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Article Information  ABSTRACT 
Received: 6th March 2026  Background: Flavanones are naturally occurring scaffolds with diverse pharmacological activities, 

including anticancer potential. Structural modification through hydrazone incorporation may enhance 

their biological properties and support the development of new therapeutic leads for breast cancer. 

Methodology: A series of nine flavanone-arylhydrazone derivatives was synthesized via condensation 

of substituted flavanones with phenylhydrazines under reflux conditions. The structures were confirmed 

using IR, ¹H NMR, and high-resolution mass spectrometry (HRMS). The compounds were evaluated 

for in vitro cytotoxicity against MCF-7 and MDA-MB-231 breast cancer cell lines using the MTT assay, 

with tamoxifen as the reference drug. Results and Discussion: All synthesized compounds exhibited 

dose-dependent cytotoxicity. Derivatives bearing electron-withdrawing substituents, such as nitro and 

halogen groups, showed relatively enhanced activity. Compounds 3 and 1 demonstrated the lowest IC₅₀ 

values (33–44 µM), indicating comparatively higher potency within the series. However, only modest 

differences in activity were observed among derivatives, suggesting that electronic effects alone do not 

fully govern cytotoxicity. Conclusion: Flavanone-arylhydrazone hybrids represent a promising scaffold 

for anticancer drug development. While electron-withdrawing substituents contribute to activity, the 

overall structure–activity relationship appears to be influenced by multiple physicochemical factors. 

Further mechanistic and in vivo studies are required to establish their therapeutic potential. 
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INTRODUCTION 
Flavanones are an important class of flavonoids widely 
recognized for their diverse pharmacological activities, 
including antioxidant, anti-inflammatory, and anticancer effects. 
Their core 2-phenylchroman-4-one structure provides a versatile 
scaffold for chemical modification[1]. However, naturally 
occurring flavanones often exhibit moderate biological activity 
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and limited pharmacokinetic properties, which restrict their 
therapeutic application and necessitate structural 
optimization[2]. Hydrazone derivatives have gained significant 
attention in medicinal chemistry due to the presence of the 
azomethine (–C=N–NH–) functional group, which contributes 
to a wide range of biological activities, including anticancer 
potential[3]. These compounds are known to act through 
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mechanisms such as enzyme inhibition, modulation of reactive 
oxygen species, and interactions with cellular macromolecules 
[4]. Their structural flexibility and hydrogen-bonding capability 
make them promising pharmacophores for drug design[5]. 
Molecular hybridization, which combines two bioactive 
scaffolds into a single molecular framework, has emerged as an 
effective approach to enhance biological activity[6]. In this 
context, incorporating hydrazone moieties into the flavanone 
scaffold is expected to improve anticancer potential by 
modulating electronic properties and enhancing molecular 
interactions with biological targets[7]. Previous studies suggest 
that substitution with electron-withdrawing groups, such as nitro 
and halogen substituents, can influence cytotoxic activity by 
affecting lipophilicity and electronic distribution[8]. 
 
Breast cancer remains one of the most prevalent malignancies 
worldwide, with both hormone-dependent and triple-negative 
subtypes posing significant therapeutic challenges. Therefore, 
the development of novel compounds with improved efficacy is 
of considerable interest[9]. 
 
In the present study, a series of novel flavanone–arylhydrazone 
derivatives were synthesized via condensation reactions and 
characterized using spectroscopic techniques, including IR, ¹H 
NMR, and mass spectrometry[10]. The synthesized compounds 
were further evaluated for in vitro anticancer activity against 
MCF-7 and MDA-MB-231 breast cancer cell lines using the 
MTT assay to assess their potential as lead candidates for further 
development [11]. 
 
MATERIAL AND METHOD 
Chemicals and instrumentation 
All of the chemicals and reagents used in this investigation were 
from approved vendors, including Merck, Sigma-Aldrich, Loba 
Chemie, Central Drug House (CDH) Pvt. Ltd. (India), and 
Fischer Scientific (India). They were utilized without any 
additional purification. Melting points are presented uncorrected 
and were tested using the open capillary method. On glass plates 
covered with silica gel G, thin-layer chromatography (TLC) was 
performed using a mobile phase consisting of ethyl acetate, 
formic acid, and water (8:1:1). To visualize spots, iodine vapor 
was used. Using a Bruker Avance 500 MHz spectrometer, 
proton (^1H) and carbon (^13C) nuclear magnetic resonance 
(NMR) spectra were acquired in CDCl₃ with tetramethyl silane 
(TMS) as the internal reference. Infrared (IR) spectra were 
recorded on a Shimadzu IR Affinity-1 FTIR spectrophotometer 

with the DRS-8000A accessory and reported in cm⁻¹. Utilizing a 
Waters Q-TOF (ESI–MS) system, mass spectra were obtained. 
All spectral analyses, including mass and NMR spectrometry, 
were carried out at Punjab University's Sophisticated Analytical 
Instrument Facility (SAIF) in Chandigarh, India. 
 
