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A B S T R A C T

Breast cancer (BCa) is the most commonly diagnosed lethal cancer in women worldwide. Notch signaling
pathway is directly linked to BCa recurrence and aggressiveness. Natural remedies are becoming a prime choice
to overcome against cancer due to lesser side effect and cost-effectiveness. Bulbine frutescens (Asphodelaceae), a
traditional medicinal plant in South Africa possess bioactive flavonoids and terpenoids. Polar (methanol) and
non-polar (hexane) B. frutescens plant extracts were prepared. GC–MS analysis revealed the differential presence
of secondary metabolites in both methanolic and hexane extracts. We hereby first time evaluated the anticancer
potential of B. frutescens methanolic and hexane extract in triple-negative and luminal BCa cells. B. frutescens
extracts significantly decreased cell viability (IC50 4.8–28.4 μg/ml) and induced cell cycle arrest at G1 phase in
MDA-MB-231 and T47D cells as confirmed by spectrophotometry and flow cytometry technique. RT-PCR ana-
lysis of cell cycle (cyclin D1, CDK4, and p21) and apoptosis modulating genes (caspase 3, Bcl2 and survivin)
revealed upexpression of p21, and caspase 3, and down expression of cyclin D1, CDK4, Bcl2 and survivin genes
in extract-treated BCa cells. Fluorescence spectrophotometry and confocal microscopy showed B. frutescens in-
duced nuclear morphology and mitochondrial integrity disruption, and increased reactive oxygen species pro-
duction in MDA-MB-231 and T47D cells. Flow cytometric apoptosis analysis of B. frutescens extracts treated
MDA-MB-231 cells showed ≈13% increase in early apoptotic population in comparison to non-treated cells.
Dual-Luciferase Reporter assay confirmed notch promoter inhibitory activity of B. frutescens extracts. Moreover,
RTPCR analysis showed down regulation of notch responsive genes (Hes1 and Hey1) at transcription levels in
extract-treated BCa cells. Western Blot analysis showed increased procaspase 3 protein expression in extract-
treated BCa cells. In all the assays methanolic extract showed better anti-cancer properties. Literature-based
identification of methanol soluble phytochemicals in B. frutescens and in silico docking study revealed
Bulbineloneside D as a potent ϒ-secretase enzyme inhibitor. In comparison to standard notch inhibitor, lead
phytochemical showed two additional hydrophobic interactions with Ala80 and Leu81 amino acids. In con-
clusion, B. frutescens phytochemicals have cell cycle arrest, ROS production, apoptosis induction, and mi-
tochondria membrane potential disruption efficacy in breast cancer cells. B. frutescens phytochemicals have the
ability to downregulate the notch signaling pathway in triple-negative and luminal breast cancer cells.

1. Introduction

Breast cancer (BCa) is the second most common cancer throughout the
world both in incidence and death. It accounts for 14% of total cancer in
India and causes major mortality among women. In 2018, around 1.5 lakh
new BCa cases were diagnosed and 0.9 lakh deaths occurred due to this
cancer in India [1]. Different subtypes of breast cancer show differential
drug susceptibility, prognosis, and aggressiveness. Triple-negative breast
cancer (TNBC) is more aggressive in nature, susceptible to chemotherapy

and show poor prognosis. On the other hand, luminal type of BCa cells are
less drug-susceptible, show better prognosis and are comparatively less
aggressive in nature. Hormonal, chemo, and radiotherapy are frequently
used to treat breast cancer, diminish recurrence, and prevent tumor
growth. Regrettably, sometimes therapy outcomes showed adverse effects
or become resistant. Natural drugs are of choice nowadays in anticancer
drug discovery due to their lesser side effect and cost-effectiveness [2–3].
Thus, there is an urgent need to find some natural anticancer agents with
lesser side effect and cost-effective.
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Notch signaling cascade plays an important role in BCa progression,
aggressiveness and drug resistance [4–5]. Notch receptor-ligand inter-
action initiates the signaling with the help of membrane-bound ϒ-se-
cretase enzyme complex. The enzyme cleaves the intracellular domain
of the notch receptor-ligand complex and produces notch intracellular
cellular domain (NICD). Cytoplasmic NICD translocate into the nucleus,
activate transcription of notch targeted genes by deactivating the
transcription repressor complex on notch promoter. Upregulation of
notch targeted genes (Hes1 and Hey1) is associated with cell cycle
checkpoint skip and increased expression of anti-apoptotic proteins in
breast cancer cells [6–8]. Production of excessive free radicals (reactive
oxygen species-ROS) in cancer cells is one of the important strategies to
kill cancer cells. Drug-induced excessive ROS production in cancer cells
damage mitochondria by disrupting mitochondrial membrane poten-
tial. Recently notch signaling pathway is reported to involve in the
maintenance of mitochondria membrane potential [9].

Bulbine frutescens (Asphodelaceae) is commonly used as a traditional
medicinal plant in South Africa for the treatment of skin wounds and
burns [10]. Very few literatures are available on B. frutescens which
generally include phytochemical isolation and preliminary screening of
biological activity of the plant. B. frutescens aqueous extract increases
glucose utilization potential in vitro [11]. Isofuranonapthoquinone 1,
isolated from B. frutescens is an inhibitor of Glutathione transferase P1-1
(GSTP1-1) protein [12]. Besides, HIV-1 protease inhibition by aqueous
and ethanolic extracts of Bulbine genus potentiates the medicinal
property of the plant. Literature shows lacuna regarding studies on
evaluation of the anticancer potential of B. frutescens plant extracts and
its underlying mechanism. Thus, we hereby designed the first study to
establish B. frutescens extract anticancer mode of action in breast cancer
cells. Moreover, identification of phytochemicals present in methanolic
and hexane extract was carried out by using GC–MS technique.

2. Methodology

2.1. Reagents

Dulbecco's modified eagle medium (DMEM), fetal bovine serum
(FBS), trypsin, penicillin, streptomycin, JC-1 (5,5′,6,6′-tetrachloro-
1,1′,3,3′-tetraethylbenzimi-dazolylcarbocyanine iodide), 2′,7′-di-
chlorodihydrofluorescein diacetate (H2DCFDA), annexin V fluorescein
Isothiocyanate (annexin V FITC), Hoechst 33342, RNAase A, trizol, and
lipofectamine 3000 were from Thermo Fisher Scientific, USA. MTT (3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) was ob-
tained from Sigma-Aldrich, USA. The iScript™ cDNA synthesis kit and
SYBR® green master mix were purchased from Biorad, USA. Propidium
iodide (PI) and primers were purchased from Abcam, UK and GCC
biotech, India respectively. Luciferase/Renilla vector and dual-luci-
ferase reporter assay system were procured form Promega Corporation,
USA. Caspase 3 primary antibody (Cat: ab32351) and β-actin secondary
antibody (Cat: 4970S) was purchased from Abcam, UK, and Imperial
Life Sciences, India respectively.

