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Development of hydroxyapatite bone cement for controlled drug release
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Abstract. The purpose of this work was to study the preparation and characterization of drug-hydroxyapatite
cement. The hydroxyapatite (HA) cement has been synthesized by using tricalcium phosphate, calcium carbonate
and dicalcium phosphate anhydrous with sodium hydrogen phosphate as liquid phase. The effect of added tetracy-
cline hydrochloride (TCH) as drug on final phases, microstructure, setting behaviour and compressive strength has
been studied. The drug release rate was first order within the first day and then was zero order. No obvious diffe-
rence could be detected in XRD patterns of the TCH-HA cement with various amounts of drug. By increasing the
drug concentration, mechanical strength of cement was decreased and its setting time was increased. The results of

this study demonstrate the potential of using HA cement as a carrier for drug delivery.
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1. Introduction

Calcium phosphates are becoming increasingly popular in
the field of biomedical, in particular, dentistry, bone substi-
tute, bone repair materials and drug delivery system (Knabe
et al 2000; Komath et al 2000; Rabiee et al 2008). Cal-
cium phosphate cement consists of a powder and a liquid
phase. The powder phase contains a mixture of calcium
and phosphorous based ingredients mixed with a liquid phase
which contains an aqueous medium such as distilled water or
aqueous solutions. Mixing of the above components results
in precipitation of apatite [AP: Cajo_, (HPO4), (PO4)g_.
(OH);_,, where 0< x <2] (Suchaneck and Yoshimura 1998;
Ooms et al 2003).

Takagi et al (1998) prepared the first calcium phos-
phate bone cement that contained tetracalcium phosphate
(TTCP) and dicalcium phosphate anhydrous (DCPA) or
dicalcium phosphate (DCPD) as the solid phase. After mix-
ing with water, cement forms hydroxyapatite as the only
final product (Takagi et al 1998). The advantages of calcium
phosphate bone cements are high biocompatibility, bioac-
tivity and osteoconductivity (Yang et al 2002; Fernandez
et al 2005). Their serious disadvantage is relatively poor
mechanical strength (Ishikawa et al 1995; Fernandez
et al 2005). Easy shaping of calcium phosphate bone cements
enables using them to fill the bone defects much bet-
ter than the solid blocks, which are difficult to shape, or
the powders/granules, which are difficult to keep in place.
The calcium phosphate bone cements may in the future
replace PMMA cements as bone/implant fixation if only their
mechanical properties can be improved (Okada et al 1999;
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Fernandez et al 2005). Over the last few years, local deli-
very systems have attracted much attention due to their effi-
cacy to improve the ingrowths and regeneration of bones and
teeth (Peter er al 2005; Sokolova et al 2006). Drugs, such as
antibiotics, antitumors and growth factors, have been admi-
nistered to defect regions to induce therapeutic effects
(Lebugle er al 2002; Peter et al 2005). A great deal of
effort has been exerted to develop drug carriers, in the form
of foams, films and microspheres, aiming at satisfying the
requirements, such as safety, greater efficiency, predictable
therapeutic response and prolonged release period (Josse
et al 2005; Ueno et al 2005; Ginebra et al 2006). The aim
was to study the influence of TCH on the cement properties
and drug release ability of synthesized cement. The result-
ing cements were characterized in terms of setting times and
mechanical properties in order to ensure their suitability in
skeletal implantation.

2. Materials and methods

2.1 Materials

The materials used in this study consist of tetracycline
hydrochloride (TCH; C;Hj4 NoOg-HCIL; Sigma-Aldrich),
sodium chloride (NaCl; Merck), potassium chloride (KCI,
Merck), sodium hydrogen phosphate (NayHPO4-2H,O;
Merck), monopotassium  phosphate (KH,PO4-2H,0;
Merck), calcium carbonate (CaCOs; Merck), dicalcium
phosphate anhydrous (CaHPO,4; Merck) and «-tricalcium
phosphate (a-TCP; a-Ca3(POy),). «-TCP was synthesized
at 1250 °C by a 2:1 molar ratio mixture of dicalcium
phosphate anhydrous (CaHPO,) and calcium carbonate
(CaCOs).
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2.2 Loading of drug in synthesized cement

