STERILIZER, CORAL CAVITY STERILIZER, STERILIZATION METHOD,

STERILIZATION APPARATUS, AND STERILIZER EVALUATION METHOD

Specification

|Uuul] The present invention relstes ©o & sterilizer,

an oral cavity sterilizer, a sterilization wmethod, a

aterilizer e

(3

sterilizaticn apparatus, and
method.
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[UUU J one of conventional zterilizatvior M%lhudo,

2z method coi bringing =

with an oxidizer such as hwvdrogen peroxide and tThen

irradiating the sterilizat]
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et witn lignt ci 4CC mm
te 1000 nm nas been known (for example, see Patent

Literature 1}. According to the method, radicals

are generated by irradiating the hydrcocgen percxide with the
[

lignt of 400 nm to 1000 nm, and the sterilizaticon 13

attained by The thus-generated hvydroxy radials.

Literature 1: JF

Summary oif Invention
Technical PFreoblem

[C004] The merthod dezscribed in Parvent Litverature 1



has a problem that a sterilization effect on cells and
microorganisms existing on the sterilization target
diminishes since a part of the hydrogen peroxide 1is
decomposed by catalase possessed by the cells and

microorganisms.

[0005] The present invention was accomplished in view of
the above-described problem, and an object thereof is to
provide a sterilizer, an oral cavity sterilizer, a
sterilization method, a sterilization apparatus, and a
sterilizer evaluation method capable of enhancing a

sterilization effect.

Solution to Problem

[0006] The inventors found that catalase of cells and
microorganisms existing on a sterilization target decomposes
hydrogen peroxide which is a matrix for generation of hydroxy
radicals having a high antibacterial property. The inventors
used Streptococcus aureus ATCC 12963 which is a catalase-
positive bacterium and Candida albicans JCM 9061 which is a
fungus and measured DMPO-OH changes in reactions between the
microorganisms and hydroxy radicals to analyze the reactions
enmploying Lineweaver —Burk Plot. The results are shown in Fig.

1.



[0007] As shown in Fig 1, all of the straight lines
which are different in number of cells intersect at a point
on the 1/DMPO concentration negative side to show not only
that S. aureus and C. albicans react with the hydroxy
radicals but also that catalase possessed by the
microorganisms reacts with hydrogen peroxide. It should be
noted that all of the straight lines different in number of
cells intersect on the 1/DMPO-OH concentration axis if
S.aureus and C. albicans reacted only with the hydroxy
radicals and that all of the straight 1lines different in
number of cells are parallel to each other 1if catalase

reacted only with hydrogen peroxide.

[0008] The experiment shown in Fig. 1 was conducted by
adding 50pL (microliter) of DMPO (5,5-dimethyl-pyrroline N-
oxide) which is a 25-300mM radical scavenger to 200ulL of each
of samples which are wvaried in number of cells of S.aureus
and C. albicans; further adding 450pL of 0.5 M hydrogen
peroxide; irradiating the mixture with LED light having a
wavelength of 400+£20 nm for one minute; and performing the
ESR (electron spin resonance) measurement one minute after

the irradiation.
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[0009] From the results shown in Fig.l, the inventors
acquired knowledge that it i1s possible to perform efficient
hydroxy radical sterilization by reducing catalase activity
of cells and microorganisms by adding a catalase activity

inhibitor, which led to this invention.

[0010] More specifically, a sterilizer of the present
invention is characterized by comprising hydrogen peroxide
and a catalase activity inhibitor to be used for performing
sterilization by bringing the hydrogen peroxide and the
catalase activity inhibitor into contact with a sterilization
target and then irradiating the sterilization target with
light having a wavelength of 350nm to 500nm, wherein the
catalase activity inhibitor comprises scutellaria or dJreen

tea.

An oral cavity sterilizer according to the present
invention is characterized by comprising hydrogen peroxide
and a catalase activity inhibitor to be used for performing
sterilization by bringing the hydrogen peroxide and the
catalase activity inhibitor into contact with a sterilization
target and then irradiating the sterilization target with
light having a wavelength of 350nm to 500nm, wherein the
catalase activity inhibitor comprises scutellaria or dJreen

tea.



|uull] The srterilizer and the srerilizcer

according to the present inventicn are used as follows.

the present inventicn 1s brought into contact with a
sterilization target by applyving or spraving the sterilizer

rilizer cntn the sterilization

catalase-positive bacterium and fungus can be reduced even

et, and thnereicre s reacticn between

catalase and hydrogen peroxide is pre

the gterilizaeticon Tearget 1g ilrradisted

witn lignt ¢ a predetermined wavelengt Since hydrcgen
percxide 15 photolyzed by the irradiaticn to generate

nydroxy radicals, sterilization is realized by the Thus-

gene

ced nydroxy

activity of the cells and
micreocorganisms existing on the sterilization target in the

abcve-described steriliz a recucticn in

radicals to be generated by the reaction between cat
and hvydrogen peroxide is prevented.

