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ABSTRACT

ARTICLE HISTORY
Received 22 November 2015

Ciprofloxacin HCl-loaded calcium carbonate (CaCOs) nanoparticles were prepared via a w/o microemul-
sion method and characterized by dynamic light scattering, scanning electron microscopy, X-ray powder
diffraction (XRPD) analysis, differential scanning calorimetry (DSC), and Fourier transform infrared spec-
troscopy (FTIR). The in vitro drug release profiles as well as antimicrobial effect against Staphylococcus
aureus (S. aureus) were also evaluated. The antibacterial effect was studied using serial dilution technique
to determine the minimum inhibitory concentration (MIC) of the nanoparticles and was confirmed by
streak cultures. The mean particle size, drug loading and entrapment efficiency were calculated to be
116.09 nm, 20.49% and 44.05%, respectively. PXRD and FTIR studies confirmed that both vaterite and cal-
cite polymorphs of CaCOs; were formed during the preparation process. In vitro release profiles of the
nanoparticles showed slow release pattern for 12 h. The drug-loaded nanoparticles showed similar MICs
against S. aureus compared to untreated drug. However, a preserved antimicrobial effect was observed
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for drug-loaded nanoparticles compared to untreated drug after 2 days of incubation.

Introduction

Despite the recent progresses in antibiotic treatment and
operation techniques, treatment of osteomyelitis, a bone
infectious disease, is difficult and expensive. The conventional
treatment of osteomyelitis is removal of the infected bone
and adjacent soft tissue alongside the antibiotic treatment
(Waldvogel et al. 1970). Systemic treatment of osteomyelitis
needs high serum concentrations of antibiotics for a pro-
longed period of time and shows higher side effects
(Uskokovi¢ and Desai 2014). Local delivery of the antibiotics
may be a suitable alternative with better treatment efficiency,
fewer side effects, low cost, and increased patient compliance
(Benoit et al. 1998, Giamarellos-Bourboulis 2000, Gursel et al.
2000, Korkusuz et al. 2001, Neut et al. 2003, Waldvogel et al.
1970). Depot antibiotic-loaded beads (Adams et al. 1992),
cements (Solberg et al. 1999), and implantable antibiotic
pumps (Perry et al. 1985) are the various methods of local
administration of the antibiotics for the treatment of osteo-
myelitis. As a main problem, most of these local drug delivery
systems are composed of non-resorbable matrices that need
to be removed after the treatment. Therefore, a degradable
carrier would have the great advantage of omitting the need
for an additional surgery to remove the carrier (Benoit et al.
1998, Giamarellos-Bourboulis 2000, Gursel et al. 2000,
Korkusuz et al. 2001, Neut et al. 2003).

Recently, ultrafine pharmaceutical nanoparticles have dem-
onstrated great advantage in terms of increasing the

therapeutic efficacy and decreasing the side effects through
concentrating the therapeutic agents on the desired sites in
the body (Adibkia et al. 2012, 2011, Ahangari et al. 2013,
Allahverdiyev et al. 2011, Dizaj et al. 2014, 2015b, 2015c¢). One
of the most important inorganic minerals with a long history
of application in the various medical fields is CaCOs3 that exists
in three polymorphs of calcite, aragonite, and vaterite (Dizaj
et al. 2015a, 2015b). Nanoparticles of CaCOs; have been
reported to be useful as a drug carrier for insulin (Haruta
et al. 2003), betamethasone phosphate, erythropoietin, gran-
ulocyte-colony stimulating factor (G-CSF) (Ueno et al. 2005),
validamycin (Qian et al. 2011), gentamicin sulfate (Dizaj et al.
2015b), and doxorubicin hydrochloride (Kamba et al. 2013).
CaCOs has been identified to be bioresorbable, biodegradable,
and osteoconductive (Dizaj et al. 2015a, Qian et al. 2011,
Ueno et al. 2005). A delivery system composed of osteocon-
ductive material can provide a suitable condition for the
growth of damaged bone alongside antibiotic delivery pur-
pose in the treatment of bone infectious disease like osteo-
myelitis (Biazar et al. 2015, Blokhuis et al. 2000, Egri and
Eczacioglu 2016). Lucas et al. (2001) developed gentamicin-
integrated aragonite type of CaCOs; materials for the dual
applications of bone substitution and drug release.
Ciprofloxacin hydrochloride (HCI) is a synthetic broad-spec-
trum antibiotic, which belongs to the second generation of
fluoroquinolones with the plasma half-life of 3-5h (Jeong
et al. 2008). It is active against both Gram-positive (such as
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Staphylococcus aureus) and Gram-negative (such as Escherichia
coli) bacteria (Brunton 2011). Ciprofloxacin HCl acts by inhibit-
ing DNA gyrase (topoisomerase Il) and topoisomerase |V, the
enzymes that are necessary for separating the bacterial DNA,
thereby inhibiting the cell division (Drlica and Zhao 1997).
Ciprofloxacin HCl has been beneficially administrated to eradi-
cate various pathogens that cause common bone infectious
diseases such as osteomyelitis (Jain et al. 2015, Koort et al.
2006).

