1 DESCRI PTI ON BI OLOG CAL ACTIVITY CONTROL METHOD AND VARI QUS APPARATUSES
UTI LI ZI NG THE METHOD 5 Technical Field [0001] The present invention consists
of first to fourth inventive groups that have a conmon basic concept. The
first inventive group relates to an antibacterial technique that 10
prevents devel opnent of m croorgani sns (especially fungi) by using an ion.
The second inventive group relates to a hethod for controlling proliferative
activity of cells by using an ion, and in particular, relates to a nethod
for controlling proliferative activity of animal cells and a cell activity
control apparatus utilizing the nethod. 15 The third inventive group rel ates
to a refrigerator provided with anDESCRIBTION apparatus with an

anti bacterial processing function to which the antibacterial concept of the
first inventive group is applied. The fourth inventive group relates to a
rotating drumtype washing machine with an antibacterial processing

function to WhiBIOLOGICXL ACTIVIT¥rCONTROIcMETHODAND SMARIO®I8 i ve group

is applied. The follow ng description is classified into the inventive

groups and presented APPARATUOSESOUMILIZBRCKTHEMETHORS [0002] 2

(First Inventive G oup)
5

, .
v Technical Field
[0001] The present invention consists of first to fourth inventive groups
that have a common basic concept.
The first inventive group relates to an antibacterial technique that
10 prevents development of microorganisms (especially fungi) by using an ion.
The second inventive group relates to a method for controlling
proliferative activity of cells by using an ion, and in particular, relates to a
method for controlling proliferative activity of animal cells and a cell
activity control apparatus utilizing the method.
15 The third inventive group relates to a refrigerator provided with an
. ice making apparatus with an antibacterial processing function to which
the antibacterial concept of the first inventive group is applied.
. The fourth inventive group relates to a rotating drum type washing
machine with an antibacterial processing function to which the
20 antibacterial concept of the first inventive group is applied.

The following description is classified into the inventive groups and

presented in the above order.

Background Art

25 [0002]



Background Art of the First Inventive Goup In recent years, with grow ng
demands for health, there have been grow ng demands for elimnation of

m croorgani sms (such as prokaryotes 5 and eukaryotes) in various fields
such as of daily commodities including hone appliances, kitchen utensils,
toiletries, stationeries, and furniture and decorative products, of
industrial fields including paper and (il p-dedicated slinme control agents
and wood preservatives, and of medical fields including white coats,
curtains, building materials, and nedical 10 appliances. [0003]
Antibacterial agents used for elinination of m cr oorgani sns i ncl udi ng
organi c oné§3¥§ nwhehwe(h@wm%unds nat ural conpounds, and the |I|ike) and
i norgani c ones (netals such as silver, copper, and zinc, and

phot o- cat al Bsdkgrsunt Aas dfithadiitst Imwviedéve Grougent i onal |y, the organic 15
conpounds, which were devel oped as agricultural chem cals and nedi ci nes,
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effectivity,gadnPaldeihdd 46y bh)hmbﬁgﬁ%f H¥RGeEanisBES & RhIAS ipToR2ARANE S

cause great burden on human body and environnent and thus easily cause
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and nercury ion re particularl
ypulp ed%caterc)i slime contro){ agents and wood preservatives, and of medical

fields including white coats, curtains, building materials, and medical
10 appliances.
[0003] Antibacterial agents used for elimination of microorganisms
including organic ones (synthetic compounds, natural compounds, and the
like) and inorganic ones (metals such as silver, copper, and zinc, and
photo-catalysts such as titanium oxide); conventionally, the organic
15 compounds, which were developed as agricultural chemicals and medicines,
have been mainly used. The conventionally used organic compounds have
a wide range of antibacterial spectrum as well as superior immediate
. effectivity and bactericidality.
[0004] However, these organic compounds cause great burden on human
20 body and environment and thus easily cause problems associated with
safety. In view of this, in recent years, attention has been directed to
inorganic antibacterial agents such as antibacterial metals including silver,
copper, and zinc, or compounds containing these metals, and titanium
oxide, which carries out germicide utilizing its photo-catalytic effect.

25 [0005] Attention is paid to the kinds of the metals for the inorganic



superior in bacterial growth suppressive capability, followed by zinc ions,
copper ions, and cadmumions. Mercury and cadm um have great adverse
affects on environnent and thus are not suited for wide use as 5

anti bacterial materials, whereas silver ions, copper ions, and zinc ions
have smal | er adverse affects on environnent and the |i ke than do nercury
and cadm um The antibacterial activity 3f silver ions is 200 tinmes greater
than that of copper and 1000 tinmes greater than that of zinc, and thus
silver ions cause snaller adverse affects on environnent and are 10
particularly superior as antibacterial agents. [0006] Thus, in recent years,
ant i bact er iaadtitegterial uagengssi | 98vemrionti addngnemguow mpsappki partionkrly
However, if used in a wide range of applications, even the antibacteri al
agent s usi n@iperiovein bagetial igrdwithcsgasedsioppapabilityy folddbwéeédisaginct @neat ur al
environment, resulting in problens such as 15 environnmental pollution.
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to environnent in a mnute anount, the ecological system m ght be
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tightened restrictions on silver 1on concentrations In drinking water. For
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regul ations, it is rlght al to redigaie the nmetal_ content in the inorganic
ant i bact er iAdDHYERt sThe apabasteriabactyity of iber ionsciss S0P mesKErrater net al
ions. This requires 4 a technique that allows for exhibition of a greater
ant i bact er ithanethatc pf gopper and 1000 times greater than that of zinc, and thus
silver ions cause smaller adverse affects on environment and are
10 particularly superior as antibacterial agents.
[0006] Thus, in recent years, antibacterial agents using silver are finding
growing applications. However, if used in a wide range of applications,
even the antibacterial agents using silver might find increased opportunity
of leakage to natural environment, resulting in problems such as
15 environmental pollution. Silver has particularly strong bactericidality,
and thus even when it leaks to environment in a minute amount, the
ecological system might be significantly affected.
. [0007] Under such circumstances, there have been tightened restrictions
on silver ion concentrations in drinking water. For example, in the United
20 States, the concentration of silver ions in drinking water is restricted to
100 ppb or less, which is being even more severely tightened.
[0008] Thus, from the viewpoints of environmental preservation,
maintenance of healthy lifestyles, and coping with statutory regulations, it

1s vital to reduce the metal content in the inorganic antibacterial agents

25 and thereby to minimize unnecessary leakage of metal ions. This requires



conventional netal ion concentrations. [0009] Incidentally, prior art
docunents related to inorganic antibacterial agents include, for exanple,
the foll owi ng patent docunents 1 to 3. 5 Patent docunent 1 proposes a
bactericidal technique utilizing light. This technique carries out
germcide utilizing flash pulses of a blue light emtting diode, instead of
utilizing antibacterial metals. However,4this technique, which involves
intense light, causes pronpted degradation of equipnment, and additionally,
the light itself m ght cause adverse affects on 10 human body. [0010]

Pat ent docunents 2 and 3 propose techni ques that carry out germcide
utilizing phtechnigne|thet sallaves don egbdutiont oDaj greptdranntibagterial effecti gue t hat
carries out germcide by irradiating a photo-catalyst such as titanium

oxi de wi t h canvehtiohabmegakionccongertiadionsg a wavel ength in the 15 range of
180 to 480 nm Patent docunent 3 is related to a technique that utilizes

ant i bact er i[a00@k Tutwelent4lly,epfibPait dotaineads bylasedjte dhorgaae radtitdteribe
fi ber containing an antibacterial activity netal compound to heat treatnent

al pH 1 to Henkbiibde, foh@XEnigle HORMERDWIAR MAteRt HOMIhOAts BYH T Cient
exhi bition of antibacterial action with mnute anounts of netal. 20 [0011]
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emitting diode, instead of utilizing antibacterial metals. However, this
technique, which involves intense light, causes prompted degradation of
equipment, and additionally, the light itself might cause adverse affects on
10 human body.
[0010] Patent documents 2 and 3 propose techniques that carry out
germicide utilizing photo-catalysts. Patent document 2 is related to a
technique that carries out germicide by irradiating a photo-catalyst such as
titanium oxide with an electromagnetic wave having a wavelength in the
15 range of 180 to 480 nm. Patent document 3 is related to a technique that
utilizes antibacterial acrylonitrile fiber obtained by subjecting acrylonitrile
fiber containing an antibacterial activity metal compound to heat
. treatment at pH 1 to 6. However, these techniques cannot allow for
sufficient exhibition of antibacterial action with minute amounts of metal.
20 [0011]
[Patent document 1] Japanese Patent Application Publication No.
2004-275335.
[Patent document 2] Japanese Patent Application Publication No.
11-47738.

25 [Patent document 3] Japanese Patent Application Publication No.



DI SCLOSURE OF THE | NVENTI ON Problens that the Invention is to Solve 5 Means
to Solve the Problens [0012] Disclosure of the First Inventive G oup
Problens that the First Inventive Goup is to Solve The present inventors
conducted an extensive study in order to 10 solve the above-descri bed
problens. As a result it has been found that the anount of ions to be
absorbed in a mcroorgani smincreases byirradiating the mcroorganismwth
a particular beamof light. It also has been found that irradiating the

m croorganismwi th the particular beamof |ight enables antibacterializing
eukaryotes having thick cell walls at small ion 15 concentrations, which was
difficult tZ0IngdAht with conventional nethods. [0013] The first

i nventive group has been nade in view of the above know edge, and it is an
object of the first inventive group to provide an antibacterial nethod
capabl e of providing an equivalent or greater 20 antibacterial effect

agai nst m croorgani sns coMIBCIHOSURE O THE I INMENTIEINods at a snaller ion
concentration and a snaller amount of ions, and provide an antibacteri al

appar at us ERAMMABs hatdlsd INviide ey SoFet his nethod. [0014] The term

"anti bacterial,” as used herein, is not only intended to 25 prevent
proliferati i i jnstead of extinction thereof, but to 6
enconpﬁss a@?agﬁgg‘?gh%g{vﬁgk%@gpt s: "sterilization (which neans killing
all the nﬂEb?ETganisns)," "germ cide (which nmeans killing at |east part of

t'he
Disclosure of the First Inventive Group
Problems that the First Inventive Group is to Solve
The present inventors conducted an extensive study in order to
10 solve the above-described problems. As a result it has been found that the
amount of ions to be absorbed in a microorganism increases by irradiating
the microorganism with a particular beam of light. It also has been found
that irradiating the microorganism with the particular beam of light
enables antibacterializing eukaryotes having thick cell walls at small ion
15 concentrations, which was difficult to implement with conventional
methods.
[0013] The first inventive group has been made in view of the above
. knowledge, and it is an object of the first inventive group to provide an
antibacterial method capable of providing an equivalent or greater
20 antibacterial effect against microorganisms compared with conventional
methods at a smaller ion concentration and a smaller amount of ions, and
provide an antibacterial apparatus capable of easily implementing this
method.
[0014] The term “antibacterial,” as used herein, is not only intended to

25 prevent proliferation of microorganism instead of extinction thereof, but to



m croorgani sns)," "disinfection,"” "fungus eradication,"” "bacteriostaticity
(which neans inhibiting proliferation of mcroorganisns),"” "fungicide," 5
"preservation,” and the like. Means of Realizing the bject [0015] Means of
Realizing the Object of the First Inventive Goup A basic configuration of
the first inventive group to realize the 10 above described object is
characterized as follows. An antibacteri@l nethod for preventing growh of
a mcroorgani smusing an ion includes: bringing the mcroorganisminto
contact with the ion after or while irradiating the mcroorganismwth a
particul ar beam of and irradiating the mcroorganismwth a
particul ar eRsampsss Ia| the folloyvigg poncepts: vﬂférlélzﬁh@nrﬁ“&rlébﬁgm%hlllgglﬂl
contact with the ion. [0016] Wth this configuration, the m croorganismis
i rradi at ed thethiaoorgartisms), A goenmidé (Wihidh nieefnsr killihg atilenspgunof bhé s
brought into contact wth the ion or while the mcroorganismis being
brought i ntrpicrosigaatismel,h “difigfédion, antfungua siadieatibe)’e “bidtefostaridigani sm
is in contact with the ion. 20 The irradiation of the particul ar beam of
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anti bacterial ion existing in vicinity of the m croorgani sm body i's

efficigntly bR the m croorgani sm body, where the ion
exhi bi ;tgs i tg&é%\%gﬁﬁageg%sd g?fgg'?'s [0017] That is, with the above

confi gur atlﬁ g%ﬁfﬂﬁﬁgﬁlﬁ%}e{wg et of ions 25 are incorporated inside the

m cr oor gam s fiod of time, 7 conpared with conventi onal
nmet hods. Qﬁ%ﬁ wth a reduced nunber of ions to cone into contact with
t.he m croor m(one of the objects of

Means of Realizing the Object of the First Inventive Group
A basic configuration of the first inventive group to realize the
10 above-described object is characterized as follows. An antibacterial
method for preventing growth of a microorganism using an ion includes:
bringing the microorganism into contact with the ion after or while
irradiating the microorganism with a particular beam of light; and
irradiating the microorganism with a particular beam of light in a state
15 where the microorganism is in contact with the ion.
[0016] With this configuration, the microorganism is irradiated with a
particular beam of light before the microorganism is brought into contact
with the ion or while the microorganism is being brought into contact with
the ion, and in a state where the microorganism is in contact with the ion.
20 The irradiation of the particular beam of light facilitates ion permeation
through membrane. As a result, an antibacterial ion existing in the
vicinity of the microorganism body is efficiently incorporated inside the
microorganism body, where the 1on exhibits its advantageous effects.
[0017] That is, with the above configuration, an increased number of ions

25 are incorporated inside the microorganism body in a short period of time,



this nmeans is to reduce the concentration of the ions to exist around the

m croorgani sn), the obtained mcroorganismgrowh inhibitory effect is 5
equi valent to or greater than the conventionally obtained effect. [0018]

Addi tionally, reducing the anmount of ions nakes the antibacterial free from
adverse affects on environnent. [0019] Additionally, even for eukaryotes
having thick cell walls, the above confdguration nakes ions perneate the
cell walls, cell menbranes, nuclear 10 nenbranes, and the like to

i ncorporate an increased nunber of ions in the eukaryote bodies, thereby
efficiently antibacterializing the eukaryotes. It should be noted that the
i on(s) ref eomparedovithacoriventigaal ecnétdrods) Thereforgawith aaredsiced [008H§r Her e

t he basic concept of the present invention is to efficiently 15 incorporate
the ion in dfiensitercoaidamioseortady with ehe i mivreaaigsinh@nieosf thxeobjeehi bfty to
the m croorgani smbody by irradiating the mcroorganism wth a particul ar
beam of |i ghis pidAMRVES to kB @ HIRé cEhESHFREBACSSIIY iorPR b&ak! Adund tKYI Ng
the m croorganisminto contact wth the ion before |light irradiation
sybstanti al&ﬁ’crﬁ Gisdly, tHE YbtaiHe n?ﬁi%r?]o%hﬁiérﬁ. %@tlhs?nﬁﬁ)iﬂjrgt Qﬁeétohé oW ng
reason. When the m croorganismi1s brought "into ion contact, Such a state
resul t at _the i exi st surface. .of m _crno %nisn1 but the
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exists on the surface of the mcroorganism part of the 8 particular beam
of |ight r 4B g0 afeerseatinsty anieditymneds an attribute of the
m croorgani sm thereby inproving the ion perneability. This

[0019] Additionally, even ?or eukaryotes having thici cell walls, the above

configuration makes ions permeate the cell walls, cell membranes, nuclear
10 membranes, and the like to incorporate an increased number of ions in the
eukaryote bodies, thereby efficiently antibacterializing the eukaryotes. It
should be noted that the ion(s) refers to both an inorganic ion(s) and
organic ion(s).
[0020] Here the basic concept of the present invention is to efficiently
15 incorporate the ion in the microorganism body after increasing the ion
permeability to the microorganism body by irradiating the microorganism
with a particular beam of light. However, in actual circumstances of
application, bringing the microorganism into contact with the ion before
light irradiation substantially causes no inconveniences. This i1s because
20 of the following reason. When the microorganism is brought into ion
contact, such a state results that the ion exists on the surface of the
microorganism, but the ion on the surface of the microorganism does not
completely shield the particular beam of light. Therefore, even when the
microorganism is irradiated with the particular beam of light in the state

25 where the ion exists on the surface of the microorganism, part of the



makes ions existing in advance on the m croorgani smsurface (ions brought

I n advance into contact) accelerate in their incorporation into the 5

m croor gani sm body. [0021] In the above basic configuration, the ion may be
a metal ion. [0022] Metal ions have high antibacterial activity. It is
therefore preferable to use a netal ion as the above ion. [0023] In the
above basic configuration, the particul &8 beamof light may 10 be a beam of
light that acts on an ion-perneabl e channel of a biol ogical nenbrane.

[ 0024] Enpl oying this configuration causes the ion-perneable channel of the
m croorganismto open due to irradiation of the particul ar beam of |ight,

t her eby f agdrticalambeamnofprhght aéadnnghheuphcroergamsm ckanges anudttyibube 15
ion that is in contact with the mcroorgani smbody is efficiently

i ncor por at esf metmcﬂasbﬁ%mggﬁntﬁémebgdmpwrx@ the iah pghseadilityle This
m croorgani sm [0025] The "ion-perneabl e channel of a biol ogical nenbrane”

mainly  refghged UESHEANE ih ANRRE onPfIRd ﬁﬁ@ro@?ﬁ‘i’x’ii@ﬂ?s@ffa%@ﬁoﬁ%ﬁfr@ﬁ gani sm

20 bi ol ogi cal nenbrane, but this should not be construed to limt the
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all nmechani'sns 1 nvolved 1n1on Incorporation into the croorganrsm [ 0026]
In the_above. basi c confiiguration, the nmetal ion nmay be a netal ion

cont ai hed iIchaYo?rﬁaé\lSIf‘lo%- ontai ning solution. Wth this configuration, the
25 m croor i i s . brqught into contact with.a netal ion-caontaining
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brings the metfil lon into contact wth the m ¢roorganism
[0022] Metal ions have high antibacterial activity. It is therefore

preferable to use a metal ion as the above ion.
[0023] In the above basic configuration, the particular beam of light may
10 be a beam of light that acts on an ion-permeable channel of a biological
membrane.
[0024] Employing this configuration causes the ion-permeable channel of
the microorganism to open due to irradiation of the particular beam of light,
thereby facilitating ion permeation through membrane. As a result, the
15 ion that is in contact with the microorganism body is efficiently
incorporated in the microorganism body, where the ion acts on the
microorganism.
[0025] The “ion-permeable channel of a biological membrane” mainly
refers to membrane transport protein membrane of the microorganism
20 biological membrane, but this should not be construed to limit the
ion-permeable channel; the term is intended as a concept that encompasses
all mechanisms involved in ion incorporation into the microorganism.
[0026] In the above basic configuration, the metal ion may be a metal ion

contained in a metal ion-containing solution. With this configuration, the

25 microorganism is brought into contact with a metal ion-containing solution



[0027] In the above basic configuration, the particul ar beamof |ight may
have a peak wavel ength of 300 to 600 nm 5 [0028] If the peak wavel ength of
the particular beamof light is greater than 600 nm the ion cannot be
efficiently incorporated in the mcroorgani smbody. If the peak wavel ength
is less than 300 nm this |light itself breaks the DNA of the m croorgani sm
which is not preferable because this gfeatly adversely affects human body
and causes pronpted 10 degradati on of equipnent. In view of these

ci rcunst ances, the peak wavelength is preferably restricted between the
above range, [0029]. I n the above configuration, the partjcular beamof I|ight
may have &hat eonigiing ithg metalnion.y briscoethed sgedpmisweliebly] boingp the ¢ he
irradiation intensity of the particular beamis less than 500 15 pWcn2,

t he i on cammesal e mibfdontaettwithi theomparoargahism.t he mi cr oor gani sm body. |f
the irradiation intensity is greater than 500000 pWcn2, the effect of

i ncor por at [@@2 T hEnithe dbovehleasit eoafiggaaiisn) tlod pastibslaaridaah lof ligltantags at
its maximumto the detrinment of cost performance. In view of these

ci rcunst ang@se a peakt wWaddleaidthvfi300esddy/nis preferably restricted 20 between
t he above range, nore preferably between 1000 and 100000 pWcnR2. [0031] As

the mefal [GoRglSeHthd Pk WavelergtHEHH tIVE pArAbRlarl &Mt SR light %Vp,%ijeﬁﬁe% of the
antd bacterial effect and reducing adverse affects on environment, at |east
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on, and a zinc 1on I1s y use From the above-descri bed
Vi eupol it s kNS IRLAL O] 1 HIGTRLAL L oRL SO 34 1600 (RSh 300 Rl
light itself breaks the DNA of the microorganism, which is not preferable
because this greatly adversely affects human body and causes prompted
10 degradation of equipment. In view of these circumstances, the peak
wavelength is preferably restricted between the above range.
[0029] In the above configuration, the particular beam of light may have
an irradiation intensity of 500 to 500000 pW/cm?2.
[0030] If the irradiation intensity of the particular beam is less than 500
15 pW/cm?2, the ion cannot be sufficiently incorporated in the microorganism
body. If the irradiation intensity is greater than 500000 pW/cm2, the
effect of incorporating the ion in the microorganism body substantially
reaches at its maximum to the detriment of cost performance. In view of
these circumstances, the irradiation intensity is preferably restricted
20 between the above range, more preferably between 1000 and 100000
pW/cm2.
[0031] As the metal ion used in the first inventive group, from the
viewpoints of the antibacterial effect and reducing adverse affects on

environment, at least one ion selected from the group consisting of a silver

25 ion, a copper ion, and a zinc ion is preferably used.



