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Abstract 
Naturally produced Hydroxyapatite (HAP) yields beneficial attributes with regards to its biological 

functions including cell compatibility, proliferation and osteoinduction. This study synthesized HAP 
from oyster shells as a calcium source with multiple hydrothermal reaction times including 1 h, 6 h and 
24 h at 150℃. A wet precipitated control sample was produced at room temperature. Characterization 
using FTIR, XRD, SEM-EDX and BET were conducted, followed by a degradation analysis. Bio-
compatibility study of Oys-HAP was performed against Saos-2 osteoblast-like cells. The results showed 
nano scaled elongated and oval-shaped Oys-HAP particles with high crystallinity, beta-type carbonated, 
non-stoichiometric Ca/P ratio with a maximum surface area of 41.39 m2·g‒1. Furthermore, Oys-HAP 
samples were non-toxic and significantly enhanced Saos-2 cell proliferation by 65.6% compared to 
the negative control. These findings demonstrate the potential of oyster shell-derived Oys-HAP as a 
sustainable and effective biomaterial for biomedical applications. 

1. Introduction 
 
Calcium phosphate (CaP)-based biomaterials are among the most 

widely studied materials for biomedical applications. Hydroxyapatite 
(HAP), Ca10(PO4)6(OH)2, is a major component of the mineral phase 
of human bone and enamel and has been extensively used in orthopedic 
and dental applications due to its excellent biocompatibility, bioactivity, 
and ability to regulate cellular behavior. Its close resemblance to 
natural hard tissues further supports its suitability for regenerative 
and restorative purposes [1-3]. Despite its excellent properties, most 
commercial HAP products are synthesized using chemical precursors 
through energy-intensive processes, raising concerns about cost, 
environmental impact, and sustainability. Naturally derived biomaterials 
are gaining interest due to their abundance and potential for sustainable 
sourcing.  In many cases, naturally derived materials have demonstrated 
improved performance in specific biomedical applications compared to 
their synthetic counterparts [4]. To address these limitations, research 
interest has shifted towards biogenic sources rich in calcium carbonate 
(CaCO3), such as eggshells, mammalian bones, and marine shells. 
Among these, oyster shells represent an abundant and underutilized 
waste material generated by the seafood industry.  

Several methods have been employed to produce HAP from 
biogenic sources, including wet chemical precipitation, sol–gel, and 
hydrothermal techniques. Wet precipitation is the simplest and most 

used method. However, it often results in HAP with lower crystallinity, 
purity, and yield compared to hydrothermal synthesis [5]. In contrast, 
the hydrothermal method is conducted under elevated temperature 
and pressure, promoting nucleation and crystal growth, and leading to 
highly crystalline, phase-pure HAP with controllable particle size 
and morphology [6]. In addition, this method offers relatively shorter 
reaction times. Previous studies have reported that hydrothermal 
treatment improves the crystallinity, morphology, and yield of oyster 
shell-derived HAP compared to conventional wet precipitation methods 
[7]. Nevertheless, optimization is still required, as hydrothermal 
synthesis is strongly influenced by parameters such as temperature, 
pH, and reaction time. Biocompatibility of biomaterials, involving 
direct or indirect contact with relevant cell types is an important 
step to assess its toxicity [8]. Although HAP is generally considered 
biocompatible, variations in synthesis methods can result in materials 
with different physicochemical properties, necessitating further 
biological evaluation, particularly for nanoscale HAP (nHAP) [9].  

Accordingly, this study investigates the production of Oys-HAP 
from oyster shells using a direct hydrothermal method. The effects of 
reaction times (1H, 6H and 24H) on the physicochemical characteristics 
of the synthesized HAP are investigated. Furthermore, the cytocompatibility 
of the materials is evaluated through cell viability, proliferation, and 
adhesion assays using a Saos-2 osteoblast-like cell model, aiming to 
assess their potential for bone tissue engineering applications. 
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2.  Experimental 
 
2.1  Oyster shell source 
 

The oyster shells were procured from a local Malaysian fishery. 
Oyster shells consisting of two different species, including Crassostrea 
iredalei and Callionymus belcheri, were collected from Ocean Rich 
Resources Sdn. Bhd., an industrial collaborator based in Sungai Merbok, 
Kedah, Malaysia which served as the foundational biomaterials for 
experimental processing. 