2.2. Plant material and extraction

Fresh plant samples (bulb) of Bulbine frutescens were obtained from
“Farm Vredelus” in 2018. Farm Vredelus is a farm located in Mariental,
Namibia, that grows medicinal plants. The plant was authenticated by
Silke Rugheimer at the National Herbarium of Namibia; voucher spe-
cimen number M2. Collected samples (bulb) were washed, sterilized
(wiped with ethanol), and extracted in hexane and methanol separately
for 48 h. The bulb was extracted fresh. It takes very long to dry because
of its high water content. The semi-solid extract was further dried by
using rotary evaporator and stored until further use.

2.3. GC–MS analysis

Secondary metabolites present in the B. frutescens methanolic (BME)
and hexane extract (BHE) were identified by using Gas-
Chromatography coupled with Mass Spectroscopy (GC–MS) technique.
Respective dried extracts were dissolved in 100% methanol and hexane
for the analysis. The GC–MS analysis was performed using Shimadzu
QP 2010 Ultra-Mass Spectrometer equipped with an integrated chro-
matograph with an RTXi-5MS column. The ion source temperature was
200 °C and the interface temperature was 260 °C. The data was acquired
using a mass detector from 5 min of the sample injection. Pressure mode
at 66.7 kPa controlled the flow of the sample. The total flow and
column flow rate were 10.4 ml/min and 1.24 ml/min respectively. The
maintenance of the split ratio was at 5:0. The column injector tem-
perature was 250 °C and the column oven temperature was maintained
for 10 min at 280 °C. Dissolved samples had been delivered via injector
running within the split mode with helium gas. The identity of phyto-
constituents became completed with the aid of evaluation of retention
time and fragmentation pattern with mass spectra inside the NIST11.0
spectral library. The chromatogram was processed by using GC–MS
Real-Time Analysis Software version 1.10 beta.

2.4. Cell culture

Human breast cancer cells (MDA-MB-231 and T47D) and human
embryonic kidney 293 (HEK293) cells were purchased from National
Centre for Cell Sciences, Pune. These cells were cultured in Dulbecco's
Modified Eagle Medium (DMEM) supplemented with 10% (v/v) heat-
inactivated FBS, 2 mM L-glutamine, 100 U/ml of penicillin, and 100 μg/
ml of streptomycin. Cells were maintained at 37 °C under a humid en-
vironment in an incubator having 5% CO2.

2.5. MTT assay

The effect of B. frutescens methanol extract (BME) and B. frutescens
hexane extract (BHE) on cell viability was measured by MTT assay
following the method by Mosmann et al. [13]. Briefly, the cells
(1 × 104 cells/well) were seeded in a 96 well microtiter plate (100 μl/
well) in triplicate. BME and BHE treatment were done for 24, 48 and
72 h at different concentrations (10, 30, 50, 70, and 100 μg/ml). After
incubation, 10 μl of MTT solution (5 mg/ml) was added to each well
and incubated for 4 h at 37 °C. Formazan crystals were solubilized with
100 μl dimethyl sulfoxide (DMSO) and the absorbance was measured at
590 nm using a microplate reader (BioTek Instruments, Inc. USA). The
IC50 value was calculated for cell viability.

2.6. Measurement of mitochondrial membrane potential (ΔΨm)

The fluorescent dye JC-1 accumulates in the mitochondrial matrix.
Mitochondrial membrane potential (ΔΨm) is responsible for the
structural integrity of mitochondria. At high ΔΨm, JC-1 forms ag-
gregates in the mitochondria that exhibit red fluorescence. At lower
ΔΨm, a lower quantity of the dye could enter into the mitochondria, no
aggregates could be found and the dye maintains its monomeric form
resulting in green fluorescence [14]. MDA-MB-231 and T47D breast
cells (3 × 103 cells/well) were seeded in a 96 well microtiter plate
(100 μl/well) in triplicates. Cells were treated for 48 h at IC50 con-
centration of BME and BHE. After incubation, 100 μl of JC-1 dye solu-
tion (2 μM) was added to each well and incubated for 30 min at 37 °C.
The absorbance was measured at excitation/emission wavelength of
529/590 nm using a microplate reader.

2.7. Determination of intracellular reactive oxygen species (ROS)

The levels of ROS were determined quantitatively by using 2, 7-
dichlorodihydrofluorescein diacetate (DCFH-DA) dye [15]. Briefly,
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MDA-MB-231 and T47D cells (3 × 103 cells/well) were plated in the
96-well tissue culture media containing 10% FBS and 1% penicillin/
streptomycin and incubated at 37 °C with 5% CO2 overnight. The cells
were treated for 48 h at IC50 concentration of BME and BHE. The su-
pernatants were removed, and attached cells were washed with PBS.
The cells were further incubated for 4 h after re-suspending in 100 μl
H2DCFDA dye solution (20 μM). Subsequently, the fluorescence in-
tensity was measured at an excitation/emission wavelength of 495/
530 nm using a fluorescence microplate reader.

2.8. Cell cycle analysis by flow cytometer

MDA-MB-231 and T47D cells (1 × 10 [5]) were seeded into 6-well
plate followed by treatment with BME and BHE (at IC50) after 24 h. The
cells were further incubated for 24 h, and 48 h. After incubation, cells
were detached and fixed with 500 μl of 70% ethanol at −20 °C for 2 h.
Subsequently, the cells were washed thrice with 1 ml of PBS (pH 7.4).
Cells were finally re-suspended in 1 ml of PBS containing 0.1% triton X,
10 mM EDTA, 50 mg/ml RNase A and 2 mg/ml PI. The cells were
analyzed by a flow cytometer (BD Accuri) [16].

2.9. Flow cytometric apoptotic cell death analysis by annexin V FITC-PI
staining

Flow cytometric technique was used to quantify the BME and BHE
induced apoptotic cell death in breast cancer cells. Briefly, 1 × 105

breast cancer cells (MDA-MB-231) were seeded in 35 mm treated cul-
ture dishes containing 1 ml of culture media. The cells were treated
with BME and BHE for 12 h at sub IC50 and IC50 concentrations. After
incubation, cells were trypsinized and washed twice with cold PBS. The
cells were resuspended in 100 μl annexin binding buffer containing
annexin V FITC and PI and further incubated for 15 min at room tem-
perature in the dark. Additionally, 400 μl annexin binding buffer was
added and immediately analyzed through flow cytometer (BD Accuri
C6) [17].

2.10. Notch promoter assay

Dual-luciferase assay technique is used to asses notch promoter
activity. In this assay, we used pGL4[luc2P/RBP-JK-RE/Hygro] vector
having NICD binding site (notch promoter) fused with luciferase gene. p
[Rluc-Neo/SV40] vector (Renilla) was used as an internal control.
HEK293 cells (4 × 104 cells/well) were seeded in a 96-well plate. The
cells were transfected with pGL4[luc2P/RBP-JK-RE/Hygro] and p
[Rluc-Neo/SV40] vectors using Lipofectamine 3000 transfection re-
agent (Thermo Fisher Scientific, Waltham, MA, USA) according to the
manufacturer's guidelines. Transfected cells were treated with extracts
(IC50) and DAPT (20 μM). The plate was further incubated for 24 h at
37 °C. The Luciferase activity was measured by using Dual-Luciferase
Reporter Assay Kit (Promega Corporation, USA) on GloMax 20/20
Luminometer (Promega Corporation, USA).

