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Visible light mediated photocatalytic activity and
antibacterial effect of Ag coated NiTiO nanotubes

Kyung-Suk Moon’, Chang-Seop Jeong?, Seunghan Oh', Eun-Joo Chof’
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The NiTiO nanotube structure fabricated on the surface of NiTi alloy exhibits excellent biocompatibility and semiconductor
properties, imparting UV-mediated photocatalytic characteristics similar to those of TiO,. The objective of this study was to
evaluate the synergistic antibacterial effect and visible-light-mediated photocatalytic activity by coating silver (Ag) nanoparticles
onto the surface of NiTiO nanotubes, FE-SEM analysis of NiTiO and Ag-NiTiO nanotubes revealed average diameters of (42,4114 33)
nm and (50,91£6,59) nm, respectively, with a height of (752,24%23,22) nm, Tauc plot analysis derived from diffuse reflectance
measurements indicated that NiTiO nanotubes possess a band gap of 3.19 eV, while Ag-NiTiO nanotubes exhibit a reduced
band gap of 2.75 eV, corresponding to a photocatalytic response in the visible light range (around 450 nm). CFU results using
Staphylococcus aureus, Pseudomonas aeruginosa strains showed significantly lower bacterial counts in the Ag-NiTiO nanotube
group (p<0.05), with a marked synergistic photocatalytic antibacterial effect observed in S aureus under 470 nm visible light
irradiation (p<0.05). Additionally, live-dead assays and MTT assays using human mesenchymal stem cells confirmed that visible
light irradiation did not significantly affect cell viability (p>0.05). Therefore, the combination of Ag-NiTiO nanotubes with visible
light-mediated photocatalysis is expected to enhance the antibacterial properties of NiTi implant materials, offering promising
potential for dental applications,
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AZE NITIO WeFB 7} A 151 *ﬂr A&
7}Z1 Q% A2 NiTiO =fFH oA
NiZ'7} 44F NiTi ?; R oko] BRYE A 7|59
1] xle BEThe AS Balskrh16,17),

TIO, WReEB = e 729 1%'& o=z
A& 7L QoA M) F3 E371
golatal A M= s18H, B2l FgAE
of A71H o= ARGEE 4 QITK1), Egk i
71573 Aol ¥ BESH 44 &
3l A, AT T TR Vlee ¥ .
AN Yo WE 3.2 eV} FE0) o)) 2)sle] Aol
(~380 nm) shl AR 7k5e ARFES 7RI QLTH19).
W W AHEE B Y NiTi AR 7hAREA
Fol] 7T 5 AT FE U] MEHQR2 VIS 7HA|L
o] FEn BAS vERE 5 AThH2021). oA )73
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e oo 1o ox ko
o

oX,
o

Tﬁ
tlo

of ok
001‘ [‘U-l}lt
i,

2

—_

O

204

Hrh23). A= A}
S(Ag) =3 }h oF g v otel
TA 2 A5 H ATH19,24).

71& ATFEA NiTi S W29 A
Wds] fls) viefREe 54 vhediaks &
WA o] teFetAl Al=s v tiE-Ee] AT
23] A2l ste] TO, FEv Brh)oAf ek 4%6}74%
St AR 2 S B Z|
olxe} #go] Aol 2 ?ﬂ-?% NiTiO u@%ﬁ—g—
Alzrake] 7hAEA =
FH AE Bt olHe IS FE3kAL, U Holrt
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G s Ao 24, JIEHE e #AE st
A Ads oS = A SRR A
wghd 2 G9= NiTi 8 E9 99l NiTio WYWieRFe s
Azl (Ag) WeddAbs AZHete] 3 74 3 35
5738 W7¥shaL, 7M1 (A70 nm) 719 FEvl et 24
I AAAGAS HrrekaLat skt
Mz A gy

1, NiTiO LicEH9| A|H H|=}

NITO thefriis elel Asioih
(25). NiTi & ¥H5%5 cm®, F7] 0.127 mm; Thermo
Fisher Scientific, Waltham, MA, USA)< Silicon Carbide
paper (#600, #1200 2 #2000)& A}g3ste] ¥ Anl=E
TSI Ar) T NiTi 3 T2 0.2 wiwvn 3 EE
(NH4F, Sigma-Aldrich, St. Louis, MO, USA)¥} 1.0 vol.%
gol247t ZgE g d=8E(Sigma-Aldrich, MO,
USA) sl g-oollr F=atst shArhd el 25 v, ARk
1A17h). F=Haksl 3 3l ek(Sigma-Aldrich, MO, USA)S. &
S ARSE o, 259 AR 100 watt, F3h
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40 kHz; SD-D200H, Sungdong Co., Seoul, Korea)& ARE-3}
of "ol 2af AFE AAEHTE AlEE AlEe
60 CollM 1247 9t AZ3E 3 400 CollA] 3ARE A2t
& NiTiO W=fFHE ZAstetdit. 24t NiTio e
FEE o] Eek=nt 29 R (E-1030, Hitachi Co., Tokyo,
Japan)& ARg3e], 2HE Y ARE 17 AgZh IR NiTiO
LR B (AgNITIO) AJE-E A2t X1 cm?), 2
HE T AFENTIO eFH 9} AgNITIO UeiH)7}
U (NITI $-2) 0.2 7P (470 nm) F2AF G - o)
upe} FEa, 2 3 AAARAES Bk