 
2.2  Synthesis of oyster shells hydroxyapatite (Oys-HAP) 

 
A method by [10] was adopted with modifications. The oyster 

shells were first cleaned with distilled water and rinsed at least 5 times 
to remove dirt or any sand present. The shells were dried completely 
in a 100℃ oven (Binder, US) overnight. The dried shells were pulverized 
using an automated mortar (Retsch GmbH, US). The produced oyster 
shell powder (OSP) was sieved and kept in a dehumidifying cabinet 
prior to Oys-HAP synthesis. 2 g of OSP were mixed in a 20 mL 
solution of 25% (v/v) Hydrochloric Acid (HCL) and 95% Phosphoric 
Acid (H3PO4). The solution was left to stir continuously overnight 
at room temperature. Following complete mixing, 30% ammonium 
hydroxide (NH3) solution was added gradually to turn the pH to 10. 
The reaction was quickly transferred to a hydrothermal vessel for 
the heat treatment as tabulated in Table 1. A control sample was 
prepared at room temperature without hydrothermal treatment. 

 
2.3  Fourier transform infrared spectroscopy (FTIR) analysis 

 
The functional groups of powdered samples were analyzed using 

a Fourier transform infrared (FT-IR) spectrometer (Perkin Elmer 
Spectrum 2000, USA). It is to determine the chemical profiles, or 
any phase transformations present in the samples. Powdered Oys-HAP 
was analyzed directly using the sampling point. For cleaning before 
a new sample was analyzed, 100% Acetone (Sigma Aldrich, USA) 
was used. The functional groups were analyzed with a wavenumber 
range of 600 cm‒1 to 4000 cm‒1 in range. 

 
2.4  X-ray diffraction (XRD) analysis 

 
The phase transformations and crystallinity of synthesized Oys-

HAP samples was determined using an X-ray diffractometer (XRD); 
Bruker, D8 Advanced, Germany. The samples were be analyzed using 

Cu Kα radiation generated at 40 kV and 40 mA. The degrees of 
diffraction in samples were measured from 20℃ to 50℃ at a scanning 
speed of 5℃·min‒1 and a step size of 0.02°. The crystallite size of 
powder samples was calculated using the Scherrer formula as described 
by [11]. For crystallinity, the value was calculated using a formula 
described by [12].  

 
2.5 Field emission scanning electron microscope (FESEM-
EDX) analysis 

 
To obtain the morphological data (particle size and morphology) 

on the synthesized synthetic Oys-HAP samples, a scanning electron 
microscope (FESEM; Leo 1525, Germany) was used for analysis with 
a voltage of 20 kV. Before visualization, the sample is reconstituted 
with absolute ethanol. A carbon paper was immersed was the suspension 
containing Oys-HAP. The coated papers were first coated with platinum. 
The magnification used is 20,000X. An Energy Dispersive X-Ray 
Spectroscopy (EDX), Zeiss, Germany was used to measure the elements 
present in the samples.  

 
2.6  Brunauer-Emmett-Teller (BET) analysis 

 
The specific surface area (SSA) and pore size distributions of 

powdered Oys-HAP samples were measured through the multiple 
Brunauer–Emmett–Teller (BET) analysis that evaluates nitrogen 
adsorption-desorption isotherms at 77 K using Quantachrome Autosorb 
Automated Gas Sorption System Report Autosorb 1 Quantachrome 
Corporation.  

 
2.7  Degradation analysis 

 
The degradation behavior of Oys-HAP samples was carried out 

using a method described by [13] with minor modifications. The tests 
were performed in two solutions including Phosphate Buffer Saline 
(Oxoid, USA) and Simulated Body Fluid (SBF). The SBF solution 
was prepared by using a method by [14]. Briefly, 0.5 g of test samples 
were weighed and immersed in 20 mL of test solution. The test tubes 
were then transferred into a water bath (Lab Companion, Korea). 
The experiments were carried out at 37℃ to simulate physiological 
conditions. The immersion times were carried out at 1, 3, 5, 7, and 
14 days timepoints. The test solutions were refreshed every 2 days. 
At each set time point, the samples were filtered using a filter paper 
(GVS Filter Technology, Italy). After filtration, the samples were dried 
in an oven (Binder, Germany) at 100°C.  

Table 1. The hydrothermal synthesis parameters employed in the preparation of oyster shells–derived hydroxyapatite (Oys-HAP). 
 
