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In recent investigations, secondary bacterial infections were found to be strongly

related to mortality in COVID-19 patients. In addition, Pseudomonas aeruginosa

and Methicillin-resistant Staphylococcus aureus (MRSA) bacteria played an

important role in the series of bacterial infections that accompany infection in

COVID-19. The objective of the present study was to investigate the ability of

biosynthesized silver nanoparticles from strawberries (Fragaria ananassa L.) leaf

extract without a chemical catalyst to inhibit Gram-negative P. aeruginosa and

Gram-positive Staph aureus isolated from COVID-19 patient’s sputum. A wide

range of measurements was performed on the synthesized AgNPs, including

UV–vis, SEM, TEM, EDX, DLS, ζ -potential, XRD, and FTIR. UV-Visible spectral

showed the absorbance at the wavelength 398 nm with an increase in the

color intensity of the mixture after 8 h passed at the time of preparation

confirming the high stability of the FA-AgNPs in the dark at room temperature.

SEM and TEM measurements confirmed AgNPs with size ranges of ∼40-

∼50 nm, whereas the DLS study confirmed their average hydrodynamic size

as ∼53 nm. Furthermore, Ag NPs. EDX analysis showed the presence of the
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following elements: oxygen (40.46%), and silver (59.54%). Biosynthesized FA-

AgNPs (ζ = −17.5 ± 3.1 mV) showed concentration-dependent antimicrobial

activity for 48 h in both pathogenic strains. MTT tests showed concentration-

dependent and line-specific effects of FA-AgNPs on cancer MCF-7 and normal

liver WRL-68 cell cultures. According to the results, synthetic FA-AgNPs obtained

through an environmentally friendly biological process are inexpensive and may

inhibit the growth of bacteria isolated from COVID-19 patients.

KEYWORDS

bio-reducing agents, biosynthetic AgNPs, COVID-19, antibacterial activity, anticancer
activity

1. Introduction

Since the outbreak of COVID-19, it has posed a severe
threat to global public health as approximately 200 million cases
carried out by the virus causing 4 million deaths (Sposito et al.,
2021). Secondary bacterial infection is an inevitable result of
pulmonary dysbiosis and respiratory tract distortion caused by
SARS-CoV-2 infection, making it a fatal disease (Hanada et al.,
2018; Jose and Desai, 2020). Illustratively, SARS-CoV-2 infection
creates a respiratory environment that permits the invasion of
the abundance of bacterial pathogens through a distinct shift in
the composition of the microbiome (Rhoades et al., 2021), with
genetic traits suitable for chronic infections (Qu et al., 2022). This
phase causes exacerbation of illness, and the clinical diagnosis
and treatment are more complicated (Bosch et al., 2013), causing
morbidity and mortality of critical patients to insanely raise
(Sharifipour et al., 2020). It was also found that bacterial coinfection
was more associated with patients being critically ill as well as
staying a long time in the hospital environment (Abdoli et al., 2021).

Pseudomonas aeruginosa was notified as the most
abundant superinfecting bacterial in the sputum samples and
bronchoalveolar lavage fluids (BALF) (Qu et al., 2021; Rhoades
et al., 2021). In this context, Rothia comes next in existence in the
nasal microbiome, and it is considered the best predictor of SARS-
CoV-2 vRNA infection in patient samples. Other species were
also detected, including Klebsiella pneuminiae (Kaul et al., 2020),
Streptococcus pneumoniae (Lansbury et al., 2020), Staphylococcus
aureus, Escherichia coli, Stenotrophomonas maltophilia (Chong
et al., 2021), Mycoplasma pneumonia, Acinetobacter baumannii,
Haemophilus influenzae (Lansbury et al., 2020), and methicillin-
sensitive-Staphylococcus-aureus (MRSA) (Yang et al., 2015).
Pseudomonas aeruginosa is a Gram-negative bacterium (He et al.,
2020). P. aeruginosa causes a very high rate of late-onset ventilator-
associated pneumonia (VAP) in severe COVID-19 patients
who require ECMO (Luyt et al., 2020). P. aeruginosa affects
the patient through various mechanisms, thorough secretion
of various virulence factors and forming a biofilm essential for
host adaptation (Wang K. et al., 2017). These isolates have novel
epigenetic markers and could form extravagant modifications that
induce antibiotic resistance, persistent in vivo colonization, and
disease induction in COVID-19 patients (Qu et al., 2021). These
developments enable it to compete in polymicrobial environments

and escape the host immune system attack (Gellatly and Hancock,
2013). Analysis of these evolutionary traits contributes to the
prognosis of disease development and the required therapeutic
measures to treat infections caused by P. aeruginosa co-infection
in COVID-19 patients (Qu et al., 2022).

