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Antibacterial properties of dental resin incorporated with nano—silver
doped silica in accordance with exposure of visible light

Min-Yong Lee’, Kwang-Mahn Kim’, Jae-Sung Kwon">
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This study investigated reduction of the bandgap of silica by applying nano-silver doping technique and possible application
of such silica as a filler in dental resin, Due to reduce band gap, newly fabricated nano-silver doped silica was able to release
ROS in accordance with exposure of visible light. Nano-silver doped silica was composed of below 20 nm size crystal silver
nanoparticle and 100~500 nm size amorphous silica, These two components were chemically attached to each other (Si-O-Ag).
The reduced bandgap was 2,10 eV, which the value could be interpreted as occurrence of surface plasmon resonance generating
ROS in visible light exposure conditions. When such nano-silver doped silica was used as a filler in dental resin, increased
antibacterial property of nano-silver ion was observed which was related to releasing of ROS when exposed in visible light.
The antibacterial properties were statistically significant following exposure to visible light when 0.7 to 1.5 wt% of nano-silver
doped silica were incorporated into resin. When the contents of nano-silver doped silica were below 0.7 wt%, minimal ROS
release resulted in no significant increase in antibacterial properties as there would be less exposed nano-silver doped silica
on the resin surface by visible light. Meanwhile, more than 1.5 wt% of nano-silver doped silica also resulted no significant
increase in antibacterial properties following exposure to visible light as the antibacterial effects from nano-silver ion itself were
greater than effects from released ROS, Hence, it was concluded that dental resin containing 0.7 to 1,5 wt% of nano-silver
doped silica would provide antibacterial properties when exposed to visible light, significantly greater than in dark conditions,
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1. 2 Lt X7t =8 E 2|7t HiE

Cetyltrimethylammonium Bromide (CTAB; Sigma-Aldrich,
Dorset, UK) 0.02 gil]- 25% ammonia solution 20 mL
(Sigma-Aldrich, Dorset, UK)E 3%} 57 200 mLe} 99.8%
ethanol 200 mL (Sigma-Aldrich, Dorset, UK)©| 49¢1 -&-nfj]]
931 1 AJZFEQF 60 CoA] 400 pmO. & AojFTh 1 &
500 pml 2 EEE 29 S]] 20 mL Tetraethyl
orthosilicate 98% (TEOS; Sigma-Aldrich, Dorset, UK)&
0.2 ml/min®. 2 "ojrmg|al 47t <t Aot 89S
50 mL conical tubed] Ho} YAEE]7](Fleta 40, Hanil
Science, Daejon, Korea) & 4000 rpm S 2 30 £7F L4
Bajate] Azl RE]skal ethyl alcohol 99.9% GR grade
(Sigma-Aldrich, Dorset, UK)Z A &3z A& A H vkE-g)
t} 1 %9 A7]|E(BF51866C-1, Thermo-Fisher Scientific,
Waltham, MA, USA)o|A] 450 ToA 4A17F 71835}
mesoporous$t FEHQ] A7t & de=rh

100 mL ethanold]] €87} E Ag7} 39} 0.1 mM

% 2



3-aminopropyltriethoxysilane (3-APTES; Sigma-Aldrich,
Dorset, UK)2 €31 3087t 400 rpm O 2 4]0}F 5 silver
nitrate (Sigma-Aldrich, Dorset, UK) 1 mM-& ¥l 23344
A 71(SH-2100, Saechan Ultrasonic, Seoul, Korea) & 30%&
sonication § 6A17F &<t 300 rpm O 2 HojH T}, Hh-S

o=

5 nkl 8902 50 mL conical tubed] o} 4000 rpm o 2

305-7F 914 BEsle] =S EE8lal ethyl alcohol2
AHsh= AS Al o REESth 1 & H7|2e4] 200 €
243 Aelgt
2, X-M 3|HEE 0|2 HIZAYY 42|71t 2 Lk
ZX| AF EA
=20 [y |

