A
ASIAN JOURNAL OF PHARMACEUTICAL AND CLINICAL RESEARCH ‘*@/ s

Knowledge to Innovation

Online - 2455-3801
Print - 0974-2441

Research Article

DESIGN, SYNTHESIS, ANTI-CANCER ACTIVITY, AND MOLECULAR DOCKING STUDIES OF
LIGNAN-PYRROLE DERIVATIVES AS A JAK3 INHIBITOR

Vol 17, Issue 12, 2024

NISHA CHIRIAPANDA LOHITH?, RANJINI PUTTASWAMY?, DEVARAJU*

1Department of Chemistry, Yuvaraja’'s College, University of Mysuru, Mysuru, Karnataka, India. 2Department of Biotechnology,
SIR M V Government Science College, Badravati, Shivamogga, Karnataka, India.
*Corresponding author: Devaraju; Email: devarajuycm.01@gmail.com

Received: 12 October 2024, Revised and Accepted: 25 November 2024

ABSTRACT

Objectives: The aim of the study was to predict the interaction patterns between poly (ADP-ribose) polymerase (PARP), vascular endothelial growth
factor receptor (VEGFR1), and Janus kinase 3 (JAK3) with LIGNAN-pyrrole derivatives using molecular docking studies. In vitro anti-cancer activity
of LIGNAN-pyrrole derivatives on HeLa cells.

Methods: The key proteins such as PARP, Rad18, VEGFR1, JAK3, alpha-beta tubulin, SarA, Rad6, VEGFR2, leukocyte type core 2 beta 1,
6-N-acetylglucosaminyltransferase,and epidermal growth factor receptor kinase domain were retrieved from the protein data bank. The effect of
compounds on cell proliferation of HeLa cells was determined by MTT assay. The cell was treated with or without compound and was incubated for
48 h.

Results: The cytotoxicity assay was performed for the initial screening of LIGNAN-pyrrole derivatives. Among the tested molecules, compound 4b
emerged to be potent against HeLa cells at lower concentrations.

Conclusion: Molecular docking studies revealed that the screened compounds are found to be good PARP, VEGFR1, and JAK3 inhibitors. In vitro
screening proved that the compounds can be good antiproliferative agents.
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INTRODUCTION

One of the serious problems that the global health system facing today
is to combat cancer in effective manner [1,2]. Cancer is a disease with
uncontrolled growth and spread of cells, these proliferating cells
rapidly divide and miscommunicate among cells and end up with DNA
damage [3-5]. Blood, breast, lung, prostate, and colon cancers are most
common among different types of cancer [6]. All of these cancers are
considered the most aggressive and life-threateing malignancies.
Although they are sensitive to chemotherapeutic agents, there are only
limited effective chemical entities that are presently used [7,8]. Janus
kinase 3 (JAK3) signaling pathway plays a key role in the pathogenesis of
human cancer [9]. Vascular endothelial growth factor receptor (VEGFR)
is typical tyrosine kinase receptors closely linked to angiogenesis
regulatory systems and they are important target for anti-angiogenic
therapy in cancer [10]. Poly(ADP-ribose) polymerase (PARP) is a
protein involved in DNA repair of single strand breaks, makeing them
an interesting target for cancer therapy. PARP inhibitors specifically
target cancer cells in BRCA-mutation cancer cells over normal cells [11].
In general, targeting JAK3 signaling, VEGFR and PARP through small
molecule inhibitors could be an ideal approach to fight against cancer.

