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Abstract
Background: Epigenetic deregulation of the cellular apoptotic mechanism is the common hallmark of cancer.
Silibinin (SBN) and quercetin (QCT) are two bioflavonoids well known for their epigenetic inhibition property. The
objective of the present study was to explore the preventive anti-cancer efficacy of the SBN and QCT in both
in vitro as well as in vivo tumor xenograft model through regulating cellular apoptotic signaling pathway.
Results: SBN and QCT inhibited the growth of A549 and MDA-MB-468 cancer cells in the concentration dependent
manner. The treatment caused significant (p < 0.05) reduction of the size and the number of colonies formed by
the cancer cells. In vitro apoptosis assay using the fluorescence microscopy revealed that the treatment noticeably
increased the percentage of apoptotic cells as compared to the untreated control. Dosing with SBN (200mg/kg),
QCT (100mg/kg) alone and in combination was initiated in 3-week-old C57BL6 mice. Interestingly, the treatment
prevented tumor progression significantly (p < 0.05) in adult mice without causing any toxicity. Furthermore, SBN
and QCT triggered apoptosis via modulating p53 and Bcl2 gene expression and the SOD enzyme activity.
Conclusion: Daily oral intake of SBN and QCT alone and in combination from the very early stage of life might
prevent tumor growth in adult mice through activating cellular apoptotic signaling cascade.
Keywords: Cancer xenograft, Quercetin, Silibinin, Apoptosis, Gene expression, SOD

Background
Cancer is still an unsolved problem of human being and
a primary cause of morbidity and mortality. According
to International Agency for Research on Cancer (IARC)
and GLOBOCAN 2018, the total incidence of new cancer cases and cancer deaths in 2018 was 17.0 and 9.5
million respectively excluding nonmelanoma skin cancer
[1]. Global cancer statistics 2018 claims that among
males, lung cancer is the most diagnosed cancer cases
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(14.5%) and major cause of cancer mortality (22.0%) [1,
2], whereas breast cancer is the highest estimated cancer
incidences (24.2%) and cancer deaths (15.0%) in females
[1, 2]. Though the latest diagnostic techniques and chemotherapeutic treatments have improved the fate of
cancer patients, yet cancer is a major social burden.
Normal cells of our body multiply under commands of
specific cellular signals and undergo senescence or apoptosis as they grow old [3]. Apoptosis is a controlled cell
death mechanism guided by various interconnected molecular and biochemical cell signaling pathways [3]. The
latest investigations in oncogenesis revealed that epigenetic alterations followed by permanent genetic transformations of tumor suppressor genes (TSGs) and protooncogenes involved in regulating cell growth and
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apoptosis are the prime cause of cancer [4]. The TSG,
p53 also known as “guardian of cells” and protooncogene Bcl2 play a crucial role in cell death and survival by regulating cellular apoptotic mechanisms [5].
Superoxide dismutase (SOD) is an enzyme of cellular
antioxidant defense system which counterbalances
harmful reactive oxygen species (ROS) accumulated in
cancer cells [6]. ROS has a vital role in autophagy which
is necessary to satisfy the elevated nutrient requirement
by the cancer cells [7]. Increased SOD level inhibits autophagy leading to subsequent cancer cell death. Therefore, targeting epigenetically altered p53, Bcl2, and SODmediated interlinked apoptotic networks may be a
promising approach in the cross-talk of cancer therapy.
As epigenetic changes are reversible and repairable, investigators are searching for molecules having the property of epigenetic inhibition in the vicinity of cancer
drug discovery [8]. Although many of these epigenetic
inhibitors are approved by the Food and Drug Administration (FDA) for their use in hematological cancers,
they cause undesirable side effects to the normal tissue
[8–10]. Therefore, researchers are in quest of an alternative and safe treatment strategy. Epidemiological surveys
explore that people consuming a diet rich in fruits and
vegetables are at very low risk of cancer [2, 11]. Flavonoids are plant-derived bioactive secondary metabolites
and well known for their anti-cancer potential through
activating various molecular targets [2, 12, 13]. Silibinin
(SBN) and quercetin (QCT) are two bioflavonoid compounds reported to exert chemoprevention in several
forms of cancer and inhibit epigenetic alterations of
many important genes [2, 14, 15]. Moreover, they are
safe to the human body in terms of toxicity and side effects [12, 16].
Hence, it may be hypothesized that SBN and QCT
alone or in combination might be attractive candidates
for preventing cancer in older adults through hindering
epigenetic alterations of genes involved in the apoptotic
pathway when consumed consistently from the very
young age of life. The main objective of the present
study was to investigate the preventive anti-cancer efficacy of SBN and QCT in both in vitro and in vivo
mouse lung and breast cancer xenograft models. Furthermore, we explored their involvement in triggering
p53, Bcl2, and SOD-mediated apoptotic signaling cascade to impede cancer growth.

