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Effects of zinc ion contents on pro-osteogenic and antibacterial activities of micro-arc oxidation coatings  

 

Zhang Zhen-xiang (Department of Orthopedics, Taizhou People’s Hospital, Taizhou 225300, Jiangsu Province, China) 

 

Abstract 

BACKGROUND: Some studies have found that zinc ions have pro-osteogenic activity, while zinc ions at high levels are also reported to 

inhibit the differentiation of osteoblasts instead of the pro-osteogenic activity. In some studies, zinc ions that are injected into the surface of 

titanium have ineffective antibacterial effects. Therefore, further investigations on zinc ion’s effects as a controversial topic are required.  

OBJECTIVE: To observe the effects of zinc ion content on the pro-osteogenic and antibacterial activities of micro-arc oxidation coatings. 

METHODS: The coating was made on the surface of titanium by micro-arc oxidation method. The zinc ion content (atomic percentage) in the 

coating was set to 0.199%, 0.574%, and 1.995%, respectively, as low, medium and high dose groups. Untreated titanium plates were used as 

controls. MG63 cells were seeded on the surface of four groups of materials and tested for cell proliferation, morphological changes, and 

alkaline phosphatase activity. Staphylococcus aureus was inoculated on the surface of four groups of materials and the antibacterial rate was 

detected at 48 hours after inoculation. Bacterial adhesion was observed at 24 hours after inoculation. 

RESULTS AND CONCLUSION: Within 7 days of culture, the number of MG63 cells on the material surface gradually increased with time. 

The proliferative ability of cells was highest in the low-dose group, followed by the middle-dose and control group, and it was lowest in the 

high-dose group. After 48 hours of culture, the cells in the control, low-dose and middle-dose groups showed normal morphology and 

expanded pseudopodia, and some pseudopodia penetrated into the cell surface, while normal or intact cells were undetected in the high-dose 

group. Within 13 days of culture, the activity of alkaline phosphatase was the highest in the low-dose group, followed by the middle-dose and 

control groups, and the lowest in the high-dose group. There were significant differences in the activity of alkaline phoshatase between groups 

(P < 0.05). The antibacterial rate of the materials was 62.54% in the low-dose group, 69.84% in the middle-dose group, and 79.19% in the 

high-dose group, respectively. Findings from this study reveal that with the increase of zinc ion contents, the pro-osteogenic activity of 

micro-arc oxidation coatings decreased, while the antibacterial property improved. 

Subject headings: Titanium; Zinc; Tissue Engineering 
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Table 1  Composition of electrolyte solution     

�� Ca(Ac)� Na�P�O�� Zn(Ac)� 

���� 0.10 0.025 0.01 

���� 0.10 0.025 0.03 
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Figure 2  Proliferative ability of MG63 cells on different material 

surfaces 

��� 

���� 

	��� 


��� 

 

4          7         10         13 

 

��(d) 

5.0

4.5

4.0

3.5

3.0

2.5

�
�

�
�
	



�
�
�

(
O

D


)
 

� 4  ������MG63�������� 

Figure 4  Activity of alkaline phosphatase in MG63 cells on 

different material surfaces 
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Figure 3  Morphology of MG63 cells on different material surfaces 
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Figure 5  Adhesion of Staphylococcus aureus onto the material surface in each group 
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Figure 1  Surface topography of different titanium materials 
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