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ABSTRACT

Background:

Acute Bacterial Rhinosinusitis (ABRS) is commonly treated with antibiotics, but increasing
resistance underscores the need for alternative therapies. Silver nanoparticles (AgNPs), known
for their broad-spectrum antimicrobial activity, may offer promise when delivered intranasally
via microemulsions.

Objectives:

To synthesize and characterize silver nanoparticle microemulsions and evaluate their
antimicrobial activity and cytotoxicity for potential intranasal use in ABRS.

Methods:

Two microemulsion formulations (A and B) were synthesized via chemical reduction.
Characterization included UV-Vis spectroscopy, dynamic light scattering, and zeta potential
analysis. Antimicrobial activity against Staphylococcus aureus, Pseudomonas aeruginosa,
Streptococcus mutans, and Candida albicans were evaluated using disk diffusion and broth
dilution methods. Cytotoxicity was assessed in RAW 264.7 macrophages using the MTT assay.
VCso values were calculated.

Results:

Formulations A and B had particle sizes of 256.7 + 0.97 nm and 147.1 + 2.7 nm, respectively,
with zeta potentials near —2 mV. Both demonstrated limited antimicrobial effects (inhibition
zones: 8-11 mm; MIC/MBC > 62.5 pug/mL). Cytotoxicity testing showed >70% cell viability
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at concentrations <4.0 pg/mL. VCso values were 8.6 ng/mL (A) and 4.1 pg/mL (B), indicating

greater cytotoxicity for formulation B.
Conclusion:

Both silver microemulsions exhibited acceptable in vitro cytocompatibility at concentrations
<4.0 pg/mL but limited antimicrobial potency. Further formulation refinement is needed to
enhance efficacy for potential intranasal applications in ABRS treatment.

Keywords: silver nanoparticles, microemulsion, antimicrobial efficacy, cytotoxicity, acute

bacterial rhinosinusitis

1. Introduction

Acute bacterial rhinosinusitis (ABRS)
represents one of the most common infections
of the upper respiratory tract, typically
necessitating antibiotic intervention. However,
the rising prevalence of antibiotic-resistant
pathogens has increasingly compromised the
efficacy of conventional antimicrobial therapies,
presenting a significant clinical challenge in
the effective management of ABRS.!
Compounding this issue, various pharmaco-
logical limitations inherent to intranasal
antibiotic formulations  further  restrict
therapeutic success. These limitations
include suboptimal mucosal penetration,
rapid mucociliary clearance which reduces
the residence time of drugs within the nasal
cavity and unintended disruption of the
native nasal microbiota, which may
predispose patients to secondary infections
and impair local immune defense mechanisms.
Moreover, the frequent or prolonged use of
systemic or topical antibiotics can lead to
undesirable systemic side effects and further
accelerate the emergence of multidrug-
resistant organisms, thereby narrowing
future treatment options.

Considering these limitations, there
is a compelling need to develop alternative
therapeutic modalities that not only
demonstrate potent antimicrobial activity but
also possess an improved safety and
pharmacological profile. Among the most
promising candidates are silver nanoparticles
(AgNPs), which have garnered significant
attention due to their broad-spectrum
antibacterial properties against both Gram-
positive and Gram-negative bacteria.?® Their
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unique mechanisms of action include the
induction of reactive oxygen species (ROS),
leading to oxidative damage of bacterial cell
membranes, intracellular proteins, and nucleic
acids, ultimately resulting in cell death.*®
Additionally, the sustained release of silver
ions disrupts key metabolic and structural
processes within bacterial cells. Notably,
AgNPs with diameters smaller than 10
nanometers exhibit superior surface area-to-
volume ratios, allowing for enhanced cellular
uptake and bactericidal activity, while
simultaneously reducing the potential for
resistance development.”® These multifactorial
mechanisms of action make AgNPs
particularly attractive for treating infections
that are refractory to standard antibiotics.
To further optimize the clinical utility
of AgNPs, microemulsion-based delivery
systems have been introduced as innovative
platforms to enhance drug solubility, stability,
and bioavailability. ~Microemulsions are
thermodynamically stable, isotropic systems
composed of oil, water, surfactants, and co-
surfactants, with droplet sizes typically in the
nanometer range. When used to deliver AgNPs,
these systems offer critical advantages,
including uniform nanoparticle dispersion,
prevention of aggregation, and controlled,
sustained release, which collectively enhance
therapeutic efficacy while minimizing
cytotoxicity.”  The biphasic nature of
microemulsions also facilitates improved
permeation across biological membranes,
enabling more efficient localization of
AgNPs at the site of infection and prolonging
their antimicrobial activity. Preclinical studies
have demonstrated that silver-containing
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microemulsions not only potentiate the
bactericidal effects of AgNPs but also reduce
their toxicity to surrounding tissues, making
them especially suitable for intranasal
applications in the treatment of ABRS.1%!

The potential for silver nanoparticles in
nasal and respiratory applications has been
well documented.’?> AgNPs have been
incorporated into nasal sprays, inhalable
aerosols, and mucosal formulations due to their
strong antimicrobial properties and low mucosal
irritancy at appropriate concentrations. For
example, silver-based nasal sprays have
demonstrated efficacy in reducing bacterial
loads and biofilm formation in rhinosinusitis
models, with minimal toxicity to nasal
epithelium.*>™® In vivo studies on inhaled
AgNPs have shown their capacity to mitigate
inflammation and bacterial colonization in
the respiratory tract.!* Furthermore, some
formulations exhibit mucoadhesive properties,
increasing residence time in the nasal cavity
and enhancing localized therapeutic effects.”
These findings provide a solid foundation for
investigating AgNP-based microemulsions as a
potential treatment for ABRS, particularly in
the context of antibiotic resistance.

