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Inhibitory effects of several commercial oral rinses on Streptococcus
mutans biofilm formation

Eun-Song Lee?*®, Si-mook Kang1'2'3, Eunu Kim', Ho-Keun Kwon'?®, Baek-Il Kim'?*®

"Department of Preventive Dentistry & Public Oral Health, College of Dentistry, Yonsei University, *Research Center for Orofacial
Hard Tissue Regeneration, Brain Korea 21 Project

Objectives. The aim of this in vitro study was to evaluate the inhibitory effects of several commercially available antibacterial
oral rinses on S, mutans biofilm formation.

Methods. In this study, four commercial oral rinses produced in Korea containing different antibacterial substances (benzethonium
chloride, cetylpyridinium chloride, chlorhexidine, and essential oil) were selected for assessment. Sterile distilled water and 0.1%
chlorhexidine solution were used as a negative and a positive control, respectivery The planktonic S, mutans (10’ CFU/ml) was
mixed with the experimental oral rinses for 1 minute and the live cells were counted as a colonies forming unit (CFU). Also,
the antibacterial effect of oral rinses were tested by a .S, mutans biofilm model with the artificial saliva, THYE medium, and
hydroxyapatite (HA) discs. The .S mutans biofilm was formed on an HA disc coated with artificial saliva for 64 hours. The medium
was replaced every 24 hours, and the cultured biofilm was treated with each oral rinse for either 1 or 5 minutes, 3 times a day
for two days. Also, the number of live cells in the biofilm were counted and denoted as CFU.

Results. All four commercial oral rinses elicited significant antibacterial effects on planktonic .S, mutans, showing more than 99%
of CFU reduction. However, only Hexamedine oral rinse primarily composed of chlorhexidine exhibited a significant antibacterial
effect on S mutans biofilm.

Conclusions. The antibacterial effects of the commercial oral rinses were less pronounced in biofilm than in the planktonic cells,
and they varied among different products.
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Table 1. Details of test oral rinses formulations

U 12 oFX|HO| S mutans HIO|RQEZE A M| Znt 291

Groups Manufacturers Antibacterial agents Concentration (%)
Distilled water - * 0
Garglin (mild) Dong-A Cetylpyridinium chloride 0.05
Caregargle Hanmi Benzethonium chloride 0.01
Hexamedine Bukwang Chlorhexidine digluconate 0.1
Listerine (Coolmint) Johnson & Johnson Essential oil 0.256

(Eucalyptol, Thymol, Menthol, Methyl alicylate)

0.1% Chlorhexidine solution —

*Not included in solution.

FREOZ 3te 4T (FHAFE 15, TUAIE 33)S A
Attt AN & Fo t AR R ol It
B4 F 49 9EUS 33E1] Cetylpyridinium chloride
(CPC) ¢} Benzethonium chloride (BTC)E ¥ &3+ 223}
RIS I 15, vlol2g I EHQ
AE 29 X3t 155 A-sAo A tixzre
25 Agdor AH FE=Ad(Chlorhexidine dig-
luconate, sigma, USA)= 5759 0.1% s=& 375}
Azt APLAS AFESALL, o4 HEToZe I
T SHRTE AHESIATE ZF AlFY 58 3 S4E
Ao T/ TS o2 ZH(Table 1).

) . Ao A8 = S mutans ATCC
251755 I AETTATL AEALAEHZRE
ol ALg-3t ATt EURS T 10% glycerol& ©]-&-
&} Deep freezer (—80°C)ol| H#AdIe] T2 HE319 T
SZ2HEFEH #3E BHI (Brain Heart Infusion, Difco Co.,
USA) A vl =] oA 37°C, 10% CO, Z7A0 A A vl %A
A tFs2719 o5 AP ARSIt

2. i

2.1. 2.8 AE{o| S. mutansol| L3t Y7 &1t HI} BHI
oA vz Aufjekste] 10’ CFUMmIC] HE2 2438 S
mutans 100 115 Z42Fe] A A 900 1ol &3}t
132 52t A3 5, B9 44 100 115 TeHA] 3410
~10%)3ke] BHI 114 wjA)e] =2alsick. 37C, 10% CO
00X 483 F1t i 5 U= Al A
(Colony Forming Unit, CFU)E Z43}4t}. o]} 22 =}
g % 43 WrEaSTh

Chlorhexidine digluconate 0.1

22.S. mutans HIO|QEE A o EI It

2.2.1. S. mutans HIO|QZE YN, S mutans vFo] 22
£9 F4A1717] 9180 Guggenheim 57'0] A28 wlo] .
L5 2dS HPAIA AR o] WH-S Hydroxya-
patite (HA) T] 2=} 24 well cell culture plateS ©]-83h+=
ZACZ 106 mm, 0] 1.3 mme] FLE 93 HA t2=
£ AFste] A3l AE-s3Ath t2=a W g5
o] S fFEs7] st 1 mi Q1FErY ol Ei e
HA T 23E 37°Col A 4A17F 52t JAAAIZ 5, Edd
SR Aol 9] S AASAT Al A
5t QIFEFNL ZFS 2,000 mlol] gastric mucin 4.4 g,
NaCl 0.762 g, CaCl, + 2H,0O 0.426 g, KH,PO, 1.476 g, KCl
222 g& &8N F pHE 688 A3t A Z23AT

