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Abstract: Currently, nanotechnology and nanoparticles (NPs) are recognised due to their extensive applications in medicine
and the treatment of certain diseases, including cancer. Silver NPs (AgNPs) synthesised by environmentally friendly method
exhibit a high medical potential. This study was conducted to determine the cytotoxic and apoptotic effects of AgNPs
synthesised from sumac (Anacardiaceae family) fruit aqueous extract (AgSu/NPs) on human breast cancer cells (MCF-7). The
anti-proliferative effect of AgSu/NPs was determined by MTT assay. The apoptotic properties of AQSu/NPs were assessed by
morphological analysis and acridine orange/propidium iodide (AO/PI) and DAPI staining. The mechanism of apoptosis induction
in treated cells was investigated using molecular analysis. Overall results of morphological examination and cytotoxic assay
revealed that AgSu/NPs exert a concentration-dependent inhibitory effect on the viability of MCF-7 cells (IC50 of ~10 ymol/48
h). AO/PI staining confirmed the occurrence of apoptosis in cells treated with AgSu/NPs. In addition, molecular analysis
demonstrated that the apoptosis in MCF-7 cells exposed to AgSu/NPs was induced via up-regulation of Bax and down-
regulation of Bcl-2. These findings suggested the potential use of AGSu/NP as cytotoxic and pro-apoptotic efficacy and its

possible application in modern medicine for treating certain disorders, such as cancer.

1 Introduction

Cancer occurs as a result of genetic changes and cell abnormalities;
cancer is also one of the most destructive diseases with a high
mortality rate, and it is a severe problem in human health [1].
According to the World Health Organization, cancer rates will
increase to 25 million annually in the next two decades [2]. Breast
cancer is the most common cancer in women, despite efforts in the
field of prevention and treatment; many women die from this
disease annually [3]. Common treatments for breast cancer include
surgery, hormone therapy, immunotherapy, and systemic
chemotherapy; these treatments exhibit individual side effects [4].
For example, the main problems with cancer chemotherapy are
severe shortage of active drugs, low solubility, instability, and
biologically incompatible drugs [S]. Nanomedicine, a combination
of nanotechnology with medicine, offers new opportunity in new
therapeutic and medicinal areas. This novel field of nanoscience
has created the possibility of using these nanomaterials in the
treatment of many diseases, such as cancer [6]. The recent use of
nanoparticles (NPs) in medical applications, particularly in
imaging, treatment, and drug carriers, has attracted much attention
[7]. NPs are used to prevent tumour formation and progression
because of their intrinsic anti-cancer properties [2]. Among various
NP types, silver NPs (AgNPs) display wide applications of
nanotechnology and medicine due to their distinct biological
properties; these NPs are suitable candidates for the treatment of
some malignancies [6, 8]. In recent years, the use of plant extracts
in the preparation of metallic NPs as a convenient substitute for
physical and chemical methods has been proposed. Biological
synthesis of AgNPs using microorganisms, fungi, plants, and algae,
which are suitable replacements of toxic chemicals, is safe, simple,
durable [9], environmentally friendly, and nontoxic [10]. Plants
display superiority over other biological agents. Sumac is a
traditional herb; its leaves and fruits show therapeutic effects on a
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wide range of diseases, including diabetes mellitus, cancer, stroke,
oral diseases, inflammation, diarrhoea, and dysentery [S]. NPs
synthesised using plant extracts exhibit various pharmaceutical and
therapeutic effects. Therefore, in the present study, we investigated
the anti-cancer effects of AgNPs synthesised using sumac fruit
(Rhus coriaria L.) aqueous extract (AgSu/NPs). Sumac has
phenolic compounds such as tannin, quercetin, myristin,
anthocyanins, and organic acids. Polyphenols are very effective
against treating and preventing cancer, and this can be considered
as the importance of our research.

2 Material and methods

All cell cultured materials were obtained from Gibco (USA). RNA
isolation kit was purchased from Roche Company. cDNA synthesis
kit and SYBER green kit were purchased from Thermo Scientific
Company.