A

same time 1 ppb or nore for securing a mninmum degree of the advantageous
effect. More preferably, the concentration is 5 ppb to 1 ppm 5 still nore
preferably 10 ppb to 900 ppb. [0033] Exanples of the m croorganismto which
the first inventive group can be applied include prokaryotes such as
Escherichia coli, photosynthetic bacteria, lactic acid bacteria,
actinonycete, and Staphyl ococcus aureusjp yeasts such as Candi da bacteri a,
and eukaryotes such as C adosporium 10 cl adospori oi des and trichophyton.
[0034] An invention directed to an antibacterial apparatus that is capable
of inplenenting the antibacterial nethod according to the first inventive

group is arf0ed2] Froherthal alspead@icribednolewdidifits, i thie gRMAAT dén g tkaksctal
generating an ion; contact neans of bringing the ion generated at the ion 15

gener ati ng jFR&BAt4iNIRg GONIEGH Wist R c‘én%bﬁﬁ%foﬁhaaf 0 %ﬁﬂdof flé%dhﬁal dWthdreans
of irradiating the m croorganismwth a particular beamof light in a state

where the o} i a 0 C
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beam of ht.: and co of ing the mcroorganismirradiated
with the p%rt’cl} Hlﬂrﬁrprﬁg‘?ﬁﬁbf Tﬁ to’?&p{'}l@nt gct with the igon generated at the
ion generati g ans. 25 0036] Here the particul ar, beam of |ight may be
conf i gured 108 %ﬂe@aanpl@&koflﬁhe WRIT AR o ubioho tlyp dirghinyantiye BFOWRII at i on

intensity of 500 to 500000 uWcn2.
can be applied include prokaryotes such as Escherichia coli, photosynthetic

bacteria, lactic acid bacteria, actinomycete, and Staphylococcus aureus,
yeasts such as Candida bacteria, and eukaryotes such as Cladosporium
10 cladosporioides and trichophyton.
[0034] An invention directed to an antibacterial apparatus that is capable
of implementing the antibacterial method according to the first inventive
group is an antibacterial apparatus including: ion generating means of
generating an ion; contact means of bringing the ion generated at the ion
15 generating means into contact with a microorganism; and irradiating
means of irradiating the microorganism with a particular beam of light in a
state where the microorganism is in contact with the ion by the contact
means.
[0035] According to an invention directed to another embodiment, an
20 antibacterial apparatus includes: ion generating means of generating an
ion; irradiating means of irradiating the microorganism with a particular
beam of light; and contact means of bringing the microorganism irradiated
with the particular beam of light into contact with the ion generated at the

10n generating means.

25 [0036] Here the particular beam of light may be configured to have a peak



[0037] Additionally, the ion may be a netal ion. Additionally, the netal
ion may be a silver ion. 5 Use of an antibacterial apparatus of these
configurations enables efficient antibacterialization of m croorgani sns by
sinpl e operations, and additionally, the antibacterial action involves ions
of extrenely low concentrations. Thus, the present invention acconplishes
the antibacterial object substantiallylithout environnental contam nation.
10 Effects of the Invention [0038] The present invention significantly
enhances the antibacterial effect against m croorgani sns W thout increasing
t he ambunt of antibacterial ions to be contained in the anti bacteri al

agent . [ 00393velesgidy o£800de G00pnimoandfan ireadadwimigeosity vd FA0 tt 5000QMt | ve
Goup Fig. 1 is adiagramfor illustrating an antibacterial nethod

accordi ng tNldm2.first inventive group. Fig. 2 shows antibacterial test
results in the case of using C adosporium cladosporioides (NBRC 6348). 20

Fi g. 3 shovsoan} lAlﬁﬁt@hlaH!y tirsion’ @a BeSa mfethheprcase of using Escherichia
coli (NBRC-3972). Fig. 4 Shows antibacterial test results for describi ng a

relation bet vvee;p‘&dlglowgng_ ﬁ{égﬁltétgp‘loh%apq;eté el & ideam of light and the

anti bacteri al ect is a graph showi ng anti bacterial test

results in a fiftht st 1§nt1%58f&]1al|:5}9parﬁath§ dt ﬁ{e%ghco%rf%rgglohh enables

anti bacterial potency i

] efficient antibacterialization of microorganisms by simple operations, and
additionally, the antibacterial action involves ions of extremely low
concentrations. Thus, the present invention accomplishes the
antibacterial object substantially without environmental contamination.

10 Effects of the Invention
[0038] The present invention significantly enhances the antibacterial
effect against microorganisms without increasing the amount of
antibacterial ions to be contained in the antibacterial agent.
[0039]
15 Brief Description of the Drawings of the First Inventive Group
Fig. 1 is a diagram for illustrating an antibacterial method
according to the first inventive group.
Fig. 2 shows antibacterial test results in the case of using
Cladosporium cladosporioides NBRC 6348).
20 Fig. 3 shows antibacterial test results in the case of using
Escherichia coli NBRC-3972).
Fig. 4 shows antibacterial test results for describing a relation
between the wavelength of the particular beam of light and the
antibacterial effect.

25 Fig. 5 is a graph showing antibacterial test results in a fifth test



identical light irradiation intensities. Fig. 7 is a graph showing a

rel ati on between the wavel ength of the 5 irradiation |ight and the

anti bacterial effect. Fig. 8 is a graph showi ng anti bacterial results of
sanples Ato Din an eighth test group. Fig. 9 is a graph show ng that
silver-ion incorporating portions in the m croorgani smbody change
depending on a particular beamof |ight1210 [0040] [Description of Reference
Nuneral] 1 Metal plate (silver plate) 2 Metal ion storage vessel 3
Bacterial solution 15 4 Light irradiating portion (LED) 5 Black box 6 Agar
7 Test vessel 8 Test vessel 20 9 Current source 10 Metal ion elution

sol ution 1¥rMepal ion generating apparatus 12 Test solution 13 Metal ion
application apparatus (contact portion and 25 irradiating portion) 13

[ 0041] Best Mdde Rigr 6Cix ay graplouhotiag Riles intibwetdrialep&@emep of groups of

1dentical light irradiation intensities.

© Fig. 7 is a graph showing a relation between the wavelength of the

5 irradiation light and the antibacterial effect.

: Fig. 8 is a graph showing antibacterial results of samples A to D in

an eighth test group.
Fig. 9 is a graph showing that silver-ion incorporating portions in
the microorganism body change depending on a particular beam of light.
10 [0040]

[Description of Reference Numerall

1 Metal plate (silver plate)
2 Metal ion storage vessel
3 Bacterial solution

15 4 Light irradiating portion (LED)
5 Black box
6 Agar

. 7 Test vessel

8 Test vessel

20 9 Current source
10 Metal ion elution solution
11 Metal ion generating apparatus

12 Test solution
13 Metal ion application apparatus (contact portion and

25 irradiating portion)



[First] As the ion having the antibacterial effect against mcroorganisns, a
5 netal ion is exenplified, specific exanples including a silver ion, a
copper ion, a zinc ion, a cadmumion, and a nmercury ion. Anong these netal
ions, silver and/or copper are preferable for their superior safety for
human body. Still, the present invention will not be [imted to particul ar
ions and various ions having an antibadBerial effect are applicable. 10

[ 0042] The m croorganismtargeted for application of the present invention
will not be limted to particular kinds. Still, particularly significant
advantageo%s effects are expected with m croorgani sns havi ng uni que

nmenbr ane biﬂ@ﬂﬁb protein that passes netal ions therethrough. [0043]
Exanpl es of the m croorganismtargeted for application of the 15 present

i nventi on iBestddedpfak@aynyieg outiche drHEdniventivhiGroogd i, phot osynt hetic
bacteria, lactic acid bacteria, actinonycete, and Staphyl ococcus aureus,
yeasts sucHFastbandi da bacteria, and eukaryotes such as C adosporium

cl adospori oi des and trichophyton. The present invention is also applicable

to pathogenic Vi rASER iof0ha¥ingSthef ariidbicBriaPesed fgdindt MilbfodRARMS, a
invention is applicable to a target that contains a plurality of kinds of

e f o0 el 84 P10y ST LB PRLARE B 0L el > 10
JRHEE AT e S A
o SUCh b1 S SRR S0 Lk M FEIBARRE. br20SROr . BERLETE, nhEIY e
body. Still, the present invention will not be limited to particular ions and
various ions having an antibacterial effect are applicable.
10 [0042] The microorganism targeted for application of the present invention
will not be limited to particular kinds. Still, particularly significant
advantageous effects are expected with microorganisms having unique
membrane binding protein that passes metal ions therethrough.
[0043] Examples of the microorganism targeted for application of the
15 present invention include prokaryotes such as Escherichia coli,
photosynthetic bacteria, lactic acid bacteria, actinomycete, and
Staphylococcus aureus, yeasts such as candida bacteria, and eukaryotes
such as Cladosporium cladosporioides and trichophyton. The present
invention is also applicable to pathogenic viruses.
20 It is of course possible that the present invention is applicable to a
target that contains a plurality of kinds of the foregoing.
[0044] The above-described membrane binding protein refers to a
biological membrane that has the property of selectively passing

therethrough ions utilizing a concentration gradient of the ions or a

25 potential gradient between inside and outside of the membrane.



N

terms of functionality. Upon receipt of a predeterm ned |evel of
stinulation, the protein opens to allow particular nolecules and ions to 5
pass therethrough. Because of the potential selectivity of the nmenbrane
transport protein, the kinds of ions that can be incorporated (transported)
therein are fixed. It is believed that depending on the kind of the
menbrane transport protein, sone ions cd#h pass through the nenbrane while
ot hers cannot (that is, selectivity occurs). The rate at which an ion 10
passes through the nenbrane varies depending on the kind of the ion. [0045]
The present_invention is characterjized in significantly enhancing the ion
ant i bact er iEtamplescrof bguehcbiglegigal ngendmanien inplaidei anewbgane strdnspprt i n a
short period of time, and exanples of a |ight source used in the present

i nvention iproteide Mémbrangltransiorh protan isEsallyltiosedi ta atwosploeie) iand an
15 LD (l aser diode), and bul b-type lights such as a black light and a

hal ogen | itghiss @fir €enctiedlesyabl YUpan k&laigtr &M 3-Dpradetepdinddi keviep Because
the LED and LD are advantageous in that they are capable of controlling

| i ght wvesltﬁﬁaraitiorerﬁlega§ate§& dgg&&{@&gﬁ}u&%ﬁ%&@%@tﬁu&!m@doa%ﬁaidfﬁ, g@nd are

advant ageous in ternms of cost. The period of tinme for which the
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membrane transport protein, some ions can pass through the membrane

while others cannot (that is, selectivity occurs). The rate at which an ion

10 passes through the membrane varies depending on the kind of the ion.
[0045] The present invention is characterized in significantly enhancing
the ion antibacterial effect by incorporating ions in the microorganism body
in a short period of time, and examples of a light source used in the present
invention include solid lights such as an LED (light emitting diode) and an

15 LD (laser diode), and bulb-type lights such as a black light and a halogen
light source. Preferably, an LED or an LD is used. This is because the
LED and LD are advantageous in that they are capable of controlling light
wavelength, are easy to mount in the antibacterial apparatus, and are
advantageous in terms of cost.

20 [0046] The period of time for which the ion is brought into contact with the
microorganism may be suitably selected depending on the kind of the ion to
be used, the kind of the microorganism, the concentration of the ion, and
the amount of the microorganism. For example, in the case of
antibacterializing Escherichia coli using a silver ion, the contact time is

25 usually 1 minute to 24 hours, preferably 1 minute to 3 hours.



Enbodi ments of the first inventive group will be described below. Fig. 1
schematically shows a test procedure in the followng test 5 groups. In Fig.
1, reference nuneral 1 denotes a netal plate, reference nuneral 2 denotes a
nmetal ion storage vessel, reference nuneral 3 denotes a bacterial solution
in which bacteria are di spersed, reference nuneral 4 denotes a |ight
irradiating portion, reference nuneral B denotes a black box nade of a

|l ight-shielding material, reference nuneral 6 denotes an agar for 10
cultivating mcroorgani snms, reference nuneral 7 denotes a test vessel,
reference Euneral 8 denotes a test vessel on a side without irradiation,

ref erence dal 9 denotes a current source, and reference nuneral 10
denotes a netal ion elution solution. For conveni ence of description, the
netal pl at EEmbodimentslal i on storage vessel 2, the current source 9, and the
15 netal ion elution solution 10 will be collectively referred to as a netal
ion generating Eppeodinemtdof theadirbhmvenaple droxipSwill be desghibed bekav.at i ng
portion 4, the test vessel 7, and a test solution 12, which are |ocated

ineide the blackipox dehewdticallyy SROWSCH itusy Eré@fd%&*é 66 tle F6llewitRE dbsti ON
application apparatus 13. 20 [0048] The light irradiating portion 4 has

such str i MO | i L0 , Inc.,
or tha 11 keSS T Be Lokl haBldal TOMLRbEY & (AR Dlhfethife

applicati Oﬂu%?eg%; @E#esrbojtgs ]éa,u&%ttéloﬁ stdra Vggs%irlaeéfglsevr\%c?%;%rﬁg{'gl 53 HEHLS

(contact porti ringing an ion into “conta “a m croorgani sm and
ot ne same LT a8 P00 b ROt B Ml oA Bl
denotes a light irradiating portion, reference numeral 5 denotes a black box
made of a light-shielding material, reference numeral 6 denotes an agar for

10 cultivating microorganisms, reference numeral 7 denotes a test vessel,
reference numeral 8 denotes a test vessel on a side without irradiation,
reference numeral 9 denotes a current source, and reference numeral 10
denotes a metal ion elution solution. For convenience of description, the
metal plate 1, the metal ion storage vessel 2, the current source 9, and the

15 metal ion elution solution 10 will be collectively referred to as a metal ion

. generating apparatus 10, and the black box 5, the light irradiating portion
4, the test vessel 7, and a test solution 12, which are located inside the

: black box 5, will be collectively referred to as a metal ion application
apparatus 13.

20 [0048] The light irradiating portion 4 has such a structure of one LED
(available from Nichia Corporation, Cree, Inc., or the like) or a combination
of a plurality of LEDs. The metal ion application apparatus 13 functions
as an apparatus that acts as means (contact portion) of bringing an ion into
contact with a microorganism and at the same time as means (irradiating

25 portion) of irradiating the microorganism with light.



As the netal plate 1, a silver plate was prepared. Silver is characterized
inthat it is small in its tendency for ionization, hardly emts 5

el ectrons, and is difficult to oxidize. Silver has a standard single

el ectrode potential of +0.8V and hardly becones a cation. Therefore, when
silver in a netal state is put into water, the silver does not easily
elute. In viewof this, as the nethod B$ which to prepare the silver ion
solution, it is preferable to use the netal ion generating apparatus 11
shown in Fig. 1, 10 where silver is applied with an electric field.
Specifically, t pure-silver plates were placed in the nmetal ion storage
vessel 2 sHBﬂﬁ9rﬁ Fig.1, and a voltage (up to approxi mately 50V) was
controlled in order to apply a current of 10 to 50 mA between the silver
pl at es, thdﬁﬁaﬁﬂﬁmﬁﬁhnapfver ions to elute in the solution. Wth this

met hod, an electrical current of, for 15 exanple, 30 seconds at 12.5 mA
results in a silvey thennsethltplate of, A0GQilppp. plafenivasl prdigretie cSilvants
applied between the silver plates and the period of time of application

enabl es it darRE@RRHd i HdtViehs sBTAIP A Wsl RAdRhcy fdr 1dnRz296K, PRRlly emits
concentration using the netal ion generating apparatus 11. Wen a silver

i on SOIL, uti %e&froﬁ?,gﬂrrﬂp?&r dﬂﬁg{iﬁ%r&&&ﬁﬂ. t @‘ﬁr\}ef‘ h&s 955‘?1({a3'g|?s2n %eagétﬁlg%?i tis

Eolsgi bl e t? uie, I exanp IS| l'ver | onI zg?) i ]'Ee aval rom and
1 = ¢ : : _ FQ),. i
ool bt i on ofPaiBBHRl ph DA ApCRmdS reRlenateioh, ChDEete Ther SVREHS | o

wat er of 106. 2 Q050], . the netal .jon storage vessel 2, mat er i.al
that i o i ndtiie/B arath 1o 23t Bl spite e e N Rk e pAsR: G mol BHTY 6n i s
preferabl e, and exanpl es of 17 uch material include glass, Teflon .
(register ethtl%aaéné?@K)‘{lef&Wé byawhies o preware; the leﬂ@ramn Halutdenaft dar get

m croorgani sm_a_Cl adosporium ) . o
preferable to use the metal ion generating apparatus 11 shown in Fig. 1,

10 where silver is applied with an electric field. Specifically, two pure-silver
plates were placed in the metal ion storage vessel 2 shown in Fig.1, and a
voltage (up to approximately 50V) was controlled in order to apply a
current of 10 to 50 mA between the silver plates, thus allowing silver ions
to elute in the solution. With this method, an electrical current of, for

15 example, 30 seconds at 12.5 mA results in a silver ion solution of 900 ppb.

. Controlling the current applied between the silver plates and the
period of time of application enables it to prepare a silver ion solution of a 1
to 2000 ppb concentration using the metal ion generating apparatus 11.
When a silver ion solution of a higher concentration than the above is

20 prepared, it is possible to use, for example, silver ion zeolite (available from
NFG) and hold 1 g of the silver ion zeolite (available from NFG) in an
aqueous solution of 10 mL to effect an ion exchange, thereby preparing
silver ion water of 106.2 ppm.

[0050] As the metal ion storage vessel 2, a material that is inactive with

25 respect to the silver ion-containing solution is preferable, and examples of



cl adospori oi des (NBRC 6348) standard strain (eukaryote) having an initial
bacterial count of approximtely | x107 to 1x108 was prepared. This 5
bacterial body was dispersed in a phosphate buffer (50 nmM concentration),
thus preparing a spore suspension 3. As the vessel for preparing the spore
suspensi on, a vessel such as of glass, Teflon (registered trademark), and
stainless is used. [00521 The nmetal ionl@enerating apparatus 11 was used as
the apparatus 10 acting as the contact portion for bringing a netal ion
into contact with the mcroorganismand at the sanme tine as the |ight
irradiating portion for _irradiating the mcroorganismwth |ight output
from the |iyivh meterdal includsglnss, Feflon fregisered trademednd)r and tstaiadessest
solution A) of 9 nL of the 900 ppb silver ion solution and a 1 nL bacteri al
sol uti on of[00B&] shor ¢hd 5 anidpebsiiah Banges poicromtganism, ob t Béadmporuessel s
(7 and 8) shown in Fig. 1, and a mxture solution (referred to as test

sol uti on B)clafloSpdorioides ENBR(@6348) Btaidaad thaih@lidryete)iluvifiglast iritial and a
1 nL bacterial solution of the spore suspension 3 was put into the other

test vesselpfRteiAEBunESHf \UPPIBkINARIE 1k T0dhal 18 Ri &S §stebArdédie Agk box
5 in order to conpletely elimnate 20 influences of |ight such as natural

light and %J&gﬁg?ﬁg&ﬂ?fwfg %ﬁkﬁrﬁyiﬁgﬁﬁogpﬁﬁﬁ%hpﬁékqgo v Lé@ce@t%i&?}éhg th

solutions were Irradiate rav aving a peak wave

of 365 nmanrd an irradiation intensity,of ,1800 qgW.caR. The .test sol utions
et o sanpl b vsohepRrRES she HERSo AL A% ToR el SCRE ardPRrinE theiPalt of ot
light irradiation. 25 In Fiig. 1, ref.erence nuneral .4 denoteg the {igh

s Dot Bt | peBrsR B sesal gy af (ol ARG TR Cegir e T Jhpdp Ak, iR
portion has a structure of 14 wultraviolet LEDs 4 (available fromNtride
Seni conduct¥ainless 1s used. )

[0052] The metal ion generating apparatus 11 was used as the apparatus

10 acting as the contact portion for bringing a metal ion into contact with the
microorganism and at the same time as the light irradiating portion for
irradiating the microorganism with light output from the light source.
[0053] A mixture solution (referred to as test solution A) of 9 mL of the 900
ppb silver ion solution and a 1 mL bacterial solution of the spore

15 suspension 3 was put into one of the test vessels (7 and 8) shown in Fig. 1,
and a mixture solution (referred to as test solution B) of 9 mL pure water,
in place of the silver ion solution, and a 1 mL bacterial solution of the spore
suspension 3 was put into the other test vessel 8. These test vessels were
immediately placed in the black box 5 in order to completely eliminate

20 influences of light such as natural light and a fluorescent light, and after
some period of time, the test solutions were irradiated with ultraviolet light
having a peak wavelength of 365 nm and an irradiation intensity of 1800
pW/cm2, The test solutions were sampled 15 minutes, 30 minutes, and 60
minutes after the ultraviolet light irradiation.

