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ABSTRACT: This research was planned to isolate a marine bacterium that is able to biosynthesize silver
nanoparticles to be used for therapeutic applications. The environmentally friendly production of nanoparticles
from biological sources is frequently simple, inexpensive, and free of hazardous chemicals. Silver nanoparticles

Received: (AgNPs) are part of a new class of biomaterials that is being created more and more for use in scientific and
January 06, 2024 medical endeavours. Given how important the biological system is, it is essential to have a basic understanding
Accepted: of how inorganic nanoparticles affect cellular development and function. Resazurin, a rapid screening assay, was

applied to evaluate the antibacterial effects of the synthesized AgNPs against the pathogenic microbes. The 3-
January 30, 2024 [4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT) assay was utilized to test silver nanoparticles
Published: for cell cytotoxicity and anticancer activity. Silver nanoparticles (AgNPs) were tested for wound healing effects
using a scratch assay on a human epithelial cell line (WISH-CCL-25). Halomonas sp. FSSH, among many
isolates successfully biosynthesized silver nanoparticles with interesting properties. The present finding revealed
that supernatant of Halomonas sp. FSSH could be effectively used as a reducing agent for the green production
of AgNPs. These AgNPs are considered efficient antimicrobial, anticancer, and wound-healing agents without

cytotoxic effects.

1. INTRODCTION

February 24, 2024

Green nanotechnology is trending worldwide and has recently systems, radiosensitizers in radiation or proton treatment, and in
made a significant contribution, especially in biomedical the field of bioimaging [5].
applications due to the sustainable growth of human society. Nowadays, deadly diseases such as bacterial infections and
Owing to its unique properties, nanotechnology offers solutions cancer are the cause of many deaths. Pathogenic gram-positive
to improve conventional technologies. The green production of and negative bacteria trigger infection in many areas. According
nanopartlcles from_ biological sources is frequent_ly S|mple_, cost- to the WHO report, liver cancer has become one of the lethal
effective, and avoids the use of hazardous chemicals. This may agents in the world, and various therapy methods such as
lead to biologically active, homogeneous (in shape and size) surgery and chemotherapy are also not suitable for everyone
products. Green synthesis is less harmful to human wellness and because of the great tissue damage they cause [6]. Metal
the surrounding environment compared to common chemical nanoparticles can be used as bactericides and fungicides due to
and physical methods [1-3]. The greatest microbial ecology on their exceptional properties, such as their enormous surface-to-
Earth is found in the marine environment. Therefore, microbial volume ratio and good biocompatibility [7]. They are known to
diversity, particularly marine bacteria, is a valuable and have non-specific bacterial toxicity mechanisms, i.e., they do
promising _natural source for enzymes of industrial 5|gn|f|pance not bind to specific receptors in the microbial cell. Unlike
and bioactive metabolites. More than 99% of these bacteria are antibiotics, this property may not lead to the emergence of
uncultured, and thus they are largely unknown to science [4]. resistance [8]. While the largest organ in the human body is the
The use of man-made metal nanoparticles (MNPs) in medicine skin, it serves important functions, the most important of which
is linked to highly complex nanostructures that will let doctors is the protection of internal organs and immune defence. Any
get close to the human body at the cellular and molecular levels. disruption of normal tissue structure and function, either by
With the design of specific nanostructures, these can be used as surgery or trauma, may lead to pathological changes in the
new dlagno_stlc and_treatment methods: _Nur_nerous medlcal_uses body. Few studies were available regarding the role of AgNPs
of nanoparticles exist, such as their utilization as drug delivery in skin wound healing [9, 10].
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In addition, poor wound healing puts more strain on the patient
and the healthcare system. So, any technology that improves the
healing process has the potential to save billions in annual
health care costs and preserve the patient's quality of life by
reducing fluid loss [11].

In this work, it is aimed to isolate a marine bacterium that has
the ability to form silver nanoparticles and examine the
potential antimicrobial activity, cytotoxicity on rabbit leukocyte
cells, the potential anticancer agent in cancer therapy on the
human liver cancer cell line (HepG2), and the healing process
of skin wounds on human epithelial cell line (WISH).

2. Material and Methods

2.1. Chemicals and supplies

Silver nitrate (AgNO;) was purchased from Alpha Chemika
Co., Ltd. Nutrient broth (NB) was obtained from BioLab Co.,
Ltd. Nutrient agar (NA) was purchased from Biolife Co., Ltd.
All chemicals and analytical reagents were used without further
purification. Throughout the experiments, distilled and seawater
were used.

