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o7 dHA Y}t 53] polyPe A Tt F2 4
Fo H7MEEHN Bo] o]8Hu Jon g5 47 FE
g AT A, dAYA], 22 FEUA], F3A|, TE2
A 5 UdEAH o= o] S,

A8 Yol FHE polyPE AR AFALZA 715&
3o, 9o we} Piz f2Ho] ATP 39S g o g e
2 AEED E JIEE 5 22 Uk 2B 20 dig v
AE WA Bodshe Aoz delAd Jo. m3 ¢
ol &g FIAA AEA Yo Fio|2 TEF dAA /A
A7l Aoz Bausa Jopsa® T2y polyPrt o F-25
H A& fdHE A, vAE Al tsh R
2 233 0|9 2 JFATNE polyP7} A EHo|} A
are] qbgell B3t F&ol 23] oA o7l o] FolA =
AR Bugm Jokd.

2)9lgt G oA polyPe] FaEF B AFZ, 1970
Tanzer?} Hageage®™7} S. sobrinusol thgt Xej&A A&
}E Bng ¥} 9l Shibata®t Morioka® ¥ hamster®l) S.
mutansg HAFA7L polyPE T ¥ AHZHAY 28
el e polyPl dtaztel] o3 Aojztn By vt gl
o} A& WA F $2& polyP2l Porphyromonas gingi-
valisel] 3t AlddAEINE, 29 3®= P. endodontalisol
3 9L, 9 A& P. intermedia®l] A AgdAES}
E 1% bl ol W e 2HFHE AWE ok 1
~3% polyP2] streptococci®t St dol gt T aE
g #EAS A, ol A& 7He8 S AAG bk o

o] APoME ofadY &R polyPE EF3l] A3zl
%, AgE 417 2 vAEE F AY9JAEY Strept-
ococcus mutans, S. sobrinus, S. gordonii 2 Challis, & F
2 XLl AR e Aoz dAR P, gingivalis 18]
3 FRES 479 Candida albicans 52 W43 ¥, o1&
A2 HAFHA e AdRa 48, A4GA 48 1 3
&7} AE AEE 53l polyPoll 9@ vAEe] 3 5 g3
o ")l FIgE FFslA thiY AHE W) Endte
njojt},

1. 917 Mz % o

1. A7 A=
1) PolyP
olZ€¥ FX 3 polyPe] £3-& &ol3Al 37| fstd £'%

9] polyPY) Calgon(Sigma, USA; Ak&Ze] 133} 189
E3E)S AMEIaT

Do

) AR

A8 #F= mutans streptococcil S. mutans GS5, S.
sobrinus 6715, S. gordonii G9B, Challis, P. gingivalis
© 2561 Candida albicans ATCC 90027 322 =
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Streptococci® BHI(brain heart infusion: Difco, USA)
A 24X 37CoAA 8718 (80% Nz, 10% CO2, 10%
Ho)o 2 vlkaldal, P. gingivalist yeast extract(5mg/ml),
hemin(5ug/ml) 2 vitamin K1(0.2ug/m)e] H7FE half-
strength BHIOIA 24X17+8<t @714 02 wdslion, &
C. albicans= Sabouraud broth(Difco, USA)IA 24X 7+%
¢t 37CE 714 v Fasitt.

3) ot=2¥d 7l
&3] AF&EE orthodontic resin(Caulk, Dentsply, USA)
< o] 83t

i

2. 97

AgRE APL 9t 27 S5mm T&(bead) FEHS] ok
A 7o polyPE £33t o) &3t m, AA RN
= 24-well plate®] §ad) AL BBA FFAINH polyP
2 23l "Hrlelgen, A4 AF AddAA s 20x40x
3mme 27|12 polyPE E&3t] Z(plate)l FEIZ FFA
#A BT

Ao 2z}
molddlA AFslger oldf clampE ©]4-38t] moldol €%
g S 71 Aol A FEct. 71301 e e
Aol AYAALH Frrgoz dAntstA] gsith. AztE
A FEe AL 77| FoM 3Y B B3 F AP ALESt
o #A A9 BEAo] Ao mA F e FFS AT
A} &t

