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In the present study, silver oxide (AgO: Ag-NPs) nanoparticles were synthesized via a green
method utilizing extracts of plant material (Nepeta cataria). The color transformation, from light
green to dark brown, indicated the successful reduction of silver ions and the formation of
nanoparticles. The synthesized nanoparticles were characterized using several techniques, such
as UV-Visible spectroscopy, X-ray Diffraction (XRD), Raman spectroscopy, field emission
Scanning Electron Microscopy (SEM), and Fourier Transform Infrared Spectroscopy (FTIR).
The synthesized AgO NPs were tested as antibacterial material against selected pathogenic
bacterial strains. According to the results, silver oxide nanoparticles were synthesized as the
major content AgO NPs, and a lesser content was Ag20 NPs with Ag NPs via green methods
hold potential for biomedical applications, including as anti-skin cancer agents. This potential

application necessitates further investigation through comprehensive clinical studies.
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The growing environmental challenges facing the
planet have highlighted the urgent need for sustainable
and eco-friendly solutions, particularly in the fields of
energy, environmental conservation, and the removal
of harmful viruses or bacteria. [1]. The synthesis
of inorganic nanoparticles for various applications
is a rapidly evolving area of research. Physical and
chemical synthesis methods are often associated with
several limitations, including high costs, the use of toxic
chemical reagents, the need for sophisticated equipment,
and strict reaction conditions, as well as substantial
consumption of time and energy [1]. In this context,
economical and biocompatible approaches have gained
considerable importance in the fields of material science
and nanotechnology [2], which have significantly
advanced the development of efficient materials for the
synthesis of macro-, micro-, and nano-scale compounds
through environmentally responsible processes [3].
Synthesis and applications of nanomaterials represent
the main innovative and rapidly evolving disciplines,
which have shown remarkable potential in life sciences,
particularly in biomedicine and biotechnology [4].
Among the various strategies for nanoparticle (NP)
with mixture phase metal/metal oxide nanoparticle’s
M/MO-NPs,[5] the use of living organic ingredients
such as plants by plant extracts derived from leaves,
stems, fruit peels, seeds, and other parts has emerged
as a widely adopted, green alternative [6]. Many
plants have the innate ability to accumulate metal
ions and facilitate their intracellular conversion
into nanoparticles [7], with plant-derived biomolecules
playing a critical role in the reduction and stabilization
processes [8]. Variations in the size, morphology,
and physicochemical properties of the resulting

nanoparticles are often attributed to the specific
reducing and capping agents present in different plant
species [9]. Aligned with the goals of sustainable
development and circular economy principles, numerous
inorganic nanoparticles, particularly with two-phase
M/MO silver nanoparticles (AgO: Ag-NPs), have been
synthesized using plant-based methods [10]. These
biogenic nanoparticles have demonstrated a broad
spectrum of biological activities, including antioxidant,
antimicrobial, cytotoxic, wound healing, and even
plant-growth-promoting effects, among others [11].
Typically, the green synthesis of nanoparticles involves
mixing plant extracts with metal salt solutions under
controlled conditions of temperature and pH, with
the initial indication of NP formation often observed
through a visible color change in the reaction mixture
[12], which may reduce the value of aggregations.
Accordingly, the objective of the present study was
to evaluate the impact of environmentally synthesized
AgO: Ag-NPs on the growth and viability of selected
pathogenic bacterial strains. It should be mentioned
that an important benefit is that the binary composite
material (M/MO-NPs) behaves more actively compared
to individual M or MO with NPs identities. The
presence of AgO: Ag-NPs gives the material improved
release of silver ions and enhanced mechanical properties
[13]. In this work, NPs were synthesized via a green
method utilizing extracts of plant material. Preliminary
results indicate promising antimicrobial efficacy. Based
on these results, it is recommended that AgO: Ag-NPs
synthesized via green methods hold potential for
biomedical applications, including as anti-skin cancer
agents. This potential application necessitates further
investigation through comprehensive clinical studies.
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Figure 1. The skim for the process of synthesizing AgO: Ag-NPs.

