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Abstract

Recent developments in nanotechnology and nanoscience in all phases of human life have radically altered the diagnosis,
treatment, and prevention of numerous diseases. Silver nanoparticles (Ag-NPs) have been among the most dynamic, and
Several metallic nanoparticles developed for biological uses include some beautiful nanomaterials. Ag-NPs have played a
pivotal role in nanotechnology and nanoscience, mostly nanomedicine. In this work, Ficus carica leaf extract was utilized to
create silver nanoparticles using a straightforward procedure. This study explored the reduction of silver ions by F. carica leaf
extract in the solution. UV-Vis spectroscopy, XRD analysis, and STEM characterize prepared biogenic Ag-NPs. Afterward,
antibacterial and antibiofilm properties were investigated. The images obtained from STEM analysis surveyed that the NP
sizes ranged from 11 to 20 nm. Ag-NPs demonstrated antibacterial and antibiofilm activities against all tested Gram-positive
and Gram-negative bacteria strains. It has been indicated that Ag-NPs have inhibitory potency against collagenase activity.
Ag-NPs exhibited anticancer activity in the HeLa cell line, and the ICs,, value was calculated as 8.403 pg/mL. In this study,
it has been shown that the synthesis method is environmentally friendly, fast, safe, and easy to use.
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Introduction

Nanoparticles (NPs) involve atom clusters in the size range of
1-100 nm, and several of their syntheses and uses have been
carried out in recent years (Santhoshkumar et al. 2019). Nano-
technology designs and synthesizes nanotubes, nanowires, and
nanorings by processing known molecules with various atoms
and molecules (Korkmaz et al. 2020c). To create nanoparticles,
physical and chemical processes are used. However, because
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of the toxicological action of chemically synthesized NPs, the
green synthesis method has appeared as an alternative method
in recent years. Nanoparticles, especially those under 100 nm,
are used effectively in medicine, biotechnology, biomedicine,
cosmetology, material engineering, and chemistry due to their
superior properties to volumetric materials (Singh et al. 2008;
Korkmaz 2019; Saravanakumar et al. 2018; Belachew 2023).
Among the known nanomaterials, silver nanomaterials are
widely researched and used as antibacterial agents (Du et al.
2023). The antibacterial property of silver has been known for
centuries and has been used in many fields (Arora et al. 2008;
Yang et al. 2012). Silver ions (Ag™) have been indicated in the
literature for their antimicrobial activities on all known types
of microorganisms. The processes of binding and entry of Ag
NPs into bacterial cells, release of silver ions, disruption of cell
walls and membranes, and increased oxidative stress involve
antibacterial action (Du et al. 2023; Miller et al. 2015). Besides
their antibacterial effect, Ag"™ has no known harmful effects
on human health (Korkmaz et al. 2020c; Singh et al. 2008;
Sengottaiyan et al. 2016). Ag NPs are primarily used in the
cosmetics and detergent industry. Skin products containing
Ag* both refresh the skin and form an antimicrobial surface.
Ag-NPs are also used in products alternative to detergents
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using Ag* ion (Singh et al. 2008). Apart from these, Ag™ is
used for food shelf-life extension and packaging, medical and
biomedical purposes, and the purification of drinking water
(Pal et al. 2007).

