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Breast cancer is the most progressive cancer among women worldwide. The currently available chemothe-
rapeutic agents induce severe unacceptable adverse effects in breast cancer patients. In this context, natural
medicinal herbs are gaining importance to find non-toxic effective anticancer drugs. Solanum nigrum is one of
the major traditional medicinal plants widely used in Ayurveda for the treatment of various diseases. This study
investigated the anticancer effect of Solanum nigrum water extract (SNWE) against MCF-7 and triple-negative
MDA-MB-231 breast cancer cell lines. SNWE significantly induced oxidative stress-mediated apoptotic cell
death in a concentration-dependent manner. Real-time PCR results illustrated the upregulation of proapoptotic
genes and downregulation of antiapoptotic genes after SNWE treatment in MCF-7 and MDA-MB-231 cell
lines. Immunofluorescence analysis showed increased expressions of apoptotic markers like p53, Caspase3
and BAX by SNWE treatment. In conclusion, the findings of this study indicate the antiproliferative effect and
apoptosis-inducing property of SNWE in both cell lines. Further studies are warranted on testing the anticancer

city, apoptosis, oxidative stress

activity of S. nigrum L. using animal models of cancer.
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Introduction

Breast cancer is a major cancer sub-type among wom-
en worldwide. The pathogenesis of breast cancer involves
multiple cell types, and it leads to the major cause of
death among women. Breast cancer is a multi-stage pro-
cess involving several endogenous and exogenous factors
(1). Breast cancer accounts for 23% of all cancer deaths,
particularly in post-menopausal women (2). Breast cancer
shows differences in the phenotype, prognosis, treatment
response, and survival rate; based on that it is divided into
four molecular subtypes. The luminal A, luminal B, hu-
man epidermal growth factor receptor 2 (HER2)-enriched,
and triple-negative breast cancer (TNBC) are the major
subtypes of breast cancer (3,4). The luminal A and lumi-
nal B express estrogen (ER) and progesterone (PR) recep-
tors, but not the human epidermal growth factor receptor-2
(HER2). The HER2-enriched breast cancer cells have only
HER-2 expression, and the TNBC shows no occurrence of
any of the hormonal receptors (5). The absence of ER, PR,
and HER?2 expressions in triple-negative cancer cells is re-
sponsible for failure in hormonal therapies. Patients with
triple-negative breast cancer have shorter time of survival
with about 40% mortality rate (6).

Among all the breast cancer subtypes triple-negative
breast cancer (TNBC) remains difficult to treat (7). Multi-
modal therapies such as surgery followed by radio-chemo-
therapy are the major treatment options for breast cancer.
Neoadjuvant chemotherapy is a preferred treatment mo-
dality to preserve breast tissues. The severe adverse effects
and toxicity in the non-target organs limit the therapeutic

advantages of neoadjuvant chemotherapy (1). Although
chemotherapy is used as a first-line treatment for triple-
negative breast cancer, continuous drug exposure may lead
to chemoresistance. Likewise, various chemotherapeutic
drugs are available in the market but acquired resistance
to these drugs may lead the cancer cells to skip apoptosis
and intensify cellular proliferation. The mechanism be-
hind breast cancer drug resistance involves overexpres-
sion of ABC transporter proteins, cancer-related genes,
DNA repair, and tumor microenvironment (8). Many an-
ticancer drugs induce DNA damage, and to prevent this
damage, cancer cells activates DNA repair pathways, that
contribute to chemoresistance (9). The chemoresistance
caused by anticancer drugs is prevented by ABC trans-
porter inhibitors. These inhibitors competitively inhibit
the anti-cancer drug efflux activity of P-glycoprotein (P-
gp) and breast cancer resistance proteins (BCRP) which
are overexpressed in the cells of breast cancer. But the
small molecule synthetic inhibitors may also target normal
tissue and cause cytotoxicity, as reported in the preclini-
cal trials (10).Therefore, there is a need for alternative and
non-toxic treatment modalities for the treatment of breast
cancer. It has been proved that several medicinal plants
possess specific therapeutic potential to manage and pre-
vent metabolic disorders (11). Researches have illustrated
that medicinal plants also have the potential in manag-
ing breast cancer and preventing drug resistance caused
by chemotherapeutic drugs (12,13). In 2021, Yang et al
reviewed the traditional Chinese medicine (TCM) target-
ing signalling pathways to defend against triple-negative
breast cancer and it showed that TCM plant extracts po-
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tentially regulate the cell signalling pathways like, PI3K/
AKT/mTOR, MAPK and Wnt/B-catenin to inhibit inva-
sion and metastasis (14). The herbal formulations isolated
from medicinal plant species like Taraxacum officinale,
Uncaria tomentosa, Astragalus membranaceus, Ocimum
sanctum, Aegle marmelos, Allium sativum, Alpinia galan-
gal, Artemisia annua L, and Brassica oleracea were es-
pecially useful in breast cancer treatments by inhibiting
the signalling pathways responsible for tumor progression
(15). Kushwaha et al (16) proved that phytochemicals
isolated from B. frutescens regulate the notch signalling
pathway to induce cell cycle arrest and apoptosis in triple-
negative MDA-MB-231 cells and luminal A T47D breast
cancer cells.

