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ABSTRACT

Urinary tract infections (UTIs) are one of the most common infectious
diseases. Silver nanoparticles (AgNPs) are widely used due to their anti-
microbial and antibiofilm activities. In the current study, 75 urine samples
were collected from patients with urinary tract infection (UTI), with their
ages ranging from (10-85) years, who visited Al-Musayyib general hospital
and Alexandria general hospital/Babylon province during the period from
2™ January to 14" February 2024. All the urine samples were subjected to
standard bacteriological processes and characterized based on their culture
morphology and microscopic examination, as well as the biochemical tests.
AgNPs were prepared by chemical methods and characterized via fourier
transform infrared spectroscopy (FTIR), Zeta potential (ZP) , scanning
electron microscope (SEM) and transmission electron microscope (TEM).
Well-diffusion was used to screen the antimicrobial effects of AgNPs on
the six isolated bacteria Escherichia coli, Klebsiella pneumonia, Pseudomo-
nas aeruginosa, Proteus mirabilis, Staphylococcus aureus and Enterococcus
faecalis. Minimal-bactericidal concentrations (MBC) of AgNPs were deter-
mined to study their antibiofilm effect at minimum-inhibitory concentra-
tions (MIC). The highest urinary tract infection rate was shown to be with
Klebsiella pneumonia (25.33%) followed by E. coli (22.67%), while the low-
est infection rate was with Enterococcus faecalis (6.67%). and result Showed
that all isolates were strong biofilm producers. Exposure of the isolates to
the AgNPs resulted in pronounced inhibition zones and reduced biofilms
at (MIC) values.These results indicate that AgNPs with an aptitude to dis-
rupt biofilm development for pathogenic bacteria strains it caused UTI.
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INTRODUCTION

Urinary tract infections (UTIs), a common
urologic condition that affects millions of
individuals worldwide, are caused by bacteria
that are extremely resistant to antimicrobials [1].
Most hospital admissions throughout the world
are due to urinary tract infections (UTIs), which
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are a severe health issue and have comorbidities
in patients with underlying conditions. In those
without anatomical or functional problems, UTls
typically go away on their own, although they tend
to come back [2]. Bacterial biofilms, an aggregate
of microorganisms, are mainly responsible for
persistent infections leading to recurrences and
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increased tolerances to major drug treatment.
Bacterial biofilm formed on medical devices such
as urinary catheters cause severe problems for
patients and affects the implants’ function. UTI
associated with microbial biofilms developed
on catheters in hospitalized patients is the
most common. Thus, an urgent need for novel
approaches and strategies for using an anti-
microbial agent to inhibit biofilm formation is
highly required [3].

Silver nanoparticles represent the common
antimicrobial agent. Due to recent technological
advancement [4], silver nanoparticles have
resurfaced in the medical field. Because of their
low toxicity to mammalian cells and stronger
antimicrobial activity, silver nanoparticles have
been used in a variety of disciplines. Silver
nanoparticles are utilized for the treatment of
biofilms associated with medical devices that
threaten life [5].

At these days nanoparticles (NPs) are used as
antibacterial due to it have chemical-physical
additiontobiological effect. Abiggroup of microbial
cells adhering to a surface are called biofilm.
Exposure to nano particles such as (Ag, ALO,, Ni)
may prevent colonization of new bacteria onto
the biofilm [6]. By decreasing the size of the silver
particles to the nanoscale, the antibacterial and
anti-biofilm activities of the silver were increased
as the surface area of the particles increased. As
a result, the level of Ag* release is greater than
that of silver particles in their elemental form.
Consequently, silver nanoparticles have a better
ability to adhere, penetrate, and aggregate inside
the cell membrane of bacteria, resulting in a large
amount of silver ions being released within the
cell. The presence of water channels all over the
biofilm could explain silver nanoparticles biofilm
inhibitory action. These pores were important in
nutrient transport, and silver nanoparticles could
pass right through these pores and reveal their
antibacterial action [7].

