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Background
Prunus dulcis possesses various beneficial qualities, including liver-protective,
cardio metabolic, antimicrobial, anti-inflammatory, and anxiety-reducing properties.
Furthermore, the oil is a fantastic moisturizing cream for hair and skin, to it can help
prevent stretch marks and ultraviolet-visible spectroscopy damage. These
biological applications highlight the importance of developing nanotechnology
applications for P. dulcis almond oils.
Materials and methods
In this study, essential oils derived from the fruit of the almond tree (P. dulcis) were
employed as reducing agents for producing silver nanofibers (AgNFs). Synthesized
AgNFswere characterized using ultraviolet-visible spectroscopy, scanning electron
microscopy, and Fourier transform infrared spectroscopy. The biological activities
of (AgNFs) were examined.
Results
The current study showed the absorption of synthesized (AgNFs) at 415 nm.
Scanning electron microscopy analysis showed the nanofibers average
diameter varied from 200nm to 10nm. The biological activities of (AgNFs) were
evaluated using minimum inhibitor concentration, half-maximal inhibitory
concentration (IC50), and flow cytometry tests. The cell cycle test of (AgNFs)
showed it arrested with S-phase of two types of human cancer cells (HepG2
liver cancer cells and MDA-MB-231 breast cancer cells).
Conclusion
These antibacterial and anticancer properties of AgNFs highlight the increased
medicinal value of essential oils when coupled with AgNFs produced from almond
essential oil.
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Introduction
Nanotechnology and nanoparticles are prized for their
small size and high surface area to volume ratio, which
improves chemical, mechanical, magnetic, and optical
characteristics [1]. These properties lead to their well-
established biomedical applications, including using
antioxidant substances, antimicrobial agents, and
chemotherapeutic medicines [2,3]. Further
investigation into green techniques is critical for
increasing the usage of metal nanoparticles in a wide
range of applications. Biosynthesis approaches that use
microbes, algae, and plants are considered innovative
for generating metal nanoparticles [4,5] Metallic
nanoparticles, such as gold, silver, zinc, platinum,
copper, and iron, have attracted substantial attention
because of their numerous biological properties,
including anticancer, antibacterial, and medicine
delivery abilities, making them valuable for different
biomedical applications [6]. Because of their unique
ed by NIDOC
properties, including thermal and electric conductivity
and antibacterial activity, silver nanoparticles in
particular have become commonplace in various
industries [7]. Nanoparticles can be produced using
a variety of processes, including chemical reduction,
electrical reduction, electrospinning, and
photochemical reaction reduction. Electrospinning
yields nanofibers, whereas reduction yields
nanoparticles. The technique utilized to generate
nanoparticles is crucial since it impacts their shape,
size, stiffness, and chemical and physical properties
[8,9]. Nanofibers have outstanding properties such as
surfaces with pores, small fiber diameters, and a high
surface-to-volume ratio [10]. Several researches have
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examined the potential uses of nanofibers and
addressed challenges in certain fields, such as
effective medicine administration [11,12],
wastewater purification and treatment [13], oxygen
electro catalysis [14], electronic and energy
applications [15], water splitting [16], smart food
packaging [17], extraction of solid phases in liquid
separation [18], and sustainable uses [19]. Cancer is
among the main causes of death in the globe. Despite
advances in drug research, most modern drug-targeted
therapy are extremely expensive and linked with
substantial side effects and morbidity. There is a
pressing need to identify new plant-derived. Indeed,
the design and development of chemopreventive agents
that act on specific and multiple molecular and cellular
targets is gaining support as a rational approach to
prevent and treat cancer. Several medicinal plant
extracts (Portulaca oleracea, Allium sativum, Rheum

