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ABSTRACT

Background: Due to the rise of bacteria that are resistant to multiple drugs, treating infections in burn
wounds has become a worldwide problem. It is important to find new ways to treat these infections. Lipid-
based drug delivery systems have emerged as a promising type of carrier for antibiotics as well as antibacterial
agents, such as antimicrobial peptides and nucleic acids, for wound infections. To this end, the current study
assessed the antibacterial effects and wound healing properties of vancomycin-loaded solid lipid nano-
particles (SLN) against methicillin-resistant Staphylococcus aureus (MRSA) surgical wound infections.
Material and methods: vancomycin-SLN was synthesized by double emulsion solvent evaporation tech-
niques, and then in vitro antibacterial activity was evaluated by well diffusion and broth microdilution
methods. A surgical wound was inflicted on 36 male rats; the infection was caused by MRSA, and free
vancomycin and vancomycin-SLN were topically applied. Results: Particle size, PDI, zeta potential, drug
loading, and encapsulation efficiency of the optimum vancomycin-SLN were 350 ± 24 nm, 0.402 ± 0.014,
�16.3 ± 2.5mV, 13.9 ± 1.4%, and 92.14 ± 3.1%, respectively. In vitro antibacterial assays showed lower
MICs for free vancomycin and killed bacteria more efficiently than vancomycin-SLN. However, the syn-
thesized nanoparticles indicated long-term antibacterial activity against MRSA. Animals that were treated
with vancomycin-SLN showed the best wound healing procedure. Treatment of rats with vancomycin-SLN
increased re-epithelialization and decreased granulation tissue development, as seen by histological analysis.
Conclusion: Antibiotic-loaded SLN could not only manage wound infection but also enhance wound healing.
Therefore, this kind of treatment should be considered by scientists as an applicable treatment for wounds.
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1. INTRODUCTION

Healing a wound is a dynamic and intricate process that requires the replacement of dead
cells and tissues [1, 2]. Noteworthy, wound infections now account for 60% of burn patient
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mortality and 300,000 deaths globally each year, despite the
great breakthroughs in infection control and wound healing
[3, 4]. Necrotic tissues lower the presence of immune cells in
the wound area and make it easier for pathogens to pene-
trate the underlying tissues and disseminate. Additionally,
wounds affect the integrity of the skin, which in turn at-
tenuates cellular and humoral immunity [5, 6]. Due to the
aforementioned problem, different wounds, such as burn,
diabetic, and surgical wounds, are prone to infection and
may develop into an infected ulcer or even an invading
infection like sepsis [7, 8]. Staphylococcus aureus, especially
methicillin-resistant S. aureus (MRSA), is considered a
bacterial pathogen that is frequently detected in burn wound
infections [9, 10]. This bacterium gets into eschar and enters
subcutaneous, unburned tissues, which may lead to ab-
scesses of different sizes. These abscesses protect S. aureus
from the body’s immune system and antibiotics. They also
make it possible for this bacteria to get into the blood-
stream [11].

Vancomycin is one of the best choices for managing
infections caused by MRSA. However, the prevalence of
vancomycin-resistant strains is increasing, and there is an
essential need for alternative antibiotics [12]. In addition to
antibiotic resistance, the continuous presence and release
of antibacterial agents are essential for managing
wound infections. To this end, recently published studies
used different local antibacterial therapies, such as
natural compounds, bacteriophage therapy, and nano-
particles, for managing burn wound infection, enhancing
wound healing, and reducing the toxicity of antibiotics
[13, 14].

In this regard, the use of nano-platforms loaded with
commonly used antibiotic has been considered by scientists
to enhance the activity of antibiotics at the site of in-
fections. Not only can these drug delivery vehicles target
and regulate drug release, but they can also carry a sub-
stantial dose of medicine [15–18]. For the treatment of
burn wound infection, researchers have also examined the
use of drug carriers that can overcome some of antibiotics’
drawbacks, such as limited solubility and survivability in
water and tissue [19–21]. One such drug carrier that allows
for regulated drug release and improved chemical stability
of entrapped medicines is the solid lipid nanoparticle
(SLN). The development of SLN as a carrier system has led
to the effective incorporation of several medications with a
wide range of potential uses [22]. Despite having some
limitations, SLNs have advantageous properties. For
instance, SLNs would shield drugs from enzymatic and
chemical breakdown. Since organic solvents are not
required, the production of SLNs is simpler than that of
other categories of drugs [23]. Therefore, SLN regulates the
drug’s release and improves the chemical stability of
trapped antibiotics. To this end, in the present study, we
used the SLN for the slow and steady release of vancomycin
in the site of infection, enhancing the performance of this
antibiotic in the management of surgical wound infections
caused by MRSA.