2.2. Sample collection

Sediment samples were collected from Ain El-Sokhna, Egypt.
Ain El-Sokhna belongs to the Suez Governorate on the western
shore of the Red Sea’s Gulf of Suez, approximately 120km East
of Cairo. The climate of Ain El-Sokhna is a hot desert climate
ranging from 8 to 40°C [12]. The three collected samples were
transferred into a sterilized container and immediately
transported to the microbiology laboratory at the National
Institute of Oceanography and Fisheries (NIOF) in an ice box
for bacterial enrichment and isolation.

2.3. Isolation of bacteria

One gram of sediment from each sample separately was mixed
with 100ml of nutrient broth at pH 7, and then incubated at
37°C for 48h. Pure colonies were isolated, selected, and tested
for primary AgNPs biosynthesis. The promising isolate was
considered a potential candidate and was tested for Gram
reaction [13], blood hydrolysis [14], growth on MacConkey
agar plate [15], and potassium hydroxide (KOH) test [16].

2.4. Genotypic characterization

Genomic DNA was extracted from the pure selected isolate, and
the 16S rRNA gene was amplified by polymerase chain reaction
(PCR) using the universal primer pair 16S rRNA. The
amplicons were tested using electrophoresis [17]. The PCR
product was sequenced using the sequencing facility provided
by Sigma Scientific Services-Egypt.

2.5. Biosynthesis of silver nanoparticles (AgNPs)

The glycerol-stocked bacterial cells were used to prepare a seed
culture. Cells are inoculated into 100 mL of Nutrient Broth
(NB) medium in a 250 mL Erlenmeyer flask and shaken at
approximately 120 rpm overnight at 37°C for activation. The
freshly prepared seed culture was used as inoculum
(2%, ODgponm= 0.5) for a 250 mL Erlenmeyer flask containing
100 mL of NB (pH 7.0). Then the flasks were incubated at 37°C
at 120 rpm for 24h, until ODgy reached 1. The cell-free
supernatant was obtained by centrifugation at 5000 rpm for
15 min, and then 100 mL of the supernatant was mixed with
100 mL of AgNO; solution (40 mM) and incubated at 37°C in a
shaker incubator at 200 rpm for 10 min [18, 19]. The produced
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nanomaterial was centrifuged at 5000 rpm for 15 min to achieve
absolute separation. The supernatant was decanted off to collect
the pellet, which was washed three times with distilled water to
efficiently separate the nanoparticles. The nanoparticles were
then dried in a 50°C oven for 24h and used for further research.

2.6. Characterization of AgNPs

The typical ultraviolet-visible (UV-Vis) absorption spectra of
AgNPs were measured by a UV-Vis spectrophotometer (Chrom
Tech, model CT-2200M Taiwan). Transmission electron
microscopy (TEM) images of AgNPs were observed on the
JSM-1400 plus microscope with an accelerating voltage of 80
kV (JEOL, Japan). Images from a JSM-IT200 scanning electron
microscope (SEM) were obtained. Energy-dispersive X-ray
(EDX) equipped with a scanning electron microscope (JEOL,
Japan) operated at 20kV. X-ray powder diffraction (XRD)
patterns were obtained using a Bucker D2-phaser instrument
(Bruker, Germany) operated at 30KV with Cu Ka A=1.54184A
radiation. Fourier transform infrared spectroscopy (FTIR) was
recorded from 500-4000cm™' with samples prepared as KBr
pellets (Bruker, Germany). At 25°C, the particle size and zeta
potential of AgNPs were measured using the Zeta Nanosizer
instrument (Malvern, UK). The preparation of samples for the
previously mentioned tests was carried out following the
manufacturer’s instructions at the Central Laboratories, Faculty
of Science, and Faculty of Pharmacy, Alexandria University.

2.7. Antimicrobial activity and Minimum Inhibitory
Concentration (MIC) determination for AgNPs via a
Resazurin-based turbidimetric assay

