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Introduction

Cancer is an increasing health issue whose worldwide 
incidence is about 6 million cases per year and characterized 
by unregulated cell proliferation (Srivastava et al., 2005; 
Thirumal et al., 2013; Quadri et al., 2014). Despite the 
advancing researches about cancer, there were not efficient 
strategies for cancer treatment. Therefore, scientists are still 
trying to find new compounds for treatment of this disease 
(Cragg & Newman 2005). Plants have a long history of 
use in the treatment of cancer. Recently, a considerable 
percentage of anticancer drugs used in clinical are from 
natural resources (Demain & Vaishnav 2011; Meng et al., 
2012). Among them, taxol, camptothecin, vincristine, and 
vinblastine are the most important ones (Jain & Jain 2011; 
Malik et al., 2011; Krifa et al., 2013; Thirumal et al., 2013).
Natural products contain a structural diversity of chemical 
compounds possess therapeutic potential for treatment of 
cancer (Karon et al., 2011; Alshawsh et al., 2012).

Previous studies revealed the cytotoxic activity of 
Rhamnaceae family which consists of about 58 genera and 
approximately 900 species with worldwide distribution, 
mostly occurred in the subtropical and tropical regions 
(Rosas et al., 2007; Mishra et al., 2010; Silva et al., 
2012). Ziziphus belongs to the family Rhamnaceae 
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Abstract

 Background: Herbal medicine has becoming a potential source of treatment for different types of cancer 
including breast cancer. It has been shown that plants from the family Rhamnaceae possess anticancer activity. 
Objective: In this study, we determined the antiproliferative influence of Ziziphus spina christi- a species from 
this family- on the MCF-7 (human breast adenocarcinoma) cell line. Materials and Methods: The cytotoxicity 
of the total extract, ethanol, ethanol-aqueous (1:1) as well as aqueous fractions of Ziziphus spina christi leaves 
was evaluated through MTT assay against MCF-7 cell line. Cell cycle inhibition and apoptosis induction were 
assessed by flowcytometry cycle RNase/PI analysis and Annexin V-FLUOS, respectively. Apoptosis was also 
analyzed by immunoblotting assay. Results: Our results indicated that the ethanolic fraction had the lowest 
IC50 value (0.02 mg/ml), induced cell cycle arrest at the G1/S phase as well as apoptosis after a 48h of treatment. 
Conclusions: This is the first report on anticancer effect of Ziziphus spina christi ethanolic fraction on breast 
cancer cells, providing a scientific basis for its utility in traditional medicine. However, further in-depth studies 
are needed to confirm the precise mechanisms. 
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compromises more than 40 species and possesses different 
biological properties including antimicrobial, antioxidant, 
immunostimulant, antidiabetic, and anticancer effects 
(Richardson et al., 2000; Veeresh, 2010). Ziziphus spina 
christi L., commonly known as “Konar” or “Sedr” in 
Persian name, is an armed shrub or tree which widely 
cultivated in the southern parts of Iran. The plant fruit 
is edible sweet drupe and its leaves have been used as 
stomachic, emollient, antiulcer, disinfectant and antifungal 
in the Iranian traditional medicine (Ghannadi et al., 2003). 
Its leaves showed antibacterial, antidiarrhoeal, antiviral 
and antidiabetic activities (Ali-Shtayeh et al., 1998; Adzu 
et al., 2003; Michel et al., 2011). Studies revealed that 
Ziziphus spina christi possesses a diverse of biologically 
active chemical compounds including alkaloids like 
spinanine A, tanines, sterols like β sitosterol, flavonoids 
such as rutin and quercetin derivatives, triterpenoids, 
sapogenins and saponins such as betulinic acid (Brantner 
& Males 1999; Godini et al., 2009; Abalaka et al., 2010; 
Jinous & Elaheh 2012). Based on the studies performed 
by Esteves-Souza et al. and Ren et al. (Esteves-Souza et 
al., 2002; Ren et al., 2003), these compounds exhibited 
anticancer activity in cancerous cell line (Abrahim et al., 
2012; Karimi et al., 2012).

