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Abstract

In this study, silver nanoparticles (AgNPs) were green synthesized using aqueous leaf extracts of green spinach that have been
used as antimicrobial agents. The antimicrobial efficacy was evaluated against bacterial and fungal strains. The morphological
structures, optical and surface properties of as-synthesized nanoparticles have been investigated via a Transmission electron
microscope, X-ray diffraction, UV-Vis absorption, and Fourier transform infrared, respectively. The colloidal stability was
evaluated using dynamic light scattering and zeta-potential measurements. The average size of as-synthesized particles was
about 15+5nm. The green synthesized AgNPs showed significant antibacterial activity against different bacterial species via
the agar well diffusion assay. The inhibition zones were varied from 27 to 34mm against 6 bacterial species (K. pneumoniae,
E.coli, A. baumannii, P. aeruginosa, S. aureus, and S. haemolyticus). In such a case, the minimal inhibition concertation of
AgNPs against bacterial isolates was 4pg/ml for all isolates, except E.coli was 8ug/ml. Also, the silver particles showed an
antifungal behavior against 4 fungal species (A. niger, P. marneffie, C. glabrata and C. parapsilosis) with an inhibition zone
from 19 to 39mm in diameter. Whereas, the MICs for fungal isolates 8pg/ml for all isolates. Treated Wi-38 cells with AgNPs
demonstrated various levels of cytotoxicity dependent on the concentration of AgNPs using MTT assay with ICso ~ 447.6.
Moreover, the current study presents a facile and cost-effective synthesis of AgNPs via green chemical methods to be used as
antimicrobial agents. Further in-vivo assessment is required to evaluate their therapeutic efficacy against MDR
microorganisms.
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1. Introduction Metallic nanostructures especially AgNPs have
In recent decades, nanomaterials gained a great considerable interest due to their unique electrical,
interest in a wide range of applications in all fields of optical, thermal properties and higher surface-to-

life, from health care to industrial applications, due to
their unique physicochemical properties that are
related to their size and shape [1-3].

Therefore, several studies have been devoted to

develop many drugs based on nano-formulations for
fighting the continuous increase in the number of
multi-drug resistant bacterial (MDR) and viral strains
due to mutation, pollution, and changing
environmental conditions [3-7]. In this regard, metal
ions, and metallic nanoparticles (NPs) were used to
inhibit the growth of many infectious bacteria [8, 9].
Silver (Ag) is one of the best antimicrobial agents
from time immemorial [10].

volume ratio with the promise of potential claims in
optoelectronic  devices, catalysis, biosensors,
composite  materials, cosmetic products, and
antimicrobial applications [11-13].

Also, AgNPs are used to inhibit the growth of a
variety of pathogenic bacteria in the human system
[14]. Moreover, AgNPs are using in the sterilization
of catheters, cuts, burns, and wounds against any
infection [15].

In the context of a healthy ecological world,
there is a growing need for the environment-friendly,
green synthesis of the nanoparticles and their systems
of the metal nanoparticles, etc [4, 16, 17]. Silver
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nanoparticles have been used broadly in the form of
antimicrobial agents in the food industry, textile
composition, and many environmental applications
[18-20]. The colloidal silver solutions are possessed
low toxicity to human cells, high thermal stability,
and low volatility, due to these properties, AgQNPs are
becoming prime materials for medicines, various
industries, animal husbandry, accessories, health, and
military. AgNPs demonstrate prospective
antimicrobial effects against infectious organisms
such as E. coli, B. subtilis, and many more [21].
AgNPs demonstrated highly efficient antifungal; in
addition, highly antibacterial activities even against
multi-drug resistant bacteria (MDR) species [22].

In a green synthesis of nanomaterials using plant
extracts, enzymes, proteins, flavonoids, and other
biomolecules exist in the ethanolic or agueous
solutions of these extracts can be utilized as
individually or dual effect as reducing and capping
agents in the synthetic process of nanoparticles [23].

