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Abstract

Purpose : Hypochlorous acid (HOCI), a major inorganic bactericidal compound of innate immunity, is effective against a broad
range of microorganisms. In particular, HOCI is well-known as a non-antibiotic antimicrobial substance. However, effects of HOCI
as an antimicrobial agent are still needed to study these functions against various specific type of microorganisms. In this study,
we investigated the antimicrobial effect of hypochlorous acid (HOCI) in S. mutans and A. actinomycetemcomitans to cause dental
caries and periodontal disease. Experiments were conducted to observe whether HOCI become effective replacement of disinfectant.

Methods : To observe antimicrobial effect of HOCI, stabilized HOCI is prepared in the form of a physiologically balanced
solution in pre-conditioned and post-conditioned HOCI solution. As a control, commercially available disinfectant MAXCLEAN was
used as positive control. Moreover, S. mutans and A. actinomycetemcomitans distribution in gagrin, filtered tap water, and culture
media. Cell viability were measured by viable cell count methods and disk diffusion test.

Results : Our results showed that treatment of HOCI have no effect against antimicrobial effect compare to control group
especially gagrin in disk diffusion test. HOCI tended to reduced viability against S. mutans in group of post-conditioned than
pre-conditioned of HOCI solution however, there was no significant difference as well as no effect in A. actinomycetemcomitans.

Conclusion : HOCI showed tendency to reduce viability against S. mutans in group of post-conditioned of HOCI solution and
no effect of antimicrobial effect. Although HOCI is well known as effective against a broad range of microorganisms, HOCI seems
to have diversity following type of species to be used as antimicrobial drug following our results. Therefore, it is necessary to be
rigidly controlled and regulated in using HOCI solution clinically.
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A7 At #eAde 7HRITkal B EEA, H4Ad%
SR 9% Fa3t 240 5 shupel 7 A%l gt #
4l ERF FobA| AL Qltk(Jeon 5, 2016). 77 HAgho g <l
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u|XE 2= Streptococcus mutans,
Streptococcus sobrinus 5-©] 1ttt 3|, S. mutans = *|H
/\ﬂ—?r}‘%* Bl G v AL, G oA A {714
= st A B S vl Ye 93 gh(Choi
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Z| o} A1 28 Ao 7= U2l S mutans (KCTC
3065)= Bacto™ brain heart infusion (Difco, USA) 94|
oA W AT g Sk, AE 25 L 9
Sko] BHI agar 778} 2|(Difco, USA)E A-8-3H50H 7
FAEE dov|E= Sl 4. actinomycetemcomitans
(KCTC 2581)= 32 C, 5 % CO2 574} o]l A] columbia
broth (MB cell, Korea)Z HjF3to] &AIsH A7 & A
& WYL, A % ASANT 2L 0 5 %
sheep blood(A]H A o] =t o] A, §t=)7} EoQ= 1A
A|(MB cell, Korea)S ARt 2F o5+ =45
ST =AY E(KCTOZ 5 ol 2
o ek 5 Aol ARE-sFItK(Table 1).
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Table 1, Bacterial stains used in this study and their media, culture condition

Strains Culture condition Media Straining properties
Strpt tans / Bacto™ Brain Heart Infusion /
Tprococlls NS 32T /5 % CO, DRI o Gram positive
KCTC 3065 Difco ™ Brain Heart Infusion Agar
Aggregatibacter

actinomycetemcomitans / 32 C /5 % CO,

Columbia Broth / Columbia Blood Agar
with Sheep blood

Gram negative

KCTC 2581
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(MAXCLEAN, G54 o|dloA, stah)E AR5t A
Soll #iE= FAE 254 MAXCLEAN®] 7 pH=
45~6.8, FHEHAEE= 0.007 ppmo] Tt
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b Aot adtae] g wlas] s 22t
of @00 A et AYste] m o B S
mutans®| 73-$-, 77+ AAAQ 71U 1E, B&S5olA
oF  Shah), —r/\}7] I E](DISMIC-25CS, ADVENTEC, ¥
H)E ol&3to] HE E|okE AAT =, 4 vd=E
S 7] SE NS g xato 2 Hjm 9 43%;._6}911:}. A.

m1° iy

actinomycetemcomitans 2| 739, 713} L7+ v E v
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1) CJAT 2HHH(disk diffusion test)