EXPERIMENTAL
Chemicals and Materials

The Nepeta cataria (catnip) plant was taken from a
farm in the north of Baghdad, Iraq, and AgNO3 was
purchased from Sigma-Aldrich with more than 99%
purity. The extraction process was done as we reported
in our previous work [14]. Briefly, the plant was
washed and dried at 40 °C for 5 h before being cut into
small pieces no larger than half a centimeter. 250 mL
of distilled water was used as the extraction solution
when dispersing the small pieces of plant and heating
at 80 °C with stirring for 1 h. Then separated the
undissolved suspension was separated from the
extraction solution using filter paper. The aqueous
solution of silver nitrate was prepared by dissolving
16.98 grams of silver nitrate in 100 mL of distilled
water, before dilution to 1 mm The extraction solution
(5 mL) of plant extract was added to 95 mL of a 1 mM
silver nitrate solution, and the mixture was kept in
dark containers to prevent light-induced reactions
for 5 days. The mixture was separated by
centrifugation at 5,000 rpm for 15 minutes to eliminate
precipitation material, then washed with deionized
water before drying for 3 h. At 80 °C., all the steps of
this work are represented by Figure 1, which starts
from the extraction process and ends with application
as antibacterial, in addition to passing by synthesis and
characterization.

Characterization

Ultraviolet-visible spectrophotometry was used to
determine the optical properties of AgO NPs by a
V-630 UV-vis Spectrophotometer (Jasco, Japan) with
a scan wavelength range of 200-800 nm. Functional
groups for the synthesized material were determined
by Fourier transform infrared spectroscopy (FTIR)
(Shimadzu), with a range of wave numbers (500-4000
cm!), and 8 ¢cm? for resolution within potassium

bromide. Atomic Force Microscope (AFM) A thin
sample of the synthesized material (silver nanoparticles/
ethanol) (100 puL) was prepared by depositing on a
glass slide and left to dry for 10 minutes. The phase,
particle size, and characterization of the crystalline
metallic AgO NPs were analyzed by X-ray diffraction
with (XRD; DSADVANCE, Bruker). The morphology
was tested by scanning electron microscopy (FE-
SEM, JSM-6160). The Raman spectroscopy (Senterra
IT) was used to identify physical and chemical
properties of materials to characterize the nature of
bonding. The laser power used was 1 milliwatt, and
the integration time was 5 seconds.

Antibacterial Activity

This study examines the antibacterial activity of
AgO nanoparticles prepared in this research against
antibiotic-resistant bacteria; we chose different types
of bacteria, both of which are:

Gram-negative: Staphylococcus aureus) S.a) and
Streptococcus faecalis (S.f), the other types were
Gram-positive: E. coli (E.C (and Acibetobacter
baumanii(A.B). According to the project, fo ensure
precision and minimize experimental errors, each
concentration was tested three times. The procedure
required the transfer of 0.1 ml of a standard bacterial
suspension (1.5 x 10® colony-forming units/ml),
corresponding to a 0.5 McFarland standard. for each
isolate, along with 0.1 mL of different concentrations
(50%, 75%, and 100%) of the prepared extract and
silver oxide nanoparticles (AgO NPs), into sterile
test tubes. Following 15-minute incubation at 37°C,
the contents were transferred onto sterile Muller-
Hinton Agar plates, which were processed and
distributed evenly using a sterile dispenser [15]. All
plates were incubated at a temperature of 37 °C for 24
hours. The antibacterial activity was evaluated by
counting the number of bacterial colonies and
comparing the results with a control group.
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RESULTS

As illustrated, the supposed synthesis AgO-NPs
nanoparticles exhibit significant absorption near the
visible light range when Figure 2a reports broad and
weak peaks starting from 330-380 nm, which are
related to high agglomeration of Ag,O—NPs and
AgO-NPs [16]. This phenomenon occurs due to the
production of Ag nanoparticles with AgO NPs,
which shifts the absorbance at the UV-region from
280 nm to 321 nm and enhances the resonance
between the electromagnetic field and the collective
oscillation of electrons on the surface of the
nanomaterial [17]. Figure 2b refers to Raman
spectroscopy, which shows the detected peaks at 223,
310, 1356, and 1582 cm™!. Since the Raman technique
is sensitive [18] to the element aggregations of Ag and
AgO-NPs, the peak maximum intensity at 310 cm'!
[19] Raman shift for Ag present in AgO NPs, and less
intense peaks at 223, 1356, and 1582 cm™.

