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ABSTRACT

A 33 KDa serine hydrolase enzyme known as monoacylglycerol lipase is associated with a
number of physiological processes in people, including pain, inflammation, and
neurodegenerative diseases. The enzyme has been discovered to be associated with the
endocannabinoid lipid signalling network system and has been found to be present in both the
central and peripheral nervous systems. Enzyme support the growth of cancer and tumour cells
by acting as a source of free fatty acids. It has been noted that the enzyme's activity is elevated
in dividing and expanding cells in a number of cancer types. The signalling molecules
phosphotidic acid, lysophosphatidic acid, sphingosine phosphate, and prostaglandin E2 are
found to be free fatty acid-derived and have been linked to the proliferation, migration, and
survival of cancer cells. They also rise as a result of enzyme activity. In the current work, we
have carried out the identification task and screening investigation for the newly developed
carbamate derivatives as anti-cancer moieties using docking and other computational tools.
Keywords: Enzyme, Inhibitors, Monoacylglycerol, Lipase, Cancer, Inflammation.

Introduction

The Monoacylglycerol Lipase (MAGL), a membrane-bound serine hydrolase (Castelli et al.,
2020; Jiang & Van Der Stelt, 2018; Malamas et al., 2020; L. Zhang et al., 2019) prevalent in
peripheral organs such as the liver, kidney, testis, lungs, prostate, and small intestine as well as
the central nervous system, is crucial to the endocannabinoid system (Dato et al., 2020). The
endocannabinoid system (eCB) is a lipid signalling network that has been discovered to be
present in both the central and peripheral nervous systems (Z. Chen, Mori, Fu, et al., 2019;
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Kind & Kursula, 2019; Mori et al., 2019). It is known to play a significant role in the regulation
of a
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Fig. 1 Scaffolds of newly designed carbamate derivatives
Table 1. List of different designed derivatives of Scaffold 1, scaffold 2, scaffold 3 and
their docking score.

S. R = Substitution  Ligand Binding Ligand Binding Ligand Binding

No. Code Energy Code Energy Code Energy
1. H TH101 -10.5 TH201 -10.8 TH301 -10.6
2. NO2 TH102 -10.9 TH202 -11.2 TH302 -10.8
3. CI TH103 -11.1 TH203 -11.2 TH303 -10.9
4. Br TH104 -11.1 TH204 -11.2 TH304 -11
5 F TH105 -11.1 TH205 -11.4 TH305 -10.9
6. CH3 TH106 -11.1 TH206 -11.5 TH306 -11.1
7. CH2CH3 TH107 -10.8 TH207 -11.4 TH307 -10.4
8. CH2CH2CH3 TH108 -11.5 TH208 -11.5 TH308 -11.1
9. CH2CH2CH2CH3 TH109 -11.4 TH209 -11.4 TH309 -11
1( NH2 TH110 -10.4 TH210 -11.1 TH310 -10.3
17 NHCH3 TH111 -10.5 TH211 -9.7 TH311 -9.7
12 NHCH2CH3 TH112 -10 TH212 -10.2 TH312 -9.8
1: NHCH2CH2CH3 TH113 -10.1 TH213 -11.3 TH313 -9.9
12 OH TH114 -10.7 TH214 -11.1 TH314 -10.7
1! OCH3 TH115 -104 TH215 -11.1 TH315 -9.9
1¢ OCH2CH3 TH116 -10.6 TH216 -11 TH316 -9.7
17 OCH2CH2CH3 TH117 -11.3 TH217 -11.2 TH317 -10

number of processes, including appetite (Miceli et al., 2019), stress response, cognition,
immune response, neurotransmission, learning, sleep regulation, reproduction, and pain
perception (Z. Chen, Mori, Deng, et al., 2019; Hattori et al., 2019; Kind & Kursula, 2019). Two
membrane-bound G protein-coupled receptors, CB1 and CB2, make up the endocannabinoid
system. These receptors contain the endocannabinoids N-arachidonoyl ethanolamine
(anandamide; AEA) and 2-arachidonoylglycerol (2-AG) (Z. Chen, Mori, Deng, et al., 2019;
Granchi et al., 2019; Hattori et al., 2019). The / hydrolase superfamily includes MAGL and
FAAH also (Kohnz & Nomura, 2014; Scalvini, Vacondio, et al., 2016b). Fatty acid hydrolase
(FAAH), is found to hydrolyze anandamide (Kohnz & Nomura, 2014; Liu et al., 2016),
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whereas monoacylglycerol lipase (MAGL) hydrolyzes 2-AG primarily (Granchi et al., 2018,
2019), up to 85% (Granchi et al., 2019), with a minor
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Fig. 2. Redocking pose of ligand 93X with protein 5JN and binding interaction of Ligand
9JX with different residues in protein 5ZUN.
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Fig. 3. 3D and 2D Docking images of ligand FH108 of series O1.

