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1. Introduction

The scientific community has showing increasing interest
in Nano biotechnology for its potential applications in
biomedicine, including diagnostics, biomolecule sensing,
disease inhibition and treatments [1, 2, 3, 4, 5]. Metallic
nanoparticles (NPs), including gold, zinc, silver (Ag),
iron, and copper, have found numerous applications in
the medical field over the past decades [5]. In particular,
the unique physicochemical and visual characteristics
of silver nanoparticles (AgNPs) make them a promising
therapeutic agent [6]. These procedures are risky, costly,
and cumbersome to manage in bulk. The green synthesis
procedure is a novel approach that has the potential to
address these challenges [7]. The biological synthesis of
silver nanoparticles (AgNPs) has numerous advantages

over traditional techniques [7]. These attributes include
simplicity, environmental friendliness, biocompatibility,
efficacy, non-toxicity, cost-effectiveness, and biodegrad-
ability in plants. Given their accessibility and high pro-
ductivity, they are preferred over microbes as a source
[6]. Polysaccharides, flavonoids, terpenoids, and other
polyphenolic secondary metabolites present in plant ex-
tracts facilitate the stabilization and reduction of AgNPs
produced [8]. This capping prevents NPs from aggregat-
ing and causing harm. To produce pure Ag, biological
components reduce silver salts such as (Agl), silver ox-
ide (Ag0), and silver (Ag*) Plants such as A. Senegal
have medicinal uses [5]. People have long recognized
its antibacterial, anti-inflammatory, and wound-healing
properties [9]. Its gel and leaf extracts contain a variety
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of metabolites, including polysaccharides, proteins, en-
zymes, terpenoids, flavonoids, vitamins, and phenols [9].
This is attributable to its diverse chemical contents. The
anticancer properties of AgNPs have received extensive
research attention [10]. The functional groups on NPs
enhance their anticancer effect and reduce their toxicity,
according to researchers who investigated their mode of
action against cancer cells [10]. Furthermore, AgNPs
possess intrinsic antioxidant characteristics due to their
ability to scavenge free radicals. By neutralizing reactive
oxygen species and free radicals produced by damaged
or dead cells, these antioxidants provide a healthy glow
to the body’s cells [11]. The ability of nanoparticles
(NPs) to scavenge free radicals is enhanced by plant
components, including tannins, herbs, and flavonoids
[11]. Chronic illness and mortality may be caused by
bacterial infections [11]. Ag, an antibacterial agent,
has several applications [12]. AgNPs synthesized using
plant extracts exhibit enhanced antibacterial activities
[12]. The dimensions of the NPs can be precisely con-
trolled during synthesis to enhance their aggregation at
the designated location [13]. A notable advantage of
using AgNPs as an anticancer agent is their increased
cytotoxicity toward cancer cell types, particularly for
small particles. AgNPs possess antibacterial properties
because of their interaction with thiol group molecules
present in the respiratory base of bacterial cells, render-
ing them harmful to pathogens [14]. Organic dyes are
widely utilized in various industries, including textiles,
plastics, and pharmaceuticals, contributing significantly
to pollution [15]. Methylene blue, Congo red, methyl or-
ange, and methyl red are some of the hazardous synthetic
dyes that AgNPs can degrade because of their promising
catalytic activity [16, 17, 18, 19, 20]. We examined
the anticancer and anti-oxidative effects of AgNPs on
HePG2 liver cancer cell lines. We also analyzed the
effect of AgNPs on healthy cells, WRL68, and compared
the results with their effect on cancerous cells [17].

