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Nanotechnology has the ability to target specific areas of the body, controlling the drug release and significantly increasing the
bioavailability of active compounds. Organic and inorganic nanoparticles have been developed for drug delivery systems. Many
delivery systems are through clinical stages for development and market. Minicell, a nanosized cell generated by bacteria, is a
potential particle for drug delivery because of its size, safety, and biodegradability. Minicells produced by bacteria could drive
therapeutic agents against cancer, microbial infection, and other diseases by targeting. In addition, minicells generated by lactic
acid bacteria being probiotics are more interesting than others because of their benefits like safety, immunological improvement,
and biodegradation. This review aims to highlight the stages of development of nanoparticle for drug delivery and discuss their
advantages and limitations to clarify minicells as a new opportunity for the development of potential nanoparticle for drug delivery.

1. Introduction

There are many researches concentrating on the ways of
delivering drugs directly to tumor tissue. Drug delivery
undergoes many stages consisting of entering the body,
passing through the blood-stream to cancerous cells [1, 2].
Furthermore, drug delivery system is developed to achieve a
higher degree of tumor cell specificity and reduce side effects.
However, nanoparticle could also accumulate in the liver
and the spleen, where they provide no therapeutic benefit
and can cause side effects [3, 4]. To minimize unwanted
effects, researchers developed biodegradable materials. The
first biodegradable nanoparticles to be developed for drug
delivery coated the active agent with lipids [5]. The first drug
of this type to be approved was Doxil in 1995 [6]. According
to theUSNational Cancer Institute, six nanoparticles are cur-
rently approved for use on the market worldwide, while these
costs of products were higher ten times than conventional
treatment [7, 8].

Recently, using bacterially derived nanosized particles to
package a range of different chemotherapeutic drugs is a

new technology that is specifically targeting the minicells to
tumor cell surface receptors via bispecific antibodies coating
the minicells. Minicells loading drugs could have effect on
the apoptosis of tumor cells both in vitro and in vivo. They
also targeted cancer cells in vivo with high specificity and
effectivity without toxicity [9].

The minicells are generated from mutant bacteria and
kept their cell membrane structure. The minicells could load
chemicals as anticancer drugs and are coated with antibodies
to bind the specific receptors on the surface. The cancer
cells recognize the bacterial minicells and then swallow these
minicells with cancer killing drug. In previous study for
phase I, minicells were loaded with a cytotoxic chemotherapy
drug called paclitaxel and coated with an antibody targeting
tumors expressing the epidermal growth factor receptor
(EGFR) for treating small groups of patients [10, 11].

The purpose of this review was to discuss the positive
and negative effects of nanotechnology for drug delivery
and propose novel biodegradable nanocells originating from
lactic acid bacteria due to their benefits.
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2. General Nanoparticle

Nanotechnology was first defined in 1974 by Norio Taniguchi
that is the engineering technology for understanding and
control of matter at the length scale of approximately 1 to 100
nanometers [1]. Numerous nanomaterials preparations have
been potentially applied for drug delivery system to thera-
peutics. Several nanosized preparations such as liposomes,
polymeric micelles, and polymeric-drug conjugates have
been developed in vitro, while others undertake preclinical
studies [12, 13]. Besides, some successful nanosized prepara-
tions have already emerged in today’s pharmaceutical market
and showed better clinical performance than traditional
drugs [14, 15]. The properties including size, surface charge,
shape, and density of surface associated ligands can allow
nanoparticles to avoid renal clearance but reach the desig-
nated cellular destinations in sufficient amounts, eliciting a
biological response with minimal nonspecific interactions
[16].

Nanoparticles are the best drug delivery systems that can
be administered via intravenous injection or other routes
based on their sizes [17]. The materials for nanoparticle
preparation are not only biological like lactic acid, dextran,
phospholipids, lipids, carbon, and chitosan but also chemical
like polymers, silica, and metals [18–21]. Each nanoparticle
had a special property in drug delivery. Even though solid
nanoparticles may be used for drug targeting, the deliv-
ered drug must escape after reaching the target. Therefore,
nanoparticle should be structured well to let the drug be
released effectively.

Currently, there are several products already available
on the market, while many others are in the preclinical-
to-clinical pipeline. The major interest in cancer therapy
is also reflected in an important industry. Some currently
marketed nanotherapeutics in cancer therapy are liposomes,
nanoparticles, nanocapsules, nanoemulsions, nanocrystals,
and micelles [22–26]. However, nanomedicines currently
approved for cancer therapy are mostly liposomes. Other
products are in advanced clinical trials. Several others are at
earlier stages of clinical trials or in preclinical phase.