Comparable to analogous nanostructures, the
physicochemical properties of Ag NPs are influenced
by any tailoring in their size and shape, which
depends on the chemical composition and functional
groups that exist in the plant extract [11]. Green
synthesis of silver nanoparticles is favored over
chemical and physical methods as it is cost-effective,
eco-friendly and also nontoxic material [24].

Herein, silver nanoparticles have been green
synthesized using Spinacia Oleracea leaves extract
that is available in the Egyptian markets. In addition,
the antimicrobial against pathogenic bacterial and
fungal isolates and also cytotoxicity will be
investigated.

2. Experimental Section
2.1. Materials

Silver nitrate (AgNOs, 99%) pursued from
Sigma-Aldrich, Whatman filter paper. All glasswares
were washed with sterile distilled water many times
and dried in an oven before use to remove any
residual contaminants. Muller-Hinton agar, Nutrient
Agar medium. Nutrient Broth medium, Potato
Dextrose Agar (PDA), and Potato Dextrose Broth

(PDB), from Sigma Aldrich- Germany.

2.2. Tested microorganisms

Bacteria: Six isolates Klebsiella pneumoniae,
Escherichia  coli,  Acinitobacter  baumannii,
Pseudomonas aeruginosa, Staphylococcus aureus,
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and Staphylococcus haemolyticus isolated from
clinical samples, identified depending on cultural,
morphological and biochemical analysis according to
Bergey's manual [25]. Moreover Vitek2 system was
performed to confirm the identification.

Fungi/Yeast: Four isolates were Aspergilus
niger, Penicillium marneffie, Candida glabrata, and
Candida parapsilosis isolated from clinical samples
and identified at Mycology Laboratory of the Botany
and Microbiology Department, Faculty of Science
(Boys), Al-Azhar University, Cairo, Egypt.

2.3. Preparation of green spinach leaves extract
Fresh spinach (Spinacia oleracea) leaves were
washed several times with running water to get rid of
the dust particles, and dried under sunlight to remove
the residual moisture. Then, spinach leaves were
washed with distilled water for any possible impurity
as shown in Figure 1. Typically; in a 250 ml vessel
about 10 g of fresh spinach leaves dried up, and cut
into very small pieces were added to 100 ml de-
ionized water under vigorous stirring, and the
reaction temperature was raised to 100 °C for 30 min.
Then, the mixture was naturally cooled, and filtered
using Whatman filter paper. The filtrate was
centrifuged for 30 min at 4000 rpm and collected and
stored at room temperature [26].

2.4. Green synthesis of silver nanoparticles:

Typically, in a 250 ml reaction vessel, an
aqueous solution of AgNO3 (1 mM/50 ml) was added
to 5 ml of spinach leaves extract under vigorous
stirring. The reaction temperature was raised to 90 °C
for 1 hr. The color was changed from light yellow to
yellowish-brown after 1 hr indicating the formation
of Ag NPs.

Final extract
and residuals

Fig.1. Scheme for preparation of spinach (Spinacia oleracea)
leaves extract.
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2.5. Characterization

Optical properties in terms of UV-Vis absorption
were obtained using a JASCO 730 double beam
spectrophotometer. The absorption spectra were
recorded in the range from 200 to 900 nm, with an
increment of the wavelength of about 0.2 nm.
Transmission Electron Microscope (TEM) JEOL,
model 1200EX was wused to investigate the
micrograph of obtained samples under operating
voltage 120 kV. In addition, X-ray diffraction (XRD)
measurements have been carried out using an Ultima
IV (Rigaku, Japan) Powder Diffractometer operating
with a Cu target with Kal = 1.54060 A, in the 20
range of 20-70 degrees. X-ray scan was performed in
26/6 continuous mode at 2 degrees per min, with a
step size of 0.02. The tube voltage and tube current
were maintained at 40 kV and 40 mA, respectively,

The size distribution and zeta-potential of
sterilized AgNPs were measured by Malvern
zetasizer Nano ZS instrument with He/Ne laser (633
nm) at an angle of 173° collecting backscatter optics.
Furthermore, FT-IR of green synthesized AgNPs was
obtained in the range from 400 to 4000 cm™' using
JASCO 6700 Fourier transform infrared spectrometer
(FT-IR).