2. NiTiO L}=EHO| ENEN

= (e}
5L

Al 3 A HAF 2] -7 A2 A 9
(diffuse reflectance UV-Vis-NIR) &34 ZTA(ZA HY:
300-1000 nmj; SolidSpec-3700; Shimadzu Co., Kyoto,
Japan), 27 W= FAF A2} Sn) A (FE-SEM; $-4800; Hitachi
Co., Tokyo, Japan) 0.2 #2e}th7Hs Ak 15 Ky, vj&:
%100,000). BHAHEA}L ZAZE-S Tauc plote 2 ¥ $ks}le]
NiTIO We=HH ¢} Ag-NiTiO W=RH o] ofA] Wi 78S
AR aF ATH26-28).

3. H

S35 2 (Methylene Blue: MB) ZHE3 A3

MB #&] AEL 470 nme] 7FAEAHA NiTiO 2
Ag-NITIO WeR B T159 F5u] 8445 H71ehr] ¢l
FYslt), WA AJH-S 12 well plated] 1 ppm MB (Sigma-
Aldrich, St, Louis, MO, USA) &1 1 mLol| 37}s}lic}.
I8 v 470 nm 7R A WE 55 mW/em?’, AlEd}
LED Afoje] 7] = 4 cm)& 15, 30% S A3,
PP A, MB §1] FAEE UV-Vis B0V
mini-1240, Shimadzu Co., Kyoto, Japan)& AR&-3}e] il
3 9665 nm)S 7150 2 33] 4l HFghs ol
Slo] LA, VB Gole] S heers] WHO 2 F4
of el F2Ah F MB Bole FHEQE 2]
FHEQIR ol M 23] SP5Es ARSI, et
A SA" 665 nm MB F5 32| tlET(NT) 27] $73%=
o) A} ol MB 89 FEg ARKCCE] At
2 MB el Ase Altetin

=
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4, T2t &M ci2l4(Colony Forming Unit: CFU) X

Staphylococcus aureus (ATCC 25923, Manassas, VA,
USA)8} Pseudomonas aeruginosa (PA14) T+ AF8-3}a]
T AFFE(NITIO YeHH 9} Ag-NiTiO U=FH 18)7}
TN 470 nm 7HA13AA ] FZAE - ol ke
i B8 BSTH). WA o} FEE 37 T
Hj 7)ol Al 22} Trypticase soy agar (TSA, Difco, NJ, USA)
¢} Luria-Bertani (LB; 1% peptone, 0.5% yeast extract, 0.5%
NaCl) s Ao A 24X|3F “F2t v sl At 24A13F vl 5
F B oo AT 2 2435} 1x10° CFU/mLE Al
BEE 49470 AW 96 50 W Fojma T i
57 C W7ol 6A1%E St HjaksIlTh M 3, 950
# PBS (Invitrogen, Thermo Fisher Scientific, Waltham,
MA, USA)E AE FAIBISIAL, 470 nm 7HA1RHTE 1581t
AL F, 1x PBSE ¥ o5 4 100 uL F st 247t TsA
w2} LB iAo SFSAAL 37 T HiFTIolA] 24403
vl 5, A Al LF FHCFUsE Al Be AF
< 33| WHE SAsto] val Hrisklvt

T ulk
a. =

5. M|ZZHHQF

o17F 7+ =714 (hMSCs; Lonza, Basel, Switzerland) S
0]83}ke] 10 % fetal bovine serum (Gibco™, Thermo Fisher
Scientific, Waltham, MA, USA)®} 1 % 3} A (Antibiotic-
Antimycotic)7} 37} alpha modified Eagle's minimum
essential medium (Invitrogen, MA, USA)-& ARE-8e] 37 ¢,
5% CO, ¥jF71o1A 2-3 Wit} wjA| & nlgkak]oth

