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A nanoparticle originating from natural products used as a drug delivery is considered as one of the indispensable issues in the
pharmaceutical ﬁeld. Increasing the bioavailability of a drug and prolonging the eﬀect of the drug are important. Tinidazole is
an antifungal agent that has absorption interfered by food. This study reported the ability of Leuconostoc mesenteroides VTCC
B-871 in producing nanosized minicells used as drug delivery for tinidazole to improve the passage to the eaten mouse intestinal
membrane. By using a scanning electron microscope and a transmission electron microscope, the morphology of the minicell
loading drug was observed. The spherical shape and size (400 nm) of minicells did not change over time when kept in buﬀered
saline gelatin and packaged with tinidazole. Based on Box-Behnken design, the optimal conditions were selected for actual
encapsulation. Minicells could encapsulate tinidazole approximately to 90% which was determined by high-performance liquid
chromatography analysis. The maximal concentration of tinidazole released from minicells was 70% at pH 3.4 and 55% at
pH 7.2, respectively. The absorption ability of tinidazole packaging minicells was quantiﬁed in mice. Tinidazole loading
minicells could be absorbed faster than tinidazole alone in fed mice via oral administration. The study assessed that the
absorption of water-insoluble tinidazole could be improved by Leuconostoc minicells without inhibition by food eﬀects.

1. Introduction
Currently, developing a novel type of drug delivery is a very
important goal in pharmaceutical research, especially
nanoparticle drug delivery. The therapeutic agent can be
packaged, dispersed, or encapsulated with a nanoparticle
which acts as a drug delivery for directing the drug to speciﬁc targets by recognizing a speciﬁc ligand on their surface,
increasing the drug’s penetrating eﬃciency and drug half-life
or also manipulating circulation time and bioavailability by
changing the nanoparticle size and surface characteristics
of the nanoparticle [1]. It is worth noting that these abilities
are not only the improvement of drug absorption, which can
lead to the reduction of drug dosing interval thereby
decreasing toxicity, but also the advances in therapeutic
eﬃcacy by increasing the target precession as well.