P28 A7 (109 BFA (6n) WS FEAZAL, 4
FFL B2E polyP(Calgon) & d7 B¥ate] FAMZ 1%,
2% 2 3%% Egstd 2 polyP 1%+, polyP 2%+, 18
2 polyP 3% L2 ATt :

AFEE A8 g 2E G F&9 AHE HEY
(whole saliva) 2.2 S =310t} 7ol d& EtYe] 2ol &
A st7] et 3 el 49 dxte] Brlg APk Abgst
k. etele] YL o}z H4le F3hel paraffin waxs A
52 g} Bulg A4 gae AFste 4coA HRsig
o} 539 B 10,000xgo 2 1087t 4ClA A4 Est
o 2FAE AT 5 o]EFS dAALE AAY F, 60T
oA 3087 Zeste] Bl E4E v EASAFAY. o % B
A& 47T, 12,000x gollA] 3027 ThA] AR 8l AHES
AAsRIL, o] ElYS Eppendorf tubeoll 1ml<] aliguot® -
20ce] WELd Basidtt.

hzes 2t A7 47 745 44 3704 siliconized
borosilicate tube(12X75mm: Chase Instruments,



Norcross, GA, USA)Y €1, 1ml buffered KC1(50mM
KCl, ImM KHzPOs, 1mM CaCl, 0.1mM MgCl2, PH 6.0)
2 Roto-torque rotator(model 7637, Cole-Parmer Instr-
ument Co., USA)ZIA SAAZ|HA 2421715t FEAA
o} 38 ¥ g3 7&¢¢ 1nl buffered KCIZ 23] AP 7 o2,
A Fuig Bl 20049 B rotator 23 3RAF|AA
4cAA 12417 vigFate] Tl Eo] HREEE 3t ct
24X7H5 3t Wl g3 AFFFE S buffered KCIE 33] AF &
F FHESAE o145 540nmelAd FF= 0.62 A
th 249 I 5004 & et ez Fute 379 F&a) §
rotator ‘golA] 123t Bt S| AAIFIEA v et

A% F&ol RAHA &L FFEL 9 Pasteur pipettes
o] &3l AAsILL, 1ml buffered KCIZ2 33 A thg, +
&d #39 32 1nl 04N NaOH=Z A=XEstn 1587
£3A1 &, 2998 FF = 540nmellH S s T F
AP =g B8

2) 8AA 48

A3 AALE LS A3l 24-well plateE ol E3l%.oH,
g7 £47 A a3 polyPE UM 71ed R B4 ulE
2 EE3YY. WeissTe] W™ we} 24-well plateE 2|
2o 2 A e 7 welld] ¥R E3E A0S ABIA F
FAA 3T B@ F ALg3gh

24NZ M FE S Al AR 2L iR 2 540nm
A FE= 1.008 24 o, I EHF 24-well plate
9] 7} well B $8E ANER fol], 15648 F3ta F 1
AIZEES w3 whet 3714 B Er1H 02wkttt

24-well plate® THOZ XA b5, 2L L AA
Bl & 2mA 7} wello] 718 & 3837} shakerol| A T
A E AR TR T 1004 E s E A AR
+ 5Y HAEA) 90047} £ & Eppendorf tube] A7}
AR F Aol whet 3718 = Pr)H o2 wjdstd], o 1
Akt 540nmelA FETE 243t 4 d59 A=

Table 1. Binding of S. mutans GSb to saliva coated acrylic

0015 0.003

0.016

1 0.023

2 0.023 0.016 0.018 0.001

3 0.020 0.018 0.014 0.003
Mean 0.022 0.016 0.016 0.002

Unit : 0.D.(Optical Density)

71

cista-ofx|mtats|x] 30(1) 2003

Bt PR EFE polyPel AAAA AIE WAL
AP RE AR FE7 selA ARED BEE A

3) &7 AS A

BE7Ye) AZS 98k 20x40x3mme] 272 Y%L
AF8E, polyPE EFIRA ¥ hETH polyP 1%+,
polyP 2%, polyP 3%72] #74& HEUT. o) 742}
#AZE FHH AolM ASAA 4 AHo] LY FREH
T2 ZEE g1, JELL 4 2038 ASdd FEAE
789k, 245 (Deionized water, pH=5.5, 25¢C) ¢} #7l
7k advancing contact angle contact angle me-
ter(Kyowa Co., Japan)2 AZ3tAtH.

