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Objectives: Silver nanoparticles (AgNPs) are one of the most vital and fascinating nanomaterials used in
biomedical applications. Moreover, natural products from medicinal plants provide unlimited opportuni-
ties for drug development owing to the unmatched availability of a biochemical diversity. In this study,
we biosynthesized AgNPs from the leaf extract of Ochradenus arabicus using silver nitrate and evaluated
the cytotoxicity and apoptosis inducing ability of the O. arabicus AgNPs (OA-synthesized AgNPs) against
the MCF-7 human breast cancer cells.
Methods: The OA-synthesized AgNPs were characterized by X-ray diffraction, UV–visible spectroscopy,
and transmission electron microscopy.
Results: The OA-synthesized AgNPs were highly toxic to the MCF-7 cells as the cell proliferation was sig-
nificantly decreased post-treatment. The intracellular level of reactive oxygen species (ROS) was signifi-
cantly increased (p < 0.05). Moreover, a dose-dependent increase in the percentage of apoptosis and
autophagy was also evident.
Conclusion: The findings of this study confirm the ability of OA-synthesized AgNPs to stimulate apoptosis
and suppress cell growth and proliferation.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Breast cancer, a malignant tumor, is the second most globally
encountered cancer and a leading cause of cancer-related deaths
among females in the developing nations (Jemal et al., 2011). The
conventional treatment methods for breast cancer lead to
unwanted side effects and resistance to anticancer drugs (Lodha
et al., 2011). Therefore, there is a need for developing effective
novel therapies using natural products as anticancer agents for
decreasing the incidence and severity of breast cancer (Arulvasu
et al., 2010). Medicinal plants have shown activity against various
metabolic diseases and cancers. In recent years, nanoparticles
(NPs) synthesized from medicinal plants have become the focus
of research (Kuppusamy et al., 2016). NPs play a critical role in
refining the compatibility and bioavailability of natural products
in the treatment of several chronic diseases, including cancer
(Rao et al., 2016).

The increasing production and use of nanomaterials have led to
the emergence of new materials, which contribute to the environ-
mental burden of engineered NPs. The release of the NPs in the
environment has become a human health concern (Ribeiro et al.,
2013). Metal NPs are produced in different ways, most commonly
by chemical and physical methods. Through these methods, pure
NPs are produced; however, the chemicals used in the synthesis
process can be toxic and expensive, and the process consumes a
lot of energy. Thus, these methods are not suitable for biological
applications (Ghaffari-Moghaddam et al., 2014).

Many experimental challenges and issues are encountered
while assessing the toxicity of nanomaterials; hence, further stud-
ies will be needed to conclusively establish the safety/toxicity of
NPs. The main molecular mechanism of toxicity is induction of
oxidative stress through the production of free radicals. Reactive
oxygen species (ROS) are important molecules that induce apopto-
sis, DNA damage, oxidative stress-induced damage, and many
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other cellular processes. Excessive free radicals damage biological
components through oxidation of lipids, proteins, and DNA (Nel
et al., 2006; Deavall et al., 2012). One of the most important
impacts of the action of NPs seems to be their ability to cause
DNA damage. DNA damage is usually detrimental with adverse
consequences on metabolism and cell cycle, and can be lethal
(Rodriguez-Rocha et al., 2011).

Recently, extracts of Adenium obesum have been successfully
used to prepare NPs and their cytotoxicity against MCF-7 cells
has been reported (Farah et al., 2016). However, the mechanisms
of apoptosis and DNA damage induced by plant extract-based
nanomaterials are unclear. Ochradenus arabicus is a medicinal plant
belonging to the family Resedaceae that is mostly grown in the
desert regions of middle-east countries, including Saudi Arabia
(Miller, 1984). The biological activity of O. arabicus is unknown
as is its potential as a source of silver NPs (AgNPs). The present
investigation was undertaken to develop a novel method for the
biosynthesis of O. arabicus AgNPs (OA-synthesized AgNPs) using
O. arabicus leaves extract. The NPs were characterized by standard
methods and their potential to induce ROS and cell death in breast
cancer cells was evaluated.