The aim of this study was to evaluate the
antibacterial activity of silver nanoparticles against
biofilms formed by bacterial isolates causing UTI.

MATERIALS AND METHODS

Collection and identification of bacterial
isolates: In the current study, 75 urine samples
were collected from patients with urinary tract
infection (UTI), with their ages ranging from
(10-85) years, who visited Al-Musayyib general
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hospital and Alexandria general hospital/Babylon
province during the period from 2" January to
14™ February 2024. All the urine samples were
subjected to standard bacteriological processes
and characterized based on their culture
morphology and microscopic examination, as
well as the biochemical tests. Identification of the
clinical isolates were confirmed via the automated
Vitek-Il system (Biomerieux, France).

AgNPs were prepared by chemical methods
via using 4mM of silver nitrate, 0.4mM tri-sodium
citrate dehydrates as a reducing agent, and 0.5mM
sodium dodecyl sulphate-SDS as a capping agent.
Silver nitrate was dissolved in 100 ml of deionized
water under hot plate magnetic stirring until
it reached 80C. A mixture of tri-sodium citrate
dehydrate and SDS was also dissolved in 100 ml of
deionized water, and was dropped for 30 minutes
under continuous stirring. The final mixture was
kept at 800C, 350 rpm, for two hours. Changing
the color to yellow indicates the AgNPs’ formation,
and then it was cooled at room temperature,
stored in a dark place in a refrigerator [8].

The resultant silver nanoparticles were
characterized by Fourier-Transform Infrared
Spectroscopy (FTIR), zeta potential, scanning
electron microscope (SEM) and transmission
electron microscope (TEM).

To show their effects on the pathogenic bacteria,
four concentrations of AgNPs were prepared 30
pg.mL* AgNP, 50 pg.mL?* AgNP, 90 pg.mL™ AgNP,
and 110 pg.mL* AgNP. Well-diffusion method was
used to test the antibacterial effect on different
nanoparticles. Five wells were punched into the
agar using a sterilized well cutter. The wells were
loaded with 80ul of different concentrations of
4mM AgNP (30, 50, 90 and 110) pg.mL* of the
AgNP solution for all types of bacteria, deionized
water was used as a controlling factor. The dishes
were incubated at 37C° for 24 hours. Results were
obtained by measuring the inhibition zone [9].
Three replicates were made for each treatment.

Minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) were
determined as follows: Test tubes containing 0.8
mL of BHI broth were added with 0.1 mL of a
suspension of the bacteria used in the study, along
with 0.1 mL of AgNPs at various concentrations
(30, 50, 90, or 110 ugmL?). These test tubes were
then compared to 0.5 McFarland standard tubes.
Before turbidity readings were taken, the tubes
were given a vigorous shake and left at 37C° for

J Nanostruct 14(4): 1076067-1076, Autumn 2024
(@)er |



N. Name / Running title

24 hrs. Afterward, turbidity was used to record the
results. 100 | of the mixture was then spread out in
a loop on MHA medium and incubated for 24 hrs.
at 37 C°. The results were then recorded based on
whether or not growth appeared on the agar [10].

Static biofilm analysis: The biofilm formation
wells of the identified strains was examined
via microtiter plate assay. Concisely, overnight
cultures of the selected bacteria were added
into the cavities of the microplate (MTP, Cito-
test Labware, China) containing sterilized brain
heart broth (BHB, Neogen, USA) enriched with
2% glucose. As control, wells housing BHB were
employed. Following the 24 hours of incubation
of the inoculated microplate in a static state, the
wells were cleared from the supernatant and
washed threefold with sterilized phosphate buffer-
saline (PBS). Then, the wells of the MTP were
stained via 1% crystal-violet solution and rinsed
gently threefold with PBS to remove excess dye.
Once dried, the wells were supplemented with
95% ethanol solvent to spectrophotometrically
measure the produced biofilms at a wavelength
of 630 nm via Elisa (Bio-Tek Instruments, USA).

Most potent biofilm developers were hand-picked
to analyze the antibacterial activity of the AgNPs
[11].