2.11. Total RNA isolation, cDNA synthesis, and quantitative RT-PCR

One million cells/well were plated into the six-well plates in culture
media supplemented with 10% FBS and 1% penicillin/streptomycin
and incubated at 37 °C. Cells were exposed to BME and BHE treatment
at IC50 concentration for 24, and 48 h. Total RNA was extracted using
Trizol (Thermo Scientific Fisher) solution according to the manufac-
turer's instruction. RNA was quantified at 260/280 nm using Thermo
Scientific Nanodrop 2000 Spectrophotometer. The absorption ratio
(A260 nm/A280 nm) between 1.90 and 2 was taken into consideration
for cDNA preparation. Approximately one microgram of total RNA was
reverse transcribed into cDNA using a high capacity iScript™ cDNA
Synthesis Kit (BIORAD). mRNA expression was quantified by RT-PCR
by using Veriti® 96-well fast thermal cycler (Applied Biosystems). The

following cycling parameters were optimized as follows: start at 95 °C
for 5 min, denaturing at 95 °C for 30 s, annealing at 55 °C for 45 s,
elongation at 72 °C for 45 s, and a final 5 min extra extension at the end
of the reaction to ensure that all amplicons were completely extended
and repeated for 40 amplification cycles [18]. GAPDH was used as a
housekeeping gene to assure equal loading of the sample. List and se-
quence of primers are given in Table S1 in supplemental materials.

2.12. Western blot analysis

Western blot technique was used to detect the protein expression
levels in breast cancer cells. The cells were seeded at the density of
2 × 105 cells/well in a 6-well plate and incubated overnight for at-
tachment followed by treatment with B. frutescens extracts for 12 h at
IC50 concentration. Subsequently, the treated cells were detached and
harvested in RIPA buffer followed by 30 min incubation on ice and
centrifuged at 10,000 ×g for 15 min. Bicinchoninic acid assay (BCA)
protein quantitation reagent kit (Thermo Fisher Scientific) was used to
estimate the protein content present in the lysate. The 2X SDS-PAGE
loading buffer (200 mM DTT, 100 mM Tris-HCl (pH 6.8), 0.1 bromo-
phenol blue, 4% SDS, and 20% glycerol) was used to load the sample on
the gel. An equal amount of total protein and loading buffer was taken
and boiled for 10 min before loading. The protein sample was electro-
phoresed in the tris-glycine electrophoresis buffer [250 mM glycine,
25 mM Tris-HCl (pH 8.3), and 0.1% SDS] at 100 V for 1.5 h. The sepa-
rated proteins were blotted on the PVDF membrane with transfer buffer
(25 mM Tris, 20% methanol, 0.04% SDS and 192 mM glycine) for 2 h.
The 5% non-fat milk in TBST [150 mM NaCl, 20 mM Tris-HCl (pH 7.4)
and 0.1% (v/v) Tween-20] was used to block the membrane for 2 h at
room temperature. The blotted membrane was incubated with primary
antibody at 4 °C overnight followed by TBST wash thrice (10 min in-
terval each). Horseradish peroxidase-conjugated secondary antibody
was diluted in blocking buffer for 2 h at room temperature followed by
three wash with TBST for 10 min. The blots were developed with the
enhanced chemiluminescence (ECL) system (Thermo Fisher Scientific).
The image was captured using image lab software 6.0.1 Bio-Rad.

2.13. Confocal microscopy

2.13.1. Nucleus staining by Hoechst 33342 dye
MDA-MB-231 and T47D cells at a density of 2 × 104 cells/well were

seeded in 24-well plates, and after incubation for 24 h, fresh culture
media containing BME and BHE at IC50 concentration were added and
incubated in a humidified incubator at 37 °C for 16 h. After incubation,
the cells were stained with Hoechst 33342 dye (5 μg/ml) in culture
medium at room temperature in the dark for 20 min. Subsequently, the
cells were washed twice with PBS and immediately evaluated by a
confocal microscope.

2.13.2. Mitochondrial live/dead analysis using JC-1 dye
MDA-MB-231 and T47D cells were placed in 6-well plates and

cultured overnight. Then, MDA-MB-231 and T47D cells were cultured
in the medium with BME and BHE at IC50 concentration for 16 h. After
that, MDA-MB-231 and T47D cells were stained with 5 μM JC-1 dye for
20 min at 37 °C in the dark. Mitochondrial membrane potential deple-
tion was observed under a confocal microscope.

2.13.3. ROS generation analysis using H2-DCFDA dye
For reactive oxygen species analysis, 0.2 × 106 cells were plated in

6 well plates in DMEM. After 24 h, MDA-MB-231 and T47D cells were
treated with BME and BHE at IC50 concentration for the next 16 h. After
that, MDA-MB-231 and T47D cells were stained with 1 μM H2-DCFDA
for 20 min at 37 °C in the dark. Then ROS production levels were ob-
served under a confocal microscope.
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2.14. Literature-based identification and in silico screening of potential
notch inhibitor from B. frutescens

Different search engines such as Google Scholar, PubMed, Scopus
were used for the survey of methanol soluble phytochemicals present in
B. frutescens plant. Crystal structure of γ-secretase (PDB ID: 4Y6K) was
downloaded from the RCSB protein data bank (http://www.rcsb.org/).
Missing side chains, bond order assignment, and hydrogen bond opti-
mization in all the proteins were carried out by using a protein pre-
paration module of the Schrödinger suite v9.2. Grids for all the proteins
were prepared by selecting the corresponding co-crystallized ligands.
Phytochemical presets in the B. frutescens methanolic extracts were
drawn using ChemSketch and prepared using the ligprep module.
Phytochemicals were docked with ϒ-secretase protein using Glide extra
precision (XP) module, to understand their interactions and binding
efficacy with the target protein. Pymol software was used for visuali-
zation of the interaction pattern in the protein-ligand complex.

2.15. Statistical analysis

All data are presented as the mean ± standard deviation of at least

three independent experiments. All statistical analyses were performed
using GraphPad Prism 5.0 version software (GraphPad Software, San
Diego, California). Statistical comparisons between the control and
treatments were performed using one-way analysis of variance.
P < 0.05 was considered to indicate a statistically significant differ-
ence.

3. Results

3.1. GC–MS analysis

GC–MS analysis of B. frutescens methanolic and hexane extract
showed the occurrence of various secondary metabolites (Fig. 1A–B).
Hexane extract showed comparatively greater number of phytochem-
icals (n = 103) than methanolic extract (n = 25). Name of identified
compounds, their molecular formula, molecular weight, retention time
and peak area are given in Table S2 in supplemental materials. In
hexane extract, tritetracontane; urs-12-ene; 1,1,6-trimethyl-3-methy-
lene-2-(3,6,1013,14-pentamethyl-3-ethenyl-pentadec-4-enye)cyclo-
hexane; docosane, 2,4-dimethy; phthalic acid, bis(7-methyloctyl) ester;
bis(tridecyl) phthalate; terephthalic acid, dodecyl 2-ethylhexy ester; 1-

Fig. 1. GCMS chromatograph of B. frutescens (A) methanolic and (B) hexane extract.
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nonene, 4,6,8-trimethyl; 9-octadecenamide; 2H-pyran-2-carboxylic
acid, 3,6-dihydro-6-methoxy-, ethyl ester; 9,12,15-octadecatrienoic
acid, 2-[(trimethylsilyl)oxy]-1-[[(trimethylsilyl)oxy]methyl]ethyl ester
(Z,Z,Z); indan-1,3-diol monoacetate; nonane, 5-(1-methylpropyl);
6,10,14,18,22-tetracosapentaen-2-ol; bis(tridecyl) phthalate and 1,2-
Benzenedicarboxylic acid, dinonyl ester compounds showed > 1% peak
area. In methanolic extract, 2-propenoic acid, pentadecyl ester; tetra-
decanoic acid; n-hexadecanoic acid; 9-octadecenal; heptadecane; hep-
tadecane, 2-methyl; tritetracontane; Z-11-pentadecenol; 2-methylocta-
cosane; 2,6,10,14,18-pentamethyl-2,6,10,14,18-eicosapentaene; and
1,2-octadecanediol showed > 1% peak area (Table S2 in supplemental
materials).