To the best of our knowledge, there are few 
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investigations about the anticancer activity of Ziziphus 
spina christi extracts, currently (Jafarian et al., 2014). 
Therefore, we decided to determine the antiproliferative 
activity of total extract as well as ethanol, ethanol-aqueous 
(1:1) and aqueous fractions obtained from Ziziphus spina 
christi leaves on breast cancer cells (MCF-7) and also 
investigate the apoptosis induction in this cell line.

Materials and Methods

Reagents and cell line
The human breast adenocarcinoma MCF-7 cell line 

(C135) was obtained from National Cell Bank of Pasteur 
Institute of Iran (NCBI) for studying anticancer properties 
of the extracts. Dulbecco’s Modified Eagle’s Medium 
(DMEM) and fetal bovine serum (FBS) were purchased 
from Gibco-BRL (Rockville, IN). Polyclonal anti-Bcl-2 
(1:500), anti-Bax (1:500) and anti-GAPDH (1:1,000) 
antibodies were purchased from Abcam (Cambridge MA). 
Anti-rabbit IgG horseradish peroxidase (HRP) antibody 
(1:5, 000) was obtained from Cell Signaling Technology 
(Beverly, MA). Annexin-V-FLUOS assay was performed 
with commercial kit purchased from Roche Applied 
Science (USA). ECL advance western blotting detection 
kit was prepared from General Electric Health Care Life 
Sciences (Buckinghamshire, UK). All other chemicals 
were in high purity and prepared from Merck (Darmstadt, 
Germany) and Sigma–Aldrich (St Louis, MO).

Plant material and extracts preparation
The leaves of Ziziphus spina christi were collected on 

December 2009 from Dashtestan-Bushehr and identified 
then authenticated by Mr. Sadeghi at the Fars Organization 
of Jahad-Agriculture, Iran. The leaves plant material was 
allowed to air dry and afterwards pulverized in a grinder. 
1kg of the pulverized material was extracted with 4000 ml 
of ethanol (80%, v/v) at room temperature for 72 h. The 
obtained total extract was then concentrated under reduced 
pressure, freeze-dried and stored at -20˚C until use.

Column chromatography of leaf extract
Column chromatography was performed on the total 

extract using amberlite resin as the stationary phase and 
ethanol, ethanol-aqueous and aqueous as the mobile 
phases. Successive fractions were collected and dried 
under vacuum using a freeze-dryer.

In vitro assay for cytotoxicity activity 
MCF-7 cells were routinely cultured in DMEM 

medium supplemented with 10% FBS, 100 U/ml penicillin 
and 100 µg/ml streptomycin under the conditions of 5% 
CO2 at 37˚C. Total extract as well as fractions were tested 
for their cytotoxic effects toward cancer cells using the 
MTT assay. Briefly, MCF-7 cells (7 × 103) cells/well were 
cultured in 96-well plates. Then, cells were treated with 
various concentrations of each extract (0.5–0.001 mg/ml) 
and incubated for 24, 48 and 72 h. Afterwards, 20 µl of 
3- (4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 
bromide (MTT, 5 mg/ml in PBS) was added to each 
well and the cells were incubated for another 4 h at 37 
˚C. Following aspiration of the supernatants, 200 µl of 

dimethyl sulfoxide (DMSO) was added to each well. After 
shaking of the plates, the absorbance values were read by 
the Microplate Reader (Star Fax-2100, ST. Louis, USA) at 
545 nm. Solvent control (DMSO) was included to check 
that the DMSO had no effect at the concentration used. 
The cytotoxicity of the extracts was measured from the 
spectrophotometric data by means of this equation: % cell 
cytotoxicity = [1 – Abs extract/Abs control] × 100.The 
IC50 value was measured by plotting the percentage of 
cytotoxicity versus concentration on a logarithmic graph.