6. Live/dead assay & MTT assay

Live/dead assay= HA] AJA $Jo]] hMSCE 1x10" cells/
welle] FEZ 24-well Zo|E 3513t} hMSce}t
71 24412 F3k WIE F A 470 nm FHABAE
1083 2AFsEGIT. 71 2AF 244013 B 484131 &,
1X PBS €500 pL)e]] 3]2138}F calcein AM (2 UM Invitrogen,
Thermo Fisher Scientific, Waltham, MA, USA) 2 ethidium
homodimer-1 (4 uM; Invitrogen, MA, USA)S Z} wello]|
A7FekSitt. 304 G & G A el x100; CKX41;

A= |



Olympus Co., Tokyo, Japan)& AR&-3Fe] Abolli=(=2Y)
AZE9} F2(HA) A2 g AFstATt

MTT assay2] hMSC S & 33 FAte] =74 2 A=
Live/dead 413} FA3FATE 7FA1A] AL 2441 4
48A)1ZF 3, MTT (Sigma-Aldrich, St Louis, MO, USA)-&-<}
100 ug/mLS Z+ welld] FH7FslaL, MTT €40 2 2|3t
HAE 5% CO, QAFHlolH A 37 TellA] v g3kt
4A)1ZF & DMSO (Sigma-Aldrich, MO, USA)E ZAol| X7}
sho] MTT €904 A4d Lavpts 83t 2%
g9 FF=E ELSA EY°]E FU(SpectraMAX mini;
Molecular Devices, San Jose, CA, USA)E ARE-3F] 570 nm
X Sttt
A

=
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7. 4

BA 242 SPSS Ver, 23,0 (SPSS Inc, Chicago, IL, USA)
S o]g3le] U wjx| E2F E2(One-way ANOVA)S
133 (Tt AFEHAA 2 2 Duncan testE A|3§sF o0,

o] FFL 0.052 AA3ATH
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1. NiTiO LI=RHS| H#H ZAM

FE-SEM #3 A7}, NiTiO % AgNiTIO9] hefB et
AHL 47F (42.41+4.33) 2 (50.9116.59) nm, Eo]+=
(752.24%23.22) nmZ YERAITE Ag WYegAbe =2717b

BtEstal FA% & dxke] Fepl FeeRA 3=l
thFigure 1). EAF ¥IA} UV-Vis-NIR % F& 2423}
320-370, 420-480, 500-570 & 650-800 nm9] F& FF
2HER 31 & 4 YAk 7HAEA oA ] NiTiO
YeFEE 380 nmolA FHdl FE5-E& &2 39,
Ag-NiTIO Y FHE 445, 560 nmol|A o] FE55&
YER A tKFigure 2(A)). LA SAZRC 2R E At
Tauc 52 NiTiO W=FEE 3.19 eV = (band gap)
< 7FAAL §lE ¥HE AgNITIO WeRFHE 275 eVE k=
AOZ 450 nmol| S F== B RS vERf Y] 7
B Sl FE BE sk AL AlEith
(Figure 2(B)).

o

2. H|EizIE 2 (Methylene blue: MB)2| &5 EM

W22 2(MB) 43 NiTiO VF=RH,| Ag-NiTiO =
FH A s 545 AR Adte] MB 489
AelA] 2A8 AR, 470 nm 7HAEA BRAL 308
AgNITIO WeFH = )2 (NiT) 2ot 524 Al St
THp<0.05). wWEbA Ag WAt A8 E NITIO WieFH.
o 7IA8A FARE ZAFHH MB #3l0] J3S mAe
Aoz 3l E]THp<00.05) (Figure 3).
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TR Saphylococcus aureus (ATCC 25923, Manassas,
VA, USA)S} I8-S-Ad3T Pseudomonas aeruginosa (PA14)
vk 24417 3 S, aureus CFU A8 A3} Ag-NiTiO Y=FF

the Ag nanoparticle and the top right image displays the Ag-NiTiO nanotubes (oblique view).
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Figure 2, (A) Diffuse reflectance UV-Vis-NIR spectra and (B) band gap of experimental groups tested in this study, Diffuse reflectance
UV-Vis-IR spectrophotometry dotted line indicates the light absorbance range of 1min coated Ag-NiTiO NTs was suitable for 470 nm
visible light irradiation, As a result of Tauc plot analysis, the band gap of NiTiO nanotubes is 3,19 eV, so photocatalytic activity
can be expected mainly in the UV region, However, the bandgap of Ag-NiTiO nanotubes decreases to 2.75 eV and shows a photocatalytic

effect in the visible light region,
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Figure 3, Methylene blue (MB) degradation graph of control (NiTi) vs, experimental groups (NiTiO nanotubes and Ag-NiTiO nanotubes)
after 15 min and 30 min under 470 nm visible light irradiation. Different alphabetical letter means that there is significant difference

between groups, p<0.05),

Sgke.

