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ABSTRACT

The present study explored the anti-breast cancer properties of novel pyrazoline-substituted benzenesulfonamides
(6—-10) through computational and laboratory approaches. Molecular docking analyses using the GOLD suite were
performed on the human estrogen receptor and the PARP1 antagonist crystal structure, with tamoxifen serving as
the reference compound, yielding comparable binding results. In vitro evaluation on MCF-7 and MDA-MB-468
breast cancer cell lines revealed that these compounds exerted dose-dependent antiproliferative effects. Among
them, compound 9 showed the highest docking affinity against the PARP1 antagonist in triple-negative breast
cancer, with a PLP fitness score of 93.24, and inhibited MDA-MB-468 cell proliferation with an IC50 of 2.79
uM. Compounds 8 and 10 were particularly effective against MCF-7 cells, exhibiting IC50 values of 7.4 uM and
17.96 uM, respectively, highlighting their potential as targeted anti-breast cancer agents.
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Introduction

Cancer continues to pose one of the most critical health threats worldwide and remains a leading cause of death
[1]. Despite advances in modern medicine, effective treatment strategies for cancer are still limited, emphasizing
the need for novel and safer anticancer agents with potent activity against tumor cells [2]. Among cancers, breast
cancer (BC) is particularly deadly and represents a major global health burden [3]. A majority of BC cases—
approximately 80%—are classified as estrogen receptor-positive (ER+) due to the overexpression of the estrogen
receptor [4—-6]. The human estrogen receptor alpha (hER) plays an essential role in regulating key physiological
processes, including cell proliferation, survival, and metastatic progression in cancer [7-9].

In contrast, triple-negative breast cancer (TNBC), accounting for roughly 10%—15% of BC cases, lacks expression
of ER, progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2), but shows elevated
levels of poly ADP ribose polymerase 1 (PARP1) [10]. One of the main obstacles in treating BC is the emergence
of multi-drug resistance and insufficient selectivity of conventional therapies, prompting extensive research into
the development of highly selective molecules capable of effectively suppressing tumor growth.

Heterocyclic compounds, both naturally occurring and synthetic, constitute a cornerstone of medicinal chemistry
due to their involvement in numerous vital biological processes [11]. Aromatic heterocycles, in particular, are
frequently incorporated into bioactive molecules for their pharmacological potential. Pyrazoline, a five-membered
heterocycle containing two nitrogen atoms, stands out for its wide-ranging chemical and biological properties, as
well as its relevance in drug design [12, 13]. Previous research has highlighted the pyrazoline scaffold as a
versatile platform for the synthesis of new compounds with promising anticancer activities [14]. Figure 1
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illustrates several examples of drugs containing pyrazoline motifs that exhibit notable anticancer effects [9, 15—
18].
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Figure 1. Several synthetic compounds incorporating pyrazoline scaffolds have demonstrated notable
anticancer potential. Due to their cytotoxic properties, sulfonamide-derived compounds, including pyrazoles
and pyrazolines, have garnered significant interest in medicinal research [19]. Researchers are actively
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engaged in the design, molecular docking, synthesis, characterization, and in vitro evaluation of new
pyrazoline derivatives containing a sulfonamide moiety for anticancer activity.

Materials and Methods

Chemicals and reagents
All chemicals and commonly used intermediates were procured from commercial suppliers, including BDH (UK)
and Sigma-Aldrich (Germany), as well as Hyper-Chem and Hangxing RD (Hangzhou, China).

Characterization techniques

Melting points were determined using the capillary method on a Bamstead/Electrothermal 9100 apparatus (UK).
Infrared spectra were recorded as KBr disks using a Fourier Transform Infrared Spectrophotometer (FTIR-6100
Type A). Proton NMR (!H-NMR) spectra were acquired at 500 MHz using a Varian Agilent instrument, while
carbon NMR (*C-NMR) spectra were obtained at 125 MHz on an Agilent system.

Synthesis of molecular structures
Various novel pyrazoline derivatives were synthesized following the methods illustrated in Scheme 1.
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Scheme 1. Representation of the synthesis pathway for final compounds (6-10).