Park 5(2013)4 At o] wep 2 A9 g

spbgle AR @l te vALY Aobdladtes]
ANE 2As7] YA S mutans o AL 2x10°
CFU/ml2] =% 2 3]|A5}lo] BHI agar plateo] 100 x 1%
Tk gleh Aol ARSE t]£=9] 7]+ penicillin®]
4 A& 0.6 cm, penicilling A L|gt g-Ho] 79 0.7
cmE AMESLETE. A actinomycetemcomitans 2] 73-%-
1x10* CFUmMI®] %2 3]43}o] Columbia Blood Agar
plateo]] 100 » 1% =skicy njAd Zpopd otk 2
g A AR 5 FEE 7ha™ 9
MAXCLEANS /\]._9.5]_0:11;]. 7L A]‘E;I_Q.oﬂgi 14 Al paper
discE & =43 agar plated] 23 S. mutans @) 73
2 4847t St oy

Penicillin,

24A] Zl', A. actinomycetemcomitans®| 73

kst & el AJS-A df$Hclear zone)S =43}t
2) s 58
72470l AF FNES 100 4 1B 96 well plateo] EF3}
3, Z4Zve) AF H#F S mutans (2x10° CFU/ml), A.

actinomycetemcomitans (1x10° CFU/ml)E 100 » 1% & &3}
o, 24A|7F vljokSt & agar vl X9 100 » 15 E535}0] =32

STt S mutans 2] 73S 24X\ 7Y, A. actinomycetemcomitans

Lo

A9 48A7F Ok ok F ATSE S

3) S4= =% (Optical density)
n| Ak Apotg ik o] 7t njAE Al A
shelstr] AAsiAl &3 =(0D)E =735t
oA Apobd b=t 7Y, e 9
3T 96 well plateo]] Z+z+o] AF gH-S 0.
323531, BHI HA| vz ol A wiSE S. mutans (2x10°
CFUMDS}  Columbia o7 ®jzloll A ®jeFsl 4.
actinomycetemcomitans (1x10° CFUmIE z+zt 0.1 ml¥
HZ35to] ZF wello] 0.2ml7} = X2 31T 96 well plate
£ 32 C, 5% CO2 uj9F7|(Bionex, H| A, =)ol 4] 244
ZF wjeFst ¥ Microplate Photometer(Multiskan™ FC
microplate Photometer, Thermo Scientific™, USA)Z o]-&
sto] w1 595 nmof| A FEE=E S5k

L oop o o

.

Inc., Chicago, U.S.
ZHIE A %3}
Tukey A}
A

mlm 4014

m 2 3

1. o} A5, mutans)

FRISHA AREE AL Sl mAHY Apotd aAbo] o
N 3Fa v 8N 2%, FAYA 2 paper disco] &3
Aor-AlF fatol tigt 3 mAdE A& Fhlska
A} e Z4& s ck(Table 2). 7k o] 3¢
4.0£0.6 mm AY&-o] 3= 21 3L, FAYA| penicillin®] 759
6.3£0.6 mm A=-o] A= Arhp<.01). =, FA 7}FAH
¢l 7FAE Zopg-Aqtof thsto] foln| A #2 &
THEIE BYou QA R AEg Ak Aot
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A: Representative photograph showed the clear zone of S mutans according to each solution

treatment (D HOCL(pre), @ HOCL(post), @ Tap water, @ Penicillin, ® Gagrin, ® MAXCLEAN), B:
Comparison of clear zone to all groups in S mutans. **p{,01 compared with HOCL(pre) group;
one—way ANOVA followed by Tukey s post—hoc comparison,

5 , e A&
= 73 log CFU/ml, & & &8 Xa] A| ¥
5,\—% 6.4 log CFU/ml, MAXCLEAN X+ 6.7 log
CFUmlE Az A gAo|A vA 2 Alat7h iz
ol Mz A g vl Az & FHA oA At
7h EolEws S HATh 7 A7 Al Aok At
o] Aol wHAEA ko, +xEo B 6.7 log
CFU/ml, BHI vjoFQl tiz=+2 7.1 log CFU/mI=Z &9
H‘”E} et Alp shaee] 49 gejueiA) e
TS Lgocieaoh, HUY Aottt
m3 vl S oE Sl AR

Hle vl AAEE AR 5 fool kg4
Al=t 71 S B AtkFig 2).