2. Materials and methods

2.1. Plant material and preparation of extract

The leaves of O. arabicus (Fig. 1A) were collected from a natural
habitat around Riyadh, Saudi Arabia. The crude aqueous extract
was prepared by a method reported previously (Farah et al.,
2016). Briefly, leaves were washed thoroughly and crushed into
small pieces, oven-dried at 50 �C, and powdered. The dried and
powdered leaves were boiled in deionized water for 10 min. After
the solution was cooled, the aqueous extract was filtered through
the Whatman filter paper No. 1 (Maidstone, UK).

2.2. Biosynthesis and characterization of AgNPs

AgNPs were biosynthesized by a method developed in our lab-
oratory and reported previously (Farah et al., 2016). In brief, a reac-
tion mixture containing 99 mL of 1 mM AgNO3 + 1 mL of aqueous
leaves extract was prepared and incubated at 25 �C until the slight
yellowish solution turned brown, which was indicative of the syn-
thesis of AgNPs. Finally, the AgNPs were recovered by centrifuging
the reaction mixture at 10,000 rpm for 10 min and dissolving the
pellet in sterile distilled water. The biosynthesized AgNPs were
stored under ambient conditions for further characterization and
Fig. 1. Synthesis of O. arabicus silver nanoparticles (OA-synthesized AgNPs). (A)
Dried leaves of O. arabicus. (B) Mixture of 1 mM AgNO3 solution and O. arabicus
leaves extract. (C) Change in the color of the reaction solution from slight yellowish
to brown after 120 min, indicating the green synthesis of OA-synthesized AgNPs.
(D) UV–visible absorption spectra of the OA-synthesized AgNPs exhibited a strong
broad peak at 420 nm.
application. The color change was monitored by scanning the sam-
ple with an ultraviolet–visible (US–vis) spectrophotometer (Bio-
Tek, Winooski, VA, USA) at 300 nm–700 nm for up to 120 min.
The crystalline structure of the biosynthesized AgNPs was investi-
gated by recording their X-ray diffraction (XRD) pattern in a scan-
ning mode using an X’pert Pro diffract meter (PANalytical, Almelo,
Netherlands). To confirm their size and shape, transmission elec-
tron microscopy (TEM) images of the AgNPs were captured after
dispersing the sample on a carbon-coated copper TEM grid.
2.3. Cell culture and cytotoxicity assay

MCF-7 breast cancer cells (American Type Culture Collection,
Manassas, VA, USA) were cultured at 37 �C and 5% CO2 in a mini-
mum essential medium (MEM) supplemented with 1% penicillin/
streptomycin and 10% FBS. The cells were grown as adherent
monolayers and the exponentially growing MCF-7 cells were tryp-
sinized and re-suspended in MEM at a density of 1 � 105 cells/mL
and used for subsequent experiments. The cytotoxicity of OA-
synthesized AgNPs was assessed by the MTT colorimetric assay
(Mosmann, 1983) performed with some modifications. MCF-7 cells
at a density of 10,000 cells/well were grown in 96-well plates and
then treated with various concentrations of OA-synthesized AgNPs
(600 lg/mL, 500 lg/mL, 400 lg/mL, 300 lg/mL, 200 lg/mL,
100 lg/mL, 50 lg/mL, 25 lg/mL, and 15 lg/mL) for 24 h. A CellTi-
ter 96� non-radioactive cell proliferation assay kit (Promega, Madi-
son, WI, USA) was used following the manufacturer’s instructions.
At the end of the experiment, the optical density (OD) of each well
was recorded with a microplate reader (BioTek�, Winooski, VA,
USA) at 550 nm. To determine the IC50 value, the percentage of
cytotoxicity of the OA-synthesized AgNPs in the MCF-7 cells was
compared to that in the untreated cells. Further, to analyze any
changes in the morphology, MCF-7 cells were treated with three
sub-lethal concentrations of OA-synthesized AgNPs (25 lg/mL,
50 lg/mL, and 75 mg/mL) for 24 h. The cells were observed under
a phase contrast inverted microscope (Olympus, Tokyo, Japan)
and images were captured at 100X magnification.
2.4. Intracellular ROS measurement