2.1 Cell culture and maintenance

Human breast cancer cells (MCF-7) were purchased from the
Pasture Institute of Tehran, Iran. These cells were grown in RPMI
medium complemented with FBS (%10) and antibiotic (%1) and
incubated at 37°C in a humidified condition with CO; (5%).

2.2 MTT assay

The proliferation of MCF-7 cancer cells was evaluated by MTT
reduction assay. Cells were seeded (1 x 10° cells/ml) in a 96-well
plate and incubated for 24 h. Afterwards, the cancer cells were
exposed to appropriate concentrations of AgSu/NPs for 24, 48, and
72 h. Cell viability was assessed by MTT test after the exposure
period. The absorbance was also measured at 570 nm by a
spectrophotometer.
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Table 1 Primer sequences
Genes Forward 5'—3'
GAPDH 5TGAACGGGAAGCTCACTGG3'
BAX 5TTTGCTTCAGGGTTTCATCCA3'
Bcl-2 5'CATGTGTGTGGAGAGCGTCAAC3'
Genes Reverse 5'-3'
GAPDH 5'GCTTCACCACCTTCTTGATGTC3'
BAX 5'CTCCATGTTACTGTCCAGTTCGT3'
Bcl-2 5'CAGATAGGCACCCAGGGTGAT3'
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Fig. 1 Assessment of the viability of MCF-7 cells exposed to AgNPs
synthesised using sumac fruit (Rhus coriaria L.) aqueous extract (AgSu/
NPs) compared with that of untreated cells using MTT assay. ***P < 0.001
was considered significant, and results are presented as mean +SD
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Fig. 2 Assess the effect of AgSu/NPs on cell and nuclear morphology in
MCF-7 cells

(a)The cells were treated for 48 h with different concentrations of AgSu/NPs and then
morphological studies were conducted using the inverted microscope, (b) Study
changes in cell nuclei were done with DAPI staining, (¢) AO/PI staining of cells,
observed by fluorescence microscope

2.3 Cell morphological assessment

To investigate the effects of AgSu/NPs on the morphological
properties of cancer cells, MCF-7 cells were seeded in six-well
plates (3 x 10%). After 24 h, the cancer cells were exposed to
appropriate  concentrations of AgSu/NPs for 48h. The
morphological characteristics of the treated and untreated MCF-7
cells were investigated by using an inverted microscope.

2.4 DAPI staining

DAPI staining was used to detect the cell death induced by AgSu/
NPs. Cells were seeded, treated for 48 h with various
concentrations of AgSu/NPs, washed, and fixed (10 min each) with
PBS and methanol. Finally, DAPI was added to the cells at a
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concentration of 0.5 pg/ml for 5 min. The apoptotic nuclei were
examined under a fluorescent microscope.

2.5 Acridine orange (AQ) and propidium iodide (Pl) double
staining

To determine the type of cell death, the MCF-7 cells were stained
with AO/PI, which was used as fluorescent probe. The cells were
harvested, washed with PBS, and mixed with the fluorescent dye
(1:1), which contained 10 pl of AO (100 pg/ml) and PI (100 pg/
ml), after the treatment period; these cells were observed under
fluorescence microscope [11].

2.6 Flow cytometry

The flow cytometric technique was used to detect the effect of
AgSu/NPs on the percentage of apoptotic nuclei. MCF-7 cells were
treated with different concentrations (5, 10, and 15 uM) of NP.
Afterwards, PI was used to stain cells. Apoptosis was evaluated by
a FACScan laser flow cytometer after incubation (30 min, 37°C).

2.7 Assessment of alterations in gene expression of Bax and
Bcl-2

The alterations in the expression of Bax and Bcl-2 mRNA were
examined by real-time PCR. The total RNAs of treated and
untreated cells were extracted by the high-pure RNA isolation kit
(Roche, Germany) in accordance with the company's protocol and
subsequently kept at—80 °C. To synthesise the complementary
DNA, reverted first-strand cDNA synthesis kit (Thermo Scientific)
was used. The obtained cDNA (2 pl) was added to SYBR Green
master mix (10 pl) for real-time PCR. Appropriate forward and
reverse primers (2 pl) and water were also added to obtain a
volume of 20 pl. Real-time PCR was performed on a Bio-Rad
CFX96 detection system. The primers used are listed in Table 1.

