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Introduction: In recent years there has been a steep increase in the number of orthopedic
patients for many reasons. One major reason is osteomyelitis, caused by pyrogenic bacteria,
with progressive infection of the bone or bone marrow and surrounding tissues. So antibiotics
must be introduced during bone implantation to avoid prolonged infection.

Aim: The objective of the study reported here was to prepare a composite film of nanocrystal-
line hydroxyapatite (HAp) and polycaprolactone (PCL) polymer loaded with ciprofloxacin, a
frequently used antibiotic agent for bone infections.

Methods: Nanocrystalline HAp was synthesized by precipitation method using the precursor
obtained from eggshell. The nanocomposite film (HAp-PCL-ciprofloxacin) was prepared by
solvent evaporation. Drug-release and biodegradation studies were undertaken by immersing the
composite film in phosphate-buffered saline solution, while a cytotoxicity test was performed
using the fibroblast cell line NIH-3T3 and osteoblast cell line MG-63.

Results: The pure PCL film had quite a low dissolution rate after an initial sharp weight loss,
whereas the ciprofloxacin-loaded HAp-PCL nanocomposite film had a large weight loss due
to its fast drug release. The composite film had higher water absorption than the pure PCL, and
increasing the concentration of the HAp increased the water absorption. The in vitro cell-line
study showed a good biocompatibility and bioactivity of the developed nanocomposite film.
Conclusion: The prepared film will act as a sustainable bone implant in addition to controlled
drug delivery.
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Introduction

Osteomyelitis refers to a bone infection, almost always caused by bacteria. Over time,
the result can be destruction of the bone itself.! Ciprofloxacin is a broad-spectrum
fluoroquinolone antibacterial agent used in the treatment of osteomyelitis caused by
pathogens like Staphylococcus aureus and Pseudomonas aeruginosa.> A high concen-
tration of the drug is required for 5 weeks to several months to cure the bone infection.
Thus, local drug delivery would be advantageous and reduce the side effects that occur
due to high dosage of the drug.?

Compared with metal, metal alloy, and ceramic bone-substitute materials, organic/
inorganic composite structures are best suited to orthopedic biomaterials as their
properties closely mimic those of natural bone.* A novel method for the preparation
of ceramic/polymer composites is required to combine the advantages of the bioac-
tive, biodegradable, and biological properties of scaffolds for bone regeneration. The
development of organic/inorganic composites as orthopedic materials has attracted
much attention during the last few years.
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Natural bone is composed of inorganic compound
(hydroxyapatite [HAp] 65% on the nanoscale) and organic
compounds (collagen matrix 35%). Hence, to mimic
natural bone and to maintain biocompatibility, a polymer/
ceramic material would be ideal for bone drug delivery.
The inorganic HAp is an important component of natural
bone tissue. It is attractive for use in synthetic bone-tissue
scaffolds as a means of more closely mimicking natural
tissue composition.’ The polymer chosen for drug delivery
should be biodegradable and biocompatible. Polycapro-
lactone (PCL) is a biodegradable, bio-resorbable polymer
used for drug formulations and medical purposes. It is an
ideal polymer for the application of drug or biomolecule
delivery, as it has a relatively low degradation rate that
extends over 1 year. The US Food and Drug Administration
has approved PCL as it is ideal for a number of medical and
drug-delivery devices.

Ahola et al investigated in vitro bone filling composite
materials that release ciprofloxacin to kill any remaining
bacteria and that contain bio-ceramic to help the bone
to heal.® Kim et al developed an HAp porous scaffold coated
with HAp and PCL composite and entrapped the antibiotic
drug tetracycline hydrochloride within the coating layer.’
They found that the release rate of the drug was sustained
for prolonged periods and was highly dependent on the
degree of coating dissolution, suggesting the possibility of
controlled drug release from the porous scaffold with HAp-
PCL coating.’