3.2. B. frutescens extracts inhibit MDA-MB-231 and T47D human breast
cancer cellular proliferation

Polar (methanol) and non-polar (hexane) extracts of B. frutescens
were tested for their potential to inhibit the MDA-MB-231 and T47D
cell lines using MTT assay. The experiment was used to find a basis for
the characterization of B. frutescens extracts induced a cellular response
in two different breast cancer cell line models. Dose- and time-depen-
dent antiproliferative property of BME and BHE extract was found in
MDA-MB-231 and T47D cell lines (Fig. 2A–D). BME extract showed
≈53% inhibition in MDA-MB-231 and T47D cell lines at 10 μg/ml
concentration in 24 h treatment. BHE extract showed about 75% and
63% inhibition in MDA-MB-231 and T47D cell lines respectively at
10 μg/ml concentration in 24 h. BHE extract showed similar efficacy
(about 33–37% viability) at higher concentration (70 and 100 μg/ml) in
MDA-MB-231 cells in 48 h and 72 h. At 100 μg/ml concentration BHE
extract show comparatively lesser cell viability in T47D cells in 72 h.
Approximately similar patterns of cell viability were observed in the
presence of the BME extract in MDA-MB-231 and T47D cell lines at
100 μg/ml in 72 h.

IC50 value calculation and regression analysis were done using
GraphPad Prism software to study the effect of BME and BHE extract
treatment in MDA-MB-231 and T47D cells in 24 h, 48 h and 72 h
treatment (Fig. 2E–P). The calculations were based on the MTT results
obtained after the test extract treatment in MDA-MB-231 and T47D
cells at a different time interval. BME and BHE extract showed 4.877 μg
and 13.12 μg IC50 value in MDA-MB-231 cells in the initial 24 h treat-
ment. Similarly, BME and BHE extract showed 6.35 μg and 12.08 μg
IC50 value in T47D cells in the initial 24 h treatment (Fig. 2). Regression
analysis of different experimental setup showed the R2 values in the
range of 0.9119–0.9916.

3.3. B. frutescens extracts arrest cell cycle in the G1 phase in MDA-MB-231
and T47D breast cancer cells

To understand the underlying mechanism of BME and BHE extract
induced cell proliferation we studied the cell cycle distribution in the
MDA-MB-231 (ER−/PR− breast cancer cell model) and T47D breast
cancer cells (ER+/PR+ breast cancer cell model). Untreated T47D
cancer cells showed 42.33, 8.53 and 21.57% cells distribution in G1, S
and G2/M phase of cell cycle respectively (Fig. 3A′ and D′). BME treated
T47D cells showed increased levels of G1 cell populations, both in 24 h
(54.7%) and 48 h (51.3%) of the treatment (Fig. 3B′). Treatment of
T47D cells with the BHE extract also showed the similar efficacy of cell
cycle arrest in the G1 phase in 24 h (55%) and 48 h (58%) of the
treatment (Fig. 3F′). It should be noted that BHE extract showed better
cell cycle G1 phase arrest (58%) in the ER+/PR+ breast cancer cell line
in 48 h treatment (Fig. 3G′). BME treated MDA-MB-231 cells showed
increased levels of G1 cell populations, both in 24 h (47%) and 48 h
(42.33%) of the treatment (Fig. 3D). Treatment of MDA-MB-231 cells
with the BHE extract also showed cell cycle arrest potential in the G1
phase in 24 h (46%) and 48 h (39%) of the treatment. It should be noted
that BHE extract showed better cell cycle G1 phase arrest (58%) in the

ER−/PR− breast cancer cell line in 24 h treatment (Fig. 3C).

3.4. B. frutescens extracts decrease cyclin D1 and CDK4 mRNA levels in
breast cells

To understand the underlying mechanism of BME and BHE extract
induced cell cycle arrest in MDA-MB-231 (ER−/PR− breast cancer cell
model) and T47D (ER+/PR+ breast cancer cell model) breast cancer
cells, we examined the mRNA levels of cyclin D1 and CDK4. Interaction
of cyclin D1 with cyclin dependent kinases (CDK4/6) induces expres-
sion of genes involved in G1-S phase transition and promotes cellular
proliferation. BME treatment (24 h) significantly reduced the cyclin D1
and CDK4 mRNA levels in MDA-MB-231 and T47D cells (Fig. 4A–B).
BME extract significantly reduced cyclin D1 mRNA levels in MDA-MB-
231 and T47D cancer cells in 24 h treatment (Fig. 4B). In comparison to
BME extract, BHE treatment showed less potential to decrease mRNA
levels of cyclin D1 and CDK4 in MDA-MB-231 and T47D cells in 24 h
treatment (Fig. 4C–D). It should be noted that in 48 h BME and BHE
extracts exert similar potential to decrease cyclin D1 and CDK4 mRNA
levels in MDA-MB-231 and T47D cells (Fig. 4C–D).

3.5. B. frutescens extracts increase mRNA levels of cell cycle regulator
protein p21

To explore the modulatory role of cyclin D1 and CDK4 in the pre-
sence of BME and BHE extracts in MDA-MB-231 and T47D breast cancer
cells we examined the mRNA levels of p21. p21 protein is a member of
the cyclin kinase inhibitor family which downregulates the CDK4/6
signaling pathway. Hexane and methanolic extracts exert similar fold
increase of p21 mRNA levels (3.2–3.6 fold) in MDA-MB-231 cells in
24 h treatment. In contrary, BME exerts potential increase (10 fold) in
p21 mRNA levels in T47D cells in comparison to BHE extract treatment
in T47D cells in 24 h (Fig. 4E). Lesser effect of BME and BHE extracts on
p21 mRNA levels was observed in test cell lines in 48 h treatment.

3.6. Effect of B. frutescens extracts on MDA-MB-231 and T47D breast
cancer cells nuclear morphology

To verify the presence of apoptotic cells, we examined the change in
nuclear morphology by using Hoechst staining dye in B. frutescens
hexane/methanol extract treated MDA-MB-231/T47D breast cells and
respective controls (non-treated cells). A significant number of apop-
totic cells were observed in BHE and BME treated MDA-MB-231 cells at
sub IC50 concentration in 16 h treatment (Fig. 5A). The apoptotic cells
nuclei were condensed and fragmented as revealed by the Hoechst
33342 nuclear-staining dye at 20× resolution. Deformed shape of the
nucleus has appeared in the extracts treated cells compared to control
cells at a higher resolution (100×). Similarly, BHE and BME treated
T47D cells at sub IC50 concentration showed a significant number of
apoptotic cells in 16 h treatment.