Samples name/Code Synthesis parameters 
 Hydrothermal (Time, Temperature) Precipitation (Time, Temperature) 
1H 1 h, 150℃ None 
6H 6 h, 150℃ None 
24H 24 h, 150℃ None 
RT None 1 h, Room Temperature 
OSP None None 
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2.8  Cell culture 
 
An in vitro model of Human Osteogenic Sarcoma cell line Saos-2 

(iCell-h140, CellVers previously known as iCellBioScience, China) 
was used for the in vitro biocompatibility evaluation of Oys-HAP 
samples. Briefly, the cells were grown under the conditions of 5% 
CO2 at 37°C. The cells were grown using high glucose Dulbecco 
Minimum Essential Medium (DMEM, Pricella, Elabscience, USA) 
with the supplementation of 10% Fetal Bovine Serum (Capricon 
Scientific, USA) and 1% of Antibiotic/Antimycotic solution (Capricon 
Scientific, USA). The cells were only subcultured when they reached 
about 80% confluency, which was checked microscopically using an 
inverted phase contrast microscope (Olympus IX73, Japan) routinely.  

 
2.9  Biocompatibility analysis 

 
The biocompatibility of Oy-HAP samples was assessed using 

an indirect cytotoxicity method in accordance with the standard for 
medical device evaluation [15]. Briefly, powder samples were immersed 
in 10 mL of complete cell culture media and incubated at 37℃ in 
a humidified incubator (IC50 Memmert, Germany) for 72 h to obtain 
extraction media [16]. The resulting stock extract corresponded to 
an approximate concentration of 200 mg·mL‒1, consistent with the 
recommended extraction ratio. Serial dilutions of the stock solution 
were subsequently prepared using complete culture medium to obtain 
at least four concentration levels. Confluent cells were detached using 
0.25% Trypsin-EDTA solution (Nacalai Tesque, Japan) and seeded 
into a 96-well plate at a density of 1 × 104  cells per well. After 24 h of 
incubation, the medium was replaced with the prepared Oys-HAP 
extracts, followed by an additional 24 h incubation period. The toxicity 
of Oys-HAP was determined by measuring cell viability using 
a colorimetric assay with AlamarBlue reagent (Invitrogen, USA). 
The optical density (OD) was recorded at 540 nm wavelength using 
a spectrophotometer (Biotek Instruments, USA). All experiments 
were performed in triplicate. Samples were considered cytotoxic if 
the cell viability decreased by more than 30% relative to the untreated 
control. The cell viability was calculated using the equation below: 

 

Cell viability (%)  = Absorbance Sample −Absorbance Blank
Absorbance Control −Absorbance Blank

× 100%  (1) 

 
The lowest toxic concentration (cell viability >70%) of each 

sample was selected for subsequent proliferation assays. The cells 
were seeded into 6 well plates at a density of 5 × 103 cells per well. Cell 
proliferation was monitored by measuring absorbance at predetermined 
time (Days 1, 3, 6, 9 and 12). The culture medium was replenished 
every three days throughout the experimental period. The negative 
control (culture medium) and positive control (DMSO) were included 
in both assays to enable comparison and validation of test methods. 
 
2.10 Data and statistical analysis 

 
The graphs and figures of physicochemical characterization 

including FTIR, XRD and SEM-EDX were generated using each 
built in instrument’s software. The cytotoxicity and cell proliferation 
data were generated using GraphPad Prism 7.0 software. For the 

cell proliferation statistical analysis, the two-way ANOVA coupled 
with multiple comparison and Tukey post hoc test was used to compare 
each treatment group. Statistical significance was set at p-value of 
< 0.05. 

 
3.  Results and discussion 

 
3.1  Physiochemical characteristics of prepared hydroxy-
apatite (HAP) powder from oyster shells  

 
To the best of our knowledge, the present study was the first to 

synthesize HAP particles from oyster shells by using calcium carbonate 
and phosphoric acid as precursor materials via the hydrothermal route. 
The XRD was performed to confirm the phase composition, crystallinity 
and overall physical properties of the powder samples. The XRD result 
of different Oys-HAP powder preparation (RT, 1H, 6H and 24H) 
including the raw oyster shell powder is shown in Figure 1. All 
synthetic Oys-HAP powder showed diffraction sharp peaks which 
are characteristics to hydroxyapatite (HAP) with prominent reflections 
observed at approximately 2θ = 25.9°, 31.7°, 32.9°, 34.0°, 39.8°, 46.7°, 
and 49.5°, in correspondence to the peaks of (002), (211), (300), (202), 
(310), (222), and (213) planes respectively. All XRD patterns showed 
successful transformations to HAP.  

