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Abstract

New N-acetyl-para-aminophenol (APAP) based analogs were designed, and primarily screened (In silico) for
predicting their theoretical binding affinities with tyrosine kinase and poly(ADP-ribose) polymerase-1 (PARP-1)
enzymes which mainly used as a targets for cancer treatment. The new analogs were designed by including pyrazole
moiety into APAP to get the final compounds [p1-p7]. The intermediate chalcone derivative was compound [c]. The
computational approaches comprising ADME evaluations were done by means of the SwissADME website to expect
the pharmacokinetic properties of the new compounds. The outcomes presented that all compounds passively and
extremely absorbed from the GIT. Moreover, all theoretically designed compounds fulfilled the Lipinski rule of five
(RO5). GOLD suite software (v. 2021.3.0) were also used to test the compounds selectivity to EGFR and PARP1
proteins. The ligand's interaction with EGFR protein showed promising activity for compounds (p1, p6, p7) by
binding with amino acid (AAs) in the active pocket with more PLP fitness values than the reference erlotinib.
Meanwhile, for the PARP1 enzyme, the compounds (p1, p3, and p6) showed PLP fitness values more than the
reference. Compounds (pl & p6) give favorable results for both proteins [EGFR, and PARP1]. The current study's
findings support the compounds' relevance as prospective candidates intended for the treatment of cancer, which
may aid pharmaceutical professionals to design and synthesis of stronger compounds in the future. Furthermore, the
study encouraged in vivo and in vitro assessment studies for the proposed developed compounds in order to validate
the computational findings.
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Introduction (EGFR) family have been identified as some of the
Cancer is defined by abnormal cell cycle most significant cancer molecular targets known to

progression and fast proliferation of normal cells. date (5,6). Overexpression of EGFR proteins has
Cancer has been designated as the world's second been observed in a variety of human malignancies,
leading cause of death, behind only cardiovascular including those of the breast, ovary, and kidney but
disease. (1,2). Cancers develop due to a mMoOre frequently in lung cancers (7). The poly
combination of hereditary and environmental (ADP-ribose) polymerase-1 (PARP-1) enzyme is
causes (3). In recent years, a new era of cancer another protein that has been exploited as a target
treatment has emerged, focusing on the transition i cancer treatment. (8).

from cytotoxic to targeted molecular medicines(4).

Members of the epidermal growth factor receptor
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Interestingly, overexpression of this protein has
been seen in a diversity of cancer cells, including
melanomas, and glioblastoma breast and ovarian
cancer cells. However, PARP1 high levels were
associated with triple-negative breast cancer
(TNBC) (7,9).

Due to increasing the incidence of various types of
cancer, studies on the anti-cancer properties of
pyrazole and chalcone derivatives appear to be of
particular interest (10).

Computational chemistry concepts for instance
computer-aided drug design (CADD) may minimize
the time required to find novel compounds while
simultaneously lowering the cost of synthesis
(11,12). Molecular docking is a CADD technique
that expects a molecule's binding affinity in
addition to the optimal binding pose with the active
pocket of a target (receptor), which is critical for
performing structure-based drug design (SBDD)
(10,13).

The goal of this study was to use a molecular
docking strategy to virtual screen new pyrazole and
chalcone derivatives with EGFR and poly
(ADP-ribose) polymerase-1 proteins as the target
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Scheme 1. Hypothesized synthetic pathway of compounds [c] and [p1-p7]

Computational Methods
In-silico Pharmacokinetic Predictions

The SwissADME website was used to determine
pharmacokinetic or ADME (Absorption,

and to recognize a promising lead molecule as a
template to create novel hypothetical compounds
with higher binding affinities and superior
molecular interactions with the target. Moreover,
the compounds' drug-likeness properties &
(ADME) absorption, distribution, metabolism, and
excretion were assessed (in-silico). The other
evaluations were physicochemical aspects of a
molecule, for instance, saturation, solubility,
lipophilicity, polarity, size, and flexibility, which
provide essential evidence about if the molecule
may be used as a drug at an initial stage of
development.