The powder phase of the cement was made by mixing o-
tricalcium phosphate, dicalcium phosphate anhydrous and
calcium carbonate. The ratio of starting materials were cho-
sen somehow that the molar ratio of calcium to phosphate
Ca/P was fixed to be constantly 1-67, which is the stoi-
chiometric ratio in hydroxyapatite (Ca;o(PO4)s(OH),). After
choosing proper amounts of starting materials, the pow-
der cement was prepared by mixing the starting materials
together in a planetary ball mill (Retch PMA, Brinkman,
USA) for 6 h. The particle size distribution was deter-
mined using a laser particle size analysis (Mastersize 2000,
Malvern, USA). The medium particle size, dso, reached a
limit of about 5 wm. Different amounts (0, 2, 5, 7 and 10%
w/w) of drug were mixed with powder cement proportion-
ally. The liquid phase of cement was made by dissolving
3% NaH,PO4-2H,0 in double distilled water. The mixture
of powder and liquid cement was harmonized and the drug
was dispersed into the solidified body uniformly. The cement
paste was made and then put into constant temperature
incubator (37 °C, relative humidity, 100%).

2.3 Preparation of simulated body fluid (SBF)

8 g NaCl, 0-20 g KCl, 3-63 g Na,HPO4-2H,0 and 0-24 g
KH,PO,4-2H,0O were dissolved in 800 ml of water, then the
pH value was regulated to 7-40 hydrochloric acid, and at

last it was transferred to the vessel with constant volume of
1000 ml.

2.4 Invitro release experiments

Drug release tests from the cement matrixes were performed
at 37 °C in SBF solution. The cements with different amounts
of drug were immersed in 150 ml of dissolution medium in a
polyethylene bottle. Aliquots (2 ml) of 150 ml SBF solution
were withdrawn at appropriate intervals from each flask and
replaced with fresh SBF. TCH was quantitatively determined
in the withdrawn samples by means of a UV-VIS UVIKON
931 Spectrophotometer.

2.5 Measurement method and instrument

The product was characterized by X-ray diffraction (Simens,
D-500, Cu Ke). Setting times of samples were measured by
using a Vicat needle method. Scanning electron microscope
(SEM) picture of cements was performed with Stereo Scan
360—Heica Cambridge after coating with gold/palladium.
The mechanical strength of the synthesized cements was
evaluated as follows: cement paste was packed in a cylin-
drical plastic mold (6 x 12 mm). After setting the cement,
it was kept in SBF for 1, 3, 7 and 14 days. The sam-
ples were crushed with a cross-head speed of 1 mm/min
using an Instron Universal Testing Machine (6025) and from
there the compressive strength was measured. The values
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of compressive strength were then averaged for at least six
specimens.

2.6 Statistical analysis

The differences in setting times and compressive strength
between the groups were studied for statistical purposes by
one-way ANOVA analysis. Tukey HSD multiple comparison
testing was used to determine significance of deviations in
the strength of each sample. For all statistical tests, a p value
of < 0-05 was considered to be significant. All statistical
analyses were performed with the software program SPSS
for Windows, version 9 (SPSS Inc., Chicago, IL, USA).

3. Results and discussion

3.1 Phase and structure of cement

Mixing of the solid phase was done in a planetary ball mill.
Because of hitting the heavy balls with light and small parti-
cles of the powder phase, not only the particles were mixed
together, but also they got excited and found enough energy
to react later with the liquid phase. There are two main
types of calcium phosphate compounds depending on the
end-product of setting reaction: brushite and hydroxyapatite.
Contrary to brushite, which sets in an acidic pH, hydroxy-
apatite sets in a neutral or basic pH range. The reaction
between liquid and powder phases in cement obeys the acid-
base reaction laws (Hench 1991). The results of the X-ray
diffraction analysis carried out on the cements indicate the
setting reaction of the cement into hydroxyapatite at 24 h
after incubation. Figure 1 shows XRD patterns of cement
with 0%, 5% and 10% of TCH. These patterns showed
that the presence of TCH does not affect significantly the
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Figure 1. XRD patterns of cement with 0%, 5% and 10% of TCH
after setting time.
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final phase of the cement that exhibits diffraction reflections
characteristic of HA and TCP.

