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ABSTRACT

The development of novel anticancer agents is essential in cancer
prevention. One versatile group of compounds, known for their significant
bioactivity and several of its derivatives that have been clinically approved, is
the group of pyrazolines. This study aimed to synthesize 1-formyl-2-
pyrazoline derivatives (pyrazolines 1-2) using chalcone 1-2, hydrazine
hydrate, and formic acid via cyclo-condensation. The synthesized compounds
were characterized using Fourier Transform Infrared (FTIR), Gas
Chromatography-Mass Spectrometry (GC-MS), and Nuclear Magnetic
Resonance (1H- and 13C-NMR) spectrometers. Pyrazolines 1-2 were found to
be drug-like compounds, satisfying Lipinski’s Rule of Five and possessing
favorable absorption, distribution, metabolism, and excretion (ADME)
properties, including good gastrointestinal absorption, blood-brain barrier
permeability, and no interaction with P-glycoprotein. Furthermore, they were
inactive against several toxicity endpoints in a normal body condition, such
as immunotoxicity, mutagenicity, and cytotoxicity. In vitro cytotoxic
evaluation of the pyrazolines 1-2 against HeLa and MCF7 cancer cell lines
demonstrated moderate activity, with ICso values of 25.01 pM and 82.87 uM,
respectively. Pyrazolines 1-2 also showed good selectivity with selectivity
index (SI) values of 892 and 14.45. The molecular docking study on
epidermal growth factor receptor tyrosine kinase (EGFR-TK) (PDB ID: 4H]O)
revealed that pyrazolines 1-2 had a binding affinity of -7.9 and -8.0 kcal/mo],
respectively. The compounds interacted with Lys721 residue through
hydrogen bonds and hydrophobic interactions due to the presence of the
pyrazoline ring and the formyl group in their structures. These findings
suggest that pyrazolines 1-2 scaffold has the potential to be further studied
as alead compound for anticancer drug candidates.
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INTRODUCTION

Cancer is a disease caused by the
uncontrollable growth of abnormal or damaged
cells, slowly spreading and invading other parts of
the body (Upadhyay, 2021). It is a leading cause of
death worldwide, with its incidence and mortality
rates increasing rapidly (Brennan & Davey-Smith,
2022). In 2020, an estimated 19.3 million new
cases and 10 million deaths were recorded globally
(Sung et al, 2021). The development of novel
anticancer agents with high efficacy and low
toxicity is crucial in preventing cancer (Zhong et al,,
2021). Heterocyclic compounds play a significant
role in medicinal chemistry, while pyrazoline, a
five-membered nitrogen-containing heterocycle, is

a versatile compound used in developing novel
anticancer agents (Matiadis & Sagnou, 2020; Lang
et al, 2020). The 1-substituted-2-pyrazolines that
contain various functional groups have been shown
to enhance their bioactivity (Karabacak et al., 2015;
Mustofa et al, 2022; Rana et al,, 2022). Several
pyrazoline-bearing drugs are clinically approved
and used for various medical conditions, including
some that act as tyrosine Kkinase inhibitors in
anticancer therapy. For example, Ibrutinib
(Imbruvica) is used for chronic lymphocytic
leukemia and Mantle cell lymphoma, and Axitinib
(Inlyta) is a medication for severe aplastic anemia
and refractory aplastic anemia (Haider et al,, 2022;
Nehra et al,, 2020).
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benzaldehyde substituted acetophenones

chalcones 1-2
1:R=0H
2: R=0CH,

pyrazolines 1-2

Figure 1. Synthesis of 1-formyl-2-pyrazolines. Reagents and conditions: (i) 40% KOH, MeOH, sonication,

Troom; (ii) NH2NH2, HCOOH, 30% NaOH, EtOH, reflux.