Solanum nigrum L. family of Solanaceae, commonly
known as ‘Black nightshade’, is a widely used medicinal
plant worldwide, especially in India and China (17). It has
been reported that S. nigrum L. leaf extracts reduced oxi-
dative stress and showed potential in quenching the for-
mation of the free radicals in normal tissues (18). Further,
studies illustrated that the water extract of S. nigrum L. de-
creased the cell growth of several types of cancer and en-
hanced the cytotoxicity of chemotherapeutic agents such
as cisplatin, doxorubicin, and docetaxel (19,20). Various
biologically active phytocompounds, such as alkaloids,
polyphenols, polysaccharides, glycoproteins and some
steroidal alkaloids have been isolated from S. nigrum L.,
and these compounds were reported to inhibit cell growth,
migration and induce apoptosis in cancer cells (21,22).
The aqueous extract of S. nigrum L. has been shown to
induce apoptosis-mediated cell death and autophagy in
breast cancer cells (20,23). The treatment with S. nigrum
L. extracts effectively triggers cell cycle arrest leading to
the destruction of breast cancer cells (24). Butt and co-
workers proved that S. nigrum L. extracts inhibited the
VEGF/ VEGFR/ AKT/ mTOR signalling pathway in vari-
ous cancer cell lines and reduced cancer progression (25).
The medicinal compounds present in S. nigrum L. signifi-
cantly induced apoptosis and altered the membrane polar-
ization of mitochondria thereby decreasing the mRNA lev-
el of Bcl-2, and increasing the expression of Bax, cleaved
BCL-W, caspase3, and caspase7 in cholangiocarcinoma
QBC939 cells (26). Degalactotigonin isolated from S. ni-
grum significantly inhibited EGF-induced phosphoryla-
tion of EGFR and arrested the cell cycle at GO/G1 phase
in pancreatic cancer cells. The breast cancer cells having
premetastatic genes such as, VIM and CXCR4 were hy-
permethylated by S. nigrum extract through epigenetic
modulations to prevent the cancer progression (27).

The network pharmacology on the chemical composi-
tion of Solanum nigrum fruit extract contains 170 com-
pounds including steroidal alkaloids which are probably
involved in several biological targets responsible for anti-
cancer effects (28). The active phytochemicals present in .
nigrum extract could be the reason for regulating signaling
pathways to reduce proliferation in the cancer cells. More-
over, nanoparticles synthesized from S. nigrum L. have
been proven for their anticancer and antioxidant proper-
ties (29,30). Shi et al observed that steroidal alkaloids iso-
lated from ripe berries of S. nigrum L. potentially inhibited
tumor progression in non-small cell lung carcinoma (31).
However, the apoptosis-inducing mechanism of aqueous
extract of S. nigrum L. in breast cancer cells has not been
adequately investigated. Therefore, in this study, we inves-

tigated the antiproliferative and oxidative stress-mediated
apoptosis-inducing property of S. nigrum L. water extract
(SNWE) in triple-negative (MDA-MB-231) and luminal A
(MCF-7) breast cancer cellular models.

Materials and Methods

Preparation of water extract of S.nigrum

The S. nigrum L. plants were collected from the South
Indian regions and air-dried for one week to make them
free of moisture. The leaves of S. nigrum L. were pow-
dered using an electrical grinder. The powdered leaves (50
g) were soaked in distilled water (250 ml) and the mixture
was kept in a boiling water bath for one hour. Then the
solution was filtered through Whatman No. 1 filter paper
followed by 0.45 pm pore size syringe filters. After that,
the solution was evaporated by keeping in a shaking in-
cubator (60°C) for about 24 hours. Finally, the S. nigrum
L. water extract (SNWE) was weighed and dissolved in
dimethyl sulfoxide (DMSQO) for in vitro experiments. The
reconstituted SNWE was stored at -20°C for further use.

Cell lines maintenance and growth conditions

Breast carcinoma cell lines, MDA-MB-231 (Triple-
negative) and MCF-7 (Luminal A) cells, were obtained
from National Centre for Cell Science (NCCS), Pune, In-
dia. The cells were cultured in the DMEM containing 10%
fetal bovine serum (FBS), 50 units/ml penicillin-strepto-
mycin at 37°C in a 5% CO, incubator.

Cytotoxicity assay

The breast cancer cells were seeded in a 96-well plate
at a density of 10* cells/well and incubated at 37°C in 5%
CO, atmosphere. Then, the cells were treated with serial
dilutions of SNWE at concentrations of 0-100 pg/ml. Af-
ter 72 h of treatment incubation, 100 pl of MTT solution
(1 mg/ml) was added and the color was allowed to develop
by 4 h incubation. Finally, the formazan crystals were dis-
solved by adding 100 pl of dimethyl sulfoxide (DMSO).
The absorbance was measured at 570 nm using a micro-
plate reader (Molecular Devices, USA) and the cell sur-
vival curves were generated.

