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Study of antifungal and physical properties of denture acrylic base
incorporated with silver
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The purpose of this study was to evaluate antifungal effect against Candida albicans and physical
Charactensncs of silver (Ag) - contained denture acrylic base. The heat-polymerized denture acrylic
(Vertex-RS™ , Dentimex, Zeist, Holland) specimens, with 4 different incorporated patterns of silver as
Ag nano—pamcles (Ago), AgNOs, Ago—chitosan and AgNOs-chitosan, were fabricated with the concentrations
of 0.2, 1.0 and 5.0 % of Ag. When compared with control (0 % Ag) after 24-hour incubation,
significant reduced colony forming unit was found in 1.0 % (33.7~56.5 %) and 5.0% (69.0~76.3 %)
on modified Ag-denture base acrylic (p { 0.01). There were extremely low release of silver ions
(Ag") from Ag-denture acrylic as compared with initial amount of silver incorporated, Physical
characteristics of Ag-denture acrylic were clinically reliable in flexural strength, conversion rate and
surface examination on SEM except in color stability.
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TFH o] 74 &3t Fulo| Candida albicans7}
F delitom Al il (Nikawa 5, 1992) 11
~67% (Arendorf®} Walker, 1987), 25~42.4%
(McNally 5, 1999) o] ¥Wul=g 7}xIc} o]
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EEEly 9/]?2]’2; #1712l Vertex-RS® (Dentimex, Zeist,
Holland) & AR&3EATE o= daxlel H7kd &
o] HEFEE 0.2 % (<F 2,000 ppm), 1.0 % (°F
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Olxjat 2ITIo| ZiC|chaoll oigt S Sd W 4ol &g 27 179

plate) ZJellA 30 Tolld 24 AR B UL
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(JEIO Tech,, SI-6OOR, Seoul, Korea) ©l|4 37C,

Table 1. Classification of groups according to the type and concentration of Ag incorporated,

Group Type of Ag incorporated Weight ratio Concentration of Ag
Control Polymer : Monomer 3.0 1 1.3 0 %
I Polymer : (Monomer +Ag’) 3013
II Polymer : (Monomer +AgNOs) 3.0 1.3
- 0.2, 1.0, 5.0 %
111 Polymer : Chitosan : (Monomer +Ag") 30:01:15
Y% Polymer : Chitosan : (Monomer +AgNOs) | 3.0 : 0.1 : 1.5
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130 rpme] RO E 24 AZHEet 85 9IS 3
) URS, A EE=A] (Atomic Absorption Spectro-
photometer; Perkin-Elmer, Analyst 100, Wisconsin,
USA) £ olgste] Adstal 8&H 2 ol &
A3t

=5 Hu

st= (Degree of conversion)

=% Ags A&z E47] (Jobin-Yvon
Horiva HR 800 monochromator, Tokyo, Japan) <}
CCD 3000(V) detector™ (Horlva Tokyo, Japan),
J18)3l Labspec 4.01 software® (Horiva, Tokyo,
o]-ga} EPMl%—é% (C=C) ¥} &a-
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olw] #ojA e 15 W, ¥ =4 (confocal) ¢
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e ofeleh ek
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A8 B HZEY F& BEE olgsiel 65
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and devices, 1975) o] Z7|2 A|ZAF] AAIHR
Fi ARe 7t 7 @ 5 ) A AR s
37] (Model 4200, Instron Inc., Canton, USA)E
olgstel A Al 50 mm FYHFel 1
mm/ming] SESER APHel B wixe) 3
F(F)S 43t ol 2og w3 (o W)
= A

3F
26k’

F o vElEA stolre] 3% (Newton), /@ A7 Az
(50 mm), 5 = Al F (10 mm), A : AES FA

(2.5 mm)

(3) 2 E7tof| WE SfX|&TIQ| M= S}
eo] e oA guRlel Azvsle W)
sJal 2o) WhEAA e dzre Ees A3
H|WE AJY3}ITE, i7‘4717li 3354 5A| (spectro-
photometer: Color-reader™ Minolta CR- 10, Osaka,
Japan) & ARESFRICn] ZF Al dele] Al A
EAY T3 Y ST ¥ 19
TES WE 22 L, ALl 4, gzl b

2 7z} B3l CIELAB scale® o]-g3lo] o}
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@%@}g}z AE 7} 2.0 oJake]l 9 A ol

A3 AcHO' Brien %, 1990).

