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ABSTRACT

The resistance to the most antibiotics increasing has led to an urgent need to
alternative treatments development. Nanotechnology is a young scientific
field offers promising solutions because of its potent impact of therapeutic
as an alternative to most conventional therapies. In this study, copper
nanoparticles (CuNPs) were synthesized via eco-friendly green synthesis
of using Allium ampeloprasum extract as a natural reducing and stabilizing
agent. The synthesized CuNPs were thoroughly characterized using
multiple techniques including, Fourier Transform Infrared Spectroscopy
(FTIR), Ultraviolet-Visible Spectroscopy (UV-Visible), Field Emission
Scanning Electron Microscopy (FE-SEM), X-ray Diffraction (XRD), Zeta
Potential Analysis, Dynamic Light Scattering (DLS) and cytotoxicity test.
The characterization confirmed the formation of pure, stable nanoparticles
with size22.5 nm and 21.1 nm to 44 nm in width, with others around
and a zeta potential of -22.3 mV, indicating good colloidal stability. The
antibacterial activity of CuNPs was evaluated against multidrug-resistant
(MDR) bacterial strains Staphylococcus aureus. The nanoparticles exhibited
maximum inhibition activity across a concentration range of 1.9-1000 pg/
ml, with the maximum inhibition zone reaching to 27.4, 27 and 21mm
for S. aureus and without cytotoxic effect on the normal human dermal
fibroblasts neonatal. These findings highlight the promising antibacterial
efficacy and biocompatibility of green-synthesized CuNPs, supporting
their potential application in biomedical and antimicrobial therapies.
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INTRODUCTION

Nanoscience and nanotechnology are among
the most scientific significant modern fields
focusing on the study of the nanoscale matter,
bridging the gap between materials bulk with
atomic or molecular structures. At this scale,
materials exhibit unique physical and chemical
properties that fundamentally differ from their
counterpart’s bulk, due to their high surface-
to-volume ratio and quantum effects primarily.
* Corresponding Author Email: doaa.samir2406p@sc.uobaghdad.edu.iq

These properties enable metallic nanoparticles
to demonstrate mechanical, magnetic, distinctive
electronic and chemical behaviors, which have
wide applications in biosensing, medicine,
electronics and catalysis [1-4]. Among metals,
copper nanoparticles CuNPs have garnered
increasing attention due to their remarkable
physicochemical properties including thermal
conductivity, excellent electrical, potent biological
activity and cost-effectiveness [5]. CuNPs can be
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synthesized using chemical, physical and biological
methods which have high efficiency though they
consume a lot of energy. Although various physical
and chemical methods exist to synthesize CuNPs,
many suffer from environmental and health
drawbacks due to the use of toxic chemicals
and high energy consumption, also can cause a
variety of chemicals use can cause serious environ
mental issues in addition to these methods are not
intensive and costly “Therefore, these methods
are applied less widely in the industrial production.
Therefore, biological methods have been emerged
as an alternative method for the safe and
nanoparticles sound synthesis. Consequently,
green synthesis approaches, which utilize natural
sources like plant extracts as reducing and
stabilizing agents, have gained prominence. Plant
extracts are rich in bioactive compounds—such as
flavonoids, phenolic acids, tannins, and alkaloids—
that facilitate the reduction of copper ions and
stabilize the nanoparticles, while enhancing their
antimicrobial properties. [6-7]. Copper is an
essentialtrace elementinliving organisms, involved
in vital processes such as wound healing, bone
formation, angiogenesis and enzyme activation
[8-10]. It also catalyzes the crosslinks formation
in collagen and elastin precursors. Moreover,
copper is essential for the normal physiological
functions of microorganisms maintaining [11-13].
It also possesses antimicrobial properties that
have been recognized since ancient times with
low toxicity compared to silver relatively [14].
Multidrug-resistant (MDR) bacteria remain one of
the greatest challenges in public healthcare, as the
increasing resistance of pathogens to antimicrobial
drugs complicates infection treatment despite
advances in nanotechnology. Recent advances in
nanotechnology offer promising opportunities
for developing novel formulations using CuNPs
have antimicrobial activity with different sizes,
shapes, and antimicrobial properties, which act as
carriers for antibiotics and natural antimicrobial
compounds; the emergence of bacterial
resistance to these nanoparticles remains a critical
concern. However, the emergence of MDR against
these nanomaterials is a significant challenge in
antimicrobial nanotechnology, due to their ability
to interact with bacterial cells at the nanoscale.
However, recent studies show that bacteria can
develop resistance mechanisms against these
materials, potentially reducing their long-term
effectiveness. [15-16]. Pervous studies have
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demonstrated that CuNPs effectively inhibit the
growth of MDR bacteria such as Staphylococcus
aureus, positioning them as potent alternatives for
combating resistant infections. This study reports
the biosynthesis of CuNPs using leek (Allium
ampeloprasum L.) extract as a natural reducing
and stabilizing agent. The antibacterial efficacy
of these biosynthesized CuNPs was evaluated
against multidrug-resistant bacteria, specifically
Staphylococcus aureus. Comprehensive
characterization of the synthesized nanoparticles
was performed using UV-Vis spectroscopy,
Fourier Transform Infrared Spectroscopy (FT-IR),
Zeta Potential analysis, Field Emission Scanning
Electron Microscopy (FE-SEM), Dynamic Light
Scattering (DLS), and X-ray Diffraction (XRD).