3.7. B. frutescens extracts decrease mRNA levels of survivin and Bcl2 anti-
apoptotic proteins

Survivin and Bcl2 anti-apoptotic proteins are associated with breast
cancer progression and poor prognosis. To explore the suppressive role
of BME and BHE extract on anti-apoptotic proteins in MDA-MB-231 and
T47D breast cancer cells, we examined the mRNA levels of survivin and
Bcl2 gene. BME treatment (24 h) significantly reduced the mRNA levels
of survivin and Bcl2 in MDA-MB-231 and T47D cells (Fig. 5C–D). In
comparison to Bcl2, mRNA levels of survivin in BME treated MDA-MB-
231 and T47D cells were highly reduced in 24 h treatment. 48 h BME
treatment reduced the survivin and Bcl2 levels in MDA-MB-231 and
T47D cells in comparison to control cells (Fig. 5C–D). BHE treatment
showed an impressive reduction in survivin mRNA levels in MDA-MB-
231 (in 24 h) and T47D (in 48 h) cells (Fig. 5E–F).
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Fig. 2. Effect of B. frutescens extracts on human breast cancer cellular proliferation and regression analysis using MTT assay. (A) B. frutescens methanolic extract
efficacy on MDA-MB-231 breast cancer cell proliferation. (B) B. frutescens methanolic extract efficacy on T47D breast cancer cell proliferation. (C) B. frutescens hexane
extract efficacy on MDA-MB-231 breast cancer cell proliferation and (D) B. frutescens hexane extract efficacy on T47D breast cancer cell proliferation. (E)–(P)
Representation of IC50, LogIC50 values and regression analysis of the effect of BME and BHE extract (10, 30, 50, 70 and 100 μg/ml) in MDA-MB-231 and T47D cells in
different time interval (24, 48 and 72 h) treatment. Results are expressed as mean ± SD.
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3.8. B. frutescens extracts induce apoptosis in breast cancer cells at mRNA
and protein level

To explore the inductive role of BME and BHE extracts on mitochon-
dria-mediated apoptosis in MDA-MB-231 and T47D breast cancer cells we
examined the mRNA levels of caspase 3. B. frutescens treatment showed
significant fold increase (4.7–26 fold) of caspase 3 mRNA levels in MDA-
MB-231 and T47D breast cells (Fig. 5I). Methanolic extract exerts time-
dependent profound increase (23.22 fold) in caspase 3 mRNA levels in

T47D cells after 48 h treatment. Hexane extract also depicted a significant
increase (26 fold) in caspase 3 mRNA levels in MDA-MB-231 cells in 48 h
treatment. In 48 h treatment with BME and BHE extracts in MDA-MB-231
and T47D cancer cells significant increase (20–26 fold) in caspase 3 level
was observed (Fig. 5I). Comparatively better efficacy of extracts against
MDA-MB-231 cells motivated us to study the procaspase expression at the
protein level. Western blot analysis showed higher procaspase 3 protein
level in extract-treated cells in comparison to non-treated breast cancer
cells (Fig. 5J).

Fig. 3. Effect of B. frutescens extracts (BHE and BME) on cell cycle phase distribution in MDA-MB-231 and T47D breast cancer cell lines in 24 h and 48 h treatment at
IC50 (A) Cell cycle phase distribution in untreated MDA-MB-231 cells. (B) and (C) B. frutescens methanolic extract efficacy on MDA-MB-231 cell cycle phase
distribution in 24 h and 48 h of treatment respectively. (D) Graphical representation of the cell cycle phase distribution in untreated (A) and BME extract treated cells
(B and C). (E) and (F) B. frutescens hexane extract efficacy on MDA-MB-231 cell cycle phase distribution in 24 h and 48 h of treatment respectively. (G) Graphical
representation of the cell cycle phase distribution in untreated (A) and BHE extract treated cells (E and F).
(A′) Cell cycle phase distribution in untreated T47D cells. (B′) and (C′) B. frutescens methanolic extract efficacy on T47D cell cycle phase distribution in 24 h and 48 h
of treatment respectively. (D′) Graphical representation of the cell cycle phase distribution in untreated (A′) and BME extract treated T47D cells (B′ and C′). (E′) and
(F′) B. frutescens hexane extract efficacy on T47D cell cycle phase distribution in 24 h and 48 h of treatment respectively. (G′) Graphical representation of the cell
cycle phase distribution in untreated (A′) and BHE extract treated cells (E′ and F′). Results are expressed as mean ± SD. ***P < 0.0005 vs. control; **P < 0.005 vs.
control; *P < 0.05 vs. control.
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3.9. BME and BHE induces dose-dependent early apoptosis in breast cancer
cells

B. frutescens extract showed better apoptotic inducing capacity (26
fold increase in caspase 3 mRNA level) in MDA-MB-231 cells (Fig. 5).
Thus we quantified apoptosis induction ability of BHE and BME extract
in 12 h treatment MDA-MB-231 breast cells using Annexin-V/PI double
staining assay. The result showed that BHE and BME have little impact

on late apoptosis (2–4%) at both sub IC50 and IC50 concentration. BHE
treatment increased early apoptotic MDA-MB-231 cell population from
≈4% to ≈15% at sub IC50 and IC50 concentration respectively. BME
treatment showed a 10% to 15% increase in early apoptotic cells at sub
IC50 and IC50 concentration respectively in comparison to non-treated
cells (Fig. 5H and H). It should be noted that BHE and BME treatment at
IC50 in 12 h showed 6% breast cancer cell necrotic population.

Fig. 4. Effect of B. frutescens extracts (BME and BHE) on mRNA levels of cell cycle markers (cyclin4, CD1 and p21) in human breast cancer cells proliferation at IC50

concentration for 24, and 48 h. (A) and (B) mRNA levels of CDK4 and cyclin D1 in B. frutescens methanolic extract treated MDA-MB-231 and T47D breast cancer cell
respectively. (C) and (D) mRNA levels of CDK4 and cyclin D1 in B. frutescens hexane extract treated MDA-MB-231 and T47D breast cancer cell respectively. (E) p21
mRNA levels in B. frutescens methanol and hexane extract treated MDA-MB-231 and T47D breast cancer cell. Results are expressed as mean ± SD of the three
replicates. ***P < 0.0005 vs. control; **P < 0.005 vs. control; *P < 0.05 vs. control. C = control; C4 = CDK4; CD1-Cyclin D1.
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3.10. Notch promoter activity

In order to elucidate the inhibitory potential of BME and BME on ϒ-
secretase activity, we assessed the luciferase activity to check whether

NICD is produced or not in the presence of test extracts. Inhibition of ϒ-
secretase enzyme by inhibitors stops NICD production and thereby
decrease downstream transcription of notch targeted genes. Non treated
transfected cells showed luciferase gene transcription (Fig. 6B).