Intracellular ROS measurement

The fluorescent probe 2,7-diacetyl dichlorofluorescein
diacetate (DCFH-DA) was used to detect intracellular
ROS generation in MDA-MB-231 and MCF-7 cells (32).
In brief, the MDA-MB-231 and MCF-7 cells (1x10° cells
per well) were seeded in 6 well plates, respectively. After
the 72h treatment, experimental cells were stained with
DCFH-DA (1 pg/ml) for 30 minutes under dark condi-
tions. Then, the cells were washed 3 times at 5 minutes
intervals with PBS to remove excess dye staining. Images
were acquired using a fluorescence microscope (Floid Cell
Imaging Station, Life Technologies, USA), and the fluo-
rescence intensity was measured with the excitation at 485
+ 10 nm and emission at 530 + 12.5 nm, using a microplate
reader (Molecular Devices, USA).

Apoptosis assay

Acridine orange/ethidium bromide (AO/EtBr) dual
staining assay protocol was used to detect the morphologi-
cal changes during apoptosis (33). The MCF-7 and MDA-
MB-231 cells (1x10° cells per well) were seeded in 6 well
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plates, respectively. After 72 hours of SNWE treatment,
both the cells were stained with AO/EtBr in the 1:1 ra-
tio for 30 minutes. Then, the cells were washed with PBS
three times. The images were acquired with a fluorescence
microscope (Floid Cell Imaging Station, Life Technolo-
gies, USA).

Gene expression analysis

The total cellular mRNA was isolated using the Qia-
gen mini RNAeasy kit following the manufacturer's in-
structions, and mRNA levels were quantified by Nano-
drop Spectrophotometer (Thermo Scientific, USA). The
custom-based pathway-focused gene expression profiling
was analyzed by real-time RT-PCR array. Ten prominent
apoptotic genes expression at the mRNA level in the SN-
WE-treated breast cancer cell lines were analyzed using
the CFX-96 BIO-RAD real-time System. The designed
PCR plates have apoptosis pathway genes and a house-
keeping gene panel to normalize array data (HK1). The
fold changes of gene expression analysis were plotted as
heat map with clustergrams.

Immunofluorescence

The breast cancer cells were seeded in 12 well plates
at a density of 5000 cells per well and then different con-
centrations of SNWE treatment were given to the cells.
After 72 h incubation, the cells were fixed with 100% ice-
cold methanol for 5 mins, then permeabilized using 0.5%
Triton X-100 for 15 mins, blocked with 5% bovine serum
albumin (BSA) for 60 mins at room temperature (RT) and
incubated with primary antibodies at 4°C, overnight. Then
the cells were washed with PBS and incubated along with
fluorescein isothiocyanate (FITC)-labelled secondary an-
tibody for 2 h at RT. Finally, the cells were washed, coun-
ter-stained with 4',6-diamidino-2-phenylindole (DAPI)
and subjected to imaging with a fluorescence microscope
(Floid Cell Imaging Station, Life Technologies, USA).

Statistical analysis

Statistical analysis was performed using GraphPad
Prism 9.0.0 software package. The data are expressed as
mean =+ standard error of the mean (SEM) and the statisti-
cal significance (p< 0.05) of the group difference was ana-
lyzed using one-way ANOVA and post-hoc Duncan test to
compare with control.

Results

Effect of SNWE against MCF-7 and MDA-MB-231
breast cancer cell viability

We observed that SNWE induced cellular cytotoxic-
ity in both luminal-A MCF-7 and triple-negative MDA-
MB-231 breast cancer cells in a concentration-dependant
manner (Fig. 1). The antiproliferative effect of SNWE was
more prominent in MCF-7 cells as compared to MDA-
MB-231 cells because of their absence of hormonal recep-
tors. The IC_ values were found to be 4.26 pg/ml in MCF-
7 and 5.30 pg/ml in MDA-MB-231 cells, respectively.

Effect of SNWE on intracellular ROS generation in
breast cancer cells

The DCFH-DA dye was used to measure the intracel-
lular ROS generation in MCF-7 and MDA-MB-231 breast
cancer cells (Fig. 2). The spectrofluorometric reading

showed that SNWE treatment significantly increased in-
tracellular ROS production in both the breast cancer cell
lines. We observed that 0.1 mg/ml of SNWE treatment
induced 92.7 + 2.4% ROS levels in MCF-7 and 80.4 +
5.09% ROS in MDA-MB-231 cells, respectively. In addi-
tion, the microscopic fluorescence images clearly showed
increased DCF-fluorescence in SNWE-treated groups as
compared to the control group; paclitaxel was considered
a positive control (Fig. 2).

