DISINFECTION METHOD, DISINFECTION DEVICE, AND DISIN FECTING
AGENT WHICH UTILIZES LIGHT

TECHNICAL FIELD

[0001] The present invention relates to a disinfect ion
method, a disinfection device and a disinfecting ag ent
which utilizes light.

BACKGROUND ART

[0002] It has been well known that catechins have
disinfection action. This action is ascribed to the
ability of the catechins to generate hydrogen perox ide
by reducing the dissolved oxygen, which in turn exe rs
disinfection action (see, for example, Non-Patent

Literature 1). In addition, among various catechins

thosepossessinggallategroupssuchasepigallocat echin,
epicatechingallate,andepigallocatechingallate, have
higher affinity to cell membrane and thus are known to

have stronger disinfection action (see, for example
Non-Patent literature 2 or 3).
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SUMMARY OF INVENTION
TECHNICAL PROBLEM
As disclosed in Non-Patent literatures 1 to
catechins exhibit disinfection action and exert its
disinfectioneffectevenatalowconcentration.Ho
in order to achieve sufficient disinfection effect,
extendedreactiontimeof12hoursormorewasrequ
Thepresentinventionisdevisedbyfocusing
problem,andaimsatprovidingadisinfectionmetho
well as a disinfection device and a disinfecting ag
light, that
disinfection effect within a short period of time.

which utilizes can achieve a high

SOLUTION TO PROBLEM

In order to achieve the above stated object,
disinfection method according to the present invent
comprises the steps of: bringing a disinfecting age
containing catechins into contact with an item to b
disinfected,andirradiatingthedisinfectionagent
light.

The disinfection method according to the pre
invention achieves its disinfection effect by the
mechanismdescribedbelow. AsshowninFig.1,cate
exert disinfection action by reducing the dissolved
oxygen(O j)andgeneratinghydrogenperoxide(H
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[0008]

thehydrogenperoxideisirradiatedwithlight, hyd

radicals ( + OH) are generated through the photolysis of
thehydrogenperoxide,asshowninFig.2.Sinceca

possess a high antioxidative effect, it may be usua
considered that its phenolic hydroxyl group acts as
donorofe ~andH *,whilealsofunctioning to extinguish
hydroxylradicals,soasnottoproducethedisinfe

effect.

However,asshowninFig. 2,the phenolichydroxy
group, after acting as the donor, eventually assume
guinone structure, and cannot extinguish the hydrox
radicals. For this reason, in the presence of abund
dissolvedoxygen,phenolichydroxylgroupactsasa
and does not extinguish hydroxyl radicals, thereby
achieving the disinfection effect mediated by hydro
radicals.

The inventors of the present invention, as discuss
above, discovered an unexpected disinfection effect
usingamethodthatusuallyisnotassociatedwith
any disinfection effect, thus arriving at the prese
invention.

Accordingtothedisinfectionmethodofthe
invention, hydroxyl radicals can be generated by
irradiating the disinfecting agent with light after
bringingthe disinfecting agentcontaining catechin
contact with the item to be disinfected. Disinfecti
effectby hydroxylradicalscanthusbeobtained so
the item to be disinfected is disinfected. Hydroxyl
radicals thus generated achieves higher disinfectin
effect in a shorter period of time compared to the
disinfecting effect of catechins observedwithoutl|
irradiation.
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Catechins are more stable and less toxic com
to hydrogen peroxide, therefore, compared to the
disinfectingmethoddirectlyutilizinghydrogenper
onecanobtainmore stable aswellassaferdisinfe
effect. In the disinfection method according to the
presentinvention,anymethodcanbeusedinterms
of bringing the disinfecting agent in contact with
itemtobedisinfected,includingthemethodinwhi
disinfecting agentis applied or sprayed and the me
in which the item to be disinfected is submerged in
solution containing the disinfecting agent.
Inthedisinfectionmethodaccordingtothe
invention, catechins such as catechin, epicatechin,
epigallocatechin,