Resazurin, a rapid screening assay, was used to test the
antibacterial activities of the synthesized AgNPs against the
following microbes: Escherichia coli (E. coli) (ATCC: 8739),
Klebsiella  pneumonia (K. pneumonia) (ATCC: 13883),
Pseudomonas aeruginosa (P. aeruginosa) (ATCC: 15442),
Vibreo parahemolyticu (V. parahemolyticus), Enterococcus
faecalis (E. faecalis) (ATCC: 29212), Staphylococcus aureus (S.
aureus) (ATCC: 25923), Bacillus subtilis (B. subtilis) (ATCC:
6633), and Candida albicans (C. albicans) (ATCC: 10231) was
determined according to methodology of Miranda and his
colleagues [20] with some modifications. Five uL of microbial
suspension whose turbidity was adjusted to a 0.5 McFarland
standard were placed in 96 wells. Silver nanoparticles (95 pL)
were added at the following concentrations: 1000, 500, 250,
125, 62.5, and 31.25 pg/100 pL. A microbe without AgNPs was
used as a positive control, while two negative controls were
prepared using AgNPs in distilled water and NB. Where column
1 represents control containing water with AgNPs, column 2
contains NB with AgNPs, and columns 3-10 contain tested
pathogens with different concentrations of AgNPs, the upper
row represents the higher concentrations. Resazurin indicator
solution (5 pL of 0.0125 mM) was transferred to each well after
overnight incubation at 37°C and kept for another 4h. Changes
in colour were observed and recorded. The lowest concentration
prior to colour change was considered the minimum inhibitory
concentration (MIC) [21, 22].

2.8. Silver nanoparticles' cell cytotoxicity and anticancer
activity

The  3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl  tetrazolium
bromide (MTT) assay was used to test silver nanoparticles for
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cell cytotoxicity and anticancer activity. The assay is a common
method for determining the number of viable cells based on the
activity of succinate dehydrogenase. Cell cytotoxicity was
determined on rabbit leukocyte cells, while anticancer activity
was determined on a human liver cancer cell line (HepG2-HB-
8065). In a 96-well plate, serial dilution of the AgNPs was
prepared using culture medium. The treatment was done in
triplicate, and two control columns (media only) were
maintained in a 5% CO, incubator at 37°C for 24 h. The plate
was measured using the MTT assay on microplate ELISA
reader [23-25]. The percentages of cytotoxicity (viability) and
anticancer (inhibition) were calculated according to the
following equation:

MTT% = 100 — (

Abs.Control—Abs.Treatment

Abs.Control ) (1)
where MTT% is the percentage of cell viability for cytotoxicity
and percentage of cell inhibition for anticancer. Abs. Control
and Abs. Treatment are absorbance of control and treatment,

respectively.
2.9. Wound healing assay

Silver nanoparticles (AgNPs) were tested for wound healing
effects using a scratch assay on a human epithelial cell line
(WISH-CCL-25). This is a simple, economical, and well-
developed method to measure two-dimensional cell migration in
vitro [26]. Data analysis was done using the following equation:
Wound closure presentage =
[(Wound Lengthg 154 — Wound Length,, yours)/Wound Lengthg your]

x 100 )
2.10. Statistical analysis

All investigations were performed in three replicates, and the
results were statistically analyzed and implemented using
Origin Pro 8.1 Statistical Software. The data were analyzed
using ANOVA. The data were carried out based on the values,
which were expressed by means+ SE. The significant values
were determined at a P-value <0.05

3. Results

3.1. Screening for culture supernatants-mediated synthesis
of silver nanoparticles

In this study, five isolates from marine sediments in Ain El-
Sokhna, Egypt, were isolated, purified, and investigated visually
and by using UV-visible spectrophotometer for the synthesis of
AgNPs. Results showed that only two isolates (F8 and F9) were
capable of changing the colour from colourless to dark brown.
Only isolate F8 had the highest surface plasmon resonance
absorption peak at 400nm (Figure 1); therefore, it was selected
for further investigation.

3.2. Characterization of the most promising isolate

The most promising AgNPs-producing bacterium isolate F8 was
recovered on nutrient agar plate (Figure 2a). The morphological
characteristics of colonies showed creamy colour, regular
margin, convex, mucoid configuration (Figure 2a). Figure 2b
showed that the cells are Gram-negative rods occurring singly.
The KOH test confirmed that the isolate is Gram negative [16]
(Figure 2c). On blood agar plates, isolate F8 showed no
hemolysis (Figure 2d), indicating the isolate's inability to
destroy red blood cells [14].
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The isolate also did not show a fermentation reaction on
MacConkey agar, indicating non-lactose-fermenting colonies
[15] (Figure 2¢).
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Figure 1. The UV-Vis absorption spectra of AgNPs

synthesized by five bacterial isolates

Figure 2. Isolate F8 characterization: colonies on NA plates
after 24h of incubation at 37°C (a); light
micrograph of Gram stain (b); KOH test (c);
growth on blood agar (d); growth on MacConkey
agar (e)
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In a sequential step, it was necessary to identify the promising
isolate (F8) by amplifying the 16S rRNA gene. The amplified
fragments (1474 bps) were sequenced. The sequence of the 16S
rRNA gene in isolate F8 was 97% the same as the sequence of
Halomonas denitrificans (NR_042491.1). The 16S rRNA gene
sequence was deposited as OP716688 in GenBank, designated
as Halomonas sp. FSSH, and classified as a member of the
genus  Halomonas,  family = Halomonadaceae,  order
Oceanospirillaes, class y-Proteobacteria, phylum
Pseudomonadota. The phylogenetic bond between the amplified
16S rRNA sequence and its nearby relatives is summarized in
the phylogenetic tree in Figure 3.