There are various methods of synthesizing
pyrazoline derivatives, depending on the source of
the nitrogen and carbon atoms in the pyrazoline
ring. The nitrogen atoms are typically derived from
specific reactants such as hydrazines, diazoalkanes,
and nitrilimines (Matiadis, 2023). Hydrazines are
frequently used as the reactant since they can
provide two nitrogen atoms in the pyrazoline ring.
In this synthetic route, hydrazines are reacted with
a,B-enones in the presence of an acid catalyst to
produce the desired pyrazolines (Vahedpour et al,,
2021). Furthermore, in silico analysis has proven
helpful in predicting a proposed compound's
molecular mechanism of action with a receptor
(Rashid et al,, 2021).

This research aimed to synthesize and
examine the anticancer activity of formyl-
substituted pyrazolines 1-2 (Figure 1). A study
reported the potential of pyrazoline 2 as a xanthine
oxidase inhibitor (Joshi et al, 2021). However,
further investigation on pyrazoline 2 as an
anticancer has not been reported yet, as well as
pyrazoline 1. Therefore, in this study, the drug
properties and interaction of pyrazolines 1-2 were
assessed via drug-likeness prediction using
Lipinski’'s rule of five, pharmacokinetic study by
ADMET (absorption, distribution, metabolism,
excretion, toxicity) prediction, and molecular
docking study. Moreover, in vitro testing was
performed to evaluate the cytotoxicity of the
pyrazolines against various cancer cell lines such as
WiDr (colorectal cancer), HelLa (cervical cancer),
MCF7, T47D, and 4T1 (breast cancer). Pyrazolines
1-2 were synthesized through a two-step process.
First, the o,3-enones were prepared via Claisen-
Schmidt condensation reaction between methoxy-
and hydroxy-substituted acetophenones with
benzaldehyde. Second, the o,3-enones were
subjected to a cyclo-condensation reaction with
hydrazines in the presence of formic acid.
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MATERIALS AND METHODS
Materials and Instruments

The chemicals used for the synthesis
procedures in this study were analytical grade from
Merck, namely 4-hydroxyacetophenone, 4-
methoxyacetophenone, benzaldehyde, hydrazine
hydrate, formic acid, methanol, ethanol,
montmorillonite, potassium hydroxide, sodium
hydroxide, hydrochloric acid (37%), n-hexane, and
ethyl acetate. The progress of the reaction
was monitored using thin-layer chromatography,
an aluminum plate coated with silica gel 60 F254
from Merck. Cytotoxicity was accessed using cancer
cell lines (WiDr, HeLa, MCF7, T47D, 4T1), non-
malignant cell lines (Vero), Dulbecco’s Modified
Eagle Medium (DMEM) solution, Roswell Park
Memorial Institute Medium (RPMI 1640) solution,
Medium 199 (M199) solution, dimethylsulfoxide,
Fetal Bovine Serum (FBS) solution, penicillin-
streptomycin solution, trypsin-EDTA solution,
phosphate buffer solution, 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT)
solution, and sodium dodecyl sulfate (SDS)
solution.

The determination of melting points
was performed using Electrothermal 9100.
The structure elucidation of all compounds
was performed using Shimadzu Prestige-21
using KBr discs to obtain infrared (IR)
spectra, Shimadzu QP2010S (electron ionization)
to get gas chromatography (GC) chromatogram and
mass spectra, and JEOL JNMECA (500 MHz
and 125 MHz) to obtain proton and carbon
nuclear magnetic resonance ('H- and 13C-NMR)
spectra. The cytotoxicity evaluation was
carried out using  96-microwell  plates
(Biologix), micropipette (VWR and AccuBioTech),

incubator  (Heraeus), inverted microscope
(Axiovert25), and ELISA reader (BIO-RAD
Benchmark).
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Synthesis Procedures
Synthesis of (E)-1-(4-hydroxyphenyl)-3-
phenylprop-2-en-1-one (Chalcone 1)