Fig. 5. Effect of B. frutescens extracts on apoptosis induction potential in breast cancer cells.
(A) and (B) Confocal microscopy was used to show the effect of B. frutescens extracts on nuclear morphology of MDA-MB-231 and T47D breast cells respectively using
Hoechst dye at sub IC50 concentration.
RT-PCR technique was used to show the effect of B. frutescens extracts on mRNA levels of survivin, Bcl2 and caspase 3 markers in human breast cancer cells at IC50

concentration in 24, and 48 h treatment. (C) and (D) mRNA levels of survivin and Bcl-2 in B. frutescens methanolic extract treated MDA-MB-231 and T47D cells
respectively. (E) and (F) mRNA levels of survivin and Bcl-2 in B. frutescens hexane extract treated MDA-MB-231 and T47D cells respectively.
Flow cytometry technique was used to quantify the B. frutescens extracts apoptosis induction potential in breast cancer cells. (G) BME and BHE induced apoptotic cell
death in MDA-MB-231 breast cancer cells at sub IC50 and IC50 concentration in 12 h treatment. (H) Percentage representation of early apoptotic, late apoptotic and
necrotic cell population in BME and BHE treated MDA-MB-231 cells in comparison to non-treated cells.
(I) mRNA levels of caspase 3 in B. frutescens methanolic and hexane extract treated MDA-MB-231 and T47D breast cancer cells.
Effect of B. frutescens extracts on procaspase 3 protein expression was studied in MDA-MB-231 cells using Western blot technique. The cell samples were collected
after 12 h BME and BHE treatment at IC50 concentration. (J) Procaspase 3 protein expression in BHE and BME treated MDA-MB-231 cells. β-actin was used as an
internal control.
Results are expressed as mean ± SD of the three replicates. ***P < 0.0005 vs. control; **P < 0.005 vs. control; *P < 0.05 vs. control. BHE = B. frutescens hexane
extract; BME = B. frutescens methanol extract; PI-H = propidium iodide-height; EA = early apoptosis; LA = late apoptosis; N = necrosis; C = control.
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Standard notch signaling and ϒ-secretase inhibitor DAPT was taken as
control. Luciferase gene transcription was significantly decreased in
BME, BHE and DAPT treated transfected-HEK293 cells. BME, BHE and
DAPT treatment showed 3.7, 3.33, and 5 fold downregulation of luci-
ferase gene expression in 24 h respectively (Fig. 6B).

3.11. B. frutescens extracts decrease mRNA levels of notch responsive Hes1
and Hey1 gene

To confirm the role of BME and BHE extract on notch signaling
pathway in MDA-MB-231 (ER−/PR− breast cancer cell model) and
T47D breast cancer cells, we examined the mRNA levels of notch re-
sponsive Hes1 and Hey1 gene. Notch signaling pathway upregulate in
breast cancer. BME treatment significantly reduced the Hes1 and Hey1
mRNA levels in MDA-MB-231 and T47D cells in 24 h treatment (Fig. 6C
and D). BME extract significantly reduced Hey1 mRNA levels (2.5 and 5
fold) in T47D cancer cells at 24 h and 48 h (Fig. 6D). Comparatively less
effect of BME treatment was found on Hes1 and Hey1 mRNA levels in
MDA-MB-231 cells in 48 h treatment (Fig. 6C). In comparison to BME
extract, BHE treatment showed less potential to decrease the mRNA
levels of Hes1 and Hey1 in MDA-MB-231 and T47D cells in 24 h and
48 h treatment (Fig. 6E and F).

3.12. B. frutescens extracts decreased mitochondrial membrane potential in
confocal and spectrophotometric assays

To explore the mitochondria-mediated apoptosis induction poten-
tial of BME and BHE extracts in MDA-MB-231 and T47D breast cancer
cells, we examined the disrupted mitochondrial membrane potential
using confocal microscopy and spectrophotometry technique. JC-1
fluorescent dyes can gather in the mitochondrial matrix and produce
red fluorescence. If the mitochondrial membrane potential is reduced,
JC-1 cannot gather into the matrix and present as a monomer, produ-
cing green fluorescence. JC-1 fluorescent color changed from red to
green in the BME and BHE treated MDA-MB-231 and T47D cell lines at
sub IC50 concentration in 16 h, suggesting a decline in mitochondrial
membrane potential (Fig. 7).

BME and BHE extract treatment at IC50 concentration in 48 h
showed an appreciable decrease in mitochondrial membrane potential
as revealed by increased fluorescence count (Fig. 7) in MA-MB-231 and
T47D cells. Both the extracts showed approximately similar potential to
decrease the membrane potential in both the test cell lines. Compara-
tively, the BHE extract depicted better membrane potential lowering
effect in MDA-MB-231 and T47D cell than BME extract (Fig. 7).

3.13. B. frutescens extracts increased ROS production in confocal and
spectrophotometric assays

To explore the possibility of ROS generation mediated mortality in
MDA-MB-231 and T47D breast cancer cells in the presence of BME and
BHE extracts, we examined the ROS production using confocal micro-
scopy and fluorescence spectrophotometric technique using H2-DCFDA
dye. Confocal microscopy with H2-DCFDA showed enhanced green
fluorescence implying high ROS generation at sub IC50 concentration in
16 h. BME and BHE extract treatment at IC50 concentration in 48 h
showed an appreciable increase in ROS generation as depicted by the
increased fluorescence count (Fig. 8D) in MA-MB-231 and T47D cells.
Both the extracts showed approximately similar efficacy to increase
ROS generation independently in MA-MB-231 and T47D cell lines.
Comparatively, the BHE extract depicted better ROS generation po-
tential in both test cell lines (Fig. 8D). It should be noted that MDA-MB-
231 breast cells produced more ROS in the presence of BME and BHE
extracts in comparison to T47D cells (Fig. 8D).

3.14. B. frutescens extracts induce NF-κB mRNA levels in breast cancer cells

To explore the oxidative stress inductive role of BME and BHE ex-
tracts in MDA-MB-231 and T47D breast cancer cells we examined the
mRNA levels of NF-κB. BME treatment in 24 h and 48 h show significant
fold increase (1.9–9.3 fold) in NF-κB mRNA levels in MDA-MB-231 and
T47D cells (Fig. 8C). Methanolic extract exerts time-dependent pro-
found increase (5.1–9.3 fold increase) in NF-κB mRNA levels in MDA-
MB-231 and T47D cells in 48 h. Hexane extract also depicted a sig-
nificant increase in NF-κB mRNA levels in MDA-MB-231 cells in 48 h
treatment in comparison to non-treated cells. It should be noted that in
48 h treatment with BHE extracts exceptionally showed decreased le-
vels of NF-κB in both the MDA-MB-231 and T47D cells in 48 h than that
of 24 h treatment (Fig. 8C).