were used in the experiment. Roswell Park Memorial Institute (RPMI) 1640 medium, Fetal Bovine Serum (FBS),
and antibiotic and antimycotic preparations were purchased from Gibco, USA. Trypsin EDTA solution and 3(4,5-Dimethylthiazol-2-yl)-2,5-(Diphenyltetrazolium
bromide) (MTT) were obtained from HiMedia laboratories Pvt. Ltd., India. TRIZOL reagent was purchased
from Life technologies, Inc. USA. Verso cDNA synthesis
kit and all PCR reagents were purchased from Thermo
Scientific, EU. Primers were obtained from Sigma Aldrich, USA. Hoechst dye 43332 and PI were purchased
from MP Biomedicals, USA.

Methods
Reagents

QCT and SBN (>98% pure) were procured from Sigma
Aldrich, India. Ketoconazole (tablets, Albatross pharmaceuticals, India), cyclosporine (ampoules, Biocon Ltd.,
India), cyclophosphamide (injections, Sigma–Aldrich),
and ampoxin (Injections, Unichem laboratories, India)

Cell lines

A549 and MDA-MB-468 cell lines were procured from
National Centre for Cell Lines (NCCS), Pune, India.
Animals

Male and female C57BL6 mice (weighing 10-15g, 3 weeks
old) were obtained from Mahaveera Enterprises, Hyderabad, India (registration no. 1656/PO/bt/S/12/CPCSEA)
and maintained at the animal house facility of B. V. Patel
PERD Centre, Ahmedabad, India (registration no. 1661/
PO/Re/S/12/CPCSEA). All animals were housed in individually ventilated cage (IVC) system with an environment
of 25±3 °C temperature, 60±5% humidity, 10% air exchange rate, and 12 h light and 12 h dark cycle.
Cell culture

The non-small cell lung cancer cell line A549 and triple
negative breast cancer cell line MDA-MB-468 are very
aggressive type and responsible for two most fatal cancer
deaths of human beings. So these two cell lines were selected in our study for in vitro as well as in vivo assays.
Cell lines were grown in tissue culture flasks containing
RPMI 1640 medium and 10% FBS in CO2 incubator at
37 °C temperature under a humidified atmosphere containing 5% CO2. At 75-80% confluency, the cells were
sub cultured by the treatment of Trypsin-EDTA
solution.
In vitro cytotoxicity assay

Cytotoxicity of QCT and SBN against A549 and MDAMB-468 cell lines was performed by MTT assay [17].
104 cells per well were plated in 96 well plates and incubated at 37 °C in a CO2 incubator for 24 h. Next cells
were treated with different concentrations (25 to 250
μM) of QCT and SBN and incubated for 48 h. The cells
were incubated with MTT solution (5mg/ml) for an additional 4 h and the MTT solution was replaced with
DMSO to solubilize the formazen crystal formed after
reduction of the dye MTT by the mitochondrial dehydrogenase enzyme present in the live cells. The absorbance of each well was measured by a microplate
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reader (Biotek, USA) at 570 nm wavelength and percent
cell viability was calculated using the formula:
% cell viability = (Absorbance of test × 100)/Absorbance of control

designed using specific primer designing tool Primer3
and BLAST of NCBI (National Centre for Biotechnology
Information) (Table 1). The thermal cycling conditions
involved an initial denaturation at 94 °C for 90 s
followed by 35 cycles of denaturation at 94 °C for 30 s,
annealing for 60 s at 59 °C, and extension at 72 °C for
60 s. Finally, another extension was done at 72 °C for
600 s. Amplified PCR products were analyzed on 1.5%
agarose gel containing the stain ethidium bromide. The
PCR products were normalized to amplified GAPDH
which was considered as a housekeeping gene. The relative band intensities of various amplified products were
calculated using the Image J software (Molecular Dynamics, Sunnyvale, CA).

