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A B ST R AC T

Objective(s): Hydroxyapatite (HAP) is a natural calcium apatite mineral.
Hydroxyapatite has many applications in the field of biomedicine and drug delivery
systems. Titanium dioxide (TiO2) is becoming increasingly important because of
its potential use in new medical treatments. In this study, titania-hydroxyapatite
composite nanoparticles were evaluated as a potential drug carrier for ibuprofen.
Methods: Titania-hydroxyapatite composite nanoparticles (titania-HAP) with two
different titania weight ratios (30 and 70 wt%) were prepared and loaded with
ibuprofen (IBU) as a pain reliever drug. The composites were studied as potential
carriers of ibuprofen by X-ray diffraction (XRD) patterns, field emission scanning
electron microscopy (FESEM), transmission electron microscopy (TEM) analyzes,
energy dispersive X-ray spectrum (EDX), Fourier transform infrared spectroscopy
(FTIR), and thermal gravimetric analysis (TGA). Cytotoxicity of nanocomposites
was investigated in vitro on osteosarcoma cell line by MTT assay.
Results: The functional groups were investigated by FTIR. Size and morphology
of samples were evaluated by FESEM and TEM. Chemical composition and phase
formation were confirmed by EDX and XRD patterns. Based on the results of MTT
assay, no significant effect was observed on MG-63 cell lines. TGA was used to
determine the amount of ibuprofen loaded on the composites.
Conclusions: Ibuprofen release was studied in neutral and acidic simulated media
by ultraviolet–visible (UV-visible) spectroscopy and the results showed better
sustained release of the drug in acidic medium. Titania-hydroxyapatite composite
nanoparticle can have a good potential for medicinal applications.
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INTRODUCTION
HAP (Ca10(PO4)6(OH)2) is a calcium phosphatebased bio-ceramic with a composition similar to
bone tissue. Due to the outstanding characteristics of
biocompatibility, low toxicity and osteoconductive
properties, HAP materials have attracted considerable
attention in medical and biotechnological
applications [1, 2] and absorb biomaterials [3].
* Corresponding Author Email: motakef@iaups.ac.ir

