Research Journal of Pharmacognosy 5(1), 2018: 63-69
Received: 8 Nov 2017
Accepted: 23 Dec 2017
Published online: 27 Dec 2017

Original article

Apoptotic Potential of Two Caryophyllaceae Species in MCF-7 and MDAMB-468 Cell Lines
M. Mosaddegh1, M. Taheri1, B. Eslami Tehrani2, M. Hamzeloo-Moghadam3*
1

Department of Pharmacognosy, School of Pharmacy, Shahid Beheshti University of Medical Sciences, Tehran,
Iran.
2
Traditional Medicine and Materia Medica Research Center, Shahid Beheshti University of Medical Sciences,
Tehran, Iran.
3
Traditional Medicine and Materia Medica Research Center and Department of Traditional Pharmacy, School of
Traditional Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran.

Abstract
Background and objectives: Plants have been used to treat diseases like cancer for many years and
today the trend towards their use is increasing. One of the most effective mechanisms of plants against
cancer is inducing apoptosis. Apoptosis is a programmed cell death which acts opposite to cell
division. It starts in response to some stimuli. Despite the effectiveness of apoptosis inducing agents,
their use has been limited due to side effects and resistance to these treatments; so, applying medicinal
herbs due to their lower cost and toxicity has drawn attentions. Recent research at the Traditional
Medicine and Materia Medica Research Center, Shahid Beheshti University of Medical Sciences on
two medicinal plants Acanthophyllum bracteatum and A. microcephalum has shown cytotoxic effects
of these two species, but the mechanism of their toxicity has remained unknown; thus, the present
study was designed to evaluate the apoptotic potential of Acanthophyllum bracteatum and A.
microcephalum. Methods: In the present study, the cytotoxic effects of the methanol extract of
Acanthophyllum bracteatum and A. microcephalum was evaluated against MCF-7 and MDA-MB-468
cells by MTT assay; furthermore, their apoptosis potential has been evaluated by annexinV/propidium iodide assay and Hoechst 33258 staining in the same cell lines. Results: The methanol
extract of A. microcephalum and A. bracteatum showed cytotoxic effects against MCF-7 and MDAMB-468 cell lines with IC50 values of 64, 159 and 102, 250 μg/mL, respectively. The results of the
apoptosis assays confirmed the potential of the two plants extracts to induce apoptosis in both cell
lines while A. microcephalum demonstrated more considerable results. Conclusion: A.
microcephalum could be a suitable choice for further breast cancer studies.
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Introduction
Caryophyllaceae is a wide-spread family with
about 86 genera and 2200 species [1]; the genus
*

Acantophyllum from this family has 32 species in
Iran growing in central deserts to mountainous
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areas in center and south regions of Iran [2,3].
Caryophyyllaceae plants are known to possess
foaming agents called saponins which are plant
metabolites with 600 to 2000 Da weight.
Saponins appear as glycosides, the aglycones
have found to be mostly gypsogenin, gypsogenic
acid or quillaic acid in Caryophyllaceae family
[4]. Saponins have been reported to have
haemolytic, molluscicidal, anti-inflammatory,
antifungal,
antibacterial,
antiparasitic,
cytotoxicity, anti-tumor and antiviral activities
[5]. There has been records about the biological
properties
such
as
antioxidant
[6,7],
immunomodulatory [8] and cytotoxic [9]
properties of different species of the genus
Acanthophyllum. One report is about the
cytotoxicity of Acanthophyllum bracteatum
Boiss. and A. microcephalum Boiss. methanol
extracts in human adenocarcinoma cells (MCF-7)
in previous studies [9]; thus, in the present work,
the apoptotic potential of these extracts in two
human breast adenoma carcinoma cells has been
evaluated.
Material and Methods
Plant material
The aerial parts of Acanthophyllum bracteatum
and A. microcephalum were collected in 2010
from Kohgiluyeh-va-Boyer Ahmad and Ardebil
Provinces, Iran, respectively and their identity
was confirmed by botanists at the Traditional
Medicine and Materia Medica Research Center
(TMRC), Shahid Beheshti University of Medical
Sciences, Tehran, Iran. The aerial parts were
shade dried and ground.
Extraction and preparation of samples
Ten g of each species was macerated with
methanol at room temperature with continuous
shaking overnight. The process was repeated for
thrice. The concentrated and dried extract was
dissolved in DMSO and serial dilutions were
made with cell culture medium to prepare the
final concentrations (3.125-400 µg/mL). The
final concentration of DMSO was 1%.
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MTT assay
Two human breast adenocarcinoma cell lines
(MCF-7 and MDA-MB-468) were obtained from
Pasture Institute, Tehran, Iran. The cells were
seeded in 96-well plates (13500 and 8000
cells/well for MCF-7 and MDA-MB-468 cells,
respectively). Exposure of the cells to the extract,
5-fluorouracil as the positive control and DMSO
1% as the negative control took place the next
day and continued for 48 h. On the final day, the
medium containing the samples was replaced
with medium containing MTT (prepared in PBS)
with the final concentration of 0.5 mg/mL. The
plates were incubated for another 4 h; thereafter,
the MTT containing medium was removed and
the formed formazan crystals were dissolved in
DMSO. The absorbance was then recorded using
a micro plate reader at 570 nm. The viability of
the cells in regard to the control (cells receiving
DMSO 1%) was calculated and the IC50 was
obtained using Microsoft Excel program [10,11].
Hoechst 33258 assay
MCF-7 and MDA-MB-468 cells were seeded in
96-well plates and exposed to samples with the
same method as mentioned for MTT assay at IC50
value of the extracts. Completing the exposure
time (48 h) the cells were fixed with
paraformaldehyde 4% for 30 min at room
temperature. Then the fixative solution was
removed and the cells were washed with PBS.
Hoechst 33258 (1 µg/mL) was added to the
wells. The plates were kept in darkness (15 min,
37 ºC), the dye was removed afterwards and the
cells were washed again. They were then
examined
afterwards
using
a
florescent
microscope
for
glowing condensations
of
chromatin [10].
Apoptosis assay
Considering the IC50 values of the extracts in
MCF-7 and MDA-MB-468 cells, the cells were
exposed to extracts for 24, 48 and 72 h;
afterwards, they were collected and evaluated for
apoptosis induction using Invitrogen FITC
Annexin V/Dead Cell Apoptosis Kit following
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the instructions. Briefly, the cells were incubated
for 15 min in darkness with 5 µL of annexin-V
solution, then PI was added and the incubation
continued for another 15 min. The cell
suspension was moved to flow cytometry tubes
and analyzed by flow cytometer and the
percentage of live, early apoptotic, late apoptotic
and the cells undergoing necrosis was presented
[12].