Synthesis of chalcone derivatives (1-5)

Intermediate chalcone derivatives were prepared through Claisen—Schmidt condensation of the corresponding 4-
substituted benzaldehydes with 2-acetylpyridine, following the procedure reported by Eid and George (2018) [20].
Method A was employed to produce compounds 2 and 4, which are chalcones bearing nitro and chloro
substituents. 2-Acetylpyridine was added gradually over 2—3 hours to a mixture containing 10 mL of 10% aqueous
sodium hydroxide, 5 mL of ethanol, and the relevant aldehydes (4-nitrobenzaldehyde and 4-chlorobenzaldehyde,
17 mmol and 1.90 mL, respectively) while maintaining the temperature at 0 °C. After stirring for an additional 2
hours, the solid product was collected via filtration and washed thoroughly with distilled water.

Method B was applied to synthesize compounds 1, 3, and 5. Here, 17 mmol each of 2-acetylpyridine and the
corresponding benzaldehydes (4-methoxybenzaldehyde, 4-dimethylaminobenzaldehyde, and benzaldehyde) were
added to 100 mL of water at temperatures below 5 °C. The mixture was vigorously stirred to form a fine emulsion,
followed by the slow addition of 10 mL of 10% sodium hydroxide solution. After two rounds of thorough mixing,
the reaction mixture was left undisturbed overnight at 4 °C. Agitation was avoided to prevent phase separation,
which reduces yield. The product was separated into an oily phase that eventually solidified, after which it was
filtered and washed with ample distilled water.

General procedure for pyrazoline derivatives (6—10)

Equimolar amounts of the chalcone derivatives (1-5) (2 mmol) and 4-hydrazine benzenesulfonamide
hydrochloride (2 mmol, 0.8947 g) were dissolved in 5 mL of absolute ethanol, followed by the addition of
potassium hydroxide (5 mmol, 0.28 g). The reaction mixture was refluxed for 8 hours, then cooled, and the
resulting precipitate was isolated by filtration and washed extensively with distilled water [21].

Compound 1: (E)-3-(4-Methoxyphenyl)-1-(pyridin-2-yl)prop-2-en-1-one
This compound appears as a green powder with a melting point of 79—80 °C and a yield of 87%. IR spectroscopy
showed characteristic absorptions at 3057.27 cm™ (aromatic C—H), 2974.33 and 2841.24 cm™ (O—CHs), 1666.55

e
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cm! (C=0), 1599.04 cm™! (C=C of alkene), 1570.1 and 1520.3 cm™' (aromatic C=C and C=N), and 1259.56 cm™*
(C—O—CHs). The 'H NMR spectrum (500 MHz, DMSO, §) displayed signals at 3.80 (3H, s, OCHs), 7.00-7.02
(1H, d, a~vinyl proton), 7.14—7.65 (5H, m, aromatic H), 8.00-8.03 (1H, d, B-vinyl proton), and 8.07-8.78 (3H, m,
aromatic H). The *C NMR spectrum (125 MHz, DMSO-ds) showed peaks at 55.83 (O—CHs), 115.30-162.00 (11
aromatic C), 122.83 (C=C adjacent to C=0), 144.5 (C=C adjacent to aromatic ring), and 188.95 (C=0).

Compound 2: (E)-3-(4-Nitrophenyl)-1-(pyridin-2-yl)prop-2-en-1-one

This derivative is obtained as a light brown powder with a melting point of 153—154 °C and a yield of 77%. IR
absorptions include 3057.27 cm™ (aromatic C—-H), 1666.55 cm™ (C=0), 1604.83 cm ™ (C=C of alkene), 1589.40
and 1514.17 cm™ (aromatic C=C and C=N), and 1344.43 cm™! (NO: group). The '"H NMR spectrum (500 MHz,
DMSO, 6) showed signals at 7.72 (1H, d, a-vinyl proton), 7.88-8.04 (3H, m, aromatic H), 8.05-8.06 (1H, d, B-
vinyl proton), and 8.07-8.80 (5H, m, aromatic H). The *C NMR spectrum (125 MHz, DMSO-ds) exhibited peaks
at 123.09—-153.46 (11 aromatic C), 130.19 (C=C adjacent to C=0), 141.39 (C=C adjacent to aromatic ring), and
189.01 (C=0).