Its common forms have low mechanical strength,
which limits their use as independent materials.
Therefore, various reinforcements have been used
to improve the overall strength of HAP materials,
including ceramic particles such as titania and its
alloys, alumina and zirconia [4]. These modified
composites have shown excellent properties that
are good candidates for implant coatings [5, 6],
bio-functional scaffolds, bone substitutes [7], tissue
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repairs [8], gene [9], bone engineering applications
[10], dentistry [6, 11], protein delivery [12],
antitumor [13], and drug carriers [14, 15]. In recent
years, hydroxyapatite polymer composite has been
used for various applications. The use of composites
based on nano hydroxyapatite, highly porous
structures, large surface area and light weight also
provides the unique advantage of nanotechnology.
The ability to adjust the particle size, composition
and morphology of hydroxyapatite composites
makes them suitable candidates for the delivery of
various pharmaceutical compounds.
In recent decades, titanium dioxide particles
have been widely used in medical technology due
to their availability, biocompatibility, antimicrobial
nature, mechanical strength, and chemical stability.
Many interesting works have been published on the
use of titanium dioxide nanoparticles to improve
the physical and chemical properties of organic
materials [16], dental products [17, 18], biosensors
[19], drug delivery [20], medicine [21, 22], and
biomedical applications [23]. Studies have confirmed
that nanostructured titanium dioxide stimulates the
formation of osteoblast-like hydroxyapatite [24] and
the role of hydroxyapatite-titania composites in bone
fusion [25]. Recently, titanium dioxide polymer
composite has been used for different purposes. One
of the important applications of titanium dioxide
nanocomposite is the controlled drug release against
pathogens [26].
Ibuprofen is widely used to treat pain or
inflammation as a non-steroidal anti-inflammatory
drug. IBU is the insoluble drug model and is mostly
used for sustainable release studies [27, 28]. A wide
range of reports have been reported for small bowel
mucosal fractures [29] and gastrointestinal problems
[30, 31] due to the short half-life of ibuprofen (~ 1-3
hours) [32]. Therefore, modifying the release rate
of ibuprofen by loading it into polymer systems has
been studied in a wide range of studies [33]. Sustained
release formulations allow slow and controlled
release of the drug, reduce toxicity, side effects and
improve drug bioavailability in body fluids. The aim
of this work was to prepare titania-hydroxyapatite
composites with ibuprofen and evaluate the
possibility of using composite materials as drug
delivery systems. Here we report the synthesis of
hydroxyapatite nanoparticles and titanium-loaded
hydroxyapatite composites at 30 and 70 wt%. Then,
ibuprofen was used as a model analgesic drug and
loaded into composite nanoparticles.
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MATERIALS AND METHODS
Materials and apparatus
Ibuprofen was provided from Hakim
pharmaceutical company, Tehran, Iran. Calcium
hydroxide (Ca(OH)2), ethanol 96% (C2H6O) and
phosphoric acid were purchased from Merck
Company (Darmstadt, Germany).
The samples were identified using XRD,
FESEM-EDX, TEM, and FTIR analyzes. TGA
analysis combined with UV-visible spectroscopy
was used to check drug loading. In vitro release of
samples was evaluated by UV-visible spectroscopy.
The toxicity of nanoparticles was assayed by MTT
method. Tetrazolium dye MTT was added to the
extracts, and since MTT is only reduced by living
cell mitochondrial dehydrogenase, the amount of
formazan produced during this reaction is related
to the number of living cells. Formazan is a purpleblue precipitate that then dissolves in isopropyl
alcohol, and the optical density (OD) of the
resulting purple solution is related to the number
of living cells.
The X-ray diffraction spectra of the powder
were recorded at room temperature by Philips
PW1800/00 diffractometer operating at 40 kV and
30 mA, Cu (Kα = 1.54056 Å). The morphology
and size of nanostructures were investigated
by FESEM (Zeiss-SIGMA VP, Germany) with
gold coating and TEM (Zeiss, EM10C-100 KV,
Germany). FTIR spectra were recorded in the
400-4000 cm-1 spectrum with Shimadzu FTIR8400S. Thermal analyses were performed using
differential scanning calorimetry method with
METTLER TOLEDO TG1 system. UV-visible
spectroscopy was recorded using a UV-Visible
spectrophotometer PG Instrument T80.
Preparation of HAP powder
Hydroxyapatite nanoparticles were prepared by
neutralization method [34]. To prepare 9.95 mmol
of hydroxyapatite, 7.4 g of calcium hydroxide was
first dissolved in deionized water (100 ml). Then,
4.11 ml of phosphoric acid (85%) was gradually
added to the calcium hydroxide suspension
under a constant magnetic stirrer for 1 hour. The
resulting suspension was kept for 2 days in a closed
container at 50-70° C while stirring. The mixture
was then centrifuged, isolated, and suspended
again in deionized water (at 100° C for 1 hour).
The obtained sample was filtered and dried in an
oven at 110 ± 5 °C for 5 hours. Finally, the resulting
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powder was manually ground in a mortar and then
calcined at 800 °C for 0.5 hour. The formation of
hydroxyapatite nanoparticles was confirmed by
FTIR, FESEM, TEM and XRD spectroscopy.
Preparation of titania-hydroxyapatite composites
(titania-HAP)
30 wt% titania-HAP composite: 1.4 g of
hydroxyapatite powder was dissolved in 1.4 mL of
ethanol (96%). Then 60 mL of colloidal solution
of titania nanoparticles (anatase form, 1%) was
added to the solution. The sample was subjected to
a magnetic stirred for 2 days in a closed container.
Finally, the obtained sample was filtered and dried
at room temperature.
70 wt% titania-HAP composite: 0.8 g of
hydroxyapatite powder was dissolved in 0.8 mL of
ethanol (96%). 120 mL colloidal solution of titania
nanoparticles (anatase form, 1%) was added to the
solution and the sample was magnetically stirred in
a closed container for 2 days. The obtained sample
was filtered and dried at room temperature. The
prepared composites were characterized by XRD
and EDX analyses.
Preparation of ibuprofen-loaded composites
Drug-specific ratios of nanoparticles (1:1
and 2:1) were selected. For this purpose, precise
amounts of nanoparticles were added to ibuprofen
ethanol solutions with solubility of ibuprofen in
ethanol 25g/ml and the mixtures were magnetically
stirred for 48 hours. The resulting mixtures were
centrifuged (10 minutes), isolated and the drugloaded composites were dried in an oven.
Cell culture
MG-63 (NCBI C555) cell lines were obtained
from Pasteur Institute, Tehran, Iran. Cells were
grown in a culture flask containing RPMI medium
containing 10% FBS. The flask was incubated at 37
°C in an atmosphere of 90% humidity and 5% CO2.
The culture medium was changed every 3-4 days.
Extraction
Sample extracts were prepared in accordance
with EN ISO 10993-5 regulation. The nanoparticles
were incubated at 37 °C and then 1 mL of culture
media were added to each sample (0.1 g of sample
per 1 mL of culture medium). The supernatants
were collected after 3 and 7 days of incubation at
37 °C and added to MG-63 culture media. Culture
medium (RPMI) incubated in empty wells was
Nanomed Res J 7(4): 360-369, Autumn 2022

