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ABSTRACT

HNV-loaded PLGA microspheres (HNV-PLGA MSs) were prepared by water-in-oil-in-water (w/o/w) double
emulsion solvent evaporation technique. The surface of prepared HNV-PLGA MSs is smooth and nonpo-
rous with an average diameter of 69.9 um. The drug-loading rate and encapsulation rate of HNV-PLGA
MSs are 4.40+0.26% and 48.51 £ 14.83%, respectively. Additionally, 43.36% of HNV was released from
PLGA MSs after seven days of incubation. The antibacterial effects of HNV released from PLGA were as
good as the pure HNV. HNV-loaded PLGA microspheres were successfully prepared using double emul-
sion solvent evaporation technique and their properties met the requirements for local anti-infection.

Introduction

The treatment of osteomyelitis has always been a problem
in clinical orthopedics (Bevin et al. 2008, Conterno & Turchi
2009, Tlougan et al. 2009). Staphylococcus aureus is one of
the most common pathogens triggering osteomyelitis,
accounting for about 80% of all osteomyelitis cases
(Walencka et al. 2006), and the mortality resulting from
bone infection is up to 27-30% (Panagiotis 2005). The
application of antibiotics is the main therapy in treating
osteomyelitis currently (van de Belt et al. 2000). However,
abuse of antibiotics has led to rapid increase of osteomye-
litis caused by drug-resistant strains, especially by methicil-
lin-resistant Staphylococcus aureus (MRSA) (Klevens et al.
2007, Mediavilla et al. 2012). Hydrochloric norvancomycin
(HNV), a class of norepinephrine glycopeptide antibiotic, is a
major drug applied in clinic for treating serious infections
caused by MRSA (Bao-lin 2009), while high-dose intravenous
application of this antibiotic may bring severe side effects
such as cytotoxicity and renal toxicity in clinic. In order to
solve this problem, local delivery of antibiotics should be
adopted during osteomyelitis treatment. On the other hand,
the half-life of antimicrobial agents should be shortened
in vivo to reduce their effects. Thus, a micro-particulate
delivery system is needed to improve antibiotic pharmaco-
kinetics in vivo.

Poly (lactide-co-glycolide) (PLGA) controlled drug delivery
system has been the most widely used vehicle for drug
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delivery because of its good biocompatibility and biodegrad-
ability. Moreover, the final degradation products of PLGA are
lactic acid and glycolic acid that can participate in the metab-
olism of the human body without toxicity. PLGA has been
approved by the U.S. Food and Drug Administration for use
in humans (Dunn and Ottenbrite 1991, Shaobing et al. 2004,
Simamora and Chern 2006). In addition, the degradability of
PLGA as polymer microspheres can be regulated by adjusting
the ratio of both lactide and glycolide monomers prior to
copolymerization. Besides the above advantages, PLGA micro-
particulate drug delivery system is easy to administer as well
as having possibility to accurately control the final drug
release rate over prolonged periods. Therefore, not only for
drug delivery, PLGA has also been extensively used to control
the release of chemical and biological therapeutic com-
pounds including protein, polypeptides, and genes (del Valle
et al. 2011, Ebrahimi et al., 2016, Jain 2000, Nazarpak et al.
2011, NCCLS 2000, Shaobing et al. 2004, Wang et al. 2011,
Tabatabaei Mirakabad et al. 2016).

The aim of this study was to evaluate the merits of PLGA
nanoparticles as the HNV carrier. For this purpose, HNV-
loaded PLGA microspheres (HNV-PLGA MSs) were prepared
by water-in-oil-in-water (w/o/w) double emulsion solvent
evaporation technique. In addition, the properties of HNV-
PLGA MSs including morphology, particle size distribution,
drug-loading rate, encapsulation rate, in vitro release behavior
as well as antibacterial effects were all examined in the pre-
sent study.

CONTACT Ningmin Hu @ ningmin_hu@sohu.com @ Affiliated General Hospital, Ning Xia Medical University, Department of Orthopedic Trauma, No. 804

Yinchuan City, Xingqing District victory Street 750004, China
*The authors should be regarded as co-first Authors.
© 2016 Informa UK Limited, trading as Taylor & Francis Group



Materials and methods
Materials

HNV was purchased from North China Pharmaceutical Co. Ltd
(Shijiazhuang, Hebei, China). Poly (lactide-co-glycolide) (PLGA,
LA/GA =75/25, MW =1 x 10°) was provided by the Medical
Equipment Institute in Shandong, China. Quality-controlled
strains (Staphylococcus aureus ATCC® 29213, Enterococcus fae-
calis ATCC® 29212) were supplied by the Department of
Pathogen Microorganism in Ningxia Medical University
Affiliated General Hospital. Mueller-Hinton Agar CLSI (MH
Agar) was obtained from Oxoid (Basingstoke, Hampshire, UK).
Dichloromethane (DCM) and Tween 80 were both of reagent
grades and used without further purification.