Compound 3: (E)-3-(4-(Dimethylamino)phenyl)- 1-(pyridin-2-yl)prop-2-en-1-one

This compound is obtained as a light orange powder with a melting point of 82—83 °C and a yield of 85%. Its IR
spectrum displays absorptions at 3041.84 cm™! (aromatic C—H), 2910.68 and 2804.59 cm™ (CHs), 1668.48 cm™
(C=0), 1599.04 cm™ (C=C of alkene), 1539.25 and 1437.02 cm™* (aromatic C=C and C=N), and 1165.04 cm™!
(N—CH3). The 'H NMR spectrum (500 MHz, DMSO, 9) exhibits signals at 3.00 (6H, s, N(CHas)2), 6.66—6.73 (1H,
d, a-vinyl proton), 7.62-7.64 (4H, m, aromatic H), 7.66—7.68 (1H, d, B-vinyl proton), and 7.77-8.76 (4H, m,
aromatic H). The *C NMR spectrum (125 MHz, DMSO-ds) shows peaks at 40.12 (N-CHs), 111.51-154.65 (11
aromatic C), 122.64 (C=C adjacent to C=0), 149.46 (C=C adjacent to aromatic ring), and 190.29 (C=0).

Compound 4: (E)-3-(4-Chlorophenyl)-1-(pyridin-2-yl)prop-2-en-1-one

This substance appears as a light green powder with a melting point of 94-96 °C and a yield of 79%. The IR
spectrum shows characteristic peaks at 3057.27 cm™! (aromatic C—H), 1674.27 cm™ (C=0), 1606.76 cm™! (C=C
of alkene), 1585.54 and 1492.95 cm™! (aromatic C=C and C=N), and 1089.92 cm™! (C—Cl). The 'H NMR spectrum
(500 MHz, DMSO) exhibits signals at 7.35—7.38 (2H, m, aromatic H), 7.46-7.48 (1H, d, a-vinyl proton), 7.66—
8.07 (5H, m, aromatic H), 8.22-8.25 (1H, d, B-vinyl proton), and 8.77-8.78 (1H, m, aromatic H). The *C NMR
spectrum (125 MHz, DMSO-ds) shows peaks at 122.96-153.75 (11 aromatic C), 128.46 (C=C adjacent to C=0),
142.95 (C=C adjacent to aromatic ring), and 189.05 (C=0).

Compound 5: (E)-3-Phenyl-1-(pyridin-2-yl)prop-2-en-1-one

This derivative is a pale green powder with a melting point of 60—61 °C and a yield of 71%. Its IR spectrum
displays absorptions at 3063.06 cm™! (aromatic C—H), 1668.48 cm™ (C=0), 1604.83 cm™ (C=C of alkene), and
1585.54 and 1489.1 cm™ (aromatic C=C and C=N). The 'H NMR spectrum (500 MHz, DMSO, §) shows signals
at 7.22-7.86 (6H, m, aromatic H), 7.88-7.89 (1H, d, a-vinyl proton), 8.0-8.14 (2H, m, aromatic H), 8.2-8.30 (1H,
d, B-vinyl proton), and 8.82—8.83 (1H, m, aromatic H). The *C NMR spectrum (125 MHz, DMSO-ds) shows
peaks at 123.47-156.06 (11 aromatic C), 130.32 (C=C adjacent to C=0), 146.71 (C=C adjacent to aromatic ring),
and 191.36 (C=0).

Compound 6: 4-(5-(4-Methoxyphenyl)-3-(pyridin-2-yl)-4,5-dihydro- 1 H-pyrazol- 1-yl)benzenesulfonamide

This compound is isolated as dark green crystals with a melting point of 139-141 °C and a yield of 87%. IR
spectroscopy shows peaks at 3371.68 and 3271.38 cm™ for NH: groups, 3057.27 cm™ for aromatic C—H, 2966.63
and 2841.24 cm™ for CHs, 1597.11 cm™ for the pyrazoline C=N bond, 1508.38 and 1465.95 cm™ for aromatic
C=C and C=N, and 1346.7 and 1153.9 cm™! for the SO:N group. The 'H NMR spectrum (500 MHz, DMSO)
shows signals at 3.17 (1H, dd, CH: pyrazoline), 3.79 (3H, s, O—CHs), 3.94 (1H, dd, CH: pyrazoline), 5.62 (1H,
dd, CH pyrazoline), 6.89 (2H, d, aromatic H ortho to OCHs), 7.06 (2H, s, SO:NH:), and 7.13-8.86 (12H, m,
aromatic H). The '*C NMR spectrum (125 MHz, DMSO-ds) displays peaks at 43.34 (C-5 pyrazoline), 55.50 (O—
CHs), 62.60 (C-4 pyrazoline), 112.89—151.34 (16 aromatic C), 146.03 (C=N of diazole), and 159.07 (aromatic C
linked to O—CHs).
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Compound 7: 4-(5-(4-Nitrophenyl)-3-(pyridin-2-yl)-4,5-dihydro-1 H-pyrazol-1-yl) benzenesulfonamide

