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A B S T R A C T   

To develop a more environmentally friendly, low-cost, energy-efficient, and non-toxic strategy for producing 
silver nanoparticles (AgNPs) for cancer therapy, in this study, we established a green synthesis method using Olea 
europaea fruit extract (OFE) as a reducing and stabilizing agent for the AgNPs. The AgNPs were then charac-
terized using relevant spectroscopy and other analyses, and their cytotoxicity on two breast cancer cells, MCF7 
and T47D, were evaluated. The AgNPs exhibited considerable anticancer potential against both MCF7 and T47D 
cells, inhibiting their proliferation more efficiently than the OFE. The AgNPs-OFE was highly cytotoxic against 
the T47D cancer cell line with a 50 % inhibitory concentration (IC50) of 77 µg/mL. This study demonstrates the 
feasibility of using OFE in green synthesizing stable AgNPs with an acceptable particle size and shape and other 
desirable characteristics, including anticancer activities against the selected in vitro breast cancer cell model. The 
findings demonstrate the encouraging biomedical and therapeutic application of the Plant-derived AgNPs, which 
has clinical and academic relevance and warrants further investigation.   

1. Introduction 

Silver nanoparticles (AgNPs) have gained much attention because of 
their unique properties. Biological synthesis has been the focus of 
research studies as a low-cost, eco-friendly, energy-efficient, and non- 
toxic protocol for synthesizing AgNPs (Li et al., 2012; Saravanan 
et al., 2017; Hashemi et al., 2020). Biological synthesis is a vital tool for 
reducing Ag ions into AgNPs and is an alternative to chemical and 
physical techniques. Biological methods do not require high pressure 
and energy; hence, no additional toxic and hazardous chemicals are 
required, which could contribute to minimizing the risks of applying 
AgNPs to mammals (Salem and Fouda, 2021). Furthermore, surface 
coating AgNPs with non-toxic biomolecules in biological synthesis could 
make them even safer and more biocompatible (Amooaghaie et al., 
2015). Plants in AgNPs synthesis are more beneficial than other bio-
logical methods due to the simplicity of growing plants (Asimuddin 
et al., 2020; Ma et al., 2021; Rajivgandhi et al., 2022). Additionaly, 
phytochemicals (e.g., polyphenols, flavonoids, tannins, and proteins) 
found in plants play a key role in reducing metal ions into NPs and 
coating NPs during green synthesis, which supports their stability and 

enhances their biomedical applications (Afreen et al., 2020). 
Cancer is a genetic disease caused by the mutation, amplification, or 

abnormal expression of essential genes involved in cell fate regulation 
(Herceg and Hainaut, 2007). Although conventional cancer treatments 
are effective, they are expensive and can affect healthy tissues and or-
gans. Thus, it is necessary to develop alternative, safe, and affordable 
techniques to inhibit cancer cell growth without damaging healthy cells. 
AgNPs are a good alternative that enables effective cancer treatment 
owing to their novel properties, including antiproliferative and 
apoptosis-inducing properties. AgNPs exert cytotoxicity by inducing 
reactive oxygen species (ROS), as previously reported (Foldbjerg et al., 
2009). ROS levels are linked to the induction of apoptosis and necrotic 
cell death of some cell lines. Rajendran et al. (2022) showed that AgNPs 
synthesized using Salvia leucantha extract were effectively cytotoxic to 
the human lung cancer A549 cells. Bhat et al. (2022) examined the in 
vitro cytotoxicity of AgNPs biosynthesized using Artocarpus lakoocha 
fruit extract. 

Furthermore, AgNPs have physical and reactivity properties and are 
helpful for research in various fields, including drug delivery (Khatik, 
2022). Besides their high bioavailability, AgNPs are sustained and 
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controlled and can circulate for extended periods, with a higher capacity 
to load drugs. AgNPs penetrate cells more readily and can be directed at 
specific organs. AgNPs offer protection against enzymes, physiological 
pH, and moisture and can enter the body nasally, orally, parenterally, or 
intraocularly. Plant-derived AgNPs have been used in drug delivery and 
to cure cancer-related diseases (Lee et al., 2019). 

