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Abstract Background: The application of topical medications to facilitate the healing process and prevent infection
continues to be an essential component of treatment for all types of wounds. Methods: Silver nanoparticles loaded with sodium
fusidate and produced through chemical reduction using trisodium citrate as the reducing agent to produce silver nanoparticles
firstly. Then the gel prepared by using carbomer 940 and triethanolamine. sodium fusidate loaded-silver nanoparticles was
characterized by by pH, polydispersity index (PDI), and globular diameter. Results: The novel formula had (668.2±0.2nm)
globular diameter, normal homogeneous dispersion (PDI, 0.567±0.002) and pH (6.2±0.05). Conclusions: To our knowledge,
this is the first sodium fusidate loaded-silver nanoparticles nano-drug delivery system. Its preclinical and clinical applications
seem promising.
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1. Background
The application of topical medications to facilitate the heal-
ing process and prevent infection continues to be an essential
component of treatment for all types of wounds. Therefore,
there is still a significant need to investigate new medicinal
substances for the treatment of wounds on the surface of the
skin [1]. New treatment strategies utilizing Nanotechnology
have been developed to address many ailments, specifically
burn wounds and burn infections [2].

Nanotechnology has brought to the utilization of particles
composed of diverse materials, yet its shared characteristic
is their size range of 10–1000 nm [3]. Nanomedicine has the
potential to enhance therapy for infected burns and promote
superior skin recovery. Nanotechnology has demonstrated re-
markable antibacterial efficacy against drug-resistant germs
and can help expedite the regeneration of skin damaged by
wounds or burns [4].

Platforms with silver at the nano-scale, such as silver
nanoparticles (AgNPs), and hydrogels containing silver, have
been used in the treatment of burn wounds. AgNPs were
utilized as an antibacterial substance for the treatment of
skin wounds. They demonstrated a significant antimicrobial
activity and the potential to be employed in wound dressings
[5].

Nanotechnology is a discipline that concentrates on ma-
nipulating the structure of materials at the nanoscale scale
to produce new properties and benefits [6]. The field also
focuses on the advancement of nanotechnology to facilitate
the creation of novel treatments for diverse ailments [7].

Antimicrobial resistance is widely recognized as a sig-
nificant public health issue, necessitating the development
of innovative approaches to either create new antibiotics or
improve the efficacy of current medicines. Consequently,
numerous research offer a comprehensive analysis of the
management of microbial illness and antibiotic resistance [8].

Nanostructured materials are being developed as a strat-
egy to combat certain types of bacterial resistance. Hence,
Nanoparticles present a potential answer as they possess the
ability to not only directly attack bacteria, but also serve as
carriers for antibiotics, bypassing bacterial drug resistance
processes and aiding in the administration of new medica-
tions. [9].

Although sodium fusidate (SF) is used in different bac-
terial skin infections therapy, it has limitations like drug
resistance, poor skin penetration, local irritation, and sub-
optimal efficacy. For this reason, several innovative drug
delivery techniques have been developed to promote patient
compliance, reduce resistance, increase SF administration,
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and get beyond conventional formulation constraints. So,
various novel SF preparations have been established, such as
dressings made of hydrogel, liposomes, nanofibers, nanocap-
sules and lipid carriers with nanostructured [10].

In this study, we utilized sodium fusidate and AgNPs to
create a gel dosage form. To the best of our knowledge,
this is the first report on the impact of topically applied
sodium fusidate loaded-silver nanoparticles in gel form for
dermatological uses.

2. Materials and Methods
Joyang Laboratories supplied SF powder (China). Unilong
Industry Co., Ltd., supplied carbomer 940 polymer (China).
Sliver Nitrate supplied by Thermo Fisher Scientific (In-
dia). while Nice Chemicals supplied Triethanolamine and
Trisodium Citrate (India).

A. Formulation of sodium fusidate loaded-silver nanoparticles
gel
Using trisodium citrate (TSC) as the reducing agent, sil-
ver nanoparticles were created using the chemical reduction
process. Silver Ag+ ions are reduced by trisodium citrate
to generate metallic silver, which then clumps together to
form oligomeric clusters. In the end, these clusters produce
metallic colloidal silver particles [11]. Trisodium citrate and
silver nitrate (AgNO3) were utilized as raw materials to
create silver nanoparticles. All of the reactive material so-
lutions were made with distilled water. 0.001 M AgNO3 in
50 ml was brought to a boil. Drop by drop, 5 milliliters
of 1% trisodium citrate were added to this mixture. The
solutions were heated and vigorously blended throughout
the process until a discernible color shift—more precisely,
a pale yellow—took place. The material was then taken out
of the heating device and stirred until room temperature was
achieved [12].

