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Urinary tract infections (UTIs) are among the most common bacterial infections
worldwide, affecting millions of individuals each year. Their treatment has become
more difficult as a result of the increasing prevalence of multidrug-resistant (MDR)
pathogens. Although plant-mediated silver nanoparticles (AgNPs) have attracted
considerable attention as alternative antibacterial drugs, their antibiofilm activity
against bacteria isolated from UTI patients, remains insufficiently explored. In this
study, AgNPs were biosynthesized using the aqueous leaf extract of the local Kurdistan
plant Hellenocarum amplifolium, which acted as both a reducing and stabilising agent,
and their antibacterial and antibiofilm activities were assessed against bacteria isolated
from UTI patients. Bacterial isolates were initially identified with the VITEK® 2 Compact
system and validated by 16S rRNA gene sequencing; these include Acinetobacter
baumannii, Escherichia coli, Staphylococcus haemolyticus, and Staphylococcus aureus.
The biofabricated Hellenocarum amplifolium- silver nanoparticles (Ha-AgNPs) were
characterised by UV-Vis, FTIR, SEM, HR-TEM, XRD, and EDS analyses, revealing
crystalline, nearly spherical nanoparticles with an average size of approximately 20 nm.
Antimicrobial efficacy assessed by MIC and MBC assays demonstrated strong inhibitory
effects at 25/50 pg/mL against A. baumannii and 50/75 pg/mL against E. coli, S.
haemolyticus, and S. aureus. In addition, Ha-AgNPs exhibited pronounced antibiofilm
activity against all tested isolates, with concentration-dependent inhibition reaching up
to 97-99%. Overall, this study demonstrates the potential of Ha-AgNPs produced from
H. amplifolium as potent antibacterial and antibiofilm agents, and presents an eco-
friendly method of Ha-AgNP synthesis. These findings offer a promising alternative
strategy to address antibiotic-resistance, although further studies are needed to assess
its reliability and applicability in clinical settings.

1. Introduction

and substantially raising morbidity and death
throughout the world (Diksha et al., 2023). Although

Urinary tract infections (UTIs) are among the  both genders can get UTIs, it occurs more frequently
most prevalent bacterial diseases in the world, in females, with 50% of women experiencing at least
affecting nearly 150 million individuals each year one infection during their lifetime, recurrence is also

* Corresponding author.

E-mail address: dana.sabir@chu.edu.iq (D. Sabir)


https://sjpas.univsul.edu.iq/article?id=1160
mailto:dana.sabir@chu.edu.iq
https://orcid.org/0000-0001-6197-7737
https://sjpas.univsul.edu.iq/

/ Sulaimani Journal for Pure and Applied Sciences Vol. 28 Issue 1 (2026) 75-95.

common. Female anatomy, sexual behavior, as well
as family history are risk factors (Faruk et al., 2023).
Both kidney (pyelonephritis) and bladder (cystitis)
infections are possible (Timm et al., 2025). While
many organisms can cause UTIs, common causative
agents include Staphylococcus aureus, Candida
albicans, Acinetobacter baumannii, Pseudomonas
aeruginosa, Staphylococcus haemolyticus,
Escherichia coli, Klebsiella pneumonia and Proteus
mirabilis (Singh and Agri, 2024; Taha, 2024). A major
worldwide rapid
development of resistance in both Gram-positive
(GP) and Gram-negative (GN) bacteria due to the
widespread abuse and overuse of antibiotics (Divya
etal, 2019).

healthcare concern is the

Antimicrobial resistance has grown into an
important global health issue in recent years and has
become increasingly concerning, according to the
World Health Organization (Abadi et al, 2019).
Antibiotic-resistant bacteria have become a major
issue in modern society, leading to the rise of
superbugs (Shriram et al, 2018). A particular
concern in developing countries is the increase in
drug-resistant urinary tract (UTI)
pathogens (Sher et al, 2024). Nitrofurantoin,
fosfomycin, fluoroquinolones, cefpodoxime, and
amoxicillin-clavulanic acid are all antibiotics that are
often utilised for treating UTIs (Al Lawati et al,
2024). Because of the broad and inappropriate usage
of antibiotics for UTI treatment, the uropathogens
become multidrug-resistant, which increases the
morbidity and mortality rates (Diksha et al., 2023).
The failure of most antibiotics, besides the side
effects, necessitates the search for better treatment
options. Therefore, there is a need for alternative
therapeutic options against antimicrobial-resistant
bacteria (Mohanta et al., 2020).

infection

In the last several years, the field of
nanotechnology has made substantial
improvements, resulting in the creation of

nanoparticles with dimensions spanning from 1 to
100 nm. These particles possess distinctive
physicochemical properties that are not present in
bulk materials (Joseph et al,, 2023). Among these,

metal nanoparticles synthesized through biological
routes have attracted a significant interest for
medical applications because of their effectiveness
and environmental sustainability (Abbasi et al,
2023). Silver nanoparticles (AgNPs), in particular,
are widely investigated in nanomedicine due to their
strong and broad-ranging antibacterial capacity as
well as low cellular toxicity (Ahmed et al., 2018; Ali
et al, 2024). Physical, chemical, or biological
methods can be employed to synthesise AgNPs, but
plant-mediated biosynthesis is regarded as eco-
friendly, economical and efficient due to the
phytoconstituents stabilising and
reducing agents in plant extracts (Nemma and
Sadeq, 2023).

serving as

Despite extensive reports on green-synthesized
AgNPs, studies employing clinically confirmed MDR
uropathogens and systematic antibiofilm evaluation
remain limited. Hellenocarum amplifolium, also
known locally as Baraza, is an edible herb with
traditional therapeutic uses such as diuretics and
kidney stone treatment (Ahmad and Askari, 2015;
Pieroni et al., 2017) ; however, its application in Ha-
AgNP biosynthesis and antibiofilm assessment
against clinical UTI isolates has not yet been
explored.

