
INTRODUCTION
Hydroxyapatite (HAp), also known as Ca

10
(PO

4
)

6
(OH)

2
, 

is a primary inorganic composition of human bone and teeth [1]. It 

is one of the most alluring biomaterials utilized for bone implants 

due to its biological and chemical similarity to human tissue 

[2,3]. In addition to having a high degree of biocompatibility, 

HAp also has excellence in bioactivity and the capacity to attach 

to bone directly, which promotes effective osteointegration. HAp 

is frequently used in orthopedics, dentistry [3], drug delivery, cell 

imaging, and bone tissue engineering [2]. 

HAp can be produced using chemicals as a source 

of calcium and phosphates, such as CaCO
3
 and H

3
PO

4 
[4], 

Ca(NO
3
)

2
 and (NH

4
)

2
HPO

4 
[5], and Ca(NO

3
)

2
.4H

2
O and 

KH
2
PO

4 
[6]

.
 However, the use of these chemicals is less 

economical and environmentally friendly, so as a substitute 

for calcium ion sources, natural sources such as scallop shells 

[7], blood clam shells [8], eggshells [9], and animal bones [10] 

are utilized. However, the use of bamboo clam shells has not 

been widely reported. Bamboo clam shell waste is composed 
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ABSTRACT
Hydroxyapatite (HAp) is a bioceramic naturally present in human bones and teeth, prized for its exceptional 

biocompatibility, bioactivity, and capacity for osteointegration, rendering it a viable candidate for biomedical 

applications as a drug delivery system. Nevertheless, HAp possesses limited antibacterial properties. Thus, the present 

study focuses on synthesizing HAp/alginate/copper oxide (HAp/Alg/CuO) composite to augment these attributes. An 

environmentally friendly synthesis approach is explored to create the HAp/Alg/CuO composite. Polyscias scutellaria 

leaf extract is anticipated to function as a capping agent, facilitating control over the composite’s morphology. In 

addition, residual bamboo clam shells serve as the precursor material for HAp fabrication. The composites prepared 

were analyzed by a series of characterization techniques such as X-ray diffraction (XRD), Fourier transform infrared 

spectroscopy (FTIR), and scanning electron microscopy-energy dispersive spectroscopy (SEM-EDS). XRD analysis 

revealed the formation of HAp/Alg/CuO composites exhibiting a hexagonal structure consistent with the ICSD (The 

inorganic Crystal Structure Database) #157481 standard. The crystallite size was obtained at 30.00, 33.35, 24.14, 

and 26.84 nm for HAp/Alg/CuO-1, HAp/Alg/CuO-2, HAp/Alg/CuO-3, and HAp/Alg/CuO-4, respectively. FTIR 

analysis confirmed the presence of the hydroxyl, phosphate, carboxylic, and metal-oxide (Cu–O) bonds. SEM images 

revealed irregularly shaped, agglomerated particles with an average particle size of 0.416 μm. EDS spectra exhibited 

calcium, carbon, phosphorus, and oxygen elements. Clindamycin-loaded HAp/Alg/CuO composites were assessed 

for their antibacterial efficacy against Gram-positive Staphylococcus aureus and Gram-negative Escherichia coli 
bacteria. The inhibition zones observed suggest that clindamycin-loaded HAp/Alg/CuO composites hold promise 

as drug delivery vehicles. Further investigation and development of these composites are warranted, with potential 

applications in treating specific ailments attributed to S. aureus and E. coli infections, such as osteomyelitis.
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Polyscias scutellaria leaves contain alkaloids, saponins, 

flavonoids, and polyphenols, so it is anticipated to function 

as a capping agent, facilitating control over the composite’s 

morphology [20]. 

This study was crucial for the preliminary study 

because the purpose of this study was to synthesize 

HAp/Alg/CuO composites with outstanding bioactivity, 

biocompatibility, drug-controlled releases, and antibacterial 

activity. Next, they can be modified and used for drug 

delivery systems, especially for clindamycin hydrochloride. 

Clindamycin hydrochloride (Fig. 2) with IUPAC name 

of methyl 7-chloro-6,7,8-tri deoxy-6-(1-methyl-trans-4-

propyl-L-2-pyrrolidinecarboxamido)-1-thio-L-threo-a-D-

galacto-octopyranoside monohydrochloride, is a lincosamide 

antibiotic that is highly efficient against Gram-positive and 

Gram-negative anaerobic pathogens [22]. Clindamycin 

hydrochloride can be used to treat an infection of the bone 

brought on by pathogenic microorganisms such as the bacteria 

Staphylococcus aureus (S. aureus), like osteomyelitis [23]. 

