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Abstract
Triple-negative breast cancer (TNBC), the most aggressive subtype, does not respond to targeted therapy due to the lack of
hormone receptors. There is an urgent need for alternative therapies, including natural product-based anti-cancer drugs, at lower
cost. We investigated the impact of a Calligonum comosum L’Hér. methanolic extract (CcME) on the TNBC MDA-MB-231 cell line
proliferation and related cell death mechanisms performing cell viability and cytotoxicity assays, flow cytometry to detect
apoptosis and cell cycle analysis. The apoptosis-related protein array and cellular reactive oxygen species (ROS) assay were also
carried out. We showed that the CcME inhibited the TNBC cell viability, in a dose-dependent manner, with low cytotoxic effects.
The CcME-treated TNBC cells underwent apoptosis, associated with a concomitant increase of apoptosis-related protein
expression, including cytochrome c, cleaved caspase-3, cyclin-dependent kinase inhibitor p21, and the anti-oxidant enzyme cat-
alase, compared with the untreated cells. The CcME also enhanced the mitochondrial transition pore opening activity and induced
G0/G1 cell growth arrest, which confirmed the cytochrome c release and the increase of the p21 expression detected in the CcME-
treated TNBC cells. The CcME-treated TNBC cells resulted in intracellular ROS production, which, when blocked with a ROS
scavenger, did not reduce the CcME-induced apoptosis. In conclusion, CcME exerts anti-proliferative effects against TNBC cells
through the induction of apoptosis and cell growth arrest. In vivo studies are justified to verify the CcME anti-proliferative activities
and to investigate any potential anti-metastatic activities of CcME against TNBC development and progression.
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Introduction

Breast cancer has become the most prevalent life-threatening
disease in women, estimated as the fifth leading cause of mor-
tality in developed countries, and the second in developing
countries due to poor diagnosis.1,2 The heterogeneity of this
malignancy includes the aggressive triple-negative breast can-
cer (TNBC) subtype, representing 10%-20% of breast cancers,
and characterized by the absence of the expression of hormone
receptors and the human epidermal growth factor receptor
2 (HER2).3,4 Due to the lack of expression of these receptors,
patients with TNBC do not benefit from hormonal therapy
(such as estrogen receptor antagonists and aromatase
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inhibitors) or immuno-therapy targeting HER2 receptors.5 The
inefficiency of surgery and the severe side effects of conven-
tional anti-cancer therapies pave the way for the development
of natural anti-cancer drugs.6-8 Anti-cancer agents derived from
plants have prophylactic and therapeutic properties.9,10 Due to
the toxicity and side effects of current therapeutics, with the
high risk of triggering uncontrolled inflammatory reactions due
to the dead cancer cells, several natural products are used as
complementary and alternative medicine.6,11

The main anti-cancer therapeutic strategies include the
induction of natural programed cell death (apoptosis) and cell
growth arrest to reduce the side effects caused by the dead
cancer cells.6,12-15 Apoptosis can be triggered by the death
receptor ligation, with specific ligands or mitochondrial-
initiated events activating the extrinsic and intrinsic apoptotic
pathways.16 The extrinsic apoptotic pathway is composed of
energy-based enzymatic reactions, resulting in the proteolysis
of pro-caspases (inactive forms) into cleaved-caspase (active
forms). The intrinsic apoptosis pathway mainly involves
mitochondrial-related proteins, such as Bad, and trigger the
mitochondrial outer membrane permeabilization for the release
of pro-apoptotic components, such as cytochrome c. Both
apoptotic pathways converge to the generation of cleaved-
caspase-3, the last enzyme that causes membrane reversion
(phosphatidylserine exposure), cytoskeletal nuclear protein
degradation, and DNA fragmentation.16 The cell cycle is a
strictly regulated process that coordinates cell growth, DNA
replication and cell division via checkpoint proteins including
cyclin, cell cycle-dependent kinase (cdk) and cdk inhibitors,
such as p21.17 The reactive oxygen species (ROS), short-
lived and highly reactive molecules including hydrogen perox-
ide (H2O2), are byproducts of normal cell metabolism and
cellular oxidative processes.18,19 A high level of ROS genera-
tion induce cell death signaling pathways resulting in apopto-
sis, cell growth arrest and cell death due to damage to the
plasma membranes, lipids, proteins, and nucleic acids.20-23