Owing to the great potentials of CaCOs; nanoparticles as
drug delivery systems as well as the confirmed bone-related
advantages of these materials, antibiotic-loaded CaCOs; nano-
particles can open new prospects to the treatment of bone
infections. The aim of the present work was to prepare cipro-
floxacin HCl-loaded CaCOs; nanoparticles using a reverse
phase microemulsion system. Subsequently, the morpho-
logical properties together with the physicochemical charac-
teristics of the fabricated nanoparticles were investigated. The
antimicrobial effects against S. aureus, the most common
microorganism involved in the osteomyelitis, were assessed as
well.

Experimental
Materials

Ciprofloxacin HCl was supplied from Temad Co. (Tehran, Iran)
and S. aureus in its lyophilized form was purchased from
Institute of Pasture (Tehran, Iran). Cyclohexane, n-butyl alco-
hol, hexadecyl trimethyl ammonium bromide (CTAB), calcium
chloride, and sodium carbonate were obtained from Merck
Co. (Darmstadt, Germany).

Preparation of the ciprofloxacin HCl-loaded CaCO;
nanopatrticles

Reverse microemulsion method (w/0) was used to prepare
ciprofloxacin HCl-loaded CaCOs; nanoparticles (Qian et al.
2011). Briefly, 0.9g of n-butyl alcohol and 1.65g of cyclohex-
ane were mixed and stirred. Then, 0.58g of CTAB as the
organic phase surfactant was added and the mixture was
stirred at 400 rpm. Subsequently, 50 ul aqueous solution of
CaCl, (5 M) and 50 pul aqueous solution of ciprofloxacin HCI
(3g/dl) were added into the mixture, and the microemulsion
was formed after stirring at 1400 rpm for 20 min. Ciprofloxacin
HCl-loaded CaCOs nanoparticles were precipitated by adding
50ul of NayCOs (2 M) into the microemulsion system. The
resulting microemulsion was maintained under a gentle mix-
ing for 24 h to evaporate off the organic solvent. Finally, the
prepared suspension was centrifuged (Eppendorf AG 5810R,
Germany) in 12,000 rpm for 10 min to separate the nanopar-
ticles. Nanoparticles were washed twice with 2ml of distilled
water and then 2ml of methanol in the centrifuge tube. The
blank CaCOs nanoparticles were also prepared with the same
process (without drug). The physical mixture of ciprofloxacin
HCl and the blank CaCOs nanoparticles was prepared taking
into account of the drug-loading data (20.49%) by tumble
mixing for 10 min.

Characterization of the nanoparticles

Particle size and morphology

The mean diameter of nanoparticles was obtained via
Dynamic Light Scattering (DLS) technique (Malvern, United
Kingdom) at 25 = 1°C. Moreover, SEM analysis (SEM, TESCAN,
Warrendale, PA) was applied to study the morphology and
structure of both the CaCOs; nanoparticles and ciprofloxacin
HCl-loaded CaCOs nanoparticles. The dry powder of nanopar-
ticles was sputter-coated with gold before examination.