[G01l3] Az dezcribed above, tThe aterilizer and the

oral cevity sterilizer according to the present
are capable of preveniting hvydrogen peroxide which generates

nydrexy radicals Ircm being reduced due to the reactlcn



with catalase possessed by the cells and microorganismns

existing on The sterilization fTarget and, as a result, are

wing Tl

reduction in nydreoxy radic

generated ifrcom hydrogen percoxide, thereby realizing

enhancenent of an effect of sterilization by the hyvdroxy

[ould] A sterilizstion method according to the
present invention is characterized by bringing hydrogen

activity inhibitor into

and ifrradiating the
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Target with light having a wavelengtn of 350

C
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EFEven if cells and microorganisms of

positive bacterium and Zungus existed on

TalldgeT when Tne 1’1":{(11’.'0@@1’1 PeroxXlaz and Tie Catalsdsz dCulyvVlty

innibitcr are brocugnt

target, the sterilizaticn method according to the present

invention enables To reduce catalase activity of the cells

1l microorce

activity inhibitcr

and, thereicre, to prevent a reacticn between the catalase

nydrexy radic

T — —~ T = - o e e It e e i~ o -\ - —
Since The catalase activity inhibiteor reduces the catalase

activit Yo CI

nd micrecocrganisms existing on the



sterilizaticn target in the above-describped

too, a reduction in hvdroxy radicals to ke generated by th

cweeln

and nydrcgen peroxide is
prevented.

[G017] According To The sterilizetion method

described abcocve, the sctivity inhibitor prevents

the hydrogen peroxide whnich generates the hydroxy radicals
Trom beling reduced by The reaction with the catalase

pcasessed by the cells and micreorganisms existing cn the
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sterilizaticn ta

Ly

rget, and, as a resuit

nydroxy radicals to be generated by nvdrogen peroxide is
prevented, thereby realizing ennancemnent of the effect cf

sterilizaticn by hydroxy radicals.

(

hod for bringing the hvdrogen percoxide

with the

r
!

sctivity innibitor Into ccontact
sterilizaticn target in the steriiization method of the
present inventiocn wmay be any method and may ke a method of
applying cr spraying the sterilizer or the oral cavity
sterilizer according te the pregent invention, a method oI
inmersing a sterilizaticon target into a soiution of the

gsterilizer

present invention is characterized by conmprising hyvdrogen

sctivity inhibitor, and a Iight
emitting device which is coniigured to irradiate a

sterilizaticon target after being bkrought nto contact with

nydrcgen percxide lase activity Inhibitcr



with lignht having a wavelengtnh of 350 nm to 500 no..
Yot Na T - — - — - =
[G020] The sterilizetiocon zpparatus zazccording o tThe
suitably gerforming thne

to the present invention.

on apparatus according to

the present inventicn, the sity Inhikitcer

1 =

preventc

[65]

the hydrogen peroxide which generates hydroxy

k

radicals frow being reduced by a reaction with catalase
pcessessed by cells and micrccrganisms existing on the
sterilizaticn target, and, as & result, the reducticn in

aydroxy radicals to be generated by The hvdrogen peroxide

is prevented, thereby rezlizing enhancement of tThe effect

-

ci sterilizaticn by hydroxy radicais.

(

[G021] In the sterilizeation zapparatus according o

and the

r-\

nt inventicr, the nydrcgen percxide

activity inhibitcor may be Zcrmed of the sterilizer

or the oral cavity sterilizer according to The present

Alsc, 1n the gterilization appar

sterilizaticn target may be Icrmed of a teoth, a denture,

innibitcr may be Icrmed ci a tc a mouthwa

the like conmprising the activity inhilbitor., In

(=

This case, the hvydrogen percoxide is prought into contact

et after brushing the

tThe Tooth peste or rinsing with i mouthwash, ang tThen the
I* £

sterilizaticon target is irradiated with the Light from the

lignt enitting



luuz2z] In the srterilizavion nechod and the

sterilization apparatius according to the present invention,

f

ne lignt emitting device tc be used Icr the >ight
irradiaticn may be any light emitting device insofar as the