In this study, silver nanoparticles
were synthesized using a controlled chemical
reduction method within microemulsion
systems to enhance their therapeutic profile.
The primary objectives were to characterize
the physicochemical properties of the
formulations and to evaluate their
antimicrobial activity and cytotoxicity. By
assessing both efficacy and safety, this study
aims to determine whether silver microemulsions
could serve as a viable and sustainable
alternative for the treatment of ABRS.

2. Materials and Methods

The study protocol was approved by
the Biosafety Committee of Naresuan
University, Phitsanulok, Thailand, under
approval number NUIBC MI 67-11-65. To
comprehensively evaluate the potential of
silver  microemulsion  formulations  for
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therapeutic  use, the research was
strategically structured into three key phases:
synthesis and characterization, cytotoxicity
assessment, and antimicrobial evaluation.

In the first phase, silver nanoparticles
(AgNPs) were synthesized using a controlled
chemical reduction method within microemulsion
systems. This approach allowed stable colloidal
formulations, which were subsequently
characterized in terms of particle size, zeta
potential, and optical stability to ensure
consistency and functionality. The second
phase focused on assessing the safety profile
of the formulations. Cytotoxicity was evaluated
in vitro using MTT assays on RAW 264.7
murine macrophage cells. This step was
critical to determine the concentration thresholds
that maintain cell viability, identifying non-
cytotoxic doses suitable for biological
applications, particularly in sensitive nasal
tissues. In the final phase, antimicrobial
efficacy was investigated against a panel of
clinically relevant bacterial and fungal strains:
Staphylococcus aureus, Pseudomonas aeruginosa,
Streptococcus mutans, and Candida albicans.
Disk diffusion and broth dilution methods
were employed to measure inhibition zones,
minimum inhibitory concentrations (MICs),
and minimum bactericidal concentrations
(MBCs), offering a robust evaluation of the
formulations’ antimicrobial potential.

The selected microorganisms reflect
a clinically meaningful range of pathogens
commonly associated with ABRS and its
complications. S. aureus and P. aeruginosa
are frequently isolated in chronic or post-
viral rhinosinusitis and are notorious for their
antibiotic resistance and biofilm formation.’6%
S. mutans, while predominantly an oral
bacterium, has been detected in the upper
respiratory tract and may act as a secondary
pathogen in immunocompromised patients.®
C. albicans, an opportunistic fungal species, is
frequently encountered in chronic rhinosinusitis
cases, particularly among individuals undergoing
long-term antibiotic therapy or with compromised
mucosal defenses.*®
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By incorporating this diverse
microbial panel, the study not only addresses
primary ABRS pathogens but also anticipates
secondary infections, thereby enhancing the
clinical relevance of silver microemulsions
as a potential intranasal therapeutic strategy.
2.1 Preparation and characterization of
synthesized AgNPs

The preparation method and
composition of the silver nanoparticle
microemulsion system were thoroughly
designed to meet the established criteria for
microemulsion formulations. The silver
nanoparticles, commercially obtained from
Chanjao Longevity Co., Ltd. (Bangkok, Thailand)
or TTK Science Co., Ltd. (Bangkok, Thailand),
were incorporated into microemulsion systems
for this study. These nanoparticles were
characterized based on their physical and
chemical properties, including appearance,
concentration, and pH. Two types of silver
nanoparticle suspensions were tested: Type
A, with a concentration of 2000 ppm, nearly
colorless to colorless in appearance, pH
ranging from 4 to 6, and Type B, with a
concentration of 2000 ppm, yellow to brown
in appearance, pH ranging from 3.5 to 4.5,
and particle size (D50) between 10 and 25
nm.

The formulation process involved a
five-step preparation method (Fig. 1) to ensure
precision, consistency, and homogeneity. First,
approximately 22 mL of ultrapure water (18.2
MQ-cm at 25°C) was measured, and 0.05 g of
polyethylene glycol (PEG) was added as a
dispersing agent. Subsequently, 0.025 g of
citrate- or polyvinyl alcohol (PVA)-coated
silver nanoparticles were gradually introduced
into the base solution under continuous
stirring to achieve uniform dispersion.
Following this, 0.125 g of PVA stabilizer and
0.025 g of Tween 80 surfactant were added,
with continuous stirring until complete
homogenization was achieved. The final
volume was adjusted to exactly 25 mL using
ultrapure water. To ensure sterility and purity,
the solution was subjected to appropriate
sterilization methods, such as filtration or
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autoclaving. This carefully  controlled
preparation process resulted in a stable,
homogenous silver nanoparticle microemulsion
system suitable for further pharmacological
evaluation.

Prepare the base solution
(Mix PEG 0.05¢ + ultrapure -

Slowly add silver

nanoparticle 0.025g

]

Add stabilizer and sm‘facmm}

water 22 ml.)

Adjust volume
(25ml)

(PVA 0.125g+Tween80
0.025g)

-

Sterilize
(Filtration)

1.
microemulsion involving a five-step procedure.

Fig. Preparation of silver nanoparticle

The characterization of silver
nanoparticles within microemulsion systems
involved a comprehensive analysis to ensure
their stability and efficacy. UV-visible
spectral analysis was conducted within the
wavelength range of 250 to 650 nm to assess the
optical properties and confirm the presence and
stability of the nanoparticles. Zeta potential
analysis was employed to evaluate the
particle size distribution and surface charge,
which are critical for determining the stability
and dispersibility of the nanoparticles within the
microemulsion systems, based on their
refractive index.