Nanoparticles can be nanopowder, nanocluster, or nanocrystal [2]. For pharmaceutical technology, a nanoparticle
used as drug delivery is deﬁned as a submicron whose range
is less than 1 μm. The devices or materials are of diﬀerent
varieties including polymers, lipids (liposomes), magnetic,
even inorganic or metallic compounds (iron, silica), and bacteria (bacterial nanoparticles or “minicells”). Normally, the
drug releases nanoparticles by diﬀusion, erosion, swelling,
and degradation after entering the body. However, there
has been little success due to several reasons: low drug
loading in the cell carrier, untimely drug release instead of
continuous unloading over time, and limited drug administration because of its characteristics. As all of these problems
had been reported in many nanoparticles (e.g., liposomes,
micelles, nanospheres, and nanoﬁbers) [1], ﬁnding an ideal
drug delivery with an optimal size, shape, and surface
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characteristic including the speciﬁc target binding size is still
a challenge for scientists. The minicell is described as a type
of abnormal division in bacteria, which came from a mutation or stress environment [3], resulting in a small spherical
bacterium with a diameter less than 1 μm. Scientists suggested that this was a new term for “nanocells” due to the
fact that it has its diameter at the scale of nanometers. Even
though the minicell has a disrupted cell cycle and contains
no chromosomal DNA, it still retains most of the components from the parents including lipopolysaccharides, cell
wall, normal envelop structures, transport system, and the
ability to transcribe or translate the genes of recombinant
plasmid if the plasmid is present in minicells. Therefore,
minicells could be a good carrier candidate. At present, there
are some strains of bacteria reported to possibly induce a
form of minicell [4, 5] such as Bacillus subtilis [6], Salmonella typhimurium [7], Haemophilus inﬂuenzae [8], Shigella
ﬂexneri [9], Pseudomonas aeruginosa [10], and Listeria
monocytogenes [11]. Up to date, using intact bacterial minicells for drug delivery, which can distribute the drug into a
speciﬁc target both in vivo and in vitro which are considered
as a novel delivery vehicle when they are water-soluble and
have biocompatible properties, is one of the solutions which
will be a driving force in nanoparticle technology in the 21st
century in ﬁnding an ideal drug delivery [4, 5].
Probiotics are living microorganisms which contribute
health beneﬁts to the host [12]. Some bacterial strain
examples included Lactobacillus, Leuconostoc, and Biﬁdobacterium. Moreover, many researches have indicated that
the probiotic eﬀect is strain-speciﬁc, which means the bacteria only express the eﬀect in speciﬁc cases triggered by
their exposure to particular characteristics such as resistance to gastric acid and bile or the ability to colonize
the mucosa and antimicrobial activity [13].
The genus Leuconostoc belongs to the family of
Leuconostocaceae. Leuconostocs are closely related to Fructobacillus, Weissella, and Oenococcus. Together, they are
commonly known as the “Leuconostoc group” of lactic acid
bacteria (LAB). Besides improving biological functions of
the host, the LAB group also plays an important role in helping people who suﬀer a tumor and immune compromised
subjects. According to Bergey’s Manual of Systematic Bacteriology, Leuconostoc is a Gram-positive bacterium that has
small cells and its regular, generally ovoid cocci are linked
to form short chains. The other characteristics include nonmotility and no spore formation, but they are acid-loving.
Last but not least, they would not uncommonly cause a
disease to humans and also aﬀect the immune system by acting the immune cells via diﬀerent mechanism signals [14].
Based on these properties, Leuconostoc mesenteroides was
studied for drug delivery systems [15]. Tinidazole, which
mainly contains 5-nitroimidazoles, is an analogue structure
of metronidazole, a popular antifungal agent for its eﬀectiveness and acceptable tolerability. In 1991, a high level of metronidazole resistance was reported as 1 in over 2000-3000
cases, especially in vaginal trichomoniasis. Tinidazole is
poorly dissolved in water (1 99 × 10−4 mg/l). Administration
of tinidazole with food reduces by 10% of Cmax [16]. These
problems led to a need for the development of tinidazole
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Table 1: The levels of variables chosen for the trials.
Volume of minicells (μl)

Tinidazole (mg/ml)

Time (h)

0.1 (-1)
0.5 (0)
0.9 (1)

4 (-1)
10 (0)
16 (1)

10 (-1)
55 (0)
100 (1)

Table 2: The matrix of variables chosen for the trials.
Trial
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Volume of minicells (μl)

Tinidazole (mg/ml)

Time (h)

10
10
100
100
10
10
100
100
55
55
55
55
55
55
55

0.1
0.9
0.1
0.9
0.5
0.5
0.5
0.5
0.1
0.1
0.9
0.9
0.5
0.5
0.5

10
10
10
10
4
16
4
16
4
16
4
16
10
10
10

formulation for higher eﬀects in case of food presence.
Therefore, development of tinidazole formulation should
be improved. In this study, tinidazole should be packaged
in a drug delivery system. In order to ﬁnd out the best condition for packaging study or drug encapsulation eﬃciency,
Box-Behnken which was an experimental design [17] was
used for analyzing multivariate experiments [18]. We carried
out an assessment about Leuconostoc mesenteroides minicells in encapsulation and release of tinidazole and in vivo
evaluation of permeation ability across the small intestine
in the combination of food. This is the ﬁrst in vivo study
of Leuconostoc mesenteroides on insoluble tinidazole delivery
in the combination of food. The successful study will be
applied for improving the absorption of many insoluble
drugs interfered with food so far.

2. Materials and Methods
Leuconostoc mesenteroides VTCC-B-871 was purchased
from the Vietnam Type Culture Collection (Vietnam). Lactobacilli MRS broth, D-glucose, acetonitrile, gelatin, formaldehyde, and sodium chloride were from Merck (Germany).
Standard tinidazole was obtained from the Institute for Drug
Quality Control, Ministry of Health (Vietnam). The 0.45 μm
ﬁlter membrane (Sigma, USA), dialysis tube (Sigma, USA),
centrifugator (Kubota, Japan), optical microscope (Labomed,
USA), scanning electron microscope (Hitachi S-4800, Japan),
transmission electron microscope (JEOL JEM-1400),
microplate reader (Biotek, USA), high-performance liquid
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Figure 1: The morphology of minicell representatives observed under SEM. (a) 50000x magniﬁcation; (b) 100000x magniﬁcation.

chromatography system including a C18-column and DAD
detector (Shimadzu, Japan), and pH meter (Schott,
Germany) were used in the study.