2. MATERIAL AND METHODS

2.1. Research materials

Vancomycin and all chemicals and solvents were purchased
from Sigma-Aldrich (Munich, Germany). All of the cultural
media utilized in this investigation were purchased from the
German company Merck. Additionally, Male Wistar rats
were used for in vivo studies.

2.2. Synthesis and evaluation of Van-SLN

According to a recently published study, the double emul-
sion/melt dispersion method was used for the production of
nanoparticles [24]. To determine the optimal formulation,
various fat, surfactant, and vancomycin concentrations were
evaluated. Using Ben-Marie, stearic acid was heated to 70 8C,
5 8C above its melting point. Next, pre-dissolved and
warmed poloxamer and lecithin, as well as vancomycin,
were added to the molten lipid, followed by magnetic
agitation (150 rpm) to combine the ingredients. After 60 s of
sonication at 45 8C, the mixture was homogenized with
warm distilled water (DW). To create the second emulsion,
we added heated tween-80 to the first and homogenized the
mixture with ultrasonic equipment at 45 8C for 2 min (15 s
on, 5 s off). The resulting mixture was slowly introduced to a
solution of cold DW (5 8C) containing the stretched quan-
tum dot cadmium telluride for 5 min in order to stabilize the
generated nanoparticles. The identical conditions (drug-free
solid lipid nanoparticles) were seen during the synthesis of
drug-free SLN. Finally, a high-speed centrifuge (25,000 rpm
for 15 min) was used to thoroughly wash the nanoparticles
three times with DW. We then lyophilized it at �80 degrees
Celsius using a vacuum pump (lyophilizer). The nano-
particles were first filtered via a 450 nm membrane to
remove impurities before being used in biological studies.

Noteworthy, the PDI, mean particle size, and zeta po-
tential of synthesized nanoparticles were evaluated. Addi-
tionally, a FTIR spectroscope (PerkinElmer, Spectrum 400,
United States of America) and the dialysis bag method
(cutoff of 12,000 to 14,000 Da) were used for spectroscopic
evaluation and drug release assay of samples, respectively.
The thermal behavior of the nanoparticle and its compo-
nents were assessed using Differential Scanning Calorimetry
(DSC) (Mettler Toledo, Hong Kong) device. To investigate
the nanoparticle’s shape, we employed an emission scanning
electron microscope (Fe SEM). Finally, according to the kit’s
instructions (Kiazist Kit/Iran), fibroblast cell lines were uti-
lized to test the cytotoxicity of the manufactured nano-drug.
The concentrations of nanoparticles and free vancomycin
employed in the experiment ranged from 25 mg mL�1 to
400 mg mL�1.

2.3. Bacterial strains

MRSA ATCC 33591 was used in the present study. The
isolated bacterium was grown overnight in Brain Heart
Infusion (BHI) broth medium and then put in incubators
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with new BHI medium for 18–24 h until it reached the mid-
logarithmic phase. After centrifuging the culture at 1,000 g
for 15 min, the supernatant was collected. The bacterial
pellet was then washed twice with phosphate-buffered saline
(PBS) and resuspended in cold PBS to get a concentration of
about 1p108 CFU mL�1. The bacterial mixture was kept at
�20 8C until the next steps were taken.

2.4. Antibacterial effect (well diffusion and minimum
inhibitory concentration (MIC))

Clinical and Laboratory Standards Institute (CLSI) 2021
suggested using the well diffusion and microbroth dilution
methods to evaluate antibacterial effect of synthesized
nanoparticles. The bacterial suspension was diluted to make
104 CFU mL�1 for the well diffusion test, which was then
used in the antibacterial studies. With a clean cotton swab, a
lawn of the bacteria culture made above was spread evenly
on the Muller–Hinton agar (MHA) plates. Several 6 mm
holes were punched into the bacteria-covered MHA plates
with a circular glass tube. In each well, 100 μL of nano-
particle sample solution was added, and the plates were kept
at 37 8C for 18 h. We measured the width of the inhibition
zone, which shows how susceptible bacteria are to the
nanoparticles [24, 25]. Notably, we used a microbroth
dilution method to determine the MIC of free vancomycin
and synthesized nanoparticles according to the recently
published study [13].

