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Evaluation of the antimicrobial activity of the photofunctionalized Ni-Ti-O nanotubes
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Abstract

Ni-Ti-O nanotubes have the potential for visible light—mediated light absorption and photocatalysis due to their low
energy band gap, However, their photocatalytic—based antibacterial activity under visible light irradiation is still
unclear, This study aims to analyze the photocatalytic—based optical properties of Ni-Ti-O nanotubes and evaluate
their antibacterial activity, From the FE-SEM observations of the Ni-Ti-O nanotubes, clean and homogeneous
nanotubes with a length of 600 £ 80 mm and an outer diameter of 52 = 5 nm were observed. The diffuse reflection
analysis of the Ni-Ti-O nanotubes showed a photocatalytic bandgap, which is equivalent to the wavenumber of 450
nm, indicating that they exhibit photocatalytic effects in the visible light range, The CFU antibacterial test and SOD
enzyme activity test using Streptococcus sanguinis showed that the Ni-Ti-O nanotube experimental group under 470
nm visible light irradiation exhibited statistically significant antibacterial activity compared to other experimental
groups (P<0.05). Therefore, the combination of Ni-Ti-O nanotubes and visible light—based photofunctionalization is
expected to improve the antibacterial ability of NiTi implant materials in the dental field.
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NiTi g2 #HThickness; 0.127 mm, 5 x 5 cm”;
Thermo Fisher Scientific, Ward Hill, MA, USA)
&3t Ni-Ti—-O WlefH AldS A2351A

AABE] f18te] 6009, 1200
4l 2000 9] Silicon carbide paper® +=A}4
o 39 dAvks sFsAT. Ak £ 0.2 wt% =
3} 4R E(NH,F, Sigma—Aldrich, St. Louis, MO,
USA)Z 1.0 vol% E(H,0, J. T. Baker Chemical
Inc, Phillipsburg, NJ, USA)o] 25 oddZ e

< °
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Z(Ethylene glycol, Sigma—Aldrich, St. Louis,
MO, USA) Asfjd goloz F=ASH25 V, 1A17H
stk oF A 2l7 & ek(Sigma—Aldrich,
St. Louis, MO, USA)9|l 58 A & =33} A%
71(100 watt, 40 KHz, SD—D200H, Sungdong
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Ultrasonic Co., Seoul, Korea)=
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o HEL A7

electron microscope: FE-SEM, JSM—-6360,
JEOL Ltd., Tokyo, Japan)2 = 25},
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FF=A (Diffuse reflectance UV—Vis—NIR
DRS, Soldspec—3700,
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71(&A HE = 300-800 nm, UV mini—1240,
Shimadzu Co., Kyoto, Japan)E ©|-&3lo] MB &
Mol Af Zd= 1 (Wavenumber = 665 nm)=
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£ Hrlelgth 84 A %= SOD activity kit
(EIASODC, Invitrogen Co., Carlsbad, CA, USA)
@} CAT activity kit (MAK 381, Sigma—Aldrich,
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Max 250, Molecular devices Co., Sunnyvale,
CA, USA)E o]&3to] 247 470 nm, 405 nmof|A]
Zxsto] B2 A% TAe| E3to] Asstart @
W2 == Bradford reagent (Sigma—Aldrich,
St. Louis, MO, USA)E ARME-5Fo] il | mg o
Unit 02 438 F ANk

6. SH=EA

SPSS Ver. 23.0(SPSS Inc, Chicago, IL,
USA)E o]&3dto] ¢ vzl E4F E4(One—way
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1. Ni-Ti—O LI'=RE2| 1M 4
Ni—-Ti—O HWeFEO| uAl2 2 FEjS FE-
SEMO.2 ket At Zo] 600 + 80 nm, €17 52
+ 5 mE Yehl ST YieFE 720 113 glo] o
Aot Yl R HE 21 4= QlSith(Figure 1),
Ni—-Ti—-O WYi5H9] DRS
2 AHe I 580 TIAGA
A AL, Ni-Ti—0 HlefH AT F55k
7} 350 nm FATHE NSHA Fashlal,
3}

e A9 A S 28 XS5 A ©

gt A3k, ti2F 450 nmU-S ekt 7143l
RS 9 Fola, A7 AE Aifol whet
A B Ao A AFEEH= 470 nm LED ulao]
et FoA 9 FErdS 7 AL ¥ 5 Ao
(Figure 2).