Intracellular generation of ROS was analyzed by spectrofluo-
rometry and fluorescence microscopy. MCF-7 cells were grown
and treated with 25 lg/mL, 50 lg/mL, and 75 lg/ml OA-
synthesized AgNPs for 24 h at 37 �C. Then, the cells were stained
with 25 lM working solution of DCFH-DA in a serum-free medium
at 37 �C for 30 min. The microplate reader (BioTek�) was used to
record the intensity of the green fluorescence (excitation wave-
length, 485 nm; emission wavelength, 528 nm). Similarly, fluores-
cence images were acquired using appropriate filter settings in a
compound microscope (BX41 Olympus, Tokyo, Japan) equipped
with a fluorescence attachment.
2.5. Annexin-V apoptosis assay

Annexin V-FITC apoptosis detection kit (BD Biosciences, San
Diego, USA) was used to measure apoptosis in the MCF-7 cells.
Briefly, cells were cultured and treated with three sub-lethal doses
of OA-synthesized AgNPs (25 lg/mL, 50 lg/mL, and 75 lg/mL) for
24 h. Next, the cells were re-suspended in 100 mL of 1X binding
buffer (1 � 106 cells/mL). Then, 5 mL each of annexin V–FITC and
PI were added to the cell suspension and the suspension was incu-
bated in dark for 20 min at room temperature. Finally, the samples
were analyzed in a BD FACS Calibur flow cytometer (BD, Miami, FL,
USA).
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Fig. 2. (A) Representative images of transmission electron microscopy (TEM). The
images revealed mostly spherical particles in the size range of 5 nm–25 nm. (B) XRD
pattern of the OA-synthesized AgNPs using O. arabicus extract showing the facets of
crystalline silver.
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2.6. Analysis of apoptosis induction by acridine orange–ethidium
bromide staining

To detect condensed apoptotic or necrotic nuclei, MCF-7 cells
were cultured and exposed to 25 lg/mL, 50 lg/mL, and 75 lg/
mL OA-synthesized AgNPs as mentioned above. After 24 h of treat-
ment, the cells were stained by adding equal volumes of acridine
orange (AO) and ethidium bromide (20 lg/mL; each prepared in
PBS). The stained cells were observed under a compound micro-
scope (Olympus BX41, Japan) equipped with a fluorescence attach-
ment. The images were captured using appropriate filter settings
for fluorescence (excitation wavelength, 488 nm; emission wave-
length, 525 nm). More than 300 cells were quantified to estimate
the percentage of apoptotic and necrotic cells based on the uptake
of AO and ethidium bromide. The criteria for identification were as
follows: intact green nucleus, viable cells; dense green areas of
chromatin condensation in the nucleus, apoptosis; intact orange
nucleus, necrosis.

2.7. Detection of autophagy by acridine orange staining

The presence of acidic vesicular organelles (AVOs) in MCF-7
cells was considered as a marker of autophagy induction. The cells
were cultured and exposed to the three sub-lethal concentrations
of OA-synthesized AgNPs (25 lg/mL, 50 lg/mL, and 75 lg/mL)
and further incubated for 24 h. Then, the cells were stained with
5 mg/mL AO in a serum free medium at room temperature. The
stained cells were observed under a compound microscope (Olym-
pus BX41, Japan) fitted with a fluorescence attachment. The images
were captured using appropriate filter settings for fluorescence
(excitation wavelength, 488 nm; emission wavelength, 525 nm).

