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ARTICLE INFO ABSTRACT

Keywords: Cancer presents a formidable and complex foe, standing as one of the foremost contributors to disease-related
Cancer fatalities across the globe. According to data from the Global Cancer Observatory (GLOBOCAN), projections
LsD1 indicate a staggering 28.4 million cases of cancer, encompassing both new diagnoses and deaths, by 2040.
Chalcone . . . . . .

Cyano-pyrimidine Therefor.e, developing effective and comprehensive trea.tment e}pproa.ches for cancef patients is essential aljld the
Molecular docking conventional approved treatments for cancers are associated with various harmful side effects. Our study aims to
Molecular dynamics address the critical and widespread need for alternative therapies that can effectively combat cancer with

minimal side effects.

The present contribution outlines a targeted approach using Lysine Specific Demethylase 1 (LSD1) to evaluate
novel cyano-pyrimidine pendant chalcone derivatives as potential antiproliferative agents. Two sets of novel
cyano-pyrimidine pendant chalcone derivatives were produced, and molecular docking was performed on the
LSD1 protein. The ligands Al and B1 belonging to series A and B, respectively, were found to have the highest
docking scores of —11.095 and —10.773 kcal/mol, in that order. The ADME and toxicity studies of the ligands
showed promising responses with respect to various pharmacokinetic and physicochemical parameters. The
Molecular dynamics (MD) simulation results indicated effective diffusion of both complexes inside the protein
cavity, facilitated by prominent interactions with various amino acids. Additionally, the complexes displayed
high relative binding free energy. The computational screening of ligands indicates that ligands Al and Bl
exhibit potential for further exploration using various in vitro and in vivo techniques. These ligands may then
serve as promising leads in the discovery of cancer drugs. The in-silico screening of the novel library of cyano-
pyrimidine pendant chalcone derivatives was performed with a combination of molecular docking, MM-GBSA,
ADME, toxicity and MD simulation. Molecular docking and MM-GBSA were conducted using the Glide and
Prime tools, respectively, of the Schrodinger suite 12.8. The ligands were analysed for ADME using the Swiss
ADME, while toxicity risks were evaluated using Osiris Property Explorer. Additionally, a 400ns MD simulation
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of LIGA1 and LIGB1 against the protein LSD1 was performed using the Desmond tool of Schrodinger suite 12.8 to
validate the docking results and analyse the behaviour and stability of the complexes.

1. Introduction

Over the years, the focus of cancer therapy has evolved from tradi-
tional treatments such as chemotherapy and radiation, to the role of
epigenetics in cancer development and progression. Researchers are
investigating how the modification of gene expression, without altering
the underlying DNA sequence, can be targeted for therapeutic purposes.
In this regard, the discovery of novel epigenetic regulators has created
opportunities for potential cancer treatments, while ongoing research
into various pharmaceuticals for cancer therapy remains of high
importance to assess the efficacy of these anticancer agents for treatment
[1]. In late 2004, Yang Shi and colleagues [2] discovered the potential
epigenetic target for cancer therapy, i.e., the Lysine Specific Demethy-
lase 1 (LSD1) [3]. The initial discovery of LSD1 revealed that this is a
nucleoprotein with an affinity for flavin adenine dinucleotide (FAD)
sharing sequence homology with FAD-dependent amine oxidases [4].
LSD1, also referred to as KDM1A, AOF2, and BHC110 [5] regulates the
cell differentiation. Its dysregulation is closely linked to carcinogenesis
[6] via its ability to remove the methyl groups from mono- or
di-methylated lysine residues of histone [H3 lysine 4 (H3K4) and H3K9]
and non-histone proteins [7-8]. The underlying mechanistic pathway
involves the oxidization of the methyl group of a substrate like
H3K4-Mel or 2 by FAD, forming an imine intermediate. Subsequent
hydrolysis generates demethylated products along with formaldehyde
[9]. This catalytic cycle is completed by the subsequent oxidation of the

remaining reduced FAD by molecular oxygen [10].

The various forms of cancer have been found to exhibit aberrant
expression of LSD1 [11] while downregulation of LSD1 expression
through RNA interference (siRNA) or inhibition using small molecules
has shown potential for preventing the proliferation of cancerous cells
[12]. In particular, poorly differentiated neuroblastoma, neuroendo-
crine carcinomas, sarcoma, breast cancer, bladder cancer, lung cancer,
gastric cancer, colon cancer, and ovarian cancer cells have all been
found to express high levels of LSD1 proteins [13-18]. Thus, substantial
evidence supports the pivotal role of LSD1 in the initiation and pro-
gression of cancer, prompting the exploration of LSD1 as a therapeutic
target for cancer treatment. Several LSD1 inhibitors have been docu-
mented in the literature and are currently undergoing clinical trials.
These include Vafidemstat [J[[]117[]11 [1[]118[]1], Iadademstat [19],
Tranylcypromine [20], SP-2509 [21], GSK2879552 [22], CC-90011
[23] and OG-L002 [24]. The chemical structures of these inhibitors
are shown in Fig. 1.

The inhibition of LSD1 holds significant importance then in the fight
against cancer, a leading cause of mortality second only to cardiovas-
cular disease [25]. Its pervasive presence continues to impact and claim
millions of lives daily, necessitating urgent and effective interventions.
An exhaustive literature review has identified the pyrimidine nucleus as
a widely utilized structure for developing safe and effective LSD1 in-
hibitors for cancer treatment [26]. The nucleus is a key component
present in various FDA-approved anticancer drugs like 5-Fluorouracil
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Fig. 1. LSD1 inhibitors in clinical trails.
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[27], Bringatinib [28], Ceritinib (LDK378) [29], Dasatinib [30], Imati-
nib [31], Ibrutinib (IBR) [32], Merbarone [33], Nilotinib [34], Rux-
olitinib (INC424) [35], Ribociclib [36] and Methotrexate [37]. While no
LSD-1 inhibitor has been approved by the FDA to date, many experi-
mental drugs with a pyrimidine core have demonstrated excellent re-
sults as LSD-1 inhibitors in pre-clinical studies of potential cancer
treatment agents. For example, Li et al. synthesized several
triazole-fused pyrimidine derivatives, with the most potent one exhib-
iting an ICso value of 49 nM against LSD1 [38]. Metwally et al. [39]
developed a series of pyrazolo [1,5-a]pyrimidines with the most effec-
tive compound displaying an ICsy value of 1.91 pM. Wang et al. syn-
thesized a series of triazolo [1,5-a]pyrimidine-based LSD1 inhibitors,
with the most potent compound demonstrating reversible inhibition of
LSD1 with an ICsg of 1.72 pM [40]. The novel 5-arylidene barbiturates
were explored by Xu et al., which exhibited reversible LSD1 inhibition
with ICsg of 0.41 pM [41]. Ma et al. reported on 5-cyano-6-phenylpyri-
midine derivatives, with the most active compound repressing LSD1
with an ICsy value of 183 nM [42]. In sum, the collective body of
research underscores the potential of pyrimidine derivatives as potent
anticancer agents.