Table 3: Experimental and theoretically predicted values for
concentration of tinidazole-minicells.

2.1. Leuconostoc Minicell Preparation. This bacterium was
incubated in modiﬁed Lactobacilli MRS broth with 20%
D-glucose for 48 hours at room temperature. The culture
was collected and checked to ensure minicell formation
before isolation according to our previous study [18].

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

2.2. Minicell Stability Test. First, the minicell fraction must be
separated with their parent bacterial cells and cell debris for
guaranteeing their puriﬁcation. The culture was centrifuged
at 3500 g for 20 min to remove the large cells. After the
supernatant had been collected, it was ﬁltered through a
0.45 μm ﬁlter membrane twice to completely separate minicells from cell debris and their parental cells. Then, the collected supernatant was centrifuged at 15000 g in 20 min. The
collected pellets were minicells. Minicells were then resuspended in 1x buﬀered saline gelatin (BSG) solution and kept
for later use.
2.3. Microscopic Test. The isolated minicells were observed
by a light microscope at 100x magniﬁcation for counting
the number of minicells and examining their morphology.
The number of minicells was calculated as the following equation: the density of obtained minicells cell/ml = number of
cells × 10 000 /number of squares.
2.4. Scanning Electron Microscopy (SEM). In order to determine the size of minicells, SEM was used. Before scanning,
minicells were mixed with 4% formaldehyde in phosphatebuﬀered saline (PBS) solution and incubated overnight at room
temperature. After that, minicells were collected and washed
with PBS solution to completely remove 4% formaldehyde.
Minicells went through dehydration, respectively, with 30,
50, 70, 80, 90, and 100%. Each dehydration step took
10 min for incubation.
2.5. Design for the Optimization of the Best Condition for
Packaging Minicells with Tinidazole. The optimization is
based on the Box-Behnken experimental design. Tables 1

Experimental no. Actual value (mg/ml) Predicted value (mg/ml)
0.0992
0.8996
0.0998
0.8994
0.4999
0.4995
0.4999
0.4999
0.0996
0.0996
0.8998
0.8994
0.4987
0.4987
0.4987

0.0989
0.8997
0.0996
0.8997
0.4999
0.4995
0.4999
0.4999
0.0997
0.0999
0.8996
0.8993
0.4988
0.4989
0.4985

and 2 show the design for tinidazole-incubated minicell in
diﬀerent times. All 15 cases were carried out for setting up
the Box-Behnken program. The system involved 3 independent factors (volume of tinidazole (X 1 ), tinidazole concentration (X 2 ), and time for incubation (X 3 )). The mathematical
relationship between these factors was approximately quantiﬁed by this quadratic equation:
Y = C 0 + C 1 X 1 + C 2 X 2 + C3 X 3 + C 12 X 1 X 2 + C13 X 1 X 3
+ C23 X 2 X 3 + C 11 X 1 2 + C22 X 2 2 + C 33 X 3 2

1

Y = predicted yield; C 0 = constant response; C 1 , C2 , and
C 3 = linear coeﬃcients; C 12 , C 13 , and C 23 = cross product
coeﬃcients; and C11 , C 22 , and C 33 = quadratic coeﬃcients.
2.6. Drug Encapsulation Eﬃciency (EE). Based on the design,
the combination between tinidazole and Leuconostoc minicells
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Figure 2: Surface plot representing concentration of tinidazole-minicell obtained from actual volume of minicells (a) and tinidazole
concentration (b).

