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ABSTRACT
Background: Globally, Breast Cancer (BC) ranks as the second most common cause of 
cancer-related death for women. The high mortality and recurrence rates contribute substantially 
to its fatality. Objectives: This research focused to investigate the anti-cancer potential of 
Cucurbitacin-B (Cu-B) against the human breast cancer cell line MCF-7, focusing on the Fas/
FasL-mediated death receptor signalling pathway. Materials and Methods: The anti-proliferative 
effect of Cu-B was assessed using the tetrazolium-based MTT assay, while morphological 
alterations were observed through phase-contrast microscopy. Apoptotic features were further 
examined using Acridine Orange/Ethidium Bromide (AO/EtBr) dual staining, and intracellular 
Reactive Oxygen Species (ROS) levels were quantified with DCFH-DA fluorescence assay. Nuclear 
alterations were investigated by DNA fragmentation analysis, and FasL gene expression was 
quantified by qPCR. Results: MTT assay revealed that Cu-B exhibited an IC₅₀ value of 74.836 µg/
mL. Morphological assessment demonstrated pronounced cellular shrinkage and structural 
disintegration. AO/EtBr staining confirmed an increased proportion of apoptotic cells in Cu-B-
treated groups, which was corroborated by the elevated ROS of 7750±901.38 in the treatment 
group compared to 1333.33±125.83 in the control group, as indicated by DCFH-DA assay. DNA 
laddering further confirmed nuclear damage, and qPCR analysis showed significant upregulation 
of FasL expression in treated cells, supporting the activation of death receptor-mediated 
apoptosis. Conclusion: Cucurbitacin-B demonstrated potent anti-cancer activity against MCF-7 
cells. The findings suggest that Cu-B induces apoptosis primarily through the extrinsic pathway 
by activating Fas/FasL-mediated death receptor signalling.

Keywords: Breast Cancer, Cucurbitacin B, Death Receptor Signal, Extrinsic Apoptosis Pathway, 
Fas/FasL, MCF 7. 

INTRODUCTION

Breast Cancer (BC) ranks second among other cancers in women, 
and its occurrence and lethality rates continue to rise each year. 
In 2022, 2.3 million cases were recorded, with approximately 
600,000 deaths worldwide.1,2 Despite the availability of advanced 
therapeutic options, the five-year survival rate remains limited, 
particularly in Asian and African countries, where it is reported 
at about 66% and 40%, respectively. According to recent statistics 
by the WHO, BC cases are expected to increase by 40% in 2050.3 
The late diagnosis is the primary cause of the complexity of the 
disease, which leads to incurability. Focusing on proper nutrition, 

early detection, and precise treatment strategies is therefore 
critical.4 However, conventional therapies are often associated 
with severe side effects, which compromise patients’ quality of 
life and recovery.5 To overcome these challenges, phytoactive 
compounds with strong pharmacological profiles have been 
increasingly investigated for their potential in cancer therapy 
over the past few decades.6

Cucurbitacin B (Cu-B) is an oxygenated triterpenoid derived from 
the Cucurbitaceae family, traditionally used in Chinese medicine 
for its hepatoprotective effects. Among the various derivatives of 
this family, Cu-B is recognized as a prominent bioactive compound 
with a broad pharmacological profile, including antioxidant, 
anti-inflammatory, hypoglycaemic, hepatoprotective, antiviral, 
anticancer and neuroprotective.7,8 The anticancer potential of 
Cu-B has been demonstrated in several in vitro models, including 
myeloma, liver, breast, pancreatic, osteosarcoma, and bladder 
cancer cells.6,9,10 Previous studies have shown that Cu-B modulates 
multiple apoptotic signalling pathways across different cancer 
types. For instance, it suppresses JAK/STAT3, MAPK and Raf/
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MEK/ERK signalling in leukemic, pancreatic, and osteosarcoma 
cells.8,9,11-14 In breast cancer (MCF-7) cells, Cu-B has been 
reported to inhibit proliferation and instigate apoptosis through 
mechanisms involving the Wnt/β-catenin pathway, the MAPK 
pathway (via EGFR), and JAK/STAT3 signalling.15,16 However, 
to date, no study has specifically investigated whether Cu-B also 
induces apoptosis in MCF-7 cells through the extrinsic death 
receptor pathway mediated by Fas/FasL.

