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Introduction
Monoacylglycerol lipase (MAGL) inhibition is an important 
target in treatment of cancers and different tumors. It 
is also found to be beneficial in treatment of psychiatric 
diseases and some other disorders like retinal disease, 
inflammation, pain and some nervous system inflammation 
disorders.[1-3] The hydrolysis of 2-arachidonoylglycerol 
(2-AG) by MAGL results in the formation of arachidonic 
acid (AA), a precursor to proinflammatory eicosanoids 
that promote neuroinflammation and ultimately result 
in neurodegenerative illnesses including Alzheimer’s 
and Parkinson’s disease.[2,4] Inhibitors of MAGL can be 
effective treatments for many cancers because MAGL is also 
discovered to be a significant element in the proliferation 
of several cancer cells.[5-7] The growth and maintenance of 
the supply of free fatty acids to cancer cells are significantly 
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Different disorders and physiological process have been found to be associated with monoacylglycerol 
lipase enzyme in humans, like pain, inflammation, and neurodegenerative diseases also. The enzyme is 
a 33 KDa in weight and a type of serine hydrolase enzyme in nature. The presence of enzyme has been 
reported in both central and peripheral nervous systems and has show its importance as a key signalling 
factor in endocannabinoid signalling network system. The enzyme has also reported as source of free fatty 
acid provider for the cancer cell and tumor growth and their proliferation. In proliferative cancer cells, 
increased the monoacylglycerol lipase activity is observed. The growth, migration and survival of cancer 
cells have also found to be associated with phosphatidic acid, lysophosphatidic acid, sphingosine phosphate 
and prostaglandin E2, which are act as signalling molecules and are found to be derived from free fatty 
acid. These are also found to be related to the growth, transmission and viability of cancer cells, which 
increases with the enzyme activity. In the present study we performing computation screening studies 
of newly designed monoacylglycerol inhibitors which contains carbamate features, these molecules are 
designed based on previously developed monoacylglycerol carbamate inhibitors.
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A B S T R A C TA R T I C L E  I N F O

influenced by MAGL. When compared to nonaggressive 
tumorigenic cells, aggressive tumor cells frequently exhibit 
overactivity of MAGL.[8] In the liver and adipose tissues, 
MAGL participates in the hydrolysis of monoacylglycerol, 
which supplies a significant amount of free fatty acids 
(FFAs) for the production of protumorgenic signalling 
factors as well as the proliferation of cancer cells.[8,9] For 
both cannabinoid receptors, N-arachidonoylethanolamine 
(AEA) and 2-arachidinoylglycerol (2-AG) function as ligands 
and primary endocannabinoids.[10] Endocannabinoids 
(eCB) are carried to the cytoplasm, where certain enzymes 
break down these molecules. In contrast to 2-AG, which is 
primarily hydrolyzed by MAGL by up to 85% into AA[8,11-13] 
and glycerol, AEA are hydrolyzed by fatty acid amide 
hydrolase (FAAH) to AA and ethanolamine. Anxiolytic, 
antiemetic, anti-inflammatory, neuroprotective, and anti-
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nociceptive effects can be observed in the brain as a result 
of the monoacylglycerol lipase being inhibited,[14] which 
raises the level of 2-AG and activates the neurotransmission 
system.[15-17] The structure of MAGL consist of an alpha 
and beta fold and active site, the catalytic triad, which is 
composed of Ser 122, His 269, and Asp 239, is the name 
given to the site, which is located in the centre of both the 
alpha and beta helices.[12,18-22] A large portion of the binding 
pocket’s lipophilic region, which also has amphiphilic 
and hydrophobic qualities, is known as the acyl carrier 
binding region (ACB cavity). When 2-AG is attached to 
the ACB domain (Acyl carrier binding pocket), Ser122 is 
activated and binds to the carbon that contains the 2-AG 
carbonyl group.[16] The nucleophilic areas of MAGL also 
contain binding loops alpha 1 and beta 3, the latter of 
which contains the residues Ala51, Met123, Gly50, and 
Gly124. Together, loops alpha 1 and beta 3 are known 
as oxyanion holes.[23,24] The polarity of these residues 
interact with a 2-AG hydrophilic portion (Glycerol), which 
is why the cytoplasmic access channel (CA channel) is 
another name for the catalytic triad. When the hydrolysis 
of the catalytic triad is complete, the free fatty acid and 
glycerol moiety are released.[16] In our current study, we 
are carrying out computational screening experiments 
on newly generated monoacylglycerol inhibitors which 
possess carbamate features. These ligands are designed 
based on monoacylglycerol carbamate inhibitors that had 
already been developed. The images of scaffolds is depicted 
in the Fig. 1. and their corresponding designed derivatives 
is shown in Tables 1-3.

