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1.0 Introduction 

Biomaterial is defined as synthetic material, which is 

implanted to substitute living tissue for satisfying normal 

functionalities of the body. Such a synthetic material with 

certain bioactivity, from a biological point of view, is 

fundamentally different from a biological soft or hard tissue 

such as bone, dentin, and enamel in body. Porous 

hydroxyapatite coated with antibiotic gentamycin for drug 

delivery system. In this   product, antibiotic (gentamycin) is 

coated into the scaffolds HA porous and then be released 

slowly into the bone tissue upon implantation. It can increase 

drug penetration, thus avoiding systemic infection, preventing 

the formation of biofilm and improved healing. When a 

foreign material (implants or scaffolds of bone graft 

substitutes) is introduced into the body, there would be 

normally formation of biofilm that can lead to systemic 

infection and cause device failure. Surgeon will use antibiotic 

such as gentamycin to avoid these effects. This project is to 

investigate the feasibility of fabricating a drug delivery 

system (DDS) that serves dual functions, to combating 

biofilms and to enhance bone ingrowths. Scaffold porous HA 

Porous HA, 

Coated, 

Gentamycin,  

Drug slow release 
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Porous HA has the potential to be used as synthetic bone graft materials because it is 

bioactive and biocompatible with bone tissues. The biomaterial porous HA is an 

osteoconductive space filler and is produced locally by Nuclear Malaysia Agency. 

Development of a product as bone graft substitute (BGS) with special ability of 

delivering drug (gentamycin) to bone tissue for better and more effective healing 

process. The production of HA using precipitation method includes chemical synthesis, 

aging, filtering, oven drying, milling and spray drying process. The HA produced will 

be fabricated into porous HA by using sponge technique and then sintered at 1150oC. 

Characterization of the chemical analysis, surface morphology by Scanning Electron 

Microscopy Analysis (SEM).Drug slow release were study after gentamycin were 

incorporated with porous HA.  Gentamycin is incorporated into the HA by dipping the 

samples into gentamycin solution at three different ratio  of 0.1%, 0.5 % and 1.0%  of 

gentamycin and soaked three times and then placed in the dry oven for 10 minutes each. 

The drug loading percentages is then calculated. The adsorption efficiency was 

expressed as percentage (the change in weight before and after drug incorporation work 

divided by the weight before incorporation). The HA-gentamycin plant will be soaked 

with PBS pH 7.4 at 37 oC. Drug release profile studies are done by using UV 

spectrometer for 12 weeks. Porous HA bone graft substitutes is suitable for drug 

delivery; loading the scaffolds with gentamycin; and study release rate in vivo. 
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were incorporated with antibiotic gentamycin to combating 

bio-film and prevent the failure medical device implant for 

healthy and human nation. Porous HA as bone graft 

substitutes are coated with antibiotic by immerse technique. 

In order to limit biofilm formation, biomaterials loaded with 

suitable antibiotics can be used as a preventative measure. 

Applications of hydroxyapatite include surface coating of 

orthopedic and dental metal implants where HA both promote 

osseointegration process and reduce metal ion release by 

acting as a physical barrier; bioceramic preparation for 

replacements of bone fragments, repair of periodontal bony 

defects; and use as drug carrier for controlled drug release 

with promising potential to heal bone fractions and suppress 

inflammation process. (Lazic et al. 2001). 

Osteomyelitis is an acute or chronic inflammatory process of 

the bone and its structures secondary to infection with 

pyogenic organisms. Osteomyelitis may be localized or it may 

spread through the periosteum, cortex, marrow, and 

cancellous tissue. The bacterial pathogen varies on the basis 

of the patient's age and the mechanism of infection.  Bacterial 

causes of acute and direct Osteomyelitis include community-

associated methicillin-resistant Staphylococcus Aureus 

(MRSA), Kingella Kingae and others. Treatment for 

osteomyelitis involves the initiation of intravenous antibiotics 

that penetrate bone and joint cavities, referral of the patient to 

an orthopedist or general surgeon and possible medical 

infectious disease consultation (King et al, 2010). 

2.0 Materials and Methods 

Hydroxyapatite biomaterial is produce  by Agency Nuclear 

Malaysia.  Synthesize pure HA by using wet precipitation 

method using calcium nitrate and diammonium hydrogen 

phosphate. HA can be synthesized by using precipitation 

method from mixture of calcium nitrate, Ca(NO3)2 and 

diammonium hydrogen phosphate, (NH4)2HPO4. The 

chemical equation is as follows: 

10Ca(NO3)2 + 6(NH4)2HPO4 + 8NH4OH  Ca10(PO4)6(OH)2 

+ 20NH4NO3 + 6H2O 

Porous HA is fabricated by using sponge technique. 

