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Sonodynamic and Enzyme-like Activities of Niobium-based Coatings:
Antimicrobial, Cell Proliferation and Cell Differentiation
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Abstract: Currently, repair of infectious bone defects is still a clinical serious challenge. Here, a heterojunction
coating of niobium oxide on pure niobium surface by using microarc oxidation and hydrothermal treatment was
prepared. The results showed that the obtained heterogeneous junctions exhibited synchronously enzyme-like and
ultrasonic dynamic properties triggered by ultrasound treatment, especially in acidic microenvironment of mimic
bacterial infection. Under these key conditions, oxidase-like activity of the heterogeneous junctions was enhanced,
generating several reactive oxygen species which can kill bacteria and remove their biofilm, with inhibition and
clearance rates were 98.57% and 91.43%, respectively. Under simulated physiological conditions, ultrasound enhanced
antioxidant-like enzyme activity of this kind heterogeneous junction, thereby scavenging reactive oxygen species,

alleviating oxidative stress, and promoting proliferation and osteogenic differentiation of bone marrow mesenchymal
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stem cells (rBMSCs). In conclusion, the obtained niobium-based coatings with sonodynamic and enzyme-like

activities have profound potential application prospects in infectious bone repair.

K ey wor ds: heterojunction; sonodynamic therapy; enzyme-like activity; antibacterial; osteogenic differentiation
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Fig. 1 Morphologies of Nb, MN and MN@FS
(a) Photographs of Nb, MN and MN@FS; (b-g) SEM images of Nb (b, €), MN (¢, f) and MN@FS (d, g); (h) EDS mappings of MN@FS;
(i) Particle size distribution of Fe,S; on the surface of MN@FS
(MN: Nb,Os coatings on pure niobium surfaces prepared by microarc oxidation treatment; FS: Fe,S;)
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Fig. 2 XRD patterns (a) and XPS spectra (b-f) of MN and MN@FS
(a) XRD patterns of MN and MN@FS; (b) Total XPS spectra of MN@FS; (c, d) High-resolution XPS spectrra of Nb3d (c) and Ols (d) of MN@FS;
(e, f) High-resolution XPS spectra of Fe2p (e) and S2p (f) of MN@FS and Fe,S;
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Fig. 3 Enzyme-like activity of the samples
(a) MB degradation by different samples (pH 5.5); (b) ESR of -OH production by MN@FS; (c) MB degradation by MN@FS versus pH;
(d) Tix(SO4); degradation by different samples (pH 7.4); (e) Oxygen production curves of different samples (pH 7.4, 10 mmol/L H,0,);
(f) Mechanism of enzymatic catalytic activity; (g) MB degradation by MN@FS versus US power (pH 5.5, 10 mmol/L H,0,); (h) ESR of-OH
production by MN@FS at different conditions (pH 5.5, 10 mmol/L H,0,, 0.5 W/cm® US); (i) Oxygen production curves of
MN@FS versus US power (pH 7.4, 10 mmol/L H,0,)
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Fig. 4 Sonodynamic performance of the samples
(a, ¢, d) Degradation of RhB (a), MB (c) and DPBF (d) by MN and MN@FS; (b) Degradation of RhB by MN@FS versus time; (e, f) ESR of
-OH (e) and -O, (f) production by MN and MN@FS with US; (g, h) Degradation of RhB (g) and ESR of -OH production (h) by MN@FS under
different conditions. The conditions for all ultrasound stimuli were 1.5 W/cm?, 1 MHz and 5 min, under pH 5.5 and 10 mmol/L H,0, environment
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Fig. 5 Mechanism and electrochemical analysis of the MN@FS heterojunction
(a, b) Valence band XPS spectra of Nb,Os (a) and Fe,S; (b); (c, d) Tauc plots of Nb,Os (¢) and Fe,S; (d); (e, f) EIS spectra (e) and transient
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mechanism of the heterogeneous junction

-Us +US
Control H0, MN MN@FS MN@FS+H;0, Control MN MN@FS MN@FS+H0,
(a) . . . ‘ ‘ . ’ 0
(b) T, , < Y

*® 160 s 160
< (c) N Control BN H,0, MN | £ (d) ™M Control W H,0, MN
§ BN MN@FS EE MN@FS+H,0, g N MN@FS Bl MN@FS+H,0,
§ 120 koK ok § 120 Hokkk
% ns 2
=} I '__|_ o
£ 80 B g 80t il
.2 3
o el
on 2
£ 40 £ 401 ns
£ 5 I
&’ [
0 0 =
-Us +US -Us +US

Bl 6 MN@FS 57/ 45 P v g
Fig. 6 Antimicrobial properties of the MN@FS heterojunction
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of S. aureus (¥****: p <0.0001, n=3)
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