In the work presented here, a composite film of nanoscale
HAp, prepared from eggshell, and PCL was prepared and
loaded with ciprofloxacin for drug delivery to bones. The
phase composition and morphology of the developed nano-
composite were studied by X-ray diffraction (XRD), trans-
mission electron microscopy (TEM), and Fourier-transform
infrared (FTIR) spectroscopy. The drug-release study was
done in vitro and its absorbance value was measured using
a UV-visible spectrophotometer. The degradation of the
composite film was studied by immersing it in phosphate-
buffered saline (PBS) for 7 days. Cytotoxicity studies were
performed in a fibroblast cell line, and cell proliferation was
examined in an osteoblast cell line.

Methods
Synthesis of HAp from eggshell

Apart from standard calcium salts, HAp can also be pro-
duced from some natural sources of calcium like sea corals,’
eggshell,® sea shells,’ and also from body fluids.!® The utiliza-
tion of calcium from a natural source minimizes the chances

of impurities like silica being present in the finished product.
Moreover, the cost of production can be reduced, as there
will be no need to purify.

An important aspect in the development of methods for
the synthesis of HAp is the use of raw materials from uncon-
ventional sources. The world’s egg production was estimated
to be approximately 6.37x107 tons in 2010." Taking into
account that the shell comprises about 11% of the weight of
each egg, the amount of eggshell produced in the world in the
last year ascends to about 7x10° tons.'? Though eggshells are
occasionally used as a fertilizer due to their high calcium and
nitrogen content, most are discarded as waste. By utilizing
this organic waste, the cost of a high-quality calcium source
for preparation of HAp is reduced, and, at the same time,
the recycling of a waste product of human daily activity can
also be taken care of, underscoring the importance of using
eggshell as a calcium source.!>*

Eggshell is composed of calcium carbonate, which acco-
unts for around 94% of the total weight; calcium phosphate
(1%); organic matter (4%); and magnesium carbonate
(1%).1

HAp from eggshell was synthesized via a precipitation
and low-combustion method that was lengthy, complicated,
and required pH control and adjustment. The eggshells were
cleaned manually with de-ionized water then boiled in water
for 30 minutes. The uncrushed and washed eggshells were
placed in a porcelain crucible and calcined in a Kanthal™ wire
heating furnace for 2 hours to decompose organic matter and
to convert the calcium carbonate to calcium oxide. The prod-
uct was then finely ground with a pestle in an agate mortar.

The eggshells are transformed into calcium oxide and
carbon dioxide evolves above 900°C . The expected reaction
is presented in Equation 1.

CaCO, —» CaO+COA—» (1)

A stoichiometry amount of calcined eggshell (1 M) was
dispersed in 50 mL of distilled water. After dispersing in
distilled water, the CaO converted into Ca(OH),, as shown
in Equation 2.

Ca0+HO —» CaOH)(ex0) —»  (2)

Under rigorous stirring, reagent-grade orthophosphoric
acid solution (0.6 M) was added in drops at a controlled rate
to the suspension at room temperature. Initially, the pH of the
solution was found to be 12, but at the end of the addition of
orthophosphoric acid, it had decreased to 8.5 and a precipitate
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had formed. The precipitate was subjected to aging treat-
ment for 24 hours. The solution was then stirred for another
30 minutes without heating and then left for another 10 hours
for complete precipitation occur. The precipitate was filtered
and thoroughly washed with distilled water before being
filtered again. Finally, after drying at 80°C for 3 hours, the
precipitate was calcined at 900°C for 2 hours.

Preparation of ciprofloxacin-loaded

HAp-PCL nanocomposite film

The ciprofloxacin loading of the HAp-PCL nanocomposite
film was undertaken as follows. Initially, ciprofloxacin was
dissolved in dichloromethane for 1 hour, then HAp powder,
prepared from eggshell, was added to the solution and the
mixture stirred for 6 hours at room temperature. During this
process, the drug concentration was adjusted to 75% w/w
with respect to HAp-PCL.'® Lastly, PCL pellets were added
and the suspension was stirred for 12 hours to prepare the
drug-loaded HAp-PCL solution (Figure 1). The PCL film is
prepared by dissolving 1.5 % w/v PCL pellets into dichlo-
romethane. Then the mixture is poured into a glass petri dish
and dried under ambient conditions.