2.6. Antimicrobial property.

The silver nanoparticles (AgNPs) synthesized
using Spinacia oleracea leaves extract was tested for
the antimicrobial activity using two different methods
standard agar-well diffusion method and broth
microdilution assay.

A- Agar well diffusion method.

Klebsiella pneumoniae, Escherichia coli,
Acinitobacter baumannii, Pseudomonas aeruginosa,
Staphylococcus  aureus, and  Staphylococcus
haemolyticus, human pathogenic bacteria were used
as the test specimens. Pure cultures of the test
specimens were sub-cultured in nutrient broth and the
strain was uniformly spread on sterilized petri plates
with Muller-Hinton agar. A circular well of 6 mm
diameter was made in plates using a sterile cork-
borer.

The well was loaded with (50 pul) AgNPs to check
the antibacterial activity and the plates were
incubated at 37 °C overnight and the zones of
inhibition were measured.
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In addition for antifungal activity of AgNPs was
examined using agar well diffusion method.
Aspergilus niger, Penicillium marneffie, Candida
glabrata and Candida parapsilosis fungal strains
were maintained on Czapex Dox Agar (CDA) at 28
°C, and 5-day old cultures were used for antifungal
analysis. Three to four mL of sterile normal saline
was poured onto the fungal lawns and conidia were
collected by gentle scraping. One hundred pl of this
liquid spore suspension was evenly spread plated
onto fresh Potato Dextrose Agar (PDA) plates. A
circular well of 6 mm diameter was made in plates
using a sterile cork-borer. The well was loaded with
(50 ul) AgNPs to check the antifungal activity and
the plates were then incubated for 2-3 days at 28 °C
and the zones of inhibition were measured.

B- Broth microdilution assay.

Suspension equivalent to the turbidity of 0.5
McFarland standard (10° CFU/ml) prepared from
afresh subculture in Mueller Hinton Broth (MHB) for
bacteria and Sabouraud Dextrose Broth (SDB) for
fungi/yeast, then the suspension was diluted to 10°
CFU/ml. The adjusted microbial inoculums (100 pl)
were added to each well of sterile flat-bottomed 96-
well microtiter plate containing the tested
concentration of AgNPs (100 pl/well). As a result,
the last inoculum concentration of 5 x 10° CFU/ml
was obtained in each well. In the plates, wells
containing microbial suspension without tested
AgNPs used as growth control for tested microbes
and other wells containing only media as a
background control were included. Optical densities
were measured at 620 nm after 24 hr at 37°C for
bacteria and 48 hr at 28°C for fungi/yeast using an
ELISA microplate reader (Sunrise™-TECAN,
Switzerland) at the national cancer institute Cairo
University. Finally, cell concentrations were
transformed to a mean growth inhibition percentage
(%). The percentage of microbial growth reduction
(GR %) was estimated using as reference the control
treatment (without extract) as GR % = CT / C x100
Where, C is the cell concentrations under the control
treatment and T is the cell concentrations under the
extract treatment. Three replicates were considered.
The results were recorded as means + SE of the
triplicate experiment.
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2.7. Preparation of Resazurin Solution

The resazurin solution was prepared at 0.02%
(Wt/Vol) [27]. A 0.002 g of resazurin salt powder
was dissolved in 10 mL of distilled water and
vortexed. The mixture was filtered by a Millipore
membrane filter (0.2 um). The solution can be kept at
4°C for 2 weeks.

2.8. Determination of Minimum Inhibitory
Concentration (MIC) for bacteria.

The MIC of green synthesized AgNPs was done
using the method described in the guideline of CLSI
[28]. The MIC test was performed in 96-well round-
bottom microtiter plate wusing standard broth
microdilution methods. The bacterial inoculums were
adjusted to the concentration of 106 CFU/ml. For the
MIC test, 100 pl of the synthesized AgNPs stock
solution (256 pg/mL) was added and diluted 2-fold
with the bacterial inoculums in 100 pl of MHB
started from column 4 to column 12. Column 4 of the
microtiter plate contained the highest concentration
of AgNPs, while column 12 contained the lowest
concentration. Column 1 served as a positive control
(medium and bacterial inoculums) and column 2
served as a negative control (only medium). Each
well of the microtiter plate was added with 30 ul of
the resazurin solution and incubated at 37°C for 24 h.
Any color changes were observed. Blue/purple color
indicated no bacterial growth while pink/colorless
indicated bacterial growth. The MIC value was taken
at the lowest concentration of antibacterial agents that
inhibits the growth of bacteria (color remained in
blue).