Colony formation assay

Colony formation assay was performed according to the
protocol described by Xi-Yuan Ge et al. with some modifications [18]. Cells were seeded in 6 well plates at a
density of 500 cells per well in triplicate and treated with
SBN, QCT, and combination of SBN and QCT at near
IC50 value. After 2 weeks of culture, the cells were fixed
with 70% methanol, stained with crystal violet (4mg/ml)
and observed under the microscope. The number of colonies was counted and graphically expressed.

In vivo preventive anti-cancer potential of SBN and QCT
In vitro apoptosis assay using fluorescence microscopy

In total, 0.1 × 106 cells were seeded per well in a 12-well
tissue culture plate in triplicate and incubated in a CO2
incubator for 24 h. The cells were treated with SBN and
QCT alone or in combination for 48 h at a concentration of near IC50 value. Next, the cells were washed with
PBS and incubated with Hoechst dye 43332 (5μg/ml) in
dark for 15 min at room temperature. The cells were
counterstained with propidium iodide (PI, 5 μg/ml) and
immediately visualized under the fluorescence microscope. Blue fluorescent dye Hoechst 33342 is permeable
to the cell membrane and stains the nucleic acid of both
live and dead cells, whereas red fluorescent dye PI binds
with the DNA of the dead cells only [19]. The percentage of apoptotic cells was calculated among a minimum
of 200 target cells within randomly selected fields and
presented as mean ± SD (n=3) [19, 20].
Apoptotic cells (%) = (A) × 100/(L+D+A)
Here, L = live cells (chromatin stained blue and intact)
D = dead cells (chromatin stained pink)
A = cells with apoptotic nuclei (chromatin stained blue
and fragmented)
Qualitative gene expression analysis by reverse
transcriptase PCR

One million A549 or MDA-MB-468 cells per well were
plated in 6 well plates and incubated for 24 h at 37 °C in
a CO2 incubator. The cells were treated with QCT and
SBN alone or in combination and incubated for 48 h.
Total RNA was isolated from the cells of different treatment groups using TRIZOL reagent (Life Technologies,
Inc. USA) and quantified spectrophotometrically (UV1800, Shimadzu, Japan). One microgram of RNA from
each sample was used to synthesize cDNA using the
Verso cDNA synthesis kit (Thermo Scientific, EU).
cDNA was amplified using primers specific for p53,
Bcl2, and GAPDH in gradient Veriti 96 well thermal cycler (Applied Biosystem, USA). The primers were

Three weeks old healthy C57BL6 mice (n=48) weighing
10-15 g were acclimatized, dosed and handled for the experiment as per CPCSEA guideline. The protocol of
in vivo preventive anti-cancer activity (protocol no. PERD/
IAEC/2017/016) was reviewed and approved by the Institutional Animal Ethics Committee (IAEC) (Fig. 1). The
mice were randomized and grouped as disease control
(DC), the treatment I, treatment II, and treatment III (6
male and 6 female mice per group). DC mice were daily
administered with 0.2% agar orally throughout the study.
Treatments I and II groups received SBN (200mg/kg) and
QCT (100mg/kg) respectively suspended in 0.2% agar by
oral gavages till the end of the study. The mice of treatment group III were co-administered with SBN (200mg/
kg) and QCT (100mg/kg) in the entire experiment. At 8
weeks of age, animals were immunocompromised as per
the protocol described by Jivrajani et. al. [21] and immunosuppression was confirmed by analyzing WBC
counts of the mice. After successful immunocompromisation, male mice (n=24) were injected with A549 cells (5
million cells/mouse) at the shoulder blade region subcutaneously and female mice (n=24) were inoculated with
MDA-MB-468 cells (5 million cells/mouse) in the mammary fat pad orthotopically. The tumor volume of mice of
the DC group and all treatment groups were measured
routinely using a vernier caliper. The morbidity, mortality,
food intake, and body weight of the animals were recorded. After 5th week of xenograft implantation, the
mice of the DC group appeared moribund due to the
tumor burden. Therefore, the study was terminated. The
animals were sacrificed by CO2 asphyxiation, the tumors
were excised and preserved for further evaluations.
Estimation of serum superoxide dismutase level