Flowcytometric analysis
Cell cycle phase distribution was determined by 

analytical DNA flowcytometry. For determination of cell 
cycle phases, peak area of FL3-A was recorded on a linear 
scale. Percentage of cells in sub-G1, G1, S and G2/M 
phases was determined by PARTEC flowcytometry (Partec 
GmbH, Munster, Germany) using Flowjo Software. In 
brief, MCF-7 cells in the exponential phase of growth 
were seeded in 6-well plates and allowed to adhere 
for 24 h. Then, cells were treated without and with the 
ethanolic extract at 1/2 IC50 concentration (0.04 mg/ml) 
and further incubated for 48 h. After trypsinization and 
centrifugation, cells were fixed in 70% ethanol, washed in 
PBS, subjected to RNase digestion, followed by staining 
of clean nuclear material (nuclei) with PI (1 mg/ml). Cells 
treated with 0.3% DMSO, were used as solvent control. 
Triplicate samples were prepared for each treatment, and 
each experiment was repeated at least three times. In 
all flowcytometric determinations, suitable gating was 
employed to exclude cell debris and cell clumps from 
the analysis. 

Annexin-V staining assay
The plasma membrane changes characteristics of 

apoptosis were analyzed by double staining with Annexin-
V-FLUOS and Propidium Iodide (PI) according to the 
manufacturer’s instructions. To perform this assay, un-
treated and treated-cells 1/2 IC50 concentration of the 
ethanolic fraction, were harvested and resuspended in 100 
µl of the annexin-V-FLUOS labeling solution containing 
2 µl annexin-V-FLUOS labeling agent, 2 µl Propidium 
Iodide (PI) solution and 1 ml incubation buffer to achieve a 
concentration of 106 cells/ml and incubated at 37 °C. Each 
tube was diluted with buffer before the cells were analyzed 
by flowcytometry. In the dual parameter fluorescent dot 
plots, three populations of cells were observed: Viable 
cells: annexin-V negative and PI negative; Apoptotic 
cells: annexin-V positive and PI negative; Late apoptotic/
necrotic cells: annexin-V positive and PI positive or and 
annexin-V negative and PI positive.

Western blot analysis 
MCF-7 cells were treated with the ethanolic fraction 

1/2 IC50concentration for 48 h. Proteins were collected and 
lyzed in lysis buffer [Tris 62.5 mM, pH 6.8;dithiothreitol, 
50 mM; sodium dodecyl sulphate, 10%; glycerol, 10%; 
bromophenol blue, 0.25% (w/v)] in the presence of 
protease inhibitor. The proteins were separated by 12% 
sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred to polyvinylidene 
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fluoride membranes (GE Health Care Life Sciences, 
Buckinghamshire, UK) using wet blotting apparatus 
(Bio-Rad, Hercules, CA, USA). The membranes were 
blocked in tris-buffered saline containing (TBS) 0.05% 
Tween 20 (TBST) and 1% casein (w/v) for 2 h, followed by 
incubation with the indicated primary antibody overnight 
at 4 ℃. The membranes were then washed three times 
for 10 min with TBST, followed by incubation with the 
secondary antibody. After washing 3 × 10 min, protein 
expression was detected by chemiluminescence emission 
using ECL and then the blots were exposed to x-ray films.
GAPDH (glyceraldehyde phosphate dehydrogenase) was 
used as the endogenous control and the control cells were 
cultured in the complete medium without extracts (control 
cells were only treated with DMSO using the highest 
amount into the experiments).

Statistical analysis
Triplicates of three independent experiments were 

carried out and data are expressed as the mean ± SE. 
Corresponding 95 % confidence interval (95 % CI) was 
computed to assess the IC50 values. Differences between 
the groups were evaluated by using one-way analysis of 
variance (ANOVA) followed by post hoc Tukey multiple 
comparison test with the aid of Graph Pad Prism 5 
software. t-test was used to compare two different groups. 
p< 0.05 was taken as being statistically significant.