2. Materials and method

2.1 Preparation of thin films

Although the applications differed, we employed the
same technique in this study as described in our previous
work [17]. In this step, A. Senegal is usually harvested
during the dry season, which begins in October and ends
in May. It is then stored for two weeks before being used.
To achieve high quality, focus on harvesting the plant

Acacia Senegal

Vi

100 ml of Acacia
senegal plan

-l

during the dry season. The plant should also be stored in
dry, cool places. We used 4 g of fresh A. Senegal seeds,
which were pulverized into a fine powder by using an
electric mixer to create a water-based plant extract. Also
1 g of the resulting soluble powder was placed in a heat-
resistant flask. Subsequently, 100 mL of distilled water
was added to above mixture. A magnetic stirrer was
used to combine the powder and supplementary water
at 50 °C for 30 min. Thereafter, filter paper was used to
purify the plant extract. For the green synthesis process,
a solution of (Agl), with a molecular weight of 234.77
g/mol, was created by dissolving 1.17385 g of Agl to
achieve a concentration of 0.05 mol. The substance
was dissolved in 100 mL of ethanol. To expedite the
dissolution process, we added 5 mL of hydrochloric acid
to the solution. Finally, a magnetic stirrer was employed
to gradually introduce 30 mL of plant extract at 40 °C
into the droplets. We terminated the reaction when the
color shifted from yellow to blackish-yellow (Fig. 1).

2.2 Synthesis procedure of Agl samples

To successfully precipitate the (Agl) and (AgO) Nano
crystallite solution via drop casting, we heated the glass
substrates to 70 — 110 °C. A digital thermocouple was af-
fixed to an electric heater, and three drops of the solution
were deposited onto glass slides. The slides were then
left to sit for 30 min. The sample structures and charac-
teristics are studied with using some relevant techniques
such as including X-ray diffraction (XRD), ultravio-
let—visible (Uv—-Vis) spectroscopy, Fourier transform
infrared (FTIR) spectroscopy, field emission scanning
electron microscopy (FESEM), and high resolution trans-
mission electron microscopy (HRTEM). We confirmed
the material’s identification and the presence of NPs by
comparing it with the global standard JCPDS. Figure 2
shows the drop-casting technique for material deposition.

3. Results and discussions

3.1 Nanostructural characteristics of the samples
with XRD

XRD was used to investigate the structural properties
of thin films and the crystallite’s phases of the present
samples. The application of an NP solution by drop
casting onto a glass substrate heated to 70 °C produced
a thin layer with evenly distributed NPs, which were
used in the fabrication of AgO nanostructures. Figure 3
displays the XRD patterns of (a) AgO, (b) Agl nano

1.174 Agl dissolved in 100 ml of
Ethanol

A-P.%—r

SSNPs

Figure 1. The schematic illustration of the method for silver oxide production.
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Figure 2. The schematic illustration of the drop-casting method.

crystallites, (c) Williamson-Hall diagram of AgO and In Fig. 3 (c,d), the lattice strain (g) is estimated by
(d) Williamson-Hall diagram of Agl, which indicated drawing the slope line of the graph for AgO (Fig. 3 (¢))
that the polycrystalline structure of Agl and AgO, with and Agl (Fig. 3 (d)) sample, in that £ for AgO and Agl
hexagonal and cubic phases, respectively. The peaks (26, is 0.089 and 0.025. The lattice strain of the sample
hkl) corresponding to the dominated peaks identified is due to different kinds of defects like point defects,
in card number (98-000-1899). Crystallite size with grain boundaries, stacking faults, and plasmon. ¢ value
Scherrer method and lattice strain (¢) with Williamson- indicates that the mechanical stability of the Agl sample
Hall method is obtained by Eqgs. (1) and (2), respectively: structure with lower ¢, is better than that AgO sample.

We therefore try to study more Aglin AgO matrix sample

KA 0.9(0.154 nm)

D = = €)) for anti-liver cancer agents (as discussed latter in the
Bcosd (FWHM) cos 8 present work).
KA 4sin @ Some significant data of the sample are outlined in
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K1 Agl sample characteristics.
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Figure 3. XRD pattern of (a) Agl, (b) AgO nano crystallites, (c) Williamson-Hall diagram of AgO and (d) Williamson-Hall diagram of Agl.
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Table 1. Sample characteristics of Agl, estimated with Eq. (1).