2.5. Wound infection

In this study, a surgical wound was made on male Wistar
rats that were 6–8 weeks old. Noteworthy, each group had
12 rats, and rats with infectious wounds were treated with
vancomycin-SLN, free vancomycin, and SLN free, as well
as a negative control that contained untreated rats. On the
day of the wounding, electric scissors were used to shave
the rats’ back hairs, and the area where the wound was
made was cleaned very well. Then, 10 mg kg�1 of xylazine
hydrochloride and 50 mg kg�1 of ketamine were injected
into the rats’ muscles to induce anesthesia. To make a
wound in this location, a one-centimeter-long groove was
made, and 1.5p108 of MRSA was put into the wound. The
rat’s survival was checked every day. On Days 4, 7, and 14,
after the experiment, photos were taken and the size of the
wound was measured to see how well it was healing.
Additionally, five rats from each group were killed on
Days 4 and 7 post-infections, and biopsy samples were
taken aseptically. The biopsies were then weighed, ho-
mogenized in 10 mL of PBS, and inoculated with MHA.
Additionally, colony counts were presented as log10 CFU
per gram of tissue. Importantly, on day 14, punch biopsies
were taken from the wound site, fixed in 10% formalin,
paraffin-embedded, and stained with hematoxylin and
eosin (H&E). A pathologist (who didn’t know which an-
imals were treated and which ones weren’t) used re-
epithelialization and the thickness of granulation tissue to
compare the two groups of animals [26, 27].

2.6. Statistical analysis

When the data didn’t follow a standard pattern, the Mann-
Whitney test was used to look at the results. GraphPad
Prism (version 8.3.0) and SPSS (version 20.0) were used for
statistical analysis. When the P-value was less than 0.05, the
difference between the treatment and control groups was
statistically significant.

3. RESULTS

Particle size, PDI, zeta potential, drug loading, and encap-
sulation efficiency of the optimum vancomycin-SLN were
350 ± 24 nm, 0.402 ± 0.014, �16.3 ± 2.5 mV, 13.9 ± 1.4%,
and 92.14 ± 3.1%, respectively. There was no statistically
significant change in nanoparticle size (P > 0.05) from the
first to the ninth month. However, the nanoparticles’
diameter grew from 350 to 420 nm, or 16.6%, after a year.
A morphological study of synthesized nanoparticles using
FE-SEM revealed that the majority of the particles were
round, with a smooth surface and a homogeneous distri-
bution (Fig. 1).

Furthermore, the FTIR data indicated that the produc-
tion of nanoparticles did not include a chemical reaction
that resulted in the formation of a novel chemical com-
pound. The DSC results demonstrated that the drugs were
not crystalline and were bound inside the lipid matrix. Ac-
cording to the results of a drug release investigation, the
manufactured nanoparticles released 85% of the drugs
within 72 h.

3.1. Microbiology results

The results of the well diffusion and MIC tests for the
antibacterial activity of synthesized nanoparticles are pre-
sented in Table 1. Vancomycin alone proved more effective
than vancomycin-SLN at killing MRSA bacteria in the well
diffusion method. Additionally, the free vancomycin showed
a lower MIC in comparison to the vancomycin-SLN. On the
other hand, in both well diffusion and microbroth dilution,

Fig. 1. Emission scanning electron microscope images of
vancomycin-SLN nanoparticles
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the bacteria in direct contact with the vancomycin demon-
strated a rise in the diameter of the growth inhibition zone
over the course of 72 h of incubation, indicating persistent
release of the drug from the vancomycin-SLN.

3.2. Cytotoxicity assay using MTT

To test the effects of free vancomycin, vancomycin-SLN, and
free SLN on the cells, we incubated them at 37 8C with
varying doses of each. All studies were performed three
times, and as a negative control, the same cells were incu-
bated in culture medium (without any treatment). The MTT
assay, read at 570 nm, determined cell viability. The com-
parisons were based on the fact that the control samples all
survived (Fig. 2).

3.3. In vivo antibacterial activity of vancomycin-SLN

On Days 4 and 7, we took wound biopsies and homogenized
them in PBS. There was a report of log10 CFU g�1 of tissue
for the bacterial count. There were the most bacteria in the
control group of rats, while the highest rate of bacteria
reduction was observed in mice treated with vancomycin-
SLN (P-value 0.001) (Fig. 3). Noteworthy, this treatment
showed a significant antibacterial effect on day 7 in com-
parison to free vancomycin.