MATERIALS AND METHODS
Collection and culturing of the clinical specimens
Fifty one of S. aureus were collected from
patients at the Burn Center of Medical City
Hospitals (Baghdad) between February 1, 2024
and November 20, 2024 for pathogenic bacterial
isolation. Using cotton swabs to obtained from
burns specimens and accompanied by patient
data (age, gender, and sample source). The
samples were initially cultivated in nutrient broth,
which served as a transport medium, and then
transported to the laboratory at the University of
Baghdad. The cultures were incubated at 37°C for
24 hrs. Then the samples in order to isolate and
identify the bacterial isolates were sub-cultured
on to blood agar, mannitol salt agar, and incubated
for another 24 hr. at 37°C upon the morphological
characteristics  [15-19].  Additionally, were
confirmed the identifications through subculture
on a combination of culture media biochemical
tests and VITEK-2 systems.

Antibiotic Sensitivity Test

The method of Kirby-Bauer disc diffusion [20-
21] was for conducting the antibiotic susceptibility
test used according to the following procedure:
first were prepared Muller Hinton agar plates
according to the manufacturer’s company
instructions, and then poured into sterile
Petri dishes each containing of the prepared
medium25 ml. After that touch one colony of
the bacterial culture and was added to 5 ml of
sterile normal saline, and then mix it very well to
achieve a concentration of 1.5 x 108 CFU/ml of
culture adjusted to the 0.5 turbidity standard of
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MacFarland. Were submerged sterile swabs in the
inoculum and on the side of the tube compressed
to discard any excess liquid and then on the agar
plate surface rubbed three times at 60° to ensure
even distribution. The selected antibiotics were
added with sterile forceps to the inoculated
surfaces, then incubated the plates at 37°C for
24 hr., and the inhibition zone diameter was
measured with a metric ruler, as shown was using
ten different antibiotic discs for each isolates. For
S. aureus, the discs were used: penicillin, rifampin,
azithromycin, linezolid, clindamycin, levofloxacin,
ciprofloxacin, trimethoprim/sulfamethoxazole,
gentamicin, and doxycycline. Were classified the
isolates as sensitive (S), intermediate resistance (1),
and resistant (R) according to the 2024 Clinical and
Laboratory Standards Institute (CLSI) instructions
[22].

Preparation of Allium ampeloprasum L.

Fresh leaves of Allium ampeloprasum were
purchased from a vegetable market in Baghdad,
Irag. The leaves were washed with tap water and
rinsed with deionized distilled water (DDW) to
remove dust particles. After washing, the extract
was prepared by crushing 100 g of the leaves and
mixing them with 400 mL of deionized water in
a 500 mL conical flask (at a s:l ratio of 1:4), then
heating the mixture at 70 °C using a heater-stirrer
for approximately 18 minutes. After that, the crude
extract was allowed to cool and was filtered using
Whatman No. 1 filter paper. The filtrate was then
further centrifuged at 3500 rpm for 20 minutes to
remove any remaining debris. This method was
described by [23] with modifications including
adjusting the boiling temperature to 70 °C and
centrifugation at 3500 rpm for 20 minutes
instead of the original conditions described in

the reference. These modifications were made to
optimize the extraction process and improve the
clarity and stability of the final extract shown in
Fig. 1.