in diﬀerent conditions was done. The mixtures were collected
by centrifugation at 15,000 g within 30 min in 4°C. The supernatant was used to quantify remaining tinidazole based on the
optical density measurement. Then, tinidazole concentration
in minicells was determined by subtracting the concentration
of initial tinidazole with the remaining quantiﬁed tinidazole.
The drug encapsulation eﬃciency (EE) was calculated by the
following equation:
Encapsulation efficiency =

drug concentration in minicells × 100
total drug concentration

2
2.7. In Vitro Dissolution Test. A dialysis tube was applied for
nanoparticle dissolution test [19]. Dissolution of minicell
loading tinidazole was performed in stomach condition-like
ﬂuid (pH 3.4) and plasma-like ﬂuid (pH 7.2) during 24 h.
Supernatants were collected at 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6,
12, and 24 h. The drug release levels were measured, and
the peak area was analyzed by HPLC and spectrophotometry as measuring the absorbance using a multimode
microplate reader.
2.8. Absorption of Tinidazole Minicells. Before mice were
administered with tinidazole-minicell and tinidazole (400 μg,
a single 50 mg/kg dose), mice had been fed normally and their
health observed for 1 month. After this period, mice were
orally administered with tinidazole-minicell and tinidazole in
fed mice. Every 1 h, their blood samples were taken for
determining the presence of tinidazole. The experiment was
performed during 5 h.
2.9. Analyzing Drug Concentration in Blood. Mice were held
to have their blood taken in the tail. The blood was then
mixed with acetone, and a vortex at 2000 g was performed.
The precipitation of blood cells was collected by a 5000 g

centrifugation step in 20 min at 4°C. The supernatant
containing tinidazole was taken. Tinidazole concentration
was then measured using high-performance liquid
chromatography (HPLC).
2.10. High-Performance Liquid Chromatography. The mobile
phase contained the main components which are acetonitrile, methanol, and phosphate buﬀer [20]. The ﬂow rate
was at 1 ml/min on a C18 column. The UV/Vis detector
was set at 320 nm. The limit of detection was 0.05 μg/ml.
2.11. Antifungal Activities. In order to conﬁrm tinidazole in
serum, sera collected in 1, 2, 3, 4, and 5 h in fed mice with
tinidazole/minicell-tinidazole were used to test on Trichomonas. The method was agar dilution test. Standard tinidazole (0.9 mg/ml) was used as positive control. The negative
control was the serum collected from mice without tinidazole administration. The positive control, negative control,
and all collected sera were then added in the semisolid agar
for yeast mold (Cat No. 1194, Conda, Spain). One inoculum
of fungi was prepared with turbidity equaling to the 0.5
McFarland standard. 1 μl of the inoculum suspension was
dropped into the medium with collected sera and standard
tinidazole. All cultures were incubated at 35°C until stable
growth in medium without tinidazole. Colony count was
done in diﬀerent media. The inhibition percentage of
tinidazole was calculated based on the ratio of survival
colonies grown in media added with collected sera and
standard tinidazole.
2.12. Data Analysis. The results of triplicate for all experiments were stated as mean ± standard deviation (SD) and
then analyzed by one-tailed t-test and two tailed t-test for
paired comparison of means. The statically signiﬁcant diﬀerences were considered with P < 0 05.
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28

0.859428721 0.859381579 0.859336816 0.859294432 0.859254427

25.75

0.88

23.5

0.839395013 0.83934827 0.839303905 0.839261918 0.839222311 0.839185081 0.839150231 0.839117759 0.839087665 0.839059951 0.839034614 0.839011657 0.838991078

21.25

0.86

19

0.819362752 0.819316406 0.819272439 0.819230851 0.819191641 0.819154809 0.819120356 0.819088282 0.819058586 0.819031269 0.819006331 0.818983771 0.81896359

16.75

0.84

14.5

0.82

12.25

0.799331937 0.799285989 0.79924242 0.799201229 0.799162417 0.799125983 0.799091928 0.799060252 0.799030954 0.799004034 0.798979494 0.798957332 0.798937548

10

Volume of minicell (/ml)

0.8

Tinidazole
concentration
(mg/ml)

Table 4: Continued.
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Eﬃciency of release (%)
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Figure 3: Tinidazole released from minicells in diﬀerent pH.