3.4. Wound healing after infection of rats

The wound healing process in the vancomycin-SLN treated
rats and untreated animals during two weeks is shown in
Fig. 4. The capacity of the manufactured nanoparticles to

decrease bacterial numbers at the infection site led to faster
wound healing.

3.5. Histological analysis

All of the treated groups exhibited quicker skin layer renewal
and repair compared to the control group. Figure 5 displays
a comparison of the rates of epithelial cell development
between the untreated and treated groups. It has been
confirmed that vancomycin-SLN has about 50% greater
epithelial diameter, confirming faster healing than other
groups.

4. DISCUSSION

Wound infection is a big problem when it comes to treating
different wounds, such as surgical and burn wounds, and it
causes illness and death all over the world. Multi-drug-
resistant (MDR) bacteria are becoming more common,
which makes it harder to use conventional antibiotics to
manage wound infections [28–30]. Also, systemic antibiotic
treatment may not be able to keep wounds from getting
infected because of things like necrosis, granulation tissue,
limited blood supply, and fibrosis, which stop antibiotics
from getting into the infected tissues [27, 31, 32]. Therefore,
using antibacterial agents on the surface of a wound area can
help prevent infection. To this end, in the present study, we
used SLN nanoparticles coated with vancomycin for inhi-
bition of MRSA surgical wound infection. The SLN gel was
more active for 11 days, while the free vancomycin was only
more active for one day. Additionally, vancomycin-SLN not
only inhibited wound infection in infected rats but also
improved wound healing processes.

The results of a recently published study also showed
that high-dose curcumin SLN increased angiogenesis and
remarkably enhanced burn wound closure [33]. In another
study, the authors also used the emulsion solvent evapora-
tion technique to produce fluoxetine-SLN and used these
nanoparticles for the treatment of rats with diabetic wounds.
The results indicated that fluoxetine-SLN enhanced cellular
proliferation, angiogenesis, and the level of collagen syn-
thesis [34]. A study that was published in 2022, El-Ezz et al.
applied a hydrogel loaded with Cu (II) Schiff base 8-hydroxy
quinolone complex SLN for management of excision wound
healing in rats. These nanoparticles significantly modified
wound healing, angiogenesis, and intact re-epithelization

Table 1. Results of well diffusion and MIC tests after treatment with free drugs and synthesized nanoparticles (vancomycin-SLN)

Bacterial strain Methods
Antibacterial activity, Zone of inhibition (mm) in different incubation time (hours) and three

concentrations (μg ml�1)

MRSA Well diffusion Free vancomycin
(2.5–1.25–0.625 μg ml�1)

Van-SLN (2.5–1.25–0.625 μg ml�1)

24h 24h 48h 72h
27 20 18 16 14 13 20 18 16 25 21 17

MIC Free vancomycin Van-SLN
0.625 1.25

Fig. 2. Cytotoxicity assay of vancomycin-SLN nanoparticles at
different concentrations on human fibroblasts cells cell lines
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[35]. Collectively, SLN could be a potential carrier for the
delivery of different compounds for enhancement of wound
healing processes in different wound types, including sur-
gical, burn, and diabetic wounds.

It should be noted that, because of their superior
biocompatibility, durability, and skin adhesion, lipid nano-
particles have taken a commanding lead over other nano-
particles in the field of wound healing. Lipid nanoparticles’
adhesive properties allow them to stick to the stratum
corneum, where they produce a layer that blocks the

evaporation of moisture. These have a major physiological
benefit because their lipid composition is so comparable to
that of the lipid bilayers between corneocytes and kerati-
nocytes in the stratum corneum. Therefore, compared to
other drug delivery systems, this allows the lipid nano-
particles and their encapsulated drugs to penetrate the
epidermis and come into closer contact with the wound site
[36–38]. Furthermore, due to the lipidic bilayers and
aqueous core of lipid nanoparticles, they are capable of
carrying a desired payload that includes both lipophilic and

Fig. 3. MRSA wound burden on Days 4 and 7 in rats were infected with 13 108 cells of bacteria by the amount of CFU growth (n 5 5
wounds per group). Treatment of rats with vancomycin-SLN remarkably reduced the MRSA number in the treated group compared to the

untreated animals (pP value < 0.05, pppP value < 0.001)

Fig. 4. Wound healing procedure of treated rats with free vancomycin and vancomycin-SLN and control rats on days 0, 7, and 14
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hydrophilic drugs [37]. Altogether, SLNs’ biocompatible and
biodegradable composition, which is similar to that of the
human body, is a major contributor to their usefulness as
drug delivery systems in wound treatment.