Biosynthesis of copper nanoparticles

Cupric chloride anhydrous (CuCl,, 98%) was
purchased from (Sigma/USA) for the synthesis
of copper nanoparticles (CuNPs). Ten grams of
CuCl, were dissolved in 100 mL of double-distilled
water with continuous stirring using a magnetic
stirrer. Subsequently, 250 mL of A. ampeloprasum
extract was added dropwise to the copper
chloride solution while maintaining stirring at
room temperature. Upon interaction, the reaction
mixture was left for 24 hours to allow complete
contact with chloride ions. During this period,
the color of the solution spontaneously changed
from bluish to dark greenish to homogeneous
reddish-brown suspended particles, indicating the
formation of copper nanoparticles. The resulting
mixture was centrifuged at 3500 rpm for 20
minutes. After decantation, the presence of CUNPs
was confirmed. These particles were washed three
times with deionized water to remove debris and
then dried in an incubator at 37 °C for three days;
this method was adapted with modifications from
[24].

Characterization of Biosynthesized CuNPs
UV-Vis Spectroscopy of the CuNPs

The ultraviolet-visible (UV-Visible)
spectrophotometer was used to the nanoparticles
determine optical properties, which has 1 nm
resolution, 2 ml utilizing quartz cuvette with a
1 cm optical path length. Firstly, were in DDW
suspended CuNPs by placing it in a sonicator bath
for 15 min. to the facilitate measurement with a

Fig. 1. Prepration of Allium ampeloprasum leaf extract (A) leaves washed and crushed (B) Leaves boiled at 70 °C for about 18 minutes
in 400ml double-distilled water (C) Centrifuged for 20 min at 3500 rpm to remove biomaterials (D) Filtered with Whattman filter
paper No. 1 to remove solid particles.
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spectrophotometer. The DDW was used as the
blank reference in order to the spectrophotometer
calibrate. Was determined the optimal scanning
range for the samples between 500 nm and 1100
nm, with a scanning speed of 500 nm/min. were
conducted the measurements in the Chemistry
Department, College of Science, University of
Baghdad, Irag[25].

Fourier Transform Infrared Spectroscopy (FT-IR)

The FTIR spectrum was obtained using
(Shimadzu 8400) FTIR spectrometer. A minute
quantity of them in addition to dried nanoparticle
was mixed separately with potassium bromide
and into individual pellets each was formed
using a special machine, then with an FTIR device
measured. Additionally, glass slides of plant
extract were prepared and allowed to dry, also to
characterize with FT-IR. The spectra were recorded
within the range of 4000 cm™ to 400 cm™ wave
numbers to identify the different functional
groups [26-27]. The experiment was conducted
at the University of Baghdad, College of Science,
Department of Chemistry.

Field Emission Scanning Electron Microscopy (FE-
SEM)

Uses a focused beam of high-energy electrons
to scan the surface of a sample, producing high-
resolution images of morphology and surface
structure and diameter have been characterized
with FE-SEM. The CuNPs dried samples were
positioned on a glass slide, followed by the
platinum coating application to their electronic
conductivity enhance [28].This test was performed
in the Fullerene Center.

X-ray Diffraction (XRD)

The diffractometer of X-ray used to the X-ray
diffraction spectrum record to the synthesis of the
nanoparticles verify and the crystalline structure
of the biosynthesized CuNPs identifies. This test
was performed in the Fullerene Center [29].