AE = (ALY +(da)Y+(dp)?
AU = Li-Lo, da'= ay-a,, db= bi-by
Li, a1, by : Lo H7Hd
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=

(@) EHAE U JIBE wal

o8 W AP gx Augte] B9 T
73 Aol BEer] 98 AN (scanning
electron microscope: Hitachi, S-4200, Tokyo, Japan)
o2 2SI (Magnification X 10,000).

z7e] B4 9 gt
93l dYANOVAR T
x}i]o},ﬂ /\} Z vl2E 93l Student t-testE 573
e BE BAE 9.9 %o folFer A
A=} (p:0.01).
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Al dollA] 24 ARRE SR g € 7Y
thte] Hor A 9 Z2okke 10 %, 5.0 %
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Fig. 1. Reduction rate of viable cell of Candida albicans according to the
amount and types of silver incorporated,

Table 2, The Ag’ elution and antifungal effect of modified denture acrylic base with 0.2 % Ag

concentration,
. + 5
Group Concg?;?;g;rg)f o (1&3?315&2112@?%;0 ){rri)y) Inhibitory rate(%)
Control Non detective 242+8.8 +8.6
I 0.037+0.008" 222+6.8 4.4
II 0.081+0,012" 216+11.2 6.9
1 0.055%0.015" 207+17.8 -11.8
Y% 0.086%0.014" 2024223 -13.0

The different letter is statistically significant among the groups (p<0.01).

Table 3. The Ag’ elution and antifungal effect of modified denture acrylic base with 1.0 % Ag

concentration,
. + 5
oo O o el e el 230 oy ohibiory e
Control Non detective 242+8 8" +8.6
I 0.098+0,017 154+15.2"° -33.7
II 0.104%0.012 133+34.5" 42,7
I 0.107+0.038 113+22.4" 51.3
v 0.102+0.025 101110 -56.5

The different letter is statistically significant among the groups (p{0.01).
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Table 4. The Ag'

elution and antifungal effect of modified denture acrylic base with 5.0% Ag

concentration,
Concentration of Ag" Colony count (CFUX10°/ml) Inhibitory

Group eluted(ppm) (Initial viable cell: 2,32 x 10) rate(%)
Control Non detective 242+8.8° +8.6

I 0.24650.017 724202 -69.0

I 0.387+0.082 61+22.6" -75.0

I 0.36240.098 58+17.3" 73.8

v 0.3560.105 55+31.5" -76.3

The different letter is statistically significant among the groups (p<0.01).

(sterilization) EIRT= T S22 A7 = A
o] FFEY o (Fig. 1) 0.2 % & 7} T=d
A otz A oS yEREA et
(p>0.01) (Table 2). 1.0 % &&= A|H] ¢ &k
2TEAE AR (VD) ollM 7S 2 JA|E
(56.5 %) 7} YEtL & Eo] Al (12, 33.7
%) Btk oA e AAass EHSou (p<0.0D)
Ge 2 (1, moste] $AH Aol et o
It} (Table 3). 5.0 % < A7} 5% A 1.0 % 3
sk QR S i 7 2aes o
ERIQAL (Fig. 2) HAR-7IEAF Fof TellA] 787
wel 7 w2 i AAEE Hou & 7] B

o/ g2 VFERA| 948kt ()0.01) (Table 4),
o H7} Ewo = zk £ Ag ‘%‘Ea]:‘g‘ =]
7} E&el Hlﬂﬂﬂo}oi 7 e e JERSL
Z7] & H7Fs% (2000~50,000 ppm)ell H]6}04
4ol @t (A 0.387 ppm £ 0.082) ©] A=
HYow s o 7k 8EH2 02 % T
o Al Arke 37 AGR I vakellA] &
2 7K ¥ m AR feA Ul
ERgoy (p<0.01) 1.0 %, 5.0 %
oAl = gk fofgh Abole= vfEREA] it
(p>0.01) (Table 2~4),
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Fig. 2. Degree of conversion of various Ag-denture acrylic specimen compared with

control (%),
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Fig. 3. Flexural strength (MPa) of various Ag-denture acrylic specimens. ;