Preparation of HNV-loaded PLGA microspheres

HNV-PLGA MSs were prepared by a w/o/w double emulsion
solvent evaporation method. In brief, 0.4mg PLGA was dis-
solved in 4mL of DCM: the polymer solution used as an oil
phase was formed. Next, 1 mL of 200 mg/mL HNV solution (as
an aqueous phase) was added to PLGA solution and the mix-
ture was stirred using a Homogenizer (Biospec Product Inc.,
Bartlesville, OK) at 4000 rpm speed for 5sec to form stable
w/o emulsion using a Homogenizer at 4000 rpm speed for
5sec. Next, 2mL Tween 80 was dissolved in 40 mL deionized
water while stirring at 700rpm to form outer water phase.
Then, 4 mL of the stable w/o emulsion was slowly added to
40mL of outer water phase and emulsified using a magnetic
stirrer at 4000rpm for 5sec to form a w/o/w emulsion.
Afterwards, the w/o/w emulsion was stirred at 600 rpm for
4h and stored at room temperature. Due to evaporation,
most of the solvent disappeared, leaving behind only thin
polymeric coatings on the dry dispersed drug. Finally, the
sample was centrifuged and washed three times with deion-
ized water. The dried microspheres were obtained by freeze-
drying (Scient 2-10N, Ningbo Xinzhi biotechnology Co. Ltd.,
Ningbo, Zhejiang, China) under —40°C for 48 h. The HNV-
PLGA MSs were preserved at 4 °C for further use.

Determination of microparticles morphology and size of
HNV-PLGA MSs

The morphology of the polymeric microparticles was viewed
under a SEM (Mira3 Xmh, Tescan, Brno, Czech Republic). After
being placed on the metal stubs and gold-coated by a sput-
ter gold coater under vacuum condition, the microparticles
were then visualized at the voltage of 5.0 KV. HNV-PLGA MSs
suspension in water was directly used to measure the size
distribution of HNV-PLGA MSs with laser particle size analyzer
(Zetasizer Nano S, Malvern Instruments, UK).

Determination of drug-loading rate and encapsulation
rate of HNV-PLGA MSs

Dried HNV-PLGA MSs was dissolved in DCM and HNV was
extracted with deionized water followed by UV spectropho-
tometer analysis. Briefly, 5mg of each batch of HNV-loaded
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microspheres was dissolved in DCM and stirred for 2 h. Then,
2mL deionized water was added into this solution to extract
HNV several times. DCM was volatilized while stirring. After
the solution was centrifuged at 5000rpm for 5min, the
supernatant was collected to detect the total amount of HNV
by UV spectrophotometer (Hitachi U-2800, Tokyo, Japan) at
the Amax Vvalue of 280nm. The drug-loading rate (DLR) and
encapsulation rate(ER) of HNV-PLGA MSs were calculated by
formulae (1) and (2), respectively.

W
HNY. S 100% 1)

DLR (%) =

Wyny indicates the weight of HNV extracted from HNV-
PLGA MSs, and W indicates the weight of HNV-PLGA MSs.

17
ER (%) = —= x 100% 2)
Wr

W, indicates the quality of HNV released from HNV-PLGA
MSs, Wr indicates the total quality of HNV delivered in the
preparation.

Determination of HNV stability in HNV-PLGA MSs

To detect the stability of released HNV solution from HNV-
PLGA MSs, 30 mg HNV was dissolved in 100 mL PBS and then
placed in an electric shaking incubator (FLY-100B, Shanghai
Fengling Laboratory Instrument Co. Ltd, Shanghai, China) at
100rpm and 37°C. Then, 2mL of the above solution was
taken out every 24 h for the detection of HNV concentration
using UV Spectrophotometer (Hitachi U-2800, Tokyo, Japan)
at the Amax value of 280 nm.

Determination of HNV release in vitro

In vitro drug release from HNV-PLGA MSs was investigated in
PBS of pH 7.2 (without enzyme). Briefly, 100 mg HNV-PLGA
MSs were placed within dialysis bag and put into the capped
centrifuge tubes that contained 5mL PBS. Then, the centri-
fuge tubes were incubated in the shaking incubator (FLY-
100B SHAKING INCUBATER, Shanghai Fengling Laboratory
Instrument Co. Ltd, Shanghai, China) at 100rpm and 37°C.
The amount of HNV released was determined by withdrawing
2mL aliquots at the scheduled intervals (4, 12, 24, 36, 48, 60,
72, 96, 120, 144, and 168h). The volume withdrawn was
replenished with an equal volume of fresh and pre-warmed
PBS (37°C) to maintain a constant volume. Samples were
analyzed by UV Spectrophotometer (Hitachi U-2800, Tokyo,
Japan) at the Ay value of 280 nm using PBS as the blank
control.