To] T Z(NiTi) Xt} o1 470 nm 7}A)FA
F2AA] NITIO WeFRH, AgNITIO WhieFE AFTo]
24 A EATHpC0.05) [Figure 4(A)]. P. aeruginosa

AT} NiTIO =58 AgNTIO WeEH AT
g
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=3

=

ZT(NiTi) B} $ikal 53] AgNiTio Y=FB Ad

T 470 nm 7HABAS ZAA] BE AT F S04
Al 7P Y CFU 38 2 AtH(p<0.05) [Figure 4(B)].
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Figure 4, The photo images and the results of CFU test of (A) S aureus and (B) P. aeruginosa cultured on experimental groups
with or without 470 nm visible light irradiation (Different alphabetical letters indicates the significant difference between the groups,

p<0.05).

4, ME=EY

470 nm 7}A3
Apde) o)A 2
WO 24412F
o AEEA 9 )7} 7 el A 0‘9}‘3}
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A} hMSC v ¥ 244)7F 5 AgNITIO WReFB ] Agd
A M) F2o] FTFet o FAXCRE frogh Alol=
NAIL(p>0.05), 470 nm 7FAFAS FZAE hMSC vl %
24X 7Y, 48A17F B 7IN B S BzANSE 2 AV
e T BT oL sldtH(p>0.05) (Figure 5).
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Figure 5, (A) Calcein AM and EthD-1 (Live-Dead) stained fluorescent images

groups with or without 470 nm visible light irradiation.
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NiTi 8] 2} Abstuke uje gk 27} 2|4 Sev)
B3 5Eo] RESICR= Hol, ulo] o g o g Ropire]
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48 hr

W/O LED 470 nm LED
T T 3 N

NiTi

NiTi0O

160

48 hr incubation

120
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Cell viability (%)
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and (B) MTT assay results of hMSCs on experimental

NiTiO =8B = o]y
Atk 53], Y=FE
g AAARAE Eole

ATH4, 25). ¥
iTiO Url::EP_-E—




| =He=7] 7] vl

7&4 FFaksl 7o = Zol7} (752.24+
(42.4114.33) nm A|A-& Alzste] Y
& FA8 EE shAeh T Ag WR=SiRbe] F7]9F Rk

2 Ao g
Z

I 35 EXS O]—o]_ﬁ_7] ﬂ,]
18} A3}, NiTiO Ve
(~380 nm)of| 4| 71'0]—71]

(400700 nm) 7= Y

F 9t Ag-NITiO V=%
340-370, 420—480, 500-570 & 650-800 nmolA] &2l
4 919tk 340-370 nmolM AEE F
eFHe) FYUsH 3|32 NiTiO YieRE2 7}7(4;(].14]01];\1
Awrfe] AP Az} ol Hj£H Ao =3
2 1tk 420480 nme] I TE Ag W=giAte] FAEH
FefzE Revt FAE 20)1(33), 520600 nme} 750-850
nm¢] ¥ FE NiTiO WeRB FH0)| Agrt S2HA Ag
Y=z ARA A 923 AEe] FY Ao g
B B opo] AupRo 2 o]EslHA Ao Z HATH3),

B X
T’:

6‘/\6

NiTi 2F8}2Q) NiTiOs= 7R ool 2 = =
w2 U] =22 eV)s 7HAAL Slo] 12 S|
s BATH20). ¥ AToM = —#&‘E’l’*} AR T
B AXFE Tauc Z247}, NiTIO Ye=HH1= 3,19 eV =7
(band gap)& 7FAAL & ¥HA Ag-NiTIO W=FHE 2,75
eVE Zt= Z0 & 450 nmo| FEE FEr] MENS

veRfio] 7R3 HSlelA e s 2aE Tl
AL &elslgiTh o]of 470 nme] 7FAIFA oA NiTiO 2
Ag-NITIO WeBH 1189 FZu] 848 rslr] )
e & 5498 4%
TR B2} 308 F, Ag-NiTiO W=FE
7HE §-ek MB B 84S Uehdo] ¥Evi= g8-d

2 Azt = 9)deh 1Eu} 1SO 10678, Fine

&=
ceramics (advanced ceramics, advanced technical ceramics)-

F(methylene blue) F&3) §

[ R

MUE

=
T

Determination of photocatalytic activity of surfaces in an
aqueous medium by degradation of methylene blue?]
ARIAGIE B FEAR] F ARES 3ARECE AT 89

o 9 SAle] Bad Ake 2HSA gojob Fria
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Cioffi ¢} Rai=(36
sl Btk Ag

