DISINFECTION METHOD, DISINFECTION DEVICE, AND
DISINFECTING AGENT UTILIZING LIGHT

TECHNICAL FIELD
[0001] The present invention relates to a disinfection

method and a disinfection device.

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 peroxide
by reducing the dissolved oxygen, which in turn exerts
disinfcction action (scc, for cxample, Non-Patcent
Literature 1). In addition, among various catechins,
those possessing gallate groups such as epigallocatechin,
epicatechin gallate, and epigallocatechin gallate, 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
[0004] As disclosed in Non-Patent literatures 1 to 3,
catechins exhibit disinfection action and exert its
disinfection effect even at a low concentration. However,
in order to achieve sufficient disinfection effect, an
extended reaction time of 12 hours or more was required.
[0005] The present invention is devisedby focusingon this
problem, and aims at providing a disinfection method and
a disinfection device, that can achieve a high

disinfection effect within a short period of time.

SOLUTION TO PROBLEM

[0006] In order to achieve the above stated object, the
disinfection method according to the present invention
comprises the steps of: bringing a disinfecting agent
containing catechins into contact with an item to be
disinfected, and irradiating the disinfection agent with
light.

[0007] The disinfection method according to the present
invention achieves its disinfection effect by the
mechanism described below. As shown in Fig. 1, catechins
exert disinfection action by reducing the dissocolved
oxygen (0,) and generating hydrogen peroxide (H,0,) . When
the hydrogen peroxide is irradiated with light, hydroxyl
radicals ( * OH) are generated through the photolysis of

the hydrogen peroxide, as shown in Fig. 2. Since catechins



possess a high antioxidative effect, it may be usually
considered that its phenolic hydroxyl group acts as a
donor of e~ and H', while also functioning to extinguish
hydroxyl radicals, so as not to produce the disinfection
effect.

However, as shown in Fig. 2, the phenolic hydroxyl

group, after acting as the donor, eventually assumes
quinone structure, and cannot extinguish the hydroxyl
radicals. For this reason, in the presence of abundant
dissolved oxygen, phenolic hydroxyl group acts as a donor
and does not extinguish hydroxyl radicals, thereby
achieving the disinfection effect mediated by hydroxyl
radicals.
The inventors of the present invention, as discussed
above, discovered an unexpected disinfection effect
using a method that usually is not associated with having
any disinfection effect, thus arriving at the present
invention.

[0008] According to the disinfection method of the present
invention, hydroxyl radicals can be generated by
irradiating the disinfecting agent with light after
bringing the disinfecting agent containing catechins in
contact with the item to be disinfected. Disinfecting
effect by hydroxyl radicals can thus be obtained so that
the item to be disinfected is disinfected. Hydroxyl
radicals thus generated achieves higher disinfecting
effect in a shorter period of time compared to the
disinfecting effect of catechins observed without light
irradiation.

[0009] Catechins are more stable and less toxic compared
to hydrogen peroxide, therefore, compared to the

disinfectingmethoddirectlyutilizing hydrogen peroxide,



one can obtain more stable as well as safer disinfecting
effect. In the disinfection method according to the
present invention, any method can be used in terms of ways
of bringing the disinfecting agent in contact with the
item to be disinfected, including the method in which the
disinfecting agent is applied or sprayed and the method
in which the item to be disinfected is submerged in a
solution containing the disinfecting agent.

[0010] In the disinfection method according to the present
invention, catechins such as catechin, epicatechin,
epigallocatechin, epicatechin gallate,
epigallocatechin gallate, gallocatechin, catechin
gallate, and gallocatechin gallate may be used alone, or
in combinations of more than two kinds, or in a form in
which one or two kinds or more are polymerized inmultitude
(for example, proanthocyanidin) . However, catechins that
have gallate groups are especially preferable. Catechins
having gallate groups exhibit higher affinity to cell
membrane and exert higher disinfecting effect on the
subject o0f disinfection that has c¢ell membrane.
Furthermore, in comparison with the catechins not having
gallate groups, catechins having gallate groups generate
more hydrogen peroxide by reducing the dissolved oxygen,
so that the amount of hydroxyl radicals generated by 1ight
irradiation also increases, thereby further improving
the disinfecting effect.