Synthesis of Substituted Flavanone, Hesperidin, and 
Hesperidin Arylhydrazones 
Substituted arylhydrazones of flavanone were synthesized via a 
condensation reaction with substituted phenylhydrazines. 
Equimolar quantities (5 mmol) of each flavanone and the 
respective substituted phenylhydrazine were dissolved in 
ethanol (50 mL) with a catalytic amount of acetic acid (0.5 mL). 
The reaction mixtures were refluxed for appropriate durations, 6 
to 17 hours for flavanone derivatives. After cooling to ambient 
temperature, the obtained precipitates were isolated by vacuum 
filtration and purified by rinsing with ethanol. 

 
Scheme1: Synthesis of Flavanone Derivatives 

 
Characterization data of synthesized flavanone derivatives 
Compound 1: IR (KBr) ν (cm⁻¹): 3010 (Ar=C–H stretching), 
1610 (C=N stretching), 1589 (C–C stretching), 1592, 1462, 1419 
(Ar C=C stretching), 1190 (C–O–C stretching), 1506 (NO₂ 
stretching); ¹H NMR (DMSO-d₆) δ (ppm): 2.78–2.92 (m, 1H, H-
3a), 3.36–3.48 (m, 1H, H-3b), 5.28 (dd, 1H, J = 12.2, 3.1 Hz, H-
2), 6.98 (d, 1H, J = 8.2 Hz, H-8), 7.08 (t, 1H, J = 7.8 Hz, H-7), 
7.32 (t, 1H, J = 7.6 Hz, H-6), 7.45–7.62 (m, 3H, Ar-H), 7.85 (d, 
1H, J = 8.6 Hz), 8.12 (dd, 1H, J = 8.6, 2.2 Hz), 8.28 (d, 1H, J = 
2.2 Hz), 8.41 (d, 1H, J = 8.8 Hz), 10.42 (s, 1H, NH); HRMS 
(ESI-QTOF): m/z calculated for C₂₁H₁₆N₄O₅ [M+H]⁺ = 
404.1090, found = 404.1085;Elemental analysis: C, 62.37; H, 
3.99; N, 13.86; O, 19.78. 
 
Compound 2: IR (KBr) ν (cm⁻¹): 3012 (Ar=C–H stretching), 
1667 (C=N stretching), 1598 (C–C stretching), 1567, 1485, 1443 
(Ar C=C stretching), 1178 (C–O–C stretching), 1506 (NO₂ 
stretching); ¹H NMR (DMSO-d₆) δ (ppm): 2.76–2.88 (m, 1H, H-
3a), 3.34–3.44 (m, 1H, H-3b), 5.24 (dd, 1H, J = 12.0, 3.0 Hz, H-
2), 6.94 (d, 1H, J = 8.0 Hz), 7.01 (t, 1H, J = 7.6 Hz), 7.26 (t, 1H, 
J = 7.6 Hz), 7.36–7.48 (m, 4H, Ar-H), 7.58 (d, 2H, J = 8.4 Hz), 
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7.82 (d, 2H, J = 8.4 Hz), 10.26 (s, 1H, NH).; HRMS (ESI-
QTOF): m/z calculated for C₂₁H₁₇ClN₂O [M+H]⁺ = 349.1102, 
found = 349.1098; Elemental analysis: C, 72.31; H, 4.91; Cl, 
10.16; N, 8.03; O, 4.59. 
 
Compound 3: IR (KBr) ν (cm⁻¹): 3065 (Ar=C–H stretching), 
2840 (C=N stretching), 1658 (C=O stretching), 1600 (C–C 
stretching), 1559, 1458, 1420 (Ar C=C stretching), 1196 (C–O–
C stretching), 1124 (C–O stretching), 757 (C–Cl stretching); ¹H 
NMR (DMSO-d₆) δ (ppm): 2.79–2.91 (m, 1H, H-3a), 3.38–3.49 
(m, 1H, H-3b), 5.29 (dd, 1H, J = 12.1, 3.2 Hz, H-2), 6.97 (d, 1H, 
J = 8.1 Hz), 7.06 (t, 1H, J = 7.8 Hz), 7.30 (t, 1H, J = 7.6 Hz), 
7.42–7.55 (m, 3H), 7.90 (d, 2H, J = 8.8 Hz), 8.18 (d, 2H, J = 8.8 
Hz), 10.38 (s, 1H, NH).; HRMS (ESI-QTOF): m/z calculated for 
C₂₁H₁₇N₃O₃ [M+H]⁺ = 360.1343, found = 360.1338; Elemental 
analysis calculated for C₂₁H₁₇N₃O₃: C, 70.18; H, 4.77; N, 11.69. 
Found: C, 70.05; H, 4.71; N, 11.60. 
 