In addition, as mentioned, our results showed that van-
comycin-SLN nanoparticles released vancomycin for a long
time and significantly inhibited MRSA infection in in vitro
and in vivo. In this regard, in a recently published study, the
authors designed a neomycin sulfate gel loaded with SLN.
The synthesized nanoparticles not only showed excellent
ex vivo permeability but also indicated more significant
antibacterial activity against S. aureus than the pure
neomycin gel [39]. In another study, Ho et al. developed a
hydroxyethyl cellulose-based gel containing metronidazole
loaded into SLN. After 24 h of treatment, nanoparticles
exhibit sustained in vitro drug release, excellent ex vivo
permeability, and improved in vitro antibacterial efficacy
[40]. Additionally, studies have shown that antibacterial
drugs such as LL37 peptide, mupirocin, and levofloxacin can
have a greater impact when delivered via lipidic nano-
carriers, speeding up the wound healing process [36].

Noteworthy, the positive zeta potential of antibiotic-
loaded lipid-based nanocarriers may increase their effec-
tiveness by enhancing their contact with the negative charge
surfaces of bacterial cells, enabling antibiotic penetration
into the bacterium [41]. Moreover, these carriers are also
capable of penetrating bacterial cells by causing damage to
their membranes, hence decreasing the quantity of ATP that
is present in the cell, and ultimately leading to membrane
disruption [42, 43]. Therefore, vancomycin-SLN can
improve current clinical drug therapy, bring innovative
products, and enhance vancomycin’s application in wound
infections.

It’s noteworthy to mention that, vancomycin is one of
the best choices for the management of MRSA infections;
however, nowadays, the prevalence of vancomycin-resistant
S. aureus (VRSA) is increasing. To this end, the performance
of vancomycin-SLN nanoparticles should be evaluated against
VRSA wound infections. In addition, the anti-biofilm char-
acteristics of vancomycin-SLN should be evaluated against
bacterial biofilm in the wound site because infections caused
by bacterial biofilm communities are extraordinarily resistant
to eradication by the host immune system and antibacterial
agents.

5. CONCLUSIONS

Our results showed vancomycin-SLN as a promising mod-
ern wound therapy, especially for infected wounds. The
formulated SLNs have a nanometer range, a spherical
structure, high encapsulation efficiency, drug loading, and a
sustained release profile. The advantages mentioned intro-
duce SLN-based drug delivery platforms as a promising
candidate for inhibition of wound infection and enhance-
ment of wound healing procedures. Noteworthy, the cost of
putting antimicrobial agents into lipid nanocarriers will be
higher than the cost of using antibacterial agents directly.
However, the benefits of lipid nanoparticles may outweigh
the cost concerns and have commercialization potential if
clinical trials could be done to rule out any toxicity issues
before they are used to treat diabetic wounds. Unfortunately,
the data about SLN-based nanocarriers usage for wound
infection management is limited. Therefore, this kind of
treatment should be considered by scientists in future
studies as an applicable treatment for wound infection.

Fig. 5. Histopathology of skin at day 14 stained with H&E Epithelial layer thickness in treated groups with (A); untreated animals (B);
vancomycin-SLN and (C); free vancomycin

6 Acta Microbiologica et Immunologica Hungarica

RETRACTED



DECLARATIONS
Author contribution: HA and AJ conceived and designed the
study. MM, MT, and SK performed the microbiologic
workup of the samples. HA and AJ wrote the paper and
performed the statistical analysis. Notably, all authors
approved the definitive version of the manuscript.

Conflict of interest: The authors declare that there are no
potential conflicts of interest in the present study.

Ethical approval: The study protocol and animal use were
reviewed and approved by the local ethics committee on
animal experimentation (Al-Mustaqbal University College
(approval no. H12REA183)).

Consent for publication: Not applicable.

Availability of data and materials: Data sharing not appli-
cable to this article as no datasets were generated during the
current study.

ACKNOWLEDGMENTS

Not applicable.