epicatechin gallate,

epigallocatechin gallate, gallocatechin, catechin
gallate,andgallocatechingallatemaybeusedalon
in combinations of more than two kinds, or in a for
whichoneortwokindsormorearepolymerizedinm
(forexample,proanthocyanidin).However,catechins
havegallategroupsareespeciallypreferable.Cate
having gallate groups exhibit higher affinity to ce
membrane and exert higher disinfecting effect on th
subject of disinfection that has cell membrane.
Furthermore,incomparisonwiththecatechinsnoth
gallategroups,catechinshavinggallategroupsgen
morehydrogenperoxidebyreducingthedissolvedox
sothattheamountofhydroxylradicalsgeneratedb
irradiation also increases, thereby further improvi
the disinfecting effect.
Inthedisinfectionmethodaccordingtothe
invention, the disinfecting agent may comprise only

catechins or may also contain other substances. Oth
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substances may be any substances including water,
disinfecting agent, saccharide, coloring agent,
fragrance agent, seasoning, synthetic or natural

disinfecting agent. The disinfecting agent other th an
catechins includes strongly acidic water, iodine

preparation (such as iodine tincture, povidone-iodi ne
andthelike),chlorides(suchassodiumhypochlori teand
the like), mercurochrome solution, chlorhexidine
gluconate,acrinol,alcohols(suchasethylalcohol )and
hydrogenperoxidesolution.However,substancestha tare
safe are more preferable.

The disinfecting agent containing catechins
preferablycomprisesasolutioncontainingthecate chins,
and more preferably comprises aqueous proanthocyani din
solution. Furthermore, the aqueous proanthocyanidin
solutionpreferablyhasaproanthocyanidinconcentr ation
of 0.25 to 4 mg/mL. Proanthocyanidin is a substance in
whichmultiplecatechinsarepolymerized.Assuch, itcan
provide high disinfecting effect with superior safe ty.

Inthedisinfectionmethodaccordingtothe present
invention, the light can be of any wavelength such as
ultraviolet light or infrared light, as long as it can
generate hydroxyl radicals from hydrogen peroxide,
however, the wavelength of 350 nm to 500 nm is more
preferable. Inthis case also, high disinfecting ef fect
aswellashighsafetycanbeachieved.Especially, safety
can further be improved if visible light is used.

The irradiance of the irradiation light is
preferably no less than 300 mW/cm 2 or more, and larger
the irradiance, more effective is the light.

The disinfection device according to the pre sent
inventionis characterizedby comprisingadisinfec ting
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agent comprising an aqueous proanthocyanidin soluti
having the proanthocyanidin concentration of 0.25t
mg/mL, and light emitting means provided to be capa
ofirradiatingthedisinfectingagentthatisinco

with an item to be disinfected with light having a
wavelength of 350 to 500 nm.

The disinfection device according to the pre
invention can suitably execute the disinfection met
according to the present invention. According to th
disinfection device of the present invention, hydro
radicals can be generated by bringing the disinfect
agentincontactwiththeitemtobedisinfected,f
by irradiating the disinfecting agent with the ligh
using light emitting means for emitting the light.
Accordingly, thisachievesthe highdisinfectingef
duetoproanthocyanidinandleadstothedisinfecti

the object to be disinfected. Furthermore,

proanthocyanidin has low toxicity and therefore is
safe.

Inthedisinfectionmethodanddisinfection
according to the presentinvention, the light emitt
meanscanbeofanytype,forexample,incandescent
fluorescent lamp, halogen lamp, xenon lamp, LED (li
emittingdiode),semiconductorlaser,orthoseutil
sunlight. Theirradiatedlightcanbesinglewavel
light, light containing multiple wavelengths, or li
containing a prescribed band of wavelengths.