Smallmoleculeinhibitors have becomethe prime source fortheinvention
of new drug molecules [12-17]. Specific molecules with pyrrole ring play
an important role in medicinal and bio-organic chemistry as theirnuclei
are present in many natural products [18,19]. They serve as precursors
to construct lot of pharmaceutical agents and interestingly many drugs,
especially anti-cancer drugs such as sunitinib, neolamellari, ulixertinib,
prodigiosin, semaxanib, orantinib, vorolanib, and toceranib (Fig. 1)
contain pyrrole core [20]. Many efforts have been made to construct
pyrrole-based bioactive compounds includingcycloaddition, simple
cyclization, and cyclocondensation reactions catalyzed by various

catalysts from different synthetic building blocks [21]. Despite of being
very good bioactive nucleus, there are very few methods have been
reported to construct highly substituted pyrrole derivatives. Recently,
we have reported a highly efficient transition metal-free regioselective
synthesis of 2,3,5-trisubstituted-pyrroles from the corresponding
B-enaminone building blocks [22].

In continuing synthetic efforts [23-32] to further explore the
synthetic potential of carbonyl compound precursors, we herein
report the selective reactivity of 1,4-dicarbonyl compound toward
nucleophilic amines. In continuation of identifying new biologically
active scaffolds [33-40], we have screened the synthesized LIGNAN-
pyrrole derivatives for their cytotoxicity effect against human cervical
cancer HeLa cell lines and evaluated their antiproliferative property
against Hela cells using MTT assay. The IC,, values suggested that
the compounds are sensitive to tested cell lines. To understand the
mechanism of action in further, we have docked these compounds
against various key proteins such as PARP, Rad18, VEGFR1, and JAK3.
Results indicated that the synthesized compounds have potential to
become PARP, VEGFR1, and JAK3 inhibitors.

METHODS

General

The reactions were observed through thin-layer chromatography (TLC)
using silica gel G/UV-254 precoated sheets. Measured melting points
were reported without any corrections. The 'H and *C nuclear magnetic
resonance (NMR) were obtained in BRUKER amx Fourier transform
NMR spectrometer with operating frequencies of 400 and 100 MHz.
Separation was performed using column chromatography with 60-120
mesh silica gel. Required 1,4-dicarbaldehyde 1 was prepared according
to the reported methods.
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Fig. 1: Pyrrole containing anticancer drug molecules

General procedure for the preparation of compounds 3a-c
Compound 1 (5 mmoL) and aniline 2a or methyl amine 2b (5 mmoL)
or paratrifluoromethyl aniline (5 mmoL) were dissolved in toluene
(25 mL) in round-bottom flask and refluxed for 6 h (monitored by TLC).
The solvent was evaporated under reduced pressure and the residue
was diluted with dichloromethane and water. The organic layer was
washed with brine and evaporated to give crude products which were
purified by column chromatography.

General procedure for the preparation of title compounds 4a-c
Compounds 3a-c (1.0 mmoL) and Pd/C (10 wt% of 10% Pd/C) were
taken in methanol (15 mL). The reaction mixture was kept for 8 h at
room temperature in a hydrogen atmosphere and the reaction was
monitored by TLC. The reaction mixture was filtered and the solvent
was removed and diluted with dichloromethane and water. The
separated organic layer was concentrated to give crude products 4a-c
which were purified by column chromatography.

Characterisation data of compounds
4,4’-((1-phenyl-1H-pyrrole-3,4-diyl)bis(methylene))bis(2,6-
dimethoxyphenol) (4a)

Off white solid; "H NMR (400 MHz, CDCL,) § 2.95-2.89 (m, 4H), 3.72 (s,
12H), 6.676 (s, 4H), 7.63-7.59 (m, 3H), 7.76-7.71 (m, 2H), 8.82 (s, 2H),;
13C NMR (100 MHz, CDCIS) § 48.17, 56.21, 126.0, 127.3, 127.6, 127.7,
127.9,129.0,129.07,129.3,132.6.

4,4’-((1-methyl-1H-pyrrole-3,4-diyl)bis(methylene))bis(2,6-
dimethoxyphenol) (4b)

Brown solid; 'H NMR (400 MHz, CDClL) § 2.32 (s, 3H), 2.94-2.88 (m,
4H), 3.71 (s, 12H), 6.68 (s, 4H), 8.79 (s, 2H); *C NMR (100 MHz, CDCL,)
§23.1,48.17,56.21,122.6,126.3,129.0, 131.0, 132.1.