Over the last years, the importance of bridging together
nanotechnology and cancer therapy has been realized. The
National Cancer Institute (NCI) in US has created the NCI
Alliance for Nanotechnology in Cancer [27, 28] and the
European Science Foundation has also issued a report in
analyzing the situation of nanomedicine in Europe [29,
30]. They have designated nanotechnology and its applica-
tions to biomedicine as one of its major priority research
areas.

3. Advantage of Nanomedicine

Targeted drug delivery system is developed to achieve a
higher degree of tumor cell specificity but also reduces side
effects. Active targeting of nanoparticles is the merging of
target sections such as ligands or antibodies on the surface
of nanocarriers to specific receptors on the tumor cells and
endothelium shown on Figure 1 [31–34]. The active targeting
increases the selectivity of the drug delivery. Furthermore,
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Figure 1: Nanoparticles coated with monoclonal antibody for spe-
cific activity.

nanocarriers have a high surface area allowing for multiple
ligands to combine on their surfaces to direct cells and
have some drawbacks [35, 36]. Nanoparticles combined with
ligands to reduce toxicity due to avoiding the nonspecific
binding and then decreasemultidrug resistance in tumor cells
as well [37].

Based on the expression of receptors or epitopes on the
cell surface, nanoparticles could bind to target cells through
ligand receptor interaction. Internalization of targeting con-
jugates can also occur by receptor-mediated endocytosis
after binding to target cells; then drug will be released
inside the cells (Figure 2) [38, 39]. The conjugates bind with
their receptors, followed by plasma membrane enclosure
around the ligand receptor complex to form an endosome
based on the receptor-mediated endocytosis mechanism.
The newly formed endosome is transferred to specific
organelles where drug was released by acidic pH or enzymes
[40].

On the other hand, nanoparticle used to improve a drug
formulation could be served as an alternative to conven-
tional administration vehicles, which are sometimes toxic;
for example, the potent chemotherapeutic paclitaxel is not
soluble in water. Under the trade name as Taxol�, paclitaxel
is dissolved in cremophor EL, a polyoxyethylated castor
oil, which is toxic. Abraxane�, an albumin-bound form of
paclitaxel, uses the nanotech platform of albumin as an
alternative to cremophor EL. Abraxane has been shown to be
both more efficacious and less toxic than Taxol [41, 42].

3.1. The Increase of Drug Stability. Many drugs used in
anticancer therapy are unstable even under mild condi-
tions. Low molecular weight drugs suffer degradation by
diverse mechanisms as photochemical reactions, oxidation,
hydrolysis, and so on [43]. Polypeptide drugs can be par-
tially denatured during storage and lose their activities.
Nanocarriers can increase the stability of many anticancer
drugs by integrating them into their structure. For instance,
doxorubicin is quickly degraded upon exposure to light,
whereas doxorubicin entrapped into nanoparticles maintains
its biological activity under the same conditions [44]. The
stability of doxorubicin has also been increased through its
incorporation into liposomes [45]. In the sameway, paclitaxel
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Figure 2: Schematic drawing of the drug release and organelle-
specific targeting of drug loaded nanoparticles via endocytosis.

used for the antineoplastic treatment was formulated in a
surfactant/alcohol mixture and increased the shelf-life to
71 days at 25∘C, and its stability is reduced even further
upon dilution [46, 47]. Previous study reported a beneficial
effect on long-term DNA stability when this molecule was
complexed to polymeric micelles [48, 49].

3.2. The Improvement of Drug Administration and Absorption

3.2.1. Oral Administration. In general terms, anticancer drugs
have low oral bioavailability. For large macromolecules,
this is related to their fast enzymatic degradation and
their inefficiency in crossing biological barriers [50, 51].
For hydrophobic drugs, their main limitation is their low
solubility at the absorption site, but also their biodegradation.
The case of many conventional hydrophobic drugs is finely
illustrated by paclitaxel [52, 53]. This molecule has low oral
bioavailability in conventional formulations because most
of the drug is eliminated through the cytochrome P450-
dependent metabolism and excreted by the P-glycoprotein
pump present in the intestinal wall [54–56]. Nanosystems
may improve drug absorption in oral chemotherapy by
protecting the drug, enhancing its residence time at the
absorption site or through the inhibition of efflux pumps.
Previous studies reported that new d-𝛼-tocopheryl-PEG
succinate nanoparticles could be used for oral delivery of
paclitaxel [57–59]. On the other hand, liposomes formed by a
blend of collagen and carrageenan polymeric core were also
found to enhance the permeability of 5-fluorouracil (5-FU)
and methotrexate crossing the Caco-2 and TC7 monolayers
[23].