The drug loading and entrapment efficiency

To determine the entrapment efficiency, 100mg of the pre-
pared ciprofloxacin HCl-loaded CaCOs nanoparticles was dis-
solved in EDTA (0.5 M, pH 7.5) (Qian et al. 2011, Ueno et al.
2005). The mixture was stirred magnetically for 30 min and
then 1 ml of water phase was taken to measure drug loading
efficiency. Absorbance of aqueous phase was measured
at 277nm using UV-visible spectrophotometer (UV1800
Shimadzu, Kyoto, Japan). Afterwards, using the previously pre-
pared standard curve (linear in the range of 2-32mcg/ml,
y=0.0379x — 0.0154, R?= 0.9998), the percent of drug loading
and entrapment efficiency were calculated according to the
following equations:

Drug loading (%)
= (drug content/total amount (weight)
of obtained nanoparticles) x 100

Entrapment efficiency (%)
= (drug content/total drug added) x 100

Zeta potential measurements

Zeta potential measurements were performed to get informa-
tion about the surface charge of the nanoparticles. Zeta
potential of the prepared nanoparticles was measured using
zeta-sizer (Malvern, UK) at 25 = 1°C. The freshly prepared sus-
pension was diluted with distilled water and injected into the
capillary cell of zeta-sizer.

Powder X-ray diffraction (PXRD) analysis

PXRD patterns were recorded at room temperature for cipro-
floxacin HCl, CaCOs nanoparticles, physical mixture of cipro-
floxacin HCl, and CaCOs nanoparticles as well as ciprofloxacin
HCl-loaded CaCO; nanoparticles using an X-ray diffractometer
(Siemens, Model D5000, Germany) operating with Cu Ka radi-
ation of wavelength 1.5405 A, a voltage of 40kV, and a cur-
rent of 30 mA.

Differential scanning calorimetry (DSC) analysis

DSC analysis of the prepared formulations was performed to
determine any changes in the thermal behavior of the drug
during the preparation of nanoparticle using DSC60 (Shimadzu,
Japan). The accurately weighed samples of 5mg were placed



into the aluminum pans and sealed. The instrument tempera-
ture was calibrated using the aluminum oxide and indium pow-
ders as a reference and a standard, respectively. A heating rate
of 40°C/min from 30 to 350°C was applied for recording of
spectra. The obtained thermograms were analyzed using TA60
software.

Fourier transform infrared spectroscopy (FTIR) analysis

FTIR spectra were recorded to confirm the chemical structures
of ciprofloxacin HCl and CaCO; nanoparticles and to evaluate
any probable drug/carrier interaction in the prepared formula-
tion. FTIR patterns for ciprofloxacin HCI, CaCO3z nanoparticles,
and physical mixture of ciprofloxacin HCl and CaCOs; nanopar-
ticles as well as ciprofloxacin HCl-loaded CaCO3 nanoparticles
were obtained using an FTIR spectrophotometer (Shimadzu
43000, Kyoto, Japan) via the KBr disk method from 4000 to

400cm ™" at a resolution of 4cm™".

In vitro drug release

In vitro drug release study for the prepared formulations was
performed using a USP apparatus I, paddle stirrer, and 300 ml
buffer phosphate (pH=7.4) was used as a dissolution
medium. All dissolution experiments were performed under
orbital mixing (50rpm) at 37°C. At specified times, 3 ml of
medium was withdrawn and filtered through cellulose acetate
membrane (Whatman, Kent, UK) with pore diameter of 20 nm
and replaced by 3ml fresh buffer phosphate (pH=7.4). The
concentration of released drug was measured with a
UV-visible spectrophotometer (UV-1601PC; Shimadzu, Kyoto,
Japan) at 272 nm. Release profiles were plotted for pure cipro-
floxacin HCl, CaCOs nanoparticles, physical mixture of cipro-
floxacin HCl, and CaCOs nanoparticles as well as ciprofloxacin
HCl-loaded CaCO3 nanoparticles.