Calligonum polygonoides L. subsp. comosum (L’Her.) is a
small leafless shrub, which grows in sandy deserts in North
Africa and Asia, including Saudi Arabia.24 This plant is tradi-
tionally known in the Arabian Peninsula populations as “Ar’ta”
(in Arabic, هطرلأا ) and is primarily used as a natural remedy for
stomach ailments and toothache.25 Various in vivo experimen-
tal studies reported numerous therapeutic properties of
C. comosum, including anti-ulcerogenic, anti-inflammatory,
anti-oxidative stress, and hypoglycemic effects.26 C. comosum
is rich in flavonoids including (+)-catechin, quercetin, and
kaempferol.27 Of note, extracting C. comosum compounds with
different solvents exert various anti-cancer activities on hepa-
tocarcinoma and the hormone-dependent breast cancer cell line
MCF-7.28,29 However, there is a knowledge deficit related to
the anti-cancer activity of extracted C. comosum compounds on
non-hormone-dependent TNBC.

We investigated the cytotoxic and anti-proliferative effects
of Calligonum comosum methanolic extract (CcME) on the
non-hormone-dependent TNBC cell line MDA-MB-231. We
also investigated the underlying mechanisms of cancer cell

death and the apoptotic pathways occurring in the TNBC cells
exposed to CcME.

Materials and Methods

Chemicals and Materials

Quantitative ashless paper filter was provided by Sartorius Stedim
Biotech (Göttingen, Germany). Dulbecco’s modified eagle medium
(DMEM), phosphate buffered saline (PBS), and endotoxin-free water
(RNase- and DNase-free) were purchased from UFC Biotechnology
(Amherst, NY, USA). Purified carbon dioxide (CO2) gas was provided
by Saudi Industrial Gas (Dammam, Saudi Arabia). Heat-inactivated
fetal bovine serum (FBS) was obtained from Gibco® (Thermo Fisher
Scientific, Waltham, MA, USA). Triple-negative breast cancer
(TNBC) MDA-MB-231 cells were purchased from the American Type
Culture Collection (Rockville, MD, USA). Ultra-pure water was pro-
duced using a Millipore system (Billerica, MA, USA) with a mini-
mum resistivity of 18.2 MΩ·cm at 25.0°C. All other chemicals were
purchased from Sigma-Aldrich (St. Louis, MO, USA), unless other-
wise stated.

Source of Calligonum Comosum

The aerial part of C. comosum was obtained from a local vendor in
Riyadh, the central region of Saudi Arabia. The sample was authenti-
cated by Prof. Mona Al-Wahaibi from the Department of Botany and
Microbiology, Faculty of Science, King Saud University (KSU),
Riyadh, Saudi Arabia. A voucher specimen was deposited at the KSU
herbarium, with registration number 24328, for future reference.

Extraction Method of Calligonum Comosum

The herbal sample was extracted using high-purity methanol through
sonication. Briefly, the sample was grounded to a fine powder using a
typical household electrical herb grinder. Approximately 0.1 g of the
powder sample was mixed with 10 mL of methanol using the Vibra-
Cell™ Ultrasonic Liquid Processor (Model GEX-130, Sonics, New-
town, CT, USA) for 30 min at maximum power. The sonicated extract
was filtered using a quantitative ashless paper filter. The filtered
extracts were left to evaporate overnight in an oven at 40°C. After
determining its extract yield percentage (13.4 ± 3.9%), the methanolic
extract was dissolved in 0.5 mL dimethyl sulfoxide (DMSO) by vor-
tex until completely dissolved. After removing bacterial endotoxins
from the CcME solution using Pierce™ high capacity endotoxin
removal spin columns (Thermo Scientific, Rockford, MA, USA), the
level of endotoxins in CcME solution was evaluated using the
Pierce™ LAL chromogenic endotoxin quantitation kit (Thermo
Scientific), according to the manufacturer’s instructions, which were
below contamination levels (<0.125 EU/mL). The endotoxin-free
CcME solution was kept in the dark at 4°C until use.

Chromatography Fingerprinting

The extracted herbal specimen was analyzed chromatographically
using (+)-catechin, quercetin, and kaempferol as the quality phyto-
chemical markers for C. comosum. The high-performance liquid chro-
matography (HPLC) system consisted of a 1290 Infinity II LC System
(Agilent Technologies, Santa Clara, CA, USA), equipped with an
ultra-violet detector and controlled by Agilent ChemStation data soft-
ware. The gradient method was based on a published method with
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slight modifications.26 Briefly, the fingerprinting was performed using
a linear gradient of methanol and ultra-pure water. The gradient started
with 5% methanol for 3 min to 100% methanol in 30 min. A wash-
period of 100% methanol was maintained for 5 min, followed by an
equilibrium period for 5 min with 5% methanol. The injection volume
was 10 µL at ambient temperature and the wavelength was set at 325
nm without reference. The total analysis time was 38 min, including
the washing period.