Methicillin-resistant Staphylococcus aureus (MRSA) is among
the most frequent causative agents of pulmonary infection in
COVID-19 patients (Bassetti et al., 2022), which causes multifocal
pneumonia and right-sided empyema. Staphylococcus aureus
also causes endocarditis, bacteremia, sepsis, and death, so it is
considered a source of danger in the hospital environment for
its risk of deadly outcomes in healthcare-associated infections
(Punjabi et al., 2021). A wide diversity of patient- and environment-
specific factors plays a role in the predominance of S. aureus
coinfections in COVID-19 patients. It has been found that the
COVID-19 treatment course is the major cause of this plethora
as it includes intubation, mechanical ventilation, central venous
catheter placement, and corticosteroids, which act as an excuse to
introduce a foreign body or immunosuppressive properties that
dually support bacterial growth (Monegro et al., 2021).

As P. aeruginosa, as we mentioned before, the aggregation of the
environmental changes and frailty of the immune responses create
suitable conditions for Staphylococcus aureus infection (Mulcahy
and McLoughlin, 2016). Some strains of Staphylococcus aureus in
COVID-19 patients secrete Panton-Valentine leukocidin (PVL),
a cytotoxin that causes necrotizing pneumonia (Duployez et al.,
2020). We conclude from the above that the risk of P. aeruginosa
infection and high carriage of MRSA worsen the pathogenic
condition and contribute to significantly raising the mortality rate
of COVID-19 patients (He et al., 2020). Consequently, the search
for bacterial pathogens coinfection treatments becomes the need of
the hour.

Since ancient times plants have been essential bioactive sources.
Thanks to their “phytochemicals.” Plants have a notable therapeutic
value (Nishtha et al., 2017) and show healing power from diseases
and disorders in a tremendously expansive range of health-
related purposes (Punjabi et al., 2015). Approximately 12,000 such
compounds have been isolated so for the Fragaria genus (Rosaceae
family) (Sumaira et al., 2011), commonly known as strawberry
(Fragaria ananassa L.) (Figures 1A, B), demonstrated as one of
the most cosmopolitan important food plants with therapeutic
potential all over the world (Liston et al., 2014). This plant has some
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characteristics that make it at the top of the dietary consumption
rate, including taste, nutritional values, aroma (Awad and de Jager,
2003) and the high level of vitamin C, anthocyanins, ellagic acid,
and other antioxidant compounds (Jakobek et al., 2007).

There are approximately 247 varieties known and listed in
this genus. One of the most important species is Fragaria x
ananassa. Duchesne, known as the garden strawberry, is native
to northern America and cultivated all over the world (Liston
et al., 2014). Previous studies have concluded that its leaves
could be a good source for isolating active phytochemicals used
in different medicinal approaches (Khan et al., 2018). Seventeen
phenolic compounds were isolated from the methanolic extract of
strawberry leaves and identified as hydrolysable tannins, flavanol,
flavonol glycosides, and phenolic acids (El-Mesallamy et al., 2013).

Include these phenolic compounds in the diary diet as
natural antioxidants protecting the human body from diverse
diseases and infections like delayed senescence caused by
oxidative stress, and other properties such as anticancer, anti-
atherosclerotic, anti-neurodegenerative, anti-inflammatories, anti-
tumors, antihistaminics, and antimicrobial activity (Seeram et al.,
2006). Strawberry fruits exhibited antibacterial activity against
various species such as Micrococcus luteus, Escherichia coli, S.
aureus, B.bronchiseptica, Kelbsiella sp., Pseudomonas, Salmonella
typhi, and P. aeruginosa (Khan et al., 2018; Selim et al., 2022). In
contrast, Staphyllococcus aureus is the highest resistance species
to the plant extract. Moreover, the antimicrobial activities of
the plant leave extracts were investigated against some bacterial
strains, and the results showed inhibitory effects for most bacterial
spp such as Pseudomonas aeruginosa, Kelbsiella sp., Salmonella
typhi, Staphyllococcus aureus, Escherichia coli and Enterococcus
faecium (VREfm) (El-Mesallamy et al., 2013; Alshawwa et al., 2022;
Kandeel et al., 2022).