Motivated by the above discussion, this study biosynthesized the 
AgNPs using O. europaea fruit extract (OFE), which is widely used as a 
therapeutic medicine because of its antioxidant properties associated 
with its high content of phenolic compounds (McDonald et al., 2001). 
Breast cancer has become the most diagnosed cancer, attracting research 
attention (Sung et al., 2021). Hence, this study also evaluated the anti-
cancer activities of the AgNPs against MCF7 and T47D cells. The con-
tributions of this work are follows. First, the study established a 
biosynthesis approach using OFE and optimized the synthesis conditions 
to produce AgNPs with high yield and precise morphologies. Second, the 
study evaluated the biosynthesized AgNPs’ cytotoxicity against in vitro 
MCF7 and T47D cells. Furthermore, the AgNP-OFE’s anticancer prop-
erties were examined using appropriate techniques and analyses. The 
results suggest that AgNPs-OFE could be potentially valuable cancer 
treatments, which would warrant further studies of their action 
mechanisms. 

2. Materials and methods 

2.1. Preparation of OFE 

OFE was prepared as described previously (Kredy, 2018). The 
collected fruits were washed individually with running tap water, fol-
lowed by distilled water, cut into pieces, left to dry, protected from 
direct light at 24 ◦C, and made into fine powders and stored in airtight 
containers. OFE was made by boiling 5 g of its fine powder with 100 mL 
of deionized water for 10 min. The extracts were cooled down and 
filtered through a coffee filter, followed by Whatman No. 1 filter paper. 
The prepared OFE was stocked in an appropriate bottle at –4 ◦C until 
use. 

2.2. Optimization of the AgNPs synthesis 

The AgNPs plants-mediated synthesis, as shown in Fig. 1, is a simple 
two-step process. The first step involves reducing silver ions (Ag + ) to 
Ag, and the second is stabilization and agglomeration, leading to AgNPs 
forming. The hydroxyl groups involved in the plant’s phytochemicals 
are mainly responsible for stabilizing and reducing Ag + to Ag◦ (Some 
et al., 2019). A further reduction of Ag0 results in the growth of silver 
nuclei, which leads to the formation of AgNPs. Adjusting the synthesis 

parameters, including extract concentration, pH, temperature, and light 
intensity, helps control the AgNPs’ morphology and yield. Also, the 
AgNO3 concentration and the reaction time impact the morphology of 
AgNPs. The level of toxicity of plant-derived AgNPs may vary depending 
on the target cells, the extracted solvents, the collection site, and the 
study period. 

This study biosynthesized the AgNPs using OFE and optimized the 
synthesis parameters (extract concentration, pH, temperature, and light 
intensity) to improve the AgNPs’ quality. AgNPs were biosynthesized 
using a previously described method (Kredy, 2018). Three extract con-
centrations: 1, 2, and 3 mL, were separately added to 9 mL of 1 mM 
AgNO3 solution, resulting in mixture ratios of 1:9, 2:9, and 3:9. The 
AgNPs were biosynthesized at 40, 60, and 80 ◦C reaction temperatures. 
The AgNPs synthesis was investigated at three pH values: 4, 7, and 9, 
adjusted using 0.5 N acetic acid or 0.1 N sodium hydroxide. The reaction 
mixtures were kept under three conditions: sunlight, room light, and 
dark, to investigate the impact of light intensity on the AgNPs. 