F

e 2] ofo] EH*SP A

OHSAT Staphylococcus aureusS} %/‘é‘?‘ Pseudo-

monas aeruginosas TRFSE It A3S Lo 7= Mo
2, I S aweus= vPo|BES FAISHAL, TS

ATt P aeruginosa= QA Ul 7P &3 HEAA F ShUE,
vlo]l e AEe] ¥ I BT 54 A BE
THE Ao g A SITh3s, 39). webA
o] ATl At B4 AIE flal AElste] ARgskGITh
I-FA(S, aureus)ol] H8F CFU test2 & §32 7}
sl A}, 470 nm 7FA|FA FFAFA] Ag-NITIO YiefFH
Aol 7P #o78 IA =3AL(p<0.05) RSP,
aeruginosa)dl] ek et E3= AgNITiO WY=FH AT
o] th& A3l Hls) vif & g B9E B
(p<0.05) 470 nm 7}A]P4A SFZARA] Ag-NiTiO Y =F-H
*"34?01 BE AT F 94 A 7P B CFU 3

HAtHp<0.05). ¥ AFellA= NITiO Wi B9l Ag Wie
qApe] x3to] AT S aureus®t IHSALT P
aeruginosadl| 235 YERITE 53], 470
nme] 7} % S aureus 9] g Ag-NiTiO
WefH Adto A Hold at a3} UERske, o] =
Ag EeSlAe] Bk Gael BEv) S0l 4EAEE
o] AUA EIE WG Avhz A4 5 99l e
P. aeruginosa T+ Ag-NiTiO Yx=fFH AT oA 2]
AU B3 kel ekl @eb kA e
Jastrt, w3t o Ao} FAFSHA Mie 5(40)2 87}
A=) gk Ag V=i &t 84 B A3 g
A Ag W=SiA7E A Be elotel] thsf A A2l
?SLﬁ— 3:1-/\49_ 1;} S1AN =] J_—C;]. I Bera 5(32)& ;131—001:/\4

hul

JaL

gt

hud

1
SRR
=z

PG ZA

ps

T (Staphylococcus epidermidis 2 Bacillus megateriun)3};
JZLAT (P, aeruginosa)©l| e Ag Yi=PAte] =7]9}

wopo] FF HHL Aofsta o e YAt AEHL



Matejka®} Tokarsk(41)s= k&4 (UV)oluf 74A13A %
o gt A B} FEEHE A T T S8

o] FEvjg Rasdch

Bt Ao ZQAow BEkal NiTi BHe] A s
paEoAE oF Hrh Ag Yegate] AEEAL
=] g7t SR glom BESA wiHex]e] Ag L=

i

QA A%l iR T Ze ofsizl Basith 54 oA
ekt 54 4o] Vepd ek ope} Jelw Breka

ofg] Aol the Al S4do] HEHA] W Zos Hilx
ATH42, 43). B ATl A= 470 nm 7FAIEA FZA} -
T°ﬂ e Aol A ApEe] ofwiA] 4] A3}, TRk

A zAFeE BAIGlo] hMSC vl &F 244)7F 2 48A1K wlj
AT 7o EFEAY F2 AlEEHA )7t
ZEA) QAL MTT 4] A= 24431 4843t
g 5 AP bl frefn|ek 2pol7t gl HolFt
(p>0.05). °]¢} &L A3z Kol NiTiO Yx=FHe}
AgNITIO Y=RHE A 540 gl 202 JET)

O

fn

L

o

A

(

::,i‘lq'

AE

E oJ53lE NiTi 8
Ag eSiARE SRlsle] 3 B4
a1, 7EAPEA 718 Bl e 2 AAAEEE

Q.
of thedt 22 A3e Ak

FHe Ni

=B Y]

TiO WY=FHE Akl
9 ot 548 Bl

H7)s

-
_TJL_L_

>

1. NiTiO YWe=FH e} AgNiTiO Yi=FH o] FE-SEMS ¥
Zek A3, H AL 2t 42,41+14.33 9 5091+
6.39 nm, F0|&= 752.24+23. 22 nmE YERJAIL Ag
W=z 2717F EqtEskal Yi=g2b7le] s A%
& A b FEgAA HEE A

2. NiTiO W=F-H e} Ag-NiTiO Y=FH e wed &3
(methylene blue) &3] 54 &4 343 470 nm
ZFA1EA ZAF 308 & ) ZT(NITi) B} Ag-NiTiO
Uief B AdTelA 71 ¢ MB 323 E4s
HER A TH(p<0.05).