This compound was isolated as dark brown crystals with a melting point of 192—194 °C and a yield of 72%. The
IR spectrum shows NH: absorptions at 3362.04 and 3252.09 cm™, aromatic C—H at 3063.06 cm™', pyrazoline C=N
at 1595.18 cm™, and aromatic C=C and C=N at 1518.03 and 1398.51 cm™. The SO:N group is observed at 1344.43
and 1157.33 cm ™. The 'H NMR spectrum (500 MHz, DMSO) exhibits peaks at 3.05 and 3.98 (1H each, dd, CH:
pyrazoline), 5.44 (1H, dd, CH pyrazoline), 6.96 (2H, s, SO-NHz), and 7.06-8.69 (12H, m, aromatic H). The *C
NMR spectrum (125 MHz, DMSO-ds) shows peaks at 41.43 (N(CHas)2), 46.22 (C-5 pyrazoline), 63.31 (C-4
pyrazoline), 108.21-144.11 (17 aromatic C), and 148.21 (C=N of diazole).

Compound 8: 4-(5-(4-(Dimethylamino)phenyl)-3-(pyridin-2-yl)-4,5-dihydro- 1 H-pyrazol-1-
vl)benzenesulfonamide

This derivative also appears as dark brown crystals with a melting point of 192—-194 °C and a 72% yield. IR
absorptions include 3362.04 and 3252.09 cm™ (NH:), 3063.06 cm™! (aromatic C—H), 1595.18 cm™ (C=N),
1518.03 and 1398.51 cm™ (aromatic C=C and C=N), and 1344.43 and 1157.33 cm™ (SO:N). The 'H NMR
spectrum (500 MHz, DMSO) shows 3.05 and 3.98 ppm (1H each, dd, CH: pyrazoline), 5.44 ppm (1H, dd, CH
pyrazoline), 6.96 ppm (2H, s, SO2NHz), and 7.06-8.69 ppm (12H, m, aromatic H). The *C NMR spectrum (125
MHz, DMSO-ds) exhibits 41.43 ppm (N(CHs)2), 46.22 ppm (C-5 pyrazoline), 63.31 ppm (C-4 pyrazoline),
108.21-144.11 ppm (17 aromatic C), and 148.21 ppm (C=N of diazole).

Compound 9: 4-(5-(4-Chlorophenyl)-3-(pyridin-2-yl)-4,5-dihydro- 1 H-pyrazol-1-yl)benzenesulfonamide

This compound was obtained as pale brown crystals with a melting point of 119-121 °C and a yield of 77%. The
IR spectrum shows NH: absorptions at 3365.9 and 3292.60 cm™, aromatic C—H at 3092.82 cm™', pyrazoline C=N
at 1595.48 cm™', aromatic C=C and C=N at 1494.88 and 1404.21 cm™!, SO:N at 1327.07 and 1149.61 cm™, and
C—Cl at 1089.23 cm ™. The '"H NMR spectrum (500 MHz, DMSO) displays 3.23 and 3.98 ppm (CH: pyrazoline),
5.77 ppm (CH pyrazoline), 7.09 ppm (2H, s, SO-NH:), and 7.1-8.69 ppm (12H, m, aromatic H). The '*C NMR
spectrum (125 MHz, DMSO-ds) shows 42.81 ppm (C-5 pyrazoline), 62.70 ppm (C-4 pyrazoline), 111.74—
149.52 ppm (17 aromatic C), and 140.58 ppm (C=N pyrazoline).