TNBC Cell Culture and Treatment

The TNBC MDA-MB-231 breast cancer cell line was cultured in com-
plete medium, as described in.30 The TNBC cells (0.25 × 106/cm2,
unless otherwise mentioned) were seeded in tissue culture plates (Corn-
ing Inc., Corning, NY, USA). The next day, the cells were exposed or
not exposed to 1.8% DMSO (concentration detected in 200 μg/ml
CcME and reported to be non-toxic,31) or different concentrations
(25-200 µg/mL) of CcME for 24 h incubation.

TNBC Cell Viability Assay

The TNBC MDA-MB-231 cells (1.5 × 104/cm2) were seeded in a 96-
well Greiner® plate and the cell treatment done as mentioned. The
wells containing the cells with only complete medium were the con-
trols. The cell viability was measured with a CellTiter-Glo® lumines-
cent cell viability assay kit (Promega Corporation, Madison, WI,
USA) as described in.32

TNBC Cytotoxicity Assay

The TNBC MDA-MB-231 cells (1.5 × 104/cm2) were plated and
treated in complete medium and incubated for 24 h, as described.
Cytotoxicity was measured with a Promega CytoTox-Glo® assay kit,
following the manufacturer’s recommendations. Briefly, the cytotoxi-
city evaluation was based on the measurement of the fluorogenic cell-
impermeant peptide substrate, generated by the released dead-cell
protease due to membrane integrity loss. The fluorescent signal was
measured using an EnVision™ microplate reader.

Fluorescence-Activated Cell Sorter (FACS) Analysis

The status of apoptosis of the untreated and treated TNBC MDA-MB-
231 cells was defined using a Becton Dickinson (BD) Annexin V
apoptosis detection kit (BD Biosciences, San Jose, CA, USA) as
described in,32 based on the double staining fluorescein isothiocyanate
(FITC)-labeled phosphatidylserine-binding protein Annexin V and
phycoerythrin (PE)-labeled propidium iodide (PI), an intercalating
DNA dye.

The TNBC cell cycle distribution was analyzed based on the DNA
amount, stained by PI as described in.33

The impact of the ROS generated in the CcME-induced apoptosis,
was investigated after pre-treating the TNBC cells with 5 mM of
antioxidant agent N-acetylcystein (NAC) for 1 h incubation. This was
followed by a treatment with either 200 μg/mL of CcME or 100 nM of
protein kinase inhibitor staurosporine, used as a positive control for
the induction of apoptosis. After 24 h incubation, the cells were
stained to determine the status of apoptosis, as previously described.

Confocal Laser Scanning Microscopy

The TNBC MDA-MB-231 cells were seeded in a Nunc™ Lab-Tek™

8-well slide chamber system (Thermo Fisher Scientific, Waltham,
MA, USA), and treated with CcME as described above. The activity
of the mitochondrial permeability transition pore, which allows cyto-
chrome c release, was determined using the Image-iT® LIVE Mito-
chondrial Transition Pore Assay kit, according to the manufacturer’s
instructions (Molecular Probes Inc., Life technologies, Carlsbad, CA,
USA). The increased permeability of the outer mitochondrial mem-
brane was visualized with a Leica TCS SP8 fluorescence microscope
system (Leica Biosystems, Wetzlar, Germany).

Western Blot Analysis

After the protein extraction from the untreated and treated TNBC
MDA-MB-231 cells, 35 pro-apoptotic and anti-apoptotic proteins
were detected, using the Proteome Profiler Human Apoptosis Protein
Array kit (Life Technologies) and analyzed, as described in.34

From cell lysis to the separation, by molecular weight, of the
extracted proteins on 12% SDS-PAGE gel electrophoresis, Western
blot technology was done as described in.35 Provided by Abcam
(Cambridge, UK), mouse monoclonal antibody against pro- and active
cleaved-caspase-3 [ABM1C12], rabbit monoclonal antibody against
p21 [EPR3993] (1:1000) and mouse monoclonal antibody against
GAPDH (1:2000), were used as the primary antibodies for the detec-
tion of the targeted proteins. The expression of the targeted proteins
was visualized and analyzed as described in.35

TNBC Cellular Reactive Oxygen Species (ROS)
Generation Assay

Untreated and treated TNBC MDA-MB-231 cells (1.5 × 104/cm2)
were seeded in a 96-well plate, appropriate for a red fluorescence
examination in live cells. The following day, the cells were exposed
for 90 min to H2O2 (strong inducer of ROS generation), DMSO, or
various doses (25-200 µg/mL) of CcME. To assess the intracellular
ROS generation, a cellular ROS detection assay kit (Abcam) was
performed as instructed by the manufacturer.