Halomonas desiderata(NR_026274.1)
Halomonas kenyensis(NR_043299.1)
t C _042157.1)
t c _028702.1)
Halomonas heilongjiangensis(NR_148316.1)
Halomonas alkalttolerans(NR_116867.1)
t _025054.1)
Halomonas mongoliensis(NR_043298.1)
Halomonas alkalicola(NR_156922.1)
Halomonas salina(NR_119189.1)
Halomonas ventosae(NR_042812.1)
Halomonas aestuari(NR_159155.1)
Halomonas dagiaonensis(NR_116882.1)
Halomonas stenophila(NR_117837.1)
Halomonas nitroreducens(NR_044317.1)
Halomonas fontilapidosi(NR_044519.1)
F8 Halomonas sp. (FSSH)

Halomonas denttrificans(NR_042491.1)
Halomonas huangheensis(NR_133758.1)
Halomonas saccharevitans(NR_044117.1)
t _149235.1)
Halomonas giaohouensis(NR_148256.1)

Halomonas socia(NR_132704.1)
— Halomonas organivorans(NR_029029.1)
— Halomonas koreensis(NR_025773.1)

k _132288.1)
halocynthiae(NR_025508.1)

Figure 3. Phylogenetic tree of isolate F8 based on 16S rRNA
sequence analysis among closely related
Halomonas species

The identified marine bacterium Halomonas sp. FSSH was
cultured in nutrient broth (NB) at pH 7 and 37 °C under shaken
growth conditions for 24 h. Around 100 ml of the supernatant
were used to synthesize silver nanoparticles (AgNPs) that
seemed as a dark brown powder distributed in solution (Figure
4a). The nanoparticles produced were washed, purified, and
dried for characterization.

3.3. Biogenic silver nanoparticles (AgNPs) characterization

Several analytical techniques were applied to evaluate the bio-
manufactured AgNPs, including UV-vis spectroscopy. The
UV/Vis spectrum of the colloidal solution of the synthesized
AgNPs showed a strong, conspicuous, characteristic spectral
absorption peak at 400 nm (Figure 4a), confirming its presence.
The formation of the AgNPs during the reduction process is
indicated by a change in the colour of the AgNO; from
colourless to dark brown (Figure 4a). According to TEM and
SEM data analyses, the biosynthesized AgNPs are evenly
distributed and have a spherical shape with an average size
ranging from 15.69 to 133.78nm (Figure 4b left) and 18.30
t0186.8 nm (Figure 4b right), respectively. By using EDX
analysis, the strong absorption peak at 3keV in the metallic
silver region was observed as confirmation for the AgNPs

Alexandria Journal of Science and Technology, 2024, 2(1), 16-27

Laboratory-synthesized biogenic silver nanoparticles (AgNPs) with potential therapeutic applications

19

synthesis. A trace of elements in the form of peaks was detected
together with silver ions by the EDX pattern. These elements
were carbon (C) (11.46%), boron (B) (11.77%), alminium (Al)
(0.80%), and chlorine (Cl) (17.58%), together with metallic
silver (Figure 4c). The XRD pattern of AgNPs showed peaks at
20 of 38.175°, 44.370°, 64.553°, and 77.537°, which correspond
to the (111), (200), (220), and (311) levels, respectively (Figure
4d). The crystal structure of the produced AgNPs is evident
from these diffraction patterns that confirm the AgNPs have a
face-centered cubic structure and also confirm the crystalline
nature of AgNPs. The calculated particle size of AgNPs using
the Scherrer equation was approximately 19.11 nm. Various
bands appeared in the FTIR spectrum between 531 and
3260cm . The bands 3260.14cm ' and 2921.59cm * correspond
to O-H stretching, 2855.77cm ™ corresponds to N-H stretching,
2237cm™ corresponds to C=N stretching,
1640.52cm *corresponds to C=N stretching, 1531.41cm*
corresponds to N-O stretching; 1405.66cm ' and 1335.55cm *
correspond to O-H bending. 1240.83, 1166.35, 1117.55, and
1065.30cm ' correspond to C-O stretch; 931.62cm ™’ and
893.01cm* correspond to C=C bending; 659.35cm™ and
609.30cm * correspond to C-Br stretch, and 531.89cm™
correspond to C-l stretch (Figure 4e). Nanosizer and Zeta
potential have been used to determine the size of the particles
and their potential stability in the colloidal suspension.
According to the previous published data, our synthesized
AgNPs with a size distribution of 162.2nm, a polydispersity
index (PDI) equal to 0.183, and particles carrying a charge of
=5mV as clearly observed in Figure 4f, have relatively well-
defined dimensions and high monodispersity in aqueous
solutions. As observed from the analysis, the polydispersity
index (PDI) value is lower than 0.7, which indicates the good
quality of these synthesized AgNPs according to Khane and his
co-workers [27].