3. Results and Discussions
The Leuconostoc minicell diameter was less than 400 nm and
kept in a BSG solution for 1 month as well as packaged with
tinidazole. Figure 1 shows the representatives of minicells in
nanosize in diﬀerent incubations when they were observed
under SEM. From these results, it was meant that minicells
were stable for a time and not aggregative which could be
suggested as vehicle for drug delivery. As seen in Figure 1,
Leuconostoc minicells were stable for a time when the component of the outer layer of the bacterium changed due to
the sugar stress after being cultured in diﬀerent sugars
[21]. Moreover, there was a connection of cell division
inhibitor proteins, like FtsZ and MinD, with sugars, leading
to cell diﬀerentiation of lactic acid bacteria [22].
According to the diﬀerent concentration levels of tinidazole packaged with minicells (tinidazole-minicell), which
was generated at diﬀerent volumes of minicell, tinidazole’s
concentration, and time for incubation, the regression
equation was formed [23].
Y = 0 4987 + 0 0001X 1 + 0 4000X 2 − 0 0001X 3 − 0 0002
X 1 X 2 + 0 0001X 1 X 3 − 0 0001X 2 X 3 + 0 0005X 1 2 + 0 0003X 2 2
+ 0 0006X 3 2 , where Y is the concentration of tinidazoleminicell. The quadratic regression was signiﬁcant at the level
of 95%. The conditions for packaging tinidazole with minicells were based on this equation. From this condition
matrix, the predicted and experimental results of minicells
in packaging with tinidazole are summarized in Table 3.
The high ﬁtness between predicted and actual values of
response Y showed that the model was valid for designation
of optimal conditions for minicell packaging with tinidazole
taking time barely for optimization. Table 2 expresses the
design matrix including 3 factors (time of incubation, volume of minicells, and tinidazole concentration) in 15 runs
and 3 center points. Basing on the design in Table 2, the
actual encapsulation was ﬁt to predicted encapsulation
(Table 3), showing that the Box-Behnken design was

available in the study. As shown in Table 3, drug encapsulation eﬃciency (EE) could be obtained in conditions (2, 4,
11, and 12) at approximately 90. The potential validation
points of the A factor (minicells) were 32.5 and 77.5 ml.
Validation points for the B factor (tinidazole) were 0.3
and 0.7 mg/ml. Validation points for incubation time were
7 and 13 hours. To visualize the correlation of tinidazole
concentration and volume of minicells, a surface or contour plot was created. The design was selected for constant
incubation time during 10 hours to see the encapsulation
quantum of tinidazole in minicells when changing the
volume of minicells and tinidazole concentration that
was expressed in a surface plot (Figure 2). Table 4 gives
the representative encapsulation quantum recorded in a
surface plot. From four conditions (Table 2) giving the
maximal encapsulation (Table 3) and analysis as shown
in Figure 2 and Table 4; the ﬁnal condition used for
encapsulation, drug release test, and in vivo absorption
was condition 2 including time of incubation (10 hour),
volume of minicells (10 ml), and tinidazole concentration
(0.9 mg/ml). In the other output (Table 3), the volume of
minicells was too high while tinidazole concentration was
too low and vice versa. Therefore, the encapsulation eﬃcacy was not ideal as other conditions mentioned in
Table 2. Tinidazole could be packaged and released out
of minicells that, probably, oxygen of nitro moiety of tinidazole interacted with hydrogen of the hydroxyl group of
sugar monomers. Therefore, the drug packaging time
should be optimized to get a high eﬃcacy. The results also
showed more clariﬁcation of the results in Figure 3. The
release started after 2 h in testing pH media and was
obtained highly at 24 h. Tinidazole released from minicells in basic medium was slower than that in acidic
medium. Probably, the acidic medium could be involved
in hydrolyzation of the bond of minicells and tinidazole.
Tinidazole should be released out of minicells in suitable pH conditions to show bioavailability without eﬀects
of minicells when administered orally. Therefore, the
media at pH 3.4 and 7.2 were used for the dissolution test
(Figure 3). The maximal mean concentration of tinidazole
released from minicells was 70% at pH 3.4 and 55% at
pH 7.2 after 24 h, respectively. The release started after
2 h in testing pH media and was obtained highly at 24 h.
Tinidazole released from minicells in basic medium was
slower than in acidic medium. Probably, the acidic
medium could be involved in the hydrolyzation of the
bond of minicells and tinidazole. Besides, there was a signiﬁcant diﬀerence in release eﬃciency of tinidazole loaded
by minicells between pH 3.4 and pH 7.2 (Figure 3).
By high-performance liquid chromatography (HPLC)
analysis, the retention time of the peak appearing in the
chromatogram of the blood sample (3.5265 min) was similar to standard tinidazole (3.5395 min), suggesting tinidazole’s existence in blood (Figure 4). Interestingly, there
was also a high chromatographic peak at 3.126 min
(Figure 4(b)). Probably, this peak expressed the existence
of metabolite of tinidazole when minicell-tinidazole
entered the bloodstream. A similar phenomenon was also
obtained when tinidazole entered the bloodstream alone
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Figure 4: HPLC of standard tinidazole (a) and tinidazole in serum (b).
Table 5: Concentration of tinidazole and tinidazole-minicells in serum.
Drugs

