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Nanotechnology is a multidisciplinary field of research that still gets a lot of interest. Nanomaterials show interesting 

chemical and physical properties different from those in the micro-sized scale so that they may be applied in various areas, 

among others in biology, chemistry and physics. 

Hydroxyapatite (Ca₁₀(PO₄)₆(OH)₂ (HAp)) is a natural component of human body, especially teeth and bones. Its 

synthetic analogue can be synthesized and structurally modified in order to obtain apatite with desired properties. 

Nanocrystalline HAp is being used as bone cement as well as an implant coatings, dermal fillers and drug delivery systems 

due to its high biocompatibility (in vitro and in vivo) [1-3]. Moreover, the  hydroxyapatite crystallizes with a hexagonal 

structure belonged to the P63/m space group and is able to substitute different cations in the 4(f) and 6(h) crystallographic 

positions. Among  various cations, Ag+, Cu2+ or Zn2+ are well-known for their antimicrobial properties therefore the 

cations-doped hydroxyapatite could be used in a bacterial infection prevention, in particular as concerns implant insertion 

procedure. 

The materials were synthesized using a co-precipitation method, where the concentrations of Zn2+ and Cu2+ ions 

were set on 5 mol% in a ratio to entire calcium ions molar content (see Table 1).  

 
Table 1 Formulas of tested hydroxyapatites 

Dopants Hydroxyapatite formula 

Pure HAp Ca10(PO4)6(OH)2 

5 mol% Zn2+ Ca9,5Zn0,5(PO4)6(OH)2 

5 mol% Cu2+ Ca9,5Cu0,5(PO4)6(OH)2 

5 mol% Zn2+, 5 mol% Cu2+ Ca9,0Zn0,5Cu0,5(PO4)6(OH)2 

 

The XRPD (X-ray powder diffraction) was performed in order to confirm the formation of pure hydroxyapatite 

structure. For the evaluation of antimicrobial activity of nanohydroxyapatites colloidal solutions, pressed disks and 

galactose-based hydrogels were prepared. Furthermore, the SEM (Scanning Electron Microscopy) images were taken to 

evaluate the morphology of tested materials. The antibacterial activity was checked against Gram-negative bacteria: 

Pseudomonas aeruginosa and Escherichia coli strains. The surveillance of tested strains in the presence of the tested 

nanomaterials (in a form of colloidal solutions) was assessed using colony counting method, confocal laser scanning 

microscopy (CLSM) with live/dead staining and the SEM images. Moreover, the biofilm formation on the surface of 

pellets (pressed materials) and hydrogels was compared using the CLSM with live/dead staining. The influence of surface 

topography on bacterial adhesion to pellets was also assessed with the CLSM. 

The obtained results suggest that the studied materials, especially those doped and co-doped with Cu2+ ions, 

effectively decrease bacterial viability in the saline and limit bacterial growth in the culture medium. Additionally, changes 

in bacterial adhesion to hydrogels and pellets were visible and hydrogels were more prone to be colonized by both tested 

strains. The morphology of the biofilms on the surface of particular materials was also altered, especially by nHAp:Cu2+ 

and nHAp:Cu2+-Zn2+ materials. The biofilms formed on the surface of hydrogels were scattered while the one formed on 

other materials were more clumped [4]. 
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