Compound 10: 4-(5-Phenyl-3-(pyridin-2-yl)-4,5-dihydro-1H-pyrazol-1-yl) benzenesulfonamide

This compound appears as brown crystals with a melting point of 96—98 °C and a yield of 62%. IR absorptions
are observed at 3340.82 and 3288.74 cm™ (NH2), 3061.13 cm™ (aromatic C-H), 1591.33 cm™ (C=N), 1502.60
and 1464.02 cm™* (aromatic C=C and C=N), and 1332.68 and 1153.47 cm™* (SO:N). The '"H NMR spectrum (500
MHz, DMSO) shows 3.22 and 3.99 ppm (CH: pyrazoline), 5.73 ppm (CH pyrazoline), 7.07 ppm (2H, s, SO-NH>),
and 7.16-8.62 ppm (12H, m, aromatic H). The *C NMR spectrum (125 MHz, DMSO-ds) shows 43.02 ppm (C-5
pyrazoline), 63.35 ppm (C-4 pyrazoline), 111.62—148.23 ppm (17 aromatic C), and 139.38 ppm (C=N pyrazoline).

Computational methods

Figure 2 illustrates the computational workflow of this study. Molecular docking was performed using CCDC
GOLD Suite (v. 5.6.2), and ligand—receptor interactions, hydrogen bonds, short contacts, and bond lengths were
analyzed using CCDC Hermes visualizer (v. 1.9.2). Ligand and reference drug structures were drawn using
ChemBioOffice (v. 17.1). ADME properties of the synthesized compounds were predicted via the SwissADME
server [21].
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Figure 2. Computational workflow for the target compounds

ADME analysis
Compounds 6—10 were drawn using ChemBioOffice software and subsequently converted into SMILES notation
via the SwissADME tool. SwissADME was also employed to predict the pharmacokinetic and physicochemical
properties of the compounds. Lipophilicity and polarity of the small molecules were evaluated using the BOILED-
Egg model [22].

Ligand and receptor preparation

Crystal structures of the human estrogen receptor and PARP1 antagonist were retrieved from the Protein Data
Bank (PDB). Missing atoms were added using SwissPDB Viewer (SPDBV) v3.7. Water molecules not involved
in ligand binding were removed, while essential ones were retained. Hydrogen atoms were incorporated to
correctly ionize amino acid residues and establish tautomeric states. Energy minimization of the prepared
molecules was performed using ChemBio3D v19.1 with the MM2 force field.

Molecular docking protocol

Docking studies were carried out using the licensed version of GOLD (Genetic Optimization for Ligand Docking)
v2020.3.0, with the Hermes visualizer application handling the docking simulations. The docking binding site
encompassed nucleotides and protein residues located within 10 A of the reference ligands. Protein structures
were obtained from PDB entries 1ERR and SHA9. The active site radius was set at 10 A based on the reference
ligand. The ChemScore kinase configuration was used as a template, and scoring was performed using the
ChemPLP function. Default parameters were applied for all GOLD settings, and docking results—including
ligand poses, binding modes, and binding free energies—were analyzed to evaluate interactions with active site
residues of the human estrogen receptor.

Antiproliferative assay
The cytotoxic effects of compounds 6—10 were assessed on breast cancer cell lines (MCF-7 and MDA-MB-468)
using the MTT assay. This study was conducted at the College of Pharmacy, Mustansiriyah University.

Determination of half-maximal inhibitory concentration (ICso)
The ICso values, representing the concentration required to reduce cell viability by 50%, were calculated from the
MTT assay data collected 72 hours after treating the cells with compounds 6-10.
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Statistical analysis
GraphPad Prism and nonlinear curve fitting software were used for statistical evaluation of the ICso and MTT
assay data. One-way analysis of variance (ANOVA) followed by Tukey’s test was applied to compare groups on
the same MTT plate. Differences were considered statistically significant at P <0.05.

Results and Discussion

Analysis of ADME properties

The drug-like properties of all synthesized compounds (6—10) were evaluated using Lipinski’s Rule of Five [23],
a standard procedure in drug discovery for identifying promising lead molecules. According to this rule, orally
active compounds should have a molecular weight <500, Log P <5, no more than 10 hydrogen bond acceptors,
and no more than 5 hydrogen bond donors. Additionally, the topological polar surface area (TPSA), which
influences oral bioavailability, was assessed; compounds with TPSA values above 140 A2 are predicted to have
poor passive absorption. The ADME predictions indicated that all compounds except compound 7 had TPSA
values below 140 A2, specifically 106.26, 142.85, 100.27, 97.03, and 97.03 A2. All compounds showed sufficient
oral bioavailability with a value of 0.55, suggesting effective systemic absorption. Table 1 summarizes Lipinski’s
ROS analysis. All derivatives also satisfied key molecular descriptors related to drug-likeness, including Log P
and Log S values.