Materials and Methods

Docking Work Performed

Hardware and software utilised in the study
For the current docking investigations, a 64-bit HP 
laptop with Windows 11 installed in a single language, 
an Intel(R) Core TM i3-8130U CPU @ 2.21 GHz, installed 
8Gb random access memory (RAM), and a 256 GB SD drive 
was employed.

Procedure
Using PDB Swiss Viewer, the protein’s Apo form was 
produced in the PDB file, and the ligand was then taken 
out of the protein-ligand complex and saved as a separate 
PDB file.[25,26] A library SDF file with 18 proposed variants 

Fig. 1: Images of scaffolds from 1–3 designed on the basis of studies 
of prior developed carbamate

for each scaffold from 1 to 3 was created using the Open 
Babel software tool prepared.[27] Three scaffolds made of 
carbamate analogues were used for designing a total of 54 
ligands. The reference ligand and protein were prepared 
for docking using various wizards, including the Open 
Babel wizard and the Vina wizard in the PyRx virtual 
screening tool software, the compound SDF library was 
converted into PDBQT, and the Apo form of the protein 
and ligand libraries were docked.[28,29] The ligands were 
designed and sketched in 2D, SD and other necessarary 
formats by using ACD/ChemSktech I ACS style and Open 
Babel GUI tool. For the visualisations of protein and ligand 
complex, the BIOVIA Discovery studio Visualizer (studio 
2020) was utilized. Protein Data Bank (PDB) was a source 
that was found online to download the crystallographic 
pdb file.[30,31]

Binding site interactions of ligand with protein
The binding site interaction between the monoacylglycerol 
lipase enzyme and ligand complex, a catalytic triad, and 
oxyanion hole residues were all made visible with the aid 
of BIOVIA Discovery Studio Visualizer 2020. The protein 
PDB file 5ZUN was used to determine the presence of 
catalytic triad residues and oxyanion hole residues in the 
protein-ligand interaction site in order to identify and 
validate the binding region in the downloaded PDB file 
of a protein-ligand complex of 5ZUN. The MAGL binding 
site contains the catalytic triad residues Ser122, His269, 
and Asp239.[32,33] The residues in the ligand binding site 
of protein PDB file 5ZUN, which was downloaded from 
https://www.rcsb.org (Protein data bank), were checked. 
Ser122, His269, and Asp239 comprise the catalytic triad 
at the location of the initial ligand-protein contact. Similar 
to this, oxyanion hole residues Gly50, Ala51, Met123, and 
Gly124 were observed in the binding site for ligand-protein 
interactions.[23,24]

Protein Preparation
The monoacylglycerol lipase X-ray crystallographic 
Structure with the ligand (9JX) with PDB ID: 5ZUN was 
used for this research. PDB resources were retrieved from 
https://www.rcsb.org/ (Protein Science - 2017 - Williams – 
Mol Probity 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.[34, 35]

In order to fetch the protein from the MOLPROBITY 
server, the PDB file for the MAGL protein molecule was 
uploaded as part of the protein preparation process (PDB 
ID: 5ZUN). Then, we added hydrogens to it and performed 
the duties of flipping the residues, looking at all the atom 
connections, and assessing the molecule’s geometry using 
the “Make Flipkin kinemages illustrating any Asn, Gln, or 
His flips” option. When the software has finished, click 
“download” to begin downloading the final protein file. 
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The Apo form of the protein was produced using the Swiss 
PDB reader and was then prepared for protein production 
and docking with reference ligands (9JX) and ligands of 
different designs.