Concentration (mg/ml)
3h

0h

1h

2h

Tinidazole

0

0 29 ± 0 59

1 3133 ± 0 9

Tinidazole delivered by minicells

0

2 31 ± 0 63

8 1567 ± 2 4

4h

5h

1 09 ± 0 85

0 54 ± 0 73

0 32 ± 0 27

7 19 ± 1 2

6 39 ± 0 48

3 17 ± 0 94

Table 6: Anti-trichomonas ability of tinidazole and tinidazole-minicells collected from serum.
Drugs

Inhibition percentage (%)
2h
3h

0h

1h

Tinidazole

0%

1±0 5

6 ± 0 41

Tinidazole delivered by minicells

0%

10 ± 1 3

40 ± 1 12

as well. Moreover, tinidazole-minicells could be absorbed
into the blood to give a higher tinidazole than using tinidazole alone in fed mice. The existence of tinidazole in serum
was determined every 1 h during 5 h (Table 5). After 2 h
absorption, tinidazole-minicells in serum was 8 1567 ±
2 4007 μg while tinidazole in blood was 1 3133 ± 0 9059 μg.
Tinidazole-minicells gave tinidazole absorption at the highest maximal concentration after 2 h absorption in fed mice.
Tinidazole-minicells could be absorbed faster and obtained
8 times higher than tinidazole alone in fed mice. After 5 h,
tinidazole concentration in both cases was reduced
(Figure 4). However, the tinidazole concentration in minicell
formulation always gave a higher amount than did tinidazole
used alone. Tinidazole from minicells was determined in
blood more highly than was tinidazole used alone in eaten
mice. It was meant that Leuconostoc minicells had the cell
structure homogenizing with the intestinal tract membrane
as a phospholipid through which tinidazole-minicells could
pass easily. The study suggested that tinidazole should be
delivered by Leuconostoc minicells. With this delivery system, food did not interfere with the absorption of tinidazole
as informed before.
Additionally, by testing the anti-Trichomonas activity
of tinidazole after being administered in fed mice, the collected serum showed inhibition on Trichomonas (Table 6)

4h

5h

6 ± 0 28

3±0 2

1 ± 0 64

35 ± 0 56

30 ± 0 37

17 ± 0 09

that suggested tinidazole’s existence in serum. However,
tinidazole-minicell showed higher activities than did tinidazole used in fed mice when comparing with the inhibition activity of standard tinidazole carried out in vitro. To
know whether sera are involved in the activity, sera
obtained from mice without using any kind of tinidazole
were also tested and did not show inhibition on fungus.
Obviously, tinidazole delivered by minicells could release
tinidazole in blood and still show antifungal activity.
To sum up, Leuconostoc could be used as a drug delivery
for tinidazole when diﬀerentiating this bacterium into
minicells in diﬀerent sugars. The delivery ability of these
minicells seemed similar as minicells originated from
mutant bacteria, like Bacillus [24]. Minicells prepared in
the study were safer when there was no eﬀect caused by
genetic engineering. This study contributes an alternative
delivery system for poorly water-soluble compound absorption interfered with food besides polymeric micelles [25].