Statistical Analysis

The data are expressed as the mean ± standard deviation (SD), based
on 3 separate experiments. To compare 2 groups, an unpaired Students
t-test was used. The value of p < 0.05 was considered as statistically
significant.

Results

Concentrations of the Selected Flavonoids in CcME

The fingerprinting of CcME was performed to authenticate the
sample and quantify the selected flavonoids in the extract for
comparison and quality control purposes. The chemical analy-
sis of the CcME, based on the content of the flavonoids includ-
ing catechin, quercetin, and kaempferol, was quantified using a
linear gradient liquid chromatography (Figure 1). The amount
of (+)-catechin in the specimen was significant at 53.86 mg/g
(5.39% dry weight). Additionally, trace amounts of quercetin
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and kaempferol were detected at 1.38 mg/g (0.14% dry weight)
and 2.26 mg/g (0.23% dry weight) (Figure 1).

CcME Inhibitory Effects on the TNBC MDA-MB-231 Cell
Viability and Cytotoxicity

After 24 h of TNBC MDA-MB-231 cell exposure to various
concentrations (25-200 μg/mL) of CcME, the percentage cell
viability and cytotoxicity were determined, based on the mea-
surement of the ATP molecules produced by metabolically
active cells, and on the dead-cell protease activity, respectively.
A gradual inhibition of the TNBC cell viability, in a dose-
dependent manner, was observed as well as increasing concen-
trations of CcME, compared to a high viability level in the
untreated cells, the control (Figure 2A). Exposing the cells to
50 μg/mL CcME, resulted in a significant inhibition of 20%
(p < 0.05) cell viability, and significant decreases of 36%
(p < 0.01) and 64% (p < 0.001) in cell viability were observed
after the addition of higher concentrations (100-200 μg/mL)
of CcME, compared to the control, respectively (Figure 2A).
In terms of the cytotoxicity, a minor effect of the CcME was
observed resulting in a significant increase by 20% (p < 0.001)
cytotoxicity after the addition of 200 μg/mL of CcME, com-
pared with the untreated and DMSO-treated TNBC cells (Fig-
ure 2B).

CcME Pro-Apoptotic Effects in the TNBC MDA-MB-231
Cells

To investigate the anti-proliferative-related molecular mechan-
isms exerted by CcME, we tested the potential pro-apoptotic
properties of various concentrations of CcME in TNBC MDA-
MB-231 cells. We analyzed the apoptosis status of the

untreated and CcME-treated TNBC cells, based on the detec-
tion of the FITC-labeled Annexin V bound to the phosphati-
dylserine, exposed on the outer plasma membrane leaflet, with
the binding of the PE-labeled PI to the cellular DNA. The
TNBC cells were exposed to 25-50 and 100 μg/mL of CcME,
which led to a significant inhibition of 10-15% in cell viability,
with a slight increase in the percentage in early (5% increase)
and late (13% increase) apoptotic cells, compared with the
control and DMSO-treated cells (Figure 3). Tested at the high-
est concentration (200 μg/mL), the CcME decreased cell via-
bility by 50%, and a 50% induction of apoptosis was measured,
with 40% of the cell population in early apoptosis and 10% in
late apoptosis, compared with the high viable status of the
untreated and DMSO-treated TNBC cells (Figure 3).