Chalcone 1-2 were synthesized based on
literature (Suma et al, 2019) with some
modifications. A solution of 0.68 g (5 mmol) of 4-
hydroxyacetophenone and 0.53 g (5 mmol) of
benzaldehyde in 10 mL of methanol was prepared.
The mixture was then added with 0.10 g of
montmorillonite and 10 mL of 40% (w/v) KOH
solution, and the mixture was sonicated for 3 h at
room temperature. The reaction mixture was then
cooled by adding ice and 10% (v/v) HCl solution until it
reached pH 2. After refrigerating for 24 hours, the
resulting precipitate was filtered, washed with
cold water, and dried under a vacuum.
Recrystallization was performed to obtain the
solid white product with a yield of 89.28%, a
purity of 100% by GC-MS, a melting point of 178
°C, and an Rfvalue 0f 0.17 (n-hexane:ethyl acetate,
4:1,v/v).Mass spectrum (EI), m/z: 224 (M*). FTIR
spectrum (KBr), vmax (cm-1): 3132 (O-H str.), 1605
(C=0str.),1580 and 1512 (aromatic C=C str.), 980
(trans =C-H bend.). TH-NMR (500 MHz), 6 (ppm):
6.87 (2H, d, ] = 8.5 Hz, ArH), 7.39-7.41 (3H, m,
ArH), 7.70 (1H, d, ] = 13.5 Hz, trans =CHd), 7.71-
7.74 (2H, m, ArH), 7.73 (1H, d, ] = 14.0 Hz, trans
=CHg), 7.77 (1H, s, O-H) 8.01 (2H, d, ] = 8.5 Hz,
ArH). 13C-NMR (125 MHz), § (ppm): 116.48 (2C,
ArH), 123.02 (1C, Cq«), 123.35 (2C, ArH), 130.15
(2C, ArH), 130.95 (1C, ArH), 131.63 (2C, ArH),
133.06 (1C, Ar), 136.06 (1C, Ar), 145.23 (1C, Cp),
164.16 (1C, ArOH), 190.06 (1C, C=0).

Synthesis  of  (E)-1-(4-methoxyphenyl)-3-
phenylprop-2-en-1-one (Chalcone 2)

A total of 075 g (5 mmol) 4-
methoxycetophenone and 0.53 g (5 mmol)
benzaldehyde were diluted in 10 mL of methanol.
The mixture was then added with 10 mL of 40%
(w/v) KOH solution. After sonicating the mixture
at room temperature for 3 h and performing the
same working-up procedure for chalcone 1, the
resulting solid was purified through
recrystallization. This process yielded a
yellowish-white solid in 89.07%, with a purity of
100% by GC-MS, a melting point of 106 °C, and an
Rf value of 0.52 (n-hexane:ethyl acetate, 3:1, v/v).
Mass spectrum (EI), m/z: 238 (M*). FTIR
spectrum (KBr), Vimax (cm=1): 1605 (C=0 str.), 1570
and 1496 (aromatic C=C str.), 1257 (C-O str.), 972
(trans =C-H bend.). 1H-NMR (500 MHz), 6 (ppm):
3.86 (3H, s, -OCH3), 6.97 (2H, d, ] = 8.5 Hz, ArH),
7.39-7.41 (3H, m, ArH), 7.55 (1H, d, ] = 15.5 Hz,
trans =CHq), 7.62-7.63 (2H, m, ArH), 7.78 (1H, d, ]
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=16.0 Hz, trans =CHg), 8.03 (2H, d,] = 9.0 Hz, ArH).
13C-NMR (125 MHz), § (ppm): 55.41 (1C, -OCHs3),
113.84 (2C, ArH), 121.85 (1C, Cq), 128.35 (2C,
ArH), 128.95 (2C, ArH), 130.32 (1C, ArH), 130.80
(2C,ArH),131.07 (1C, Ar), 135.06 (1C, Ar), 143.91
(1C, Cp), 163.42 (1C, ArOCHs), 188.65 (1C, C=0).
Synthesis of 3-(4-hydroxyphenyl)-5-phenyl-
4,5-dihydro-1H-pyrazole-1-carbaldehyde
(Pyrazoline 1)