palmatum, Salvia officinalis, Geranium robertianum,

Rosmarinus officinalis, Calendula officinalis, etc.) have
been demonstrated to exhibit anti-cancer activity on
numerous human cancer cells [20,21]. Essential oils are
natural, organic substances that are both secure green,
aromatic, volatile compounds derived from various
plant parts such as flowers, seeds, buds, stems, roots,
leaves, wood, and bark. However, the hydrophobic
nature of essential oils may be an obstacle to the
synthesis of nanoparticles; consequently, an aqueous
solution of silver salt is used as a silver precursor for
synthesis. Studying the efficacy of nanoparticles
controlled by essential oils is required to identify the
critical features required to produce stable particles
[22,23]. Almonds contain healthy fats such as
linoleic acid, oleic acid, and palmitic acid, among
others. It also contains some antioxidants, such as
vitamin E and phenolic compounds, which
contributes to its widespread application in medicine
for various health benefits [24,25]. Almond oil is an
abundant resource of antioxidants, oleic acid (64–82%),
and vitamin E (240–440 μg/g), preventing free radical-
induced cell damage and supporting their development
and survival. This oil has minimal blood compatibility
and toxicity, making it a good part of a medication
formulation [26–28]. The oil from almonds is a healthy
fat that can be used to improve the nutritional value of a
variety of foods [29]. Various fatty acids, or vegetable
oils, have recently been used as stabilizers [30]. The
biological activities of almond oil nanoparticles were
highlighted in research on their synthesis, increasing
the likelihood of future applications [31]. These
developments are based on nanotechnology
techniques that emphasize medical applications in a
variety of sectors [32,33]. According to the
abovementioned oil properties, this study aimed to
produce AgNFs utilizing almond oil. The shape of
AgNFs was investigated by a scanning electron
microscope (SEM), ultraviolet-visible spectroscopy,
and Fourier transform infrared (FT-IR). AgNFs’
antibacterial activity was tested against Pseudomonas

aeruginosa and Escherichia coli, and their anticancer
properties were investigated.
Materials and methods
Silver nitrate (AgNO3) was purchased from Merck
(Germany). Prunus dulcis is planted in North Iraq,
where the climate is ideal for growing through in
cold environments in mountainous areas and the soil
is not salty. The fruit was cleaned, cut into small bits,
milled, and stored in 4°C opaque glass containers until
needed.
Essential oil isolation method of p. dulcis
We adopted the Zakeri et al. [34] method for isolating
essential oil from P. dulcis fruit using a water solvent.
10 g of P. dulcis powder was combined with 300ml of
water distilled in a Clevenger apparatus for 3 h, and
essential oil was collected from the condenser.
Synthesis of silver nanofibers (AgNFs)
1mM AgNO3 solution was prepared by adding
0.1699 g of AgNO3 to 1 l distilled water. 90ml of
freshly prepared 1mM AgNO3 solution and 9ml of
almond oil were combined in a conical flask to make a
AgNO3 solution. The reaction was then vigorously
performed on a hot plate with a magnetic stirrer inside
the flask. At 14min, the biosynthesis reaction began,
and the color reaction was observed, revealing that the
clear AgNO3 solution had changed to a light brown
color, suggesting the creation of silver nanofibers
(AgNFs) [35].
UV-Visible spectra
The UV-visible spectra of silver nanoparticle citral
1mM were measured using a Labomed UVD-2950
UV-VISDouble Beam PC.A 2 nm resolution scanning
spectrophotometer. This means it employs light in the
visible and nearby regions (near-UV and NIR). The
absorption of chemicals in the visible spectrum has a
direct impact on how we perceive colors. In this region
of the optical spectrum, molecules undergo electrical
transitions.
Fourier −transform infrared spectroscopy (FT-IR)
Fourier transforms were employed to examine the
infrared (Shimadzu, Kyoto, Japan) spectrum of
biogenic nanomaterials that had been created. To
detect the location of biological entities involved in
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particle formation, AgNFs that are biogenic with KBr
crystals were employed as the beam splitter. After
centrifugation for 10min at 8000 rotations per min,
the pellets were dried at 80°C and crushed to remove
unwanted plant materials and KBr crystals. The
AgNFs spectra were acquired using a machine range
of 400–4000 cm−1.
Scanning electron microscopy (SEM) analysis
SEM images of AgNFs were taken employing a JSM-
JEOL 6390 SEM microscope. The JSM-6390 is an
outstanding performance, inexpensive scanning
electron microscope. The customized graphical user
interface makes the instrument easy to operate. It
includes an auto coater for covering the sample after
AgNFs were sputtered with platinum and evenly
placed on the container for the sample with carbon
tape. SEM pictures were collected to figure out the
existence of the essential parts of the nanoparticles in
the sample at various intervals.