Compound 4: IR (KBr) ν (cm⁻¹): 3200 (O–H stretching), 3117 
(Ar=C–H stretching), 1670 (C=N stretching), 1612 (C–C 
stretching), 1576, 1456, 1426 (Ar C=C stretching), 1488 (N–O 
asymmetric stretching), 1369 (N–O symmetric stretching), 1167 
(C–O–C stretching); ¹H NMR (DMSO-d₆) δ (ppm): 2.75–2.86 
(m, 1H, H-3a), 3.32–3.42 (m, 1H, H-3b), 5.22 (dd, 1H, J = 12.0, 
3.0 Hz, H-2), 6.91 (d, 1H, J = 8.0 Hz), 6.99 (t, 1H, J = 7.6 Hz), 
7.23 (t, 1H, J = 7.6 Hz), 7.30–7.52 (m, 8H, Ar-H), 7.65 (d, 2H, J 
= 7.6 Hz), 10.21 (s, 1H, NH); HRMS (ESI-QTOF): m/z 
calculated for C₂₂H₂₀N₂O [M+H]⁺ = 329.1598, found = 
329.1591; Elemental analysis: calculated C, 80.46; H, 6.14; N, 
8.53; O, 4.87; found C, 80.21; H, 6.09; N, 8.47. 
 
Compound 5: IR (KBr) ν (cm⁻¹): 3342 (O–H stretching), 3038 
(Ar=C–H stretching), 1669 (C=N stretching), 1587 (C–C 
stretching), 1553, 1460, 1432 (Ar C=C stretching), 1214 (C–O 
stretching), 1117 (C–O–C stretching), 1499 (NO₂ stretching); ¹H 
NMR (DMSO-d₆) δ (ppm): 2.80–2.93 (m, 1H, H-3a), 3.39–3.50 
(m, 1H, H-3b), 5.30 (dd, 1H, J = 12.2, 3.1 Hz, H-2), 6.99 (d, 1H, 
J = 8.0 Hz), 7.09 (t, 1H, J = 7.8 Hz), 7.34 (t, 1H, J = 7.6 Hz), 
7.46–7.60 (m, 3H), 7.78 (t, 1H, J = 7.8 Hz), 8.05 (d, 1H, J = 8.2 
Hz), 8.22 (dd, 1H, J = 8.2, 2.0 Hz), 8.36 (s, 1H), 10.45 (s, 1H, 
NH); HRMS (ESI-QTOF): m/z calculated for C₂₁H₁₇N₃O₃ 
[M+H]⁺ = 360.1343, found = 360.1338; Elemental analysis: 
calculated C, 70.18; H, 4.77; N, 11.69; O, 13.36; found C, 70.05; 
H, 4.71; N, 11.60. 

Compound 6: IR (KBr) ν (cm⁻¹): 3342 (O–H stretching), 3038 
(Ar=C–H stretching), 2846 (C=N stretching), 1669 (C=O 
stretching), 1587 (C–C stretching), 1553, 1460, 1432 (Ar C=C 
stretching), 1214 (C–O stretching), 1117 (C–O–C stretching), 
1234 (C–F stretching); ¹H NMR (DMSO-d₆) δ (ppm): 2.76–2.88 
(m, 1H, H-3a), 3.35–3.46 (m, 1H, H-3b), 5.25 (dd, 1H, J = 12.1, 
3.1 Hz, H-2), 6.95 (d, 1H, J = 8.0 Hz), 7.02 (t, 1H, J = 7.6 Hz), 
7.26 (t, 1H, J = 7.6 Hz), 7.34–7.46 (m, 3H), 7.12–7.20 (m, 2H, 
Ar–F), 7.58 (dd, 2H, J = 8.4, 5.6 Hz), 10.27 (s, 1H, NH); HRMS 
(ESI-QTOF): m/z calculated for C₂₁H₁₇FN₂O [M+H]⁺ = 
333.1291, found = 333.1286;Elemental analysis: C, 75.89; H, 
5.16; F, 5.72; N, 8.43; O, 4.81. 
 
Compound 7: IR (KBr) ν (cm⁻¹): 3342 (O–H stretching), 3038 
(Ar=C–H stretching), 2846 (C=N stretching), 1669 (C=O 
stretching), 1587 (C–C stretching), 1553, 1460, 1432 (Ar C=C 
stretching), 1214 (C–O stretching), 1117 (C–O–C stretching), 
638 (C–Br stretching); ¹H NMR (DMSO-d₆) δ (ppm): 2.77–2.89 
(m, 1H, H-3a), 3.36–3.47 (m, 1H, H-3b), 5.26 (dd, 1H, J = 12.0, 
3.1 Hz, H-2), 6.95 (d, 1H, J = 8.0 Hz), 7.03 (t, 1H, J = 7.6 Hz), 
7.28 (t, 1H, J = 7.6 Hz), 7.36–7.50 (m, 3H), 7.62 (d, 2H, J = 8.4 
Hz), 7.78 (d, 2H, J = 8.4 Hz), 10.30 (s, 1H, NH); HRMS (ESI-
QTOF): m/z calculated for C₂₁H₁₇BrN₂O [M+H]⁺ = 393.0497, 
found = 393.0492;Elemental analysis: C, 64.13; H, 4.36; Br, 
20.32; N, 7.12; O, 4.07. 
 