The solvent used in green synthesis is critical to the technique’s 
success, and this study used the universal solvent, water, to avoid the 
potential toxicity of chemical substances and ensure safety regarding 
human health and the environment. The reduction of Ag + into Ag◦ was 
detected by the color change from yellowish to dark brownish. Notably, 
AgNPs exhibit a dark brown color in an aqueous solution due to the 
excitation of the surface plasmon vibrations in the metal nanoparticles 
(Saware & Venkataraman, 2014). A stable dark brown color proved that 
all Ag + ions have entirely reduced into AgNPs, as earlier reported 
(Rawat et al., 2020). Repeating centrifugation at 10,000 rpm for 10 min 
at 24 ◦C and washing with deionized water helped purify and obtain 
excess extracts. Purified AgNPs were collected and dried for further 
characterization and other analysis. 

2.3. Characterization of AgNPs 

Spectroscopic analysis of the biosynthesized AgNPs was performed 
using a Cary® 50 ultraviolet–visible (UV–Vis) spectrophotometer at 
wavelengths of 300–600 nm. A Fourier-transform infrared (FTIR) 
spectrometer was used at wavenumbers from 600 to 4000 cm− 1 to 
analyze and identify the OFE biomolecules involved in forming and 
stabilizing the AgNP. Zeta potential measurements and dynamic light 
scattering (DLS) were used to evaluate the physical stability of the AgNP 
samples. They were also utilized to determine particle size using a zeta 
sizer Nano. In addition, field emission scanning electron microscopy 
(FESEM) was used to characterize the AgNPs’ morphology, shape, and 
size. 

Fig. 1. Plant mediated synthesis of AgNPs.  
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2.4. Anticancer properties 

2.4.1. Cell lines and cell cultures 
MCF7 and T47D cancer cells were maintained in Dulbecco’s Modi-

fied Eagle Medium (DMEM containing 10 % fetal bovine serum (FBS) 
and 1 % penicillin–streptomycin. The cell cultures were maintained at 
37 ◦C in a 5 % CO2 humidified incubator and passaged at 80–90 % 
confluence. The morphology and the number of cells were checked 
regularly using an inverted microscope. Once the cell culture reached 
80 % confluence, they trypsinized for subculturing with 0.25 % trypsin. 
They aspirated into a 15 mL centrifuge tube, setting up the cell culture 
hood for subculturing. Subculturing or passaging the cells was done by 
transferring some of the precipitate cells of the previous culture into a 
new growth medium. 

2.4.2. Stock serial dilutions preparation 
1 mg of dried AgNPs samples (biosynthesized using OFE) was dis-

solved in 1 mL of 3 % dimethyl sulfoxide (DMSO) to obtain 1 mg/mL of 
stock solution, referring to AgNPs, and in 1 mL of OFE to get 1 mg/mL of 
AgNPs-OFE. DMSO is commonly used to solubilize poorly soluble drugs 
and is considered safe at low concentrations of up to 10 %, as previously 
reported (Kloverpris et al., 2010). This study used 3 % of DMSO. All 
samples were then diluted to the required treatment concentrations: 25, 
50, 100, 150, and 200 µg/mL for further examinations. 

2.4.3. Cytotoxicity assay 
We comparatively analyzed the cytotoxicity of all prepared samples 

(AgNPs, AgNPs-OFE, and OFE) against cancer cells using the MTT assay. 
Briefly, we seeded 5 × 103 cells per well in 90 μL medium/well in 96- 
well plates, which were then incubated overnight to allow them to 
reach confluence. The cells were treated in triplicate at different con-
centrations (25, 50, 100, 150, and 200 µg/mL), while the control cell 
culture wells were left untreated. We then incubated the plates for 24 h, 
discarded the medium, added 100 μL MTT solution to each well, and 
incubated them for approximately 3 h. Subsequently, we replaced the 
medium with 100 µL pure DMSO and measured the optical density of the 
resulting solution using a microplate reader at 570 nm. The the % cell 
viability was computed as: 

% cell viability = Absorbance treated cells− Absorbance blank
Absorbance control cells− Absorbance blank × 100. 

Blank refers to the background that means the medium, MTT solu-
tion, and DMSO. 