MATERIALS AND METHODS

Materials 
Bamboo clam shell, Sollen spp. waste and P. 

scutellaria leaves were obtained from Padang, West Sumatera, 

Indonesia. Alginate impression materials were obtained from 

Shanghai Medical Instrument, Shanghai, China. Ammonia 

solution (NH
4
OH, ≥25%, Merck), diammonium hydrogen 

phosphate ((NH
4
)

2
HPO

4, 
≥99.0%, Merck), nitric acid (HNO

3, 

≥65%, Merck), copper(II) nitrate trihydrate (Cu(NO
3
)

2
.3H

2
O, 

≥99.0%, Merck), dimethyl sulfoxide (DMSO, ≥99.7%, Merck), 

nutrient agar (NA, Merck), and Mueller Hinton agar (MHA, 

Merck) were purchased from Merck, Darmstadt, Germany. 

Clindamycin hydrochloride as a drug model for drug delivery 

assay was obtained from PT. Etercon Pharma, Indonesia.

Methods

Extraction of P. scutellaria leaf 
The leaves of P. scutellaria were collected in Padang, 

West Sumatra, Indonesia. Phytochemical tests were carried 

out in the Laboratory of Organic Chemistry and Natural 

of an abundance of calcium (97.58%), so it will be employed 

in this study as a calcium source [11]. This study will use 

the precipitation method since it is simple, inexpensive, and 

produces high-quality yields. 

HAP has limited antibacterial activity; therefore, 

it is necessary to have this property to be applied as a drug 

carrier. Previous studies have reported the use of ZnO, 

TiO
2
, NiO, SnO

2
, and CdO to provide these antibacterial 

properties [12–15]. Thus, the present study focuses on the 

synthesis of HAp/alginate/copper oxide (HAp/Alg/CuO) 

composite to augment these attributes. An environmentally 

friendly synthesis approach is explored to synthesize the 

HAp/Alg/CuO composite. In some previous studies, CuO 

nanoparticles have been synthesized employing Averrhoa 
carambola leaves extract [16], Punica granatum peel extracts 

[17], Pterospermum acerifolium leaves extracts [18], and 

Cyperus rotundus grass extracts [19]. There were no reports 

on applying Polyscias scutellaria leaf extract for synthesizing 

HAp/Alg/CuO composite. However, Yulizar et al. [20] and 

Yulizar and Ayun [21], have reported the use of P. scutellaria 

and Polyscias fruticosa in the synthesis of gold nanoparticles. 

Figure 1 displays an image of the P. scutellaria species. 

Figure 1. Photograph of P. scutellaria species. Figure 2. Structure of clindamycin hydrochloride.
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Materials at Andalas University. The leaves are dried at 

room temperature for a few days and ground to obtain a fine 

powder. Ten grams of leaf powder was dispersed into 100 

ml of distilled water for 30 minutes at 65°C. The extract was 

filtered using Whatman filter paper no 41 and then stored in a 

refrigerator at 4°C.

Synthesis of HAp/Alg/CuO composite
HAp/Alg composite was synthesized by employing 

a bamboo clam shell as a calcium ion source using the 

precipitation method based on our previous study [11]. 

First 1 g of HAp/Alg composite powder was diluted in 50 

ml distilled water. Next, copper (II) nitrate trihydrate [Cu 

(NO
3
)

2
.3H

2
O] with mass variations of 0.1, 0.2, 0.3, and 0.4 

g, and 1 ml of 4% P. scutellaria extract was added to HAp/

Alg solution. The temperature during the reaction was set at 

room temperature. Then, the samples were dried at 110°C 

for 5 hours and calcined at 600°C for 5 hours to obtain HAp/

Alg/CuO composites. The product was labeled as HAp/Alg/

CuO-1, HAp/Alg/CuO-2, HAp/Alg/CuO-3, and HAp/Alg/

CuO-4. Figure 3 displays the flowchart for synthesizing the 

HAp/Alg/CuO composite.

