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Application of a new type of biodegradable zinc alloy implant material in a rat model of bone repair

GAO Zhihan', GAO Mingze”, CHEN Peijian',FU Gaojie’, LIU Jieting', XIAO Yang’
(1. Department of Biomedical Engineering, College of Life Sciences, Mudanjiang Medical University, Mudanjiang 157000, China;2. Department of Elec-

trical Engineering and Electronics, School of Medical Imaging, Mudanjiang Medical University, Mudanjiang 157000, China;3. Department of General

Surgery, The Second Affiliated Hospital , Mudanjiang Medical University , Mudanjiang 157000, China)

Abstract Objective To compare the in vitro degradation rate, cytotoxicity , in vivo osteogenic ability,and in vivo biotoxicity of a new
type of biodegradable implant material Zn-2Cu-xSr (x= 0,0.5,and 1 wt.%) alloy and evaluate its application prospects in the orthopedic
field. Methods The in vitro degradation ability of Zn,Zn-2Cu,Zn-2Cu-0.5Sr,Zn-2Cu-1Sr, and Ti materials was evaluated by pH moni-
toring and material degradation rate. Cell proliferation experiment and cytoskeleton fluorescence staining were used to compare the in vitro
cell compatibility of Zn,Zn-2Cu, Zn-2Cu-0.5Sr, Zn-2Cu-1Sr, and blank control. Micro-computed tomography (CT) scanning and hone min-
eral density detection were used to evaluate the in vivo osteogenic ability of Zn,Zn-2Cu,Zn-2Cu-0.55r, and Zn-2Cu-1Sr. HE staining was
used to compare the in vivo biotoxicity of Zn-2Cu-1Sr and blank control. Results There were no statistical differences in the pH values
between the Zn,Zn-2Cu, Zn-2Cu-0.5Sr, Zn-2Cu-1Sr,and Ti groups (P > 0.05). The degradation rate in the Zn-2Cu-0.5Sr group was signifi-
cantly lower than that in the Zn-2Cu-1Sr and Zn-2Cu groups (P < 0.05). The cell proliferation rate in the blank control group was signifi-
cantly lower than that in the Zn-2Cu-0.5Sr and Zn-2Cu-1Sr groups (P < 0.05). The bone mineral density in the Zn-2Cu-1Sr group was
significantly higher than that in the Zn-2Cu and Zn-2Cu-0.5Sr groups (P < 0.05). HE staining showed no abnormal or pathological mor-
phology in the rats’ heart, liver, lung, and kidney tissues in the Zn-2Cu-1Sr group. Conclusion Adding trace amounts of Cu and Sr to Zn
can reduce the degradation rate and improve the biocompatibility and osteogenic ability of the material.

Keywords zinc; copper; strontium; osteogenic ability ; biodegradation; orthopedic implant
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Fig.1 Schematic diagram of animal experiment
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Tab.1 pH values of the culture medium in each group at 24 and 72 h

Time point Zn group Zn-2Cu group Zn-2Cu-0.58r group Zn-2Cu-1Sr group Ti group
24 h 6.87 £ 0.02 6.94 +0.02 6.91 £ 0.02 6.95 +0.02 6.90 + 0.05
72h 6.77 £0.11 6.91£0.03 6.93 £ 0.07 6.93 +0.02 6.94 £ 0.03

OSSR Zn s 4 MBHE AR 4D 35 52 5 i iR i
24172 hiy i B 2 , 15 th PR . 24 hit, Zn-
2Cu-0.5Sr2H Ffif 26 1 25X T Zn-2Cu F1Zn-2Cu-1Sr
2 (P <0.01),Zn-2Cuff]l i 3 X TZn-2Cu-1Sr4 (P <
0.05) . 72 hitf,Zn-2Cu-0.5Sr4 F1Zn-2Cu-1Sr4 %

i B F K FZn-2Cu#] (P < 0.01), [fiiZn-2Cu-0.58r
H5Zn-2Cu-1Se8H WL, B R R L Ge i 25 % (P>
0.05) . B & 5% 3% Bf 8] (%) 34 i, Zn-2Cud] \Zn-2Cu-
0.5Sr2H F1Zn-2Cu-1Se41 H172 h'524 Wi 1L, Fefie 4y
BETE (P<0.01) JHF2,
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Tab.2 Degradation rates of the materials in each group at 24 and 72 h

Time point 7Zn-2Cu group Zn-2Cu-0.5Sr group Zn-2Cu-1Sr group
24 h 0.009 0 + 0.000 1 0.007 2 £ 0.000 5" 0.009 4 £ 0.000 2"
72 h 0.016 8 + 0.000 7* 0.012 1+0.001 1"¥ 0.012 9 = 0.000 8"+

1)P < 0.05 vs. Zn-2Cu group at the same time poinl;Z) P <0.05 vs. Zn-2Cu-0.5Sr group at the same time point; 3) P < 0.05 vs. 24 h within group.

2.2 PRI A

>R FHCCK-85 35 5 45 A4 BHR S AET2 hit)
21 i 389 5 R ZngH Zn-2Cuf . Zn-2Cu-0.5Sr4H . Zn-
2Cu-1Sr#H &5 N IRAH AT RN S A AL 55 3272 b L 40
JIHTE #5331 90,63 + 0.03 .0.89 +0.01,1.71 + 0.09
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Fig.2 Fluorescence staining of cytoskeleton x 200
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Fig.3 Implantation of Zn, Zn-2Cu, Zn-2Cu-0.5Sr, and Zn-2Cu-1Sr in rat femur observed by micro-CT three-dimensional reconstruc-

tion
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Fig.4 HE staining of the organs of the blank control and Zn-2Cu-1Sr group rats x 200
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