To find out the drug release mechanism, the in vitro
release data were fitted to 10 common kinetic models includ-
ing zero-order, first-order, Higuchi, Pepas, Hixon-Crowell,
square root of mass, three seconds root of mass, Weibull,
Linear probability, and Log probability models (Barzegar-Jalali
1990, Barzegar-Jalali et al. 2010). The accuracy and prediction
ability of the models were compared by calculation of
squared correlation coefficients (RSQ) and percent error (PE)
(Barzegar-Jalali et al. 2008).

Preparation of the drug stock solution

For preparing the drug stock solution, 256 mg of ciprofloxacin
HCl powder was accurately weighed and dissolved in the
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10 ml of prepared buffer (USP No. 3). For preparing the buffer,
monobasic potassium phosphate (0.523g) and dibasic potas-
sium phosphate (16.73g) were dissolved in distilled water
(1000 ml) and the pH of solution was adjusted to 8.0 = 0.1.

Inoculum preparation

The standard S. aureus was activated according to the pro-
vider protocol and the cultures of bacteria were maintained in
their proper agar media at 4°C throughout the study as the
stock cultures. Briefly, a single colony from the stock cultures
was transferred into Mueller Hinton Broth and incubated over-
night (37°C). The incubated cells were collected by centrifu-
gation at 3000 rpm for 10 min. Then, to provide a bacterial
concentration around 10® CFU/m, collected cells were washed
twice and re-suspended in saline solution. Finally, the concen-
tration of inoculum was adjusted to approximately 10° CFU/
ml with sterile saline solution.

Determination of minimum inhibitory concentrations
(MICs)

MICs were determined using broth macro-dilution MIC
method. Briefly, twofold serial dilutions of ciprofloxacin HCl
were prepared using sterile buffer (USP No. 3) in the concen-
tration ranges of 0.5-128 pg/Il. Then, 100 pl of bacterial inocula
was transferred into the tubes and all tubes were incubated
for 24h (35°C). After 24h, the content of the tubes was
streak-cultured onto Mueller-Hinton agar plates. The first con-
centration with no sign of bacterial growth on the plates was
considered as MIC. MIC processes were also carried out for
CaCOs nanoparticles, physical mixture of ciprofloxacin HCI,
and CaCO; nanoparticles as well as ciprofloxacin HCl-loaded
CaCO3 nanoparticles.

Results and discussion
Particle size and morphology

Particle size distributions of the blank and drug-loaded CaCO3
nanoparticles are shown in Figure 1. The average diameters of
the blank CaCO; nanoparticles and ciprofloxacin HCl-loaded
CaCO3 nanoparticles were 89.64nm and 116.09 nm, respect-
ively. The particle size distributions were relatively monodis-
perse in both formulations with the polydispersity index (PD/)
values of 0.246 and 0.216 for the blank CaCO; nanoparticles
and drug-loaded CaCOs nanoparticles, respectively (Adibkia
et al. 2012, Jana et al. 2014). The diameters obtained by the
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Figure 1. Particle size distribution of the prepared nanoparticles: (A) blank CaCOs3 nanoparticles and (B) ciprofloxacin HCl-loaded CaCO3 nanoparticles.



538 (&) S.M.DIZAJET AL

SEMHV:150KV | (]
Det: InBeam 100 nm

BEM MAG: 100 kx|
WD:491mm |

 MIRA3 TESCAN

WD: 4.91 mm Det: InBeam

Figure 2. SEM images of the prepared nanoparticles: (A) blank CaCO3 nanoparticles and (B) ciprofloxacin HCl-loaded CaCOs nanoparticles.
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Figure 3. Zeta potential of the prepared nanoparticles: (A) blank CaCO3z nanoparticles and (B) ciprofloxacin HCl-loaded CaCO3 nanoparticles.