Nanoparticles are created with special qualities that make
them useful in biology and materials research (Kesharwani et al.,
2018; Sharaf et al., 2022b). Silver nanoparticles are among many
that have attracted the greatest attention for research in recent
years (Saravanan et al., 2018). Silver nanoparticles emit silver
ions, which may destroy bacteria (Bapat et al., 2018). Due to
electrostatic attraction and sulfur protein affinity, silver ions stick
to the cell wall and cytoplasmic membrane. Adhered ions increase
cytoplasmic membrane permeability and damage the bacterial
envelope (Khorrami et al., 2018).

After free silver ions enter cells, respiratory enzymes may
be inhibited, producing reactive oxygen species but interfering
with adenosine triphosphate formation (Ramkumar et al., 2017).
Reactive oxygen species may majorly cause cell membrane rupture
and deoxyribonucleic acid (DNA) alteration. Because sulfur and
phosphorus are key components of DNA, the interaction of silver
ions with these elements may create issues with DNA replication,
cell reproduction, and even the termination of microorganisms.
Furthermore, silver ions may impede protein production by
denaturing ribosomes in the cytoplasm (Darroudi et al., 2014).

This work investigated the efficacy of biosynthesized silver
nanoparticles from strawberries (Fragaria ananassa L.) leaf extract
(FA–AgNPs) without a chemical catalyst to inhibit P. aeruginosa
and S. aureus isolated from COVID-19 patients’ sputum.
Furthermore, this work the first time introduces as a FA–AgNPs
biosynthesis deadly agent against COVID-19 secondary bacterial
infection stains (Scheme 1A).

2. Materials and methods

2.1. Materials

Muller-Hinton was purchased from Merck, Germany.
Phosphate-buffered saline (PBS) and Hanks’ balanced salt solutions
(HBSS) were purchased from Solarbio Science and Technology,
China. Glutaraldehyde and [3-(4,5-dimethyl thiazol-2yl)-2,5-
diphenyl tetrazolium bromide] (MTT) were purchased from
Sinopharm (Beijing, China). The University of Malaya College of
Medicine, Department of Pharmacy Center for Natural Product
Research and Drug Discovery Department of Pharmacology
Faculty of Medicine University of Malaya Kuala Lumpur Malaysia,
provided the normal liver cell line WRL 68 Cell and the cancer cell
line MCF-7. Cancer cells were nurtured and cultivated, and tests
were performed on them at Al-Nahrain University’s Biotechnology
Research Center.

2.2. Purification and isolation of
pathogenic bacteria from COVID-19
patients

In this study, Staphylococcus aureus MRSA and Pseudomonas
aeruginosa were isolated and diagnosed from hospitalized COVID-
19 patients’ sputum at Salah El-Din Military Hospital, the
bacteria were identified and diagnosed based on morphological
characteristics and biochemical examinations according to the
standard methods of diagnosis and confirmed with the Vitek 2
compact (Harrigan and McCance, 1976; Procop et al., 2020).

2.3. Culture conditions of the
microorganism

Staphylococcus aureus and P. aeruginosa were cultured on the
Muller-Hinton agar medium at 37 ◦C for 24 h. The colonization
was compiled and assembled in HBSS (pH 6.0) to 0.06 at 600 nm
(OD600), which corresponded to ∼106 (CFU) mL−1 via UV–
Vis spectroscopy (Varian Cary-100 Konc, Varian, Australia) and
subsequently used in the following experiments.

2.4. Preparation of Fragaria ananassa L.
leaves extract

Fragaria ananassa L. leaves were picked and washed four times
with Milli-Q water. Then, 1 g of fresh F.ananassa L. leaves were
mashed in 100 ml of distilled water in a 500 ml beaker, the plant
extract was heated for 5 min. Finally, fresh leaves extract was filtered
using a Whatman No.1 filter paper and kept in the refrigerator at
4◦C (Gauthami et al., 2015).

2.5. Biosynthesis of FA-AgNPs

Aqueous silver nitrate (AgNO3) solution was prepared at a
concentration of 1 mM (0.0421 g of AgNO3 was dissolved in 100 ml
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FIGURE 1

(A) Fragaria genus (Rosaceae family) strawberries (Fragaria ananassa L.) plant; (B) Fragaria ananassa L. leaf extract using to biosynthesized AgNPs.

of Milli-Q water). Then, the prepared solution was kept in opaque
glass bottles to ensure that the silver does not self-oxidize. Then,
1 ml of strawberry F. ananassa L. leaves extract was mixed with
50 ml of aqueous AgNO3 solution with vigorous stirring (100 rpm)
at ambient room temperature around (25–27 ◦C) for 15 min then
stored at room temperature for 8 h. The final solution of FA-
AgNPs green synthesis was kept in the refrigerator at 4◦C until use
(Nagati et al., 2012) (Scheme 1B).