Fas (Factor-associated suicide) and its ligand, FasL, play a key 
role in initiating apoptosis. The binding of Fas receptors with 
FasL on the cell surface activates downstream signaling events 
that trigger a cascade of caspase activations.17,18 In mammalian 
cells, apoptosis occurs through two main pathways: the extrinsic 
pathway, mediated by transmembrane death receptors such as 
TNFR1, Fas, and TRAIL, and the intrinsic pathway, regulated 
by mitochondria. Key caspases, including 3, 6, 7, 8, 9, and 
10, serve as effectors and executioners in Fas/FasL-mediated 
apoptosis.19,20 Importantly, there is cross-talk between these 
pathways, as activation of caspase-8 can cleave Bid into 
truncated Bid (tBid), thereby linking the extrinsic pathway with 
mitochondrial-mediated apoptosis through caspase-3.17,21,22 
Based on this, the present dissertation is framed to exploit the 
potential of Cucurbitacin-B (Cu-B) to activate the Fas/FasL 
receptor-ligand complex and induce death receptor-mediated 
apoptosis in human breast cancer MCF-7 cells. This objective was 
achieved through the investigation of antiproliferation potency of 
Cu-B by MTT assay, apoptosis by dual staining assay such as AO/
EtBr, ROS release assay determined by DCFH-DA fluorophore 
dye, DNA fragmentation analysis and FasL gene expression by 
qPCR method.

MATERIALS AND METHODS

Materials

Cucurbitacin-B was purchased from Sigma Aldrich, Catalog 
number - PHL82226, Dulbecco’s Modified Eagle's Medium 
(DMEM - Sigma Aldrich, USA), sodium bicarbonate (Merck, 
Germany), Acridine Orange (AO) and Ethidium Bromide (EtBr) 
(Sigma, USA), and DCFH-DA from Sigma Aldrich, USA.

Methods
Cell line procurement

Human Breast cancer cell line MCF-7 was acquired from ATCC. 
Cells were maintained and cultured using 10% Dulbecco’s 
modified Eagles’ medium supplemented with Sodium bicarbonate 
and L-Glutamine. Penicillin (100 U/mL) /Streptomycin (100 µg/
mL) - Amphotericin B (2.5 µg/mL) solution was added to prevent 
contamination. The cultured cells were incubated at 37ºC in a 
CO2 incubator.

Cytotoxicity assessment

Cytotoxicity assessment of Cucurbitacin B (Cb-B) is the primary 
step to confirm its extended anti-cancer potency. For this 
purpose, the MTT method was employed from Laura B. Talarico 
et al. (2004) with slight modifications.23 The cells were seeded in 
a 96-well cell culture plate, with each well containing 5000 cells, 
and incubated to reach a confluency of 70 - 80%. The Cb-B drug 
was prepared as a 1 mg/mL stock in 0.1% DMSO, vortexed, and 
filtered through a 0.22 µm syringe filter to ensure sterility. From 
the stock solution, the compound was diluted to 6.25, 12.5, 25, 
50, and 100 µg/mL and added to the wells as triplicates, then 
incubated for 24 hr. The treated and control cells were observed 
for the adverse effect after 24 hr of incubation, then the media with 
the drug was aspirated and freshly prepared 2% media containing 
5 mg/mL of MTT reagent was introduced to each well. The plate 
was incubated for 2 - 4 hr at 37ºC in a CO2 incubator in the dark. 
The media with MTT solution was discarded and the purple-blue 
stained cells were observed. Absolute DMSO of 200 µL was added 
to each well for the purpose of solubilization of the purple-blue 
complex by pipetting up and down. The colored solution was read 
at 540 nm using an ELISA reader and the results were expressed 
as % viability using the formula below:

% Viability=(Mean OD value of sample/Mean OD value of 
control)×100

Morphometric analysis

The cells of appropriate count were seeded in a 6-well plate, 
and the cells of required confluence were treated with different 
concentrations as given in the MTT assay, such as 6.25, 12.5, 25, 
50 and 100 µg/mL, to observe the morphometric deterioration 
of the cells. The treated and untreated groups were incubated for 
24 hr. The cells were observed under a Phase contrast inverted 
microscope (Olympus CKX41 with Optika Pro5 CCD camera) 
and the images were captured.24