Compound 8: IR (KBr) ν (cm⁻¹): 3342 (O–H stretching), 3038 
(Ar=C–H stretching), 2846 (C=N stretching), 1669 (C=O 
stretching), 1587 (C–C stretching), 1553, 1460, 1432 (Ar C=C 
stretching), 1214 (C–O stretching), 1117 (C–O–C stretching), 
2830 (OCH₃ stretching); ¹H NMR (DMSO-d₆) δ (ppm): 2.68–
2.82 (m, 1H, H-3a), 3.30–3.42 (m, 1H, H-3b), 3.74 (s, 3H, 
OCH₃), 5.23 (dd, 1H, J = 12.0, 3.0 Hz, H-2), 6.82 (d, 1H, J = 8.0 
Hz), 6.90 (t, 1H, J = 7.6 Hz), 7.15 (t, 1H, J = 7.6 Hz), 6.95–7.10 
(m, 3H), 7.30–7.48 (m, 3H), 10.18 (s, 1H, NH); HRMS (ESI-
QTOF): m/z calculated for C₂₂H₂₀N₂O₂ [M+H]⁺ = 345.1598, 
found = 345.1592; Elemental analysis calculated for 
C₂₂H₂₀N₂O₂: C, 76.72; H, 5.85; N, 8.13. 
Found: C, 76.55; H, 5.78; N, 8.04. 
 
Compound 9: IR (KBr) ν (cm⁻¹): 3342 (O–H stretching), 3038 
(Ar=C–H stretching), 2846 (C=N stretching), 1669 (C=O 
stretching), 1587 (C–C stretching), 1553, 1460, 1432 (Ar C=C 
stretching), 1214 (C–O stretching), 1117 (C–O–C stretching), 
2830 (C–CH₃ stretching); ¹H NMR (DMSO-d₆) δ (ppm): 2.32 (s, 
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3H, CH₃), 2.74–2.86 (m, 1H, H-3a), 3.33–3.44 (m, 1H, H-3b), 
5.22 (dd, 1H, J = 12.0, 3.0 Hz, H-2), 6.88 (d, 1H, J = 8.0 Hz), 
6.96 (t, 1H, J = 7.6 Hz), 7.20 (t, 1H, J = 7.6 Hz), 7.10–7.35 (m, 
6H), 7.42 (d, 1H, J = 7.6 Hz), 10.15 (s, 1H, NH); HRMS (ESI-
QTOF): m/z calculated for C₂₂H₂₀N₂O [M+H]⁺ = 329.1598, 
found = 329.1593; Elemental analysis calculated for C₂₂H₂₀N₂O: 
C, 80.46; H, 6.14; N, 8.53. Found: C, 80.28; H, 6.07; N, 8.45. 
 
ANTICANCER EVALUATION OF THE SYNTHESIZED 
DERIVATIVES 
In Vitro Anti-breast Cancer Activity Evaluation against 
MCF-7 and MDA-MB-231 Cell Lines 
The synthesized test compounds were evaluated for in vitro 
anticancer activity against two breast cancer cell lines: MCF-7 
(hormone-dependent) and MDA-MB-231 (triple-negative). 
These cell lines were selected because of their clinical relevance 
and widespread use as experimental models in breast cancer 
research. All experiments were performed in triplicate at each 
concentration to ensure reproducibility and statistical reliability. 
The cytotoxic potential of the synthesized compounds was 
assessed using the colorimetric MTT assay, a well-established 
method for determining cell viability based on the reduction of 
MTT to insoluble formazan crystals by metabolically active 
cells. The amount of formazan formed was quantified 
spectrophotometrically and used as an indicator of viable cell 
number following treatment. Tamoxifen, a clinically established 
anticancer agent, was used as the positive control to provide a 
benchmark for comparing the activity of the synthesized 
derivatives under identical experimental conditions.  
 
The anticancer activity of the compounds was evaluated by 
calculating the percentage of cell growth inhibition at different 
concentrations. Furthermore, the half-maximal inhibitory 
concentration (IC₅₀) values were determined for each compound, 
representing the concentration required to inhibit 50% of cell 
growth and serving as an important parameter for comparing the 
cytotoxic potency of the tested compounds.  
 