2.6. FA-AgNPs NPs distributions and
characterizations

2.6.1. Color change
The change of color reaction mixture was verified or checked

through visual observation after the reduction of Ag+ to silver
nanoparticles by F. ananassa L. leaves extract was measured
according to Korbekandi et al. (2013).

2.6.2. UV-visible
The UV-Visible spectra of samples diluted were measured on

a spectrophotometer Varian Cary-100 Konc (Varian, Australia), at
230 V/50 Hz, at wavelengths of 200–800 nm (El-Belely et al., 2021).

2.6.3. FTIR spectroscopy
The functional groups present in the produced samples

were examined using an FT-IR spectrometer (JASCO FT-IR
4100 spectrometer, Hachioji, Tokyo, Japan). Produced samples
combined with potassium bromide (KBr). High pressure was
applied to a disk, and measurements were made with a resolution of
4.0 cm−1 at a wavelength of 400–4000 cm−1 (Sharaf et al., 2022a).

2.6.4. Practical size (PS) and ζ-potential (ZP)
Dynamic light scattering used the formulas’ mean PS and ZP

values to calculate (Malvern Instruments, UK). 3 ml of naked FA-
AgNPs were diluted in deionized water, put in a cell cuvette, and
scanned four times to get an average reading for size estimate. After
three measurements, the mean and SD were determined.

2.6.5. Surface morphology
Scanning electron microscope imaging was performed on the

optimized samples using a JSM 6390 R©, manufactured by JEOL
DATUM Ltd. in Japan. A 400 drop of FA-AgNPs was applied on an
aluminum grid and allowed to dry for 5 min under a mercury lamp.
Silver nanoparticles were investigated using TEM (transmission
electron microscopy) equipment (TEM; TOPCON002B; Tokyo,
Japan). Thin films of silver nanoparticles were produced on a
copper grid covered with carbon by simply placing a small sample
on the grid and wiping away any extra solution with blotting paper
(Hou et al., 2021).

2.7. Inhibitory efficacy of FA-AgNPs
against bacterial

The Muller–Hinton agar medium was prepared; the bacterial
suspension was smeared on it with a swab, and then allowed
for 5 min to dry. The well diffusion method was utilized, and
three replications were made in accordance with the procedure
(Dipankar and Murugan, 2012), then made 5 holes. Considering
one of the pits as standard control, then 50 microliters of FA-
AgNPs were added in each pit at successive concentrations (0.25,
0.50, 0.75, and 1 mM), then, placed in the incubator for 24 h at
37◦C. The inhibitory efficacy of FA-AgNPs with a regular ruler,
and the diameter of the inhibitory area were used to calculate the
effectiveness against bacteria.

2.8. In vitro cellular biocompatibility
study

MTT was used to analyze the cytotoxicity of the cancer cell
MCF-7 and the normal liver cell WRL-68 lines. After incubation,
the medium from the wells was removed. MTT (6 mg/mL−1)
was then added to each well. The cells were layered into 60 µl
of DMSO (dimethylsulfoxide), which dissolved when the medium
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SCHEME 1

(A) Purification and isolation of pathogenic bacteria from COVID-19 patients and culture of the microorganism; (B) illustration of prepared
FA–AgNPs biosynthesis at 25–27◦C.

was washed once more. Using a microplate reader, the specimens’
absorbance spectra were measured at a wavelength of 595 nm
(Wang Y. et al., 2017).

%Cell viability = (OD test−OD blank)/

(OD control−OD blank)

where OD optical density, test, control, and blank refer to the
wells without WRL-68 and MCF-7 cells, respectively, while test,

control, and blank refer to the cells exposed to the FA-AgNPs
sample (Berridge and Tan, 1993).

2.9. Statistical analysis

The results were statistically analyzed by applying the One Way
ANOVA test (Analysis of variance), as the arithmetic averages of
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the inhibition areas were compared according to the concentrations
used for the various substances whose biological inhibitory activity
we tested for bacterial species using Duncan’s polynomial test at a
∗p < 0.05 (Gerber and Voelkl, 2012).

