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Abstract

This study focuses on the extraction and characterization of hydroxyapatite (HAp)
derived from Nile tilapia scales to evaluate its quality and suitability as a drug delivery material for
bone infection treatment. The fish scales were cleaned, soaked in NaOH solution, and calcined at 1,000
°C for 3 h. Five HAp formulations were prepared, four of which were further treated with KOH at
concentrations of 1 M and 3 M for 1 and 5 hours. Chemical structure was analyzed using Fourier-
transform infrared spectroscopy (FT-IR), porosity was determined by iodine number via iodometry, and
surface characteristics were examined by field-emission scanning electron microscopy (FESEM).
Gentamicin was used as the model antibiotic, and its release from HAp pellets was measured using
spectrophotometry. Statistical analysis was performed using one-way ANOVA followed by Tukey’s HSD
post hoc test (p < 0.01). The HAp appeared as a white powder containing P-O, P-OH, and CO52~ bonds.
The surface exhibited porosity, and iodine number varied significantly among formulations (p < 0.01).
HAp treated with 1M KOH for 5 hours showed the highest iodine number and encapsulated the most
gentamicin. Pellets retained their shape for up to one day in fluid before disintegration. In simulated
body fluid (SBF), Gentamicin release increased daily, with rapid release during days 1-4, while in distilled
water, release increased quickly during days 1-3. The release rate and total amount decreased over
time. The Higuchi model fit all formulations well (R? = 1), and no significant differences in Gentamicin

release were observed among pellets.
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Introduction medical condition that may lead to loss of

Osteomyelitis, ~an infection  and organ function or even limb amputation if not

inflammation of bone ftissue, is a common treated promptly. A commonly used treatment
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for this condition is the administration of
antibiotics via intravenous injection, which
often requires high doses to ensure adequate
drug penetration into the infected area.
However, high-dose antibiotic therapy may
cause undesirable side effects in the body
(Phuttichat Khantee & Orsri Wittawatmongkol,
2016).

Currently, antibiotic drug delivery
materials that can release drugs directly at the
site of infection have been developed. These
drug delivery systems are typically spherical
beads strung together, which can be placed in
the infected area to provide sustained
antibiotic release. Nevertheless, a major
drawback of these materials is that they are
non-biodegradable, requiring surgical removal
after treatment is completed (Ferreira et al,
2021).

Hydroxyapatite (HAP) is a material with
properties similar to natural bone and s
biodegradable within the body, eliminating the
need for surgical removal after treatment. In
addition, hydroxyapatite can be used as a drug
delivery carrier, particularly for the treatment of
bone infections, due to its porous structure,
which allows for effective drug loading and
sustained release. However, hydroxyapatite
currently used in medical applications is
relatively expensive due to complex
production processes and high raw material

costs (Wallapa Trakulwannachai, 2018).

To address this issue, the present

study focuses on the extraction of
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hydroxyapatite from tilapia fish scales, which
are inexpensive and abundantly available in
the market. According to a study by lkoma et
al. (2003), calcium hydroxyapatite
(Cayo(POL)4(OH),) is a constituent of fish scale
structures. Therefore, it is expected that
hydroxyapatite extracted from tilapia scales
can reduce production costs while maintaining
effective drug delivery properties and good
bone integration comparable to hydroxyapatite

produced through conventional synthetic

methods.

Methodology
1) Materials

Tilapia fish scales were used as the raw
material for hydroxyapatite (HAp) extraction.
Sodium hydroxide (NaOH, 95% purity) and
potassium hydroxide (KOH, 95% purity) were
employed for organic removal and porosity
enhancement, respectively. Gentamicin sulfate
injection was used as the model antibiotic.
lodine solution (1% 1,), sodium thiosulfate
(Na,S,05) and copper(ll) chloride dihydrate
(CuCl,-2H,0) were used for porosity analysis. All
chemicals were used as received, and
deionized water was used throughout the
experiments. The instruments included a
muffle furnace, shaker, tablet press, water bath,
UV-Visible  spectrophotometer  (UV-1800,
Shimadzu, Kyoto, Japan), and hot air oven.
2) Preparation and Porosity Activation of
Hydroxyapatite

Fish scales were washed, boiled, and

dried prior to chemical treatment. The cleaned
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scales were soaked in 3 mol/L NaOH for 24 hr.
to remove organic components, rinsed until
neutral pH, and calcined at 1,000 °C for 5 hr.
The resulting hydroxyapatite was ground into
powder.

Porosity activation was performed
using KOH at different concentrations and
durations: non-activated hydroxyapatite, 1
mol/L KOH for 1 h and 5 hr, and 3 mol/L KOH
for 1 hr.and 5 hr. After activation, samples were
washed and dried.

3) Characterization of
Hydroxyapatite

Chemical composition was analyzed
by Fourier-transform infrared spectroscopy (FT-
IR) to confirm characteristic hydroxyapatite
functional groups. Porosity was evaluated using
the iodometry method. Surface morphology
and pore structure were observed using field
emission  scanning  electron  microscopy
(FESEM).