25 In Fig. 1, reference numeral 4 denotes the light irradiating portion,



conbi ned together. The LEDs 4 were applied with a voltage of 3.8V and a
total current of 21 mA in order to cause the LEDs 4 to output the 5
ultraviolet light. [0054] In addition to the test solutions A and B, a

m xture solution (referred to as test solution C) of 9 nL of the 900 ppb
silver ion solution and a 1 nL bacterial solution of the spore suspension
3, and a mxture solution (referred tolgs test solution D) of 9 nL pure

wat er (without silver 10 ions) and a 1 nL bacterial solution of the spore
suspension 3 were prepared. The test vessels with these test solutions were
imedi ately placed in the black box 5 in order to conpletely elimnate

i nfl uences anfd theghghs sohrasof tlatsulight LnrgHiatangl partibndisssa estrudtughtof land
allowed to stand without light irradiation. The test solutions were sanpled

15 mi nut es ulg@vibleutEEDsad (adHildblemifruth eNigfider Seind@hfductomnCd. heltd.)
above-descri bed test solutions, the test solution A, which neets all the

three requichhipRts t&é&%?r ' ’Phe IISEjEs 4 Wbt/ ﬁf)phé’d‘%nfh REVIILLsH 8f 3.8V 8 a

irradiation> 1s the test solution according to the antibacterial nethod of

Lhe presentf1vegtiap oPY1l 4085l TRckohl ALY PRN (Bamucly TREpacoMly, 10

requi renents <ba erial + particula i'gh |rra|at|on

sol uti on C. ,whi only two requi rerrents <bacterial body + silver

i ons>,% and @W@Vf(ggfﬁ%?utl on D, which involves neither silver ion contact

nor partic ight irradiation wth respect to.the <bacterial body> are
donpar at | vib@%] Regddyion ttosﬁ}é‘ill@SBeS‘HBPQBStAa?nFin%t he PR reafsplgqulf the

above-descr,i bed 19 test solutions, the ultraviolet LEDs 4 function as the

light irradreferied tqas ttesh selation (B aft 9 malof et POQInpd Bdwer sm splghion hat

facilitates the . ' _ _
and a 1 mL bacterial solution of the spore suspension 3, and a mixture

solution (referred to as test solution D) of 9 mL pure water (without silver

10 ions) and a 1 mL bacterial solution of the spore suspension 3 were prepared.
The test vessels with these test solutions were immediately placed in the
black box 5 in order to completely eliminate influences of light such as
natural light and a fluorescent light, and allowed to stand without light
irradiation. The test solutions were sampled 15 minutes, 30 minutes, and

15 60 minutes after.
[0055] Among the above-described test solutions, the test solution A, which
meets all the three requirements <bacterial body + silver ions + particular
light irradiation>, is the test solution according to the antibacterial method
of the present invention.

20 [0056] The test solution B, which meets only two requirements <bacterial
body + particular light irradiation>, the test solution C, which meets only
two requirements <bacterial body + silver ions>, and the test solution D,
which involves neither silver ion contact nor particular light irradiation
with respect to the <bacterial body>, are comparative examples.

25 It should be noted that in the preparation of the above-described



menbrane perneation of the ion through the biological nmenbrane, and the
netal ion application apparatus functions as the contact portion for 5
bringing the ion into contact with the m croorgani smand the irradiating
portion for irradiating the mcroorganismwth [ight. [0057] A sanple
solution of 100 gL was sanpled fromeach of the above-prepared test
solutions Ato D and applied onto the pd®ato agar 6 shown in Fig. 1, where
the sanple solution was cultivated for seven days at 10 25C. Then the nunber
of colonies on the agar was counted. By this nethod, the antibacterial

effect of each sanple sql ution S ined, The resylts is show in Fig.
2. [0058] Hfgk soltemS the MhFAvialet ﬁé@ﬁ‘ss@ﬂy&rxc&lﬁw‘ei Tighd Giraad Bt ¢ ho
figure), which results fromirradiating ultraviolet |light to Cl adosporium
15 cl adosp@ortipdefor puiputtingrai partigHaacheamsoht bghte tihati faciltafeagthe di gi t
hi gher germ ciding effect than that of the test solution C (indicated as in
the fi gur ehembhanéd peemehtionfofdimesbhwhrougin thebicdogical nheombrand, ramd theet

light irradiation. [0059] It also has been found froma conpari son between

the test saqhefdlofon 2pplidativdi ciiprdatss Auntiohe hi gthie)comtdet iRrtioat fool ution
D (indicated as Ain the figure) that the irradiation of ultraviolet |ight

al one Provieseing tiRMIPACédithcE Witk lthe MAGBGtdHiom hi&S@e’ HEHiiating Ne

fold owm ng conclusi on can be nmade. irradiation intensity of the

c The
yltraviole otrihigﬁtfoyﬁﬂgdizﬁiﬁ%%@E@gg%ﬁggﬁﬁ%%itg%gﬂﬂf ficiently |lower than the

intensity whi ¢ ungi acterralized. Thus, the
e once I A, S RO 5 R ol "B Bl P O the
above-prepared test solutions A to D and applied onto the potato agar 6
shown in Fig. 1, where the sample solution was cultivated for seven days at
10 25°C. Then the number of colonies on the agar was counted. By this
method, the antibacterial effect of each sample solution was examined.
The results is shown in Fig. 2.
[0058] Fig. 2 confirms that the test solution A (indicated as © in the
figure), which results from irradiating ultraviolet light to Cladosporium
15 cladosporioides 1n a silver-ion contacted state, exhibits a single-digit higher
germiciding effect than that of the test solution C (indicated as ® in the
figure), which results from silver ion contact without ultraviolet light
irradiation.
[0059] It also has been found from a comparison between the test solution
20 B (indicated as A in the figure) and the test solution D (indicated as A in
the figure) that the irradiation of ultraviolet light alone provides no
antibacterial effects.
[0060] From these results, the following conclusion can be made. The

irradiation intensity of the ultraviolet light used in the above tests is

25 sufficiently lower than the intensity with which fungi can be



germciding effect of the ultraviolet light itself, but this difference is
possibly a result of pronoted netal ion incorporation into the bacterium5
body by the ultraviolet light irradiation. That is, as a result of
facilitated silver ion incorporation into the C adosporium cl adospori oi des
body by irradiation of the beamof |ight having a peak wavel ength of 365 nm
and an irradiation intensity of 1800 p¥®cn®2, the antibacterial potency of
the silver ion possibly increased. 10 [0061] As clearly seen fromthe above
results, for the particular beamof light irradiated to the bacterial body,
it is sufficient toQ use a light intensity that is |ow enough to cause no
ant i bact er iag@tikacteiializesh Thgs,. theditferance whanthactenial patancydbeldes™ing to
the present invention can be used as a nethod for antibacterializing fungi
t hat gr ow dhehtestirsobutiemi Ardb) skich thé Steat diolutimal € (@) fisonott beusddewgothe  of
enhancing safety in applying the antibacterial nethod according to the
present i ngeniniciding heffguar bf cheanltrhermdetoflightgitselfl &her ahily differaimehis
degree of irradiation intensity and/or irradiation period of time that the

i ght itseldos¥ibly aneéstlad pidnddtetbmet£lr ic in®rbefdtion ihbe thaBarké@linbody 20
[ 0062] (Second Test G oup) Four kinds of test solutions were prepared in the

Fame IS b ol VI L BRI Pl Bl ER UG Attt
(NBRC 534919yl BhoR3 00500 S A DRI, RBPRER S oA 10
are denot ed as; 24 102D, 1 L SSPERLAYRLY:i5PL HSRRANSddnkth bS6RR0Y Sadoae T bod
irradiation intensity of 1800 nW/cm2, the antibacterial potency of the silver
ion possibly increased.
10 [0061] As clearly seen from the above results, for the particular beam of
light irradiated to the bacterial body, it is sufficient to use a light intensity
that is low enough to cause no antibacterial effects on fungi. Thus, the
antibacterial method according to the present invention can be used as a
method for antibacterializing fungi that grow on human or animal skin.
15 Additionally, from the viewpoint of enhancing safety in applying the
antibacterial method according to the present invention, the particular
beam of light preferably has such a degree of irradiation intensity and/or
. irradiation period of time that the light itself will not have an antibacterial
effect on the bacterial body
20 [0062]
(Second Test Group)
Four kinds of test solutions were prepared in the same manner as
in the first test group except that Escherichia coli (NBRC-3972, E. coli) was

used in place of Cladosporium cladosporioides (NBRC 6348), and each of

25 the test solutions were subjected to an antibacterial test. The test



[0063] The results of the antibacterial tests are shown in Fig. 3. In Fig.

3, "A-A" (test solution 2A) neets all the three requirenents <bacteri al
body 5 + silver ions + particular light irradiation> and is an exanpl e of
the present invention. In Fig. 3, "-" (test solution 2C) neets only two

requi renents <bacterial body + silver ions> "A-A" (test solution 2B) neets
only two requirements <bacterial body +2particular |ight irradiation> and
"0-0"(test solution 2D) involves neither silver ion contact nor particular
10 light irradiation with respect to the <bacterial body> These constitute
a conparative exanple group in relation to the inventive_exanple. [0064] As
clearly sedqlytions tmyepaeasinsthhereond tepl.graupcandidaneged i 24 dPagD) i ght
irradiation with silver ion contact provides an approximtely three-digit

hi gher E. aebpedimelyactrespandiaigf tocthecahmyar dabcvibied test stlatiomsel tf Dsi | ver i on
contact without particular light irradiation (see - and -). It also has

been found [0063] Thetrbeultasé thé apaibiaictatial tdstghte showadinaFigol. wilhHdigt 3si | ver
ion contact (A-A), and in the case of involving neither particular |ight

i Fradiatiorf 1ok ”Stdst&doliiion Ot mebtd fHahe thitee ragﬁireﬁfetxﬁéi@actmﬁllemyy was
the sane as in the case of the above-described O fungi (test solutions B

to D) -5[006I5]si1v(3}_hfo['rxlg Ieﬁart%ﬂgg)eugﬁ ﬁf)ﬁﬂﬁaﬁ.@hﬁt ggg Retweeafhfe Kighof the

particul ar beam of ght™ a acteri al ect was exam ned usi ng

e KIn SleRRRENISS, T RGPS, bt Ui RGPS SR s 200
gr gﬂg-sngi %?gﬁh%%%srﬁgg}g&g&% fygﬁyc +6§1f'\78 r i\é%§>,u sf—dA’a@eétnsc;[hq%o];li iﬁ)t rr;[e% é[
only two requirements <bacterial body + particular light irradiation>, and
“0-0”(test solution 2D) involves neither silver ion contact nor particular
10 light irradiation with respect to the <bacterial body>. These constitute a
comparative example group in relation to the inventive example.
[0064] As clearly seen from the results shown in Fig. 3, combining
particular light irradiation with silver ion contact provides an
approximately three-digit higher E. coli antibacterial effect compared with
15 the case of silver ion contact without particular light irradiation (see A—A
and e-e). It also has been found that in the case of particular light
irradiation without silver ion contact (A-A), and in the case of involving
neither particular light irradiation nor silver ion contact (0-0), the
antibacterial tendency was the same as in the case of the above-described
20 fungi (test solutions B to D).
[0065]
(Third Test Group)
Here the relation between the kind of the particular beam of light
and the antibacterial effect was examined using three kinds of particular

25 beams of light having peak wavelengths of 365 nm, 525 nm, and 660 nm.



LED unit available from Ships Inc. was used to output the beans of |ight

(at a peak wavel ength of 365 nmand an irradiation intensity of 1800 5
pWcnR, a peak wavel ength of 525 nmand an irradiation intensity of 2800
pWcnR, and a peak wavel ength of 660 nmand an irradiation intensity of

4000 pWcnR). The silver ion concentration was set at 600 ppb. For the case
of the 525 nmirradiation intensity, th@&2bacterial body was allowed to

stand in a nutrient-free phosphate buffer solution for one day (one day 10
starved state). The other matters were the sane as in the first test group.
[0066] The results of the antibacterial tests are shown in Fig. 4. It has

been confirned frwecHicpllys ashdhet hacteniadsbaedy, t bbrdBpormumaciatioseprividey  and

the 525 nm wavel ength (0) each exhibited a high reinforcing effect of
ant i bact er i(AVBRGt @348). whheausedsas afi theefifGOtesngraup! edgt the lighéxoubed, e 15
substantially no reinforcing effect of antibacterial potency. The reason for

the result LRBtuRid 4wiile dhéE ShipecCincOiwantisdies outpht thobenss yaEghbser ved
in case of the 660 nm wavel ength is possibly that wth this wavel ength,

silwver iongagapilakd&afbldidtBnbf BesNatt RAIER L 1#radidi§on nté RAFPHT $80dOdY -
20 [0067] From the above-described results, 660 nm or higher i's not

pref erabl e fwr.he, Eg{ik i§ e%ltl%qg?? $§5 H{&[&%gné,g é}é‘ia%‘i\ﬁﬂfmtim%si@bpgﬁ%@f

| + ght “havi'ng a peak wavel eng ower nmis prefer used, and

o 2 1o Bl Wl S AU AR AR A« 2e

Cause. dammgUlbuBamal SThe SHsEr celt CERrnaALbE qHes SREAROLS Pitmrrahtie

ani ml s. Adcczjiisgio%r']c?lug/25 gmbier%r;dgti(ln; ?Q‘Eengiiat\gri ?}ge %arc)tee%'li(alml?(;/deyl vevrz;%tzblloov{leé (&\)NE '
stand in a nutrient-free phosphate buffer solution for one day (one day

10 starved state). The other matters were the same as in the first test group.
[0066] The results of the antibacterial tests are shown in Fig. 4. It has
been confirmed from Fig. 4 that the cases of the 365 nm wavelength (o)
and the 525 nm wavelength (A) each exhibited a high reinforcing effect of
antibacterial potency. The case of the 660 nm wavelength (0) exhibited

15 substantially no reinforcing effect of antibacterial potency.

The reason for the result that no reinforcing effect of antibacterial
potency was observed in case of the 660 nm wavelength is possibly that
with this wavelength, silver ions cannot be efficiently incorporated in the
microorganism body.

20 [0067] From the above-described results, 660 nm or higher is not
preferable for the particular beam of light. In view of this, a beam of light
having a peak wavelength of lower than 660 nm is preferably used, and
more preferably, a beam of light having a peak wavelength of 600 nm or

lower is used. It should be noted, however, that a beam of light having a

25 peak wavelength of lower than 300 nm is not preferable in that it might



than 300 nmis not preferable in that it causes early degradation of the
anti bacterial apparatus (such as the housing). In view of this, as the |ight
5 used to enhance the antibacterial potency, a beam of |ight having a peak
wavel ength of 300 to 600 nmis preferably used. [0068] (Fourth Test G oup)
Sixty mnutes after the light irradiation, sanple solutions were 10 sanpled
fromthe test solution A(C adosporium cRddosporioi des, particular |ight
irradiation + silver ions) and the test solution C (no light irradiation +
silver ions) of the first test group and fromthe test solution 2A
(Escherichia coli, particular light irradiation + si|lver ions) and the test
sol uti on 2capse damage to PN af aogwlo@mk/@erll iapisyawge hpsmsbe dwdnarandyr oup,
and bacterial bodies 15 were collected fromthe sanple solutions by the

cent ri f ugalandeysds.at Additionstlhod badres lightt bavialg dpenbswarelengtleof lower i n a
4C environnent using a 0.1 M cacodylate buffer solution and 2%

gl ut ar al delthda 200 nas natspeeferdiiicem thaest causesOedrl depradyutiaheofbtiid er
solution at 4C, and additionally, subjected to post-fixation processing by

a-nmet hod i n@ibHcieribhappaRRus(s@h ad@he HRISHON A vdewI6fahid, B f1Rf hghii de
aqueous solution at 4C. [0069] Next, the bacterial bodies were processed for

10 to 45 mpdfes, %Bé‘n%esﬁé @ht acﬁéﬁ&f‘gbtetiﬁz&,haoéedxﬁcﬁfeﬁﬂl Qa¢ AN QNEAL | ON

and- t hen processed wt propyl ene oxide fof 10 mnutes three tines.

Further, t ' ' - j [ I i de +
eg{)xye;esi nhg?‘ge?g}égt{a ﬁ%o%@?g%ngo ;158?%@?%“&1&%5%?%233%?g%cgggi (I’)l)g(jl (i6n whi ch

t he bacterig@ dies were 24 allowed to stand in the epoxy resin for two
days (procé ? tenperature: 60C) in order to make the resin infiltrate

the bio-sanp eoh HoerrahyY

Sixty minutes after the light irradiation, sample solutions were
10 sampled from the test solution A (Cladosporium cladosporioides, particular
light irradiation + silver ions) and the test solution C (no light irradiation +
silver ions) of the first test group and from the test solution 2A (Escherichia
coli, particular light irradiation + silver ions) and the test solution 2C (no
light irradiation + silver ions) of the second test group, and bacterial bodies
15 were collected from the sample solutions by the centrifugal separation
method. These bacterial bodies were pre-fixed in a 4°C environment using
a 0.1 M cacodylate buffer solution and 2% glutaraldehyde and then washed
. three times in a 0.1 M cacodylate buffer solution at 4°C, and additionally,
subjected to post-fixation processing by a method involving three hours of

20 immersion in a 2% osmium tetraoxide aqueous solution at 4°C.
[0069] Next, the bacterial bodies were processed for 10 to 15 minutes with
series of alcohol bath of increasing concentration and then processed with
propylene oxide for 10 minutes three times. Further, the bacterial bodies
were substituted using propylene oxide + epoxy resin for one hour, and

25 subjected to embedding processing (in which the bacterial bodies were



resin (main agent: Epon 812, curing agent: DDSA and NVA, speed enhancing
agent: DWVP-30) for two days at 60C. 5 [0070] The sanpl es thus obtai ned were
turned into thin pieces using ultramcrotone and reinforced with carbon
films for charge-up prevention, thus preparing sanples for energy
filter-type transm ssion electron mcroscope (EF-TEM observation. The
sanpl es were subjected to electron mcBéscope observation and energy

di spersive X-ray analysis using 10 R TEM Super UTM avai |l abl e from EDAX
[0071] As a result, in a sanple Arelated to C adosporium cl adospori oi des,
no silver stals were_confirnmed by the el ectron croscope observati on,
but the X- rad%%t%t%mtmfthpmxwmm doy §Werrtety80{£r§p¢smg demparatwgf ar

| ocations inside the bacterial body, not in the vicinity of the cel

menmbr ane. ¥0°Ch in eedeyl & 2rakelthe ewsiro iEEhatd thé dieshimples) wamg epdxy med
that silver existed not around the cell nenbrane but in a center portion of
the cell. resirsdmpdias ageatrd E3@n 812, wourihgl agbht:i DRBAataindn NMA, nepeedir ri ed
out, no silver was detected inside the cell by both electron m croscope

obs-er vat i Ol’bn}ﬁl’jﬁhﬁ% ﬁgynﬁrmvbpsgg) fogq“[oo&)ggg atfb@® results | ead to specul ation
that the silver ion exhibits its antibacterial effect when incorporated in

the ba§ter'[@bmpd%eb)éa'rﬂél@&“ﬁ{dso%bté’ifneﬁ TR e %nt )}519569 Wil t hat

the-irradiation a particular beam of 1ight S|gn pr onot es

LR e Bk SRR
qr oup, the %%rsre prggg;l%%ussa%]p es QrOder?esrgy cﬁl(%er'type transmission electron
microscope (EF-TEM) observation. The samples were subjected to
electron microscope observation and energy dispersive X-ray analysis using

10 R-TEM Super UTM available from EDAX.

[0071] As a result, in a sample A related to Cladosporium cladosporioides,
no silver crystals were confirmed by the electron microscope observation,
but the X-ray analysis confirmed local existence of silver at particular
locations inside the bacterial body, not in the vicinity of the cell membrane.