Gentamycin was incorporated into HA implants by using the 

dipping technique. Three samples of HA implants (after 

sintered at 1150oC ) were selected and then soaked in a 

solution of 0.1%, 0.5 % and 1.0% of gentamicin solution. 

After that, the samples were oven-dried for 10 minutes. This 

process will be done three times. The adsorption efficiency 

was expressed as percentage (the change in weight before and 

after drug incorporation work divided by the weight before 

incorporation). In vitro drug release studies 

Preparation of PBS 7.4 was based on British Pharmacopoeia. 

2.38g of disodium hydrogen orthophosphate, 0.19g of 

potassium dihydrogen orthophosphate, and 8.0g of sodium 

chloride were dissolved in sufficient amount of distilled water 

to produce 1000ml. Distilled water can be added slowly to 

increase the pH of the solution until it reaches pH 7.4 with the 

help of pH meter (model Mettler Toledo Delta 32). 

Determination of in vitro drug release profile the HA-

gentamycin implants were immersed into vials with 10ml of 

PBS 7.4. Each set of implant were placed into incubator 

shaker set at 37 oC and 40 rpm for a better prediction of in 

vivo release. Two milliliters of each sample were withdrawn 

at specified time points up to 14 days. Two milliliters of fresh 

phosphate buffer were replaced for each two milliliters 

withdrawn to maintain sink condition. 

 

Concentration of 

gentamycin solution (mg/ml) 

Absorbance 

0.1 0.118 

0.5              0.539 

1.0 1.097 

 

Calibration curve of gentamycin 

A calibration curve of gentamycin was prepared. Gentamycin 

solution with the concentrations of 0.1%, 0.5% and 1.0% 

were prepared. The model drug solution concentrations were 

analyzed via UV-Visible Spectrophotometer (model 

Secomam Uvi Light XS 5) at 290nm peak absorbency to 

obtain the respective absorbance values. The wavelength at 

290nm was determined as the peak absorbency wavelength as 

maximum absorbency at this particular wavelength was 

observed. The equation of the linear curve  shown in table 1 

and figure 1 produced with the three points of different 

concentrations was used to quantify the concentrations of 

gentamycin in the withdrawn sample solutions. Drug release 

profiles for the different sets of implants up to 10 days were 

obtained.  
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Table 1  Absorbance of gentamicin solution of different 

concentration at 290nm 

 

Fig. 1  Graph of calibration curve of gentamycin 
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3.0 Results 

3.1 Analysis HA Powder of XRD 

The phase purity of the HA powder was detected by using the 

XRD machine. From the Figure 2 below, there is a prime 

peak corresponding to commercial HA at 31.7673o with d-

spacing at 2.81688o. The XRD pattern also showed a sharp 

and slim peak indicating a highly crystalline structure. 
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3.2 Analysis of FTIR 

The HA green body and HA sintered chemical structures was 

characterized using FTIR spectrometer. Figure 3 illustrates 

the FTIR spectrum of HA green body before and after 

sintered. Figure 4 shows the FTIR spectrum HA after sintered 

at 1150 oC.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig. 2  Results of XRD 

Fig. 3  FTIR spectrum of HA green body 

For spectrum of HA green body, vibrations detected were 

soluble CO2 (v3) bands at 2325.98 cm1, H2O absorbed (v2) at 

1645.08 cm-1, structural OH at 3360.78 cm-1,  CO3
- group at 

1981.83 and 1455.31 cm-1, PO4 bend v3 at 1011.62 cm-1 and 

PO4 bend v4 at 598.45 cm-1 and 557.59 cm1. 

For spectrum of sintered HA sample, vibrati and 3571.49 cm-1,  

CO3
- group at 1982.10 cm-1, PO4 stretch v1 at 960.55 cm1, PO4 

bend v3 at 1086.98 cm-1 and 1014.68 cm-1, PO4 bend v4 at 

626.90 cm-1, 597.37 cm1 and 556.15 cm1. 

ons detected were structural OH at bands 33851.38 cm-1 The 

spectrums detected were corresponded well with the spectrum 

of pure HA as reported by Ramay and Zhang (2003). The 

chemical structures changes that detected between HA 

samples before and after sintered are because OH group were 

eliminate during sintering process.  