CcME Pro-Apoptotic Effects Are Associated With
Mitochondrial Permeability Transition Pore Opening
and Caspase-3 Cleavage Activities

To investigate the deeper CcME pro-apoptotic effects in the
TNBC MDA-MB-231 cells, we assessed the caspase-3 clea-
vage activity and used the mitochondrial transition pore open-
ing assay to explore the intrinsic apoptotic pathway. Using
confocal fluorescence microscopy, the increased mitochondrial
outer membrane permeability activity, allowing the release of
cytochrome c, was visualized in the TNBC cells treated with
100 and 200 µg/mL CcME. Representative photomicrographs
indicated that the 100 μg/mL and 200 μg/mL CcME increased
the mitochondrial outer membrane permeability by 2.61-fold
(p < 0.05) and 4.53-fold (p < 0.01), observed by the emission
of green fluorescence from the mitochondrial calcein dye
spread in the whole apoptotic cells, compared to the control
cells (Figure 4A). To confirm whether the executioner caspase
was cleaved during the apoptotic process, the CcME-exposed
TNBC cells were lysed and the whole lysate proteins were
extracted. The pro-caspase-3/cleaved caspase-3 was detected
using Western blot analysis. The pro-caspase-3 protein expres-
sion was decreased, with the increasing concentrations of
CcME, the cleavage of caspase-3 appeared after cell exposure
to 50 µg/mL of CcME. The highest expression level of the
cleaved caspase-3 was observed in the TNBC cells exposed to
200 µg/mL of CcME, compared to the controls (Figure 4B).

CcME Primarily Up-Regulates Cytochrome c, Catalase
and Cycle-Dependent Kinase p21 Expression in the
Apoptotic Proteins in TNBC MDA-MB-231 Cells

We assessed the level of expression of several key apoptotic
proteins in the CcME-exposed TNBC MDA-MB-231 cells,
compared to the basal level detected in the untreated cells with
an apoptosis-related protein array. In the non-treated TNBC
cells (Figures 5A1&5A4), a moderate level of expression of the
main pro-apoptotic components including Bad, cytochrome c,
tumor necrosis factor (TNF)-related-apoptosis-inducing ligand
(TRAIL)-2, heat shock protein (HSP)60, and phospho-p53

Figure 1. Chromatographic fingerprinting of CcME. The chromato-
gram shows the rich composition of phytochemicals in CcME. Several
flavonoids were detected at ultra-violet 325 nm with (þ)-catechin
(1), quercetin (2), and kaempferol (3) eluting at 10.6, 18.79, and 20.20
min, respectively.
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(S46) was detected, with the procaspase-3, catalase, phospho-
p53 (S392), SMAC/Diablo, and the anti-apoptotic HSP27,
highly expressed (Figures 5A1&5A4). A weak expression of
the cyclin-dependent kinase protein, such as p21 and p27, was
assessed in the healthy non-treated TNBC cells (Figures

5A1&5A4). An addition of 100 μg/mL (Figure 5A2) and of
200 μg/mL (Figure 5A3) CcME confirmed the increase in the
cleaved-caspase-3, catalase, and of cytochrome c, with a
decrease in the expression of Bad, HSP60, and survivin (Figure
5A4). With all the apoptotic proteins, a concomitant increase of

Figure 3. Effects of CcME on the induction of apoptosis in TNBC MDA-MB-231 cells. Representative scatter plots with percentage of viable
cells, early apoptotic, late apoptotic, and necrotic cells. Bar graphs indicate the percentage apoptosis of TNBC cells in the presence or absence
of CcME. The data are presented as mean + SD of 3 separate experiments. (*), (**), and (***) signify a statistically significant difference (p <
0.05, p < 0.01, and p < 0.001, respectively) from the control.