Instruments
The structural properties of the HAp/Alg/CuO-1, HAp/

Alg/CuO-2, HAp/Alg/CuO-3, and HAp/Alg/CuO-4 samples 

were analyzed using X-ray diffraction (XRD) (PANalytical, 

Malvern Panalytical, Malvern, UK) at a 2θ value of 10°–60° 

with a step size of 0.02. The functional group of the sample was 

examined using Fourier transform infrared spectroscopy (FTIR) 

(Perkin Elmer Version 10.6.1, Waltham, MA) at a wavenumber 

of 4,000–400 cm
−1

. The morphological and elemental 

compositions of the powder samples were investigated using 

scanning electron microscopy (SEM) (Hitachi Flexsem 1000, 

Japan) and energy dispersive spectroscopy (EDS) (Ametek 

EDAX, Japan) operated at 15 kV.

Clindamycin release test
A solution was prepared by diluting 3 mg of 

clindamycin hydrochloride and 50 ml of distilled water. The 

mixture was allowed to react for 2 hours at room temperature. 

Subsequently, 10 mg of the HAp/Alg/CuO composite powder 

was introduced into the solution, followed by agitation for 24 

hours at a temperature of 37°C. After centrifugation, the mixture 

was dried at room temperature for 7 days. The clindamycin 

loaded-HAp/Alg/CuO (CL-HAp/Alg/CuO) samples were 

dissolved in 50 ml of phosphate-buffered saline (PBS) with a 

pH of 7.3 and kept on a magnetic stirrer at 100 rpm at 37°C. A 

total volume of 5 ml was collected from the samples at intervals 

of 0, 1, 2, 3, 4, 5, and 6 hours. To ensure that the sample volume 

remained constant at 50 ml, an additional 5 ml of PBS was 

subsequently introduced. The samples were analyzed using a 

UV/Vis spectrophotometer set to operate at a wavelength of 210 

nm [24]. The total drug release capability of the sample was 

expressed as a percentage (t%).

Antibacterial assay
The well diffusion method assessed the antibacterial 

activity of CL-HAp/Alg/CuO samples against Escherichia 
coli and S. aureus bacteria [25]. First 10 mg/ml of the DMSO 

solvent was used to dissolve the CL-HAp/Alg/CuO samples. 

Next, bacterial isolates from NA medium plates were scratched 

with a sterile ose needle in a zigzag pattern to transfer them 

to the new NA medium. The NA medium was then cultured 

with the bacteria for 24 hours. After that, the MHA medium was 

streaked with the bacterium. Following that, 30 μl of the CL-

HAp/Alg/CuO-1, CL-HAp/Alg/CuO-2, CL-HAp/Alg/CuO-3, 

and CL-HAp/Alg/CuO-4 samples were pipetted into agar wells 

with a diameter of 7 mm. The Petri dish was maintained at 37°C 

for 24 hours in an aerobic incubator. The inhibition zone was 

evaluated following a 24-hour incubation period. Clindamycin 

HCl and DMSO served as the positive and negative controls, 

respectively.

Figure 3. The flowchart of the synthesizing HAp/Alg/CuO composite.



150 Wulandari et al. / Journal of Applied Pharmaceutical Science 14 (06); 2024: 147-153

RESULTS AND DISCUSSION

XRD analysis
The XRD pattern of HAp/Alg/CuO composite at 2θ 

15º–65º is shown in Figure 4a–d. It is possible to discern the 

distinctive peaks of HAp at 2θ angles of 25.87º, 32.16º, 46.67º, 

49.61º, and 53.22º. Conversely, the peaks of alg are observed at a 

2θ value of 21.82º [11]. The diffraction peaks of CuO were seen 

at 2θ angles of 35.64º, 38.74º, 48.44º, and 61.70º. The results are 

consistent with the hexagonal phase of HAp(ICSD #157481) 

exhibiting the P 63/m space group [26–28]. Based on the ICDD 

(The International Centre for Diffraction Data) standard #01-

080-1263, it can be observed that the characteristic peak of CuO 

has a monoclinic structure [16]. Peaks from the three constituent 

phases consisting of HAp, Alg, and CuO in composing the 

HAp/Alg/CuO composite indicate that electrostatic interactions 

between molecules have occurred [29]. The crystallite size was 

determined using the Scherrer equation

D = 

k λ
β Cosθ

where k is the Scherrer constant (0.89), β is the full-

width radiants at half maximum of the characteristic diffraction 

line of Alg, HAp, and CuO, 21.82º, 32.16º, and 35.64º, 

respectively, λ is the wavelength of the Cu-Kα radiation (1.5406 

Å), and θ is the Bragg diffraction [30]. It was obtained at 30.00, 

33.35, 24.14, and 26.84 nm for HAp/Alg/CuO-1, HAp/Alg/

CuO-2, HAp/Alg/CuO-3, and HAp/Alg/CuO-4, respectively. 