3. IR S aureusE ©|

43k CFU A3}, 2T (NiTH)

211

of Bl Ag-NiTiO Y=FH AT
F3E YERIRIAL, 470 nme] 7HA]3
(NiTD) el ®])8] NiTiO Y=F-H 9} Ag-NiTiO W=
AATNA &t 23S HERAATHp<0.05).
JFESAT P, acruginosaZ ©)-8-3F CFU 23}, &
(NiTD) el ¥]3l Ag-NiTiO W=FH AgTox -3l
gt 235 HERH ATH(p<0.05).
5. B4 Ay} hMSC B F 2447 & AgNiTiO Y
el AT A 3241 istert B
7k Aol QIUAL(P)0.05), 470 nm 7FAFAE
i"}?} hMSC Bl &F 24417F, 48A1%F §- 7AAl S 3%
AFeE T3t B from| gk xfol= KolA] glo}
AEZEALS Qe Zo® HATHp>0.05).
uebr 2 AT F8ke] AgNITIO WWeFE = T3¢
T S aureus$t AT P aeruginosadl] sl -3¢
97 B0E el 53, THRNT §
NITiO Wie=R-H ¢} 7}*]%& %
—r"f:1 Al LrERf o] ZRAREA 1
=skE Blog A «1@% HEe
e sPsAol ok ALE

=Y

oA -3 gt

SRENTES

L

]U:

9

aureus
Fke) AR Eohe

) e}t B aTe
Aol A S8
=le

ZA
B

=
T

32 JPN

.
T

D2
1. Li YC, Wang FH, Shang JX. Ab initio study of oxygen
adsorption on the NiTi (110) surface and the surface
phase diagram, Corros Sci, 2016;106:137-46,
2. Gill P, Musaramthota V, Munroe N, Datye A, Dua
Haider W, McGoron A, Rokicki R, Surface modification
of Ni~Ti alloys for stent application after magneto
electropolishing. Mater Sci Eng C. 2015;50:37-44,
Jenko M, Godec M, Kocijan A, Rudolf R, Dolinar D,



10.

11,

12.

Ovsenik M, et al. A new route to biocompatible Nitinol
based on a rapid treatment with H,/O, gaseous
plasma, Appl Surf Sci, 2019;473:976-84,

Wang GF, Li JH, Lv KG, Zhang WJ, Ding X, Yang
GZ, Liu XY, Jiang XQ. Surface thermal oxidation on
titanium implants to enhance osteogenic activity and
in vivo osseointegration. Sci Rep. 2016;6:31769,
Sinha S, Priyadarshani J, Devi KB, Kishore AV, Das
P, Chanda A, Das SM. Roy M, Nandi SK. In vivo
performance analysis of silanized and coated nitinol
wires in biological environment, J Mater Res, 2020;35:
1262-270,

Hanawa T. Titanium-Tissue Interface Reaction and
Its Control With Surface Treatment, Front Bioeng
Biotech, 2019;7:170,

Cherian AM, Nair SV, Maniyal V, Menon D, Surface
engineering at the nanoscale: A way forward to
improve coronary stent efficacy. Apl Bioeng. 2021;5:
021508.

Markhoff J, Krogull M, Schulze C, Rotsch C, Hunger
S, Bader R. Biocompatibility and Inflammatory
Potential of Titanium Alloys Cultivated with Human
Osteoblasts, Fibroblasts and Macrophages. Materials,
2017;10(1)52,

Liu Y, Ren Z, Bai L, Zong M, Gao A, Hang R, et al,
Relationship between Ni release and cytocompatibility
of Ni-Ti-O nanotubes prepared on biomedical NiTi
alloy, Corros Sci, 2017;123:209-16,

Hang R, Liu Y, Liu S, Bai L, Gao A, Zhang X, et al.
Size-dependent corrosion behavior and cytocompatibility
of Ni-Ti-O nanotubes prepared by anodization of
biomedical NiTi alloy, Corros Sci, 2016;103:173-80.
Abbas A, Hung HY, Lin PC, Yang KC, Chen MC, Lin
HC, Han YY. Atomic layer deposited TiO2 films on
an equiatomic NiTi shape memory alloy for biomedical
applications, J Alloys and Compounds, 2021;886:15,
Zhang Z, Wang Q, Xu H, Zhang W, Zhou Q, Zeng
H, Yang J, Zhu J, Zhu X. TiO2 nanotube arrays with

212

13.

14,

15.

16,

17.

18.

19.

20,

21

a volume expansion factor greater than 2.0: Evidence
against the field-assisted ejection theory. Electrochem
Commun, 2020;114:106717.