Methodology
Chemical Synthesis

The assumed synthesis pathway for the
intermediate chalcone derivative compound [c] and
the final compounds [pl-p7], is derived from

N-acetyl-para-aminophenol  (APAP), as the
following scheme:
H
H ~ /\/@
NaOH N\«C\ X
Ethanol 0 H
HO
[c]
Hydrazine derivatves
H
N X
\
/©/ N—N‘
HO R =
[p1 'p7] p1: 'C6H6

p2=-H
p3=-C4H;COOH
p4=-CONH,
p5=CSNH,
p6:-COC6H50H
p7:COC6H5NH2

Distribution, Metabolism, and Excretion)

investigations along with other physicochemical
aspects of our designed compounds.
The chemical structure of newly designed

elSSN 1303-5150

www.neuroquantology.com



NeuroQuantology | July 2022 | Volume 20 | Issue 8 | Page 1104-1113| doi: 10.14704/nq.2022.20.8.NQ44121
Jessica Shlimoon Hanna / In-silico Molecular Docking & ADME/Pharmacokinetic Prediction Studies of Some New Chalcone & Pyrazole Derivatives from N-

acetyl-para-aminophenol: Promising as Anticancer Agents

compounds was drawn in chemAxon’s Marvin ]S
and then transformed into the SMILE name.

Small molecules' lipophilicity and polarity are
determined using BOILLED EGG (14,15).

Molecular Docking and Virtual Screening

Docking tests were carried out utilizing a full
license of GOLD [Genetic Optimization for Ligand
Docking] (v.2021.3.0), a Cambridge
Crystallographic Data Center software (CCDC) (16).
Molecular docking studies are an important
technique for the discovery of novel drugs since
they predict affinity, contact with receptors, and,
most importantly, biological activity (17).

The CCDC GOLD Suite (v. 2021.3.0) includes
Hermes visualizer software (v. 2021.3.0), which is
used to help prepare input files for docking with
GOLD. Additionally, visualize the receptors, ligands,
interaction type (H-bond, hydrophobic...etc.), active
site, bond length determination, position
prediction, and obtain photos.

Ligand and Receptor Preparation

The molecular structure of our ligands was
sketched using ChemDraw professional (v.16.0)
software. The energy of our molecules was then
minimized using Chem3D (v.16.0) software via the
MM2 force field.

The new compounds were docked utilizing the (3D)
three-dimensional structures of two active targets:
the crystal configuration of EGFR receptor (PDB
code: 1M17) complexed with erlotinib and the
crystal configuration of PARP1 protein (PDB code:
5HA9) complexed with TPO reference ligand. The
receptors are supplied from the protein data
bank (PDB) website into GOLD's Hermes. To
validate the docking technique, the co-crystalized
ligands were re-docked.

Polar Hydrogen-atoms were also introduced for
precise tautomeric states and ionization of AAs
residues. The EGFR kinase receptor and PARP1
proteins' structures are then constructed by
eliminating the crystallographic water molecules
that aren't engaged in the active site. In addition,
the original ligands were extracted from the
receptor's active site.

Molecular Docking Protocol

The receptors are docked using the Hermes
visualizer tool from the CCDC GOLD package. The
binding site is determined by the initial ligand

interaction location. For the docking method, the
protein-binding site with all of the protein residues
discovered inside the (10A°) of the reference ligand
was used.

All parameters utilized throughout the docking
method were set to default. The number of
generated postures was set to ten, and the
top-ranked solution was retained as the default;
also, the early cessation option was inactivated. As
a configuration template, Chemscore kinase was
employed. As a scoring function, the piecewise
linear potential (ChemPLP) is used.

The results were then saved as mol.2 files. This
information includes the optimum binding method,
binding free energy, and docked postures. These
outcomes were carefully examined to determine
the optimal binding and interaction of our
proposed ligand with receptor amino acid residues
(EGFR and PARP1).

Results and Discussion
Chemical Synthesis

The new analogs were designed by including
pyrazole moiety into N-acetyl-para-aminophenol
(APAP) to get the final compounds [pl-p7]. The
intermediate chalcone derivative was compound
[c]- The anticancer activity of chalcone and pyrazole
moieties was proved in many research(18,19). The
hypothesized synthetic pathway that might be used
in the future is shown in scheme (1). The targeted
Compounds were designed based on a research
article (20,21).