Data Availability
The raw/processed data required to reproduce these ﬁndings cannot be shared at this time as the data also forms
part of an ongoing study.

Journal of Nanomaterials

9

Conflicts of Interest

Journal of Biology, Agriculture & Health Sciences, vol. 4,
pp. 80–84, 2015.
H. B. Fung and T. L. Doan, “Tinidazole: a nitroimidazole antiprotozoal agent,” Clinical Therapeutics, vol. 27, no. 12,
pp. 1859–1884, 2005.
G. E. P. Box and D. W. Behnken, “Some new three level
designs for the study of quantitative variables,” Technometrics,
vol. 2, no. 4, pp. 455–475, 1960.
S. L. C. Ferreira, R. E. Bruns, H. S. Ferreira et al., “Box-Behnken
design: an alternative for the optimization of analytical
methods,” Analytica Chimica Acta, vol. 597, no. 2, pp. 179–
186, 2007.
C. B. Michalowski, S. S. Guterres, and T. Dalla Costa, “Microdialysis for evaluating the entrapment and release of a lipophilic drug from nanoparticles,” Journal of Pharmaceutical
and Biomedical Analysis, vol. 35, no. 5, pp. 1093–1100, 2004.
K. Rajnarayana, M. R. Chaluvadi, V. R. Alapati, S. R. Mada,
G. Jayasagar, and D. R. Krishna, “Validated HPLC method
for the determination of tinidazole in human serum and its
application in a clinical pharmacokinetic study,” Die Pharmazie, vol. 57, no. 8, pp. 535–537, 2002.
C. S. Paim, F. Führ, D. S. Miron, M. Steppe, and E. E. S.
Schapoval, “Highly selective colorimetric method to determine
gemiﬂoxacin mesylate in the presence of a synthetic impurity,”
Journal of AOAC International, vol. 97, no. 1, pp. 94–98, 2014.
N. T. H. Khue and D. T. T. Vinh, “Eﬀects of carbon sources on
cell diﬀerentiation of Lactobacillus rhamnosus PN04 and
applications,” Biomedical and Pharmacology Journal, vol. 6,
no. 2, pp. 197–203, 2013.
T. H. K. Nguyen, V. T. T. Doan, L. D. Ha, and H. N. Nguyen,
“Molecular cloning, expression of MinD gene from Lactobacillus acidophilus VTCC-B-871 and analyses to identify Lactobacillus rhamnosus PN04 from Vietnam Hottuynia cordata
Thunb,” Indian Journal of Microbiology, vol. 53, no. 4,
pp. 385–390, 2013.
J. N. Reeve and N. H. Mendelson, “Minicells of Bacillus subtilis
a unique system for transport studies,” Biochimica et Biophysica Acta (BBA) - Biomembranes, vol. 352, no. 2, pp. 298–
306, 1974.
G. S. Kwon, “Polymeric micelles for delivery of poorly
water-soluble compounds,” Critical Reviews in Therapeutic
Drug Carrier Systems, vol. 20, no. 5, pp. 357–403, 2003.

The authors declare that there is no conﬂict of interest
regarding the publication of this paper.

[16]

References

[17]

