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Abstract: The need for biomaterials tends to increase especially in the field of medicine caused by cases of
increasing bone damage. The biomaterial that is being developed for bone implants is hydroxyapatite (HAp).
The high value of imports of bone-replacement biomaterials in Indonesia is considered as a thoughtful
problem because of the high price, therefore the development of biomaterials used as a bone substitute from
low cost materials is demanded. In this study, HAp in the form of an injectable bone substitute (IBS) was
synthesized from mangrove snail shell which currently is considered as a waste. IBS is a bone-substitute
material in the form of a suspension. IBS can be applied by injection to reach deeper areas of bone defects
and be able to adjust the shape of bone or tooth defects properly. HAp was synthesized in this study with
assistance of microwave irradiation. Mangrove snail shell was used as calcium sources. Furthermore, this
study indicated that HAp synthesized from mangrove snail shell had a high potency to be developed as IBS.
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1. Introduction

Bone is stereotyped as an organ with a primary function as a protective and supportive framework for the body. In
addition, bone also has a function as a protector for vital organs inside the body, as a place of red blood cell formation,
where muscle attachment, calcium storage and drive the body.! The trend of bone fracture is increased, mostly due to
accidents and illness. The case of bone damage caused by motor accidents in Indonesia reaches 24 million cases per
year?, while one of the causes of bone damage is osteoporosis. Hospital Information System, or Sistem Informasi
Rumah Sakit (SIRS), shows the number of bone damage caused by osteoporosis of about 200 out of 100,000 cases.®

The need for biomaterials tends to increase especially in the field of medicine caused by cases of increasing bone
damage. The biomaterial that is being developed for bone implants is hydroxyapatite. Hydroxyapatite (HAp) which
has the chemical formula Cai0(PO4)s(OH)- is one of the biomaterials that has a chemical composition resembling bone
constituent components and in common with bone mineral phases.* HAp absorbs well enough organic chemicals in
the body and has good biocompatibility and bioactivity properties. The bioactive properties of HAp are able to
stimulate new bone growth around bone implants. In addition to being bioactive, HAp is also biocompatible, meaning
it is able to withstand corrosion and does not cause rejection by body tissues.>

The high value of imports of bone-replacement biomaterials in Indonesia is conidered as a thoughtful problem
because of the high price, therefore the development of biomaterials used as a bone substitute from low cost materials
is demanded. The snail, a species derived from the gastropod class mollusca phylum, produces shell waste and can be
utilized as a calcium source for HAp. Utilization of shells as a source of natural calcium is inseparable from the lack
of mangrove snail waste management. This unused shell can be utilized because it is rich in minerals including
calcium.® However hydroxyapatite is fragile and therefore rather difficult to be formed in accordance with the implant
materials required in place of bone. The hydroxyapatite powder used for implants in damaged bones has a
disadvantage that is not stable planted as implant. Therefore, some researchers have developed a hydroxyapatite
composite with a polymer to improve its mechanical properties.’
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In this study, a composite of hydroxyapatite in the form of an injectable bone substitute (IBS) was synthesized.
IBS is a bone-substitute material in the form of a suspension. IBS can be applied by injection to reach deeper areas of
bone defects and be able to adjust the shape of bone or tooth defects properly. In this study IBS was synthesized from
mangrove shail-based HAp and gelatine. Based on the bone constituent composition to be fixed, the IBS suspension
can be prepared from HAp/gelatine using hydroxypropyl methylcellulose (HPMC) as a suspending agent or as a
solvent.®

2. Materials and methods

Hydroxyapatite was prepared from mangrove snail shell as bio-based calcium sources and phosphoric acid (H3POa,
Merck). Commercial microwave oven (Sharp R-230 R) with three power level was used as microwave source.
Furnace Nabertherm B180 was used for mangrove snail shell calcination and hydroxyapatite sintering.

2.1. Mangrove snail shell calcination

Mangrove snail shell was washed under flowing water to remove the surface contaminant. Mangrove snail shell was
sun-dried and ground before calcination. Calcination was conducted at 1000 °C using Nabertherm B180 for 8 h. Mass
of eggshell before and after calcination was weighted.