Antibacterial evaluation of silver nanofibers (AgNFs)
E. coli ATCC 25922, as well as p. aeruginosa ATCC

27853, were used as microbial strains. The Clinical
Laboratory Standard Institute (CLSI) determines
minimum inhibitory concentrations (MICs) as the
smallest level of concentrations for each tested drug
needed to limit the visible growth of the tested bacteria.
Every chemical was divided twice in series on sterile
micro-dilution plates with Mueller Hinton broth
media at concentrations ranging from (0.003 to 4)
ml. Following that, bacteria expulsions in clean,
normal saline were prepared and modified to a
McFarland standard of 0.5 turbidity. The solution
was reduced (1 : 100) in sterilized Mueller-Hinton
broth (MHB) shortly before it was added to the trays
containing multiple dilutions of each component. A
total of 106 bacterial cells were used to test each dose.
96 well plates were kept warm at 37°C for 24 h. 10ml
of sterile distilled water and 4mg/ml of the reagent
base solution were put into each well. Tetracycline was
employed as an ordinary antibiotic against bacterial
strains in every one of the tests, which were conducted
in triplicate. Minimum Bactericidal Concentration
(MBC) was calculated by incubating 100 μl of each
of the no-growth wells (concentration) for 24 h at 37°C
on a nutrient agar plate [36].
Anticancer evaluation of silver nanofibers (AgNFs)
Cells were cultured in RPMI-1640 (Gibco) and
Dulbecco’s Modified Eagle Medium (DMEM)
(Gibco) media with 10% Fetal Bovine Serum (FBS)
and medicines (100 g /ml amoxicillin and 100 g/ml
streptomycin). Cells were transmitted at 37°C in
hydrated air containing 5% CO2 with trypsin/
EDTA (Gibco) and a phosphate-buffered solution
of saline. MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide] assays (Sigma-Aldrich)
were used to determine the development of cells and
survival. Trypsin-digested cells were collected, adjusted
to a cell density of 1.4 ×104 cells/well, and grown in 96-
well plates with 200 μl of new media per well for 24 h.
Following forming a monolayer, the stem cells were
treated for 24 h at 37°C with 5% CO2 in 100–6.25 μg/
ml of the sample. The dish was incubated at 37°C for a
further four hours with the MTT solution (the
cytoplasm of cells was removed and dimethyl
sulfoxide (100 μl per well) was added) after the
supernatant was removed at the end of the treatment
(24 h). Shaking the cells at 37°C allowed the granules
to disintegrate entirely. Cell viability was measured at
570 nm absorbance using an enzyme-linked
immunosorbent assay (ELISA) reader (the model
raised is xs2, Bio Tech (USA). Dose-response curves
were used to determine the amount of chemicals
causing 50% mortality in cells (IC50) [37].

Reactive oxygen species (ROS) assay
Production of ROS was measured using the flow
cytometry technique and 2′, 7′ dichlorodihydro
fluorescindiacetate (DCFH2-DA) (Sigma-Aldrich).
Easy to enter cells, this dye is removed by within-
cells esterase to create 2′, 7′ dichlorodihydrofluorescin
(DCFH2), which becomes lodged inside the cells.
Highly visible 2′, 7′-dichlorofluorescein (DCF) is
created by the oxidation of DCFH2 by hydrogen
peroxide or low-molecular-weight peroxides
generated by the cells. As such, the luminosity
intensity is proportional to the amount of peroxide
produced by the cells from hydrogen. Cells (1×105

cells/well) were treated with the compound at its
IC50 concentration for 12 h. Following treatment,
the cells were harvested, and centrifuged at 1500×g
for 5min, and the pellet was washed with 1ml of
phosphate-buffered saline (PBS). After washing, the
cells were incubated with 20 μM DCFH-DA (2′,7′-
dichlorofluorescin diacetate) in the dark for 30min.
Fluorescence was then measured using a flow
cytometer, with excitation and emission wavelengths
set at 485–495 nm and 525–530 nm, respectively. Data
were collected in the FL1 channel to assess the level of
reactive oxygen species (ROS) [38].
Cell cycle phase analysis
HepG2 and MDA-MB-231 cells (3.5×105 cells each)
were treated with the IC50 concentration of AgNFs for
24 h. After treatment, the cells were washed with 1ml
of PBS, centrifuged at 1500×g for 5min at 4°C, and