26 (%) 0 (°) Bnrry (Rad) B(nkiy cos 8 D (nm)
23.088 11.544 0.064 0.0676 20.5
37.459 18.730 0.035 0.0331 41.9
46.258 23.130 0.052 0.0480 28.9
Table 2. Sample characteristics of AgO, estimated with Eq. (1).
26 (°) 6(°) By (Rad) Bnki) cos 0 D (nm)
33.000 16.500 0.081 0.078 17.8
37.501 18.800 0.086 0.080 17.3
44.200 22.100 0.083 0.077 18.0
55.000 27.500 0.084 0.075 19.8
64.201 32.100 0.090 0.076 18.2
66.802 33.401 0.095 0.079 19.8
77.400 38.700 0.099 0.0785 17.7

3.2 Topography analysis of the sample surface by
Atomic force microscopy (AFM)

To study the matrix sample (AgO) surface topography,
two (2D)-, three (3D)- dimension AFM images shown
in figure 4. The 3D AFM images, shown in Fig. 4 (a),
produced by the environmentally friendly approach of
synthesizing AgO NPs exhibited a flat orientation with
peaks pointing upwards. The sample topography of
the sample surface, shown in Fig. 4 (b), indicated a
maximum of 29.4047 nm and an average of 10.6842 nm
sample surface roughness .A root mean square (RMS)
of 2.04015 nm was calculated for the average surface
roughness with Nano Surf software tool. As shown in
Fig. 4, the grains were evenly distributed over the 1000
nm X 1000 nm scanning region. The 3D scans revealed
that the grains had a semi-spherical morphology with
excellent dispersibility. It is clear from the AgO sample
surface topography image, it is completely homogeneous
and well-oriented vertically.

3.3 Morphology analysis of the sample surface by
Field emission scanning electron microscopy
(FESEM)

FESEM analysis was conducted to examine the morphol-
ogy of NPs. From figure 5; FE-SEM images display
biosynthesized (AgO) thin films, extracted from A. Sene-
gal plant, deposited on a glass substrate via drop-casting
method: The image scale (a) 500 scale, (b) 200 nm
scale, and in Fig. 5 (c) the size of some crystallites,
and Fig. 5 (d) size distribution of AgO nano crystal-
lites, the size distribution of AgO nano crystallites is
approximately 29.8 nm. It exhibits that defects like point
defects, grain boundaries, and stacking faults, can cause
the reduction of the carrier mobility, which is unwanted
for present anti-cancer activity due to trap density. But
for finding the role of the issue, sample surface plasmon,
we will try to use UV-Vis technique.

(b)

26m
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=
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Figure 4. (a) 3D AFM (b) 2D (sample surface) AFM images silver oxide nanoparticles.
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Figure 5. FE-SEM images of the silver oxide nano-crystallites synthesized with Acacia senegal plant extract (a) 500 scale, (b) 200 nm scale, (c) the size of

the some crystallites, and (d) Size distribution of AgO nano crystallites.

3.4 The chemical bonding of the AgO with Fourier
transform infrared (FTIR) technique

Figure 6 illustrates the FTIR spectrum of the synthesized
(AgO) NPs extracted from A. Senegal plant. The OH
vibrational mode is indicated by a peak at 3450 cm™!
in the spectrum. The overtone band vibrations of C,
corresponded to the peaks observed at 2100—2500 cm~!.
The C-O band vibrations corresponded to the prominent
peak at 1700 cm~!. Also, in Fig. 6, the peak at 690 cm™!
was ascribed to the vibrations of the C-H band. The
FTIR spectrum confirmed the presence of methylene,
carbon, and hydroxide dioxide, all of which are organic
compounds that demonstrate the effectiveness of green
synthesis.

3.5 Analysis inside structure of the AgO and Agl
samples with High-resolution transmission elec-
tron (HRTEM)

We observed clearly visible semi-spherical NPs in the
HRTEM images of the (AgO) and (Agl) nano composites.
Figure 7 (a) shows that the average size of the AgO
nanocrystals is around 50 nm, whilst the average size
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Figure 6. Fourier transform infrared spectrometer silver oxide spec-
trum.

of the Agl nanocrystals is about 20 nm, with different
geometry in the crystallite shape.

3.6 UV-Vis spectroscopic analysis

The UV-Vis spectra of AgO NPs synthesized from eco-
friendly materials are shown in figure 8. AgO (Fig. 8 (a))
and Agl (Fig. 8 (b)) exhibited dominated peak at 425,
and 205 nm in the spectra, respectively. In Fig. 8 (b),
other peak at 325 nm -wavelength, could be attributed
to the rod-form of the sample surface plasmon peak
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Figure 7. HRTEM images of (a): AgO and (b): Agl.