AO/EtBr double staining method

Acridine Orange and Ethidium Bromide stains were used in this 
procedure, where both dyes were DNA-binding dyes. Acridine 
Orange will be taken up by viable and non-viable cells, whereas 
Ethidium Bromide will be taken up only by non-viable cells 
by intercalating with DNA. This double staining method was 
employed to analyse the cell’s apoptotic and necrotic response 
upon treatment with Cb-B. The method was followed by Liu K et 
al., 2015 with brief changes.25 Cells were seeded as required, as per 
the standard protocol and incubated until confluency. The cells 
were treated with Cu-B, such as 74.83 µg/mL (IC50 dosage), and 
untreated cells were kept as a control. After 24 hr of incubation, 
the cells were washed with ice-cold PBS (Phosphate-Buffered 
Saline) twice. Then stained with AO and EtBr stains of 100 µg/
mL for both the dye and incubated for 10 - 15 min at RT in the 
dark. The stained cells were subjected to washing with PBS twice 
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for the removal of excessive unbound stains, then subjected to 
observation with a fluorescence microscope (Olympus CKX41 
with Optika Pro5 camera) in blue filter, and the images were 
captured.

DNA fragmentation assay

Cells of the required count were seeded in a T25 flask and 
incubated to reach the maximum confluency. The IC50 
concentration of Cb-B (74.83 µg/mL) was added and incubated 
for 72 hr, and the untreated group was maintained in parallel. 
DNA isolation was performed by the protocol followed by Yadav 
et al., 2022.26 Treated and control cells were trypsinised and a 
pellet was obtained by centrifugation. The pellet was washed with 
ice-cold 1X PBS by centrifugation. The finally obtained cell pellet 
was resuspended with digestion buffer (sodium chloride - 100 
mM, Tris - 10 mM (pH 8.0), EDTA - 25 mM (pH 8.0), SDS - 
10% and Proteinase K - 0.1 mg/mL) and incubated for 12 -18 
hr at 50ºC with constant rotation. Digested pellet extracted with 
Phenol:Chloroform:Isoamyl alcohol 0f 25:24:1 by centrifugation 
at 12000 rpm for 10 - 15 min. The aqueous layer was transferred 
to the new tube and added with 7.5 M ammonium acetate of 50 
µL and twice the volume of absolute ethanol. The contents were 
centrifuged for 2 min at 12,000 rpm. The pellet was washed with 
70% ethanol by centrifugation, and residual ethanol was decanted. 
Then, the pellet was dried for 5 min, followed by resuspension 
with TE buffer. The DNA suspension was confirmed by Agarose 
gel electrophoresis. For this, 1% agarose was prepared with 1X 
TAE buffer by boiling, and 5 µL of 10 mg/mL Ethidium Bromide 
was added when the temperature of the agarose was hand 
bearable. The sample and the DNA ladder were loaded with 1X 
gel loading buffer once the gel solidified. The Agarose gel was 
initiated to run at 50 V. The process was terminated once the gel 
loading dye reached 3/4th of the gel. Then the gel was visualised 
under a gel documentation system (E-Gel Imager, Invitrogen) 
for the qualitative observation of DNA bands, and the image was 
captured.

ROS determination by the DCFH-DA method

The cells were seeded as required by the standard protocol in a clear 
aqueous layer in a 96-well cell culture plate and incubated until 
80% confluency. Cells were treated with the IC50 concentration 
of Cb-B (74.83 µg/mL) for 24 hr; an untreated control was also 
maintained. A 10 mM stock solution of DCFH-DA was prepared 
in methanol. Then, the working solution of 20 mM was prepared 
by diluting the 10 mM stock solution with Hank’s Balanced Salt 
Solution (HBSS) at a 500-fold dilution without serum and other 
additives. The treated and untreated cells were washed twice 
with HBSS to remove the media and drug. The cells received 0.1 
mL of 20 mM DCFH-DA working stock in each well and were 
incubated for 30 min at 37ºC. Then, the cells were observed under 
a fluorescence microplate reader at the excitation and emission 

wavelengths of 485 nm and 520 nm, respectively. The data 
obtained were compiled and interpreted.24