2.2 Cytotoxicity testing
2.2.1 Preparation of cell line

Murine macrophage RAW 264.7
(ATCC, Manassas, VA, USA) cell lines were
cultured in Dulbecco’s Modified Eagle
Medium (DMEM), supplemented with 10%
fetal bovine serum, 2 mM L-glutamine, 100
U/mL penicillin, and 100 pg/mL streptomycin.
The cells were maintained at 37°C in an
environment with 95% humidity and 5% CO,
with media changes performed every 2 days.
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Upon reaching 80% confluence, the cell culture
medium was discarded, and the cells were
rinsed twice with 2 mL of sterile PBS (pH
7.2-7.4). The cells were then subjected to
trypsinization with 0.25% trypsin-EDTA
solution for 5-10 minutes, and the trypsin
activity was halted by adding an equal
volume of complete medium. The detached
cells were transferred to a centrifuge tube and
centrifuged at 3000 rpm for 5 minutes.
Finally, the cells were counted or seeded for
the experiment and continued to be incubated
at 37°C with 5% CO,. The cell culture was
monitored daily using an inverted microscope.
2.2.2 Sample preparation

Silver microemulsion (SMe) con-
centrations were prepared by 2-fold serial
dilution, ranging from 0.25 to 8 pg/mL for
silver microemulsions A and B.
2.2.3 Cytotoxicity assays

The cytotoxicity of silver nanoparticles
in microemulsion systems was evaluated
using the MTT assay, which measures cell
viability by assessing mitochondrial activity.
Viable cells reduce MTT to purple formazan
crystals, detectable by spectrophotometry at 570
nm, with a darker colour indicating higher
cell viability.
2.2.4 MTT assay

RAW 264.7 cells were seeded at a
density of 1x10° cells per well in a 96-well
plate. After 24 hours of incubation, cells were
treated with 100 pL of various concentrations
of silver microemulsion samples. Untreated
cells were used as control. Following another
24 hours of incubation, the supernatants were
removed, and 100 pL of MTT solution (5
mg/mL) dissolved in DMEM without phenol
red was added to each well. After 3 hours of
incubation at 37°C, the MTT solution was
removed, and the formazan crystals were
solubilized by adding 100 pL of pure DMSO
to each well. The absorbance was measured
at 570 nm using a Microplate Absorbance
Spectrophotometer, with pure DMSO
serving as the blank.°
2.2.5 Cytotoxicity interpretation
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Absorbance was measured at 570 nm
using a microplate absorbance spectrophoto-
meter. The percentage of cell viability was
calculated using the following equation:

% Cell viability =
ODs7g of treated cells x 100

ODs7p of untreated cells

This testing aims to determine the
dose ranges that are safe for mammalian cell
lines. These identified safe dose ranges are
then utilized in subsequent efficacy
investigations. The cytotoxicity MTT assay
was employed for this purpose due to its
empirically  confirmed effectiveness in
assessing the safety of nanoparticles in cell
lines and its ease of execution, making it
suitable for obtaining preliminary safety
data.*®
2.3 Evaluation of antimicrobial activity
2.3.1 Antimicrobial activity testing

The antimicrobial activity of silver
nanoparticles formulated within microemulsion
systems was evaluated using two standardized
methods: the disk diffusion method and the
broth dilution test.}*13
2.3.2 Disk diffusion method

The microbial strains used in this
study were obtained from the American Type
Culture Collection (ATCC), including S.
aureus ATCC 25923, P. aeruginosa ATCC
27853, S. mutans A32-2, and C. albicans
ATCC 10231. To ensure viability, all cultures
were regularly subcultured and maintained in
appropriate growth media. S. aureus, P.
aeruginosa, and S. mutans were cultured on
Brain Heart Infusion (BHI) agar, while C.
albicans were grown on Sabouraud Dextrose
Agar (SDA). Bacterial strains were incubated
at 37°C for 24 hours under aerobic conditions,
except for S. mutans, which were incubated
anaerobically. C. albicans was cultured at either
25°C for 48 hours or 37°C for 24 hours.*?

Inocula were prepared using the
direct colony suspension method. Colonies
were suspended in 0.85% normal saline
solution (NSS) to achieve a turbidity
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equivalent to the 0.5 McFarland standard
(optical density of 0.08-0.10 at 625 nm),
corresponding to approximately 1x10®
CFU/mL for bacteria. For C. albicans, the
suspension was standardized to an optical
density measured at 530 nm, Yyielding a final
inoculum of approximately 2x10® PFU/mL.
Silver microemulsion formulations A and B
were prepared in two-fold serial dilution
series, ranging from 500 pg/mL to 7.81
pg/mL. Each microbial suspension was
evenly spread onto Mueller-Hinton Agar
(MHA) plates using sterile cotton swabs.
Sterile 6 mm paper disks were loaded with 20
uL of the test samples and allowed to dry
before being placed on the inoculated agar
surface. Plates were left at room temperature for
5 min to allow diffusion, then incubated
under appropriate conditions for 24 hours.

Distilled water was used as the
negative control, and 0.2% chlorhexidine
(CHX) served as the positive control for both
bacterial and fungal strains. CHX was
selected due to its well-documented broad-
spectrum antimicrobial activity and its
widespread clinical use in nasal and oral
formulations. As a reliable benchmark, it
enabled direct comparison of the efficacy of
silver microemulsions against a standardized
reference.?

After incubation, the diameters of
the inhibition zones were measured in
millimeters using Vernier calipers, following the
Clinical and Laboratory Standards Institute
(CLSI) guidelines.2?