Results 

Antiproliferative activity of extracts
After 24, 48 and 72 hours of incubation, the results 

indicated that Ziziphus spina christi total extract and 
fractions decreased cell viability in a dose-dependent 
manner (Figure 1). The related IC50 values are shown 
in Table 1. Inhibition of the proliferation of MCF-7 
cells by the ethanol fraction, reached a maximum of 
80.95%, 91.13% and 91.50% at a concentration of 0.5 
mg/ml after 24, 48 and 72 hours of incubation (Figure 
1). Interestingly, ethanolic fraction indicated the lowest 
IC50 value compared to other fractions at three different 
times (Table 1). 
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Table 1. IC50 Values (mg of extract/ml) for Antiproliferative Activity of Ziziphus spina christi Different Extracts 
Towards MCF-7 Cells
Cells Time Total extract Ethanol fraction Ethanol/Aqueous fraction Aqueous fraction

 24 h  0.23 (0.16-0.3) 0.02 (0.01-0.03) >0.5 0.14 (0.07-0.16)
MCF-7 48 h 0.23 (0.17-0.3) 0.02 (0.01-0.03) >0.5 0.14 (0.11-0.17)
 72 h 0.24 (0.16-0.3) 0.02 (0.01-0.03) 0.3(0.2-0.4) 0.12 (0.1-0.14)
MCF-7: human breast adenocarcinoma. Data are expressed as mean of three separate experiments run in triplicate and 95%  confidence intervals

Figure 1. Effect of a) Total Extract, b) Ethanol‚ c) Ethanol-aqueous and d) Aqueous Fractions on MCF-7 Cells 
after 24, 48 and 72h Treatment. Cells were treated with different concentrations of extracts (0.001-0.5 mg/ml).Values are 
presented as mean ± SE of three independent experiments, performed in triplicate

Table 2. Effect of Ethanol Fraction on Cell Cycle 
Progression with Respect to Solvent Control after 48 
h Treatmenta

 MCF-7
Treatment Sub-G1 Go/G1 S G2/M
 (mean±SE) (mean±SE) (mean±SE) (mean±SE)

Solvent -Control 20.36±2.09 20.67±1.5 30.98±1.1 14.01±1.2
0.04mg/ml 31.35±2.2** 30.90±2.2* 24.3±0.3*** 9.0±0.1***
aAt the indicated cell, distribution of the cells in sub-G1, Go/G1, S and 
G2/M phase was analyzed by flowcytometry as described in materials 
and methods. Results are expressed as total cells. Data represent means 
of triplicate experiment.  *P < 0.05, **P < 0.01, ***P < 0.001 relative 
to control 
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Ethanol fraction induces cell cycle arrest in MCF-7 cells
Since cell proliferation is due to the progression of 

the cells via the different phases of cell cycle, we next 
examined the effects of the ethanolic fraction as the most 
potent extract to induce cell cytotoxicity on the cell cycle 
distribution by flowcytometry. Cultured MCF-7 cells were 
incubated with 0.04 mg/ml (2×IC50) of the ethanol fraction 
for 48 h, stained with PI and analyzed by flowcytometry 
in order to determine the total population distribution in 
the different phases (G0/G1, S, and G2/M). Control cells 
treated only with DMSO using the highest amount into 
the experiments. MCF-7 cells treated with 0.04 mg/ml 
of ethanol fraction were observed to have a statistically 
significant increase of cell population in G1 phase from 
20.67% for control to 30.90% after treatment, while cell 
population in S phase significantly decreased in MCF-
7 treated cells (Table 2). It appears therefore that the 
ethanolic fraction is able to inhibit the proliferation of 
MCF-7cells by promoting cell cycle arrest at the G1/S 
phase. Additionally, following 48 h of treatment, the 

sub-G1 population significantly increased from 20.36% 
to 31.35% (Figure 2). These observations imply that the 
growth inhibition is probably due to a combination of 
apoptosis and cell cycle disarrangement.