Table 1. The ADME result for the final derivatives.

COM  pooporcomor ™% 9 A% e by vitaion
6 6 1 117.54 106.26 High NO 0.55 0 violation
7 7 1 119.87 142.85 Low NO 0.55 0 violation
8 5 1 125.26 100.27 High NO 0.55 0 violation
9 5 1 116.06 97.03 High NO 0.55 0 violation
10 5 1 111.05 97.03 High NO 0.55 0 violation

All compounds, with the exception of compound 7, exhibited high gastrointestinal (GI) absorption scores, which
predict the extent of xenobiotic uptake from the gut following oral administration. These results suggest that most
of the synthesized molecules are likely to be efficiently absorbed in the intestines, whereas compound 7 is
expected to have limited absorption.

Analysis of docking results

Compounds 6-10 were successfully docked using the GOLD Suite software. Prior to docking, ligands were
energy-minimized to correct distorted geometries by repositioning atoms and relieving internal strain, achieving
a stable, low-energy conformation. The fitness of the resulting ligand—protein complexes was evaluated for all
compounds. Binding affinities of compounds 610, as well as tamoxifen, were assessed against the human
estrogen receptor (PDB: 1ERR), and compounds 6—10 were also evaluated against a PARP1 antagonist (PDB:
SHAY), using PLP fitness scores at the respective active sites. For the estrogen receptor, PLP fitness values ranged
from 78.24 to 89.37, while docking with the PARP1 antagonist yielded scores between 81.62 and 93.24 (Table
2). The docking analysis highlighted the formation of hydrogen bonds and other short-range interactions between
the ligands and the target proteins. Distances between specific protein atoms and ligand atoms were measured,
with most interactions occurring within 3 A. These short contacts represent various non-covalent interactions,
including van der Waals forces, electrostatic interactions, steric effects, m—mn stacking, and dipole—dipole
interactions.

Table 2. A score for docking with interactions between amino acids on both targets.

Short contact interactions H-Bond interactions Binding Protein
Energy (PLP  Compounds data
Amino acid residues Amino acid residues Fitness) bank
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LEU 384, LEU 525 and GLU 353
ILE 424 (3), HIS 524, LEU 525 (3), LEU GLU 353, ARG 394, HOH
346 (3), LEU 391, ARG 394, GLU 353 bridge with LEU 387 and 2927 3 Human
(2), HOH bridge with LEU 387, ARG 394 GLU 535 estrogen
and GLU 353 recepor
ILE 424 (2), MET 388, LEU 384 , LEU THR 347 %263 4 PDB
525 code:
ILE 424, LEU 349 (2), TRP 383 (2), ALA (1IERR)
350 (3), ASP 351 ASP 351 89.37 5
ILE 424, LEU 525 (3), LEU 391 (2), MET TAMOXIF
- 94.69
388 EN
LEU 384 (4), LEU 525 (2), THR 347, ARG 394, GLU 353, HOH
MET 343, PHE 404 (3), LEU 428, LEU bridge with LEU 387 and 95.36 4-HRT
387, ARG 394, GLU 353 GLU 353
TYR 246, TYR 235, ASN 106 (3), ASN TYR 246, ARG 204, SER 90.09 1
207 203, ASN 106 (2) '
TYR 246, ASN 106 (3), ASN 207, TYR TYR 246, ASN 106 (2), %7 58 5
228 SER 203, ARG 204
TYR 228, LYS 232, ALA 219 (3), SER SER 243 (3), GLY 202,
243 (2), PHE 236 TRP 200 8745 3 Pgll}ll;l
TYR 246, ASN 106 (4), ASN 207, HIS TYR 246, ASN 106 (2) 93,04 4 CODE:
201 (4), TYR 235 SER 203, ARG 204 (SHA9)
MET 229 (2), HIS 201 (2), ARG 204, SER 203, ASN 106 (2), 81.62 5
ASN 207 (2), ASN 106 (3) ARG 204
TPO
TYR 246, HIS 201, TYR 235 - 69.80 (reference
ligand)