DLS for the prepared nanoparticles were larger than the size
observed by the SEM. It might be occurred due to an error in
the Stokes-Einstein equation for DLS technique (for viscosity
magnitudes) (Berne and Pecora 2000). Other investigators
have reported similar results for drug-loaded nanoparticles
(Darvishi et al. 2014, Mo and Lim 2005).

Calcite polymorph of CaCOs exists in the forms of rhombo-
hedral, truncated prismatic, scalenohedral, spherical, or chain-
like agglomerates (Ukrainczyk et al. 2009), while vaterite and
aragonite polymorphs exist mainly in cauliflower-like and nee-
dle-like forms, respectively (Andreassen 2005). Based on SEM
analysis of the prepared nanoparticles (Figure 2), crystal struc-
ture of the blank CaCO; nanoparticles was mainly spherical
calcite, while the cauliflower-like vaterite was prevalent
morphology of ciprofloxacin HCl-loaded CaCOs; nanoparticles
(Kirboga and Oner 2013, Ukrainczyk et al. 2007).

The drug loading and entrapment efficiency

The drug loading and entrapment efficiency, important factors
for a drug delivery system, are used to evaluate the usability
of nano-based carriers (Kamba et al. 2013). Entrapment effi-
ciency and the drug loading of the ciprofloxacin HCl in CaCOs
nanoparticles were calculated to be 44.05* 1.68% and
20.49 £0.09, respectively. A reverse phase microemulsion
method (w/0) using n-butyl alcohol and cyclohexane as binary
organic phase can provide proper entrapment efficiency for
the hydrophilic drugs such as ciprofloxacin HCl, due to their
insolubility in organic nature of the external phase (Montaseri
et al. 2010, Sah and Sah 2015). Qian et al. (2011) used similar
method for entrapment of validamycin, water-soluble anti-
biotic, into CaCO3; nanoparticles with entrapment efficiency of
19.3%.

Zeta potential measurements

Zeta potential gives information on the surface charge of the
prepared nanoparticles. Zeta potential value is an important
parameter for predicting the stability of the nanoparticles as
well as their interaction with the biological environment such
as cellular uptake by macrophages (Vogelman et al. 1988).
Figure 3 shows the values of the zeta potential for the blank
and drug-loaded CaCOsz nanoparticles. The blank and drug-
loaded CaCO; had zeta potential values of —9.95mV and
—9.90 mV, respectively.

It has been proposed that negative values of the zeta poten-
tial have an important favorable effect on the attachment and
proliferation of the bone cells (Cooper and Hunt 2006). Several
studies on the zeta potential of synthetic bioceramics like
hydroxyapatite and other calcium derivatives (Cooper and
Hunt 2006, Smeets et al. 2009, Teng et al. 2001) have revealed
that a negative zeta potential value could improve the in vivo
biological effects (Smeets et al. 2009). According to a number
of studies, a material with negative zeta potential is more avail-
able for the attachment and proliferation of osteoblasts than
neutral or positive surfaces (Teng et al. 2001). Considering that
the nanoparticles with a zeta potential between —10 and
—30mV are considered negatively charged particles (Clogston
and Patri 2011), so therefore, the prepared nanoparticles in the
present study with zeta potential of about —10 mV might be
superiorly attached to the osteoblasts.

In vitro release profiles of the drugs can also be influenced
by zeta potential of the nanoparticles (Honary and Zahir
2013). Furthermore, the surface charge of the particles is the
important parameter that controls the drug loading efficiency.
The zeta potential can also be used to determine whether an
active material (such as drug) is incorporated within or
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Figure 4. XRPD patterns of (A) pure ciprofloxacin HCI, (B) CaCO3 nanoparticles, (C) physical mixture of ciprofloxacin HCl and CaCOs nanoparticles and (D) ciprofloxacin

HCl-loaded CaCO5 nanoparticles.
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Figure 5. DSC thermograms of (A) pure ciprofloxacin HCl, (B) CaCOs; nanopar-

ticles, (C) physical mixture ciprofloxacin HCl and CaCO; nanoparticles and (D)
ciprofloxacin HCl-loaded CaCO; nanoparticles.

adsorbed on the surface of the nanoparticle (Honary and
Zahir 2013, Honary et al. 2010). The presence of ciprofloxacin
HCl did not influence the zeta potential of the drug-loaded
CaCOs nanoparticles compared to the blank CaCOsz nanopar-
ticles, which might be due to the fact that the drug was uni-
formly entrapped within the nanoparticles (Dillen et al. 2006).

