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Background and Objectives The authors aimed to evaluate the safety of low concentra-
tion hypochlorous acid as an oral gargle solution. To do this, we carried out in vitro and in vivo
experiments and evaluated its efficacy by compared with normal saline and chlorhexidine
gargle using throat culture before and after gargling.
Materials and Method The authors treated oral mucosal epithelial cell with 3.5 ppm hypo-
chlorous acid and evaluated cytotoxicity. For evaluation of morphological change, oral mu-
cosa specimens were obtained during surgery before 30 minutes and 2 hours after treatment
with hypochlorous acid. The specimens were evaluated with light microscopy. For evalua-
tion of efficacy, we performed oral gargle with normal saline, chlorhexidine and hypochlo-
rous acid in 10 healthy volunteers. The throat cultures were performed before and after each
gargling. Staphylococcus aureus, Streptococcus pneumoniae, Streptococcus pyogenes, Hae-
mophilus influenzae, Klebsiella pneumoniae, Aspergillus fumigatus, Rhizopus oryzae were
evaluated semi-quantitatively (Grade 0 to 4).
Results There was no cellular toxicity in MTT assay and the morphological changes
were not observed. Both chlorhexidine and hypochlorous acid showed significant decrease
of microbes (chlorhexidine: p=0.036, hypochlorous acid: p=0.031). There was no significant
differences between them (p=0.217).
Conclusion Low concentration hypochlorous acid is safe for the oral mucosal epithelium
and has antimicrobial efficacy similar to that of chlorhexidine.
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Fig. 1. Measurement of Optical Density (OD) by 3-(4,5-dimethyl
thiazol-2-y1)-2,5-diphenyl tetrazolium bromide (MTT) assay before,
30 minutes after, and 2 hours after low concentration hypochlorous
acid treatment to oral tongue squamous cell carcinoma cell line.
Error bar represents standard deviation. p>0.05, Student’s t-test.
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Fig. 2. Evaluation of morphologlcal change to human oral muco-
sal epithelium (A) before, (B) 30 minutes after, and (C) 2 hours af-
ter treatment with hypochlorous acid (<400, H&E stain).
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Fig. 3. Result of throat culture after (A) normal saline gargle, (B) ch-
lorhexidine gargle and (C) hypochlorous acid gargle. Grade 0: no
growth, Grade 1: few growth, Grade 2: a few growth, Fisher’s ex-
act test.

www.jkorl.org 405



Korean J Otorhinolaryngol-Head Neck Surg 12011;54:403-7

25 5oz 9ko(p=0.574(Fig. 3A), E2 23U 712
N o ZpobHAAE 7M1 A Fofli= AlF Ao Blal f-2J5kA|
st ﬁ% heIgt 4= QUAHER 23AIH: p=0.036, 2}
o} 24k p=0.031)(Fig. 3B and C). 222X 7}ZH 5

287 XPOI'OW\ A7 3 17804 ZF2F Grade 19] B-he-
molytic streptococci’} HEE oW FAAHOZ oJu] Q=
Zpol= Rtk (Fisher's exact test, p=0.217).

i F

e A

u}”wowqw Az 21
& 31t ol Wl

g
iy
o
o
o
n Ny
BL
J‘.:
_IZi
o I
_}L
ﬂl

(stratified squamous epithelium)® ©|FoA QJal F74L- Z¢
350l oJsff Kokl glo B g H|ZFdubA|aze] vls] Hrt A
25/ ol AT Ao =m o itEn, webs 7 Al Hde) =
ol K} Qo] =& Ao 2 AZELE 23 AAHn]
A AT T I 22X ol kel it ke &
o] gHAs] & = S o' 7|t

ZR 2sAY LAHL A2 5A (7S bk 9l L

79180l = FAEolA Ul A (nosocomial in-
fection) & ZAA71E Gl Qe Ao ® d#A Qo) &

223X 9 benzydamine -£H-2 Tt L7IA| 2 oM O 2 A
AHESHS W T RS SRfo A o] AR RARE Uty
(irradiation mucositis) = 4Al7 ]U1 FUA R o] % FEH
TRIF Aufdoll= a7t Sl A
d T HSolE FAIA o] EF—V} Utk A At
= glom P uhebd 7k AlF e Bk kel JAE 7%
= 7HAAL ik 2 ATt Ax QA AR W AletEoll

el 2ot AR S SR 2N 53
o] Ftats 7K AL & 5 ATk v Ay A
Azof gisA aIH Q] T AFlo @A) 7)58 8 S

& A0 718k In vitro AN Gzt 2 Fulo]
Bl w3k HRE AT gtk A4 Q%

o

QW in vivo

AT oleiet YFEIE A Hrhe A B A
2 Hay 01?—0]1:]—
# AL FREUIE Br15p) 9151 AFKthroat

culture) < /\P%??}‘iiﬁk AFHiFHE dEAo= 34

406

AAPHO A A
} I:r_l 90% 0]1\1—4
A Aok ey 7 Aol A
7] wf el 7 AlF Ao Qe

otek. w3t A BAsHE 44

fr dm /e
o H1
ki ﬁ o2
il o 1o
N e
= $ o
r & [;1‘5)
ey A
lo ﬁ =
LY iﬁ;
S K
2 ot
S
>
o >
uq 30
rr

i~

oA

X
O+
X
o
ox
. ) e o
c

jus)
3

=
o2

>~
e j
o
u)