Several articles on the antibacterial and anticancer
properties of Ag-NPs made using green synthesis exist.
However, the activity of the NPs varies due to the differences
in the reduction potential of the plant used and the size,
surface area, application dose, and duration of the NPs
(Pal et al. 2007; P.T.C et al. 2018; Morones et al. 2005;
Tian et al. 2007). Ag-NPs have been reported to be non-
toxic to healthy cells in studies on cell culture and wound
healing (Pallavicini et al. 2017). During Ag-NP synthesis,
controlling the particle size and experiment conditions is
crucial. Especially in the past few years, several different
procedures have evolved to maintain the size and shape of
NPs synthesized in the solution medium. In one of these
studies, it has been reported that plants and herbal products
are economical, renewable, and non-toxic materials for
NP production (Nematollahi 2015). Because there is no
need for toxic chemicals to reduce metals in NP synthesis.
There are no obstacles to NPs in terms of their use in
human health products (Song and Kim 2009). Many studies
have been conducted on synthesizing Ag-NPs (to obtain
Ag, Ag,0, or an Ag-Ag,0 mixture) using different plant
extracts (Korkmaz et al. 2020c; Korkmaz 2019, 2020;
Saravanakumar et al. 2018; Sengottaiyan et al. 2016;
Sengottaiyan et al. 2016; Pal et al. 2007; P. T.C et al. 2018;
Morones et al. 2005; Tian et al. 2007; Pallavicini et al. 2017;
Nematollahi 2015; Song and Kim 2009; Logeswari et al.
2015; Ahmed et al. 2016). However, no published paper on
the synthesis of NPs using Ficus carica leaf extract has been
reported.

Tiirkiye is one of the leading countries in fig production
globally (Hasdemir 2023). In other words, fig leaves are
in the position of agricultural waste. This study aims to
contribute to the waste management system by evaluating
this agricultural waste, which is abundant in Tiirkiye. Since
fig is mainly used as a fruit, their leaves are usually discarded
as garbage. In the current study, eco-friendly NPs were
produced from fig leaves, which are herbal waste, and the
characterization and antibacterial and anticancer properties
of Ag-NPs were analyzed. This study obtained Ag NPs with
superior antimicrobial and anticancer properties by green
synthesis, an economical and rapid method using fig leaves.

Materials and methods
Preparation of Ficus carica extracts

F. carica leaves, which have completed their physical
maturity, were collected from the field for plant extract. It
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was washed with distilled water to remove dust and other
foreign materials and dried thoroughly in an environment
without direct sunlight and with good air circulation. 100 g
of the dried plant was weighed, and 1 L of distilled water
was added to it and heated at 80 °C for 8 h. It was filtered
once it had reached room temperature. The obtained extract
was kept at +4° for NP synthesis (Korkmaz 2019).

Synthesis of biogenic Ag-NPs

20 mL of freshly prepared fig leaves extract was added to the
prepared solution of 80 mL AgNO; (0.01 M) and mixed for
1 day at 50 °C. The formation of Ag-NPs in the solution was
discerned by a color change from a colorless clear solution
to reddish brown when monitored spectrophotometrically.
Silver concentration was optimized since each plant has a
different capacity to reduce phytochemicals. The next day, it
waited until it reached room temperature, and the NPs were
precipitated by centrifugation. For this study, the synthesis
method given in the literature was used (Namasivayam and
Chitrakala 2011; Jo et al. 2009). At the end of approximately
two days, Ag NPs were synthesized quickly, cost-effectively,
and safely according to physical, chemical, and other
synthesis methods in the literature (Iravani et al. 2014).

UV-visible spectroscopy

UV-visible spectroscopy, a primary method for
characterizing nanoparticles, is one of the main
characterization steps. Ag-NPs have optical properties at
specific wavelengths attributed to them (Vilchis-Nestor et al.
2008). UV-Vis analysis was performed using a Thermo
Scientific spectrophotometer. At 25 °C, 1 mL of sample and
distilled water were taken into a quartz cuvette and analyzed
in UV—Vis. The stability of biogenically prepared Ag-NPs
was observed for more than 1 year.

XRD (X-ray diffraction) analysis

Structural analysis of Ag-NPs was performed with
Panalytical brand, Empyrean Advance model X-ray
diffractometer. XRD analysis is used to qualitatively identify
samples' crystal degree, isomorphic substitutions, and
chemical types of molecules.

Scanning transmission electron microscopy (STEM)

Surface morphology, dimensional properties, and shapes of
silver nanoparticles were analyzed using STEM microscopy.
Like UV-Vis analysis, STEM analysis is one of the most
widely used techniques for characterizing NPs. It is a surface
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imaging technique on the morphology of NPs at nano and
micro scales (Ahmed et al. 2016; Vilchis-Nestor et al. 2008).