2.3.3 Broth dilution test

The broth dilution method, specifically
the micro broth dilution technique, was
employed to determine the efficacy of the silver
nanoparticle emulsions against microorganisms.*
The Minimum Inhibitory Concentration (MIC)
is defined as the lowest concentration of the
antimicrobial agent that inhibits the growth of
microorganisms,  while  the  Minimum
Bactericidal Concentration (MBC) is the lowest
concentration  required to  kill  the
microorganisms. The prepared samples
underwent 2-fold serial dilutions across six
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concentrations and were added to a 96-well
plate at 100 pL/well. Each well was
inoculated with 100 pL of the microorganism
suspension, following CLSI guidelines to
achieve a cell density of 1x10® CFU/mL,
resulting in a final volume of 10 pL/well.
Broth alone was used as the negative control,
and broth with microorganisms as the
positive control.*®

The plates were then incubated
under the respective conditions for each
microorganism. The MIC was determined by
identifying the concentrations that showed
no change in optical density and turbidity,
indicating minimal microbial growth. To
determine the MBC, the concentrations that
showed the least microbial growth were
transferred to suitable agar plates using the
simple drop plate technique. These plates were
incubated under the appropriate conditions for
24-48 hours. The lowest concentration at
which no microorganism growth was
observed on the drop plates was identified as
the MBC.2
2.4 Statistical Analysis

All experiments were conducted in
triplicate, and results were expressed as mean
+ standard deviation (SD). Statistical
analysis was performed using computer
software. For cytotoxicity data (MTT assay),
a one-way analysis of variance (ANOVA)
followed by Tukey’s post hoc test was used
to compare cell viability across different
concentrations of silver microemulsions. For
antimicrobial testing (disk diffusion), the
diameters of inhibition zones were compared
descriptively, while MIC and MBC results from
broth dilution assays were interpreted
qualitatively due to their categorical nature. A p-
value of less than 0.05 was considered
statistically significant.

3. Results
3.1 Preparation and characterizations of
synthesized AgNPs

In the preparation of silver nano-
particles, the potential value of Zeta is
important as it can indicate stability and predict
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the stability of particle dispersion. The
results are shown in Table 1.

Table 1. Particle size and zeta potential of
silver microemulsion samples.

Test sample Particlesize  Zeta potential
(nm) (mV)
Silver microemulsion A 256.67+0.97 -2.91+0.42
Silver microemulsionB  147.13+2.67 -1.97+2.10

Microemulsion C
(No added silver nano)

222.37+6.02 -420%297

Nanoparticles are defined as particulate
matter with a diameter of less than 100 nm in
at least one dimension. Microemulsions are
thermodynamically stable emulsions of oil-in-
water (o/w) type, characterized by an average
droplet size ranging from approximately 100
to 400 nm. The results of the stability
assessment of the silver nanoparticles within
the microemulsion systems, after 3 months of
storage, are detailed in Tables 2 and 3. These
analyses are crucial for confirming the
quality and reliability of the synthesized
nanoparticles for pharmacological applications.
The ultraviolet-visible (UV-vis) spectroscopy
analysis revealed a sharp narrow peak with a
maximum absorbance at 435 nm for silver
microemulsion B (Table 3), which is in the
range specified for silver nanoparticles.

According to Table 2, the stability of
silver microemulsion A at room temperature
was evaluated over 12 weeks, focusing on pH,
Amax, OD, and colour characteristics. The pH
slightly decreased from 5.20 £ 0.00 at week 0
to 5.12 + 0.01 by week 12, suggesting minor
acidification. The Amax remained stable at 250
nm, indicating consistent optical properties.
However, OD values fluctuated, decreasing
initially from 0.089 to 0.031 by week 1, then
rising to 0.073 by week 12, suggesting potential
nanoparticle aggregation. Colour changes
correlated with these findings, as the initially
clear solution developed a faint yellow tint by
week 4, which intensified through week 12.
This progressive discoloration, alongside OD
fluctuations, indicates partial instability,

053

highlighting the need for formulation
optimization to maintain nanoparticle integrity
and ensure consistent pharmacological
performance.

The stability of silver microemulsion B
was evaluated at room temperature over a 12-
week period (Table 3), focusing on pH, Amax,
OD, and colour characteristics. The pH
exhibited a slight decrease from 4.91 + 0.00
at week 0 to 4.79 + 0.01 by week 12,
indicating minor acidification over time. The
Amax remained consistently at 435 nm throughout
the study, suggesting stable optical properties
of the silver nanoparticles. OD values
demonstrated minimal fluctuations, decreasing
from 1.188 at baseline to 1.169 by the end of
the study, reflecting slight variations in
nanoparticle dispersion. Visually, the
microemulsion retained its yellow hue from
week 0, with only subtle intensification observed
over time. The stable Amax, limited OD changes,
and consistent coloration indicate that silver
microemulsion B exhibited relatively high
stability, with minimal signs of nanoparticle
aggregation or degradation. These findings
suggest that the formulation maintains its
physicochemical  integrity under ambient
conditions, although further optimization could
enhance long-term stability and pharmacological
efficacy.

3.2 Cytotoxicity testing

The cytotoxicity of the silver
microemulsions was assessed using the MTT
assay on RAW 264.7 murine macrophage
cells. The silver microemulsions were non-
cytotoxic at concentrations up to 4.0 pg/mL,
with cell viability exceeding 70%. However,
at 8.0 pg/mL, cell viability decreased, and
changes in cell morphology were observed.
Effects of AgNPs on RAW 264.7 cell
viability

To evaluate the cytotoxicity effect of
silver microemulsions A and B on RAW
264.7 macrophage cells viability, cells were
exposed to different concentrations of silver
microemulsions A and B ranging from 0.25
to 8.0 pg/mL, for 24 hours. The cytotoxicity
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of the RAW 264.7 macrophage cells was According to the ISO 10993-5:2009 standard
detected using an MTT assay (Fig. 2). for in vitro cytotoxicity testing, a

Table 2. Stability of silver microemulsion A at room temperature.

Time (weeks)
Parameter

0 1 2 4 8 12
pH 5.20£0.00 5.15+0.00 5.19+0.01 5.14+0.00 5.06+0.01 5.12+0.01
A max (NM) 250 250 250 250 250 250
oD 0.089 0.031 0.061 0.056 0.066 0.073
Colour '
Clear - 5 o’

- = =

Table 3. Stability of silver microemulsion B at room temperature.