2.4.4. Morphological changes 
According to an earlier described approach (Mittal et al., 2020), 

morphological changes in the treated T47D cells were examined to 
confirm apoptotic features. The T47D cells were seeded at a density of 2 
× 105 cells/well in a 6-well plate and incubated for 24 h. The cells were 
treated with the AgNPs-OFE at 200 μg/mL for 24 h, and morphological 
changes were observed under bright field inverted microscopy at 20 ×
magnification. The AgNPs-OFE at 200 μg/mL was used here as it had 
significant toxicity on the cancer cells (T47D) compared to other treat-
ments (see Results Section). 

2.4.5. Cell cycle analysis 
The T47D cells were seeded and treated as earlier described and 

processed for cell cycle analysis. The cells were washed twice with 2 mL 
of phosphate-buffered saline (PBS) and centrifuged at 1500 rpm for 5 
min. The cells were then fixed in chilled 70 % ethanol, maintained at – 
20 ◦C overnight, and centrifuged at 2000 rpm for 5 min after being 
rinsed twice with 3 mL PBS. The cells were mixed with 100 μL RNase and 
incubated at 37 ◦C. Then, 400 L of propidium iodide (PI) was used in the 
dark to stain the cells, which were examined using a FACSAria III flow 
cytometer. 

2.4.6. Nuclear morphology analysis (DAPI staining) 
As reported earlier (Mittal et al., 2020), the nuclei of the treated cells 

were stained with 4′,6-diamidino-2-phenylindole (DAPI) fluorescent 
dye. The cells were rinsed with PBS, fixed with 4 % paraformaldehyde 
(PFA), rinsed thrice with PBS, and stained with 100 μL DAPI in the dark 
for 10 min. The cells were then rinsed with PBS and observed under a 
fluorescence microscope. 

2.4.7. DNA fragmentation 
The treated cells were rinsed with PBS and centrifuged at 2000 rpm 

for 5 min to evaluate apoptosis. DNA was isolated using a QIAamp DNA 
mini kit. In a microcentrifuge tube, 20 μL proteinase K and 4 μL RNase A 
were added to 200 μL of the sample. Then, 200 μL Buffer AL was added 
and incubated for 10 min at 56 ◦C, followed by brief centrifugation at 
8,000 rpm for 1 min. The supernatant was transferred to a sterile 
microcentrifuge tube. Then, 200 μL ethanol was added, followed by 
vortexing and brief centrifugation at 8,000 rpm for 1 min. Further, the 
column was placed in a clean 2 mL collection tube, and 500 μL of buffer 
AW1 was added and centrifuged at 8,000 rpm for 1 min. The column was 
transferred to another clean 2 mL collection tube with 500 μL of buffer 
AW2, followed by centrifugation at 8,000 rpm for 1 min. Next, the DNA 
was eluted with 100 µL elution buffer and stored at − 20 until used. 
Finally, the DNA fragments were resolved by 1 % agarose gel electro-
phoresis visualized under a UV transilluminator and photographed. 

2.4.8. Statistical analyses 
The study conducted the experiments in triplicate and analyzed the 

results using SPSS software. The statistical significance was computed 
using a one-way analysis of variance (ANOVA) and Tukey’s post hoc 
tests. 

3. Results and discussion 

3.1. Optimization of the AgNPs synthesis 

This study tested the production of AgNPs with different parameters 
to optimize the AgNPs for antitumor applications. Fig. 2a shows that the 
absorbance of AgNPs increases when the extract concentration in-
creases. The highest absorbance was achieved in the ratio of 3:9. A more 
intense color was formed when the extract concentration was increased 
since more biomolecules were present. At higher extract concentrations, 
biomolecules serve as reducing agents and as coating and stabilizing 
agents, preventing the aggregation of the nanoparticles, and influencing 
their size. The results also show that higher temperatures produced 
higher rates of AgNPs formation with decreased wavelength (Fig. 2b), 
indicating the formation of small-sized AgNPs. Increasing temperature 
will increase the molecule’s kinetic energy, rapidly reducing silver ions. 
When silver ions are consumed very fast, it leaves fewer opportunities 
for the synthesized nanoparticles to grow. 