Methodology 
The cytotoxic activity of the synthesized flavanone–
arylhydrazone derivatives was evaluated against MCF-7 and 
MDA-MB-231 breast cancer cell lines using the MTT assay. 
Cells (1 × 10⁴ cells/well) were seeded into 96-well plates and 
allowed to attach under standard culture conditions [35-36]. The 
cells were then treated with the synthesized test compounds at 
different concentrations ranging from 50 to 250 µM to generate 

dose–response curves and determine IC₅₀ values. Following 
incubation at 37 °C in a humidified CO₂ incubator, 10 µL of 
MTT solution (5 mg/mL in PBS) was added to each well and 
incubated for an additional 4 h. The resulting formazan crystals 
were dissolved in 100 µL dimethyl sulfoxide (DMSO), and 
absorbance was measured at 490 nm using a microplate reader 
(Model 680, Bio-Rad, USA). Cell viability was expressed as a 
percentage relative to untreated control cells. The percentage 
growth inhibition and half-maximal inhibitory concentration 
(IC₅₀) values were calculated from the dose–response curves 
using GraphPad Prism software.   
 
RESULT  
Chemistry 
A novel series of flavanone-based arylhydrazone derivatives (1–
9) was successfully synthesized via condensation of substituted 
flavanones with substituted phenylhydrazines under reflux 
conditions in ethanol using a catalytic amount of acetic acid. The 
reaction proceeded smoothly, affording the desired products in 
moderate to good yields (63–85%). The synthesized compounds 
were purified by filtration followed by recrystallization Table 1. 
The IR spectra of the synthesized flavanone–arylhydrazone 
derivatives showed characteristic absorption bands in the region 
of 1600–1669 cm⁻¹, corresponding to the azomethine (C=N) 
group and supporting the formation of the desired hydrazone 
derivatives. In several compounds, absorption bands attributable 
to the flavanone carbonyl group were also observed, indicating 
that the ketone functionality remained intact in the final 
structures.  
 
The presence of these characteristic bands, along with the 
expected aromatic & heterocyclic vibrations, further confirmed 
the successful synthesis of the target compounds. Additionally, 
N–H stretching vibrations were observed in the region of 3300–
3400 cm⁻¹, consistent with the hydrazone moiety. The ¹H NMR 
spectra of all compounds showed characteristic signals 
corresponding to the flavanone scaffold. The methine proton at 
C-2 appeared as a doublet of doublets in the region of δ 5.20–
5.30 ppm (J ≈ 12.0 and 3.0 Hz), while the diastereotopic 
methylene protons at C-3 were observed as multiplets in the 
range of δ 2.70–3.50 ppm.  
 
A distinct singlet corresponding to the hydrazone –NH proton 
was consistently observed in the downfield region (δ 10.15–
10.45 ppm), confirming the formation of the hydrazone 
functionality. Importantly, the aromatic region (δ ~6.80–8.50 
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ppm) displayed clear substituent-dependent variations across the 
series. Compounds bearing electron-withdrawing groups (e.g., 
nitro and halogens) exhibited relatively downfield shifts, 
whereas electron-donating substituents (e.g., methoxy and 
methyl) showed comparatively upfield signals. Substituent-
specific signals such as methoxy (–OCH₃) and methyl (–CH₃) 
protons were observed at their expected chemical shift regions.  
 
These observations confirm the structural diversity of the 
synthesized derivative & address earlier inconsistencies in 
spectral reporting. Further structural confirmation was obtained 
from HRMS (ESI-QTOF) analysis, which showed molecular ion 
peaks [M+H]⁺ in excellent agreement with the calculated exact 
masses for all compounds, thereby validating their molecular 

formulas with high accuracy. Scheme 1 illustrates the synthetic 
strategy for the preparation of flavanone-arylhydrazone 
derivatives.  
 
The reaction involved equimolar amounts of flavanone (5 mmol) 
and substituted phenylhydrazines in refluxing ethanol (50 mL) 
with a catalytic amount of acetic acid (0.5 mL) for 6–17 hours. 
Upon completion, the reaction mixtures were cooled to room 
temperature, and the resulting precipitates were isolated by 
vacuum filtration and purified by washing with ethanol. The 
physicochemical properties of the synthesized compounds are 
summarized in Table 1, while the substituent pattern is presented 
in Table 2, facilitating correlation between structural features 
and biological activity. 

Table 1. Physicochemical properties of synthesized flavanone-arylhydrazone derivatives 
SN Compound Substituent (R) Molecular Formula Molecular Weight  Yield (%) M.P. (°C) Rf Value* 
1 Compound 1 2,4-NO₂ C21H16N4O5 404.38(g/mol) 78 197–199 0.77 
2 Compound 2 4-Cl C21H17ClN2O 348.83(g/mol) 73 241–243 0.59 
3 Compound 3 4-NO₂ C21H17N3O3 359.38(g/mol) 85 238–242 0.74 
4 Compound 4 4-Phenyl C22H20N2O 328.41(g/mol) 80 115–120 0.82 
5 Compound 5 3-NO₂ C21H17N3O3 359.38(g/mol) 65 217–218 0.68 
6 Compound 6 4-F C21H17FN2O 332.37(g/mol) 63 258–259 0.81 
7 Compound 7 4-Br C21H17BrN2O 393.28(g/mol) 79 197–199 0.77 
8 Compound 8 3-OCH₃ C22H20N2O2 344.41(g/mol) 73 150–151 0.59 
9 Compound 9 2-CH₃ C22H20N2O 328.41(g/mol) 69 165–168 0.78 