Anti-biofilm impact of nanoparticles: The
competency of the chemical nanoparticles to
inhibit biofilm development at MIC was assessed
against a selection of 6 strongest biofilm producer
pathogenic strains. In brief, 200uL of sterile
BHB enriched with 2% glucose was added into
the wells of flat-bottom MTP. Then, 15 pL from
the MIC wells were added into the wells and
incubated overnight at 37 °C under a static state.
For control, wells with bacterium inoculum and
BHB solely were considered. Liquid cultures were
removed from the wells after incubation, followed
by three PBS rinses and 1% crystal violet staining.
After the staining process, PBS was employed to
rinse the excess dye from the wells, 95% ethanol
solution was used for elution and an ELISA reader
at the wavelength of 630 nm was considered
for quantification of the formed biofilms. [11].
Classification of bacterial biofilm formation by
tissue culture plate method in to three categories:
Weak (BF <0.123),Moderat(0.123> BF <0.345),

Table 1. Distribution of UTI patients according to microorganism type.

Name of isolated bacteria No. Percentage
E.coli 17 (22.67%)
Klebsiella pneumonia, 19 (25.33%)
Pseudomonas aeruginosa 16 (21.33%)
Proteus merabilis, 9 (12%)
Staphylococcus aureus 9 (12%)
Enterococcus faecalis 5 (6.67%)
Total 75 (100%)
100
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Fig. 1. Distribution of isolates according to microorganism type.
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and Strong (BF >0.345) at OD. value 630 nm.[12]
Data are documented as removing completely and
incompletely in the biofilm bacterial growth with
presence of AgNPs nanoparticles and compared
with the absence of AgNPs nanoparticles (control).

RESULTS AND DISCUSSION

In the current study, sample distribution
according to microorganism type showed that
17 (22.67%) isolates were E.coli, 19 (25.33%)
isolates were Klebsiella pneumonia, 16 (21.33%)
isolates were Pseudomonas aeruginosa, 9 (12%)
isolates were Proteus merabilis, 9 (12%) isolates
of Staphylococcus aureus and 5 (6.67%) isolates
of Enterococcus faecalis, as shown in Table 1 and

Fig. 1.

The final mixture was kept at 80°C, 350 rpm, for
two hours. Changing the color to yellow indicates
the AgNPs’ formation. And then it was cooled at
room temperature, stored in a dark place in a
refrigerator (Fig. 2).

Characterization of silver nanoparticles A: show
transmission electron microscope (TEM) (Zeiss,
Germany) used to identify the morphological
feature of the silver nanoparticles, show a size
range of 10 to 50 nm [13] and B: show Field
Emission Scanning Electron Microscope (FE-SEM)
analysis was used to study the particle’s size,
AgNPs shape, and surface morphology by scanning
electron microscope (Zeiss, Germany) show a size

Fig. 2. AgNO, (white) and AgNP (yellow)
solutions.
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Fig. 3. Characterization of silver nanoparticles A: transmission electron microscope (TEM) B: Scanning Electron Microscope (SEM).
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10 um, at a magnification power of 50.00KX, with
working distance 9.13mm with high voltage 15.0
KV [14] as shown in Fig. 3 (A,B).

Fig. 4A show the zeta potential which was
also measured and in the current study the
presence of negatively charged AgNPs with a
zeta potential (-17. 2 mV) was confirmed by zeta
potential measurement [15]. Zeta potential affects
nanoparticle adsorption unto a surface as well as
its ability to permeate membranes therefore can
be used for predicting emulsion instability. The
zeta potentials of nanoparticles can also indicate
how well it can fight aggregation [16] and Fig.
4B show fourier transform infrared spectroscopy
(FTIR) spectra of AgNPs NPs. Peaks at 3450.65 cm-1
matching to stretching vibration of O-H bond and
peaks showed at 2873.94 cm™ matching to the C-H
stretching vibrations. The peaks at 1653.00 cm™
and 1560.41 cm™ and 1473.62 cm™ corresponds
to the C=0 vibrations and with peaks 1319.31 cm™*
and 1271.09 cm?, C-C and C-N stretching and with
peaks 1066.64 cm™ O-H stretching observation of

peaks at 898.83 cm-1 and 773.46 cm-1 and 609.51
cm™ and 505.35 cm™ and 426.27 cm™ corresponds
to Ag NPs [17] .