15 In a sample 2A related to Escherichia coli, it was confirmed that silver
existed not around the cell membrane but in a center portion of the cell.
In samples C and 2C, for which light irradiation was not carried out, no
silver was detected inside the cell by both electron microscope observation
and X-ray analysis.

20 [0072] These results lead to speculation that the silver ion exhibits its
antibacterial effect when incorporated in the bacterial body by irradiation
of a particular beam of light, and that the irradiation of a particular beam
of light significantly promotes incorporation of the silver ion, thereby

realizing a more potent antibacterial effect.

25 [0073]



described in the first test group (see Fig. 1) were used to exam ne the

rel ati on between the silver ion concentration and the light irradiation 5
intensity that influences the antibacterial potency and the rel ation

bet ween anti bacterial potency and |ight wavel ength. [0074] As the

anti bacterial target mcroorganism a Candi da al bicans NBRC 1060 standard
strain (eukaryote) having an initial ba&berial count of approximtely 1x107
was prepared, and this bacterial body was dispersed 10 in a phosphate buffer
(50 mM concentration) using sterilization water, thus preparing a bacterial
solution of _a bacterial count of 1x106/InL. [0075] Silver ion concentration
sol uti ons iFifthiRest Gioupér ent kinds of concentrations, nanely, 60 ppb, 100
ppb, 300 ppb, and 1100 ppb, were prepared. Then, three test solutions were
prepared for eacHnof fifth festr gtdusi thee sammn appacatius andonsethddkamndhose 3 = 12
test solutions) by adding 1 nL of the above-described bacterial solution to
9 nL of thaldsetibedi fif ¢henfirdti teds @oupsideeeFig.on swret usts to Addinimenshéy, two
test solutions (reference test solutions) of zero silver ion concentrations

vere preparthtiontidtiiada oné YsilverMorPicohbéntasivar natl figd Uit igddestié® 9 ni
of the phosphate buffer solution. 20 As the vessel for housing each test

sol uti gn, ti%;—(nﬁ%ﬁf WS § ﬂﬁ%nE&eoﬁlf‘eStant\fﬁ &El{i&; ﬁgﬁﬂ\}gi %rid %hel BT Ed:

[©076] Next, 't est solutions t he 1 dent r ton concentration
Vere, 0 OUDS AR ol by SRR MIERGRL 0l U Lo, e Placed,
25 oL her iy Fohl T Er Placed I Ale best, veseal, f8l o tuin one
}Ng\r/el?)gngt " ISI%R(??%GS rgtgrrl]gaxéﬁ] stirzigr? ?éu%?irgfgté)q{zqugigta% iOIIiti%.I act%r}?al(c%)?xg(ﬁ) o?w cne)
approximately 1x107 was prepared, and this bacterial body was dispersed
10 in a phosphate buffer (50 mM concentration) using sterilization water, thus
preparing a bacterial solution of a bacterial count of 1x106/1mL.
[0075] Silver ion concentration solutions with four different kinds of
concentrations, namely, 60 ppb, 100 ppb, 300 ppb, and 1100 ppb, were
prepared. Then, three test solutions were prepared for each of the four
15 silver ion concentrations (4 kinds X 3 = 12 test solutions) by adding 1 mL of
the above-described bacterial solution to 9 mL of the four different kinds of
silver ion solutions. Additionally, two test solutions (reference test
solutions) of zero silver ion concentrations were prepared containing only 1
mL of the bacterial solution added to 9 mL of the phosphate buffer solution.
20 As the vessel for housing each test solution, the same vessel as the test
vessel 7 shown in Fig. 1 was used.
[0076] Next, the test solutions of the identical silver ion concentration
were grouped into a test unit. One of the three test solutions was placed

in the test vessel 8 side without irradiation of ultraviolet light, and the

25 other two test solutions were placed in the test vessel 7 side with one of the



m nutes and the other test solution irradiated with ultraviolet |ight having
an irradiation intensity of 50 nWcn2 (50000 pWcnR) for 30 mnutes. 5
[0077] For the reference test solutions, one of themwas not irradiated

with ultraviolet light (placed in the test vessel 8 side) and the other was
irradiated with ultraviolet Iight having an irradiation intensity of 50
mWVWcn2 (placed in the test vessel 7 sid&p. Fromeach test solution, a sanple
was extracted 30 mnutes after 10 the ultraviolet light irradiation. The
sanpl ed test solutions will be denoted as sanples Ato N. Table 1 |lists
test conditions for the sanples A to N, Simlarly to the first_ test group,
each test steptisplaviionssirradistefl with uheapicdeklisbk hgvingre dieakewgvelength o
preparation in order to elimnate 15 influences of |ight such as natural

| i ght and a368 mon esukan firgtiation ihtensigbof dt rW%W/cthdd¥800 HWaih® for 3| ver
ion 365 nmlight 365 nmlight concentration of No |light irradiation

i rradi ati onmitetels @anl thé othdrr teatlisahitivn irthéiged with Jltisetislet Yigh havig n?
mMVcn2 O Sanple A Sanple B 1100 ppb Sanple C Sanple D Sanple E 300 ppb

Sanpl e F Sad?@iﬂa@iaii’d@irﬁeﬁsit%()ﬁ 5oPR W 00063 IWIEn2) f6RBDIRidute80 PPD
Sample L Sanple M Sanple N 2

5 [0077] For the reference test solutions, one of them was not irradiated
' with ultraviolet light (placed in the test vessel 8 side) and the other was
irradiated with ultraviolet light having an irradiation intensity of 50

mW/cm? (placed in the test vessel 7 side).
From each test solution, a sample was extracted 30 minutes after
10 the ultraviolet light irradiation. The sampled test solutions will be
denoted as samples A to N. Table 1 lists test conditions for the samples A

to N.

Similarly to the first test group, each test solution was housed in

the black box 5 immediately after preparation in order to eliminate

15 influences of light such as natural light and a fluorescent light in the
laboratory.
[0078]
- [Table 1]
. . 365 nm light 365 nm light
Silver ion . . . . ..
) No light irradiation irradiation
concentration of . .o . . . N
test solutio irradiation intensity: 1 intensity: 50
oSt so n mW/cm? mW/cm?
0 Sample A Sample B
1100 ppb Sample C Sample D Sample E
300 ppb Sample F Sample G Sample H
100 ppb Sample | Sample J Sample K
60 ppb Sample L Sample M Sample N




The sanples Ato N were subjected to an antibacterial test. The

anti bacterial test nethod was such that 100 gL of each sanpled test
solution was applied onto the agar 6 (potato agar) shown in Fig. 1, where
the test solution was cultivated for three days at 25C foll owed by counting
5 the nunber of colonies on the agar. [0079] The test results are shown in
Fig. 5. Fig. 6 shows the results in Fi g7 5 collectively on a light
irradiation intensity basis. In Fig. 5 which is a graph showi ng the

rel ati on between the silver ion concentration and the |light irradiation
intensity that influences the antibacterial effect, a 10 conparlson bet ween
the sampl e A (si|Vke speplends éntY aversnsubjecied ta gntantibaeferwditepl. ahke t he
sanple B (silver ion concentration O + 50 mWcnR |ight irradiation) shows
t hat no antantiskbacterial tekf anethaskt ovas fsuohn BatrilO0t gL iof rexthasampled telse 365
nmultraviolet light having an irradiation intensity of 50 mWcnR. 15

[ 0080] Fromdliidof was kpgliedmntbtheFagay 6 (gotutp, agdre shvwnKirgFagpl, whdré he L
to N group, in which the silver ion concentrations are identical but the

|k ght i rradihatde@d sblitRISWhbk @uIHVA{e for (thged ah#@% 7% ° € BNbREaD esuitgng een.
(i) At any of the silver ion concentrations ight irradiation intensity

enhances thﬁeaxmmﬁﬂfb?% ghicf §£ ea% . (i) At any of the silver ion

concentrations e antl acteria ect i rrproves as the light irradiation

7t RPRESPR £ oy SHERRL B 9 B RIEYS W Pl B,
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a graph showing the relation between the silver ion concentration and the
light irradiation intensity that influences the antibacterial effect, a
10 comparison between the sample A (silver ion concentration 0 + no light
irradiation) and the sample B (silver ion concentration 0 + 50 mW/cm? light
irradiation) shows that no antibacterial effects occur from 30-minute
irradiation of the 365 nm ultraviolet light having an irradiation intensity of
50 mW/cm?2.
15 [0080] From the C to E group, the F to H group, the I to K group, and the
L to N group, in which the silver ion concentrations are identical but the
light irradiation intensities differ, the following knowledge can be seen.
(1) At any of the silver ion concentrations, light irradiation intensity
enhances the antibacterial effect.
20 (ii) At any of the silver ion concentrations, the antibacterial effect
improves as the light irradiation intensity increases.
(iii) The antibacterial potency reinforcing effect by light irradiation
is notable at a silver ion concentration of 1100 ppb.
[0081] A comparison between the sample C (silver ion 1100 ppb + no light

25 irradiation) and the sample H (silver ion 300 ppb + 50 mW/cm?2 light



i rradiation) shows that light irradiation provides for equival ent or greater
anti bacterial effects at 1/3 to 1/4 silver ion concentrations. [0082] Fig. 6
shows the results in Fig. 5 collectively on a light irradiation intensity
basis. The above-described matters can be nore clearly seen 5 fromFig. 6.
Specifically, it can be seen that with only ultraviolet |ight having an
irradiation intensity of 50 mWcnR2, no &8rmiciding effects are observed,
that when the silver ion concentration is set at 1100 ppb, a sufficient
antibacterial effect is obtained at an irradiation intensity of 1 nWcn2,
and that rather thap the case of 1100 ppb silver ion concentration 10

wi t hout | i giradiatign) shpws, thatdightsuradiatpm prayides fexr equiyadencengreatedn wit h
50 nWcnR light irradiation intensity exhibits a high antibacterial effect.

[ 0083] Thesantikactetial effetisran 1/Bab Wy silyengomcemm@ntratioensi ty of |ight that
does not exhibit an antibacterial effect directly to the bacterial body, the

anti bact eri[@p8el fRigt 60shdvhethe lresilts @n Kighshelkicarely 6ant ligheihadégtdon 15
While in this test group the light irradiation was carried out in the state

whet e the bggbRsit@lbRMY TRS ABHRFQdribRdl RfaitbdrsY 84n [IRN n8eUticaRly sBon | i ght
irradiation may be carried out after spraying silver ion water over the

bact er L al - . L , | . ht
"hto chnt actol) (he: b BRCRERlly. SOELA M S nblavith SETy hiaTler bl o
Subst ance” (aihe " dridikBbn BiPhaity o LB ho Tekitiiink PSR pg " "

h hat e, dt | i ke .t hat in.sil ' ) foll ' f
Pt or T GoRCRURSD: it PY £hE TN ASict COBreR@RRPE: B At ditr LLO0 BYPH.: Bt °
irradiation g¢an be obfained_al so by irradi(iati ng i.n advance the bacteri al
body with |5yfHelentsaniibagieriadi §eth@ ahtiayred jad AR At dahoRcntaRERY 1o &

bacteri al bo%%’/ wi thin 20 29 _ _ .
mW/cm2, and that rather than the case of 1100 ppb silver ion concentration

10 without light irradiation, the case of 300 ppb silver ion concentration with
50 mW/cm? light irradiation intensity exhibits a high antibacterial effect.
[0083] These results confirm that by using a small intensity of light that
does not exhibit an antibacterial effect directly to the bacterial body, the
antibacterial effect of the silver ion can be significantly enhanced.

15 While in this test group the light irradiation was carried out in the
state where the bacterial body was immersed in the silver ion solution, the
light irradiation may be carried out after spraying silver ion water over the

. bacterial body (microorganism). Additionally, the silver ion may be
brought into contact with the bacterial body by attaching the bacterial body

20 (microorganism) with silver, a silver compound, or a silver ion-containing
substance (e.g., zeolite, ceramics, silica gel, silicate salt, calcium phosphate,
and the like that contain silver ions) followed by spraying of water.

[0084] Additionally, an antibacterial reinforcing effect by light irradiation
can be obtained also by irradiating in advance the bacterial body with light

25 and bringing the silver ion into contact with this bacterial body within 20



m nutes, preferably 5 mnutes, nore preferably 2 mnutes after the |ight
irradiation. [00851 (Sixth Test Group) 5 In a sixth test group, beans of

| ight of different wavel engths were wused in order to exam ne the rel ation
bet ween the wavel ength of the irradiating |light and the antibacteri al
effect. Simlarly to the above test group, Candi da al bi cans NBRC- 1060 was
used as the bacterial body, and six test9solutions of 1100 ppb silver ion
10 concentration were prepared at a bacterial count of 7x106/nL. One of them
was not irradiated with light while the others were irradiated with beans
of light having any of the peak wavel engths of 365 nm 400 nm 525  nm 600
nm and 660MAMYESy pggfteﬁaalyt gsmnwa@ﬁ; nmreamqf%&heim ANinudes theadighéd out
simlarly to the sixth test group. As the |ight source of the 15 beans of

| i ght, an LEmdiatight enitting di ode) was used. [00861 The results are shown
on a bar graph in Fig. 7. As clearly seen fromthe results show in Fig. 7,
at a wavel el®@8B] i n excess of 600 nm no light irradiation effects were
observed. At 365 nm 400 run, and 525 m, notable effects were observed,
and-at 525 (@®itlaTesrGiewd)ar |y notable effect 20 was observed. [00871 These
results show that bringing the silver ion into contact with the bacteri al

body agd irradi atiyng dikthwddt groRpa®efind bONERPLf AP AIRLOFal S8 AgtNAKRLENIL D
réi nforces the anti bacterial poténcy of the silver ion. Thus, "the

particulary qho{)]rde:crgE%"ex%‘?ﬁiin%eghgyre?gﬂ.ié CPAGtH Mle! RadeReRIH Ut m)khggf) 25

havi ng a wavel ength o O nmor less (preferably, less than
irradiating light and the antibacterial effect.

Similarly to the above test group, Candida albicans NBRC-1060
was used as the bacterial body, and six test solutions of 1100 ppb silver ion
10 concentration were prepared at a bacterial count of 7x10¢/mL. One of
them was not irradiated with light while the others were irradiated with
beams of light having any of the peak wavelengths of 365 nm, 400 nm, 525
nm, 600 nm, and 660 nm for 30 minutes. Then, an antibacterial test was
carried out similarly to the sixth test group. As the light source of the

15 beams of light, an LED (light emitting diode) was used.
- [0086] The results are shown on a bar graph in Fig. 7. As clearly seen
from the results shown in Fig. 7, at a wavelength in excess of 600 nm, no
. light irradiation effects were observed. At 365 nm, 400 nm, and 525 nm,
notable effects were observed, and at 525 nm, a particularly notable effect

20 was observed.

[0087] These results show that bringing the silver ion into contact with the
bacterial body and irradiating it with a beam of light of 600 nm or less
wavelength reinforces the antibacterial potency of the silver ion. Thus,

the “particular beam of light” defined by this conclusion is a beam of light

25 having a wavelength of 600 nm or less (preferably, less than 600 nm).
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The tendency shown in Fig. 7 indicates that wth a beamof |ight of |ess
than 365 nm wavel ength, an antibacterial potency reinforcing effect is also
obt ai ned. Note, however, that a beamof |ight of |ess than 300 nm peak
wavel ength is not preferable in that the |ight damages the DNA of the 5

bi ol ogi cal cell and thus does harmto an operator who inplenments the nethod
of the present invention. In view of thi3), as the beamof |ight used to
reinforce the antibacterial potency, a beamof |ight having a wavel ength of
equal to or nore than 300 nmand | ess than 600 nmis preferably used.

[0088] 10 (Seventh Test G oup) In a seventh test group, Escherichia coli

| F03972 was used 'Bhe terdemgcskownlindtigy 7 iadicathe that with adieamhof light of

anti bacterial potency reinforcing effect was present was exam ned with
respect to kiskthani38h naoppeeldngth, andintibauteriah potsansi fdinforeng éffestsisar e as
follows: 15 The bacterial count was 4.7x107. The irradiation conditions were

such that askeasBtaindd.9MottaWHdigevier, BRAK aVB¥£esPlighefof3ess TRanegonISAd to
carry out a 30-minute irradiation at a light irradiation intensity of 50

mi en. As é\g%ﬁ(% leﬁ% ?lisgxg)@ﬁ)gigfe[rabieoﬂl tRTEHR! 1 déﬁ'&gg’%%h%slﬁ;lﬁ%%h he

copper ion s 250 a e zinc 1on was 6500 e reference

(reference .Sl Uk O hQn-free__pho uf.f en i.on (50

it congent r AP ToR, R0 Y, BuiGhfe Bl B AR B islonBatt BB 00

i on aqueous_so] uti and the zinc ion;agueou olution. was such.that: 1 g

of "copper - BEEh ofPhe BResatangelfion o TR ST ¢hf, BxiiBe e 2l int ARkt o
ter; aft bei 31

pure wat et toarei(ral%orcg Itﬂg antibacterial potency, a beam of light having a wavelength

-

of equal to or more than 300 nm and less than 600 nm is preferably used.
[0088]
10 (Seventh Test Group)

In a seventh test group, Escherichia coli IFO3972 was used as the
bacterial body, and whether or not the antibacterial potency reinforcing
effect was present was examined with respect to silver ion, copper ion, and
zinc ion. Specific conditions are as follows:

15 The bacterial count was 4.7x107.
. The irradiation conditions were such that a beam of light having a
peak wavelength of 365 nm was used to carry out a 30-minute irradiation
. at a light irradiation intensity of 50 mW/cm2.  As the metal ion
concentration, the silver ion was 110 ppb, the copper ion was 2500 ppb, and
20 the zinc ion was 6500 ppb.

As the reference (reference test solution), a metal ion-free

phosphate buffer solution (50 mM concentration) was used.
[0089] The method by which to prepare the copper ion aqueous solution
and the zinc ion aqueous solution was such that: 1 g of copper zeolite or

25 zinc zeolite was put into and stirred in 5 mL of pure water; after being



allowed to stand for one hour, the resulting aqueous sol ution was
centrifuged for 10 m nutes at 5000G a supernatant of the centrifuged
solution was sanpled and diluted suitably in order to determ ne the netal
ion concentration of this agueous solution by atom c absorption analysis. 5
[0090] The results in the seventh test group are listed on Table 2. [Table
21 30-minute Remaining Kind of ion andd3ks irradiation of 365 nm
concentration |ight and 50 nWcnR bacterial count (CFU nL) 1|ight Reference
test solution - 2.0 X 106 1 Reference test solution 0 1.2 X 106 2 Silver
ion 110 ppb - 1.7 X 105 Silver ion 110 %pb O 2.2 X 103 Copper ion 2500 ppb
- 1.4 X 106allgspgetoi stamgboor pppe 0 houg xheoseswiting | aqneddGO sppition 9wasX 105
Zinc ion 6500 ppb 0 5.3 X 105 The results shown on Table 2 clearly confirm
t hat al so wedrtrifnged nfler al0 i misuties opp 50006+ ansuEirnatawn of ofhiee centrafugede
silver ion, the 10 antibacterial effect inproves by light irradiation. It

i s specul at gslutivat whbeamplodrandedittedbuithBlyait bbdst & déldergfiheacheMietal
irradiation of a particular beam

. - ion concentration of this aqueous solution by atomic absorption analysis.

5 [0090] The results in the seventh test group are listed on Table 2.