3.2.2. Parenteral Administration. Parenteral formulations
have the additional advantage of drug absorption. How-
ever, the preparation of injectable formulations of many
hydrophobic drugs is very low water solubility. Indeed,
intravenous injection of these drugs may cause embolization

of blood vessels due to drug aggregation, and ultimately,
local toxicity as a result of high drug concentrations at the
site of deposition [60, 61]. Cremophor EL (Taxol) has been
the standard solvent system for paclitaxel including clinically
relevant acute hypersensitivity reactions and peripheral neu-
ropathy [62]. Moreover, paclitaxel-loaded albumin nanopar-
ticles (Abraxane or ABI-007) have recently been approved
by FDA for the treatment of metastatic breast cancer
[23].

3.3. Increase in Blood Circulation. Changes in drug biodis-
tribution and accumulation in the target tissues can be
achieved through the incorporation of these drugs into
specific nanocarriers. Classical nonselective nanocarriers are
known to be opsonized and rapidly cleared by the mononu-
clear phagocytic systems (MPS) which is predominantly dis-
tributed in liver, lungs, spleen, and bonemarrow [23, 63].This
uptake can be very advantageous for the chemotherapeutic
treatment of MPS-localized tumors like hepatocarcinoma
or hepatic metastasis. This therapeutic benefit has been
observed with doxorubicin in a murine hepatic metastases
model when this drug was incorporated into biodegradable
poly(alkylcyanoacrylate) nanoparticles [64–66]. Polyethyl-
glycol has been applied to enhance the plasmatic half-life of
several nanocarriers including liposomes and micelles [67–
69].

3.4. Active Targeting to the Cancer Cells. Nanomedicine
designed to actively target cancer cells showed high binding
affinity to its receptor on cancer cells. Specific monoclonal
antibodies were able to bind to corresponding tumor anti-
gens [12, 70, 71]. At present, there are several formulations
comprising antibodies approved or undergoing clinical trials.
For example, Mylotarg� conjugated with CD33 antibody
and Zevalin� and Bexxar� conjugated with two CD20 have
already been approved by the FDA [72]. A liposome-plasmid
DNA formulation (SGT-53) that uses an antibody fragment
for tumor targeting is currently in phase I clinical trial
[23, 73]. The other work reported that there were encapsu-
lated antineoplastic drugs in bacterially derived nanosized
delivery system linked with antibodies to the target [74].
Actively targeted minicells resulted in antitumor effects
enhanced efficacy even compared to other less sophisticated
nanomedicines.

4. Challenges of Nanoparticles

However, there are limited reports about the effects of
nanoparticles on the body. It is difficult to predict the long-
terms effects on our health. Nanoparticles have large surface
that helps them react very quick [75]. A metal nanoparticle
is an example that they might speed up reactions in living
things in unpredictable ways causing illness or death [75,
76]. Furthermore, nanoparticles have ability in antimicrobial
activities but also theymay kill benefit bacterial communities
in the intestinal tract. Besides, there are chemicals or physical
systems applied to maintain them to retain their nanoscale
properties because nanoparticles are easy to aggregate or club
together [77, 78].
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In addition, drug delivery system in nanoparticles is
more expensive to produce when compared with traditional
materials due to containing lots of complicated steps [19,
79]. Therefore, it is a difficult to scale up nanoparticle
production leading to limitation in market production. More
importantly, the human immune system may be defenseless
against particles on the nanoscale [80–82]. As a result, tiny
solid particles can cause irritation in the lungs and potentially
cause lung damage and cancer. In summary, nanoparticles
are usually reported in a positive way because of their
exciting potential applications in drug delivery. However,
a nanoparticle is also a risk due to their unknown side
effects and bioavailability that have not been reported yet
[18, 83–87].

Nanoparticles used as drug delivery are more and more
popular with a lot of challenges in pharmaceutical engi-
neering. There are many reports about nanotoxicology, the
potential negative impact of the interactions between nano-
materials and biological systems. For example, naked quan-
tum dots show cytotoxicity by induction of reactive oxygen
species, resulting in damage to the nucleus, mitochondria,
and plasma membranes [18, 88]. Furthermore, cadmium-
(Cd-) containing quantum dots have been reported to be
toxic due to the release of free Cd2+ ions [89, 90]. Gold
(Au) solution has not been considered to present a hazard,
and gold nanoparticles (Au NPs) have been taken up by
cells without cytotoxic effects [91, 92]. By contrast, gold
nanorod cytotoxicity could be attributed to the presence
of the stabilizer cetyltrimethylammonium bromide [93, 94].
For silica nanoparticles (NPs), only concentrations over
0.1mg/ml were found to be toxic as shown in a reduction
of cell availability and proliferation [18, 94]. The production
of carbon nanotubes also causes reactive oxygen species
generation, mitochondria dysfunction, lipid peroxidation,
and changes in cell morphology, while graphite and fullerene
produce no significant adverse effects [18, 95, 96]. In addition,
it was reported that most cationic NPs can cause hemolysis
and blood clotting, while neutral and anionic NPs are quite
nontoxic [40, 97].

