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Abstract
In this study, hollow microparticles were produced with polymethylsilsesquioxane/chitosan/bovine hydroxyapatite/hexagonal
boron nitride (PCBB) polyblend using single-nozzle electrospinning method. Also, hollow microparticles are loaded with
amoxicillin (AMX) and their drug delivery capabilities have been studied according to a treatment of osteomyelitis disease.
The morphology, chemical groups, particle size, antimicrobial activity, and AMX drug release were systematically studied using
scanning electron microscopy (SEM), optical microscopy, Fourier transformation infrared spectroscopy (FTIR), hollow micro-
particle size measurements, antimicrobial activity test, and UV spectroscopy. In vitro biocompatibility was analyzed with human
bone osteosarcoma (U2OS) cell line. This present work can help in the design of a drug delivery platform for antimicrobial effect
and bone repair at the same time for osteomyelitis disease treatment.
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1 Introduction

Hollow microparticles have gained great interests for micro-
encapsulation and have been used in both drug delivery and
biomedical applications for decades [1]. They have become

popular because of their characteristic features, for instance,
having a high surface to volume ratio and low density [2]. The
size of pores in the hollow side of microparticles showing a
huge difference in the encapsulation and delivery of functional
materials [3] and the hollow particles with large passage holes
above 10 nm are highly desired for applications containing
biomacromolecules [4]. Many of the current techniques were
used to produce microparticles, such as organic templates,
inorganic templates, soft templates, and spray methods
[5–10] aiming the different therapeutic solutions like drug
delivery, bioencapsulation, catalyst, photonics, and addition-
ally, in food and beverages [11–14]. One of the production
methods of producing the hollow microparticles is
electrohydrodynamic sprayingmethod. Themethod uses elec-
trical force to spraying towards gravity to into glass vials con-
taining simulated body fluid (SBF) and ethanol [3] or onto a
microscope slide containing distilled water [4]. Despite that,
electrohydrodynamic spinning or electrospinning is a method
that using electrical force to spraying towards or against grav-
ity onto a collector. Electrospinning method has been widely
used to produce ultrafine fibers with diameters ranging from
tens of nanometers to several microns [15]. Its characteristic
features made the electrospinning one of the most prominent
modern methods of fiber and scaffold production for drug
delivery [16] studies. In this study, single-nozzle
electrospinning method (against gravity) is presented as a
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method for production of drug-loaded hollow microparticles
without fibers.

With the purpose of delivering, polymeric carriers can
transport drugs to the site of action and, when drugs interact
with other molecules, these molecules could cause a change
in the chemical structure of the active ingredient, while caus-
ing it to lose its pharmaceutical action [17]. When it comes to
design a new drug delivery system, various polymers are
widely used for drug delivery research due to their effective-
ness of delivering the drug and increase the therapeutic ben-
efit, while minimizing side effects. Various biodegradable and
non-biodegradable polymers have been used for drug deliv-
ery systems, such as polyesters, polyorthoesters,
polyanhydrides, and polycarbonates [18]. Among these poly-
mers, polymethylsilsesquioxane (PMSQ) is a promising poly-
mer due to its good biocompatibility, non-toxicity, and chem-
ical stability and hydrophobicity [19–24] and used in this
study.

Chitosan (Ch) is a natural polysaccharide obtained from
chitin with deacetylation and often used in combination with
other polymers [25] for drug delivery systems [26]. Owing to
it is polycationic and non-toxic mucoadhesive polymer fea-
tures, it helps to deliver the drug and safe to use [27–29].
However, its bioactivity needs to be improved for tissue stud-
ies and should be combined with other bioactive materials.
Hydroxyapatite (HA) is a good choice for combining with
Ch due to its being a main inorganic component of natural
bone with its strong characteristics such as biocompatibility,
osteoconductivity, and bioactivity [30]. It has the ability to
provide direct bonding to the bone tissue, and it is one of the
most efficient biomaterials to use as a drug carrier [31, 32] as
well as bone substitute [33, 34]. However, using the bovine-
derived hydroxyapatite (BHA), instead of the HA, will result

in stronger mechanical and structural properties [35], and in
the present study, it has been used for these features.