3.15. In silico notch inhibitory potential of B. frutescens phytochemical

The γ-secretase enzyme is one of the important targets in the notch
signaling pathway mediated natural anticancer drug discovery. Keeping
this in our mind and based on in vitro down-regulated notch signaling
pathway in B. frutescens treated breast cancer cells we tried to identify
the potential notch inhibitor present in test extract. Methanol soluble
phytochemicals in B. frutescens plant literature was surveyed as per
methodology is given in the methods section.
Isofuranonaphthoquinone, Joziknipholone A, Joziknipholone B,
Knipholone, Isoknipholone, 4′-Demethylknipholone 4′-β-D-

Fig. 6. Notch signaling pathway inhibitory potential in B. frutescens extracts against breast cancer cells.
Notch dual luciferase promoter assay was used to study the notch signaling pathway inhibition by BHE and BME at promoter level. (A) Left and right panel shows
activation and inhibition of notch signaling pathway respectively. In left panel, NICD is produced by notch-ligand interaction and activation of ϒ-secretase enzyme.
Interaction of NICD to RBJ-K RE sequence (notch promoter sequence) initiates luciferase gene expression. Right panel shows inhibition of luciferase gene expression
in the presence of B. frutescens phytochemicals which inhibits ϒ-secretase mediated NICD production. (B) Inhibitory potential of BME and BHE (IC50 concentration)
extracts and standard notch inhibitor DAPT (20 μM) on notch promoter using dual luciferase assay. HEK293 cells were used for the experiment and luminescence was
recorded on GloMax 20/20 Luminometer.
RT-PCR technique was used to show the effect of B. frutescens extracts on mRNA levels of notch responsive genes (Hes1 and Hey1) in MDA-MB-231 and T47D cells.
The cells were treated at IC50 concentration for 24 and 48 h. (C) and (D) mRNA levels of Hes1 and Hey1 in BME treated MDA-MB-231 and T47D breast cancer cells
respectively. (E) and (F) mRNA levels of Hes1 and Hey1 in BHE treated MDA-MB-231 and T47D breast cancer cells respectively.
Literature based identified B. frutescens phytochemicals were used for in silico docking study against ϒ-Secretase protein. Detailed methodology and software used for
the study is given Methodology section. (G) 2D structure of the lead compound bulbineloneside D. (H) Interaction pattern of 4B5 ligand with ϒ-Secretase protein. (I)
Interaction pattern of DAPT with ϒ-Secretase protein. (J) Interaction pattern of ϒ-Secretase with bulbineloneside D (PCID-10008440). (K) Binding energy score of
different B. frutescens phytochemicals with ϒ-secretase protein. Alphabets A to K in the graph represent standard inhibitor and test ligands.
Results are expressed as mean ± SD of the three replicates. ***P < 0.0005 vs. control; **P < 0.005 vs. control; *P < 0.05 vs. control. NL = Notch ligand;
NR = Notch receptor; C1 = cell membrane of cell 1; C2 = cell membrane of cell 2; GM = gamma secretase; NICD = Notch intracellular cleaved domain; N = nu-
cleus; LE = luciferase expression; 4B5-N-{(2R,4S,5S)-2-benzyl-5-[(tert-butoxycarbonyl)amino]-4-hydroxy-6-phenylhexanoyl}-L-leucyl-L-phenylalaninamide; A-N-
{(2R,4S,5S)-2-benzyl-5-[(tert-butoxycarbonyl)amino]-4-hydroxy-6-phenylhexanoyl}-L-leucyl-L-phenylalaninamide; B-DAPT; C-Isofuranonapthoquinone; D-Jozikni-
pholone A; E-Joziknipholone B; F-Knipholone; G-Gaboroquinone B; H-bulbineloneside D; I-Gaboroquinone A; J-Isoknipholone; K-4′-demethylknipholone 2′-β-D-
glucopyranoside.
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glucopyranoside, Gaboroquinones A, Gaboroquinones B, and
Bulbineloneside D phytochemicals were identified as methanol soluble
secondary metabolites in B. frutescens plant [19–22]. Co-crystalized (N-
{(2R,4S,5S)-2-benzyl-5-[(tert-butoxycarbonyl)amino]-4-hydroxy-6-
phenylhexanoyl}-L-leucyl-L-phenylalaninamide) and standard notch
inhibitor (DAPT) were taken as positive control for in silico docking
study. Co-crystalized and standard inhibitors showed approximately
equal binding potential (−9.83 and −9.26 kcal/mol respectively)
against γ-secretase enzyme binding pocket. Interestingly, bulbinelone-
side D from B. frutescens showed increased binding affinity
(−11.22 kcal/mol) for ϒ-secretase compared to standard inhibitors
(Fig. 6K). Further, in silico investigation showed the presence of hy-
drophobic interaction between bulbineloneside D and ϒ-secretase ac-
tive site. Docking pose of standard and lead phytochemical is depicted
in Fig. 6H–J. The ϒ-secretase amino acid residues and type of interac-
tion with standards/lead compound are summarized in Table S3 in
supplemental materials. The actual position of amino acid residues and

their type of interaction with standard and lead compound is given in
Fig. S1 in supplemental materials.

4. Discussion

Bulbine frutescens is a medicinal plant but very little is known about
this plant till date. Some of the pharmacological activities such as anti-
HIV and glutathione S-transferase inhibitory potential are reported
[23]. The literature revealed the presence of quinones and glycoside in
B. frutescens plant. These groups of secondary metabolites are potent
anticancer agent [20]. Keeping this in our mind we studied the antic-
ancer potential of B. frutescens plant and tried to deduce the possible
anticancer mode of action. Aggressiveness, recurrence, and treatment of
breast cancer depend upon the breast cancer subtypes. In the present
study, triple-negative breast cancer (MDA-MB-231) and luminal (T47D)
breast cancer cells were taken into consideration to assess the antic-
ancer effect of B. frutescens extracts. In vitro anticancer screening of the

Fig. 7. Confocal microscopy and fluorescent spectroscopy showing effect of B. frutescens extracts on mitochondrial membrane potential in breast cells at sub IC50 and
IC50 concentration.
(A) Effect of B. frutescens extracts on MDA-MB-231 and T47D cells. JC-1 fluorescent dye gathered in the matrix of mitochondria and produced red fluorescence in
control sample. Due to decrease in mitochondrial membrane potential, JC-1 monomer produced green fluorescence in BME and BHE treated samples. (B) Graph
showing the ratio of red and green fluorescence intensity in MDA-MB-231 cells. (C) Graph showing the ratio of red and green fluorescence intensity in T47D cells. (D)
Effect of BME and BHE on MMP in human breast cancer cells at IC50 concentration in 48 h. BME = B. frutescens methanolic extract, BHE = B. frutescens hexane
extract. Results are expressed as mean ± SD of the three replicates. ***P < 0.0005 vs. control; **P < 0.005 vs. control; *P < 0.05 vs. control. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of this article.)
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two B. frutescens extracts (BME and BHE) showed different potential
against the test cell lines at different concentration and time interval
treatment (Fig. 2). TNBC and luminal breast cancer cells show a dif-
ference in prognosis extent and chemotherapy response. It is reported
that TNBC cells show poor prognosis and good chemotherapy response
[24]. In the present study, we found that methanolic extract is more
cytotoxic than hexane against both test cell lines at 24 h treatment
(Fig. 2). BME and BHE treatment showed dose and time-dependent
cytotoxicity in breast cancer cells (Fig. 2). The methanolic extract
showed 2.69 and 1.89 times less IC50 than hexane extract against MDA-
MB-231 and T47D cells at 24 h treatment respectively (Fig. 2). The
difference in anticancer potential of the methanolic and hexane extracts
of B. frutescens might be attributed to the differential occurrence of
phytochemicals present in the respective extract (Fig. 1, Table S2 in
supplemental materials). The potency of both (BME and BHE) extracts
against the different origin of test breast cancer cells motivated us to
study their mode of action in MDA-MB-231 and T47D cells.