Antimicrobial assay

To test the antimicrobial effect of Ag-NPs obtained from F.
carica leaves, two Gram (+) (Staphylococcus epidermidis
DSMZ 20044, Staphylococcus aureus ATCC 25923) and
two Gram (—) (Enterobacter aerogenes ATCC 13048,
Salmonella infantis) bacteria were analyzed by minimum
inhibition concentration (MIC) assay. Stock bacteria
strains were incubated until 0.5 McFarland turbidity
(1.5% 108 CFU/mL). Two-fold dilutions of Ag-NPs were
performed with concentrations varying from 2500 to
78.125 pg/mL using a 96-well plate incubated at 37 °C
for 24 h. The MIC of Ag-NPs was detected by UV—Vis
spectrophotometer at 600 nm, and it was figured out that
minimum concentration inhibited microorganism growth.
Then, a minimum bactericidal concentration (MBC) assay
was applied to demonstrate bacterial inhibition in the wells.
After that, it was filtered and allowed to cool to ambient
temperature. Inoculating the questionable wells onto petri
plates, they were incubated at 37 °C for 24 h (Andrews
2001).

Antibiofilm test

Sterile medium and Ag-NPs serially diluted and bacterial
culture were inoculated into a 96-well microplate and then
incubated at 37 °C for 48 h for a biofilm inhibition test.
After incubation, all wells were drained and desiccated.
95% methanol was put into wells and then removed for
incubation. 0.1% crystalline violet solution was loaded in
each well and kept at room temperature. Following staining,
33% glacial acetic acid and 95% ethanol were added to the
wells of Gram (+) and Gram (—) bacteria for 15 min and
measured at 600 nm (Merritt et al. 2011), which is the
optical density of organic molecules and bacterial growth
(Kumar and Yadav 2009). The activity of Ag-NPs on the
antibiofilm layer was computed by the following formula
(Donlan and Costerton 2002):

% Inhibition : (Control ODgy, — Sample ODy)

/ Control ODgq, X 100

In vitro anticancer of biosynthesized Ag-NPs

HeLa cells were purchased from ATCC. HeLa cells were
cultured at 37 °C in a moistened atmosphere, including 5%
CO, in the air, and 1x 10* HeLa cells were seeded onto
96-well plates, and the plates were then incubated for
24 h. Biosynthesized Ag-NPs treated HeLa cells at doses

ranging from 0.5 to 64 g/mL. Plates were performed to
MTT assay. It was made at a 5 mg/mL concentration of
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT). Each well received 100 L of MTT, then
incubated for 4 h. After purple-colored formazone crystals
appeared, 200 mL of dimethyl sulphoxide was used to
dissolve them (DMSO). These crystals were seen in a multi-
well plate reader at 570 nm.

Collagenase inhibition assay

The inhibition assay for collagenase was performed based
on spectrophotometric methods, as reported earlier in the
literature with FALGPA (N-[3-(2-Furyl)acryloyl]-Leu-Gly-
Pro-Ala), with some modifications for use in a microplate
reader (Van Wart and Steinbrink 1981) . A solution of tricine
buffer containing Clostridium histolyticum collagenase
(EC.3.4.23.3) was prepared. The reaction mixture in each
well had 50 mM tricine buffer (pH=7.5 with 10 mM CaCl,
and 400 mM NaCl), 1 mM FALGPA, 0.1-unit ChC solution,
and different concentrations of Ag-NPs. The reaction plates
were pre-incubated with Ag-NPs at 25 °C for 15 min using
a suitable thermostatted Multiskan GO spectrophotometer
(Thermo Scientific). The reaction was initiated by adding the
substrate, and the hydrolysis of FALGPA (&g, 0.53).was
recorded at 345 nm for 5 min in 96-well plates.

