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ABSTRACT
Background: The aim of this study was to evaluate the antimicrobial efficacy of liposomal meropenem
formulation against clinical and laboratory isolates of Pseudomonas aeruginosa. P. aeruginosa isolates
were used to determine the MIC and MBC of free and liposomal meropenem. As well as the effect of
free and liposomes meropenem compare the minimum biofilm eradication concentration and inhibition
of P. aeruginosa motility was assessed.
Results: In this study, the MICs and MBC of liposomal meropenem was more effective against all clinical
and laboratory strains were significantly lower than those of free meropenem (6.25 lg/ml vs 100 lg/ml).
Furthermore, liposomal meropenem (�1.5 lg/ml) completely eradicated biofilm in all P. aeruginosa iso-
lates. While the free form of drug could eradicate biofilm formation in most of isolates in�6.25 lg/ml
concentration. In addition, lower concentrations of liposomal meropenem could inhibit the bacterial
motility.
Conclusion: The results clearly indicate that the liposomal formulation of drug is more effective than
meropenem alone against antibiotic resistant P. aeruginosa isolates.
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Introduction

Pseudomonas aeruginosa is an opportunistic Gram-negative
bacillus commonly associated with wide range of diseases. It
typically infects the airway, urinary tract, burns, wounds, and
also causes blood infections. In humans, these infections
mostly happen in association with epithelial cell damage to
the skin or eye or medical devices such as ventilators or cath-
eters and in immunocompromised persons. P. aeruginosa lung
infections are commonly seen in patients with chronic
obstructive pulmonary disease (COPD), cystic fibrosis (CF), and
ventilator-associated pneumonia (VAP) (Bazzi et al. 2013). The
pathogenicity of P. aeruginosa depends on a large number of
cell-associated and extracellular virulence factors such as, exo-
toxins, proteases, phospholipases, and lipopolysaccharide.
These factors play an important role in the colonization, the
survival of the microorganism and the invasion of tissues.
Biofilm formation by bacteria allows it to adhere to epithelial
host cells and thus help cause the disease. Also, they often
cannot be treated efficiently with usual antibiotic therapy. It
seems that the biofilm protects these bacteria from different
environmental factors. This factor is also involved in establish-
ment of the infection as shown by many studies (Alhariri
et al. 2013, Smith 2005). So, the treatment of P. aeruginosa
infections is very important. Carbapenems are a class of
b-lactam antibiotics that has most effective antibacterial

efficacy against P. aeruginosa. But resistance to these agents
is a serious challenge to physicians (Lister et al. 2009, Smith
2005). Liposomes are extensively used as carriers of chemical
substances in the research. Intensive research is being carried
out on liposomal antibiotics to increase their antimicrobial
activity and pharmacokinetic properties (Daraee et al. 2016).
As Liposomal forms of the doxorubicin, vincristine, and the
amphotericin B (Drulis-Kawa et al. 2006) are already success-
fully used in veterinary and human healthcare. Furthermore,
we investigated the antibacterial activity of liposomal merope-
nem, ability to prevent biofilm formation, and motility of
meropenem-resistant strains of P. aeruginosa.

Materials and methods

Chemicals and media

Meropenem was purchased from Jaber Ebne Hayyan
Pharmaceutical Company (Tehran, Iran). Soybean phosphat-
idylcholine (SPC, Lipoid S 100, purity ¼ 97.8%, the assumed
average molecular weight �800 g/mol) was provided from
Lipoid GmbH (Darmstadt, Germany). Cholesterol was supplied
from Merck Chemicals (Darmstadt, Germany). Mueller–Hinton
agar, Mueller–Hinton broth, and Tryptic soy broth were pur-
chased from Merck company (Darmstadt, Germany) and were
used for antibiotic susceptibility tests.
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Microorganisms

Laboratory strains of P. aeruginosa (GIM1 and IPM2) and eight
clinical isolates of P. aeruginosa were obtained from the
Clinical Microbiology Laboratory of Tabriz Hospital (Sina,
Tabriz, Iran), that each strain was isolated from one patient.
All strains were stored at �80 �C in Tryptic soy broth supple-
mented with 15% glycerol.