Figure 2c¢ shows the results of the FTIR

spectrum of the AgO NPs, which typically include
other species such as Ag-NPs and may include
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Ag/Ag0O and Ag20 [20], and that was confirmed
with UV-visible absorbance spectrum with XRD, and
Raman spectroscopy. The nature of agglomerations
and aggregations was also improved in this section,
when many byproducts or remaining extraction
materials for (Nepeta cataria), and which include
by firstly broad band near 3400.57 cm™* for stretching
vibrations of N-H bonds (amine or phenolic). The
peaks at 2926.01 and 2854.65 cm™ are associated
with C-H stretching vibrations and hydroxyl (OH),
respectively, for aliphatic chains, and carboxyl
(COOH) groups with weak intensity, and that is
also confirmed by a distinct peak at 1739.79 cm™
for C=0 stretching. These functional groups,
particularly hydroxyl, carbonyl, and phenolic
moieties, with small value, are known to participate
in the reduction and capping of bioactive compounds
during phytochemical synthesis, and that one
of the main causes for agglomerations [21].
Therefore, the presence of these groups supports
the potential role of the catnip plant extract as
both a reducing and stabilizing agent in green
synthesis processes, consistent with previous
reports [22].
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Figure 2. Spectrum for identified AgO: Ag-NPs by (a)UV—Vis spectroscopy, (b) Raman spectroscopy, and (c)
IR spectrum.
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According to the analysis techniques
previously followed by XRD patterns in Figure 3,
it should refer to an important and critical fact,
which is: Ag in the Nano scale was commonly
prepared and typically identified by XRD due to
the ability to characterize and identify different Ag
environments such as Ag20, AgO, Ag/Ag20, and
Ag/AgO [23]. Figure 2 reports two types of peaks,
the first group was 29.5°, 34°, and 57° with planar
phase (100), (111), and (220) respectively, and
that responsible for AgO NPs. The second group
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was 38°, 44°,57°and 66° refers to Ag NPs with planer
phase (111), (200), (200) and (220) [Rastogi, Lori,
Arunachalam, J.," Sunlight based irradiation strategy
for rapid green synthesis of highly stable silver
nanoparticles using aqueous garlic (Allium sativum)
extract and their antibacterial potential, Materials
Chemistry and Physics, 2011, V. 129 (1), pp. 557 -
563]. The values of peaks were estimated by Debye
Scherrer's formula [24], when shown commonly range
between less than 28 nm to 55.3077 nm for the mean
crystallite size, as shown in Table 1.
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Figure 3. XRD patterns for synthesized AgO: Ag-NPs.
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Table 1. Estimation and summary for FWHM and Crystallite size of the AgO: Ag-NPs.

Nano composite | Pos. [°2Th.] H[iltgs;lt F‘)‘[Igl,}/[h.ll’eft d-sll)g?ng Re[l%I]n t “;l;ilpth
38.6109 1324.86 0.3444 2.33190 100.00 0.4133

44.8272 792.47 0.4920 2.02192 59.82 0.5904

AgO NPs. 46.6669 159.07 0.3936 1.94641 12.01 0.4723
55.3077 70.09 0.4920 1.66104 5.29 0.5904

65.2007 329.26 0.4920 1.43091 24.85 0.5904

78.2436 90.39 0.4920 1.22183 6.82 0.5904

Number of particles

150 {

j | HW"‘[I!_-

Mean diameter

MHistogram

Figure 4. AFM images of Inorganic oxide silver nanoparticles. (A): Column AFM diagram for the size range of

aggregation mixture Ag-NPs AgO NPs; (B): Two-dimensional; (C): Three-dimensional AFM images.
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The surface morphology was examined using
atomic force microscopy (AFM), which provides
two-dimensional and 3D AFM images as shown in
Figure 4, revealing that the existence is mostly a
mixture aggregation Ag-NPs and AgO-NPs with an
average particle size of approximately 98.5-96 nm.

Morphological characterization of the
aggregations of AgO nanoparticles was performed
using field emission scanning electron microscopy
(FESEM). Figure 5 presents FESEM images of
the mixture of Ag-NPs and AgO-NPs at various
magnifications (100, 200 nm, and 1, 10 pum). The
images reveal that the nanoparticles exhibit a
predominantly spherical shape with a relatively
uniform size distribution. The homogeneity with
aggregation dispersion suggests that the synthesis
method employed is effective and potentially superior
in producing Ag/AgO nanoparticles with controlled
diameters.

The Biomedical Applications

The microbial activity of the manufactured
nanostructures as nanocomposites was tested
against four bacteria: Staphylococcus aureus (S.a),
Enterococcus faecalis (S.f), Escherichia coli (E.c),
and Acinetobacter baumannii (A.b). [25] A sample
of 0.06 g of the inorganic silver oxide (AgO: Ag-NPs)
was taken and then dissolved in 5 ml of dimethyl
sulfoxide (DMSO), and the direct inhibitory effect
of inorganic (AgO: Ag-NPs) against pathogenic
microorganisms was determined using the well

Green Synthesis AgO: Ag-NPs from Plant Extract as
Reduction Agent and Antibacterial Applications

diffusion method under aerobic conditions [26]. As
indicated in Table 2. It was observed that the levels of
antibacterial activity of (AgO: Ag-NPs) at the highest
concentration of nanoparticles exhibited the largest
inhibition zone (30 mm). (100%) against (S. aureus)
with (29 mm) (100%) against (S. faecalis) for Gram-
positive bacteria, and (19 mm) (100%) against (E.
coli) and (20 mm) (100%) against (4. baumannii)
for Gram-negative bacteria, compared to the antibiotic
used (levofloxacin), where the inhibition zone
was smaller.