Figure 2. Effects of CcME on TNBC MDA-MB-231 cell viability (A) and CcME cytotoxicity (B). Cell viability and cytotoxicity were determined
using CellTiter-glo® and CytoTox-Glo® kits, respectively. Untreated cells are considered as the control. The data are presented as mean +
SD of 3 separate experiments. (*), (**), and (***) signify a statistically significant difference (p < 0.05, p < 0.01, and p < 0.001, respectively) from
the control.
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Figure 4. Involvement of apoptotic pathways in CcME-treated TNBC MDA-MB-231 cells. A, Representative photomicrographs showing the
permeabilization of the mitochondrial outer membrane in TNBC cells (top) with or without 100-200 mg/mL of CcME. Enhancement of the
mitochondrial outer membrane permeability is pointed by arrows showing examples of cells undergoing apoptosis with quenched green
fluorescence of calcein. The bar graph indicates the mitochondrial transition pore activity expressed in percentage, as compared with the
control. Scale bar ¼ 50 mm. B, Representative Western blot showing CcME-induced caspase-3 cleavage in TNBC cells in a dose-dependent
manner, as compared to the quasi-absence of cleaved caspase-3 detected in non-treated cells, the control. The bar graph presents the mean
expression level of pro-caspase-3 and cleaved caspase-3. The data are presented as mean + SD of 3 separate experiments. (*), (**), and (***)
signify a statistically significant difference (p < 0.05, p < 0.01, and p < 0.001, respectively) from the control.
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Figure 5. Effects of CcME on apoptosis-related protein expression in TNBC MDA-MB-231 cells. A, Representative apoptosis array mem-
branes of 35 apoptosis-related proteins in untreated TNBC cells (A1) or cells treated with either 100 mg/mL (A2) or 200 mg/mL (A3) CcME.
The bar graph (A4) shows the relative expression in TNBC cells of the relevant apoptotic proteins. B, Representative Western blot showing
CcME-induced p21 up-regulation in TNBC cells in a dose-dependent manner, as compared with the basal level of p21 detected in the control.
The bar graph presents the mean expression level of p21. The data are presented as mean + SD of 3 separate experiments. (*), (**), and (***)
signify a statistically significant difference (p < 0.05, p < 0.01, and p < 0.001, respectively) from the control.
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cyclin-dependent kinase p21 was observed in the TNBC cells
exposed to 100 μg/mL CcME (Figures 5A2&5A4), with a slight
decrease in the expression when the cells were treated with the
highest CcME concentration (Figures 5A3 &5A4), compared to
the basal expression level detected in the non-treated TNBC
cells (Figures 5A1&5A4). To verify the CcME-induced p21 in
the TNBC cells, using a Western blot, a dose-dependent
enhancement of the p21 protein expression in TNBC cells,
treated with increasing CcME concentrations (25-50-100 µg/
mL) was observed (Figure 5B). Notably, with 200 µg/mL of
CcME, there was no difference in the level of p21 expression,
detected in the TNBC cells exposed to 100 µg/mL of CcME
(Figure 5B).

CcME Induces TNBC MDA-MB-231 Cell Growth Arrest
at G0/G1

Known as a cell death mechanism, cell cycle progression was
analyzed using flow cytometry after staining the cellular DNA
with PI, a vital dye. The quantity of DNA detected was propor-
tional to the percentage of cells at a certain cell-cycle-phase
progression. Compared with the proportion of TNBC MDA-
MB-231 cells detected in the untreated condition or the
DMSO-treated cells, CcME, tested at 100 and 200 µg/mL,

significantly increased the proportions of cells at the G0/G1

phase, with a decrease in the proportion of cells in the S phase
(Figure 6). The G2/M phase contained a similar proportion of
TNBC cells in all the conditions used (Figure 6).

CcME Stimulates ROS Production in the TNBC MDA-
MB-231 Cells

ROS, one of the main toxic radicals, causes anti-proliferative
effects including apoptosis and cell cycle progression
arrest.21,22,36 We evaluated ROS production, using the cellular
red fluorescence-labeled ROS detection kit, after 90 min of the
TNBC MDA-MB-231 cell exposure to various concentrations
(25-200 µg/mL) CcME. Similar levels of generated ROS were
detected in the untreated and DMSO-exposed TNBC cells, and
a significant induction of ROS generation was triggered by the
addition of H2O2, the positive control (Figure 7). The addition
of increasing doses of CcME led to a gradual production of
ROS, in a dose-dependent manner, by 4.0-fold at the highest
dose (200 µg/mL) CcME, compared with the ROS level
detected in the untreated and DMSO-treated TNBC cells (Fig-
ure 7). The impact of the ROS in the CcME-induced apoptosis
was checked after pre-treating the cells with the ROS scaven-
ger, N-acteylcystein (NAC), followed by cell exposure to 200

Figure 6. Effects of CcME on TNBC MDA-MB-231 cell-cycle-phase progression. Representative histograms (established by ModFit software)
of cell distribution in cell cycle of untreated TNBC cells or cells treated with DMSO, 100 and 200 mg/mL CcME. The bar graphs present the
percentage of cells at each cell cycle of TNBC cells in the presence or absence of CcME. The data are presented as mean + SD of 3 separate
experiments. (*) and (**) signify a statistically significant difference (p < 0.05 and p < 0.01, respectively) from the control.
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μg/mL CcME to the positive control for apoptosis induction,
the staurosporine (STS)-treated cells (Figure 8). After 24 h
incubation and FACS analysis, the NAC pre-treatment pre-
vented the STS-induced apoptosis, but did not modify the
CcME-induced apoptosis, compared to apoptosis induced by
CcME alone (Figure 8).