used as negative controls.
Cytotoxicity evaluation test
MG-63 cell lines were seeded in 96 well culture
plates with a ratio of 1×104 cell to well in 100 µl
culture media. Next, the media were removed from
the wells and replaced with 90 µl of each sample
extract, supplemented with 10 µl of FBS, and the
well plates were incubated for 24 hours at 37 °C
to ensure that the cells attachments to the well
plates. Then, 100 µl MTT reagent solution in PBS
(0.5 mg/ml) was added to each well. The cells were
incubated with MTT reagent for 24 hours at 37 °C.
The MTT reagent and medium were removed and
the purple formazan precipitate was dissolved in
isopropanol by continuous shaking for 15 minutes.
Finally, the amount of soluble formazan in the
solution was calculated by optical density (OD)
measurement at the wave length of 545 nm using
a micro plate reader (ELISA MicroPlate Reader
StatFax 2100, USA). The cell viability (%) relative
to controls (without nanoparticles) was calculated
by equation (1):
Equation (1):

mean OD of sample
Toxicity % =
(1 −
) ×100
mean OD of control

Viability=
% 100 − Toxicity %
In vitro ibuprofen release
First, the hydrophobic ibuprofen drug was
incorporated into the composites by physical
adsorption for 48 hours at room temperature.
10 mg of each drug-free nanoparticles (HAP
nanoparticles, 30% and 70 wt% titania-HAP
composites) were placed in 2 mL glass vials. 2 mL
of simulated body fluids (SBFs with pH 7.4, and pH
4.7) were added to each vial and these vials were
analyzed as the blanks. Sample vials were prepared
by adding 10 mg of drug-loaded nanoparticles
(ibuprofen-loaded HAP nanoparticles and both
ibuprofen-loaded titania-HAP composites) to
2 mL of simulated body fluid solutions in glass
vials. Samples and blanks were stirred in closed
vials at 37 °C and measurements were performed
by cumulative release method. A small number of
centrifuged vials was removed from the medium
after 0.5, 1, 2, 4 and 6 hours, and the fresh
simulated fluids (SBFs at pH 7.4 and pH 4.7) with
equivalent volume were replaced immediately. The
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concentration of ibuprofen released in the samples
was measured by UV-Visible spectroscopy at the
maximum wavelength of 222 nm (each sample was
measured three times).
Characterization
The structure and morphology of synthesized
hydroxyapatite nanoparticles were confirmed
by FTIR, XRD, FESEM and TEM analyses and
matched with the HAP observed by literature [34].
RESULTS AND DISCUSSION
XRD
The crystalline phases of the nanocomposites
were identified by XRD analysis. The main
diffraction peaks of hydroxyapatite from the
(002), (211), (112), (300) and (202) in the range
25–35° (2θ) were according to JCPDS standard
card number 009-0432 [35]. The average crystal
size of 34.97 nm for hydroxyapatite particles was
estimated by Debye Scherrer equation (base on
the crystal plane of (211)), and confirmed the
successful synthesis of nano-sized particles (Fig. 1
a). Titanium dioxide (titania) nanoparticles were
loaded into HAP using a simple impregnation
method. Fig. 1 b shows the XRD patterns of 70
wt% titania-hydroxyapatite sample. The diffraction
peaks at 2θ are 24.8°, 37.3°, 47.6°, 53.7°, 55.1° and
62.2° for the crystal plates (101), (004), (200),
(105), (211) and (204) that agreed with JCPDS card