The disinfecting agent that utilizes light
according to the presentinvention is characterized
containing an aqueous proanthocyanidin solution, an
further characterized by having the proanthocyanidi
concentration of 0.25 to 4 mg/mL.
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[0017] The disinfecting agent that utilizes light
according to the present invention is suitably used
thedisinfectingagentinthedisinfectionmethoda
disinfectiondevice accordingtothe presentinvent
The disinfecting agent of the presentinventionis
by applying or spraying on the item to be disinfect
Subsequent irradiation of light generates hydroxyl
radicals, and the item to be disinfected is disinfe
by the action of the hydroxyl radicals. Furthermore
proanthocyanidinhaslowtoxicity, therefore, ishi
safe.

[0018] The disinfection method and the disinfection
deviceaccordingtothepresentinvention,aswell
disinfecting agentthat utilizes lightaccording to
present invention, are preferably, suitably selecte
dependingonthe itemtobedisinfected. Forexampl
the item to be disinfected is comprised of tooth or
dentures in oral cavity, the disinfecting agent
preferably constitutes tooth paste, mouth wash, or
rinsing agent for dental treatment and the like.

ADVANTAGEOUS EFFECTS OF INVENTION

[0019] Accordingtothepresentinvention,adisinf
method that can achieve a high disinfection effect
short period of time, a disinfection device and a
disinfecting agent that utilizes light, are able to
provided.

BRIEF DESCRIPTION OF DRAWINGS
[0020]Fig. lisareactionformulaexplainingthep

anti-bacterial activity of catechins.

Fig. 2 is a structural formula and a reaction form
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depicting the principle of hydroxyl radical generat

in catechins and the change in the phenolic hydroxi
group.

Fig.3isan ESR spectrumwhenamixed sample cont
proanthocyanidinandDMPOQisirradiatedwithlight
disinfection method, the disinfection device and th
disinfecting agentthatutilizes lightaccording to
embodiment of the present invention.

Fig.4isagraphshowingthe effectof proanthocy

concentration with respect to the amount of oxygen

radical generated in the disinfection method, the
disinfection device and the disinfecting agent that
utilizeslightaccordingtotheembodimentofthep
invention.

Fig. 5is a graph showing the effect of the durati

laser irradiation with respect to the amount of oxy
radical generated in the disinfection method, the
disinfection device and the disinfecting agent that
utilizeslightaccordingtotheembodimentofthep
invention.

Fig. 6 is a graph showing the hydroxyl radical
extinguishing activity of proanthocyanidin in the
disinfection method, the disinfection device and th
disinfecting agentthatutilizeslightaccording to
embodiment of the present invention.

Fig. 7 is a graph showing the superoxide extinguis
activityofproanthocyanidininthedisinfectionme

the disinfection device andthe disinfecting agent
utilizeslightaccordingtotheembodimentofthep
invention.

Fig. 8 is a graph showing the disinfecting effect

proanthocyanidin and laser irradiation in the
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[0022]

disinfection method, the disinfection device and th
disinfecting agentthatutilizeslightaccording to
embodiment of the present invention.

Fig. 9 is a graph showing changes in the disinfect
effect by different concentrations of proanthocyani
inthe disinfection method, the disinfection device
thedisinfectingagentthat utilizeslightaccordi

the embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

Hereinafter, description will be given for t
disinfection method, the disinfection device and th
disinfecting agent utilizing light of the present

invention.

Thedisinfectionmethodandthedisinfectingagen

ofthedisinfectiondeviceofthe presentinvention

the disinfecting agent utilizing light of the prese
inventioncompriseanaqueousproanthocyanidinsolu
light emitting means for irradiating the disinfecti
agentwithlightcomprisesasemiconductorlaserca
of irradiating with light having the wavelength of
nm.

In regard to the disinfection method, the

disinfection device and the disinfecting agent that
utilizes light, tests were performed to examine the

characteristics and effects as Examples.