Discussion

Natural products, especially herbal medicines, are a focus for
the development of therapies against cancer development and
progression.37-41 A review by Newman and Cragg42 concluded
that since the 1940s, 85 of 131 FDA-approved non-synthetic
anticancer drug treatments have been derived from natural
products or derivatives. We measured the biological impact
of endotoxin-free CcME on the most aggressive TNBC cell
line, MDA-MB-231. We investigated the impact of various
concentrations of CcME on the TNBC cell line viability and
cytotoxicity, as well as its anti-proliferative effects. We inves-
tigated the potential underlying cancer cell death mechanisms
by analyzing apoptosis and the apoptosis-related protein
expression in the CcME-treated TNBC MDA-MB-231 cells,
compared to healthy viable untreated cells. Exerting a low
cytotoxic effect, the CcME exerted pro-apoptotic effects in the
TNBC cells and upregulated the cyclin-dependent kinase inhi-
bitor p21, a key protein causing cell growth arrest at the G0/G1

phase. The over-production of ROS, detected in the CcME-
treated TNBC cells, was not implicated in the CcME-induced
apoptosis.

The C. comosum sample used throughout this study was
obtained from a local vendor, obtained from the central region

of Saudi Arabia. The 3 flavonoids of (+)-catechin, quercetin,
and kaempferol were chosen to be detected in the CcME to
determine the quality of the herbal medicine, compared to
reported flavonoid levels in C. comosum. Previous studies
identified (+)-catechin, quercetin, and kaempferol in the aerial
part of C. comosum.26,27 The amount of (+)-catechin in the
specimen was determined chromatographically and was 53.86
mg/g, lower than reported in literature. For instance, the extract
of the leaves was reported to contain 113 mg/g (11.3%) (+)-
catechin in hydrolyzed methanolic C. comosum extract.26 An
explanation of this difference could be attributed to several
factors, including natural variation, as well as the method or
solvent of extraction used. However, the content of the quer-
cetin assessed from the methanolic extract of C. comosum
leaves in the present study, confirmed a similar prior chemical
analysis. Kiani et al.43 found 2.1 mg/g (0.21%) quercetin in the
aerial part of C. comosum. No report for the kaempferol con-
centration in the aerial parts of C. comosum is available.

The TNBC cell line was exposed to different concentrations
of CcME and we measured the effects on the cell viability,
apoptosis including apoptosis-related proteins, caspase- and
mitochondrial-based pathways, cell cycle and cellular ROS
generation. Tested at increasing concentrations between 25 and
200 µg/mL, the CcME significantly decreased the TNBC cell
viability in a dose-dependent manner. These findings confirm
the anti-proliferative effect of C. comosum on cancer cell lines
using the hormone-dependent breast cancer cell line (MCF-7)
and the hepatocarcinoma cell line (HepG2) as reported by
Ahmed et al.29 Several flavonoids from the hydroalcoholic
extract of the aerial part of C. comosum caused the anti-
proliferative effect, specifically quercetin.29 Flavonoids are

Figure 7. CcME stimulates cellular ROS generation in TNBC MDA-MB-231 cells. Unexposed cells and cells exposed to H2O2 (strong
inducer), DMSO, various concentrations of CcME for 90 min were analyzed for generated ROS detection in TNBC cells. The bar graph
presents the relative detection of generated ROS in all aforementioned experimental conditions. The data are presented as mean + SD of 3
separate experiments. (*), (**), and (***) signify a statistically significant difference (p < 0.05, p < 0.01, and p < 0.001, respectively) from the
control.
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polyphenolic metabolites known for their cytotoxic effect
against cancer cell proliferation through the induction of apop-
tosis and cell growth arrest. This effect was demonstrated with
hepatocarcinoma cells exposed to maleic anhydride derivatives
and quercetin.44 Screening the effect of all or the main bioac-
tive phytochemical compounds of CcME on TNBC MDA-MB-
231 cell growth would increase the anti-carcinogenic efficiency
through cell growth arrest and apoptosis induction.