Pyrazolines 1-2 were synthesized based on
literature (Wahyuningsih et al., 2019) with slight
modifications. A mixture of 0.22 g (1 mmol)
chalcone 1, 0.5 mL (10 mmol) hydrazine hydrate,
and 10 mL of 30% (w/v) NaOH in ethanol was
added in a three-neck round bottom flask. The
mixture was refluxed for 24 hours. Then, 5 mL of
98-100% formic acid was added dropwise, and
the reflux was continued for 16 h. The reaction
mixture was then cooled in the refrigerator for 48
hours until a precipitate formed. The precipitate
was filtered, washed with cold aquadest, and
dried under vacuum to obtain the product as an
orange solid, yielding 41.35%, purity of 100% by
GC-MS, and a melting point of 201 °C. Mass
spectrum (EI), m/z: 266 (M*). FTIR spectrum
(KBr), vmax (cm-1): 3201 (O-H str.), 3032 (Csp2-H
str.), 1643 (C=0 str.), 1604 (C=N str.), 1519 and
1442 (aromatic C=Cstr.), 1172 (C-N str.). TH-NMR
(500 MHz), 6 (ppm): 3.13 (1H, dd,] =5, 18 Hz, CH:
(Ha)), 3.85 (1H, dd, ] = 11.5, 18 Hz, CHz2 (Hs)), 3.98
(1H,dd,] =5, 11.5 Hz, CH (Hx)), 6.83 (2H, d,] =8.5
Hz, ArH), 7.21 (2H, d, ] = 7.5 Hz, ArH), 7.26 (1H, ¢,
] = 7.5 Hz, ArH), 7.34 (2H, t, ] = 7.5 Hz, ArH), 7.62
(2H, d, ] = 9 Hz, ArH), 8.85 (1H, s, -CH=0), 10.07
(1H, s, 0-H). 13C-NMR (125 MHz), § (ppm): 42.39
(1C, CHz), 58.18 (1C, CH), 115.58 (2C, ArH),
121.60 (1C, ArH), 125.58 (2C, ArH), 127.38 (1C,
Ar), 128.51 (2C, ArH), 128.67 (2C, ArH), 141.45
(1C, Ar), 156.02 (1C, C), 159.22 (1C, CH=0),
159.69 (1C, ArOH).

Synthesis of 3-(4-methoxyphenyl)-5-phenyl-
4,5-dihydro-1H-pyrazole-1-carbaldehyde
(Pyrazoline 2)

To synthesize pyrazoline 2, the same
procedure was used as for the synthesis of
pyrazoline 1, using 0.24 g (1 mmol) chalcone 2,
0.5 mL (10 mmol) hydrazine hydrate, and 10 mL
30% (w/v) NaOH in ethanol. The product was
obtained as a white solid with 53.57% yield,
100% purity by GC-MS, and a melting point at 125
°C. Mass spectrum (EI), m/z: 280 (M*). FTIR
spectrum (KBr), vmax (cm1): 3024 (Csp2-H str.),
2900 (Csps-H str.), 1681 (C=0 str.), 1604 (C=N
str.), 1520 and 1427 (aromatic C=C str.), 1257 (C-
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0), 1172 (C-N str.). tH-NMR (500 MHz), § (ppm):
3.18 (1H, dd, ] = 4.5, 17.5 Hz, CHz (Ha)), 3.77 (1H,
dd, ] = 12, 17.5 Hz, CHz (Hsg)), 3.84 (3H, s, OCHs),
5.51 (1H, dd, ] = 4.5, 12 Hz, CH (Hx)), 6.93 (2H, d, ]
=9 Hz, ArH), 7.25 (1H, t, ] = 6 Hz, ArH), 7.27 (2H,
d,]=7.5Hz, ArH), 7.32 (2H, t,] = 7.5 Hz, ArH), 7.67
(2H, d, ] = 9.5 Hz, ArH), 8.93 (1H, s, -CH=0). 13C-
NMR (125 MHz), 6 (ppm): 42.80 (1C, CHz), 55.5
(1C, OCHs), 58.99 (1C, CH), 114.33 (2C, ArH),
123.60 (1C, ArH), 125.75 (2C, ArH), 128.02 (1C,
Ar), 128.40 (2C, ArH), 129.09 (2C, ArH), 140.81
(1C, Ar), 155.57 (1C, C), 160.00 (1C, CH=0),
161.68 (1C, ArOCH3).