Zeta Potential Analysis

The CuNPs zeta potential of was estimated using
a zeta seizer to determine their colloidal dispersion
stability. The tests of the CuNPs zeta potential were
carried out at 25 °C using a disposable foldable
capillary cell with electrodes and distilled water
as a dispersant. Were calculated the results as the
average of ten measurements taken in a run [30].
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Dynamic Light Scattering (DLS)

The system particle sizing of nanoparticles
measures by analyzing the fluctuations in
scattered light caused by the Brownian motion of
the particles also was used to determine the size
distribution for Cu solution was carried out at [31].

Cytotoxicity Assay of CuNPs

To the cell viability of various CuNPS
concentrations evaluate at (1000, 500, 250,
125, 62.5, 31.25 and 15.62 pg/ml), as reported
previously, the MTT test against on the normal
human dermal fibroblasts neonatal (HdFn cells)
was utilized. The viability of cells percent exposed
to treatments was calculated using the following
equation and the concentration that inhibits
50% of cell growth was used as a for cytotoxicity
[32] parameter: Cell Viability (%) = (Mean OD of
Treated Cells/Mean OD of Control Cells) x 100.

Testing the antibacterial activity of CuNPs

The antibacterial activity of CuNPs was used
to evaluate against Gram-positive S. aureus. The
method of agar well diffusion was performed
according to the following procedure [33]: The
agar of Muller Hinton was prepared according
to the manufacturer company instructions and
poured into sterilized Petri dishes then left to
solidify. The inoculums have been produced by
putting of single colony touch into a 5 ml tube of
normal saline to concentration of 1.5 x 108 cell/
ml achieve and equivalent to the 0.5 McFarland
turbidity standard. The plates by immersing a
sterile swab were inoculated in the inoculum.
The wells of agar were made with a sterilized
corkborer. The suspending solutions were made
from (1.95- 1000 pg/ml). The solutions in the
sonicator bath were placed for 15 min. A sterile
corkborer was used to create five wells of 6 mm
diameter in each plate were then filled with 100
ul of varied concentrations from (1.95 - 1000 pg/
ml) were into the poured and labelled wells in
plates at 37°C for 24 hrs. Were incubated after
the incubation period, the antibacterial efficacy
of CuNPs was determined by the inhibition zones
diameter measuring with a millimeter ruler.
Determination of minimum inhibition
Concentration (MIC) of CuNPs

Theantibacterial activity of CUNPs was evaluated
against S. aureus using the microdilution method
[34]. Each isolates of S. aureus was inoculated into
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in medium of Mueller-Hinton Broth (MHB) and
cultured at 37°C for 24 hrs, the stock solution of
CuNPS (1000pg/ml) was diluted to produce two-
fold serial dilutions ranging from 1.95 pg/ml to
1000 pg/ml. Were transferred CuNPS dilutions
to microplate wells and then inoculated with a
bacterial sample with a turbidity of 0.5 McFarland
standard. Was used MHB Medium as a negative
control, while used bacterial suspension without
any addition was as a positive control for 24 hours,
was incubated the microplate at 37°C. Then, in
each well, were examined bacterial growth and
the minimum concentration of the prevented
noticeable growth, was considered as MIC [22].

The Statistical analysis

GraphPad Prism 9.2 was used to the statistical
analysis conduct to evaluate the impact of various
types of nanoparticles and their concentrations
on S.aureus. When the p-value was less than
0.05, the differences were deemed significant.

Differences among groups were assessed using the
Kruskal-Wallis test followed by Dunn’s multiple
comparisons test. Data are presented as median
and interquartile range (IQR) [35].

RESULTS AND DISCUSSION
Isolation of S. aureus

In this study, one hundred and fifty clinical burn
samples (swabs) were collected from patients
to examined, fifty isolates were identified as S.
aureus. The characteristic of S. aureus colonies
golden-yellow pigment, shiny, spherical, large
in size with regular smooth, convex and opaque
edges on maintol satl agar and other media [36]
in Fig. 2.