[1] E. V. Batrakova, H. E. Gendelman, and A. V. Kabanov, “Cellmediated drug delivery,” Expert Opinion on Drug Delivery,
vol. 8, no. 4, pp. 415–433, 2011.
[2] B. D. Fahlman, Materials Chemistry, Springer Science+Business Media B.V, Dordrecht, 2nd edition, 2011.
[3] M. Alden and S. Rogers, “Segregation of genes for nitrogen ﬁxation into minicells of Escherichiacoll,” Proceedings of the Society for Experimental Biology and Medicine, vol. 155, no. 3,
pp. 357–360, 1977.
[4] J. A. MacDiarmid, N. B. Mugridge, J. C. Weiss et al., “Bacterially derived 400 nm particles for encapsulation and cancer cell
targeting of chemotherapeutics,” Cancer Cell, vol. 11, no. 5,
pp. 431–445, 2007.
[5] J. A. MacDiarmid, N. B. Amaro-Mugridge, J. M. Weiss et al.,
“Sequential treatment of drug-resistant tumors with targeted
minicells contaning siRNA or a cytotoxic drug,” Nature Biotechnology, vol. 27, no. 7, pp. 643–651, 2009.
[6] J. N. Reeve, N. H. Mendelson, S. I. Coyne, L. L. Hallock, and
R. M. Cole, “Minicells of Bacillus subtilis,” Journal of Bacteriology, vol. 114, no. 2, pp. 860–873, 1973.
[7] R. J. Sheehy, D. P. Allison, and R. Curtiss III, “Cryptic plasmids
in a minicell-producing strain of Salmonella typhimurium,”
Journal of Bacteriology, vol. 114, no. 1, pp. 439–442, 1973.
[8] B. Sedgwick, J. K. Setlow, M. E. Boling, and D. P. Allison,
“Minicell production and bacteriophage superinducibility of
thymidine-requiring strains of Haemophilus inﬂuenzae,” Journal of Bacteriology, vol. 123, no. 3, pp. 1208–1217, 1975.
[9] P. Gemski and D. E. Griﬃn, “Isolation and characterization of
minicell-producing mutants of Shigella spp,” Infection and
Immunity, vol. 30, no. 1, pp. 297–302, 1980.
[10] T. A. Kokjohn and R. V. Miller, “Characterization of the Pseudomonas aeruginosa recA analog and its protein product:
rec-102 is a mutant allele of the P. aeruginosa PAO recA gene,”
Journal of Bacteriology, vol. 169, no. 4, pp. 1499–1508, 1987.
[11] J. K. Setlow, M. E. Boling, D. P. Allison, and K. L. Beattie,
“Relationship between prophage induction and transformation in Haemophilus inﬂuenzae,” Journal of Bacteriology,
vol. 115, pp. 153–161, 1973.
[12] M. Hickson, “Probiotics in the prevention of antibioticassociated diarrhoea and Clostridium diﬃcile infection,” Therapeutic Advances in Gastroenterology, vol. 4, no. 3, pp. 185–197,
2011.
[13] C. N. Jacobsen, V. Rosenfeldt Nielsen, A. E. Hayford et al.,
“Screening of probiotic activities of forty-seven strains of Lactobacillus spp. by in vitro techniques and evaluation of the colonization ability of ﬁve selected strains in humans,” Applied
and Environmental Microbiology, vol. 65, no. 11, pp. 4949–
4956, 1999.
[14] E. I. Garvie, “Genus Leuconostoc,” in Bergey’s Manual of Systematic Bacteriology, N. S. M. PHA Sneath, M. E. Sharpe,
and J. G. Holt, Eds., pp. 1071–1075, Lippincott Williams &
Wilkins, 1986.
[15] Q. T. Nguyen and H. K. T. Nguyen, “Minicell formation of
Leuconostoc Mesenteroides in pharmaceutical science,” Global

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Nanomaterial

Nanomaterials
Journal of

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com
www.hindawi.com

Volume 2018
2013

Journal of

Applied Chemistry
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

International Journal of

Scientifica
Hindawi
www.hindawi.com

Polymer Science
Volume 2018

Advances in

Volume 2018

Advances in

Chemistry
Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Physical Chemistry
Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Submit your manuscripts at
www.hindawi.com
International Journal of

Analytical Chemistry

Advances in
Condensed Matter Physics

Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

Journal of

International Journal of

Chemistry
Hindawi
www.hindawi.com

Biomaterials
Volume 2018

High Energy Physics
Volume 2018

Materials

Corrosion

Volume 2018

Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

BioMed
Research International

Journal of

International Journal of
Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Engineering
Journal of

Advances in

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Advances in

Journal of

Nanotechnology
Hindawi
www.hindawi.com

Volume 2018

Advances in

Tribology

Hindawi
www.hindawi.com

Volume 2018

Materials Science and Engineering
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

