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Sustained antibacterial effects of antibacterial agents against
Streptococcus mutans applied on hydroxyapatite disc
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This study aimed to evaluate the antibacterial activities sustainability of antibacterial agents mixed with experimental fluoride
varnish on hydroxyapatite disc against Streptococcus mutans (S, mutans). On the hydroxyapatite disc with 4.8 mm of diameter,
5 UL of 1 mM antibacterial agents mixed with experimental fluoride varnish were applied. Positive control and vehicle control
were 10 ug/mL ampicillin and dimethyl sulfoxide (DMSO) mixed with fluoride varnish, respectively. The discs were stored
in distilled water in a 37C shaking water bath at 120 rpm for 30 minutes, 4 hours, 1 day, 5 days, 20 days, and 30 days.
Antibacterial activities were evaluated with the inhibition zone by the agar diffusion test, The antibacterial activities of all antibacterial
agents were sustained for 30 days., Among them, Bakuchiol, Bavachromene, and Bavachalcone showed higher antibacterial
activities for up to 30 days. The antibacterial agents when mixed in the experimental fluoride varnish with increased and prolonged
antibacterial activities can be applied to prevent dental caries effectively,

Key words : Sustained antibacterial effect, Fluoride varnish, Antibacterial agents, Streptococcus mutans

Ju-Lee Son (ORCID: 0000-0003-4611-8891) Correspondence: Ji-Myung Bae (ORCID: 0000-0002-8607-8604)
Sun Im (ORCID: 0000-0002-5751-3371) 460 Tksan-daero, Iksan-si, Jeonbuk 54538, Republic of Korea
Dong-Hyun Gim (ORCID: 0000-0001-8377-7373) Affiliation: Department of Dental Biomaterials and Institute of
Seunghan Oh (ORCID: 0000-0002-7250-721X) Biomaterials - Implant, College of Dentistry, Wonkwang University,

Iksan-si, Republic of Korea
Tel: +82-63-850-0859, Fax: +82-63-850-6859
E-mail: baejimy@wku. ac kr

Received: Nov. 24, 2020; Revised: Dec. 22, 2020; Accepted: Dec, 23, 2020

245


https://crossmark.crossref.org/dialog/?doi=10.14815/kjdm.2020.47.4.245&domain=http://ksdm1966.com/&uri_scheme=http:&cm_version=v1.5

M E

Streptococcus mutans (S, mul:;zm)lz
ToR A ok o] #& T8
g3t & whEsko] X]OH—
A UTHD). Hoks-4s sty
7} e g A9

2ol g st A
ALY, Ba SRS AR AEA]
=X ATH2:0). EAntsi= z
ot B8 F 7P 29 EEE A 3l
AToM = BautdHA7E 2oks-4 ol nx=
74%, APF Gel2 37%, NaF sol2 28%= Hil¥| ) om st
01)\124 oz 0}7(4‘5‘]-]:]-57_ thﬂg] EH8) H/\H}L]Ht =
7 NaP 3o AohEwo] Bavie Hstol
A2RE Aok REeTho). BawpdE Ao
S 43 L kg A ghor] 4] gln

nllo
= _L
do o m1
B

L
b

)

iy
R
1=

+

A AL

3T GF
=

r N
o

A

offl

o] =

5

£

N
o

o,

/\V\é
kil

wE

had

.
=2

1:1;1

-

SE ARk] Bok G - frololAE A AH7F AP
kg virha elA AEk10), AUl cherek
Hggo] EAste] olHd VBER I8 TS oY

3171 $13l BYAIE o83k A= A7 AR W3
o] 29 9 odet BEES opIgrl). o2 <le)
A 2SI AAE g F840] ok A=l
o A7 B ool ek FAA T
2o ool EFAolPT wuH A PHFEAL
Xanthorrizol [XAN]¥} Bakuchiol A Z8e]] ¢19ith12, 13).
Son 59 ATAX = Psoralea corylifoliad) €10+ 318+
AE = Bakuchiol [BAK], Bavachalcone [BCC], Isobavach-
romene [IBC]¥} Bavachromene [BCM] &320] S mutanss

a0 R Agfsh= As & F AJT14). FAMA=
1900%IeRe] 25131 )

o
=

© Propolis$} chlorhexidineo]]