Moreover, the alkaline condition (pH = 9) displayed the highest 
reaction rate due to the increased availability of functional groups, 
efficiently synthesizing small AgNPs (Fig. 2c). The pH can alter the 
biomolecules’ electric charges, influencing the coating and stabilizing 
processes and, consequently, the growth of AgNPs. The results also 
reveal that the nanoparticles’ size decreased with increasing pH, indi-
cating lower aggregation and more effective stabilization. In contrast, 
due to the positively charged functional groups, the bio-reduction was 
mainly accomplished at a pH value of 4 by ionic bonding and bio-
molecules. Consequently, numerous biomolecules bind during the 
biosynthesis of AgNPs, causing agglomeration and forming larger par-
ticles. Therefore, adjusting the pH can help control the AgNPs’ size and 
stability, improving their properties and expanding their applications. 
The findings also confirm that sunlight can accelerate AgNPs synthesis, 
producing stable AgNPs with high yields (Fig. 2d). Photons from sun-
light could accelerate the synthesis reaction, rapidly producing AgNPs 
(Raut et al., 2014; Nguyen, 2020). Synthesis parameters with the best 
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achievements were selected to set the optimum operating conditions 
(3:9 plant extract to AgNO3, 80 ◦C, pH value of 9, and sunlight) for 
further synthesis and characterization. 

3.2. Characterization of AgNPs 

UV–Vis spectral analysis revealed a strong absorbance peak at 440 
nm (Fig. 3), indicating the SPR of AgNPs. In Fig. 4, FTIR analysis results 
showed a broad peak at 3309.38 cm− 1, indicating a hydroxyl functional 
group, thus confirming the presence of flavonoids and polyphenols. The 
bio-compounds in the OFE were adsorbed on the AgNPs’ surface. DLS 
analysis showed that the AgNPs had an average hydrodynamic size and 
polydispersity index (PDI) of 67.51 nm and 0.24, respectively, which is 
generally accepted. Smaller PDI indicates more homogeneity in the NP 
produced. The zeta potential of − 23 mV with a signal peak (Fig. 5) 
indicated that AgNPs had a moderate stability that was prolonged in 
solution. The zeta potential of the AgNPs provided a general idea about 
their surface charge and stability based on the measured electrophoretic 
mobility of the samples in an electric field (Shukla et al., 2008). 

The FESEM analysis showed that the biosynthesized AgNPs were 
almost spherical and ranging in size from 20.5 to 33.2 nm, with some 

aggregation (Fig. 6). The AgNPs aggregation observed could be attrib-
uted to the high concentration and solvent removal during the sample 
preparation, resulting in electrostatic forces, causing the particles to 
aggregate. This aggregation could lead to variations in the size of the 
biosynthesized AgNPs. Robustly coating the AgNPs can enhance their 
stability, protecting against agglomeration and aggregation (Selvan 
et al., 2018). DLS analysis results showed a larger particle size (67.51 
nm) than that obtained with FESEM analysis (33.2 nm), as expected as 
FESEM measures the hydrodynamic size of the AgNPs, including hy-
dration layer, polymer shells, or other possible stabilizers, as explained 
earlier (Mohanta et al., 2016). 