[0011] In the disinfection method according to the present
invention, the disinfecting agent may comprise only
catechins or may also contain other substances. Other
substances may be any substances i1including water,
disinfecting agent, saccharide, coloring agent,

fragrance agent, seasoning, synthetic or natural



disinfecting agent. The disinfecting agent other than
catechins 1includes strongly acidic water, iodine
preparation (such as iodine tincture, povidone-iodine
and the 1like), chlorides (such as sodium hypochlorite and
the like), mercurochrome solution, chlorhexidine
gluconate, acrinol, alcohols (such as ethyl alcohol) and
hydrogen peroxide solution. However, substances that are
safe are more preferable.

The disinfecting agent containing catechins
preferably comprises a solution containing the catechins,
and more preferably comprises aqueous proanthocyanidin
solution. Furthermore, the aqueous proanthocyanidin
solution preferably has a proanthocyanidin concentration
of 0.25 to 4 mg/mL. Proanthocyanidin is a substance in
which multiple catechins are polymerized. As such, it can
provide high disinfecting effect with superior safety.

[0012] In the disinfection method according to the present
invention, the light can be of any wavelength such as
ultraviclet 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. In this case also, high disinfecting effect
aswell as high safety can be achieved. Especially, safety
can further be improved if visible light is used.

The irradiance of the irradiation light 1is
preferably no less than 300 mW/cm® or more, and larger
the irradiance, more effective is the light.

[0013] The disinfection device according to the present
invention is characterized by comprising a disinfecting
agent comprising an aqueous proanthocyanidin solution
having the proanthocyanidin concentration of 0.25 to 4

mg/mL, and light emitting means provided to be capable



of irradiating the disinfecting agent that is in contact
with an item to be disinfected with light having a
wavelength of 350 to 500 nm.

[0014] The disinfection device according to the present
invention can suitably execute the disinfection method
according to the present invention. According to the
disinfection device of the present invention, hydroxyl
radicals can be generated by bringing the disinfecting
agent in contact with the item tobe disinfected, followed
by irradiating the disinfecting agent with the light
using light emitting means for emitting the light.
Accordingly, this achieves the high disinfecting effect
due to proanthocyanidin and leads to the disinfection of
the object to be disinfected. Furthermore,
proanthocyanidin has low toxicity and therefore is very
safe.

[0015] In the disinfection method and disinfection device
according to the present invention, the light emitting
means can be of any type, for example, incandescent lamp,
fluorescent lamp, halogen lamp, xenon lamp, LED (light
emitting diode), semiconductor laser, or those utilizing
sun light. The irradiated light can be single wavelength
light, light containing multiple wavelengths, or light
containing a prescribed band of wavelengths.

[0016] The disinfecting agent that wutilizes light
concerning the present invention is characterized by
containing an aqueous proanthocyanidin solution, and
further characterized by having the proanthocyanidin
concentration of 0.25 to 4 mg/mL.

[0017] The disinfecting agent that wutilizes 1light
concerning the present invention is suitably used as the

disinfecting agent in the disinfection method and the



disinfection device according to the present invention.
The disinfecting agent concerning the present invention
is used by applying or spraying on the item to be
disinfected. Subsequent irradiation of light generates
hydroxyl radicals, and the item to be disinfected is
disinfected by the action of the hydroxyl radicals.
Furthermore, proanthocyanidin  has low toxicity,
therefore, is highly safe.

[0018] The disinfection method and the disinfection
device according to the present invention, as well as the
disinfecting agent that utilizes light concerning the
present invention, are preferably, suitably selected
depending on the item to be disinfected. For example, if
the item to be disinfected is comprised of tooth or
dentures 1in 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] According to the present invention, a disinfection
method and a disinfection device that can achieve a high
disinfection effect in a short period of time, are able

to be provided.