Using the FACS analysis and the apoptosis protein array, the
apoptotic status of the CcME-treated TNBC cells was mea-
sured after 24 h incubation. A small proportion, 10%-15% of
the TNBC cell population underwent apoptosis at low concen-
trations (25-50 µg/mL), however at 100 µg/mL of CcME, a
significant induction of apoptosis, including early apoptosis
(10% of the TNBC cell population) and late apoptosis (40%
of the TNBC cell population) was observed by the addition of
200 μg/mL CcME. Of note, any cell in late apoptosis irrever-
sibly results in cell death.16 Based on the apoptosis protein
array, most of the proteins listed were slightly upregulated,
including the main pro-apoptotic proteins such as cleaved-
caspase 3. With no expression of the cell cycle dependent
kinase inhibitor in the healthy TNBC cells, the exposure of the
cells to 100-200 µg/mL of CcME induced the expression of

p21 and p27, both cell cycle-dependent kinase inhibitors
known to cause cell growth arrest in the G0/G1 phase.17 The
upregulation of p21 in the CcME-treated TNBC cells was con-
firmed with a Western blot, which displayed a gradual increase
of the p21 expression level in a dose-dependent manner, com-
pared to the p21 basal expression level detected in the
untreated TNBC cells and cells treated with DMSO. Recent
literature confirms that many plant-based bioactive compounds
induce apoptosis and cell cycle arrest.45-47 The up-regulation of
p21, caused by the TNBC exposure to 100-200 µg/mL CcME,
increased the percentage of cells in the G0/G1 phase, with a
significant decrease of cells in the S phase. As expected, there
was no change in the percentage of cells in the G2/M phase, in
all experimental conditions. An investigation of the deeper
molecular mechanisms underlying the CcME-induced apopto-
sis and cell cycle arrest was done after the blockade of the
caspase activity and the p21 protein expression.

Known to cause cell damage resulting in cell death, including
apoptosis,21,48 cellular ROS production was evaluated after
exposing the TNBC cells for 90 min to different doses of CcME.
At the lowest CcME concentration (25 µg/mL), a significant
increase of cellular ROS generation was detected, compared to
the cellular ROS generated in the control cells. Numerous

Figure 8. ROS is not essential for CcME-induced apoptosis in TNBC MDA-MB-231 cells. Representative scatter plots showing the impact of
ROS scavenger on CcME-induced apoptosis in MDA-MB-231 cells. Bar graphs present the percentage apoptosis of MDA-MB-231 cells in the
aforementioned conditions.
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studies reported the pro-oxidative properties of natural com-
pounds, but only a few studies assessed the ROS production at
a cellular level.49,50 Cellular ROS are tightly generated reactive
byproducts of aerobic respiration, cell metabolism and are impli-
cated in the redox homeostasis and diverse pathways of cellular
signaling.18,19 Generated from external (cytokines, growth fac-
tors activating NADPH oxidase) or internal (mitochondrial
respiratory chain) sources, an excessive level of ROS molecules
contribute to carcinogenesis by damaging the lipids, proteins,
and nucleic acids. A moderate ROS level plays a key role in
apoptosis, cell survival, and cell differentiation.51,52 In the pres-
ent study, the pre-treatment of the TNBC cells with the ROS
scavenger NAC, demonstrated that the ROS was not implicated
in the CcME-induced apoptosis. These findings are in agreement
with previous studies analyzing pro-apoptotic anti-cancer
natural-based drugs.36 Deeper investigation of the ROS impact
in CcME-induced cell cycle arrest would be of interest.

Conclusion

We have demonstrated that CcME exerts anti-proliferative
effects against TNBC MDA-MB-231 cells through the induc-
tion of apoptosis, involving the activation of the mitochondrial-
dependent apoptotic pathway and through cell cycle arrest at
the G0/G1 phase, associated with p21 up-regulation. The cur-
rent findings indicate that CcME contains potent anti-
cancerous phytochemical compounds, which could later be
identified through the establishment of structure-function rela-
tionships, based on a comparative study with other alternative
traditional plant extract-based medication.53 However, in vivo
studies are required to confirm the CcME anti-proliferative
activity, and to investigate any potential anti-metastatic activi-
ties against the highly invasive TNBC.

Abbreviations

CcME Calligonum comosum methanolic extract
Cdk cycle-dependent kinase
DMSO dimethyl sulfoxide
FACS fluorescence-activated cell sorter
FBS fetal bovine serum
FITC fluorescein isothiocyanate
HER2 human epidermal growth factor receptor 2
HPLC high-performance liquid chromatography
NAC N-acetylcystein
PE phycoerythrin
PI propidium iodide
ROS reactive oxygen species
SDS-PAGE sodium dodecyl sulfate-polyacrylamide gel

electrophoresis
TNBC triple-negative breast cancer
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