Egyptian Pharmaceutical Journal, Vol. 24 No. 1, January 202561
then fixed with 70% ethanol at 4°C for 24 h. Following
fixation, the cells were centrifuged again to remove the
ethanol and re-suspended in PBS for 30min. The
pellet was then treated with 20 μg/ml ribonuclease A
(RNase) (Sigma-Aldrich) and 20 μg/ml propidium
iodide (PI) (Sigma-Aldrich). Cell cycle stages were
analyzed using flow cytometry, and data were processed
with FlowJo software version 7.6.1 [39].
Detection of apoptosis by annexin V-fluorescein
isothiocyanate (V-FITC) and propidium iodide (PI)
staining
We used the BioVision Annexin V-FITC apoptosis kit
to detect dead and apoptotic HepG2 and MDA-MB-
231 cells that had received AgNF injections. Cells were
collected, carefully washed, and labeled with FITC and
PI one day after being treated with the AgNFs IC50

concentration. 5×105 cells were gathered and
centrifuged (1500×g for 10min) with neglected
control cells after receiving treatment with NA IC50

concentration for 24 h. The FL1 indicator detector
identified PI-stained cells, but not the FL3 signal
detector to be tested. After recovering the fragment
in 500 μl of 1X attachment buffer, 5 μl of annexin V-
FITC and 5 μl of a 50 μg/ml PI solution were added
and left for 5min at room temperature. The tagged
cells were examined after incubation using Partec PAS,
Germany, fluorescence-activated cell sorting analysis
equipment. Signals were gathered from PI-stained cells
using an FL3 signal detector to determine the
arrangement of cells that had been labeled
differently and from annexin V-FITC cells that had
been labeled using a FITC signal detector (FL1) [40].
Statistical analysis
The IC50 is calculated in the Excel file using the dose-
response curve. The absorbance at 570 was recorded at
each concentration. The absorbance is used to calculate
the viability percentages for each concentration. The
Figure 1

UV-Vis spectrum of silver nanoparticles reduced by the oil co.
average viability and standard deviation are computed.
The curve was created, and the equation about the
graph was derived and shown in the graph’s right
corner. The equation produces the values a and b
needed to calculate the IC50.
Results and discussion
The UV-visible spectra
The UV-visible spectrum for AgNFs made from
almond essential oils is shown in (Fig. 1). The
mixture of almond essential oil and AgNO3 color
change. This showed that ions were reduced, which
proved the formation of silver nanoparticles. The
spectrum has a peak at 415 nm, which is caused by
the Plasmon absorption of metallic silver nanoparticles.
The results fit with what these studies found by Vijayan
et al., [41]. These studies showed that the color change
was caused by silver ions being reduced to silver metals.
FT-IR analysis
Figure 2 depicts the FT-IR spectrum of unrefined oil
from almonds and AgNFs in the form of almond oil,
with revealing bands corresponding to olefinic double-
bonded bands (3085.42 cm−1), members of the
methylene group (2926.33, 2855.05, 1464.13, and
723.65 cm−1), a methyl group (1464.13 and 1377.28
cm−1), and the triglyceride ester groups (1744.32,
1166.31, and 864.11 cm−1). Because of the Plasmon
effect of the nanoparticles, sharper peaks in the
instance of AgNFs in almond oil [42–44].
SEM analysis
SEM was employed to analyze the morphology of
biosynthesized AgNFs at different resolutions of
200 nm. It additionally serves to calculate the
particle size. The SEM results of AgNFs involved in
the sizes and shapes are depicted in (Fig. 3). AgNFs
formation of fiber morphology is found to have an



