DESCRIPTION
TITLE OF THE INVENTION: CELL REPAIR AGENT AND DISINFECTION SYSTEM
TECHNICAL FIELD
[0001]

The present invention relates to a cell repair aged a disinfection system.
BACKGROUND ART
[0002]

The risk of infectious diseases increases with egeage groups of 60 or older
in Japan, an infectious disease, pneumonia, isfabeh leading cause of death.
Infectious diseases include various pathologicalnddmns ranging from
life-threatening diseases such as pneumonia artccemma to skin infections such as
dermatophytosis (vesicular eczema) and dental diseases such axlpetal disease,
which differ in causative microorganisms or infettgtes, for example. Removal of
pathogenic microbes is the primary objective oftiment for all of these infectious
diseases, and a drug such as an antibiotic is a&tered for treatment in many cases.
However, the widespread use of antibiotics resuitdhe advent of drug-resistant
organisms, and this may soon lead to severe prabkumch as the development of
hospital-acquired infections due to multidrug-resis bacteria. Therefore, the
establishment of sterilizing therapy as an altéveato antibiotic administration is
desired.

[0003]

Acidic electrolyzed water that is obtained by dlelgsis of sodium chloride or
potassium chloride solution contains hypochlorocisl as the main contributor to the
activity (for example, see Non-patent DocumentWhen hypochlorous acid enters

cells, hydroxyl radicals, which are a type of aetiwxygen, are generated and exert a



sterilizing effect because of the strong oxidizpawer (for example, see Non-patent
Document 2). Moreover, a disinfection technologgdth on photolysis of hydrogen
peroxide involves the application of the oxidizipgwer of hydroxyl radicals generated
by homolytic cleavage of hydrogen peroxide resgltirom irradiation of hydrogen
peroxide with near-ultraviolet visible light (fok@mple, see Non-patent Document 3).
[0004]

A big advantage of sterilization technology usingltoxyl radicals, such as
acidic electrolyzed water or disinfection techngldzased on photolysis of hydrogen
peroxide over conventional sterilizing therapiegining antibiotic administration is to
allow no development of resistant bacteria (fornegle, see Non-patent Document 4).
Acidic electrolyzed water is used not only in thed of foods, but also in the medical
field because of this advantage. In particular, ke of acidic electrolyzed water is
being attempted for disinfection required for ardkectious diseases or as sterilization
for surgeries (for example, see Non-patent Documénibr 5). Applying the
photosterilization technology using hydrogen pedexio periodontal diseases is being
explored (for example, see Non-patent DocumentH6jvever, there is a concern that
both acidic electrolyzed water and the disinfectiechnology based on photolysis of
hydrogen peroxide can damage not only pathogenaoimés, but also cells at the
disease site, because of the strong oxidizing poffer example, see Non-patent
Documents 7 to 9). Furthermore, some existing ngirdxy-radical-mediated
disinfectants possess strong cytotoxicity and thisrea similar concern that such
disinfectants damage cells at the disease siteefample, see Non-patent Document
10).

[0005]

On the other hand, polyphenols have an antioxiéffect and are known to



have an effect of inhibiting oxidative injuries tfcal tissues due to active oxygen
produced by inflammatory cells such as neutropdiilshflamed sites. Polyphenols are
used for skin preparations, oral agents, and Kee(for example, see Patent Documents
1 to 6, Non-patent Document 11 or 12).
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SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0008]

As described in Non-patent Documents 7 to 10, theee concern that acidic
electrolyzed water, the disinfection technology dshson photolysis of hydrogen
peroxide, and existing disinfectants may damageonhyt pathogenic microbes, but also
cells at disease sites because of the strong axadizower, and the development of
technology for repairing the resulting damage hasnbexpected. Furthermore, as
described in Patent Documents 1 to 6 and Non-paBwtuments 11 and 12,
polyphenols are known to have an effect of inhilgjtoxidative damage to local tissues
due to active oxygen produced by inflammatory cel®wever, it has not been
confirmed that polyphenols have an effect of rapgicells severely damaged by acidic
electrolyzed water or the like.

[0009]

The present invention has been achieved, notingetpeoblems. An objective
of the present invention is to provide a cell repagent capable of repairing cells
damaged by the oxidizing power of acidic electretyzwater or the like, and, a
disinfection system capable of safely and effidiemiccelerating the sterilization and
cure of infected skin or intraoral wounds.

SOLUTIONS TO THE PROBLEMS
[0010]

As a result of intensive studies to achieve thevababjective, the present
inventors have discovered that a specific polyphdraving a catechol group or a
pyrogallol group and a polymer composition therbafle an effect of repairing cells

severely damaged by acidic electrolyzed water, thod have completed the present



invention.
[0011]

Specifically, the cell repair agent according te gresent invention contains at
least one type of a polyphenol represented by dflewiing general formula (1), a
polymer thereof, and a pharmaceutically acceptsdltethereof.