Ligand Preparation
The original ligand 9JX was separated from the protein-
ligand combination and saved as a separate file using a 
Swiss PDB viewer. The docking reference ligand was this 
file. The three distinct scaffolds used in this investigation 
were made based on the creation of previously proposed 
compounds as MAGL inhibitors. The development of the 
new scaffolds took into account the important traits 
that were regarded as being similar in the previously 
developed molecule. From these two scaffolds, 54 different 
derivatives in all were produced.
Tables 1-3 lists the 54 compounds  that were developed 
for each scaffold and used as ligands. All of the pertinent 
derivatives’ structures were created using the ACD/
ChemSketch molecular structure drawing program, the 
ACS style option, and the OpenBabel GUI programme. 
The PyRx virtual screening tool’s wizard also makes use 
of Open Babel when creating ligands in PDBQT format for 
docking. During the preparation process, all ligands are 
minimised. Following this, the ligands are converted to 
the PDBQT format, and the SDF file for the ligand library 
is entered. The Vina wizard of the PyRx virtual screening 
programme used the resulting stabilised structures to 
bind proteins with ligands.

Validation Process
Analysis of the MAGL protein crystal structure’s validity 
using an inhibitor ligand (9JX) (PDB ID: 5ZUN) (4R) 
-1-(2’-chloro[1,1’-biphenyl]-3-yl) pyrrolidin-2-one, four-[4-
(1,3-thiazole-2-carbonyl) piperazin-1-yl]] was finished by 
redocking the separated ligand file (9JX) from the original 
PDB file (the ligand’s co-crystallized structure) and the 
Apo form built 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.

Docking Performed of Prepared Protein and Ligand
The ligands docking procedures were carried out using 
the Vina wizard in the PyRx virtual screening programme. 
The produced protein file was downloaded from the 
MOLPROBITY Server once the Apo protein file was 
uploaded to it. The downloaded file was then utilised to 
validate redocking and dock freshly created carbamate 
derivative ligands from 4 to 54. 
The Apo form of the protein and a separate ligand file were 
created from the protein and ligand complex using the 
Swiss PDB viewer. The smiles of all the generated ligands 
were utilised to create the ligand library in SDF format 
using the Open Babel software. The PyRx virtual screening 
tool’s Open Babel wizard was used to reduce these ligands 
and convert them to the AutoDock PDBQT format. Next, 
docking procedures were carried out utilising the AutoDock 
Vina wizard.[36,37] 

For the grid construction process, the grid box’s 
measurements were 25 x 25 x 25 in the x, y, and z 
directions. The attribute value coordinates were derived 
from the binding site interactions between the protein and 
the ligand 9JX from the original PDB file. Each grid point 
differed from the next by 0.375. The selected grid’s X, Y, 
and Z values are -13.07, 20.8 and -9.6, respectively. With 
the help of the Auto Dock Vina wizard in the PyRx virtual 
screening program, each ligand’s molecular docking with 
the generated protein was completed.[38] Using BIOVIA 
Discovery Studio Visualizer 2020, all docking results for 
various structures were analysed.[39]

ADME Studies Performed 
It is crucial to carry out adsorption, distribution, 
metabolism, and excretion (ADME) investigations on the 
molecules in order to further examine the possibility that 
a created molecule will be used as a significant therapy 
in the treatment of disease. The SWISSADME web-based 
tool (http://www.swissadme.ch/), which was used to 
locate ADME research, was utilised to predict a number of 
criteria, including lipophilicity (iLOGP, XLOGP3, WLOGP, 
MLOGP, and SILICOS-IT), solubility in water [Log S (ESOL), 
Log S (Ali), and Log S (SILICOS-IT)]. Using this SWISSADME 
web-based application, 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), and druglikeness (Bioavailability 
Score Lipinski, Muegge, Ghose, Veber ).[40,41]

The SWISSADME web server was developed and is 
maintained by the Molecular Modelling Group at the Swiss 
Institute of Bioinformatics (SIB). Results were obtained 
by submitting SMILES of different structures and then 
clicking RUN.

Toxicity Studies Performed
Toxicology studies were performed using the online 
ADMET prediction tool from the pkCSM web server 
database, which offers access to the analysis of molecules 
by drawing or by uploading in SMILES format.[42] AMES 
toxicity (used to assess the carcinogenic potential of a 
substance), max. tolerated dose (human), hERG I inhibitor, 
hERG II inhibitor, oral rat chronic toxicity (LOAEL), oral rat 
acute toxicity (LD50), skin sensitization, hepatotoxicity, T. 
pyriformis toxicity, and minnow toxicity studies are just a 
few examples of the toxicity data.