4) Gentamicin Loading and Pellet
Formation

Hydroxyapatite powder was immersed
in gentamicin solution and agitated for 30 min
to allow drug adsorption. The loaded samples
were filtered and dried at 30 °C. Pellets were
prepared by compressing 0.5 ¢ of gentamicin-
loaded hydroxyapatite, and pellet dimensions
were measured to ensure consistency.

5) In Vitro Drug Release Study

Pellets were immersed in 50 mL of
distilled water or SBF and incubated at 37 °C

for 7 days. Samples were collected daily, and
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gentamicin concentration was quantified by
UV-visible spectrophotometry at 291 nm using
a standard calibration curve

6) Release Kinetics and Statistical
Analysis

Drug release data were fitted to zero-
order, first-order, and Higuchi models to
evaluate release mechanisms.  Statistical
analyses were conducted using one-way
ANOVA followed by Tukey's HSD post hoc test
for multiple comparisons and an independent-
samples t-test for comparisons between two
independent groups. A significance level of p <
0.01 was adopted throughout the study.
Result and Discussion

1) Morphology and Porosity
Analysis
FT-IR analysis confirmed the successful
extraction of HAp, showing characteristic
functional groups in all samples (Figure 1).
FESEM images (Figure 2) revealed that KOH
activation  significantly  increased  surface
roughness and porosity compared to the non-
activated control. These findings correlate with
the iodine numbers presented in Table 1,
where the 1 M KOH (5 hr) formulation
exhibited the highest adsorption capacity,
indicating an optimal porous structure for drug

loading.
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Fig. 1 FT-IR spectra of hydroxyapatite.

Fig. 2 FESEM images of hydroxyapatite surface
at 50,000x magnification: (a) non-activated, (b)
IMKOH 1h,(c) 1 MKOH 5 h, (d) 3MKOH 1 h,
and (e) 3 M KOH 5 h.

Table 1. lodine numbers of HAp formulations

via iodometry.

lodine No.
Formulation (mg/g) Adsorption (%)
Non-activated 46.3965 45.7000
1M 1hr. 66.4982 65.5000
1M 5hr. 80.8639 79.6500
3M 1hr. 76.0922 74.9500

3M 5hr. 80.1532 78.9500

2) Gentamicin Loading and Release

Behavior

The loading efficiency of gentamicin was found
to be directly proportional to the material’s
porosity. The 1 M KOH (5 hr.) formulation
encapsulated  the highest amount of
gentamicin, achieving an optimal balance
between porosity enhancement and structural

stability.

Table 2.Gentamicin encapsulation efficiency

of HAp pellets.

Amount Encapsulated Encapsulation

Formulation per Pellet (mg) Efficiency (%)

Non-activated 0.3968 49.6009
1M 1hr. 0.5401 67.5136
1M 5hr. 0.6599 82.4924
3M 1hr. 0.6094 76.1772
3M 5hr. 0.6482 81.0276

In vitro studies demonstrated a significant burst
release in both simulated body fluid (SBF) and
distilled water during the initial 72-96 hours,
followed by a sustained and gradual release
phase. The release rate was slightly higher in

distilled water than in SBF.
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Release rate of gentamicin per tablet from hydroxyapatite-based tablets in water

over a 7-day period
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Fig.3 The release rate of Gentamicin from a
hydroxyapatite - base tablet in water per tablet

over a period of 7 days.

Release rate of gentamicin per tablet from hydroxyapatite-based tablets in SBF
over a 7-day period
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Fig. 4 The release rate of gentamicin from a
single hydroxyapatite-base tablet in simulated

body fluid (SBF) over a period of & days

Cumulative gentamicin release from a single hydroxyapatite-based tabletin
water over 7 days
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Fig. 5 Percentage of cumulative gentamicin
release from HAp pellets in distilled water over

a 7-day period.
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Cumulative gentamicin release from a single hydroxyapatite-based tabletin SBF
over 7 days
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Fig. 6 Percentage of cumulative gentamicin
release from HAp pellets in distilled SBF over a

7-day period.

Mathematical fitting showed that the
release behavior followed the Higuchi model
(R? = 1), indicating that gentamicin release was
primarily controlled by diffusion through the

porous hydroxyapatite matrix.

Conclusions

Porous hydroxyapatite (HAp) was
successfully synthesized from tilapia scales and
exhibited chemical and structural
characteristics comparable to natural bone
mineral. KOH activation significantly enhanced
the porosity of HAp, resulting in improved
gentamicin loading capacity and controlled
drug release behavior. Among all formulations,
HAp activated with 1 mol/L KOH for 5 hr.
demonstrated the highest porosity, drug
loading efficiency, and cumulative gentamicin
release.

In vitro release studies revealed an
initial burst followed by sustained drug release,
with release kinetics well described by the

Higuchi model, indicating a diffusion-controlled

mechanism. Although the pellets partially
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disintegrated after immersion, this property
may promote biodegradation and eliminate the
need for surgical removal after treatment.
Overall, hydroxyapatite derived from
tilapia  scales represents a  low-cost,
biodegradable, and effective carrier for
localized antibiotic delivery and shows strong
potential for application in the treatment of
bone infections. Future studies should focus on
improving mechanical strength and evaluating

in vivo performance.
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