Gene expression by qPCR

Cells were seeded in a T25 flask at 5 X 105 cells and incubated 
for 24 hr to attain maximum confluency. The flasks were treated 
with an IC50 concentration of Cb-B as 74.83 µg/mL for 24 hr, 
a control/untreated flask was also maintained in parallelly. 
Treated and untreated cells were collected by TRIzol reagent 
(Total RNA isolation kit - Invitrogen - Product code: 10296010) 
by centrifugation. 200 µL of chloroform was added to the 
pellet, followed by centrifugation at 14,000 rpm for 15 min at 
4ºC. The Clear aqueous layer was collected in a new tube, and 
absolute isopropanol 0.5 mL was added, and incubated for 10 
min, then centrifuged under the same conditions. The pellet 
obtained was washed with 200 µL of 75% ethanol, followed by 
centrifugation. The final pellet was dried and resuspended with 
TE buffer. Qualitative analysis was done using a 1.5% agarose gel 
by agarose gel electrophoresis and quantitative determination 
was also performed to check its purity and concentration. cDNA 
synthesis was carried out using the iScript cDNA synthesis kit 
(Bio-Rad, Cat.No: 1708891). 5X iscript reaction mix - 4 µL, 
Reverse transcriptase enzyme - 1 µL, RNA template - 0.5 µg of 
total RNA were added and the final volume was made up to 20 µL 
with nuclease-free water and mixed gently. The steps for cDNA 
synthesis were followed: Priming (25ºC, 5 min), cDNA synthesis 
(46ºC, 20 min) and inactivation (95ºC, 1 min) each for one cycle. 
Further, the cDNA synthesised was used for gene expression 
analysis by qPCR. SYBR Green Master Mix (G Biosciences, 
Product code: 786-5062) was utilised in the process of qPCR 
analysis performed using LightCycler 96 (Roche). The sequence 
of the gene of interest is given in Table 1. PCR conditions - 2 min 
of initial denaturation at 95ºC, followed by 10 sec of denaturation 
at the same temperature. Then, Annealing for 1 min at 58ºC, 
extension for 1 min at 72ºC and the cycles set for 40 counts. All 
reactions were triplicated, and data were recorded and calculated 
using the ∆∆Ct method with LightCycler 96 SW 1.1 software.

Statistical assessment

Graphpad PRISM software version 10 was used to analyse the 
statistical significance of the data obtained. All the experiments 
were run in triplicate, and the values are provided as Mean±SE. 
One-way ANOVA was used for the statistical analysis, and 
Dunnett’s multiple comparison test was performed to compare 
the significance between the treated and control groups. p<0.01 is 
considered significant.

RESULTS

Cytotoxicity assessment

Cytotoxicity potential of Cb-B was analyzed with the help of the 
MTT reagent method. Figure 1 shows the result of the MTT assay. 
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The figure confirms that the cytotoxic effect of Cb-B was highly 
dose-dependent. The viability percentage decreased significantly 
as the concentration of the drug increased. A negligible effect 
was observed at 6.25 µg/mL (98.24±0.41% viability), which was 
not significantly different from the control group. The remaining 
groups (12.5, 25, and 50 µg/mL) showed a gradual decrease in 
viability, with values of 86.62±1.40, 76.32±0.56, and 63.56±0.42, 
respectively, and a highly significant difference from the control 
group (p<0.001). The sudden decrease was observed at 100 µg/
mL, as 36.25±1.24 was also highly significant compared with 
the control group. Therefore, the dosage responsible for the 
50% viability (IC50 of Cb-B) was determined using ED50 PLUS 
V1.0 software as 74.83 µg/mL. The vehicle (DMSO) exhibits 
no cytotoxicity effect, while the standard anticancer drug 
Doxorubicin exhibited an IC50 value at 0.531 µg/mL (Data not 
provided).