3. Results and discussions

3.1. Characterization of FA extract

Due to plant extracts’ non-toxic and safe metabolite content,
they have attracted a lot of interest from different biological
sources. Plants primarily use phenolic compounds, flavonoids,
ketones, aldehydes, tannins, terpenoids, and organic acids as
mediating chemicals to reduce silver ions. These characteristics
have led to the application of FA extract in producing
several nanomaterials, including gold, silver, copper, and iron
nanoparticles (Bayat et al., 2021).

In the current investigation, the biological extract was made
from FA leaves, and its phytochemical composition was evaluated
before the AgNPs preparation (Figure 1). UV-Vis spectroscopy,
FTIR, and XRD studied the Characterization of FA extract. The
results are shown in Figure 2. UV-Vis spectroscopy was used to
characterize the water leaves extract strawberry. Figure 2A shows
the UV-visible spectrograph the spectroscopic examination proved
that the highest absorption peak appeared at 378 nanometers.
This spectroscopy supports the prior research by Lee et al. (2005)
discovered that all extracts had a peak between 300 and 320 nm,
which may have been caused by strawberry-common water-soluble
phenolic or taste components extracted by pH buffers.

Furthermore, the infrared spectrum of water leaves strawberry
extracted using the green synthesis method revealed a broad

band at 3425 cm−1 belonging to the hydroxyl (OH) group, the
appearance of a band at 3380 cm−1 belonging to the aliphatic (C-H)
group, and the appearance of a band at 2350 cm−1 belonging to
the aromatic (AR) group. A band belonging to the amide carbonyl
group (C = O) appears at frequency 1719 cm−1 for the carboxylic
acid carbonyl group (C = O), a band belonging to a group (C = C)
appears at frequency 1627 cm−1, and a band belonging to a group
(C-O) appears at frequency 1457 cm−1 (Figure 2B).

3.2. FA-AgNPs manufacturing strategy of
preparation

AgNO3 solution mixture with FA leaves extract, the color
change was monitored in glass tubes at room temperature. The
increase in reaction time led to the reduction of Ag+ ions to silver
nanoparticles. Moreover, the color of the solution was changed
very clearly, which ranged from light yellow in the first hour
even to dark brown in the 8 h, through a different change in
color of the reduced reaction (Figure 3A). According to previous
studies, the color change is the first sign of AgNO3 (Dipankar
and Murugan, 2012; Shanmugavadivu et al., 2014). The different
phytochemicals included in the leaf extract function as reducing
and stabilizing agents for the production of NPs. The interaction
of these phytochemicals with metal ions resulted in the production
of brown color precipitates, assuring the synthesis of AgNPs
(Anchan et al., 2019). Previous studies have demonstrated that
phytochemicals such flavonoids and phenolic compounds directly
contribute to converting Ag+ ions into Ag0 (Jain and Mehata,
2017; Devi et al., 2019). Additionally, polyhydroxy substances,
particularly flavonoids, have a strong propensity to chelate metal
ions by creating stable complexes through their many hydroxyl

FIGURE 2

Characterization of strawberry leaf extract. (A) UV-Visible; (B) XRD; and (C) FTIR.
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FIGURE 3

(A) UV-Vis spectroscopy and color change of silver nanoparticles synthesized by green synthesis method at room temperature. (B) XRD pattern of
bare AgNPs; (C) FTIR.

groups and the carbonyl moiety, leading to the creation of silver
nanoparticles (Sahu et al., 2016; Marslin et al., 2018).

3.3. Characterization of FA-AgNPs extract

3.3.1. UV-Vis characterization of FA-AgNPs
UV-Vis spectroscopy was used to characterize FA-AgNPs

produced by aqueous extracts of blackberry and raspberry leaves.
Actually, surface plasmon resonance (SPR) at around 420 nm and
color variations in the reaction mixture make UV-Vis spectroscopy
a highly popular technique for FA-AgNPs synthesis monitoring
(Figure 3A).