A 10 ml of sodium fusidate 2% solution was added to
10 ml of silver nanoparticles solution (previously prepared)
to produce a diluted 20 ml solution of sodium fusidate 1%
loaded-silver nanoparticles.

A 0.5% (0.1g) of carbomer 940 was added to 20 ml of
drug loaded-silver nanoparticles solution. the mixture was
stirred by mechanical stirrer until homogeneous dispersion
occur then drops of 98% triethanolamine were added to this
dispersion till get viscous or thick appearance gel [13].

B. Particle Size and Polydispersity Index Analysis
Sodium fusidate Loaded Silver Nanoparticles’ particle size
and polydispersity index (PDI) were assessed by photon cor-
relation spectroscopy, utilizing Zetasizer NanoZS (Malvern
Instrument, UK), which examines variations in light scatter-
ing based on Brownian particle movements and light scatter
[14].

The particle size analysis was conducted at a temperature
of 25°C using an angle of detection of 173° [15]. The
diameter and polydispersity index of Sodium fusidate Loaded
Silver Nanoparticles were obtained directly from the device.

Figure 1: Globular Diameter (nm) of sodium fusidate loaded
silver nanoparticle

C. Measurement of pH
The pH readings of the samples were determined using a pH
meter. Prior to each usage, the pH meter was calibrated using
a buffer solution with a pH value of 4, 7, and 9. The samples
were analyzed directly on the electrode. The formulation’s
pH was measured at 25ºC, and mean values were calculated
[16].

3. Results
A. Particle Size and Polydispersity Index Analysis
The particle size and polydispersity index (PDI) of sodium
fusidate loaded silver nanoparticles were examined by Ze-
tasizer. Findings showed that the formula was regarded
within the nano-size range. the formula had a typical uni-
form dispersion (PDI; 0.567±0.002) and globular diameter
(668.2±0.2nm).

B. Sodium Fusidate Loaded Silver Nanoparticles pH
The sodium fusidate loaded silver nanoparticles was ana-
lyzed directly on the probe of the pH meter. The mean value
of the final formula pH is (6.2±0.05), making it suitable for
topical skin application.

4. Discussion
A. Evaluation of the Sodium Fusidate Loaded- Nanoparticles
The most valuable test to distinguish the micro from nanopar-
ticles is determining its globular size, which should be in
the nano range [17]. Variable particle size may be used
for nanoparticle delivery; however, the smaller particle is
easier to uptaken by the cell and shows a larger surface
area. Consequently, a smaller particle is related to faster
drug release [18]. The resulting nano-sized particle (668.2
±0.2nm) revealed a significant reduction in particle size, less
than 1 µm.

Polydispersity index (PDI) is a measure of heterogeneity
based on the size of nanoparticles. The small PDI value
yielded in the formulation (0.567 ±0.002) may lead to better
stability.

For successful wound healing, several endogenous and ex-
ogenous elements that participate in the regeneration process
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are required. The pH values are essential elements that can
influence wound metabolism. The keratinocyte secretions of
fatty and amino acids often cause the intact skin to state an
acidic milieu. This pH is acidic and varies; it is typically
stated to range between 4 and 6 [19].

The prepared formula of sodium fusidate loaded silver
nanoparticles shows acidic pH (6.2 ±0.05) that complies with
topical skin formulation pH conditions. If the pH value of
the wound area becomes alkaline, thus its healing process
decreases, pathogenic bacteria can colonize, and antibiotic
therapy may be altered [20]. On the other hand, SF’s An-
tibacterial effectiveness depends on pH. At acidic pH, SF
increased antibacterial activity in vitro. Thus, the skin’s low
pH creates an ideal environment for effective treatment [21].

5. Conclusions
The developed formula of sodium fusidate loaded silver
nanoparticles has unique physicochemical properties charac-
terized by an excellent nanoparticle size with typical uniform
dispersion that gave a dramatic penetration of the formula
deep to skin dermis tissue. Also, sodium fusidate loaded sil-
ver nanoparticles formula potentiated the antibacterial effect
of sodium fusidate.

6. Abbreviations
PDI, polydispersity index; AgNO3, Silver Nitrate; SF,
Sodium Fusidate; AgNPs, Silver Nanoparticles; TSC,
Trisodium Citrate
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