H. amplifolium is a flowering plant in the
Apiaceae family, known for aromatic herbs with
umbels and a long history of use in both food and
traditional medicine. This genus is native to
southeastern Europe and  the broader
Mediterranean region, while H. amplifolium also
grows wild in the rocky and mountainous areas of
Iraq and neighboring regions (Zakharova et al,
2016; Qalatopzany et al.,, 2025). Locally, its young
leaves are consumed as a vegetable and employed to
digestive
Phytochemical studies reveal that H. amplifolium is
rich in phenolics, flavonoids, and volatile compounds
such as linalool and limonene, which underlie its

treat issues and mild infections.

antioxidant and antimicrobial properties and make
it an excellent candidate for the green synthesis of
silver nanoparticles (Qalatopzany et al., 2025).
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This research aims to biosynthesize and
characterize Ha-AgNPs using H. amplifolium leaves
aqueous their
antibacterial/antibiofilm effects against clinically
isolated S. haemolyticus, E. coli, S. aureus, and A.
baumannii from UTI patients in Chamchamal,
Sulaymaniyah, Iraq.

extract and evaluate

2. Materials and Methods

2.1. Bacteria Strain Isolation and Identification

Bacterial isolates used in this study were initially
isolated from urine samples of patients diagnosed
with urinary tract infections (UTIs) and were kindly
provided by the staff of Chamchamal Central
Laboratory. The isolates were collected in November
2024 and were primarily identified using the VITEK®
2 Compact system. A single colony from each isolate
was cultured in nutrient broth, and aliquots of the
cultures were preserved as glycerol stocks and
stored at -20 °C for subsequent analyses. Molecular
identification was performed based on 16S rRNA
gene sequencing. according to a previously
described PCR procedure (Mohamedsalih and Sabir,
2020). Genomic DNA was extracted from the
bacterial isolates using the Presto™ Mini gDNA
Bacteria Kit (Geneaid, Taiwan) according to the
manufacturer’s instructions. PCR was performed in a
total reaction volume of 20 pL, containing 10 uL of
master mix, 1.5 pL of forward primer, 1.5 pL of
reverse primer, 1 pL. of DNA template, and 6 pL of
ddH,0. The 16S rRNA gene was amplified using
universal  primers: forward  primer 5'-
AGAGTTTGATYMTGGCTCAG-3' and reverse primer
5'-ACGGYTACCTTGTTACGACTT-3" (Satokari et al,
2001; Mohamedsalih and Sabir, 2020). The PCR
technique begins with denaturation at 95°C (5
with 36
denaturing at 95°C (30 seconds), annealing at 58°C
(30 sec), and elongation at 72°C (2 min). The last
elongation lasted 5 minutes at 72°C. Sanger DNA
sequencing was used to purify and sequence the PCR
products at Macrogen’s Republic of Korea. The
sequences were analyzed and assembled using the
Chromas program version 2.0.

minutes), then continues cycles of

2.2. Phylogenetic Tree Construction

The isolates were taxonomically defined by
constructing a phylogenetic sketch based on its
previously reported 16S rRNA gene sequence
(Chong et al., 2014). Using the NCBI WebSub, partial
16S rRNA gene sequences from the clinical isolates
were submitted to GenBank to receive accession
numbers (accession number). ClustalX2.1 was used
to compare the clinical isolate's 16S rRNA sequences
with those of closely related species to identify it at
the taxonomic level (Larkin et al, 2007). MEGA 7
program was then used to evaluate the aligned
sequences (Kumar et al,, 2016). MEGA-7 program
was employed to create a phylogenetic sketch
utilizing the neighbor-joining approach, which was
supported by 1000 bootstrap repetitions.

2.3. Collecting and Preparing H. amplifolium Leaf
Extract

Leaves taken from the H. amplifolium plant were
utilized to create Ha-AgNPs following a previously
published procedure (Ali et al., 2024). In summary,
fresh leaves of H. amplifolium leaves as seen in (Figure
1.b) were harvested from Suren Mountain (35°43"26"N,
46° 0' 0"E; Figure 1.a), Said Sadiq, Kurdistan Region,
Iraq, in March 2024. The plant was later identified by
experts at the College of Agricultural Engineering
Sciences at the University of Sulaimani in Iraq, and the
voucher sample was deposited (Voucher No. 5052).
After the tap water was used to wash and remove debris
and other organic contaminants from the leaves, and
then the leaves of the plant were cleaned, and shade-
dried, the leaves were ground with a blender until a
powdered form, and kept in an airtight container for
further use. To make the aqueous extract of H.
amplifolium leaves, 10 g of dried leaves powder were
put in a 600 ml container (beaker) with 200 ml of water
that had been deionized. To extract compounds, the
mixture was heated to 40 °C and stirred for two hours.
After extraction, all insoluble plant debris was removed
from the aqueous extract of the leaves by passing it
through Whatman filter paper (Grade No. 1), then
centrifuged the filtered extract at 6000 RPM for 25
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minutes to remove any remaining particles or
impurities. Finally, the purified extract was collected in
a 50 mL bottle (falcon tube) and kept them at 4°C for
further examination or testing.

2.4. AgNPs Synthesis from H. amplifolium Leaves
Extract

AgNPs were prepared by H. amplifolium leaves
extract and a silver nitrate salt. A 1 mM silver nitrate
solution was prepared by dissolving the required
amount (0.017 g) of salt in 100 mL of distilled H,O.
Then, 100 mL of the H. amplifolium leaves aqueous
(water) extract was mixed with 100 mL of silver
nitrate solution (1:1, v/v) to make a mixture at 60 +2
°C using a hot plate for two hours while being
constantly stirred, the pH of the mixture was 7.13,
and it was kept in dark conditions by wrapping

aluminium foil around the beaker during the
reaction. The phytochemical constituents in H.
amplifolium extract reduce Ag* ions into metallic Ag°
nanoparticles during nucleation and also stabilise
and cap nanoparticles to prevent aggregation. The
solution's colour turned from colourless to light-
brown when Ha-AgNPs were formed, as shown in
(Figure 2) (Aslam et al., 2021). For purification, the
solution containing Ha-AgNPs was centrifuged at
6000 rpm for 30 minutes, after which the
supernatant was thrown out. After being rinsed with
DDH20, the precipitate was centrifuged at 10,000
rpm for 20 minutes to filter out any unreacted
extract. The end product was oven dried at 45-50°C
and preserved in a dark place for either further
analysis (Aisida et al., 2019).