Generally, low crystalline powder samples yield broadening of 
the XRD peaks [17]. The control wet precipitated RT sample which 
did not undergo the hydrothermal treatment yielded slightly low 
intensity diffraction peaks, which indicates poor crystallinity of 
41.90%. When the treatment was introduced, it can be observed that 
the hydrothermal process improves the crystallinity of Oys-HAP 
samples. As the hydrothermal reaction time increases, the crystallinity 
of Oys-HAP improves respectively from 1H (55.0%) to 24H (70.4%) 
which is about 15.4% increase. Similarly, there was an increase of 
15.4%. Increased crystallinity from 26.04% to 54.12% was observed 
when the hydrothermal reaction time increased from 10 min to 12 h 
[7]. A recent study also observed higher crystallinity observed when 
the temperature increased from 100°C to 200°C [18]. However, 
both studies did not perform the reaction above 12 h, which the 24 h 
treatment in the present study showed the highest crystallinity level 
(70.4%) in the present study. Accordingly, the hydrothermal methods 
can control HAP size, morphology and other properties [19]. Further, 
it is indicated that the growth of HAP crystals is strongly influenced 
by the reaction temperature [20].  
 

 

Figure 1. XRD pattern of 24H, 6H, 1H, RT.

https://paperpile.com/c/k86mHs/TdD75
https://paperpile.com/c/k86mHs/buBUs
https://paperpile.com/c/k86mHs/mZVK1
https://paperpile.com/c/k86mHs/FgCJL
https://paperpile.com/c/k86mHs/IgLvO
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The crystallite size was calculated using the Scherrer formula 
as shown in Table 2. It is observed that the hydrothermal treatment 
employed in the study from 1 h to 24 h did reduce the crystallite size 
of Oys-HAP samples ranging from 65.37 nm to 119.51 nm. The control 
RT sample showed the largest crystallite size of 119.51 in parallel 
with its low crystallinity. A larger crystallite size of HAP particles 
will reduce bone hardness [21]. 

As for the FE-SEM result, it was observed that the hydrothermal 
treatment did cause the Oys-HAP particles to become smaller. The 
particle size was reduced from RT (305.4 nm) to 24H (121.9 nm) 
which translates to about 60% reduction. However, it can be seen 
from SEM images that the powder contains various sizes and shapes 
of Oys-HAP particles.  Briefly, RT sample consists of rod-shaped 
particles, 1H in slightly circular to oval shape particles, 6H in a mix 
of oval and elongated rod particles and 24H is similar to those in 
6H. Similar morphology of HAP particles was seen produced using 
eggshells as precursor material [10]. Overall, Oys-HAP samples 
produced by present study forms nano scaled crystals. Collectively, 
it is like HAP in human bones [22]. Compared to larger sized particles, 
it has a larger surface area which can modulate better physiological 
functions. For instance, osteoblast functions were enhanced with the 
use of nHAP that selectively increased vitronectin protein absorption 
along with modulating overall osteoblast functions compared to bigger 
sized HAP [23].  

The FTIR analysis of produced Oys-HAP powders produced at 
different hydrothermal reaction times is shown in Figure 3. The results 
of Oys-HAP are compared with the raw powder (OSP) to observe its 
transformations. The FTIR result demonstrated that all Oys-HAP 
samples synthesized in this study contain similar functional groups 
including Phosphate (PO43‒), Hydroxide (OH‒) and Carbonate (CO32‒). 
The absorption bands around 1637 cm‒1 are attributed to the presence 
of water (H2O) absorbed by the compound [24]. The phosphate bands 
at 961 cm‒1, 1017 cm‒1, and 1089 cm‒1 were observed in all synthetic 
HAP samples. The prominent peaks at 1457 cm‒1 and 1458 cm‒1 are 
associated with the substitution of PO43‒ groups by CO32‒ which results 
in the formation of β-type carbonate HA [25]. This specific type of 
HAP mimics the human natural bone [26]. Carbonate (CO32‒) groups 
which were present in synthetic Oys-HAP powders in present study 
is also a component of apatite [27]. Further, the HAP powder samples 
showed a non-stoichiometric ratio of Ca/P (Table 2). However, better 

bioactivity and sintering quality have been observed compared to 
HAP with a stoichiometric ratio of 1.67 [28].  

 

 

Figure 2. SEM micrographs and EDX analyses of powder samples at 
20,000X (a) OSP, (b) RT, (c) 1H, (d) 6H, and e) 24H . 

 

 

Figure 3. FTIR transmittance (%) of powder samples (OSP, 1H, 6H, 24H 
and RT).

Table 2. The specific calcium to phosphate ratio, crystallinity and crystallite size of powder samples. 
 