I. 7%
1. M

S. mutans GS5e g AlFEZ AEdA 2T
F3%7) 0.0229.29 ) polyP 1%7# polyP 2%
0.0162.2 Wz vl F2o Fr} 27.3% AL,
polyP 3%7& 0.0022 e} 90.9% Z4FHATHTable 1
2 Fig. 1).

S. sobrinus 67159ME 2T BT F%4=7} 0.029,
polyP 1% A= 0.020, polyP 2%TAAE 0.012 282
polyP 3%l A & 0.0082 Weht polyPd] el S7He<s
2 3T AR eR Zasa, od mE AlTF-a oA
E73E polyPe] §Ho] Eold % 31.0%, 58.6% 9 72.4%
2 74z} Z7181vH(Table 2 % Fig. 2).

S. gordonii G9BAAE 279 BF FE=7 0.03201%
I polyP 1%T& 0.028, polyP 2% TollAE 0.024 283
polyP 3% TelME 0.0152 Y, polyPd] 7kl we &
39) 7+A7} S, mutans GS59 S. sobrinus 6715 ¥lsie

:

S. mutans GS5

0.025

0.020

0.015

0.010

0.D. 540nm

0.005

% of poly P

Fig. 1. Binding of S. mutans GS5.
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HaA Ae AgE Hier, FPEd gE ARTE AAL
= polyP 1%2°] 12.5%. polyP 2%7< 25.0% 123
polyP 3%ZXE 53.1%= Jeht, S. mutans GS5%} S.
sobrinus 671590 ¥l8) MEEF AAFH} Fodte A B
Ze 4 YSitHTable 3 2 Fig. 3).

S. gordonii ChallisdlA & thZ7°] 0.0249] §E=E B

Table 2. Binding of S. sobrinus 6715 to saliva coated

1 0.032 0.022 0.013 0.008
2 0.030 0.019 0.012. 0.008
3 0.026 0.018 0.011 0.007
Mean 0.029 0.020 0.012 0.008

Unit : O.D.(Optical Density)

Table 3. Binding of S. gordonii G9B saliva coated acrylic
resin beads

1 0.033 0.035 0.028 0.017
2 0.035 0.024 0.023 0.013
3 0.029 0.026 0.022 0.016
Mean 0.032 0.028 0.024 0.015

Unit : O.D.(Optical Density)

Table 4. Binding of S. gordonii Challis to saliva coated

1 0.021 0.025 0.020

2 0.026 0.025 0.024 0.023

3 0.024 0.025 0.027 0.018
Mean 0.024 0.025 0.024 0.020

Unit : 0.D.{(Optical Density)

o1} polyP 1% 7 0.0252 Aol #AR =7t 4.2% S7Vst
A3, polyP 2% TAAE 0.0242 HzEH} FLANLH
polyP 3%TAAE 0.02022 16.7% FHEHEFH7L Yehd
W2z A8FE b FFEe Aot A vehtA] de A
82 HrH(Table 4 2 Fig. 4).

P. gingivalis®l F4=7} lzToAE 0.01622, polyP

S. sobrinus 6715

0.030

S
0.025

0.020

0.015

0.D. 540nm

0.010 F

0.005 ¢

0.000
0% 1% 2% 3%

% of poly P

Fig- 2. Binding of S. sobrinus 6715.

8. gordonii G9B

0.035

0.030
0.025 F
0.020 |~

0.015F ||

0.D. 540nm

0.010

0.005 [

0.000

% of poly P

Fig. 3. Binding of S. gordonii G9B.