Acantophyllum microcephalum which had also
shown lower IC50 in the examined cell lines.
There has not been much research about the
cytotoxicity of Acanthophyllum species.
A

B

Results and Discussion
Regarding MTT assay, a colorimetric
cytotoxicity method for evaluating the toxicity of
materials to the cells [13], Acanthophyllum
microcephalum and
A. bracteatum showed
cytotoxicity to MCF-7 and MDA-MB-468 cells
with IC50 values of 64, 159 and 102, 250 μg/mL
in the above cell lines, respectively. IC50 values
of 5-fluorouracil as the positive control were 0.83
and 1.04 μg/mL, respectively. The results of
Hoechst staining have been demonstrated
in figures 1 and 2 for MCF-7 and MDAMB-468 cells, respectively. Brilliant condensed
chromatin is an indication of apoptosis in the
cells.
For quantifying the apoptotic potential of
the extracts, annexin V-FITC and propidium
iodide fluorescence staining was used. This
method
evaluates
dislocation
of
phosphatidylserine from the inner to the
outer layer of the plasma membrane.
Control cells were negative for both annexin
V-FITC and PI. The cells at early
apoptotic stage were annexin V-FITCpositive, PI-negative cells while annexin VFITC-positive,
PI-positive
cells
were
considered to be late apoptotic and PIpositive cells were considered as necrotic. Flow
cytometery analyses have been presented in
figures 3-6. As could be observed in the figures,
by passing exposure time of the cells to the
extracts from 24 h to 72 h, the apoptosis rate
(sum of early and late apoptotic cells) has
increased slightly and the percentage of live
cells has decreased while the early apoptotic cells
were converted to late apoptotic ones compared
to the control (cells treated with DMSO 1%).
This finding was more considerable for

C

Figure 1. Results of Hoechst 33258 staining in MCF-7 cell
line. The cells were treated with 100 μg/mL Acanthophyllum
bracteatum extract (A); 50 μg/mL Acanthophyllum
microcephalum extract (B) and DMSO 1% (C)

B

A

C

Figure 2. Results of Hoechst 33258 staining in MDAMB-468 cell line. The cells were treated with 200 μg/mL
Acanthophyllum bracteatum extract (A); 75 μg/mL
Acanthophyllum microcephalum extract (B) and DMSO 1%
(C)
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Figure 3. Percentage of live, early apoptotic, late apoptotic and necrotic MCF-7 cells after 24,48 and 72 h treatment with
Acanthophyllum bracteatum
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Figure 4. Percentage of live, early apoptotic, late apoptotic and necrotic MCF-7 cells after 24,48 and 72 h treatment with
Acanthophyllum microcephalum
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Figure 5. Percentage of live, early apoptotic, late apoptotic and necrotic MDA-MB-468 cells after 24,48 and 72 h treatment with
Acanthophyllum bracteatum
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Figure 6. Percentage of live, early apoptotic, late apoptotic and necrotic MDA-MB-468 cells after 24,48 and 72 h treatment with
Acanthophyllum microcephalum

Few reports regarding the cytotoxic activity of
the genus have shown their effectiveness against

various cell lines; these include the glycosides
isolated from three species of the genus which
67
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have shown cytotoxicity to HCT-116 and HT-29
cells [14] and the triterpenoid saponins from the
roots of A. squarrosum which demonstrated antiproliferative activity to lymphocyte [15]. In a
study for evaluating the cytotoxicity of 17 species
of Caryophyllaceae family, Acanthophyllum
bracteatum and A. microcephalum were
evaluated against A-549, HepG-2, HT-29, MCF7 and MDBK cells and showed cytotoxic results.
The reported IC50 in MCF-7 were lower
compared to our study. Regarding that the plants
evaluated in our study were collected in 2010 it
could be suggested that the difference could be
due to the time gap between plant collection and
fulfilling the experiments which might have
resulted in decomposition of the cytotoxic
compounds.
Coming to a conclusion, the results of the present
study suggest A. bracteatum and A.
microcephalum as promising sources for future
molecular investigations especially regarding
breast cancer studies.