IB'0UN
Y -
o
T
-

() study area

45'00°E

46°00°E

Figure 1. (A): Collection site of H. amplifolium at Suren Mountain, close to Said Sadiq, Al Sulaymaniah in the Kurdistan Region of
Irag. The yellow marker indicates the sampling site (35°43'26"N, 46° 0' 0"E). Meters are used to display elevation. (B): leaves of

the H. amplifolium plant.

© 2026 University of Sulaimani. All rights reserved.
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Figure 2. Biosynthesis of Ha-AgNPs by H. amplifolium leaf extract. Leaf powder was extracted and filtered, after being mixed
with AgNO3 solution for biofabricated of Ha-AgNPs. The Ha-AgNPs were collected and dried for further test.

2.5. Characterizing Biosynthesized H. amplifolium
AgNPs

The following techniques were employed to
characterize the fabricated Ha-AgNPs:

2.5.1. UV-visible Spectrophotometer

The UV-Vis adsorption of the
synthesized Ha-AgNPs were investigated by a SI
Analytics UV Line 9400 (Dublin, Germany) with
scanning range of measurement wavelengths from
between (200-800) nm. For this, 3 mL of Ha-AgNPs
solution was introduced in the UV-Vis cuvette.

spectrum

2.5.2. Analysis of FTIR

The different Functional groups of H. amplifolium
leaf extract and synthesized Ha-AgNPs were
identified using a Shimadzu FT-IR spectrometer. The
process involved creating a final pellet by mixing the
dried AgNPs with potassium bromide (KBr), and the

mixture was then processed using FTIR

spectroscopy in the 4000-400 cm-1 range.

2.5.3. Analysis of XRD

To assess the crystal structure and particle size of
the fabricated Ha-AgNPs. For XRD analysis, the
PanAnalytical X "Pert Pro diffractometer” (Almelo,
The Netherlands) has been used at 45 kV and 40 mA,
respectively. The range of the XRD glancing angles
was 10° <260 <80°. The sample was used for this test
after it had been dried and converted into a powder.
Based on XRD data, the Debye-Scherrer equation
determined Ag-NP crystallite size.

KA
Lcosb

Crystalize Size D (nm) =

D: average particle size (nm), K: shape factor
(0.90), A: X-ray wavelength (0.15406), 3: FWHM of
the most extreme peak, 0: Bragg angle.
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2.5.4. Analysis of Scanning Electron Microscopy (SEM)

The surface shape and size of the biofabricated
silver nanoparticles were investigated by SEM.
Nanoparticle samples were air-dried and deposited
as a thin film on a suitable holder for final
measurements. SEM images were taken with a
CamScan 3200 LV microscopy (Caesium™ version
6.1).

2.5.5. Energy-Dispersive X-ray Spectroscopy (EDS)
analysis

The EDS spectrum of the prepared Ha-AgNPs was
recorded by using a JEOL JSM-7610F scanning
electron microscope from (JEOL, Japan) to
determine the elemental composition. EDS spectra
were utilized to confirm presence of silver (Ag) and
determine other related elements.

2.5.6. Analysis of High Resolution Transmission
Electron Microscopy (HR-TEM)

The size and surface shape of Ha-AgNPs were
studied using HR-TEM (Thermo Fisher Scientific,
Germany). One drop of the Ha-AgNPs solution that
had been prepared was deposited on copper grids
that had been coated with carbon. Subsequently, the
water was vaporised naturally at ambient
temperature to form a sample. The TEM
micrographs were then examined to investigate the
distribution of particle sizes of produced Ha-AgNPs.
HR-TEM images were used to confirm the crystalline
structure.

2.6. Antibacterial Activity Assays of Ha-AgNPs

Using minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC)
tests, the antibacterial efficacy of Ha-AgNPs against
clinically isolated bacterial strains was assessed. A
Ha-AgNP stock solution (100 pg/mL) was prepared
by dispersing 0.001 g of nanoparticles in 10 mL of
sterile distilled-water and sonicating for 10-15 min;
the suspension was stored at 3-4 °C until use. MIC
values were determined by broth microdilution in
sterile 96-well round-bottom. Clinical isolates of E.
coli, S. aureus, S. haemolyticus and A. baumannii were

cultivated in LB broth at 37 °C for 20-24 h, adjusted
to 1 x 10® CFU/mL (0.5McFarland), and 120 pL of
each suspension was inoculated per well. Ha-AgNPs
were added (80 pL per well) to obtain final
concentrations of 6.25, 12.5, 25, 50, 75, and 100
ug/mL. Wells containing bacterial suspension with
LB broth and LB broth alone served as positive and
negative controls, respectively. Plates were
incubated at 37 °C for 22-24 h with shaking, and
bacterial growth was assessed by measuring
absorbance at 600 nm using microplate reader (Bio-
Tech, USA). 5 pL aliquots from all wells that exhibit
visible or not visible growth were spot-plated onto
nutrient agar and incubated at 37 °C for 22-24 hours
to determine MBC level. The MBC was determined to
be the lowest Ha-AgNP concentration that did not
exhibit bacterial regrowth (Fattah et al., 2022).

2.7. Antibiofilm Activity of Ha-AgNPs

The antibiofilm activity of Ha-AgNPs against A.
baumannii, E. coli, S. haemolyticus, and S. aureus was
determined using 96-well microtiter plates
(polystyrene flat-bottom microwell plates). Bacterial
strains were grown as previously described and
adjusted to 1 x 10® CFU/mL (0.5 McFarland).
Bacterial suspensions (120 puL) were inoculated into
sterile flat-bottomed polystyrene 96-well, followed
by the addition of 80 pL of Ha-AgNPs at different
concentrations (1/2,1/4,1/8,1/16,1/32,and 1/64
MIC) using the inhibitory
concentrations (sub-MICs) method (Swidan et al,
2022). Positive control wells contained bacterial
culture with LB broth, while negative controls
contained only LB broth. Plates were incubated at
37°C for 22-24 hours to promote the growth of
biofilms.

sub-minimum

Following incubation, non-adherent cells were
washed away by phosphate-buffered saline (pH 7.2)
three times and the plates were air dried. The
adherent biofilm was then stained with 0.1% crystal
violet for 20-25 min, washed by DDH20 to remove
any unbound dye and air dried for about an hour;
the bound crystal violet was dissolved in 96%
ethanol (200 pL) and left in each well for 15-20 min
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(Fattah et al., 2022; Fattah et al., 2026). Absorbance
was measured at 595 nm using a microplate
(BioTech/USA) reader to assess biofilm biomass.