Chemical formula 1
R4

R OH
(1)

X OH
R3

(wherein R to Rs are each selected from a group consisting of astguted or
unsubstituted hydrogen atom, a hydroxyl group, lagemn atom, a nitro group, a cyano
group, a thio group, an alkoxy group, an aryloxpuy, a heteroaryloxy group, a
carbonyl group, an amino group, a-f¢ alkylamino group, a sulfonamide group, an
imino group, a sulfonyl group, a sulfinyl groupCa.o alkyl group, a @i, cycloalkyl
group, a Gi» heterocycloalkyl group, a dJG» bicycloalkyl group, a €
heterobicycloalkyl group, aiGo arylalkyl group, a €s heteroarylalkyl group, aGo
parhaloalkyl group, a {G carbonylalkyl group, a G thiocarbonylalkyl group, a G
sulfonylalkyl group, a &3 sulfinylalkyl group, a @10 aminoalkyl group, a G
iminoalkyl group, an aryl group, a heteroaryl grpapG.1, bicycloaryl group, and a
Cs-12 hetero bicycloaryl, are each independent, or, taroyof Ry, R, and R together

form a substituted or unsubstituted ring, and X isubstituted or unsubstituted.£



aliphatic hydrocarbon group, &.6» aromatic hydrocarbon group, or @4 polycyclic
aromatic hydrocarbon group.)
[0012]

Specifically, the cell repair agent according te gresent invention contains at
least one type of a polyphenol represented by thiewing general formula (1), a
polymer thereof, and a pharmaceutically acceptahle thereof, so as to be able to
repair cells damaged by the oxidizing power of mcelectrolyzed water or the like to
be used for disinfection. The cell repair agent ao be expected to have an effect of
inhibiting the oxidative damage to local tissues do active oxygen produced by
inflammatory cells such as neutrophils at inflarséés.

[0013]

In the cell repair agent according to the presevemtion, the above fand the
above R are preferably hydrogen atoms. In addition, thevabR is preferably a
hydrogen atom or a hydroxyl group. Especially inrsa case, the cell repair agent has a
high effect of repairing severely damaged cells.

[0014]

In the cell repair agent according to the presentention, the above
polyphenol is preferably selected from a group wiimg of proanthocyanidin,
(+)-catechin, chlorogenic acid, caffeic acid andligacid. In this case, the cell repair
agent can also repair cells damaged by the oxgligower of acidic electrolyzed water
or the like to be used for disinfection.

[0015]

The disinfection system according to the presemention comprises a

disinfection means for performing sterilization grddisinfection for a living body, and

a post-treatment means mounted to be able to trengell repair agent according to the



present invention into contact with a part of daithg body to be treated by the above
disinfection means.
[0016]

The disinfection system according to the presewnention is capable of
repairing cells damaged by the oxidizing power @tl@ electrolyzed water or the like
used for disinfection by treating the cells witle tbell repair agent according to the
present invention after disinfection. Therefores thsinfection system according to the
present invention can safely and efficiently acadke the sterilization and cure of
infected skin or intraoral wounds. Moreover, thsimfiection system according to the
present invention is easy to handle and capablsaf#ly and efficiently performing
disinfection of infected sites, surgeries, and like even via short-term treatment.
Examples of a disinfection means include an appsardbr injecting, spraying,
immersing, draining, or applying a liquid microllei and/or disinfectant, and an
apparatus for filling with or injecting a gas mibroide and/or disinfectant. Examples of
a post-treatment means include an apparatus facting, spraying, immersing,
draining, or applying a solution or a dispersedusoh of a cell repair agent. Such a
post-treatment means may be designed to operagpendently from a disinfection
means, or designed to operate in conjunction withsafection means for contacting
with a cell repair agent, when the disinfection ness operated.

EFFECTS OF THE INVENTION
[0017]

According to the present invention, a cell repgerat capable of repairing cells
damaged by the oxidizing power of acidic electretyzwater or the like, and, a
disinfection system capable of safely and effidieaiccelerating the sterilization and

cure of infected skin or intraoral wounds can bevted.



BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

Fig. 1 shows graphs relating to the cell repaimégef the embodiments of the
present invention and that show the impact of waridilution ratios (dilutions) of acidic
electrolyzed water (AEW) on (A) the cell prolifeat rate (cell viability) of mouse
fibroblasts in growth phase, and (B) the cell gesétion rate (cell viability) of mouse
fibroblasts in stationary phase.

Fig. 2 is a graph relating to the cell repair ageoit the embodiments of the
present invention and that shows the levels of R@®%erated within mouse fibroblasts
in stationary phase resulting from various dilutioatios (dilutions) of acidic
electrolyzed water (AEW).