Morphometric analysis

The wells of treated and untreated cells were observed under a 
microscope, and Figure 2 depicts the anti-cancer effect of Cb-B on 
the MCF-7 cell line. Control cells exhibited a distinct morphology, 
whereas the higher dosages demonstrated cell shrinkage, 
granulation, vacuolization in the cytoplasm, cell detachment, 
and cell aggregation, which indicates the apoptosis of cells. The 
deterioration scale range was increased in a dose-dependent 
manner.

AO/EtBr - Double staining method

The dual staining AO/EtBr-based assay was performed to confirm 
the strong confirmation of apoptosis and necrosis response 
of MCF-7 cells once treated with the Cb-B drug. The resulting 
images are shown in Figure 3. Image (A) depicted the control/
Untreated group, where the cells emit highly green fluorescence, 
indicating the high percentage of viable cells. In contrast, image 
(B), the treated group showed green fluorescence - living cells with 
normal nucleus, green fluorescence (bright) - early apoptotic cells 
(with condensed or fragmented nucleus), orange fluorescence - 
late apoptotic cells (with condensed or fragmented nucleus) and 
orange fluorescence (bright) - necrotic cells. The dual staining 
method once again confirmed the anti-cancer efficiency of the 
Cb-B drug.

DNA Fragmentation analysis

DNA Fragmentation analysis was carried out on treated and 
untreated MCF-7 cells using a conventional protocol. Figure 4 
depicts the DNA bands obtained in the process of DNA isolation 
from the treated and control groups. The gel image indicated that 
the control group exhibited a well-defined DNA band. CB-B-
treated groups showed multiple DNA fragments, confirming the 
nucleus condensation and deterioration. The result substantiated 
the previous results.

ROS determination - DCFH-DA method

Reactive oxygen species estimation is one of the major checkpoints 
in the case of apoptosis. The imbalance and elevated ROS will 
collapse almost all the basic cellular phenomenon. To analyze the 
ROS level, DCFH-DA stain was utilized. The values obtained in 
the fluorescence reader are shown in Figure 5. From the figure, 
it is evident that the ROS level was elevated to 7750±901.38 in 
the Cb-B-treated group, whereas the control group showed 
1333.33±125.83. The elevated ROS level demonstrated an 
imbalance in cellular homeostasis, which will lead the cells 
towards the apoptotic pathway. The treated group showed a 
significant difference with the control group at-value 0.000129.

Gene expression by qPCR

The anticancer efficacy of Cb-B was confirmed at the molecular 
level by measuring gene expression of the key activator gene FASL. 
FASL is the key player in the initiation of the caspase-dependent 
pathway, mainly the extrinsic pathway. The analysis of FASL gene 
expression is depicted in Figures 6A and 6B. 6A shows increased 
FASL gene expression, as evidenced by the brighter band in the 
treated group (Lane ii) compared to the control group (Lane i). A 
similar pattern was also observed in the qPCR output shown in 
Figure 6B, where FASL gene expression was significantly higher 
than in the untreated group, as assessed by the housekeeping 
gene GAPDH. Hence, the apoptosis was further highlighted at 
the molecular level in the MCF-7 cell line.

DISCUSSION

Breast Cancer (BC) commonly originates in the milk-producing 
lobules, and while early detection significantly improves curability, 
delayed diagnosis often results in metastasis, making the disease 
life-threatening.2 BC is the second most prevalent cancer among 
women worldwide, with 2.3 million new cases and approximately 
670,000 deaths reported in 2022. Worryingly, global projections 

Sequences Forward (5’ ->3’) Tm Reverse (5’ ->3’) Tm

Gene of 
interest
FASL ATGTTTCAGCTCTTCCACCTACAGA 61.3 CCAGAGAGAGCTCAGATACGTTGAC 64.6
GAPDH ACTCAGAAGACTGTGGATGG 57.3 GTCATCATACTTGGCAGGTT 55.3

Table 1:  Gene sequence.
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estimate a 38% increase in incidence and a 68% rise in mortality 
by 2050. To address this, the World Health Organisation (WHO) 
has set a target of a 2.5% annual reduction in BC-related 
deaths.1 Current treatment strategies include chemotherapeutic 
agents such as doxorubicin and paclitaxel, hormonal therapies 
including tamoxifen and aromatase inhibitors, targeted drugs 
like trastuzumab and palbociclib, and various immune-based 

approaches.27 Molecularly, Estrogen Receptor (ER) and Human 
Epidermal growth factor Receptor 2 (HER2) are critical in BC 
development and progression; however, around 20% of cases 
are negative for both receptors, rendering them unresponsive 
to hormonal therapy.28 Furthermore, conventional therapies are 
frequently associated with drug resistance and toxicity, which 
compromise survival and recovery. These limitations emphasize 