2.8 Data analysis

Data analyses were carried out using SPSS software. The level of P
< 0.05 was considered significant. All results are expressed as
mean + SD. Comparisons of multiple groups were conducted
through ANOVA and LSD test.

3 Results
3.1 Cell proliferation assay

Assessment of the anti-proliferative effect of AgSu/NPs on MCF-7
cells revealed that with increased concentrations of AgSu/NPs, the
cell survival was reduced. As shown in Fig. 1, AgSu/NPs inhibited
the viability of cancer cells in a time- and dose-dependent manner.
Result showed that the median concentration (IC5g) was ~10 pM.

3.2 Morphological observation

Morphological studies revealed that the toxicity of AgSu/NPs on
MCEF-7 cancer cells caused changes in the size, shape, and volume
of cells (Fig. 2a). DNA fragmentation and nuclear apoptosis were
confirmed by DAPI staining. Fig. 2b shows that the nuclei in
apoptotic cells are well condensed and those in untreated cells are
ideally round. AO/PI staining demonstrated that with increased
concentrations of AgSu/NPs, apoptosis was induced in the cells,
and the cell colour was changed from green (living cells) to yellow
and red (cell apoptosis) (Fig. 2¢).

3.3 Flow cytometry

Flow cytometric analysis indicated that subGl peak was
significantly increased in treated cells compared with that in the
control. Additionally, apoptosis was dose-dependently induced in
breast cancer cell line treated with AgSu/NPs (Fig. 3).
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Fig. 3 Effect of different concentrations of AgSu/NPs on the cell cycle of
the MCF-7 cells by flow cytometry
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Fig. 4 Assessment of alterations in expression of Bax and Bcl-2 genes in
MCF-7 cells exposed to different doses of AgSu/NPs compared with
untreated cells. ***P < 0.001 were considered significant and result are
presented as mean £ SD

3.4 Effect of AgSu/NPs on Bax and Bcl-2 gene expression in
MCF-7 cells

Real-time PCR analysis indicated that the exposure of MCF-7 cells
to AgSu/NPs significantly reduced the gene expression of Bcl-2 as
an anti-apoptotic gene and increased the expression of Bax as a
pro-apoptotic gene compared with those in the control group

(Fig. 4).

4 Case studies

Environmentally friendly synthesis of NPs using different plants is
a simple and safe method of NP synthesis. One of the most
considerable concerns in the field of nanotechnology is the use of
environmentally friendly processes for the synthesis of NPs with
specific properties [8]. Evidence showed that AgNPs synthesised
by environmentally friendly method is important to a wide range of
applications. Cancer therapy is the most important aspect in the use
of these NPs. AgNPs synthesised by using different plant species
can reduce the rate of tumour cell growth in a variety of cancer cell
lines [12]. However, no information is available about the use of
AgSu/NP as an anti-malignancy agent against breast cancer cells.
Hence, in the present study, the anti-cancer properties of AgSu/NPs
were investigated. Results showed that the AgSu/NPs can inhibit
the MCF-7 cells with ICsy of ~10 uM after 48 h of incubation
(Fig. 1). Morphological observation and fluorescent images also
confirmed the occurrence of apoptosis in cells treated with NPs
(Fig. 2). In addition, these NPs can induce apoptosis in MCF-7
cells by decreasing the expression of Bcl-2 and increasing the
expression of Bax gene (Fig. 3). Previous studies demonstrated that
AgNPs can also influence the expression of genes related to
apoptosis and cell cycle; they exert inhibitory effect on cancer cells
[13]. The innate toxicity of NPs is related to size, shape, and other
characteristics, which can lead to the production of free radicals,
DNA damage, and denaturation of some proteins [14]. The
cytotoxic effects of AgNPs synthesised using environmentally
friendly methods on certain cancer cells lines, such as human
epithelioma cells (Hep-2) [15], human epithelial carcinoma cells
(HeLa) [13], fibrosarcoma cells (Wehi 164) [16], human breast
cancer cells (MCF-7) [17], and human ductal breast epithelial