2.9. Determination of Minimum Inhibitory
Concentration (MIC) for fungi.

Stock inoculum suspensions were prepared in
sterile saline (provided by Trek Diagnostic Systems)
containing 1% Tween 80 from 7-day-old colonies
grown on potato dextrose agar slants (provided by
Remel, Lenexa, Kans.). The actual stock inoculum
suspensions by inoculum quantification ranged from
0.9 x 10°to 45 x 10° CFU/ml for 95% of the
inoculum densities evaluated. On the day of the test,
each microdilution well containing 100 pl of the
diluted (twofold) AgNPs concentrations was
inoculated with 100 pl of the diluted (two times)
conidial inoculum suspensions in liquid Potato
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Dextrose Agar (PDA) (final volume in each well 200
pl). The microdilution trays were incubated at 28°C
and examined after 4 days of incubation. The MIC
endpoints were the lowest AgNPs concentrations that
showed absence of growth or complete growth
inhibition (100% inhibition). On the other hand,
unicellular fungi were treated like bacteria as
described above.

2.10. Cytotoxicity assay to evaluate nanoparticles
toxicity by using tissue culture.

According to Riss and Moravec [29] by using
(MTT protocol) the 96 well tissue culture plate was
inoculated with 1x10° cells/ml (100 ul/well) and
incubated at 37 °C for 24 hours to develop a
complete monolayer sheet. growth medium was
decanted from 96 well microtiter plates after
confluent sheet of cells were formed, the cell
monolayer was washed twice with wash media (two-
fold dilution) was made in medium with 2% serum
(maintenance medium) 0.1 ml of each dilution was
tested in different wells leaving 3 wells as control,
receiving only maintenance medium. The plate was
incubated at 37 °C then examined. Cells were
checked for any physical signs of toxicity such as
(partial or complete loss of monolayer, rounding,
Shrinkage, or cell granulation). 20ul MTT solution
was added to each well then placed on a shaking table
at 150 rpm for 5 minutes to thoroughly mix the MTT
into the media then incubated (37 °C and 5% COy)
for 1-5hours to allow the MTT to be metabolized
then dumbed off the media, dried plate towels to
remove residue if necessary, resuspended formazan
(MTT metabolic product) in 200ul DMSO then
placed on a shaking table at 150 rpm for 5 minutes to
thoroughly mix the formazan into the solvent finally,
optical density values were recorded at wavelength
560 nm and subtract background at 620nm which
optical density should be directly correlated with cell
quantity.

3. Results and discussion
3.1. Synthesis and characterization of green-
synthesized silver nanoparticles

Silver nanoparticles were green synthesized using
Spanish leaf extract. In this process, the formation of
silver nanoparticles (AgNPs) is identified through the
color change during the reaction processes. In our
case, the color change from the light yellow to a
yellowish-brown color indicating to the reduction of
silver ions (Ag'*) to zero valent silver particles (Ag°).
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Such case, the Spanish leaf extract has a dual
function, which acts as both reducing and stabilizing
agents as a result of existence for some chemical
compound such as alkaloids, flavonoids, saponins,
steroids. Moreover, the formation of the
biosynthesized AgNPs was confirmed by UV-Vis
spectroscopy measurements. Figure 2 shows a broad
absorption band located around 410 nm indicating to
the formation of AgNPs.

In addition, a shoulder at 320 nm is associated
with UV-Vis spectrum that owing to formation of Ag
nanoclusters. This beak, due to the surface plasmon
resonance typical of AgNPs and indicates that the
particles were well dispersed without aggregation
[30-32]. The morphological and structural properties
of the as-prepared AgNPs were confirmed by using
TEM and XRD as shown inFigs. 3 and 4,
respectively.