EXAMPLES

[0023]JEXAMPLE 1: Firstofall,aqualitativeandqu

analysisoftheoxygenradicalspeciesgeneratedby

irradiation to proanthocyanidin was performed. The
gualitative and quantitative analysis of the oxygen
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[0024]

[0025]

[0026]

radicals was performed by the Electron Spin Resonan ce
(ESR) spintrapping method. As the spin trapping ag ent,
5,5-dimethyl-1-pyrrolidone N-oxide (DMPO; from Labo tec
Co., Ltd.) was used.

Inordertoexaminetheeffectofaproantho cyanidin

concentration with respect to the amount of oxygen

radicals generated, 150 uL of agueous proanthocyanidin
solution(fromIndinaJapanCo.,Ltd.)and 150 pLofDMPO
weremixedinamicroplate (96wells)suchthatthe final
concentrationofproanthocyanidinbecameOto4mg/ mLand
thatof DMPObecame300mM. Thesamplesinthewell swere
irradiatedwitha405nmlaserlightatthe output 0f300

mW (irradiance of 940 mW/cm 2) for 60 seconds and ESR
measurements were made using an ESR device (product
name:JES-FA-100, from JEOL Ltd.).
The conditions for the ESR measurements were as

follows.

field sweep: 330.50-340.50 mT

field modulation frequency: 100 kHz

field modulation width: 0.05 mT

amplitude: 80

sweep time: 2 min

time constant: 0.03 s

microwave frequency: 9.420 GHz

microwave power: 4 mW

Obtained ESR spectrumis shownin Fig. 3. Am ounts
ofrespectiveoxygenradicalsgeneratedwereobtain edas
relativeintensitytoasignalobtainedfromamang anese
markerthatisinstalledinthe ESR device. Result sare
shown in Fig. 4. In addition, in order to examine t he
effectofthedurationoflaserirradiationwithre spect
tothe amount of oxygen radicals generated, further ESR

10



analysis was performed with a fixed concentration o f

proanthocyanidin (PA)of4mg/mL,anddurationsof laser

irradiation ranging from 0 to 120 seconds, while ot her
conditionswerekeptunchanged. Theresultsaresho wnin

Fig. 5.

[0027] AsshowninFig. 3,ahyperfinestructureco nstant
of obtained ESR spectrum was analyzed and qualitati ve
analysis was performed. As the result, by irradiati ng
proanthocyanidinwithlight, formation of DMPO-OH ( spin
trappingofhydroxylradical)andDMPO-OOH(spintr apping

of superoxide) were confirmed.
[0028] As shown in Fig. 4, signal intensities of DM PO-OH
and DMPO-OOH increased up to the proanthocyanidin

concentration of 1 mg/mL, however, the signalinten sity
became saturated abovethatconcentration. Inaddit ion,
as shown in Fig. 5, it was confirmed that the durat ion

of laser irradiation has hardly any effect on the

formationof DMPO-OHand DMPO-OOH. Thisislikelyd ueto
thefactthatthereactionofformingDMPO-OHandD MPO-OOH
bythe hydroxylradicalsandsuperoxidesgenerated from
proanthocyanidinisinequilibrium with the reactio n of
extinguishing the hydroxyl radicals and superoxides by

the excess proanthocyanidin.

[0029] EXAMPLE 2:Following experimentwas performe dinorder
toevaluatetheabilityofproanthocyanidintoexti nguish
oxygen radicals. The amount of hydroxyl radicals

generated by ultrasonic scission ofwater, extingui shed
by the addition of proanthocyanidin was examined. A n
ultrasonic wave generator having the frequency of 1 650

kHz and output of 30 W was used for ultrasonic wave
irradiation.100 pLofaqueousproanthocyanidinsolution

and 100 pL of DMPO were mixed in a glass test tube such

11
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[0031]

thatthe finalconcentration of proanthocyanidinbe came

Oto64mg/mLandthatofDMPObecamel50mM.After mixing,

the samples were immediately set to an ultrasonic w ave
generator and irradiated with ultrasonic wave for 3 0
seconds. Subsequently, ESR measurements were made. The
conditions for ESR measurements were identicaltot hose
used in Example 1. The results of the measurements are

shown in Fig. 6.
In addition, the ability of proanthocyanidin to

extinguish superoxide was evaluated. Superoxide was

generatedbythe hypoxanthine/xanthine oxidasereac tion
system.50 pLofhypoxanthine,30 uLofdimethylsulfoxide,