In addition to pyrimidines, chalcone has been explored by various
researchers for treatment of cancer [43]. A literature survey suggests
that chalcones can cause cell-cycle disruption and apoptosis [44], inhibit
tubulin polymerization [45] and also inhibit kinases that are essential
for the cancer cell survival and proliferation [46]. Furthermore, several
chalcone-based FDA-approved anticancer medications are available in
the market, such as Butein [47], Xanthohumol [48], Isoliquiritigenin
[49] and Licochalcone A [50] etc. Ngameni et al. synthesized a new
series of o-substituted chalcone derivatives with an/a allyl-, prenyl- or
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propargyl-substituent at different positions [51]. Most of their novel
synthesized compounds had ICs( values less than 1 pM against several
cell lines such as HCT116 p53 colon adenocarcinoma cells, CCRF-CEM
cells, and MDA-MB-231-BCRP breast adenocarcinoma cells. In sepa-
rate research conducted by Srilaxmi et al. a series of novel
chalcone-linked pyrido [4,3-b] pyrazin-5(6H)-one derivatives were
synthesized and evaluated for their anticancer activities against five
human cancer cell lines such as MCF-7, A-549, colo-205, A2780 and
DU-145. The ICsq values were in the range of 0.012-19.4 pM [52].

Many researchers have suggested that the combination of pyrimidine
and chalcone may be potent anticancer moieties. Wang et al. synthesized
a series of [1,2,4] triazolo [1,5-a] pyrimidines bearing chalcone and
found that one of the synthesized compounds inhibited the growth of
PC-9 cells (IC5¢p = 0.59 pM). This inhibition was approximately 4-fold
more than 5-Fluorouracil [53]. Similarly, Bagul et al. developed
chalcone-linked pyrazolo [1,5-a] pyrimidines and evaluated their anti-
proliferative activity. Amongst these compounds, the ICs of the most
active compound was 2.6 pM against the MDA-MB-231 cell line. Addi-
tionally, the compounds showed antiproliferative activity within the
range of 2.6-34.9 pM against lung cancer (A549), MDA-MB-231 (breast
cancer), and prostate cancer (DU-145) cell lines [54]. The structures of
FDA-approved drugs based on pyrimidine and chalcone nucleus are
shown in Fig. 2.

Considering the importance of the pharmacophoric scaffolds (py-
rimidine and chalcone) alone or in combination, the basic moiety was
designed by conjugating these moieties with specific modifications to
achieve the desired properties. For example, the pyrimidine ring
substituted with a sulphur-containing isopropyl side chain and a nitrile
group has been shown to exhibit anticancer properties [55]. The
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inclusion of sulphur [56] and nitrile functionalities [57] [58] helps to
enhance the biocompatibility of the candidate drug in the body. Addi-
tionally, lipophilic alkyl side chains significantly enhance the potency of
the anticancer molecules by improving their affinity for cell membranes
and, hence, enhance their permeability [59]. Thus, substituting the
sulphur atom with the isopropyl side chain was a deliberate choice.

The aim of the study reported in this paper was to develop a novel
cyano-pyrimidine pendant chalcone conjugate demonstrating enhanced
anticancer activity compared to the individual efficacy of each constit-
uent moiety. For this purpose, a library comprising 3688 novel cyano-
pyrimidine pendant chalcone conjugates was designed through multi-
ple enumerations using Schrodinger’s Prime Version 12.8. These con-
jugates were then studied further using computational tools like
molecular docking, ADMET, MMGBSA and Molecular dynamics (MD)
simulation targeting LSD1.

2. Materials and methods
2.1. Library creation

The chemical structures of series A and B of cyano-pyrimidine
pendant chalcone derivatives were designed using ChemDraw 21.0.0.
Subsequently, their derivatization was carried out using the enumera-
tion tool of Schrodinger suite 12.8. The novelty of all the prepared
compounds was validated using SciFinder.

2.2. Molecular docking

The X-ray crystal structure of LSD1 protein (PDB ID: 2DW4) was
obtained from the RCSB Protein Data Bank. The protein preparation
wizard and ligand preparation module of Schrodinger suite 12.8 were
used to prepare protein and test ligands, respectively. Molecular docking
was done on the Glide tool of Schrodinger Maestro Version 12.8 using
high-throughput virtual screening (HTVS) mode [60].

The Ligprep module was used to prepare test ligands using the
default settings for the OPLS4 force field, generating a maximum of 32
conformers per ligand. The LSD1 protein (PDB ID: 2DW4) was imported
from the protein preparation wizard and then preprocessed. Thereafter,
water molecules, additional undesirable side chains, residues and het-
eroatoms of the protein were removed, and appropriate bond orders
were assigned. The protein was optimized and minimized using the
OPLS4 force field. Following protein preparation, the receptor grid was
created using the default settings of the receptor grid generation tool of
Schrodinger by selecting a portion of the protein chain.

Ligand docking was performed by importing the grid files and pre-
paring ligands in HTVS mode. Then, the docking results were exported
and analysed.

2.3. MM-GBSA analysis

The MM-GBSA analysis was performed using the Prime tool of
Schrodinger suite 12.8 [61]. The ligands with the highest docking score
within the range of —11 kcal/mol to —10 kcal/mol from both series were
further analysed for MM-GBSA (using the forcefield OPLS4 and VSGB
solvation model) to calculate the binding free energies of the docking
complex. The binding free energies of the receptor-ligand complex ob-
tained from MM-GBSA were utilized to validate the docking results
further and optimize the candidate ligands.

2.4. Estimation of ADME properties and toxicity risks

Following docking analysis, the screened compounds were evaluated
using the SwissADME [62] software. This tool examines critical phar-
macological attributes such as lipophilicity, water solubility, pharma-
cokinetics, drug-likeness, bioavailability and many other chemical
characteristics essential for drug discovery. The compound’s SMILES
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structures were submitted to the server to obtain all relevant ADME
attributes. Osiris Property Explorer was also utilized to analyse the
screened compounds for reproductive toxicity, mutagenicity, tumori-
genicity, and irritancy [63].

2.5. MD simulation

The MD simulation study was done to validate the molecular docking
[64], assess the conformational stability and analyse the thermodynamic
behaviour of the top-scoring protein-test ligand complexes from both
series’ (2DW4-A1 and 2DW4-B1) complexes. The study was performed
using the Desmond tool of Schrodinger suite 12.8 [65]. The simulations
ran for 400 ns at the constant temperature of 300 K and pressure of
1.01325 bar. The temperature was regulated using the Nose-Hoover
thermostat, and the pressure was controlled using the
Martyna-Tobias-Klein method. Before the simulations, the system un-
derwent minimization and equilibration procedures following Des-
mond’s default methods. The complexes were analysed using a
protein-ligand contact plot, simulation quality plot, RMSF and RMSD.
They were placed in an orthorhombic box of 10 A periodic boundary
with explicit water molecules using a simple point charge (SPC) water
model. The force field OPLS3e was applied, a 0.15 M salt solution was
used to neutralize the system, while the Na™ and Cl~ ions simulated the
physiological conditions. Vanderwaal and Coulomb interactions were
analysed with a cut-off radius of 9.0 A; the Particle Mesh Ewald method
was used for electrostatic interactions evaluation. The trajectory files
were assessed using simulation event, quality and interaction diagram
protocols, while the equations of motion were analysed using a reference
system propagator algorithm [66].