TEM micrograph shows that AgNPs are quasi-
spherical without any agglomeration and with
polydispersity distribution. The average particle size
was about 15+5 nm Figure 3. The result is
comparable with the A. nilagirica leaf extract-
mediated silver nanoparticles [33].

XRD patterns as depicted in Figure 4 display a
two strong and narrow reflection at the position of
around 26 38.78°, suggesting the lattice-spacing
distance (dma) of 2.35 A, which reveals to (111)
crystallographic reflection of the face-centered cubic
structure (fcc) of Ag atom. The second one is at
20 65.14°, suggesting the lattice-spacing distance
(dw) of 1.45 A, which reveals to (220)
crystallographic reflection of the face-centered cubic
structure  (fcc) of the Ag atom [4].

A=410 nm (Ag NPs)

Absorbance (a.u.)

2=320 nm (Ag NClus.)

200 300 400 500 600 700 800

Wavelength (nm)
Fig.2. UV-Vis absorption spectra of green synthesized AgNPs

using spinach (S. oleracea) leaves extract.
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Fig.3. TEM micrographs of green synthesized AgNPs using
spinach (S. oleracea) leaves extract.
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Fig.4. XRD patterns of green synthesized AgNPs using spinach (S.
oleracea) leaves extract.

Furthermore, the colloidal stability of AgNPs
has been investigated using the dynamic light
scattering (DLS) technique, and zeta-potential
measurements as shown in Figure 5. The
hydrodynamic diameter (Hp) for as-prepared AgNPs
in a vehicle solution was about 15.19 + 1.107 nm
with a polydispersity index (PDI) 0.349, which
indicated the narrow distribution of the AgNPs [34],
as shown in (Figure 5a). Whereas, the zeta-potential
(m) of as-prepared AgNPs by Spanish leaf extract was
about -43.1+3.73 mV (Figure 5b). The negative value
indicated the stability of the nanoparticles and it
evaded the agglomeration of nanoparticles [35, 36].
The negative potential value might be due to the
capping action of biomolecules present in the leaf
extract of S. oleracea.
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Fig.5. (@) DLS and (b) Zeta-potential data for green synthesized
AgNPs using spinach (S. Oleracea) leaves extract.

Finally, FT-IR showed the same strong stretching
bands at wavenumbers of 2526.3 and 3031 cm™! due
to the presence of —OH (hydroxyl group) and —NH
(amine salt), respectively, exist in PVP molecules
(Figure 6).

FT-IR analysis was carried out to identify the
possible interactions between silver and bioactive
molecules, which may be responsible for the
synthesis and stabilization (capping) of AgNPs
(Figure 6). The intense peak 3435, 2085, 1639, 1369,
1226, and 532 cm? indicated the presence of
hydroxyl (OH) group, benzene ring, carboxylic
(C=0) group, alkyl halide group respectively.

The results of the FT-IR were used to identify
the possible biomolecules responsible for the
stabilization of the synthesized silver nanoparticles.
The prominent peaks of the FT-IR results are
showing the corresponding values to the amide group
(N-H stretching 3435 cm™), alkane group (CH-2085
cm?) alkene (CC- 1639, 1369, 1226, and 532 cm™)
and ether groups (COC- 1031.73 cm™). Similar
observation also found as flavonoids, triterpenoids
and poly phenols [37].
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Fig.6. FT-IR spectra for green synthesized AgNPs using spinach
(S. oleracea) leaves extract.

Hence, the terpenoids are proved to have the
good potential activity to convert the aldehyde groups
to carboxylic acids in the metal ions. Further, amide
groups are also responsible for the presence of the
enzymes and these enzymes are responsible for the
reduction synthesis and stabilization of the metal
ions, further, polyphenols are also proved to have a
potential reducing agents in the synthesis of the
AgNPs [38].