Antibiotic Susceptibility Test

According to the findings shown in Fig. 3,
all isolates displayed a high level of resistance
(100%) to penicillin, followed by 72.0% resistance
to rifampin and 34.0% to azithromycin. Lower

Fig. 2. The morphological characteristics of S.

aureus on Mannitol salt agar.
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Fig. 3. Antibiotic susceptibility test of S. aureus.
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resistance rates were observed for linezolid and
clindamycin (12%), levofloxacin, ciprofloxacin,
and trimethoprim/sulfamethoxazole (10% each),
and gentamicin (8%). The lowest resistance
among the tested antibiotics was recorded for
doxycycline (6%). The current results reveal
that 100% of S. aureus isolates were resistant to
penicillin, indicating a widespread prevalence of
penicillin-resistant strains. This finding agrees with
a previous study conducted in Kabul, Afghanistan
[37], which reported that 99% of S. aureus
isolates exhibited high resistance to penicillin.
That study also documented varying resistance
levels to other antibiotics, including erythromycin
(60%), gentamicin (16.2%), clindamycin (4.8%),
trimethoprim—sulfamethoxazole (34.3%), and
doxycycline (13.3%). A local study in Iraq [38]
similarly reported that more than 90% of S. aureus
isolates identified as methicillin-resistant (MRSA)
from various clinical sources exhibited resistance

to penicillin. This underscores the markedly
reduced effectiveness of penicillin in treating MRSA
infections and highlights the ongoing challenge of
antibiotic resistance in regional clinical settings.

Biosynthesis of CuNPs

CuNPs  were biosynthesized from A.
ampeloprasum, the color changes alight blue
to greenish blue and after centrifugation the
production of reddish brown precipitate were
indicators of the formation of CuNPs was obtained
in Fig. 4. In recent years, an obvious attention
to synthesizes nanomaterials by using plant
extract (mainly silver, zinc, gold and copper)
with remarkable properties has been observed
in order to develop antimicrobials activities with
in vitro against pathogenic bacteria other than
antibiotics. Synthesized nanoparticles via leek
extract demonstrate enhanced antibacterial,
antioxidant, and catalytic activities, attributed to

Ny in OCE=SID—> Na out

CuCl, solution

Allium ampeloprasum extract

3

CuCl, + Allium ampeloprasum extract

Fig. 4: steps of CuNPs preparation by biological methods.
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Fig. 5. Ultraviolet- visible absorption spectrum of CuNPs.
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the synergistic effect of the metallic core and the
bioactive phytochemical capping agents [39].

Characterization of CuNPs
UV-Vis Spectral Analysis

The biosynthesized CuNPs exhibited a strong
absorption peak at approximately 557.8 nm, as
shown in Fig. 5. However, presence of the plasmon
resonance (SPR) band confirms the successful
formation of metallic CuNPs peaks appear
typically in the range of 560-600 nm depending
on particle size and morphology. The results in
agreement with the pervious study published by
[40], indicated successfully formation of CuNPs
using Mentha longifolia (mint) extract was peak
appeared at 558 nm. Indicating of uniformly
presence distributed and stable nanoparticles.

FTIR Analysis

The FTIR spectrum of the synthesized CuNPs
was used to identify and approximate the
biomolecules present in the A. ampeloprasum
extract. Fig. 6 exhibited the FTIR spectrum
characteristic peaks that can be directly correlated
with the compounds identified by GC-MS.
biosynthesis of copper nanoparticles. The broad
band at 3292 cm™ corresponds to O—H and N-H
stretching vibrations, attributed to hydroxyl and
amine groups derived from compounds such as
Hexanedioic acid mono (2-ethylhexyl) ester and 3,
4, 4-trimethyl-1,2,6-oxadiazine N-oxide, indicating
their role in the initial reduction and stabilization
of the nanoparticles. The band at 3053 and
2960 cm™ represent aliphatic and aromatic C—H

