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ABSTRACT 

Porous hydroxyapatite coated with antibiotic gentamycin for drug delivery system is 
namely Bonigent. In this product, antibiotic (gentamycin) is coated into the scaffolds HA 
porous and would then be released slowly into the bone tissue upon implantation, this 
way would 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. The 
purpose of 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. We also successfully producing a scaffold HA bone graft substitutes 
incorporated with antibiotic gentamycin to combating bio-film and prevent the failure 
medical device implant for healthy and human nation. Bone graft substitutes into porous 
scaffolds suitable for drug delivery; loading the scaffolds with gentamycin; and study 
release rate in vivo were studied. Porous bone grafts substitutes are coated with 
antibiotic gentamycin by immerse technique. In order to limit biofilm formation, 
biomaterials loaded with suitable antibiotics can be used as a preventative measure. 
The biomaterial hydroxyapatite (HA) is an osteoconductive space filler and is produced 
locally by Malaysian Nuclear Agency. Porous HA and HA/TCP has the potential to be 
used as synthetic bone graft materials because it is bioactive and biocompatible with 
bone tissues. 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. Characterization of the physical analysis, porosity, surface morphology 
by Scanning Electron Microscopy Analysis (SEM) and biological assessment 
biocompatibility.  
    
Key word:  Porous HA , coated, Gentamycin and biocompatibility 
 
 
 



Page 2 
 

INTRODUCTION 
 
Loss of bone due to surgery, accidents or normal aging very often entails a functional 
and/or cosmetic handicap. To heal a fracture, the bone-producing cells need a 
framework (matrix) both to grow on and to attach the produced bone minerals and 
proteins to. In a normal situation, blood clots and connective tissue fill out the fracture 
space, thus creating the necessary bridge for bone growth.  
 
However, if the defect is too large, the healing process is halted. Bone grafting, a 
surgical procedure that replaces missing bone with material from the patient's own 
body, an artificial, synthetic, or natural substitute, is the most common form of 
regenerative therapy. Bone grafts are often necessary to provide support, fill voids, and 
enhance biologic repair of skeletal defects. Several bone substitutes have been used in 
clinical periodontal therapy to encourage bone formation.  
 
Nuklear Malaysia with collaboration with Universiti Putra Malaysia (UPM) the 
development of a bone graft substitute which can transmit antibody into the local bone 
tissue. However, allograft bones have drawbacks resulting in the formation of biofilms. 
Surgically, these biofilms or microorganisms may cause abscesses, prosthetic failure 
and osteomyelitis. These bacteria can be the source of various chronic diseases and 
increased morbidity. In surgical patients, they may cause latent infections that 
physicians see many weeks to months following a surgical procedure. Upon the initial 
treatment with antibiotics, the infection may respond. However, it may return at a later 
time despite a full course of antibiotic therapy. This is partly due to the natural 
composition of these bacteria, which allow them to develop drug resistance. 
In management of postoperative spinal and other bone infections, oral or intravenous 
antibiotics may be administered. A course of antibiotics that varies over a period of 4 
weeks and 6 months is usually given to reduce the likelihood of infection. While 
systemically administered antibiotics have been relatively successful in reducing acute 
infection, it has not been so successful in reducing delayed infections 
Subsequent to the successful development of bone graft substitute Bonipor, 
researchers in Nuklear Malaysia have developed bone graft substitutes which are 
incorporated with one or more antibiotics. Bonigent is a bone graft impregnated HA and 
HA/TCP with antibiotic gentamycin to combat biofilms and prevents systemic infections 
and helps promote bone growth..  
 
 
Materials & Methods 

Porous bone graft substitutes are coated with antibiotic gentamycin by immerse 
technique. In order to limit biofilm formation, biomaterials loaded with suitable antibiotics 
can be used as a preventative measure. The biomaterial hydroxyapatite (HA) is an 
osteoconductive space filler and is produced locally by Malaysia Nuclear Agency. 
Porous HA and HA/TCP has the potential to be used as synthetic bone graft materials 
because it is bioactive and biocompatible with bone tissues. 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 
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Cell culture studies 

Human osteoblasts (ATCC CRL-11372) was used to assess the cytotoxicity of the 
Gentamycin-coated biomaterial by the MTT colorimetric assay methods. For the MTT 
assay, cell was grown in 75cm2 T-flask containing 1:1 mixture of Ham's F12 medium 
and Dulbecco's modified Eagle's medium. A confluent cell monolayer was trypsinized 
with trypsin-EDTA solution 1:1 (PAA, Australia) in PBS. Cells were suspended in 
complete growth medium and the cell suspension was centrifuged for 5 min at 4oC, 
1000rpm. The pellet was resuspended with complete growth medium and the cell 
suspension was dispatched in 96-well plate (TPP, Switzerland). All wells were filled with 
100µl of 105 cell/ml of cell suspension and cultivated overnight at 34oC.  
The data analysis and data quantitative were determined by t-test and means ± 
standard deviation. The growth curve of bacterial strains and the relationship between 
RLU and CFU were demonstrated by using graphs 
 
Result and Discussion 
 
Graph of Percentage of Viability of Osteoblast Cells versus  
Concentration of Gentamycin (mg/ml) coated in Hydroxyapatite 
 
 
 
 
 
 
 
 
 
 
 
 
 

Drug slow release study
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Therefore, the locally made hydroxyapatite coated gentamycin is biocompatible  
for the growth of osteoblast cell lines.  
 
Graph of Percentage of Viability of Biofilm (P.aeruginosa) versus Concentration of 
Gentamycin (mg/ml) coated in Hydroxyapatite 
 

 
Therefore, the IC50 for hydroxyapatite coated with gentamycin is approximately 5mg/ml. 
 
 
SEM Morphology 
 

 
Figure scaning Electron Micrograpths of gentamysin-coated HA with osteoblasts. (a) 
The osteoblasts attached on o.1mg/ml concentration gentamysin-coated HA (5000x) 
and (b) The osteoblasts shrinked and some cells sloughed off (arrow) from HA coated 
with 10.0mg/ml gentamysin (5000x). 

a b
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In Vitro Release Study 
 

 
 

SEM EDX 
 

 
                   SEM-EDX spectrum of sintereHA 
 
  XRD 
 

 
 

The XRD spectra of statarting material comparison with porous after fabrication 
Standard (JCPDS) HA, (JCPDS#9-432) α – TCP, (JCPDS# 9-169) β – TCP dan 
(JCPDS#37-1497) CaO 
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Drug Slow Release Study 
 

 
 
 
CONCLUSION 
 
In this study, a pure HA powder of high crystallinity has been successfully prepared via 
sol gel precipitation using calcium hydroxide and orthophosphoric acid. Bonipor is 
designed to be used as new bone graft substitute (BGS) by orthopedic surgeons, 
craniofacial surgeons, dental surgeons and maxillofacial surgeons.Bonigent is intended 
to be used as new bone graft substitute (BGS) already incorporated with antibiotic 
gentamycin with special feature of slow release into the local bone tissue. Bonigent is 
suitable for non-load bearing. 
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