Results

Performed Docking Studies

Target site identification
Two previously created monoacylglycerol lipase inhibitors, 
JZL184 and Ly218324012, have been reported to function 
through the catalytic triad of Ser122, Asp239, and His269 
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Fig. 4: 3d and 2d images of binding interactions of ligand 8 with 
residues of 5ZUN

Fig. 5: 3d and 2d images of binding interactions of ligand 20 with 
residues of 5ZUN

Table 1: Designed 18 ligands from scaffold 1, 4 – 21 and their 
obtained docking score by docking studies.

S. No. Ligand Code Position of R Docking Score

1. 4 H -9.4

2 5 4 – NO2 -9.4

3. 6 3 – NO2 -9.5

4. 7 2 – NO2 -9.4

5. 8 4 – Cl -9.6

6. 9 3 – Cl -9.4

7. 10 2 – Cl -9.3

8. 11 4 – F -9.4

9. 12 3 – F -9.4

10. 13 2 – F -9.4

11. 14 4 – Br -9.4

12. 15 3 – Br -9.5

13. 16 2 – Br -9.4

14. 17 4 – OH -9.1

15. 18 3 – OH -9.2

16. 19 2 – OH -9.3

17. 20 4 – CH3 -9.6

18. 21 3 – CH3 -9.8

Table 2: Designed 18 ligands from scaffold 2, 22 – 39 and their 
obtained docking score by docking studies.

S. No. Ligand Code Position of R Docking Score

1. 22 H -9

2 23 4 – NO2 -9.2

3. 24 3 – NO2 -9.2

4. 25 2 – NO2 -8.7

5. 26 4 – Cl -8.9

6. 27 3 – Cl -8.8

7. 28 2 – Cl -9.2

8. 29 4 – F -9.4

9. 30 3 – F -8.6

10. 31 2 – F -8.8

11. 32 4 – Br -9.1

12. 33 3 – Br -8.8

13. 34 2 – Br -8.8

14. 35 4 – OH -9.4

15. 36 3 – OH -8.9

16. 37 2 – OH -8.8

17. 38 4 – CH3 -9.1

18. 39 3 – CH3 -9.4

Fig. 2: 3d and 2d images of interactions of original ligand 9JX with 
residues of MAGL protein 5ZUN.

Fig. 3: Image of validation of redocking of ligand 9JX with protein 5ZUN.
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Table 4: The best top three docking score derivatives from scaffold 
1 scaffold 2 and scaffold 3

S. No. Scaffold Ligand code Position of R Docking score

1. Original 
Ligand

9JX - -13.4

2 Scaffold 1 21 3 – CH3 -9.8

3. Scaffold 1 8 4 – Cl -9.6

4. Scaffold 1 20 4 – CH3 -9.6

5. Scaffold 2 29 4 – F -9.4

6. Scaffold 2 35 4 – OH -9.4

7. Scaffold 2 39 3 – CH3 -9.4

8. Scaffold 3 45 3 – Cl -11.2

9. Scaffold 3 55 2 – OH -11.0

10. Scaffold 3 46 2 – Cl -10.8

Table 3: Designed 15 ligands from scaffold 3, 40 – 57 and their 
obtained docking score by docking studies.

S. No. Ligand code Position of R Docking score

1. 40 H -10.4

2 41 4 – NO2 -10.6

3. 42 3 – NO2 -10.2

4. 43 2 – NO2 -10.5

5. 44 4 – Cl -10.3

6. 45 3 – Cl -11.2

7. 46 2 – Cl -10.8

8. 47 4 – F -10.8

9. 48 3 – F -10.8

10. 49 2 – F -10.5

11. 50 4 – Br -10.2

12. 51 3 – Br -10.4

13. 52 2 – Br -10.3

14. 53 4 – OH -10.6

15. 54 3 – OH -10.6

16. 55 2 – OH -11

17. 56 4 – CH3 -10.5

18. 57 3 – CH3 -10.8

amino acid residues and form a covalent bond with a serine 
residue. (Afzal et al., 2016). In the binding area of 9JX, which 
is depicted in Fig. 2, Ser122, Asp238, and His269 were 
discovered. The catalytic triad is the ligand’s interactions 
site, according to the MAGL protein-ligand complex 5ZUN 
PDB file. Similar to this, Gly50, Ala51, Met123, and Gly124 

