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Abstract 
    Background: Methicillin-resistant Staphylococcus aureus (MRSA) is one of the most common causes of skin infections and treatment 
is difficult due to its resistance to the most of antibiotics. Although vancomycin is often considered as an antibacterial agent of choice 
for the treatment of MRSA, its use is limited because of the high side effects. One solution is using liposomal formulation for local drug 
delivery. The aim of this study was to determine in vitro and in vivo efficacies of liposomal vancomycin as topical use. 
   Methods: To prepare liposomal vancomycin, the ammonium sulfate gradient using remote loading and freeze-thaw methods was 
applied. Then, synthesized nanoliposomes were evaluated in terms of particle size, morphology, stability, and encapsulation efficiency. 
Minimum inhibitory concentration (MIC) of synthesized nanoliposome against MRSA was detected. The cytotoxicity of synthesized 
nanoliposome was evaluated using MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. Finally, the topical 
antibacterial activity of each formulation was tested against MRSA-infected skin wound model in mice. 
   Results: High encapsulation efficiency was achieved for all synthesized nanoliposomes. The results of in vitro and in vivo showed that 
liposomal vancomycin was more effective than free vancomycin. Also, synthesized nanoliposome showed no cytotoxicity on human 
epidermoid cell line.  
   Conclusion: The results showed that synthesized nanoliposome could be applied as a great topical antimicrobial construct for treatment 
of MRSA skin infections. 
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Introduction 
Staphylococcus aureus is one of the most common causes 

of skin infections (1), and an increased prevalence of methi-
cillin-resistant  S.  aureus (MRSA) has been observed in the 
hospital and in the community setting (2). For many years, 
conventional antibiotics such as penicillin were employed 

against S. aureus infections. However, MRSA isolates are 
now resistant to the most ẞ-lactam antibiotics which are 
considered as a global problem. Vancomycin has been the 
first-line drug in the treatment of MRSA infect ions (3). 
Nevertheless, reduced susceptibility to this drug has 
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↑What is “already known” in this topic: 
MRSA is one of the most common pathogens in postsurgical 
wound. Vancomycin is the drug of choice for treating most 
MRSA infections. Unfortunately, its use is limited due to the 
side effects of systemic vancomycin treatment.   
 
→What this article adds: 

In this study, liposomal vancomycin was used as a topical form. 
Vancomycin could be selectively delivered by liposomes to the 
infected site to reduce site effects and increase drug potency 
locally.  
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emerged (4). The side effects of systemic vancomycin treat-
ment, including allergic reactions, nephrotoxicity, ototoxi-
city, neuromuscular blockade, and patient discomfort, may 
exert a huge influence on the efficiency of treatment (5). 
Also, the rate of initial treatment failure is increasing due 
to the emergence of resistant bacteria in skin infections (6). 
Therefore, there is an urgent need to reduce its side effects 
and develop better therapies. One solution is to discover 
new, safe, and effective topical liposomal vancomycin. Al-
ternatively, vancomycin could be selectively delivered by 
liposomes to the infected site to reduce site effects and in-
crease drug potency locally. Liposomes have been used as 
intravenous administration in most experimental studies, 
while in this study, liposomal vancomycin was used as a 
topical form. For decades, liposomes have been used as a 
drug delivery vehicle. Their advantages are as follow: being 
composed of biocompatible lipid materials; the ability to 
deliver hydrophilic and lipophilic drugs; the ability to fuse 
with bacteria cell membranes; easy surface modification 
(7); and the ability to concentrate at the target site due to 
the increased permeability and maintenance effect (8). The 
combination of topical liposomal vancomycin provides a 
potentially powerful means of improving vancomycin de-
livery. The aim of this study was to determine in vitro and 
in vivo efficacies of liposomal vancomycin for topical use.  