Antimicrobial susceptibility testing

The isolated organisms were subjected to the disk diffusion
agar method using disks containing meropenem, imipenem,
ertapenem, and doripenem according by CLSI procedure
(Wikler 2008). Pure colonies of P. aeruginosa were inoculated
to tube containing normal saline sterile so that the turbidity
of them reached 0.5 Mac Farland. Then using sterile swab,
this bacterial suspension was cultured in Muller Hinton agar
and the disks were placed in agar area. Also, modified Hodge
test was used to detect carbapenemase producing strains in
meropenem resistant isolates according to standard methods
(Kafil and Mobarez 2015).

Preparation of meropenem-loaded liposomes

Meropenem-loaded liposomal formulations were prepared
according to the modified ethanol injection method. Briefly,
phosphatidylcholine, cholesterol, and meropenem were
dissolved in ethanol and injected slowly into the 100 mL
aqueous medium under mixing by homogenizer (DIAX 900,
Heidolph, Schawabach, Germany) at 20000 rpm.

Characterization of meropenem-loaded liposomes

Particle size distribution of formulations was analyzed using
dynamic light scattering (DLS) system and reported as inten-
sity-weighted average (z average) and the polydispersity index
(PDI), which quantifies size and distribution width, respectively.
Zeta potential of prepared liposomes was also analyzed by the
same system (Nano ZS, Malvern, Southborough, UK). Particles
Morphology was investigated with scanning electron micros-
copy (SEM, VEGA TESCAN, Czech Republic). For this analysis,
liposomal formulations were diluted in de-ionized water and
few drops of this diluted liposome suspension were mounted
on a glass lamella, air-dried and gold coated under vacuum.

Determination of entrapment efficiency (EE) and loading
capacity (LC)

The EE (%) and LC (%) were expressed as the percentage of
entrapped drug to the added drug or to the used lipid,
respectively. EE was determined by first separation of the un-
entrapped drug by centrifugation method using of AmiconVR

Ultra-15 (molecular weight cutoff of 100 kDa, Millipore,
Germany) tube. The formulation was added to the upper
chamber of the AmiconVR tube and then the tube was centri-
fuged (Sigma 3K30, Germany) at 5000 rpm for 15 minutes. The
clear solution in the bottom of AmiconVR tube was used for

Meropenem determination using a validated spectroscopy
method in 300 nm and mathematically calculated according
to the following equations:

EE %ð Þ ¼
W Initial drugð Þ � W Free drugð Þ

W Initial drugð Þ
� 100

LC ð%Þ ¼
WðEntrapped drugÞ

WðTotal lipidÞ
� 100

where, W(Initial drug) is the amount of initial drug used and
W(Free drug) is the amount of free drug detected in the lower
chamber of AmiconVR tube after centrifugation of the nanoe-
thosomal formulations. Accordingly, W(Entrapped drug) is the
amount of loaded drug and W(Total lipid) is the amount of used
phospholipids and cholesterol in the preparation process. The
formulations in the upper chamber of AmiconVR tube were
rinsed five times by hydro alcoholic (50%) solution to elimin-
ate unloaded Meropenem. These rinsed formulations were
used for the rest experiments.

Determination of minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC)

A broth micro-dilution method was used to determine the
MICs of free and liposome-encapsulated meropenem.
Overnight cultures of the clinical and standard strains of P.
aeruginosa were diluted in sterile normal saline to achieve 0.5
McFarland standards. The bacterial cell populations were then
exposed to several dilutions of free or liposome-encapsulated
meropenem. The contents of the wells were cultured on the
Mueller–Hinton agar plates and were incubated for 24 h at
37 �C. Broth medium alone and free meropenem bacterial cul-
tures were used as negative and positive controls, respect-
ively. The MBC was considered as the lowest concentration of
free or liposomal antibiotic that caused in more than 99.9%
reduction of the initial inoculum. Two separate experiments
were done to confirm the results.