* means statistically significant compared with control (p¢0.01).

iz 88 (FHT 73.7 %) I njwd o
FVEARS Wl H7Fe 1, IV oA AiE o vhe
T3] (69.8~71.7 %) 7} AZFILH 11 2] 5.0 %
Axke-g Fofgt AlelM 7 e e A
(76.5 %)& JERIQ ot dub oz o Fojo up2
AR F9 Aghg-o T 23k xto)7t Yl
2] 93kt (p20.01) (Fig. 2).

38w 7w digk A3 9 $AE Fig. 3 ol UEk
WA 5.0 % & Ui 2l 2k Hrek Al A

747} 87.6, 86.8 MPa ¢] F%2 Yehljo] thxe] 3
T w3 7%= (82.2 MPa) Bk oA & =2

2 BT (p0.01), 0.2 % & =9} 7|E2F 7} A
Hol|A] 78.2 MPa 2] 7} e 7Fwrt AlEEQ o
ewael A el dehAl skt
(p>0.01).

o] HrtE RE AN iz gk Mz
Wl BEEgY RE & Hl $EY yxsd
o] Mzh= A 7)E (dE ; 2.0) FAE AR %
Hatgon & Wt F=rb SV E5E MzAjo]
7} FV A NEARTS HAe A H8HA
o2 AFHETE Axbg o] Bl AatEE BoR
YERIT} (Table 5).

Table 5. Color difference (AE) of Ag-acrylic denture compared with control,

i Color difference(AE") compared to control
Gromp concentration 0.2 % 10 % 50 %
I 8.44 11.03 15.3
I 8.38 11.01 14.9
m 9.02 13.27 17.3
\Y 9.16 13.34 16.9

The borderline of clinical acceptability of AE s 2.0,
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4) ME AH EHO| FAlED|E E
oo A AAEY] B RS A

(x 10,0000 oz FA3}e] thxFy} vws Az}

okzke]l W Az7)e] zfo|7}

Eolat 7|EZ/h} muold Zo] 4Ae Jehlx|

ook} (Fig. 4).

(e) AgNO; +chitosan

Fig. 4. SEM pictures of 5.0 % Ag-incorporated
denture acrylic with control (Original magni-
fication X 10,000),
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2 AEA FHAAMY] AltFEe] HuEHAL
(Hans2} Hendrich, 1986 ; Samaranayake %, 1986)
Tl % fuktel Feicte] A A
ek Wl QI8 ATHe] 25402 <3t
of el elAlnt pe B Eelr) Eel 4
Al 28 4 dod (Minagi, 1985). duhdoz 9
Aede] AE2 ANE S 9 (Nystatin,
Miconazole) o] A|l34E 4 o} &3] ZefrE
FHe] Al (biofilm) & AAS] $lixleE 1L
|Fo] a7=IL o) Myt A d-HE 2



Utk A 2o v Ade] A% B4 aow
He) 20l

dASo|gEo] w2 JAAE RIS BS- W

A tds 7H oxPERle] T A
SR A FUH LY el F =S = 7 IS
Aot (Moskona®} Kaplan, 1995). Z<& YA

FEOR QF WA ok ARk S 38
7] Sl Az FPFDRL Y ekt 2
Y3 glor] AA ¥ A £ ol
T BPA AT olee Wt Fof shieta A
RS