3.2. Antimicrobial property (antibacterial and
antifungal activity)

The antimicrobial property of silver is well-
known for many years. The antimicrobial property
including the antibacterial activity of the green
synthesized AgNPs has been investigated on
Klebsiella pneumoniae, Escherichia coli,
Acinitobacter baumannii, Pseudomonas aeruginosa,
Staphylococcus haemolyticus, and Staphylococcus
aureus as bacterial strains (Figures 7 and 8) in
addition, the antifungal activity on Aspergilus niger,
Penicillium maeneffie, Candida glabrata and
Candida parapsilosis as a fungal strains (Figures
9and 10) [39].

Regarding the antibacterial activity of AgNPs,
the result of the well diffusion method revealed that
AgNPs inhibit the bacterial growth of the tested
strains (Klebsiella pneumonia, Escherichia coli,
Acinitobacter baumannii, Pseudomonas aeruginosa,
Staphylococcus  aureus, and  Staphylococcus
haemolyticus) at an appropriate volume of 50ul of
green synthesized AgNPs solution.

The inhibition zones of the samples are
compared with a pure medium as a positive control
and de-ionized water as a negative control, and the
obtained zone indicates the antimicrobial activity of
AgNPs. Based on the obtained results,
Staphylococcus haemolyticus was found to be more
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susceptible to AgNPs with an inhibition zone
diameter of 34 mm. This result might be due to the
activity of particles in this experiment, depending on
the direct contact of a particle with bacteria.

i
[
[=]

100

33| | | 32 31

Bacterial strains

B Inhibition zonadizmatar [mm} &

=
[=]
[=]

oa
[=]

5

Inhibifion measurcmenls
=3 &5

[=]

B Mzan growth Inhibition percantaza (36}

Fig.7. Antibacterial activity histogram of AgNPs (50 pl) against
the pathogenic bacterial strains using inhibition zone diameter and
mean growth inhibition percentage.

The results as shown in Figures 9 and 10
showed that Aspergilus niger is to be more
susceptible to AgNPs than other fungal isolates with
an inhibition zone of about 39 mm at an appropriate
volume of 50 ul of as-prepared AgNPs solution.
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Fig.9. Antifungal activity histogram of AgNPs (50 pl) against the
pathogenic fungal strains using inhibition zone diameter and mean
growth inhibition percentage.

Fig.8. Inhibition zones produced against tested bacterial strains (a)
K. pneumoniae, (b) E. coli, (c) A. baumannii, (d) P. aeruginosa, (e)
S. aureus and (f) S. haemolyticus using Synthesizing silver
nanoparticles (50 pl).

Regarding the antifungal activity of as-
prepared AgNPs against  Aspergilus niger,
Penicillium maeneffie, Candida glabrata and
Candida parapsilosis as tested fungal strains have
been investigated using the well diffusion method.
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Fig.10. Inhibition zones produced against (a) A. niger, (b) P.
marneffie, (c) C. glabrata and (d) C. parapsilosis using green
synthesized silver nanoparticles (AgNPs) (50 pl).

3.3. Determination of minimum inhibitory
concentration (MIC)

Minimum inhibitory concentration (MIC) values
of Ag NPs against the multidrug-resistant bacteria
were ranged from 4 to 8 pg/ml (Figure 11). K.
pneumonia, A. baumanni, P. aeruginosa, S. aureus,
and S. haemolticus showed the MIC value of 4
pg/mL, while E. coli showed the MIC value of 8
pg/ml. In another study, the MIC values of AgNPs
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against the foodborne pathogens were ranged from
3.9 to 7.8 pg/mL. K. pneumonia showed the MIC
value of 3.9 pg/ml while E. coli showed the MIC
value of 7.8 pg/mL[40]. The MIC value
of E.coli showed that E.coli was less susceptible to
AgNPs. This may due to the positive charges of
AgNPs trapped and blocked by lipopolysaccharide,
thus make E. coli less susceptible to AgNPs [41].