are also present in the docking area of 9JX, indicating the 
presence of the oxyanion hole, which helps to stabilise the 
anionic transition state. (Berdan et al., 2016). The same 
binding region was employed with an expanded grid size 
of 25 for XYZ dimensions for characteristics X = -13.07, Y = 
20.87, and Z = -9.62 in order to cover the full binding zone. 
These residues in the binding region of 9JX provide proof 
that the MAGL enzyme has a binding domain.

Validation Studies
The vina wizard in the PyRx programme was used to verify 
the downloaded MAGL protein with ligand by redocking 
the ligand (9JX) with a regenerated Apo form of the enzyme 
MAGL PDB file of 5ZUN. (PDB ID: 5ZUN). It was found 
that the ideal protein-ligand complex location and the 
ligand’s optimal docking position were both found to be 
superimposed. The validation studies determined that the 
binding energy for 9JX was -13.4 kcal/mol. The redocking 
position is depicted in Figs. 2 and 3. Shows the validation 
of redocking of ligand 9JX with protein 5ZUN. 

Docking Results
The findings of the docking score of the ligands from 4 to 
54 with the apo form of the 5ZUN MAGL protein are shown 
in Tables 1–3. as binding energies with negative values. 
The top three docking outcomes for each constructed 
scaffolds from 1–3 are shown in Table 4. ligands altogether, 
including 18 derivative ligands from each scaffold, scaffold 
1, scaffold 2 and scaffold 3, were docked with the apo form 
of 5ZUN. The best top three docking score derivatives 
from scaffold 1 scaffold 2 and scaffold 3, were displayed 
by the ligands 21, 8, 20, from scaffold 1 and their binding 
interactions is depicted in the Fig. 5-7. Whereas the ligand 
29, 35, 39 showed the top three docking score are from 
scaffold 2, and their binding interactions is depicted in the 
Fig. 8-10. Similarly 45, 55, 46 are from scaffold 3 and their 
binding interactions is showed in the Fig. 11-13. The top 
nine ligands from each scaffold, are listed in Table 5. along 
with their interactions with residues and hydrogen bonds 
based on docking scores.

Fig. 6: 3d and 2d images of binding interactions of ligand 21 with 
residues of 5ZUN
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Table 5: Molecular interactions of top scoring ten ligands and reference ligand 

S. No. Scaffold Ligand code
No. of 
conventional 
Hydrogen bonds

H-bond forming 
residues H-bond distance (Å) Hydrophobic residues

1. Original ligand Ligand 9JX 3 ALA51, ARG57, 
MET123

2.09131, 2.14263, 
2.19327

LEU241, TYR194, VAL191, VAL270, 
LYS273, ALA51, ILE179, LEU205

2 Scaffold 1 21 2 ALA51, MET123 2.94111, 3.13805 HIS121, LEU148, LEU213

3. Scaffold 1 8 2 ALA51, MET123 2.94003, 3.11107 LEU213, LEU241

4. Scaffold 1 20 2 ALA51, MET123 2.92041, 3.1023 LEU213, LEU241

5.
Scaffold 2 29 5

ALA51, SER122 
MET123, SER185, 
SER122.

2.95862, 3.02058, 
3.26397, 3.48701, 
2.0624.

LEU241, VAL270, CYS242, 
TYR194,

6. Scaffold 2 35 4 ALA51, SER122, 
MET123, SER122

3.03303, 2.94474, 
3.28781, 2.12278 LEU241, CYS242, TYR194

7. Scaffold 2 39 3 ALA51, ARG57, 
SER122

2.9262, 2.94596, 
3.06044

LEU213, LEU241, ALA151, 
LEU148, LEU213, VAL270, LYS273

8.