3. Results and discussion
3.1. Library creation

Using the enumeration module of Schrodinger suite 12.8, a
comprehensive library consisting of 3668 test ligands was generated,
with 1834 ligands each allocated to the A and B series. Subsequently,
using Ligprep of Schrodinger suite 12.8, 6160 test ligands, with 3080
ligands attributed to each series A and B, were generated. Finally, all
prepared ligands were docked against the prepared LSD1 protein (PDB
ID: 2DW4).

3.2. Molecular docking

The docking of all the ligands was done on the binding pocket of the
LSD1 protein where the native ligand FAD was bound. Iadademstat,
Vafidemstat, 5-Fluorouracil, Xanthohumol and Dasatinib were used as
reference standards to determine the test ligand’s efficacy. The docking
results showed that all the ligands fit well within the protein’s active
site. Notably, most of the enumerated ligands of both series A and B
showed superior binding affinity compared to the reference drugs, with
binding affinities of —8.129, —6.836, —6.431, —5.722 and —5.007 kcal/
mol for Iadademstat, Vafidemstat, 5-Fluorouracil, Xanthohumol and
Dasatinib, respectively. Among both series A and B, the test ligands A1l
and Bl showed the highest binding affinity with docking scores of
—11.095 and —10.773 kcal/mol, respectively. The higher binding af-
finity of the test drugs may be due to the greater number of hydrogen
bonds and interactions compared to the reference drugs. The 2D and 3D
binding interactions of ligands Al and Bl were analysed and are
depicted in the figures, Figs. 3 and 4. The analysis of 2D interactions
showed that test ligand Al formed two hydrogen bonds with ASP556
and GLUS559, a salt bridge with GLU559, and n-r stacking with TYR761.
Ligand B1 formed three hydrogen bonds with ARG316, TRP756 and
ARG310 and n-r stacking with TYR761.

The various reference drugs showed various similar and dissimilar
interactions with the protein. The reference drug Iadademstat displayed
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only one hydrogen bond with amino acid LEU329, Vafidemstat showed
four interactions among which three were hydrogen bonds with
SER289, THR624 and THR810, and one n-n stacking with TYR761.
Another reference drug Xanthohumol showed two interactions: one
hydrogen bond, and one n-n stacking with VAL288 and TYR761,
respectively, whereas Dasatinib had one n-n stacking with TYR761 and
one n-cation bond with ARG316. The reference drug 5-Fluorouracil had
three interactions: hydrogen bond with SER289, salt bridge and n-n
stacking with ARG316.

The n-n stacking bond with TYR761 of our compounds with highest
docking score from each series was similar to the reference standards
Vafidemstat, Xanthohumol and Dasatinib.

Tables 1 and 2 report the enumerated Ry groups of the top 25 test
ligands of each series, A and B, along with their docking scores.

3.3. MM-GBSA analysis

From series A and B, the ligands with docking scores within the range
of —11 to —10 kcal/mol were selected for Prime MM-GBSA analysis to
compute the binding free energy of the ligand-receptor complex
(Table 3). The study revealed the binding strength of the ligands with
the receptor.

Within series A, ligand A16 showed the highest MM-GBSA binding
energy, i.e., —95.85 kcal/mol, while within series B, ligand B18 had the
highest binding free energy of —96.02 kcal/mol. Despite the ligands Al
and B1 possessing the highest docking scores within their respective
series, they did not display the highest binding potential in MM-GBSA
analysis (Al: —71.97 kcal/mol; B1: —91.03 kcal/mol). Nonetheless, in
comparison to most ligands, ligands Al and Bl demonstrated a
favourable binding potential. Furthermore, the binding affinity of ligand
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Table 1

Docking scores of reference drugs and top 25 ligands of series A with their substitutions at the R, position.
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Ligand Rz Docking score Ligand Ro Docking score
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OH
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Table 2