Results and discussion
UV-visible spectroscopy

The addition of F. carica leaf extract to AgNO; solution
caused a reddish-brownish visual discoloration of the color-
less solution, which showed the reduction of Ag* to Ag®
within 5 min due to the collective release of free-conduct-
ing electrons generated by the electromagnetic field by the
surface plasmon resonance (SPR) stimulation. The for-
mation of Ag-NPs was confirmed by a characteristic SPR
band UV-Vis spectrum at 419 nm of the colloidal solution
(Fig. 1). Depending on the size and shape of the particles,
the maximal UV-Vis absorption band changes (Korkmaz
et al. 2020c). It is possible to say that the not-very-wide
absorbance peak at 419 nm, which we obtained as a result
of the synthesis, represents the formation of smaller NPs
(Philip et al. 2011).

Previous articles have reported that the maximum
absorbance values of Ag NPs between 420 and 450 nm
vary depending on the chemical environment, plant extract
concentration, reaction conditions (pH, temperature, etc.),
and particle size (Kalishwaralal et al. 2010; Tang and Zheng
2018; Erdogan et al. 2019; Sangiliyandi 2010; Wani et al.
2011).
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12 X-ray diffraction (XRD) analysis

L0 The crystal behavior of the obtained powder material was

analyzed by X-ray diffraction. Figure 2 shows the XRD

model of Ag-NPs prepared using F. carica leaf extracts. A

ol series of solid diffraction peaks were observed correspond-

ing to the five principal peak planes with values of 32.47°,

0.4 38.27°, 54.98°, 64.69°, and 67.80° (Fig. 2). The spectra cor-

responding to (111), (200), (220), (311), and (222), which

0.2 can match well with the cubic phase structure, match well

with the card number JCPDS:(01-076-1393). It is possible

to confirm with the findings of other sources in the liter-

300 400 500 00 700  8ocC ature that the other peaks observed belong to the organic

Wavelength (nm) phytochemical residues in the plant extract (Korkmaz

2019; Ahmed et al. 2016; Sangiliyandi 2010). Expansion

Fig.1 The UV-Visible absorption spectra of biogenic Ag-NPs in diffraction peaks indicated that a small crystal size was

obtained (Sheny et al. 2011). The other peak in the spectrum

belongs to pure Ag. As a result of the study, it was found that

6000 - the synthesized material was a mixture of Ag-Ag,0.

i The Debye—Scherrer equation was used to get the mean

5000 + particle size:

4000 - (200) [D= ki/ fcos (0)]

0.8+

0.0

Here, the particle size is denoted by D; the X-ray
wavelength used is expressed in A; 0, Bragg angle; B is the
half-height of the XRD vertex, and k is the shape factor

22) constant (k=0.9) (Annamalai et al. 2011). The mean particle
size of Ag-NPs from the Debye Scherer formula was around

22.6 nm.
Some previous studies have reported smaller Ag-NPs
. , i _ . than those synthesized in this study (Namasivayam and
20 40 60 80 100 Chitrakala 2011; Kalishwaralal et al. 2010), while some have
20(degre) reported ones close in size (Jo et al. 2009; Korkmaz et al.

2020a, 2020b; Ivask et al. 2014).

Fig.2 X-ray diffraction pattern of Ag-NPs Although the synthesis is easy with the green synthesis
method, the product yield is meager. Therefore, the
experiment was repeated at least four times to obtain
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Fig.3 STEM images of the
prepared nanomaterial
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a sufficient product for all studies. The same synthesis
conditions were created in each repetition of the synthesis,
and the same results were obtained in UV-Vis and XRD
analysis results. This is essential for the repeatability of the
experiment.

Scanning transmission electron microscopy (STEM)

In STEM analysis, it is possible to acquire high-resolution
images if the sample material is well distributed before the
analysis. Figure 3 shows an excellent example of this. When
the non-agglomerated structure and morphology of Ag-NPs
are examined, it is seen that NPs have spherical geometry.
STEM images of Ag-NPs taken at 500kx magnification
show NPs of 20 nm and smaller sizes.