In the drug delivery system, a very important parameter
is size distribution of micropores, which in the case of our
cement with various TCH was in the range of 0-5-10 um.
The microstructure affected the setting time and compre-
ssive strength greatly. The microstructure before release was
observed with SEM, and the result showed that under cer-
tain propagation of liquid to powder, the higher the con-
tent of the drug, the lower the density of samples, the larger
the pore of the product, and the more the large pores. But
after a period of release in the simulated body fluid, the
microstructure of cement changed noticeably. Figure 2 shows
SEM photomicrographs of the cement with 5% of TCH after
1 week of release. As it is shown in figure 2a, no needle
shaped microcrystals of HA was observed in the cement,
indicating that these HA crystal are absent before drug
release. Micro needle of HA was formed after drug release
as depicted in figure 2b. Those needle-like hydration pro-
ducts were formed by the enrichment of calcium ion and
phosphoric ion dissolved in simulated body fluid. This is a
slow precipitation process, which is similar to mineralization
of human’s bone.
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Figure 2. SEM photomicrographs of cement with 5% of TCH:
(a) before release and (b) after release.
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3.2 Kinetics of drug release

The drug release profile from various cements fabricated is
shown in figure 3. The drug release was first order on the first
day and then approached a zero order profile. The amount of
TCH released was increased by raising the concentration of
this antibiotic in cement. Similar behaviour was observed for
release profile of drug from cements (Schnieders et al 20006).
The fast release in the first 24 h is due to the dissolution of the
active ingredient present on the surface of sample. The zero
order release profile was attributed to diffusion of drug from
cement matrix. The active ingredient dissolves into the liquid
within the pores and diffuses into the bulk medium. The first
step corresponds to a fast release in the first 24 h. This high
percentage could be due to the dissolution of the active ingre-
dient present on the surface of the sample. The second part
of curve is nearly linear with a weak slope. It corresponds to
a step with nearly constant kinetics of release. This can be
explained by a dissolution—diffusion phenomenon. First the
active ingredient dissolves into the liquid in the pores and
then diffuses from the bulk into the medium. Diffusion of
the active ingredient appears to go on until almost its total
release.

3.3 Effect of TCH on setting time

Setting time is one of the most physical properties of cement,
which can judge the feasibility of operation, too long or too
short is improper for the operation, and 12-20 min may be
feasible (Takagi et al 1998; Barralet et al 2004). The set-
ting time of the cement with various amounts of TCH are
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Figure 3. Drug release amount from cements after dissolution
test in SBF at 37°C for different times.
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reported in table 1. The research of TCH-loaded cement has
suggested that the setting time significantly increased with
increase in the content of the drug. From the angle of clinical
application, the content of TCH of > 7% seems not suitable.

The drug has stable chemical structure and certain polarity.
Due to a large number of polar groups, the positive adsorp-
tion is produced on the solid-liquid surface, the concentra-
tion of drug on the surface is increased, the surface free
energy is decreased, and thus the thermodynamic stability of
system is improved, which makes the whole system tend to
disperse stably and the setting time prolongs with increased
content of the drug (P < 0-05).

3.4 Effect of TCH on compressive strength in SBF

Figure 4 shows compressive strength of the synthesized
cement with different contents of drug soaked in the simu-
lated body fluid solution for different times. There are obvi-
ous differences in compressive strength before and after the
release (P < 0-05). It was found that the samples had the
highest strength after 7 days of soaking in the solution and
then the strength gradually decreased after this time. Increase
in the strength of the cements could be attributed to a new
calcium phosphate phase crystallization and crystal growth

Table 1. Setting time of cement as a func-
tion of TCH%.
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Figure 4. Effect of TCH on compressive strength of cement in
SBF solution for different times.
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within the cement particles and decreased after this time
could be due to release of drug and production of pore body
(P < 0-05).

4. Conclusions

The feasibility of a bone cement containing tetracycline
hydrochloride was demonstrated in this study. Mixing of the
drug with cement did not affect the final products and com-
position of the hydration products remained unchanged. The
study of the release kinetics showed that the drug of cements
was released relatively quickly within short periods and then
release rate slowed with time. With increase of the content
of the drug, the setting time prolonged and the compressive
strength decreased. There are obvious differences in com-
pressive strength before and after the release. All of the sam-
ples had the highest strength after 7 days of soaking in the
simulated body fluid solution and then the strength gradu-
ally decreased after this time. Composites made from tetra-
cycline hydrochloride and bone cement could be of interest
as a novel drug delivery system in prevention and treatment
of bone infections.
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