Docking scores of reference drugs and the top 25 ligands of series B with their substitutions at the R, position.
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Ligand Rz Docking score Ligand Rz Docking score
Iadademstat - -8.129 B11 F —10.182
B\X()/
N-NH
Vafidemstat - —6.836 B12 H,N —-10.179
/\)</OH
B
5-Fluorouracil - —6.431 B13 (6] —10.168
B
NH,
Xanthohumol - —5.722 B14 (0} -10.137
/O\)LN/\B
H
Dasatinib - —5.007 B15 —-10.125
H,N B
Bl —-10.773 B16 /'\/ —10.12
- NH.
B NQ B/\O 2
N"S0
H
B2 NH, —10.66 B17 NH. -10.118
/\/'\/ N B
OH
B
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R
B
B4 HZN)&/]&]‘ 5 —10.456 B19 (0} —10.091
H
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Table 3 B1 remained comparable to that of the ligand with the highest binding
Computed binding free energies (AG bind) of selected ligands against LSD1. free energy (AG).
Ligand  Binding Ligand  Binding Ligand  Binding
Energy (AG Energy (AG Energy (AG
Bind) Bind) Bind) 3.4. Prediction of ADME properties and toxicity analysis
Al -71.97 Al6 —95.85 B10 -82.14
A2 —66.82 Al7 —-90.41 B11 —92.82 The evaluation of physicochemical parameters is crucial in assessing
A3 —50.09 Al8 —84.82 B12 —81.20 the potential of ligands to elicit therapeutic or pharmacological effects.
Ad —82.74 A9 ~84.37 B13 —93.14 The ADME properties of ligands with docking scores from —11 to —10
A5 -67.31 A20 -82.74 B14 -71.86 . . . .
A6 _82.24 A2l _63.27 B15 _64.06 kcal/mol from series A and B, as predicted using SwissADME, are re-
A7 —72.11 B1 ~91.03 B16 ~77.90 ported in Tables 4-6.
A8 -91.56 B2 —89.84 B17 —66.20 Lipinski’s rule of 5 provides the criteria for estimating physico-
A9 —87.66 B3 —77.44 B18 —96.02 chemical properties crucial for the optimum absorption of an orally
A10 ~68.13 B4 ~67.80 B19 ~80.38 dministrated drug. All the tested ligands follow three parameters out of
All ~84.44 BS ~48.00 B20 —68.84 administra 8 8 P
Al2 —65.07 B6 _82.89 B21 _78.95 four as defined by Lipinski in Lipinski’s rule of 5 [62]. The test ligands
Al3 ~75.75 B7 —66.89 B22 —-89.31 should have less than 10 hydrogen bond acceptors, 5 hydrogen bond
Al4 —82.56 B8 —89.40 B23 —94.81 donors, and MLogP value of less than 4.15 as a lipophilicity threshold.
A5 ~73.08 B9 ~86.36 B24 ~88.92 The designed compounds showed molecular weight alert but despite
being higher, the molecular weight is still comparable to the specified
limit i.e., 500 g/mol. For eg. The designed compound A13 and B24
showed molecular weight of 502.6 g/mol and 515.62 from series A and
Table 4
Physicochemical properties of ligands with best 45 docking scores for targeting of LSD1.
Lig. Formula Lipinski’s rule of 5 Lipinski violations FCsp® RB MR TPSA (A%) HA AHA
MW (g/mol) HBA. HBD. MLogP
Al C27H2sFN,4058 504.58 8 1 2.31 1 0.26 10 139.44 122.43 36 18
A2 CaoHagFN4048 516.63 7 1 3.5 1 0.31 10 147.96 113.2 37 18
A3 CagH2gFN50,S 517.62 8 2 2.5 1 0.29 9 145.86 139.22 37 18
A4 C27H24FN30352 521.63 7 1 3.11 1 0.26 8 140.39 146.7 36 18
A5 CaoHagFN4048 516.63 7 1 3.5 1 0.31 10 143.69 127.19 37 18
A6 Ca6H23FN404S 506.55 8 1 1.66 1 0.19 11 133.03 139.5 36 18
A7 C27H2gFN50,S 505.61 8 2 2.31 1 0.26 11 139.26 139.22 36 18
A8 Ca7HasFN503S 518.58 9 2 2.33 1 0.26 9 145.27 133.43 37 18
A9 Ca7H24FN503S 517.57 8 1 2.67 1 0.22 9 145.36 133.51 37 18
A10 CagH2gFN50,S 517.62 7 1 2.5 1 0.29 10 142.08 130.43 37 18
All CagH2oFN,4058 520.62 8 2 2.5 1 0.29 10 142.46 147.42 37 18
A12 CagHasFN403S 516.59 7 1 2.84 1 0.25 9 143.36 130.27 37 18
A13 CagHa7FN405S 502.6 7 1 3.3 1 0.29 9 143.16 113.2 36 18
Al4 CagH2,FN50,S 516.61 8 1 2.91 1 0.29 9 148.91 113.2 37 18
Al5 CagH30FN504S 519.63 8 1 2.5 1 0.29 11 144.16 130.43 37 18
Al6 Ca7H27FN4058 506.59 8 2 2.31 1 0.26 11 137.62 147.42 36 18
Al7 CagH27FN,4038 518.6 7 1 2.84 1 0.25 11 141.46 144.26 37 18
Al8 CagH27FN,4058 518.6 8 1 2.91 1 0.29 8 144.41 124.64 37 18
A19 Ca9HagFN303S 517.61 7 1 3.5 1 0.31 10 142.15 121.4 37 18
A20 Ca9H22FN3058 511.57 7 1 3.56 1 0.1 8 141.82 121.4 37 24
A21 CagH27FN,4058 518.6 8 1 2.5 1 0.29 10 140.23 136.42 37 18
Bl CagHasN504S 527.59 7 1 2.22 1 0.18 9 146.21 148.19 38 23
B2 CagH3oN4048 518.63 8 2 1.62 1 0.29 12 144.15 156.65 37 18
B3 Ca9H30N4048 530.64 8 1 1.81 1 0.31 11 146.8 145.65 38 18
B4 C29H33N5038 531.67 8 2 1.81 1 0.31 12 150.64 148.45 38 18
B5 CaoH3oN404S 530.64 8 1 1.81 1 0.31 11 146.8 145.65 38 18
B6 Ca9H2gN404S 528.62 7 1 2.15 1 0.28 10 149.89 139.5 38 18
B7 C29H2oFN,4058 532.63 8 1 2.7 1 0.31 10 149.78 122.43 38 18
B8 CagH3oN404S 518.63 8 2 1.62 1 0.29 12 144.15 156.65 37 18
B9 CgH2gN504S 530.62 9 2 1.65 1 0.29 9 151.8 142.66 38 18
B10 C30H31N3048 529.65 7 1 2.8 1 0.33 11 148.68 130.63 38 18
B11 CagHa7FN503S 532.61 9 1 2.53 1 0.29 9 150.69 122.43 38 18
B12 Ca9H35N4048 532.65 8 2 1.81 1 0.31 12 149 156.65 38 18
B13 CagH2gN404S 516.61 7 1 1.95 1 0.25 12 143.19 153.49 37 18
B14 CagHagN405S 532.61 8 1 1.18 1 0.25 13 144.37 148.73 38 18
B15 C30H32N4058 528.67 7 1 2.8 1 0.33 11 150.53 136.42 38 18
B16 CagH3oN4048 518.63 8 1 1.62 1 0.29 12 144.07 145.65 37 18
B17 CagHagN505S 515.63 8 2 1.62 1 0.29 10 147.63 148.45 37 18
B18 C30H31N304S 529.65 7 1 2.8 1 0.33 10 148.98 130.63 38 18
B19 C29H30N404S 530.64 7 1 2.15 1 0.28 12 148.09 139.5 38 18
B20 CagH2gN504S 530.62 9 2 1.65 1 0.29 10 151.8 142.66 38 18
B21 C3oH3aN4058 528.67 7 1 2.8 1 0.33 10 154.5 122.43 38 18
B22 C7H25FN503S 518.58 9 1 2.33 1 0.26 9 145.88 122.43 37 18
B23 C30H31N3048 529.65 7 1 2.8 1 0.33 12 148.68 130.63 38 18
B24 CaoHagN304S 515.62 7 1 2.6 1 0.31 10 144.14 130.63 37 18

MW: Molecular weight; HBA: H-bond acceptors; HBD: H-bond donors; FCsp®: Fraction Csp®; RB: Rotatable bonds; MR: Molar refractivity; HA: Heavy atoms; AHA:
Aromatic heavy atoms.



A. Gupta et al.

Table 5

Biochemistry and Biophysics Reports 41 (2025) 101937

Lipophilicity profile, solubility profile and pharmacokinetics properties of ligands with best 45 docking scores targeting LSD1.

Lig. LP Solubility Profile Pharmacokinetic Properties
C. LogP Log S Class GIA Log Kp BP P-gp S Inhibitors
CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4