Drug-likeness and ADMET Prediction

The drug-likeness properties of the
pyrazolines 1-2 were predicted using Lipinski’s
rule of five. The parameters used were molecular
weight, log P value, number of hydrogen bond
acceptors, and number of hydrogen bond donors.
These predictions were performed using an online-
based program called SwissADME (Daina et al,
2017).

SwissADME was also used to predict the
ADME profiles of pyrazolines 1-2, including skin
permeation value (log Kp), gastrointestinal (GI)
absorption, blood-brain barrier (BBB)
permeability, and probability interaction against P-
gp substrate, CYP1A2, CYP2C19, CYP2C9, CYP2D6,
and CYP3A4 inhibitors. Moreover, Pro-Tox II, an
online-based program, was employed to predict
the LDso value, toxicity class, and various types of
organ toxicity (Banerjee et. al., 2018).

Cytotoxicity Evaluation

The cytotoxicity evaluation was performed
based on the literature (Tolosa et al, 2015) with
some modifications. All cancer cell lines (WiDr,
HeLa, MCF7, T47D, 4T1) and Vero cell lines were
incubated for 24 h in 96-well plates at 37°C. The
newly synthesized pyrazolines 1-2 were prepared
in DMSO solution and diluted with culture medium
solution to make a series of concentrations of 400;
200; 100; 50; 25; 12.5; 6.25; 3.125 pg/mL. Next,
100 pL of each concentration was added to each cell
well and incubated for 24h under the same
condition. Afterward, the plate's culture medium
was removed, and MTT solution was added to the
plates. The absorbance was measured using ELISA
Reader at 595 nm. These results were used to
determine the correlation between the compound
concentration with the cell viability. The ICso values
of pyrazolines 1-2 against all tested cell lines were
then determined using probit analysis, and the
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selectivity index (SI) values were calculated from
the ICso of pyrazolines 1-2 in normal cells
compared to cancer cells.

Molecular Docking Study

The epidermal growth factor receptor
tyrosine kinase (EGFR-TK) was used in the
molecular docking study of pyrazolines 1-2 by
AutoDock Vina (Trott & Olson, 2010). The three-
dimensional structure of the receptor was obtained
from Protein Data Bank (PDB ID: 4H]O) (Park et al,,
2012) and was complexed with erlotinib as the
native ligand. The preparation of the receptor was
done using AutoDock Tools 1.5.6, whereas the
structure of the pyrazolines 1-2 was modeled using
GaussView and optimized using Gaussian09 (Frisch
etal, 2016) based on the density functional theory
(B3LYP/6-311G) method. The molecular docking
protocol was validated by performing the
redocking of erlotinib. Both redocking and docking
were conducted in a grid box of 20 A x20 A x20 A
with a spacing of 1.00 A. The most preferable
conformation was selected based on the lowest
binding affinity value. The docking results
were visualized using Discovery Studio Visualizer
2020.

RESULTS AND DISCUSSION
The Synthesis

The reaction scheme for synthesizing 1-
formyl-2-pyrazoline derivatives (Figure 1). First,
chalcones 1-2 were synthesized through an aldol
condensation reaction under ultrasonic irradiation
with a slight modification of the method described
in the literature (Suma et al, 2019). The use of
montmorillonite as a heterogeneous catalyst
increased the yield of chalcone 1 from 12.5% to
89.28%. The structure elucidation of chalcones 1-2
was conducted using several spectrometers. The
mass spectra showed the ion molecular (M*)
fragment corresponding to the molecular weight of
both chalcones. The IR spectra of both compounds
exhibited the presence of C=0 and trans C-H bonds,
indicating the formation of chalcone. The TH-NMR
spectra confirmed the presence of trans alkene
protons, while the 3C-NMR spectra showed the
presence of the carbon atom in the carbonyl group.