Another challenge facing nanosized drug delivery is the
large scale production of nanomaterials in terms of scaling
up laboratory or pilot technologies for commercialization.
A number of nanosized drug delivery technologies may not
be compatible with large scale production due to the nature
of the preparation method and high cost of materials [98].
The challenges of scaling up include a low concentration
of nanomaterials, agglomeration, and the chemistry process
[99–101].

Generally,most drugs do not cross the blood brain barrier
(BBB). The endothelial barrier is specifically tight at the
interface with the brain astrocytes and can be in normal
conditions only being passed using endogenous BBB trans-
port or receptor-mediated transport [18, 102, 103]. However,
the barrier properties may be compromised intentionally
or unintentionally by drug treatment allowing passage of
nanoparticles [104–107]. The drugs delivered by nanocarrier
to pass through blood brain barrier were recently reviewed
[108, 109].

5. Nanosized Delivery Generated
by Microorganisms

Minicells are one of nanoparticles generated from bacte-
ria that can deliver active compounds to reduce the side
effects and improve bioavailability of the treatment [110].
Minicells are chromosomal cells containing RNA and protein
but little or without chromosomal DNA. There are lots of
applications ofminicells reported as delivery for therapeutics,
nucleic acids, and other bioactive compounds to target
cells. MacDiarmid introducedminicells generated by Shigella
flexneri, Pseudomonas aeruginosa, Salmonella typhimurium,
Escherichia coli, and Listeria monocytogenes with diameter
about 400 nm [9]. In addition, Lactobacillus rhamnosus
and Lactobacillus acidophilus could generate minicells with
nanosize as well [111–113].

During the cell division cycle, the cells must identify
the mid-cell site prepared for cytokinesis and division sep-
tum (Figure 3). For example, the mutants in E. coli were
divided into two group, fts mutants (temperature sensitive
filamentation) and par mutants (partition). There are many
important proteins involved in the division cycle. FtsZ is
one of proteins that play a significant role in the division
process of E. coli [114, 115]. In previous report, MacDiarmid
and colleagues described bacterial minicells encapsulated
chemotherapeutics guided by antibodies to deliver their
load to target cells. Minicells have diameter of 400 nm
produced from both Gram-positive and Gram-negative bac-
teria. Furthermore, the minicells were loaded with different
chemotherapeutics in hydrophobic and hydrophilic forms.
Besides, minicells could lead to the targeted tumor cells with
bispecific antibodies of epidermal growth factor receptor
(EGFR), HER2/neu (ERBB2), CD33, or CD3 [116–118].

Minicell formation related to cell division inhibitor genes
of ftsZ,minBCD locus causing asymmetrical division at mid-
cell leading to cells of different sizes including minicells as
well as filaments. The minicells were isolated and showed the
stable round shape.Minicells keep the rigid cell wall structure
of 20 kinds of lipopolysaccharide like their parental bacteria
[119].Thepathogen strains could produceminicells applied to
vaccine but not complete safe for patient compared to lactic
acid bacteria strains [120]. Therefore, minicells generated by
lactic acid bacteria that are probiotic strain should be more
interesting than others.

The Gram-positive cell wall of lactic acid bacteria con-
sists mainly of peptidoglycans, (lipo)teichoic acids, proteins,
and polysaccharides [121]. The inner layer of the cell wall
consists of a peptidoglycan network covered by a variety
of substances. The most important of these substances are
(lipo)teichoic acids, neutral and acidic polysaccharides, and
surface proteins [122]. Teichoic acids are the negative charged
polymers constitutedwith polyol phosphate that linked to the
peptidoglycan [122, 123].

The polysaccharides associated with the bacterial cell
walls and the extracellular polysaccharides of lactic acid
bacteria are either neutral or acidic [120, 121].There are abun-
dance polysaccharides at the outer surface of the cell wall and
extracellular. The most abundant surface proteins in many
Lactobacillus species are the S-layer proteins [122, 124, 125].
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Figure 3: Bacterial minicell formation.