The percentage of biofilm inhibition was
estimated  using the  following  formula

(Kalishwaralal et al., 2010; Hasan et al., 2014).
Biofilm inhibition (%)
_ (1
0OD595treated with Ag — NPS>
0D595control

X 100

2.8. Statistical Analysis

GraphPad Software Inc.'s Prism 10 (One-Way
ANOVA) was used for statistical analysis. The results
of each experiment were recorded in triplicate and
are presented as the mean * standard deviation.
Differences between control and treatment groups
were analyzed to evaluate their significance. A p-
value < 0.05 indicated significance.

3. Results and Discussion

The increasing prevalence of MDR bacteria,
particularly in UTIs, has reduced the effectiveness of
conventional antibiotics and underscores the need
for alternative antimicrobial strategies. AgNPs have
attracted considerable interest for their wide-
spectrum antibacterial activity and high efficacy at
low concentrations (Pachaiappan etal., 2021; Said et
al.,, 2024), which are significantly impacted by the
synthesis route, shape, and particle size (Slavin et al,,
2017). Plant-mediated biosynthesis provides a low-
cost, environmentally favourable, safe approach,
with plant secondary metabolites acting as natural
reducing and stabilizing agents (Said et al., 2024). H.
amplifolium (Baraza), a medicinal plant that is
extensively employed in the Kurdistan region of Iraq,
represents a promising
compounds (Ahmad and Askari, 2015; Pieroni et al,,
2017). In this study, Ha-AgNPs biosynthesized using
H. amplifolium leaf extract were tested for their
antibacterial and antibiofilm activity against MDR
bacteria.

source of bioactive

3.1. Isolation and Identification of Bacteria Strains

The bacteria isolates were first identified with
the VITEK® 2 Compact system (Figure 1
supplement) and then confirmed by 16S rRNA gene
sequencing. Both 16S rRNA homology sequence
searching and the phylogenetic tree analysis
revealed that the bacteria are A. baumannii, E. coli, S.
haemolyticus, and S. aureus and the four isolates'
phylogenetic tree analysis showed they are related
to closely related species in the database (Figure 3).
The nucleotide 16S rRNA gene sequences were
submitted to the NCBI WebSub along with their
accession number: A. baumannii strain charmoK
(PQ967975.1), E. coli strain charmoE (PQ967976.1),
S. haemolyticus strain charmoH (PQ967977.1),and S.
aureus strain charmoS (PQ967978.1).

As shown in Figure 3, the newly isolated E. coli
strain charmokE, for instance, forms a monophyletic
group with other E. coli strains, including strain SK-
28 (accession number: PQ001789.1), which was
isolated from Pakistan; strain EC103E (accession
number: MT453878.1), which was isolated from
Iraqg; and strain MKTC1 (accession number:
MT982722.1), which was isolated from India. A new
A. baumannii strain charmoK was found to belong to
a monophyletic clade alongside strains Al(accession
numbers: PP659668.1) isolated from China, K70
(accession numbers: KU922251.1) isolated from
China, and L50 (accession numbers: KU922297.1)
isolated from China. In contrast,
haemolyticus strain charmoH was discovered to be
related to a monophyletic group beside strains
isolate 1 (accession numbers: PP784656.1) isolated
from Iran, J12 (accession numbers: KP324951.1)
isolated from India, and H-120 (accession numbers:
MN595082.1) isolated from India. Similarly, S.
aureus strain charmoS shares a monophyletic clade
with strain IRQBAS78 gene (accession numbers:
LC499784.1), previously identified from Iragq.

a new S.
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Acinetobacter baumannii strain charmoK (PQ967975.1)
%) 4cinetobacter baumannii strain Al (PP659668.1)

Acinetobacter baumannii strain K70 (KU922251.1)
Acinetobacter baumannii strain L50(KU922297.1)
Escherichia coli strain charmoE (PQ967976.1)
Escherichia coli strain SK-28 (PQ001789.1)
0 Escherichia coli strain EC103E (MT453878.1)
Escherichia coli strain MKTCI (MT982722.1)
Staphylococcus haemolyticus strain H-120 (MN595082.1)
10| Staphylococcus haemolyticus strain J12 (KP324951.1)
Staphylococcus haemolyticus strain charmoH (PQ967977.1)
Staphylococcus haemolyticus isolate 1 (PP784656.1)

‘@1 | Staphylococcus aureus IRQBAS78 gene for (LC499784.1)
Staphylococcus aureus strain charmoS (PQ967978.1)
m Staphylococcus aureus strain IF6SW-P1B (KY218831.1)
& Staphylococcus aureus strain Wesam-43 (ON778538.1)

0.050

Figure 3. Phylogenetic tree of A. baumannii charmok, E. coli charmokE, S. haemolyticus charmoH, and S. aureus charmoS using
16S rRNA gene nucleotide sequence similarities. The new isolates in this research are highlighted in bold. The tree is created using
the neighbor-joining approach in ClustalX and MEGA 7, bootstrapped with 1000 replicates

3.2. Biosynthesis and Characterization of Ha-AgNPs

The aqueous leaf extract of H. amplifolium served
as the reductive and capping agent for Ag* during
Ha-AgNP synthesis. This is because the plant extract
is known to contain flavonoids, antioxidants, and
phenolic components that act as reducing and
stabilizing agents during AgNP biosynthesis, while
their functional groups (e.g., hydroxyl and carbonyl
groups) facilitate nucleation and stabilization of
AgNPs (Agustina et al., 2021). Upon adding the plant
extract, the color of the AgNO3 solution changed
from colorless to light-brown, suggesting that silver-
ions (Ag*) were reduced to metallic-silver (Ag®) and
indicating that Ha-AgNPs were made during the
reduction phase(Figure 4) (Aslam etal.,, 2021). It has
been recorded that the excitation of the Surface
Plasmon Band (SPB) by the Ha-AgNP is responsible
for the color changes that occur in the solution. To
the best of our knowledge, this is the first
experimental use of H. amplifolium leaf extract in the
synthesis of Ha-AgNPs.

