten ligands and reference ligand

S. Ligand No. of H-bond

No. code conventional forming
Hydrogen residues
bonds

H-bond distance Hydrophobic residues

(A)
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1. Ligand

9IX

2. 5410

3. 5408

4. 5412

5. 5409

6. 5411

7. S308

8. 5210

9. S211

10 S310

11 S311

ALAS1,
ARG57,
MET123

MET123

ALAS1,

MET123

MET123

MET123

MET123

ALAS1,
MET123

2.09131, 2.14263,

2.19327

2.90433

2.65195, 2.63024

2.7675

2.80408

2.77965

2.63271, 2.93563

LEU241, TYR194,
VAL191, VAL270,

LYS273, ALA51, ILE179,

LEU205

LEU213, LEU241,
TYR194, ALA151,
ILE179, VAL191,
VAL270, LYS273

LEU213, LEU241,
TYR194, HIS121,
VAL191, VAL270,
LYS273, LEU148

LEU213, LEU241,
TYR194, ILE179,
VAL191, VAL270,
LYS273

LEU213, LEU241,
TYR194, ALA151,
ILE179, VAL191,
VAL270, LYS273

LEU213, LEU241,
TYR194, ILE179,
VAL191, VAL270,
LYS273

LEU213, LEU241,
TYR194, VAL191,
VAL270, LYS273,
LEU148

LEU241, ALA151,

ILE179, LEU241, HIS121,

LEU148, LEU213

LEU213, LEU241,
ILE179, VAL191,

VAL270, LYS273,
HIS121, TYR194,
LEU148

LEU213, LEU241,
TYR194, ALA151,
LEU241, VAL191,
VAL270, LYS273,
LEU148

LEU213, LEU241,
TYR194, VAL191,
VAL270, LYS273
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calculated. The results have been produced in The pkCSM server online tool was used to
Table 4. perform toxicity prediction studies for all the
3.3. TOXICITY STUDIES molecules according to their docking score. All

Table 4. Results of ADME Studies for the top ten ligand molecules selected on the basis top ten
docking score results

$410 S408 S412 S409 S411 S308 S210 S211  S310  S311

Ligand
117.6 1126 1126 117.6 1203 1146 1129 119.6 1223
MR 4 7 3 8 7 7 6 115.7 4 7
TPSA 51.13 51.13 51.13 5113 51.13 5437 5113 51.13 5437 54.37
iLOGP 4.11 3.72 4 4.14 4.28 3.84 411 4.32 3.96 4.3

XLOGP3 3.89 3.52 3.62 4.15 4.21 2.69 3.49 3.82 3.05 3.38
WLOGP 3.99 3.68 4.24 4.33 4.44 1.81 3.11 3.57 2.12 2.57

MLOGP 3.16 2.95 3.32 3.43 3.53 1.91 3.3 3.67 2.13 2.51

s"'°°s|;'T o8 479 427 469 491 494 315 343 358 367  3.83
ESOLLogS -456 -425 -441 -485 -516 -3.73 -4.08 -4.69 -4.04 -4.65
Gl . . . . . . . . . .
el High High High High High High High High High High
BBB
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
permeant
log Kp
585 -6.02 -606 -579 -6.02 -6.62 -606 -6.22 -645 -6.61
(cm/s)
Lipinski 0 0 0 0 0 0 0 0 0 0
violations
(Ghose 0 0 0 0 0 0 0 0 0 0
violations
e 0 0 0 0 0 0 0 0 0 0
violations
Egan 0 0 0 0 0 0 0 0 0 0
violations
Muegge 0 0 0 0 0 0 0 0 0 0
violations
Bioavailabili .. (oo 55 055 055 055 055 055 055 055
ty Score
PAINS alerts 0 0 0 0 0 0 0 0 0 0
Brenk alerts 0 0 0 0 0 0 0 0 0 0
(SR lLEIEES 2 2 2 2 1 1 2 1 1
violations
Synthetic .o 5.5 378 375 379 38 491 478 392 381
Accessibility
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the top ten best docking score molecules were
found safe for carcinogenic effect through
AMES toxicity, hERG | inhibitor (cardiotoxicity)
and skin sensitisation, however S410, S408,
S412, S409, and S411 was also found safe
hepatotoxicity profile. Compounds S203, S401,
S402, and S403 were found safer for all the

toxicity  profiles like AMES  toxicity
(carcinogenic effects), hERG | inhibitor, hERG Il
inhibitor (cardiotoxicity), hepatotoxicity and
skin sensitisation studies. The results of
toxicities studies are given in Table 5.

Table 5. Results of toxicity studies performed using pkCSM web server database online ADMET

prediction tool

Ligan AMES Max. hERGI hERGIlI  Oral Oral Rat Hepatotoxicity Skin
d toxicit tolerate inhibit inhibitor Rat Chronic Sensitisatio
Code vy d dose or Acute  Toxicity n

(human Toxicit (LOAEL)

) y

(LD50)

S410 No -0.359 No Yes 2.355 1.271 No No
S408 No -0.455 No Yes 2.416 1.29 No No
S412 No -0.449 No Yes 2.354 1.82 No No
5409 No -0.34 No Yes 2.468 1.145 No No
S411 No -0.343 No Yes 2.47 1.117 No No
S308 No -0.747 No Yes 2.667 1.447 Yes No
S210 No -0.8 No Yes 2.303 0.948 Yes No
S211 No -0.794 No Yes 2.448 0.794 Yes No
S310 No -0.673 No Yes 2.634 1.331 Yes No
S311 No -0.649 No Yes 2.687 1.362 Yes No
S203 No -0.333 No No 2.494 1.311 No No
S401 No -0.187 No No 2.639 1.407 No No
S402 No -0.254 No No 2.64 1.124 No No
S403 No -0.293 No No 2.618 1.509 No No

4. CONCLUSION

This study was performed to identify the newly
designed and developed new scaffolds based
on studies of previously developed compounds
and their essential features for activity. By
changing the features, we designed 56 ligands
and, in this study, these were evaluated by
docking as well as other pharmacokinetic
ADME prediction online web servers tools like
SwissADME and pkCSM tool for the
identification of more potent and safer moiety
for the treatment of cancer and other
neuroinflammatory diseases as well as for
elSSN 1303-5150

other target diseases as MAGL inhibitors. The
docking score results exhibited the top potent
agents on basis of the top ten docking scores,
which are S401, S408, S412, S409, S411, S308,
$210,S211, 5310, and S311. These best top ten
score ligands were also evaluated for ADME
prediction studies through the SwissADME
online web server tool and for toxicities studies
through the pkCSM online tool. All ten
compounds showed better Gl absorption with
zero violation for all the drug-likeness criteria
as well as good synthetic accessibility.
Compounds S410, S408, S412, S409 and S411
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also exhibited a safe profile for AMES toxicity,
hERG | and hepatotoxicity and skin
sensitization.
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