Fig. 3 shows graphs relating to the cell repaimégef the embodiments of the
present invention, and that show intracellular R&®&Is when the intracellular ROS
levels of mouse fibroblasts were increased by (Airfold-diluted acidic electrolyzed
water, or (B) undiluted acidic electrolyzed watetjowed by treatment with dimethyl
sulfoxide (DMSOQ) or proanthocyanidin (PA).

Fig. 4 is a graph relating to the cell repair ageoit the embodiments of the
present invention and that shows the degree ofpreliferation (viable cells) when
mouse fibroblasts in growth phase were treated wdhous dilutions of acidic
electrolyzed water, followed by post-treatment iSO or proanthocyanidin.

Fig. 5 is a graph relating to the cell repair ageoit the embodiments of the
present invention and that shows the degree ofpeellferation (cell viability) when
human gingival fibroblasts in growth phase werated with various dilutions of acidic
electrolyzed water, followed by post-treatment villSO or proanthocyanidin.

Fig. 6 is a graph relating to the cell repair ageoit the embodiments of the



present invention and that shows the degree ofpreliferation (viable cells) when
mouse fibroblasts in growth phase were treated avith4 dilution of acidic electrolyzed
water and undiluted acidic electrolyzed water, dekd by post-treatment with
(+)-catechin.

Fig. 7 is a graph relating to the cell repair ageoit the embodiments of the
present invention and that shows the degree ofpreliferation (viable cells) when
mouse fibroblasts in growth phase were treated wittiluted acidic electrolyzed water,
followed by post-treatment with chlorogenic acidifeic acid, or gallic acid.

Fig. 8 shows graphs relating to the cell repaimégef the embodiments of the
present invention and that show the degree of malliferation (viable cells) when
mouse fibroblasts in growth phase were treated wittiluted acidic electrolyzed water,
followed by post-treatment with proanthocyanidin &) 1 minute or (B) 5 minutes.

Fig. 9 shows graphs relating to the cell repaimégef the embodiments of the
present invention and that show the degree of malliferation (viable cells) when
mouse fibroblasts in growth phase were treated \{#th undiluted chlorhexidine
solution (CHL) or (B) 15-fold-diluted iodine solot (ISO), followed by post-treatment
with proanthocyanidin.

Fig. 10 is a graph relating to the cell repair dgesf the embodiments of the
present invention and that shows the degree ofpreliferation (viable cells) when
human gingival fibroblasts in growth phase werated by alisinfection method based
on photolysis of hydrogen peroxidgi,O,+LD), followed by post-treatment with
proanthocyanidin.

Fig. 11 is a perspective view showing an examplehef application of the
disinfection system of an embodiment of the presemention to a periodontal

infection.
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EMBODIMENTS OF THE INVENTION
[0019]

The cell repair agent of each embodiment of thegreinvention contains at
least one type of a polyphenol represented by bloweageneral formula (1), a polymer
thereof, and a pharmaceutically acceptable salettie

The cell repair agents of the embodiments of thesgmt invention will be
explained as follows based on the results of varitests. In addition, the present
invention is not limited by these test examplesaiaples).

[0020]
Test 1. Impact of acidic electrolyzed water on ngofibroblasts in growth phase and
mouse fibroblasts in stationary phase

A test was conducted for examining the impact adiaclectrolyzed water on
mouse fibroblasts in growth phase and mouse fibgiblin stationary phase. Acidic
electrolyzed water (AEW) to be used in this testswabtained by 15 minutes of
electrolysis of a 0.06% to 0.08% aqueous sodiuroricid solution as an electrolyte
solution and an electrolysis apparatus (“ALTRON-MIAL-700", ALTEC Co., Ltd.),
alternating voltage of 100V, and rated current ®8A0 The thus obtained acidic
electrolyzed water was measured for pH, oxidatewhiction potential (ORP) and
residual chlorine concentration using a pH/ORP mgteG2”, Mettler-Toled) and a
residual chlorine meter (“*HI96771C”, HANNA Instrumis Japan). As a result, it was
confirmed for acidic electrolyzed water that the iadiged from 2.2 to 2.7, the ORP was
1100 mV or more, and the residual chlorine conegioin ranged from 30 mg/l to 60
mg/l.

[0021]

The test was conducted as follows. First, cells Useederived 3T3-L1
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fibroblasts; purchased from DS Pharma Biomedical Ciol.) cultured in a 25-chilask
under conditions of 3T and 5%CQ were treated with a 0.25% Trypsin-EDTA
solution (Life Technologies), and then cell suspams were prepared according to a
standard technique in medium to a cell densityxdf02cells/ml. Media used herein as
growth media were prepared by adding fetal boverire (Life Technologies) and a
penicillin/streptomycin solution (10000 units/mimellin, and 10 mg/ml streptomycin,
Wako Pure Chemical Industries, Ltd.) to Dulbecddizdified Eagle Medium (DMEM,
Life Technologies) to 10% (v/v) and 1% (v/v), resipeely.