[18]. The absorption peak of the AgO and Agl curves
decreased sharply after about 500 nm- wavelength. One
UV-Vis absorption band was associated with the surface
plasmon resonance of Agl can be seen with regarding to
the Phytochemicals such as flavonoids and polyphenols
possess O-H moieties, which causes to the sample to be
enable for absorbing UV radiation.

3.7 Anticancer activities of Agl matrix with AgO

In this work, we used (AgO) material derived from (Agl).
At this stage, we added varying amounts of AgO to the
(WRL68) and (HePG2), and the amount of AgO was
determined by MTT assay. We found that the chemical
influenced cells, especially cancer cells, as shown in Ta-
ble 3, where the viability rate dropped to 65% at a dose

1.1
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Figure 8. UV-Vis spectrum of (a) AgO and (b) Agl.

Table 3. The cytotoxic effect of silver oxide on WRL68 and HePG2 cell line.

Concentration (ngm/L)

Mean viability (%) + SD  Mean viability (%) + SD

S5

WRL68

HePG2

400
200
100
50
25

63.46467 + 3.662502
76.42767 + 2.338475
90.66333 + 1.226403
94.213 + 0.834547
95.83333 + 0.417689

25.077 £ 1.771563

31.48133 + 1.1575
40.818 +2.239414
55.01533 + 1.881241
65.12333 + 1.428106
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of 25 pg/mL. The most significant effect was observed
in AgO as the concentration of silver in the compounds
increased. The lowest viability was observed at 400
png/mL, with 25% viability at elevated dosages. This is
due to silver’s high toxicity and enhanced efficacy. At
400 pg/mL [16, 17], the effect on healthy cells was mini-
mal, resulting in a viability of 37%. The graph in Fig. 9
indicates a favorable outcome with an ICsg value of 70
in liver cancer cells. In healthy cells, the ICsq value was
193, which was slightly low. In a recent study conducted
by Saeed M Feyadh, et al. (2022) [21], silver iodide
(Agl) and silver (Ag) nanoparticles were successfully
synthesized using a chemical co-precipitation technique.
These nanomaterials were subsequently utilized in MTT
cell line assays to evaluate their efficacy against thy-
roid cancer cells (FTC133). The results revealed that
the cytotoxic effect ICsg of (AgNPs) was 52.74 ng/mL,
whereas that of (Agl) nanoparticles was 95.22 ng/mL.
These values were determined using the MTT test on
FTC133 cells, indicating a notable difference in their
cytotoxic potency. Notably, our research findings are in
good agreement with the results of this study, demon-
strating similar trends and reinforcing the potential of
these nanomaterials in cancer therapy [21].

100
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40
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Figure 9. Cell viability rate of syntheses silver oxide Nps concentration
of (2550, 100, 200, 400) pg/ with HePG2 cell, and WRL68 cell mL.

4. Conclusions

Nanocrystals of (AgO) or (Agl) can be synthesized via
environmentally friendly methods, as demonstrated in
this work. The XRD, FTIR, and UV-Vis spectra collec-
tively confirmed the synthesis of AgO nanocrystallites.
The presence of hydroxide, carbon dioxide, and methy-
lene, which are organic components that demonstrate
the effectiveness of the green synthesis process, was
also verified by the FTIR spectrum. At 250 nm, the
UV-Vis spectra showed that AgO exhibited a plasmon
resonance peak. The AgO nanocrystallites depicted in
the FESEM images exhibited sizes of around 40.42,
39.83, 34.51, 31.10, and 20.89 nm, characterized by a
semi-spherical surface morphology. The TEM images
revealed that the nanocrystals had a size of around 50
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nm. The AFM scans showed RMS of the average surface
roughness was 2.04015 nm. Researchers have used
AgO nanocrystals as an anticancer agent, yielding mixed
results. At various doses, they demonstrated significant
activity against (HepG2) cells, a human liver cancer cell
line.
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