WA Aeghe] 4 & vt £
Aeiohe] A BA] 9181 x4 314 B4 42l XRD
(X-ray Diffraction; XRD, Ultima IV, Rigaku, Tokyo, Japan)
oj-gste] WA dej7het & v AHe yAE
EA43817] 98] Ka-Cu=1,5418 A, 20 =5~70°, 30 kV, 30

mA, 0,02 step size, 1°/min speed, slit size=10 mm Z72.2
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FE3-A2Fd 1] 74 (Transmission Electron Microscope; TEM,
JEM-ARM200F, JEOL, Tokyo, Japan)3} ou]#] E2F XA
E3A (Energy Dispersive X-ray Spectroscopy; EDS,
JED-2300T, JEOL, Tokyo, Japan)E& E3] g7} ﬁ‘:‘ﬂoﬂ
= QP £ 994 I w8 & ke
QA7h A AEA el xH A B
(X-ray photoelectron spectroscopy; XPS, K-alpha, Thermo,
UKE o183 23} Azl olet ek AgE 0%
A Bt
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4, 2 L X7t =EE A2|7te] HEAN} FR6HS
gt
MEAE S8k flsh 20 mge] 10 mL 32 S7<rol

2d0] UV-Vis spectrophotometer (V-650, JASCO Corporation,
Tokyo, Japan) 2 3 =&

I E 3}1L Tauc models &5

274

163

WMEAS SN PG W AT B
oA o)l Selgiet,
o e Gt £ Aok 025 g & ke YAt

=3 ¥ A7} 396E 10 ml/L $% 50 mL rthodamine
B (Sigma-Aldrich, Dorset, UK) €29 Yt} 282
A 28 2Fsk H adsorption-desorption equilibrium®]

%= 100 pmO 2 30 F1F ATk 30 2ol Aukal 29k

Z AAZ Ao] &7 HIAE 2000 lux WAFS H F
30 AL 2 470e] 200 UL AEE 4AIRE Bt ASATh
553 nm IFOA dojxl AES] FHEE UV-VIS

H
spectrophotometer2 H|uls}e] E444FAF0] rhodamine
B §ole] RS YRR lsich o] HHe we
i ke A SR AR, ol
& = G =35 o
e 715 75 e 2
5. 2 Li 2Rt ERE
AlH HI=f

E MA|FIE T2 ALRSH 3|Z

e Eelsky] fal w22
=34 4dg7E 0, 0.3, 0.5. 0.7, 1, 15,
woh S Eejv] 2253 4o old B
H]E‘E Poly(ethylene glycol) diacrylate (Sigma-Aldrich,
Dorset, UK)¥} Direthane dimethacrylate (Sigma-Aldrich,
Dorset, UK)E 1:1 wt% 2 3}l camphorquinone (Sigma-
Aldrich, Dorset, UK) 0.8 wt%, Ethyl 4-(dimethylamino)
benzoate (Sigma-Aldrich, Dorset, UK) 0.8 wt%Z T},
E3to] Ed Z8™+= 15 mL conical tubedl] Hal 10 £7F
Ao oA WS vl 71 sonicationg vl g
2~ HIX(AVM-10, Allforlab, Korea)2 187t
vortexing PPt EFH 7S 10 mm A&
o] Erof o] 3=387|(Elipar S10, 3M ESPE, St, Paul,
MN, USA)Z F53s IFIPo. 354
ol &3l Z W& 15 s &t ZE A7

(EcoMet 30, Buehler, Lake Bluff, IL, US)2 Zg]Js}aL

e
Seoul,

X2 mm

o AE e

P1000-grit paper&

123F 2851 Aelste] elBE AN iAo R EO
Fhes a5 she] AW FHE vhAc
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6. MTT assayS E3sl