U4E B AT AR gl 8015, Behge] B
g BYL ATE PEG Aol ol BTt el

A &S 3] H7Esk7] 913k polyethylene tereph-
thalate filmol] 2-8-8ke] AYFBFHATH16), o)i= Ao} W
3} R o) gl Al ol ALsPe el o

Ads B F Utk
ojef & Aol A Aote] WP AL vt

246

slo| =2 |olulElo] E T AT S5 (XANT Psoralea
corylifolia®] #3%5-21 BAK, BCC, IBC, BOM)S 288 E4n}
Yol E3ste] mxgro vX A Eanty4e] It
o] A&AS Brhstalat shqlh. 3 o] & Fdfo] o}
B A83 =29 o] A&HA HrPHS s

FRstu s,

Mz 3 YH
1. A& SLAHMLIA M=
AEe Bnlu4le] AZF B S Son So] ool A 9}
2eh(14), 2bs] Arahd 45 wi 231,50 wi% o e,

5 wt.% NaFZ A2}t

Xanthorrhizol (XAN; CAS No, 30199-26-9, Santa Cruz
Biotechnology, Dallas, TX, USA), Bakuchiol (BAK; CAS
No. 10309-37-2, Santa Cruz Biotechnology), Bavachalcone
(BCC; CAS No, 28448-85-3, Chemfaces, Hubei, China),
Isobavachromene (IBC; CAS No, 52801-22-6, Chemfaces),
Bavachromene (BCM; CAS No, 41743-38-8, Chemfaces)S

Y3tATh14), 2 FgtEdE 2 mMo] HES
sulfoxide (DMSO, 99%, CAS No. 67-68-5, Duksan Co.,
Seoul, Korea) 2 3]A1s}aL, A8E EAvlH e} 1112 &3
sl 7} FABe] w7 1 mue] HES sholch P
2T 20 ug/mL Ampicillin (AMP, Sigma-Aldrich Co.
LTD., St. Louis, MO, USA)S A8 E4u<19} dimethyl
sulfoxide (DMSO)E- 1:12 Eg3le] HE F=7} 10 ug/mL

Dimethyl

7} HE=E 3F9aL, vehide control2% A3-8 EAulSI9}
DMSOE 112 B34 218 o] 839t} SAtzTe 474

4.8 mm9] slo]=EA|olule}o]| E(HA) Y223 (3D Biotek,
Bridgewater, NJ, USA) A}A& ARE-3F T}

BaupA] EHRS 47 5 us



l

H slo]|=EAolutElo| E A= o] ddg 7
F 5 SRR el Ao o2 308 1t At
t} 2 mL& EP tbed] EiE FHFES o] =S Ao}
JE FHAT 03 cm’/mlZ} HES 603 uLE FATK1Y).
ol == AlolsteolE tizi ARE AT W] 92
THeS SRTE B2 EP whed| g /fH ¥ F 37T
F5Z(shaking water bath, JSSI-100C, JS Research Inc.,
Gongju, Korea)ol4] 120 rppme] £EZ 308, 4A|17H 14,
54, 204, 304 E<t HHsto] | 7l 85
HE=E st thFigure 1),

o} -2 AAE #5728 mutans (ATCC 25175)E
brain heart infusion (BHI) #JjA]¢]] 24A)7FE¢F 37C CO;
HjE7 oA 13} vl SF §- 200 ULE THA] BHI B g3t
6AZE B<F 23 Witk AT FEsb 1.1x10°
CFU/mL7} ¥]%2& 3)43}e] top agard] & £33 &
base agarZ} 29 skdulA] $lol HF3tnt. 2Hzke] A7k
5 oS ZA}EROIE T2IE EP wheo] ] Aol
ARE6] A7 W] ol FHES wop agarol 1A
7 o] 37T 2] CO; incubatorol| A 24AI17F Bl s} ST,
sto|=EAlobatELo E T F9]0 S mutans®] AY7o]
oAlE £ zoned] HAE 4 WO R ZAs 1
1S A (inhibition zone)&E T8+ tHn=16). 2z} 7|7t