[0022]

The cell suspension was seeded, 100each, to each well of a 96-well
microplate. After cells in growth phase were cudthifor about 25 hours and cells in
stationary phase were cultured for 4 days undeditons of 37C and 5%CQ the
medium was removed. After washing with phosphatiéebed saline (PBS, pH7.4), 100
pl each of two-fold dilution series of acidic elesfrzed water obtained by dilution with
pure water was added to each well. After 30 secamasfold dilution series of acidic
electrolyzed water was removed, followed by wasliity PBS.

[0023]

Fresh medium was added and culture of cells in tirqshase was resumed
under conditions of 3C and 5%CQ After 24 hours of culture, the degree of cell
proliferation was determined by a MTT (methyl tlobz tetrazorium) method.
Specifically, after 22 hours of culture, 10 each of a MTT reagent (Trevigen) was
added to each well, followed by another 2 hoursutture under conditions of 3¢ and
5%CQ. After culture, 10Qul each of a Detergent reagent (Trevigen) was adcklts
were left to stand overnight with protection fronght at room temperature.

Subsequently, the absorbance was read at 595 nng wsi microplate reader

12



(“FilterMax™ F5 Multi-Mode Microplate Reader”, Molecular Devides group treated
with sterilized physiological saline was designaseda control group (control). The
proportion (%) of each treated group was calculatgld the absorbance of the control
group designated as 100%.

[0024]

Cells in stationary phase were washedutl®ach of a MTT reagent (Trevigen)
was added to each well, and then cells were furthdtured for 2 hours under
conditions of 37C and 5%C@, followed by similar procedures. The proportion) (&b
each treated group was calculated with the absoebah a control group (control)
designated as 100%. In addition, a significantetdéhce to the average value of each
control group was tested by Dunnett's multiple cangpn test (multiple comparative
analysis).

[0025]

Test results are shown in Fig. 1. As shown in E{@), it was confirmed that,
up to about a 32-fold dilution of acidic electroégzwater (AEW), the cell proliferation
rate (cell viability) of mouse fibroblasts in grdwphase decreased, as the dilution ratio
(dilution) of acidic electrolyzed water decreasad the concentration increased). The
cell proliferation rate was significantly low indlcase of a maximum four-fold dilution
of AEW, suggesting that many cells were damageddiglic electrolyzed water. As
shown in Fig. 1(b), the cell proliferation rate mbuse fibroblasts in stationary phase
was confirmed to be significantly low in the cageaomaximum two-fold dilution of
acidic electrolyzed water (AEW), suggesting thainynaells were damaged by acidic
electrolyzed water.

[0026]

Test 2: Impact of acidic electrolyzed water on neotibroblasts in stationary phase

13



-Intracellular ROS levels-

A test was conducted for examining the intracefllgaels of reactive oxygen
species (ROS) generated when acidic electrolyzadrwa brought into contact with
mouse fibroblasts in stationary phase. First, molilseblasts in stationary phase
prepared and cultured similarly to Test 1 were wdsWith phosphate-buffered saline,
and then 10Qul each of four-fold dilution series of acidic elexdyzed water obtained
by dilution with pure water was added to each w&fll.seconds later, two-fold dilution
series of acidic electrolyzed water was removednéaiately after washing with PBS,
intracellular ROS levels were measured using a urea®ent kit (“Oxiselect
Intracellular ROS Assay Kit”, Cell Biolabs).

[0027]

Specifically, 100 yl of 1 mM 2',7'-dichlorodihydrofluorescin Diacetate
(DCFH-DA) dissolved in serum-free medium (DMEM onlyas added to each well,
and then cells were cultured for 1 hour under dmms of 37C and 5%CQ After
culture, washing with phosphate-buffered saline pexrformed, 10Qul of 2X Cell Lysis
Buffer (Cell Biolabs) and 10Qul of serum-free DMEM were added, and then the
resultants were left to stand for 5 minutes. ub6f the resultants was transferred from
each well to a black 96-well microplate, fluoresoernntensities were measured at an
excitation wavelength of 450 nm and a fluorescemegelength of 530 nm using a
microplate reader (“FilterMdX' F5 Multi-Mode Microplate Reader”, Molecular
Devices). A standard curve was prepared using-#8ichlorodihydrofluorescein (DCF),
and intracellular ROS levels were represented by BQuivalents (nM). In addition, a
significant difference to the average value of eamtitrol group (control) was tested by
Dunnett’s multiple comparison test (multiple congiare analysis).