FTIR analysis
The FTIR spectra are depicted in Figure 5 and were 

acquired within the wavenumber range of 400–4,000 cm
−1

. HAp 

structure can be inferred from the OH stretching vibrations, which 

are indicated by the peak observed at 3,435 cm
−1 

[31,32]. The O–P–

Ov
2
 bending vibration is observed at a wavenumber of 472 cm

−1
, 

while the O–P–Ov
4
 bending vibration is detected at wavenumbers 

of 565 and 604 cm
−1

. In addition, the asymmetric stretching of the 

PO
4

3−
 group is observed at wavenumbers of 1,038 and 1,094 cm

−1
 

[33–35]. The vibrational bands seen at 1,633, 1,420, and 793 cm
−1 

correspond to the stretching vibrations of the carboxyl anion from 

Alg [36]. Meanwhile, the vibrational bands seen at 668 and 732 

cm
−1

 correspond to the prominent characteristic bands of the CuO 

molecule [16]. All absorption bands indicated that the HAp/Alg/

CuO composite was synthesized. 

SEM-EDS analysis
SEM images and elemental mapping of the HAp/Alg/

CuO-1, HAp/Alg/CuO-2, HAp/Alg/CuO-3, and HAp/Alg/CuO-

4 composites were displayed in Figure 6. SEM images depict 

spherical and irregular-shaped particles with agglomeration. The 

role of P. scutellaria extract as a capping agent was probably 

not maximized because the volume added was too small so that 

the particle shape was irregular, with an average particle size of 

the samples 0.432, 0.390, 0.449, and 0.394 μm for HAp/Alg/

CuO-1, HAp/Alg/CuO-2, HAp/Alg/CuO-3, and HAp/Alg/CuO-

4, respectively. The EDS spectra exhibited prominent peaks 

corresponding to calcium, carbon, phosphorus, and oxygen, 

validating the formation of the HAp/Alg/CuO composite. The 

elemental mapping analysis further corroborates the results 

presented in Figure 6. Cu element composition of HAp/Alg/CuO-

1, HAp/Alg/CuO-2, HAp/Alg/CuO-3, and HAp/Alg/CuO-4 is 

3%, 4%, 5%, and 6%, respectively, according to the increasing 

CuO concentration in the experiment.

Clindamycin release
The drug release profiles of the composites are 

presented in Figure 7. During the initial 2-hour period, the release 

of clindamycin was determined to be 28.62%, 45.51%, 60%, and 

62.41% for HAp/Alg/CuO-1, HAp/Alg/CuO-2, HAp/Alg/CuO-

Figure 4. XRDs of HAp/Alg/CuO composites: (a) HAp/Alg/CuO-1(black 

color), (b) HAp/Alg/CuO-2 (red color), (c) HAp/Alg/CuO-3(blue color), and 

(d) HAp/Alg/CuO-4 (magenta color).

Figure 5. FTIR analysis of HAp/Alg/CuO composites: (a) HAp/Alg/CuO-

1(black color), (b) HAp/Alg/CuO-2 (red color), (c) HAp/Alg/CuO-3(blue 

color), and (d) HAp/Alg/CuO-4 (magenta color).
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been shown to be hazardous to aquatic life, humans, animals, 

and the environment. However, the application of materials 

based on copper for human use has been approved by the US 

Environmental Protection Agency, indicating that there is no 

harm to the biological properties of humans[19].