2.8. Statistical analysis

All the above-mentioned experiments were performed inde-
pendently in triplicate. The results of the three replicates have
been presented as mean ± standard errors of the mean (SEM).
The MTT assay data have been presented as linear graphs. The
results were statistically analyzed by applying the Student’s t-
test for comparison between the means using a significance level
of p < 0.05.
3. Results

3.1. Biosynthesis and characterization of AgNPs

After the aqueous leaves extract of O. arabicus was mixed with
AgNO3 solution, the color of the reaction mixture changed from
yellowish to brown over a period of 120 min (Fig. 1B and 1C). This
change in the color of the reaction mixture indicated that the O.
arabicus extract accelerated the biosynthesis of the OA-
synthesizedAgNPs, which was found to be consistent with results
of the previous reports (Dwivedi and Gopal, 2010; Farah et al.,
2016). The UV–vis spectroscopy of OA-synthesized AgNPs revealed
a distinct peak at 420 nm (Fig. 1D). The UV–vis spectra recorded
after 24 h of completion of biosynthesis reaction revealed
increased absorption, confirming the completion of OA-
synthesized AgNPs.

The crystalline structure of the synthesized AgNPs was investi-
gated by XRD. The X-ray patterns of the synthesized and subse-
quently lyophilized AgNPs have been shown in Fig. 2B. The XRD
peaks at 38.1� and 44.3� may be attributed to the (1 1 1 and 2 0
0) crystalline planes of the face-centered cubic structure of the
AgNPs. TEM was used to examine the morphology and size of the
biosynthesized OA-synthesized AgNPs. The OA-synthesized AgNPs
were spherical with the average diameter ranging from 5 nm to
25 nm (Fig. 2A). The darker shaded capping on the NP surface
showed the presence of secondary materials that may be attribu-
ted to bio-compounds present in the O. arabicus leaves extract.
These bio-components can reduce the efficiency of Ag salts in
NPs and serve as suitable capping agents to prevent aggregation
of NPs (Makarov et al., 2014).

3.2. Cytotoxicity of OA-synthesized AgNPs

The cytotoxicity of the OA-synthesized AgNPs in MCF-7 cells at
various concentrations (15 lg/mL, 25 lg/mL, 50 lg/mL, 100 lg/mL,
200 lg/mL, 300 lg/mL, 400 lg/mL, 500 lg/mL, and 600 lg/mL)
was evaluated by the MTT assay. The percentage cell viability
was found to be 9.95% and 88.54% at the highest (600 lg/mL)
and lowest (15 lg/mL) concentration of the OA-synthesized AgNPs
(Fig. 3), respectively, indicating a visible dose-dependent effect of
the OA-synthesized AgNPs. The IC50 value of the OA-synthesized
AgNPs was estimated at 100 lg/mL. Based on these findings, three
different sub-lethal concentrations (25 lg/mL, 50 lg/mL, and
75 lg/mL) of the OA-synthesized AgNPs were subsequently used
in the experiments. Further, the morphology of the MCF-7 cells
treated with OA-synthesized AgNPs for 24 h was examined under
inverted microscopy. Control cells displayed a normal morphology
(Fig. 4 control); the cells attached to the surface and attained a
growth of about 96%–100%. Cell death was evidently observed in
the OA-synthesized AgNPs treated MCF-7 cells. Additionally, cell
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Fig. 3. Inhibition of MCF-7 cell proliferation after treatment of the cells with the indicated concentrations of OA-synthesized AgNPs. The IC50 value post 24 h of exposure was
estimated to be 100 mg/mL by the MTT assay.

Fig. 4. Morphological changes in MCF-7 cells after exposure of the cells to the indicated concentrations of OA-synthesized AgNPs for 24 h. The untreated cells (control) were
normal in terms of growth and shape. The treated cells exhibited loss of cell adhesion and decreased cell density due to cell death (25 lg/mL–75 mg/mL) (magnification 100X).
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shrinkage was evident with the loss of cell adhesion, reduced cell
size, and decreased cell density (Fig. 4 25–75 lg/mL).