At the termination of the experiment, the blood sample
was withdrawn from the mice to separate serum and the
SOD enzyme level was measured as per the protocol described by Marklund S and Marklund G [22] and
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Table 1 Sequence of primers used for gene amplification
Gene

Forward primer (5′ to 3′)

Reverse primer (3′ to 5′)

Amplicon size

p53

GGCGCACAGAGGAAGAGAAT

CTTCAGGTGGCTGGAGTGAG

266

Bcl2

CCCGCGACTCCTGATTCATT

GTTTCCCCCTTGGCATGAGA

265

GAPDH

CATGAGAAGTATGACAACAGCCT

CCGTTCAGCTCAGGGATGAC

269

modified by Gavali et al. [23]. SOD may prevent the
auto-oxidation of pyrogallol of the test samples. Fifty
percent inhibition of pyrogallol auto-oxidation per 3-ml
assay mixture prepared with a serum sample of mice of
different experimental groups was calculated and
expressed as a unit of SOD enzyme present per ml of
serum of mice. In this assay, one additional normal control group was included for comparison.
Units of SOD/3 ml of assay mixture= [(A−B)/
(A×50)] ×100
Unit×10=Units/ml of sample solution
Here, A= absorbance reading of normal control, B=
absorbance reading of sample

Oral toxicity study of SBN and QCT

Twenty-eight days oral toxicity study was performed in
healthy C57BL6 mice weighing 25-30 g (protocol no.
PERD/IAEC/2017/018). Animals were divided into various
groups (n=6 per group), viz., (1) Normal control or NC
(0.2% agar), (2) SBN (600 mg/kg), (3) QCT (300 mg/kg),
and (4) combination of SBN (600 mg/kg) and QCT (300
mg/kg). Clinical symptoms, food intake, body weight,
hematological, biochemical parameters, and histopathological interpretation of vital organs were assessed

Statistical analysis

Statistical analysis was performed using the Graph Pad
Prism 6.0 software. One-way analysis of variance
(ANOVA) and paired t test were used to determine the
significant differences of groups. p <0.05 was accepted as
statistically significant value.

Fig. 1 Time line for in vivo preventive anti-cancer study in C57BL6 mice

Results
In vitro cell viability study of SBN and QCT

In vitro cytotoxicity of SBN and QCT was conducted in
both A549 and MDA-MB-468 cell lines. Cells were
treated with the two bioflavonoids at different concentrations for the duration of 48 h and the IC50 value was
assessed.
Results indicated that SBN and QCT could inhibit
cancer cell growth in a concentration-dependent manner
(Fig. 2). The test compounds at rising concentration
caused a significant reduction in cell viability of both
A549 and MDA-MB-468 cells in comparison to the untreated control cells (p<0.05). Table 2 showed the 50%
growth inhibition concentrations (IC50) of SBN and
QCT for both A549 and MDA-MB-468 cell lines after
48 h of incubation.

Determination of colony formation efficiency

The cancer cell lines have a trend to grow in colonies [18].
A549 and MDA-MB-468 cells were incubated with SBN and
QCT at near IC50 value and their competence in colony formation was examined. The colonies consisting of a minimum number of 50 cells were considered for the evaluation.
The number of the colonies formed in the treated cells were
reduced significantly (p<0.05) as compared to the untreated
control cells (Fig. 3). As can be seen in Fig. 3c, the cotreatment of SBN and QCT significantly (p<0.05) reduced
the colony numbers as compared to separately SBN and
QCT exposed cells. The size of the colonies of both A549
and MDA-MB-468 cell lines was noticeably shrunk after
SBN, QCT, and combination of SBN and QCT treatment
when compared with the control.
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Fig. 2 Effect of (a) SBN and (b) QCT on the viability of MDA-MB-468 and A549 cell lines. All data represented as mean±SD (n=3). Asterisk indicates a
significant difference when compared to control, p<0.05