REFERENCES

1. Pourpirali R, Mahmoudnezhad A, Oroojalian F, Zarghami N,

Pilehvar Y. Prolonged proliferation and delayed senescence of the

adipose-derived stem cells grown on the electrospun composite

nanofiber co-encapsulated with TiO2 nanoparticles and metfor-

min-loaded mesoporous silica nanoparticles. Int J Pharm 2021; 604:

120733.

2. Sadeghi-Soureh S, Jafari R, Gholikhani-Darbroud R,

Pilehvar-Soltanahmadi Y. Potential of Chrysin‐loaded PCL/gelatin

nanofibers for modulation of macrophage functional polarity to-

wards anti-inflammatory/pro-regenerative phenotype. J Drug Deliv

Sci Technol 2020; 58: 101802.

3. Abdullahi A, Amini-Nik S, Jeschke M. Animal models in burn

research. Cell Mol Life Sci 2014; 71(17): 3241–55.

4. Brigham PA, McLoughlin E. Burn incidence and medical care use

in the United States: estimates, trends, and data sources. J Burn

Care Rehabil 1996; 17(2): 95–107.

5. Zamani R, Pilehvar-Soltanahmadi Y, Alizadeh E, Zarghami N.

Macrophage repolarization using emu oil-based electrospun

nanofibers: possible application in regenerative medicine. Artif Cell

nanomedicine, Biotechnol 2018; 46(6): 1258–65.

6. Pilehvar-Soltanahmadi Y, Nouri M, Martino MM, Fattahi A,

Alizadeh E, Darabi M, et al. Cytoprotection, proliferation and

epidermal differentiation of adipose tissue-derived stem cells on

emu oil based electrospun nanofibrous mat. Exp Cel Res 2017;

357(2): 192–201.

7. Vindenes H, Bjerknes R. Microbial colonization of large wounds.

Burns 1995; 21(8): 575–9.

8. Macedo JLSD, Santos JB. Bacterial and fungal colonization of burn

wounds. Memorias do Instituto Oswaldo Cruz 2005; 100(5): 535–9.

9. Caruso DM, Foster KN, Blome-Eberwein SA, Twomey JA,

Herndon DN, Luterman A, et al. Randomized clinical study of

Hydrofiber dressing with silver or silver sulfadiazine in the man-

agement of partial-thickness burns. J Burn Care Res 2006; 27(3):

298–309.

10. Sharma B. Infection in patients with severe burns: causes and

prevention thereof. Infect Dis Clin North America 2007; 21(3):

745–59.

11. Pruitt Jr BA, McManus AT, Kim SH, Goodwin CW. Burn wound

infections: current status. World J Surg 1998; 22(2): 135–45.

12. Shariati A, Dadashi M, Moghadam MT, van Belkum A,

Yaslianifard S, Darban-Sarokhalil D. Global prevalence and distri-

bution of vancomycin resistant, vancomycin intermediate and

heterogeneously vancomycin intermediate Staphylococcus aureus

clinical isolates: a systematic review and meta-analysis. Scientific

Rep 2020; 10(1): 12689.

13. Shariati A, Moradabadi A, Ghaznavi-Rad E, Dadmanesh M,

Komijani M, Nojoomi F. Investigation into antibacterial and

wound healing properties of platelets lysate against Acinetobacter

baumannii and Klebsiella pneumoniae burn wound infections. Ann

Clin Microbiol Antimicrobials 2021; 20(1): 40.

14. Ghaznavi-Rad E, Komijani M, Moradabadi A, Rezaei M,

Shaykh-Baygloo N. Isolation of a lytic bacteriophage against

extensively drug-resistant Acinetobacter baumannii infections and

its dramatic effect in rat model of burn infection. J Clin Lab Anal

2022; 36(7): e24497.

15. Imbuluzqueta E, Gamazo C, Ariza J, Blanco-Prieto MJ. Drug de-

livery systems for potential treatment of intracellular bacterial in-

fections. Front Biosci (Landmark Ed) 2010; 15(2): 397–417.

16. Shahmoradi S, Shariati A, Zargar N, Yadegari Z, Asnaashari M,

Amini SM, et al. Antimicrobial effects of selenium nanoparticles in

combination with photodynamic therapy against Enterococcus

faecalis biofilm. Photodiagnosis Photodynamic Ther 2021; 35:

102398.

17. Shariati A, Asadian E, Fallah F, Azimi T, Hashemi A,

Yasbolaghi Sharahi J, et al. Evaluation of Nano-curcumin effects on

expression levels of virulence genes and biofilm production of

multidrug-resistant Pseudomonas aeruginosa isolated from burn

wound infection in Tehran, Iran. Infect Drug Resist 2019; 12:

2223–35.