Acknowledgments
The present work was based on a Pharm D thesis
(Mohsen Taheri, School of Pharmacy, Shahid
Beheshti University of Medical Sciences) granted
by the Traditional Medicine and Materia Medica
Research Center (TMRC), Shahid Beheshti
University of Medical Sciences, Tehran, Iran
(No. 164).

Declaration of interest
The authors declare that there is no conflict of
interest. The authors alone are responsible for the
content of the paper.

References
[1] Greenberg AK, Donoghue MJ. Molecular
systematics and character evolution in
Caryophyllaceae. Taxon. 2011; 60(6): 16371652.
[2] Mozaffarian V. A dictionary of Iranian plant
names. Tehran: Farhange-e-Moaser, 2007.
[3] Mozaffarian V. Identification of medicinal
and aromatic plants of Iran. Tehran: Farhang-

68

e-Moaser, 2012.
[4] Böttger S, Melzig MF. Triterpenoid saponins
of the Caryophyllaceae and Illecebraceae
family. Phytochem Lett. 2011; 4(2): 59-68.
[5] Sparg SG, Light ME, Staden JV. Biological
activities and distribution of plant saponins. J
Ethnopharmacol. 2004; 94(2-3): 219-243.
[6] Hajimehdipoor H, Ara L, Moazzeni H.
Evaluating
the
antioxidant
and
acetylcholinesterase inhibitory activities of
some
plants
from
Kohgiluyeh
va
Boyerahmad province, Iran. Res J
Pharmacogn. 2016; 3(4): 1-7.
[7] Masi P, Emam-Djomeh Z, Moini S. Isolation,
structural characterization and antioxidant
activity
of
a
new
water-soluble
polysaccharide
from
Acanthophyllum
bracteatum roots. Int J Biol Macromolecules.
2011; 49(4): 567-572.
[8] Lacaille-Dubois MA, Hanquet B, Rustaiyan
A, Wagner H. Squarroside A, a biologically
active
triterpene
saponin
from
Acanthophyllum squarrosum. Phytochemistry.
1993; 34(2): 489-495.
[9] Naghibi F, Irani M, Hassanpour A, Pirani M,
Hamzeloo-Moghadam M. Cytotoxic effects
of selective species of Caryophyllaceae in
Iran. Res J Pharmacogn. 2014; 1(2): 29-32.
[10] Hamzeloo-Moghadam M, Aghaei M,
Fallahian F, Jafari SM, Dolati M,
Abdolmohammadi H, Hajiahmadi S,
Esmaeili S. Britannin, sesquiterpene lactone,
inhibits proliferation and induces apoptosis
through the mitochondrial signaling pathway
in human breast cancer cells. Tumor Biol.
2016; 36(2): 1191-1198.
[11] Hamzeloo-Moghadam M, Hajimehdipoor H,
Saeidnia S, Atoofi A, Shahrestani R, Read
RW, Mosaddegh M. Anti-proliferative
activity and apoptotic potential of britannin, a
sesquiterpene lactone from Inula aucheriana.
Nat Prod Commun. 2012; 7(8): 979-980.
[12] Fallahian F, Aghaei M, Abdolmohammadi
MH, Hamzeloo-Moghadam M. Molecular
mechanism of apoptosis induction by

Res J Pharmacogn 5(1), 2018: 63-69

Apoptotic potential of two Caryophyllaceae species

Gaillardin, a sesquiterpene lactone, in breast
cancer
cell
lines:
Gaillardin-induced
apoptosis in breast cancer cell lines. Cell Biol
Toxicol. 2015; 31(6): 295-305.
[13] Esmaeili S, Hamzeloo-Moghadam M,
Ghaffari S, Mosaddegh M. Cytotoxic activity
screening of some medicinal plants from
south of Iran. Res J Pharmacogn. 2014; 1(4):
19-25.
[14] Timité G, Mitaine-Offer AC, Miyamoto T,
Tanaka C, Mirjolet JF, Duchamp O, Lacaille-

Dubois MA. Structure elucidation of new
oleanane-typeglycosides from three species
of Acanthophyllum. Mag Res Chem. 2010;
48(5): 370-374.
[15] Chandra S, Rawat DS. Medicinal plants of
the family Caryophyllaceae: a review of
ethno-medicinal uses and pharmacological
properties. Integr Med Res. 2015; 4(3): 123131.

69