[0028]
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Test results are shown in Fig. 2. As shown in Rigthe DCF equivalent of
mouse fibroblasts in stationary phase significaitreased in the case of a maximum
four-fold dilution of acidic electrolyzed water (A¥), confirming increased levels of
intracellular reactive oxygen species (ROS). Talogrether with the results in Fig. 1, it
is considered that when up to two- to four-foldutdns of acidic electrolyzed water
were brought into contact with mouse fibroblast$racellular ROS levels increased to
induce cytotoxicity, so as to damage many cells.

[0029]
Test 3: Impact of DMSO and proanthocyanidin on R@&Ils within mouse fibroblasts
in stationary phase increased by acidic electralyzater

Similarly to Test 2, mouse fibroblasts in statign@hase were treated with
four-fold-diluted acidic electrolyzed water and uated acidic electrolyzed water for
30 seconds. After washing with PBS, 1ADeach of 140 mM DMSO (Wako Pure
Chemical Industries, Ltd.) or 1 mM DCFH-DA contaigi1 mg/ml proanthocyanidin
(“Leucoselect (Registered Trademark)”, Indeda) dsydroxyl radical scavenger was
added to each well, followed by 1 hour of cultureler conditions of 3TC and 5%CQ
After culture, similarly to Test 2, intracellulaid® levels were determined. In addition,
a significant difference between groups was tegigdTukey-Krammer’s multiple
comparison test (multiple comparative analysis).

[0030]

Test results are shown in Fig. 3. As shown in Bigt was confirmed that the
ROS level in mouse fibroblasts in stationary phagech had been increased by acidic
electrolyzed water (AEW), was significantly decreddy hydroxyradical scavenging
agents DMSO and proanthocyanidin (PA).

[0031]
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Test 4: Impact of DMSO and proanthocyanidin on thgotoxicity of acidic
electrolyzed water against mouse fibroblasts invtjngohase

Similarly to Test 1, mouse fibroblasts in growthaplh were treated with
four-fold-diluted acidic electrolyzed water and udated acidic electrolyzed water for
30 seconds. After washing with phosphate-buffesgithes, 100ul of 140 mM DMSO or
1 mg/ml proanthocyanidin prepared with serum-freédEHM was added to each well,
and then cells were cultured for 30 minutes undedtions of 37C and 5%CQ After
washing with PBS, fresh medium was added, and therdegree of cell proliferation
after 24 hours of culture under conditions of G7and 5%CQ@ was determined by the
MTT method. In addition, a significant differencetiveen groups was tested by
Tukey-Krammer’s multiple comparison test (multipEmparative analysis).

[0032]

Test results are shown in Fig. 4. As shown in Bjgho change was confirmed
in the cell proliferation state of mouse fibrobtagt growth phase affected by acidic
electrolyzed water (AEW), even when DMSO was used. thus considered that cells
are severely damaged immediately after treatmerh &cidic electrolyzed water
because of cytotoxicity induced against the ce§isROS levels increased by acidic
electrolyzed water, and thus the cells cannot recérom damage even when ROS is
eliminated using DMSO. In contrast, the cell pmigtion state was confirmed to be
significantly improved when proanthocyanidin wagdissuggesting that the cells were
repaired and recovered from the damage.

[0033]
Test 5: Impact of DMSO and proanthocyanidin on thgotoxicity of acidic
electrolyzed water against human gingival fibrotdas growth phase

A test similar to Test 4 was conducted for humanyiyial fibroblasts in growth
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phase. First, human gingival fibroblasts (purchafsech Primary Cell Co., Ltd.) were
cultured in a 25 chflask under conditions of 3T and 5%C@ and then a cell
suspension was prepared similarly to the case afsmdibroblasts in medium to a cell
density of 2x16cells/ml. 100ul each of the cell suspension was seeded to ealtiofve
a 96-well microplate. After 24 hours of culture enaonditions of 37C and 5%CQ
similarly to Test 4, cells in growth phase wereateel with four-fold-diluted acidic
electrolyzed water or undiluted acidic electrolyzeater for 30 seconds. After washing
with PBS, 100pl of 140 mM DMSO or 1 mg/ml proanthocyanidin pregérwith
serum-free DMEM was added to each well, followed3@yminutes of culture under
conditions of 37C and 5%C@Q@ After washing with PBS, fresh medium was added, a
then the degree of cell proliferation after 24 tsoaf culture under conditions of 37
and 5%CQ was determined by the MTT method. In additionjgmificant difference
between groups was tested by Tukey-Krammer’s nialtgpmparison test (multiple
comparative analysis).

[0034]

Test results are shown in Fig. 5. As shown in Bigsimilarly to Fig. 4, no
change was confirmed in the cell proliferation estat human gingival fibroblasts in
growth phase affected by acidic electrolyzed wga&\W), even when DMSO was used.
It is thus considered that cells are damaged imatelgi after treatment with acidic
electrolyzed water because of cytotoxicity induaaghinst the cells by ROS levels
increased by acidic electrolyzed water, and thues délls cannot recover from the
damage even when ROS is eliminated using DMSOoiirast, the cell proliferation
state was confirmed to be significantly improvedewhproanthocyanidin was used,
suggesting that the cells were repaired and reeovieom the damage.