Al 4.6 -5.73 Moderately soluble Low —5.93 No Yes No Yes Yes Yes Yes
A2 5.53 —6.52 Poorly soluble Low —5.2 No Yes No Yes Yes Yes Yes
A3 4.27 —5.37 Moderately soluble Low —6.58 No Yes No Yes Yes Yes Yes
A4 5.07 —6.27 Poorly soluble Low -5.7 No Yes No Yes Yes No Yes
A5 5.57 —6.33 Poorly soluble Low —5.41 No Yes No Yes Yes No Yes
A6 4.15 —5.42 Moderately soluble Low —6.24 No No Yes Yes Yes No Yes
A7 4.44 —5.32 Moderately soluble Low —6.34 No Yes No Yes Yes Yes Yes
A8 2.49 —5.44 Moderately soluble Low —6.52 No Yes No No No No No
A9 4.16 —5.57 Moderately soluble Low —6.35 No No No Yes Yes No Yes
Al0 4.59 —5.69 Moderately soluble Low —6.14 No Yes No Yes Yes Yes Yes
All 4.71 -5.7 Moderately soluble Low —6.17 No Yes No Yes No No Yes
Al12 4.81 -5.97 Moderately soluble Low —5.89 No Yes No Yes Yes No Yes
A13 5.27 —6.23 Poorly soluble Low —5.43 No Yes No Yes Yes No Yes
Al4 3.74 —6.05 Poorly soluble Low -5.8 No Yes No Yes Yes No Yes
Al5 4.55 —5.63 Moderately soluble Low —6.16 No Yes No Yes Yes Yes Yes
Al6 4.47 —5.39 Moderately soluble Low —6.27 No Yes No Yes Yes Yes Yes
A17 5.03 —6.07 Poorly soluble Low —5.65 No No No Yes Yes No Yes
A18 4.55 —6.06 Poorly soluble Low —5.89 No Yes No Yes Yes No Yes
Al19 5.71 —6.56 Poorly soluble Low —5.16 No Yes No Yes Yes No Yes
A20 5.7 -7.12 Poorly soluble Low —4.73 No No No Yes Yes No Yes
A21 4.7 —5.69 Moderately soluble Low —6.15 No Yes No Yes Yes Yes Yes
B1 4.43 —6.03 Poorly soluble Low —6.06 No Yes No No Yes No Yes
B2 4.15 —5.31 Moderately soluble Low —6.44 No Yes No Yes Yes Yes Yes
B3 4.61 -5.79 Moderately soluble Low -6.11 No Yes No Yes Yes No Yes
B4 4.28 —5.37 Moderately soluble Low —6.53 No Yes No Yes No Yes Yes
B5 4.57 -5.79 Moderately soluble Low —6.11 No Yes No Yes Yes No Yes
B6 4.47 —5.88 Moderately soluble Low —6.06 No Yes No Yes Yes No Yes
B7 5.11 —6.23 Poorly soluble Low —5.72 No Yes No Yes Yes No Yes
B8 4.18 —5.31 Moderately soluble Low —6.44 No Yes No Yes Yes Yes Yes
B9 2.54 —5.38 Moderately soluble Low —6.73 No Yes No No No No Yes
B10 5.45 —6.52 Poorly soluble Low —5.28 No Yes No Yes Yes No Yes
B11 3.3 —6.04 Poorly soluble Low —6.01 No Yes No Yes Yes No Yes
B12 4.43 -5.5 Moderately soluble Low —6.39 No Yes No Yes No Yes Yes
B13 4.44 —5.55 Moderately soluble Low —6.14 No No No Yes Yes No Yes
B14 3.95 —5.28 Moderately soluble Low —6.57 No No Yes Yes Yes Yes Yes
B15 5.3 —6.33 Poorly soluble Low —5.48 No Yes No Yes Yes No Yes
Bl16 4.34 —5.36 Moderately soluble Low —6.38 No Yes No Yes Yes Yes Yes
B17 3.84 -5.1 Moderately soluble Low —6.78 No Yes No Yes Yes Yes Yes
B18 5.33 —6.56 Poorly soluble Low —5.31 No Yes No Yes Yes No Yes
B19 4.8 —6.07 Poorly soluble Low —5.73 No No No Yes Yes No Yes
B20 2.39 -5.16 Moderately soluble Low -6.9 No Yes No Yes Yes No Yes
B21 5.25 —6.61 Poorly soluble Low —5.24 No Yes No Yes Yes No Yes
B22 2.96 —5.69 Moderately soluble Low —6.23 No Yes No Yes Yes No Yes
B23 5.47 —6.53 Poorly soluble Low -5.19 No Yes No Yes Yes No Yes
B24 5.02 —6.26 Poorly soluble Low —5.48 No Yes No Yes Yes No Yes

LP: Lipophilicity profile; C. LogP: Consensus log Po/w; GI A: GI absorption; BP:

B, respectively.

In the context of ligand bioavailability through oral administration,
various physicochemical properties of the ligands must be carefully
considered. Notably, the count of rotatable bonds, fraction Cspg, molar
refractivity and topological polar surface area (TPSA) are of utmost
importance in determining the ligand’s potential bioavailability. The
saturation of ligands, quantified by the ratio of sp® hybridized carbons to
the total carbon count (Fraction Csp3), should not be less than 0.25 to
ensure optimal bioavailability. Similarly, the presence of rotatable
bonds, indicative of the ligand flexibility, should be limited to no more
than 9. Furthermore, the molar refractivity value is optimal when falling
within the range of 40-130. In addition, the ligand’s TPSA must lie
within 20 and 130 AZ to exhibit significant polarity.

Additionally, the number of aromatic heavy atoms and heavy atoms
should fall in the array of 12-14 and 18-22, respectively. The results
presented in Table 4 reveal that, while most test compounds except A6,
A9, A20 and B1, meet the specified norms for Fraction Csp3 most of the
test compounds were within the rotatable bonds and TPSA limits. None
of the test compounds adhere to the specified limits for molar refrac-
tivity, aromatic heavy atoms, and heavy atoms.

BBB permeation; P-gp S: P-gp substrate.

Table 5 (below) illustrates the ligands’ lipophilicity profile, solubility
profile, and pharmacokinetic properties (GI absorption, skin perme-
ation, BBB permeation, glycoprotein permeability, and cytochrome
inhibition).

The characteristic of a chemical substance that dissolves in fats, oils,
lipids, or non-polar solvents like toluene and hexane is known as lip-
ophilicity. The partition coefficient between octanol and water (Log P o/
w) is a crucial physiochemical parameter in drug development, serving
as a mathematical descriptor for lipophilicity. SwissADME determines
the compound’s lipophilicity using five available predictive models. An
overall image, as anticipated by the average of all five models, is pro-
vided by the consensus log P value displayed in Table 5. All the com-
pounds showed a reasonable level of lipophilicity (not more than 6),
necessary for facilitating interactions between the drug and the mem-
brane receptors.