ADME Results Interpretation

SwissADME server (14) was used for in silico
prediction of the physicochemical and ADME
properties of designed compounds. It is a
supportive and inexpensive method to detect the
ADME properties before synthesis and biological
testing and to exclude ligands inadequate with an
acceptable pharmacokinetic profile (15).

These parameters include the topological polar
surface area (TPSA), used to assess a drug's
capacity to permeate cells, compounds with
TPSA<140A2 that indicate high permeability and
bioavailability (22). Outcomes revealed that all
compounds have TPSA <140A2 ranging from
(47.86-105.97) Az However, all the compounds
fulfilled the classical descriptor for lipophilicity
(log Po/w). Meanwhile, molar solubility (log S) in
water ranges from moderate soluble to poor
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solubility. All the ligands are expected to passively
and highly absorb from The GIT.

Another useful molecular descriptor is Lipinski’s
“rule of five” (RO5) briefly states that compounds
should have a molecular mass of < 500 Daltons,
<5 H-bond donors, <10 H-bond acceptors, and log p
<5 (octanol-water partition coefficient) to be
absorbed orally otherwise will have poor
bioavailability and permeability(23). Our results
showed that all designed compounds satisfy the
RO5 as shown in table (1). Additionally, the

Table 1. ADME results of the designed compounds

bioavailability score of all ligands was 0.55.

The BOILED-EGG for designed compounds is
represented in figure (1). Illustrate that the
compounds do not permeate BBB which is
Compounds [p3, p4, p5, p6, and p7], on other hand
passively and highly absorbed from GIT.
Compounds [c, pl, p2, p3, and p6] in red dots are
not to be transferred out of the cells of the CNS by
P-glycoprotein, meanwhile, compounds [p4, p5, p7]
in blue dots are to be transferred out from CNS by
P-glycoprotein.

Comp. | H- H- MR TPSA | GI BBB Bio- Lipinski
donor | acceptor Abs. | permeability | availability | violation
c 2 2 81.53 | 49.33 | High | yes 0.55 0
p1 2 2 118.56 | 47.86 | High | yes 0.55 1[MLOGP>4.15]
p2 3 2 93.42 | 56.65 | High | yes 0.55 0
p3 3 3 101.62 | 90.95 | High | No 0.55 0
p4 3 3 101.62 | 90.95 | High | No 0.55 0
p5 3 2 108.82 | 105.97 | High | No 0.55 0
P6 3 4 125.25 | 85.16 | High | No 0.55 0
P7 3 3 127.63 | 90.95 | High | No 0.55 0

Figure 1. BOILED-EGG for designed compounds. Yellow ovule (yolk): Are molecules expected passively cross through blood brain barriers.
White ovule (white): Are molecules expected passively absorb by the GIT. PGP+: Blue dots are for molecules expected to be effluated by the
P-glycoprotein (P-gp) from the CNS. PGP-: Red dots are for molecules expected not to be effluated by the P-glycoprotein (P-gp) from the CNS

Interpretation of Docking Results

GOLD define as “Genetic algorithm for docking
flexible ligands into protein binding sites”(24).
Generally, GOLD predict the pose and gives
exceptional outcomes for virtual screening(16).
GOLD is part of the GOLD suite, that comprises
further software such as Hermes, CSD python,

mercury, ConQuest.. etc.

Energy optimization methods were used to locate
stable and minimum energy conformation by
changing the geometry of the structure.

The docking studies result in the prediction of
binding energies and selectivity of the designed
compounds to proteins e.g. (EGFR, PARP1) through
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studying the molecular interaction between the
active binding sites of the proteins, and designed
compounds.

The EGFR and PARP1 inhibitory activities of
intended compounds, erlotinib, and TPO, were
ranked based on their PLP fitness included in the
complex formation at the active sites. Tables (2)
and (3) show The PLP fitness of the docked
compounds on EGFR, and PARP1 proteins,
respectively.

GOLD software also gives the distance of hydrogen
bonding between our designed ligands and a
specific protein as well as all bonds length was
<3A2(17).