2.2. HAp synthesized with microwave irradiation assistance

HAp was synthesized modifying methods developed in previous study.® A stoichiometric amount of calcined
mangrove snail shell was dispersed in distilled water. Under rigorous stirring (300 rpm), analytical grade phosphoric
acid solution was added drop wisely at a controlled rate to the suspension at room temperature. After the completion
of addition, the precipitate formed was mirowave irradiated at 400 W for 45 mins using a household microwave
(Sharp, R-230R) equipped with magnetic microwave stirrer. Following microwave irradiation, the precipitate was
then subjected to sintering at 900 °C for 5 h using Nabertherm B180 A.

2.3. IBS synthesized

The synthesis of the IBS suspension was prepared by dissolving the gelatine powder into a 15 ml aquades stirred
using a magnetic stirrer to homogeneous at 40 °C. Then the HAP powder was added to gelatine solution with a
variation of HAp / gelatine composition 100/0, 70/30, 30/70, and 0/100. The samples were then stirred using a
magnetic stirrer for 60 minutes at 40 °C until homogeneous. Furthermore, hydroxyl propyl methyl cellulose (HPMC)
solution was prepared by dissolving HPMC powder into 85 ml of aquades at 80 °C until homogeneous, then coolled to
room temperature. The HPMC solution was added to a mixture of HAp and gelatine with a HPMC: HAp / gelatine
ratio of 3:1 drop wisely at 40 °C and then stirred for 6 h to finalize the IBS suspension synthesized. In addition, part of
IBS suspension was dried using a freeze dryer for XRD, and FTIR analysis.

2.4. Analysis

Calcium content in calcined snail shell was measured using Shimadzu AA-7000 Atomic Absorption Spectrometer.
The X-ray diffraction (XRD) pattern of snail shell powder and synthesized samples were obtained using Pananalitical
Empyrean XRD diffractometer in the range between 20 < 6 <8 0 using Cu Ka radiation. Crystallite size of
hydroxyapatite at (211) was calculated using Scherrer equation:

0.92 1)

(hkl) =
B oSOy,

where tnay is the crystallite size, 4 the wavelength of the monochromatic X-ray beam (ACu = 0.154056 nm), S the
full width at half maximum (FWHM), 6k the peak diffraction angle and satisfies the Bragg’s law for the (hkl)
Miller’s plane. Miller’s plane (211) was selected to analyse the crystallite size since it is sharp and isolated from
others. A Fourier Transform Infrared spectrometer (Bruker) was used in the wavenumber range from 4000 — 400 cm

116 Injectable bone substitute... 116



Sari, et al J. Med. Phys. Biop.4 (1), August 2017

to conform the presence of synthesized hydroxyapatite. KBr pellet method was applied with ratio KBr: hydroxyapatite
= 1:10. Viscosity was measured following Ostwald method. Injectability of the IBS suspension was analysed to
measure the ease of by which a formulation can be dispensed out of a syringe. In this study, injectability was
measured by modifying previous method.'® The injectability percentage was determined as the percentage by weight
of that part of the amount of the IBS suspension that could be extruded from the syringe with respect to the total mass
of the IBS suspension introduced in the syringe.

3. Results and discussion

3.1 HAp synthesized with microwave irradiation assistance

Mangrove snail shell was used as the source of calcium. Calcination at 1000 °C for 8 h resulted a calcined shell with
calcium concentration of 42%. This datum was further used for stoichiometric calculation of calcium and phosphate
solution used for HAp synthesized. The XRD specra (Fig. 1) and FTIR spectra (Fig. 2) indicated the presence of HAp
in the sample.

The x-ray diffraction pattern of HAp at 26 = 20 ° - 60 ° was depicted in Fig 1. JCPDS database (Joint Committee
on Powder Diffraction Standards) with no. 09-0432 was used in determining the presence of HAp in the sample. Peak
identification strongly indicated the presence of HAp with characteristic peaks at 20 = 31.79 °, 32.2 °, 32.93 °, and
34.08 °. In addition to HAp, CaO also presence in the sample which was indicated by the presence of peak at 20 =
37.39 ° that was in accordance with JCPDS no.37-1497. The presence of CaO might be due to the incomplete
transformation of CaCOj; into Ca* during calcination of mangrove snail shell. Moreover, calculation of latice
parametter indicated that the accuracy of lattice parameter obtained in this study is very high (> 99%), strongly
indicating the presence of HAp following the synthesize conducted in this study (Table 1).
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Figure 1. XRD diffraction pattern of calcined snail shell.
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Table 1. Lattice parameter calculated by Cohen method.