The solubility profile shows the findings of a water solubility assay,
which is crucial for determining the absorption potential of a paren-
terally administered medicine. Table 5 lists the predicted solubility
obtained via the SwissADME server. To ensure proper solubility, it is
imperative that the drug’s log S value does not exceed —6. The obtained
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Table 6
Drug-likeness, bioavailability score, PAINS and synthetic accessibility of ligands with best 45 docking scores targeting LSD1.
Lig. Ghose Veber Violations Egan Violations Muegge BS PN  Brenk Alerts SA
Violations Violations
Al 2 (MW>480, MR>130) 0 0 0 0.55 0 2 (Acyclic: C=C-0, M.A.: 4.37
1)
A2 3 (MW>480, WLOGP>5.6, 0 1 (WLOGP>5.88) 1 (XLOGP3>5) 0.55 0 1MA:1) 4.41
MR>130)
A3 2 (MW>480, MR>130) 0 1 (TPSA>131.6) 0 0.55 0 1(MA:1) 4.74
A4 3 (MW>480, WLOGP>5.6, 1 (TPSA>140) 2 (WLOGP>5.88, 1 (XLOGP3>5) 0.55 0 1MA:1) 4.64
MR>130) TPSA>131.6)
A5 3 (MW>480, WLOGP>5.6, 0 1 (WLOGP>5.88) 1 (XLOGP3>5) 0.55 0 1(MA:1) 4.43
MR>130)
A6 2 (MW>480, MR>130) 1 (Rotors>10) 1 (TPSA>131.6) 0 0.55 0 2 (Acyclic: C=C-0, M.A.: 3.78
1)
A7 2 (MW>480, MR>130) 1 (Rotors>10) 1 (TPSA>131.6) 0 0.55 0 1MA:1) 4.4
A8 2 (MW>480, MR>130) 0 1 (TPSA>131.6) 0 0.55 0 1MA:1) 4.65
A9 2 (MW>480, MR>130) 0 1 (TPSA>131.6) 0 0.55 0 1MA:1) 3.9
A10 3 (MW>480, WLOGP>5.6, 0 1 (WLOGP>5.88) 0 0.55 0 1(MA:1) 4.06
MR>130)
All 3 (MW>480, WLOGP>5.6, 1 (TPSA>140) 2 (WLOGP>5.88, 0 0.55 0 1MA:1) 4.72
MR>130) TPSA>131.6)
Al12 3 (MW>480, WLOGP>5.6, 0 0 1 (XLOGP3>5) 0.55 0 1MA:1) 4.23
MR>130)
Al13 3 (MW>480, WLOGP>5.6, 0 1 (WLOGP>5.88) 1 (XLOGP3>5) 0.55 0 1(MA:1) 4.28
MR>130)
Al4 2 (MW>480, MR>130) 0 0 1 (XLOGP3>5) 0.55 0 1MA:1) 4.65
Al5 3 (MW>480, WLOGP>5.6, 1 (Rotors>10) 1 (WLOGP>5.88) 0 0.55 0 1MA:1) 4.51
MR>130)
Al6 3 (MW>480, WLOGP>5.6, 2 (Rotors>10, 1 (TPSA>131.6) 0 0.55 0 1MA:1) 4.34
MR>130) TPSA>140)
Al17 3 (MW>480, WLOGP>5.6, 2 (Rotors>10, 2 (WLOGP>5.88, 1 (XLOGP3>5) 0.55 0 1(MA:1) 4.35
MR>130) TPSA>140) TPSA>131.6)
A18 2 (MW>480, MR>130) 0 0 1 (XLOGP3>5) 0.55 0 1MA:1) 4.72
Al9 3 (MW>480, WLOGP>5.6, 0 1 (WLOGP>5.88) 1 (XLOGP3>5) 0.55 0 1MA:1) 3.97
MR>130)
A20 3 (MW>480, WLOGP>5.6, 0 1 (WLOGP>5.88) 1 (XLOGP3>5) 0.55 0 1MA:1) 3.84
MR>130)
A21 3 (MW>480, WLOGP>5.6, 0 2 (WLOGP>5.88, 0 0.55 0 1(MA:1) 4.73
MR>130) TPSA>131.6)
Bl 2 (MW>480, MR>130) 1 (TPSA>140) 1 (TPSA>131.6) 0 0.55 0 1MA:1) 4.13
B2 2 (MW>480, MR>130) 2 (Rotors>10, 1 (TPSA>131.6) 1 (TPSA>150) 0.55 0 1(MA:1) 4.45
TPSA>140)
B3 3 (MW>480, WLOGP>5.6, 2 (Rotors>10, 1 (TPSA>131.6) 0 0.55 0 2 (Acyclic: C=C-0, M.A.: 4.6
MR>130) TPSA>140) 1)
B4 3 (MW>480, MR>130, 2 (Rotors>10, 1 (TPSA>131.6) 0 0.55 0 1MA:1) 4.19
Atoms>70) TPSA>140)
B5 3 (MW>480, WLOGP>5.6, 2 (Rotors>10, 1 (TPSA>131.6) 0 0.55 0 2 (Acyclic: C=C-0, M.A.: 4.64
MR>130) TPSA>140) 1)
B6 2 (MW>480, MR>130) 0 1 (TPSA>131.6) 0 0.55 0 1MA:1) 4.36
B7 3 (MW>480, WLOGP>5.6, 0 1 (WLOGP>5.88) 1 (XLOGP3>5) 0.55 0 1(MA:1) 4.48
MR>130)
B8 2 (MW>480, MR>130) 2 (Rotors>10, 1 (TPSA>131.6) 1 (TPSA>150) 0.55 0 1MA:1) 4.45
TPSA>140)
B9 2 (MW>480, MR>130) 1 (TPSA>140) 1 (TPSA>131.6) 0 0.55 0 1(MA:1) 5
B10 3 (MW>480, WLOGP>5.6, 1 (Rotors>10) 1 (WLOGP>5.88) 1 (XLOGP3>5) 0.55 0 1MA:1) 4.57
MR>130)
B11 2 (MW>480, MR>130) 0 0 0 0.55 0 1MA:1) 4.98
B12 2 (MW>480, MR>130) 2 (Rotors>10, 1 (TPSA>131.6) 1 (TPSA>150) 0.55 0 1(MA:1) 4.57
TPSA>140)
B13 3 (MW>480, WLOGP>5.6, 2 (Rotors>10, 1 (TPSA>131.6) 1 (TPSA>150) 0.55 0 1MA:1) 3.91
MR>130) TPSA>140)
B14 2 (MW>480, MR>130) 2 (Rotors>10, 1 (TPSA>131.6) 0 0.55 0 1MA:1) 4.03
TPSA>140)
B15 3 (MW>480, WLOGP>5.6, 1 (Rotors>10) 2 (WLOGP>5.88, 1 (XLOGP3>5) 0.55 0 1MA:1) 4.57
MR>130) TPSA>131.6)
Bl6 2 (MW>480, MR>130) 2 (Rotors>10, 1 (TPSA>131.6) 0 0.55 0 1MA:1) 4.52
TPSA>140)
B17 2 (MW>480, MR>130) 2 (Rotors>10, 1 (TPSA>131.6) 0 0.55 0 1(MA:1) 4
TPSA>140)
B18 3 (MW>480, WLOGP>5.6, 0 1 (WLOGP>5.88) 1 (XLOGP3>5) 0.55 0 1MA:1) 4.85
MR>130)
B19 3 (MW>480, WLOGP>5.6, 1 (Rotors>10) 1 (TPSA>131.6) 1 (XLOGP3>5) 0.55 0 1MA:1) 4.07
MR>130)
B20 2 (MW>480, MR>130) 1 (TPSA>140) 1 (TPSA>131.6) 0 0.55 0 1MA:1) 4.81
B21 3 (MW>480, WLOGP>5.6, 0 1 (WLOGP>5.88) 1 (XLOGP3>5) 0.55 0 1MA:1) 4.88

MR>130)

10
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Table 6 (continued)
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Lig. Ghose Veber Violations Egan Violations Muegge BS PN  Brenk Alerts SA
Violations Violations

B22 2 (MW>480, MR>130) 0 0 0 055 0 1(MA:1) 4.69

B23 3 (MW>480, WLOGP>5.6, 1 (Rotors>10) 1 (WLOGP>5.88) 1 (XLOGP3>5) 055 0 1MA:1) 4.09
MR>130)

B24 3 (MW>480, WLOGP>5.6, 0 1 (WLOGP>5.88) 1 (XLOGP3>5) 055 0 I1MA:1) 4.71
MR>130)

MW: Molecular weight; MR: Molar refractivity; BS: Bioavailability score; PN: PAINS; MA: Michael acceptor; SA: Synthetic accessibility.

results suggest that most of the test ligands exhibit modest solubility.
Only ligand A20 exhibited a log S value of —7.12, while all other ligands
displayed log S values either below —6 or close to —6.