Docking solutions reveal that the intended
compounds have appropriate binding energies with
the receptor active site and likely promising action
with EGFR and PARP1 proteins because it binds to
the amino acids (AAs) residues in the active site via
H-bonds and other short contacts. However,

compounds [pl, p6, and p7] with EGFR protein
illustrate the highest PLP fitness value (73.13,
77.53, 73.48) respectively, and H-bonding with AAs
as demonstrated in Table (2).

All other ligands reveal less binding energies than
the reference Erlotinib give (71.5) PLP fitness value
and form H-bonding with AAs (Met769, Leu764).
Docking results for PARP1 protein show the most
important interaction inside the active site was for
compound p3 with (94.14) PLP fitness value which
forms H-bond with amino acids (ASP109, HIS201,
TYR28, ARG204, GLU102). Compounds (pl & p6)
also give high PLP fitness values (92.24, 91.98)
respectively than the reference ligand (TP0). There
were no H-bond contacts for the reference ligand
(TPO), only short contacts (3 contacts) with AAs
[TYR228, SER203, TYR246 (5)]. The best scoring of
the designed derivatives and reference control
were represented in Tables (2 & 3) & figures
(2 to 9) for EGFR & PARP1 proteins respectively.

Table 2. The PLP fitness for APAP analogs & the reference drug docked with EGFR

Compound | EGFR binding energy Amino acid included in H- | Amino acid included in a short contacts
(PLP fitness) bonding

C 58.14 Pro770 Leu764, Pro770

P1 73.13 Met769 Leu768(3)* Met769

P2 58.78 Met769 Met769, Val702, Leu764

P3 71.33 Met769 Met769, Ala719, Leu694, Leu768(3)*, Phe699

P4 66.39 Met769, Lys721, Asp831 Leu768(5)* Lys721, Asp831,Met769

P5 63.21 Met769 Lys721, Leu768(3)* Met769

P6 77.53 Met769 (2)* Leu764, Val702, GLY695, Lys721, Ala719, Thr766,
Ala719, Thr766 Leu764, GLY772, Met769 (2)

P7 73.48 Met769 Leu964(2)* Leu768(2)* Ala719, Leu820,

Met769
Erlotinib 71.5 Met769, Leu764 Met769, Leu764(2)

*Number in brackets denote to the number of bonds.

Table 3. The Binding Energies of APAP analogs docked with PARP1 receptor

Compound | PARP1binding energy (PLP | Amino acid included in H- Amino acid included in a short
fitness) bonding contacts
C 69.15 Ala219, ASP105, ASP109 ASP109, TYR228(5)
P1 92.24 GLY233(2), ALA219 ASP105, GLY233(4), HIS201(2),
SER243(2), TYR235, ALA219
p2 65.98 TYR28, ASN106 ASN106, ARG204, SER203(2), TYR264,
TYR235(4)
P3 94.14 ASP109, HIS201, TYR28, ASP109, HIS201, TYR28, ARG204,
ARG204, GLU102 ILE211
P4 79.98 TYR28, ASN106, SER243, MET299(2), SER243, TYR264, ASN106,
ASN206 SER203, GLY202
P5 79.48 TYR28, SER243 TYR28, SER243.MET229(2) ARG204,
SER203
P6 91.98 SER243, TRP200 GLU202, HIS201, SER243
P7 90.33 SER243, GLN98 GLN98
TPO 70.18 - TYR228, SER203, TYR246(5)

*Number in brackets denote to the number of bonds.
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Figure 2. The reference drug Erlotinib hydrogen bond and hydrophobic interaction with the EGFR protein (PDB code: 1M17). The interaction

between them via a hydrogen bond [Met769, Leu764] is indicated in green, while brief contact is indicated in red. [Erlotinib is administered in a
ball and stick fashion, whereas amino acids are administered as capped sticks]
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Figure 3. Show compound [P1] Hydrogen bond besides hydrophobic interaction with EGFR protein (PDB code: 1M17). The interaction between
them by Hydrogen bond [Met769] is indicated in green while for hydrophobic in red. [Compound [P1] is represented in ball and stick style,

whereas amino acids as capped sticks]

elSSN 1303-5150 www.neuroquantology.com




NeuroQuantology | July 2022 | Volume 20 | Issue 8 | Page 1104-1113| doi: 10.14704/nq.2022.20.8.NQ44121
Jessica Shlimoon Hanna / In-silico Molecular Docking & ADME/Pharmacokinetic Prediction Studies of Some New Chalcone & Pyrazole Derivatives from N-

acetyl-para-aminophenol: Promising as Anticancer Agents

»
TS ()
B v

&

Zi

— oV RALEIR G0
Tt ¥ N L
v L - TESESTEI ()
—

Va
\ ; .