4,4’-((1-(4-(trifluoromethyl)phenyl)-1H-pyrrole-3,4-diyl)bis(methylene))
bis(2,6 dimethoxyphenol) (4c)

Pure white solid; 'H NMR (400 MHz, CDC,) § 2.91-2.85 (m, 4H), 3.82 (s,
12H), 6.67 (s, 4H), 7.23-7.21 (d, ] = 7.2 Hz, 2H), 7.54-7.53 (d, ] = 7.2 Hz,
2H), 8.59 (s, 2H); *C NMR (100 MHz, CDCl,) § 47.1, 55.1, 125.5, 125.6,
125.7,128.4,128.5,129.8,130.8, 135.4, 135.5, 136.1, 136.6, 136.8.

MTT assay

The effect of compounds on cell proliferation of HeLa cells was
determined by MTT assay. The cell was treated with or without
compound and was incubated for 48 h. MTT reagent (5 mg/mL) was
added and colored change due to proliferation cell was estimated.

Molecular docking

Molecular docking is one of the key methods in medicinal chemistry.
The goal of ligand-protein docking is to forecast the dominant
binding mode(s) of a ligand with a targeted protein having a known
three-dimensional structure [41,42]. The key proteins such as PARP,
Rad18, VEGFR1, JAK3, alpha-beta tubulin, SarA, Rad6, VEGFR2,
leukocyte type core 2 betal,6-N-acetylglucosaminyltransferase
(C2GnT-L), and epidermal growth factor receptor (EGFR) kinase
domain [43,44] were retrieved from the protein data bank. Water
molecules from proteins were removed beyond 5 A from the hetero
atom, respectively, and catalytical water molecules were kept at
the active site during protein preparation wizard and Optimized
Potentials for Liquid Simulations-2005 (OPLS_2005) force
field [45,46] was applied to the pre-processing of protein. After
the protein was prepared, a grid generation was computed with a
distance of 20 A from the active site. The ligand structures 4a, 4b,
and 4c were drawn using a 2D sketcher and energy minimize was
computed by applying OPLS_2005. Using extra-precision docking
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was docked into the receptor grid of radii 20 A and the docking
calculation was judged based on the docking score and hydrogen
bond interactions.

Molecular mechanics-generalized born surface area (MM/GBSA)
The docked posture of the ligand was rescored using MM/GBSA.
Because they are less computationally intensive than alchemical
free energy methods and more accurate than most scoring functions
of molecular docking, MM/GBSA is a routine method for predicting
binding free energies. The energy of optimized free receptors, a free
ligand, and a combination of the ligand and a receptor are all calculated
by prime MM/GBSA [47].

Molecular dynamic simulations (MDSs)

MDS was operated out on a 64-bit Ubuntu 20.04 platform. MDSs for
the compounds 4a, 4b, and 4c were carried out against JAK3, VEGFR1,
and PARP which are the top scorer in molecular docking and MMGBSA
were chosen for MDSs. For JAK3, the system was neutralized with the
Na* ions (53.213 mM, with a charge of +31), and Cl' (51.497 mM, with
a charge of -30) was added to the system. In the case of VEGFR1, the
system was neutralized with the Na* ions (50.149 mM, with a charge
of +27), and Cl' (63.151 mM, with a charge of -34) was added to
the system. For PARP, the system was neutralized with the Na* ions
(50.737 mM, with a charge of +34), and Cl' (52.229 mM, with a charge
of -35) was added to the system. The simulation was carried out
throughout 100 ns [48,49].