[0035]
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Test 6: Impact of (+)-catechin on the cytotoxiaitfyacidic electrolyzed water against
mouse fibroblasts in growth phase

Similarly to Test 4, mouse fibroblasts in growthapl were treated with
four-fold-diluted acidic electrolyzed water and udated acidic electrolyzed water for
30 seconds. After washing with PBS, 3@f 1 mg/ml (+)-catechin (Tokyo Chemical
Industry Co., Ltd.) prepared with serum-free DMEMsaadded to each well, followed
by 30 minutes of culture under conditions of@7and 5%CQ After washing with PBS,
fresh medium was added, and then the degree ofprdiferation after 24 hours of
culture under conditions of 3€ and 5%CQ@ was determined by the MTT method. In
addition, a significant difference between groupaswested by Tukey-Krammer’s
multiple comparison test (multiple comparative gal).

[0036]

Test results are shown in Fig. 6. As shown in Bigwhen (+)-catechin was
used for mouse fibroblasts in growth phase affebtedcidic electrolyzed water (AEW),
the cell proliferation state was confirmed to bgngicantly improved. It is thus
considered that even cells severely damaged bgased ROS levels immediately after
treatment with acidic electrolyzed water can beaiega and recover from damage by
the use of (+)-catechin.

[0037]
Test 7: Impact of chlorogenic acid, caffeic acidl ajallic acid on the cytotoxicity of
acidic electrolyzed water against mouse fibroblastgowth phase

Similarly to Test 4, mouse fibroblasts in growthapl were treated with
undiluted acidic electrolyzed water for 30 secomdter washing with PBS, 100l of 1
mg/ml chlorogenic acid (Sigma-Aldrich), caffeic @dqiTokyo Chemical Industry Co.,

Ltd.) or gallic acid (Tokyo Chemical Industry Cd.td.) prepared with serum-free
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DMEM was added to each well, followed by 5 or 30nutés of culture under
conditions of 37C and 5%CQ@ After washing with PBS, fresh medium was added, a
then the degree of cell proliferation after 24 tsoof culture under conditions of 37,
5%CQG, was determined by the MTT method. In addition, igniicant difference
between groups was tested by Tukey-Krammer’s nialtgpmparison test (multiple
comparative analysis).

[0038]

Test results are shown in Fig. 7. As shown in Figwhen chlorogenic acid,
caffeic acid, or gallic acid was used for mousedidbasts in growth phase affected by
acidic electrolyzed water (AEW), the cell prolifecm state was confirmed to be
significantly improved. It is thus considered thaten cells severely damaged by
increased ROS levels immediately after treatmett acidic electrolyzed water can be
repaired and recover from the damage by the ushlofogenic acid, caffeic acid, or
gallic acid.

[0039]
Test 8: Impact of the time for post-treatment witbbanthocyanidin on the cytotoxicity
of acidic electrolyzed water against mouse fibretdan growth phase

Similarly to Test 4, mouse fibroblasts in growthapl were treated with
undiluted acidic electrolyzed water for 30 secomdter washing with PBS, 100l of 1
mg/ml proanthocyanidin prepared with serum-free DW&as added to each well, and
the resultants were each left to sit at room teatpee for 1 minute and 5 minutes. After
washing with PBS, fresh medium was added, and therdegree of cell proliferation
after 24 hours of culture under conditions of G7and 5%CQ@ was determined by the
MTT method. In addition, a significant differenceetlwveen groups was tested by

Tukey-Krammer’s multiple comparison test (multipmparative analysis).
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[0040]

Test results are shown in Fig. 8. As shown in B(@), it was confirmed that
the cell proliferation state can be significanthgproved by treating cells affected by
acidic electrolyzed water (AEW) with proanthocyanidor 1 minute. Moreover, as
shown in Fig. 8(b), it was confirmed that when thells were treated with
proanthocyanidin for 5 minutes, the cell prolifevatstate was further improved to the
cell proliferation state of the control group (carhy.

[0041]
Test 9: Impact of proanthocyanidin on the cytotayiof chlorhexidine and iodine
against mouse fibroblasts in growth phase

Similarly to Test 4, mouse fibroblasts in growthapl were treated with an
undiluted chlorhexidine solution (CHL, Xttrium Lataories) or an iodine gargle
solution 7% (1SO, Meiji Seika Pharma Co., Ltd.)utidd 15-fold with PBS for 30
seconds. After washing with PBS, 1ADof 1 mg/ml proanthocyanidin prepared with
serum-free DMEM was added to each well, and therrésultants were left to stand at
room temperature for 5 minutes. After washing VABS, fresh medium was added, and
then the degree of cell proliferation after 24 tsoof culture under conditions of 37,
5%CQG was determined by the MTT method. In addition, ignificant difference
between groups was tested by Tukey-Krammer’s nialtgpmparison test (multiple
comparative analysis).