Effect of SNWE on apoptotic morphological changes in
breast cancer cells

The AO/EtBr dual staining was used to study the apop-
totic morphological changes in cancer cells. We found that
0.1 mg/ml of SNWE significantly increased the apoptotic
cellular populations in MCF-7 and MDA-MB-231 breast
cancer cell lines (Fig. 3). The SNWE treatment induced
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Figure 1. Effect of SNWE on cell viability in MCF-7 and MDA-
MB-231 cells. Cells were treated with SNWE with different concen-
trations for 48 h and then the cell viability was determined using MTT
assay. Points with error bar represent mean + SEM. The symbols (a,
b, ¢, and d) show statistical significance p<0.05, p<0.01, p<0.001, and
p<0.0001, respectively, compared with control (0 pg/ml).
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Figure 2. Effect of SNWE on intracellular ROS production in MCF-7
and MDA-MB-231 cells by DCFH-DA staining. The images show the
green fluorescence by emission of DCF fluorescence under a green
filter (original magnification, 20x). The Bar graphs depict % of ROS
production in response to fluorescence intensity. The points with error
bars represent Mean + SEM. *p<0.05 and #p<0.001 compared with

control.
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78.4£2.5% and 58.9+4.2% of apoptotic cell populations in

MCF-7 and MDA-MB-231 cells, respectively. The posi

tive control paclitaxel group showed both acridine orange

and ethidium bromide staining. Whereas, the SNWE treat
ment groups showed concentration-dependent increase o

f

apoptosis incidence in both MCF-7 and MDA-MB-231

breast cancer cell lines. Conversely, the untreated contro

1

cells showed no apoptotic cell population and stained only

with the acridine orange (Fig. 3).

Effect of SNWE on gene expression analysis

The gene expression pattern of major genes involved
in apoptosis such as BAX, p53, BAD, BAM, CASP3,
CASP8, CASP9, BCL-XL, BCL2, and BCL-W was ana-
lyzed in both MCF-7 and MDA-MB-231 cell lines (Fig.
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Figure 3. Effects of SNWE on apoptosis in MCF-7 and MDA-
MB-231 cells by AO/EtBr staining. The increased concentration of
SNWE showed Ao/EtBr staining due to the fragmented DNA and
apoptotic morphological changes (20x magnification). The points
with error bars represent Mean = SEM. *p<0.05 and #p<0.001 com-
pared with control.
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Figure 4. Effect of SNWE and Paclitaxel on mRNA expression level
in MCF-7 and MDA-MB-231 breast cancer cells. The total cellular
mRNA was isolated and reverse-transcribed. The mRNA levels of
gene expression in the apoptotic signalling pathway were detected
by a real-time PCR array. The genes detected were normalized using
GAPDH as a reference gene. The clustergram heatmap analysis was
carried out by MORPHEUS online tool (https://software.broadinsti-
tute.org/morpheus/).

4). Treatment with SNWE (0.1 mg/ml) induced the mRNA
level expressions of proapoptotic genes such as BAX, p53,
BAD, BAM, CASP3, CASP8, and CASP9 and downregu-
lated the gene expression of antiapoptotic markers such as
BCL-XL, BCL2, and BCL-W. The fold changes in gene
expression analysis clearly indicated that SNWE treatment
regulates apoptotic signalling pathways in both MCF-7
and MDA-MB-231 cell lines to induce cytotoxicity.

Effect of SNWE on apoptotic markers by immunocy-
tochemistry

To clarify whether SNWE treatment decreased the
cell viability by activation of programmed cell death in
MCF-7 and MDA-MB-231 breast cancer cells, BAX, p53,
and caspase 3 were investigated by immunofluorescence
analysis. The BAX, caspase-3 and p53 are the essential
biomarkers for caspase dependant apoptosis. The results
showed significant increases in BAX, Caspase-3 and p53
apoptotic markers in both MCF-7 and MDA-MB-231
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Figure 5. Effect of SNWE treatment on apoptotic markers in the

MCF-7 and MDA-MB-231 cells. The protein expressions were ana-
lysed by immunofluorescence method. a) BAX, b) Caspase3, and
¢) p53, expressions were increased in the SNWE treatment, which
showed the induction of caspase-dependent apoptosis in breast cancer
cells. The cells were immune-stained with anti p53, BAX, and Cas-
pase3 antibodies and FITC labelled secondary antibodies. DAPI was
used as a counter stain for the nucleus and the images were acquired

with a fluorescence microscope.
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cells in the dose-dependent treatment of SNWE (12.5,
25.0 and 50.0 pg/ml) (Fig. 5). These results suggest that
SNWE mainly activated the caspase-dependent apoptotic
pathway, which has resulted in the cytotoxicity of the two
tested breast cancer cells.