RESULTS

Synthesis of LIGNAN-pyrrole derivatives 4a-c

The synthetic potential of 1,4-dialdehyde precursor has been further
explored for heterocyclic synthesis. Previously we have synthesized
2,3,5-tri substituted pyrrole derivatives majorly limited to an electron-
withdrawing group (ester and cyano) substitution at the 2" carbon
atom in the pyrrole ring [22]. Formation of 2,3,5-tri substituted pyrroles
with different aryl and/or heteroaryl groups on pyrrole ring were not
satisfactory in the reported method. Since ester and cyano groups
can easily undergo hydrolysis under physiological conditions, we are
thinking of installing stable substituents even on the second position
of pyrrole moiety in the form of aryl or heteroaryl groups, thereby
increasing the bioavailability of the compounds. In the present study,
we are constructing pyrrole ring in the LIGNAN structure with aryl/
alkyl groups on nitrogen atom of pyrrole ring using different aryl/
methyl amines. Condensation of aniline 2a, methylamine 2b and
paratrifluoromethyl aniline 2c¢ with 1,4-dicarbaldehyde 1 underwent
smoothly in toluene solvent under reflux condition to give corresponding
intermediates 3a-c, which upon debenzylation reaction in presence of
Pd/C and hydrogen atmosphere at room temperature to produce the
title compounds 4a-c in good yields as shown in Scheme 1 and Table 1.

DISCUSSION

Compounds 4a, 4b, and 4c induces cytotoxicity on HeLa cell lines
Inhibition of cell proliferationisakey phenomenon for chemotherapeutic
agents. In the current study, we have tested the anti-proliferative and
cytotoxicity effect of compounds 4a, 4b, and 4c against human cervical
cancer Hela cells. The obtained IC,, values against HeLa cell lines
were assessed by MTT assay (Fig. 2a and b). It is apparent from the
results that HeLa cell lines were sensitive to compounds 4a, 4b, and
4c which have repressed the proliferative efficiency in HeLa cell lines
and showed a significant reduction in cell viability compared to positive
control upon treatment with 4a-c.

Molecular docking studies

Drug design techniques are becoming more and more interested
in molecular docking, particularly in light of its notable potential
for carrying out effective virtual screening campaigns [50]. A large
chemical library may be simulated on a large panel of targets using
the current computational resources in a reasonable amount of time,
and these exceptionally long simulations seem to be particularly
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Table 1: Synthesis of LIGNAN-pyrroles 4a-c from 1,4-dicarbonyl
compound 1
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useful for multi-target ligand design as well as repurposing research.
Therefore, key proteins which come across better anti-cancer activity
were chosen for molecular docking to study its inhibition with the
potent ligands followed by MM/GBSA and molecular dynamics
studies to investigate the possible binding geometry of the ligand.
The geometrical binding pose of the potent ligand was predicted by
a molecular docking investigation for the ligand. A molecular docking
study revealed that the ligand 4a, 4b, and 4c are very potent against
key proteins listed in Tables 2a and b. Ligand 4a occupied the ATP
binding site of JAK3 with a promising docking score of =9.7 kcaL/moL
(Table 2a), whereas ligand 4b binds tightly to VEGFR1 with a docking
score of -9.1 kcaL./moL. Ligand 4c interacts with PARP with a docking
score of -8.15 kcalL/moL. These ligands with respective targeted
proteins are the key mediators for progression of cancer with the
promising molecular dock scores. When these ligands 4a, 4b, and
4c were further screened for the other key proteins such as alpha-
beta tubulin, SarA, Rad6, VEGFR2, C2GnT-L, and EGFR kinase domain
to check its efficiency, these ligands 4a, 4b, and 4c were poorly
interacted (Table 2b). To validate the molecular docking scores, we
performed MM/GBSA.
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Fig. 2: (a) Toxicity studies against HeLa cell lines. (b) IC values assessed by MTT assay

Table 2a: Molecular docking and MMGBSA for the compounds 4a, 4b, and 4c against various key proteins such
as PARP, Rad18, VEGFR1, and JAK3