Ag-NPs with similar shapes and sizes synthesized from
different plants in the literature are listed in Table 1 below.

Antimicrobial assay

Silver has been extensively utilized in cosmetic, textile, food
storage, pharmaceutical, dye reduction, and environmental
applications because of its beneficial antibacterial effect.
(Korkmaz 2019; Sondi and Salopek-Sondi 2004). To clarify
the antibacterial characteristic of silver, many papers have
been carried out by scientists (Korkmaz 2020). The antibac-
terial properties of Ag-NPs bio-synthesized from F. carica
leaves were applied against Staphylococcus aureus, Staphy-
lococcus epidermidis, and Enterobacter aerogenes, Salmo-
nella infantis by minimum inhibition concentration and min-
imum bactericidal concentration methods. The maximum
antibacterial activity was reported against S. epidermidis at
156.25 pg/mL. The MIC and MBC activity were 625 ug/mL
and 1250 pg/mL against two Gram (—) bacteria, E. aero-
genes and S. infantis. Besides, the MIC and MBC values
against Gram (+) bacteria were recorded at 1250 pg/mL
and 2500 pg/mL against S. aureus and 156.25 ug/mL and
312.5 pg/mL against S. epidermidis, respectively (Figs. 4
and 5). The antibacterial effect of Ag-NPs obtained from

F. carica leaves was influential and significant in the cur-
rent paper. The most sensitive (S. epidermis) and the most
resistant (S. aureus) to applied Ag-NPs occurred against
Gram (+) bacteria. The impact of Ag-NPs alters depending
on differences in particle size, capping ligand, and surface
charges of Ag-NPs (Philip et al. 2011). According to MIC
results of EUCAST (European Committee on Antimicro-
bial Susceptibility Testing), breakpoints results (EUCAST
2023), S. aureus and S. epidermidis against Ciproflaxocin
and S. infantis against Ampicillin has MIC value 1000 and
2000 pg/mL. When comparing this paper's results with
EUCAST, it is seen that Ag-NPs give favorable results, espe-
cially against S. epidermidis and S. infantis. Silver ions can
efficiently react with a substance that involves phosphorous
and sulfur. Therefore, biomolecules like cell membranes
and DNA proteins readily interact with Ag-NPs since they
contain these substances. It was observed that transmission
electron microscopy showed that Ag-NPs aggregated in the
cell wall, cell membrane, and organelles brought about dis-
ruptions and dysfunctions (Erdogan et al. 2019; Wani et al.
2011; Velsankar et al. 2020a, 2022, 2020b, 2020; AshaRani

I MiiC
[ viBC
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2000
1500
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Ag NPs concentration (ng/mL)

500

Enterobacter aerogenes I lla infantis aureus

Fig.4 The bacteriostatic and bacteriocidal concentration of Ag-NPs
obtained from F. carica against bacteria

Table 1 Various plants used
for green synthesis of Ag NPs

Z
o

Plants

Size and shape Refs.

and the shapes and sizes of the

resulting nanoparticles
& P Tea leaf

Raphanus sativus
Prunus yedoensis
Ziziphus oenoplia
Sesbania grandifora
Talinum triangulare

Ligustrum lucidum

O 0 N O L AW N =

—_
(=]

Mikania micrantha

Momordica charantia

Melaleuca alternifolia

Spherical; 11-16 nm Ajitha et al. (2015)
Goswami et al. (2015)
Vanlalveni et al. (2021)
Velmurugan et al. (2015)
Soman et al. (2016)
Ajitha et al. (2016)
Elemike et al. (2017)
Huang et al. (2020)
Ramadan et al. (2020)
Biswas et al. (2019)

Spherical; 20 nm
Spherical; 6-38 nm
Spherical, oval; 18-20 nm
Spherical; 10 nm
Spherical; 20 nm
Spherical; 13.86 nm
Spherical; 13 nm
Spherical; 11.56 nm
Spherical; 10-20 nm
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Fig.5 MBC results of E. aero-
genes (a) and S. aureus (b)
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et al. 2009). In short, it was observed that Ag-NPs inhibit
bacterial growth and kill bacteria, thus providing further evi-
dence for the antibacterial feature of Ag-NPs.