Discussion

The rising incidence of breast cancer and the adverse
effects of anticancer chemotherapy are the major concerns
of oncologists and cancer researchers. Traditional plant-
based medicines offer treatment modalities for cancer be-
cause they actively suppress early and prolonged stages of
tumorigenesis by blocking cell cycle arrest and promoting
apoptosis (34). Solanum nigrum L. has been traditionally
used for the treatment and prevention of various chronic
diseases. Several bioactive medicinal compounds present
in Solanum nigrum L. behave as cytotoxic agents in the
acidic cancer cell environment. In this study, we tested the
cytotoxicity of Solanum nigrum L. water extract (SNWE)
in MCF-7 and MDA-MB-231 cells (Fig. 1). The IC, val-
ues of SNWE in MCF-7 and MDA-MB-231 cells were
found to be 4.26 pg/ml and 5.30 pug/ml, respectively. Sev-
eral studies have proved the anticancer properties of Sola-
num nigrum L., including induction of apoptosis and cy-
totoxicity in numerous cancer types, such as breast, blad-
der, lung, colorectal and neuroblastoma cells (35). Ling
et al (24) proved that Solanum nigrum L. aqueous extract
showed cytotoxicity against MCF-7 breast cancer cells
and exhibited no cytotoxic activity to normal breast MC-
F12A cells. The withanolides, a steroidal lactone present
in Solanum nigrum L., depleted ATP levels to induce anti-
proliferative activity in three breast cancer cells, SKBR3,
MCF-7 and MDA-MB-231 cells (36). Recently, thirteen
bioactive steroidal alkaloids were isolated from S. nigrum
L. and nine of them displayed better cytotoxicity in dif-
ferent types of cell lines such as HepG2, MCF-7, H1299,
HeLa and HCT116, because of the open E-ring with the
absence of F-ring in their unusual structure (37).

The intracellular reactive oxygen species (ROS) gen-
eration leads to oxidative stress-mediated apoptotic cell
death (38). We observed that the SNWE treatment induced
ROS levels and subsequently caused apoptotic cell death in
luminal-A MCF-7 and triple-negative MDA-MB-231 cells
(Fig. 2). Aqueous extract of Solanum nigrum has been re-
ported to markedly increase ROS generations and trigger
mitochondrial apoptotic pathway in SCC-4 oral squamous
cancer cells (39). Solanine, a steroidal glycoalkaloid found
in S. nigrum L., induced ROS generation and activated
the P38 pathway to suppress prostate cancer progression
(40). Conversely, S. nigrum extracts restored oxidative
status exposed by glutamate in rat astroglial primary cul-
ture cells which showed the antioxidant property of these
extracts in particular cell types (18). The ROS generation
by phytochemicals present in the SNWE might probably
have caused oxidative DNA damage, leading to apoptosis.
Collectively, the present data suggest that SNWE induces
apoptotic cell death through ROS formation.

Various studies have proved that phytochemical-rich
extracts isolated from Solanum species induce apoptosis
by regulating several signaling pathways (41-43). The AO/
EtBr dual staining method shows evidence of SNWE on
the induction of apoptosis. The SNWE treatment showed
apoptotic morphological changes in both the breast cancer

cells compared with untreated control cells (Fig. 3). Simi-
larly, S. nigrum L. ethanolic fruit extract induced apopto-
sis and cell cycle arrest in the MCF-7 breast cancer cells
(44). The complex mechanism of apoptosis is regulated by
various pro-apoptotic and anti-apoptotic genes. It is acti-
vated by internal signals such as DNA damage, oxidative
stress or loss of mitochondrial membrane potential (45).
In our study, we noticed the upregulation of pro-apoptotic
genes like BAX, P53, BAD, BAM, CASP3, and CASP9
and downregulation of anti-apoptotic genes such as BCL-
XL, BCL2, and BCL-W in SNWE treated breast cancer
cells (Fig. 4). These findings clearly indicate the role of
SNWE in the induction of caspase-dependent mitochon-
drial pathway of apoptosis. Previously it has been found
that aqueous extract of Solanum nigrum L. induces cell
death in endometrial carcinoma cells via activation of
caspase-3 dependent apoptotic pathway (46). Solanum ni-
grum L. bioactive polysaccharides inhibit tumor growth
by activating caspase-3 and downregulation of Bcl-2 in
H22-bearing mice (47). The ethyl acetate fraction of So-
lanum nigrum L. has been shown to activate apoptotic cell
death in HT29, MCF-7, and A2780 cells in a dose-depen-
dent manner (48).

To further investigate the apoptosis-mediated cell death
by SNWE treatment we examined the role of BCL-2 fam-
ily members including BAX, Caspase3 and p53. These
BCL-2 family members play an important role in inducing
the intrinsic pathway of apoptosis (49). In normal condi-
tions, BAX is localized in the cytosol, when the apopto-
sis is induced it undergoes a conformational change and
is translocated to mitochondria to release further apop-
totic factors. The results of the immunofluorescence assay
showed SNWE treatment induced concentration-depen-
dent overexpression of p53 and BAX in both the tested
breast cancer cells (Fig. 5). The SNWE treatment induces
the cascade reaction by activating caspase 3 to trigger the
intrinsic pathway of apoptosis. Our study clearly demon-
strates that SNWE augments caspase-dependent activa-
tion of apoptosis by activating its proapoptotic effects in
the tested breast cancer cells. Recently, Li et al showed
that Solanum nigrum L. methanolic extract induced the
expression of apoptotic proteins like BAX, and cleaved
caspase3 (50). Ding et al isolated six steroidal glycoalka-
loids by alkaline precipitation and acid extraction methods
and those compounds exhibited decreased BCL-2 and in-
creased BAX expression which induced caspase3-depen-
dent apoptotic activation (51,52). The aqueous extract of
Solanum nigrum L. induced apoptosis in colorectal cancer
cells in combination with anti-cancer drugs (46).