PXRD analysis

The crystallinity of ciprofloxacin HCl in the drug-loaded nano-
particles was investigated by X-ray diffraction (Figure 4). The
X-ray diffraction pattern of the ciprofloxacin HClI powder dem-
onstrated the presence of the characteristic bands showing its
crystalline nature (Mobarak et al. 2014) (Figure 4, curve A).
PXRD analysis also confirmed the existence of mixture of cal-
cite and vaterite polymorphs for both blank and drug-loaded
CaCOs nanoparticles (Kirboga and Oner 2013). The characteris-
tic peaks of calcite polymorph appeared at 20 of 29.4°, 39.5°,

43.0°, and 48° (Ni and Ratner 2008, Shen et al. 2007), while
the diffraction peaks at 24.92°, 42, 32.78°, and 50.0° were
related to vaterite polymorph (Kirboga and Oner 2013, Tai
and Chen 2008). Chen and Xiang (2009) and Wang et al.
(2010) reported similar observations for simultaneous forma-
tion of CaCOs; polymorphs. Curve D (in Figure 4) shows the
X-ray diffraction of drug-loaded CaCOs; nanoparticles where
the drug bands were completely disappeared indicating the
entrapment of an amorphous drug into the CaCOs; matrix
(Mobarak et al. 2014). Similar results have been reported by
Mobarak et al. (2014) and Jeong et al. (2008) for ciprofloxacin
HCl-loaded polymeric nanoparticles.

DSC analysis

DSC curves provided information on the thermal behavior of
the drug in the prepared formulations (Figure 5). Ciprofloxacin
HCl (Figure 5, curve A) was characterized by an endothermic
peak at 303°C, corresponding to its melting point (Mobarak
et al. 2014). The range of melting point for different poly-
morphs of CaCOs is between 825°C and 1339°C (Qian et al.
2011). Then, CaCO; blank nanoparticles did not exhibit any
peak up to 350°C (Figure 5, curve B). The curve related to phys-
ical mixture of ciprofloxacin HCl and CaCOs nanoparticles also
showed the melting peak of the drug at 308 °C (Figure 5, curve
Q). Lower intensity of the melting peak in the physical mixture
might be related to the dilution effect of carrier (Jahangiri et al.
2014). The characteristic peak of the drug was disappeared in
the thermogram of drug-loaded nanoparticles (Figure 5, curve
D). It could be concluded that ciprofloxacin HCl was entrapped
in an amorphous form into the CaCOs matrix. Such an observa-
tion has also been reported by other investigators (Cevher
et al. 2007, Dillen et al. 2004, Mobarak et al. 2014).

FTIR analysis

The FTIR peaks of the pure ciprofloxacin HCl, CaCOs; nanopar-
ticles, physical mixture of ciprofloxacin HCl, and CaCO;
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Figure 6. FTIR spectra of (A) pure ciprofloxacin HCl, (B) CaCO5; nanoparticles, (C) physical mixture of ciprofloxacin HCI and CaCO; nanoparticles and (D) ciprofloxacin

HCl-loaded CaCOj3 nanoparticles.