Ethanol fraction induces apoptosis in MCF-7 cells
To confirm that the ethanolic fraction induces MCF-7 

cell apoptosis, cells were stained with annexin-V and PI, 
and subsequently analyzed by flowcytometry. This assay 
is based on the externalization of phosphatidylserine from 
the inner leaflet of the plasma membrane to the cell surface 
in the early apoptotic cells. MCF-7 cells were treated with 
the ethanolic fraction at 0.01 mg/ml (1/2 IC50) for 48 h. 
In control and DMSO-treated cells, 4.8 and 6.2% of cells 
were annexin V +/ PI - and 2.1 and 3.7% of cells were 
annexin V +/PI +. After treatment with ethanol fraction at 
0.01 mg/ml for 48 h, the corresponding quantities were 3.2 
and 8.4% respectively (Table 3). Meanwhile, the necrotic 
population (annexin V - /PI +) was increased by 6.0% after 
ethanolic fraction treatment.

Western blotting analysis on apoptosis signaling pathway
Western blotting was used in order to analyze the 

proteins related to apoptosis induced by the ethanolic 
fraction in MCF-7 cells. Two major pathways involved 
in the process have been thoroughly investigated; death-
receptor and mitochondrial pathways. Mitochondrial 

Figure 3. Effect of the Ethanolic Fraction at 1/2 IC 50concentration on the Levels of Bax and Bcl-2 Protein 
Expression in MCF-7 Cancer Cell Line. a)Bax and Bcl-2 protein levels were assayed by western blotting. The expression 
of b)Bax, c)Bcl-2 and d)Bax/Bcl-2 ratio were measured after 48 h of treatment. Differences between the Bax and Bcl-2 in treated 
and their respective control cells were determined by Unpaired t Test 

Table 3. Percentage of Breast Adenocarcinoma Cells 
in Each State after Treatment with Ethanol Fraction 
at 0.01 mg/ml for 48 h of Incubation
Compound Vital   Early   Late Necrosis 
 cells (%) apoptosis (%) apoptosis (%) (%)
 An–/PI– An+/PI– An+/PI+  An–/PI+

Ethanol Fraction 76.3±1.8*** 3.2±0.4* 8.4±1.1* 12.9±3.4***

Control 86.9±1.4 4.8±0.6 2.1±0.07 5.9±1.2
Solvent-Control 80.1±0.6 6.2±1.2 3.7±0.3 6.8±0.9

The data presented are the mean ± SE of three independent experiments. 
*P < 0.05, ***P < 0.001  as compared to Solvent-Control  

Figure 2. Distribution of the Cell Cycle of MCF-7 Cells 
was Assessed by Flowcytometry after Staining with 
Propidium Iodide (PI). The data presented are the mean ± 
SE of three independent experiments. *P< 0.05, ***P<0.01 as 
compared to solvent control after 48 h treatment with ethanol 
fraction
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pathway considered as an important mediator of apoptosis 
(Chandra et al., 2002; Teijido and Dejean 2010). Bcl-2 
family members are responsible for the regulation of 
apoptosis in mitochondrial pathway which contain the 
anti-apoptotic Bcl-2 and pro-apoptotic Bax proteins (Pratt 
et al., 2007). Our results showed that the MCF-7 cell line 
was highly expressed in Bcl-2. Following treatment with 
the ethanolic fraction, no significant change was observed 
in the Bcl-2 and Bax expressions (Figure 3). The Bax- to- 
Bcl-2 ratio suggests that induction of apoptosis by the 
ethanolic fraction is not through the intrinsic pathway.

Discussion

Cancer is the second leading cause of death following 
heart diseases (Beeran et al., 2015). Although cancer 
therapies have been developed significantly in the last 
few years, cancer has been still considered as a complex 
disease (Cheng et al., 2012). Medicinal plants have played 
a decisive role in the area of cancer chemotherapy due to 
minimal side effects and anti-multidrug resistance (Cheng 
et al., 2012; Cragg & Newman 2005). In this respect, 60% 
of the anticancer drugs currently used have been isolated 
from natural products (Brantner & Males 1999).