3.4. Possible therapeutic applications of the produced
biogenic AgNPs

Antimicrobial  activity and
Concentration (MIC) determination

Various concentrations of the biologically synthesized AgNPs
(1000, 500, 250, 125, 62.5, and 31.25ug/100ul) using culture
supernatants of Halomonas sp. FSSH were tested for their
antimicrobial potential and showed significant antimicrobial
activity against all tested pathogens. Figure 5 depicts a
microtiter plate while using an in vitro resazurin-based
turbidometric (TB) assay containing the prepared AgNPs
concentrations with the following pathogens: E. coli (ATCC:
8739), K. pneumoniae (ATCC: 13883), P. aeruginosa (ATCC:
15442), V. parahemolyticus, E. faecalis (ATCC: 29212), S.
aureus (ATCC: 25923), and B. subtilis (ATCC: 6633). Wells
for all tested bacteria treated with AgNPs remained as blue after
an overnight incubation followed by a 4-h incubation with
resazurin. In contrast, all wells in the growth control row
(containing growth medium and bacteria) (3-10 D) of all tested
bacteria had changed from blue to pink indicating their
viability. The minimum inhibitory concentration (MIC) of the
AgNPs against all tested pathogenic microbes was observed in
the row before the last one (1-10 G) which was equivalent to
31.25 pg/100 pL.

Minimum  Inhibitory
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Figure 4. Characterization of AgNPs synthesised by Halomonas sp. FSSH cell-free supernatant using
several analytical techniques: Ultraviolet-visible absorption spectrum (a); Images of TEM (left)
and SEM (right) showing particle size and shape (b); EDX spectrum and micrograph (c); X-ray
diffractogram (d). FTIR spectra (e) and Size distribution intensity graph (f)

3.5. Cytotoxicity of AgNPs against normal and malignant

cells

To evaluate the cytotoxic effects of the synthesized AgNPs,
normal rabbit leukocyte cells were subjected to several doses of
AgNPs (1000, 500, 250, 125, 62.5, and 31.25 pg/ml) in a
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controlled experimental setting. The concentration of AgNPs
has a direct correlation with the cytotoxicity seen in normal
cells, as shown in Figure 6a. At a concentration of 1000 pg/mL,
approximately 60% of the cells were found to survive.
Throughout the study, the cytotoxicity of AgNPs was tested
using an in vitro MTT assay on a human liver cancer cell line

Online ISSN: 2974-3273



-7 Laboratory-synthesized biogenic silver nanoparticles (AgNPs) with potential therapeutic applications
Article

(HepG2-HB-8065). AgNPs displayed cytotoxic effect in a dose-
dependent manner. The cell line was treated with 31.25, 62.5,
125, 250, 500, and 1000 pg/mL AgNPs reduced cell viability to
30, 37, 45, 49, 56, and 65% with increasing concentrations,
respectively whereas the cytotoxic action (1Cs,) was observed at
419.671 pg/mL (Figure 6b). Consequently, AgNPs treatment
induced apoptosis represented by changes in the morphology of

cells shown by arrows, which was confirmed using the ZOE
fluorescent cell imager (Figure 6c). Cells treated with
1000pg/ml AgNPs showed cytoplasmic shrinkage and loss of
cell-to-cell contact.