BRIEEF DESCRIPTION OF DRAWINGS

[0020]Fig. 1 is a reaction formula explaining the principle of
anti-bacterial activity of catechins.
Fig. 2 is a structural formula and a reaction formula
depicting the principle of hydroxyl radical generation
in catechins and the change in the phenolic hydroxide
group.

Fig. 3 is an ESR spectrum when a mixed sample containing



proanthocyanidin and DMPO is irradiated with light in the
disinfection method and the disinfection device
according to the embodiment of the present invention.
Fig. 4 is a graph showing the effect of proanthocyanidin
concentration with respect to the amount of oxygen
radical generated in the disinfection method and the
disinfection device according to the embodiment of the
present invention.

Fig. 5 is a graph showing the effect of the duration of
laser irradiation with respect to the amount of oxygen
radical generated in the disinfection method and the
disinfection device according to the embodiment of the
present invention.

Fig. 6 1is a graph showing the hydroxyl radical
extinguishing activity of proanthocyanidin in the
disinfection method and the disinfection device
according to the embodiment of the present invention.
Fig. 7 is a graph showing the superoxide extinguishing
activity of proanthocyanidin in the disinfection method
and the disinfection device according to the embodiment
of the present invention.

Fig. 8 is a graph showing the disinfecting effect of
proanthocyanidin and laser irradiation in the
disinfection method and the disinfection device
according to the embodiment of the present invention.
Fig. 9 is a graph showing changes in the disinfecting
effect by different concentrations of proanthocyanidin
in the disinfection method and the disinfection device

according to the embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0021] Hereinafter, description will be given for the



disinfection method and the disinfection device of the
present invention.

The disinfection method and the disinfecting agent
of the disinfection device of the present invention
comprise an aqueous proanthocyanidin solution. light
emitting means for irradiating the disinfecting agent
with light comprises a semiconductor laser capable of
irradiating with light having the wavelength of 405 nm.

[0022] In regard to the disinfection method and the
disinfection device, tests were performed to examine

their characteristics and effects as Examples.

EXAMPLES

[0023]EXAMPLE 1: First of all, a qualitative and quantitative
analysis of the oxygen radical species generated by light
irradiation to proanthocyanidin was performed. The
qualitative and guantitative analysis of the oxygen
radicals was performed by the Electron Spin Resonance
(ESR) spin trapping method. As the spin trapping agent,
5,5-dimethyl-1-pyrrolidone N-oxide (DMPO; from Labotec
Co., Ltd.) was used.

[0024] In order to examine the effect of a proanthocyanidin
concentration with respect to the amount of oxygen

radicals generated, 150 UL of aqueous proanthocyanidin

solution (from Indina Japan Co., Ltd.) and 150 pL of DMPO
were mixed in a microplate (96 wells) such that the final
concentration of proanthocyanidin became 0 to 4 mg/mL and
that of DMPO became 300 mM. The samples in the wells were
irradiated with a 405 nm laser light at the output of 300
mW (irradiance of 940 mW/cmz) for 60 seconds and ESR
measurements were made using an ESR device (product

name:JES-FA-100, from JEOL Ltd.).



[0025]

[0026]

[0027]

[0028]

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 spectrum is shown in Fig. 3. Amounts
of respective oxygen radicals generated were obtained as
relative intensity to a signal obtained from a manganese
marker that is installed in the ESR device. Results are
shown in Fig. 4. In addition, in order to examine the
effect of the duration of laser irradiation with respect
to the amount of oxygen radicals generated, further ESR
analysis was performed with a fixed concentration of
proanthocyanidin (PA) of 4 mg/mL, and durations of laser
irradiation ranging from O to 120 seconds, while other
conditions were kept unchanged. The results are shown in
Fig. 5.

As shown in Fig. 3, a hyperfine structure constant
of obtained ESR spectrum was analyzed and qualitative
analysis was performed. As the result, by irradiating
proanthocyanidin with light, formation of DMPO-OH (spin
trapping of hydroxyl radical) and DMPO-OO0OH (spin trapping
of superoxide) were confirmed.