lignt emitting device is capable of ewmitting the >ight

+y

naving wavelengtn ¢ 250 nm te 200 nn, and exangles therect

include an incandescent lamp, = lanp, a halogen

lamp, a xencn lanp, an LEDR (light emitting diode), a

semiccenductcer laser, and the like. The Iight to ke enmitted
may be single wavelength light, may include a piurality of

wavelengtns, or wmay be Zormed of wavelengths of a

predetermnined band, insct ag The Light has tThe wavelengt:

o
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“he oral cevity sterilizer,

the gsterilizaticn metnced, and the steriiization agraratus

according to the present inventicn, the

inhibitor wmay preferably conprise scutelilaria, green Tea,

nnel, lcquat, liccrice, alce, saivia, hamanells, German
chamonile, rosemnary, Melissa ciificinalis, or peach.
Particularly, scutellaria or green tea which has a high

sctivity innibiticn effect

0241 A sterilizer evaluation method according =o

the present inventicn 1s characterized by periorming an

steri:ization target

tizer acccrding tc thne



present inventicn and <4-hydroxy=2,2,06,0-

Tetranethylpiperidine N-oxide (TZMPOL) and then evaluating

] ol ci the gterilizer rming &
measurement o catalase activity of cells or nicroorJganismns

contalined in the sanple based on a Line width of the

chtalned electrcen spiln rescrnance {(LSR) spect run.,

[uuzb] In view of the fact that catalase catal

reaction wnich cauuses of hydrogen peroxide

according to the present invention inciodes measuring the

talase activiity by measuring

the cticn by enplcying ESR Since a gositiv

correlaticn is coniirmed between the line with of ESR

spectrum of TZIMPCL and a catalase concentration, evaluation

terilizer

measuring the

contalined in the sanple based on tThe line width of fThe ZER

gpectrum. The

according to the present inventicn.
Advantageonus Zffects of Invention
[C0Z20] According to the present invention, 1t 13

possible to provide the sterilizer, the

&

sterilizer, The sterilization method,

paratus, evaiuation method

enhancing

scripticn ¢ Drawings



(1
(1
~
'_-,
-
h
™
(
'_
-
03]

louz/] Fig. 1 is s graph showing (c
analvysis of a reaction between hydroxy radicals generated
by phnctclysis ¢f nydrcgen percxide and S. aureus and (b)) =
kinetics analysis oif a reacticn between the hydroxy

e I P R T ¢ = 7 T s e
radicals and . alibicans.

catalase concentraticn and a line width of an ESR spectrum

orf TEMPOL based on a sterilizer evaiuation method according

m1r o et S AT o £ ra Dt o mi1e 11108 3 —~ = .- =] N o
inhibitory actions of wvarious crude drugs of which use as a

activity innibitcr c¢f & sterilizer according tco

ancther empodiment ¢f the pregent invention is examined.

Sig 4 1s 2

Jgraph showing an eifiect ¢©f enhancing =z

ne catalase activity inhibitor of the steriiizer
according to the embodiment of the present invention (in

il indica

.
[

irradiation, O indicates scutellaria (I wmg/nl), + indicates
positive, and — indicates negative).

which

¥ig. 5 13 a graph showing sterilizatior

are exerted by the

ity dnhibitor according to

the enbodiment of The present invention on Streptcocccocus

BLL ry depending cn ccncent cr

ectg wnich

Fig. & 1s a graph showing sterilization eff

are exerted by the catalase activity inhiblteor according to

e enpbodinent invention cn (&)
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o0k QL/ ococcus aureus and (b} Candicda albicans and vary

Ly
'

depending on concentrations of scutellaria and

W11 Co

activity inhibitcr on (¢} Streptococcus aureus and (d)

amdT s 51 hioarng o 41 varyv dependilnag o ConcenTraT]ons o+
Lanagida aLtoicansg anc Vally dependlng on concentliatlons 5

es hydrogen

il indicat

+ indicates

indicates negative).

Descripticn coi Embodiments

z sterilizeticon

metncd, sterillizer

evaluaticon method according to empbodiments of the presen
inventicon will be described.
The sterilization apparatus according ©o the

embodiment ¢i the present invention comprises the

sterilizer according To fThe present invention and a light

enitting device.
[Uu29] The sterilizer comprises h
a catalase activity inhibitor. The catalase activity

innibitcr cocmpris

acut

:1laria cr green tea.

The lLight eni:

wnich 1s capable of emitiing light having a wavelengtnh of

2EC i ote BCC mm.