A B C

—

———

-

Figure 4. Color change in silver nitrate solution after adding H.
amplifolium aqueous leaf extract. (A): H. amplifolium aqueous
leaves extract; (B): Colorless silver nitrate solution; (C): Light

brown indicates formation of Ha-AgNPs
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Various approaches were used to confirm and
characterize the bio-fabricated Ha-AgNPs. Initially,
the UV-Vis spectroscopy showed a well-defined SPR
peak at around 426 nm (Figure 5), suggesting that
Ag* ions were reduced by the H. amplifolium leaf
extract and formed Ha-AgNPs. The SPR phenomenon
is due to the collective oscillation of free electrons on
the NPs surface, which results in producing a strong
electromagnetic field and a characteristic absorption
peak (Garcia, 2011). Previously, a SPR peak at 427
nm has been recorded for AgNPs prepared with
Artocarpus heterophyllus leaf extract,(Hudaya et al.,
2024), perhaps indicating uniformity of plant
associated in the production of AgNP. Additionally,
the SPR peak of the biologically produced AgNPs'
SPB was detected at 420 nm and 450 nm
respectively, using the aqueous extracts of Ocimum
gratissimum and Matricaria chamomilla flowers,
respectively (Das et al, 2017; Mohamedsalih and
Sabir, 2020). Differences in SPR peaks are mainly
attributed to variations in size and morphology of
nanoparticles and their optical properties (Moores
and Goettmann, 2006).

3.54

Plant extract
— AgNO,

3.0 4 —— Ha-AgNPs
30 426 nm =

extract AgNO; AgNPs

2
L

Absorbance (a.u)
1

1.0 4

0.5 4

0.0 T T T T T T T T T 1
300 400 500 600 700 800

Wavelength (nm)

Figure 5. The UV-visible spectrum of Ha-AgNPs produced from
plant-extract and AgNO3 solution.

The functional groups in charge of the Ha-AgNP
reduction and stabilisation were found using FTIR
spectroscopy. The H. amplifolium leaf extract and
the Ha-AgNPs spectra were obtained in the region of
4000-500 cm™™. The extract exhibited absorption
bands at 3437, 2925, 2854, 1631, 1385, 1107, 617
and 538 cm™ that could be attributed to the
functional groups of the plant matrix (Figure 6, red).
FTIR of the Ha-AgNPs also showed peaks at 3436,
2925, 2854, 1632, 1456, 1385, 1180, 1112, 775,
618, 471 cm™* (Figure 6, blue) suggesting that the
Ag* ions were reduced by plant phytochemicals to
generate Ag’ nanoparticles, which were then
stabilised and capped during the nanoparticle
creation process. Additionally, certain peaks'
intensities increased, and the
emergence of other new peaks showed significant
shifts. Both plant extract and biosynthesized Ha-
AgNPs' wide bands at vibrational around 3437-3436
cm™ is due to O-H and N-H stretching vibrations
(Bose and Chatterjee, 2016; Yassin et al,, 2022) and
indicative of phenolic compounds and flavonoids,
which aided in AgNPs synthesis. The peak band near
2925-2854 cm™! was attributed to C-H stretching,
which relates to an aliphatic chain (Ramli et al,
2023). The band at about 1632 cm-1 was ascribed to
phenolic  substances like flavonoids and
polyphenols' C=C stretching vibrations (Ramli et al.,
2023), and the 1456-1385 cm-1 absorption peak
was due to C-N (aromatic amines) and O-H. Whereas
those at 1180-1112 cm™ are ascribed to C-OH
stretching vibration arising from alcohols or esters,
respectively. Peaks around 775-471 cm™, probably
due to Ag-O bond vibrations and polysaccharides
related to O-H bending (Hemlata et al., 2020; Diksha
etal., 2023). The FTIR spectra of green produced NPs
exhibited a modest shift in several associated peaks
showing that the key

decreased or

and their intensities,
biomolecules from the H. amplifolium extract were
capped or bonded to the surface of Ag-0O. Peaks seen
around and below 700 cm™ may be attributed to
metal-ligand vibrations such as Ag-O or probable Ag-
N interactions with phytochemicals in the plant
extract (Anandalakshmi et al, 2016; Moges and
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Misskire, 2025). The peaks at 618 and 471 cm™
verifies binding between Ag
phytoconstituents of the extract. Ghasemi et al.
(2024) found peaks at 596 and 494 cm-1 that
correlated with AgNPs' attachment to extract
functional groups. These findings are consistent with
previous studies on biomolecule-mediated AgNP
formation, which reported similar peak shifts and
spectral features (Aref and Salem, 2020; Ghasemi et
al, 2024). Overall, changes in the FTIR spectra
indicate the involvement of H. amplifolium leaf
metabolites in the reduction and stabilization of Ha-
AgNPs.

atoms and

Plant extract
Ha-AgNPs

Transmittance (%)

3436 =

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 6. FTIR spectrum of H.amplifolium leaf extract (red) and
biosynthetic Ha-AgNPs (blue). The changes in the positions of
the absorbance peaks due to phytochemicals interaction with
silver ions justify their participation for the nanoparticle
reduction and capping.