Figure 2

Fourier transform infrared spectroscopy spectra of silver nanofibers.
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average length of 90 to 300 nm. Figure 3 clearly
illustrates that increasing the concentration of plant
extract increases the nanoparticle dimension. The
average particle diameters of the samples were
Figure 3

Scanning electron microscope image of silver nanofibers, which showed
92.92 nm, 127.24 nm, 146.41 nm, 181.41 nm,
236.51 nm, and 296.24 nm, according to SEM
images. This study discovered that raising the
concentration of extract increases particle size. Other
various nanofibers sizes (92.92–296.24) nm.
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researchers have reported on this phenomenon as well.
The average length of green-produced AgNFs
demonstrates their utility for biotechnological and
biological applications [45].
Table 1 The minimum inhibitor concentration and MBC
values of the silver nanofibers against the microorganisms

Bacteria AgNFs (μg/ml) Tetracycline (μg/ml0)

E. 00coli

MIC 0.34 8

MBC 0.48 16

P. 0aeruginosa

MIC 0.24 1024

MBC 0.31 2048
The antibacterial activity of silver nanofibers (AgNFs)
AgNFs have demonstrated biocidal properties against
gram-negative microbes (E. coli and P. aeruginosa).
Gram-negative microbes were less sensitive to
AgNFs, as evidenced by decreased zones of
inhibition and increased MIC and MBC values,
Table 1. The result might be because of the thick
peptidoglycan coating on gram-negative cell walls
[46]. However, it is widely acknowledged that
particle size, particle form, stabilizing agent, and
dosage, as well as the duration of therapy, all affect
AgNF antibacterial activity [47]. The method by
which elemental AgNFs decrease bacterial activity
is that when they interact with the bacteria’s cell
wall, the outermost layer of the nanoparticles emits
Silver ions [48]. Because of the nanostructured matter
size of metal atoms, changes in the surface’s local
electrical composition may improve the
responsiveness of nanoparticle surfaces [49]. The
activity of AgNFs on the cell may cause a response
that results in cell death. Finally, AgNFs emit Silver
ions, contributing to AgNF’s bactericidal activity. The
difference in antibacterial activity between AgNFs and
E. coli was larger than between AgNFs and P.

aeruginosa. This is related to the different
Figure 4

Showed IC50 values of silver nanofibers: A. IC50 value of HepG2 equal to
susceptibilities to AgNFs, namely the thickness and
composition of the bacteria’s cell membrane. The
biocidal effects of AgNFs may be attributed to the
formation of ROS, which may destroy the
biomolecular structure of bacterial membranes in
cells [50].
The anticancer0 activity of silver nanofibers (AgNFs)
Cancer medicines must meet two fundamental
requirements: selective cytotoxicity and efficacy. A
drug’s ability to cause cancer cell apoptosis renders
it an effective cancer treatment. Prospective drugs
must not harm the immune cells since they fight
cancer alongside the body’s defenses. To
comprehend these effects, silver nanoparticles have
been investigated in HepG2 cancer cells and MDA-
MB-231 cancer cells (Fig. 4a). HepG2 cell viability
declined significantly at concentrations of 7.4, 22.22,
66.66, 200, and 600 μg/ml (corresponding to 61.76%,
37.54%, 37.02%, 27.34%, and 24.22% viability,
13.45 μg/ml. B. IC50 value of MDA-MB-231 cells equal to 66.55 μg/ml.
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respectively). According to the findings of the MTT
assay, the IC50 values were calculated using the Excel
application the IC50 value for AgNFs was around
13.45mg/ml. Toxicity is negligible at lower doses,
according to previous research. Figure 4b shows a
significant decrease in MDA-MB-231 cell viability
at the same concentrations (corresponding to 92.56,
72.49, 40.31, 26.82, and 21.63% vitality, respectively)
the value of AgNFs’ IC50 was found to have been
66.55mg/ml. These results demonstrate that, in
addition to murdering lines of cells, AgNFs cause a
dose-dependent rise in cancer prevention effects. The
low cytotoxicity of AgNFs has already been
documented. In contrast, the AgNFs generated by
Penicillium aculeate Su1 were found to be very
biocompatible with normal human cells (HBE
cells). Based on these findings, it is anticipated that
the use of green manufacturing methods, such as
various plant extracts and oils, will reduce the
cytotoxic impacts. Using three experiments: cell
cycle, reactive oxygen species, and apoptosis, we
employed flow cytometry to identify potential
AgNFs for further exploration against the HepG2
cancer cell and the MDA-MB-231 cancer cell
[51,52].
Figure 5