Time (weeks)

Parameter 0 1 5 2 8 7
pH 491+0.00 4.86+0.01 4.91+0.00 4.93+0.00 4.80+0.01 4.79+0.01
A max (nm) 435 435 435 435 435 435
oD 1.188 1.183 1.186 1.175 1.180 1.169
Colour .
Yellow

a ﬁ
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According to the ISO 10993-5:2009
standard for in vitro cytotoxicity testing, a
material is considered non-cytotoxic if >70%
cell viability is maintained compared to
untreated controls. 2 In this study, both silver
microemulsions A and B exhibited cell
viability above this threshold at concentrations
ranging from 0.25 to 4.0 pug/mL, indicating
acceptable in vitro biocompatibility in RAW
264.7 macrophage cells. A notable decline in
cell viability was observed at 8.0 pg/mL,
accompanied by visible alterations in cell
morphology, suggesting cytotoxic effects at
this higher dose.

100
80

60

%% Cell Viability

40+

201

Importantly, the calculated VCso
values, defined as the concentration at which
50% of cell viability is observed, were
approximately 8.6 pg/mL for silver
microemulsion A and 4.1 pg/mL for silver
microemulsion B. These values quantitatively
reinforce the greater cytotoxic potential of
microemulsion B compared to microemulsion
A. Based on these findings, 4.0 pg/mL was
established as the maximum non-cytotoxic
concentration for both formulations and was
thus selected for subsequent biological
evaluations.

Sitver Microemulsion A (Fit)

4

6

Concentration (ugfmL)

Fig. 2. Percentage of cell viability of RAW 264.7 macrophages following 24-hour exposure to various
concentrations of silver microemulsion A and silver microemulsion B, as measured by MTT assay. Data
are presented as mean + SD (n=3). A significant reduction in cell viability was observed at 8.0 pug/mL
for both formulations compared to control (p < 0.05). * indicates statistically significant difference from

control.

Note: VCso (cell viability concentration at 50%) for Silver Microemulsion A = 8.6 pg/mL and VCso for

Silver Microemulsion B =~ 4.1 ug/mL

While additional validation using
nasal epithelial models is warranted to
confirm safety in vivo, these in vitro results
provide preliminary support for the
biocompatibility of silver microemulsions,

underscoring their potential as safe
candidates for intranasal antimicrobial
applications.
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3.3 Antimicrobial activity evaluation

The disk diffusion method was used
to evaluate the antimicrobial susceptibility
by measuring the inhibition zone against the
test microorganisms. The results of the
antimicrobial activity of silver microemulsions
A and B tested against microorganisms by
disk diffusion method are shown in Table 4.
The silver microemulsions showed limited
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antimicrobial activity. The inhibition zones for
S. aureus, P. aeruginosa, and S. mutans ranged
from 8 to 11 mm, indicating resistance. No

antifungal activity was observed against C.
albicans.

Table 4. Diameters of the growth inhibition zones of silver microemulsions A and B.

Diameter of growth inhibition zone (mm)

Organism Treatment — .
results positive negative
S. aureus Silver microemulsion A 8 14 NA
Silver microemulsion B 8 14 NA
Control (no silver) C NA NA NA
P. aeruginosa  Silver microemulsion A 9 13 NA
Silver microemulsion B 10 13 NA
Control (no silver) C NA NA NA
S. mutans Silver microemulsion A 10 20 NA
Silver microemulsion B 11 20 NA
Control (no silver) C NA NA NA
C. albicans Silver microemulsion A (_Zol_onles 14 NA
within zone
. . . Colonies 14 NA
Silver microemulsion B .
within zone
Control (no silver) C NA NA NA

Note: “Colonies within zone” indicates incomplete inhibition of C. albicans, with visible fungal growth
within the inhibition area, suggesting limited antifungal activity of the silver microemulsions. Positive
Control: Antimicrobial: 0.2% Chlorhexidine (CHX). Cytotoxicity: Doxorubicin (10.0 pg/mL). Negative
Control: Antimicrobial: Sterile distilled water. Cytotoxicity: Untreated cells in culture medium. NA: No

activity.

The antimicrobial activity of silver
microemulsions A and B was evaluated using
the disk diffusion method against S. aureus,
P. aeruginosa, S. mutans, and C. albicans
(Table 4, Fig. 3 and 4). Both microemulsions
demonstrated limited inhibitory effects
compared to the positive control (0.2%
CHX). For S. aureus, the inhibition zones
were 8 mm for both microemulsions, while
CHX produced a 14 mm zone. Against P.
aeruginosa, microemulsion A exhibited a 9
mm zone and microemulsion B a 10 mm zone,
compared to the 13 mm zone observed with

CHX. For S. mutans, microemulsion A
produced a 10 mm zone, while
microemulsion B showed an 11 mm zone,
whereas the positive control resulted in a 20
mm inhibition zone. Both microemulsions
displayed incomplete inhibition against C.
albicans, as evidenced by colonies within the
zone, while CHX produceda clear 14 mm zone.
The negative control (distilled water) showed
no antimicrobial activity. These findings
highlight the limited antimicrobial efficacy of
silver microemulsions A and B relative to the
positive control.

057



N. Chaisomboon, et al. | Journal of Basic and Applied Pharmacology | Vol. 5 No.1 January-June 2025

microemulsic
(No silver)
(&

microemutsion B

j Sitver
microemuitsion A

02 CHX
Pasitive control

DAL
negative control

P ronkinoca
5 Sibver
microemuilsion B

U microemulsion

(No sitver)
C

02% Gix
 Positive control

Sitver
microemulsion A

DAL
negative control

Fig. 3. Inhibition zones of silver microemulsion A, silver microemulsion B, silver microemulsion (no
silver) C, 0.12% CHX (positive control) and distilled water (negative control) against S. aureus

ATCC25923 and P. aeruginosa ATCC27853.