Resazurin dye was used in the study as an
indicator in the determination of cell growth,
especially in cytotoxicity assays [42].
Oxidoreductases within viable cells reduced the
resazurin salt to resorufin and changed the color from
blue non-fluorescent to pink and fluorescent (Figure
11). While the determination of MIC for AgNPs
against the fungal strains has been dipeicated in
Figure 12. The potential antifungal activity of AgNPs
C. parapsilosis, and C. glabrata was confirmed by
MIC testing. The MIC of silver nanoparticles of all
Candida species tested was 8 pg/ml Figure 12. No
inhibition was observed in the low concentration
range (2 to 4 pg/mL), but growth was significantly
inhibited at 8 pg/ml or more compared to the control
(Figure 12).

Fig.11. Plates of the colorimetric-XTT assay for determination of
MIC values of AgNPs against bacterial strains using resazurin salt,
(1) cart preparation, (2) after addition resazurin dye and (3) the
results after incubation.
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Fig.12. Plates of the colorimetric-XTT assay for determination of
MIC values of AgNPs against fungal strains using resazurin salt.

3.4. Cytotoxicity assay

The cell viability assay is one of the important
methods for toxicology analysis that explain the
cellular response to toxic materials, and it can
provide information on cell death, survival, and
metabolic activities [43]. AgNPs treated cells showed
the decreased metabolic activity, which depends on
the nature of cell types and size of nanoparticles.
Others reported that colloidal silver induced a dose-
dependent cytotoxic effect on MCF-7 and MDA-MB-
231 breast cancer cells [44, 45]. In our experiment,
the cells were treated with various concentrations
(31.25-1000 pg/mL) of AgNPs for 24h, and the
results suggest that AgNPs were able to reduce the
cell viability of Wi38 cells in a dose-dependent
manner. In our study at 24 h of treatment of lung
tissue, AgNPs were found to be cytotoxic to the cells
at concentrations of 500 ug/mL and higher. Our
results suggest that the known concentration of
AgNPs significantly inhibits the growth of cells. The
results corresponding to the cytotoxicity test show
slight differences in cell viability between 24 and
48 hr. of cell exposition to AgNPs. It is possible to
observe toxicity for silver nanoparticles at the highest
concentrations used (Figure 13). AshaRani et al. [42]
report similar results for lung fibroblasts in response
to silver NPs exposition, arguing a cytotoxicity
dependence on NPs concentration as well as cell-
cycle detection. Additionally, Ahmad et al. [46]
evaluated the effect of silver and gold nanoparticles
obtained by the green synthesis method in murine
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macrophages using concentrations in the range of 10—
1000 pg /mL, obtaining less cytotoxicity at a
concentration lower than 80 pg/mL. Corresponding to
the fluorescence microscopy analysis, it was
observed that, at a lower concentration of treatments,
there was more confluence and cell density compared
to the control group (Figure 13). On the other hand,
as concentrations increased, alterations in cell
morphology and few cell extensions were observed
[1, 47].

~

Normal Control

125ug/ml

Fig.13. Effect of AgNPs on wi38 Homo sapiens, lung, fibroblast,
adherent and normal) cells at different concentrations. (A) Normal
cells, (B) the effect at 1000 ug/mL, (C) the effect at 125 ug/mL.

4, Conclusions

In this study, biocompatible green-synthesized
AgNPs were prepared through a non-toxic and eco-
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friendly green chemical route using fresh spinach
(Spinacia oleracea) leaf extract. The physical
properties of the as-prepared AgNPs were
investigated via different characterization techniques
such as UV-Vis optical absorption, a morphological
structure using TEM, and XRD. In addition, the
colloidal stability using zeta sizer technique and
surface functionality using FT-IR spectroscopy. The
average particle size was about 15t5 nm.
Furthermore, the as-prepared particles showed
significant antimicrobial activity against different
MDR-bacterial and fungal isolates.  Silver
nanoparticles synthesized by this method are very
useful in many versatile applications. Such
nanoparticles produced from Spinacia oleracea
extract without any toxic chemical reagents have
many advantages, including simple production, cost-
effectiveness, eco-friendly fabrication and product,
and biocompatibility. These properties will enable
AgNPs to be used in diverse areas. Specifically, the
application of AgNPs to bactericidal and fungicidal
therapy may make a considerable contribution to
nanomedicine.
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