The data in Table 2 and Fig. 5 revealed that
antibacterial activity of 30 ug.mL* (AgNP) against
the pathogenic strain of E.coli was 16.2 mm
(inhibition zone), 50 ug.mL™ (AgNP) was 20.4 mm,
90 pg.mL* (AgNP) was 26.5 mm and 110 pg.mL?
(AgNP) was 31.3 mm (Fig. 5A), while antibacterial
activity of 30 pgmL™* (AgNP) against the pathogenic
strain of Klebsiella pneumonia was 16 mm
(inhibition zone), 50 ug.mL™ (AgNP) was 18.8 mm,
90 pugmL™* (AgNP) was 26.5 mm and 110 ugmL*
(AgNP) was 30.9 mm (Fig. 5B). The antibacterial
activity of 30 pgmL™* (AgNP) against the pathogenic
strain of Pseudomonas aeruginosa was 16 mm
(inhibition zone), 50 pgmL* (AgNP) was 18.8 mm,
90 pugmL™* (AgNP) was 26.5 mm and 110 ugmL?
(AgNP) was 30.9 mm (Fig. 5C). The antibacterial
activity of 30 ugmL™ (AgNP) against the pathogenic
strain of Proteus merabilis was 16.9 mm (inhibition
zone), 50 ugmL?* (AgNP) was 20.4 mm, 90 ugmL*

Sample Name: 14021025 1
SOP Name: zetat.sop
File Name: = ae Sia.dits
Record Number: 12 DispersantRI: 1.330
Date and Time: Wednesday, January 17,2024 1:33:21 AW Viscosity (cP): 0.8872
Dispersant Dielectric Constant: 78.5

Dispersant Name: Water

ZetaRuns: 12
Measurement Position (mm): 4.50
Attenuator: 8

Temperature (*C): 24.9
CountRate (kcps): 126.1
Cell Description: Zeta dip cell

Mean (mv) Area (%) StDev (mv)
Zeta Potential (mV): -17.2
Zeta Deviation (mV): 637

Conductivity (mSfcm): 0.0221

Peak1: -17.2 100.0 637
Peak2: 0.00 0.0 0.00
Peak3: 0.00 00 0.00

Result quality : Good
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Fig. 4. Characterization of silver nanoparticles A: zeta potential B: fourier transform infrared spectroscopy (FTIR).

Table 2. Antibacterial activity of AgNPs against pathogenic strain (inhibition zone diameter in (mm).

Inhibition zone (mm)

Bacterial strain by (30 pgmL! AgNP)

Inhibition zone (mm)
by (50 pgmL™* AgNP)

Inhibition zone (mm)
by (110 pgmL* AgNP)

Inhibition zone (mm)
by (90 pgmL™* AgNP)

E. coli 16.2
Klebsiella pneumonia 16
Pseudomonas aeruginosa 16
Proteus mirabilis 16.9
Staphylococcus aureus 18.17
Enterococcus fecalis 17.8

20.4 26.5 313
18.8 26.5 30.9
18.8 26.5 30.9
20.4 26.3 30.4
21.5 30.17 33.67
23.4 31 34.6
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(AgNP) was 26.3 mm and 110 pgmL?* (AgNP) was
30.4 mm (Fig. 5D).. The antibacterial activity of
30 ugmL? (AgNP) against the pathogenic strain of
Staphylococcus aureus was 18.17 mm (inhibition
zone), 50 pgmL™ (AgNP) was 21.5 mm, 90 pug mL*
(AgNP) was 30.17 mm and 110 ugmL™ (AgNP) was
33.67 mm (Fig. 5E). The antibacterial activity of
30 ugmL?* (AgNP) against the pathogenic strain
of Enterococcus fecalis was 17.8 mm (inhibition
zone), 50 ugmL? (AgNP) was 23.4 mm, 90 pgmL
! (AgNP) was 31 mm and 110 pgmL™ (AgNP) was
34.6 mm (Fig. 5F).