[Table 2]
30-minute Remainin
. Kind of ion and its irradiation of 365 nm em: g
. . bacterial count
concentration light and 50 mW/cm?
; (CFU/mL)
light
Reference tht solution B 20 X 106
Reference tzest solution o 12 x 106
Silver ion 110 ppb - 1.7 X 105
Silver ion 110 ppb 0 2.2 X 103
Copper ion 2500 ppb - 14 X 108
Copper ion 2500 ppb 0 5.6 X 105
Zinc ion 6500 ppb - 96 X 105
Zinc ion 6500 ppb e} 5.3 X 105

The results shown on Table 2 clearly confirm that also with the

metal ions (copper ion and zinc ion) other than the silver ion, the

10 antibacterial effect improves by light irradiation. It is speculated that the

. improvement of the antibacterial effect by irradiation of a particular beam
of light i1s because the ion-permeable channel of the bacterial body
(microorganism) is opened by the irradiation of the particular beam of light,

and as a result, the metal ion existing on the surface of the bacterial body

15 1s rapidly incorporated inside the bacterial body, where the metal ion

exhibits a physiological effect (anti-proliferative effect).



of light is because the ion-perneable channel of the bacterial body

(m croorganisn) is opened by the irradiation of the particular beam of
light, and as a result, the netal ion existing on the surface of the
bacterial body 15 is rapidly incorporated inside the bacterial body, where
the metal ion exhibits a physiological effect (anti-proliferative effect).
32 [0091] (Eighth Test Goup) In the fiddst to seventh test groups, it has
been recited that irradiating the mcroorganismwth particular |ight
reinforces the 5 antibacterial potency, and that the reinforcenent is
possi bly befaus the netal ion existing on the surface of the bacterial body
is rapidly rporated inside the bacterial body. In the eighth test
group, this was examined in further detail. Specifically, the eighth test
group prove&Eigheh Test Grpuphti on of the silver ion inside the bacterial body
and reveals the 10 | ocation and the existence proportion of the silver ion
after incorporatibn thendide tdesdveatkr test gecypd)yitudiasg bepductéived ytheaupl ed
pl asma em ssion analysis. [0092] The ICP em ssion analysis is such an

anatysi s nmefhadidt ehét @sicPoorghass® fWidHe pirtltu®dy t HEREr #biifer@k the
approxi mat el y 9000K by allowing 15 argon gas to flow through a high

frequency CQh 1b59t’e9ié€12%c¥)’ﬂéh€? %?'t@lﬁ%%@rféﬁnﬂﬁc ehens Jﬁds%%ﬂﬂg resu%é‘tt'h%duces

an atom ze solution s lane 1 n order to tlng

pLoduct as Al o5l WAL R OYEpurBOOF] AR, RSP Fog AT AR MP! oans

NBRC- 1060 was use! b&Ct &t a tlons
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examined in further detail. Specifically, the eighth test group proves the
incorporation of the silver ion inside the bacterial body and reveals the
10 location and the existence proportion of the silver ion after incorporation
inside the bacterial body by using inductively coupled plasma emission
analysis.

[0092] The ICP emission analysis is such an analysis method that crates a
plasma flame at high temperature of approximately 9000K by allowing
15 argon gas to flow through a high frequency coil through which a high
. degree of current flows, and introduces an atomize solution sample to the

flame in order to use the resulting product as an emission light source.
. [0093] As the sample, Candida albicans NBRC-1060 was used as the
bacterial body, and two test solutions were prepared at a bacterial count of
20 9.5x106/mL for each of the cases bacterial body/water (A and B) and
bacterial body/1100 ppb silver ion water (C and D). In each of the two
different kinds of test solutions, one of the test solutions was not irradiated
with light, while the other was irradiated with a beam of light having a

peak wavelength of 365 nm and an irradiation intensity of 50 mW/cm? for

25 30 minutes. As the light source, an LED (light emitting diode) was used.



bacterial body/ 1100 ppb silver ion water (C and D). In each of the two
different kinds of test solutions, one of the test solutions was not
irradiated with light, while the other was irradiated with a beam of [|ight
having a peak wavel ength of 365 nmand an irradiation intensity of 50
mMVcnR2 for 25 30 mnutes. As the |ight source, an LED (light emtting di ode)
was used. 33 [0094] The above-prepared 3hanples A to D were subjected to
confirmation of a silver ion-light conposite effect using the sane
apparatus and nethod as those described in the first test group. Table 3
shows test fond'tions for each sanpl ? 5 [Table 3] Silver ion concentration
Li ght i rradl0894enThesboxnaipreparedrsamplepAnionl weye sahjegtad o gomigxmptionor ned
Sanple B 0 Performed Sanple C 1100 ppb Not Performed Sanple D 1100 ppb
¢cfl usipgithesmume apparatvs awhaiethods in

Per f or med Fpfja sdlvendow-light compdsatet
3. The results shown in Fig. 8 confirmthat bringing the silver
into cont aas thodehdé¢seeibedcimethieafirdiadyt grouy. odFajdaidsshowdhitdst conditdorad forg it
with 10 Iight significantly enhances the antibacteri al
carryi ng ougaéh by@plé.on contact without light irradiation. Next, the sanples
order to reveal the location

Tabl e

A to D were subjected to the follow ng test

of thegsilver,iipggr porated inside the bacterial

<

body. 15 [0095]

- Silver ion concentration Light irradiation (365 o
v -50 mW/cm2-30 minutes)
Sample A 0 Not Performed
’ Sample B 0 Performed
Sample C 1100 ppb Not Performed
Sample D 1100 ppb Performed

pot ency conpared with

Fig. 8 shows the antibacterial test results of the conditions in Table
3. The results shown in Fig. 8 confirm that bringing the silver ion into
contact with the bacterial body (microorganism) while irradiating it with
10 light significantly enhances the antibacterial potency compared with
carrying out silver ion contact without light irradiation.
Next, the samples A to D were subjected to the following test in
order to reveal the location of the silver incorporated inside the bacterial
. body.
15 [0095]
[Test Method]
After each sample was centrifuged for 10 minutes at 15000
rotations/minute using a centrifugal separator cooled to 4°C, a sediment
(bacterial body) was collected. Then, with the use of Mitochondria

20 Isolation Kit available from Pierce Biotechnology, Inc., the sample

bacterium was separated into a mitochondria fraction, a nuclear fraction,



[ Test Method] After each sanple was centrifuged for 10 m nutes at 15000
rotations/mnute using a centrifugal separator cooled to 4C, a sedi nent
(bacterial body) was collected. Then, with the use of Mtochondria 20

I solation Kit available from Pierce Biotechnol ogy, Inc., the sanple

bacteri um was separated into a mtochondria fraction, a nuclear fraction, 34
and a cytosol fraction. Cytosol refers t¥ a part of cytoplasmw th cell
organel |l es renoved. [0096] After the fractions of the sanple bacterium were
accurately weighed using a mcro-balance, 5 nL of concentrated nitric acid
(61% EL: 5 for high purity chemcals for electronics indystry) and

appr oxi mat ePpd28 eftosl frggtiencndrgeselnaelers ier 8 pardedt cBtq és@a%&b cell
bacterium thus obtaining a total weighing of 30 nL. Then 5 nL of the total
was put i nt organedlesiremaiedand subjected to ul trasonic vibration processing
for approximately five mnutes. 10 [0097] The fraction sanples of each
sanpl e bact §0096h Alftes phepdrationsr ©f shbj emhele tbadt€Fuanm seirenaenalagelys t o
exam ne the anmount of silver. The nethod by which to exam ne the anount of

sidver was sueghadl wBidod hivkb-balahie @ afl, of cofbdeiegted miceddial (63%aElar d
sanple of silver to | em ssion analysis to obtain a calibration curve,

d appl i ed : ' o ! '
and apel | dyakiae A NEnSRACAL I cIEbiFRTRL SRALRuL DR LipbE LRI

[0098] Fig. 9 shows the results em ssi on anal ysi's.

I
the di tri byt off G LQoRRNINIE wilteh! GBke i 1OIHB! Emble HedldRukeXiiaLence

per cent age) "Of anobunt of S er existing 1 n each of ractions’rel ative

to the totgl A0 13a1fheishing W56 MES FIREBhL O Be fotal eSS ECinitS & M€
sonicator and subjected to ultrasonic vibration processing for
approximately five minutes.

10 [0097] The fraction samples of each sample bacterium thus prepared were
subjected to ICP emission analysis to examine the amount of silver. The
method by which to examine the amount of silver was such a method that
subjected in advance an external standard sample of silver to ICP emission
analysis to obtain a calibration curve, and applied values at the fraction

15 samples to the calibration curve.

[0098] Fig. 9 shows the results of the ICP emission analysis. In Fig. 9,
the distribution ratio on the vertical axis indicates the ratio (existence
percentage) of amount of silver existing in each of the fractions relative to

. the total amount of silver, which is assumed to be 1, detected in the

20 mitochondria, nuclear, and cytosol fractions. It should be noted that in
the case with water/no light and the case with water/light, no silver was
detected from any of the fractions, and thus are denoted as zero
distribution ratios.

[0099]

25 [Test Results]



20 mtochondria, nuclear, and cytosol fractions. It should be noted that in
the case with water/no |ight and the case with water/light, no silver was
detected fromany of the fractions, and thus are denoted as zero
distribution ratios. [0099] 25 [Test Results] 35 As shown in Fig. 9, both
in the cases with silver ion/no light and with silver ion/light,
substantially no silver was observed to &xist in cytosol. In the case with
silver ion/no light, a |arger amount of silver was 5 observed in the

m tochondria fraction than in the nuclear fraction. [0100] In the case with
silver ion/light, a |arger anount of silver was observed in the nuclear
fraction than i n Aseshawmdnolig: i% Hathcimi the cases wiith silvennpainosbghbendeen
the case with silver ion/no light and the case with silver ion/light in the
m t ochondr i &ith asilvern i@ohght,msubbtantidlly d® siheor pasabbeervadotot exibt tine
silver ion to the nucleus is approximately 2.8 tines larger in the "with
l'ight" condiftogol. The result reveals that irradiation of the light having a
peak wavel ength of 365 nm (particular beamof light) significantly

i ncr-eases the incpy RAkatdsewalPsINeOfor/AE 158HtY @ larkPP anfoditeoNYAVEM Svasld
[0101] This fact leads to the conclusion that the significantly high

ant i bagf er | ahosttAch chadhaRbRsh &M, thich AR%: B}hd Rublde fhirfopecause of

i rcar porati on of arge anoun ver 1ons to the nucleus by irradiation

of 11Nt hayhpgyarpedl vavel et ol 20mam. Ihe aReverdeserded dagl; al so

| eads to the specu I'on ant i bac I al mvari

. observed in the nuclear fraction than in the mitochondria fraction.
That 1s, a comparison between the case with silver ion/no light and
the case with silver ion/light in the mitochondria fraction confirms that the
10 incorporation amount of the silver ion to the nucleus is approximately 2.8
times larger in the “with light” condition. The result reveals that
irradiation of the light having a peak wavelength of 365 nm (particular
beam of light) significantly increases the incorporation amount of the silver
ion to the nucleus.
15 [0101] This fact leads to the conclusion that the significantly high
. antibacterial effect indicated by e (Ag + 365 nm) in Fig. 8 is because of
incorporation of a large amount of silver ions to the nucleus by irradiation
. of light having a peak wavelength of 365 nm. The above-described fact
also leads to the speculation that the antibacterial mechanism varies
20 between the case of the silver ion alone and the case of bringing the silver
ion into contact with the microorganism while irradiating it with particular
light.
[0102] That is, it is speculated that in the case of the silver ion alone, the

generation of the antibacterial potency is due to an energy metabolism

25 disturbance caused by selective accumulation of silver on the mitochondria,



20 between the case of the silver ion alone and the case of bringing the
silver ion into contact wwth the mcroorganismwhile irradiating it with
particular light. [0102] That is, it is speculated that in the case of the
silver ion alone, the generation of the antibacterial potency is due to an
energy metabolism 25 disturbance caused by sel ective accunul ation of silver
on the mitochondria, 36 while in the c3e of bringing the silver ion into
contact with the mcroorganismwhile irradiating it with particular |ight,
the silver incorporation is pronoted not to the mitochondria but to the
nucl eus, resulting_in an enhanced proliferative disturbance to the

ni cr oor ganivehile 5in) 0thes tape dek thinaging dhec sbiver t iprofintpecamtast wikkentheye
Goup Wth the antibacterial nethod according to the present invention, the
ant i bact er nscrguogentsm ofwhile airradiadiriss teiwitbr padticuleer dightpakhegsilver
possible to prevent growth of mcroorganisns with |ower netal ion 10

concentr at inéwrpordtién idsprarhotdd hosntd hhet mitchofdtiaoBudcotle nguéleushe
present invention realizes a human friendly antibacterialization with
reduced envpERR inPhn cARRARRD BrbloRratiPe detdrBantd'to tRESEFdoREanism.
applicability of the inventive antibacterial nethod is considerable. 37

( Second In\mmg]ve Group) [0104] Background Art of the Second I|Inventive
Group Malignant tunors are serious diseases harnful for human life. In 5

view of thirgq, A5 IAp TGN oAl PRSP IndEYELE8GIupO cure malignant

With the antibacterial method according to the present invention,
the antibacterial potency of metal ions is reinforced, thereby making it
possible to prevent growth of microorganisms with lower metal ion

10 concentrations. Thus, use of this antibacterial method according to the
present invention realizes a human friendly antibacterialization with
reduced environmental contamination. Therefore, the industrial

applicability of the inventive antibacterial method is considerable.



tunors. The nethods for curing malignant tunors are roughly classified into
surgi cal therapy, chenotherapy, radiation therapy, photodynam c therapy
(PDT), and the like. [0105] Surgical therapy is a treatnent that directly
removes a malignant 10 tunor by a surgery, and chenotherapy is a treatnent
that adm nisters an antitunor agent in the body to kill tunor cells or
inhibit proliferation of the tunor cel8%. Since surgical therapy renoves
the target tunmor by surgery, the tunor is certainly renoved. [0106]

However, it is difficult to surgically renmove a tunor that is too 15 minute
to macroscopically recognize. Additionally, in the case of a nalignant
tunor, it is possible that the(Sacond Ingbhtige Grouptancer cell) metastasizes
to some other place, and it is therefore difficult to conpletely renove the
mal i gnant fone4] cell only by surgical therapy. In view of this, generally,
surgical therapy is used in conbination with chenotherapy, 20 which affects

the whol e ekerbe4d Al BaghabkBsd IevéiRivd Ergupr eat ment that kills tunor
cells by irragi ating an affected part wth a high energy beam The high

energy beam has ppg; EAE&HMM&’ a?&geﬁpﬂé i a%%értHa‘fﬁ#f‘uY‘i‘oxt Bﬁﬁi’sﬁ{ Yif&.e'i[n
irrespective of "tundr cells or normal cells. Theretore, the i1rradiation
nmust carried gluc&} 25 wi.th pin i Si on I ed are i s thus

. Lt pre to;a limt e 1t
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tunor cells that a di fficult to.detect the existence. In view of.this,
odiat on dHEHED, - 10e; ety far 808 sRalisnaRh fomvas ron rerehhetened
treatnent, _especi aI,I;i with chenotherapy. 5 [0108] Phot odynam c _t herapy
(PDT) is albbeatwgidlt kherapyseshemetheappyegadiation therapy, photodynamic

therapy (PDT), and the like.
[0105] Surgical therapy is a treatment that directly removes a malignant
10 tumor by a surgery, and chemotherapy is a treatment that administers an
antitumor agent in the body to kill tumor cells or inhibit proliferation of
the tumor cells. Since surgical therapy removes the target tumor by
surgery, the tumor is certainly removed.
[0106] However, it is difficult to surgically remove a tumor that is too
15 minute to macroscopically recognize. Additionally, in the case of a
- malignant tumor, it is possible that the tumor cell (e.g., cancer cell)
metastasizes to some other place, and it is therefore difficult to completely
remove the malignant tumor cell only by surgical therapy. In view of this,
generally, surgical therapy is used in combination with chemotherapy,
20 which affects the whole body.
[0107] Radiation therapy is a treatment that kills tumor cells by
irradiating an affected part with a high energy beam. The high energy
beam has no selectivity and thus is destructive to every cell, irrespective of
tumor cells or normal cells. Therefore, the irradiation must be carried out

25 with pinpoint precision to a limited area. It is thus impossible to apply



affected part after admnistration of a light-sensitive chem cal substance,
such as a porphyrin derivative, that is absorbed in a body cell. The

|l i ght-sensitive chem cal substance such as the porphyrin derivative has the
property of producing a chem cal reaction upon exposure to |laser |ight and
10 generating active oxygen. Wen adm ni stered to human, the porphyrin
derivative rapidly disappears fromnorn88 cells but stays in tunor cells for
a long period of tinme. Uilizing this property, when the |light-sensitive
chem cal substance is adm nistered and the affected part is |aser-irradiated
within a predeterm ned period of time after the adm nistration, the tunor

15 cel | s capdipdice|therammelty romisedd ¢auwEos amd dedurtebatmen®els thatvare ous
treatnments agai nst nmalignant tunors, chenical substances that exhibit

uni que ef f eeffeculh to Hetectviing elmodyncar dmyedy dnthissradiabiem terapyhbist ance
that has a unique effect against malignant tunors, there is known a

pl ati num canpAyAdsbasedd ninc tembidatich with ridhet itee et speciadignivit] 0110]
Specifically, platinumconplexes are known such as cisplatin

(ci-s-di chl gheafgtRePdt i num , platinum carboxyl ate, and platinumsilicon

Al'l of these platinum conpl exes have such a structure that has tetraval ent
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Synthoai s et BreE R TRRRISEAR ol HRhY safelRAH SR bR ™

cancer ool IS ERSeD) BB T sbRaL RS a2 g e
effective. light-sensitive chemical substance such as the porphyrin derivative has the
property of producing a chemical reaction upon exposure to laser light and
10 generating active oxygen. When administered to human, the porphyrin
derivative rapidly disappears from normal cells but stays in tumor cells for
a long period of time. Utilizing this property, when the light-sensitive
chemical substance is administered and the affected part is laser-irradiated
within a predetermined period of time after the administration, the tumor
15 cells can be selectively killed.
[0109] As described above, in various treatments against malignant
tumors, chemical substances that exhibit unique effects in the living body
are used, and as a chemical substance that has a unique effect against
malignant tumors, there is known a platinum compound-based nucleic acid
20 metabolic antagonist agent.
[0110] Specifically, platinum complexes are known such as cisplatin
(cis-dichloroamineplatinum), platinum carboxylate, and platinum silicon.
All of these platinum complexes have such a structure that has tetravalent

platinum as a structural center that is surrounded by a bond of ions of

25 chlorine, ammonium, carboxylic acid, silicon, and so forth. It is believed



o

[0111] Thus, the platinum conpound-based antitunor agents are effective
antitunor agents. However, the platinum conpound-based antitunor agents
cause violent vomting when orally adm nistered or intravenously injected,
and cause side effects such as kidney disorder. Additionally, the 10

pl ati num conpound- based antitunor agents m ght not be sufficiently

ef fective depending on the occurrence |88ation of cancer. Moreover, a |ong
period of use m ght cause drug resistance (such as occurrence of a
cisplatin-resistant cancer) to the detrinent of the effectiveness of the

pl ati num conpound- based antitunor agents. 15 [0112] In view of these

ci r cunst anddat thesthplatizumetomapleres bendgo RNAdNCa cdneémeelt dorbimdent BYBA her

di fferent kinds of platinum conpound-based antitunor agents or conbine a
pl ati num csymbhesis zaska caantr telbdiviaganthat foblosereherdbyr kAhinhgttheoanagent |
but the above-described problens have not been solved yet. Thus, there is a

need for dewdl oAl tARsefplatitieh donepleRes ifiehmadli yaley pedvid@proniinent cell

and not on a normal cell or a technique that inplenents a selective action
on .a tumor gRlcks anghiRet sdliY acdiRl®! agfinkt WhidB]l othRrt BeediehtRi Q46 1ot
selectively kill a tunor cell, the followng patent docunents 2-1 and 2-2

are exgrrpl Igff\?%ﬁv 25 [Patent docunment 2-1] Japanese Patent Application
Puhl i cation V80 2004- 223175 (e.g., claim1l). [Patent docunent 2.2]

Japanese P800 2L S84 BRI e STRETERA T Sre BRI

bubbl es thal &XSte ' ettt ™ Howovel! (HE plAGNASE dompond-basod “Shtitumor
agents cause violent vomiting when orally administered or intravenously
injected, and cause side effects such as kidney disorder. Additionally, the

10 platinum compound-based antitumor agents might not be sufficiently
effective depending on the occurrence location of cancer. Moreover, a long
period of use might cause drug resistance (such as occurrence of a
cisplatin-resistant cancer) to the detriment of the effectiveness of the
platinum compound-based antitumor agents.