Effect of free or liposome-encapsulated meropenem
against minimal biofilm eradication concentration
(MBEC)

The 180 ll Trypticase soy broth containing 5.0% glucose and
20 ll of bacterial suspension equal 0.5 McFarland were added
to each well. After incubation for 24 h at 37 �C, the contents
of the wells was removed and washed three times with 300 ll
of sterile phosphate buffer. Then 150 ll of methanol was
added to the wells and were incubated for 20 min at the lab
temperature. For Staining, 150 ll crystal violet was added and
the resultant solution was incubated at room temperature for
15 minutes. The plates were washed and thoroughly dried by
placing them upside down. Finally, 150 ll of 33% acetic acid
was added to the wells and was placed 30 min at room tem-
perature. The optical density of the contents of each well was
measured at 570 nm by using a microtiter plate reader. Based
on previous study the cut off optical density for
biofilm formation was considered higher than OD570¼ 0.524
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(Abdi-Ali et al. 2006). Thus, the wells with optical density of
higher than 0.524 indicated the formation of biofilms but
those that had lower than 0.524 indicated inhibition of biofilm
formation. In this way the biofilm-producing strains were
selected for MBEC testing. Then different concentrations of
antibiotics included liposomal formulation (0.75, 1.5, 3, 6.25,
and 12.5 lg/ml) and free drug (0.75, 1.5, 3, 6.25, 12.5, 25, 50,
100, and 125 lg/ml) were used in MBEC assay. Such as biofilm
formation assay after adding medium and bacterial suspen-
sion into the wells, desired concentration of two formulations
of antibiotics were added to the wells and then incubated for
24 h at 37 �C. Wells without antibiotic and without bacterial
cultures were considered as positive and negative controls,
respectively.

Effect of free or liposome-encapsulated meropenem
against bacterial motility

Free or liposomal meropenem was added to different percen-
tages of agar plates at almost one eighth of the MIC, and
motility was examined. As twitching (1% agar), swarming
(0.5% agar), and swimming (0.3% agar) were used in this
study. Overnight cultures were used for preparation of 0.5
McFarland suspension for all isolates, and 10 ll was inoculated
onto a wells created on the surface of the plate. After 24 h of
incubation at 37 �C, swimming and swarming diameters were
measured. All experiments were performed in two independ-
ent experiments in duplicate.

Results

Antimicrobial susceptibility testing

All strains of our study were resistant to meropenem, imi-
penem, ertapenem, and doripenem.

Characterization of meropenem-loaded liposomes

The size of prepared Meropenem-loaded liposomes was ana-
lyzed and represented in Figure 1(a). The particle size and PDI
were in the range of 100.4 nm and 0.344, respectively. Also
zeta potential distribution was assayed (Figure 1(b)).
SEM image supported the reported size and narrow PDI
(Figure 1(c)). The drug loading calculation indicated that the
EE (%) and LC (%) values of liposomal formulations were
61.3% and 38.7%, respectively.

MIC and MBC

In our study, the MICs of liposome-encapsulated meropenem
against all clinical and laboratory strains were significantly
lower than those of free meropenem, as shown in Table 1.
This result showed that the MBC of new drug formulations
compared with free antibiotic has a greater effect on bacteria.
The MICs of free meropenem for most P. aeruginosa isolates
were >100 lg/ml compared to �6.25 lg/ml for liposomal
meropenem.

Bactericidal of free and liposome-encapsulated
meropenem activity on P. Aeruginosa biofilm

Our results were indicated that the liposomal meropenem
(�1.5 lg/ml) completely eradicated biofilm in all P. aeruginosa
isolates. However the free form of drug could eradicate bio-
film formation in most of isolates in�6.25 lg/ml concentra-
tion. In addition, eradicate biofilm formation in some of the
tested isolates were inhibited at high concentrations with free
drug.

Effect of free and liposomal meropene on P. aeruginosa
motility

We examined bacterial motility, in the presence of sub-inhibi-
tory concentrations of either free or liposomal meropenem.
Concentrations of 12.5–125 lg/ml and 6.25–100 lg/ml of free
and liposomal meropenem were used for detection of motility
inhibition test, respectively. Our findings revealed that the
concentrations of�6.25 lg/ml of liposomal meropenem were
inhibiting the motility including twitching, swimming, and
swarming in all isolates. However, the free form of the anti-
biotic in higher concentrations (12.5 lg/ml) could inhibit the
bacterial motility. Surprisingly, in two clinical isolates that
were resistant to all antibiotics tested in this study, no con-
centration of free form of drug could inhibit the bacterial
motility. While the liposomal meropenem could inhibit the p.
aeruginosa motility at a concentration of 6.25 lg/ml (Figure 2).