 
Methods 
Materials 
L-α-phosphatidylcholine (Egg-PC) was purchased from 

Avanti Polar Lipids, Inc (AL, USA). Cholesterol, vanco-
mycin hydrochloride, methylthiazolyldiphenyl-tetrazolium 
bromide (MTT), dimethyl sulfoxide (DMSO), penicillin, 
streptomycin, RPMI-1640 medium, Triton X-100, and so-
dium chloride were from Sigma Aldrich (MO, USA). 
Blood agar, mueller hinton (MH) broth, methanol, chloro-
form, and ammonium sulfate were obtained from Merck 
(Darmstadt, Germany). Sepharose CL-4B was purchased 
from GE Health care (Bucks, UK). Antibiotic disks were 
purchased from MAST (Merseyside, UK). Gene MATRIX 
Quick Blood DNA Purification Kit was purchased from 
EURx Ltd (Gdańsk, Poland). All animal experiments were 
done in accordance with the protocols approved by the Eth-
ics Review Body of Animal Experimentation of Iran Uni-
versity (IR.UMSHA.REC.1394.134). 

 
Bacterial strains 
A clinical isolate of S.  aureus was isolated from a patient 

with a skin wound infection (Hamadan Hospital, Iran) and 
confirmed by conventional biochemical tests and the pres-
ence of the femA gene (9).  S. aureus ATCC 25923 was 
used as a control strain. Bacteria were stored at -70˚C in 
MH broth supplemented with 20% (v/v) glycerol. Template 
DNA was extracted using GeneMATRIX Quick Blood 
DNA Purification Kit. Presence of the mecA gene was de-
tected by PCR using specific primers, as previously de-
scribed (10).   

 
Antibiotics and susceptibility testing 
S.  aureus strain was tested for antibiotic susceptibility by 

an agar dilution method and a broth dilution method ac-
cording to the Clinical and Laboratory Standards Institute 
(CLSI) guidelines (11). The antibiotics included cefoxitin 
(30 μg), norfloxacin (10 μg), tobramycin (10 μg), ciprof-
loxacin (5 μg), gatifloxacin (5 μg), amikacin (30 μg), line-
zolid (30 μg), rifampin (5 μg), doxycycline (30 μg), oxacil-
lin, and vancomycin.  

 
Preparation of liposomal vancomycin 
Formulations of liposomal vancomycin were prepared 

using 2 methods: 
 Remote loading method by ammonium sulfate gradient:  

Liposomes were prepared by the thin-film hydration 
method in a molar ratio of 6.5/3.5 (Egg -PC / Cholesterol) 
(50 mg). The lipids were dissolved in 9:1 (v/v) chloroform 
and methanol; then, the lipid film was hydrated in ammo-
nium sulfate solution (250 mM, pH 5.5). Following vigor-
ous vortexing for 5 minutes, the multilamellar vesicles 
(MLVs) were sonicated using a probe sonicator for 3 
minutes (pulsed duty cycle of 45 seconds on and 15 seconds 
off, power delivery of 30%) (Vibra-Cell TM Jencons Sci-
entific Ltd., USA). The solution was extruded through a 
200 nm pore-sized polycarbonate membrane 21 times at 
room temperature (RT) to make small unilamellar vesicles 
(SUVs) (Avanti Polar Lipids, USA). Next, liposome solu-
tion and vancomycin solution (1 mL of 300 mM NaCl with 
pH 5.5 containing 10 mg of vancomycin) were mixed and 
incubated for 2 hours at 4˚C. The nonencapsulated vanco-
mycin was separated using a Sepharose CL-4B gel filtra-
tion column (24 ×1 cm internal diameter). Vancomycin en-
capsulation efficiency was surveyed with adding 200 μL of 
10% Triton X-100 to 90 μL of prepared liposome and incu-
bated at  37˚C for 5 minutes; then, free vancomycin was 
measured by HPLC analysis (Knauer, Italy) (12).  

 Freeze-thaw method: A lipid film was prepared using 50 
mg of the lipids Egg-PC: cholesterol, in a molar ratio of 
6.5/3.5. The lipid film was hydrated using 1.5 mL of phos-
phate-buffered saline (PBS) (pH: 7.4) containing 10 mg of 
vancomycin. The rehydrated film was vortexed, sonicated, 
and extruded as described above. Then, the mixture was 
frozen at -20˚C for 20 minutes and at 45˚C for 10 minutes 
by 3 freeze-thaw cycles. Sepharose CL-4B gel filtration 
column (24 ×1 cm internal diameter) was used to separate 
the unloaded vancomycin and measure its concentration by 
HPLC (13). 