participation from / hydrolase-6 and -12 (ABHD6 and ABHD12) (Patel et al., 2015; Scalvini,
Piomelli, et al., 2016; Wang et al., 2016), releasing the pro-inflammatory eicosanoid precursor
arachidonic acid (AA) and glycerol (Aida et al., 2018; Cisar et al., 2018; Granchi et al., 2018),
While cytosolic phospholipase A2 hydrolyzes
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Fig. 4. 3D and 2D Docking images of ligand FH109 of series 01.
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Fig. 5. 3D and 2D Docking images of ligand FH206 of Series 02.

phospholipids to form AA in the peripheral tissues (Butler et al., 2017), 2-AG hydrolysis
through the MAGL, accounts for 50% production of AA in the brain (Mori et al., 2019)
Therefore, suppression of the MAGL can result in a rise in 2-AG levels, which activates the
cannabinoid neurotransmission system and causes the brain to experience antinociceptive
(Wang et al., 2016), anti-anxiety, anti - emetic, anti-inflammatory, and neuroprotective effects
(Ahamed et al., 2017a; Wang et al., 2016). In the brain, 2-AG serves as a significant source of
arachidonic acid(Jiang & Van Der Stelt, 2018) and a precursor to prostaglandins that promote
inflammation (Jiang & Van Der Stelt, 2018; L. Zhang et al., 2019) through its effects on CB1
and CB2
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Fig. 6. 3D and 2D Docking Images of ligand TH208 of series 02.
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Fig. 7. 3D and 2D Docking images of ligand TH306 of series 03.
receptors, 2-AG can demonstrate its therapeutic effects on neuroinflammation (Ahamed et

al.,

2017a) and neuroinflammation is found to be common cause of neurodegenerative disorders
(Kumar Vermaet al., 2021; Verma et al., 2021). An increase in 2-AG signalling and a decrease
in AA levels are brought about by MAGL inhibition, which has anti-inflammatory and

gastrointestinal protective effects (Ahamed et al., 2017b; Riccardi et al., 2017).

Additionally, lipogenesis was discovered to be a factor in the proliferation of cancer cells. The

lipolytic pathway, which releases the stored fatty acids for metabolic and signall
mechanisms, is also present in cancer cells. MAGL levels have been found

ing
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Fig. 8. 3D and 2D Docking Images of ligand 308 of series 03.
Table 2. Top three ligands Docking Scores of series 01, series 02 and series 03.

S. No. Ligand Binding Energy
1. 9JX -13.4
2. TH108 -115
3. TH109 -11.4
4, TH117 -11.3
5. TH206 -11.5
6. TH208 -115
7. TH205 -11.4
8. TH306 -11.1
9. TH308 -11.1
10. TH304 -11

to be much higher in aggressive cancer cells than in non-aggressive cancer cells (Granchi et
al., 2018). Moreover, the high MAGL action is reported in aggressive cancer cells with their
high serine hydrolase activity (Bononi et al., 2018a). Monoacylglycerol hydrolysis by MAGL
regulates the levels of free fatty acids in healthy cells. It has also been discovered that MAGL
is involved in the regulation of FFA levels in cancer cells (Ma et al., 2016). The MAGL-FFA
pathway stimulates tumour growth, by providing feed into a complex lipid network enriched
in pro-tumorigenic signalling molecules (Afzal et al., 2016; J. Zhang et al., 2016). The specific
FFA-derived signalling lipids that are carcinogenic in nature, such as phosphatidic acid (PA),
lysophosphatidic acid (LPA), sphingosine-1-phosphate (S1P), and prostaglandin E2, are
likewise increased by MAGL activation (PGE2) (Afzal et al., 2016; Ahamed et al., 2017b).
MAGL utilises a nucleophile-histidine-aspartate