Samples name/code Ca [%] P [%] Ca:P ratio Crystallinity [%] Crystallite size [nm] 
1H 34.56 15.82 2.18 55.0 65.37 
6H 27.45 12.18 2.25 53.4 59.01 
24H 31.80 13.16 2.41 70.4 60.72 
RT 18.27 13.22 1.38 41.9 119.51 

 
Table 3. BET analysis of powder samples. 
 
Samples name/code BET specific surface area [m2·g‒1] Total pore volume [cm3·g‒1] Average pore size [nm] 
1H 34.16 0.2807 30.87 
6H 35.50 0.2215 24.95 
24H 41.34 0.2841 32.87 
RT 22.22 0.0729 13.12 
OSP 4.29 0.0133 12.37 

(a) (b) 

(c) (d) 

(e) 
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Figure 4. Biodegradation graph of powder samples OSP, 1H, 6H, 24H and RT; a) Phosphate Buffer Saline (PBS), b) Simulated Body Fluid (SBF). 

3.2  Surface area characteristics  
 
The textural and surface area properties of Oys-HAP samples 

were analyzed using the nitrogen adsorption-desorption isotherms 
method. The results are tabulated in Table 3. The specific surface area 
mainly ranges from 4.29 m2·g‒1 to 35.50 m2·g‒1. The 1H and 6H samples 
exhibited the highest surface area of 34.16 m2·g‒1 and 35.50 m2·g‒1 

indicating a much smaller particle formed during the synthesis with 
a morphology structure. The 24H sample exhibited the highest surface 
area of 41.34 m2·g‒1, indicating a much smaller particle formed during 
the synthesis.  

The lowest surface area was displayed in the OSP sample of 
4.29 m2·g‒1 which suggests a much more dense and compacted particle 
structure. The total pore volume obtained using the BJH method 
showed a similar trend with the specific surface area result, ranging 
from 0.0133 cm3·g‒1 to 0.2807 cm3·g‒1. The highest pore volume 
was observed in a 24H sample followed by 6H, 1H and RT. Higher 
porosity of samples influences its fluid accessibility and exposure. 
The lowest pore volume of 0.013 cm3·g‒1 was observed in the raw 
oyster shell powder (OSP) further suggesting its dense structure. 
The average pore size was also determined using the BJH method 
and ranged from 12.37 nm to 32.87 nm. The pore size also yielded 
a similar trend however, suggesting that all Oys-HAP powder samples 
possess mesoporous structures, characterized by the pore size that 
is in between 2 nm to 50 nm, described by IUPAC definition [29].  

Generally, higher temperature during hydrothermal reactions 
promotes further activation of any particle surface enabling better 
ion exchange and crystal rearrangement [30]. The surface area of 
HAP is influenced by the total pore volume or its crystal size [31]. 
Previous studies had also stated the importance of surface area in 
producing biomaterial for bone tissue regeneration [32-34]. A higher 
surface area of HAP promotes better bone formation via the absorption 
of extracellular matrix proteins [35]. According to this study, hydro-
thermal treatment influenced the surface area properties of synthetic 
HAP powders. The specific surface area, pore size and volume 
increased as the reaction time increased.  

 
3.3  Biodegradation evaluation 

 
The degradation of HAP samples is important in predicting its 

long-term performance [36]. In this study, phosphate buffer saline 
(PBS) and simulated body fluid (SBF) were used to simulate a physio-
logical environment. SBF contains supersaturated ions concentrations 

close to human blood plasma compared to PBS [14,37]. The use of 
two different solutions was to observe any differences in dissolution 
rates of powder samples. Figure 4 shows the degradation potential of 
OSP, 1H, 6H, 24H and RT accordingly. Overall, all samples showed 
similar results for degradation percentage in both PBS and SBF. An 
almost linear relationship between the immersion time and degradation 
rate was obtained in both solutions [38].  

The highest percentage of degradation around 57% (PBS) and 
68% (SBF) were shown by the RT sample in both immersion solutions. 
The slowest degradation was observed in the OSP sample with ~20% 
(PBS) and ~26% (SBF). This is probably due to the absence of P-O 
bond in the samples and the larger, less porous microstructure and 
integrity of the powder sample. Raw oyster shell powder largely 
contains calcium carbonate which is insoluble in water [39,40]. 
Successful transformation of raw oyster shell powder improved its 
solubility and bioavailability by increasing its surface area [41]. In 
contrast, Oys-HAP samples showed a better degradation rate. The 
fastest degradation was observed in the RT sample with ~60% (PBS) 
and ~68% (SBF). This is supported by its low crystallinity value of 
the sample as listed in Table 2. A steady rate of degradation was 
observed in samples 1H>6H>24H. The results shown in the present 
study exhibit a comparable degradation rate or weight loss compared 
to previous reports [18]. Despite the high porosity structure of the 
24H Oys-HAP sample, it showed the lowest slowest degradation 
which was probably due to its high crystallinity.  