Determination of antibacterial effect of HNV-PLGA MSs

The antibacterial effect of HNV-PLGA MSs was evaluated
using bacteriostatic number and reduced bacteria number
with free HNV as control. The total amount of HNV was equal
between HNV-PLGA MSs group and control group.

The bacteriostatic number test was performed using the
agar-dilution method standardized by U.S. National
Committee for Clinical Laboratory Standards (NCCLS, 2000).
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HNV-PLGA MSs was dispersed in PBS and mixed with MH-
Agar (Mueller-Hinton Agar CLSI, Oxoid, Basingstoke,
Hampshire, UK) to form bacteriostasis medium with a
series of concentration gradients of HNV (0.25, 0.5, 1.0, and
1.5 mg/mL). Staphylococcus aureus suspensions were adjusted
to 0.5 McFarland turbidimetry. The surface of each agar plate
was inoculated with 2pulL of diluted bacteria suspension to
form a diameter of 5-8 mm plaque with 1 x 10* CFU bacteria
per point. Then, the bacteria were cultured in air at 35°C for
24h. The bacteriostatic number was determined by the
optical density examined by the UV spectrophotometer.

The reduced bacterial number was determined by test
tube dilution method against Staphylococcus aureus. Briefly,
pristine HNV-PLGA MSs solution (dispersed in PBS) or pure
HNV was diluted to 50 pg/mL, and then 0.5 mL sodium chlor-
ide solution containing 7.5x 10’ Staphylococcus aureus,
0.3mL of diluted HNV-PLGA MSs solution or pure HNV solu-
tion and 2.2 mL MH-agar were added to six-well plates. These
six-well plates were incubated in a 37°C incubator for 24 h.
The number of residual bacteria was detected based on the
results of the UV spectrophotometer and the reduced bacter-
ial number was calculated according to the residual bacterial
number. All experiments were performed in triplicate.

Statistical analysis

Independent t test (SPSS 19.0; IBM Corporation, Armonk, NY)
was used to compare the difference between the HNV-PLGA
MSs group and free HNV group, p<.05 was considered
significant.

Results
Morphology of the HNV-PLGA MSs

The SEM results of HNV-loaded PLGA microspheres are dis-
played in Figure 1. As shown, the microspheres were almost
spherical with smooth surface under high magnification
(Figure 1(B)). The even and smooth surface of the micro-
spheres might be consistent with the uniform removal of
solvent by evaporation.

Particle size distribution of the HNV-PLGA MSs

The size-distribution curve for HNV-PLGA MSs was displayed
in Figure 2. This curve is totally consistent with Gaussian dis-
tribution in spite of a little peak at 60 um, which is attributed

Figure 1. Scanning electron microscope micrographs of HNV-loaded PLGA
microspheres.

to the aggregation of the spheres. The mean diameter of
HNV-PLGA MSs was 69.9 pm.

Drug-loading rate and encapsulation rate of the
HNV-PLGA MSs

The drug-loading rate and encapsulation rate of HNV-PLGA
MSs were also calculated, the drug-loading rate for HNV-
PLGA MSs was 4.40+0.26% and the encapsulation rate for
HNV-PLGA MSs was 48.51 + 14.83.

HNV stability released from HNV-PLGA MSs

In order to detect the stability of released HNV solution from
HNV-PLGA MSs, the concentration of HNV in the solution was
tested using UV spectrometer up to 168 h after incubation
(Figure 3). There was no significant difference of HNV concen-
tration during the whole experiment. The unchanged values
of HNV concentration indicate the partial stability of molecu-
lar structure of HNV upon immersion in an aqueous solution.

In vitro HNV release

In vitro release profiles of PLGA formulation encapsulating
HNV are shown in Figure 4. It can be seen that there was no
burst release of HNV in the early period and only 13.45% of
HNV was released after a three day incubation period. There
was a low-speed release of HNV from HNV-PLGA MSs, and
43.36% of HNV was released after seven days.
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Figure 2. Particle size distribution of HNV-loaded PLGA microspheres.
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Figure 3. Detection of HNV concentration during 168 h incubation.