15 [0112] In view of these circumstances, such treatments are being
conducted that combine together different kinds of platinum
compound-based antitumor agents or combine a platinum compound-based
antitumor agent with some other antitumor agent, but the above-described
problems have not been solved yet. Thus, there is a need for development

20 of a medicine that selectively acts on a tumor cell and not on a normal cell
or a technique that implements a selective action on a tumor cell and not
on a normal cell.

[0113] As the technique to selectively kill a tumor cell, the following

patent documents 2-1 and 2-2 are exemplified.

25 [Patent document 2-1] Japanese Patent Application Publication No.



to kill at least a part of the tunor cells constituting the tunor. [0114]
Pat ent docunent 2-2 relates to the followi ng technique. A nethod for making
a tissue of a subject vertebrate an active agent transport target,

including: (a) exposing the tissue to an ionizing radiation before, after,
10 while, or during a conbined period of these tinmes when the subject
vertebrate is administered a transport ¥8hicle containing the active agent;
and (b) making the tissue a target of the transport vehicle by the exposure
of the tissue. However, these techniques are still not satisfactory. 15
[0115] Discl osure of {he Second I nventive G oup Problens that the Second

| nventive G084p2231 1 olesp) olimhb).second i nventive group has been made in view
of the above circunstances, and it is a main object of the second inventive
group to dBapentyidirumendciti2hjudapiaese N temd ntAprdicationc t PuklicatioronNon a
tumor cell. Wth this object in mnd, the present inventors conducted an
extensive 20024543164 eg.bakiim DX a uni que viewpoint. As a result, the

foll owi ng pieces of know edge have been found. (1) Irradiating a cell with

a particul ar bearpgtbnt | ddtun &6tORPPr @S sato 20 thidbdie cudiit Hppakat@ghapsi de
the cell conmpared with the case without light 41 irradiation. (2) Wen the

cel | 1p, NOthrehkadibefplis thet AL e Aimbearoathd hitaee TRERorRNRaRH o1 e

the cell cannot be sufticiently Incorporated inside ce ect of
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[0114] Patent document 2-2 relates to the following technique. A method
for making a tissue of a subject vertebrate an active agent transport target,
including: (a) exposing the tissue to an ionizing radiation before, after,

10 while, or during a combined period of these times when the subject
vertebrate 1s administered a transport vehicle containing the active agent;
and (b) making the tissue a target of the transport vehicle by the exposure
of the tissue.

However, these techniques are still not satisfactory.
15 [0115]
Disclosure of the Second Inventive Group
Problems that the Second Inventive Group is to Solve
The second inventive group has been made in view of the above
circumstances, and it is a main object of the second inventive group to

20 provide a technique that implements a selective action on a tumor cell.
With this object in mind, the present inventors conducted an extensive
study on the basis of a unique viewpoint. As a result, the following pieces
of knowledge have been found.

(1) Irradiating a cell with a particular beam of light incorporates a

25 larger amount of ions inside the cell compared with the case without light



d,

[0116] The second inventive group has been made in view of the above

know edge, and it is a first object of the second inventive group to provide
a nethod capable of controlling a cell activity. Mre specifically, the
first object is to provide a nethod for efficiently and sel ectively

incorporating 10 ions in a target living cell, thereby providing a cell
activity control nethod for inhibitingd4ithe cell activity of the target cell
or reinforcing the cell activity of the target cell. It is a second object

of the second inventive group to provide a cell activity control apparatus
capabl e of easily inplenmenting this nethod. 15 [0117] The cell activity
control netimatliatient he apparatus according to the second inventive group
can be applied to, for exanple, cancer patients. Applying the present

i nvention enabl ed2) When ehticelleist hyt irradigtod avhrepakticular Isqzaniefdigistyi ng an
antitunmor effect only in a malignant tunor cell. This selectively kills the

mal i gnant tyepdl.ioh8 8uedide tREE11MANnD0E Be BRI R tlydD chilok8led/Bdide @El1Real i zi ng
the Objects of the Second Inventive G oup The second i nventive group

directed to a celds) atel dof FAMABheingHROkIE QriltPal baRidd1gr BRAKPOfifRRE! Ded

objects is characterized as fo \ A cell activity control net or
oto cont acteali nAEq ALY Yal QT Bkatie Qe B 7MY 08 T o
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with a particular beamof |ight while o )
method capable of controlling a cell activity. More specifically, the first
object is to provide a method for efficiently and selectively incorporating
10 ions in a target living cell, thereby providing a cell activity control method
for inhibiting the cell activity of the target cell or reinforcing the cell
activity of the target cell. It is a second object of the second inventive
group to provide a cell activity control apparatus capable of easily
implementing this method.
15 [0117] The cell activity control method and the apparatus according to the
second inventive group can be applied to, for example, cancer patients.
Applying the present invention enables it to efficiently incorporate metal
ion species having an antitumor effect only in a malignant tumor cell.
This selectively kills the malignant tumor, thereby reducing side effects.
20  [0118]
Means of Realizing the Objects of the Second Inventive Group
The second inventive group directed to a cell activity control
method to realize the above-described objects‘ is characterized as follows.

A cell activity control method for controlling a cell activity by using an ion

25 includes: bringing the ion into contact with a cell after irradiating the cell



bringing an ion into contact with the cell or after bringing the ion into

contact with the cell, or the cell is irradiated with a particul ar beam of
light in a state where the cell is in contact with the ion. Irradiating the
cell wth the particular beamof light facilitates ion perneation through

cell 10 nenbrane. Thus, contacted ions are effectively incorporated inside
the cell. [0120] That is, with the aboJe-descri bed configuration, a |arger
anount of ions are incorporated only in a cell that exists in a
light-irradiated site. The ions incorporated inside the cell directly
affect cellular metabolis 15 and therefore, selecting the kind of ions to
be i ncor porwitdd acpastiealart beam péilightr v while prefigtinatthencell wiih tthe cel |
proliferation. That is, with the above-described configuration, the cell
activity capamtecudanbean efl lighdil 2t irdadiating thei celb enth gupattiodanfbaame ofet hod
according to the second inventive group, the cell may be an animal cell.

Addi ti onal | Nght {ita @ehle wBBraathid ¥éll ¥s Foadrtakt with tlee agi ¢ configurati on may
be such control that inhibits cell proliferation by, after or while
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animal cell into contact with an ion for reducing activity of the ani nmal
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55 o et O e o)L P B T L BB 08 e ©
Coneral 1y, LuTer Gl 5 SSP5GL AL L LANRRL LT Sl LB e sctiten
tunor cell Sina;estiassé %&C'i}ixgeeghgm céﬂ ig irr)la:;(grilt%léilz %&tit}?et%rg i%fn.I ilggdia%i?leg 1i:}(1)en cell

with the particular beam of light facilitates ion permeation through cell

10 membrane. Thus, contacted ions are effectively incorporated inside the
cell.

[0120] That is, with the above-described configuration, a larger amount of
ions are incorporated only in a cell that exists in a light-irradiated site.
The ions incorporated inside the cell directly affect cellular metabolism,

15 and therefore, selecting the kind of ions to be incorporated enables it to
reinforce cell proliferation or inhibit cell proliferation. That is, with the
above-described configuration, the cell activity can be controlled.

[0121] In the basic configuration of the method according to the second
inventive group, the cell may be an animal cell. Additionally, the cell

20 activity control in the basic configuration may be such control that inhibits
cell proliferation by, after or while irradiating an animal cell with the
particular beam of light, bringing the animal cell into contact with an ion
for reducing activity of the animal cell so as to increase an incorporation

amount of the ion inside the animal cell.

25 [0122] The operative effects of the second inventive group are more



incorporation is accelerated, and at the sane tinme the effects of the

i ncorporated ions on the |living body are notably exhibited. That is,
applying antitunor ions after or while irradiating a tunoral affected part
with a particular beam of |ight causes incorporation of a high concentration
10 of the antitunor ions in the tunor cell, where the antitunor ions operate
to inhibit cell proliferation. In the nhntinme, cells existing in regions
that are not directly irradiated with the particul ar beam of 1ight
incorporate no antitunor ions or few antitunor ions, if any, and thus cel
proliferation is not prevented. Aﬁditionalhg, even in the region irradiated
with the 15efectivelulexhibded with| agimal eddisralTheltechnical sigmificamee p this

i ncorporation anount of antitunor ions conpared with malignant tunor cells,
and t her ef il bei ddscribedlveithid twador €ll 2dkeTlaatan exarmples confi gurati on
enabl es sel ective incorporation of antitunmor ions only in light-irradi ated

turmor cel | s[0TB3] sGeaatdlie Tusamicells, 28pac¢ighlyf matighaat ftaaiort &ls, tare detiviel Ng
ef fect against tunmor cells is high and normal cells are not damaged (side

effects arejf QaoERGhtivAditiviOnah | Night fage of Rl Getipity R Naf3BLSSwhén (the
effectively incorporate antitunor tons in the tunor cells by irradiation of
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with a particular beam of light causes incorporation of a high concentration
10 of the antitumor ions in the tumor cell, where the antitumor ions operate to
inhibit cell proliferation. In the meantime, cells existing in regions that
are not directly irradiated with the particular beam of light incorporate no
antitumor ions or few antitumor ions, if any, and thus cell proliferation is
not prevented. Additionally, even in the region irradiated with the
15 particular beam of light, normal cells are small in the incorporation
amount of antitumor ions compared with malignant tumor cells, and
therefore will not be killed.
[0124] That is, this configuration enables selective incorporation of
antitumor ions only in light-irradiated tumor cells. This realizes such a
20 significant effect that the killing effect against tumor cells is high and
normal cells are not damaged (side effects are reduced). Additionally, this
configuration enables it to effectively incorporate antitumor ions in the
tumor cells by irradiation of the particular beam of light, thereby reducing

the amount of application of medicine onto the affected part. This also

25 reduces side effects.



the metal ion, at |east one ion selected fromthe group consisting of a
silver ion, a copper ion, and a zinc ion may be used. [0127] Metal ions are
preferably used for their stability, and in particular, a nmetal ion
selected fromthe group consisting of a silver ion, a copper ion, 10 and a
zinc ion is preferable in that operability to cell activity is high.
Additionally, the effect of increasing t i on incorporation anount by
irradiation of the particular beamof light is notably exhibited with netal
ions. [0128] In the above configuration, as the netal ion, a nmetal ion

contained 15 in a netal_ ion-contajning golution may be used. This

confi gurat i t(hl?ﬂci%i w%a%eber%ﬁ, c’é’fthlgﬂmbf)? Pﬁ%hf?éﬂlpnl)ééﬁi usRaraf a terphthat ne
metal ion-containing solution is a solution containing the above-described
pl ati num coeptempaagss, ynmglditipe teonhibisiononf eell Havisiomprinhibisionesf: gudwidr t
enables it to bring the netal ion having an antitunor effect 20 into contact
with the tuoba el itselindetkenianf iemunier effelitat and deléh affdekilidg qfahe csilk h a
particul ar beam of light enables it to kill or the like only the malignant

tuner cell ab d Rgudf diehebitfoal 6f cdlDdiR9$iohainegawle, in the case of a
stomach cancer, after the solution containing the platinumconplex is

drunk, gthe [g126]i #hit08 Hoveh@nTAflra¢idhd! a RetdeRR flay Ledd aBBhebBncarAd ed

out .to a particular site by using a fiber scope 45 having at its tip a

b
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a metal ion selected from the group consisting of a silver ion, a copper ion,
10 and a zinc ion is preferable in that operability to cell activity is high.
Additionally, the effect of increasing the ion incorporation amount by
irradiation of the particular beam of light is notably exhibited with metal
ions.
[0128] In the above configuration, as the metal ion, a metal ion contained
15 in a metal 1ion-containing solution may be used.
. This configuration facilitates ion contact of the cell. For example,
when the metal ion-containing solution is a solution containing the
. above-described platinum complex, applying this solution onto the tumoral
affected part enables it to bring the metal ion having an antitumor effect
20 into contact with the tumor cell, and thereafter, irradiating the affected
part with a particular beam of light enables it to kill or the like only the
malignant tumor cell of the affected part.
[0129] For example, in the case of a stomach cancer, after the solution
containing the platinum complex is drunk, the irradiation of the particular

25 beam of light may be carried out to a particular site by using a fiber scope



affected part. This enables it to kill only a cancer cell extrenely
reasonably. [0130] In the above configurations, as the particul ar beam of
light, a beam of light that acts on an ion-perneabl e channel of an ani mal
cell menbrane 10 may be used. Enploying this configuration facilitates ion
perneation through nenbrane because the irradiation of the particul ar beam
of light opens the ion-perneable channd® of the animal cell nenbrane. Thus,
with this configuration, ions that are brought into contact with the ani mal
cell can 15 be efficiently incorporated inside the cell, thereby efficiently
controlling the cell activity. [0131] Here the "jon-pernegabl e channel of an
ani mal cel IhaxipBrahéts tipypileght irradmiton fpaetien gy bile vaanally i shegkingyshence
transport nechanism in which nenbrane transport protein involves, but the

i on- per reatpartizmlahaadhrongh thetfiler $dopet edlternativelihowe dfua fikerisedet o
enconpass all channels that incorporate ions fromoutside to inside of the
cel | throughating atamisntip bethH lighthirradiatiodlARjction e sdloavwncappligatiedi ons,
as the particular beamof light, a beam of light that has a peak wavel ength

of 300 to 6RGchisnNBNabIes Usewd irtaditbesin affebiednpaihdéartas @lDewithMigdlengt h
in the range of 300 to 46 600 nmis superior in the effect of reinforcing
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, reasonably.
[0130] In the above configurations, as the particular beam of light, a beam
of light that acts on an ion-permeable channel of an animal cell membrane
10 may be used.

Employing this configuration facilitates ion permeation through
membrane because the irradiation of the particular beam of light opens the
ion-permeable channel of the animal cell membrane. Thus, with this
configuration, ions that are brought into contact with the animal cell can

15 be efficiently incorporated inside the cell, thereby efficiently controlling the
cell activity.
[0131] Here the “ion-permeable channel of an animal cell membrane”
typically means a permeable channel in a substance transport mechanism
in which membrane transport protein involves, but the ion-permeable
20 channel will not be limited to the above but is used to encompass all
channels that incorporate ions from outside to inside of the cell through the
animal cell membrane.
[0132] In the above configurations, as the particular beam of light, a beam

of light that has a peak wavelength of 300 to 600 nm may be used.

25 A beam of light that has a peak wavelength in the range of 300 to



cells is influenced by the wavel ength and irradiation intensity of the
light, and the effect can be sufficiently exhibited when the irradiation

i ntensity of the light is within the above range. In the above
configurations, the animal cell may be a tunor cell. 10 A tunor cell is nore
active in proliferative activity than a normal <cell, and thus bringing an
ion into contact with the tunor cell af#ér or while irradiating it with the
particul ar beam of light significantly accelerates incorporation of the ion
inside the tunor cell. The incorporated ion exhibits its effect nore
notably in a cell that is active in proliferative 15 activity. Therefore,
this i nventGQnpeisnstpariey i ghe eldectcafi reinfpreing ion|nermeahilify yith respect
controllability with respect to tunor cells. [0134] Here the tunor cell
refers to docaiimalicellesaedthue impréfenable asthenpaitywdat beamaof light. ers from
normal cells physiol ogically, norphologically, or biochemcally. In

particul ar, when Addicionatly, ithe gadiadion 'intdrnsgiyant e pagticukal bean bifs is

i ntended to nmean a cell such as a cancer cell that has the property of

i vadi ng a IpshnsakhesOdtS 808000 p&V/chizssue (perneation) or netastasizing
and proliferating in sites inside the animal body. Exanples of the cancer

cell 1cl udp188] IPhd Rifect Y MeTAICELARTR paPheABAy Rith FRLHEHME afittag (SuCh

as stomach cancer, colon cancer, U g cancer, can reast
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ion, such a ioqﬁgpy be. used %hat 5 has a greater proliferative disturbance
effect agaithetlgMIsiHHIn Et pbpYRFRREE.

In the above configurations, the animal cell may be a tumor cell.

10 A tumor cell is more active in proliferative activity than a normal
cell, and thus bringing an ion into contact with the tumor cell after or while
irradiating it with the particular beam of light significantly accelerates
incorporation of the ion inside the tumor cell. The incorporated ion
exhibits its effect more notably in a cell that is active in proliferative

15 activity. Therefore, this inventive method has high selectivity and cell
activity controllability with respect to tumor cells.

[0134] Here the tumor cell refers to a cell, irrespective of benign or
' malignant, that differs from normal cells physiologically, morphologically,
or biochemically. In particular, when reference is made to a “malignant

20 tumor cell,” this is intended to mean a cell such as a cancer cell that has
the property of invading a boundary with some other tissue (permeation) or
metastasizing and proliferating in sites inside the animal body. Examples
of the cancer cell include cells that form carcinomas that occur on
epidermic cells (such as stomach cancer, colon cancer, lung cancer, liver

25 cancer, and breast cancer), sarcomas that occur on non-epithelial cells



normal cell. Since a normal cell and a tunor cell differ fromone another in
physi ol ogi cal or biochem cal properties, the normal cell and the tunor cel
in many cases have different degrees of proliferative disturbance or 10
proliferative reinforcenent for identical ion species. Therefore, wth the
above configuration, which uses an ion having a high proliferative

di sturbance effect against the tumor ceM7, and additionally, involves
irradiation of a particular beamof light, only the proliferation of the
tumor cell can be selectively controlled in a nore intensive manner. 15
[0136] The second inventive group directed to a cell activity, control

appar at us t@uﬁbaﬁ}s oateORRI QB eChalrpp aca My j liRgsarreman, angc pagiosancama),
follows. A cell activity control apparatus includes: a |ight source portion
for out putandghembtepniefic | fuphorshahahgoccuseah hawsitepoiekisi celsrengh e 300
to 600 nmand an irradiation intensity of 500 to 500000 pWcn2; an 20

i rradi at i nglep@retriiannfadignguit diymyp Holmea, eadmnfelémght out put from the |ight
source portion to an animal cell and irradiating the animal cell with the

beam of |i gli1358Mkh EheCAHSRCEoITRAIra@idnf @6 theiipa] Sieciaan iR hay BeaRHaGBhtW t h
the animal cell. [0137] Wth this configuration, a beamof |ight having a

peak vel | 3 ; hiadieat 4
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portion and, '?p jjo the animal cell and irradiated thereto by the
irradiating portion. This opens the ion-perneable channel of the ani nal
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the ani mal gﬁ}lfsliblog?cﬁ’orabnloglegr%gc% upsroggl\‘/tiiens(‘:,] the normal cell and the tumor cell
in many cases have different degrees of proliferative disturbance or
10 proliferative reinforcement for identical ion species. Therefore, with the
above configuration, which uses an ion having a high proliferative
disturbance effect against the tumor cell, and additionally, involves
irradiation of a particular beam of light, only the proliferation of the tumor
cell can be selectively controlled in a more intensive manner.
15 [0136] The second inventive group directed to a cell activity control
. apparatus to realize the above-described objects is characterized as follows.
A cell activity control apparatus includes: a light source portion for
outputting a beam of light having a peak wavelength in a range of 300 to
600 nm and an irradiation intensity of 500 to 500000 pW/cm2; an
20 irradiating portion for guiding the beam of light output from the light
source portion to an animal cell and irradiating the animal cell with the
beam of light; and a contact portion for bringing an ion into contact with
the animal cell.