The results confirmed that this plant exhibits
broad-spectrum antibacterial activity against several
clinically significant pathogens, many of which are
associated with hospital-acquired infections [27],
including strains exhibiting high levels of antibiotic
resistance. Additionally, N. cataria demonstrated
effectiveness against bacteria implicated in foodborne
illnesses, food poisoning, and spoilage [28]. Owing to
these properties, the plant holds considerable promise
in both pharmaceutical and food industries, as well
as in the green synthesis of nanoparticles with
antimicrobial potential. The enhanced antibacterial
action observed may be attributed to structural
differences in bacterial cell walls. Gram-positive
bacteria, lacking an outer membrane, allow greater
permeability of antimicrobial agents compared to
gram-negative bacteria, which possess an outer
lipopolysaccharide layer enriched with proteins that
act as a barrier, limiting the penetration of harmful
substances.

Figure 5. The FE-SEM images for Ag/AgO NPs.
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Table 2. The antibacterial activity of AgO: Ag-NPs compound.

Co0.50% Co0.75% Co0.100% Levofloxacin Name Type Bacteria
18 28 30 16 Staphylococcus aureus (S.a) Gram-positive
10 20 29 15 Streptococcus faecalis (S.f) bacteria
14 17 19 14 Escherichia coli (E.c) Gram-negative
12 15 20 12 Acibetobacter baumanii (A.b) bacteria
DISCUSSION activities of the solution against specific selective

In this study, the optical properties of the synthesized
AgO: Ag-NPs were assessed using UV—Vis
spectroscopy. The spectrum displayed a distinct
absorption peak at 242 nm, which is indicative
of the characteristic SPR band associated with
AgO: Ag-NPs [29].

According to the UV-visible absorbance
spectrum, the shift or increase in wavelength from
280 nm to more than 300 nm can be related to
forming Ag NPs with AgO NPs [30]. The patterns
of XRD also refer to forming AgO: Ag-NPs, and
that was confirmed by Raman spectroscopy and
FTIR, which showed the formation of new
concoctions in addition to Ag with oxide with a
variance in valence value [31].

The morphology analysis obtained from AFM
and SEM shows that agglomerations exist in all
images with different scales due to the polarity of
oxide groups in different phases, with a maximum
level for AgO and a lower level for Ag,O [32].
The solubility and dispersion of synthesized AgO:
Ag-NPs in solution, which absolutely reduce the
agglomerations that created many active sites,
but did not prevent the formation of aggregation.
Experimentally, according to the results, the higher
resistance of Escherichia coli and Acinetobacter
baumannii relative to Staphylococcus aureus and
Streptococcus faecalis to the antibiotics was variable
with increased concentration [33]. Moreover, N. cataria
is known to produce a diverse array of secondary
metabolites, many of which have garnered significant
attention due to their potent biological activities and
unique chemical structures. It is also important to
note that the characteristics of synthesized silver
nanoparticles (AgO: Ag-NPs) can vary significantly
depending on the biological source, synthesis method,
and reaction conditions, leading to differences in
particle size, shape, and overall functionality.

CONCLUSION

The synthesized process in this work witnessed
abilities for the extraction solution to produce an
active mixture for Ag with different species, such as
AgO, Ag20, and Ag, and that absolutely enhances the

bacteria in this work. The analysis process proved
that the synthesized AgO: Ag-NPs is a homogeneous
mixture that successfully disperses in solution and acts
as an inhibitory factor against bacteria with the lowest
aggregations. The current study indicates that the
synthesis of inorganic silver oxide nanoparticles
using wild mint extract yields effective results in
their ability to inhibit the growth of both Gram-
positive and Gram-negative bacteria. It has been
found that nanoparticles have a greater effect on
Gram-positive bacteria compared to Gram-negative
bacteria in terms of the diameter of the inhibited
bacteria. Furthermore, the activity of the prepared
material was compared to that of the drug (Levofloxacin);
the results showed a higher effectiveness of the
substance compared to the effectiveness of the drug
(Levofloxacin), which showed less inhibition.
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