stretching, which are consistent with the long
alkyl chains of hexanedioic and decanedioic esters
and the bicyclic ether structure, contributing
to steric stabilization of the particles. Such
hydrophobic chains are believed to provide steric
hindrance, thereby preventing agglomeration
and enhancing the colloidal stability of the
nanoparticles, which agrees with similar findings
in ester- and lipid-mediated nanoparticle
stabilization. The absorptions at 1650 and 1641
cm™ are assigned to C=0 and C=C stretching,
corresponding to dicarboxylic esters and aromatic
groups in pyrimidine derivatives, suggesting the
involvement of carbonyl groups. The band at 1539
cm™ is attributed to Amide Il or NO, vibrations,
which are linked to nitrogenous compounds
such as oxadiazine N-oxide and pyrimidine-nitro
derivatives, highlighting their role in coordination
and surface stabilization. Band at 1454 and 1398
cm™ correspond to C—H bending vibrations of
long-chain esters, whereas the absorption at 1238
cm™ is associated with C—O—C and C—N stretching
from dioxabicyclic ether and nitrogen-containing
compounds. The band at 1070 cm™ further
confirms C-0 stretching of ester moieties. Finally,
the band at 873 and 665 cm™ correspond to out-
of-plane aromatic C-H bending in pyrimidine
derivatives which likely contribute to nanoparticle
capping. These functional groups are well known
to act as electron donors in the reduction of metal
ions, as previously reported in plant-mediated
nanoparticle synthesis. The Cu NPs do not exhibit
vibrationally active Cu—Cu bonds within the
infrared (FTIR) region, no characteristic vibrational
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Fig. 6. Fourier Transform-Infrared Spectroscopy result of CuNPs biosynthesis.
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bands are observed in the spectra. This is because
Cu—Cu bond vibrations require higher energy than
that provided by infrared photons, making them
undetectable by FTIR spectroscopy. These results
agree with the FTIR spectrum of biosynthesized
CuNPs using Marsilea quadrifolia  rhizome
extract, which showed several absorption peaks
indicating the presence of bioactive functional
groups responsible for reduction and stabilization.
A broad peak around 3292 cm™ corresponds to
O-H stretching of phenols and alcohols, while
peaks at 3053 and 2960 cm™ indicate aliphatic
C—H stretching. Bands observed at 1650 and 1641
cm™ are attributed to C=0 and C=C vibrations,

: Q 4= nimn

A\

SEM MAG: 135 kx
Det: SE
Date(midiy): O7/27/25

WD: S.71 mm
SEM HV: 15.0 kV

21.1 mim

suggesting involvement of flavonoids or proteins.
Additional peaks at 1539, 1454, 873, and 665
cm™ confirm the presence of amide groups and
aromatic compounds, which likely contribute to
nanoparticle capping [41].

Field Emission Scanning Electron Microscope
(FESEM)

FE-SEM images in Fig. 7 reveal that the sample
comprises sheet /plate like particles together
with smaller, almost spherical nanoparticles filling
the interstices between the sheets. In the fine
scale (200 nm) image, several sheets measure
approximately 44 nm in width, with others around

\
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Fig. 7. Field Emission-Scanning Electron Microscopy Image of CuNPs.
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Fig. 8. X-Ray Diffraction Pattern of CuNPs Synthesized Using A. ampeloprasum extract.
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22.5 nm and 21.1 nm. Plate like sheets extend
laterally over larger areas, while smaller particles
occupy spaces between them, illustrating a broad
size distribution. The combination of varied sizes
and plate like morphology, especially the presence
of smaller sheets and sharp edges, increases
local surface curvature. Edges and high curvature
regions tend to host higher surface charge
densities, which raises the energy barrier for
electron emission from the surface in other words,
the work function increases in those regions.
Larger sheets contribute to extensive surface
area while the smaller, sharply edged structures
enhance curvature effects; together they push
the overall work function upward. Accordingly,
one can predict that the sample will manifest a
relatively high work function, due to this synergy
of large, expansive sheets and smaller, more
curved edged particles. Such morphological and
size features are particularly relevant for surface
dependent applications, including catalysis,
sensors, or optoelectronic devices. These results
are in agreement with those reported by [42]
where strong antibacterial activity using metallic
copper nanoparticles of spherical shape and
sizes between 20-60 nm. Although the study
focused on spherical particles, the similarity in size
supports the notion that smaller nanoparticles
exhibit stronger antibacterial effects. However,
the current sample’s sheet-like structure, with
higher curvature and more active edge sites, is
expected to further enhance bacterial membrane

interaction and increase antimicrobial efficiency.