Evaluation of in vitro apoptosis by SBN and QCT

Apoptosis induces cellular morphology changes which
comprise of chromatin condensation, pyknosis, or nuclear fragmentation and loss of cell membrane integrity
[20, 24, 25]. A549 and MDA-MB-468 cell lines were incubated with SBN and QCT for the duration of 48 h,
stained with the fluorescent dyes, viz., Hoechst 33342
and PI and the number of apoptotic cells were interpreted under a fluorescence microscope. Hoechst 33342
can penetrate both live and dead cell membranes and
stain the nuclei blue, whereas the red fluorescent stain
PI is permeable to the dead or necrotic cells only [19].
Therefore, the nuclei normal and apoptotic cells of both
control and treatment groups appeared intact and blue
under the fluorescence microscope. However, the nuclei
of the necrotic cells found to be pink owing to the costaining with both Hoechst 33342 and PI (Fig. 4a and b).
The histogram in Fig. 4c depicts a significant increase in
the percentage of apoptotic cells in SBN- and QCTtreated groups as compared to untreated control (p<
0.05). However, co-treatment with SBN and QCT
showed more prominent results in comparison of control and other individual treatment groups (p<0.05) of
both A549 and MDA-MB-468 cell lines.
Reverse transcriptase PCR analysis and gene expression
study

A549 and MDA-MB-468 cell lines were treated with
SBN and QCT alone or in combination for 48 h. The expression of tumor suppressor gene p53 and oncogene
Bcl2 of treated and untreated cancer cells was investigated by reverse transcriptase PCR technique. In most of
the cancer cells, the p53 gene is inactivated or mutated,
Table 2 50% growth inhibition concentration (IC50) of SBN and
QCT
Name of drug

SBN (μM)

QCT (μM)

IC50 for A549 cell line (mean±SD8)

229.09±2.5

132.8±2.7

IC50 for MDA-MB-468 cell line (mean±SD)

208.93±2.79

114.9±1.98

whereas anti-apoptotic gene Bcl2 is overexpressed [26,
27]. The cancer cell line A549 expresses wild type p53
with very low intensity owing to its reduced half-life and
instability [28]. Although the p53 gene is mutated in
MDA-MB-468 cell and highly expressed as the half-life
of mutated p53 is more than its wild type counterpart
[28]. As can be seen in Fig. 5, the expression of p53 and
Bcl2 genes is prominently modulated after treating cells
with SBN and QCT at their near IC50 value. Moreover,
co-treatment with SBN and QCT significantly reversed
the p53 and Bcl2 gene activity as compared to the individual SBN and QCT treated cells (p<0.05). These findings were further confirmed by densitometric analysis.
Investigation of in vivo chemopreventive potential of SBN
and QCT

Preventive anti-cancer efficacy of bioactive molecules
SBN and QCT alone or in combination was evaluated in
both lung and breast tumor xenograft model developed
in C57BL6 mice. The treatment of the animals was initiated from the day of weaning and continued until the
end of the study. The animals were successfully immunocompromised at 8 weeks of age and the cancer cell
lines were inoculated. The results indicated that the
tumor volume of the mice of the DC group increased incessantly and reached > 300 mm3 at the end of 5th week
of tumor xenograft implantation. However, SBN and
QCT treatments markedly deliberated the tumor growth
in the mice of both lung and breast tumor xenograft
models. Figure 6a and b illustrate that the tumor progression of all treated mice was significantly less (p <
0.05) as compared to their respective DC group. However, the tumor growth in the SBN and QCT co-treated
mice was the least in comparison to the animals of other
treatment groups. It was noticed that the DC mice of
both A549 and MDA-MB-468 cell line induced cancer
xenograft models gradually turn into morbid as a result
of increased tumor burden. Interestingly, after 5 weeks
of A549 cancer cells inoculation, the percentage of
tumor growth prevention in SBN, QCT alone, and