50 pLofaqueousproanthocyanidinsolution,20 pLofDMPO
and 50 pL of xanthine oxidase were mixed in this order,
suchthatthefinalconcentrationofhypoxanthinew as500
UM, that of proanthocyanidin was 0 to 1 mg/mL, that of
DMPOwas300mM,andthatofxanthineoxidasewas0 AU/mL.
Aftertheadditionofxanthine oxidase,the samples were
mixedfor10seconds,andsubjectedtoESRmeasurem ents.
The conditions for ESR measurements were identical to
thoseusedinExample 1. Theresultsofthemeasure ments

are shown in Fig. 7.

As shown in Fig. 6, 30 seconds of ultrasonic
scission of water produced about 15 MM of hydroxyl
radicals. Addition of proanthocyanidin to the react ion

system suppressed the formation of DMPO-OH in a

concentrationdependentmanner. Atthe concentratio nof
about60mg/mLofproanthocyanidin,itwasconfirme dthat
DMPO-OHwasnotatalformed.ThelC50(medianin hibitory

concentration) of proanthocyanidin against DMPO-OH

generation was 1.5 mg/mL.

12



[0032]

In addition, as shown in Fig. 7, DMPO-OOH wa s
generated about 3.5 MM when proanthocyanidin was not
added. Addition of proanthocyanidin to the reaction
system decreased the formation of DMPO-OOH in a

concentrationdependentmanner. Atthe concentratio nof
about 0.25 mg/mL of proanthocyanidin, it was confir med
that DMPO-OOH was not formed. The IC 50 of
proanthocyanidin against DMPO-OOH generation was O. 005
mg/mL.

[0033] EXAMPLE 3:Disinfectiontestwascarriedout toexamine
the disinfecting effect of the disinfection method, the

[0034]

disinfection device and the disinfecting agent that

utilizeslightaccordingtotheembodimentofthep resent
invention. As the bacteria, Streptococcus aureus ATCC
25923wasused,andsubjectedtothetestasasusp ension
inphysiologicalsalinesolutionat2X10 "cells/mL.150
plofbacteriasuspensionand150 uL ofproanthocyanidin
wasmixedinamicroplateandirradiatedwith405n mlaser
at 300 mW (irradiance of 940 mW/cm 2) for 10 minutes.

The effect of concentration with respect to the

disinfecting effect was examined by making the fina I

concentrationsofproanthocyanidin4 pg/mLto3.2mg/mL.
After the irradiation, 50 pL of the sample and 50 pL of
5000U/mL catalase were mixed to stop the reaction o f

hydrogen peroxide derived from proanthocyanidin.

Subsequently, seriesof10timesdilutionswerepre pared
andinoculatedonBrainHeartInfusion(BHIl)agarm edium,
culturedat37°Cfor24hoursundertheaerobicco ndition,

and the disinfecting effect was determined. As the

controls, the disinfecting effects of proanthocyani din
alone (1 mg/mL) and laser irradiation alone were al SO
evaluated.

13
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[0037]

The test results obtained with proanthocyani dine
concentration of 1 mg/mL with or without the laser

irradiation,andthosewithneitherproanthocyanidi nnor
laser irradiation are shown in Fig. 8. In addition, the
test results obtained by performing laser irradiati on
while changing the proanthocyanidin concentrations are

shown in Fig. 9.