Scaffold 3 45 4 ALA51, ARG57, 
ARG57 SER122

3.05945
2.9144
3.71945
2.86404
2.53252

LEU213, LEU241, VAL270, 
ALA156
PHE159

9. Scaffold 3 55 1 SER122 2.77546 VAL270, VAL270, LYS273, ALA151
ALA156

10. Scaffold 3 46 2 ALA51, MET123 2.99007
3.12082

LEU213, LEU241, TYR194, 
ILE179, LEU205

Fig. 7: 3d and 2d images of binding interactions of ligand 29 with 
residues of 5ZUN

Fig. 8: 3d and 2d images of binding interactions of ligand 35 with 
residues of 5ZUN

Fig. 9: 3d and 2d images of binding interactions of ligand 39 with 
residues of 5ZUN

Fig. 10: 3d and 2d images of binding interactions of ligand 45 with 
residues of 5ZUN
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Table 6: ADME studies data of top three molecules of scaffold 1, 2 and scaffold 3

Molecule 21 8 20 29 35 39 45 55 46

MR 100.24 100.19 100.19 103.2 105.26 108.2 133.68 130.7 133.68

TPSA 67.67 67.67 67.67 90.98 111.21 90.98 90.98 111.21 90.98

iLOGP 3.06 3.19 3.1 3.31 2.75 2.95 3.96 3.09 3.46

XLOGP3 1.76 1.5 1.5 2.37 1.91 2.63 4.52 3.54 4.52

WLOGP 1.22 0.87 0.87 1.33 0.48 1.08 3.09 2.15 3.09

MLOGP 1.42 1.15 1.15 0.71 -0.2 0.56 1.91 0.9 1.91

Silicos-IT Log P 1.2 1.07 1.07 3.53 2.63 3.62 5.32 4.2 5.32

Consensus Log P 1.73 1.56 1.54 2.25 1.51 2.17 3.76 2.78 3.66

ESOL Log S -3.06 -2.77 -2.77 -3.46 -3.16 -3.6 -5.4 -4.67 -5.4

ESOL solubility (mg/mL) 3.15E-01 5.80E-01 5.80E-01 0.131 0.262 0.0944 0.00187 0.00968 0.00187

ESOL solubility (mol/l) 8.67E-04 1.69E-03 1.69E-03 0.000348 0.000698 0.000253 3.98E-06 0.0000214 3.98E-06

ESOL Class Soluble Soluble Soluble Soluble Soluble Soluble Moderately 
soluble

Moderately 
soluble

Moderately 
soluble

Ali Log S -2.8 -2.53 -2.53 -3.92 -3.87 -4.19 -6.15 -5.56 -6.15

Ali Solubility (mg/mL) 5.77E-01 1.01E+00 1.01E+00 0.0453 0.0508 0.0241 0.000331 0.00124 0.000331

Ali Solubility (mol/l) 1.59E-03 2.96E-03 2.96E-03 0.00012 0.000135 0.0000644 7.04E-07 2.75E-06 7.04E-07

Ali Class Soluble Soluble Soluble Soluble Soluble Moderately 
soluble

Poorly 
soluble

Moderately 
soluble

Poorly 
soluble

Silicos-IT LogSw -3.72 -3.51 -3.51 -4.67 -3.81 -4.78 -7.43 -6.26 -7.43

Silicos-IT Solubility (mg/
mL)

6.85E-02 1.06E-01 1.06E-01 0.00816 0.0579 0.00626 0.0000173 0.000248 0.0000173

Silicos-IT Solubility 
(mol/l)