Hexagonal boron nitride (hBN) has extensive application
areas because of its beneficial properties, for instance, high
chemical resistance, high thermal resistance, lubricity, and
slipperiness [36]. In the present work, hBN’s drug delivery
potential with combining PMSQ, Ch, and BHA have been
studied.

Bone infection or osteomyelitis (Fig. 1) is a bacterial infec-
tion of the bone [37]. Adults or children can be infected by
osteomyelitis, after trauma, surgery, or insertion of a joint
prosthesis, diabetic foot infections, and hematogenous origin
among pathogenic microorganisms [38]. Recovery rates of
antimicrobial therapy in most infectious diseases, including
chronic osteomyelitis, have not yet been achieved in bone
and joint infections owing to the physiological and anatomical
characteristics of bone [39]. Staphylococcus aureus is by far
the most commonly involved virulent bacteria for osteomye-
litis cases, and there are many studies to understand the mech-
anisms of S. aureus in the pathogenesis of osteomyelitis
[40–42]. Staphylococcal osteomyelitis accounts for rarely
2.5 out of every 1000 hospital admissions, with annual occur-
rence estimates ranging from 1 in 5000 to 1 in 10,000 in
children [43, 44].

Acute osteomyelitis (clinically to a newly recognized bone
infection) cases can be treated with antibiotics alone [45].
However, successful treatment of chronic osteomyelitis (clin-
ically to a relapsed or long-standing bone infection) requires
optimal surgical removing the diseased tissue and properly
targeting of the tissue with antimicrobial regimens; otherwise,
S. aureus can re-emerge itself due to its resistance to pretty
much every available antibiotic is rapidly becoming a reality
[46]. Amoxicillin (AMX) was preferred in the present work as

Fig. 1 Schematic illustration for
osteomyelitis disease at the knee.
a Initial bacterial infection to the
tibia. b Acute phase with blocked
blood supply and new bone
formation at the knee. c Chronic
phase with necrotic bone structure
and pus escape from the knee
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a model drug because it could increase the period of active
drug absorption in the extracellular fluid, so extending the
dosing interval while ensuring antimicrobial activity and has
essential remedy results on bone infection treatments [47–49].
Successful treatment of infections with AMX drug after oste-
omyelitis due to diabetic foot infections [50] and staphylococ-
cal osteomyelitis in a rat model [51] also has been reported.

In this study, novel hollow microparticles with 50 ±
10-μm-size diameter were produced with fiber to hollow mi-
croparticle transition using the single-nozzle electrospinning
method for model drug (AMX) encapsulation, storage, and
release to bone tissue for treatment of osteomyelitis disease.

2 Materials and Methods

2.1 Materials

PMSQ was purchased from WACKER, Germany. Chitosan
(Ch), acetic acid, and dichloromethane (DCM) were all ob-
tained from Sigma-Aldrich (St. Louis, MO, USA) and used
without further purification. Bovine hydroxyapatite (BHA)
was provided from Advanced Nanobiomaterials Research
Laboratory, Marmara University (Istanbul, Turkey). hBN
was supplied by American Elements Company, Los
Angeles, CA, USA (Aps < 1 μm). Amoxicillin (AMX; MW
365.4 g/mol) and phosphate-buffered saline (PBS) were also
obtained from Sigma-Aldrich (Germany). Milli-Q was used
during the experiments. Hoechst 33342 (H3570) and
MitoTracker Red (M7512) were purchased from Thermo
Fisher Scientific (USA). Dulbecco’s modified Eagle’s medi-
um (DMEM) was from Sigma-Aldrich (D5671-Germany). L-
glutamine (BIO3–020-1B), penicillin/streptomycin (BIO3–
031-1B), and trypsin-EDTA (BIO3–050-1A) were purchased
from Biological Industries (Israel). Fetal bovine serum (FBS)
was purchased from BioWest (S1810-USA). Phosphate-
buffered saline (PBS-17-516F, pH = 7.4) without calcium or
magnesium was purchased from Lonza (USA). Human bone
osteosarcoma cell line (U2OS-HTB-96) was purchased from
American Type Culture Collection (ATCC, USA).