Antibacterial effects of the HNV-PLGA MSs

The antibacterial effect of HNV-PLGA MSs was evaluated
through detecting bacteriostatic number and reduced bac-
teria number with free HNV as control (Figure 5). As pre-
sented in Figure 5(A), the bacteriostatic number of HNV-PLGA
MSs was comparable to that of free HNV at HNV concentra-
tions of 0.25, 0.5, 1.0, and 1.5mg/mL (each p>.05), which
indicated the similar antibacterial effect of HNV-PLGA MSs
with HNV. In addition, the reduced bacterial numbers inhib-
ited between HNV-PLGA MSs and free HNV at 48, 168, 480h
were also similar without significant difference (Figure 5(B)).
However, significant difference of residual bacterial numbers
between two groups was seen at 12h after incubation
(p <.05), indicating that reduced bacterial number in the
HNV-PLGA MSs group was significantly lower than the free
HNV group. This might be caused by insufficient release of
HNV from HNV-PLGA MSs, leading to the lower antibacterial
effect compared to free HNV group at 12 h.

Discussion

Biodegradable nanoparticles as drug delivery paradigms have
been widely applied for drug delivery in many pharmaceutical
fields (Akbarzadeh et al. 2013). Due to the rapidly growing
number of osteomyelitis cases caused by MRSA, effective anti-
biotics available for treating patients with osteomyelitis are
much-needed. In recent studies, several synthetic biodegrad-
able polymers such as polylactic acid (PLA) and lactic acid-gly-
colic acid copolymer (PLGA), both of have been approved by
the FDA for human use due to good biocompatibility and safe
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Figure 4. In vitro HNV release curve from HNV-PLGA MSs.
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biodegradability, were used for the delivery of bone morpho-
genetic protein 2 (BMP-2) (Ji et al. 2010). Their degradation
products, lactic acid and glycolic acid, are endogenous metab-
olites founded in the human body. PLGA polymeric micro-
spheres as biodegradable matrices have been used for the
delivery of drugs, proteins/peptides and genes (Géze et al.
1999; Gupta et al. 1993). In addition to biocompatibility,
release profiles of microspheres can be altered by adjusting
the copolymerization ratio of the two monomers, lactic acid
and glycolic acid (Makadia and Siegel 2011). In this work, we
designed and developed a drug delivery system named HNV-
PLGA MSs that consists of a core of HNV encapsulated by a
shell of PLGA for treating osteomyelitis.

Following the results, HNV-loaded PLGA microspheres were
successfully prepared using w/o/w double emulsion, in which
HNV was dissolved in the aqueous phase, the PLGA was dis-
solved in the organic phase and the addition of Tween 80 led
to final formation of w/o/w emulsion. This emulsification-dry-
ing technique is commonly used to entrap water-soluble
drugs in hydrophobic polymers (Gupta et al. 1993). The
method used in this study was suitable for the preparation of
microspheres  with  average diameters of  69.9 um.
Microspheres were all spherical and their surfaces were
smooth caused by the uniform removal of solvent by evapor-
ation. The drug-loading rate and encapsulation rate of HNV-
loaded PLGA microspheres were 4.40+0.26% and
48.51 £ 14.83%, respectively. The encapsulation rate was lower
than previous reported using PLGA as delivery paradigm
which might be caused by the preparation method (w/o/w)
(Gavini et al. 2004). The hydrophilic factor delivered in the
inner water phase is easy to diffuse through oil phase into
the exterior water phase whilst emulsification and solidifica-
tion occur. Additionally, released HNV from the HNV-loaded
PLGA microspheres showed partial stability of molecular struc-
ture of HNV upon immersion in an aqueous solution. For in
vitro release of HNV, HNV-PLGA MSs displayed a good release
character without burst release and maintaining low-speed
release during the whole experiment. These pharmacokinetic
characteristics might be related to the preparation conditions
such as temperature and stirring speed, which were adjusted
to obtain smooth surface of microspheres. Antibacterial stud-
ies showed that the released HNV from HNV-PLGA MSs could
also effectively inhibit the growth of microorganisms and rep-
licate the antibacterial actions of free HNV.

30000+ PR [zzmHNY
E=JHNV-PLGA MSs
20000
10000+
0 m [

12 48 168 480

Incubation Time (hours)

Figure 5. Antibacterial effects of HNV-PLGA MSs. Data were presented as mean = standard deviation, * p < .05 was considered statistically significant. (A) Detection
of bacteriostatic number at different concentration of HNV. (B) Detection of remaining bacterial number at different time point after incubation.
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Conclusion

In this study, HNV-loaded PLGA microspheres were success-
fully prepared using double emulsion solvent evaporation
technique. The property of the HNV-PLGA MSs meets the
requirements of local anti-infection and would be a prospect-
ive material for the prevention of bone destruction.
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