18. Madhi ZS, Shallan MA, Almaamuri AM, Alhussainy AA,

Al-Salih SSS, Raheem AK, et al. Lipids and lipid derivatives for

delivery of the CRISPR/Cas9 system. J Drug Deliv Sci Technol

2022: 103948.

19. Hosseini SM, Farmany A, Alikhani MY, Taheri M, Asl SS,

Alamian S, et al. Co-delivery of doxycycline and hydroxy-

chloroquine using CdTe-labeled solid lipid nanoparticles for

treatment of acute and chronic brucellosis. Front Chem 2022; 10:

890252.

20. Raza A, Sime FB, Cabot PJ, Maqbool F, Roberts JA, Falconer JR.

Solid nanoparticles for oral antimicrobial drug delivery: a review.

Drug Discov Today 2019; 24(3): 858–66.

21. Sharma S, Sudhakara P, Singh J, Ilyas R, Asyraf M, Razman M.

Critical review of biodegradable and bioactive polymer composites

for bone tissue engineering and drug delivery applications. Poly-

mers 2021; 13(16): 2623.

Acta Microbiologica et Immunologica Hungarica 7

RETRACTED



22. Naseri N, Zakeri-Milani P, Hamishehkar H, Pilehvar-Soltanahmadi Y,

Valizadeh H. Development, in vitro characterization, antitumor

and aerosol performance evaluation of respirable prepared by

self-nanoemulsification method. Drug Res 2017; 67(06): 343–8.

23. Hosseini SM, Farmany A, Abbasalipourkabir R, Soleimani Asl S,

Nourian A, Arabestani MR. Doxycycline-encapsulated solid lipid

nanoparticles for the enhanced antibacterial potential to treat the

chronic brucellosis and preventing its relapse: in vivo study. Ann

Clin Microbiol Antimicrobials 2019; 18(1): 33.

24. Hosseini SM, Abbasalipourkabir R, Jalilian FA, Asl SS, Farmany A,

Roshanaei G, et al. Doxycycline-encapsulated solid lipid nano-

particles as promising tool against Brucella melitensis enclosed in

macrophage: a pharmacodynamics study on J774A. 1 cell line.

Antimicrob Resist Infect Control 2019; 8(1): 1–12.

25. Bouzari S, Farhang E, Hosseini SM, Alikhani MY. Prevalence and

antimicrobial resistance of shiga toxin-producing Escherichia coli

and enteropathogenic Escherichia coli isolated from patients with

acute diarrhea. Iranian J Microbiol 2018; 10(3): 151.

26. Shariati A, Moradabadi A, Azimi T, Ghaznavi-Rad E. Wound

healing properties and antimicrobial activity of platelet-derived

biomaterials. Scientific Rep 2020; 10(1): 1–9.

27. Jacobsen F, Fisahn C, Sorkin M, Thiele I, Hirsch T, Stricker I, et al.

Efficacy of topically delivered moxifloxacin against wound infection

by Pseudomonas aeruginosa and methicillin-resistant Staphylo-

coccus aureus. Antimicrob Agents Chemother 2011; 55(5): 2325–34.

28. Farajzadeh R, Zarghami N, Serati-Nouri H, Momeni-Javid Z,

Farajzadeh T, Jalilzadeh-Tabrizi S, et al. Macrophage repolarization

using CD44-targeting hyaluronic acid–polylactide nanoparticles

containing curcumin. Artif Cell nanomedicine, Biotechnol 2018;

46(8): 2013–21.

29. Abdelbasset WK, Jasim SA, Abed AM, Altimari US, Eid MM,

Karim YS, et al. The antibacterial and cytocompatibility of the

polyurethane nanofibrous scaffold containing curcumin for wound

healing applications. Int J Mater Res 2023(0).

30. Obaid RF, Kadhim Hindi NK, Kadhum SA, Jafaar Alwaeli LA,

Jalil AT. Antibacterial activity, anti-adherence and anti-biofilm

activities of plants extracts against Aggregatibacter actino-

mycetemcomitans: an in vitro study in Hilla City, Iraq. Caspian J

Environ Sci 2022; 20(2): 367–72.

31. Abat C, Fournier P-E, Jimeno M-T, Rolain J-M, Raoult D.

Extremely and pandrug-resistant bacteria extra-deaths: myth or

reality? Eur J Clin Microbiol Infect Dis 2018; 37(9): 1687–97.