 
Liposome characterization 
The particle size distribution and polydispersity index 

(PDI) were determined on a Nano-flex 180o dynamic light 
scattering (DLS) analysis (Particle Metrix, Germany) at 
25˚C with refractive index 1.3332, viscosity of 0.8878, and 
scattering intensity of 11480. Stability of prepared lipo-
somes was evaluated in terms of physical properties and the 
amount of vancomycin released by 6 months at 4˚C and 
25˚C. 

 
Antimicrobial susceptibility test 
The MIC (minimal inhibitory concentration) of free van-

comycin and liposomal vancomycin was evaluated using a 
liquid growth inhibition assay in 96 well microtiter plates 
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as recommended by CLSI guidelines (11). MIC was con-
sidered as the lowest concentration of antibiotic that com-
pletely inhibited the visible growth of bacteria after 16-18 
hours of incubation at 35˚C.  

 
 Transmission electron microscopy 
Transmission electron microscopy (TEM) was done on a 

Zeiss-EM10C instrument (Germany) at an acceleration 
voltage of 100Kv. Briefly, freshly prepared liposomal for-
mulations were placed on a 200-mesh formvar copper grid 
(TABB Laboratories Equipment, Berks, UK). Negative 
staining was performed by adding a drop of 2% (w/v) aque-
ous solution of uranyl acetate (5 minutes) to the copper grid 
with the sample. Then, the samples were dried at 25˚C be-
fore the vesicles were analyzed by TEM.  

 
 Cytotoxicity Test 
In vitro cytotoxicity of free vancomycin and liposomal 

vancomycin was measured using MTT (3-(4,5-Dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. In 
this study, human epidermoid carcinoma epithelial cell line 
(A431; ATCC® CRL-1555™) was used for cell toxicity as-
say. Briefly, the cells were seeded in 96 well plates at a 
density of 5×103 cells/well for subconfluency and incu-
bated for 24 hours at 37˚C. The next day, cells were treated 
with all formulations and the untreated cells were consid-
ered as controls. After a 24-hour incubation, the cells were 
washed twice with Dulbecco’s PBS and replaced with fresh 
medium. MTT dye was added to each well and incubated 
for 4 hours. Finally, dimethyl sulfoxide was added and the 
absorbance at 570 nm was measured using a microplate 
reader (Bio-Rad; Model 680) to calculate cell viability. 

 
 Mice and bacteria culture 
The MRSA culture was prepared one day before infec-

tion in accordance with Wen et al study (14). Male NMRI 
mice aged between 6 and 8 weeks were used for this study. 
All mice were put in separate cages to avoid fighting and 
given sterile chow and water ad libitum. All the cages were 
changed and autoclaved to prevent secondary bacterial con-
tamination, and mice were kept on a 12-h light dark cycle 
at RT for a week to adapt to the environment (15). Initially, 

the MRSA doses leading to mortality in a murine model of 
the surgical wound were determined. A region of the skin 
was excised by biopsy punch and the wound was infected 
with various colony-forming unit (CFU) counts of MRSA, 
including 107, 108 and 109. Three groups of mice (9 mice in 
each group) were used in this experiment: (1) mice given 
bacteria and liposomal vancomycin simultaneously, (2) 
mice given bacteria and free vancomycin, (3) and mice 
treated with PBS and liposome without bacteria. After 
shaving the hair on the back of the mice, a full-thickness 
wound was created by biopsy punch (7 mm), and each 
wound was inoculated with 10 μL of broth containing 107 

CFU of MRSA. Treatment was done based on the MIC 
dose. A single daily dose of liposomal vancomycin contain-
ing 3 μg of vancomycin was as effective as 2 daily doses of 
the 3 μg of free vancomycin. 

Nonliposomal drugs were administered every 12 hours. 
However, liposomal drugs were used as a single daily dose. 
On the Forth, ninth, and 14th days, mice were anesthetized 
and sacrificed. After homogenizing lesion skin specimens, 
the bacteria were counted. Furthermore, spleen and liver 
were collected, homogenized, and counted for bacterial 
number.  