The crystallinity property and phase of Ha-AgNPs
were examined by XRD. XRD investigation was
conducted at 20 in the 10-80° degree range. The Ha-
Ag-NPs' XRD pattern, which was produced by
reacting an aqueous plant extract of H. amplifolium
with a silver salt solution, is presented in (Figure 7).
Sharp diffraction peaks, which were located at 20
angles of 38.32°, 44.53°, 64.71°, and 77.59°
corresponding to the (111), (200), (220), and (311)
planes, matching JCPDS card no. 04-0783, consistent
with previous findings on plant-mediated extraction,
respectively (Meng, 2015; Moges and Misskire,

2025). These results support the formation of
crystallized face-centered cubic (fcc) Ha-AgNPs.
Slight peak intensity fluctuations in the minor peaks
as compared to standard patterns may be attributed
to residual phytochemicals derived from leaf extract
bound on surface of nanoparticles, which act as
capping as well as stabilizing agents. Nevertheless, in
contrast to the other peaks, the domain orientation
of the peak was discovered in the 38.32° (111) plane,
showing a high crystallinity. The stronger planes
show that silver plays a significant role in
nanoparticle nucleation and growth (Afandy et al,,
2023). The mean average crystallite size of prepared
Ha-AgNPs was determined to be 19.1 * 0.1 using the
Debye-Scherrer formula. These results are well
correlated to that reported by Moges and Misskire
(2025), which used Sida schimperiana Hochst. ex A.
Rich (Chifrig) leaves extract to biosynthesize AgNPs.
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Figure 7. XRD diffraction pattern of biosynthesized Ha-AgNPs
created from H. amplifolium leaf extract, verifying their
crystalline nature.

The Ha-AgNPs were subjected to morphological
using SEM.
nanoparticle suspension was dried to obtain solid

analysis Prior to analysis, the
samples suitable for imaging. The SEM image (Figure
8.a) provided insight into the morphology, size, and
surface distribution of the particles that were
synthesised. The particles were mainly spherical in

shape; however, a degree of size polydispersity was
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evident. Some aggregation of nanoparticles was also
observed, a common feature of biologically
synthesized Ha-AgNPs, likely resulting from their
high surface energy, drying-induced interactions,
and the variable presence of capping biomolecules
on the particle surfaces.

Analysis of individual nanoparticles revealed that
the Ha-AgNPs ranged in size from 5 to 50 nm.
Measurements from a size-distribution histogram
based on 75 single particles by Using Image]
program, (Figure 8.b) showed a mean particle
diameter of 19.93 + 9.9 nm. Although some degree of
aggregation was observed, with clusters reaching
sizes of up to ~200 nm, most particles were present
as much smaller, discrete nanoparticles. Overall, the
average sizes of the Ha-AgNPs are in a good
agreement with XRD results and fall within the
nanoscale range appropriate for antimicrobial and
biomedical applications.

1
’ ’
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e \L" ' - » -.5‘
WD 6.10 mm

Det: InBeam
Date{m/dly): 08/10/25
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SEM HW: 20.0 kV MIRAJ TESCAN
View fNeld: 1.38 pm

SEM MAG: 100 kx

200 nm

The relatively spherical shaped with size
distribution variation, demonstrated in this study, is
in agreement with the previously reports on
biosynthesized AgNPs. Aslam et al. (2021) and
Ghasemi et al. (2024) also have presented that the
spherical and polydisperse nanoparticles with an
average size of 26 nm and 37 nm, respectively.
Additionally, Asimuddin et al. (2020) reported on
plant-mediated AgNPs with the size of 20-50 nm,
and Raj etal. (2018) described that AgNPs are in size
range 20.13 nm, mainly spherical with little
aggregation. The nanoparticles in the current study
had a relatively small particle size (<20 nm) with a
few particles larger than 20 nm, which might give
better antimicrobial activity through increased
surface area as well as reactivity, whereas mild
aggregation as observed will have little impact on
overall functional performance.
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Figure 8. SEM image and size distribution of biosynthesized Ha-AgNPs. (A): SEM image of mostly spherical and polydisperse Ha-
AgNPs with slight aggregation. Scale-bar; 200 nm. (B): Size distribution histogram of Ha-AgNPs determined from SEM images (n
= 75); the particles were found to be between 5 and 50 nm with an average diameter of 19.93 nm.

The EDS was utilized for analyzing the chemical
composition of the biosynthesized Ha-AgNPs
(Figure 9). The EDS spectrum displayed a prominent
silver peak at approximately 3 keV, corresponding to
the Ag La line, which confirms the formation of

elemental AgNPs (Ghasemi et al., 2024). Silver was
the dominant element, accounting for 57.09 wt%
and 36.01 at%, indicating successful nanoparticle
synthesis.
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Minor peaks corresponding to carbon (19.37%),
oxygen (13.99%), magnesium (0.16%), phosphorus
(1.31%), sulfur (1.90%), chlorine (2.32%), and
calcium (3.86%) were also detected (Figure 9). The
presence of carbon and oxygen is likely associated
with plant-derived phytoconstituents that act as
reducing and capping agents during green-synthesis.
The carbon-rich signals in the EDS spectra can be
attributed to biomolecule substances like vitamins,
polyphenols, amino acids, flavonoids, and saponins
(Abomuti et al,, 2021). Small signals contributions
(Mg, P, S, Cl, and Ca) may originate from trace
inorganic or organic components of plant-extract.

The comparable results have been observed in
other green synthesis of AgNPs; for example, (Yassin
et al, 2022) observed a characteristic Ag peak
around 3.0 keV in AgNPs biosynthesis using
Origanum majorana extract. Similarly, AgNPs were
biosynthesized using
genistifolia leaves and Pisum sativum peels showed

extracts from Oedera
dominant silver peaks around 3 keV along with
additional signals from plant-based capping
molecules (Okaiyeto et al,, 2019; Patra et al., 2019).
Overall, these results support the effective role of H.
amplifolium extract as both a reducing and
stabilizing agent in silver nanoparticle synthesis.
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Figure 9. EDS spectrum of biosynthesized Ha-AgNPs. A major
prominent Ag peak at around 3 keV confirms the existence of
silver nanoparticles, with additional signals (O, Mg, P, S, Cl, and
Ca) attributed to phytoconstituent residues originating from H.
amplifolium extract, which serve as stabilizing agents.