catalytic triad in conjunction with an oxyanion hole for catalysis and is a member of the /-
Hydrolase superfamily (Scalvini, Vacondio, et al., 2016a). With 303 amino acid residues,
MAGL is a 33 kDa enzyme (Bononi et al., 2018b; Hattori et al., 2019). The cytosolic hydrolase
MAGL is found responsible for breaking down monoacylglycerol (2-AG) into glycerol and
free fatty acids (Afzal et al., 2014; Bononi et al., 2018b). The human MAGL shares the
alpha/beta hydrolase fold (Jung & Piomelli, 2016; Karageorgos et al., 2017; Riccardi et al.,
2017; Scalvini, Vacondio, et al., 2016b) with 8 beta-sheets, forming a partial beta-barrel that is
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embellished on both sides with 8 alpha-helices (King et al., 2009; Wise et al., 2012). The
catalytic triad of a serine, carboxylic acid, histidine and other amino acids makes up the
protein's active site, which is located between the alpha and beta helices (Afzal et al., 2014;
Riccardi et al., 2017; Scalvini, Piomelli, et al., 2016). The long aliphatic chain of the natural
substrate 2-AG is accommodated by the vast hydrophobic tunnel that forms the acyl chain
binding area (ACB pocket) at the substrate's binding site. Ser122, His269, and Asp239 are the
three amino acids that make up the catalytic triad at the head part of the ACB pocket (Bononi
et al., 2018b; McAllister et al., 2018; Riccardi et al., 2017). The Ser122 is activated by the
catalytic triad site and leads a nucleophilic attack on the carbonyl carbon of 2-AG. The
connecting loop a1l and B3 (Gly50, Ala51, Met123, and Gly124) and the conserved network of
hydrogen donors is known as the oxyanion hole (Afzal et al., 2014). The generated negative
charge on the carbonyl in the transition state is stabilised by the presence of two backbone
amide residues in the oxyanion hole in this region. A cytoplasmic access channel (CA channel),
which contains additional polar residue, exists in addition to the catalytic triad. The hydrophilic
glycerol moiety of 2-AG interacts with these polar residues of the channel, and upon
hydrolysis, the glycerol moiety is released. Additionally, a considerable portion of the MAGL
binding pocket is amphiphilic and hydrophobic, necessitating significant lipophilicity for both
binding and inhibition. It is also known as the lipophilic portion of the ACB pocket (McAllister
etal., 2018).

In the present work, we have carried out the identification and screening study for the newly
designed carbamate derivatives as anti-cancer moieties utilising docking and other
computational tools. (Perpetua-10)

Materials and Methods

1. Docking Studies Performed

Hardware and software used in study:

The HP laptop 64-bit outfitted with Windows 11 operating system, single language, Intel(R)
Core TM i3-8130U CPU with @ 2.21 GHz processor unit, installed random access memory
(RAM), and SD drive of 256GB was used for the current docking studies. The Apo form of the
protein was created in the PDB file using PDB Swiss Viewer, and the ligand was separated as
a separate PDB file from the original protein-ligand complex PDB file (Doganc et al., 2021;
Swain, 2014). Using the Open Babel software, a library SDF file of 17 planned derivatives for
each scaffold from 1 to 3 was prepared (O’Boyle et al., 2011). Total 51 ligands were designed
by 3 scaffolds of carbamate derivatives. Using different wizards such as the Open Babel wizard
and the Vina wizard in the PyRx virtual screening tool software, the reference ligand and
protein were prepared for docking, the compound SDF library was converted into PDBQT, and
the Apo form of the protein and ligand libraries were docked (Dain et al., 123 C.E.; Tannas,
1985). Using the OpenBabel GUI tool and the ACD/ChemSketch chemical structure drawing
application in ACS style, ligands were designed, prepared, and sketched in 2D, SD, and other
necessary formats. The BIOVIA Discovery Studio Visualizer 2020 was used for the
visualisations (Studio 2020, 2020). Protein Data Bank was a source that was found online to
download the crystallographic pdb file (Berman et al., 2000)(Protein Science - 2017 - Williams
- MolProbity More and Better Reference Data for Improved All-atom Structure
Validation.Pdf, n.d.).
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Binding site interactions of ligand with protein:

With the use of BIOVIA Discovery Studio Visualizer 2020, the binding site interaction
between the monoacylglycerol lipase enzyme and ligand complex, a catalytic triad, and
oxyanion hole residues were all made visible. For the purpose of identifying and validating the
binding region in the downloaded PDB file of a protein-ligand complex of 5ZUN, the protein
PDB file 5ZUN was used to determine the existence of catalytic triad residues and oxyanion
hole residues in the protein-ligand interaction site. The catalytic triad residues Ser122, His269,
and Asp239 are located in the MAGL binding site (Bononi et al., 2018b; Riccardi et al., 2017).
Downloaded from https://www.rcsb.org (Protein data bank), protein PDB file 5ZUN was
examined for the residues in the ligand binding site. In the initial ligand-protein interaction site,
catalytic triad residues Serl22, His269, and Asp239 were seen. Similarly, oxyanion hole
residues Gly50, Ala51, Met123, and Gly124 were seen (Berdan et al., 2016; Sherer & Snape,
2015) in the binding site for ligand-protein interactions.

Docking Procedure:

1.1 Preparation of Protein:

For this work, the Monoacylglycerol Lipase X-ray Crystallographic Structure with the Ligand
(9JX) with PDB ID: 5ZUN was used. Protein data bank (PDB) resources were retrieved from
https://www.rcsb.org/ (Protein Science - 2017 - Williams - MolProbity More and Better
Reference Data for Improved All-atom Structure Validation.Pdf, n.d.) in the PDB file format
for the 3D X-ray crystallographic structure of the protein and ligand, and the MOLPROBITY
service was used to prepare the protein's APO form (V. B. Chen et al., 2012; Davis et al., 2007).
The MAGL protein molecule's PDB file was uploaded as part of the protein preparation process
in order to fatching the protein from the MOLPROBITY server (PDB ID: 5ZUN). We then
added hydrogens to it and used the "Make Flipkin kinemages illustrating any Asn, Gln, or His
flips" option to accomplish the tasks of flipping the residues, examining all the atom
connections, and analysing the molecule's geometry. The final protein file is downloaded by
selecting "download" after the software has completed its task. The Swiss PDB reader was used
to create the Apo form of the protein, which was then ready for protein preparation and docking
with reference ligands (9JX) and ligands of various designs.

1.2 Preparation of Ligand:

Using a Swiss PDB viewer, the original ligand 9JX was dissociated from the protein-ligand
complex and saved as a distinct file. This file served as the docking reference ligand. Based on
the development of previously designed compounds as MAGL inhibitors, the two different
scaffolds were created in this study. The key characteristics that were seen as being similar in
the previously developed compound were taken into consideration for the creation of the new
scaffolds. A total of 36 distinct derivatives were created from these two scaffolds. The 17
compounds that were created for each scaffold and employed as ligands are shown in Table 1.
Using the ACS style option and OpenBabel GUI software, all of the structures of the relevant
derivatives were generated using the ACD/ChemSketch molecular structure drawing
application. When preparing ligands in PDBQT format for docking, the PyRx virtual screening
tool's wizard also uses Open Babel. All of the ligands are minimised during the preparation
process, and the ligands are then converted to the PDBQT format and the SDF file of the ligand
library is inserted. The resultant stabilised structures were applied to the PyRx virtual screening
tool's Vina wizard for protein-ligand docking.
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1.3 Validation studies:

Validation investigations of the MAGL protein crystal structure with an inhibitor ligand (9JX)
(PDB ID: 5ZUN) (4R) -1-(2'-chloro[1,1'-biphenyl]-3-yl) four-[4-(1,3-thiazole-2-carbonyl)
piperazin-1-yl] pyrrolidin-2-one]] was completed by redocking the separated file of the ligand
(99X) from the original PDB file (co-crystallized structure of the ligand) and the Apo form
made of the MAGL protein file from 5ZUN into the precise binding site coordinates. For future
use, the properties of the grid's coordinates were recorded.