. gordonii Challis

0.025
0.020 |

005) |

0.D. 540nm

0.010 "

oo0sf B

0.000

0% 1% 2% 3%
% of poly P

Fig. 4. Binding of S. gordonii Challis.



1%7< 0.014%, polyP 2% 7L 0.01322 133 polyP
3%2€ 0.0152 Jeht, polyPel £ Aol ©e Axya
AAe A7 12.5%, 18.7% 2 6.2%% FEPSH, polyP
2%ZNA FBEr} 71 Bgkey 2 Xjo) B BolA e &sktt

Table 5. Binding of P. gingivalis 2561 to saliva coated
acrylic resin beads.

1 0.033 0.035 0.028 0.017
2 0.035 0.024 0.023 0.013
3 0.029 0.026 0.022 0.016
Mean 0.032 0.028 0.024 0.015

Unit : 0.D.(Optical Density)

Table 6. Binding of Candida albicans to saliva coated

1 0010 0007 0007  0.003

2 0.009 0.008 0.008 0.007
3 0.006 0.005 0.012 0.010
Mean 0.008 0.007 0.009 0.007

Unit : O.D.(Optical Density)
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- 586(2%)
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Time(h)

Fig. 7. Changes of optical density of S. mutans GS5 with
the lapse of time in the different concentrations of polyP.
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(Table 5 2 Fig. b).

Candida albicans®] W& AdHZ A A3l dHzze
F3% = 0.008, polyP 1%a-2 0.007, polyP 2%T-< 0.009
2832 polyP 3%TAME 0.0072 vehtoew 1%73 3%

P. gingivalis 2561

0.016
0.014
0.012
0.010
0.008
0.006
0.004
0.002
0.000

0% 1% 2% 3%
% of poly P

Fig. 5. Binding of P. gingivalis 2561.

Candida albicans

0.008
0.008]
0.007|
0.006
0.005
0.004
0.003
0.002
0.001

0.D. 540nm

0% 1% 2% 3%
% of poly P

Fig. 6. Binding of Candida albicans.

16

14 [ -=-6715(0%)
-+ 6715(1%)
- 6T16(2%)
1| 6715(3%)

12 |

08 |

06 |

0.D. at 540 nm

04}

0.2

6 4 2 3 4 5 6 7 8 8 10 11 12 13 14
Time(h)

Fig. 8. Changes of optical density of S. sorbinus 6715 with
the lapse of time in the different concentrations of oolyP.
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FoNE 125%9) AZRE AR ZHE BP U polyP 2% 2
A e AdF2re] 12.5% B E F7FtAtHTable 6 R Fig. 6).

2. AT EE AmldE

S. muntans GS5% S. sobrinus 671594 ZtZte] AT
AN APFFEC] YRTET F A7 A4 A7) Al
et o, Alzto] ZHATE FFEY zto]7t FTHIN S
3 Aol 2A 8ith(Fig. 7 2 8).

S. gordonii G9BS} ChalliselAE t&wd & Aol
A9 vgt A7l o] AlFEJ o FHE GA] F Afo]
g RolA ¥kovH(Fig. 9 2 10), P. gingivalis$} C. albi-

1.8

16 | -=-GIB(0%)
-+ GIB(1%)
14 1 4 GIB(2%)

13 | -GEBE%

0.8 r

0.D. at 540nm

06 |

04

02

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Time(h)

Fig. 9. Changes of optical density of S. gordonii GIB with
the lapse of time in the different concentrations of polyP.

~o-2661(0%)
- 2561(1%)
- 26561(2%)
- 2561(3%)

0.D. at 540nm
o o o
> [ «© -

o
0

o

0 1 2 3 4 8§ 6 7 8 9 10 11 12 13 14 1§
Time(h)

Fig. 11. Changes of optical density of P. gingivalis 2561
with the lapse of time in the different concentrations of polyP.

ionized water contact a

Mean+8.D. 78.5+1.70

e formed on the acrylic resin surfa

77.0+1.87

cans?) 7olE xRt P29 Ado] 243 Hx= =7
ARAAT, FHEE polyP 3%ToNA 7 @A vegeu
2T vwstd & o)z YeHFig. 11 % 12).