2.2 Preparation and Characterization of Polyblend
Solutions

To be used chitosan (Ch) for polyblend was prepared of 1%
(w/w) in 90 wt% acetic acid solution, and it stirred at 30 °C for
24 h. The 40 wt% PMSQ + 2 wt% BHA + 1 wt% Ch
polyblend solutions, including weight-by-weight basis hBN
as 0.1 (PCBB1), 0.2 (PCBB2), and 0.3 wt% (PCBB3), dis-
solved in DMC underwent vigorous stirring within a 24-h
span at 50 °C. Finally, a colloidal solution was obtained, and
it was suitable for the single-nozzle electrospinning process.
The viscosities of the polyblend solutions were determined

using a calibrated Brookfield DV-E Viscometer (Brookfield
Instruments, MA, USA) at room temperature (23 °C). The
values for density were measured using a standard 25-mL
density bottle.

2.3 Production of PCBB Hollow Microparticles

Production of PCBB hollow microparticles was performed
by using the single-nozzle electrospinning method.
Figure 2 shows a schematic of the experimental setup for
single-nozzle electrospinning method. The selected
electrospinning device (NS24, Istanbul, Turkey) consists
of a grounded high-voltage power supply that generates
positive DC applied voltages up to 60 kV (Fig. 2a). The
flow of solutions through the nozzle with silicone tube was
controlled by a one high-precision syringe pump (Fig. 2b;
World Precision Instruments, Florida, USA). The diame-
ters of the stainless steel nozzle were 3000 μm for outer
and 850 μm for inner orifice (Fig. 2c). Sterile syringe (Set
Medical Industry and Trade Inc., Istanbul, Turkey) was
loaded into the syringe pump containing the polyblend
solutions by 10-mL volume capacity. Applied voltage is
an essential factor for the electrospinning process [15].
Therefore, when the applied voltage was higher than the
threshold vol tage , Taylor Cone wil l occur and
electrospinning process can be started [52]. In this study,
the applied voltage gradually increased until observing the

Fig. 2 Single-nozzle electrospinning experimental setup working and
non-working situations. a High-voltage power supply. b High-precision
syringe pump. c Stainless steel nozzle. d Static continual collector
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Taylor Cone before the experiments. On the other hand,
other important parameters, such as flow rate and working
distance, were also selected after different experiments on
polymer solutions. Voltage value at which the Taylor cone
was observed was taken as the experimental voltage value
on 38.1 kV and the pump rate was fixed at 3.00 mL/h by
the syringe pump. The working distance between the noz-
zle tip and the aluminum foil covered continual collector
(Fig. 2d) was set to 19.5 cm for three experiments. For
each processing, experiment and ambient conditions were
carried out under the 23 °C temperature and 67.2% hu-
midity. All the single-nozzle electrospinning parameters
were determined and fixed same, for all the polyblend
solutions to obtain a better observation for the thermal
and mechanical properties of hBN. The PCBB1,
PCBB2, and PCBB3 polyblend so lu t ions were
electrospun for 5 h, and then, obtained fiber and hollow
microparticle samples were left under 50 °C in a labora-
tory oven for 24 h to remove the solvent, DMC. All ex-
periments were repeated three times.

2.4 Amoxicillin Loading to PCBB Hollow
Microparticles

Of the amoxicillin, 40 mg was added to 10 mL PCBB3
polyblend solution. And final solution was stirred for 1 h at
ambient temperature (23 °C). Ten-milliliter polyblend solution
was loaded to electrospinning machine; the 3 mL solution was
stayed at silicone tube and the rest of the polyblend solution
(7 mL) were electrospun for 140 min. Working distance be-
tween the nozzle tip and the static continual collector was set
to 19.5 cm; 42.2 kV was optimized for producing AMX load-
ed microparticles, since Taylor Cone occurring voltage value
was on that rate and pump rate was fixed at 3.00 mL/h by
syringe pump. After the single-nozzle electrospinning pro-
cess, total weight of the obtained sample was 7 g.

2.5 Dimensional Characterization of Hollow
Microparticles With Scanning Electron Microscope
and Optical Microscope

The morphology of the samples was characterized using a
scanning electron microscope (SEM) (Carl Zeiss, OR, USA)
and optical microscopy (The Olympus® Color View
Microscope, USA). The samples for SEMwere sputter coated
with gold for 60 s with accelerating voltage of 3 kV (SC7620
Mini Sputter Coater, Quorum, UK).