Baksi et al. Future Journal of Pharmaceutical Sciences

(2021) 7:69

Page 6 of 13

Fig. 3 Representative phase-contrast image of colonies of (a) A549 and (b) MDA-MB-468 cells after treatment with SBN, QCT, and combination of
SBN and QCT; (c) Scoring of colony numbers. All data represented as mean ±SD (n=3). Asterisk and number sign indicate p<0.05

Fig. 4 (a and b) Representative fluorescence microscopic image of A549 and MDA-MB-468 cells treated with SBN and QCT alone or in combination.
The image shows normal nuclei (1), fragmented and condensed nuclei (2), and dead cell nuclei (3) (×20 magnification). (c) Histogram depicting the
percentage of apoptotic cells after treatment. Asterisk and number sign indicate p<0.05
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Fig. 5 Effect of SBN and QCT alone or in combination on p53 and Bcl2 genes expression in (a) A549 and (b) MDA-MB-468 cells. (i) Lane 1 shows
the expression of p53 and Bcl2 genes in untreated cells. Lanes 2, 3, and 4 show the modulation in expression of these genes after treatment with
SBN and QCT alone or in combination respectively. (ii) Values in the graphs are mean ± SD, where n=3. Asterisk and number sign indicate p<0.05

combination-treated groups in respect of the DC group
were 29.21, 35.87, and 44.53 respectively, while in MDAMB-468 cell line induced breast tumor model the percentage change of tumor size in all three treatment
groups was 28.44, 33.94, and 37.82 respectively. No significant change in the body weight and food consumption of the animals of the treatment groups was
observed, although a marked reduction in both the parameters was found in DC animals (Fig. 6v and vi). Finally, the study was terminated at the end of 5th week of
tumor cell line injection and the tumors were excised. It
was noted that the excised tumor weights of all treatment groups were significantly less (p<0.05) as compared to their respective DC groups.
In vivo safety study

Twenty-eight days oral toxicity study of SBN, QCT
alone, and their combination was conducted in healthy
C57BL6 mice at threefold higher dose levels than the
animal effective doses used in the preventive anti-cancer
study. No significant change in body weight, food consumption, and signs of intoxication were observed in the
entire treatment groups. Hematology and serum biochemistry parameters of the animals were within the
normal range. Furthermore, histopathological evaluation
of vital organs of SBN and QCT co-treated mice unveiled normal tissue architectures (Fig. 7).
Analysis of serum anti-oxidant enzyme level in mice

SOD is a crucial enzyme of cellular antioxidant defense
system [6]. The serum SOD enzyme level of animals of
NC, DC, and all treatment groups was analyzed. Figure 8

illustrates a significant reduction in serum SOD activity of
DC mice of both ectopic lung cancer and orthotopic
breast cancer xenograft model in comparison to the normal control mice. Although serum SOD levels of the
treatment groups were significantly elevated (p<0.05) in
contrast to their respective disease control groups (Fig. 8a
and b), the mice co-treated with SBN and QCT exhibited
the highest enzyme activity among all treatment groups.

Discussion
In spite of the recent remarkable advancement in the
field of cancer diagnosis and therapy, the toxic side effect caused by chemotherapeutic drugs poses a big challenge [29]. Moreover, drug resistance and recurrence of
the disease are the limitations of the chemotherapy
treatment [29]. Wide research on cancer epigenetics and
drug discovery helps investigators to synthesize novel
molecules that can modulate the epigenetic alterations
of cells and prevent cancer [9, 30]. However, these “epidrugs” still have limitations owing to undesired toxicity
to the cancer patients [8, 9]. Hence, there is an urgent
necessity to develop an alternative natural and safe treatment modality to combat cancer. Earlier reports corroborated that people receiving diet rich in fruits and
vegetables have reduced the possibility of cancer [2].
Therefore, plant-derived natural compounds have gained
great attention as potential candidates for chemoprevention [31–33]. The present research efforts uncovered interesting evidences of the therapeutic benefits of two
promising bioactive molecules SBN and QCT in preventing cancer. SBN is a flavonolignan, a major class of
flavonoid present in milk thistle plant (Silybum
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Fig. 6 Chemopreventive efficacy of SBN and QCT. (i) Graphical presentation of tumor volume; (ii) representative image of excised tumor; (iii)
representative image of mice bearing tumor xenograft; (iv) graphical presentation of excised tumor weight; (v) weekly average food intake of
mice; (vi) average bodyweight of mice at 2 weeks interval. In all figures (a) represent A549 and (b) depicts MDA-MB-468 cell-induced tumor
xenograft model; Asterisk denotes p<0.05. Data represent mean ± SD, n=6 per group
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Fig. 7 Histopathology of vital organs of SBN and QCT co-treated mice (×20 magnification)