Figure 5. Resazurin Microtiter Assay (REMA) for Determining
the Antimicrobial Activity and Minimal Inhibitory
Concentration (MIC) of AgNPs against some tested
pathogens.
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Figure 6. Cytotoxic effect of AgNPs, on the viability of normal rabbit leukocytic cells (a) growth inhibition of the HepG2
human cell line (b) Microscopic evaluation and morphological changes in HepG2 cells (shrinkage of cells is shown
by an arrow) (c) at different concentration of 1000, 500, 250, 125, 62.5, and 31.25 pg/mL for 24h using MTT assay.
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Wound healing activity of AgNPs

Silver nanoparticles' effect on wound healing was studied on a
human epithelial cell line (WISH-CCL-25). A Human epithelial
cell line was scratched and then treated with 100 pg/mL
AgNPs. The quantitative analysis of wound healing involved
measuring the initial wound gap size before treatment (control)
along with healing towards wound closure (24h). As observed
in Figure 7, AgNPs achieved 48% wound closure after 24h
(Figure 7a). When compared to untreated cells, the presence of
AgNPs accelerated wound reduction by 12% (Figure 7b). These
findings show that AgNPs achieved 48% wound healing in 24
hours.

4. Discussion

Many bacterial taxa with silver ion (Ag") reduction activity
towards AgNPs have been discovered, primarily in marine
sediments [28]. Many reports have expressed concern about
bacterial isolates producing AgNPs [18, 29]. The observed
colour change from colourless to dark brown, as clearly
observed by the two isolates (F8 and F9) throughout the study,
thus serving as preliminary validation for the existence of silver
nanoparticles as previously confirmed by Kumar and his co-
workers [30]. In line with our results, isolate F8 had the highest
surface plasmon resonance absorption peak at 400nm shown in
Figure 1; Kharchenko and his co-workers [31] discovered that
AgNPs have the highest surface plasmon resonance absorption
peak at 400nm. In addition to Rai and his colleagues [32], who
found a surface plasmon resonance peak at 420nm, confirmed
the formation of the silver nanoparticles.

The most promising AgNPs-producing bacterium isolate F8 was
morphologically characterized (Figure 2) as having a creamy
colour, a regular margin, a convex shape, and a mucoid
configuration. The cells appeared as Gram-negative rods
occurring singly. In a sequential step, the molecular
identification of the promising isolate (F8) was performed, and
the sequence of the 16S rRNA gene in isolate F8 was 97% the
same as the sequence of Halomonas denitrificans
(NR_042491.1). The deposited sequence in GenBank
OP716688 is designated as Halomonas sp. FSSH, and classified
as a member of the genus Halomonas, family Halomonadaceae,
order Oceanospirillacs, class y-Proteobacteria, phylum
Pseudomonadota. Previously, Halomonas was isolated from
marine sediments and identified as Halomonas piezotolerans
NBTO6E8T, Halomonas meridian, Halomonas maris QX-1',
Halomonas profundi MT13" and MT32 strains [33-36],
respectively. Most members of this genus are halotolerant,
aerobic, Gram-stain-negative, rod-shaped, and non-sporulating
[36]. Halomonas sp. FSSH showed a non-haemolytic reaction
on blood agar, similar to the result reported by Woods and his
co-workers [37]. Halomonas sp. FSSH showed non-lactose
fermentation activity. This is different from what Yeo and his
colleagues [38] found when they studied Halomonas hamiltonii
and found that it didn't grow on MacConkey agar. Halomonas
strain has been reported previously for the synthesis of silver
nanoparticles. The study reported the ability of Halomonas
strain for the synthesis of silver nanoparticles extracellularly
through the bacterial mechanism used to reduce the colloidal
silver ion to nanoparticles. With FTIR analysis, reducing
protein compounds playing that role was revealed. In addition,
complex compounds are also secreted by the bacterium in the
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supernatant that play role in stabilizing the nanoparticles [39].

Following synthesis, precise particle characterization is
essential to overcome the safety issue and fully exploit the
potential of any nanomaterial for humanity, nanomedicines, or
the health care enterprise prior to application [40]. Therefore,
several analytical techniques were applied to evaluate the bio-
manufactured AgNPs. The UV/Vis spectrum of the colloidal
solution of the synthesized AgNPs showed a strong,
conspicuous, characteristic spectral absorption peak at 400 nm
(Figure 4a), confirming its presence. The formation of the
AgNPs during the reduction process is indicated by a change in
the colour of the AgNO; from colourless to dark brown (Figure
4a) due to mutual vibrations of the free electrons in resonance
with light waves, which are influenced by both the size and
shape of the synthesized AgNPs. These results are in line with
what was found by Kocuria rhizophila BR-1, Lactobacillus
gasseri, and Pseudomonas fluorescens bacterial culture
supernatants [30, 41, 36], respectively. According to TEM and
SEM data analyses, the biosynthesized AgNPs are evenly
distributed and have a spherical shape with an average size
ranging from 15.69 to 133.78nm (Figure 4b left) and 18.30
t0186.8nm (Figure 4b right), respectively. In accordance with
the previously published data, Alsharif and his co-workers [42]
synthesized spherical AgNPs with a size range of 6-50nm by
Bacillus cereus Al-5, and Salem [43] fabricated spherical
AgNPs with sizes ranging from 3 to 60nm using TEM analysis.
Moreover, these findings agreed with those published by Sagib
and his colleagues [44] and Rajendran and his co-workers [45],
who reported the synthesis of spherical AgNPs using SEM
analysis.

