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Biodegradable nanoparticles have emerged as a promising strategy for ferrying antimicrobial agents into specific
cells due to their unique properties. This review discusses the current progress and challenges of biodegradable
nanoparticles for intracellular antimicrobial delivery to understand design principles for thedevelopment of ideal
nanocarriers. The intracellular delivery performances of biodegradable nanoparticles for diverse antimicrobial
agents are first summarized. Second, the cellular internalization and intracellular trafficking, degradation and re-
lease kinetics of nanoparticles as well as their relation with intracellular delivery of encapsulated antimicrobial
agents are provided. Third, the influences of nanoparticle properties on the cellular internalization and intracel-
lular fate of nanoparticles and their payload antimicrobial agents are discussed. Finally, the challenges and per-
spectives of nanoparticles for intracellular delivery of antimicrobial agents are addressed. The review will be
helpful to the scientists who are interested in searching for more efficient nanosystem strategies for intracellular
delivery of antimicrobial agents.
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1. Introduction

Intracellular bacteria, e.g., Mycobacterium spp., Brucella spp., Listeria
monocytogenes, are notorious as causative agents of a number of serious
diseases worldwide [1]. These bacteria evolve a number of ingenious
mechanisms to exploit host processes to multiply and spread without
damaging the host cells to maintain their intracellular lifestyle [2,3],
resulting in persistent, severe and latent infections. The entry of antimi-
crobial agents into the infected cells and intracellular niches where
pathogens reside with sufficiently high therapeutic concentrations is a
necessity to achieve effective treatment of intracellular infections. How-
ever, most antimicrobial agents have poor cellular penetration, limited
intracellular retention, unsatisfactory subcellular distribution and de-
creased intracellular activity. Therefore, intracellular infection treat-
ment is a great challenge [1,4].

Over the decades, diverse biodegradable nanoparticles including
liposomes, polymeric nanosystems, e.g., polymeric nanoparticles,
polymer micelles, dendrimers and niosomes, and solid lipid nano-
particles (SLN) have been explored for intracellular delivery of anti-
microbial agents that exhibit a high bactericidal activity in vitro [1,5,
6]. These biodegradable nanoparticles can load antimicrobial agents
through physical encapsulation, adsorption, or chemical conjugation
and deliver their payloads into host cells through different pathways,
e.g., contact release, adsorption and endocytosis [1,5,6]. The enhanced
cellular uptake and subsequent sustained release of nanoparticle
adsorbed/entrapped antimicrobial agents could effectively improve
their antibacterial effects due to both the direct action by contact of
nanoparticles with bacteria [7] and diffusion of the released antimicro-
bial agents to bacteria located sites [1,3]. The intracellular delivery, dis-
tribution, sustained release and antibacterial effects of encapsulated
antimicrobial agents can be controlled via modulation of nanoparticle
compositions and properties. The nanocarriers armedwith antimicrobi-
al agents have the ability to passively accumulate in infection foci in the
body via the recognition and transport by the phagocytic cells of the
mononuclear phagocytic system (MPS) [5,8], and the enhanced perme-
ation and retention (EPR) effect due to the locally increased microvas-
cular capillary permeability and impaired lymphatic drainage by
inflammatory reactions [3,9]. The in vivo behavior of nanocarriers and
consequently their therapeutic potential for intracellular infections are
determined by their routes of administration. When administered
intravenously, nanoparticles and their payload antimicrobial agents
rapidly accumulate in the cells of MPS, and hence intravenous adminis-
tration is themost commonway for the treatment of infections involving

theMPS, particularly in the liver and spleen [3,10]. Oral administration is
effective in treating intestinal tract infections and appears to have no ab-
normal in vivo toxicity, although it is less effective in reducing the intra-
cellular bacteria from liver and spleen compared with intravenous
administration. Pulmonary administration is commonly studied for the
treatment of respiratory infections such as tuberculosis [10]. The role of
nanoparticles as a potential vehicle for antimicrobial agents in the treat-
ment of intracellular bacterial infections has been reviewed elsewhere
[1,3,5,11], which mainly focused on the enhanced antimicrobial activity
of nanoparticles encapsulating antimicrobial agents in vitro and in vivo.
This review systematically discusses the efficacy, mechanisms, influence
factors, challenges and perspectives of biodegradable nanoparticles for
intracellular delivery of antimicrobial agents to explore strategies in de-
velopment of more efficient nanosystems to overcome the difficulty in
the treatment of intracellular infections.

2. Intracellular delivery performances of biodegradable
nanoparticles for antimicrobial agents

It is reported that biodegradable nanoparticles can effectively im-
prove the cellular penetration, intracellular retention and specific
subcellular distribution of antimicrobial agents, and even evade
intracellular inactivation of antimicrobial agents. This section sum-
marizes biodegradable nanoparticles for intracellular delivery of var-
ious antimicrobial agents.

2.1. Aminoglycosides

Because of high polarity, aminoglycosides like gentamicin penetrate
across cell membranes very slowly and, once inside, remain confined in
the endolysosomal compartments, where their activity is reduced by
the acidic endosomal pH [12–14]. A growing number of biodegradable
nanoparticles have been explored to solve these hurdles (summarized
in Table 1).

The earliest liposomes formed with a mixture of egg phosphatidyl-
choline (PC), cholesterol, and phosphatidic acid for the intracellular de-
livery of aminoglycosides were developed in 1978, which enhanced the
activity of dihydrostreptomycin against Staphylococcus aureus within
phagocytic vacuoles by 10- and 40-fold after incubation for 6 and
16 h, respectively [15]. Afterwards, extensive liposomes were explored
to achieve effective intracellular delivery and specific subcellular distri-
bution of aminoglycosides, especially for gentamicin [16,17]. These lipo-
somes were mostly reported to yield effective therapeutic drug

102 S. Xie et al. / Journal of Controlled Release 187 (2014) 101–117



Download English Version:

https://daneshyari.com/en/article/7864681

Download Persian Version:

https://daneshyari.com/article/7864681

Daneshyari.com

https://daneshyari.com/en/article/7864681
https://daneshyari.com/article/7864681
https://daneshyari.com