1.4 Docking of Prepared protein and Ligand:

The Vina wizard in the PyRx virtual screening tool was utilised to carry out the planned ligands
docking processes. The Apo protein file was uploaded to the MOLPROBITY Server, and the
prepared protein file was downloaded from the server. Subsequently, the downloaded file was
used for the redocking validation and docking of newly designed carbamate derivative ligands
from TH101 — TH317. The protein and ligand complex were subjected to the Swiss PDB
viewer, and the Apo form of the protein and separated ligand file were generated from it. The
Open Babel software was used to create the ligand library in SDF format using smiles of all
the designed ligands. These ligands were then minimised in the Open Babel wizard in the PyRx
screening tool and converted to the AutoDock PDBQT format, and docking procedures were
carried out using the AutoDock Vina wizard in the PyRx virtual screening tool. The grid box's
dimensions were 25x25x25 in the X, y, and z directions for the grid creation procedure. The
binding site interactions between the ligand 9JX and protein from the original PDB file served
as the source for the attribute value coordinates. There was a 0.375 difference between each
grid point. The chosen grid attributes are X = -13.07, Y = 20.8 and Z = -9.6. The molecular
docking of each ligand with the produced protein was done using the PyRx virtual screening
tool's Auto Dock Vina wizard (Carolina et al., n.d.). Using BIOVIA Discovery Studio
Visualizer 2020, all docking results for various structures were analysed (Studio 2020, 2020).
2. ADME Studies

In order to further investigate the likelihood that a produced molecule will be used as a
significant therapeutic in the treatment of disease, it is important to conduct Adsorption,
Distribution, Metabolism, and Excretion (ADME) studies on the molecules. Various criteria,
such as lipophilicity (iLOGP, XLOGP3, WLOGP, MLOGP, and SILICOS-IT), solubility in
water [Log S (ESOL), Log S (Ali), and Log S (SILICOS-IT)] were predicted using the
SWISSADME web-based application (http://www.swissadme.ch/), which was used to locate
ADME research. drug-kinetic characteristics [ (GI absorption, BBB permeation, P-gp substrate
CYP2D6, CYP3A4 CYP1A2, CYP2C19, CYP2C9, inhibitor, Log Kp), Medicinal Chemistry
(PAINS, Brenk, Leadlikeness, Synthetic accessibility), Druglikeness (Bioavailability Score
Lipinski, Muegge, Ghose, Veber, Egan)] were also determined by using this SWISSADME
web-based application (Pires et al., 2015).

The Swiss Institute of Bioinformatics' Molecular Modeling Group created and maintains the
web server known as SWISSADME (SIB). Results were acquired by submitting SMILES of
various structures and clicking RUN after doing so.

3. Toxicity Studies:

The pkCSM web server database's online ADMET prediction tool, which enables access to the
analysis of molecules by drawing or by uploading in SMILES format, was used for toxicology
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investigations (Afzal et al., 2014). Data on toxicity includes AMES toxicity (Used to determine
the carcinogenic effect of chemical), Max. tolerated dose (human), hERG I inhibitor, hERG II
inhibitor (Used to determine cardiotoxicity), Oral Rat Chronic Toxicity (LOAEL), Oral Rat
Acute Toxicity (LD50), Skin Sensitization, Hepatotoxicity, T. Pyriformis toxicity, and
Minnow toxicity studies.

Results and Discussion

Docking Work

1. Target Binding Site Identification

JZ1.184 and Ly218324012, two previously synthesized monoacylglycerol lipase inhibitors,
were reported to act through

Table 3. Molecular interactions of top three ligands from series 01, 02,03 and reference
ligand.

S.No. Ligand No. of H-bond H-bond Hydrophobic
code conventional forming distance (A) residues
Hydrogen residues
bonds
1 Ligand 3 ALA51, 2.09131, LEU241, TYR194,
9JX ARG57, 2.14263,  VAL191, VAL270,
MET123 2.19327 LYS273, ALAS],
ILE179, LEU205
2 TH108 3 ALAS51, 2.35572, ALA51, MET123,
MET123, 2.75475, LEU241, VAL270,
UNK1 2.76253 ALA151, VAL191,
VAL270, LYS273
3 TH109 3 ALA51, 2.49203,  ALA51, MET123,
MET123, 2.73384 LEU241, VAL270,
UNK1 2.86033 ALA151, VAL270,
LYS273
4 TH206 2 ALA51, 2.19012, ALA51, MET123,
MET123  2.34124 GLY50, SER122,
LEU241,