PCL of 1.5% w/v was dissolved in dichloromethane. The
HAp and PCL were maintained at the ratio of 1:1. The mixture
was poured into a glass petri dish and dried under ambient
conditions for 24 hours to obtain the composite film.!7!8

In vitro degradation tests

As amedium for in vitro degradation tests, PBS (pH 7.4) was
used. The PCL film and drug-loaded film were weighed and
incubated in 30 mL of PBS at 37°C for a period of 7 days.
The medium was refreshed every 1 hour for the first 5 hours,
and then every 24 hours thereafter. At predetermined periods
of time, the samples were taken out, blotted on a filter paper,
and weighed using a balance.

The water uptake was obtained by determining the weight
difference between the sample initially and the wet sample
(Wwet/ Winuial)'

The material degradation was obtained by determining
the weight difference between the sample initially and the
sample after drying; [1- (W, / Wl
In vitro drug-release studies
In vitro drug-release studies were conducted to estimate the
rate of drug release from the drug-loaded film and to find the
concentration of the drug released at particular times. PBS
(pH 7.4) was used as the medium for the in vitro drug-release
tests. The drug-loaded film was immersed in a glass vessel con-
taining medium and incubated at 37°C and pH 7.4 for periods
of up to 7 days. The drug-release studies were performed by
directly immersing the films into the beaker containing distilled
water. At frequent time intervals, 3 mL of sample was extracted
and analyzed with a UV-visible spectrophotometer.?

Diffusion studies were carried out using dialysis mem-
brane. The film was placed to one end of the dialysis tube, then
the dialysis tube was placed in a beaker containing 100 mL
distilled water/PBS so that the film was dipped in the water/
PBS. The beaker was then placed on a magnetic stirrer. 5 mL
of sample is withdrawn from the beaker and the concentration
of drug in each sample is estimated using UV-Visible spec-
trophotometer at 271 nm. An equal volume of fresh distilled
water/PBS is replaced after withdrawal of each sample.

Cytotoxicity testing

Although biologically acceptable ingredients were present
in the final form of the composite, the problem of non-
biocompatibility could have arisen due to the presence of
trace amounts of solvents and/or monomers released from
the polymer, or due to processing factors. Thus, the biocom-
patibilities of the nanocomposite scaffolds were studied by

PCL/HAp/Ciprofloxacin

Composite
solution

Solvent
evaporation

Composite
film

Figure | Preparation of ciprofloxacin-loaded hydroxyapatite (HAp) and polycaprolactone (PCL) nanocomposite film.
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in vitro cell culture by employing the fibroblast cell line
NIH-3T3 and osteoblast cell line MG-63.21:2

Cell growth on the surface, and cell migration into the
pores, of the composite, if any, and cell morphology and
attachment all indicated the biocompatibility and suitability
of the material for in vivo use. Cellular responses (eg, cell
proliferation) of the nanoscale HAp filled PCL composites
were assessed by means of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay using the fibroblast
cell line NIH-3T3 and osteoblast cell line MG-63 obtained
from the National Center for Cell Science, Pune, India.
Three samples per group are evaluated for all experiments.
Cells were cultured in Dulbecco’s Modified Eagle’s Medium
supplemented with 10% fetal bovine serum, containing L-glu-
tamine, penicillin, and streptomycin. Cells were trypsinized
and resuspended in fresh media before being seeded onto the
sample surfaces in a 24-well plate at a density of 1x10* well.
Then 1 mL of McCoy’s 5SA medium (with L-glutamine, with-
out phenol red or sodium bicarbonate) supplemented with 5%
fetal calf serum and 5% bovine calf serum was added to each
well. The cells were maintained at 37°C in an atmosphere of
5% CO, and 95% air, and the culture medium was changed
every day without disturbing the cell monolayer.