PDBID Ligands Molecular docking (kcaL/moL) MMGBSA AG bind (kcaL/moL)
Docking score Glide energy HBond Total Coulomb Hbond Lipo Packing vdW
2RCW 4a -7.71 -48.64 -2.21 -44.96 -3.87 -0.61 -25.41 -2.66 -42.02
4b -6.77 -41.78 -0.41 -50.18 -16.06 -1.14 -24.20 -3.95 -44.43
4c -8.15 -52.70 -0.48 -53.79 2.50 -0.89 -24.44 -2.98 -46.95
2YBF 4a -4.15 -33.69 -1.07 -38.57 0.58 -1.75 -11.57 -0.32 -32.87
4b -3.03 -27.30 -1.40 -31.98 -14.55 -1.90 -8.49 -1.72 -25.29
4c -4.14 -34.76 -1.04 -29.97 -10.94 -1.63 -10.75 -0.84 -23.74
3HNG 4a -7.57 -48.06 -0.48 -49.47 2.69 -1.15 -27.14 -0.65 -37.83
4b -9.10 -54.31 -0.93 -49.80 -13.43 -1.39 -26.76 -0.67 -48.17
4c -7.06 -51.24 0.00 -57.39 10.55 -2.03 -17.89 0.00 -60.47
3PJC 4a -9.70 -43.47 -0.89 -51.15 -4.71 -1.09 -18.85 -1.07 -41.93
4b -6.88 -34.12 0.00 -38.33 -2.55 -0.06 -17.65 -0.10 -40.83
4c -8.70 -50.75 -0.48 -62.46 8.13 -0.66 -18.41 -0.88 -52.16

PARP: Poly (ADP-ribose) polymerase, VEGFR1: Vascular endothelial growth factor receptor, JAK3: Janus kinase 3

Table 2b: Molecular docking for the compounds 4a, 4b, and 4c against various key proteins such as alpha-beta tubulin, SarA, Rad6,
VEGFR2, Leukocyte type core 2 betal,6-N-acetylglucosaminyltransferase and EGFR kinase domain

PDB ID Ligands Molecular docking (kcaL/moL) PDB ID Ligands Molecular docking (kcaL/moL)
Docking score  Glide energy HBond Docking score Glide energy ~ HBond
2YB6 4a -3.62 -32.59 -1.60 1Y6A 4a -7.91 -46.74 -0.48
4b -2.59 -30.13 -1.33 4b -7.81 -44.44 -1.63
4c -3.28 -32.48 -0.45 4c -8.38 -40.91 -0.70
1TVK 4a -5.88 -47.59 -0.55 2ITY 4a -5.37 -41.24 -1.45
4b -5.90 -45.21 -1.06 4b -6.47 -42.45 -1.18
4c -5.86 -43.66 -1.44 4c -5.83 -44.55 -0.62
2FNP 4a -5.31 -46.40 -1.27 2GAM 4a -4.48 -41.23 -0.48
4b -3.73 -42.85 -0.88 4b -5.14 -39.44 -0.95
4c -4.13 -48.12 -0.92 4c -4.55 -48.58 -0.98

EGFR: Epidermal growth factor receptor, VEGFR2: Vascular endothelial growth factor receptor
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Fig. 3: Graphical representation of root-mean-square deviation (RMSD) for compound 4a with active site residues of Janus kinase 3
(JAK3) (Protein and ligand RMSD) during molecular dynamic simulation (MDS) (a). The structure of compound 4a (b). Protein secondary
structure elements (SSE) distribution and its SSE assignment over time (c). Bar chart of 4a interacting with JAK3 near the putative active
site pocket through a hydrogen bond, ionic bond, hydrophobic interactions and water bridges (d) and the number along with the strength

of contact point of the compound 4a with JAK3 is depicted with color-coded scale bar throughout the MDS upto 100 ns (e)