Figure 1: MTT assay: Figure depicts the anti-cancer effect of Cb-B, where the X axis - concentration of Cb-B at µg/mL, Y axis - % Viability. All the experiments 
were triplicated and expressed as Mean±SE. The data were subjected to one-way ANOVA and comparison was performed by Dunnet’s multiple comparison 

test. Low dosage 6.25 µg/mL exhibited non-significant with the control group, whereas other increased dosages were highly significant with the control group 
(***p<0.001). ns: non-significant. 

Figure 2:  Morphometric observation: Pictorial representation of the morphometric deterioration of Cb-B on MCF-7 cells. Control - (A), 6.25 µg/mL - (B), 
12.5 µg/mL - (C), 25 µg/mL - (D), 50 µg/mL - (E) and 100 µg/mL - (F).
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the urgent need for improved diagnostic strategies and the 
exploration of novel therapeutic options with higher efficacy and 
reduced side effects.

In recent years, herbal-derived therapeutics have gained 
considerable attention in cancer management due to their efficacy 
and relatively minimal side effects. Cucurbitacin B (Cu-B), a 
triterpenoid compound long utilised in traditional Chinese 
medicine, exhibits an extended pharmacological profile including 
anti-inflammatory, antiviral, hepatoprotective, antioxidant, and 
anticancer activities. The oxygenated carbon framework of Cu-B 
contributes to its strong antioxidant potential, which is critical 
to its anticancer action. Extensive studies have demonstrated 
the anticancer effects of Cu-B in various malignancies, such as 
hepatocarcinoma, myeloma, osteosarcoma, bladder, pancreatic, 
and breast cancers, primarily through the modulation of key 
signalling pathways that drive apoptosis. However, the role 
of Cu-B in activating the Fas/FasL-mediated death receptor 
pathway in breast cancer remains largely unexplored. Therefore, 
the present study focuses on elucidating the involvement of Fas/
FasL signalling in Cu-B-induced apoptosis in human breast 
cancer MCF-7 cells.

Cucurbitacin B (Cu-B)- treated cells subjected to cytotoxicity 
assessment with the MTT reagent showed an increased inhibition 
in a dose-related manner. IC50 value was determined as 74.836 µg/
mL. The results indicated that Cu-B has the potential to inhibit the 
progression of MCF-7 cells. Morphological observation showed 
the detached and shrunken cells upon treatment with Cu-B, 
which also confirms the deformities of the cells. Previous studies 
have also highlighted the cytoskeletal alterations, morphological 
changes and microtubule aggregations in melanoma and 
glioblastoma cells treated with Cu-B.8 Wakimoto et al., 2008 
noticed rapid morphological changes in breast cancer cell lines 
such as cell refractility, clumping, disruption of microtubules, 
cell shrinkage and detaching. This disruption of the cytoskeletal 

framework leads to growth inhibition due to loss of cell-to-cell 
communication, cell invasiveness, and cell cycle arrest, leading 
to apoptosis.29

Dual staining was performed for the treated and untreated group 
by (AO/EtBr) dye through fluorescence microscopic examination, 
which revealed the augmented count of apoptotic cells in 
the treated group compared to the control group, suggesting 
the anti-proliferative property of Cu-B at IC50 concentration. 
Similarly, reactive oxygen species release was elevated in the 
treatment group, confirming a homeostatic imbalance in BC 
cells upon treatment with Cu-B. The release of unstable free 
radicals indicates that the imbalances in oxidative stress lead to 
disturbances in all cellular events. ROS is the primary biomarker; 
the increase is directly or indirectly involved in the dilation of 
nucleic acids, lipids, and peptides, leading to apoptosis. Alafnan 
A et al., 2022 reported that the ROS-mediated oxidative stress 
noticed in the DCFH-DA fluorescence method impacted on the 
apoptosis of PC3 cells.30 An augmented ROS level also disrupts 
the mitochondrial membrane potential, paving the way for DNA 
damage to lead to apoptosis.7