number 21-1272 and confirmed the crystalline
phase of TiO2 anatase [34]. X-ray diffraction results
confirmed the crystal structure.
Electron microscope
Fig. 2 shows TEM and FESEM images of the
prepared hydroxyapatite particles, which confirm
the spherical nanostructure and uniform size of the
hydroxyapatite nanoparticles. The average particle
diameter is 50-70 nm.
The sample composition was analyzed by EDX
analysis. As shown in Fig. 3 a and b, the energy
dispersive X-ray spectra of 70 and 30 wt% titaniahydroxyapatite composites show peaks of calcium
(Ca), phosphorus (P), and titanium (Ti) which
confirmed the presence of hydroxyapatite with
different contents of titanium.
FTIR
FTIR spectra of pure hydroxyapatite
nanoparticles and drug-loaded titania-HAP
composites are shown in Fig. 4. Compared to the
FTIR spectra of hydroxyapatite nanoparticles,
the ibuprofen-loaded of 30 and 70 wt% titaniaHAP composites showed adsorption bands of
ibuprofen around 1500-1600 cm-1 (C=C and
C=O), (Fig. 5 b and c) [36]. The peaks related to
stretching vibration of COO- moiety of IBU were
also observed at 1383 cm-1. A broad band at 30003500 cm-1 was assigned to O-H stretching vibration

Fig. 1. XRD pattern of a) hydroxyapatite nanoparticles calcinated at 800 °C and b) 70 wt% titania-HAP composite.
Fig. 1.
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Fig. 2. a) TEM and b) FESEM images
of hydroxyapatite nanoparticles.
Fig. 2.

a)

b)

Fig. 3. EDX spectroscopy of a) 70 wt% titania-HAP and b) 30 wt% titania-HAP composites.
Fig. 3.
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HA‐nanoparticles

Transmitance (%)

COO‐ of the drug at 1383 cm‐1
IBU‐loaded 30 wt% titania‐HA

IBU‐loaded 70 wt% titania‐HA

OH

PO43‐

C=C and C=O of the drug

Wave numbers (1/cm)
Fig. 4. FTIR spectra of hydroxyapatite nanoparticles and
ibuprofen-loaded
30 and 70 wt% titania-HAP composites.
Fig.
4.

Fig. 5.

Fig. 5. TGA diagram of IBU-loaded HAP and IBU-loaded titania-HAP composites.

of O-H in titania-HAP composites. The peaks
related to the bending and stretching vibrations of
hydroxyapatite phosphates groups (PO43-) are seen
at 950-1100 cm-1. FTIR spectra of both drug-loaded
titania-HAP composites show the characteristic
peaks corresponding to the bending modes of the
titania surface hydroxyl groups at 1631 cm−1 and
the bending and stretching modes of Ti–O–Ti in
the 400-700 cm-1 [37, 38]. Based on FTIR results,
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the functional groups were confirmed qualitatively.
TGA
Thermogravimetric analysis of ibuprofen
loaded composites is shown in Fig. 5. The samples
were heated from ambient temperature to 1000 °C
in a nitrogen atmosphere at a constant rate of 10
°C/min. According to the degradation temperature
of ibuprofen (250 °C), major weight loss at 150Nanomed Res J 7(4): 360-369, Autumn 2022
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20
0

3 Days
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Extraction Times
Fig. 6. Cytotoxicity of HAP, titania-HAP composites and control samples at two different extraction times using MTT assay test.

300 °C is attributed to the complete evaporation of
loaded ibuprofen (40). The major weight loss for
ibuprofen-loaded 30 wt% titania-HAP composite
started at 170 °C and ended at 270 °C (50% weigh
loss) and was attributed to drug loading of about
50%. As shown in the TGA curve, the loading
percentage of ibuprofen-loaded 70 wt% titaniaHAP and ibuprofen-loaded HAP composites are
70% and 64%, respectively. Therefore, a higher
titanium ratio in hydroxyapatite nanoparticles
led to an increase in the loading capacity of the
composite. This result is reported for the first time.
Based on the results, ibuprofen loading of samples
shows as following:
70 wt% tinania-HAP > HAP > 30 wt% tinaniaHAP in acidic environment
In fact, in 30 wt% tinania-HAP sample, titanium
occupies the active sites of hydroxyapatite and
reduces drug absorption, but in 70 wt% tinaniaHAP sample, titanium creates new active sites in
addition to hydroxyapatite and increases drug
absorption.
Evaluation of cytotoxicity
Cell viability was evaluated after exposure of
MG-63 cell line with nanoparticle extracts using
MTT assay method (Fig. 6). MTT assay was
performed according to method Van Meerloo et
al [39]. Nanoparticles at a concentration of 0.1g/
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ml (0.1 g sample per 1 mL of culture medium)
were tested at two different extraction times (3
and 7 days). Based on the results, the cytotoxicity
increased with the extraction times from 3 to 7
days. The extract on the third day of the composite
containing 70 wt% titania showed less toxicity than
30 wt% titania-HAP composite, while the seventh
day extract of both 30 and 70 wt% titania-HAP
composites showed the same level of cytotoxicity.
Although both titania-HAP composites showed less
proliferation than hydroxyapatite nanoparticles,
both composites have low overall toxicity (more
than 70% of the cells remained). Therefore, the
nanocomposites at the studied concentration did
not show significant cytotoxic effects and changes
in cell survival in both titania-HAP composites are
not significant.
In vitro drug release
Ibuprofen release was investigated by
immersing ibuprofen-loaded hydroxyapatite and
its composites at 37 °C in pH 7.4 as simulated body
fluids (SBF) and pH 4.7 as simulated acidic fluids
(Fig 7). Ibuprofen concentration in the samples
was measured at specific intervals after immersion
using UV-Visible spectroscopy. As shown in Fig. 7 a,
about 16% of ibuprofen was released in 30 minutes
after immersion of IBU-loaded hydroxyapatite
nanoparticles in SBF at pH 7.4. The drug release
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Fig. 7. Drug release behavior of ibuprofen-loaded hydroxyapatite
Fig.and
7.ibuprofen-loaded titania-HAP composites immersed in: a) SBF
at pH 7.4 and, b) SBF at pH 4.7.