The pharmacokinetic properties play a crucial role in governing the
behaviour of medications within the human body. Both human gastro-
intestinal absorption (GI absorption) and blood-brain barrier perme-
ation (BBB permeation) are essential factors as they determine the
ability of medications to reach their intended targets for localised ef-
fects. The permeation results of test ligands showed low gastrointestinal
permeation and no blood-brain barrier permeation. Another critical
parameter is skin permeation (Log Kp), with a more negative value
representing higher skin permeation. The test ligands demonstrated Log
Kp values ranging from —6 to —4. Additionally, the glycoprotein
permeability (P-gp) protein acts as a protective barrier for the central
nervous system, preventing the entry of potentially harmful substances.
The predicted analysis suggests that most ligands are P-gp substrates
except the A6, A9, A17, A20, B13, B14 and B19 ligands.

The cytochromes help in the clearance of a drug through biotrans-
formation, thereby preventing the toxic effects of drug accumulation.
SwissADME’s therapeutic models include the key isoforms CYP1A2,
CYP2C1, CYP2C9, CYP2C19, CYP2D6, and CYP3A4. Inhibition of these
cytochromes leads to decreased drug clearance and increased drug
accumulation, subsequently resulting in various adverse effects on the
body. The results presented in Table 5 indicate that the tested ligands
elicited varied responses towards different cytochromes.

The assessment of drug-likeness violations according to the Ghose,
Veber, Egan and Muegge rules for the test ligands is depicted in Table 6.
The bioavailability scores, which range from 0 to 1, were uniformly
recorded as 0.55 for all test ligands, indicating their ability to enter
systemic circulation. The Pan-assay interference compounds (PAINS)
are the casual or interfering molecules that distort assay results. None of
the test ligands exhibited any PAINS interference molecules affecting the
assay. When tested against the Brenk filter, all the test ligands displayed
one common violation with 1 alert, i.e. 1 Michael acceptor, except li-
gands Al, A6, B3 and B5. These ligands showed another alert for the
acyclic (C—=C-0) moiety. As defined on a scale of 1 (very easy) to 10
(very difficult) [67], the synthetic accessibility of all tested ligands falls
within a range of 3-5, indicating an ease of synthesis.

The toxicity assessment results suggest that none of the 45 test li-
gands exhibited mutagenic or tumorigenic properties. Regarding
reproductive effects, all tested ligands, except B9 and B11, showed no
adverse impacts on the reproductive system. However, ligands B9 and
B11 pose a medium risk in terms of reproductive effects. Additionally,
except for Al and A6, all test ligands were non-irritating. A1 and A6
were classified as medium-risk irritants, while A15, B2, and B16 were
identified as high-risk irritants (Table 7).

The results of physicochemical properties assessments reveal that in
series A, test compounds A1, A6, A7, A13 and A16 demonstrate superior
characteristics compared to the other tested compounds. These five
compounds have molecular weights below 510 g/mol, approximating
the molecular weight stipulated by Lipinski. Except for the A6 ligand, all
these compounds fall within the specified fraction Csp®range. While
their solubility varies, all compounds, except A13, exhibit moderate
solubility, with A13 classified as poorly soluble. Despite this, the Log S
value of A13 is close to —6. Furthermore, all five compounds, except for

11

Table 7
Toxicity risks assessment of test ligands.

Lig. Mutagenic Tumorigenic Irritant Reproductive Effect
Al No No Medium Risk No
A2 No No No No
A3 No No No No
A4 No No No No
A5 No No No No
A6 No No Medium Risk No
A7 No No No No
A8 No No No No
A9 No No No No
Al0 No No No No
All No No No No
Al12 No No No No
Al13 No No No No
Al4 No No No No
Al5 No No High Risk No
Al6 No No No No
Al17 No No No No
Al18 No No No No
Al19 No No No No
A20 No No No No
A21 No No No No
Bl No No No No
B2 No No High Risk No
B3 No No No No
B4 No No No No
B5 No No No No
B6 No No No No
B7 No No No No
B8 No No No No
B9 No No No Medium Risk
B10 No No No No
B11 No No No Medium Risk
B12 No No No No
B13 No No No No
B14 No No No No
B15 No No No No
Bl6 No No High Risk No
B17 No No No No
B18 No No No No
B19 No No No No
B20 No No No No
B21 No No No No
B22 No No No No
B23 No No No No
B24 No No No No

A6, demonstrate impermeability to the blood-brain-barrier and are
identified as P-glycoprotein substrates. Significantly, none of these
compounds trigger PAINS alerts. Among the five, Al stands out as the
most promising, as it is the only compound with zero violations of Veber,
Egan, and Muegge rules within this subset.

The compounds that were screened from series B were B1, B2, B8,
B13, B16, B17, B22 and B24. The reason being the lesser molecular
weight than the other compounds of series B (Table 1). These eight
screened compounds have no permeability to BBB and exhibited
0 PAINS alert and had a bioavailability score of 0.55. Except for com-
pound B13, all compounds were identified as P-glycoprotein substrates.
Despite TPSA violations, compound B1 emerged as the best compound
from series B due to its drug-likeness, attributed to its non-inhibitory
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properties towards the cytochromes, CYP1A2, CYP2C19, and CYP2D6
involved in the detoxification of the body. While the drug’s solubility
can be adjusted, inhibiting these cytochromes would significantly
impact its metabolism.

3.5. MD simulation study

The MD simulation is a method for investigating the atomic and
molecular motions of protein-ligand complexes, and enables the
assessment of the protein-ligand complex’s stability and validates
docking results. Our study involved simulating the LIGA1-2DW4 and
LIGB1-2DW4 complexes for 400 ns to assess the complex’s consistency
and, to support the docking findings. The Root Mean Square Deviation
(RMSD) value of a protein-ligand complex quantifies the extent of de-
viation of a particular molecular structure from a reference spatial

Biochemistry and Biophysics Reports 41 (2025) 101937

environment. The protein RMSD measures the fluctuations of carbon
alpha atoms within the protein. The RMSD of protein LSD1, when bound
with LIGA1, is depicted by the green colour in Fig. 5A, initially showing
minor fluctuations in the range of 3-8 A up to the timeframe of 130ns.
Subsequently, from 130 to 220ns, the fluctuations increased to 9-13 [o\,
indicating instability of the complex up to 220ns. However, after this
point, the complex stabilized and remained stable throughout the
remaining simulation.