2.6 Determination of Hollow Microparticle Sizes

The size distributions of the hollow microparticle samples
with and without AMX were measured using Litesizer™ 500
(Anton Paar GmbH, Graz, Austria). All samples were

prepared with 0.02-g hollow microparticles in 1 mL DCM
concentration, and after the preparation, ultrasonic wave was
applied to samples for 30 min. Each sample was analyzed in
triplicate.

2.7 Fourier Transform Infrared Spectroscopy

The functional groups and microparticle structure of samples
were identified using IR Prestige 21 FTIR spectrophotometer
(Shimadzu Corporation, Japan). The spectrum was recorded
between 4000 and 650 cm−1 with a resolution of 1 cm−1 for
each run at the ambient temperature (24 °C), and a number of
the average scan was 100.

2.8 X-Ray Diffraction Analysis

The X-ray diffraction analysis (XRD) patterns of pure PMSQ,
pure BHA, pure Ch, pure hBN, and all PCBB samples were
recorded on a PANalytical X’pert pro diffractometer
(Atomika, Netherlands). The diffractometer involved mono-
chromatic Cu-Kα radiation (λ = 1.54056 Å), a voltage of
45 kV, and current of 40 mA. The scanning rate was 3°/min
and the scanning scope of 2θ was from 2° to 45° at room
temperature (25 °C).

2.9 In Vitro AMX Release at pH 7.4 From Hollow
Microparticles

The release kinetics of model drug (AMX) from hollow
microparticles was determined by recording the absor-
bance of AMX at 229 nm using a UV spectrophotom-
eter (S-3100, Scinco, Korea). The hollow microparticles
(60 mg), which are including 0.05627 mg AMX, were
dispersed into 5 mL PBS (pH = 7.4) and samples were
stirred to ensure constant incubation temperature (37 °C
± 0.2). To define the release of AMX from produced
hollow microparticles, samples were centrifuged at
4000 rpm for 1800 s, the supernatant was removed,
and accumulated release of AMX was evaluated using
the calibration graph of a standard AMX, based on the
absorbance peak area at a wavelength of 229 nm. The
experiment was done three times. At the pre-determined
time points up to 10 h, 3 mL of the solution of release
medium was taken out from each vial and an equal
volume of fresh PBS was replenished.

2.10 Determination of Drug Loading
Capacity/Encapsulation Efficiency/Yield of the Hollow
Microparticles

The AMX content in hollow microparticle samples and the
drug encapsulation efficiency (EE; %) were measured after
extraction of a drug from the hollow microparticles. The drug
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loading, encapsulation efficiency, and the yield of the process
were determined with following equations [53]:

Drug Loading

¼ Weight of AMX in Hollow Microparticles
Total Weight of Microparticles

� 100 ð1Þ

Encapsulation Efficiency

¼ Weight of AMX in Hollow Microparticles
Weight of AMX Used

� 100 ð2Þ

Yield ¼ Weight of Hollow Microparticles
Total Weight of Material

� 100 ð3Þ

2.11 In Vitro Antibacterial Activity Assay

S. aureus bacteria was used to determine the antibacterial ac-
tivity of the all PCBB samples with and without AMX. For the
analysis, the frozen S. aureus (ATCC 25923) was activated in
brain heart infusion (BHI; Merck) agar at 37 °C for 24 h. After
that, the bacterial concentration was adjusted to 0.5
McFarland standard and 0.1 mL bacteria were spread on
MHA medium (Mueller-Hinton agar). Before the experi-
ments, samples were sterilized with UV lights for 15 min.
The samples (exactly 10 mg each one) were placed on the
agar plate. After incubation at 37 °C for 24 h, the inhibition
zones were measured.

2.12 Cell Culture and Biocompatibility Evaluation

U2OS, human bone osteosarcoma cell line, were cultured in
DMEM supplemented with 10% FBS, 1% penicillin-strepto-
mycin, and 1% L-glutamine. Of the cells, 5 × 104 were seeded
on 12-well culture plate in 1 mL medium and cells were in-
cubated at 37 °C in a 5% CO2 humidified incubator. Cells
treated without or with 0.1 mg of PCBB3 and PCBB3 +
AMX were evaluated for metabolic activity by using MTT
colorimetric assay. MTT assay relies on the cellular oxidore-
ductase enzyme activity reflecting the presence of mitochon-
drial functionality in viable cells. These enzymes are capable
of reducing the tetrazolium dye 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) to its insoluble pur-
ple formazan that can be evaluated by spectrophotometric
analysis.