 
 Statistical analysis 
The data were analyzed with SSPS version 20.0 software 

(SPSS). Significant differences were detected between 
groups (p<0.05) using ANOVA and Tukey test.  

 
Results 
Antimicrobial susceptibility test 
S. aureus strain isolated from the wound was confirmed 

through the presence of the femA gene (Fig. 1a). The results 
of antimicrobial susceptibility testing showed that S. aureus 
was resistant to most antibiotics, including cefoxitin, oxa-
cillin, norfloxacin, ciprofloxacin, gatifloxacin, and rifam-
pin. Also, it was considered as a multidrug resistant (MDR) 
strain. On the other hand, the lowest level of resistance was 
observed against aminoglycosides, linezolid, doxycycline, 
and vancomycin. The results of PCR analysis showed pres-
ence of mecA gene and verified resistance to methicillin 
(Fig. 1b). 

 
Fig. 1.  Agarose gel electrophoresis for the detection of the femA gene (132 bp) (a) and mecA gene (297 bp) (b) in MRSA clinical 
isolate by PCR. Lanes: L, molecular marker (100 bp DNA ladder); 1, Staphylococcus aureus ATCC 33591 as positive control; 2, 
MRSA clinical isolate; and 3, E. coli ATCC 25922 as negative control.  
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Liposome characterization 
Particle size: Both the liposomal formulations prepared 

by ammonium sulfate gradient and freeze-thaw methods 
have shown a mean particle size of 193±2.1 nm and 178 
±5.5 nm, respectively (Table 1). Particle sizes of prepared 
liposomes by freeze-thaw were slightly smaller than of pre-
pared liposomes by ammonium sulfate gradient. The PDIs 
of PDIs of the liposomes was less than 0.2, indicating a rel-
atively homogenous size distribution. 

Encapsulation efficiency: High entrapment of vancomy-
cin was achieved in both methods. There was a substantial 
improvement in encapsulation efficiency when the freeze-
thaw method was applied compared to the ammonium sul-
fate gradient method (Table 1). 

In vitro drug release of liposomes: The stability of all lip-
osomes was evaluated after 6 months in PBS at 4˚C and 
25˚C (Fig. 2). No aggregation was observed in any of the 
preparation. The released vancomycin from prepared lipo-
somes by ammonium sulfate gradient was slightly higher 
than of prepared liposomes by freeze-thaw in both 4˚C and 
25˚C.  

Morphology of liposomes: Negatively stained transmis-
sion electron was applied to show the morphology of all 
liposomes (Fig. 3). The TEM images indicated that most 
liposomes were spherical in both ammoniums sulfate gra-
dient and freeze-thaw methods. The synthesized liposomes 
by the ammonium sulfate method had the uniform disper-
sion without aggregation, whereas in the freeze-thaw 
method, the vesicles were discrete in distribution. 

Liposomal antimicrobial activity: Antimicrobial activi-
ties of free vancomycin and liposomal vancomycin against 
MRSA and S. aureus (ATCC 25923) are illustrated in Ta-
ble 2. The results showed that liposomal vancomycin was 
more effective than free vancomycin.  

Cell viability assay: The results of cell viability assay us-
ing MTT dye showed that free vancomycin led to a reduc-
tion in cell viability compared to liposomal vancomycin, 
indicating that the cytotoxicity of the vancomycin was very 
limited when incorporated in liposome (p<0.05). Vanco-
mycin up to ≤ 18.7 ug/mL showed no toxicity after 24 hours 
of treatment. However, liposomal vancomycin showed no 
toxicity up to ≤75 ug/mL (Fig. 4), indicating that liposomal 
vancomycin and free vancomycin were noncytotoxic 6× 

 
Table 1. Physicochemical parameters of liposomes 

Methods Ammonium sulfate gradient Freeze-thaw 
Particle size (nm) 193 ±2.1 178 ±5.5 
PDI 0.05 ±0.03 0.12 ±0.07 
EE (%) 35.2 ±5 51 ±7 

 

 
Fig. 2. The stability results of each formulation at 4˚C (a) and 25˚C (b) for 6 months 

 
Fig. 3. TEM images of negatively stained liposome nanoparticles. Liposomal vancomycin prepared by ammonium sulfate method 
(a); Liposomal vancomycin prepared by freeze-thaw method (b). 
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MIC and 3× MIC dosage, respectively. 
 