Chalcones 1 and 2 were utilized to
synthesize 1-formyl-2-pyrazoline derivatives by a
cyclo-condensation reaction with hydrazine
hydrate according to the literature method with a
minor alteration of utilizing formic acid instead of
acetic acid (Wahyuningsih et al.,, 2019). The mass
spectra confirmed the molecular weight of the

633



newly synthesized pyrazolines 1-2 through the
presence of the M* fragment. The formation of a
pyrazoline ring was established by the IR spectra of
both compounds, which exhibited the absence of
trans C-H bonds and the presence of C-N and C=N
bonds. Furthermore, the 'H-NMR spectra revealed
the pyrazoline ring formation by the absence of
trans alkene protons and the presence of ABX
proton systems of the three characteristic protons
in the pyrazoline ring with a doublet of doublet
splitting patterns (Suma et al.,, 2017). The 13C-NMR
spectra confirmed the number of carbon atoms in
the desired pyrazolines.

Drug-likeness and ADMET Prediction

Adherence to Lipinski's Rule of Five is an
important factor in identifying promising drug
candidates during the earliest step of drug
discovery and development. The rule highlights the
significance of molecular properties in determining
oral bioavailability, with the key parameters
including molecular weight < 500 Da, log P value <
5, number of hydrogen bond acceptors < 10, and
number of hydrogen bond donors < 5 (Bickerton et
al., 2012). Pyrazolines 1 and 2 conform to the rule,
as determined by the prediction results generated
by SwissADME. Pyrazoline 1 (C16H14N202) has a
molecular weight of 266, H-bond acceptors of 3, H-
bond donor of 1, and a log P value of 2.22. While
pyrazoline 2 (C17H16N202) has a molecular weight
of 280, H-bond acceptors of 3, no H-bond donor,
and a log P value of 2.62. This result indicates that
they possess drug-like properties.

Adequate ADME properties are crucial for
drug candidates. The ADME prediction results for
pyrazolines 1 and 2 obtained from SwissADME
(Table I) indicated that these compounds have
favorable ADME properties. Both compounds have
medium skin permeation, good absorption, high
gastrointestinal (GI) absorption, and the ability to
cross the blood-brain barrier (BBB). None of the
synthesized compounds were predicted as P-
glycoprotein substrates. It is reported that the
inhibition of cytochromes P450 (CYP) isoenzymes
is one major cause of pharmacokinetics-related
drug-drug interactions leading to adverse effects
due to the accumulation of the drug and/or its
metabolites (Hollenberg, 2002). Pyrazoline 1 was
predicted to be a non-inhibitor of all five enzymes,
while pyrazoline 2 was predicted to be an inhibitor
of CYP2C19 and CYP2CO.

Furthermore, the ideal drug candidates
should not be toxic to the body. ProTox-1I was used
to predict the toxicity of pyrazoline 1 and 2 in a
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normal body condition (Table II). The prediction
method classifies the toxicity into different levels,

such as oral toxicity, organ toxicity
(hepatotoxicity), and toxicological endpoints
(carcinogenicity, immunotoxicity, mutagenicity,

and cytotoxicity). Based on the predicted LDso
values, pyrazoline 1 was classified as a toxicity
class 4 compound, while pyrazoline 2 was
classified as a toxicity class 5 compound. In the
ProTox-II webserver, these toxicity classes are
defined according to the globally harmonized
system of classification and labeling of chemicals
(GHS). Compounds in class 4 with an LDso value of
300-2000 mg/kg are said to be harmful if
swallowed, while compounds in class 5 with an
LDso value of 2000-5000 mg/kg are said to may be
harmful if swallowed (Banerjee et al, 2018).
According to the prediction, both pyrazoline 1-2
were also inactive in immunotoxicity,
mutagenicity, and cytotoxicity. Based on their drug-
likeness and ADMET prediction results, both
pyrazolines 1-2 have satisfactory properties and
have the potential to be studied further as drug
candidates.