As shown in Fig. 4, signal intensities of DMPO-OH
and DMPO-OOH increased up to the proanthocyanidin
concentration of 1 mg/mL, however, the signal intensity

became saturated above that concentration. In addition,
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as shown in Fig. 5, it was confirmed that the duration
of laser irradiation has hardly any effect on the
formation of DMPO-OH and DMPO-OOH. This is likely due to
the fact that the reaction of forming DMPO-OH and DMPO-0OH
by the hydroxyl radicals and super oxides generated from
proanthocyanidin is in equilibrium with the reaction of
extinguishing the hydroxyl radicals and superoxides by
the excess proanthocyanidin.

[0029] EXAMPLE 2: Following experiment was performed in order
to evaluate the ability of proanthocyanidin to extinguish
oxygen radicals. The amount of hydroxyl radicals
generated by ultrasonic scission of water, extinguished
by the addition of proanthocyanidin was examined. An
ultrasonic wave generator having the frequency of 1650
kHz and output of 30 W was used for ultrasonic wave

irradiation. 100 UL of aqueous proanthocyanidin solution

and 100 UL of DMPO were mixed in a glass test tube such
that the final concentration of proanthocyanidin became
0 to 64 mg/mL and that of DMPO became 150 mM. After mixing,
the samples were immediately set to an ultrasonic wave
generator and i1rradiated with ultrasonic wave for 30
seconds. Subsequently, ESR measurements were made. The
conditions for ESR measurements were identical to those
used in Example 1. The results of the measurements are
shown in Fig. 6.

[0030] In addition, the ability of proanthocyanidin to
extinguish superoxide was evaluated. Superoxide was

generated by the hypoxanthine/xanthine oxidase reaction
system. 50 UL of hypoxanthine, 30 UL of dimethylsulfoxide,
50 UL of aqueous proanthocyanidin solution, 20 UL of DMPO

and 50 pL of xanlhine oxidase were mixed in this order,
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such that the final concentration of hypoxanthine was 500
UM, that of proanthocyanidin was 0 to 1 mg/mL, that of
DMPO was 300 mM, and that of xanthine oxidase was 0.1 U/mL.
After the addition of xanthine oxidase, the samples were
mixed for 10 seconds, and subjected to ESR measurements.
The conditions for ESR measurements were identical to
those used in Example 1. The results of the measurements
are shown in Fig. 7.

[0031] As shown in Fig. 6, 30 seconds of ultrasonic
scission of water produced about 15 UM of hydroxyl
radicals. Addition of proanthocyanidin to the reaction
system suppressed the formation of DMPO-OH in a
concentration dependent manner. At the concentration of
about 60 mg/mlL of proanthocyanidin, it was confirmed that
DMPO-OH was not at all formed. The IC 50 (median inhibitory
concentration) of proanthocyanidin against DMPO-OH
generation was 1.5 mg/mL.

[0032] In addition, as shown in Fig. 7, DMPO-OOH was
generated about 3.5 UM when proanthocyanidin was not
added. Addition of proanthocyanidin to the reaction
system decreased the formation of DMPO-OOH in a
concentration dependent manner. At the concentration of
about 0.25 mg/mL of proanthocyanidin, it was confirmed
that DMPO-OOH was not formed. The IC 50 of
proanthocyanidin against DMPO-OOH generation was 0.005
mg/mL.

[0033] EXAMPLE 3: Disinfection test was carried out to examine
the disinfecting effect of the disinfection method and
the disinfection device according to the embodiment of
the present invention. As the bacteria, Streptococcus
aureus ATCC 25923 was used, and subjected to the test as

a suspension in physiological saline solution at 2 X 10’
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cells/mL. 150 mul of bacteria suspension and 150 uL of
proanthocyanidin was mixed in a microplate and irradiated
with 405 nm laser at 300 mW (irradiance of 940 mW/cm?)
for 10 minutes.

[0034] The effect of concentration with respect to the
disinfecting effect was examined by making the final

concentrations of proanthocyanidin 4 pg/mL to 3.2 mg/mL.