In this study, we noticed that the SNWE treatment
showed better antiproliferative activity, intracellular ROS
generation and apoptosis-inducing properties in luminal A
MCEF-7 cells than in triple-negative MDA-MB-231 cells.
Although both the cell lines were of epithelial origin, they
were different in their genetic make-up. It has been known
that the MCF-7 is an ER+ breast cancer cell line and it re-
sponds well to conventional anticancer therapeutic agents.
In contrast, the MDA-MB-231 is a triple-negative breast
cancer cell line that is hard to treat by conventional anti-
cancer treatments. Our results suggested that SNWE treat-
ment can trigger caspase-dependent apoptotic cell death in
both MCF-7 and MDA-MB-231 breast cancer cells.

There are five stages of breast cancer and the disease is
highly treatable in its early stages. It is anticipated that tra-
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ditional medicines such as S. nigrum L. can play an impor-
tant role in the management of early-stage disease without
appreciable side effects. This study confirms that S. nigrum
L. water extract (SNWE) significantly induces cytotoxic-
ity by ROS induction, apoptotic morphological changes
and nuclear alterations in MCF-7 and MDA-MB-231 cell
lines. Further, the mRNA level gene expression analysis
and immunofluorescence assay of apoptotic markers con-
firm the apoptosis-inducing capacity of SNWE in two
tested breast cancer cells. We noticed that the SNWE treat-
ment caused significant anticancer potential in luminal
A-type cancer cells than the triple-negative breast cancer
cells. Our findings suggest that SNWE could be used as a
lead candidate for anticancer drug development. Further
in-vivo studies need to be carried out to investigate the an-
ticancer effects of SNWE using animal models of cancer.

Acknowledgments

This research was funded by the National Plan for Sci-
ence, Technology and Innovation (MAARIFAH), King
Abdulaziz City for Science and Technology, Kingdom of
Saudi Arabia, Award Number (2-17-03-001-0044).

References

1. SunYS, Zhao Z, Yang ZN, et al. Risk factors and preventions of
breast cancer. Int J Biol Sci 2017; 13(11): 1387.

2. Akram M, Igbal M, Daniyal M, Khan AU. Awareness and cur-
rent knowledge of breast cancer. Biol Res 2017 501. 2017; 50(1):
1-23.

3. Waks AG, Winer EP. Breast cancer treatment: A review. JAMA
2019; 321(3): 288-300.

4.  Cortazar P, Zhang L, Untch M, et al. Pathological complete re-
sponse and long-term clinical benefit in breast cancer: the CT-
NeoBC pooled analysis. Lancet. 2014; 384 (9938): 164-172.

5. Carey LA, Perou CM, Livasy CA, et al. Race, breast cancer sub-
types, and survival in the Carolina breast cancer study. JAMA
2006; 295(21): 2492.

6. Yin L, Duan JJ, Bian XW, Yu SC. Triple-negative breast cancer
molecular subtyping and treatment progress. Breast Cancer Res
2020; 22(1): 61.

7. Garrido-Castro AC, Lin NU, Polyak K. Insights into molecular
classifications of triple-negative breast cancer: Improving patient
selection for treatment. Cancer Discov 2019; 9(2): 176-198.

8. Lainetti P de F, Leis-Filho AF, Laufer-Amorim R, Battazza A,
Fonseca-Alves CE. Mechanisms of resistance to chemotherapy in
breast cancer and possible targets in drug delivery systems. Phar-
maceutics. 2020; 12(12): 1-20.

9. JiX, LuY, Tian H, Meng X, Wei M, Cho WC. Chemoresistance
mechanisms of breast cancer and their countermeasures. Biomed
Pharmacother 2019; 114: 108800.

10. Ganesan M, Kanimozhi G, Pradhapsingh B, et al. Phytochemicals
reverse P-glycoprotein mediated multidrug resistance via signal
transduction pathways. Biomed Pharmacother 2021; 139: 111632.

11. Nyakudya TT, Tshabalala T, Dangarembizi R, Erlwanger KH,
Ndhlala AR. The potential therapeutic value of medicinal plants
in the management of metabolic disorders. Int J Mol Sci 2020;
25(11): 2669.

12.  Guilford JM, Pezzuto JM. Natural products as inhibitors of carci-
nogenesis. Expert Opin Investig Drugs 2008; 17(9): 1341-1352.