[0137] With this configuration, a beam of light having a peak wavelength

25 in the range of 300 to 600 nm and an irradiation intensity of 500 to 500000



this configuration controls activity of the animal cell easily and rapidly.
Effects of the Second Inventive Goup [0138] The second inventive group
provi des the notable effect of causing ions to be efficiently incorporated
inacell, e.g., a human malignant tunor 10 cell. Thus, suitably selecting
the ion species to be incorporated and the particul ar beam of |ight enabl es
it to control cell activity of any tunod8cell, and to selectively inhibit
proliferation of, for exanple, a cancer cell. [0139] Brief Description of
the Draw ngs of the Second Inventive Goup 15 Fig. 10 is a schematic di agram
of an apparatus for generating a netal ion. Fig. 11 is a diagramfor

i |1 ustratingWameis oxgput from ddet light sewrredportian andnguided: trethe aammal

i nventive group. Fig. 12 is a schematic diagramof a cell activity control
apparatus cll andoimadipted theres®dgndhe nireadiatmeggpovtion] 0IPHi ogdvessthe pti on
of Reference Nuneral] 201 Metal ion storage vessel 202 Metal plate 25 203
Sol uti on 49onZpdntddtde chadhe Eoft tHeOakigeal2éedl. CeAdditiRally she cadt@cPpshtidn 207

Li ght source
. - brings an ion into contact with the animal cell. This enables the ion to be
5 efficiently incorporated inside the animal cell. Thus, an apparatus having
. this configuration controls activity of the animal cell easily and rapidly.
Effects of the Second Inventive Group
[0138] The second inventive group provides the notable effect of causing
ions to be efficiently incorporated in a cell, e.g., a human malignant tumor
10 cell. Thus, suitably selecting the ion species to be incorporated and the
particular beam of light enables it to control cell activity of any tumor cell,
and to selectively inhibit proliferation of, for example, a cancer cell.
[0139]
Brief Description of the Drawings of the Second Inventive Group
15 Fig. 10 1s a schematic diagram of an apparatus for generating a
metal ion.
Fig. 11 is a diagram for illustrating a cell activity control method
according to the second inventive group.
Fig. 12 is a schematic diagram of a cell activity control apparatus
20 according to the second inventive group.
[0140]
[Description of Reference Numeral]
201 Metal ion storage vessel
202  Metal plate

25 203 Solution



208 lon solution brought into contact with cell 209 Black box 211 Metal ion
generating vessel 212 Metal plate 10 213 Applied voltage 214 lon-1ight
transport tube 215 Syringe portion 216 Light source portion 217 Application
target portion (cell) 15 218 Fluorescence detecting portion 219 Conputer
220 First control portion 221 Second control portion 20 [0141] Best Mbode
for Carrying out the Second Inventive GABup The second inventive group
provi des a nethod for causing a larger nunber of ions to be incorporated in
aliving cell in a short period of time while at the same tine providing a
cell activity control apparatus to which 25 the nethod is applied. 50 The
"ion," which is #222onstIedMUreeRingHrcef t he second i nventive group, refers
to a positively or negatively charged atomor a group of such atons, and
t he second invent20de giGelb enconpasses all ion species. lons are highly
reactive particles, and thus when put into a living cell, they 5 have sone
effect on the |i\0dg cdhkh The degree and substance of the effect depends
on the kind of the ion species. The kind of the ion species refers
* 206  Dish
. 5 207  Laght source
- 208  Ion solution brought into contact with cell

209  Black box

211 Metal ion generating vessel

212  Metal plate

10 213  Applied voltage

214  Ion-light transport tube

215 Syringe portion

216  Light source portion

217  Application target portion (cell)

15 218 Fluorescence detecting portion
219 Computer
220  First control portion

221 Second control portion

20 [0141]
Best Mode for Carrying out the Second Inventive Group
The second inventive group provides a method for causing a larger
number of ions to be incorporated in a living cell in a short period of time
while at the same time providing a cell activity control apparatus to which

25 the method is applied.
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to whether the ion is a positive ion or a negative ion, whether the ionis a
nmetal ion, an organic ion, or an inorganic ion, what the constituent el enent
is, and the like. Additionally, the degree of the effect varies, even in the
10 case of identical ion species, depending on the kind of the cell to which
the 1ion species is applied and on the anmpbunt of ions incorporated inside

the cell. In view of these circunstand®, selecting the ion species and
i ncorporating a larger amount of the ion species inside the living cel
enables it to reliably control the cell activity of the living cell. 15

[0142] The target cell of the second inventive group is a cell having a cel
nmenbrane, and anyheefipn,”nahighyical conrdiyenhedement afctheneenopdssentive t he
second inventive group, exanples including plant cells, animl cells,

m crobi al egedbu,r fer a positnvelyiorusesativitle chiavged déemr ¢tbedgroop ofi duchbe

sel ected according to the purpose of application (reinforcenent or

i nhi bi ti ona2émef anéltheagicoudtinyentind groam édvenvpasspeiall ied spatiebi t Iowg t he
activity of human and animal malignant tunor cells, nmetal ions (positive

lons) are prefHERB} feactiv@pRlrEisled! andethi®é avhd® PutSiiera diving &1 gidyect of
inhibiting cell activity include a silver ion, a copper ion, a zinc ion, a
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is, and the like. Additionally, the degree of the effect varies, even in the

10 case of identical ion species, depending on the kind of the cell to which the
10n species is applied and on the amount of ions incorporated inside the cell.
In view of these circumstances, selecting the ion species and incorporating
a larger amount of the ion species inside the living cell enables it to reliably
control the cell activity of the living cell.

15 [0142] The target cell of the second inventive group is a cell having a cell
membrane, and any cells having cell membranes will be encompassed by
the second inventive group, examples including plant cells, animal cells,

. microbial cells, bacteria, and viruses. The above-described ion will be
selected according to the purpose of application (reinforcement or inhibition

20 of cell activity), and from the viewpoint of inhibiting the activity of human
and animal malignant tumor cells, metal ions (positive ions) are preferable.
Examples of the metal ions superior in the effect of inhibiting cell activity
include a silver ion, a copper ion, a zinc ion, a cadmium ion, and a mercury
ion. Among these metal ions, silver and/or copper are highly safe for

25 human body and have potent effects on tumor cells, and thus are useful



t hat prevents external substances (outside the cell) from passing
therethrough, and irradiating the animal cell wth a particular beam of
light significantly increases the ion netal perneability. Thus, bringing 10
the metal ion into contact with the animal cell after or while irradiating
It with a particular beamof |ight provides a notable cell activity control
effect. [0144] The second inventive grofip provides a notable cell activity
control effect particularly with malignant tunor cells. Exanples of the
mal i gnant 15 tunor cells to which the second inventive group is
conveniently applied include tissue cells such as carcinomas that occur on
epi dermi ¢ dedmstheswiewpast of shaghirpase of inbdlitimgepradferatiom@f anabegnant i ver
cancer, and breast cancer), sarconas that occur on non-epithelial cells
(such as osueosatedlda, chondrosarconm, |iposarcona, and angi osarcom), and
hemat opoi etic 20 tunors that occur on hematopoiesis cells (such as |eukem a,

mal i gnant [byaphoWRileahd Apsi@ition tHddt of ahalde¥on@igléhBvalghenp dbilPabhogeni c
viruses can be inhibited by applying the second inventive group thereto.
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speed of passing through the nenbrane varies ) )
therethrough, and irradiating the animal cell with a particular beam of

light significantly increases the ion metal permeability. Thus, bringing
10 the metal ion into contact with the animal cell after or while irradiating it
with a particular beam of light provides a notable cell activity control
effect.
[0144] The second inventive group provides a notable cell activity control
effect particularly with malignant tumor cells. Examples of the malignant
15 tumor cells to which the second inventive group is conveniently applied
‘ include tissue cells such as carcinomas that occur on epidermic cells (such
as stomach cancer, colon cancer, lung cancer, liver cancer, and breast
cancer), sarcomas that occur on non-epithelial cells (such as osteosarcoma,
. chondrosarcoma, liposarcoma, and angiosarcoma), and hematopoietic
20 tumors that occur on hematopoiesis cells (such as leukemia, malignant
lymphoma, and myeloma). Additionally, proliferation of pathogenic
viruses can be inhibited by applying the second inventive group thereto.
[0145) The membrane permeable channel that selectively allows metal
ions to pass therethrough is typically a permeable channel in which unique

25 membrane transport protein in the animal cell membrane involves. This



depending on the kind of the nmetal. [0146] It is also speculated that the
passi ng speed through nenbrane is related to the difference in ion
concentration (concentration gradient or 10 potential gradient) between
outside and inside of the cell menbrane. It is speculated that such nenbrane
per neabl e channel is usually closed to atnosphere, and upon receipt of a
predet ermi ned | evel of stinulation, thed2channel opens to allow particular
nol ecul es and ions to pass therethrough. [0147] In the second inventive
group, the nmenbrane perneabl e channel is 15 stinulated by the particul ar
beam of |ight and thereby functionally opened. Note, however, that the
present i nbexmeghlechpnngl thansnorts ealy parsicwiammmoleewgamnd ipns medal uni que
menbrane transport protein involves. The ion-perneable channel referred to
in the secdoms)i meidei vlee gredip Thmsorphes ethal henthannel permaablenchaasel t hei r
ion incorporation amount 20 inside living cells upon irradiation of

particul ar iheélves din thghlernddtisi, #ois bpecylatdd chharsobrammefals icght pavdi ch is
a constituent elenment of the second inventive group, such a |light

wavel engt h thpousll {1 sRbRbrGHe wAEIOIThEE hmetdlBe ckhnsk Qfas%h@h%@hié&?%}l on
e

target cell, that can increase the ion incorporation anount insi he cel

and/ ors t he 4 i ti i -] ar : | i ght

oy be” sl CepegUe bR Il SR ERY mERpIAG phinegols pRBLEh LS schAE, |

and general | b f .1 Jght [ vel engt h. i r of 300
octurd a%gfntgat {HE spp?é h{)"@ H%SB&#; t;}:}g@ﬁa&mtv X élﬁ%@ﬁ%grg? gér"rgg

nmto 600 nmis used. Beans of avi ater
than 600 nmare ,snall .in;th ffect o openi ng the ion-perneabl e channel,
while wit hrgﬁé’ﬁﬁgnlﬁ Opitbﬂtklﬂg\??ﬁbe@ el engths of smaller than 300 nm the
light itself mght dagage normal . cells, which is not preferable. )

Addi ti onal |[9,14§ﬁgt B gpeqylgted fhat fhe passing speeé) through membrane is

related to the difference in ion concentration (concentration gradient or

10 potential gradient) between outside and inside of the cell membrane. It is
speculated that such membrane permeable channel is usually closed to
atmosphere, and upon receipt of a predetermined level of stimulation, the

channel opens to allow particular molecules and ions to pass therethrough.

[0147] In the second inventive group, the membrane permeable channel is

15 stimulated by the particular beam of light and thereby functionally opened.

‘ Note, however, that the present invention will not be limited to permeable
channels in which unique membrane transport protein involves. The

- ion-permeable channel referred to in the second inventive group
encompasses all channels that increase their ion incorporation amount

20 inside living cells upon irradiation of particular beams of light.

[0148] For the particular beam of light, which is a constituent element of
the second inventive group, such a light wavelength should be selected,
according to the kind of the application target cell, that can increase the
10n incorporation amount inside the cell and/or the ion incorporation speed.

25 That is, the particular beam of light may be selected according to the kind



wavel engt hs of smaller than 300 nm m ght damage operators to the detrinent
of operatability. [0149] The irradiation intensity of the particular beam of
light may be 10 conveniently determ ned according to the state of the
application target cell and the purpose of the cell activity. Cenerally,
the irradiation intensity is in the range of 500 to 500000 pWcnR2. This is
because with a light irradiation inten838ty of 500 pWcn®2 or nore, the

i on- per neabl e channel of the aninmal cell nenbrane can be stinul ated,
whereas when the light 15 irradiation intensity exceeds 500000 pWcn®2, the
effect on the ion-perneable channel substantially reaches its maxinumto

t he detri mohtthe sippdisatiopeiargehaeideand @enorally a heam ghlighbhaying arpeak
generating the above-described particular beamof light, solid Iights such
as an LED Wawtléngthi inithg dimgiedf 800 am LO 6D nph as ewsedi. odddgmard hghb- t ype
lights such as a black light and a hal ogen |ight source may be used. The LED

and LD ar e lngvagipegkovavelonptiad of pesatar ehan G0bhe afe sonaldl il thaeffecgbt
wavel ength, are easy to nount in the apparatus to control cell activity

(cell acti 'bﬁiﬁg)%reoho@?eﬁh@hu@ chaifleBr #hiRAADh 2BEAMS o LHAtMha9ing0St .
25 [0151] The period of time for the light irradiation to the cell may be 54

B B o T T S
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5 more specitisally, ap Loradl ablon £f 9,800,400 gutes, or, d0.80 39 Foutes
detriment of operatability.
[0149] The irradiation intensity of the particular beam of light may be
10 conveniently determined according to the state of the application target cell
and the purpose of the cell activity. Generally, the irradiation intensity is
in the range of 500 to 500000 nW/cm2. This is because with a light
irradiation intensity of 500 pW/cm?2 or more, the ion-permeable channel of
the animal cell membrane can be stimulated, whereas when the light
15 irradiation intensity exceeds 500000 pW/cm2, the effect on the
ion-permeable channel substantially reaches its maximum to the detriment
of cost performance.
[0150] As the light source for generating the above-described particular
beam of light, solid lights such as an LED (light emitting diode) and an LD
20 (laser diode), and bulb-type lights such as a black light and a halogen light
source may be used. The LED and LD are advantageous in that they are
capable of controlling light wavelength, are easy to mount in the apparatus
to control cell activity (cell activity control apparatus), and are

advantageous in terms of cost.

25 [0151] The period of time for the light irradiation to the cell may be
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The particular beamof light can be transmtted to the application target
site (cell) using a light transm ssion apparatus such as an optical fiber.
Additionally, the ion can be easily brought into contact with the 10
application target site (cell) as an ion-containing solution by nmeans of,

for exanple, a cannula or an injector. [01521 The second inventive group
will be described in detail on the basi84 of test exanples (test exanples as
exanpl es according to the second 15 inventive group). (Exanple 1 of the
Second Inventive Goup) Exanple 1 of the second inventive group relates to a
cell activity control nmethod., [01531 20 (First Test) As the ion to control
the cel |l acvnvemipntly set ancordingwés theekmef ti8: |ivar to sechmwedcttdei xed in
that it is small in its tendency for ionization, hardly emts electrons, is
di fficult tconceatadataen, dhel ceHsspecsdsaraak the iceljlxa)luﬂieectﬁ’mdexmpm)tiinathe)f

+0. 8V and thus hardly beconmes a cation. Therefore, 25 when silver in a netal

state i s pihsé rﬁfoiﬂlﬁbﬂﬁn%tﬂ%lﬁeﬂa&fn doeguatiowasell Yddbved ! fub@. ldryngeglv of
this, in exanple 1, as the nmethod by which to prepare the silver

| on-cont ai '&hﬁGeﬁ Qhuli 11r§é&ﬁtr%n”ﬁhfb0fé W&%ﬁtél@ai nﬁ&lﬁ'té 6 1aHouP|a°1f& ric

field to the 5| ver pecifically, as shown in Fig. 10, two pure- si lver
pl at es; 202 1 and 5
a vol tage 0 {Eéﬁéd %/\I/géﬁg\gp (% OI%% %r Ee):}n?nét%ﬁ)j&vg g@&%;ﬂuﬁlgﬁégﬁ of 10
to 50 mA b%%‘f‘ﬁ%ﬁou?e pl ates. Thus, S|Iver ions were allowed to elute in

The particular beam of light can be transmitted to the application
target site (cell) using a light transmission apparatus such as an optical
fiber. Additionally, the ion can be easily brought into contact with the

10 application target site (cell) as an ion-containing solution by means of, for
example, a cannula or an injector.
[0152]

The second inventive group will be described in detail on the basis

of test examples (test examples as examples according to the second
15 inventive group).

(Example 1 of the Second Inventive Group)

Example 1 of the second inventive group relates to a cell activity
control method.

[0153]
20 (First Test)

As the ion to control the cell activity, a silver 1on was prepared.
Silver is characterized in that it is small in its tendency for ionization,
hardly emits electrons, is difficult to oxidize, and has a standard single
electrode potential of +0.8V and thus hardly becomes a cation. Therefore,

25 when silver in a metal state is put into water, the silver does not easily



the solution, thereby preparing a silver ion-containing solution 203. [0154]
As the above-described solution, a phosphate buffer solution (PBS(-)) nade
of 8.0 g/L of NaC, 0.2 g/L of KC, 1.15 g/L of Na2HPO4, 0.2 10 g/L of
Na2PO4, and water was used. As the vessel 201 (Fig. 10) for generating the
silver ion-containing solution, a beaker nade of glass was used. The
material of the vessel 201 is preferabl $5inactive to the silver
ion-containing solution, and it is therefore preferable to use a vessel nade
of glass, resin such as acrylic resin, Teflon (registered trademark), and
15 stainless. [0155]. Wth the above-described nethod, an electrification of,
for exanpl eluteso Inekiswuof 4his Ansexgmplesd| as the meshod by whick & mreparef
approximately 1 ppm It should be noted that the silver ion-containing

sol uti on mthelslverGopreeptaiadng sohyia, | sueh a orethed| wae usepdbat iapalied,art g of
silver ion zeolite available from Sinanen Zeom c Co., Ltd. or NFG (NFG Ag
ion zeol it eledtric fidld tputheisilveran8petificalg asnsHdwniin Higpld etwapare-silhes
preparing a silver ion-containing solution of 100 ppm [0156] Next, as an

appl i cati orplhfdsoR02 GRlrk inPmBEEdAN N areBSEaR01 RAtlE anstitidfraoethaeuannug cel |
(rmalignant tunor cell) was prepared. This 56 <cell (in 2 X 105 pieces) was

blaceds on 3 Dok hp ﬁ?gacfxeleg% A PR BrddiPR) AWV D bR o defp e T T om

I|'WAKI Housewar e sul t abl e anobunt of a culture sol uti on was

put in the tgi g(ﬁ]'m ) e%u%ﬁég}%euéia%ﬁﬁﬂm K‘lilhgnsil g l?o &%%E Lﬁrlf%vgeoc% tﬂ&ie?lrftew?t? used

that a cul ture” nmedi um (NI'ssui™ Séi yaku was m xed
wth 19 of haluam ng. 1006 ol 500, MNr U8R SRR fror BeO T et4
[0154] As the above-described solution, a phosphate buffer solution
(PBS(-)) made of 8.0 g/L of NaCl, 0.2 g/L of KCl, 1.15 g/L of NagHPO4, 0.2
10 g/ of NagPO,;, and water was used. As the vessel 201 (Fig. 10) for
generating the silver ion-containing solution, a beaker made of glass was
used. The material of the vessel 201 is preferably inactive to the silver
1on-containing solution, and it is therefore preferable to use a vessel made
of glass, resin such as acrylic resin, Teflon (registered trademark), and
15 stainless.
[0155] With the above-described method, an electrification of, for example,
60 seconds at 12.5 mA results in a silver ion solution of approximately 1
ppm.
It should be noted that the silver ion-containing solution may be
20 prepared using silver ion zeolite. Specifically, 1 g of silver ion zeolite
available from Sinanen Zeomic Co., Ltd. or NFG (NFG Ag ion zeolite) may
be put into and stirred in 10 mL of pure water, thus preparing a silver
ion-containing solution of 100 ppm.