3.3.2. XRD
Figure 3B, represents the XRD patterns obtained of the

synthesized AgNPs by green synthesis (cold process) from AgNO3
and FA leaves. We see intensities and peaks in the resultant patterns
that are associated with cubic-crystalline AgNPs (the fitted XRD
pattern was compared to the reference pattern COD Card Number
[96-901-3054]. Another peak is associated with silver oxide NPs,
which is (monoclinic Ag3O4–COD Card Number [96-151-0026]).
This figure indicates the apparent crystal systems, angles, and
Miller’s index. The exposure of the prepared solution to air for
a period of time led to oxidation and thus the appearance of
intensities of aforementioned peaks and with preferential directions
due to the aforementioned nano silver oxide. According to a

previous study (Vazquez-Muñoz et al., 2019) would be better to
move the cite to the end of the sentence; the interaction of Ag atoms
with oxygen atoms or radicals during their disintegration in liquid
causes the creation of Ag oxide NPs. They also stated that the type
of oxide formed depends on the temperature and oxygen partial
pressure.

3.3.3. FTIR
The dry aqueous FA and AgNPs were examined using FTIR

spectra the results are shown in Figure 3C. The O-H stretching
vibration is responsible for the two materials’ distinctive absorption
bands in the high-frequency range of 4000 to 3000 cm−1. The
presence of the phenolic compounds that decrease of Ag+ to Ag0.
is shown by the peak of AgNPs at 3402 cm−1. The polyphenols
are extracted from FA leaves and transformed into the silver in
the solution into nano-silver particles. The band at 1920 cm−1 is
attributed to C–H stretching of methoxy groups by anthocyanin
mixture (Negahdary et al., 2015), whereas the peak at 1645 cm−1

is attributed to –CH and C = C stretching of aromatic compounds.
It is worth noting that these peaks are visible in both materials (FA
and AgNPs).

However, the pH was changed to a value larger than 12, making
the nanoparticles’ peaks more noticeable. The anthocyanins may be
chemically altered in this alkaline environment, which also aided in
the synthesis of AgNPs. The amine groups C–N (Balavijayalakshmi
and Ramalakshmi, 2017), and C–O–C from the synthesis using
the FA and AgNO3 solution may be linked to the new bands
at 1333 cm−1 and 1050 cm−1 on the AgNPs. This accords with
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(Farahani et al., 2022), and a beam from the group (–CH) also
appeared at a frequency 709 cm−1 (Figure 3).

3.4. Characterization of FA-AgNPs
dispersions

3.4.1. Practical size (PS), PDI, and ζ-potential
Practical size, PDI, and ζ-potential of FA-AgNPs were measured

by dynamic light scattering (DLS). The average values obtained
across all systems revealed a PS distribution, as illustrated in
Figure 4. FA-AgNPs were around ∼53 nm in size, and their PDI
values were 0.69 ± 0.1, respectively (Figure 4A). Additionally, a
very narrow dispersed particle has PDI values between 0.3 and 0.7,
which are perfect for dispersion stability and homogeneity (Park
et al., 2016). Their ζ-potential values often predict the stability of
nanoparticles; in this case, FA-AgNPs defining ζ-potential values
were to be −17.5 ± 3.1 mV (Figure 4B). In addition, due to
electrostatic balancing, the ζ-potential value greater than−30 mV is
regarded as stable. The ionization of the phenolic hydroxyl groups
in the capping moieties at alkaline pH is thought to be the cause of
FA-AgNPs greater negative ζ-potential charge (AbdelHamid et al.,
2013). This generated a repellent barrier that prevented FA-AgNPs
from aggregating and enhanced their colloidal stability.

3.4.2. Transmation electron microscope (TEM)
In the current work, the topology of FA-Ag NPs was analyzed

by TEM, which revealed the synthesis of monodisperse spherical
NPs, as shown in Figure 5. FA flower aqueous extract was used to
synthesize AgNPs, which were aggregated, spherical in form, and
with an average size of between∼45 and∼51 nm (Figure 5A); The
AgNP size was within acceptable bounds, as shown by Figure 4
of the AgNPs size distribution, which shows that the average
particle size of 54.41 ± 3.7 nm (Figure 5B). The biogenic silver
nanoparticles were nearly twice as large as those reported in a
recent study, which found that Phyllanthus emblica fruit extract
encouraged the creation of silver nanoparticles with an average
diameter of 48.1 nm (Masum et al., 2019). Fresh Arbutus unedo
leaf extract has been used to create green silver nanoparticles

of similar sizes, with typical size diameters ranging from 40 to
58 nm (Skandalis et al., 2017). As shown in our current work,
previous findings generally support the notion that using aqueous
leaf extract of FA leaves to create silver nanoparticles is an efficient
and environmentally benign method.