By using EDX analysis, it was possible to determine the
elemental composition of the synthesized AgNPs. The strong
absorption peak at 3keV in the metallic silver region was
observed as confirmation for the AgNPs synthesis. A trace of
elements in the form of peaks was detected together with silver
ions by the EDX pattern (Figure 4c). These results confirmed
the formation of the AgNPs as presented in the previous studies
by Luhata and his co-workers [46] and Swamy and his
colleagues [47]. The obtained diffraction pattern (XRD), the
crystalline nature, and the calculated particle size (19.11 nm)
using the Scherrer equation of AgNPs obtained and presented in
Figure 4d were consistent with what Khane and his co-workers
[27] and Loganathan and his co-workers [48] had reported,
respectively. Also, similar data were obtained by El-Baradaei
and his colleagues [49] when synthesized AgNPs from
Streptomyces sp. RHS16.

The characteristic XRD peaks were centered at ~38.02c,
~44.44° and ~64.51°, 77.68°, and 81.35° which could be
induced by the following crystalline planes of silver: (111),
(200), (220), (311), and (222), respectively. FTIR spectroscopy
is a key method for producing molecular figures that can
identify the functional group. Using this analysis, we can
determine the chemical properties of the nanoparticles surfaces.
As detected, various bands appeared in the FTIR spectrum
between 531 and 3260 cm* (Figure 4e).

These functional groups show that bacterial biocomponents are
present and acting as AgNPs capping and stabilizing agents.
These biomolecules are in charge of the conversion of Ag” into
AgNPs. This implies that the extract's constituent compounds
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will stick to the nanoparticle's surface, encouraging capping and
stability [50]. The functional groups that appeared in this
analysis were in line with those previously published by El-
Baradaei and his co-workers [49] who reported an array of
absorbance bands from the FTIR spectral analysis of silver
nanoparticles produced using Streptomyces sp. RHS16.

Using Nanosizer, our synthesized AgNPs with a size
distribution of 162.2 nm, a polydispersity index (PDI) equal to
0.183, and particles carrying a charge of —5SmV as clearly
observed in Figure 4f, have relatively well-defined dimensions
and high monodispersity in aqueous solutions. As observed
from the analysis, the polydispersity index (PDI) value is lower
than 0.7, which indicates the good quality of these synthesized
AgNPs according to Khane and his colleagues [27]. According
to the previously published data, nanosizer and Zeta potential
have been used to determine the size of the particles and their
potential stability in the colloidal suspension. Therefore,
nanoparticles with Z-potential quantities greater than +25 mV
or less than -25 mV usually have high degrees of stability [51].
Using the zeta potential value, the amount of charge on the
surface of the manufactured AgNPs was measured. The
formation of different charge groups on the surface of the
nanoparticles showed how stable they were in dispersion. The
presence of negatively charged groups improves the stability
and dispersion of AgNPs in aqueous solutions [52, 53].

Among the several promising nanomaterials, AgNPs seem to be
potential antibacterial agents due to their large surface-to-
volume ratios and crystallographic surface structure, as
mentioned previously by Zhang and his co-workers [40].
Therefore, various concentrations of the biologically
synthesized AgNPs using culture supernatants of Halomonas
sp. FSSH were tested for their antimicrobial potential and
showed significant antimicrobial activity against all tested
pathogens. As clearly depicted in Figure 5, wells for all tested
bacteria treated with AgNPs remained blue. In contrast, all
wells in the growth control row of all tested bacteria had
changed from blue to pink, indicating their viability.
The minimum inhibitory concentration (MIC) of the
AgNPs against all tested pathogenic microbes was equivalent to
31.25 pg/100ul. These findings contrast with those of Miranda
and his co-workers [20], who discovered that their synthesised
AgNPs were effective against E. coli but had no antibacterial
activity against S. aureus and only weak antimicrobial activity
against Candida albicans. According to Khane and his
colleagues [27], they found that AgNPs have antimicrobial
activity against E. coli ATCC 25922, S. aureus ATCC 25923,
and C. albicans. Silver nanoparticles showed excellent zone
inhibition against Streptococcus pneumonia, Staphylococcus,
Rhizopus stolonifer, and Aspergillus flavus as reported by Oves
and his co-workers [54]. The proposed mechanisms of AgNP-
induced cell death were observed to be as previously mentioned
by Zhang and his colleagues [40], in the case of E. coli, cell
death was attributed to the release of reducing sugars and
proteins. In addition, it has been shown that AgNPs had the
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capability to disrupt the integrity of bacterial membranes by
inducing the formation of many pits and gaps. This suggests
that AgNPs have the potential to impair the structural integrity
of bacterial cell membranes.