Antibiofilm test

The layer called a biofilm is created when microbes attach
proteins, polysaccharides, and carbohydrates to live or
dead surfaces. Biofilm is an obstacle in several fields,
such as the food industry, water supply network, and water
purification systems, which can directly influence human
health and the environment (Korkmaz 2019). Ag-NPs pre-
sented an efficient biofilm inhibition percentage against B.
subtilis and S. infantis by 38.7% and 36.3%, respectively.
A former study reported that B. subtilis biofilm inhibition

Fig.6 Antibiofilm percentage 100
of Ag-NPs (pg/mL) obtained
from F. carica E
80
O\O -4
S
= 60
=
= J
=
£
=
o
o

E.aerogenes
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S. infantis

= 2500 pg/mL 88
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was obtained at the highest percentage at 2500 pg/mL
(Korkmaz et al. 2020a). However, the current study's high-
est biofilm inhibition percentage achieved was at a lower
concentration of 156.25 pg/mL (Fig. 6). Severe issues gen-
erated by biofilm endanger community health care and
habitat in various areas such as the food sector, wastewater
treatment plant, water supply network, and paper industry.
The solution to this issue is complicated because the bio-
film layer can be devastated by using chemicals that are in
danger of harming human health. (Korkmaz et al. 2020a).
It would be suitable to use eco-friendly Ag-NPs synthe-
sized from F. carica leaves rather than chemical agents
that adversely impact human health and the environment.

I 2500 pg/mL
I 1250 pg/mL
I 625 pg/mL
] 312.5 pg/mL
I 156.25 pg/mL
I 78.125 pg/mL

E. coli

S. aureus S. epidermidis B. subtilis



International Journal of Environmental Science and Technology (2025) 22:3707-3716 3713

Anticancer activity of biosynthesized Ag-NPs

In HeLa cell lines, the produced nanoparticles were exam-
ined for cytotoxic activities. After 24 h incubation with vari-
ous doses (0.5, 1, 2, 4.8, 16, 32, 64 ug/mL), they investigated
cytotoxic activity well. As predicted, the rising concentra-
tion of nanoparticles reduced the viability of cells. As a
result, Fig. 7 illustrates the ICy, values for the HeLa cell
line were 8.403 g/mL, and in confluent cultures, the nano-
particles' anticancer impact was dose-dependent.

It is clear that a rise in the concentration of Ag-NPs
reduces cell survival or inhibits cell proliferation. Asharani
et al. (2009) informed that the proliferation of HeLa cells
was decreased after treatment with silver nanoparticles. In
the literature research, cytotoxicity tests were performed
with silver nanoparticles on the HeLa cell line, and ICs,
values were determined in various studies. In these studies,
ICs, values were 2.94 pg/mL in the study with Vitex agnus-
castus L. (Ekici et al. 2023), 5 ug/mL in the study with
Nepeta deflersiana (Al-Sheddi et al. 2018), 11.8 pg/mL
in the study with Elaeagnus angustifolia (Erdogan et al.
2021), and 28 pg/mL in the study Ephorbia antiquorum
study found values of Rajkuberan et al. (2017). A significant
inhibitory effect was observed when a higher dose of silver
nanoparticles was used. Dose-dependent cytotoxicity was
noticed in HeLa cells treated with Ag-NPs, and an increase
in Ag-NP concentration indicated an increase in cytotoxicity
in HeLa cells (Sukirtha et al. 2012).