X-ray Diffraction (XRD)

The XRD analysis of the biosynthesized (CuNPs)
shown in Fig. 8 confirmed a face-centered cubic
(FCC) crystalline structure characteristic of pure
metallic copper. Sharp diffraction peaks were
observed at 20 values of 43.28°, 50.44°, and
74.10°, corresponding to the (111), (200), and
(220) crystal planes, respectively, which match
well with the standard JCPDS card no. 04-0836.
The most intense peak at the (111) plane indicates
a preferred crystallographic orientation. Crystallite
sizes calculated using the Scherrer equation ranged
from 22.37 to 29.12 nm, with an average size of
approximately 25.5nm, the sharp peaks suggest
high crystallinity and good structural quality [43],
reflecting well-defined nanoclinic crystalline with
high structural order.

Zeta potential

Zeta potential was used to a measure of the
electrostatic charge of the CuNPs particles. The
negative potential value was due to the presence of
amino and carboxylic groups on the CuNPs surface
were biologically produced were be -22.3 mV. Zeta
potential is an important parameter that affects
the stability of colloidal dispersion. Particles with
high negative and or positive value than £30 mV
for zeta potential are usually considered to give
rise to stable dispersions shown in Fig. 9 this result
in agreement with the pervious study reported by
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Fig. 9. Zeta potential for [CuNPs (A. ampeloprasum extract)].
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[43] which is -22.47 mV.

Dynamic Light Scattering (DLS)

Tool is a very important for size of nanoparticles
characterizingtheinasolution. The DLS experiment
showed that the CuNPs particle size of was 30.34
nm the study result shown in Fig. 10 is consistent
with a previous study that supported by [44].

Cytotoxic Effect of CuNPs

The cytotoxic effect of CuNPs on the normal
human dermal fibroblasts neonatal (HdFn) cell line
was also investigated before and after treated with
CuNPs shown in Fig. 11A, 11B. CuNPs is desirable
to have antimicrobial efficacy while we carried
out cytotoxicity studies of it on a model normal
fibroblast cells (HdFn cells), without any reported
clinical or pathological findings. “The dose-
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Fig. 10. Dynamic light scattering (DLS) images of CuNPs biosynthesis Using A.
ampeloprasum extract.

Fig. 11. A) HdFn before CuNPs treatment B) HdFn after CuNPs treatment.
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Fig. 12. Cytotoxic effect of CuNPs on HdFn.
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response curve shows in Fig. 12 that viability of
cells remain high even at concentrations of CuNPs
up to approximately 1500 pg/ml, with viability
staying above 90%. The IC50 value indicates that
the concentration required to cell viability reduce
by 50% is greater than 1000 pg/ml, suggesting
that these nanoparticles relatively exhibit low
toxicity within the tested concentration range.”
implying that the nanoparticles tested were
safe and without noticeable adverse effects
under the specific testing conditions. Making
them suitable for applications involving direct
interaction with cells, such as wound dressings or
topical treatments, provided these concentration
limits are not exceeded.” The result of study
disagreement by [45] indicated that the CuNP-
coated fabric extracts exhibited significant toxicity
to BJ cells, and cell viabilities (CVs) of 44.8 + 11.1
and 21.2 £ 1.0% were determined for 10 pL and 30
pL samples respectively. The extracts of Cu—Ni NP-
coated fabric exhibited much lower cytotoxicity,
as evidenced by a higher average CV at 97.9 £ 9.9
and 50.0 £ 9.7% for 10 uL and 30 pL of extracts,
respectively.

Antibacterial activity

The antibacterial activity of CuNPs results
evaluate against S. aureus from the diameters of
inhibition zones. Table 1 demonstrated that CuNPs
possess antibacterial activity that depending
on the bacterial isolate and the nanoparticle
concentration. A direct correlation was observed
between CuNP concentration and the diameter of
the inhibition zone for all tested bacterial isolates.
All three isolates of S. aureus isolates (S.73, S.75
and S.76) showed clear susceptibility to CuNPs,
especially at higher concentrations (1000 to 250
pg/ml). The isolate S.75 exhibited the highest
sensitivity, maintaining a clear inhibition zone
even at a low concentration of 7.8 pg/ml (12.9
mm in diameter) indicating strong susceptibility
to CuNPs. The other two isolates, S.73 and S.76,
showed inhibition down to15.6 pg/ml, but no
effect was observed at lower concentrations.