The Cytotoxicity Evaluation against Cancer
Cells

The anticancer activity study of pyrazolines
1-2 was performed by evaluating their cytotoxic
properties using MTT assay against several
cancer cell lines, i.e, WiDr (colorectal cancer),
HeLa (cervical cancer), MCF7, T47D, and 4T1
(breast cancer). The toxicity was classified as
potent (ICso < 1 pM), strong (ICso = 1-20 uM),
moderate (ICsp = 20-100 pM), low (ICso = 100-200
uM), and inactive (ICso >200 pM) (Indrayanto
et al, 2021). Pyrazoline 1 exhibited moderate
activity with the highest cytotoxicity against Hela
cancer cells (ICso = 25.01 uM) and low activity
against WiDr, MCF7, T47D, and 4T1 cancer cells
(Table III). On the other hand, pyrazoline 2
displayed moderate cytotoxic activity against
MCF7 and 4T1 cancer cells (ICso=82.87 and 92.70
uM), but was inactive against WiDr, HeLa, and
T47D cancer cells.

Evaluation of the Selectivity Index (SI) value
is also crucial in determining the feasibility of
further work on a compound’s anticancer activity.
To calculate the SI value, the cytotoxicity of the
compound against non-malignant cell lines
must be determined. In this study, Vero cell lines
were used as non-malignant cells. An SI value of 23
is required to classify a compound as a prospective
anticancer agent (Weerapreeyakul et al, 2012).
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Table I. The result of ADME prediction

Skin permeation

Inhibitor interaction

Compd value GI BBB P-gp
(log Kp) (cm/s) absorption permeability substrate CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4
1 -6.25 High Yes No No No No No No
2 -6.10 High Yes No No Yes Yes No No
Table II. The result of toxicity prediction in normal condition
LDso Toxicity . Toxicological Endpoints
Compd (mg/kg) class Hepatotoxic Carcinogenic Immunotoxic Mutagenic Cytotoxic
1 1880 4 Active Active Inactive Inactive Inactive
2 2500 5 Active Active Inactive Inactive Inactive
Table III. The result of the cytotoxicity evaluation on cancer cells
Cells ICs0 value (uM) Selectivity Index
Pyrazoline 1 Pyrazoline 2 Pyrazoline 1 Pyrazoline 2
WiDr 144.58 >200 1.54 2.78
HeLa 25.01 >200 8.92 3.67
MCF7 121.60 82.87 1.84 14.45
T47D 155.30 >200 1.44 0.20
4T1 134.90 92.70 1.65 12.92
Vero (non-malignant) 223.12 1197.29 - -
Table IV. The result of molecular docking
Binding Other Interactions
Compound affinity = H-Bond . . Pi-
(kcal /mol) Hydrophobic = Van der Waals Electrostatic C-H bond Sulphur
Asp831, Thr830,
7.1 Lys721, Val702, 1C>¥15e77773i Apigzgg' Leu764,
Erlotinib (RMSD Met769 Ala719, Leu694, ’ ’ - GIn767, -
1.014 4) Leug20 G772 Leu768 Met769
' 1le720, 11765,
Thr766
Asp831, Thr830,
: Lys721, Lys721,Val702, 11e720,1le765,
Pyrazolinel 7.9 11764 Ala719  Thr766, Leu820, Cys773
Leu694, Gly695
Lys721,Val702,
Pyrazoline 2 8.0 Lys721 Leu820, Leu694, Asp831, Thr830, i i i

Leu764

Leu753, Leu834,

Cys773, Thr766,

The calculated SI values for pyrazolines 1-2
(Table III). Pyrazoline 1 exhibited good selectivity
for HeLa cells, while pyrazoline 2 demonstrated
good selectivity for HeLa, MCF7, and 4T1 cells.