3.4.3. Scanning electron microscope (SEM) and
EDX analysis of FA-AgNPs

Scanning electron microscope pictures revealed poly
aggregation nanoparticles with a range of spherical and hexagonal
forms with an average size of ∼40– ∼55 nm (Figure 6A).
Using energy-dispersive X-ray spectroscopy (EDX) research,
the elemental mapping of the biogenic Ag NPs was discovered.
According to an EDX examination, the elements oxygen (40.46%)
and silver (59.54%) were present (Figure 6B). Additionally, a
strong peak at 1.44 keV was seen, suggesting the presence of silver
(Au), and two other peaks at 3.00 and 3.20 keV, respectively, were
attributed to the presence of silver (Ag).

Our results corroborated those of Okaiyeto et al. (2019), who
identified the presence of silver and the element chloride in AgNPs
made from an aqueous leaf extract of Oedera genistifolia (Okaiyeto
et al., 2019). According to a prior work (Femi-Adepoju et al., 2019),
many components identified by EDX analysis, such as Si, Au, and
Cl, were found to function as capping agents of the biogenic AgNPs
collectively.

3.5. Screening antibacterial efficiency of
FA-AgNPs

Using a disk diffusion experiment, FA-AgNPs suspensions of
different concentrations were examined for antibacterial activity
against P. aeruginosa and S. aureus grown on Muller-Hinton agar
medium at 37◦C for 24 h. Figure 6 illustrates how the antibacterial
agent (NPs) may break apart bacterial cells. At doses of 75 and
100 (mM/disk), the MRSA strain had the greatest sensitivity
to FA-AgNPs, recording inhibitory zone diameters of 15.08 and
18.03 mm, respectively (Figures 7A, Ba).

These findings were strikingly similar to those reported by
Yassin et al. (2022), who found that Origanum majorana seed

FIGURE 4

(A) Hydrodynamic size, and polydispersity index (PDI); and (B) ζ-potential of FA-AgNPs. Numerical data are reported as mean ± SD ζ-potential
(n = 3) and particle size and PDI (n = 4).
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FIGURE 5

(A) Average particle size and size distribution of prepared samples FA-AgNPs (scale bar = 100 nm) measured by TEM; (B) data of size distribution is
presented as means ± SD (n = 3).

FIGURE 6

(A) SEM image of synthesized FA-Ag NPs (scale bar 1 µm); (B) EDAX spectrum for aqueous leaf extract synthesized FA-Ag NPs. The vertical axis
displays the number of X-ray counts while the horizontal axis displays energy in kilo electron volts.

extract-derived AgNPs were antibacterial effective against MRSA
strains at concentrations of 75 and 100 (mM/disk), with inhibition
zones measuring 19.68 and 17.12 mm, respectively. Additionally, at
doses of 75 and 100 (mM/disk), the P. aeruginosa strain showed
remarkable sensitivity to the biosynthesized AgNPs, recording
a suppressive zone width of 14.68 and 17.15 mm, respectively
(Figures 7A, Bb).

These results corroborated Khalil et al. (2021), who revealed
the antibacterial efficacy of green AgNPs produced from extracts of
ginger, onion, and sidr and recorded suppressive exhibited varied
inhibitory zone sizes ranging from 11 to 17 mm. These outcomes
could result from silver nanoparticles’ ability to continuously
release silver ions, which might function as a microbe-killing
mechanism (Qamer et al., 2021; Wright et al., 2022). Furthermore,
due to electrostatic attraction and affinity for sulfur proteins,
silver ions can adhere to the cytoplasmic membrane and cell wall
(Tang and Zheng, 2018). The cytoplasmic membrane’s permeability
may increase due to the connected ions, disrupting the bacterial

envelope (Santos et al., 2018). Once free silver ions are ingested
by cells, respiratory enzymes may become inactive, leading to
reactive oxygen species without adenosine triphosphate production
(Hamad et al., 2020).

Reactive oxygen species can also be aided in triggering cell
membrane rupture and DNA modification (Singh et al., 2018). The
interaction of silver ions with sulfur and phosphorus, two essential
DNA building blocks, results in issues with DNA replication, cell
growth, and, ultimately, microbial cell death (Makvandi et al.,
2020). Silver ions can also stop the synthesis of proteins by
denaturing ribosomes in the cytoplasm (Sharma et al., 2021).
Due to their increased surface area, smaller AgNPs, like those
reported in the current study and having a spherical form, are
more likely to release silver. AgNPs’ nanoscale size also allows
them to pass through bacterial cell walls and alter the structure
of the cell membrane. Organelle rupture and potential cell lysis
can result from the cytoplasmic membrane becoming denatured
(Uddin et al., 2022).
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FIGURE 7

FA-AgNPs inhibit P. aeruginosa and S. aureus bacterial growth; the inhibitory effect of FA-AgNPs compared to control were determined in vitro by
agar well diffusion assay; (A) zone of inhibition (mm) carve. Values in each column followed by different letters are significantly differenta,b

(P < 0.05). Statistical differences between samples in Duncan test; (Ba,b) S. aureus and P. aeruginosa bacterial zone of inhibition (mm) plate with
different concentrations 0.25, 0.50, 0.75, and 1 mM of FA-AgNPs.