T

Silver
micoenmulsion B 5 2
microemuision

Silver
microemudsion A

D.W.

W
negative control

DW.
negative control

Fig. 4. Inhibition zones of silver microemulsion A, silver microemulsion B, microemulsion (no silver) C,
0.2% CHX (positive control) and distilled water (negative control) against S. mutans A32-2 and C.

albicans ATCC10231.

3.4 Antimicrobial susceptibility by broth
dilution test

The disk diffusion method vyielded
inconclusive results regarding the antimicrobial
effectiveness of the samples. Consequently,
the microbroth dilution method was employed
to determine the MIC and MBC of silver
microemulsions A and B against S. aureus,
P. aeruginosa, S. mutans, and C. albicans.
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The MIC and MBC values were assessed
using the microbroth dilution technique, with
the highest tested concentration set at 62.5
pg/mL. Both silver microemulsions exhibited
MIC and MBC values exceeding the tested
concentrations, indicating limited efficacy in
inhibiting or eliminating the target
microorganisms. The detailed results are
presented in Table 5.
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Table 5. The diameter of the growth inhibition zone of silver microemulsions A and B.

. MBC/ MFC
Organism Treatment MIC (ng/mL) (ug/mL)
S. aureus Silver microemulsion A >31.3 >313

Silver microemulsion B >31.3 >313
Control (no silver) C NA NA
P. aeruginosa Silver microemulsion A >15.6 >31.3
Silver microemulsion B >15.6 >313
Control (no silver) C NA NA
S. mutans Silver microemulsion A >1.8 >15.6
Silver microemulsion B >17.8 >15.6
Control (no silver) C NA NA
C. albicans Silver microemulsion A >15.6 >62.5
Silver microemulsion B >15.6 >62.5
Control (no silver) C NA NA

Note: MIC indicates the lowest concentration of a substance (ug/mL) required to inhibit visible microbial
growth in vitro. MBC/MFC (Minimum Bactericidal/Fungicidal Concentration) refers to the lowest
concentration of a substance (ug/mL) needed to achieve complete eradication of bacteria or yeast. NA:

No activity.

4. Discussion

This study introduces an innovative
approach to managing microbial infections by
utilizing silver microemulsions that target
microorganisms at the molecular level. The
findings suggest that these formulations have
potential as multifunctional antimicrobial
agents, exhibiting acceptable cytotoxicity
profiles in human cell lines. While the results
show promise for applications such as
treating sinusitis, particularly ABRS, further
optimization is necessary to enhance both
their antimicrobial efficacy and long-term

stability.
4.1 Formulation characterization and
stability

Among the tested formulations,

microemulsion B exhibited a particle size of 147
+ 2.7 nm, which falls within the optimal
range for improved cellular uptake and mucosal
bicavailability. However, both formulations
displayed suboptimal zeta potential values
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(=2.0 to —2.9 mV), which are inadequate for
colloidal stability. A zeta potential greater than
+30 mV is generally required to prevent
nanoparticle aggregation and ensure long-term
dispersion.??

Twelve-week stability testing at room
temperature showed that both microemulsions
A and B maintained acceptable physical
characteristics, with only minor fluctuations in pH
and OD. Microemulsion A demonstrated a slight
decline in pH over time, possibly indicating
chemical degradation, while changes in OD
suggested some particle aggregation.
Conversely, Microemulsion B exhibited more
stable pH and OD values, indicating superior
structural integrity. Although these short-
term data are promising, long-term studies
under various environmental conditions,
following ICH guidelines, are necessary to
determine true shelf-life and optimize
storage parameters.?
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4.2 Antimicrobial efficacy

The antimicrobial properties of the
silver microemulsions were evaluated using
disk diffusion and broth dilution methods. Both
formulations showed limited antibacterial
activity, with inhibition zones ranging from
8 to 11 mm against S. aureus, P. aeruginosa,
and S. mutans. No inhibitory effect was
observed against C. albicans. Broth dilution
assays confirmed these findings, with MIC
and MBC values exceeding the highest tested
concentration (62.5 pg/mL). Specifically,
MICs were greater than 31.3 pg/mL for S.
aureus and P. aeruginosa, 7.8 pg/mL for S.
mutans, and 15.6 pg/mL for C. albicans.
These  results indicate  insufficient
antimicrobial potency at the tested
concentrations and highlight the need for
formulation refinement.

4.3 Cytotoxicity and biocompatibility

The cytotoxicity of the silver
microemulsions was assessed using the MTT
assay on RAW 264.7 murine macrophage
cells. Both formulations were found to be non-
cytotoxic at concentrations up to 4.0 pg/mL,
maintaining cell viability above the 70%
threshold defined by 1SO 10993-5:2009
standards.?* However, a concentration of 8.0
pg/mL significantly reduced cell viability and
induced morphological alterations, suggesting
cytotoxic effects at higher doses. These
findings define 4.0 ug/mL as the maximum safe
concentration for further biological evaluation
and underscore the importance of strict dose
control to ensure cellular safety.

While the RAW 264.7 cell line
provides initial safety insights, it does not
fully replicate the nasal epithelial environment.
Therefore, future studies should employ
more physiologically relevant models—such
as primary human nasal epithelial cells or air—
liquid interface (ALI) cultures to evaluate
mucosal compatibility, barrier integrity, and
immune responses.?