To date, S-layers have been found in L. brevis, L. acidophilus,
L. crispatus, L. helveticus, L. amylovorus, and L. gallinarum.
S-layer proteins are usually small proteins of 40–60 kDa with
generally highly stable tertiary structures [126]. L. rhamnosus
and L. acidophilus in combination with glucose and fructose
occurred to produce the highest minicells with the size less
than 400 nm that could be used as nanocells in delivering
cisplatin, paclitaxel, and cephalosporin [111–113].

6. Minicell Loading with Different Drugs

Interestingly, minicells can be packaged with 1–10 million
drug molecules [18]. Minicells pass through tumor cells
by receptor-mediated endocytosis. In in vivo experiments,
doxorubicin loading minicells inhibited tumor growth in
mice as breast, ovarian, leukemia, or lung [127]. Importantly,
comparatively small amounts of doxorubicin could induce
tumor regression in liposome encapsulation. The anticancer
efficacy of the minicells was further evaluated in dogs having
T-cell non-Hodgkin’s lymphoma by tumor regression and
tumor lysis [116]. Importantly, many researches showed that
minicells did not have side effects such as proinflammatory
cytokine increase after repeating the doses. Other exper-
iments in animals were also performed and pointed that
there were no adverse reactions [128]. Minicells derived
from bacteria have been used for the first time in human
with the significantly safe, well-tolerated results. Solomon et
al. reported that minicells packaged paclitaxel and coated
with antibody targeting to tumors expressing EGFR of many

Table 1: Functional groups detected in bacteria.

Functional
group Interaction or reaction

Hydroxyl Carbonyl, aromatic, alkyl groups or
a carbon atom

Carboxyl Acid-base
Phosphoryl Group transfer
Amide Acid-base
Phosphate Acid-base
Carbohydrate Protein, enzyme

cancer cells. The study was then conducted in phase I with
small groups of patients. Minicells loaded with doxorubicin
were also continuously tested in phase II in patients with
glioblastoma (a type of brain tumor) [128, 129].

However, Lactobacillus species being the safe microor-
ganisms with many biological activities in anticancer and
immunotherapy, they were used to generate nanosized mini-
cells tested in drug delivery. Due to living cells, Lactobacillus
minicells are the place of different reactions.Therefore, mini-
cells containing a variety of functional groups mentioned in
Table 1 can bind with different compounds easily when they
meet together. Minicells from Lactobacillus could show their
own activities and load with hydrophilic and hydrophobic
drugs as well, for example, paclitaxel and cephalosporin
(Figure 4) [111]. Hydrogen bond in minicells could help
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Figure 4: The interaction between minicell membrane and molecule. (a) Interaction between teichoic acid and paclitaxel. (b) Interaction
between dd-transpeptidase and paclitaxel.
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Figure 5: Model of exopolysaccharide representative in the interac-
tion with cisplatin.

in loading drug molecules. Using docking to explain the
interaction of drug to minicells, paclitaxel binds to dd-
transpeptidase and teichoic acid of minicell membrane by
the interaction with many residues by hydrogen bonds. The
average binding energy is −7 to −10. In the other illustration
for drug loading of minicells, exopolysaccharide could bind
to cisplatin as presented in Figure 5. With the interaction,
cisplatin could be released out of minicells to show activities.
Moreover, minicells have the cell walls that makemany drugs
pass through by concentration gradient. Generally, themodel
of drug loading was showed as in Figure 6.

7. Minicells Avoid Phagocytosis

There were many arguments that minicells used in treatment
could be phagocytosed. However, by experiments, mini-
cells could go inside and outside the macrophages. They
can be stable in about 6 hours. Actually, minicells loaded
doxorubicin could be used in trials and treat cancer in
the volunteers. Remarkably, minicells can be an ideal drug
delivery because of safety, biodegradability, and avoiding

Nanoparticle Drug molecules

Figure 6: The model of drug molecules loaded by minicells.

of phagocytosis. Minicells produced from L. acidophilus in
sugar stress remained stable in storage at −80∘C for long time.

8. Conclusions

Thenanoparticle development for drug delivery is interesting
in therapy. The majority of properties of minicells generated
by lactic acid bacteria are nanosized, round shape which
is suitable for drug delivery. Multifunctional nanoparticles
delivering multiple drugs are now being developed for
enhanced detection and treatment of cancer. Furthermore,
lactic acid bacteria are used in pharmaceutical field and food
industry. Minicells generated by lactic acid bacteria are a
biodegradable system which is excellent vehicle for delivery
of drugs and vaccines. The application of minicells to cancer
has a great promise for cancer patients in the future.
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[83] PH. Hoet, I. Brüske-Hohlfeld, and O. V. Salata, “Nanoparticles-
known and unknown health risks,” J Nanobiotechnology, vol. 2,
no. 1, 2004.
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