The results of minimum inhibitory concentration
(MIC) and minimum bactericidal concentration
(MBC) (ugmL?) of AgNPs for the pathogenic E.coli
bacteria was 30 and 90 respectively. The results
of minimum inhibitory concentration (MIC) and
minimum  bactericidal concentration (MBC)
(ugmL?) of AgNPs for the pathogenic Kleibsiella
pneumoniae bacteria was 50 and 110 respectively.
The results of minimum inhibitory concentration
(MIC) and minimum bactericidal concentration
(MBC) (ugmL?) of AgNPs for the pathogenic
Pseudomonas aeruginosa bacteria was 50 and 110

Fig. 5. Antibacterial activity of AgNPs against pathogenic strain (A): E. coli, (B): Klebsiella pneumonia, (C):
Pseudomonas aeruginosa (D): Proteus mirabilis (E): Staphylococcus aureus (F): Enterococcus faecalis.

Table 3. Preparation of MIC and MBC concentration (ugmL?) of AgNPs for pathogenic bacteria.

Bacteria isolates MIC MBC
E.coli 30 90
Kleibsiella pneumonia 50 110
Pseudomonas aeruginosa 50 110
Proteus mirabilis 50 110
Staphylococcus aureus 30 90
Enterococcus faecalis 30 90
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respectively. The results of minimum inhibitory
concentration (MIC) and minimum bactericidal
concentration (MBC) (ugmL?) of AgNPs for the
pathogenic Proteus mirabilis bacteria was 50
and 110 respectively. The results of minimum
inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) (ugmL?) of
AgNPs for the pathogenic Staphylococcus aureus
bacteria was 30 and 90 respectively. The results
of minimum inhibitory concentration (MIC) and
minimum  bactericidal concentration (MBC)
(ugmL?) of AgNPs for the pathogenic Enterococcus
faecalis bacteria was 30 and 90 respectively, as
shown in Table 3.

The results in Table 4 showed that all the
pathogenic bacteria in this study formed strong
biofilm when no AgNP was added to the media.
The results of minimum inhibitory concentration
(MIC) against pathogenic biofilm forming bacterial
strains of E. coli of 50 ug.mL*showed no biofilm
growth in 17 (100%), while against pathogenic
biofilm forming bacterial strains of E. coli of 30
pg.mL* showed weak biofilm growth in 17 (100%)
and E. coliwithout AgNPs was strong biofilm growth
17 (100%). The results of minimum inhibitory
concentration (MIC) against pathogenic biofilm
forming bacterial strains of Klebsiella pneumonia of
50 pg.mL* showed no biofilm growth in 19 (100%),
while against pathogenic biofilm forming bacterial
strains of Klebsiella pneumonia of 30 pg.ml?
showed no biofilm growth in 7 (36.84%) and weak
growth of biofilm in 12 (63.16%), but Klebsiella
pneumonia without AgNPs showed strong biofilm
growth in 19 (100%). The results of minimum
inhibitory concentration (MIC) against pathogenic
biofilm forming bacterial strains of Pseudomonas
aeruginosa of 50 pg.mL? showed no biofilm
growth in 16 (100%), while against pathogenic
biofilm forming bacterial strains of Pseudomonas
aeruginosa of 30 pg.mL? showed no biofilm
growth in 5 (31.25%) and weak biofilm growth
in 11 (68.75%), while Pseudomonas aeruginosa
without AgNPs showed strong biofilm growth
in 16 (100%). The results of minimum inhibitory
concentration (MIC) against pathogenic biofilm
forming bacterial strains of Proteus merabilis
of 50 pg.mL* showed no biofilm formation in 5
(55.56%) and weak biofilm growth in 4 (44.44%),
while against pathogenic biofilm forming bacterial
strains of Proteus merabilis of 30 ug.mL* showed
weak biofilm growth in 9 (100%), and MIC against
Proteus merabilis without AgNPs showed strong