Zhou Q, Tian M, Ying Z, Dan Y, Tang F, Zhang ],
Zhu X, Dense films formed during Ti anodization
in NH4F electrolyte: Evidence against the field-assisted
dissolution reactions of fluoride ions. Electrochem
Commun, 2020;111:106663.

Gao A, Hang R, Bai L, Tang B, Chu PK. Electrochemical
surface engineering of titanium based alloys for
biomedical application, Electrochim Acta, 2018;271:
099-718.

Hang R, Huang X, Tian L, He Z, Tang B. Preparation,
characterization, corrosion behavior and bioactivity
of Ni203-doped TiO; nanotubes on NiTi alloy.
Electrochim Acta. 2012;70:382-93.

Lee PP, Cerchiari A, Desai TA, Nitinol-based
nanotubular coatings for the modulation of human
vascular cell function. Nano Lett. 2014;14:5021-8,
Lee PP, Desai TA. Nitinol-based nanotubular arrays
with controlled diameters upregulate human vascular
cell ECM production, ACS Biomater Sci Eng, 2016;14:
409-14,

Pei DN, Gong L, Zhang AY, Zhang X, Chen JJ, Mu
Y, Yu HQ. Defective titanium dioxide single crystals
exposed by high-energy {001} facets for efficient
oxygen reduction, Nat Commun Oct, 2015;23:8696.
Allahverdiyev AM, Abamor ES, Bagirova M, Rafailovich
M. Antimicrobial effects of TiO, and Ag,O nanoparti-
cles against drug-resistant bacteria and leishmania
parasites, Future Microbiol 2011;6:933-40,

Qu Y, Zhou W, Ren Z, Du S, Meng X, Tian G, et al.
Facile preparation of porous NiTiOs; nanorods with
enhanced visible-light-driven photocatalytic perfor-

mance, ] Am Chem, 2012;22(32):16471-6,

. Shu X, He J, Chen D. Visible-Light induced Photo-

catalyst Based on Nickel Titanate Nanoparticles, Ind

Eng Chem Res. 2008;47:4750-3.



22,

23,

24,

25,

26,

27.

28,

29,

30.

31.

32.

Malarkodi C, Rajeshkumar S, Paulkumar K, Vanaja
M, Gnanajobitha G, Annadura I. Biosynthesis and
Antimicrobial Activity of Semiconductor Nanoparticles
against Oral Pathogens. Bioinorg Chem Appl. 2014;
2014:1-10,

Chen J, Ashames A, Buabeid MA, Fahelelbom KM,
ljaz M, Murtaza G. Nanocomposites drug delivery
systems for the healing of bone fractures, Int ]
Pharmaceut, 2020;585:119477.

Zinjarde SS. Bio-inspired nanomaterials and their
applications as antimicrobial Chronicles
Young Sci, 2012;3:1-74.

Sun Y, Rong Y, Zhao Y, Yao X, Hang R, The influence

agents.

of substrate electropolishing on anodization behavior,
corrosion resistance, cytocompatibility and antibac-
terial ability of NiTi alloy, Mater Lett, 2020;268:127631,
Tauc J, Grigorovici R, Vancu A, Optical properties
and electronic structure of amorphous germanium,
Phys Status Solidi B, 1966;15(2):627-37.

Singh L and Samra KS, Opto-structural characterization
of proton (3MeV) irradiated polycarbonate and
polystyrene, Radiat Phys Chem, 2008;77(3):252-58.
Husain S, Alkhtaby LA, Giorgetti E, Zoppi A, Miranda
MM, Effect of Mn doping on structural and optical
properties of sol gel derived ZnO nanoparticles. ]
Lumin. 2014;145:132-7.

Rahme LG, Stevens EJ, Wolfort SF, Shao J, Tompkins
RG, Ausubel FM, Common virulence factors for
bacterial pathogenicity in plants and animals. Science.
1995;268:1899-902,

Hang R, Zhao F, Yao X, Tang B, Chu PK, Self-
assembled anodization of NiTi alloys for biomedical
applications, Appl Surf Sci, 2020;517:146118,
Alipal J, Lee TC, Koshy P, Abdullah HZ, Idris MI.
Evolution of anodised titanium for implant applications,
Heliyon, 2021,7(7),e07408,

Bera RK, Mandal SM, Raj CR. Antimicrobial Activity
of Fluorescent Ag Nanoparticles. Lett Appl Microbiol,

213

33.

34,

35.

36.

37.

38.

39.

40.

41

42,

43,

2014;58:520-6,

Gupta R, Dyer MJ, Weimer WA, Preparation and
characterization of surface plasmon resonance tunable
gold and silver films. J Appl Phys. 2002;92:5264,
Osawa M, Surface-Enhanced Infrared Absorption. Top
Appl Phys. 2001;81:163-87.