13. Muzaffer U, Paul VI, Prasad NR, Karthikeyan R, Agilan B. Pro-
tective effect of Juglans regia L. against ultraviolet B radiation in-
duced inflammatory responses in human epidermal keratinocytes.
Phytomedicine 2018; 42: 100-111.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Yang Z, Zhang Q, Yu L, Zhu J, Cao Y, Gao X. The signaling
pathways and targets of traditional Chinese medicine and natural
medicine in triple-negative breast cancer. J Ethnopharmacol 2021;
264: 113249.

Singh V, Kumar K, Purohit D, et al. Exploration of therapeutic
applicability and different signaling mechanism of various phy-
topharmacological agents for treatment of breast cancer. Biomed
Pharmacother 2021; 139: 111584.

Kushwaha PP, Vardhan PS, Kapewangolo P, et al. Bulbine frutes-
cens phytochemical inhibits notch signaling pathway and induces
apoptosis in triple-negative and luminal breast cancer cells. Life
Sci 2019; 234: 116783.

Chen X, Dai X, Liu Y, et al. Solanum nigrum Linn.: An insight
into current research on traditional uses, phytochemistry, and
pharmacology. Front Pharmacol 2022; 13: 2606.

Campisi A, Acquaviva R, Raciti G, Duro A, Rizzo M, Santagati
NA. Antioxidant activities of Solanum nigrum L. leaf extracts de-
termined in in vitro cellular models. Foods 2019; 8(2): 63.
Huang HC, Syu KY, Lin JK. Chemical composition of Solanum
nigrum Linn extract and induction of autophagy by leaf water
extract and its major flavonoids in AU565 breast cancer cells. J
Agric Food Chem 2010; 58(15): 8699-8708.

LiJ, Li Q, Feng T, Li K. Aqueous extract of Solanum nigrum in-
hibit growth of cervical carcinoma (U14) via modulating immune
response of tumor bearing mice and inducing apoptosis of tumor
cells. Fitoterapia 2008; 79(7-8): 548-556.

Fu R, Wang X, Hu Y, et al. Solamargine inhibits gastric cancer
progression by regulating the expression of IncNEAT1 2 via the
MAPK signaling pathway. Int J Oncol 2019; 54(5): 1545.

Xie X, Zhang X, Chen J, et al. Fe304-solamargine induces apop-
tosis and inhibits metastasis of pancreatic cancer cells. Int J Oncol
2019; 54(3): 905-915.

Tai CJ, Wang CK, Tai CJ, et al. Aqueous extract of Solanum ni-
grum leaves induces autophagy and enhances cytotoxicity of
cisplatin, doxorubicin, docetaxel, and 5-fluorouracil in human
colorectal carcinoma cells. Evidence-based Complement Altern
Med 2013; 2013: 514719.

Ling B, Xiao S, Yang J, Wei Y, Sakharkar MK, Yang J. Probing
the antitumor mechanism of Solanum nigrum L. aqueous extract
against human breast cancer MCF7 cells. Bioengineering 2019;
6(4): 112.

Butt G, Romero MA, Tahir F, Farooqi AA. Emerging themes
of regulation of oncogenic proteins by Solanum nigrum and its
bioactive molecules in different cancers. J Cell Biochem 2018;
119(12): 9640-9644.

Zhang X, Yan Z, Xu T, et al. Solamargine derived from Solanum
nigrum induces apoptosis of human cholangiocarcinoma QBC939
cells. Oncol Lett 2018; 15(5): 6329-6335.

Shirkavand A, Boroujeni ZN, Aleyasin SA. Solanum nigrum anti-
cancer effect through epigenetic modulations in breast cancer cell
lines. Curr Cancer Ther Rev 2019; 16(2): 121-126.

Yang LJ, Gao S, Su Z, Qin X, Li Z. Identification of the constitu-
ents and the cancer-related targets of the fruit of Solanum nigrum
based on molecular docking and network pharmacology. J Pharm
Biomed Anal 2021; 200: 114067.

Thomas S, Gunasangkaran G, Arumugam VA, Muthukrishnan
S. Synthesis and characterization of zinc oxide nanoparticles of
Solanum nigrum and its anticancer activity via the induction of
apoptosis in cervical cancer. Biol Trace Elem Res 2022; 200(6):
2684-2697.

Saranya T, Ramya S, Kavithaa K, et al. Green synthesis of se-
lenium nanoparticles using Solanum nigrum fruit extract and its
anti-cancer efficacy against triple negative breast cancer. J Clust
Sci2022; 1: 1-11.

141



Haseeb A. Khan et al. / Antiproliferative effect of Solanum nigrum on breast cancer cells, 2023, 69(10): 136-142

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Shi F, Wang C, Wang L, et al. Preparative isolation and purifica-
tion of steroidal glycoalkaloid from the ripe berries of Solanum
nigrum L. by preparative HPLC-MS and UHPLC-TOF-MS/MS
and its anti-non-small cell lung tumors effects in vitro and in vivo.
J Sep Sci 2019; 42(15): 2471-2481.