increased gradually and reached a maximum of
70% after 6 hours of immersion. Ibuprofen release
from both 30 and 70 wt% titania-HAP composites
had a very similar pattern, and about 5% of the drug
was released in the first 5 minutes of immersion
and reached to 60% after 6 hours.
Ibuprofen
release
from
IBU-loaded
hydroxyapatite nanoparticles in acidic medium
(pH 4.7) was 10% after 30 minutes of immersion
and reached a maximum of 53% after 6 hours.
Ibuprofen release rate from 30 and 70 wt%
367

tinania-HAP composites in acidic media was 46
and 63% after 6 hours of immersion. In general,
IBU-loaded composites showed better sustained
release behavior in acidic media. In fact, in the
neutral environment, the presence of titanium has
decreased the release percentage of two composite
samples. While 70 wt% tinania-HAP composites
have a higher percentage of drug, and the acidic
environment has increased drug release because of
ibuprofen functional group. Based on the results,
ibuprofen release of samples shows as following:
Nanomed Res J 7(4): 360-369, Autumn 2022
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HAP > 30 wt% tinania-HAP > 70 wt% tinaniaHAP in neutral environment
70 wt% tinania-HAP > HAP > 30 wt% tinaniaHAP in acidic environment
In neutral environment, the percentage
difference of two samples of 30 and 70 wt% tinaniaHAP is insignificant. Also, in acidic environment,
the percentage difference of two samples of HAP
and 30 wt% tinania-HAP is insignificant. According
to the results, increasing the titanium percentage
decreases the percentage of release in a neutral
environment due to inhibition caused by the
presence of titanium and increases the percentage
of release in an acidic environment due to the more
presence of drug in the sample and its functional
groups effect.
CONCLUSION
The hydroxyapatite nanocomposite containing
30 and 70 wt% titania (titania-HAP composites)
was synthesized. The titanium incorporation in
the composites was confirmed by FTIR, XRD and
EDX analyses. The nanocomposites were evaluated
as nanocarriers for hydrophobic ibuprofen.
FTIR results revealed the successful preparation
of titania-doped hydroxyapatite composites.
According to TGA analysis, the drug loadings were
estimated to be 640, 500 and 700 mg/g of ibuprofen
in HA, 30 and 70 wt% titania-HAP composites,
respectively. The toxic potential of hydroxyapatite
nanoparticles and titania-HAP composites on MG63 cell line was investigated and the results of MTT
assay showed no significant cytotoxic effects. The
viability of MG-63 cells in the presence of 30 and 70
wt% titania-HAP composites was 72.3% and 78.23%
respectively after incubation with third day extracts
of the samples. Accordingly, 71.8%, 72.4% of the
cells exposed to the seventh day extracts of 30 and
70 wt% titania-HAP composites. The kinetic study
of ibuprofen release from drug-loaded composites
in acidic medium showed slower release behavior
compared to drug release in a simulated blood
plasma fluid. Therefore, nanocomposite can be a
good and economic potential for drug carriers to
develop pharmaceutical applications.
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