4.4 Pathogen relevance

The microbial strains selected for
this study, S. aureus, P. aeruginosa, S. mutans,
and C. albicans, are not primary pathogens of
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ABRS but are frequently implicated in
secondary infections, particularly in chronic
or recurrent cases. S. aureus and P. aeruginosa
are common opportunistic pathogens in the
nasal cavity and sinuses, often forming biofilms
and displaying antibiotic resistance. S.
mutans, typically associated with oral biofilms,
have been isolated from the upper respiratory
tract, especially in immunocompromised
individuals. C. albicans, a frequent isolation in
patients undergoing prolonged antibiotic therapy,
is a key fungal pathogen in chronic rhinosinusitis.
Assessing the efficacy of silver microemulsions
against these organisms provides insight into
their potential as adjunctive therapies that
can address both primary infection and
secondary complications.
4.5 Strategies for enhancing efficacy and
safety

Improving the antimicrobial performance
of silver microemulsions requires a multifaceted
approach. Reducing nanoparticle size can
increase the surface area-to-volume ratio,
promoting better interaction with microbial
membranes and improving bactericidal
activity at lower concentrations. Controlled
synthesis using specific surfactants or
stabilizers can help achieve uniform particle size
and enhance potency.®% Surface modification
with  biocompatible agents such as
polyethylene glycol (PEG) or chitosan may
further improve stability, reduce cytotoxicity,
and enhance microbial targeting.?’

Combining silver microemulsions
with synergistic agents such as antibiotics or
plant-derived compounds could also produce
additive or synergistic effects, enhancing
efficacy while minimizing the cytotoxic
burden.?® Moreover, optimizing the surfactant-
to-co-surfactant ratio and increasing the zeta
potential could improve both dispersion and
long-term stability, making the formulation
more viable for clinical use.?®
4.6 Future directions

Silver microemulsions exhibit several
favorable characteristics, including appropriate
particle size for mucosal delivery, short-term
physicochemical stability, and non-cytotoxicity
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at therapeutic concentrations. Microemulsion B
demonstrated promising structural integrity and
biological safety. However, limitations in
antimicrobial efficacy, insufficient zeta
potential, and cytotoxic effects at higher
doses indicate the need for further formulation
refinement.

Future work should focus on improving
nanoparticle properties, optimizing formulation
stability, and evaluating long-term safety in
nasal tissue models. Exploring synergistic
combinations with established antibiotics
may also improve therapeutic outcomes.
Achieving a balanced formulation that
maximizes efficacy while ensuring safety
and stability will be key to developing silver
microemulsions into a viable alternative
treatment for ABRS and other infections
amid rising antibiotic resistance.

5. Conclusion

Silver nanoparticle microemulsions A
and B demonstrated acceptable cytocompati-
bility, with cell viability maintained above
70% at concentrations up to 4.0 ug/mL. The
calculated VCso values of 8.6 pg/mL for
Microemulsion A and 4.1 pg/mL for
Microemulsion B support this threshold as
the maximum non-cytotoxic dose. However,
both formulations exhibited limited antimicrobial
efficacy, with inhibition zones of 8-11 mm
and MIC/MBC values exceeding 62.5 pg/mL.
While Microemulsion B showed better
physicochemical stability, suboptimal zeta
potentials in both formulations suggest a
need for improved colloidal stability.
Overall, these results support the preliminary
safety of silver microemulsions for intranasal
use but highlight the need for formulation
optimization to enhance antimicrobial
performance.

Acknowledgements

The present study was supported by
the revenue budget of the Faculty of
Pharmaceutical Sciences, Naresuan University

061

(grant number R2567-A02), for the fiscal
year 2024,

Conflicts of interest
The authors declare no conflict of
interest.

References

[1] Patel ZM, Hwang PH. Acute bacterial
rhinosinusitis. In: Durand ML, Deschler DG,
editors. Infections of the Ears, Nose, Throat,
and Sinuses. Cham: Springer International
Publishing; 2018. p. 133-143.

Salam MA, Al-Amin MY, Salam MT, Pawar

JS, Akhter N, Rabaan AA, et al. Antimicrobial

resistance: a growing serious threat for global

public health. Healthcare (Basel). 2023 Jul
5;11(13):1946.

Bruna T, Maldonado-Bravo F, Jara P, Caro

N. Silver nanoparticles and their antibacterial

applications. Int J Mol Sci. 2021 Jul 4;

22(13): 7202.

Xu L, Wang YY, Huang J, Chen CY, Wang ZX,

Xie H. Silver nanoparticles: synthesis, medical

applications and biosafety. Theranostics. 2020

Jul 11;10(20):8996-9031.

Chapa Gonzalez C, Gonzédlez Garcia LI,

Burciaga Jurado LG, Carrillo Castillo A.

Bactericidal activity of silver nanoparticles in

drug-resistant bacteria. Braz J Microbiol. 2023

Jun;54(2):691-701.

Mikhailova EO. Silver nanoparticles: mechanism

of action and probable bio-application. J Funct

Biomater. 2020 Nov 26;11(4):84.

Tang S, Zheng J. Antibacterial activity of silver

nanoparticles: structural effects. Adv Healthc

Mater. 2018 Jul;7(13):e1701503.

Burdusel AC, Gherasim O, Grumezescu AM,

Mogoanta L, Ficai A, Andronescu E.

Biomedical applications of silver nanoparticles:

an up-to-date overview. Nanomaterials (Basel).

2018 Aug 31;8(9):681.

Iravani S, Korbekandi H, Mirmohammadi SV,

Zolfaghari B. Synthesis of silver nanoparticles:

chemical, physical and biological methods. Res

Pharm Sci. 2014 Nov-Dec;9(6):385-406.

[10] Wypij M, Jedrzejewski T, Trzcinska-Wencel J,
Ostrowski M, Rai M, Golinska P. Green
synthesized silver nanoparticles: antibacterial
and anticancer activities, biocompatibility, and
analyses of surface-attached proteins. Front
Microbiol. 2021 Apr 22;12:632505.