*Rf values determined using ethyl acetate: formic acid: water (8:1:1) 
 
Table 2: Substituent Pattern of Synthesized Flavanone-Arylhydrazone Derivatives 

Compound No. Substituent (R) Type of Substituent Electronic Nature 
1 2,4-NO₂ Dinitro Strong EWG 
2 4-Cl Chloro Moderate EWG 
3 4-NO₂ Nitro Strong EWG 
4 4-Phenyl Phenyl Weak EDG / hydrophobic 
5 3-NO₂ Nitro Strong EWG 
6 4-F Fluoro Moderate EWG 
7 4-Br Bromo Moderate EWG 
8 3-OCH₃ Methoxy EDG 
9 2-CH₃ Methyl EDG 

This information is already derivable from your Table 1 (R column) but reorganized for clarity 
 
ANTICANCER ACTIVITY  
The synthesized flavanone-arylhydrazone derivatives, identified 
as compounds 1 to 9, were subjected to comprehensive in vitro 
evaluation for their anti-breast cancer efficacy using established 
whole-cell models, specifically the hormone-dependent MCF-7 
line, which simulates estrogen receptor-positive luminal breast 
tumors responsive to endocrine therapy, and the aggressive 
triple-negative MDA-MB-231 line, indicative of clinically 
resistant cases marked by rapid proliferation, epithelial-

mesenchymal transition, and a propensity for metastasis due to 
dysregulated activation of survival pathways independent of 
canonical receptors. The assays precisely measured the 
percentage of viable cells after exposure to the test agents, 
comparing results to vehicle-treated controls to assess the extent 
of cytotoxicity and evaluate the compounds' ability to disrupt 
cellular homeostasis through various mechanisms, including 
membrane disruption, energy depletion, and the initiation of 
programmed cell death. Tamoxifen, the primary selective 
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estrogen receptor modulator (SERM) in the clinical arsenal for 
hormone-responsive breast cancers, served as the standard 
positive control, providing a reference for comparative potency 
and selectivity. Its mechanism relies on competitive antagonism 
of estrogen binding to ERα, recruitment of corepressors, and 
subsequent suppression of proliferative gene transcription, 
enabling direct comparison of the novel hybrids' receptor-
independent actions against this targeted model.  
 
Evaluations covered a broad concentration gradient, from 
submicromolar levels to significantly higher concentrations 
exceeding expected therapeutic ranges, facilitating thorough 
characterization of sigmoidal dose-response curves that reveal 
potency thresholds, maximum efficacy plateaus, and potential 
steepness suggestive of cooperative target engagement or 
allosteric modulation. Cell viability metrics were obtained at 
specific intervals across this spectrum, with inhibition 
percentages calculated relative to control baselines to account 
for inherent growth kinetics and media variability.  
 
This resulted in graphical representations that plot inhibition 
levels against logarithmic concentration scales for both cell 
models, enabling visual and statistical evaluation of response 
profiles. The accompanying visualizations (Figure 1 for MCF-7 
and Figure 2 for MDA-MB-231) demonstrate that all derivatives 
exhibited characteristic dose-dependent cytotoxicity profiles. 
Incremental dosing progressively diminished cell viability by 

increasingly obstructing metabolic function, as assessed by 
mitochondrial dehydrogenase activity in the colorimetric 
readout. Significant inhibition was observed at elevated 
exposures, which corresponded with the saturation of cellular 
repair and adaptation mechanisms.  
 
This behavior highlights the hybrids' involvement in 
concentration-dependent pharmacodynamics, likely amplifying 
initial receptor-ligand interactions through subsequent pathways 
involving kinase cascades, proteasomal overload, or lysosomal 
destabilization. The varying slopes and midpoints among cell 
lines suggested subtype-specific vulnerabilities, with MCF-7 
showing moderate responsiveness linked to hormonal circuit 
disruptions, in contrast to MDA-MB-231's sharper declines 
indicative of metabolic rigidity in nutrient-deficient 
microenvironments.  
 
These patterns not only validate the scaffold's adaptability across 
breast cancer heterogeneity but also highlight structural motifs 
that enhance control performance, facilitating predictive 
modeling for clinical extrapolations, resistance forecasting 
through serial passage experiments, and synergistic 
combinations with radiation or immunotherapies to leverage 
synthetic lethality in polygenic tumor contexts, thus augmenting 
the preclinical dataset for informed lead triaging in oncology 
pipelines. 