Lattice Parameter (A)
Sample

Accuracy (%)

a=b c

a=b c

HAp synthesized in this study 9.384 6.860
HAp from references (JCPDS no. 09-0432) 9.418 6.884

99.65 99.66
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Figure 2. FTIR of HAp synthesized from mangrove snail shell.

Table 2. Functional groups present in the HAp as detected by FTIR spectroscopy.

Wave Number

(cm)

Functional Groups
HAp obtained in this study

HAp from references!12

2852.72
OH- 2922.16 (2600-3600)
3572.16
3641.6
570.93 (374-603)
PO4*
1047.35 (950-1100)
Co 1463.97 (1350-1550)
3 1741.72 (1700-1750)

FTIR spectra (Fig. 2) indicated the presence of functional groups of phosphate and carboxyl groups which are
belongs to HAp. In addition, carbonate groups also presence which may be due to incomplete transformation of
CaCOs into Ca* during calcination of mangrove snail shell leaving carbonate groups in the calcined mangrove snail
shell. However, the carbonate groups did not incorporate into calcium phosphate lattice to yield apatitic carbonate. If
apatitic carbonate were formed, then the accuracy of lattice parameter would not yield > 99% (Table 1). Table 2 listed

functional groups detected by FTIR spectroscopy.
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3.2 IBS suspension synthesized

The x-ray diffraction patterns of HAp (powder) and IBS consist of HAp/gelatine 100/0, HAp/gelatine 70/30,
HAp/gelatine 30/70 samples are shown in Fig. 3. The phase identification was performed at an angle of 26 = 20 - 60°.
Contrasting Fig.3a and Fig.3b, it can be inferred that the suspension of HAp in HPMC had a decreased crystallinity,
indicated by the broadening of Full Width at Half Maximum (FWHM) at 26 in the range of 30-35° and other minor
peaks. Furthermore, the addition of gelatine to the IBS suspension had an effect on the degree of crystallinity of the
sample which can be inffered by contrasting Fig 3b, 3c, and 3d. Suspensing HAp in gelatine containing HPMC also
affected in reducing its crystallite size (Table 3).

3.3 IBS Viscosity and Injectability Test

The presence of HAp at higher concentration followed by the increase the viscosity (Fig. 4). This is supported by the
study on the effect of nanoparticle concentration on the viscosity indicating the increase of nanoparticle concentration
result in an increased viscosity.'31°

Injectability is one of the important aspect for drug during its administration to the patients. The injectability is
considered not only as a function of the rheological properties of the drug, but also device and human factors. Limited
data are available that represent the correlation of these 3 factors.’® In this study, injectability is depicted by the
percentage of injectability. Measurement of injectability using two different size of syringe indicated the similar
trends yet different in the injectability (Fig. 5). Injectability test on 1 and 5 ml syringe indicated that injectability has
inverse linear correlation with the HAp concentration, the higher HAp concentration, the lower injectability
percentage. This phenomenon correlates with the viscosity of the suspension, which some researchers indicated that
viscosity can be used to indicate the injectability. More viscouse suspension has lower injectability.
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Figure 3. XRD spectra of HAp powder synthesized from mangrove snail shell (a) and IBS suspension of HAp /
gelatin 100/0 (b), HAp /gelatine 70/30 (c), HAp/gelatine 30/70 (d).

Table 3. Crystallite size of HAp at hkl (002).

Sampel Crystallite size (nm)
HAp (powder) 55.51
HAp/gelatine 100/0 16.13
HAp/gelatine 70/30 19.97
HAp/gelatine 30/70 26.29
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Figure 4. Viscosity of IBS suspension with various HAp concentration.
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Figure 5. Injectability of IBS suspension with variety of HAp concentration conducted with 1 ml (a)
and 5 ml (b) syringe.

4. Conclusions

Hydroxyapatite can be synthesized from mangrove snail shell serving as calcium source. Based on XRD pattern
analysis, the most dominant phase formed was HAp with the lattice parameter accuracy was above 99%. FTIR of
HAp shows the presence of hydroxyl, phosphate and carbonate functional groups belonging to functional group of
HAp. Suspensing HAp in gelatine containing HPMC solution resulted in the decrease of HAp crystallinity.
Furthermore, the higher gelatine concentration, the lower crystallinity of the HAp in the suspension. IBS suspensions

were successfully synthesized in this study, as indicated by the high injectability percentage of HAp/gelatine 70/30
and HAp gelatine 30/70.
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