DNA was isolated from the treated and untreated groups; in 
the treated group, fragmented DNA was visualized, while the 
control exhibited a distinct DNA band. This further confirms 
that Cu-B treatment disturbs and damages the DNA, which may 
be due to the massive release of ROS as stated before. Excessive 
ROS may interrupt all cellular components and cellular events, 
ultimately leading to apoptosis. Previous research with Cu-B on 
BC cells also reported DNA damage and identified the causative 
factor as excessive ROS release. Free radicals have a pronounced 
impact in the induction of DNA damage and lead to cell cycle 
arrest.15 Similarly, the other triterpenoids such as Ganoderic acid, 
oleanolic acid and urosolic acid instigate the DNA fragmentation 
in MCF-7 cell line resulted in mitochondrial membrane potential 
loss which will further generate pro apoptotic signals via 

Figure 3: AO/EtBr staining: The images depicted was apoptotic and necrotic cells of MCF 7 by AO/EtBr dual staining method. (A) - control/ 
untreated and (B) IC50 value of Cb-B.
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releasing cytochrome C.31,32 Total plant-derived flavonoids and 
Icariside II exhibited DNA damage in BC cells, and stated that 
plant-based bioactive compounds tend to induce ROS in cancer 
cells, influencing DNA injury, which obviously generates cell 
cycle arrest.5,33

A molecular-level investigation is essential to assess the depth 
of the evidence for the anti-cancer potency of Cu-B in MCF-7 
cells. FasL gene analysis demonstrated the elevated expression 
in the Cu-B-treated group compared to the control group. The 
FasL gene will be upregulated when the Fas receptor is activated 
and transmits the binding signal for Fas Ligand (FasL) on the cell 
surface. The Fas-FasL pair further forms a complex called DISC 
(Death-inducing Signaling Complex) consisting of Fas-FADD 
(Fas-Associated Death domain) and procaspase 8 (cysteine 
proteases), which activates caspases 8 and 10 as upstream 
executioners, leading to the activation of downstream effector 
caspases such as caspases 3 and 7.5,21,34,35 The Fas/FasL-mediated 
pathway is the extrinsic pathway. The cleavage of pro-caspase 8 
expresses the protein called Bid, which is converted into Truncated 
Bid (tBid) by caspase 8 signals and then activates or is interlinked 
with the intrinsic pathway. tBid instigates the mitochondrial 
apoptosis signal by inducing the release of cytochrome C, Apaf-1, 

and other apoptotic promoters, leading to apoptosis.18,20,22,36 So, 
the increased FasL gene expression manifested that the apoptosis 
of MCF-7 by Cu-B was mediated through the Fas/FasL pathway.

Previous studies have demonstrated that several phytochemicals 
can regulate the Fas/FasL apoptotic pathway in breast cancer cells. 
For instance, fraxetin and silibinin were shown to upregulate FasL 
gene expression in MCF-7 cells in a dose-dependent manner, 
as confirmed by qPCR analysis.20,37 Similarly, other phytoactive 
compounds, including Icariside II, Gambogenic acid, β-sitosterol, 
lycorine, and pulveraven A, have been reported to activate Fas/
FasL-mediated apoptosis in breast cancer cells. These effects 
were validated through western blot analyses of key signalling 
molecules such as Fas, FasL, FADD, procaspase-8, procaspase-3, 
caspase-8, caspase-3, caspase-9, Bid, and tBid, along with evidence 
of cross-talk with linked apoptotic signalling pathways.18,20,33,35,38 
In contrast, ethanolic extracts of fenugreek seeds were found to 
induce Fas/FADD-dependent apoptosis in MCF-7 cells through 
a FasL-independent mechanism.22 In line with these findings, the 
present study substantiates that Cucurbitacin B (Cu-B) exerts 
its anticancer activity in MCF-7 breast cancer cells through the 
possible activation of the Fas/FasL death receptor signalling 
pathway.