J Nanostruct 14(4): 1076067-1076, Autumn 2024
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biofilm growth in 9 (100%). The results of minimum
inhibitory concentration (MIC) against pathogenic
biofilm forming bacterial strains of Staphylococcus
aureus of 50 pg.mL*showed weak biofilm growth
in 9 (100%), while against pathogenic biofilm
forming bacterial strains of Staphylococcus aureus
of 30 ug.mL?* showed weak biofilm growth in 9
(100%), and MIC against Staphylococcus aureus
without AgNPs showed strong biofilm growth
in 9 (100%). The results of minimum inhibitory
concentration (MIC) against pathogenic biofilm
forming bacterial strains of Enterococcus fecalis
of 50 ug.mL* showed weak biofilm growth in 5
(100%), while against pathogenic biofilm forming
bacterial strains of Enterococcus fecalis of 30
pg.mL* showed weak biofilm growth in 5 (100%),
and MIC against Enterococcus fecalis without
AgNPs was strong biofilm growth in 5 (100%), as
illustrated in Table 4 and Fig. 6.

Urinary tract infections (UTIs) are caused
by a variety of different bacteria, which differs
depending on the patient’s resistance, and the
type of infection with these microorganisms [18].
The most common etiologic agents isolated from
the urinary system are enteric Gram-negative
rods, Gram-positive bacteria, and some fungi
[19]. Although our results showed that Klebsiella
pneumoniae was the most prevalent bacteria
causing UTI followed by Escherichia coli, most
studies revealed that Escherichia coli was the
major causative agent of UTI followed by Klebsiella
pneumoniae, and this may be due to the small
sample size in our study, which may not show a
true impression of the bacterial types. In a study
conducted by [20], they found that the most
prevalent bacteria was Escherichia coli followed
by Klebsiella pneumonia then Pseudomonas
aeruginosa, Staphylococcus aureus, Proteus
mirabilis, then Enterococcus spp. with variations in
their sequence of prevalence.

The results in the current study revealed that
clear antibacterial activity of (AgNP) against the
pathogenic strains of the six bacterial types was
shown, and the inhibition diameter increased
with increasing the concentration of AgNP
concentrations.

In several previous studies, AgNPs have been
exposed to the strains of S. aureus, E. faecalis, E.
coli, P. mirabilis, K. pneumoniae, and P. aeruginosa.
They specifically describe that a binding and
penetration of AgNPs into the bacterial membrane
was observed through the destruction of the cell
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wall; likewise, some reactions occurred with the
thiol groups (-SH) of proteins, and finally, DNA
replication was prevented, causing bacterial death
[21].

Nano-particles can exert their antibacterial
activity through many mechanisms, such as: (1)
direct interaction with the bacterial cell wall; (2)
inhibition of biofilm formation; (3) triggering the
innate and adaptive host immune responses;
(4) generation of reactive oxygen species (ROS);
and (5) induction of intracellular effects leading
to apoptosis (e.g. interactions with DNA and/or
proteins) [22].

Theresults of minimum inhibitory concentration

(MIC) against biofilm forming for bathogenic
bacteria strains of each of (E.coli, Klebsiella
pneumonia, Pseudomonas aeruginosa, Proteus
mirabilis, Saphylococcus aureus and Enterococcus
faecalis) of 50 pg.mL?! showed none biofilm
growth and shown weak biofilm growth of the
bacteria strains , while 30 pg.mL? showed none
and weak biofilm growth , while without AgNPs
was strong biofilm growth of the every bacteria
strains, and concentration of 50 pg.mL-1 shown
higher effect from concentration of 30 ug.mL-1 on
biofilm formation, and AgNPs (MIC) shown more
effective against biofilm of Gram negative bacteria
than Gram positive bacteria.