3.3. Anticancer properties 

Fig. 7 shows the recorded growth rates of the cancer cells (MCF7 and 
T47D) after 24 h exposure to various concentrations of AgNPs, OFE, and 
AgNPs-OFE. The cell viability decreased in a concentration-dependent 
manner of sample exposure. Treatment of T47D cells with 200 µg/mL 
AgNPs, OFE, and AgNPs-OFE samples for 24 h significantly decreased 
the cell viability from 100 % (untreated cells) to 33, 39, and 29 %, 
respectively. The respective IC50 values of the samples were 94, 143, and 
77 µg/mL. These findings confirm the significant reduction in cell 
viability from 100 % (untreated cells) to 33 % is attributed to the bio-
synthesized AgNPs, and a further decrease to 29 % could be achieved if 
the AgNPs dissolved in OFE instead of DMSO. T47D cells were more 
sensitive to AgNP-OFE than AgNPs or OFE. In contrast, MCF7 cells 
exhibited less sensitivity to OFE and AgNPs-OFE than AgNPs. Also, the 
OFE considerably decreased the cell viability from 100 % (untreated 
cells) to 39, and 44 % in the treated T47D and MCF7 cells, respectively. 
Therefore, this study further investigated treating the T47D cells with 
AgNP-OFE to evaluate their anticancer properties. The potential anti-
cancer efficiency of the AgNPs-OFE could be attributed to the superficial 
coating of phytoconstituents and their smaller size. Que et al. (2019) 
demonstrated that smaller nanoparticles have stronger anticancer ac-
tivity owing to their large specific surface area, thus, having more active 
sites. A possible explanation is that small-sized nanoparticles can enter 
cells via endocytosis or direct diffusion. 

In Fig. 8, the cytometric measurement of PI-stained control showed a 
significant cell population in the G0/G1 phase, indicating cell prolifer-
ation. In contrast, in treated cells, the results show a decrease in the cell 
population in the G0/G1 phase concomitant with a remarkable increase 

Fig. 2. UV–Vis spectrum of AgNPs biosynthesized from O. europaea fruit extract at (a) different extract concentrations, (b) different temperatures, (c) different pH 
values, and (d) different light intensity conditions. 

Fig. 3. UV–Vis spectra of AgNPs biosynthesized under the optimum conditions 
(3:9 plant extract to AgNO3, 80 ◦C, pH value of 9, and sunlight). 
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Fig. 4. FTIR spectra of biosynthesized AgNPs and OFE.  

Fig. 5. (a) Particle size distribution and (b) zeta potential of biosynthesized AgNPs.  
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in the SubG1 phase. Accumulation of cells in the SubG1 phase strongly 
suggests DNA damage and cells undergoing apoptosis/necrosis. The 
decrease in the G0/G1 population indicates that a limited number of 
cells entered the cell cycle. The increase in the SubG1 (apoptotic) pop-
ulation means that treated cells could not pass through the next 
checkpoint; thus, AgNPs-OFE induced cell cycle arrest in the treated 
cells. The DAPI staining and DNA fragmentation assay results supported 

the present flow cytometry results. 
Fig. 9a show that the untreated cells (control) maintained their 

original morphology, as polygonal or trigonal in shape, with intact cell 
membranes. In contrast, the treated cells lost their original morphology 
and became spherical, with evident cell shrinkage (Fig. 9b). The number 
of treated cells decreased as the dead cells detached from the surface, 
suggesting that AgNP-OFE caused significant cellular morphology, 
growth, and attachment changes in the treated cells. Furthermore, Un-
treated cells displayed normal nuclei, whereas treated cells showed 
apoptotic nuclei (Fig. 9c and 9d). A nuclear morphology analysis 
revealed some characteristic features of apoptosis, including nuclei 
cracking, chromatin condensation, and fragmentation. Besides, the 
treated cells showed reduced blue fluorescence intensity compared to 
the untreated cells, indicating apoptosis. In addition, fragmentation of 
genomic DNA is an essential feature for the detection of apoptosis. An 
Agarose Gel DNA fragmentation assay was performed to investigate the 
induction of apoptosis and DNA damage caused by AgNP-OFE. Frag-
mented DNA ladders were observed in treated cells (Fig. 10), indicating 
the induction of apoptosis following exposure to AgNP-OFE. In contrast, 
untreated cells (control) showed no fragmented DNA in the lane. 