VAL270:HG21,
VAL191, VAL270,

LYS273
5 TH208 3 ALASI, 2.41684, ALA51, MET123,
MET123, 2.76302 LEU241, VAL270,
UNK1 2.87057 ALA151, VAL191,
VAL270, LYS273,
TYR194
6 TH306 3 ALASI, 2.21757, ALAS1, MET123,
MET123, 2.34093 GLY50, SER122,

UNK1 2.76974
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LEU241, VAL270,

TYR194
7 TH308 3 ALAS51, 2.48785, ALA51, MET123,
MET123, 2.81958 LEU241, VAL270,
UNK1 2.74682 ALA151, TYR194

the catalytic triad amino acid residues Ser122, Asp239, and His269 and establish a covalent
link with serine residue (Afzal et al., 2016). Ser122, Asp239, and His269 were found in the
binding region of 9JX, which is shown in Fig. 1. The MAGL protein-ligand complex 5ZUN
PDB file shows that interaction site of the ligand is the catalytic triad. Similar to this, the
docking area of 9JX also exhibits Gly50, Ala51, Met123, and Gly124, confirming the existence
of the oxyanion hole, which aids in stabilising the anionic transition state (Berdan et al., 2016).
In order to cover the entire binding region, the same binding region was used with an increased
grid size of 25 for XYZ dimensions for attributes X = -13.07, Y = 20.87, and Z = -9.62. The
presence of these residues in the binding region of 9JX confirms the existence of a binding
domain of the MAGL enzyme.

2. Validation studies:

By redocking the ligand (9JX) with a regenerated Apo form of the enzyme MAGL PDB file of
5ZUN, the vina wizard in the PyRx programme was used to validate the downloaded MAGL
protein with ligand (PDB ID: 5ZUN). The ideal protein-ligand complex location was
discovered to be superimposable with the ligand's optimum docking pose. According to the
validation investigations, the binding energy for 9JX

Table 4. Swiss ADME studies data of top 2 ligands of series 01, series 02 and series 03.

Molecule TH108 TH109 TH206 TH208 TH306 TH308
MR 125.68 130.48 112.54 122.15 110.33 119.95
TPSA 73.91 73.91 61.46 61.46 74.35 74.35
iLOGP 4.27 4.61 3.54 3.89 2.97 3.75
SILICOS-IT 511 551 3.22 4 2.65 3.43
Log S (ESOL), -5.12 -5.47 -3.83 -4.45 -3.48 -4.11
Class

Log S (Ali), -5.86 -6.42 -3.66 -4.67 -3.35 -4.36
Class

SILICOS-IT, Poorly Poorly Poorly Poorly Moderately  Poorly
Class soluble soluble soluble soluble soluble soluble
Gl absorption High High High High High High
BBB Yes Yes Yes Yes No Yes
permeant

Log -5.55 -5.25 -6.59 -6.07 -7 -6.48
Kp(skinperm.)

Lipinski 0 0 0 0 0 0
Ghosh 0 1 0 0 0 0
Veber 0 0 0 0 0 0
Egan 0 0 0 0 0 0
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Muegge 0 1 0 0 0 0
Bioavail. 0.55 0.55 0.55 0.55 0.55 0.55
Score
PAINS 0 0 0 0 0 0
Brenk 0 0 0 0 0
Leadlikeness 3 3 1 3 1 2

was -13.4 kcal/mol. In Fig. 3, the redocking position is shown.