[0042]

Test results are shown in Fig. 9. As shown in Bigwhen proanthocyanidin
(PA) was used for mouse fibroblasts in growth pletéected by chlorhexidine (CHL)
or iodine (ISO), the cell proliferation state wasirmed to be significantly improved.

It is thus considered that even cells thought tedeerely damaged by treatment with a
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disinfectant such as chlorhexidine or iodine canrégaired and recover from the
damage by the use of proanthocyanidin.

[0043]

Test 10: Impact of proanthocyanidin on the cytatayiof disinfection technique based
on photolysis of hydrogen peroxide on human ginigibaoblasts in growth phase

Human gingival fibroblasts in growth phase obtaisedilarly to Test 5 were
washed with PBS, 100l of a 500 mM hydrogen peroxide solution was ad@ed, then
laser light irradiation with an output of 100 mWrédiance: 310 mW/cfh was
performed at 405 nm for 30 seconds. Laser lightiation was performed using a laser
apparatus (“RV-1000”, RICOH Optical Corporation, rreumntly, RICOH Industrial
Solutions Inc.) equipped with indium gallium niids a laser diode.

[0044]

After irradiation, 100pl of 1000 U/ml catalase (diluted with serum-free
DMEM, Wako Pure Chemical Industries, Ltd.) was obgel. After completion of this
treatment for all wells, washing was performed awdth serum-free DMEM, 100l of
serum-free DMEM containing 1mg/ml proanthocyanidiais added, and then cells were
cultured for 30 minutes. After culture, medium wasioved, washing with PBS was
performed, 10Ql of fresh medium was added, and then the degreelbproliferation
was determined by the MTT method after 24 hoursultire under conditions of 3¢
and 5%CQ. In addition, a significant difference between up® was tested by
Tukey-Krammer’s multiple comparison test (multipmparative analysis).

[0045]

Test results are shown in Fig. 10. As shown in Ei@. the cell proliferation

state was also confirmed to be significantly imgayveven when proanthocyanidin

(PA) was used for human gingival fibroblasts inwgtto phase, which had been affected
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by sterilization based on photolysis of hydrogemogele (HO,+LD) using hydroxyl
radicals as the main contributor to the activityisl thus considered that even cells
thought to be severely damaged by sterilizationhows based on the photolysis of
hydrogen peroxide can be repaired and recover ftben damage by the use of
proanthocyanidin.

[0046]

Each of the above test results reveal the followBygecifically, as shown in
Fig. 1 and Fig. 2, acidic electrolyzed water indlogytotoxicity against mouse
fibroblasts and human gingival fibroblasts througédiation of increased intracellular
ROS levels. The intracellular ROS levels were sigamntly decreased by treatment with
hydroxyl radical scavengers, DMSO and proanthodmnias shown in Fig. 3,
suggesting that at least hydroxyl radicals wergaioed. However, as shown in Fig. 4
and Fig. 5, the cytotoxicity of acidic electrolyzedter against cells in growth phase
remained unaffected by DMSO, suggesting that this severely damaged by ROS
immediately after treatment with acidic electrolgzevater were in a state of being
unable to recover from the damage, even when RGSiiainated thereafter.

[0047]

However, as shown in Fig. 4 to Fig. 7, cells inhswc state significantly
recovered from damage when treated with proanthodiyg (+)-catechin, caffeic acid,
chlorogenic acid, and the like. Moreover, as shownFig. 8, in the test with
proanthocyanidin, significant recovery was obsergeen when the time for treatment
was as short as 1 minute or 5 minutes. Accordirgligature that involves treating a
living body with acidic electrolyzed water for digéction, and then treating it with a
polyphenol represented by the above general forifiylaontaining proanthocyanidin is

a novel, excellent disinfection system capableigifcantly improving the condition

22



of tissues damaged by acidic electrolyzed water.
[0048]

As shown in Fig. 9 and Fig. 10, conditions resgltirom disinfectants such as
chlorhexidine or iodine, in addition to acidic dietyzed water, and the cytotoxicity of
the sterilization method based on photolysis ofrbgdn peroxide using hydroxyl
radicals as the main contributor to the activityergv significantly improved by
post-treatment with proanthocyanidin. Therefore,canbination of anti-microbial
chemotherapy with cytotoxicity and post-treatmenthwhe polyphenol represented by
the above general formula (1) is useful as a tdolgydor alleviating damage to tissues
caused by anti-microbial chemotherapy.