The inhibition zones are classified into four categories: 

weak (diameter <5 mm), medium (diameter 5–10 mm), strong 

(10–20 mm), and very strong (20 mm) [39]. The diameter of 

the inhibition zone of CL-HAp/Alg/CuO-1, CL-HAp/Alg/

3, and HAp/Alg/CuO-4, respectively. Subsequently, the value 

mentioned above exhibited an upward trend as time progressed, 

culminating at the 6-hour mark with respective percentages of 

57.58%, 61.72%, 65.17%, and 69.65% for HAp/Alg/CuO-1, 

HAp/Alg/CuO-2, HAp/Alg/CuO-3, and HAp/Alg/CuO-4. The 

percentage of drug release that is higher indicates that there is 

also a higher percentage of drug absorbed [24]. When compared 

to other composite samples, it can be shown that sample HAp/

Alg/CuO-4 exhibits a more controlled drug release. Alginate 

may be crucial to the efficacy of this composite material since 

it significantly reduced hydrogel swelling due to a larger degree 

of cross-linking, delaying the release of the drugs that were 

contained [37]. CuO in this composite system can help inhibit 

the growth of bacteria or other microorganisms around the drug 

delivery site because of its excellent antibacterial properties 

[38]. This can be useful in treating infections or preventing 

infections during drug injections; in this case, it is about bone 

infections due to the S. aureus bacteria. The drug release pattern 

was similar for different concentrations of CuO in the HAp/

Alg/CuO composite. In addition, the microstructure, degree of 

carrier degradation, the medication’s solubility, and the nature 

of interactions between the carrier and the drug all significantly 

impact how well drug delivery systems operate [23]. 

Antibacterial assay
Antibacterial assay of CL-HAp/Alg/CuO composites 

showed different inhibition zones, as shown in Figure 8. The 

results showed that E. coli and S. aureus bacteria were well-

grown and distributed on the culture plate, excluding the zone 

surrounding the wells. The inhibition zone shows that the 

HAp/Alg/CuO composite can absorb clindamycin, retain it 

and, resist the bacteria. Excessive use of elemental copper has 

Figure 6. Images of SEM (left), mapping (center), and EDS spectra (right) of 

(a) HAp/Alg/CuO-1, (b) HAp/Alg/CuO-2, (c) HAp/Alg/CuO-3, and (d) HAp/

Alg/CuO-4 composites.

Figure 7. Clindamicyn release profile from HAp/Alg/CuO composites, HAp/

Alg/CuO-1 (black color), HAp/Alg/CuO-2 (red color), HAp/Alg/CuO-3 (blue 

color), and HAp/Alg/CuO-4 (magenta color).

Figure 8. Antibacterial assay of CL-HAp/Alg/CuO composites against (a and 

b) S. aureus and (c and d) E. coli.
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CuO-2, and CL-HAp/Alg/CuO-3 was 6, 8, and 9 mm against 

S. aureus bacteria and 7, 10, and 9 mm against E. coli bacteria. 

Magar et al. [14] reported that metal oxide (ZnO) nanoparticles 

with concentrations of 25, 50, and 100 μg/ml had increased 

inhibition zones of 8, 10, and 11 mm, respectively. It reveals that 

CuO has an essential role in presenting antibacterial properties 

besides the role of clindamycin. The inhibition zone of CL-

HAp/Alg/CuO-4 was 10 and 11 mm against S. aureus and E. 
coli bacteria, respectively, and these values are the highest 

among all the composites. Sedefoglu et al. [40] also reported 

that CuO nanoparticles have excellent antibacterial against S. 
aureus bacteria with an inhibition zone of 8 mm for CuO using 

Chizopogon roseolus extract and 11 mm for CuO using Coprinus 
comatus extract. These antibacterial results support the previous 

clindamycin release test results that CL-HAp/Alg/CuO-4 has the 

highest percent drug release as well as the largest inhibition zone.

CONCLUSION
HAp/Alg/CuO composites have been successfully 

synthesized using the precipitation method and assisted by a 

green synthesis approach using P. scutellaria leaf extract. The 

results of XRD, FTIR, and SEM-EDS analysis results show 

that HAp/Alg/CuO composites have been synthesized properly. 

HAp/Alg/CuO-4 composite had the maximum percentage 

of drug release, which is 69.65%. This is supported by the 

antibacterial test, which shows the inhibition zone of CL-HAp/

Alg/CuO-4 was 10 and 11 mm against S. aureus and E. coli 
bacteria, respectively, and these values are the highest among all 

the composites. The overall characterization and tests implied 

that HAp/Alg/CuO composites can be applied for drug carrier 

materials, especially for clindamycin hydrochloride.
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