nanoparticles as well as ciprofloxacin HCl-loaded CaCOs; nano-
particles are presented in Figure 6. In the FTIR spectra of
ciprofloxacin HCI (Figure 6, curve A), a peak at 1050 cm~! was
assigned to C-F group and another characteristic peak at
1650cm ™" was related to quinolones (Sahoo et al. 2011). The
peak at the 1455cm™" was related to C-O and the bands at
1270cm ™' was attributed to vibration of the O-H group
related to the presence of carboxylic acid (Sahoo et al. 2011).
A band at 2945cm™" indicated alkenes and aromatic C-H
stretching and the bands at 1744cm™' signified carbonyl
stretching (C=0) (Silverstein et al. 2014). A characteristic peak
at 3376cm™' was related to the OH stretching vibration
(Silverstein et al. 2014). In the curve B (in Figure 6), blank
CaCOs; nanoparticles exhibited the characteristic absorption
peaks of COs®~ at 1421cm™' and 868cm™' related to the
vibrations of calcite polymorph of CaCOs; and the peak of
CO5% at 1074cm™ ' revealed vaterite polymorph of CaCOs
(Kirboga and Oner 2013). The FTIR spectrum for the physical
mixture of the drug and CaCOs; nanoparticles (Figure 6, curve
C) showed all characteristic peaks of the drug and CaCOs
nanoparticles. The spectra of the drug-loaded nanoparticles
(Figure 6, curve D) showed characteristic peaks of ciprofloxa-
cin HCl (Sahoo et al. 2011) together with the peaks related to
CO5%™ of the calcite polymorph as well as the peak signified
to CO5% of the vaterite polymorph (Kirboga and Oner 2013).
Absence of any significant change in position of the peaks of
ciprofloxacin HCl in the drug-loaded nanoparticles indicated
that there was no significant interaction between the drug
and CaCO; during nanoparticles preparation process (Kumar
et al. 2012, Mobarak et al. 2014).

In vitro drug release

Dissolution testing is a valuable tool to determine the amount
of released drug from a solid form under known conditions of
dissolution medium and time (Beyssac and Lavigne 2005,
Jahangiri et al. 2014). Figure 7 shows the release patterns of
pure ciprofloxacin HCl, physical mixture of ciprofloxacin HCI,
and CaCO; nanoparticles as well as ciprofloxacin HCl-loaded
CaCOs nanoparticles. The drug release from nanoparticles was
more sustained than that of the pure drug, while the physical
mixture showed a comparable drug release with the pure
drug. The pure ciprofloxacin HCl was released in the first two
hours, whereas the drug release from the nanoparticles was
prolonged up to 12h. Similarly, in the study by Ueno et al.
(2005), G-CSF and betamethasone phosphate showed a sig-
nificant sustained release profile from CaCOs; nanoparticles.
The sustained release profile of the drug from CaCOs nano-
particles have also been reported for validamycin (Qian et al.
2011) and insulin (Haruta et al. 2003).

The in vitro release data were fitted into 10 common kin-
etic models. Considering the RSQ of 0.99 and PE of 3.38%, the
drug release data were best fitted to the Higuchi model.
Higuchi’s kinetic model can be used to describe the drug
release from different kinds of modified release dosage forms
(Kadivar et al. 2015). This model explains the release of drugs
from insoluble matrix as a square root of time-dependent pro-
cess based on Fickian diffusion equation (Kalam et al. 2007,
Ofoefule and Chukwu 2002). Modeling of the drug release
from the ciprofloxacin-Eudragit nanoparticles has also been
described by Dillen et al. (2006) whose work showed that the
release data were fitted to the Higuchi’s kinetic model.



ARTIFICIAL CELLS, NANOMEDICINE, AND BIOTECHNOLOGY 541

o o
100 s & ?
20
80 -
70 =+ Pure ciprofloxacin HCI

60 -
50
40
30
20
10 -

Release (%)

—o— Physical mixture of
ciprofloxacin HCI and
CaCO3 nanoparticles

=¢— Ciprofloxacin HCl-loaded
CaCO3 nanoparticles

6 8 10 12

Time (hours)

Figure 7. Drug release profile for ciprofloxacin HCl, physical mixture of ciprofloxacin HCl and CaCOs nanoparticles, and ciprofloxacin HCl-loaded CaCOs nanoparticles.
Each point is the average of three replications and the vertical bars represent standard deviations.

