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[ Abstract] Objective To investigate the effects of micro/nano-structure and antimicrobial peptides (AMPs) on
antibacterial properties of titanium (Ti) metallic surface. Methods  Ti disks were treated via sandblasted large-grit acid-
etched (SLA) and alkali-heat treatment (AHT) to build the micro/nano-structure, on which AMPs were spin-coated with a
certain amount (10, 30, 50, 70, and 90 ug). Scanning electron microscope (SEM) and energy dispersive spectroscopy (EDS)
were used to observe the surface structure and characterize the surface elements (i.e. contents of C, N, O, and Ti). Ti disks
loaded with AMPs of difference amounts were co-cultured with Staphylococcus aureus (S. aureus) for 24 hours. After that,
the formation and dimension of antibacterial circle were measured. Furthermore, the Ti disks treated with different
approaches (untreated, SLA treatment, SLA+THA treatment, and 90 ug AMPs-loaded samples) were co-cultured with
S. aureus and Escherichia coli (E.coli) for 3 hours, bacterial adhesion on the disks were evaluated by using SEM. The
antibacterial performances in solution were quantitatively evaluated by immersing the Ti disks in bacterial solutions and
measuring the absorbance (A) values. Results It was found that the nanoporous structure could be easily constructed by

SLA+AHT approach. After spin-coating AMPs, the nanopores with the diameter less than 200 nm were almost covered.
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According to the element analysis, with the increase of AMPs, the C content gradually increased; the N content was not
detected until AMPs amount reached 70 pg on the disks. The diameter of antibacterial circle clearly depended on the
AMPs amount. The Ti disks loaded with 90 pg AMPs had significantly larger antibacterial circles than the other Ti disks
(P<0.05). Based on the SEM observation, the Ti disks loaded with 90 ug AMPs has the least bacterial attachment compared
with the other Ti disks (P<0.05). The A value of bacterial solution immersed with the Ti disks loaded with 90 ug AMPs was
much lower than the other Ti disks (P<0.05). Conclusion The approach of micro/nano-structure and AMPs can

improve the antibacterial properties of Ti metallic surface.
[ Key words] Titanium; micro/nano-structure; antibacterial peptides; antibacterial property; implant material
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Fig.1 The macroscopic observation of the Ti disks after different treatments a. Untreated; b. After SLA treatment; c. After SLA+AHT

treatment



HhE B BN E 2018 4F 9 A5 32 B 9 M

e 1119«

B2 PAFEEVERAFELERHKFTRERS o AFHT (x1000) ; b. SLA S (x10k) ; c. SLA+AHT AbFF (x10 k)
Fig.2 Surface morphology of the Ti disks observed by SEM  a. Untreated (x1 000); b. After SLA treatment (x10 k); c. After SLA+AHT

treatment (x10 k)
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Fig.3 Surface morphology of the Ti disks observed by SEM  Left: Before spin-coating; Right: After spin-coating a. x2 000; b. x80 k
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Fig.4 EDS analysis on the Ti disks with different AMPs loading
after SLA+AHT treatment

TR TR BN . #A 90 ug PUR IR S Wy Bk
Fr A B A e e A A B, LR ILEIR
R 5 I L 286 RS ) < B €0 9 2 oK B 3 1 1 B
B, PN RN TARAS, e 5 S Ak B I K AR
(K 6) o A8 T W vf 240 T 85 P80 DL IR 7. A



« 1120 « Chinese Journal of Reparative and Reconstructive Surgery, Sept. 2018, Vol. 32, No.9

25 |

—~ 20 -
g
"/

815
Opg 6 10 ug ° 30ug G %j

3 SRS A i\ 10
g

5 -

0 . . . .
10 30 50 70 90

PLEIRE A (ug)

5 EFUWEHEFRAENEREAWNKFEENEBNE a~f 34 0,10, 30, 50, 70, 90 ug FH KR AW AL INHE ;
g IR AR LA
Fig.5 Observation of the inhibition zone on the Ti disks with different AMPs loading after 24 hours culture a~ f. 0, 10, 30, 50, 70, and

90 pg-loaded samples; g. Diameter comparison of the inhibition zone
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Fig.6 Observation of bacterial attachment on Ti disks surfaces with different treatments (x10 k) From left to right for untreated, SLA
treatment, SLA+AHT treatment, and AMP-loaded Ti disks a. Attachment of S. aureus; b. Attachment of E. coli
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Fig.8 Comparison of A values of bacterial solutions with immersed different Ti disks a. S. aureus; b. E.coli
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