MTT assay (Sigma-Aldrich Co, St Louis, MO, USA) was
performed to assess cell proliferation on the sample surface.
An MTT solution was prepared by adding 5 mg of MTT in
I mL PBS (5 mg/mL) then filter-sterilized. The MTT was
diluted (50 pL into 450 pL) in serum-free, phenol red-free
Dulbecco’s Modified Eagle’s Medium. The diluted MTT
solution (500 L) was then added to each sample in 24-well
plates. After 2 hours of incubation, 500 UL of solubiliza-
tion solution, containing 10% Triton™ X-100, 0.1 N HCI,
and isopropanol, was added to dissolve the formed purple
formazan crystals from the MTT that had been reduced by

Figure 2 Phase contrast microscopy of morphology of cultured NIH-3T3 cells.

the active mitochondria of viable cells. A volume of 100 uL.
of the resulting supernatant was transferred into a 96-well
plate and read at 570 nm at a bench-top microplate reader
(MAKE). Cell densities on samples were measured after 1,
3, and 7 days. Data are presented as mean * standard devia-
tion.?* Cells were cultured (100,000 cells/disc) in a 6.3 cm?
petri dish, as shown in Figure 2.

Results and discussion

XRD

Figure 3 shows the XRD pattern of HAp recorded using a
Siemens D5000 diffractometer (Siemens AG, Berlin and
Munich, Germany) with CuKo radiation (A=0.154 nm).
The diffractometer was operated at 40 kV and 30 mA at a
2 theta range of 4°-90° employing a step size of 0.1° and a
0.60-second exposure. The peaks of HAp appearing at 26.2°,
32.2°,49.6°, and 64.0° (20) correspond to the 002, 211, 123,
and 304 reflection planes.

The XRD pattern of the HAp powder obtained is in
good in agreement with the XRD pattern of a HAp standard
available from the Joint Committee on Powder Diffraction
Standards (JCPDS; standard number 84-1998). The XRD
pattern possesses a strong peak at around 32.2° corresponding
to the 211 plane of HAp’s crystalline structure.

No other characteristic peaks corresponding to other
calcium phosphate phases or impurities were observed. From
the peaks of the XRD diffraction pattern, the prepared HAp
samples are in hexagonal space group. (JCPDS 84-1998).

FTIR

The structure of the ciprofloxacin loaded HAp-PCL nano-
composite film was analyzed using FTIR spectroscopy, as
shown in Figure 4. The spectrum is recorded in the range
0f'4,000-400 cm™ for all the samples. Figure 5 shows the
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Figure 3 X-ray diffraction pattern of nano hydroxyapatite.
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Figure 4 Fourier-transform infrared spectrum of ciprofloxacin loaded hydroxyapatite (HAp)-polycaprolactone (PCL) nanocomposite film.

FTIR spectrum of synthesized HAp. The representative
FTIR spectrum shows all characteristic absorption peaks
of HAp. The first indication of the formation of HAp is
the strong, complex, broad FTIR band centered around
1,000-1,100 cm™" due to the asymmetric stretching mode
of vibration of the PO, group. As a major peak of the phos-
phate group, the n3 vibration peak could be identified in
the region between 1,100 and 960 cm™' for both powders,
which was due to the asymmetric stretching of P-O in

PO,*". The presence of the peak in the region 1,400-1,450
cm™ is due to absorbed carbon dioxide. The crystalline
powder generated two characteristic stretching modes of
O-H bands at about 3,497 cm™' which are noticed in all
FTIR spectra of HAp.