Apart from crystallinity, grain size, microstructure and surface area 
of HAP powders directly affects its degradation [42]. As the degree 
of crystallinity increases, the samples degrade slower. Further, the 
degradation rate of HAP is also influenced by the physiological condition 
of the human body [43]. The degradation of HAP is important as it 
directly influences its bioactivity and biological responses [44]. Poor 
degradation rate will result in lowered ions such as Ca2+ concentration 
which in turn does not stimulate any cellular proliferation [45].  

 
3.4  Biocompatibility test 

 
Biocompatibility in vitro testing is a fast and inexpensive method 

to screen the toxicity of biomaterials. The indirect method utilizes 
material extract; the test item will be soaked in a physiological vehicle 
to extract any toxic leachable. The Saos-2 osteoblast-like cell line was 
used in this study to represent the bone tissue environment due to 
its mature phenotype. It is characterized to be the closest resemblance 
with Human Osteoblast (HOB) by its proliferation, overall phenotype  

(a) (b) 
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Figure 5. The cell viability and morphology results of Oys-HAP samples using the human osteoblast-like cell line (Saos-2) as an in vitro biocompatibility model. 
(a) Cytotoxicity, (b) Proliferation, (c) Cell morphology at 12.5 mg·mL‒1 material extract treatment. The significance in cell proliferation data is *p<0.05 vs 
negative control. 

and molecular functions [46]. The cytotoxicity of all powder samples 
was determined using the absorbance value of reduced resazurin dye 
after exposure to the sample extracts. According to ISO10993:5, the 
material or device is determined to be “non-toxic” if the percentage 
of cell viability after exposure is above 70% compared to the negative 
control [15].  

Hydroxyapatite (HAP) is generally biocompatible, however, changes 
in synthesis methods which yield different forms of HAP still impose 
the need for biocompatibility assessments, especially for nano-sized 
HAP particles [9]. Overall, all Oys-HAP samples tested in the study 
showed no signs of toxicity against Saos-2 cells at the highest 
concentration of material extract, indicated by the percentage of 
viable cells after exposure shown in Figure 5. However, a slight 
increase of cell viability was observed in the 6H sample by ~10% from 
negative control. Previous studies indicated similar results despite 
the difference in synthesis methods and cell line use. Two recent 
studies tested HAP particles produced via the hydrothermal method 
against the MG-63 cell line. A direct contact viability assay performed 
by [7] yielded a marked optical density increase from the day 1 to 
day 7 culture and showed good cell attachment on HAP surface.  
A steady proliferation pattern was observed in all Oys-HAP samples. A 
steady increase of cell viability upon incubation with treatment of 
material extract at 12.5 mg·mL‒1. All samples showed significant 
increase in cell viability on day 9. The highest cell viability of 165.6% 
was produced by sample 6H followed by 24H, RT, 1H, and OSP. 
Statistical significance (p<0.05) was observed in the 6H sample 
compared to the negative control. Saos-2 cell morphology was not 
altered upon increased incubation time with the extract. The Saos-2 

culture showed normal polygonal and spindle-shaped morphology 
with well-defined membranes. The cells adhered to the plate surface 
well with a prominent nucleus. At 12 days, the cells reached confluency 
with flattened and overlapping clusters indicating a healthy culture 
with regards to the treatment.  
 
4.  Conclusions 

 
Hydroxyapatite (HAP) powder samples were successfully 

synthesized by using the hydrothermal method using oyster shells as 
the main calcium source. The reaction time of 1H, 6H and 24H changed 
the physiochemical properties of the Oys-HAP powder particles and 
resulted in the reduction of the overall particle size, specific surface area 
and porosity. The in vitro biocompatibility assessment via cytotoxicity 
assay against Saos-2 osteoblast-like cell line showed non-toxic reaction 
of HAP powders making it viable for biomedical applications. Further, 
the cell proliferation assay showed the proliferative ability of HAP 
samples. The use of oyster shells as a precursor material showed an 
excellent alternative method to reduce the cost of producing high 
quality HAP.  
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