The ability of a treatment to selectively cause apoptosis in cancer 
cells while sparing healthy cells is an essential requirement for effective 
cancer treatment (Jang et al., 2016). In this regard, earlier investigations 
reported that AgNPs were less toxic to healthy cells than cancer cells 
(Grande et al., 2020), highlighting the potential application of AgNPs as 
an anticancer treatment. For instance, Singh et al. (2021) demonstrated 
a deficient level of toxicity of the AgNPs produced from papaya leaf 
extract against normal HaCaT cells, and Farahani et al. (2022) also re-
ported less toxicity of the AgNPs biosynthesized using Amigdalus spino-
sissima against normal L929 cells. 

Fig. 6. FESEM image of biosynthesized AgNPs.  

Fig. 7. Cytotoxicity of AgNPs, OFE, and both (AgNP-OFE) on viability of MCF7 and T47D cancer cells after 24 h exposure. * P < 0.05, ** P < 0.01, and ***P < 0.001 
compared with untreated cells. 
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Although a few studies used O. europaea extracts to synthesize 
AgNPs, none applied sunlight to accelerate the AgNPs synthesis. The 
current study biosynthesized the AgNPs using OFE and sunlight, 
achieving a quick bio-reduction and high dispersion of small stable 
AgNPs with high yield. Further investigations of green synthesis would 
help maintain the characteristics of the nanoparticles to produce high- 
quality AgNPs, offering promising potential in many biomedical appli-
cations, such as treating deadly diseases and fighting undesirable 
pathogens. The findings show the good biomedical and therapeutic 
applicability of the plant-mediated AgNPs, which is clinically and 
academically relevant and warrants further investigation. The limitation 
of this research also points toward essential issues that need to be 
investigated in the future. Determining the fundamental role of the 

plant’s phytochemical components in the reduction reactions and 
coating processes that control the nanoparticles’ size, shape, and sta-
bility is challenging. Also, factors such as agglomeration and aggrega-
tion may affect the AgNPs’ efficiency and should be extensively 
investigated. Furthermore, this study is based on in vitro experiments, 
and evaluating the nanoparticles’ biosafety and biocompatibility in vivo 
experiments is required to investigate relevant clinical aspects, eventu-
ally leading to clinical studies. 

4. Conclusion 

This study evaluated the biosynthesis of AgNPs using OFE and their 
antitumor activities against MCF7 and T47D cancer cells. The AgNPs 

Fig. 8. Cell cycle analysis in T47D cells exposed to 200 µg/mL AgNP-OFE for 24 h. Results are represented as mean ± standard deviation. Data are statistically 
significant with *p < 0.05, when compared with control. 

Fig. 9. Morphological changes in T47D cells exposed to 200 µg/mL AgNP-OFE for 24 h detected using bright field microscopy and fluorescence microscopy. (a) 
morphological changes in untreated cells (control), (b) morphological changes in treated cells, (c) DAPI staining of untreated cells, and (d) DAPI staining of 
treated cells. 
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exhibited significant anticancer activity against both MCF7 and T47D 
cells, and the AgNP were more effective than OFE at inhibiting the 
proliferation of MCF7 and T47D. The cytotoxic activity of AgNPs-OFE 
was high in the T47D cancer cells, with an IC50 of 77 µg/mL. Relevant 
techniques and other analyses were used for characterization and anti-
cancer properties, and DNA fragmentation and cancer cell apoptosis 
were observed. This study contributes considerably to the literature 
because it demonstrated the feasibility of using OFE in green synthe-
sizing AgNPs, which were stable and had an acceptable particle size and 
shape, as well as other desirable characteristics, including anticancer 
properties against the selected in vitro cancer cells. The results imply the 
potential therapeutic value of the green synthesized AgNPs and their 
potential for further development as anticancer drugs; however, further 
investigation is required. Concerns about their toxic effects on humans 
and the natural environment remain. Therefore, future studies on in vivo 
experiments are needed, along with more inquiries regarding their 
safety and toxicity before their application in biomedicine. 
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