MM/GBSA solvation
MM/GBSA is a method employed to determine the binding energies
of protein-ligand complexes, which are important thermodynamic
and desolvation factors. The favorable energies during binding are
primarily due to Van der Waals and non-polar solvation effects exerted
by the ligand. However, the binding process is hindered by polar
solvation. The MM/GBSA scoring, which involves evaluating the binding
of an individual ligand to a specific macromolecule, often correlates
well with biological activity data obtained from a diverse set of ligands.
The results were quantified in terms of AG binding energy, AG
AG AG AG and AG

(Covalent energy)” (Hbond)” (Lipo)” (vdw)

(Table 1).

(Coulomb)”
involved in the interaction

AG[bind)zAG(solv]+AE[MM)+AG(SA)
where:
* AG,,is the difference in GBSA solvation energy of the protein-

inhibitor complex and the sum of the solvation energies for
unliganded protein and inhibitor.

° AE:[MM]
inhibitor complex and the sum of the energies of the unliganded
protein and inhibitor.

° AG[SA)
the sum of the surface area energies for the unliganded protein and

inhibitor.

is a difference in the minimized energies between protein

is a difference in the surface area energies of the complex and
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Fig. 4: Graphical representation of root-mean-square deviation (RMSD) for compound 4b with active site residues of vascular endothelial
growth factor receptor (VEGFR1) (Protein and ligand RMSD) during molecular dynamic simulation (MDS) (a). The structure of compound
4b (b). Protein secondary structure elements (SSE) distribution and its SSE assignment over time (c). Bar chart of compound 4b
interacting with VEGFR1 near the putative active site pocket through a hydrogen bond, ionic bond, hydrophobic interactions and water
bridges (d) and the number along with the strength of contact point of the compound 4b with VEGFR1 is depicted with color-coded scale
bar throughout the MDS upto 100 ns (e)

Among the calculated energies for ligands 4a, 4b, and 4c are the most
active compounds against JAK3, VEGFR1, and PARP with higher AG bind
values of -64.15, -49.8, and -53.79 kcaL/moL, respectively (Table 2a).
Hence, ligands 4a, 4b, and 4c against JAK3, VEGFR1, and PARP were
further subjected to MDS, to under the protein and ligand dynamics in a
complex with respect to time.

MDSs
JAK3

In this study, MDS was conducted to examine the alterations in
protein structure during the simulation of the protein-ligand complex

docking. The purpose of using Desmond was to stabilize the system
by attaining a steady conformation, especially if the initial structure
was energetically unstable. Therefore, in this particular investigation,
MDS was carried out on the docked complexes of compound 4a with
JAK3 (Fig. 3), and the complex was slightly stable throughout the MDS
with conformational changes in the protein when the compound 4a
is bound to JAK3 (Fig. 3a). The structure of compound 4a (Fig. 3b).
It is also observed that when the MDS started at constant pressure
and temperature the protein secondary structure of JAK3 undergo
conformational changes in its secondary structure which is given
as, alpha-helix (31.52%), and f-strands (14.46%) fluctuated very

69



Lohith et al.

Asian ] Pharm Clin Res, Vol 17, Issue 12, 2024, 64-72

4o EECo
W (Lig) fit on Prot

(V) aSwy puebn

au_wog | e o I

LY 227 4 ¥ riane

0 20 0

E Time (nsec)

© “
a Time (nsec) b
100
% a-Helix =29.80
% B-Strand =20.48 a
b
% Total SSE = 50.28 ~
% 50 100 150 200 2350 300 30
Residue index
1 H-Bonds
10 = T Vator Bridg
- onic
§ 08
-
§ 0.6
g 0.4
02 = l \
0.0 = ‘ L