B

i

=< IN]
2

BTN
re
-
2 o

2 ofN
_(|)L

2

=
(=
o
o ol
N
5%

=

Y 3

2

E{E

)

xQ

o

4>
Mo g
AN 4L
m‘n rll‘
fo ﬁl\i

or W g
B
o ote K og
o E 2
B =2 82 o
o 1t rlo ol
s i
Hu N !
o & ol £
o fjt
) fu Ac

r L
2
iy
)
ox
S

=l
o

N
i
o
rO
oy R
o
[I=hm:

o 0 r
lo
n-3

e

>

i g

ol
ot
o
m=}
T
o
Hr
Mo
M
HE
T
o
1o
=)
¥
fr
i)
i)

N~
—= =

m{m o 2

I

L
o
o

s
fr o
offt ftlo

g 1=
B R
ol

Hol| thsf
% /\] stol 4

Hol(inter-individu-
al variation) 5 T Uemg SAH 7t
A7} o~ Srhal S 4= Qlek ok 109goleh= A T A; 4=
7h 2 Ate] ook et At ZIFPA| ofA] Mz =Ad
Q1A QFR/gell iRt Aol LS| o] FolA|R] ok el A
o] 19 Q z9bsto] A& XIegshs A2 vl
2] Zolztal XV]'%% 517 wiitell, o2t ake] 574]*4
TS FEE = e FHAaTte o] QlYvhe

o ot
—
(@]
o,
1o
o

r el

I
=2
>
Ji
N
19

(]
- r
oo

rE
%2
N
=)
40
e
=)
o
X
ri

=
Hm

o & =
of
o

19
r}olv
=)
rE
P
il
=
o

[ K]
"C_E

7] 145}01 E]:]— nro. 4_4 2 QA= E@é}% ZﬂOI %95}5}

Acknowledgments
This study was supported by Inha University Research grants.

REFERENCES

1) Albrich JM, McCarthy CA, Hurst JK. Biological reactivity of hypo-
chlorous acid: implications for microbicidal mechanisms of leuko-
cyte myeloperoxidase. Proc Natl Acad Sci U S A 1981;78(1):210-4.



Anti-Microbial Effect of Oral Hypochlorous Acid Gargle I Kim BJ, et al.

2) Gould NS, Gauthier S, Kariya CT, Min E, Huang J, Brian DJ. Hy-
pertonic saline increases lung epithelial lining fluid glutathione and
thiocyanate: two protective CFTR-dependent thiols against oxida-
tive injury. Respir Res 2010;11:119.

3) Kim HJ, Lee JG, Kang JW, Cho HJ, Kim HS, Byeon HK, et al. Ef-
fects of a low concentration hypochlorous Acid nasal irrigation so-
lution on bacteria, fungi, and virus. Laryngoscope 2008;118(10):
1862-7.

4) YuM, Park H, Kwon H, Jang Y. The effect of a low concentration of
hypochlorous acid on rhinovirus infection of nasal epithelial cells.
Am J Rhinol Allergy. 2010 Dec 17. [Epub ahead of print]

5) Bruch MK. Toxicity and safety of topical sodium hypochlorite. Con-
trib Nephrol 2007;154:24-38.

6) Landa-Solis C, Gonzalez-Espinosa D, Guzman-Soriano B, Snyder
M, Reyes-Teran G, Torres K, et al. Microcyn: a novel super-oxidized
water with neutral pH and disinfectant activity. J Hosp Infect 2005;
61(4):291-9.

7) Lapenna D, Cuccurullo F. Hypochlorous acid and its pharmacolog-
ical antagonism: an update picture. Gen Pharmacol 1996;27(7):1145-7.

8) Wang L, Bassiri M, Najafi R, Najafi K, Yang J, Khosrovi B, et al.
Hypochlorous acid as a potential wound care agent: part I. Stabi-
lized hypochlorous acid: a component of the inorganic armamen-

tarium of innate immunity. J Burns Wounds 2007;6:e5.

9) Cabov T, Macan D, Husedzinovi¢ I, Skrlin-Subi¢ J, Bosnjak D, Ses-
tan-Crnek S, et al. The impact of oral health and 0.2% chlorhexidine
oral gel on the prevalence of nosocomial infections in surgical inten-
sive-care patients: a randomized placebo-controlled study. Wien
Klin Wochenschr 2010;122(13-14):397-404.

10) Kin-Fong Cheng K, Ka Tsui Yuen J. A pilot study of chlorhexidine
and benzydamine oral rinses for the prevention and treatment of ir-
radiation mucositis in patients with head and neck cancer. Cancer
Nurs 2006;29(5):423-30.

11) Cheng KK. Children’s acceptance and tolerance of chlorhexidine
and benzydamine oral rinses in the treatment of chemotherapy-in-
duced oropharyngeal mucositis. Eur J Oncol Nurs 2004;8(4):341-9.

12) Passali D, Volonté M, Passali GC, Damiani V, Bellussi L; MIS-
TRAL Italian Study Group. Efficacy and safety of ketoprofen lysine
salt mouthwash versus benzydamine hydrochloride mouthwash in
acute pharyngeal inflammation: a randomized, single-blind study.
Clin Ther 2001;23(9):1508-18.

13) Schwartz RH, Wientzen R Jr, Pedreira F, Feroli EJ, Mella GW,
Guandolo VL. Penicillin V for group A streptococcal pharyngoton-
sillitis. A randomized trial of seven vs ten days’ therapy. JAMA 1981;
246(16):1790-5.

www,jkorl.org 407