For ciprofloxacin, one prominent characteristic peak was
found between 3,500 and 3,450 cm™!, which was attributed to
the stretching vibration of the OH group and intermolecular
hydrogen bonding (Figure 4).

100

Eggshell-derived HAp

% transmittance
OH stretch band

40+
20+
0 o
o
o
T T T T T T T T T T T T T T
4,000 3,500 3,000 2,500 2,000 1,500 1,000 500
Wave number (cm™)
Figure 5 Fourier-transform infrared spectrum of hydroxyapatite.
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Another band at 3,000-2,950 cm™ represents the alkenes
and aromatic C-H stretching, mainly v = C-H. The peak at
2,900 cm™! was assigned to the C-H stretching vibration
of the cyclopropyl group. The 1,950-1,450 cm™ region
exhibited FTIR absorption from a wide variety of double-
bonded functional groups. The band at 1,750-1,700 cm™
represented carbonyl C=0 stretching. The peak at 1,650—
1,600 cm™ was assigned to quinolones. The band at
the 1,450-1,400 cm™ represents C-O and that at 1,300—
1,250 cm™" suggests the bending vibration of the O-H group,
proving the presence of carboxylic acid.

The FTIR spectrum of the nanocomposite film shows
all the characteristic peaks of HAp and ciprofloxacin along
with those of PCL — 2,972, 2,868, and 1,723 cm™', which
were assigned to the vibration of the ~CH, and —C=0 bonds,
respectively.

TEM

A JEM2100 microscope operating at 100 kV is employed to
study the morphologies of the prepared samples. The sample
for TEM was prepared by dispersing a small amount of the
sample in ethanol and sonication for 30 minutes. A few
drops of the resultant suspension are dropped on to a copper
grid. The results from energy-dispersive X-ray spectroscopy
(EDAX)-coupled TEM show that the obtained samples had
stoichiometric HAp and exhibited characteristic nanorods
and spherical nanoparticles.

The TEM image in Figure 6A demonstrates that the HAp
was in the submicron to nanosize range, with all particles in
the longest dimensions of 50—100 nm. The larger crystals may
have been formed due to the lower number of crystal nucle-
ation sites because of the rapid addition of Ca* in PO*.

A B

8007

50 nm

600 1

400

200

The EDAX results (Figure 6B) confirm the existence of
the elements such as Ca, P, and O. The atomic ratio was in
agreement with that of calcium-rich HAp.

In vitro degradation studies

In vitro degradation study was carried out for pure PCL film
and the ciprofloxacin-loaded HAp-PCL film for 7 days. Data
are presented as mean * standard deviation.

Figure 7A shows the weight loss (in grams) versus immer-
sion time (hours) of both films. The pure PCL film had quite
a low dissolution rate after an initial sharp weight loss. The
ciprofloxacin-loaded HAp-PCL nanocomposite film had a
large weight loss due to its fast drug release. In the begin-
ning, the dry film absorbed more water and this could not
be removed completely. So, due to the absorbed water, we
had negative weight loss in the beginning.

Figure 7B shows the water absorption capacity of the
films with and without the addition of HAp and ciprofloxacin.
For the drug-loaded HAp-PCL nanocomposite film, the water
absorption showed an initial sharp increase within a short
period (12 hours), then a maximum and subsequent drop,
and further slowing of the rate. For pure PCL, after a initial
sharp increase, a steady and gradual increase with time was
observed. The composite film had higher water absorption
than the pure PCL, and increasing the HAp content increased
the water absorption for all periods.

In vitro drug release from ciprofloxacin-
loaded composite film

The absorbance values of the drug-loaded composite film
placed in the dialysis membrane was measured from filtrate

. (002)
- (211)
- (310)

- (123)

. (304)

0 2 4 6 8 10 12 14 16 18 20
Full scale 804 cts cursor: 20.128 (1 cts) keV

Figure 6 Transmission electron microscopy image (A), and energy-dispersive X-ray spectroscopy and SAD (B) of hydroxyapatite.