Collagenase inhibitory activity

The inhibitory effect of silver nanoparticles was examined
on collagenase using substrate FALGPA. To determine ICs,
and K values, different substrate and Ag-NPs (200-2000 pg/
mL) concentrations were used, and the control enzyme activ-
ity without Ag-NPs was plotted at 100%. The used Ag-NPs

80

—_— 60'
z = 1C50= 8,403 pg/mL
e e
N =
; E 40
T >
T 3

© 20-

[}
0 T T T T 1
0 20 40 60 80

Concentration (ug/mL)

Fig. 7 Cytotoxicity assay of fig mediated green synthesis of biogenic
Ag-NPs on HeLa cell line

had ICs, and K; values of 14.83+0.97 mM (r*: 0.978) and
1.17+0.06 mM, respectively. The effects of metal ions on
different enzyme activities have been discussed in previously
reported studies (Kucuk and Gulcin 2016; Kirici et al. 1843;
Caglayan et al. 2020). Lineweaver—Burk plots were used to
determine the type of collagenase activity inhibition that Ag-
NPs caused, and it indicated a non-competitive inhibition
of collagenase (Fig. 8). Kang et al. (2005) investigated the
effect of monovalent and divalent cations on a collageno-
lytic enzyme. They reported that Cu*? strongly inhibited
the enzyme with 3% relative activity, although other metal
ions (Fe™, Co™2, Mn*?, and K* also had the potential to
inhibit the enzyme (Kang et al. 2005). Similarly, it has been
reported in some previous studies that heavy metal ions such
as Hg?*, Cu®*, Pb**, Zn**, Ni**, Fe?*, and Ag™ inhibited
collagenase (Hanada et al. 1973; Chakraborty and Chandra
1986). The results demonstrated that the nanoparticles have
inhibition potency on ChC activity, offering further insight
into the inhibition of the enzyme.

Conclusion

According to 2023 data from the official website of
the Agricultural Economics and Policy Development
Institute (AEPDI), Turkey has become the country that
produces the most figs in the world, with 320 thousand
tons of fig production. The leaves of figs made in Turkey
are considered agricultural waste in the country, and this
study has been an excellent example of how waste can be
evaluated, contributing to scientific studies and bringing
it into the economy. This study reported a simple, one-
step, environmentally friendly synthesis of Ag-NPs using
F. carica leaf extract. Reduction of Ag* ions to Ag-NPs

50

K
40
30
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E 3 )
g 20 .
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L ) i ¥ :
. 8 18]
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Fig.8 FALGPA hydrolysis by collagenase (ChC) in the presence of
Ag-NPs is shown in Lineweaver—Burk plots
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phytochemicals such as flavonoids, phenolic compounds,
and tannins found in F. carica leaf extract served as reducing
agents. While Ag-NPs synthesized with the help of STEM
were observed to have a spherical structure and different
sizes, powder XRD analysis revealed that the average
particle size was approximately 23 nm. Experiments
have shown that Ag-NPs are effective on pathogenic
bacteria such as Staphylococcus aureus, Staphylococcus
epidermidis, and Enterobacter aerogenes, Salmonella
infantis. Biosynthesized Ag-NPs from F. carica displayed
crucial antibacterial properties, as observed by their MIC,
MBC values, and antibiofilm activity. Therefore, they could
be applied in pomade and plaster, including Ag-NPs and
an eco-friendly antibacterial agent in other fields. Ag-NPs
have been extensively studied in the clinic as components
of advanced anticancer agents against cancer. The Ag-NPs
synthesized in this study showed anticancer properties in the
HelLa cell lines and produced similar results to the literature.
The emergence of new areas of use of nanomaterials has
led scientists to find different synthesis methods in this
field. The biosynthesis method is the best alternative
for chemical and other physical methods due to its easy
synthesis, low cost, and easy availability. Nanoparticles
can be used in many fields, such as agriculture, textile, and
material science. Ag-NPs have unique optical, electrical,
and thermal properties. Due to their antibacterial and
antibiofilm properties, Ag-NPs obtained by the biosynthesis
method can be used in medical applications, the paint
industry, electronics, wastewater treatment plants, and filter
membranes of drinking water tanks.
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