602

tumour cells (T47D) [18], have been reviewed and approved. In
2009, Miura et al. compared the cytotoxic effect of two
compounds, namely nano-Ag and AgNOs; their results showed that
AgNOj (ICs5p: 17 ng Ag/ml) significantly inhibits the HeLa cells
compared with that of nano-Ag (92 ug Ag/ml). Flow cytometry
results revealed that nano-Ag induces apoptosis to suppress HeLa
cells [19]. In 2014, Garvita et al. synthesised AgNPs from a kind of
cyanobacteria (Ag-CNPs) and examined their antibacterial and
anti-cancer properties. Their results showed that the Ag-CNPs
significantly inhibit the growth of cancer cells (Dalton's lymphoma
and human carcinoma colo205 cells) even at low concentrations.
This toxicity may be due to the production of reactive oxygen
species and subsequent damage to DNA, which ultimately leads to
the induction of apoptosis [20]. Heydari and Rashidipour
synthesised AgNPs using oak fruit hull (jaft) extract and assessed
the cytotoxic effects AgNPs and AgNPs with jaft extract on
MCF-7 cells. Their results indicated that the AgNPs with jaft
extract (ICsp: 0.04 pug/ml) exert stronger cytotoxic effect on treated
cells than that of AgNPs (ICsp: 50pg/ml) (Heydari and
Rashidipour, 2015). Another study confirmed the apoptotic effect
of AgNPs on glioblastoma multiforme cells [21]. Govender et al.
synthesised AgNPs from the extract of Albizia adianthifolia (AA-
AgNPs) and investigated their anti-cancer properties on human
lung cells (A549). Their findings showed that the AA-AgNPs
reduce cell viability in a dose-dependent manner. Moreover,
apoptosis is 1.5-fold higher in the cells exposed to AA-AgNPs than
that in untreated cells; the expression of CD95 receptor in these
cells is also significant. NP treatment on cells results in a 2.5-fold
decrease in the activity of caspase 8 and 1.7- and 1.4-fold increase
in caspase-3-7 and caspase 9, respectively. Results also showed
that treatment with AA-AgNPs causes a 16-fold increase in the
expression of Bax gene as a pro-apoptotic gene [22]. The present
study showed that the AgSu/NPs induced a six-fold increase in the
gene expression of Bax. Another study in 2015 presented similar
result; this specific study investigated the anti-cancer effects of
Achillea biebersteinii AgNPs (Ab-AgNPs) on MCF-7 cell line by
focusing on the apoptosis process. AgNPs decrease (ICsy: 20
pg/ml) the cell viability in a dose-dependent manner.
Morphological and fluorescent staining (DAPI and AO) results
confirmed the occurrence of apoptosis. Furthermore, their results
showed that the treatment of MCF-7 cells with Ab-AgNPs induces
change in the expression of genes associated with apoptosis; this
result was confirmed by a decrease in the Bcl-2 gene expression
and increase in the Bax gene expression [23], which is similar to
our results. Previous results of human and animal cells exposed to
AgNPs also indicated that these particles can induce apoptosis by
altering the expression of genes involved in this process, such as
Bax and Bcl-2 [24]. Different strategies, such as induction of
apoptosis and inhibition of angiogenesis, can be used to inhibit
cancer cells and prevent their progression. AgNPs can cause cell
death by targeting apoptotic pathways [25]. In 2015, Archana et al.
showed that the CPS films that contain silver oxide NPs in
combination with chitosan and poly vinyl pyrrolidone can
strikingly reduce the viability of L929 cells. This study confirmed
that silver NPs, with some suitable substrates also have cytotoxic
effects [26]. According to these results and our study, AgSu/NPs
exhibit remarkable cytotoxic activities. These NPs can also inhibit
the growth of MCF-7 cell line in a dose-dependent manner and
subsequently induce apoptosis. The toxicity properties of
AgSu/NPs can be utilised for the development of therapeutic
agents to eliminate cancer cells. AgSu/NPs can also be used as
potential anti-cancerous agents. Anti-cancerous AgSu/NPs
suggested the possible utilisation of biogenic AgNP as an effective
and biocompatible biocide.
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