Abbreviations: cts, carpal tunnel syndrome; SAD, selected area diffraction.
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Figure 7 Weight loss (A) and water uptake (B) of ciproflaxin-loaded hydroxyapatite (HAp)-polycaprolactone (PCL) nanocomposite and pure PCL film after incubation in

phosphate-buffered saline for periods up to 7 days.

dilutions of PBS. The maximum wavelength (A ), obtained
by scanning all samples from 200 to 400 nm, was found to
be 272 nm. The drug release was studied for a prolonged
period and the absorbance value was found to be constant.
Figure 8 shows the drug-release kinetics, which were burst
in the initial period and sustained later. The same procedure
was repeated at 37°C and the results showed a large amount
of drug was released compared with the amount of drug
released at room temperature.

Fibroblast attachment and proliferation
The control cells (Figure 9) grew on the surface of a cultiva-
tion dish, and during 24 hours of incubating, a monolayer
was formed. Figure 10 shows the significant morphology
and cell number changes that occurred within 96 hours of
the extracts influence.

4.0

—&— Ciprofloxacin release in PBS at 37°C

3.59 | —e— Ciprofloxacin release in PBS at RT

3.0+
2.5+
2.0

1.5+

Absorbance (au)

1.0+

0.5

0.0 T T T T T T T T T T
40 60

Time (h)

Figure 8 Drug-release profile of ciprofloxacin in phosphate-buffered saline (PBS)
for prolonged periods at room temperature (RT) and at 37°C.

The effects of the composite on NIH-3T3 cell viability
measured by MTT assay is shown in Figure 11. MTT is a
yellow, water-soluble tetrazolium dye, which is reduced by
live cells to a purple formazan product insoluble in aqueous
solutions. The amount of formazan generated is directly
proportional to the number of viable cells.

The cell viability of the prepared ciprofloxacin-loaded
HAp-PCL nanocomposite film was measured with the help
of fibroblast cells. NIH-3T3 cells were found to be present
in large numbers around the sample. This implies that the
test materials did not show any detectable toxic zone around
or under the specimen.

The cell proliferation rate depends on various chemical
and physical aspects of a material, such as composition,
roughness, porosity, morphology, and surface energy. The
maximum cell density (1x10* cells in an area of 6.3 cm?)
was observed after 24 hours of culture. Thus, from the

Figure 9 Phase contrast microscopy of cells attached onto composite film at 24
hours.
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A

Figure 10 Phase contrast microscopy of cells proliferated on composite film at (A) 72 hours and (B) 96 hours.

cytotoxicity results it can be said that the HAp-PCL com-
posite film is less cytotoxic than pure PCL film. This implies
that the presence of a more bioactive/resorbable phase lowers
the cytotoxicity.

From Figure 12, it can be seen that the differentiation rate
of MG-63 cells on the composite film was much higher than
on pure PCL film, indicating that the composite film could
accelerate the differentiation of MG-63 cells.

Conclusion

A key issue is that it is very complex replacing damaged bone,
as fast as possible, with a new mature bone. In this work,
an organic—inorganic composite material suitable for bone-
tissue engineering based on HAp and PCL was studied. The
nanoscale HAp obtained from eggshell had good agreement
with natural HAp. The nanoscale HAp and PCL were blended
together in an organic solvent to form a composite film. The
obtained scaffold presented suitable forms for filling bone

Figure 11 Phase contrast microscopy of cell viability of NIH-3T3 cells obtained
after 96 hours.

defects. Furthermore, the in vitro tests revealed that the
processed scaffold has the potential for use in drug-delivery
systems. The biodegradation and cytotoxicity studies prove
that the prepared ciprofloxacin-loaded HAp-PCL nanocom-
posite film would be suitable for sustainable bone implants,
as it had good interaction with the natural tissue and cells
and degradation of the polymer helps with drug release and
in avoiding a second surgery.
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