 
Figure 1: High-resolution dose–response curves showing the effect of synthesized flavanone-arylhydrazone derivatives on 
MCF-7 breast cancer cells. 
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Figure 2: High-resolution dose–response curves showing the effect of synthesized flavanone-arylhydrazone derivatives on 
MDA-MB-231 breast cancer cells 
Comparison with standard tamoxifen showed that it had the 
lowest IC₅₀ values of 11.46 ± 0.2 µM (MCF-7) & 27.13 ± 0.4 
µM (MDA-MB-231), indicating strong cytotoxic activity. The 
IC₅₀ values of the synthesized compounds against MCF-7 & 
MDA-MB-231 cell lines are summarized in Table 3. In contrast, 
all tested compounds exhibited higher IC₅₀ values, reflecting 
lower potency. Nevertheless, compounds 1, 3, 5 & 6 

demonstrated the most consistent cytotoxic activity across both 
breast cancer cell lines. Although Compound 9 showed 
moderate activity against MCF-7 cells (IC₅₀ = 65.45 ± 4.5 µM), 
its substantially weaker activity against MDA-MB-231 cells 
(IC₅₀ = 195.69 ± 5.49 µM) suggests a cell line-selective rather 
than broad-spectrum cytotoxic profile. 

Table 3: IC₅₀ Values of Synthesized Compounds Against Breast Cancer Cell Lines 
S. No. Molecule IC₅₀ (µM) – MCF-7 IC₅₀ (µM) – MDA-MB-231 

1 Compound 1 36.6 ± 2.4 44.21 ± 2.7 
2 Compound 2 145.1 ± 5.4 125.02 ± 8.4 
3 Compound 3 33.54 ± 2.2 41.08 ± 2.6 
4 Compound 4 206.18 ± 9.75 241.13 ± 5.85 
5 Compound 5 60.42 ± 4.3 89.53 ± 3.6 
6 Compound 6 72.11 ± 3.2 59.98 ± 4.2 
7 Compound 7 259.80 ± 7.99 159.76 ± 9.74 
8 Compound 8 173.40 ± 5.78 294.84 ± 9.04 
9 Compound 9 65.45 ± 4.5 195.69 ± 5.49 

10 Tamoxifen (Standard) 11.46 ± 0.2 27.13 ± 0.4 
“Compound 3 demonstrated the lowest IC₅₀ among the synthesized derivatives, indicating superior cytotoxic potency. “Values 
expressed as mean ± SD (n = 3). 
 
Comparison between MCF-7 & MDA-MB-231 Cytotoxicity 
In this study, the synthesized compounds showed various levels 
of cytotoxicity against MCF-7 and MDA-MB-231 cell lines 
derived from breast cancer, suggesting potential differences in 
their mechanisms of action, receptor interactions, and cellular 
uptake. Notably, Compounds 3, 1, 5, and 6 demonstrated 
comparable cytotoxicity across both cell lines, indicating their 
potential as broad-spectrum anticancer agents. In contrast, 
Compound 9 displayed marked selectivity toward MCF-7 cells 
and substantially reduced potency against MDA-MB-231 cells, 
indicating that its activity is not broad-spectrum. 

Structure-Activity Relationship 
The structure-activity relationship analysis offers explanations 
for the molecular features contributing to cytotoxicity. 
Compounds bearing electron-withdrawing functional groups, 
such as halogens, nitro, and carbonyl moieties, appeared to 
enhance anticancer activity, likely due to their influence on 
electron density and molecular interactions with cellular targets. 
Furthermore, the presence of hydrophobic moieties may play a 
crucial role in membrane permeability, particularly in MDA-
MB-231 cells, which lack estrogen receptor expression and rely 
on alternative pathways for drug uptake. The SAR analysis 
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suggests that compounds with electron-withdrawing functional 
groups (e.g., halogens, nitro, carbonyl) might contribute to 
enhanced activity. The presence of hydrophobic moieties could 
influence membrane permeability. This was especially observed 
in the triple-negative MDA-MB-231 cell line. The observed 
differences in potency between ER-positive and triple-negative 
breast cancer cells could be due to variations in estrogen receptor 
interactions, apoptotic signaling, and drug efflux processes. 
These results emphasize the significance of molecular 
modifications in optimizing the cytotoxic potential of these 
compounds and warrant further investigation into their 
mechanistic pathways and therapeutic applicability. 
 
DISCUSSION 
Biological evaluation revealed that all compounds exhibited 
dose-dependent cytotoxicity in both breast cancer cell lines [12]. 
Among the series, compounds bearing electron-withdrawing 
substituents, particularly nitro and halogen groups, 
demonstrated relatively enhanced cytotoxic activity [13]. 
Compounds 3 and 1 showed the lowest IC₅₀ values, indicating 
comparatively higher potency within the synthesized series[14]. 
However, the observed differences in activity among derivatives 
were modest, suggesting that electronic effects alone do not fully 
account for the structure–activity relationship (SAR). Other 
physicochemical factors, such as lipophilicity, steric effects, and 
cellular permeability, are likely to contribute significantly to the 
observed biological activity [15]. For example, halogen 
substituents may enhance membrane permeability due to 
increased lipophilicity, potentially compensating for their 
comparatively weaker electron-withdrawing nature[16]. 
 