Bl 553} AlE T AdEE oA
v} guirfolel] Zheickits) %
= PUE ADs] 9ol ¥ APl

Hog AEsteisd o W oo A £
%Y (planktonic phase) Well AlH-E FFAA A
o] s Hrkehs WA vlwE wj Aol 3
AEA thete] Fidez o v IedEs 7h
AB 2 (Bachni®} Takeuchi, 2003) Xt} Az el
2>-oxpgzle] e Jrbt 7Fssict

gt A Al X dlxlde] Ak
BHHoR AAslr] Asirl= Ha 1.0 % o] 29|
FolEojofsl= Aow yehdow T (2005)
2 ool HWE Fe e 2 Yrpe| it
(E-colell thet @t 54 AFtolx] & ool &

eQixbe] tadtEeh oF 20 W H2 FoRE B
Aot 7 Adelx fxPeExle] Fofe @it
23 & wikegte] tEd g SRt fold
Sl BFEA skt vl 1.0 % 2 Fo %
oAl Hikew F|ELARTES W ks A 2
Wie o H7b AlEET ot S22 ARt
et dd FAERR JeRl 71BN 2
o] 2 vheof thsk P wi9A} (ligand) &
&S o 7|EARY] ofnsto] F EES FHAZ
%} (coordination interaction)A]7#] Z#o]E (chelate)
3l A7|ER 23] B o Al IdEs 3
71t} (Huang 5, 2004),

PMMA®] acrylater= F40|-232] =43st spshd
s olFH ©d87] ¥hE (in sitw) oA 2 o]

O

o] FANHL S3to] PMMA Zz|we} 3t Ag
So] M% o oles HEe s ARlo] At
ol uje} Feloe & olee] & YAze] AR
ol &t dubdow St E2iv
o 2+ Al S50l HI3} (agglomeration) L
4ue wAse] nE BEE s an
(Singh¥} Khanna, 2007), & Aol 2]x2 %l
o Fold Z7] & F% (1000~50,000 ppm) ol
Hlg) 8&%9 & o9 2 Hil 0.387 ppm <l
o Yetal Ao & o] 8% Tkt
HlEletA] ket 0.2 % FE=e] A9
B A (11, IV ) 2 2 e A
[, I ) Bt §=Fo] fFo4d S
B8kl dhts ol o3t o7t
% T AT BE AEEY $55%

A7 |ELE Fo]
frold e w2 g
LB g 8 AR AR &
= 2#3Pd Yoshida % (1999) &
FEE Yzle] S, mutans T A
I} S4Ee] & ol 8% st Ao kL
AL Imazato 5 (2003) = MDPB (Methacrylo-
yloxydodecylpyridinium bromide) & Z7}5F -5
| dxleMe] i A AAlad= 7 FUlEe
frefoll ofgk zkgETt Fy gl 14"
7] 2Rkl A HEel o3k avEtal Hast
v B AR el dAw Fage] o
oleg &=Evh= UiAA, 973 A AR
s 7RRIdaL Al Ed, 2ev &2 IS =
Ao FrAgr1de obF SR EEAE 4%t
o™ Kaouri 5 (1994) & 22 o]&=k&- (catabolism)
o8 7] 7 Ew e R oeuAt ) &
gom gk " 24 (active oxygen)Zh
] P2 g o2/ BT ST (oligo
dynamic action of silver) 7% W ZAHHE &9
AFste] AdaEo] ATGE shlshe ol A
NE e oled s fARida mushelt
(Imazato 5, 2003),
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5= ETI vla, AL O AFeA Q1
Ago| gt Hdgt B8 etk % 7
& ZAo)] A8¥ Raman 2A¥S Ezo] W& &
= 5ok Yo 2HERS ASshE AR &
HEJLNS B8] 74 B2 FET %5 H,

Z2]o|A B4 o]F AT (C=C) o] &AFht 100 %

TH Al C=C 7} EAEHA] A HaL g@s) Ak
o] o]FAY (C=0) &3k Wspr} gl HE= C=C

Al c=0 Ao AE Zol2 =Asle] A|AES

o] T HIES AT Oé% gzl w3
o] AL 1SO74 (1SO 1567) & HA 65 MPa

opom R Q= ul B Aol o2y
Aol Folgl 29 ole] sEEe FY Aol ¥4
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