24 A% A

ok

3.8

I

gz7e] A&7 78.5+£1.70° & 712 F FoA 713 ZA
vehon polyP 1%w9 A&7 77.0£1.8' 2 izl
vg 1.5 74" RAew Jeltl PolyP 2%w A&54E
76.2+0.96’ 2 22 HET} 2.3 243890, polyP 3%l
e 76.3+1.32° & Ve thzgd vla) 2.2°9 24 BY
on polyP 2%w3He & Aoizl SisitH(Table 7).

..... Challis(0%) —
~ Challls(1%)

+ Challls(2%)
- Challls(3%)

O.D. at 540nm

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Time(h)

Fig. 10. Changes of optical densities of S. gordonii Challis
with the lapse of time in the different concentrations of polyP.

0.8

-&-C.c(0%)
-4 C.c(1%)
- C.c{2%)
+-C.¢(3%)

0.6

0.D. at 540nm

0 1 2 3 4 85 6 7 8 9 10 11 12 13 14
Time(h)

Fig. 12. Changes of optical density of Candida albicans
ATCCO0027 with the lapse of time in the different of polyP.

76.3+1.32

76.2+0.96

Unit: degree
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dzH £ Az F3g & glojof dn, o]g7 F3d
O B2 QA o)y Ao giAstHA 7z At

NFoEM AN AL FUAA Aoz AWE BE

o ol4e] 34 F ol @ BAEhE oA i Wels 2

o 4R ok Ages WA erenk 5. U9 o
& FAME APHOR PlARE Aiae YU AT

HH

[}

E glov 2de) 3 BAY AL 22g o
A% ZdL ARH o2 owg $ gy

by Xefe] AAE Y3 7].;4— ;6',__1,].7(40] o gl& Yl

Aoleh, 2eht ojolgaN A& 43 Avel AAZ 7]
e @ A ofel g, :}w SCECEE R
A 5% ol§3nA S B ATEo| YYTK. o5t

Ze 387 AT A2e S4d v} 7] ge 2R

o] &HT} o]E F UEE XE Ei P E9 2228 A
£ PN A% BHez, B 93 AokeA S0

249 $3 23 A2 Q9Ho2 Agalel TR B
e $Ae2, Be olE 4R 448 1901E 4
40, 42 o2 olst 2 YTEAL ATE $EA=
590 W19l 4%0) 2 2 ;’l

53] A20lE vlgRol Aolel A Ee TRY 2
Hof QetshE ol ¥ Yol U BARELH @] o
3 AZE Al BaAD k. %, PAARe BHe A
oHERE A3 Qe A el 54 el astel A o
o Qoldltke Holopo®. mek F2ABE ABE & U
2RAQ Py 39 st AR TS Al PR A

L2 7heEd.

AA A Fa gk AFH7MAZ L7 polyP7F 7AW 13 F
7o Aol tetd 953 Faadrst ool wadoam
LIRS 7FsAol AANHD e BR3P o] AFqME
olZdd #zlol| polyPE &3] B3]zl 3?, o] HZlof
ngp— D AES] FAEE FAStL E v|YE] Ao tE &