FIGURE 8

Viability of WRL68 and MCF-7 breast cancer cell lines, cells treated with different concentrations of panel (A) F. ananassa extract; (B) FA-AgNPs.
Numerical data are reported as the mean ± SD (n = 3).

3.6. Screening cytotoxicity study and
anticancer of FA-AgNPs

Concerns over the biological effects of AgNPs extensive use as
well as potential hazards to the environment and public health, are
on the rise. Because of their small size, nanoparticles may readily
infiltrate live beings’ cells, which can result in a number of cell
damages (Greulich et al., 2011; Liz et al., 2015). Nanoparticles have
been extensively explored as a result of growing worries about their
potential cytotoxicity and genotoxicity (Chairuangkitti et al., 2013;
Składanowski et al., 2016). Both the normal cell line (WRL-68)
and the cancer cell line (MCF-7) were treated for 24 h at 37◦C
with doses ranging from 0.1 to 1 mM) of FA extract (Figure 8A)
and FA-AgNPs (Figure 8B), along with the control sample without
treatment for comparison. The magnitude of the toxicological

impact was also assessed by calculating the percentage of growth
that was inhibited compared to the control (100% growth).

The 3T3 Phototox software was used to process the absorbance
values obtained following the capture of the red dye and the
corresponding doses of FA-AgNPs employed in the cytotoxicity
studies to calculate the IC50 of produced samples in various cell
lines. At the highest quantities of the extract evaluated in this study,
very little toxicity to the normal cell lines WRL-68 and MCF-7
was seen (Figure 8A). Additionally, FA-AgNPs demonstrated dose-
dependently enhanced inhibition rate and reduced cell viability on
WRL-68 cells at a high dose of <1 mM and on MCF-7 cells at a
low dose of >1 mM (IC50, around 0.9 mM). This data can suggest
a certain level of safety for greater FA-AgNPs concentrations in
coating medical equipment, as the concentration of 1 mM, where
silver ions should be released slowly, is probably never achieved
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(Figure 8B). These findings were very comparable to those of Balan
et al. (2021).

There are some limitations to the current investigation.
Therefore, should be investigated further in this work, first,
in vitro impact of specified formulations on pre-established
bacteria biofilms. Second, future research, in conjunction with FA-
AgNPs, will give the knowledge required to forecast synergism
and disruptive effects on an established biofilm-based infection.
Furthermore, we recommend doing in vivo experiments to
establish the effectiveness of our developed formulations along
with cytotoxicity.

4. Conclusion

In order to increase AgNPs efficiency, the co-sedimentation
method was used to prepare silver nanoparticles from F. ananassa
L. leaves extract (FA-AgNPs). FA-AgNPs UV-Visible showed
surface plasmon resonance at 420 nm. XRD and FTIR results
showed intensities and peaks in the resultant patterns that are
associated with cubic-crystalline AgNPs. The zeta size of FA-AgNPs
was around∼53 nm and negative ζ-potential charge. Furthermore,
the surface appearance by TEM, SEM, and EDAX spectrum
depicted that the formed of FA-AgNPs exhibited good homogeneity
and spherical size. FA-AgNP was employed with the MCF-7 breast
tumor cell line, doses demonstrated considerable cytotoxic effects,
decreased cell viability, and increased inhibition rate in a dose-
dependent manner on MCF-7 cells at >1 mM (IC50, approximately
0.9 mM), as well as antibacterial efficacy against the chosen Gram-
negative and Gram-positive pathogens. In order to combat the
multi-drug-resistant bacterial strains that were discovered in the
sputum of COVID-19 patients, FA-AgNPs may be a useful option
to develop. Applications of FA-AgNPs may result in important
discoveries in various domains, including antimicrobial systems
and medical equipment used in institutions authorized to isolate
COVID-19 patients.
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