3.3. Intracellular ROS measurement

The intracellular ROS generation in MCF-7 cells was evaluated
by DCFH-DA fluorescence staining. Fig. 5A-5D display representa-
tive fluorescence images obtained after the exposure of the cells
to the OA-synthesized AgNPs for 24 h. A concentration-
dependent elevation in the ROS level was observed in the exposed
cells compared to that in control. The pattern of increased intensity
of green fluorescence was also confirmed by quantitative estima-
tion, where a significant (p < 0.05) increase in the ROS level
(123%, 165%, and 191%) was observed in the cells treated with
25 lg/mL, 50 lg/mL, and 75 mg/mL OA-synthesized AgNPs com-
pared to that in the control cells (Fig. 5E).



Fig. 5. Detection of intracellular ROS induced by OA-synthesized AgNPs in MCF-7 cells by fluorescence microscopy. (A) Control cells, (B) 25 mg/mL (C) 50 mg/mL, and (D) 75 mg/
mL. (E) Detection of intracellular ROS by measurement of fluorescent intensity. The values have been expressed as mean ± SE (*Significant, p < 0.05).
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3.4. Annexin-V apoptosis assay

The extent of apoptosis in MCF-7 cells was quantified as shown
in the representative dot plots; 1.75%, 1.62%, and 0.58% of the
untreated cells underwent early apoptosis, late apoptosis, and
necrosis, respectively. The incidence of apoptosis in the control
group reflected the natural course of these events during cell
growth in culture. Treatment with 25, 50, and 75 mg/mL OA-
synthesized AgNPs significantly (p < 0.05) increased the proportion
of cells that underwent early apoptosis (5.38%, 6.55%, and 8.35%,
respectively), late apoptosis (12.59%, 14.51%, and 17.32%, respec-
tively), and necrosis (11.38%, 11.68%, and 14.65%, respectively)
compared to that in the control cells post 24 h of exposure
(Fig. 6A–D).

3.5. Detection of apoptotic changes in MCF-7 cells

To analyze whether the increase in cell death was due to apop-
tosis, the MCF-7 cells were exposed to OA-synthesized AgNPs as
indicated above (Section 3.2) for 24 h and stained with AO and
ethidium bromide. About 92.2% of viable cells were observed
among the untreated MCF-7 cells. These cells showed even distri-
bution of the AO stain (green fluorescence) with normal nuclear
morphology and no red fluorescence (Fig. 7A). A significant
(p < 0.05) decrease in the percentage of viable cells was registered
in all the treated samples. Conversely, the percentage of apoptotic
cells increased significantly in all the treatments as seen by the
number of red-colored cells (Fig. 7B-7D). In each group, 300 cells
were analyzed for quantifying the apoptotic and necrotic cells,
which revealed that OA-synthesized AgNPs induced the highest
percentage of apoptotic (26%) and necrotic (12%) cells at the high-
est concentration of 75 mg/mL (Fig. 7E).

3.6. Detection of autophagy by acridine orange staining

To elucidate the role of OA-synthesized AgNPs in inducing
autophagy in the MCF-7 cells, AO dye was used for the detection
of acidic vesicular organelles (AVOs). Treatment of MCF-7 cells
with OA-synthesized AgNPs (25 lg/mL, 50 lg/mL, and 75 mg/mL)
for 24 h revealed the appearance of AVOs. Images obtained from
fluorescence microscopy revealed that the control MCF-7 cells
exhibited minimum number of AVOs in the cytoplasm and showed
mostly green fluorescence with minimal red/orange fluorescence
(Fig. 8A). Conversely, comparatively more number of AVOs was



Fig. 6. Detection of apoptosis in MCF-7 cells by annexin V-FITC/PI staining analyzed by flow cytometry. The percentage of viable cells and of cells undergoing early apoptosis,
late apoptosis, and necrosis has been shown. (A) Control cells, (B) cells treated with 25 mg/mL OA-synthesized AgNPs, (C) cells treated with 50 mg/mL OA-synthesized AgNPs,
and (D) cells treated with 75 mg/mL OA-synthesized AgNPs.
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observed in the perinuclear region of the cytoplasm in majority of
the treated cells (Fig. 8B–D).