£ &3tz A

o] AT HRFH W3t glle) wut Hro} Aol
& =S JUgA7)7] 93t oladd H3-& A% 5mel
A% Fo] P P& (bead) 2 AZtsle] BAAH S 85}
Aok, Table 1914 UElSe], S, mutans GS59) #A 74
of gt #3 Ao 1o, polyP 1%+ polyP 2% B
FR=E 47 0.0160192 d2TE 0.0222 Jeh 23
o v¥lgled 27.3% ZAHAoY, polyP 3%we Hit FREe
0.002% iz 3l 90.9% #4d" A2 Yeht polyP
1% 2 2%73 polyP 3% 7t A3 Ajo) B Byt &
& S. sobrinus 6715 BA} polyP 1%} polyP 2%l ¥
&t polyP 3% 7oA e 72.4%9 H3 dA&7E By
(Table 2). olof Hldld S. gordonii GOBME 1% T4
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12.5%, 2% X & 25.0%9.2H, 3% TolX = 53.1%2 ¥
2+ AA Z27F UAH(Table 3). w2HA polyP 1%23 polyP
2% w3k polyP 3%°l S. mutans GS5%} S. sobri-
nus 67159 that 3 JAE vl EAHIRY, S, gor-
donii G9Bdl 3l AAZA} thd @okd o= 7hsd
t}. 38 S gordonii Challis, P. gingivalis 2561 %
Candida albicans®1+= polyP 3%l thste] 242+ 16.7%,
6.2% 2 12.5% % 33 A g3} viekslsiw Ao g ) Fo]
(Table 4, 5 % 6), @] &3 polyPe F%+ 3%7t 7+
BHAo|H, & o] AP AMRE HATF FAME A
w9l S, mutans GS59 S. sobrinus 67150 Wt AA| &7
7h 7V $EtEd ALR vharh. A& HAAdA £
o, o}z EY FRAo g AFe A So| Xole} Z‘zd A&t
of $-a9] wajo] $lEE FH oA Aols2FS A4 EBe
A § dvke SHdA mls 1749 date 04742‘1‘?
olFe] ¥& Az AHeNA & F gl=o| polyPell 93l Al
o] Bao] dAHE A& AT T A HZTHA R AT
o th3t polyPe] H2 A9 7| H ol #atod= o} ¥ezl A
o] gtk &x Z 7IA 7hed 22 A, polyPell o3 €
Aol o] Wzkd ¢ Sl 7HeA BA, H7 FEERE &
218 polyP E& #xle] EHol el ol 3E polyP7t
el Sl dE8HE PAAE 7 AA, ANEDY &
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Fig. 13. The relationship of contact angle and surface-free
energy

8. contact angle

Tsi: surface-free energy at the solid-liquid interface

I'Lv: surface-free energy at the liquid-vapor interface

T'sv: surface-free energy at the solid-vapor interface
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Abstract

EFFECTS OF POLYPHOSPHATE MIXED IN ACRYLIC RESIN ON THE
ATTACHMENT AND GROWTH OF ORAL BACTERIA

Sun-Hee Hong, D.D.S., M.S.D., Ph. D. Yeong-Chul Choi, D.D.S., M.S.D., Ph. D.

Department of Pediatrics, Division of Dentistry, Graduate School, Kyung Hee University

The purpose of this present study was to develop a new way of self-curing acrylic resin, using commercially
available polyphosphate, Calgon, which is known to be antimicrobial and safe.

For the study, polyphosphate(polyP) was blended with acrylic powder and devided into four groups as follows:
no polyP(control), 1% polyP, 2% polyP, and 3% polyP. For the experiment, Streptococcus mutans GS5,
Streptococcus sobrinus 6715, Streptococcus gordonii G9B and Challis, Porphyromonas gingivalis 2561, and
Candida albicans ATCC 90027 were used.

Resin specimens in each group were tested in vitro for the purpose of investigating the effect of polyP on the
microbial attachment, growth and hydrophobicity of the resin surface.

The results were as follows.

1. PolyP added to the acrylic resin decreased attachment of S. mutans GSb, S. sobrinus 6715, S. gordonii
G9B. The greater binding inhibition was found in acrylic resin polymerized with polyP at higher concentra-
tions.

2. The addition of polyP to acrylic resin failed to significantly affect the growth of the tested microorganisms.

3. The addition of polyP to acrylic resin seemed to reduce hydrophobicity of the acrylic resin.

PolyP in acrylic resin does not seem to exert a direct antibacterial activity, but rather inhibit attachment of
oral bacteria, especially mutans streptococci to saliva—coated acrylic resin. The acrylic resin reduces attachment
of streptococci may be due to the decreased hydrophobicity caused by polyP added to the resin. PolyP may be in-
cluded to acrylic resin to inhibit dental caries which often occurs when removable acrylic resin appliance is
placed.

Key words : Acrylic resin, Polyphosphate, Bacterial attachment
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