After the irradiation, 50 UL of the sample and 50 UL of
5000U/mL catalase were mixed to stop the reaction of
hydrogen peroxide derived from proanthocyanidin.
Subsequently, series of 10 times dilutions were prepared
and inoculated on Brain Heart Tnfusion (BHT) agar medium,
culturedat 37 °C for 24 hours under the aerobic condition,
and the disinfecting effect was determined. As the
controls, the disinfecting effects of proanthocyanidin
alone (1 mg/mL) and laser irradiation alone were also
evaluated.

[0035] The test results obtained with proanthocyanidine
concentration of 1 mg/mL with or without the laser
irradiation, and those with neither proanthocyanidin nor
laser irradiation are shown in Fig. 8. In addition, the
test results obtained by performing laser irradiation
while changing the proanthocyanidin concentrations are
shown in Fig. 9.

[0036] As shown in Fig. 8, S. aureus used in the test was
confirmed to be hardly disinfected by proanthocyanidin
alone. In addition, as shown in Fig. 8, S. aureus was also
found to be hardly disinfected by 10 minutes of laser
irradiation alone. Whereas, disinfecting effect was
observed when a sample 1in which Dbacteria and
proanthocyanidin were mixed was irradiated with laser.

Especially, the highest disinfecting effect of 99 % or
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more was observed when the proanthocyanidin
concentration was 0.25 to 4 mg/mL.

[0037] It was further confirmed that when the
concentration of proanthocyanidin was either lower than
0.25mg/mL or higher than 4 mg/mL, the disinfectingeffect
was attenuated. High disinfecting effect was only
observed within a limited range of concentrations, most
likely, due to the relation between the disinfecting
effect of hydroxyl radicals generated by irradiating
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 contained in the increasing amount
of proanthocyanidin reduce the dissolved oxygen and
produce hydrogen peroxide which is then photolysed by
laser irradiation to generate more hydroxyl radicals,
thus increasing disinfecting effect. However, when the
concentration of proanthocyanidin becomes high and the
amount of dissolved oxygen reduced by catechins becomes
low, the excess catechins would extinguish hydroxyl
radicals already produced, thereby reducing disinfecting
effect. In addition, it is also possible that the darker
color of highly concentrated aqueous proanthocyanidin
solution absorbed laser light and hindered the reaction
from hydrogen peroxide to hydroxyl radicals.

[0038] Thus, according to the embodiment of the
disinfection method and the disinfection device of the
present invention, the disinfecting effect by the
hydroxyl radicals generated by 1irradiating the
disinfecting agent with 1light can be achieved and be used
to disinfect the item to be disinfected. Furthermore, the

synergistic effect of the disinfecting effect derived
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from catechins and the disinfecting effect derived from
hydroxyl radicals can be achieved. By the actions of the
generated hydroxyl radicals, higher disinfecting effect
can be achieved in shorter period of time, compared to
the disinfecting effect of catechins without light
irradiation. Proanthocyanidin comprising catechins 1is
stabler and less toxic compared to hydrogen peroxide,
therefore, in comparison to the disinfection method
directly wutilizing hydrogen peroxide, the present
invention provides stabler disinfecting effect in

significantly safer manner.
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CLAIMS

1. An agent containing catechins, for therapeutic use in disinfecting an item in
oral cavity, by bringing the agent into contact with the item and irradiating the

thus agent-contacted item with light having a wavelength of 350 nm to 500 nm.

2. The agent according to claim 1, wherein the catechins have a gallate

group.

3. The agent according to claim 1 or 2, wherein said agent comprises an

agueous proanthocyanidin solution.

4, The agent according to claim 3, wherein the concentration of

proanthocyanidin in the aqueous proanthocyanidin solution is 0.25 to 4 mg/mL.

5. The agent according to any one of claims 1 to 4, further containing a

hydrogen peroxide solution.

6. Adevice for use in disinfecting an item in oral cavity,

comprising:

an agent comprising:

an aqueous proanthocyanidin  solution whose concentration of
proanthocyanidin is 0.25 to 4 mg/mL, and light emitting means provided to be
capable of irradiating the agent in contact with the item with light having a

wavelength of 350 to 500 nm.
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