4. Discussion

AgNPs biosynthesized from medicinal plant extracts, including
OA-synthesized AgNPs, may play critical roles in refining the com-
patibility and bioavailability of natural products in the treatment
of several chronic diseases. Analysis of the UV–vis spectrum pro-
vides valuable information for structurally characterizing AgNPs.
Due to the presence of capping agent, the absorbance of AgNPs is
governed mainly by their shape and size (Sherry et al., 2005). In
general, SPR peaks decrease in number as the symmetry of the
NPs increases (Nehl et al., 2006).

The exact mechanism of the biosynthesis of AgNPs using leaf
extracts of plants remains unclear, but may involve chemical con-
stituents such as phenolics, proteins, and reducing agents
(Satyavani et al., 2011). The stabilization and reduction of Ag+ by
a combination of biomolecules found in the leaves extracts of
plants, including proteins, enzymes, amino acids, polysaccharides,
alkaloids, phenolics, saponins, tannins, vitamins, and terpenoids,
has been documented (Kulkarni and Muddapur, 2014; Benelli,
2016). Biosynthesis of AgNPs involves organic molecules function-
ing as capping agents that help in stabilizing the NPs (Benelli,
2016). The results of current study further corroborated the OA-
synthesized AgNPs synthesis as sharp bands typical of the Bragg
peaks were observed in X-ray diffraction, which may be due to
the various reducing agents present in the O. arabicus leaves
extract (Balakrishnan et al., 2016). The biologically active bio-
components of leaves extracts and Ag salts are diverse in terms
of concentration and bio-composition. The variation in the reaction
conditions and composition of a reaction mixture through changes
in pH and temperature and inclusion of bio-matrices as additives
serves to control the morphology, shape, and size of NPs (Ahmed
et al., 2016).

In a previous study using a crude ethanolic extract of O. arabi-
cus, the IC50 value in MCF-7 cells was determined to be 562 lg/
mL (Ali et al., 2016). Conversely, the IC50 value of the MCF-7 cells
treated with pure AgNPs was found to be 73 lg/mL (Farah et al.,
2016). The cytotoxic effect of OA-synthesized AgNPs may be
attributed to the high content of flavonoid glycosides found in
O. arabicus, which may be involved in the reduction process of
OA-synthesized AgNPs. Phytochemical investigations of plants of
the family Resedaceae, including Caylusea, Ochradenus, and Reseda,
revealed the presence of various flavonoid glycosides, including
kaempferol, isorhamnetin, luteolin, and quercetin (Villelaet al.,
2011; Ali et al., 2016). These flavonoid glycosides may have anti-
neoplastic properties and a potent ability to induce cell death via
molecular mechanisms that include activation of the intrinsic
pathway of autophagy, generation of ROS, and apoptosis (Wu
et al., 2016). Apoptosis has been identified as a major mechanism
of death in cells exposed to AgNPs synthesized using a plant
extract (Farah et al., 2016). However, additional parameters may
be operative in the NP-induced cell death (Khan et al., 2007).