marianum) and used as hepatoprotectant for many years
[34]. QCT belongs to another class of flavonoid, known as
flavonol and abundantly found in fruits and vegetables [2,
35]. The class flavonoids comprises of a wide array of
polyphenolic compounds that are well known for their
anti-carcinogenic potential through activating various molecular targets [2]. Inclusion of the methyl group at CpG
island of DNA and histone modification of certain crucial
genes are the most common hallmark of cancer [36].
These aberrant epigenetic modifications cause silencing of
tumor suppressor genes and activation of oncogenes [36,
37]. Earlier researchers reported that SBN and QCT act as
epigenetic inhibitors [14, 15]. They can inhibit cancer cell
proliferation and trigger apoptosis by restoring functions
of various epigenetically silenced TSGs [34, 38–40]. We
explored the mechanism involved in inducing chemoprevention by the two natural “epi-drugs” SBN and QCT in
both in vitro as well as in vivo models.
Apoptosis is the fundamental mechanism of normal
cell growth and tissue development [25]. Deregulation of
the apoptotic signaling cascade is associated with the development of deadly disease cancer [25]. An interlinking
network of p53 (TSG), Bcl2 (proto-oncogene), and SOD
antioxidant enzyme plays a significant role in counterbalancing cell survival and death [5, 41, 42].

p53, also known as the “guardian of cells” has an important role in cell growth and apoptosis [26, 42],
whereas Bcl2 regulates the anti-apoptotic threshold of
cells [5]. Previous articles reported that p53 may directly
interact with Bcl2 leading to release of mitochondrial enzyme cytochrome-C and activates caspase-dependent
apoptotic signaling pathway [5, 27]
The link between the p53 gene and apoptosis has been
illustrated in the myriad of articles. Under oxidative
stress conditions, cells generate harmful ROS [43]. At
physiological level, p53 activates the SOD enzyme and
subsequently diminishes the accumulated ROS concentration in the cell [42]. This contributes to the repair of
damaged DNA present in the cells [42]. On the other
hand, reduced cellular level of ROS inhibits autophagy
of adjoining stromal cells leading to the induction of
apoptosis [2]. However, in acute stress conditions,
hyper-active p53 instigates an imbalance in anti-oxidant
gene function leading to decreased concentration of
SOD enzyme resulting in upregulation of ROS level and
stimulation of apoptotic pathway [42, 44].
Our results showed that SBN and QCT substantially
restored the function of wild type p53 in A549 cells and
reduced the p53 mutation intensity of breast cancer cell
line MDA-MB-468. Furthermore, they inhibited the Bcl2

Fig. 8 Serum SOD enzyme level in mice with (a) A549 and (b) MDA-MB-468 cell lines induced tumor xenograft model after treatment with SBN
and QCT alone or in combination. Asterisk indicates significant increase in SOD level in treatment groups as compared to DC group. Number
sign indicates significant reduction of SOD activity in DC group in comparison of normal control mice (p<0.05)
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oncogene overexpressed in both the cancer cells. In vitro
fluorescence microscopy technique revealed that due to the
treatment with SBN and QCT the nuclei of the cancer cells
were noticeably fragmented, condensed, and necrosed.
SOD is a crucial enzyme of the body’s antioxidant
defense system which counterbalances the cellular toxic
ROS level generated in diseased conditions [6]. Cancer
cells are in demand for increased nutrition to meet their
enhanced metabolic activity [45, 46]. Accumulated ROS
triggers autophagy of surrounding cells of cancer tissue
and substantially enriches the cancer cells to grow rapidly [7, 46, 47]. Serum SOD enzyme assay exhibited that
SBN and QCT alone and in combination significantly
elevated the SOD level in tumor-bearing animals in
comparison to untreated control groups. As serum represents the microenvironment of cells [2, 48], our result
depicts the effect of the treatments in modulating cellular SOD concentration. Elevated SOD activity eventually
neutralized the toxic ROS level and instigated cell suicidal machinery by hindering autophagy. Hence, accumulated evidence unveiled that SBN and QCTmodulated p53 and Bcl2 gene expression in both A549
and MDA-MB-468 cells. They also scavenged the harmful ROS present in the tumor microenvironment by uprising the serum SOD level. The activated p53, Bcl2, and
SOD-mediated interlinked apoptotic networks helped in
maintaining equilibrium between the cell death and survival. Our present results were in agreement with the
previous investigations [49–51].