AsshowninFig. 8, S. aur eususedinthetestwas
confirmed to be hardly disinfected by proanthocyani din
alone.Inaddition,asshowninFig.9, S. aur euswasalso
found to be hardly disinfected by 10 minutes of las er

irradiation alone. Whereas, disinfecting effect was

observed when a sample in which bacteria and
proanthocyanidin were mixed was irradiated with las er.
Especially, the highest disinfecting effect of 99 % or
more was observed when the proanthocyanidin
concentration was 0.25 to 4 mg/mL.

It was further confirmed that when the
concentration of proanthocyanidinwas eitherlower than
0.25mg/mLorhigherthandmg/mL thedisinfecting effect
was attenuated. High disinfecting effect was only
observed within alimited range of concentrations, most
likely, due to the relation between the disinfectin g
effect of hydroxyl radicals generated by irradiatin g

proanthocyanidin with laser and the anti-oxidative

action of excess proanthocyanidin. In other words, when
the concentration of proanthocyanidin is incresed, at
first, the catechins containedintheincreasingam ount

of proanthocyanidin reduce the dissolved oxygen and

produce hydrogen peroxide which is then photolysed by
laser irradiation to generate more hydroxyl radical S,
thus increasing disinfecting effect. However, when the

14
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concentration of proanthocyanidin becomes high and

amountofdissolved oxygen reduced by catechins bec

low, the excess catechins would extinguish hydroxyl

radicalsalreadyproduced,therebyreducingdisinfe
effect.Inaddition, itisalsopossiblethatthed

color of highly concentrated aqueous proanthocyanid
solution absorbed laserlightand hindered the reac
from hydrogen peroxide to hydroxyl radicals.

Thus, according to the embodiment of
disinfection method, the disinfection device and th
disinfecting agent that utilizes light of the prese
invention, the disinfecting effect by the hydroxyl
radicalsgeneratedbyirradiatingthedisinfecting
with light can be achieved and be used to disinfect
item to be disinfected. Furthermore, the synergisti
effectofthedisinfectingeffectderivedfromcate
and the disinfecting effect derived from hydroxyl
radicalscanbeachieved.Bytheactionsofthegen
hydroxyl radicals, higher disinfecting effect can b
achieved in shorter period of time, compared to the
disinfecting effect of catechins without light
irradiation. Proanthocyanidin comprising catechins
stabler and less toxic compared to hydrogen peroxid
therefore, in comparison to the disinfection method
directly utilizing hydrogen peroxide, the present
invention provides stabler disinfecting effect in

significantly safer manner.
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CLAIMS

A disinfection method comprising the steps of:
bringingadisinfectingagentcontaining catechins into
contactwith anitemto be disinfected, and irradia ting

the disinfection agent with light.

Thedisinfectionmethodaccordingtoclaiml,wh ereinthe

catechins have a gallate group.

The disinfection method according to claims 1 or 2,
wherein the disinfecting agent comprises an aqueous

proanthocyanidin solution.

Thedisinfectionmethodaccordingtoclaim3,wh ereinthe
concentration of proanthocyanidin in the aqueous
proanthocyanidin solution is 0.25 to 4 mg/mL.

The disinfection method according to claims 1, 2 ,3or
4, wherein the light has a wavelength of 350 nm to 500
nm.

A disinfection device comprising:
a disinfecting agent comprising:
anaqueousproanthocyanidinsolutionwhoseconcentr ation
of proanthocyanidin is 0.25 to 4 mg/mL, and
light emitting means provided to be capable of
irradiating the disinfecting agent in contact with an
itemtobedisinfectedwithlighthavingawaveleng thof
350 to 500 nm.

A disinfecting agent that utilizes light compris ing an

16



aqueous proanthocyanidin solution.
8. The disinfecting agentthat utilizes lightaccor dingto

claim7,whereintheconcentrationofproantocyanid inis
0.25 to 4 mg/ml.
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