32. Moghadam MT, Khoshbayan A, Chegini Z, Farahani I, Shariati A.

Bacteriophages, a new therapeutic solution for inhibiting multi-

drug-resistant bacteria causing wound infection: lesson from

animal models and clinical trials. Drug Des Develop Ther 2020;

14: 1867.

33. Sandhu SK, Kumar S, Raut J, Singh M, Kaur S, Sharma G, et al.

Systematic development and characterization of novel, high drug-

loaded, photostable, curcumin solid lipid nanoparticle hydrogel for

wound healing. Antioxidants (Basel, Switzerland) 2021; 10(5).

34. Fatima F, Aleemuddin M, Ahmed MM, Anwer MK, Aldawsari MF,

Soliman GA, et al. Design and evaluation of solid lipid nano-

particles loaded topical gels: repurpose of fluoxetine in diabetic

wound healing. Gels (Basel, Switzerland) 2022; 9(1).

35. Abou El-Ezz D, Abdel-Rahman LH, Al-Farhan BS, Mostafa DA,

Ayad EG, Basha MT, et al. Enhanced in vivo wound healing efficacy

of a novel hydrogel loaded with copper (II) Schiff base quinoline

complex (CuSQ) solid lipid nanoparticles. Pharmaceuticals (Basel,

Switzerland) 2022; 15(8).

36. Kandregula B, Narisepalli S, Chitkara D, Mittal A. Exploration of

lipid-based nanocarriers as drug delivery systems in diabetic foot

ulcer. Mol Pharm 2022; 19(7): 1977–98.

37. Attama AA, Momoh MA, Builders PF. Lipid nanoparticulate drug

delivery systems: a revolution in dosage form design and devel-

opment. Recent Adv Novel Drug Carrier Syst 2012; 5: 107–40.

38. Sguizzato M, Esposito E, Cortesi R. Lipid-based nanosystems as a

tool to overcome skin barrier. Int J Mol Sci 2021; 22(15).

39. Hosny KM, Naveen NR, Kurakula M, Sindi AM, Sabei Fy,

Fatease AA, et al. Design and development of neomycin sulfate gel

loaded with solid lipid nanoparticles for buccal mucosal wound

healing. Gels (Basel, Switzerland) 2022; 8(6).

40. Ho HN, Le HH, Le TG, Duong THA, Ngo VQT, Dang CT, et al.

Formulation and characterization of hydroxyethyl cellulose-based

gel containing metronidazole-loaded solid lipid nanoparticles for

buccal mucosal drug delivery. Int J Biol Macromolecules 2022; 194:

1010–8.

41. Bazán Henostroza MA, Diniz Tavares G, Nishitani Yukuyama M,

De Souza A, José Barbosa E, Carlos Avino V, et al. Antibiotic-

loaded lipid-based nanocarrier: a promising strategy to overcome

bacterial infection. Int J Pharm 2022; 621: 121782.

42. Ghodrati M, Farahpour MR, Hamishehkar H. Encapsulation of

Peppermint essential oil in nanostructured lipid carriers: in-vitro

antibacterial activity and accelerative effect on infected wound

healing. Colloids Surf A: Physicochemical Eng Aspects 2019; 564:

161–9.

43. Salman AS. Antibacterial effect of onion‘s infusion and garlic‘s

infusion on Escherichia coli isolated from urine samples. J Biomed

Biochem 2022; 1(3): 15–20. Available from: https://doi.org/10.57238/

jbb.2022.20107.

8 Acta Microbiologica et Immunologica Hungarica

RETRACTED

https://doi.org/10.57238/jbb.2022.20107
https://doi.org/10.57238/jbb.2022.20107

	Outline placeholder
	Treatment of methicillin resistant Staphylococcus aureus wound infection using vancomycin-loaded nanoparticles: An in vitro ...
	Introduction
	Material and methods
	Research materials
	Synthesis and evaluation of Van-SLN
	Bacterial strains
	Antibacterial effect (well diffusion and minimum inhibitory concentration (MIC))
	Wound infection
	Statistical analysis

	Results
	Microbiology results
	Cytotoxicity assay using MTT
	In vivo antibacterial activity of vancomycin-SLN
	Wound healing after infection of rats
	Histological analysis

	Discussion
	Conclusions
	Declarations
	Acknowledgments
	References