The preclinical cancer xenograft model developed in
immunocompromised C57BL6 mice is widely used for
testing the efficacy and safety of anti-cancer drugs [2,
52]. We evaluated in vivo chemopreventive activity of
SBN and QCT in A549 cell line induced ectopic lung
cancer and MDA-MB-468 cell line induced orthotropic
breast cancer xenograft model in C57BL6 mice. From
the ancient time, many researchers documented in their
articles about the chemopreventive property of plant
secondary metabolites and their role in cancer management [53, 54]. We found that oral feeding of SBN and
QCT alone or in combination from the day of weaning
till the end of the study interestingly decelerated tumor
growth and progression of mice at their adult age as
compared to the DC mice. The induction of apoptosis is
a common process to inhibit cancer cell proliferation.
Our in vitro results showed that SBN and QCT promoted cancer cell death by reversing the epigenetically
inactivated genes p53 and Bcl2 activity and subsequent
triggering of p53, Bcl2, and SOD-mediated signaling
pathway (Fig. 9). Epigenetic alteration is the primary
cause of tumor cell development, although the loss of
gene functions due to several epigenetic factors can be
restored [8]. Hence, it can be assumed that the activation of p53, Bcl2, and SOD-mediated apoptotic cascade
by SBN and QCT treatment might potentiate the prevention of tumor growth in C57BL6 mice.
Dose-accumulated side effects are the common drawbacks of chemotherapy treatment [29]. The harmful

Fig. 9 A schematic diagram of SBN and QCT induced apoptotic signaling pathway
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toxicity of chemotherapeutic drugs associated with
vomiting, anorexia, hair loss, cardiotoxicity, gastroenteritis, immune deficiency, and so on [55]. Serious
health deterioration of the cancer patients limits the desired outcomes of the anti-cancer drugs [56]. Furthermore, drug resistance is a major loophole of anti-cancer
therapy [29, 57]. Scientists worldwide are searching for
anti-carcinogenic drugs of plant origin with enhanced
activity and no side effects. In the present study, we
found that daily oral intake of SBN (600 mg/kg) and
QCT (300 mg/kg) for the duration of 28 days was safe
for the C57BL6 mice. There were no apparent changes
in body weight, food intake, hematology, and serum biochemistry parameters of the animals observed. Moreover, no evidence of toxicity was noted among the SBN
and QCT co-treated mice. In our previous article, we reported that intravenous administration of quercetin and
its nanoformulation was well tolerated by the tumorbearing mice without manifestation of any marked side
effects [2]. Our present observations added a further impact on the earlier findings.
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Conclusion
Collectively, the present study indicates that SBN and
QCT are the potential candidates in preventing lung and
breast tumor growth via regulating p53, Bcl2, and SODmediated apoptotic signaling pathways. Furthermore, they
show no apparent toxicity in mice even after prolonged
oral administration. Therefore, it can be concluded that
continuous dietary intake of two promising nutraceuticals
SBN and QCT from the very early stage of life may prevent cancer development and progression in older adults.
As prevention is always better than cure, hence, SBN and
QCT may be consumed as dietary supplements to avoid
deadly disease cancer. However, many phase-wise clinical
trials are essential to further establish strong evidence supporting the present experimental outcomes.
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