[0049]

This is also applicable as a technology for pratgctfrom cytotoxic
stimulation that is performed, in the field of regeative medicine, upon proliferation
of various stem cells. For example, bone marromstells require washing treatment;
however, cellular damage due to washing treatmantbe reduced by adding a small
amount of polyphenol during or after the washirggtment.

[0050]

An example of a disinfection system utilizing thellcrepair agent of an
embodiment of the present invention is shown in. By As shown in Fig. 11, the
disinfection system 10 of an embodiment of the gmésnvention is a disinfection
system against periodontal infections, which is posed of: an injector body 11
mounted to be able to inject a liquid from an itjge port 11a, that is the tip; a
disinfection means 12 for injecting acidic eleggr@ld water from the injection port 11a
to perform sterilization; and a post-treatment nsehB mounted to be able to inject a

polyphenol solution that is the cell repair agefitan embodiment of the present
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invention from the injection port 11a to a parbwtreated by the disinfection means 12.
[0051]

The disinfection system 10 is used as follows. 8jgatly, as shown in Fig. 11,
draining of an area affected by periodontal disgaseiodontal pocket) 1 with acidic
electrolyzed water is performed by the disinfectmeans 12, and then draining of the
area affected by periodontal disease 1 with a p@gpl solution is performed by the
post-treatment means 13. At this time, cells damidnethe oxidizing power of acidic
electrolyzed water can be repaired by post-treatméth the polyphenol solution. In
this manner, the disinfection system 10 can sateig efficiently accelerate the
sterilization and cure of infected skin or intrdonsounds, for example. Furthermore,
the disinfection system 10 is easy to handle armhilda of safely and efficiently
performing disinfection of infected sites, surgsyiand the like even via short-term
treatment.

Industrial Applicability
[0052]

Treatment with the polyphenol represented by thevalgeneral formula (1)
following treatment with acidic electrolyzed watsterilization based on photolysis of
hydrogen peroxide, or anti-microbial chemotheraping various disinfectants can be
used as a medical agent because of its effect.&;iéime disinfection system according
to the present invention is useful in the fieldsra@dicine, particularly the fields of skin
therapy and endodontic therapy. Moreover, therephir agent according to the present
invention can be used for repairing cells not oalyer disinfection with acidic
electrolyzed water or the like, but also after egety such as a cancer operation, heart
operation, transplant surgery, and the like.

DESCRIPTION OF REFERENCE SIGNS
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[0053]

1. Area affected by periodontal disease
10: Disinfection system

11: Injector body

11a: Injection port

12: Disinfection means

13: Post-treatment means
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CLAIMS

1. A cell repair agent, containing at least oneetgp a polyphenol represented by the
following general formula (1), a polymer thereaidaa pharmaceutically acceptable salt
thereof,

[Chemical formula 1]

R4

R OH
(1)

X OH
R3

(wherein R to Rs are each selected from a group consisting of astguted or
unsubstituted hydrogen atom, a hydroxyl group, lagemn atom, a nitro group, a cyano
group, a thio group, an alkoxy group, an aryloxpuy, a heteroaryloxy group, a
carbonyl group, an amino group, a-f¢ alkylamino group, a sulfonamide group, an
imino group, a sulfonyl group, a sulfinyl groupCa.o alkyl group, a @i, cycloalkyl
group, a Gi» heterocycloalkyl group, a dJG» bicycloalkyl group, a €
heterobicycloalkyl group, aiGo arylalkyl group, a €s heteroarylalkyl group, aGo
parhaloalkyl group, a {G carbonylalkyl group, a G thiocarbonylalkyl group, a G
sulfonylalkyl group, a &3 sulfinylalkyl group, a @10 aminoalkyl group, a G
iminoalkyl group, an aryl group, a heteroaryl grpapG.1, bicycloaryl group, and a
Cs-12 hetero bicycloaryl, are each independent, or, taroyof Ry, R, and R together

form a substituted or unsubstituted ring, and X isubstituted or unsubstituted.£
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aliphatic hydrocarbon group, a.& aromatic hydrocarbon group, or 3.4 polycyclic

aromatic hydrocarbon group.)

2. The cell repair agent according to claim 1, whesaid R and said Rare hydrogen

atoms.

3. The cell repair agent according to claim 1 ovBerein said Ris a hydrogen atom or

a hydroxyl group.

4. The cell repair agent according to any one aint$ 1 to 3, wherein said polyphenol
is selected from a group consisting of proanthoiyan(+)-catechin, chlorogenic acid,

caffeic acid, and gallic acid.

5. A disinfection system, comprising:

a disinfection means for performing sterilizatiamdfor disinfection for a living body;
and

a post-treatment means mounted to be able to bnmgell repair agent of any one of
claims 1 to 4 into contact with a part of said fiyi body to be treated by said

disinfection means.
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