Figure 4:  DNA fragmentation: Electrophoresis gel image of DNA isolated from MCF-7 cells. Lane 1 - DNA 
marker, Lane 2: Control cells, Lane 3: Cb-B treated cells
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Limitations and Future Directions
This study is confined to a single breast cancer cell line, MCF-7, 
limiting the generalizability of the findings. Future investigations 
will incorporate multiple breast cancer models to elucidate 
FADD-dependent apoptotic signaling. In addition, while the 
current work is restricted to in vitro analysis, subsequent studies 
are planned to assess the pharmacokinetic and bio-distribution 
profiles of Cucurbitacin B in an in vivo model. These investigations 
will also aim to provide a comprehensive mechanistic insight into 
the cross-talk between intrinsic and extrinsic apoptotic pathways, 
including the comparative evaluation of structurally related Cu-B 
analogs.

CONCLUSION

The present study provides novel evidence that Cucurbitacin B 
(Cu-B) induces apoptosis in human breast cancer (MCF-7) cells, 
possibly through the Fas/FasL-mediated death receptor pathway. 
Treatment with Cu-B disrupted cellular integrity and promoted 

apoptotic features, accompanied by oxidative stress and genomic 
instability, ultimately leading to programmed cell death. 
Importantly, molecular analysis revealed upregulation of the FasL 
gene, confirming the engagement of the death receptor pathway 
in Cu-B-induced apoptosis. These findings provide strong 
evidence that Cu-B possesses significant anti-cancer potential 
and may serve as a promising candidate for the development of 
novel therapeutic strategies against breast cancer.
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ABBREVIATIONS

AO/EtBr: Acridine Orange/Ethidium Bromide; BC: 
Breast Cancer; Cu-B: Cucurbitacin-B; DCFH-DA: 
2',7'-Dichlorofluorescin Diacetate; DISC: Death-inducing 
Signaling Complex; DMEM: Dulbecco’s modified Eagles 

Figure 5: ROS analysis: Graphical representation of ROS determination by the DCFH-DA method. The control group showed low ROS liberation, 
treated group exhibited elevated level of ROS release with low significant with control group. * indicates p<0.001. 

Figure 6: Gene expression by qPCR: 6 (A) indicates the gel image of agarose gel (1.5%) depicting the gene expression of FASL gene and GAPDH a reference 
gene expression in control/untreated (i) and treated (ii) MCF 7 cells. The gel image was taken by ChemiDoc imaging system, Biorad. 6 (B) denotes the graphical 

representation of the expression pattern of FASL gene with respect to the housekeeping gene GAPDH. 
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medium; DMSO: Dimethyl Sulfoxide; ER: Estrogen Receptor; 
FADD: Fas-Associated Death domain; Fas/FasL: Fas/Fas Ligand; 
GAPDH: Glyceraldehyde-3-Phosphate Dehydrogenase; HBSS: 
Hank’s Balanced salt Solution; HER2: Human Epidermal Growth 
Factor Receptor 2; IC₅₀: Half Maximal Inhibitory Concentration; 
MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium 
Bromide; PBS: Phosphate Buffered Saline; qPCR: Quantitative 
Polymerase Chain Reaction; ROS: Reactive Oxygen Species; 
RT: Room Temperature; SE: Standard Error; TAE: Tris-Acetate-
EDTA; WHO: World Health Organization.
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SUMMARY

Breast cancer is a major global health threat, with rising incidence 
and mortality rates. This study explores Cucurbitacin-b (Cu-B), 
a triterpenoid from cucurbitaceae, for its anticancer effects 
on MCF-7 cells via the Fas/FasL-mediated extrinsic apoptosis 
pathway. Using the MTT assay, Cu-B showed IC₅₀ of 74.83 µg/
mL, inducing dose-dependent cytotoxicity. morphological 
changes included cell shrinkage and detachment. AO/Etbr 
staining revealed increased apoptotic cells, while DCFH-DA 
assay detected elevated ROS (7750±901 vs. 1333±126 in 
controls). DNA fragmentation confirmed nuclear damage, and 
qPCR demonstrated upregulated FASL expression. Cu-B disrupts 
cellular homeostasis, triggers oxidative stress, and activates death 
receptor signaling, linking to caspase cascades. These results 
position Cu-B as a promising natural therapeutic for breast 
cancer.
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