The HR-TEM was used to investigate morphology
and crystalline structure of the biosynthesized Ha-

AgNPs. HR-TEM image of
biosynthesized Ha-AgNPs is shown in Figure 10.a

Representative

and Figure 10.c. The nanoparticles were mainly
spherical shape, a morphology commonly reported
for green-synthesized Ha-AgNPs. A thin, faint layer
surrounding the synthesized Ha-AgNPs was visible
suggesting  that  the
phytoconstituents from the leaf extract served as
capping agents, thereby limiting the aggregation of
nanoparticles (Some et al., 2019). This observation is
consistent with previous green synthesis studies
reporting plant-derived capping layers around
AgNPs, such as those synthesized using Phyllanthus
emblica extract (Masum et al., 2019).

upon examination,

The high-resolution image (Figure 10.d) exhibits
clear lattice fringes measured by using Image]
software with the FFT function, confirming the
crystalline character of nanoparticles. The measured
interplanar spacing of 0.238 nm corresponds to the
(111) plane of face-centered cubic (FCC) silver, in
good agreement with reported lattice spacings for
FCC AgNPs, typically ranging from 0.23 to 0.25 nm
(Some et al,, 2019; Afandy et al.,, 2023). Similar FCC
lattice structures have been widely reported in
plant-mediated formed AgNPs derived from Rumex
hymenosepalus and Azadirachta indica, indicating
that plant phytochemicals promote the formation
of thermodynamically stable FCC silver nanocrystals
(Rodriguez-Leon et al., 2013; Shahzadi et al.,, 2025).
These finding further support the role of H.
amplifolium extract not only as a reducing agent but
also as an effective capping and stabilizing agent that
governs nanoparticle crystallinity and structural
quality. In addition, the uniform and continuous
lattice fringes demonstrates that Ha-AgNPs are
mostly single-crystalline, a feature often associated
with high catalytic, optical,
performance (Roy et al.,, 2014). Overall, these results
demonstrate that leaf extract of H. amplifolium
enables the synthesis of stable, well-defined, and
highly crystalline FCC Ha-AgNPs, highlighting its
effectiveness in
morphology and
synthesis routes.

and antimicrobial

controlling
crystallinity

nanoparticle
through green
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Figure 10. HR-TEM images of Ha-AgNPs obtained with leaf extract of H. amplifolium showing mainly spherical nanoparticles with
a thin covering layer (A, C) and distinct lattice fringes corresponding to (111) plane of FCC silver (D).

3.3. Antibacterial Activity Assays of Ha-AgNPs

The antibacterial potential of biosynthesized Ha-
AgNPs was tested using MIC and MBC assays. The
Ha-AgNPs strong
efficacy against all tested isolates. The concentration
range from 6.25 to 100 pg/mL of Ha-AgNPs were
tested against the isolates (Figure 11). The lowest
MIC (25 pg/mL) and MBC (50 pg/mL) values were
recorded for A. baumannii strain charmoK. In
contrast, E. coli strain charmoE, S. haemolyticus
strain charmoH, and S. aureus strain charmoS
exhibited MIC pg/mL  and
corresponding MBC values of 75 pg/mL. These
findings are consistent with prior studies suggesting
that biofabricated AgNPs can have wide-spectrum
antibacterial activity, with MIC and MBC values
influenced by both nanoparticle properties such as

demonstrated antibacterial

values of 50

sizes and shapes and the bacterium species
(Almatroudi et al, 2020; Ubaid and Alkalifawi,
2022).

As shown in (Figure 11), Ha-AgNPs induced a
clear dose-dependent reduction in optical density

© 2026 University of Sulaimani. All rights reserved.

for all bacterial strains, with maximum inhibition
observed at the concentration between 75 and 100
ug/mL. A comparative analysis between Gram
negative (A. baumannii charmokK, E. coli charmokE)
and Gram positive (S. haemolyticus charmoH, S.
aureus charmoS) isolates revealed slightly greater
inhibition in the Gram-negative bacteria at moderate
concentrations (12.5-50 pg/mL). This indicates that
AgNPs can penetrate into the thinner peptidoglycan
layer and outer membrane of the Gram-negative
bacteria more quickly (Shahzadi et al, 2025). At
higher concentrations, near-complete growth
inhibition was observed in both Gram groups, which
could be attributed to strong broad-spectrum
activity of Ha-AgNPs.

Variation in susceptibility profiles of the isolates
may be attributed to due to the fact that the bacterial
samples that were used in this study were clinical
samples that were isolated from the local area rather
than samples from the ATCC (Said et al, 2024).
Multiple mechanisms are proposed to be involved in
the antibacterial of AgNPs. These
mechanisms include the generation of reactive

effects
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oxygen species (ROS), disturbance of the structure of
bacterial cell membranes, and the internalization of
NPs, which results in the blockage of cellular
functions (Prabhu and Poulose, 2012; Menichetti et
al., 2023). The antibacterial ability of nanomaterials
is largely dependent on their physicochemical
properties of the nanoparticles including size, shape
and surface-area. It has been reported that the
smaller particle sizes exhibited better antimicrobial
activities compared to the larger counterparts due to
bigger specific surface area and enhanced
generation of ROS (Dakal et al., 2016; Menichetti et
al, 2023). In addition, smaller AgNPs could more
efficiently enter inside the bacterial cell and this can
contribute to their greater bactericidal action (Dakal
etal, 2016).

0.4

Optical Density (600 nm)

A. baumannii E. coli 5. haemolyticus S. aureus

Treatment (ug/ml)

=0 Control 625 125 25 =50 =75 =100

Figure 11. Bacterial isolates were grown in the presence of
different concentrations of biologically produced Ha-AgNPs. The
mean values from three repetitions of Ha-AgNPs production
utilizing H. amplifolium aqueous extract are presented in
current data. The accompanying picture validates the MBC
values for (1) A. baumannii strain charmok, (2) E. coli strain
charmok, (3) S. haemolyticus strain charmoH, and (4) S. aureus
strain charmoS. Statistical significance was determined by one-
way ANOVA (GraphPad Prism), with *** indicating p < 0.001
compared with untreated controls.