M2 APRL0) FRFE §EHT ge sto|=S ek

3L

[‘

i&lﬂin&l
[N

%

APBAGo

A)

ElolE U2mg olgate] BF 50 A B agar diffu-
sion test)& AAIste] FFAY A&HS Brhehelck

4, SHZEAM

S B2 Spss T EII(SPSS 24.0; SPSS GmbH,
Munich, Germany)< o]-&3FSit} A7tol| Wk gto] x4

A vlae 7 e gAe vashy] g8 77t
One-way ANOVAE A|g8}41(a =0.05), A HAAC =2
= Tukey?] TREH|aH S o] &3t ALF HAS AHASH
=3

32

Z 1t
ate) 21240 g A3 Figure 20] YERIS,
A 77 A3k Table 100 A4 He] 9tk S AmET
sl == Alolutelo]E Tl Al AL 4717 ¢
of ol R AT} §lo] PEFo] 1 HolA A9
Shoick, Alzte] el wheh lAlle] 21 st
BE AFFANN 30071 S| =8 Alolselo]E Taae]
#730] 48 mm Mtk 2 S GAulo] iAol A%

0] 8. o
nru=

& QST AT @4 AlEe dE
Figure 3l LFERHSIEt.

al

Figure 1. Hydroxyapatite discs sterilized before use (A) and storage of the hydroxyapatite discs applied with the mixture of antibacterial
agent and experimental fluoride varnish in distilled water for designated time to evaluate the sustainability of antibacterial activity
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Figure 2, Sustained antibacterial effect of antibacterial agents expressed as inhibition zone against S, mutans measured at 30 minutes,
4 hours, 1 day, 5, 20 and 30 days. + cont: Ampicillin in experimental fluoride vamish, V cont: dimethyl sulfoxide (DMSO) in experimental
fluoride varnish.

Table 1. Sustained antibacterial activities that are expressed as inhibition zones of antibacterial agents incorporated

into experimental fluoride varnish against S, mutans on hydroxyapatite discs (unit: mm)

30 minutes 4 hours 1 day 5 days 20 days 30 days
. 11 66" g o8¢ 947" 9.02%¢ 7.09P 7.68%P
t
+ con (2.29) (1.14) (1.71) (0.55) (1.10) (0.78)
V cont™ 11.66" 9.048 8928 888" 6.68° 6_86)bC
(1.62) (1.31) (1.02) (0.68) (0.82) (0.91
12 15" 8.06% 8.34%C 9148 6.68° 7.33%P
XAN
(0.62) (0.54) (1.32) (1.21) (0.47) (0.47)
BAK 97" 862" 859" 829" 7.43° 8.37%
(1.59) (0.88) (1.32) (0.93) 0.11) (0.19)
10.14° 9.62° 883" 828" 673" 7 578
BCC
(1229 (0.44) (3.04) (1.02) (1.16) (0.76)
9.96° 10.54° 920" 967° 683" 58"
IBC
(1.74) (0.90) (0.55) (0.98) (0.96) (0.80)
12 64" 870% 8.34% 9.23° 7.40° 8.43%°
BCM
(1.90) (1.20) (0.94) (1.01) (1.19) 0.22)

Different lowercase letters are significantly different among materials within each time (column) and different uppercase letters are significantly different
among time within materials (row) by ANOVA and Tukey's multiple range test at a=0.05. *Ampicillin in experimental fluoride varnish, **Experimental

fluoride varnish mixed with dimethyl sulfoxide (DMSO) that is used as a diluent of antibacterial agents,

248



Figure 3, Photograph of the inhibition zone against S, mutans
by agar diffusion test formed after cycling in a shaking water bath
to evaluate the sustainability of the antibacterial activity, —:
negative control that is hydroxyapatite disc (diameter of 4.8 mm)
itself, +: positive control that is ampicillin in experimental fluoride
varnish (EFV). V: vehicle control: DMSO in EFV. 4: bavachalcone
in EFV. The red arrow means the measurement of the diameter
of the inhibition zone,
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