[2]

3]

[4]

[5]

6]

(7]

8]

B



N. Chaisomboon, et al. | Journal of Basic and Applied Pharmacology | Vol. 5 No.1 January-June 2025

[11] Dubreuil L. Members of the CA-SFM 2019.
Improvement of a disk diffusion method for
antibiotic susceptibility testing of anaerobic
bacteria. French recommendations revisited for
2020. Anaerobe. 2020 Aug;64:102213.

[12] Vadakkan K, Hemapriya J, Ngangbam AK,
Sathishkumar K, Mapranathukaran VO. Biofilm
inhibition of Staphylococcus aureus by silver
nanoparticles derived from Hellenia speciosa
rhizome extract. Microb Pathog. 2024 Nov;
196:106933.

[13] Xuan L, Ju Z, Skonieczna M, Zhou PK, Huang
R. Nanoparticles-induced potential toxicity
on human health: applications, toxicity
mechanisms, and evaluation models.
MedComm (2020). 2023 Jul 14;4(4):e327.

[14] Braakhuis HM, Cassee FR, Fokkens PH, de la
Fonteyne LJ, Oomen AG, Krystek P, et al.
Identification of the appropriate dose metric for
pulmonary inflammation of silver nanoparticles
in an inhalation toxicity study. Nanotoxicology.
2016;10(1):63-73.

[15] Zzhao K, Xie Y, Lin X, Xu W. The
mucoadhesive nanoparticle-based delivery
system in the development of mucosal vaccines.
Int JNanomedicine. 2022 Sep 28;17:4579-4598.

[16] Shaghayegh G, Cooksley C, Ramezanpour M,
Wormald PJ, Psaltis AJ, Vreugde S. Chronic
rhinosinusitis, S. aureus biofilm and secreted
products, inflammatory responses, and disease
severity. Biomedicines. 2022 Jun 9;10(6):1362.

[17] Tuli JF, Ramezanpour M, Cooksley C, Bouras
GS, Ogi K, Feizi S, et al. Increased antibiotic
resistance of Pseudomonas aeruginosa isolates
from chronic rhinosinusitis patients grown in
anaerobic conditions. Laryngoscope Investig
Otolaryngol. 2024 May 9;9(3):e1244.

[18] Krzysciak W, Jurczak A, Koscielniak D,
Bystrowska B, Skalniak A. The virulence of
Streptococcus mutans and the ability to form
biofilms. Eur J Clin Microbiol Infect Dis. 2014
Apr;33(4):499-515.

[19] d'Enfert C, Kaune AK, Alaban LR, Chakraborty
S, Cole N, Delavy M, et al. The impact of the
fungus-host-microbiota interplay upon Candida
albicans infections: current knowledge and new
perspectives. FEMS Microbiol Rev. 2021 May
5;45(3):fuaa060.

[20] Tomés I, Cousido MC, Tomés M, Limeres J,
Garcia-Caballero L, Diz P. In vivo bactericidal

062

effect of 0.2% chlorhexidine but not 0.12% on
salivary obligate anaerobes. Arch Oral Biol.
2008 Dec;53(12):1186-1191.

[21] Jablonska E, Kubasek J, Vojtéch D, Ruml T,
Lipov J. Test conditions can significantly affect
the results of in vitro cytotoxicity testing of
degradable metallic biomaterials. Sci Rep. 2021
Mar 23;11(1):6628.

[22] Németh Z, Cs6ka I, Semnani Jazani R, Sipos B,
Haspel H, Kozma G, et al. Quality by design-
driven zeta potential optimisation study of
liposomes with charge imparting membrane
additives. Pharmaceutics. 2022 Aug 26;14
(9):1798.

[23] Gonzélez-Gonzalez O, Ramirez 10, Ramirez Bl,
O'Connell P, Ballesteros MP, Torrado JJ, et al.
Drug stability: ICH versus accelerated predictive
stability studies. Pharmaceutics. 2022 Oct 28;
14(11):2324.

[24] Annangi B, Villacorta A, Vela L, Tavakolpour
negari A, Marcos R, Herndndez A. Effects of
true-to-life PET nanoplastics using primary
human nasal epithelial cells. Environ Toxicol
Pharmacol. 2023 Jun;100:104140.

[25] Jafari A, Fard RMN, Shahabi S, Abbasi F,
Shahedin GJ, Bakhtiari R. Optimization of
antimicrobial efficiency of silver nanoparticles
against three oral microorganisms in irreversible
hydrocolloid impressions. Iran J Microbiol.
2021 Dec;13(6):862-870.

[26] Li R, Mao J, Zheng P, Wang R, Yang Z, Qian S.
Improving the biocompatibility and antibacterial
efficacy of silver nanoparticles functionalized
with (LLRR)3 antimicrobial peptide. World J
Microbiol Biotechnol. 2023 Nov 4;40(1):1.

[27] da Silva DJ, Gramcianinov GB, Jorge PZ,
Malaquias VB, Mori AA, Hirata MH, etal. PVC
containing silver nanoparticles with antimicrobial
properties effective against SARS-CoV-2. Front
Chem. 2023 Mar 13;11:1083399.

[28] Aabed K, Mohammed AE. Synergistic and
antagonistic  effects of biogenic  silver
nanoparticles in combination with antibiotics
against some pathogenic microbes. Front
Bioeng Biotechnol. 2021 Apr 20;9:652362.

[29] Abdallah MH, Abu Lila AS, EI-Nahas HM,
Ibrahim  TM. Optimization of potential
nanoemulgels  for  boosting  transdermal
glimepiride delivery and upgrading its anti-
diabetic activity. Gels. 2023 Jun 18;9(6):494.