*
o0

=g g7t

250 B ABE Fel g 24 v} 1Y Boh
12 well polystyrene plates (SPL Life Science, Pocheon,
Korea)ol] v}t FestA] Qo] 3 WA ZHo|E &
ARt 9o f5o w2 dxE FEsy] fsE $9
ol 74 ZHo|Ed| Yol F A EdlolExS AAI
t}. 600 nmoj|lA] optical density (OD) #ko] 0.4%1 S mutans
(KCTC3065) 50 ULE 7 FEOIE o]l Sl ARl 242
W7 go) myl $ gg At dejoA 37 TR 2443
sjeee) AETte) atseg A o) whl % AR
Phosphate-Buffered saline 1X (PBS; Welgene, Gyeongsan,
Korea)ol] A=A F+ ¥ E3keh wjo] F-2pshA] g
S mutans & AAZNT L F 200 uLe] Brain Heart
Infusion(BHI; BD, Seoul, Korea)E& AJHol| ZAIAHA I
st B2 S mutans TANA YEE I L F
2 AR vk Edjo|ETolE 2000 luxe] WS 447 2o
I T R e SEo)Ere 2R 7 Yl At
4RZI0) Ak AJES 242 AU 6 well polystyrene
plated] ©aL 2 mLe] PBSo| BHT} 6 well plated] 74
gy g E0 2 7% 5 187F sonication kil 30 2E
F= WAoo 2 F 108-7F sonicationS dfe] AJHo|| B2z
2 gehg,

g2te S mutans 0] B3] PBS 100 ULE 96 welld)]
217} ©al 10 uLe] MTT (Sigma-Aldrich, Dorset, UK) solution
= BolHY AR Ye Apdgk F 37 TollA 343
incubation 8T}t T 3 100 uLe| dimethyl sulfoxide
(DMSO, Sigma-Aldrich, Dorset, UK)E ¥l 7|7} 7]
R s 2A2HA| )9l sjFH Tl I 3 microplate reader
(Epoch, BioTek Instruments, Winooski, VT, US)& ©]-&3]
600 nmo|A FFE WHstE SHA $9 22 A7
39 whEate] F3ds A

S mutans &

el
=

Al

S
(=8 =21

7. SAEA

F A A 2] SPSS (Statistical Package for Social Science
23.0 IBM Korea Inc., Seoul, Korea)& AR&-5}e] £49381%
t}. Shapiro-Wilk test& &) ZEE7F = ATh= 2
B, ARY e gitalsdt D] Syl whe MIT
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assay 9= HoY EFHAE AAFSIAL one-way
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Figure 4, The recorded and deconvoluted Ols (a) and Ag3d (b) XPS spectra of Ag-SiO;
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Figure 5, Tauc plots and band gap energy of Ag-SiO,
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Figure 6. Mean absorbance (a.u.) of rhodamine B solution over time for Ag-SiO; in light or dark conditions,

Table 1, Statistical comparison of absorbance value in accordance of filler concentration when light or dark conditions.

Iy skqat 2 ==l Absorbance (a.u,) SD Statistical Difference
O 0,353 0.032
0 wt%
X 0.344 0.044 a
O 0.245 0.027 b
0.3 wt%
X 0.253 0.018 b, c
O 0.236 0.013 b
0.5 wt%
X 0.241 0.022 b, ¢
O 0.247 0.020 b
0.7wt%
X 0.207 0.022 d
O 0223 0.024 b
1.0 wt%
X 0197 0.021 d
O 0.224 0.029 b
1.5 wt%
X 0.201 0.016 d
O 0.184 0014 e
3.0 wt%
X 0178 0.011 d e f
O 0.161 0.020 g
50 wt%
X 0.149 0.020 f g h
O 0126 0.013 i
7.0 wt% )
X 0.123 0013 h, i

167



.Dsrl\'
CLight

0.400-

0.300

0.200

Absorbance (a.u.)

0.100

0.000-

0 03 05 07 10 15 3.0

Concentration of fillers (wt%)

50 7.0

Figure 7, The mean absorbance observed for Ag-SiO, resin disc
samples with different wt% concentration (0 to 7 wt%) under
light or dark conditions,
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