Ql-FElN 3} THYEH] A|(Todd Hewitt Broth 36.4 g/L,
Yeast Extract 8 g/L, Sucrose 15 g/L)S ZFz}F 800 114 1 :
1 HEE T3 &H(1.6 m)o] 5 }o] FAH HA
O2A3E JAA 7)1 2X10" CFU/mlo] HE2 vjeks S
mutans 200 15 HE38 37°C, 10% CO, Z710l| 4] 1}o]
L5 IS FEth & HE F 164138 4043F
743 Foll HA Y235 A Z¢ Bfl-ux] 384 1.6
miol] nA| st HAZAF T HEZ 02 6441t F<F vt
o] IES ASAA
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o] ge3] BaE nlo]l o e U3 ax Hrpr} 7}
SHEE SFth A X & A5 Y235 Bol-ujz] &
B4 oA &1 & ATt & HE F 16, 20,
24, 40, 44, 48X 7tRY 0] o] o -2 22 A S WHESEA
a1, 16, 40X A el = o] 9} FA]ol Ef-uljx] E3HE-HS
WA FFATE BAIZHA BE A R XX A o]
Eual F7HE 16417 52 37°C, 10% CO, Z7 ) A vl
FAA vlo]edEo] AFS =3 THTable 2).
2.2.3. HIO|QEE Y S. mutans T 4 &%: HA U=
o Y€ vl IE | dAIFS S4317] S8l HAEH L
2 Pl Om—E—Ol B HA B2 —z— e SRl Al
o TES AAS
9&‘3} q__g 1 ml«l ZE"Oﬂ “01 53}#1 2] (Sonica-
tion)3t>] HA t]23 3t F-2=|o] Qle vlo| B & 4
glo] 7-& F-iA17 5 23] wkstloh - eS|
S ge 8410 °~10 )3k] BHI agars Ao =319
t} 37°C, 10% CO, Z7N A 484171 B2t vljoFst Sof] e}
= CFUE 2431e] & CFUmIE AXFIAT o)) 2
S RE BFLe F 5§]°ﬂ AAA WhE stk
A FH e vpe|AE FA A
B} HWE 9fel BAREAE B 71 2215 PASW
18.0 (SPSS Inc., USA)-S- ©]-8-5}] Kruskal-Wallis 432 A]
AR, g 2polE Gl el Folaes B
3} Dunn procedureS A)3Yste] Al A8 sk9ich

m;'h off rd

Table 2. Experimental procedures according to time lapse

po;l;lltm(ehr) Procedures
—4 Pellicle coating
0 S. mutans inoculation
16 Oral rinse Treatment, Medium+Saliva change
20 Oral rinse Treatment
24 Oral rinse Treatment
40 Oral rinse Treatment, Medium+Saliva change
44 Oral rinse Treatment
48 Oral rinse Treatment

64 Biofilm harvest

a%E A A3 FF5E

s W 559 BE 7 %E‘]QE
BI7F eI BAIH R frofgh } 17} UrE‘r‘*E}(p

<0.01, Table 3).

o=
20| Mol BE B4 o FAE AT L 3

911:}. 53] 43 QRIS HPE TN BICE FHE-O
2 3k AE AR E SR ol w8 w3
7} W3] EhiA] kgkat, CPOE AR 0 shs W

Ho] A= ST vl vle]eF o] FA o
Al &7} 2% EFSFATE FA NS 57 FUA AX| S

A%, AT 01% FEZIHAY AHA 2L +
1 AMe 54 7Fegt Mol vtol B E W) Aol &
A=A eFSktH(Table 4). g 2]2HAZ AP,
01% FE=2IANY APA2&HS 2123} Tl A ulo]
LAE 4 A a2 FeHA YERRTHPp<0.01,
Table 4).

FA Y] HX ATt wE AFE v R, 1 F
QF A A|ek AR} 5 Bt AX| g A AFHEE HAL

Table 3. Antibacterial effects of oral rinses on planktonic S.

mutans (Unit: Logio CFU/ml)
Groups Median (min-max)

6.95 (5.82-7.79)"
1.15 (<DL-1.30)

Distilled water
Garglin (mild)

Caregargle 1.30 (1-1.95)°
Listerine (Coolmint) <DL®
Hexamedine <DL’
0.1% Chlorhexidine solution <DL"

**The same characters are not significant by Dunn procedure
at @=0.01.
DL: detection limit, detection limit was 10 CFU/ml.
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Table 4. Antibiofilm effects of oral rinses on the viability of
S. mutans in biofilm (Unit: Logio CFU/ml)

5 min. treatment

8.06 (7.71-8.51)°
7.24 (6.96-7.98)"

Groups 1 min. treatment

Distilled water
Garglin (mild)

7.57 (7.42-8.18)"
741 (6.93-7.48)"

Caregargle 7.94 (7.60-8.05)"  7.59 (7.24-7.93)"
Listerine (Coolmint) 7.14 (6.87-7.51)"  6.65 (6.61-6.93)°
Hexamedine 430 (3.24-4.71)° <DL’
0.1% Chlorhexidine 2.45 (2.40-2.81)° <DL’
solution

All values are medians (min~ max).

**“The same characters are not significant by Dunn procedure
at a=0.01.

DL: detection limit, detection limit was 10 CFU/ml.
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