N

e

.'ﬁ

. § —
~ ~ —

<

-

-

> -

/ I S
];:FL-G-I[AJ!

[
EATEEANTT O AN
— L8

\-.
- - 7 INTERILT 69 (A)
— | | RIHE: 6{[:\.] ()

N | ~ y byl
Nt s S MET7 694 “":_-

N [ B - e g
iy -r

\‘ﬁ,‘*

Figure 4. Show compound [P6] Hydrogen bond and hydrophobic interaction with EGFR protein (PDB code: 1M17). The contact between them by
Hydrogen bond [Met769 (2)* Leu764, Ala719, Thr766] indicates in a green whereas for hydrophobic in red. [Compound [P6]: ball and stick style,
1110

whereas amino acids as capped sticks]

METT 690w

GLY 7720 v

] MET 69708
BT 694 LELGTEAY
A
) ‘ .\ l

- 3 &y
T ANSIERDGNS N
GIY60511AT) = .
l ALATIS [,-x]' -

A
: ~

—
PN LN K (M) RIHRIG66 [A}]‘
>~

TALTRE)
. - ~

b

—

AR 6T
S ESE TEEN)

J

L

b,

AN
-

Figure 5. Show compound [P7] hydrogen bond and hydrophobic interaction with EGFR protein (PDB code: 1M17). The interaction between them
by Hydrogen bond [Met769] indicates in a green whereas for hydrophobic in red. [Compound [P7] is represented in ball and stick style, whereas

amino acids as capped sticks]
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Figure 6. Depicts the reference TP0's hydrogen bond and hydrophobic interaction with the PARP1 protein (PDB code: 5HA9). The interaction
between the reference and amino acid residues is indicated in red for hydrophobic. [TPO: ball and stick, whereas amino acids are in capped sticks] 1111
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Figure 7. Show compound [P1] Hydrogen bond and hydrophobic interaction with PARP1 protein (PDB code: 5SHA9). The contact between them
by Hydrogen bond [GLY233 (2), ALA219] denotes in a green whereas for hydrophobic in red. [Compound [P1] is represented in ball and stick

style, whereas amino acids as capped sticks]
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Figure 8. Show compound [P3] Hydrogen bond and hydrophobic interaction with PARP1 protein (PDB code 5SHA9). The contact between them by
Hydrogen bond [ASP109, HIS201, TYR28, ARG204, GLU102] denotes in a green whereas for hydrophobic in red. [Compound [P3] is represented in
ball and stick style, whereas amino acids as capped sticks] 1112

Figure 9. Show compound [P6] Hydrogen bond and hydrophobic interaction with PARP1 protein (PDB code: 5HA9). The contact between them
by Hydrogen bond [SER243, TRP200] denotes in a green whereas for hydrophobic in red. [Compound [P6] is represented in ball and stick style,
whereas amino acids as capped sticks]
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Conclusion

In conclusion, a new series of chalcone and
pyrazole derivatives [c, p1-p7] were designed from
N-acetyl-para-aminophenol. In Silico experiments
including ADME studies predicted that all designed
compounds passively and highly absorbed from the
GIT. Also, all the compounds fulfilled the RO5. The
docking studies for ligands interaction with EGFR
protein showed promising activity for compounds
(p1, p6, p7) by binding with AAs in the active
pocket with more PLP fitness values than the
reference erlotinib. Meanwhile, for PARP1 protein
the designed compounds (p1, p63, and p6) show
PLP fitness values more than the reference ligand.
Compounds (pl & p6) give favorable results for
both proteins [EGFR, and PARP1].
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