Ziziphus spina christi has been commonly used in 
TCM for treating various diseases such as digestive 
disorders, weakness, liver complaints, obesity, urinary 
troubles, diabetes, skin infections, loss of appetite, fever, 
pharyngitis, bronchitis, anemia, diarrhea, insomnia, and 
cancer (Brown 1995; Him-Che 1985; Plastina et al., 2012). 
Recently, much attention has been focused on verifying 
the effectiveness of Ziziphus against cancer. In this 
regard, it has been shown that Ziziphus extracts, alone or 
in combination with other botanical formulations, reveal 
anticancer activities on several tumor cell lines (Chan et 
al., 2005; Huang et al., 2007; Huang et al., 2009; Lee et 
al., 2003; Saif et al., 2010; Vahedi et al., 2008). To our 
knowledge, little is known about the antiproliferative 
effect of different fractions obtained from Ziziphus spina 
christi. 

The current study investigated the antiproliferative 
properties of total extract as well as ethanol, ethanol-
aqueous and aqueous fractions in human breast 
adinocarcinoma cells (MCF-7). In consistence with the 
literature (Jafarian et al., 2014), cytotoxicity studies 
revealed that the total extract possessed a concentration-
dependent increase in the cell cytotoxicity in MCF-7 
cells with an IC50 of 0.2 mg/ml. Therefore, fractionation 
strategy was used to identify the most active fractions 
against breast cancer cell line. Among all the fractions 
tested for cytotoxic effects in MCF-7 cells, ethanolic 
fraction was found to be highly active with an IC50 of 
0.02 mg/ml. Interestingly, no time-dependency was 
observed in cytotoxic activity of ethanolic fraction on 
this cell line. It has been previously demonstrated that 
induction of apoptosis is one of the mechanisms for the 
anticancer activities of Ziziphus extracts in different 
cell lines (Huang et al., 2007; Vahedi et al., 2008). In 
agreement with the reported results, our annexin- V assay 
for apoptosis exhibited that the ethanolic fraction induced 
apoptosis in MCF-7 cells after 48 h of incubation at1/2 

IC50 concentration (Table 3).
It has long been reported that outcome of cellular 

viability/apoptosis is determined by the expression of pro- 
and anti-apoptotic proteins as well as the ratio between 
them (Gao & Dou 2000; Tasyriq et al., 2012; Kumar et 
al., 2013). In this respect, over-expression of Bcl-2 protein 
inhibits apoptosis whereby up-regulation of Bax protein 
induces apoptosis in the cancer cells (Ng et al., 2011; 
Mohan et al., 2012; Wu et al., 2012). In the present study, 
the ethanolic fraction revealed no significant change on 
the Bax or Bcl-2 expression at the protein level suggesting 
an independent mitochondrial apoptotic pathway induced 
by the ethanolic fraction. 

Alteration of DNA content induced by disturbance 
of cell cycle progression plays a pivotal role in the 
proliferation of cancer cells. Many anticancer drugs such 
as camptothecin, doxorubicin, cisplatin, 5-fluorouracil 
act through cell cycle arrest (Pieme et al., 2014). Here, 
put forwards this question whether G1/S phase arrest 
induced by Ziziphus spina christi ethanolic fraction is 
the prominent pathway for cytotoxic effects in MCF-7 
cells or not. Our results revealed an accumulation of 
G1 phase when the MCF-7 cells were treated with the 
ethanolic fraction of Ziziphus spina christi at 2×IC50 for 
48 h. The proportion of cells with DNA content in G0 
phase also showed a significant increase. These results 
propose that the apoptosis induced by the Ziziphus spina 
christi ethanolic fraction may be through the perturbation 
of MCF-7 cell cycle progression.

In conclusion, ethanol fraction of Ziziphus spina 
christi demonstrates antiproliferative properties on MCF-
7 cells by inducing apoptosis and G1/S phase cell arrest. 
However, our data exhibit that apoptosis induction is 
through a mitochondrial-independent pathway suggesting 
possible anticancer bioactive compounds which require 
isolation and further characterization. Indeed, further-in 
depth mechanism involved in apoptosis yet needs to be 
investigated as well as the identification of the active 
molecules present in the different parts of the plant.
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