At 24 and 48 h post-treatment, MTT reagent was directly
added to each well, and after incubation for additional 4 h at
37 °C, formazan was dissolved in dimethyl sulfoxide
(DMSO) and then the absorbance was measured at 570/
655 nm using an iMax Microplate Reader (Roche). Non-
treated cells were used as a control and handled in the same
way as their treated counterparts. In a parallel experiment,
cultured cells were stained by addition of 1 μg/μL Hoechst

33342 andMitoTracker Red and further incubated for 30 min.
After washing with PBS, nuclear morphology and mitochon-
dria in live cells were visualized using confocal microscopy
analysis (Carl-Zeiss LSM 710, Germany). Statistical analyses
were performed using Student’s two-tailed t test. Data were
represented as means of ± SD of three independent experi-
ments. Values with p < 0.05 were considered as significant.

3 Results and Discussion

It would be expected that both viscosity and density parame-
ters for polyblend solution would be considered as important
parameters to change of the fiber diameter and forming of
fibers to microparticle transition in electrospinning [54].
Generally, by increasing the viscosity of the solution, the fi-
bers occur with no bead formation [55]. However, in this
study, increasing polyblend solution concentration with
changing the hBN concentration as 0.1, 0.2, and 0.3 wt%,
the viscosity of the solutions increases from 16.89 ± 0.07 to
29.42 ± 0.05 mPa s, fiber structure was started to making
hollow microparticles (Fig. 3). Otherwise, density values for
PCBB1, PCBB2, and PCBB3 polyblend solutions were mea-
sured as 1.26 ± 0.007, 1.27 ± 0.009, and 1.28 ± 0.007 g/mL,
respectively, and for PCBB3 + AMX polyblend solution was
1.3 ± 0.007 g/mL.

Chang et al. [56] has demonstrated production of hollow
polymeric microspheres from PMSQ polymer by using a pair
of nested concentric needles in electrospraying. Accordingly,
they have never produced hollow solid microparticles with
electrospraying below 63 wt% of PMSQ; in this study, hollow
microparticles from 40 wt% PMSQ + 1 wt% Ch + 2 wt%
BHA + 0.3 wt% hBN polyblend solution has been produced
with single-nozzle electrospinning method.

Husain et al. [57] observed a parabolic rise in viscosity with
using a different concentration of PLGA in acetone (2 to
25 wt%) resulting fiber formation with 25 wt% by
electrospinning method. They described that higher viscosity
causes fiber fracture because of ultimately the visco-elastic
stresses are strong enough to prevent fiber fracture. In this
study, higher viscosity caused prevention of particle forma-
tion. However, the polymer concentration is just one factor
for fiber to particle formation. Changing the polymer can af-
fect fiber formation by affecting the polymer-solvent interac-
tion as observed by Koski et al. [58].

Remote image of the PCBB3 +AMX sample right after the
single-nozzle electrospinning process can be seen in Fig. 4a.
Figure 4b shows the close-up image of the sample, which
seems like cotton surface, after left at under 50 °C in a labo-
ratory oven, and Fig. 4c shows final product in a falcon tube.

Fiber to hollow microparticle formation of PCBB1,
PCBB2, and PCBB3 are approved and shown in Fig. 5, with
comparative optical microscopy and SEM images. As can be
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seen on the images, while hBN concentration increases, fibers
started to change their formation to hollow microparticles.

The mean diameter of the hollow microparticle samples
was accounted for 50 ± 10 μm for PCBB3 sample (Fig. 6a)
and 90 ± 10 μm for PCBB3 + AMX sample (Fig. 6b). Also,
one selected particle of PCBB3 + AMX sample was im-
aged with SEM and that particle sample had a smooth
surface (Fig. 6c), ~88-μm diameter size, ~53-μm passage
hole with ~1-μm wall thickness (Fig. 6d).