The results suggest that pyrazoline 1 could
be further investigated as a potential anticancer
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agent for cervical cancer, particularly against HeLa
cells, due to its moderate ICso value and good
selectivity. On the other hand, pyrazoline 2 could be
a promising candidate for breast cancer treatment,
particularly against MCF7 cancer cells, due to its
moderate ICso value and high selectivity index.
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Figure 2. The binding interaction of (a) Erlotinib, (b) Pyrazoline 1, (c) Pyrazoline 2 against EGFR-TK (PDB
ID: 4HJO)
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Molecular Docking Study

A molecular docking study was conducted
using EGFR-TK (PDB ID: 4HJO) as the target
protein. EGFR-TK was selected due to its significant
role in developing and growing various types of
tumors (Mitsudomi & Yatabe, 2010). This study
aimed to investigate the binding modes of
pyrazoline 1-2 with EGFR-TK and compare them
with those of erlotinib, the native ligand (Table IV).

The redocking of EGFR-TK with its
native ligand showed that erlotinib was stable
enough to attach to the binding site with a binding
affinity value of -7.1 kcal/mol. The root
mean square deviation (RMSD) value was 1.014 A.
The value was lower than 2 A, indicating that the
docking was valid (Ramirez & Caballero, 2018). The
docking resulted in the formation of hydrogen
bonds on Met769 residue, hydrophobic interaction
on Lys721, Val702, Ala719, Leu694, and Leu820
residue, Van der Waals interaction, and carbon-
hydrogen bond interaction on several amino acid
residues. Among these interactions, hydrophobic
interaction on Lys721 residue is essential for ATP
binding in the EGFR kinase domain, and the
subsequent phosphorylation of tyrosine amino
acids on proteins such as PI-3-kinase (K),
phospholipase C, and the EGFR (Li et al, 2003).
Therefore, inhibitors such as erlotinib block the
catalytic site of EGFR, preventing the binding of
ATP and hence suppressing its intrinsic protein
kinase activity. Based on the 2D visualization of the
interaction between erlotinib and EGFR-TK
(Figure 2) it can be seen that erlotinib had
hydrophobic interaction with Lys721 residue via
its aromatic ring.

The synthesized pyrazolines 1 and 2
had a higher binding affinity in the binding
site of EGFR-TK compared to erlotinib with
the values of-7.9 and -8.0 kcal/mol, respectively.
Compared to erlotinib, both pyrazolines exhibited
similar interactions with EGFR-TK, such as
hydrogen bonds, hydrophobic, and Van der Waals
interactions, demonstrating their ability to bind to
EGFR-TK. Moreover, pyrazolines 1-2 interacted
with Lys721 residue, indicating their ability to
block the catalytic site of EGFR-TK, inhibiting
cancer cell growth by preventing ATP from binding.
Pyrazolines 1-2  exhibited two possible
interactions, namely hydrogen bonds and
hydrophobic interaction, while erlotinib only
exhibited hydrophobic interaction. The presence of
the pyrazoline ring and formyl group were crucial
factors in enhancing the anticancer activity of the
compound, as evidenced by the additional

Volume 34 Issue 4 (2023)

interactions of hydrogen bonds between the
pyrazolines ring nitrogen and formyl group oxygen
with the Lys721 residue (Figure 2b, 2c). Moreover,
the hydroxy substituent in pyrazoline 1 and the
methoxy substituent in pyrazoline 2 contributed to
their anticancer activity by interacting with several
amino acid residues via hydrogen bond and
hydrophobic interaction, respectively.

CONCLUSION

We have designed, synthesized, and
evaluated the bioactivity of two novel 1-formyl-2-
pyrazoline  derivatives.  Both compounds
demonstrated promising results as anticancer in
terms of their drug-likeness and ADMET
properties, cytotoxic activity against HelLa and
MCF7 cancer cells, and interaction with the EGFR-
TK receptor. This result suggests that both
compounds can be considered potential lead
compounds for anticancer candidates. However,
additional investigation and evaluation are needed
for further development as clinical anticancer
therapeutics.
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