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Introduction 

Hydroxyapatites, due to their biological, chemical and 
physical properties, are used for years in bone and dental 
surgery. These biomaterials exhibit biocompatibility with 
bone tissue as well as they do not show negative 
properties like cytotoxicity and sensitizing activity [1-3]. 
Implementation of these medical materials into organism 
during a surgical operation carries a potential risk of 
bacterial infection inside operated location, which in turn 
may lead to systemic infection. This kind of danger 
imposes using appropriate antibiotic therapy, where 
medications are administered intravenously or orally. 
Unfortunately, above-mentioned routes of administration 
enforce using high dosages of antibiotics due to weak 
vascularity of bone tissues, which can cause serious 
adverse events and can destroy natural microbiota of 
human body. 
Thanks to hydroxyapatite's ability to easy adsorption 
many of drug substances, it could be used as carrier for 
antibiotics or ions with antibacterial properties [4,5]. 
Following work was focused on synthesis of 
hydroxyapatites doped with two such ions - silver and 
gallium, and afterwards on studying properties of 
obtained biomaterials. 
 
Materials and Methods 

Hydroxyapatites were synthesized by wet precipitation 
method and solid-state method. The following reagents 
were used: Ca(NO3)2·4H2O, (NH4)2HPO4, AgNO3, 
Ga(NO3)3·3H2O, NH3·H2O in wet precipitation method 
and CaCO3, (NH4)2HPO4, Ag2CO3, Ga2O3 in solid-state 
method. 
In wet precipitation method adequate amount of 
Ca(NO3)2·4H2O and AgNO3 or Ga(NO3)3·3 H2O (or both) 
was dissolved in 500 ml of distilled water and 
(NH4)2HPO4 in 50 ml of distilled water. Next, diammonium 
hydrogen phosphate solution was added drop-wise to 
calcium nitrate solution. Afterwards ammonia solution 
was added to adjust pH to 10. Reaction mixture was 
heated to 70°C and stirred for 2 h and after that time it 
was left to age for 24 h. Finally, obtained product was 
filtered and washed with distilled water to eliminate 
ammonium nitrate and dried at 100°C for 24 h. 
In solid-state method adequate amount of CaCO3, 
(NH4)2HPO4 and Ag2CO3 or Ga2O3 (or both) was added 
to milling container and then milled for 30 min. Product 
was formed into tablet and sintered in 1100°C. 
In total, 10 hydroxyapatites doped with silver, gallium or 
both ions were obtained. 
Following physicochemical methods were used to 
investigate the obtained materials: Powder X-ray 
Diffraction (PXRD), Solid-state Nuclear Magnetic 
Resonance (ssNMR), Fourier Transform Infrared 

Spectroscopy (FTIR) and Transmission Electron 
Microscope (TEM). In addition, biological study to 
determine cytotoxicity of synthesized materials was 
performed. The neutral red uptake (NRU) cytotoxicity test 
was performed on the basis of ISO 10993 guideline 
Annex A [6] with BALB/c 3T3 clone A31 mammalian cell 
line. 
 
Results and Discussion 

PXRD, ssNMR and FTIR experiments allowed to 
determine that synthesized materials are 
hydroxyapatites. Using the wet method, the powders 
were obtained as nanocrystals, what is visible on TEM 
photos (example on FIG. 1). The samples from solid-
state method are microcrystalline. PXRD diffractograms 
confirm high crystallinity of the samples obtained by dry 
method.  
Cytotoxicity tests exhibit that almost all the synthesized 
biomaterials were non-cytotoxic. Only in case of the 
sample with highest concentration of silver ions 
cytotoxicity occurred. 
 

 
FIG. 1. TEM image of nanocrystals of the synthesized 
hydroxyapatite doped with silver ions. 
 
Conclusions 

In following work, 10 hydroxyapatites doped with silver or 
gallium ions (or both) were synthesized. Their identity 
and chemical structure were confirmed thanks to various 
physicochemical studies. Majority of synthesized 
biomaterials didn't show cytotoxic properties. Currently 
antibacterial properties of these materials are under 
investigation. Results of these studies will allow to 
determine possibility of apply obtained materials in the 
cases mentioned in the Introduction.  
 
Acknowledgments 

This work was supported by the research programme 
(UMO-2016/22/E/ST5/00564) of the National Science 
Center, Poland. 
 
References 

[1] W. Habraken, P. Habibovic, M. Epple, M. Bohner, 
Calcium phosphates in biomedical applications: materials 
for the future? Mater. Today 19 (2016) 69-87. 
[2] S. Dorozhkin, Bioceramics of calcium 
orthophosphates, Biomaterials 31 (2010) 1465-1485. 
[3] S. Dorozhkin, Calcium orthophosphate bioceramics, 
Ceram. Inter. 41 (2015) 13913-13966. 
[4] M. P. Ginebra, T. Traykova, J. A. Planell, Calcium 
phosphate cements as bone drug delivery systems, J. 
Controll. Release 2006, 113 (2), 102-10. 
[5] M. Vallet – Regí, Bioceramics with Clinical 
Applications, Chichester 2014. 
[6] EN ISO 10993-5:2009 Biological evaluation of medical 
devices - Part 5: Tests for in vitro cytotoxicity (ISO 10993-
5:2009), Annex A Neutral red uptake (NRU) cytotoxicity 
test.  