Flow cytometry analysis of silver nanofibers, showed the cell cycle arrest
value of silver nanofibers. C. Untreated MDA-MB-231 cells. D. MDA-MB
Flow cytometry analysis
Cell cycle

The cell cycle is a three-step procedure that occurs
inside the cell (G1, S, andG2) to understand the action
and mechanism of plant extract. As a result of this
procedure, plant extract may play a role. The IC50 value
was used to target the checkpoint in this experiment. In
(Fig. 5a and b), AgNFs would stop the life cycle of
HepG2 cells when treated with half the inhibitory
concentration (IC50 13.45 μg/ml). It was found that
AgNFs stop the cell life cycle at the G1 phase (at the S/
G1 checkpoint), where it was observed. The statistical
percentage of DNA content in the G1 phase decreased
to 36.2% compared to the control at 58.4%. There was
a significant decrease in the level of DNA spikes in the
S phase to 45.4%, compared to 19.6% in control cells.
Figure 5c and d show that in MDA-MB-231 cells,
AgNFs stop the life cycle ofMDA-MB-231 cells when
treated with half the inhibitory concentration (IC50

66.55 μg/ml). It was found that AgNFs The cell life
cycle stops at the G1 phase (at the S/G1 checkpoint),
where it was observed. The statistical percentage of
DNA content at the G1 phase decreased to 63.4%
compared to the control, 64.7%. There was a
significant decrease in the level of DNA spikes in
analysis: A. Untreated HepG2 cells. B. HepG2 cells treated with IC50

-231 cells treated with IC50 value of silver nanofibers.
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the S phase to 22.8% compared to 6.57% in control
cells [53].
Apoptosis

To improve P. dulcis essential oil’s anticancer activity
and connect the findings to the cell cycle and ROS.We
used an apoptotic assay to compare and contrast the
efficacy of AgNFs against HepG2 cells and MDA-
MB-231 cells. Apoptosis is a sort of programmed cell
death that happens in eukaryotes, such as humans. It
has been reported in both unicellular and multicellular
eukaryotes, as well as in bacterial apoptotic processes.
Membrane permeability changes during apoptosis, as
seen by the collapse of the inner mitochondrial
transmembrane potential. Chromatin condensation
and nuclear fragmentation distinguish the next stage.
After that, the cell divides into membrane-bound,
ultra-structurally preserved fragments that
macrophages devour, decreasing inflammation.
Forward and side scatter density plots are useful to
identify your cell population of interest and remove
debris. FSC versus SSC gating was used to identify
cells that are intriguing based on size and detail
(complexities). Forward scatter is frequently believed
to indicate cell size, whereas side scatter symbolizes the
cell’s complexity or granularity. The SSC VS FSC plot
was used to select the cell population in treated and
untreated cells for further investigation. The FL1
Figure 6