2. A FA. actinomycetemcomitans)

1) X0l Chet dsxfotet 4

A=A kel it 3 nAE 2
fJsto] wjAtg Afobd abo] oH 3F ) ulw
%, A 1%L paper discol] B3 LA S T

5t tH(Table 3). 7k 9] 79 2.1£1.1 mm A0 A3l

%2131, penicillin®] 7 2
OHFJO*E} 7tade 110}01\1—}_}01] e o gt &t
dom, penicillin® H$ X3 o] 4
actinomycetemcomitansol] A Ko} =2 A FIE Bt
(Fig 3)(p<.01).
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2) xXlFo thet o =

AP

2| Feqtoll gt Bt S A, vj4abg Zpopd aghae
o] 217 A gH AL 88 log CFU/MIS] A7} T2+
EHRou ME & §Hoi= 8.6 log CFU/mICS] Alt4=
7h WEE o] oA e nlabd Aporg At 49 2
7 A s & FHA vt Al A S
ghelstlct. w3 AlEE Atobgd A Ak4=Ql
MAXCLEAN®] 79 8.7 log CFU/mIZ Aol A ALE-5]
© 8= v FAo] #EE ST E3F Columbia
v ootk ARE-gl t Lol A A4 8.8 log CFU/mIZ
ShelE| ik WhH, 729 A9 A7t A
A Qrol x|Fte] A =2 f@& aNE glselct
(p=0.08). &, x|F==to] et A+t
ol A AHE-E]= mAMd Zpobd At t 2T A
SHA| R F=atoll tiste] Ao AldtAl aTE HolA] &
Stz Ao w2 EEITHFig 4).
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Fig 2. A: Representative photograph of culture dishes for all groups () HOCL(pre), @ HOCL(post),
@ Tap water, @ Gagrin, ® MAXCLEAN, ® Media). B: Comparison of viable cell counts with
all groups in S, mutans, **p{.01 compared with HOCL(pre) group; one—way ANOVA followed
by Tukey' s post—hoc comparison,
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Fig 3. A Representative photograph showed the clear zone of A. actinomycetemcomitans according to
each solution treatment (D: HOCL(pre), @: HOCL(post), @: tap water, @: MAXCLEAN, ®&: gagrin,
®: penicillin), B: Comparison of clear zone to all groups in A. actinomycetemcomitans.. **p{.01
compared with HOCL (pre) group; one—way ANOVA followed by Scheffe’ s post—hoc

comparison,
3, EYE =3 0721 mgml, Mg £ FIdJi= 0400 mg/ml,
MAXCLEAN 0.356 mg/ml2 %250} Zg 2 gHHc}
1) Streptococcus mutans = A& 5 8939 MAXCLEANO|A A4 f2julA]S
oo A= oukgo] i3k nAbA Ajoldl aabss 3z, ROIA WAINE Hlw A AldA 2o di o] Fo|A

7} S £RE Bl A GRE U o wAEh ¥ ZFIYelHE 0,040 myml
97 A4 goe 2 EAH folulsh e AF AP anE B
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Ak #x=] 49 0.730 mg/ml= THE R ofof 7} mutanso] T Al Al BT 2 AR UE
a9 A ® AT b Aot adbarol] wlE S HTh(Fig SA)(p<.05).
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7 Unit : log CFU/ml

11l

HOCL{pre) HOCL{post) gagrin MAMNCLEAN media

O =N Wk 3OO0 oo
L

Fig 4. A: Representative photograph of culture dishes for all groups (1 HOCL(pre), @ HOCL(post), @ Gagrin,
@ MAXCLEAN, ® Media). B: Comparison of viable cell count with all groups in A,
actinomycetemcomitans. **p{.01, HOCL (pre) vs each experimental groups; one—way ANOVA followed
by Schefie’ s posi—hoc comparison,

2) A actinomycetemcomitans mg/ml, 7}1#-& 0.044 mgml 53GE7} Sel=E gt of
AAe guro] det FHE 34 Al 04k i}o} e g 0066 mgml A ACkFig
A&ARo] R A goHof AL 0.084 mg/ml, IE 3B)(p>.05).
Hof A= 0.078 mg/ml, MAXCLEAN £-o}of A= 0.048

A B
14 9 Ut :mg'ml 0.4 g Unit : mgiml
12 % 0.?

1 - 0.1
0a i 0.08 1
05 0.08 1
04 0.04 1
PES I I 0.02 I I

0 v a

HOCL{pra) HOCL{post) tap wates ERgrin !-’.A\'.a._._.-.\ medin  HOCL OCLipo ‘-:n {CLE: .:.‘ media

Fig 5. Al Comparison of optical density value with different groups in S mutans according to
solution, *p{,05 compared with HOCL(pre) group; one—way ANOVA followed by Tukey s
post—hoc comparison, B: Comparison of optical density value with different groups in A,
actinomycetemcomitans.
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