> & O A > S A
ST T A S P S A

PSS g R )
m <06)‘**,09,",.'9\"4,.&,#’,‘,9,’9,‘9,&,(;,&?&?&,y‘)&?‘&?&,

> 5

u s 1HIE-en simaiml ¢

60 80 100

Fig. 5: Graphical representation of root-mean-square deviation (RMSD) for compound 4c with active site residues of poly (ADP-ribose)
polymerase (PARP) (Protein and ligand RMSD) during molecular dynamic simulation (MDS) (a). The structure of compound 4c (b).
Protein secondary structure elements (SSE) distribution and its SSE assignment over time (c). Bar chart of compound 4c interacting with
PARP near the putative active site pocket through a hydrogen bond, ionic bond, hydrophobic interactions and water bridges (d) and the
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randomly, causing random changes in the protein resulting in the
distortion of the binding site, thereby abolishing the activity of JAK3
(Fig. 3c). Normalized stacked bar chart of ligand 4a interacting
with JAK3 near the putative active site pocket through hydrophobic,
hydrogen bonding along with water bridges (Fig. 3d) and the number
along with the strength of contact point of the ligand 4a with JAK3 is
depicted with the color-coded scale bar wherein it is observed that
Glu871very close interaction with ligand 4a with the interaction
strength of 38% (Fig. 3e).

VEGFR1

Ligand 4b complexed with VEGFR1 was used to analysis its stability
using MDSs (Fig. 4). The protein-ligand RMSD results depicted that
the complex of Ligand 4b - VEGFR1 was stable throughout the MDSs

with acceptable fluctuations from 0.8 to 2.8 A (Fig. 4a). The structure
of compound 4b (Fig. 4b). Protein secondary structure of VEGFR1
undergo conformational changes in its secondary structure which
is given as, alpha-helix (29.46%), and -strands (15.0%) fluctuated
very randomly, causing random changes in the protein resulting
in the distortion of the binding site, thereby abolishing the activity
of VEGFR1 (Fig. 4c). Normalized stacked bar chart of ligand 4b
interacting with VEGFR1 near the putative active site pocket through
hydrophobic, hydrogen bonding along with water bridges (Fig. 4d)
and the number along with the strength of contact point of the ligand
4b with VEGFR1 is depicted with the color-coded scale bar wherein
it is observed that Glu878, Glu910, Phe1041, and Ala1044 very close
interaction with ligand 4b which is observed throughout the MDSs
(Fig. 4e).
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PARP

Ligand 4c complexed with PARP was used to analysis its stability
using MDSs (Fig. 5). The protein-ligand RMSD results depicted that
the complex of Ligand 4c-PARP was stable throughout the MDSs
(Fig. 5a). The structure of compound 4c (Fig. 5b), ligand 4c occupies
the binding site of potent inhibitor A620223. The secondary structure
of PARP when bound to ligand 4c¢ induced conformational changes
in its alpha-helix (29.8%), and B-strands (20.48%), causing random
changes in the protein resulting in the distortion of the binding site,
thereby abolishing the activity of PARP (Fig. 5¢). Normalized stacked
bar chart of ligand 4c interacting with PARP near the putative active
site pocket through ionic, hydrophobic, hydrogen bonding along with
water bridges (Fig. 5d) and the number along with the strength of
contact point of the ligand 4c with PARP is depicted with the color-
coded scale bar wherein it is observed that Glu102, Gly227 and Tyr235
very close interaction with ligand 4c which is observed throughout the
MDSs (Fig. 5e).

CONCLUSION

In summary, we have attempted transition metal-free facile synthesis
of LIGNAN-pyrrole derivatives in simple and short synthetic routes. We
were able to attach pyrrole core into LIGNAN molecule with alkyl and
aryl substitution on pyrrole ring. The cytotoxicity assay was performed
for the initial evaluation of LIGNAN-pyrrole derivatives. Among the
tested compounds, 4b was emerged to be potent against HeLa cell lines
at lower concentrations. Further molecular docking studies revealed that
the screened compounds are found to be good PARP, VEGFR1, and JAK3
inhibitors.
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