MRSA mortality and mice treatment 
The results showed that mice receiving 109, 108, and 107 

CFU died after 2, 3, and 4 days, respectively (Fig. 5); 
MRSA was isolated from liver, spleen, and blood of all 
those mice, which was an indication of sepsis. Mice that 
were not exposed to infection stayed alive. According to 
these findings, 107 CFU of MRSA was used in subsequent 
experiments to infect all groups of mice. Next, the effect of 
each formulation on MRSA infection was evaluated. All 

mice treated with liposomal vancomycin and free vanco-
mycin were treated after 14 days compared to the first day 
of MRSA infection (p<0.05), among which the more effec-
tive result belonged to the mice treated with liposomal van-
comycin in 9 and 14 days (p<0.05) (Table 3).  

 
Discussion 
MRSA is the most common pathogen isolated from skin 

infections postsurgery (16). Vancomycin is used as an ef-
fective antibiotic against MRSA strain and is delivered 

Table 2. Minimum inhibitory concentration (MIC) (μg/mL) for free and liposomal vancomycin 
Bacterial name Free vancomycin  Liposomal Vancomycin 

S. aureus (ATCC 25923)  <0.7 <0.7 
MRSA  ≤3 ≤1.5 

 

 
Fig. 4. Cytotoxicity assay of free vancomycin and liposomal vancomycin (LV) after incubation with human epidermoid carcinoma epithelial cell line 
(A431) at different concentration.  
 

 
Fig. 5. Mortality in mice was caused by MRSA wound infection. A region of the skin was excised by biopsy punch and the wound was infected 
through different CFU counts of MRSA, including 107, 108 and 109; then, survival of mice on a daily basis was observed and detected. Mice receiving 
109, 108, and 107 CFU died after 2, 3, and 4 days, respectively. 
 
Table 3.  The bacterial counts (CFU/g) of mice skin section after treatment 

Liposomal vancomycin +MRSAFree vancomycin +MRSAMRSA Day 
5.5 × 10

7 5.5 × 10
7

3 × 10
7 0 

1.8 × 10
7
 ±2.7 × 10

7
 5.7 × 10

7
 ±4.4 × 10

7
 Fatal 4 

3.2 × 10
4
 ±2.1 × 10

4
 4.3 × 10

5
 ±2.8 × 10

5
 Fatal 9 

105 ±19 295 ±22 Fatal 14 
  

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

3.
15

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
23

-0
5-

25
 ]

 

                               5 / 7

http://dx.doi.org/10.47176/mjiri.33.153
http://mjiri.iums.ac.ir/article-1-5894-en.html


    
 A novel molecular delivery vehicle to combat methicillin-resistant Staphylococcus aureus infections 

 
 

 http://mjiri.iums.ac.ir 
Med J Islam Repub Iran. 2019 (26 Dec); 33:153. 
 