Notch signaling activates with the interaction between Notch ligand
and its receptor resulting in notch receptor cleavage by presenilin

dependent ϒ-secretase enzyme. The cleaved notch intracellular domain
(NICD) translocates to the nucleus and interacts with the transcription
repressor complex. This interaction disperses the repressor complex
machinery that presents on notch promoter and activates target gene
(such as Hes1 and Hey1) transcription. Inhibition of the dispersal of
promoter repressor complex machinery by targeting ϒ-secretase protein
is one of the important mechanism to down-regulate the notch signaling
pathway in cancer cells [25]. In the present study, we used Dual-Lu-
ciferase Reporter Assay to show the notch promoter inhibitory potential
of test extracts. The result indicates that B. frutescens phytochemicals
inhibited activation of notch promoter in extract-treated HEK293 cells
(Fig. 6A–B). Moreover, results showed time-dependent downregulation
of Hes1 and Hey1 genes in B. frutescens extract-treated T47D breast cells
at mRNA levels (Fig. 6D). Thus BME and BHE extract have the potential
to downregulate the Notch signaling pathway at the promoter level.
Our in silico study revealed that lead phytochemical from B. frutescens
extract (Bulbineloneside D) interact with ϒ-secretase protein is a si-
milar way as the known standard notch inhibitor (DAPT). Moreover,
the interaction of Bulbineloneside D with the two additional residues

Fig. 8. Effect of BME and BHE extracts on ROS production and NF-κB mRNA levels in MDA-MB-231 and T47D cells.
(A) and (B) Confocal microscopy showing effect of B. frutescens extracts on ROS production in MDA-MB-231 and T47D breast cells respectively using H2-DCFDA dye
at sub IC50 concentration. Confocal images of MDA-MB-231 and T47D cells showed enhanced fluorescence of CH-H2DCFDA which is directly proportional to cellular
ROS. (C) Effect of B. frutescens extracts on mRNA levels of NF-κB marker in human breast cancer cells at IC50 concentration for 24 and 48 h in RT-PCR analysis. (D)
Effect of B. frutescens extracts on ROS production in human breast cancer cells at IC50 concentration for 48 h. Results are expressed as mean ± SD of the three
replicates. ***P < 0.0005 vs. control; **P < 0.005 vs. control; *P < 0.05 vs. control.
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(Ala80 and Leu81) provided stable binding (hydrophobic interaction)
with the protein in comparison to DAPT. It may be inferred that B.
frutescens phytochemicals have the potential to inhibit NICD formation
by targeting ϒ-secretase enzyme.

The p21 (ubiquitous inhibitor of cyclin-dependent kinases), cyclin
D1 and CDK4 (phosphorylate key cell cycle proteins) controls cell cycle
at G1-S phase transition [26–28]. Notch signaling cascade regulates cell
cycle by modulating the expression of cyclin D1, CDK4 and p21 levels
in cancer cells [29]. Our results showed that B. frutescens extracts have
the potential to arrest breast cancer cells in the G1 phase of the cell
cycle (Fig. 3). BME and BHE extract upregulated p21 expression and
downregulated Cyclin D1 and CDK4 at mRNA levels in breast cancer
cells (Fig. 4). Decreased expression of caspase 3 and increased levels of
anti-apoptotic protein (survivin and Bcl-2) is found in breast cancer
cells [30]. Notch targeted genes are known to regulate apoptosis by
modulating the activity/expression of caspase 3, survivin and Bcl2
proteins in breast cancer cells [31]. Chen et al. [32] reported that notch
signaling upregulates survivin expression and thereby inhibit apoptosis
in cancer cells [32]. Xia et al. [33] showed that treatment with phy-
tochemical/extract downregulates notch signaling pathway and in-
creases apoptotic: non-apoptotic protein ratio in breast cancer cells
[33]. In the present study, BME and BHE treatment increased the
cleaved caspase 3 fragment levels, suppressed Bcl-2 and survivin ex-
pression at mRNA level. Additionally, annexin V FITC and PI dual
staining also confirmed the apoptotic induction potential in BHE and
BME in triple-negative breast cancer cells (Fig. 5G and H). Increased
levels of procaspase 3 protein in BHE and BME treated (12 h treatment)
MDA-MB-231 cells substantiate the apoptotic induction potential of B.
frutescens (Fig. 5J). Present study corroborate with the other findings
which shows increased procaspase 3 protein levels in anticancer drug
treated breast cancer cells [34]. Further, apoptosis induction potential
of B. frutescens extract was confirmed by confocal microscopy. BME and
BHE destroyed nuclear membrane, initiated cell shrinkage and mem-
brane blebbing in treated breast cancer cells (Fig. 5). The present study
is corroborated with a previous study which showed the formation of
apoptotic bodies, nuclei condensation and fragmentation into segre-
gated bodies in drug-treated cancer cells [35].

Reactive oxygen species are directly linked with the progression and
aggressiveness of cancer. Cancer cells upregulate their antioxidant de-
fense system to mitigate the adverse effect of elevated ROS levels up to
a limit. Moreover, the energy requirement is also high in cancer cells
which necessitate the presence of healthy mitochondria. Thus antic-
ancer drugs that generate an excess of ROS and disrupt the structural
integrity of mitochondria in cancer cells are of greater importance
nowadays [36]. Excessive ROS production and alteration in mi-
tochondrial membrane potential is associated with apoptosis initiation
in breast cancer cells [36]. Data showed that BME extract induced 4.5
and 6.5 times ROS production in T47D and MDA-MB-231 cells re-
spectively in comparison to non-treated cells. In contrary, both extracts
showed greater mitochondrial membrane potential damage in T47D
breast cells. Both, fluorescence spectroscopy and confocal microscopy
techniques confirmed excessive ROS production and mitochondria
membrane potential alteration in extract-treated breast cancer cells
(Figs. 7–8).

5. Conclusion

In conclusion, B. frutescens polar (methanolic) and non-polar
(hexane) extracts comprise of secondary metabolites having anti-
proliferative potential at microgram concentrations (IC50 4–12 μg/ml).
In best of own knowledge, this is the first statement on the therapeutic
effect of B. frutescens on human breast cancer cells. B. frutescens have
the potential to induce ROS production and apoptosis, and disrupt
mitochondria membrane potential in TNBC (MDA-MB-231) and lu-
minal (T47D) cells. B. frutescens phytochemicals combat breast cancer
cell aggressiveness by downregulating the notch signaling pathway and

arresting the cell cycle. In silico study revealed Bulbineloneside D as a
novel ϒ-secretase enzyme inhibitor, that might responsible for the
downregulation of the notch pathway in breast cancer cells. A further
in-depth study is required to validate in vivo anticancer potential of B.
frutescens extracts in order to render its effective therapeutic strategy
against breast cancer. Limited availability of anticancer drugs and
naturally occurrence of B. frutescens makes it a robust choice for future
research endeavors.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.lfs.2019.116783.
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