Figure 1. FE-SEM images (x 100,000) of (A) NiTi alloy without polishing process, (b) NiTi alloy with polishing process,
(C) Ni=Ti=O NTs (top view), (D) Ni-Ti=O NTs (oblique view).
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Figure 2. Diffuse reflectance UV-vis absorption spectra of NiTi alloy and Ni-Ti-O NTs.
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HEHEZ(Methylene blue:MB)2|  31(P)0.05), Ni-Ti-O thefft H@2 59.0x10°
U5 EA CFU/mLZ 43,16 %9 724 Q= ot &4 a3}
7} YERETHP0.05, Figure 4).

[== [e a1 = [e] (6] [e)
o] 243t A3}, 470 nm LED RAM] djZ2(NiTi) " d
o] B3| 152 3 Ni O UfFE AgitoA 1 € b
MB 0] Fmtr} hasie A8 BEe 2 99 . Ea
) g ;
(P>0.05), 470 nm LED % ZA} 308 %, Ni- S
O e Bn Ag o) 4 S5 MB 28] 24 "
S R IeHPL0. 05, Figure 3).
0
_ ® &
3. gEs T T o8
& &
& $ o
S. sanguinis (ATCC 10556) HJOF 24417+ & Ni— &

Ti-0 YrFEo] Feggdaess 81.6x10°
CFU/mLZ 3t &4 A= 9.25 %7F Uebdet
(P>0.05). 470 nm LED F=2AF 3¢, el light irradiation. (Different alphabetical letter means that
NiTix 79.9%10° CFU/mLE 27.16 %S UeRyS) there is significant difference between groups, P{0.05).

Figure 3. Degradation graph of methylene blue (MB) dye
of NiTi alloy and Ni—Ti—-O NT groups under 470 nm visible

(A) (B)

NiTi NiTi-O NT
1200
W/O LED b b
~ b
é 800 "
x
E
e 400
>
T
o
470 nm LED 0
A Q &0
> A\\s\ ,\,0é é\\b‘
b & o
LY

Experimental Groups

Figure 4. (A) The photo images and (B) the results of CFU test of S. sanguinis cultured on NiTi alloy and Ni=Ti-O NT
groups with 470 nm visible light irradiation. (Different alphabetical letter means that there is significant difference

between groups, P{0.05).
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Experimental Groups
Figure 5. SOD and CAT activity of S. sanguinis on NiTi alloy and Ni—-Ti—-O NT groups with 470 nm visible light

irradiation. (Different alphabetical letter means that there is significant difference between groups, P{0.05).
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Original Article

NiTHO VhefHis whe ofuf 2] iiEglo 2 Q1s) 7hAl ull Bg<eet Bulo] 715 4S 7Hxa Qick, e 7haa =

Aol ofst BEnl )4k Ak TAL obd] BEHsiTh £ 7o) BAL NiT-0 LreFo] Bl 7]uke) 3 BAS 43}

Zrohal AT e RE7F FAE AT Ni-Ti-O Ve f2o] ghbibat 2443}, 450 nmol| s = F5u Werls veh
o] 71 W 9lol e FEu avs HAsks A SRISKITE 12|aL Sweptococcus sanguiniss 0187t CFU 3t A9 9
SOD fia: 2 A% 470 nm 7HAIREA AL SEofl A 9] Ni-Ti-O Ve B Agto] thE AT50l viste] $A18 2= {9
2} QA Fatss HERHTHP0.05). whebA, Ni-Ti-O WhedrBeof 7RA1E 7]9h F7|53ke] Ak X|ulRoko| A NiTi &
HE A9 FatsS FIAIE Ao m 7|t

Aelero] : NiTi 32, Ni-Ti-O WY, 7FA|3% w7l S &3t
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