Despite incorporating two pharmacologically relevant motifs, 
namely the flavanone scaffold and the arylhydrazone 
pharmacophore, the synthesized hybrids displayed only 
moderate cytotoxic potency compared with tamoxifen [17]. One 
possible explanation is that the arylhydrazone moiety increases 
molecular size and conformational flexibility, thereby reducing 
the molecules' ability to adopt an optimal binding orientation at 
their intracellular targets [18]. The relatively moderate cytotoxic 
potency and comparatively high IC₅₀ values observed in the 
present study may also be influenced by the exposure duration 
used during the MTT assay. The objective of employing shorter 
treatment periods was to evaluate the early cellular response to 
the synthesized compounds. However, conventional anticancer 
screening protocols commonly utilize 48–72 h incubation 

periods, allowing multiple cell-doubling cycles and prolonged 
drug exposure, which often results in greater growth inhibition 
and lower IC₅₀ values. Therefore, the IC₅₀ values reported in the 
present study should be interpreted within the context of the 
selected incubation period. Future investigations employing 
longer exposure times are warranted to provide a more 
comprehensive assessment of the antiproliferative potential of 
these flavanone–arylhydrazone derivatives [19]. 
 
In addition, the hydrazone linkage introduces additional 
hydrogen-bond donor and acceptor functionalities that can alter 
the overall physicochemical profile of the compounds. Although 
a certain degree of lipophilicity is beneficial for membrane 
permeation, excessive steric bulk and increased molecular 
complexity may hinder efficient cellular uptake or limit access 
to target binding sites. This could explain why compounds with 
different substituents exhibited only modest variations in 
activity despite noticeable electronic differences [20].  
 
Furthermore, unlike tamoxifen, which acts through a well-
defined and highly optimized interaction with estrogen 
receptors, the synthesized derivatives may exert their effects 
through less specific or multiple cellular mechanisms, resulting 
in comparatively higher IC₅₀ values [21]. 
 
The relatively moderate cytotoxic potency and comparatively 
high IC₅₀ values observed in the present study may also be 
influenced by the exposure duration used during the MTT assay. 
The objective of employing shorter treatment periods was to 
evaluate the early cellular response to the synthesized 
compounds. However, conventional anticancer screening 
protocols commonly utilize 48–72 h incubation periods, 
allowing multiple cell-doubling cycles and prolonged drug 
exposure, which often results in greater growth inhibition and 
lower IC₅₀ values. Therefore, the IC₅₀ values reported in the 
present study should be interpreted within the context of the 
selected incubation period. Future investigations employing 
longer exposure times are warranted to provide a more 
comprehensive assessment of the antiproliferative potential of 
these flavanone–arylhydrazone derivatives [22]. Therefore, 
future structural optimization should focus on achieving a better 
balance between molecular size, lipophilicity, cellular 
permeability, and target affinity to improve anticancer potency. 
The current study is limited to cytotoxicity evaluation using the 
MTT assay [23], which primarily reflects metabolic activity and 
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does not provide mechanistic insights into cell death pathways 
[24]. Therefore, the precise molecular mechanisms underlying 
the observed anticancer effects remain unclear[25]. Future 
studies involving apoptosis assays, cell cycle analysis, and 
molecular target identification will be necessary to elucidate the 
mode of action. 
  
CONCLUSION 
In conclusion, the present study reports the successful synthesis 
and characterization of a series of novel flavanone-
arylhydrazone derivatives and their evaluation for in vitro 
anticancer activity against MCF-7 and MDA-MB-231 breast 
cancer cell lines. The synthesized compounds demonstrated 
dose-dependent cytotoxicity, with several derivatives, 
particularly compounds 3 and 1, exhibiting moderate activity 
across both cell models. Structure–activity relationship analysis 
indicated that the presence of electron-withdrawing substituents, 
such as nitro and halogen groups, may contribute to enhanced 
cytotoxic effects, possibly by modulating physicochemical 
properties such as lipophilicity and cellular permeability. 
However, no clear linear correlation between electronic effects 
and biological activity was observed, suggesting that multiple 
structural factors influence the overall activity profile. Although 
the compounds showed promising cytotoxic potential, their 
potency remained lower than that of the reference drug 
tamoxifen, highlighting the need for further structural 
optimization. Importantly, the current findings are based solely 
on cell viability assays and do not provide direct insight into the 
underlying molecular mechanisms of action. Therefore, the 
proposed involvement of specific pathways or receptor-
independent mechanisms remains speculative and requires 
validation through detailed mechanistic studies. Future 
investigations involving apoptosis assays, cell cycle analysis, 
and molecular target identification will be essential to elucidate 
the mode of action & therapeutic relevance of these compounds. 
Overall, flavanone-arylhydrazone hybrids represent a promising 
scaffold for further development, and the present study provides 
a foundation for continued optimization and mechanistic 
exploration toward potential anticancer applications. 
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