Spagnuolo G, D’Anto V, Cosentino C, Schmalz G, Schweikl H,
Rengo S. Effect of N-acetyl-l-cysteine on ROS production and
cell death caused by HEMA in human primary gingival fibro-
blasts. Biomaterials 2006; 27(9): 1803-1809.

Liu K, Liu P cheng, Liu R, Wu X. Dual AO/EB staining to detect
apoptosis in osteosarcoma cells compared with flow cytometry.
Med Sci Monit Basic Res 2015; 21: 15.

Esmeeta A, Adhikary S, Dharshnaa V, et al. Plant-derived bioac-
tive compounds in colon cancer treatment: An updated review.
Biomed Pharmacother 2022; 153: 113384.

Singh S, Sharma B, Kanwar SS, Kumar A. Lead phytochemicals
for anticancer drug development. Front Plant Sci 2016; 7: 1667.
Yu TJ, Tang JY, Lin LC, et al. Withanolide C inhibits proliferation
of breast cancer cells via oxidative stress-mediated apoptosis and
DNA damage. Antioxidants 2020; 9(9): 873.

Liang-Yu Liu, Yang YK, Wang JN, Ren JG. Steroidal alkaloids
from Solanum nigrum and their cytotoxic activities. Phytochem-
istry 2022; 202: 113317.

Schieber M, Chandel NS. ROS Function in redox signaling and
oxidative stress. Curr Biol. 2014; 24(10): R453.

Uen WC, Lee BH, Shi YC, Wu SC, Tai CJ, Tai CJ. Inhibition
of aqueous extracts of Solanum nigrum (AESN) on oral cancer
through regulation of mitochondrial fission. J Tradit Complement
Med 2018; 8(1): 220-225.

Pan B, Zhong W, Deng Z, et al. Inhibition of prostate cancer
growth by solanine requires the suppression of cell cycle proteins
and the activation of ROS/P38 signaling pathway. Cancer Med
2016; 5(11): 3214-3222.

Lai YJ, Tai CJ, Wang CW, et al. Anti-Cancer Activity of Solanum
nigrum (AESN) through suppression of mitochondrial function
and epithelial-mesenchymal transition (EMT) in breast cancer
cells. Molecules 2016; 21(5): 553.

Sathelly K, Kalagatur NK, Mangamuri UK, Puli COR, Poda S.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Anticancer potential of Solanum lycopersicum L. extract in hu-
man lung epithelial cancer cells A549. Indian J Biochem Biophys
2022; 60(1): 76-85.

Zhao Y, Gao WK, Wang XD, Zhang LH, Yu HY, Wu HH. Phy-
tochemical and pharmacological studies on Solanum lyratum: a
review. Nat Products Bioprospect 2022; 12(1): 1-35.

Churiyah C, Ningsih S, Firdayani F. The cytotoxic, apoptotic
induction, and cell cycle arrest activities of Solanum nigrum L.
ethanolic extract on MCF-7 human breast cancer cell. Asian Pac J
Cancer Prev 2020; 21(12): 3735.

Stevens M, Oltean S. Modulation of the apoptosis gene Bcl-x
function through alternative splicing. Front Genet 2019; 10: 804.

Tai CJ, Wang CK, Chang YJ, Lin CS, Tai CJ. Aqueous extract of
Solanum nigrum leaf activates autophagic cell death and enhances
docetaxel-induced cytotoxicity in human endometrial carcinoma
cells. Evidence-based Complement Altern Med. 2012; 2012:
859185.

Huang Y, Yin M, Pan L, et al. Solanum nigrum polysaccharide
inhibits tumor growth in H22-bearing mice through regulation of
caspase-3 and bcl-2. J Cancer Res Ther 2018; 14(8): S232-S236.

Moglad EHO, Alhassan MS, Abdalkareem EA, Abdalla AN, Kuse
M. Ethyl Acetate Fraction of Solanum nigrum L.: Cytotoxicity,
induction of apoptosis, cell cycle in breast cancer cells, and gas
chromatography-mass spectrometry analysis. Asian J Pharm
2019; 13(3): 246.

Suraweera CD, Banjara S, Hinds MG, Kvansakul M. Metazoans
and intrinsic apoptosis: An evolutionary analysis of the Bcl-2
family. Int ] Mol Sci 2022; 23(7): 3691.

Li JH, Li SY, Shen MX, Qiu RZ, Fan HW, Li Y Bin. Anti-tumor
effects of Solanum nigrum L. extraction on C6 high-grade glioma.
J Ethnopharmacol 2021; 274: 114034.

Nowroz, F., Roy, T., Haque, M., Ferdous, J., Noor, R., Mondal,
G. Yield and Grading of Potato (Solanum tuberosum L.) as Influ-
enced by Different Mulch Materials. Agrotech Ind Crops 2021;
1(1): 1-10. doi: 10.22126/etic.2021.6209.1001.

Ding X, Zhu F, Yang Y, Li M. Purification, antitumor activity in
vitro of steroidal glycoalkaloids from black nightshade (Solanum
nigrum L.). Food Chem 2013; 141(2): 1181-1186.

142