Also shown that the antibacterial activity of
CuNPs can be influenced by factors such as upon
various factors, including the nanoparticles’ shape
and size, the bacterial strains tested, the inoculum
size and the presence of capping agents. The most-

Table 1. Zone of inhibition diameters for CUNP tested at incremental concentrations against S. aureus.

Concentration (ug / ml)

Median (Interquartile Range) of zone of inhibition (mm)

1000
500
250
125
62.5

31.25
15.6
7.8
3.9

27 (21.15- 27.7)
20.1(18.15 - 20.25)%
19 (18- 19.8)
18.8 (17.9 - 19.5)
15.7 (15.3 - 15.9)ce
14.3 (14.2 - 15)b
11.9 (11.8 - 14.75)b
0(0-12.85)
0(0-0)

Data presented as median and Interquartile range. Medians with similar superscript lowercase letter have non-significant
differences determined by Kruskal-Wallis test followed by Dunn's multiple comparisons test Error bars represent median and
interquartile range. Asterisks denote statistical significance: p < 0.05 (*), p < 0.01 (**), p < 0.001 (***), and p < 0.0001 (****),
as determined by the Kruskal-Wallis test followed by Dunn’s multiple comparisons test.

Table 2. The Minimum Inhibitory Concentrations (MIC) of CNPs against S. aureus using resazurin based method.

Bacterial isolate

MIC of CuNPs (ug/ml)

S. aureus 73 7.8
S. aureus 75 15.6
S. aureus 76 7.8
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reported mechanism for CuNPs is based on the
generation reactive oxygen species (ROS). Cu NPs
also enhance the cellular ROS level dramatically
that influences lipid peroxidation, oxidation
protein and destruction of DNA and kills the
microorganism cells [46]. The ROS contain radical
compounds such as hydroxyl (-OH), superoxide
radical (0*), singlet oxygen (10,) and hydrogen
peroxide (H,0,) which bacteria destroy, In addition
to oxidative stress as pervious study report. This
result agreed with pervious study reported by
[47] the zone diameter increased as the CuNps
concentration increased. The most effective stock
solution in gram positive bacterial strains is 1000
pg / ml. Diameters of inhibition zones are seen
at this concentration; 16.5 mm in S. aureus. The
schematic diagram of the biosynthesis of aqueous
extract and antibacterial activity CuNPs using A.
ampeloprasum is shown in Fig. 13.

Minimum Inhibitory Concentration of CuNPs

The lowest MIC of CuNPs for two isolates
against S. aureus was determined for each isolate
Table 2.

The concentrations of CuNP regarded as MIC, are
those who have no detectable growth is observed.
Higher concentrations of CuNP (1000 pg/ml) had
a strong effect on cell viability of bacteria for all
isolates in in Muller Hinton broth, while lowest
concentrations of CuNP regarded as MIC for S.
aureus 73, 76 and 75 isolates was 7.8, 15.6 and
7.8 g/ml respectively, the result is shown in Fig. 14.
CuNP are positively charged, while the both Gram-
positive surface are negatively charged. Therefore,
CuNP can be on the cell membrane combined
with negatively charged areas, to the potential
difference reduce and depolarization cause. It will
cause leakage or even rupture for membrane and
bacterial death eventually [48]. Many studies have

614

Fig. 14. The Minimum Inhibitory concentrations of the CuNPs against S. aureus.
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shown that the copper exposure is a direct target
to cellmembrane [49]. However, bactericidal effect
of CuNP on Gram-positive bacteria is strong, which
may be due to the cell wall structure of these two
classes difference. The result of the search is not
in the line with previous studies on the minimum
inhibitory concentration of CuNPs.

CONCLUSION

In this study, CuNPs were produced successfully
from A. ampeloprasum using a simple, direct,
low-cost, high yield and environmentally friendly
approach. CuNPs showed an outstanding
antimicrobial activity when tested against several
Multi-resistant bacterial isolates, which have an
alarming situation create that has encouraged
the new therapies development for infections and
diseases.
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