Fig. 6. Result of AgNP effect on biofilm forming for pathogenic bacteria stranis by ELISA using microtiter plate 96 wells.

Table 4. Anti-biofilm effect of AgNPs (MIC) (50 and 30 pg. mL?) against biofilm forming by pathogenic bacteria strains using microtiter

plate 96 wells.

Treatment AgNPs AgNPs .
Bacteria strain (50 pug.mL?) (30 pg.mL?) Without AgNPs
E.coli None 17 (100%) Weak 17 (100%) Strong 17 (100)
None 7 (36.84%)

Kleibsiella pneumoniae None 19 (100%)

Pseudomonas aeruginosa None 16 (100%)

0,
Proteus mirabilis None 5 (55.56%)

Weak 4 (44.44%)
Staphylococcus aureus Weak 9 (100%)
Enterococcus faecalis Weak 5 (100%)

0,
Weak 12 (63.16%) Strong 19 (100%)

None 5 (31.25%)

0,
Weak 11 (68.75%) Strong 16 (100%)

Weak 9 (100%) Strong 9 (100%)
Weak 9 (100%) Strong 9 (100%)
Weak 5 (100%) Strong 5 (100%)
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Bacterial resistance to antibiotics and the
potential to colonize abiotic surfaces through
the formation of biofilm are major causes of
medical implant-associated infections, leading to
prolonged hospital stays and patient mortality.
Various strategies have been adopted in medical
settings to prevent biofilm-associated infections
[23].

A study performed by [24] reported that seven
different silver nanoparticles concentrations were
tested for their antimicrobial activities. Also,
anti-biofilm activities against E. coli U12 were
tested. Using the dilution method, the silver
nanoparticles concentration of 85 ug/ml was the
MIC (Minimum Inhibitory Concentration) that had
excellent biocompatibility and showed significant
antibacterial activity against E. coli U12.

One of the main mechanisms that nanoparticles
present when interacting with biofilms generated
by bacteria is the interaction with EPS, which will
allow the access of any chemical molecule agentive
to the bacteria and, thus, cause damage to the
cell [25,26]. It has also been reported that NPs
in contact with bacteria can affect the bacterial
adhesion rate causing damage to biofilms, which
is attributed to metabolic inhibition processes
by releasing metal ions; however, the specific
mechanisms cannot yet be fully explained [21].

Other factors related to the NPs also
contribute to the antibiofilm action of NPs, such
as hydrophobicity, shape, and surface charge
[27]. Carefully considering these factors when
designing anti-biofilm NPs can aid the synthesis
of NPs targeting bacterial biofilms. To destroy
the bacteria inside the biofilm, NPs may inflict an
antimicrobial action directly or deliver therapeutic
agents, such as antibiotics or antimicrobials (e.g.
essential oils, enzymes, or phytochemicals) [28].

Another anti-biofilm mechanism of silver NPs is
integrating within the bacterial DNA and causing
damage [29].

CONCLUSION

This study demonstrates the significant
antibacterial and anti-biofilm efficacy of silver
nanoparticles (AgNPs) against common bacterial
strains causing urinary tract infections (UTIs).
The results revealed a clear correlation between
AgNP concentration and bacterial inhibition,
with higher concentrations exhibiting stronger
inhibitory effects. AgNPs successfully disrupted
biofilm formation and reduced bacterial growth

J Nanostruct 14(4): 1076067-1076, Autumn 2024
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in vitro, highlighting their potential as an effective
antimicrobial agent against persistent biofilm-
associated infections. The findings also confirmed
that AgNPs penetrate bacterial membranes,
disrupt cell walls, and inhibit critical processes
such as DNA replication, leading to bacterial death
These results underscore the promise of AgNPs as
a novel therapeutic approach for managing UTls,
particularly those complicated by biofilm-forming
bacteria. Further studies are warranted to optimise
the application of AgNPs in clinical settings and
assess their long-term safety and efficacy. This
research contributes to the growing body of
evidence supporting nanoparticle-based solutions
for combating antibiotic-resistant infections.
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