Figure 7a shows Fourier transformation infrared spectros-
copy (FTIR) spectra for a series of pure PMSQ, pure BHA,
pure hBN, pure Ch, PCBB1, PCBB2, and PCBB3 to confirm
the chemical composition of samples. Typical absorption
peaks for PMSQ-related stretching modes were notable for
of PCBB polyblend samples at around 2900, 1275, 1004,
and 760 cm−1. These can be due to the presence of character-
istic C–H vibrations, Si–CH3 symmetric deformation, Si–O–
Si asymmetric stretch, and the Si–C stretch of PMSQ, respec-
tively [59]. Although the PMSQ ratio is too much besides of
other polymers in polyblend solutions, there was no big dif-
ference observed in FTIR spectra.

Figure 7b shows the characteristic peaks of PCBB3
hollow microparticle samples loaded with AMX and pure
AMX. The peaks at 1685, 1773, and 2969 and peaks

around 3450 cm−1 are attributed to AMX in hollow mi-
croparticle samples loaded with AMX [60]. When the
drug and the polymer had chemically interacted with
the functional groups, it has been expected that the
FTIR spectra show band shifts and broadening, com-
pared with the spectra of the pure drug and polymer
[61]. Therefore, the results committed that there were
no chemical interactions between AMX and produced
hollow microparticles. Moreover, the spectra suggest that
AMX is not decomposed while loading to the hollow
microparticles using single-nozzle electrospinning
method.

Figure 7c shows the comparable XRD patterns of pure
BHA, pure hBN, and PCBB3 + AMX samples. The diffrac-
tion peaks for the existence of PMSQ were observable in
PCBB3 + AMX sample at 2θ = 10.3 and 22.3 [62]. hBN dif-
fraction peaks were also detected at 2θ = 26, 41.7, and 55.1 in
the sample [63]. In addition, some hardly visible diffraction
peaks were observable for PCBB3 sample at 2θ = 31.7, 32.2,
and 40, which indicates the presence of BHA (JCPDS card
number 98–005-2689). Because of the high percentage of
PMSQ polymer, BHA can be dominated by PMSQ at XRD
analysis, as previous work; Kim et al. fabricated
polycaprolactone/hydroxyapatite (PCL/HA) scaffolds with

Fig. 4 Macroscopic view of the electrospun PCBB3 + AMX sample. a Remote look. b Closer look. c Final product in a falcon tube

Fig. 3 Graphic of hollow
microparticle formation with
different viscosity values
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Fig. 5 Comparative optical and
SEM images of PCBB1, PCBB2,
and PCBB3 samples

Fig. 6 Particle diameters for the PCBB3 hollow microparticle sample (a) and PCBB3 + AMX microparticle sample (b). Micrographs of a selected
hollow particle surface (c) with internal structure and diameters of passage hole of the hollow microparticle (d)
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Fig. 7 FTIR spectra for pure
polymers (PMSQ, BHA, hBN,
Ch), electrospun PCBB1,
PCBB2, and PCBB3 polyblends
(a). PCBB3 hollow microparticle
samples loaded with AMX and
pure AMX (b). X-ray diffraction
patterns of pure BHA, hBN, and
PCBB3 + AMX samples (c)
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very low intensity diffraction peaks for existence HA in the
composite, even if they have higher-percentage HA in com-
posite than present work [64]. Hereby, alteration in the per-
centage of hBN has no obvious effect on the structure of PCB
blend, and also, the blending of PMSQ, BHA, Ch, and hBN
should not be the molecular-level blending.

AMX loaded hollow microparticles with an 87 ± 0.7%
encapsulation efficiency, 52 ± 1.9% drug loading, and a
68 ± 1.1% yield, indicating high encapsulation efficiency,
good drug loading, and a high yield. The AMX loading
value seemed well than the other works, AMX loading,
for instance, the one worked by Farazuddin et al. with the

Fig. 8 UV spectra for 229 nm of
cumulative AMX release from
hollowmicroparticles for 540 min
(a) and SEM images of hollow
microparticle structure after
releasing their AMX (b). c
Growth inhibition of bacterial (S.
aureus) growth as a function of
the AMX concentration after 24-h
incubation of PCBB1, PCBB2,
PCBB3, and PCBB3 + AMX
samples. d Confocal microscopy
images of U2OS cells after being
cultured with PCBB3 and PCBB3
+ AMX samples for 24 and 48 h.
e Cell viability results of U2OS
cells after being cultured with
PCBB3 and PCBB3 + AMX
samples for 24 and 48 h. The
viability of the PCBB3 and
PCBB3 + AMX samples were
109 and 65% at the end of 24 h,
respectively, and respective
viabilities changed to 124 and
93% after 48 h (***P ≤ 0.001)
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value of 42.0 ± 5% for PLGA microspheres via water-in-
oil-in-water (W/O/W) emulsion method [65].