3. Docking Results:

In the form of binding energies with negative values, the results of the docking score of the
ligands from TH101 to TH317 with apo form of 5ZUN MAGL protein are available in Table
1. Table 2. lists the best 3 docking results for 3 derivative ligands for each designed scaffold.
17 derivative ligands from each scaffold designed from 3 scaffold, total 51 ligands were
subjected to the docking process with apo form of 5ZUN. Ligands TH113, TH115 from series
1, TH205, TH213, TH206 from series 2, TH305, TH313 and TH304 from series 3 displayed
the best top nine docking scores. Table 3. lists the interactions with residues and hydrogen
bonds for the top 9 ligands from the series 01, series 02 and series 03 based on docking scores.
The change in the R substitution with electronegative atoms like NO2, F, Cl, Br, does not
affected the docking score much, but the substitution with CI, Br and F was observed no change
in the docking score. Further the increase in chain length in alkyl substitution as R in all the 3
scaffolds, improvement in docking score is also observed. Replacement of hydrogen with alkyl
chain in NH2, as well as the increase the chain length with carbon does not causes any big
change in the docking score. Similarly, the replacement of hydrogen with alkyl chain in OH as
R substitution, also does not cause major changes in the docking score, however the propyl oxy
is favourable for improvement in docking score. Whereas the R

Effect of Chain Length on Binding Energy Score
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Fig. 9. Effect of Chain length on binding scores of ligands TH106, TH107, TH108, TH109,
TH206, TH207, TH208, TH209, TH306, TH307, TH308, TH309 of series 01, 02 and 03.
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Effects of alkyl chain length attached with Nitrogen
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Fig. 10. Effect of Chain length attached with nitrogen on binding scores of ligands
TH110, TH111, TH112, TH113, TH210, TH211, TH212, TH213, TH310, TH311,
TH312, TH313 of series 01, 02 and 03.

substitution with alkyl chain is favourable for improvement in the docking score but
improvement observed till increase in 3 carbons in alkyl chain. Replacement of the S with N
at position 1 in thienopyridine ring favours for the improvement in the

Effect of electronegativity on binding energy of ligands
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Fig. 11. Effect of electronegativity on binding scores of ligands TH101, TH102, TH103,
TH104, TH105, TH201, TH202, TH203, TH204, TH205, TH301, TH302, TH303, TH304,
TH305 of series 01, 02 and 03.
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Table 5. Predicted toxicity studies data of top 2 ligands of series 01, 02 and 03 by using
pkCSM online tool.

Molecule TH108 TH109 TH206 TH208 TH306 TH308
AMES toxicity No No No No Yes No
Max. tolerated dose (human) -0.645 -0.561 -0.364 -0.465 0.781 0.704
hERG I inhibitor No No No No No No
hERG I1 inhibitor Yes Yes Yes Yes Yes Yes
Oral Rat Acute Toxicity 2.843 2.844 2911 3.006 2438 247
(LD50)

Oral Rat Chronic Toxicity 1.039 1.17 1.694 1618  2.53 2.453
(LOAEL)

Hepatotoxicity Yes Yes Yes Yes Yes Yes
Skin Sensitisation No No No No No No
T. Pyriformis toxicity 0.589 0567 0324 0343 0.285 0.285
Minnow toxicity -0.278 -0.592 0.826 0.272 0.955 0.401

docking scores for all the designed derivatives compare to 01 series. Whereas the replacement
of carbon with N in both 1 and 3 position in thienopyridine ring causes the decline in the
docking score for all the derivatives of 03 series compare to 02 and 01 series. The docking
poses images are depicted as from figure 2- 8. Fig. 9 — 11 shows the effects of changes in alkyl
chain, changes in the length of alkyl chain with nitrogen, effects of electronegativity on docking
scores.

Swiss ADME and toxicity Studies:

For additional analysis, such as ADME prediction were performed for the top two ligands from
series 01, 02, and 03 TH108, TH109, TH206, TH208, TH306 and TH308 were subjected to
the Swiss ADME studies and the data is represented in Table 5. Figures 2 — 5 show the 2D and
3D interaction photos for these top 2compounds of both the series. Whereas Table 5. Shows
the predicted toxicity profile for top 2 best score compounds for the series 01, 02 and 03 by
using pkCSM online tool.

Conclusion

In this study, 3 scaffolds and 51 derivatives of these scaffolds were designed. These 51 ligands
were also the subject of studies on molecular docking. The top two molecules from the series
01, 02, and 03 were chosen for the Swiss ADME studies based on the best docking scores. All
six of the top compounds displayed improved Gl absorption, zero violations of the drug
likeness requirements, and high synthetic accessibility scores. All of the compounds from
series 01, 02, and 03 that received the two highest scores had their toxicity profiles and safety
profiles for AMES toxicities, HERGI inhibition, and skin sensitization evaluated as well.
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