Docking studies indicated that the ligands from our final library form multiple interactions, including hydrogen
bonds and short-range contacts, with key amino acids in the human estrogen alpha receptor active site, such as
ALA 350, ASP 351, GLU 353, TRP 383, LEU 384, LEU 387, MET 388, LEU 391, ARG 394, PHE 404, MET
421, ILE 424, PHE 425, LEU 428, GLY 521, HIS 524, and LEU 525. These interactions highlight the potential
of these compounds as anti-breast cancer agents. Among them, compounds 13 and 15 displayed the highest PLP
fitness scores of 89.27 and 89.37, respectively, while reference drugs tamoxifen and 4-hydroxytamoxifen (4-HRT)
scored 94.69 and 95.36. The binding mode of 4-HRT is presented in Figure 2, whereas Figures 3 and 4 show the
detailed interactions of high-scoring compounds 8 and 10. Figure 5 illustrates the binding pattern of compound 9

within the PARP1 antagonist active site.
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Figure 4. Interaction of compound 8 with the human estrogen receptor (PDB: 1ERR).
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Analysis of anti-breast cancer activity
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Figure 5. Interaction of compound 10 with the human estrogen receptor (PDB: 1ERR).

Cytotoxicity studies of compounds 6—10 demonstrated their potential anti-breast cancer effects. Among them,
compound 9 exhibited the strongest activity, with an ICso of 2.79 uM against MDA-MB-468 cells, making it
approximately 5.4 times more potent than tamoxifen, which showed an ICso of 15.29 uM. This indicates that
compound 9 can inhibit the growth of MDA-MB-468 cancer cells at a substantially lower concentration than
tamoxifen. In comparison, compounds 8 and 10 had ICso values of 7.4 uM and 17.96 pM, respectively, reflecting
moderate cytotoxicity. The remaining compounds displayed relatively low activity, with ICso values exceeding
50 uM in both cell lines. Table 3 summarizes the percentage of cell death for MCF-7 and MDA-MB-468 cells
after 72 hours of treatment with varying concentrations of compounds 6-10, as determined by the MTT assay.
Dose-response curves for tamoxifen and compound 9 in both cell lines are presented in Figures 5-7, while
Figures 7, 8, and 10 illustrate detailed results for compound 8.

Table 3. Comparing tamoxifen to all compounds (C6—C10) at 72 hours for cell death in MCF-7 and MDA-MB-
468 cell lines.

Conc. MDA-MB-468 MCF-7
uM 6 7 8 9 10 Tamoxifen 6 7 8 9 10 Tamoxifen
100 5932 5544 60.01 9501 55.45 97.86 40.56 495 9135 58.69 92.93 96.61
50 5132 4042 5236 9236 50.76 96.92 3332 40.32 88.08 47.98 85.16 93.31
25 4299 3039 4540 8540 44.78 92.69 20.76 30.65 77.55 40.54 69.62 88.17
125 3147 2744 30.74 80.74 30.55 68.14 17.34 2221 6741 3021 49.57 62.89
6.25 26.05 18.57 27.10 77.10 20.6 55.92 1045 1487 49.86 203 35.82 62.81
3.12 19.66 1344 11.16 71.16 10.1 48.27 543 10.87 2380 145 27.88 41.5
1.5 850 298 437 6437 3.1 41.60 387 376 1750 6.8  27.17 40.50
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Figure 6. Interaction of compound 10 with PARP1 (PDB: SHA9).
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Figure 7. ICso dose-response curves of tamoxifen on MDA-MB-468 cells.
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Figure 8. ICso dose-response curves of compound 9 on MDA-MB-468 cells.
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Figure 9. ICso dose-response curves of tamoxifen on MCF-7 cells.
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Figure 10. ICso dose-response curves of compound 8 on MCF-7 cells.
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Figure 11. IC50 dose-response curves of compound 10 against the MCF-7 cell line.
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Conclusion

The analysis of the synthesized compounds indicates that pyrazolines bearing sulfonamide groups exhibit
remarkable anti-breast cancer activity. Docking studies revealed strong binding affinities of compounds (6—10)
with both the human estrogen receptor and the PARP1 antagonist, which was further supported by in vivo results.
Specifically, compound 9 showed pronounced activity against the MDA-MB-468 cell line, whereas compounds
8 and 10 were more effective against the MCF-7 cell line. Furthermore, ADME profiling confirmed that all
synthesized compounds complied with Lipinski’s rule of five, except for compound 7.
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