Fig. 7. Dual staining of MCF-7 cells with acridine orange and ethidium bromide for the analysis of apoptotic morphological changes induced by OA-synthesized AgNPs
observed under fluorescence microscopy. (A) Control cells, (B) 25 mg/mL (C) 50 mg/mL (D) 75 mg/mL. Magnification: 200�. (E) Quantification of apoptotic and necrotic cells
based on the uptake of acridine orange and ethidium bromide (number of cells analyzed in each group = 300). All data have been expressed as mean ± SE. * Significant
(p < 0.05) compared with corresponding controls.
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The interaction between AgNPs and mammalian cells can lead
to induction of oxidative stress through production of ROS at a con-
centration that can eliminate antioxidants, such as reduced glu-
tathione, and inhibit antioxidant enzymes, including superoxide
dismutase and glutathione peroxidase, which results in DNA dam-
age (Asharani et al., 2009; Foldbjerg et al., 2011). Induction of
oxidative stress is one of the important mechanisms of toxicity
of AgNPs (Gurunathan et al., 2013). Increased intracellular ROS
causes oxidative damage to cell components, which ultimately
leads to cell death (Mohamed et al., 2014). Oxidative stress can
promote apoptosis in response to a variety of signals and patho-
physiological situations (Foldbjerg et al., 2011). It has been
reported that AgNPs synthesized from the extract of leaves can
induce oxidative stress (Farah et al., 2016). Hence, intracellular
ROS can be a crucial indicator of the toxic effects of NPs (Suliman
et al., 2015).

A relationship has been documented between autophagy and
ROS, where the generation of ROS eventually leads to apoptosis
and autophagy (Vlahakis et al., 2017; Smuder et al., 2018). There-
fore, in this study, we sought to understand and clarify the roles
of autophagy and ROS in determining the fate of the MCF-7 breast
cancer cells treated with OA-synthesized AgNPs. Lee et al. (2014)
suggested that the cells exposed to excess ROS because of treat-
ment with AgNPs may undergo altered autophagy, which results
in the accumulation of damage to organelles like mitochondria,
which can induce inflammation, DNA damage, and oxidative stress.
The results obtained in this study were found to be consistent with
previous reports (Farah et al., 2016; Buttacavoli et al., 2018). Dys-
function in the autophagy process has been recognized as a possi-
ble mechanism of cell death, resulting in either autophagy or
apoptosis (Kroemer and Jäättelä, 2005). The metabolic rate in all
types of cancer cells is higher than the basal rate, which results
in an increased level of intracellular ROS (Buttacavoli et al., 2018)
that ultimately leads to increase in oxidative stress in the cells,
making them more vulnerable to an ROS-mediated attack and,
eventually, cell death (Ling et al., 2011). ROS selectively targets
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Fig. 8. Induction of autophagy in MCF-7 cells was evaluated based on the formation of acidic vesicular organelles (AVOs) stained by acridine orange. The cells were exposed to
OA-synthesized AgNPs for 24 h (A) Control cells, (B) 25 mg/mL (C) 50 mg/mL (D) 75 mg/mL. Magnification: 400X.
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malignant cancer cells for the induction of autophagy, which has
significant effects on anticancer therapy, including breast cancer.
The role of autophagy in apoptosis is important because of the
potential of autophagy in modifying cell death. Thus, autophagy
has been considered a therapeutic target in neurodegeneration
and cancer (Ling et al., 2011; Kim et al., 2019).
5. Conclusions

The present study demonstrated the potential of medicinal
plant O. arabicus as a capping and biological reducing agent for
the synthesis of new materials. OA-synthesized AgNPs can be syn-
thesized easily, rapidly, and inexpensively. The viability of MCF-7
cells treated with various concentrations of OA-synthesized AgNPs
was decreased in a dose-dependent manner. The IC50 value of the
OA-synthesized AgNPs (100 mg/mL) was found to be decreased
compared to that of the crude extract. OA-synthesized AgNPs also
increased the intracellular ROS levels and enhanced the rate of
autophagy and apoptosis. These results suggest that bio-
compatibility of AgNPs was increased as its toxicity was reduced
as compared to pure AgNPs. The phytochemicals from O. arabicus
increases the anticancer activities of crude extract when used as
reducing agent for AgNPs synthesis. Owing to their enhanced
bioavailability and compatibility, biosynthesized AgNPs have a
high potential for use in therapeutic applications for chronic dis-
eases, including cancer.
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