The protein RMSD with LIGB1 bounded is represented by yellow
colour in Fig. 5A. Throughout the simulation, the complex exhibited
minimal fluctuations until the 100ns mark, after which it achieved sta-
bility and maintained this state for the duration of the simulation.

In Fig. 5B the fluctuations of both the ligands with respect protein
from initial to final time frame of simulation is represented by green and
yellow colour for LIGA1 and LIGBI, respectively. The plot of LIGA1
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Fig. 6. Protein RMSF of A: LIGA1-2DW4 complex and B: LIGB1-2DW4 complex.

RMSD relative to the protein indicates ligand stabilization after 300ns.
In contrast, LIGB1 exhibited initial deviations up to 80ns, followed by
stability throughout the simulation.

In Fig. 5B, the RMSD of ligands LIGA1 and LIGB2 in the complex is
shown in pink and blue colour, respectively. It depicted deviations of all
conformers of the ligands over the simulation timeframe from its initial
position at Ons. The plot shows the stability of both ligands in their
initial positions, as the RMSD values range between 1 and 2 A.

The root mean square fluctuations (RMSF) indicated in Fig. 6
represent the average deviation of the ligand from a reference position
over time. The green vertical bars in the figure denote the points at
which the ligand comes into contact with the LSD1 protein. In Fig. 6A,
the RMSF values for most of the interacting amino acids of LIGA1 are less
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than 2 A, while the corresponding values for LIGB1 in Fig. 6B are less
than 1 A.

Fig. 7 illustrates the distribution of protein-ligand contacts based on
different types of bonds observed during the simulation. The histogram
bars are colour-coded to represent specific interactions: green for
hydrogen bonds, purple for hydrophobic interactions, pink for ionic
bonds, and blue for water bridges.

The analysis of the LIGA1-2DW4 complex histogram presented in
Fig. 7A indicates that several interactions observed during the initial
docking process remained stable throughout the MD simulation. Spe-
cifically, the hydrogen bond with GLU559 and the n-n stacking bond
with TYR761, as depicted in the 2D interaction diagram of ligand A1 and
2DW4 Complex (Fig. 3), were consistently maintained during the
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Fig. 7. Protein Ligand contacts histogram of A: LIGA1-2DW4 complex and B: LIGB1-2DW4 complex.

simulation. Furthermore, the MD simulation revealed the presence of
four additional hydrogen bonds involving ASP555, TYR571, LYS661,
and VAL811. Notably, the histogram illustrates that ligand LIGA1
exhibited significant interactions with ASP555, TYR761, and VAL811 of
LSD1.

Fig. 7B displays the protein-ligand contact histogram of the LIGB1-
2DW4 complex. The hydrogen bond with ARG316 and n-n stacking
bond with TYR 761 (Fig. 4), formed during the docking of the LIGB1-
2DW4 complex, remained intact after MD simulation. Additionally,
ligand B1 formed ten additional hydrogen bond interactions with the
amino-acids GLY287, VAL288, SER289, GLY290, ARG316, MET332,
VAL333, THR624, GLU801 and THR810. Furthermore, the LIGB1 dis-
played prominent interactions with MET332, VAL333 and TYR761, as
shown in the histogram (Fig. 7B).

Ligands LIGA1 and LIGB1 exhibited significant interactions with
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several critical residues, including TYR761, LYS661, and ARG316,
which are known to be critical binding sites for Vafidamstat in their
interaction with LSD1, as indicated by Sharba et al. [68]. Additionally,
research by Seraj et al. [69] demonstrated that the highly active
5-hydroxypyrazole derivative of this series, when docked with LSD1,
display affinities for ARG316, THR810, TYR761, VAL333, VAL288,
GLY287, and VAL811, which closely resembles the interactions
observed with LIGA1 and LIGB1 in our study. Furthermore, the lead
compound described by Ma et al. [42] exhibited interactions with
LYS661, VAL288, THR624, ARG316, TYR761, THR810, VAL811, and
VAL333. Our designed ligands also demonstrated interactions with these
amino acids.

Our study also examined the radius of gyration (rGyr) and the
solvent-accessible surface area (SASA) to assess the compactness of the
target protein (Fig. 8). The rGyr, which represents the extension of the
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ligands is equivalent to the principal moment of inertia of ligands and
was found to range from 5.8 to 7 A throughout the simulation for both
ligands LIGA1 and LIGB1. The rGyr time graph for the LIGB1-protein
complex demonstrated stability throughout the simulation. In
contrast, the LIGA1-protein complex exhibited minimal fluctuations
between 70 and 100ns. Furthermore, the SASA, which signifies the
surface area approachable by a water molecule, was calculated for both
ligand complexes. The SASA plots indicated stability in both ligand-
protein complexes over the 400ns simulation period.

4. Conclusion

This manuscript presents a comprehensive analysis of novel cyano-
pyrimidine pendant chalcone derivatives as potential LSD1 inhibitors.
The study employed docking, ADMET, MM/GBSA, and molecular dy-
namics simulation to elucidate the mechanistic insight. Among the 3668
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test ligands (1834 from each series A and B), most exhibited significant
docking scores with the LSD1 protein. Notably, ligands A1 and B1, from
series A and B, respectively, demonstrated the highest docking scores.
Furthermore, the MM-GBSA binding energy of ligands A1 and B1 was
found to be —71.97 and —91.03 kcal/mol, respectively. The ADME and
toxicity studies also demonstrated favourable responses with respect to
various pharmacokinetic and physicochemical parameters.
Additionally, MD simulation of the LIGA1-2DW4 and LIGB1-2DW4
complexes indicated stability within the binding pocket, as evidenced
by consistent protein-ligand RMSD and lower RMSF values for most
interactions. The protein-ligand contact histogram revealed that
fundamental interactions observed during docking were maintained
during the simulation, signifying stable ligand-protein interactions.
Furthermore, comparative analysis with known approved drugs and
lead compounds documented in the literature indicated notable simi-
larities. Overall, the findings of this computational study suggest that the
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lead ligands A1 and B1 form stable complexes with the LSD1 protein,
exhibiting potential for further development as anticancer drug candi-
dates. Nonetheless, extensive in vitro and in vivo preclinical experiments
and clinical human trials are imperative to validate their potential for
drug development.

5. Future perspectives

This study elucidates the design and evaluation of the novel cyano-
pyrimidine pendant chalcone derivatives as LSD1 inhibitors employing
virtual screening methodologies such as Docking, ADMET, MM/GBSA,
and Molecular Dynamics Simulation. The derivatives demonstrated
significantly enhanced potency compared to established pharmaceuti-
cals during virtual screening. We, therefore, intend to synthesize these
compounds for subsequent experimental validation, which will
encompass in vitro testing to substantiate their superior efficacy against
cancer cell lines. This phase will be followed by pharmacokinetic and
toxicological profiling to ascertain safety and viability. Additionally, in
vivo studies will evaluate therapeutic efficacy and determine optimal
dosing regimens. If the outcomes from the in vitro and in vivo studies
yield favourable results, these novel LSD1 inhibitors may serve as lead
candidates for further optimization and clinical development.
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