Flow cytometry analysis of silver nanofibers, showed apoptosis analysis:
silver nanofibers. C. Untreated MDA-MB-231 cells. D. MDA-MB-231 cel
versus FL3 plot shows the state of the cell
population that was gated with the aid of the FSC
versus SSC plot. In brief, the FL1 versus FL3 plot is
divided into 4 quartiles. The Q4 quartile shows the cell
population that is stained neither with PI nor FITC-
conjugated annexin. Therefore, the Q4 quartile shows
the healthy cells that are nonapoptotic and non-
necrotic. The Q3 quartile shows the cell population
that is stained only with FITC-conjugated annexin
and, therefore, is in the early stages of apoptosis. At the
early stages of apoptosis, the integrity of the cell
membrane is not jeopardized; therefore, PI stain is
excluded from the cells. However, FITC-conjugated
annexin binds to phosphatidylserines that are localized
in the outer layer of the cytoplasmic membrane. The
Q2 quartile represents the cell population that is
stained with both PI and FITC-conjugated annexin
and shows the cell population that is at the late stage of
apoptosis, where the integrity of the cell membrane is
disrupted, PI can easily penetrate the cell to stain the
DNA, and phosphatidylserine is surfaced to bind
annexin. The Q1 quartile shows necrotic cells. The
necrotic cell’s plasma membrane is disrupted, and PI
stain can easily penetrate the cells, which also helps to
remove debris and artifacts from the analysis. The IC50

value was used to determine early apoptosis (Q1), late
apoptosis (Q2), necrosis (Q3), and cell survival (Q4).
Untreated HepG2 cells showed early apoptosis
A. Untreated HepG2 cells. B. HepG2 cells treated with IC50 value of
ls treated with IC50 value of silver nanofibers.



Figure 7

Flow cytometry analysis of silver nanofibers, showed ROS analysis: A. Untreated HepG2 cells. B. HepG2 cells treated with IC50 value of silver
nanofibers. C. Untreated MDA-MB-231 cells. D. MDA-MB-231 cells treated with IC50 value of silver nanofibers.
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(0.804%), late apoptosis (0.190%), necrosis (3.39%),
and living cells (95.6%), as shown in (Fig. 6a). Early
apoptosis (0.00%), late apoptosis (0.095%), necrosis
(60.6%), and living cells (39.3%) were seen in HepG2
cells treated with an IC50 value, Fig. 6b. Untreated
MDA-MB-231 cells are seen in early apoptosis
(0.375%), late apoptosis (0.112%), necrosis (2.48%),
and surviving cells (97.0%) in (Fig. 6c). In MDA-MB-
231 cells, the efficacy of apoptosis results indicated
early apoptosis (0.045%), late apoptosis (0.015%),
necrosis (16.4%), and life cells (83.6%) (Fig. 6d)
[54,55].
Reactive oxygen species (ROS)

The IC50 values were utilized to evaluate the ROS
results using flow cytometry. DCFH is used as a
biomarker for ROS by comparing treated and
untreated cells. This dye detects various ROS
activities, such as hydroxyl and peroxyl radicals,
within cells. Cellular esterases convert it into a non-
fluorescent compound, which is subsequently oxidized
by ROS to produce 2′, 7′-dichlorofluorescein (DCF).
Even though DCFH is easily affected by light
irradiation during measurements, it is still an
important method for determining ROS levels in
treated cells and comparing them to untreated cells
to evaluate the efficacy of medications or plant extracts
because ROS plays a role in cell degradation. Untreated
HepG2 cells (control) had 2.31% DCFH+, while cells
treated with the IC50 value of AgNFs had 38.0%
DCFH+, as shown in Fig. 7a–d show that untreated
(control) MDA-MB-231 cells have (6.44%) DCFH+
and (22.6%) DCFH+ cells treated with AgNFs IC50

values. The count-FL1 plot is used to interpret the
ROS production. In the treated cells, when compared
to the control cells, the FL1 peak has shifted to the
right. The more the peak shifts to the right, the more
the cell population produces fluorescent light, which is
proportional to an increase in ROS production [56,57].
Conclusion
The present research demonstrates that the essential
oils of almond fruits can effectively contribute to the
formation of AgNFs. SEM and FT-IR analyses
confirmed the synthesis of AgNFs. Furthermore, the
AgNFs showed antibacterial against Gram-negative
bacteria (P. aeruginosa and E. coli). Hence, AgNFs
showed anticancer potential properties with HepG2
cells and MDA-MB-231 cells. The anticancer study
revealed thatAgNFs fromalmondoil couldbedeveloped
in the future to protect against a variety of ailments. As a
result, almond essential oils may be regarded as suitable
ingredients for the manufacture of AgNFs, and this
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methodology could serve as an environmentally friendly
method of producing these AgNFs.
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