ISO 10678, Fine ceramics (advanced ceramics, advanced
technical ceramics)—Determination of photocatalytic
activity of surfaces in an aqueous medium by degradation
of methylene blue, Geneva, Switzerland, 2010,
Cioffi N, Rai M, Nano-antimicrobials, in: Nicola Cioffi,
M. Rai (Eds.), Synthesis and Characterization of Novel
Nano Antimicrobials, Springer, Berlin Heidelberg, 2012,
Jo YK, Kim BH, Jung G. Antifungal activity of silver
ions and nanoparticles on phytopathogenic fungi.
Plant Dis. 2009;93:1037-43.

Pang Z, Raudonis R, Glick BR, Lin TJ, Cheng Z.
Antibiotic resistance in Pseudomonas aeruginosa:
mechanisms and alternative therapeutic strategies.
Biotechnol Adv 2019;1:177-92.

Mack D, Becker P, Chatterjee I, Dobinsky S, Knobloch
JK, Peters G, Rohde H, Herrmann M, Mechanisms
of biofilm formation in Staphylococcus epidermidis
and Staphylococcus aureus: functional molecules,
regulatory circuits, and adaptive responses, Int J Med
Microbiol, 2004;294:203-12.

Mie R, Samsudin MW, Din LB, Ahmad A, Ibrahim
N, Adnan SNA, Synthesis of silver nanoparticles with
antibacterial activity using the lichen Parmotrema

praesorediosum. Int J Nanomedicine, 2014;9:121-7.

. Mateejka V, Tokarsk J. Photocatalytical nanocom-

posites, J Nanosci Nanotechnol, 2014;14(2):1597-616,
Chernousova S, Epple M. Angew. Silver as antibac-
terial agent: ion, nanoparticle, and metal. Chem Int
Ed Engl. 2013;52:1636-53,

Liao J, Anchun M, Zhu Z, Quan Y. Antibacterial
titanium plate deposited by silver nanoparticles exhibits

cell compatibility. Int J Nanomedicine, 2010;5:337-42.



Original Article

Ag 3 NiTiO LiRES| 7 EM 7 =0l &3 ¥ st Dot

1 b A2 =11 = 3
'Agistm x| ziohst x| A ESt DA Y AURIA) ZojAle A
2 EAstm ®[7| S
‘eztistm x|zihst TRelolielTistmAl W ATxIQSATA

NiTi = Fdol| #AZ2E NiTiO WiefFH = e AAARAT A 5402 QIste] TiOoF frAKSH
2k vzl Bl 54E 7HAIAL Qlth B AT B4 EefznY 350 29E
7HAAL e 2(Ag) W= AE NITIO Wi=RE FHd s8ete] 7HA3 w7 FE5rsd A s AUA|
gt Z3E FHrFskdth NiTiO WieR B 8k Ag-NiTiO Wi=FH & FE-SEMO 2 ##3h A3}, Zb7} (42.41£4.33) B
(50.91£6.59) nm , ¥0]& (752.24%23.22) nmE VPRI 2L 24 7ko 28 E AAbE Taue S£A3}, NiTiO
Y=RHE 319 eV = (band gap)S 7FAAL Y& WHH Ag-NiTiO W=FEE 2.75 eVE ZHE 2192 450 nmo]
NGE = FSvu) EAES YERf o] 7FA13 S olx e Bl EHE Edee AS SRIskAT Saphylococcus
aureus®} Pseudomonas aeruginosa 575 ©]-€3F NiTiO WRe5-H o} AgNiTiO WeFH.e] CFU 23 AgNiTiO =B
AN F2A JA WAL (p<0.05), 470 nm 7HAFA FZAMA] IFFGT S, aurcusd| A Ag-NiTIO Wief-H 9}
7HAIRE w7l gEe AUA] 3 F3EH dERETHp<0.05). QITE THE E71AIEE ©]8-8 Live-dead assay<}
MTT assay A3}, 7HA13A F2APE AlZAPE S 35 A4 g 2102 IRIHATHp>0.05). webs] Ag-NiTiO

SRRl ZRAREA Wil F7)s3ke] Ak X|FREokellA NiTi AETE 2A19] Fitsa FAE AR 7ddn)

lo

Mol : NiTi 3, Ag-NITiO Yi=RH, 7A1% w7 sk

ol
A=)

214



	Ag 코팅 NiTiO 나노튜브의 가시광선 매개 광촉매 활동도 및 항균효과 평가
	서론
	재료 및 방법
	결과
	고찰
	결론
	참고문헌