The studied cytotoxic effects of the manufactured AgNPs on
normal rabbit leukocyte cells indicated that the concentration of
AgNPs has a direct correlation with the cytotoxicity seen in
normal cells, as presented in Figure 6a. At a concentration of
1000pg/ml, approximately 60% of the cells were found to
survive. The results of this study are consistent with those of a
recent investigation by Elnady and his co-workers [55], which
demonstrated that AgNPs did not cause cytotoxicity in healthy
peripheral blood cells. In consistency with our findings and
those of Naveed and his colleagues [56], this revealed a
correlation between rising concentrations of hazardous AgNPs
and reduced cell viability in U87-MG and HEK 293 cell lines.
Throughout the study, the cytotoxicity of AgNPs was tested
using an in vitro MTT assay on a human liver cancer cell line
(HepG2-HB-8065). AgNPs displayed cytotoxic effects in a
dose-dependent manner (Figure 6b). Consequently, AgNPs
treatment induced apoptosis represented by changes in the
morphology of cells shown by arrows, which was confirmed
using the ZOE fluorescent cell imager (Figure 6¢). Cells treated
with 1000 pg/ml AgNPs showed cytoplasmic shrinkage and
loss of cell-to-cell contact. According to Kamradgi and his co-
workers [57], AgNPs showed anticancer activity of 99% at a
concentration of 100 pug/mL and of 53 pg/ml while Sivakumar
and his colleagues [58] reported that AgNPs have a 50%
anticancer effect and a 100% inhibition at 100 pg/mL.
Numerous attempts have been documented to elucidate the
mechanism of action of nanoparticle cytotoxicity via the
penetration of nanoparticles into mammalian cells either by
phagocytosis or endocytosis. Another documented mechanism
of action of nanoparticles is cytotoxicity via the manufacture of
free radicals, which cause cellular disintegration leading to cell
death [59].

The quantitative investigation of wound healing on a human
epithelial cell line (WISH-CCL-25) involved measuring the
initial wound gap size before treatment (control) with AgNPs
along with healing towards wound closure (24h). The obtained
results show that AgNPs achieved 48% wound healing in 24
hours (Figure 7). These findings contrasted with a recent study
of Ficus benghalensis leaf extract at 1000 pg/mL, which
produced AgNPs at a rate of 70.2% in 24 hours on HDFa cells
[60]. This may suggest that some of the polyphenols and
flavanols were involved in the synthesis of the AgNPs [61].

Finally, it is also worth mentioning to consider that the ICs, of
particles against normal and HepG-2 cells are 1000 pg/mL and
419.6 pg/mL, respectively, which seems to have a Sl of 2.3 that
it means it is already selective. This could explain why it can
have both growth-promoting action on the fibroblasts while
inhibitory to the cancer cells, especially the wound healing
effective concentration was 100 pg/mL.
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5. Conclusion

As a final conclusion at the end of this investigation, silver
nanoparticles (AgNPs) were synthesized using a bacterial cell-
free supernatant derived from Halomonas sp. The biological
production of silver nanoparticles (AgNPs) via FSSH is a cost-
effective, environmentally friendly, and secure process,
presenting itself as a viable alternative to traditional chemical
and physical procedures. The results of our study have provided
confirmation that the use of a bacterial cell-free supernatant has
the potential to serve as a viable approach for the
productionand the stabilisation of silver ions. The
biosynthesized AgNPs showed strong antimicrobial effect, as
demonstrated with the Resazurin assay. The overall findings
reveal that biologically synthesized AgNPs stabilized by
biomolecules showed no cytotoxic effect on normal rabbit
leukocyte cells, suggesting their potential for safe utilization in
various medical applications. Additionally, these AgNPs exhibit
antiproliferative properties in the HepG2-HB-8065 liver cancer
cell line by inducing apoptosis, suggesting their potential as a
viable alternative for the treatment of human liver cancer. The
experimental investigation included the wuse of silver
nanoparticles (AgNPs) on a human epithelial cell line known as
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WISH-CCL-25, revealing their potential efficacy in promoting
wound healing.
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