[GCRE] The sterilization wmethod according o the

]

enbodiment of tThe present invention i

0]
-

3

by the sterilizaticn apparatus acccrding tc the enbcdinme

1

drogen peroxide s

cing device comprises s seniconductor

—

ricd

=1l tably periormed
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ci the present invention. Firstily, the ste

conprising hvdrogen pereoxide and a catalase activity

't witnn a sterilizaticn

innibitcr is brcugnt intc cont
target. Here, even 1: cells and microccocrganisms of
catalase-positive bacterium and IZungus existed on the

/ity thereof is reduced

and theretore the

catalase 1s prevented frow reacting with the hydrogen

[UUsl] Next, the sterilizstion target is irradisted
with light having a wavelength of 550 rnmm to 500 nmr frowm The
lignt emitting device. Dy tne lignht irradiation, the
nydrogen percoxide is photclyred to generate hydroxy

radicals, and sterilization is achieved by the thus-

53}

generated hydrexy radicals. Since the catalase activity
inhibitor reduces the catalase activity of the ceiis and

micreoorganisms existing on the st

]

rizization target in the

abcve-described ste

ton, a reduction in hydroxy

o
-+

radicals tc be generated by a2 reacticn between the catalase

2
N
';:L
ot

~ne nydrogen peroxide is prevented.

[C032] As dezcribed sbove, with the use of The

(F

ne

e gteriliz

(

sterilizer, ticon method, and the

]

apparatis nbodiments ©f the present

inventicr, sctivity Inhibitor prevents the

the hydroxy racdicels from

hydrogen peroxide which ge:

being reduced by The reaction with the catalase possessed

by the cells and micrccrg

1lsms existing on the

12



sterilization target, and, as a the reducticn in

aydroxy radicals to be

is prevented, thereby re

generated by

The nydrogen peroxide

1171ing enhancement of

ci sterilizaticn by hydroxy radicals.

Exanples

|Example

betwe

spectrum oi TEMPOL was <
liguaids nhaving final cat

C.E, 1.0, and 2.0 U/mnLn
CC ML of catalase (Waxo

pl. of TEMPOL {Sigma

nydrcgen percxide

with ultrapure water,

scolutions to attaln the

able

[T

were prepared

anc

relztionship

nf LS

98]

a line width an SR

onducted. Five types of mixture
alase concentrations of 0, &.25,

by dils Wy each C

Fa s e = ey = 1 - R e 3
Chenrical Industries, Ltd.),

Lon), and

Chemical Industries Co., L

1 +- —~ +- . W — |
the thus-cobtazined

mixing

final concentrations in

sred mixture Ziguids were

shown in

Fiag.

Arcunt

concentration

Catalase 100 uL O, 0.25, 0.5, 1.0, anc 2.0 U/al
TEMPOL 25 uL 200 s
Hydrogen
percxide 125 pl 250 pM
[035] As shown 1in Zig. 2, 1T was coniirmed That®

nign po
spectrum o

.

concentration. From the

sitive corre’

atiorn kbetweer. the 1ine

TEMPOL and the catalase

t
1
on

resalt

0]
0]
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a Line width of

che results of Fig. 2, & nessurenentc

= o o o] o T R s W R
of a catalase activity inhibiteory action atifained bv a

activity innibitcr was conducted. Mixture liquids

were prepared by diluting each oif 5O

o
-+
[
[
=
[
—
—
[
}
;{.
-+
[
[
=
=
>
[
e

percxide with ultrapure wat
The Thus-cbtained soluticons fto atfain the final
cecncentraticns sncwn in Table 2. As the crude drug,

scutellaria, green tea, and lemcon balm were used. The

crude drug was Ziltrated threoeugh a 0.zz ur

- -

te remncve water-inscluble substances. As a congariscr, &
mixture liquid sample (Milli-Q water: MQ) to which no crude

drag was added was prepared.

2]

Firal corcerntration

1T/ L

~

200 M

Crude
drug SISENTIN

-2

ma/ L

Hydrogen
peroxide 125 pL 250 aM

|UuZ8] ESR neasurenencs of the obrtained nixcure
liguid sanples were conducted, and catalase activity was

measured Trem Fig. 2 based on line widrhs of the KSR

spectrums. The measurement resuits are shown in Fig. 3.