UV spectroscopic analysis indicated the presence of
AMX in the hollow microparticles. To examine the re-
lease kinetics of AMX-loaded hollow microparticles, in
vitro release of AMX loaded in hollow microparticles
was observed in PBS at physiological temperature
(37 °C) and pH (7.4) for 540 min. Figure 8a shows the
release profiles demonstrating much AMX release rates
with 28 ± 0.56, 50 ± 1, and 75 ± 1.5% being released by
60, 180, and 360 min, respectively, for both compositions
and 94 ± 1.8% release attained at 540 min. The AMX-
loaded hollow microparticles were collected of the PBS
medium after completing drug release studies, and sam-
ples were analyzed using SEM to clearly observe the
structure after the drug had been released from them.
Figure 8b shows the deformation of AMX-loaded hollow
microparticle sample structure after releasing their AMX,
and those microparticles were shown with some fractured
shape and some preservation of structure after losing of
their dry weight. For the antimicrobial activity of the
PCBB1, PCBB2, PCBB3, and PCBB3 + AMX, concen-
trations were determined to measure of inhibition zone.
As can be seen in Fig. 8c, PCBB1 and PCBB2 were not
effective on bacterial growth, and PCBB3 was slightly
effective on bacterial growth. However, PCBB3 + AMX
sample inhibits the growth of the microorganism, and this
result was promising for osteomyelitis disease treatment.

To assess biocompatibility of PCBB3 and its combination
with AMX, U2OS cancer cells were cultured for 24 and 48 h
in the absence or presence of 0.1 mg of PCBB3 and PCBB3 +
AMX.

Compared to non-treated control cells, PCBB3 treat-
ments did not have any detrimental effect at 24 h (Fig.
8d). However, as can be seen in Fig. 8e, the number of
alive cells increased up to 124% after 48 h, indicating that
the cells have active metabolism and can proliferate nor-
mally with PCBB3 treatment. On the other hand, encap-
sulation of PCBB3 with AMX significantly decreased
U2OS cell viability until 65% at 24 h as compared to
control. In other works, enhancement of cell viability of
osteoblast with boron nitride nanotubes has been shown
[66, 67]. However, there is no research with hBN and
antibiotic combination for the biomedical application.
Moreover, exposure of the cells for 48 h promoted the
viability up to the 93%, indicating that cells are able to
recover their metabolic activity and initiate their prolifer-
ation after 48 h of PCBB3 + AMX treatment.

As a consequence, PCBB3 and its encapsulation with
AMX can be used as a promising drug model; yet, time of
treatment should be seriously considered for better function-
al outcome in the case of therapeutic applications, as their
effects are variable according to the lengths of treatment.

4 Conclusions

In the present study, AMX-loaded PCBB3 hollow micropar-
ticles were prepared by single-nozzle electrospinning method
using different hBN concentrations (0.1, 0.2, and 0.3 wt%) to
investigate their influence on particle formation, morphology,
and drug release. It has been found that the hBN concentration
affects the fiber to hollow microparticle transformation.
Particles with different morphologies were obtained depend-
ing on the concentration of hBN, and the concentration of
PCBB3 was selected to study thanks to its ability to produce
most fine hollow microparticles. Hollow microparticles were
produced with mean diameter of 50 ± 10 μm. The fine hollow
internal microparticles of different size loaded with AMX as a
model drug for investigating their drug release capability and
the study have been successfully synthesized using the highly
efficient (encapsulation efficiency 87 ± 0.7%). In conclusion,
with the significantly reduced drug release profile, good
cytocompatibility, and the remained antibacterial activity, the
developed hollow microparticles should find potential appli-
cation for drug delivery, antimicrobial effect, and bone repair
for osteomyelitis disease treatment at the same time with
AMX.
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