Antimicrobial efficiency

Based on the results of antimicrobial testing experiments,
ciprofloxacin HCl-loaded CaCOs nanoparticles maintained its
antimicrobial effectiveness with equal MIC values to untreated
ciprofloxacin HCl against test organism of S. aureus (1 pug/ml).
Similar findings were obtained in a research by Dillen et al.
with no significant differences in the MIC values of cipro-
oxacin-loaded Eudragit/PLGA nanoparticles and untreated
ciprofloxacin (Dillen et al. 2006). Furthermore, physical mixture
of ciprofloxacin HCl and CaCOs nanoparticles showed an
equal antimicrobial activity to the drug solution.

The equal MICs for untreated ciprofloxacin HCl solution
and ciprofloxacin HCl-loaded CaCOs; nanoparticles suggested
effective entrapment of the drug into the CaCO3 nanoparticles
without losing its pharmacological effect. The blank nanopar-
ticles exhibited no antibacterial effect signifying the inert
nature of CaCOs nanoparticles. So therefore, hopeful features
of CaCO; nanoparticles as a drug carrier can be advanta-
geously applied in delivery of ciprofloxacin HCI.

Interestingly, a decrease in the growth extent of S. aureus
after two days incubation of the streak cultures was observed
for the drug-loaded CaCOs nanoparticles compared to that of
untreated drug solution. It can be assumable that the sus-
tained released features of CaCOsz nanoparticles adsorbed to
the cell surface of the microorganisms can act as a drug
depot to decline the growth rate of the bacteria. Such a result
has been presented by Kesavan et al. for gatifloxacin gellan
system against S. aureus (Kesavan et al. 2010). Validamycin-
loaded CaCOs nanoparticles also presented a preserved anti-
microbial activity against Rhizoctonia solani in a study by Qian
et al. (2011).

There are some suggested mechanisms that dominantly
facilitate the penetration of drug content of the nanocarrier
into the bacterial cells and therefore deliver the drug into its
site of action in an improved manner (Esmaeili et al. 2007).
Nanoparticles can fuse with the bacterial cell wall and subse-
quently the drug is released across the cell wall and cell

membrane. Adsorption of the nanoparticles to the bacterial
cell wall can be another mechanism which provides a sus-
tained antimicrobial activity of the incorporated antibiotic
against the microorganisms (Darvishi et al. 2014, Zhang et al.
2010). Antibiotic-loaded nanoparticles can also attract to the
infection site and not only release the drug at the infection
site but also, after phagocytosis of the pathogen, expose it to
the high intracellular drug concentrations (Nokhodchi et al.
2012, Salouti and Ahangari 2014). Thus, our prepared nano-
formulations with preserved antimicrobial efficiency can be a
potential local drug delivery system for the bone infection dis-
ease, regardless of the exact in vivo mechanism. Designing of
the sustained release antibiotic-loaded nanoparticles using a
biodegradable and osteoconductive material such as CaCO3
may be a promising expectation for bone infection therapy.
Such a multipurpose carrier not only may reduce the costs of
osteomyelitis therapy, but also it can decrease the treatment
duration.

Conclusion

The treatment of chronic osteomyelitis involves removal of
the infected bone along with antibiotic treatment. Systemic
treatment of the osteomyelitis needs high serum concentra-
tions of the antibiotics for the prolonged period of time,
which leads to higher side effects. One of the most important
advantages of novel drug delivery systems such as nanopar-
ticles is to assure the effective therapy together with avoid-
ance of toxicity by lowering the systemic blood levels of the
antibiotics. In the present study, the prepared ciprofloxacin
HCl-loaded CaCOs nanoparticles displayed appropriate physi-
cochemical properties as well as a preserved antimicrobial
effect against S. aureus, the most common microorganism
involved in osteomyelitis. Local delivery of the ciprofloxacin
HCl-loaded CaCOs; nanoparticles through bone operation
might have particular advantages, thanks to the great bio-
compatibility and osteoconductivity of the system. Such a sus-
tained release antibiotic delivery system can provide a proper
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situation for the growth of damaged bone with no need to
an additional operation for the removal of the drug delivery
system. Therefore, the prepared nanoparticles could be con-
sidered as a potential local drug delivery system for osteomye-
litis in the future.
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