14



Az shown 1in Fig. 3, the signiiicantiy high
inhibitory actions of significance fevel of 5% were

ool

Tirmed witn scutellaria and

From the resgults, it be gaid that
Tea are suitable as tThe catalase activity rs.
[Example 2]

[UUsY9] An experinment for exanining an effect of the
catalase activity inhibiftor oI enhancing a on
e was cconducted. In the exgeriment, Streprococcus

aureus whlch 1s a a
- - 1 = E - ~ 1 - g T oy = o o ct Sy 7 =Nt
target of the sterilizaticon. A kacteriumr suspension having
& ci 1C" cellsg/unl was oreparec by Lsinc the

bacterium and saline, and the sus

Se

¥periment. erwlcondluctor lase

rRic

Cll 1 Industries Co.,

v

Optic

emitting device, in which

Was

irradi

2T

0]

nr, an

!, and an irradiaticn time was s

PN

erium JSprlSiOf

Ga—-

were mixed on a 9&-well wicreplat

cencentraticns shcwn 1n Table 2.

prepared by using scute

innibiteor, diluting the scutellar

Iclleowed by steriliz

Tilter, and then adding the scute
mixture liguids <of bacterium sus

15

tadld
irracis

ation

pension was the
s I, A
r {rvroduct name: RVY-1333,

1is

WS a

iight

ength

50 L of hydrogen peroxide

attain the

Experiment 28 were

samg’

the

Watel,

a 0.22 upn




1, and 3 mg/mi.

[Table

.

Alount

v/

1o

Saspension

acterium

100 pl

Sculellaria Uoul

Hydrogen
percxide

M

artrer preparing tne
sample aiter the irr
catalase were mwizxed

percxide. ATrter That,
prepared and was seedec

Toellowed by cultarine

Tor 24 neurs, and TN
eifect was conducted

e

o)

Cc

Is

-pcsitive Tu

green tea as the cat
evaluations ©f steri.

o~
{

Ngus

I

irradiation

was perzormed immrediately

experiment. sarries, and 50 pl of th
adiation and 50 plL of 5000 U/nl
To stop the reaction of hydrogen

mion series was
cutture mediam,

g uander an as condition of 27°C
en evaluaricon sterilization

. Alsc, the same experiment was

e of using Candida albicans which is a

as

Thne

sterilization targer and

inhibitor. Further,

varied by the lacking

IS

nydrogen percxide, catalase activity inhibitor, and/cr
laser irradiaticn were conducted as comparative
experiments. Results of the experiments are shown in Fig.
£ ro Fig. &.

|UudZz] As shown in Fig. 4, 1t was confirmed that the

sterilizaticon effect on Streptcccccus aureus attalned 1In
Tne case < adding scurellaria an o ot ]
g/l [H{+)L{+)O(+) in Fig. 4] 1s nf the

16



ding scu

Alsoe, 1t was confirmed

4], 1n the case

in Fig. 4], in the case where oniy hydrogen pernxide i3

[G043] As shown 1n Zig. 5, 1T was conifirmed That The

oy [ J SO S e
Ol olrellocoldus auraus

+he scutellaria concentration orf 2 - was arout 800
thne scutellaria concentration of 2 IS nL was akbout 1GG0O

hydrexy radic

o

concentraticn: O mg/mL} using hydrogen peroxide oniy and

not using tThe catalase activity inhibitor.

[CC44] rurther,

oy

was coniirmed that not conly the sterilization effect con

Streptcococous aureus but also The sterilization effect on

3
N e e = @ LZ

SV oy gm o

Candida aibicans re g oWl

Fig. &, it was confirmed tThat, in the case where the green

_/
-
5
—
-
~
P

activity inhikitor,

17



aureus and Candlda

3 D e e v == VN o
S olreplocollus

aibicans are ennanced along with The increase in

cenicentraticn of

(d} o Fig. o,

ennhanced by 1sing

cecraplinaticn with oydrcgen percxide and The laser
irracdiaticn.

—g shown 1n Zig. 4 =o Fig. &, 1%

—1
a~
n

-

1
-
9
\D‘
M
0
O
1}
-
.
\'l"

be said

by using the activity inhibitor in

with the nvydroxy radical sterili

+y

prnctclysis of nydrcgen percxide. Alsc, since it is

nat there 13 a correlation

bacterium and pathogenicity and that a bacterium having a

atreng del

lsm agalnst oxidative stress 1s nignly

M

—

T
i

likely to cause an

present

Sizaticn
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CLAIMS

1. A sterilization method comprising bringing hydrogen peroxide and a
catalase activity inhibitor into contact with a sterilization target and irradiating
the irradiation target with light having a wavelength of 350nm to 500nm, wherein

the catalase activity inhibitor comprises scutellaria or green tea.

2. A sterilization apparatus comprising:
hydrogen peroxide, a catalase activity inhibitor, and

a light emitting device which is configured to irradiate a sterilization target
after being brought into contact with the hydrogen peroxide, and the catalase
activity inhibitor with light having a wavelength of 350nm to 500nm, wherein the

catalase activity inhibitor comprises scutellaria or green tea.