Discussion

The emergence of pathogens resistant to conventional anti-
microbial agents and insufficient antibiotic access to infectious
agents, have focused research to the design and optimization
of new formulation drugs. In addition, various types of anti-
biotic are ineffective in penetrating bacterial biofilm colonies
(Agarwal et al. 2005, Smith 2005). Inherent resistance bacterial
biofilms to antimicrobial agents are responsible for long
persistent and chronic bacterial infections (Halwani et al.
2008). The liposomal antibiotic delivery system seems to be
an appealing strategy for penetrating biofilm barriers, modify
the antibiotic time release and targeting the infection sites
(Badrzadeh et al. 2016, Das et al. 2003, K�ad�ar et al. 2010). In
our study, the low (�0.2) PDI value indicated the narrow size
distribution of prepared formulations. Optimum formulation
had z-average 98 ± 2 nm and PDI 0.341 ± 0.001 nm. Hopefully,
the zeta potential value of optimized formulation (Figure 1b)
was less than �30 (�33.6 mV) providing the suitable situation
for colloidal stability of suspended nano-vesicles. We deter-
mined that the liposome-encapsulated meropenem increase
antimicrobial activity against a resistance clinical P. aeruginosa
isolates. These results are in agreement with previous studies
indicating that liposomal formulations are highly effective
against bacteria compared to free drug (Das et al. 2003). We
found that the MICs and MBCs of liposomal meropenem were
less than those of free meropenem. As in most cases, the MIC
of free and liposomal meropenem was 62.5 lg/ml and
6.25 lg/ml, respectively, which is consistent with a previous
study (Gubernator et al. 2007). Also, in most isolates, the
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MBCs of liposomal formulation were 25 lg/ml, while the MBCs
of free drug were 125 or 250 lg/ml. These suggest that the
liposomal meropenem formulation when compared with free
drug was highly effective against bacterial isolates, as reduc-
ing the MIC from a resistant to susceptible (256 lg/ml to 6.25
or 50 lg/ml). Similar results were acquired in previous studies,
which showed that liposomal formulations revealed better
antimicrobial efficiency against P. aeruginosa (Mugabe et al.
2006). Overall, this study and the results of other studies, it

can be deduced that liposomal meropenem formulation may
be involved in high fusion with bacterial cell membrane. In
this research, we tested the effects of meropenem on the
motility of bacteria. According with previous studies, we dem-
onstrated that meropenem at sub-inhibitory concentrations
inhibited bacterial motility, by participating in the prevention
of biofilm formation, (Drulis-Kawa et al. 2006), thereby affect-
ing decline of bacterial motility, such as twitching, swarming,
and swimming. We revealed that liposomal meropenem

Figure 1. Size (a), zeta potential (b), and scanning electron microscopy image (c) of meropenem-loaded liposome.
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caused in improving the efficacy of antibiotic in inhibiting P.
aeruginosa motility. The enhanced activity of drug liposomal
preparations is probably attributed to fusion of liposomes to
the bacterial cell wall (Wozniak and Keyser 2004) and a high
concentration of drug can be exported directly to the bacter-
ial cytoplasm (Kawamura-Sato et al. 2000). Considering these
findings, a combination of the anti-motility properties of
meropenem, which might increase the bactericidal properties
when encapsulated in liposomal preparations. As explained
previously, the structure of bacterial biofilms is an imperme-
able barrier to access antibiotics in bacterial populations.
Several studies have shown that liposomal drugs have the
ability to penetrate into the biofilm layer (Abdi-Ali et al. 2006,
Smith 2005, Wikler 2008). The results indicate that liposomal
formulation drug ability penetrate into the biofilm layer and
therefore can be used to overcome bacterial resistance to
antibiotics. We have shown that liposomal meropenem formu-
lation compared with free drug was highly effective against
bacterial biofilm formation. In all of the tested isolates,
it completely eradicates the biofilm formation at lower
concentrations than the free drug.

Conclusion

We report a new strategy for liposomes, as a drug delivery
system to eradicate antibiotic resistant bacterial infections.
Our findings suggest that liposomal antibiotics formulation
could be possibly used in local applications in the eradica-
tion of p. aeruginosa infections. Future investigation could

examine the efficacy of this new formulation in the animal
models.
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