6 

orally or parenterally (17). However, due to high adverse 
side effects, its use is limited. In addition, clinical failure 
has occurred due to poor penetration into eukaryotic cells 
and the emergence of vancomycin resistant strains (4, 18). 
In this study, vancomycin nanocarriers was developed as a 
new platform to be efficiently and safely applied for van-
comycin topical administration to treat skin infections and 
surgical site infections. For this purpose, liposomes were 
used as antimicrobial carriers. Liposomes have several at-
tractive features: lipid bilayer structure, mimicking bacte-
rial membranes, and facilitating fusion between the two 
(19). As a result, an encapsulated antibiotic can be released 
for a longer time around or in the interior of a bacterial cell 
(20), leading to an increase in the local drug concentrations. 
Moreover, Manconi et al showed that the use of liposomes 
causes an enhancement in the drug transmission process 
through the skin and that the liposomes have the ability to 
penetrate the sublayers and to transport more effective 
drugs by lipid exchanging with skin lipids (21). It has also 
been shown that the use of phospholipids is important in the 
effective penetration of the drug through the skin and pen-
etrates into the deep layers of skin under stratum corneum. 
Freeze-thaw and ammonium sulfate gradient methods were 
used to prepare liposomal vancomycin. A high entrapment 
of vancomycin was obtained by the mentioned methods 
(51%  and 35.2%, respectively), compared to other studies 
(22, 23), and it was higher in the freeze-thaw method than 
in ammonium sulfate gradient method. The higher encap-
sulation efficiency in the freeze-thaw method might have 
been due to the structural change towards a less multilamel-
lar structure (24). However, in the study by Liu et al (2014), 
the rate of encapsulation efficiency in liposome was similar 
to the present study and applied as a potential delivery sys-
tem to decrease nephrotoxicity (12). Negatively stained 
transmission electron microscopy and DLS measurement 
showed that both the liposomal formulations were less than 
200 nm (Fig. 3 and Table 1). Moreover, in this study, the 
stability of both liposomal formulations at 4˚C and 25˚C 
was evaluated during 6 months (Figs 2a, b). The results 
showed that liposomal formulation prepared by freeze-
thaw method was more stable than liposomal formulation 
prepared by ammonium sulfate gradient method, which 
may be related to the lamellarity, while increasing the num-
ber of layers decreases the drug release.   Liposomes that 
were encapsulated using ammonium sulfate gradient 
method were more unstable, and this instability may be due 
to the crystal structure, and these crystals damage unilamel-
lar structures and increase the vesicle leakage. In vitro 
study has shown that liposomal vancomycin had approxi-
mate one-fold improved MIC values for MRSA strain com-
pared to free vancomycin (Table 2). In a study by Sande et 
al, 2 different types of liposomal vancomycin were synthe-
sized with various lipids. The MIC results indicated that us-
ing liposomal vancomycin was twice as effective compared 
to free vancomycin. The results were different from those 
obtained in the in vitro tests from the present study which 
can be due to the type and percentage of lipids (25). In the 
present study, the results of the semi-quantitative analysis 
of CFU from the skin mice indicated that the number of 
bacteria was significantly reduced after 14 days compared 

to the first day (p<0.05). Although using free vancomycin 
was effective against MRSA in the mouse model, liposomal 
vancomycin was more effective than free vancomycin 
(p<0.05), which was due to the large size of vancomycin 
molecule and less penetration to the skin tissue. The use of 
liposomal vancomycin has several advantages, including 
minimizing the emergence of drug resistance, reducing the 
dose for antimicrobial agent, more effective drug penetra-
tion, reduction of drug toxicity, and releasing a large 
amount of drug locally around the bacteria, which  resulted 
in antibacterial effect (26). In this study, maximum effect 
was observed by using the minimum dose of vancomycin. 
Therefore, this reaction could turn bacterial killing capabil-
ity from MIC into MBC dose. In this study, the inhibition 
dose of liposomal vancomycin was more effective than free 
vancomycin and it was found that the liposomal form has 
no toxicity up to 6 times MIC dosage on human epidermis 
cells. A study conducted by Abdelkader showed that the 
use of liposomal form resulted in continuous releasing of 
antibiotics (27). The release of vancomycin from the lipo-
somal form continues with long releasing properties, so that 
the MRSA strain will be in touch with vancomycin during 
this period and the bactericidal effect is enhanced. In gen-
eral, the difference between the free drugs with the entrap-
ment drug in the upper doses is not known, because the use 
of the high dose of antibiotics leads to the destruction of a 
bacterial. However, the aforementioned problem has been 
solved using the liposomal form in low dose. Moreover, us-
ing liposomal form leads to a better penetration of vanco-
mycin into eukaryotes cell compared to free vancomycin; 
thus, it is able to kill all intracellular and extracellular 
MRSA (18).    

  
Conclusion 
In this study, the synthesized nanoliposome was used as 

an effective and safe drug on the MRSA strain. In addition, 
to reduce drug toxicity, fewer doses of the drug can be used 
when using nanoliposome. It is also our belief that the use 
of synthesized nanoliposome leads to less resistance in bac-
teria. Therefore, this treatment can be used as an effective 
therapy.  
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