1.89E-04 3.10E-04 3.10E-04 0.0000216 0.000154 0.0000167 3.69E-08 5.48E-07 3.69E-08

Silicos-IT class Soluble Soluble Soluble Moderately 
soluble

Soluble Moderately 
soluble

Poorly 
soluble

Poorly 
soluble

Poorly 
soluble

GI absorption High High High High High High High High High

BBB permeant Yes No No No No No No No No

Pgp substrate No No No No No No No No No

log Kp (cm/s) -7.26 -7.32 -7.32 -6.92 -7.23 -6.71 -5.96 -6.54 -5.96

Lipinski violations 0 0 0 0 0 0 0 0 0

Ghose violations 0 0 0 0 0 0 1 1 1

Veber violations 0 0 0 0 0 0 0 0 0

Egan violations 0 0 0 0 0 0 0 0 0

Muegge violations 0 0 0 0 0 0 0 0 0

Bioavailability score 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55

PAINS alerts 0 0 0 0 0 0 0 0 0

Brenk alerts 0 0 0 0 0 0 0 0 0

Leadlikeness violations 1 0 0 2 2 2 3 3 3

Synthetic accessibility 2.78 2.87 2.91 2.96 2.92 3.07 3.39 3.44 3.44
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Swiss ADME Studies Results
By utilising the online services of the SwissADME online 
web server tool, the best nine compounds with the highest 
docking scores, compounds 21, 8, 20, 29, 35, 39, 45, 55, 
and 46, were put through the ADME research including 
(Absorption, Distribution, Metabolism, and Excretion). 
Better GI absorption was seen in all nine compounds, and 
none of them violated any of the different drug-likeness 
parameters. With a strong 0.55 bioavailability rating, 
Lipinski’s five rules include the Ghosh rule, Veber rule, Egan 
rule, and Muegge rule. Each of the nine compounds also 
shown good synthetic accessibility. Calculations were also 
made for additional criteria such LogP, molar refractivity, 
TPSA value, XLOGP3, WLOGP, and MLOGP. The outcomes 
are shown in Table 6.

Toxicity Studies Results
The pkCSM server online tool was used to perform toxicity 
prediction studies for all the molecules according to their 

docking score. All the nine best docking score molecules 
were found safe hERG I inhibitor (cardiotoxicity) and found 
toxic for hERG II. All the compounds also showed toxicity 
towards hepatotoxicity profile. The results of toxicities 
studies are given in Table 7. 

Discussion
Based on analyses of previously established compounds 
and their key characteristics for activity, this study was 
carried out to find the newly designed and developed new 
scaffolds. We created 54 ligands by altering the features, 
and in this study, these were assessed using docking as well 
as other online web servers for pharmacokinetic ADME 
prediction, such as SwissADME and pkCSM tool, in order 
to find more effective and secure moiety for the treatment 
of cancer and other neuroinflammatory diseases as well as 
for other target diseases as MAGL inhibitors. The top nine 
docking scores, or the three best compounds from each 
scaffold 1, 2, and 3, which are 22, 8, 20, 29, 35, 39, 45, and 

Fig. 11: 3d and 2d images of binding interactions of ligand 55 with 
residues of 5ZUN

Fig. 12: 3d and 2d images of binding interactions of ligand 46 with 
residues of 5ZUN

Table 7: Toxicity studies results obtained by using online webserver tool pkCSM for compounds 21, 8, 20, 29, 35, 39, 45, 55 and 46.

Property Model name Unit 21 8 20 29 35 39 45 55 46

Toxicity AMES toxicity Categorical (Yes/No) Yes Yes Yes No No No No No No

Toxicity Max. tolerated dose 
(human)

Numeric (log mg/kg/
day)

0.312 0.327 0.311 0.201 0.033 0.391 0.279 -0.126 0.274

Toxicity hERG I inhibitor Categorical (Yes/No) No No No No No No No No No

Toxicity hERG II inhibitor Categorical (Yes/No) Yes Yes Yes Yes Yes Yes Yes Yes Yes

Toxicity Oral rat acute toxicity 
(LD50)

Numeric (mol/kg) 2.83 2.841 2.827 2.577 2.486 2.713 2.587 2.668 2.606

Toxicity Oral rat chronic 
toxicity (LOAEL)

Numeric (log mg/
kg_bw/day)

0.619 0.67 0.623 1.535 1.496 1.427 2.12 2.081 2.111

Toxicity Hepatotoxicity Categorical (Yes/No) Yes Yes Yes Yes Yes Yes Yes Yes Yes

Toxicity Skin sensitisation Categorical (Yes/No) No No No No No No No No No

Toxicity T. pyriformis toxicity Numeric (log ug/L) 0.285 0.285 0.285 0.291 0.289 0.291 0.289 0.287 0.289

Toxicity Minnow toxicity Numeric (log mM) 3.793 3.71 3.928 1.207 1.449 0.84 -1.18 -0.655 -1.185
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55 and 46, were used to determine the top powerful agents. 
These top nine scoring ligands were further assessed for 
toxicity studies using the pkCSM online tool and ADME 
prediction studies using the SwissADME online web server 
tool. All the nine compounds demonstrated improved GI 
absorption, high synthetic accessibility, and no violations 
of any of the drug-likeness criteria.
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