3.3 Analysis of SEM 

One sample of HA powder after sintered and one sample of 

porous HA were sent to be analyzed by using Scanning 

Electron Microscope (SEM-EDX). Figure 5 and 6 below show 

SEM micrograph of sintered HA sample at magnification of 

1000x and 10000x respectively From SEM images, the shapes 

of HA particles are slightly spherical with the average size 

being less than 20µm. For the porous sample, the sample 

structure is fragile. However, the pores are open and connected 

to each other. The sample surface is smooth. 
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3.4 Composition Ca:P by SEM-EDX 

Compositional analysis was done towards the HA sintered 

sample by using SEM-EDX to identify the Ca:P ratio. From 

the data available in Figure 7, the atomic percentage of Ca is 

30.86 and atomic percentage of P is 19.70. The atomic Ca:P 

ratio calculated was 1.567. This value is similar to the 

stoichiometric value of HA which is 1.67.  

3.5 Drug Loading Percentage 

Three samples of HA named as A, B, C were selected and 

then soaked in a solution with concentration of 0.1 %, 0.5% 

and 1.0% of gentamicin solution. The adsorption efficiency 

for each implant was expressed as percentage (the change in 

weight before and after drug incorporation work divided by 

the weight before incorporation). The results are as Table 2 

below: 

 

Samples Weight 

before 

loading 

Weight after 

loading 

Drug loading 

percentage 

A-0.1% 0.3414g 0.4109g 20.35% 

B-0.5% 0.3083g 0.3774g 22.41% 

C-1.0% 0.2681g 0.3316g 23.69% 

 

 

 

Adsorption efficiency of gentamycin loaded was found to be 

in ranged of 20.35% to 23.69% respectively. The loaded 

percentage was nearly the same for all implants. Adsorption 

efficiency increased with increase of pore percentage and 

distribution of pores. 

3.6 In Vitro Release of Gentamycin  

The in vitro gentamicin release in PBS (pH 7.4) was shown in 

Figure 8. All implants showed sustained release of gentamicin 

until 12 weeks reriod time. Formulations 0.1%. showed 

higher drug release  after 5 weeks compared to formulation 

0.5% and 1.0% These two formulations were prepared using 

HA-gentamycin  implants with comparatively lower drug 

concentration and drug loadings efficiency. This indicates that 

the gentamycin drug release rate from the implants was 

depended on the amount of drug concentration and drug load. 

Therefore, gentamycin release pattern from HA-gentamycin 

implants may enable physicians and clinicians to achieve and 

maintain a therapeutic drug concentration in the infected bone 

tissue area for a long period of time. Figure 8 were shown 

drug gentamycin continuously release until 12 weeks. Drug 

release rate from formulation 0.1% is higher relase than 0.5% 

and 1.0% until 12 weeks observation. 

4.0 Discussion and Conclusion 

HA powder has been successfully synthesized using wet 

precipitation method using calcium nitrate and diammonium 

hydrogen phosphate followed by spray-drying.

Fig. 4  FTIR spectrum of sintered HA 

Table  2 Percentage of drug loading for three drug concentrations 
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The Ca:P ratio obtained from SEM-EDX at 1.567 that is quite 

similar with stoichiometric value of standard HA which is at 

1.67 Ca:P ratio. The HA powder was then successfully 

fabricated into porous HA samples via sponge technique. A 

mixture of sago starch and PVA is used as binder. SEM 

micrographs showed porous HA produced is suitable to use in 

porous bone graft substitutes.  

 

 

The drug loading percentage ranged from 20.35% to 23.69%. 

The HA-gentamycin implants demonstrated drug release with 

a slow continuous drug release for more than two weeks. This 

showed that HA-gentamycin implant is suitable to be used as 

drug delivery material. Prolonged release of an antibiotic 

from these implants at the infected site may achieve elevated 

local antibiotic concentration, while minimizing the risk of 

systemic toxicity. The high antibiotic concentration in  

Fig. 5  SEM micrograph of sintered HA sample at magnification of 1000x 

Fig. 6  SEM micrograph of sintered HA sample at magnification of 10000x 
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implants would help reduce the implant size, facilitating 

surgery and decreasing the hospitalization period.  

This type of HA based bone delivery can be also developed 

for the treatment of osteoporosis, osseous tumors, trauma, 

osseous cancers and others, in which local drug delivery 

aimed at filling defects in the skeleton is effective. Depending 

on the disease, various bioactive agents like antibiotics,  

 

anticancer agents, growth factors or other proteins, can be 

locally released and this may accelerate the process of bone 

regeneration.This project has some aspects that can be 

improved in order to produce porous bone graft substitutes 

that can be commercially used as drug delivery material.  
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