3.4. Antibiofilm Activity of Ha-AgNPs

Biofilms are a major clinical concern due to their
role in antimicrobial resistance and device-
associated infections. Accordingly, the antibiofilm
efficacy of the H. amplifolium-mediated AgNPs was
tested against the studied biofilm-forming bacteria:
A. baumannii strain charmok, E. coli strain charmoE,

S. haemolyticus strain charmoH and S. aureus strain

charmoS. Initially, bacterial biofilms were formed in
96-well plates and then exposed to Ha-AgNPs at
sub-MIC concentrations of 0.78 to 25 pg/mL. Control
exhibited dense crystal violet staining,
indicative of robust biofilm development, whereas
increasing Ha-AgNPs
progressively resulted in reduced staining intensity
(Figure 12). Quantitative analysis demonstrated that
Ha-AgNPs exhibited strong antibiofilm activity
against all tested Gram positive and negative isolates
(Figure 12). A. baumannii charmoK showed 97.38%
inhibition at 12.5 pg/mL, while maximal inhibition of
E. coli charmoE (99.17%), S. haemolyticus charmoH
(99.31%), and S. aureus charmoS (98.51%) was
achieved at 25 pg/mL. These results are in
agreement with previously reported antibiofilm
activities of biosynthesized AgNPs, as described by
Almatroudi et al. (2020), who recorded potent
inhibition activity at 12.5 pg/mL against different
Gram positive and negative species. Consistent with
these results, Qayyum et al. (2017) reported reduced
biofilm formation on AgNP-coated -catheters,
highlighting the potential of AgNPs as antimicrobial
coatings for medical devices to prevent biofilm
development. Moreover, our experiment results
revealed that the biosynthesized Ha-AgNPs can
reduce the bacterial biofilm formation capacities by
different bacterial species.

wells

concentrations of

Consistent with their antibacterial activity, Figure
12 shows that Gram negative isolates were slightly
more sensitive than Gram positive isolates at lower
Ha-AgNP concentrations (0.78-3.125 pug/mL). This
difference may be attributed to structural features of
the Gram-negative cell envelope, particularly the
thinner peptidoglycan layer, which can facilitate
nanoparticle interaction and penetration
(Kannaujiya et al.,, 2023; Shahzadi et al., 2025). At 25
ug/mL, the highest concentration tested, Ha-AgNPs
exhibited strong antibiofilm activity against all
isolates, demonstrating their broad-spectrum
efficacy.

The observed antibiofilm effect suggests that Ha-
AgNPs are capable of penetrating the biofilm matrix
and interfering with its structural stability. Effective
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biofilm eradication requires antimicrobial agents to
traverse the polysaccharide matrix and access
bacterial cells (Ansari et al., 2014; Hamzah et al,,
2018). In this context, inhibition of the
exopolysaccharide (EPS) production can reduce
biofilm structure strength and cellular adhesion.
The AgNPs may pass through this matrix and the
released Ag® ions are likely to bind to cysteine
residues on EPS-associated proteins, thereby
disrupting the matrix formation and weakening
biofilm integrity (Ansari et al, 2014; Fattah et al,,
2026). Similar EPS-mediated pathways have been
reported in other plant-derived AgNP (Hudaya et
al,, 2024), supporting the antibiofilm mode of action
observed in this study.

While the strong antibacterial and antibiofilm
activities of HA-AgNPs highlight their potential as
alternative antimicrobial agents, their possible
cytotoxic effects on mammalian cells remain an
important consideration for biomedical applications.
Previous studies have shown that the toxicity of
AgNPs is largely dose-dependent and influenced by
particle size, surface chemistry, and exposure
duration (Ahamed et al., 2010; Johnston et al., 2010).
At controlled concentrations, AgNPs can exert potent
antimicrobial effects while maintaining acceptable
levels of cytocompatibility in mammalian cell models
(Franci et al,, 2015). Nevertheless, further in vitro
cytotoxicity and in vivo safety studies are required to
fully evaluate the biocompatibility and therapeutic
potential of these nanoparticles prior to clinical
translation (Rai et al.,, 2009).
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Figure 3. Antibiofilm activity of Ha-AgNPs synthesized from H. amplifolium extract against different bacterial strains at various
concentrations. (1): A. baumannii strain charmok, (2): E. coli strain charmoE, (3): S. haemolyticus strain charmoH, and (4) S.
aureus strain charmosS. Statistical significance was assessed using one-way ANOVA (GraphPad Prism), with * indicating p < 0.05

compared to untreated controls.

Collectively, the results demonstrate the notable
antibiofilm activity of Ha-AgNPs against the tested
isolates, highlighting their potential as antimicrobial
agents. However, several limitations should be
acknowledged. Standard reference strains (e.g., S.
aureus ATCC 25923 or ATCC 6538) were not
included as controls in the antimicrobial assays,

which would have enabled more standardized
comparisons with previously published studies. In
addition, the cytotoxicity and biocompatibility of the
synthesized Ha-AgNPs were not evaluated, and
therefore further investigations using mammalian
cell lines and in vivo models are required to assess
their safety, stability, and suitability for biomedical
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applications. Moreover, the present study did not
investigate the underlying mechanisms responsible
for the observed antibacterial and antibiofilm
effects. Future studies should therefore explore the
mode of action of these nanoparticles through
approaches such as membrane integrity analysis,
protein leakage assays, DNA damage assessment,
and gene expression profiling.

4. Conclusion

This study successfully reports the biofabrication
of Ha-AgNPs using aqueous leaf extract of H.
amplifolium that can be used to treat pathogenic
bacteria causing UTIs. UV-Vis study confirmed the
formation of Ha-AgNPs with an absorption peak at
426 nm. Average nanoparticle size was
approximately 20 nm, with almost spherical shape
as observed by SEM. The biosynthesized Ha-AgNPs
have shown a promising antibacterial as well as
antibiofilm efficacy against MDR clinical isolates. The
Ha-AgNPs also strongly suppressed biofilm
formation across all tested pathogens. In general, Ha-
AgNPs from H. amplifolium are a promising
candidate for alternative antimicrobial agents and
should be further explored for applications in
therapy.
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