[0156] Next, as an application target cell, a human laryngeal

25 cancer-derived squamous cell (malignant tumor cell) was prepared. This



amount of phenol red. Two test dishes Cl and D1 with malignant tunmor cells
therein were prepared. [0157] The above-described test dishes Cl1 and D1 were
placed in a CO 10 incubator for 2 to 3 days until the tunor cel
proliferated to 8 X 105 pieces on the bottom surface of each dish. Then,
the culture solution in the dish was renoved using an aspirator and the
cells were rinsed with 10 nL of Dul bec86's phosphate buffer

sol uti on/ phosphate buffer solution H The rinsing is an operation for
elimnating the influences of the culture solution 15 and judging only
effects realized by silver ions. [0158] Simlarly to the above, the,
phosphat e 56l @n %gﬂl&éi pigces)) wag placed|an idohottase syrfagepolya 9¢mmadish o, 2
g/L of KC, 1.15 g/L of Na2HPO4, 0.2 g/L of Na2PO4, and water, [0159] As
shown i n Fi(golystyrenke diglst avhidablel fxanef EWAVKE Homsewhre06oi htds),g.and2m 11)
and the test dish D1 (reference nuneral 206 in Fig. 11) were placed in the
bl ack box 2@9tabdedneontndf siculrirei sobutiontveaspag iachetdieh. hAsi tlg eulsuterer
ion concentration of 50 ppmand diluted with phosphate buffer solution (-)

was- i nj ect e@dlitdor,ebhch 404ul2@fe ¥sIutbIR was UBEE thAt tebultlige imb@kinh OFaglidie test
dish D1 (reference nuneral 206 in Fig. 11) was irradiated with a beam of 25

i ght havi td&, of S ) radi gty -Qn, 4 sijioy, of 2
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1), was notocl hathahed bRt e s HISFRSR, LBLRERRE AUhR WL oh Lo

judge the ['ght irradiation e _ trrradiation, as the
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surface, Dec%ﬁs l‘g}\{eIFeiaigevE'exgeDIl)Jr\éb%)réd.
[0157] The above-described test dishes C1 and D1 were placed in a COq
10 incubator for 2 to 3 days until the tumor cell proliferated to 8 X105 pieces
on the bottom surface of each dish. Then, the culture solution in the dish
was removed using an aspirator and the cells were rinsed with 10 mL of
Dulbecco's phosphate buffer solution/phosphate buffer solution (). The
rinsing is an operation for eliminating the influences of the culture solution
15 and judging only effects realized by silver ions.
[0158] Similarly to the above, the phosphate buffer solution (-) is a
solution made of 8.0 g/L. of NaCl, 0.2 g/L of KCl, 1.15 g/L of NasHPO4, 0.2
g/L of NagPQ4, and water.
[0159] As shown in Fig. 11, the test dish C1 (reference numeral 205 in Fig.
20 11) and the test dish D1 (reference numeral 206 in Fig. 11) were placed in
the black box 209, and a 6-mL silver ion-containing solution having a silver
ion concentration of 50 ppm and diluted with phosphate buffer solution (-)
was injected to cells 204-204 using a syringe. After the injection, the test

dish D1 (reference numeral 206 in Fig. 11) was irradiated with a beam of

25 light having a peak wavelength of 365 nm and an irradiation intensity of 2



whi ch used fluorine -containing silica glass (nodified silica) and was
avai l abl e from SWCC Showa Hol dings Co., LTD., was used. Wth an optical
fiber of silica glass containing a m nute anount of fluorine, the 10
perneability in the ultraviolet spectruminproves and thus the irradiation
resi stance inproves, which is preferable. Reference nuneral 208 in Fig. 11
denotes a silver ion that is brought intdd contact with the cell. [0161]
Additionally, with the use of a phosphate buffer solution (-) not
containing silver ions, two test dishes Al and Bl were prepared in 15

ot herw se the_sanme manner as in the above. These were placed in the bl ack
box 9 sini | @WiemZforn30 ayawses.anbheest dish dildwefezancgnumeralizpca Fig.th a
beam of |ight having a peak wavel ength of 365 nmand an irradiation

i ntensity otl)2wawbhohirradiated withUiglt. and emst hiseskeas esefatieshe with ehisblitat i ons
were renoved by suction with 20 an aspirator, and then each of the test

di shes was judgseatetliglaeriadiasionidffect10 nL of phosphate buffer solution H
After the rinsing, 4 nL of phosphate buffer solution (-) was dropped into

the test difphes] IPIB11LidHE 14adiatdhisn8es the LehPlsoark eChif Thpet UV diEme

operations were exam ned for the degr ee of proliferative di sturbance of

St ai ni g K TP RgAREDLe KA NitBial Chth o al sk Rl WU °
it ol coi laaeh ¥ bt GoRatith i, bl ditface edt 370 PR BEVRS ™
Li'pophi 11 ¢, iethceed dierndiBolifihng 1Pt R ForoditeboRPenl, Shovar
Cal cei n. Thzlijgalla(ﬁlec I'IO?I;W &ovtr]acfljoidmggb aneLTD was used. With an
optical fiber of silica glass containing a minute amount of fluorine, the
10 permeability in the ultraviolet spectrum improves and thus the irradiation
resistance improves, which is preferable. Reference numeral 208 in Fig.
11 denotes a silver ion that 1s brought into contact with the cell.
[0161] Additionally, with the use of a phosphate buffer solution (-) not
containing silver ions, two test dishes Al and Bl were prepared in
15 otherwise the same manner as in the above. These were placed in the
black box 9 similarly to the above, and only the dish B1 was irradiated
with a beam of light having a peak wavelength of 365 nm and an
irradiation intensity of 2 mW/cm2 for 30 minutes.
From these test dishes, the solutions were removed by suction with
20 an aspirator, and then each of the test dishes was rinsed three times with
10 mL of phosphate buffer solution (-). After the rinsing, 4 mL of
phosphate buffer solution (-) was dropped into the test dishes.
[0162] The test dishes Al to D1 subjected to the above operations were

examined for the degree of proliferative disturbance of tumor cells by

25 fluorescent staining with the use of Cellstain-Double Staining Kit available



pernmeability. Calcein-AMis not fluorescent by itself, but when in a living

cell, Calcein-AM has its acetoxynethyl group hydrolyzed by esterase in the
cell and thus begins to emt yellow sh green fluorescent light. In a dead 10
cell, esterase is deactivated and Cal cein-AMis not hydrolyzed, and thus no

fluorescent light is emtted. [0164] In the Cellstain-Double Staining Kit,
Propidiumlodide (PI) functions as a d&&d cell staining fluorescent dye.
Propidiumlodide is incorporated inside the cell only when the cell
menbrane i s broken and 15 intercalates into the double helix structure of

DNA to emt red fluorescent [light. Propidiumlodide, on the other hand,
cannot passer'IhrDIug‘rd(Iheb@mtDrleaenbrane of a living cell and thus does not
emt fluorescent light with a living cell. In view of this, an observation

usi ng the @@163]t HirstPotle e fludrasdeinty dthinihhr ouigh bebahadcﬂbsd. fillnertlat a
wavel ength of 400 to 440 nm 20 enables it to observe the dead cell and the

living cel ICe31shain- BOoaBLS BYainifd @5k, DalddihsAMeshd Pdpadiugh Ibaldecfuincddrst ock
solution (1 nol/L) as an A solution and 30 pL of B stock solution (1.5

nmol /L) as 53 f@lléWsUt 'C%'Tcé’iﬁr&M fﬂﬁ‘c%ﬂ)dsnaslg l'i'é/m%fcdi’f‘é‘ﬁi@ﬁﬁ{geﬂmﬂ'és%énfﬂkﬂt lon H

In the m xture solution, the Calcein-AM concentrati on was u and t he

Colut 1o v OB ARE ey s Qi incroioal I BroRimb B ThE, 106

hanb f 37C f 15 Th th f fi |t f 490 10
e numer Broout eodeh AL Hrein ot ke 430 tin Doy 6l Pl e
Toasur erenBerBSaPISYar LR if ool luoBssent b f‘i&ﬂg”%en in 2 fiving

cell, Calcein-AM has its acetoxymethyl group hydrolyzed by esterase in the
cell and thus begins to emit yellowish green fluorescent light. In a dead
10 cell, esterase is deactivated and Calcein-AM is not hydrolyzed, and thus no
fluorescent light is emitted.
[0164] In the Cellstain-Double Staining Kit, Propidium Iodide (PI)
functions as a dead cell staining fluorescent dye. Propidium Iodide is
incorporated inside the cell only when the cell membrane is broken and
15 intercalates into the double helix structure of DNA to emit red fluorescent
light. Propidium Jodide, on the other hand, cannot pass through the cell
membrane of a living cell and thus does not emit fluorescent light with a
living cell. In view of this, an observation using the Cellstain-Double
Staining Kit through a band pass filter at a wavelength of 400 to 440 nm
20 enables it to observe the dead cell and the living cell simultaneously.
[0165] In this test, 20 pL of Calcein-AM stock solution (1 mmol/L) as an A
solution and 30 pL of PI stock solution (1.5 mmol/L) as a B solution were
mixed in 10 ml of phosphate buffer solution (). In the mixture solution,
the Calcein-AM concentration was 2 p mol/L and the PI concentration was

25 4 1 mol/L.



lists estimations by a judgnent standard of a human | eucocyte antigen

| ynphocyte cytotoxicity test shown in Table 202. [0167] 10 [Table 201] Cel
Activity Test Results 1 Test Test dish Al Test dish Bl Test dish C Test
dish D1 Silver ion concentration 0 0 50 50 ( n) Light irradiation None
Done None Done Nunber of dead 12 18 104 570 cells Total cells 586 575 580
578 observed Dead cell ratio (% 2.0 399 17.9 98.6 Judgnent Negative
Negative Negative H ghly positive Score 1 1 2 8 [0168] [ Table 2021 Score
Sheet Score Dead cell ratio (% Judgnent 1 0-10 Negative 2 10-20 Negative

4 20-40 V\éétléllgfilpcﬁilot Irr\llLe of 6thi180;1181()){t15)1%5i8(§1iu\t/i%n ?vago(ir]é?)geyi i%tc]cl) >’éegtoa{sthie\s/ear?do

incubated in a thermostatic chamber of 37°C for 15 minutes. Then with

the use of a filter of 490 = 10 nm, the number of cells stained with

- yellowish green (living cells) and the number of cells stained with red (dead
5 cells) were counted.

Table 201 also

The measurement results are listed in Table 201.

lists estimations by a judgment standard of a human leucocyte antigen

lymphocyte cytotoxicity test shown in Table 202.

[0167]
10 [Table 201] Cell Activity Test Results 1
Test Test dish A1 | Test dish B1 | Test dish C1 | Test dish D1
Silver ion
concentration 0 0 50 50
(ppm)
Light irradiation None Done None Done
Number of dead 12 18 104 570
cells
Total cells 586 575 580 578
observed
Dead cell ratio (%) 2.0 3.1 17.9 98.6
. . . Highly
Judgment Negative Negative Negative positive
. Score 1 1 2 8
. [0168]
[Table 202] Score Sheet
Score Dead cell ratio (%) Judgment
1 0-10 Negative
2 10-20 Negative
4 20-40 Weakly positive
6 40-80 Positive
8 80-100 Highly positive




0 Judgnent inpossible It has been confirmed fromthe results of Table 201
that applying both silver ions and light to the tunor cell significantly

i ncreases the dead cell ratio to 5.5 tines the case of applying silver ions
alone (no light 5 irradiation). It also has been confirned that this effect
is not due to killing of the cells by the light. [0169] Specifically, it
has been reveal ed froma conparison bet®8en the results of the test dish Al
and the test dish 131 that only using the particular beam of I|ight
(ultraviolet light) of the irradiation intensity used 10 in the

above-described test[ substaniialjyigaippot Serve as a disturbance to growh
of the tunmor cell. It al%o Has bgglsdigieal ed froma conparispn between the
results of the test dishn I31 and the test dish CI that tne difference

bet ween the dishes is due to application of silver ions. [0170] A conparison
between the results of the test dishes Al, Bl, Cl, and 15 D1 in view of the
above findi ngs rd¢dalssbédmicohfiemedofrofn chatresults @fiskabla 20detithtcapplytingi o i n

the test dish D1 is not due to a sinple additive effect of the

proliferatibghdibie#ribasaadeligketo ehe tiimow dellodiplifedantlygMcrehsed theadedad he
proliferative disturbance effect of the S|Iver ions thensel ves. These

findings. | el kRuibhey 3pSclidd o 13t bhapdlaRKS birant 161%”&?&@ (Olight dead

cel-l ratio in the test dis Is a resul r onot ed I on
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[0169] Specifically, it has been revealed from a comparison between the
results of the test dish Al and the test dish Bl that only using the
particular beam of light (ultraviolet light) of the irradiation intensity used
10 in the above-described test substantially cannot serve as a disturbance to
growth of the tumor cell. It also has been revealed from a comparison
between the results of the test dish Bl and the test dish C1 that the
difference between the dishes is due to application of silver ions.
[0170] A comparison between the results of the test dishes A1, B1, C1, and
. 15 D1 in view of the above findings reveals that the significant increase in
dead cell ratio in the test dish D1 is not due to a simple additive effect of
the proliferative disturbance effect of the ultraviolet light itself and the
proliferative disturbance effect of the silver ions themselves.
These findings lead to the speculation that the significant increase
20 in dead cell ratio in the test dish D1 is a result of promoted metal ion
incorporation inside the cell by the particular beam of light (ultraviolet
light in this example) and a significantly improved disturbance effect of

silver ions against growth or proliferation of the living body because of a

larger amount of silver ions incorporated inside the cell.



[0171] This specul ation was exam ned as follows. Fromtunor cells Al to D1
processed under the sane conditions as those in Table 201, sanples of a

nucl ear fraction, a mtochondria fraction, a nuclear protein fraction, and a
cytosol fraction were prepared. The sanples were irradiated with 5 radiation
light froma large-size radiations facility (Spring-8) in order to neasure
fluorescent X-rays. For the fraction of 6lhe nuclear and the mtochondria,

M tochondria Isolation Kit available fromPierce was used, and for
extraction of the nuclear protein fraction, a nuclear protein isolation kit
(ReadyPrepCyt op] asmi c/ Nuc] ear) avail able fromBio-Rad 10 Laboratories, Inc.
was used. Hﬂ Thagispeenlation wasexapungd asyiollowspe drmonh bumoez zrlls hht@ X-r ay
undul at or beam i ne, exciting X-rays: 30 keV, slit: 0.2 mmlong x 0.5 mm

wi de) was Udkerocasded hmda@:ttge issmecconditipns esi tthoee i (lable RO1ssampples ofca e
measured with a fluorescent X-ray anal yzer provided with a Si (Li) 15

sem conductmicletet fraction, pQhndLhésdearfesction,od nalelosa- phedein badtioraandeanent, a
conpari son between the cell to which both silver ions and 365 nm wavel ength

light irradiygsdodn fration apd¥e Gshephied.cel Thé 0sxhiptés ORbye Sirk¥éiate®nrivier e
applied, the cell to which only light was applied, and the cell to which

none S a k . i d . k A PN i and
355 nvrr\i{?lvvavlfe)ﬂla lg?%?%gqfél}gﬂi:rbiﬁ{rr?aldaitrgté’itstl)iné1a%%%gggﬁa\ggh@géaglﬁ%f%)eirﬁagﬁ%ﬂ? © of ion

LoconPorat b APRERLTENSHED, *SrASy gL R AIIBRETAE,
SOt o ot MRS TR K e gtk L
and for extraction of the nuclear protein fraction, a nuclear protein
isolation kit (ReadyPrepCytoplasmic/Nuclear) available from Bio-Rad
10 Laboratories, Inc. was used.
[0172] Additionally, for the analysis, Beamline BL37XU (hard X-ray
undulator beamline, exciting X-rays: 30 keV, slit: 0.2 mm long X 0.5 mm
wide) was used, and characteristic X rays emitted from the samples were
measured with a fluorescent X-ray analyzer provided with a Si (Li)
15 semiconductor detector.
[0173] As a result of above-described measurement, a comparison between
the cell to which both silver ions and 365 nm wavelength light irradiation
were applied, the cell to which only silver ions were applied, the cell to
which only light was applied, and the cell to which none was applied
20 confirmed that the cell to which both silver ions and 365 nm wavelength
light irradiation were applied had a larger amount of ion incorporation in
organelles such as the cell nucleus and mitochondria compared with the
other cells. It also has been confirmed that a larger amount of silver was

incorporated in the cell nucleus.

25 [0174] The cytosol had a small amount of silver was small and showed no



increase in incorporation anount by light irradiation. In order to nore
specifically analyze the incorporation of silver ions in the cell nucleus,
the nucleus protein was extracted fromthe cell nucleus and separated from
ot her conponents such as DNA to exam ne the existence of silver in the 5
nucl eus protein. As a result, it has been confirmed that the anount of
silver in the nucleus proteln t ended to6Rat her decrease than increase.

[0175] Considering the results together with the fact that the 1ight-
irradiated cell increased the anbunt of silver incorporation inside the

nucl eus conpared with the case w thout irradiation, it is specul ated
10 that thdnereaserin presrporaier Jmange bb’hggb’éllﬂalﬁﬂl%@@nt olm aqvder dpcmeee d
conmponent in the cell nucleus. [0176] These findings have proved that

appl yi ng sidpeerfidadlysanalyze thpancoxndratiobeafrsibferl ioghtinttheacdll nunlpusetthe
according to the present invention enables it to incorporate a notable
amount of shholeus ipretela whe ditvadtgdcibim thé dell ahsleuBasndeepapiatwdefkonat t he
above advant ageous effect only requires weak light (particular beam of

l'i ght) thatothescofiforféngs Wuleht 4 DINAW N eR4miRé @hbf&iisfdned off sitia 11 ¥heg
cell. [0177] (Second Test) 20 In place of the |aryngeal cancer-derived

Squanogls Cex}u.llclé |1irgﬂé'iﬁt AUAOfsR®, it hay HEE ! ohl':lﬁtrﬁ%td PRat @B@S&rh t [ggcosa

celd{ (norma was use to prépare test es A2 to in otherw se

the same mappet lﬁ%heg}&({r&%{)f&a#ﬁk&%&ea Qg re%a[fhaﬁalgpgegf fl uence of

the particu beam results are's 3. 25 63
[0175] Considering the results together with the fact that the

light-irradiated cell increased the amount of silver incorporation inside the

nucleus compared with the case without light irradiation, it is speculated
10 that the silver incorporated inside the cell binds to a nucleic acid

component in the cell nucleus.

[0176] These findings have proved that applying silver ions and a

particular beam of light to a living cell according to the present invention

enables it to incorporate a notable amount of silver inside the living cell.
15 It also has been proved that the above advantageous effect only requires

. weak light (particular beam of light) that does not disturb the growth or
proliferation of the living cell.
[0177]

(Second Test)

20 In place of the laryngeal cancer-derived squamous cell (malignant
tumor cell), a small intestine intestinal mucosa cell (normal cell) was used
to prepare test dishes A2 to D2 in otherwise the same manner as in the
first test in order to examine the influence of the particular beam of light.

The results are shown in Table 203.

25



[0178] [Table 203] Cell Activity Test Results 2 Test Test dish A2 Test dish
B2 Test dish C2 Test dish D2 Silver ion concentration O 0 50 50 (PPM

Li ght irradiati on None Done None Done Nunmber of dead 12 18 104 168 cells
Total cells 586 575 580 578 observed Dead cell ratio (% 2.0 3.1 18.0 29.3
Judgnent Negative Negative Negative Weakly positive Score 1 1 2 4 [0179]
As clearly seen fromthe results shown 6& Table 203, it has been 5
confirned that even in the case of the small intestine intestinal nucosa
cell (normal cell), which was not a malignant tunor cell, use of both silver
lons and Ii?ht irradiation significantly increases the dead cell ratio.
However , ilDT78s been confirmed froma conpari son between table 201 and
table 203 that the effect of increasing the dead cell ratio (i.e., cel

prol i f er at i[Babled203HTdll Astiyitef FesttBessilgn? fi cant |y vari es between the case of

t he mal i gnapt—tunor—cett+Tand—the case—of -tthe nornmal_¢elt—and—that—ef f ect
is significantly Tp%rger i|nTeshdishdLe| destidigh Bl |i dephdesh ChngrTeskish D2180] 1n
view of this, ajsiig the nmethod according to fthe present] invention to,
for- exanpl e, cameaitrgtidn enNts i OV conveni end in that tioe 50
(ppm)
. Light irradiation None Done None Done
Number of dead 12 18 104 168
cells
Total cells 586 575 580 578
. observed
Dead cell ratio (%) 2.0 3.1 18.0 29.3
. . . Weakly
Judgment Negative Negative Negative positive
Score 1 1 2 4

[0179] As clearly seen from the results shown in Table 203, it has been
5 confirmed that even in the case of the small intestine intestinal mucosa cell
(normal cell), which was not a malignant tumor cell, use of both silver ions
and light irradiation significantly increases the dead cell ratio. However,
it has been confirmed from a comparison between table 201 and table 203
that the effect of increasing the dead cell ratio (i.e., cell proliferation
. 10 inhibitory effect) significantly varies between the case of the malignant
tumor cell and the case of the normal cell, and that effect is significantly

. larger in the case of the malignant tumor cell.
[0180] In view of this, applying the method according to the present
invention to, for example, cancer patients 1is convenient in that the
15 advantageous effects of the method are potent against cancer cells and
weak against normal cells. Additionally, the method according to the

present invention uses a particular beam of light. Light has good



15 advant ageous effects of the nethod are potent agai nst cancer cells and
weak against normal cells. Additionally, the nethod according to the
present invention uses a particular beamof |ight. Light has good 64
directivity and thus can be radiated only to an affected part. At the sane
time, the particular beamof light only needs to be a weak beam of [|ight
that does not damage the cell. This adv&itage, conbined with the
above-descri bed property of weakness against normal cells, totally 5

el i m nates danage to normal cells, thereby enabling it to kill only the
cancer cells. [0181] (Third Test in. the Second Inyentive G oup) A squanous
cel | deri vetTestsaty and IC%EﬁéPH{%ﬁgiogﬁMP %mﬁfvaCte@cP%fél | Atvide sameed in
a half side of one dish, and a small intestine intestinal nucosa cell

(normal celtimendbe martealanbeam of bight aaly nfedshe He oh wenlkebezml 0§ light e

cul tured under the sane conditions in order to prepare test dishes A3 to D3
i n ot herw sthatthdossanmotnaameageasthen cehe fThist adeahtageSi combined twithhehéi r st
test, the test dishes A3 to D3 were used to observe 15 living cells stained

w th yel | omlsdvesd@epibadd slopdrisel o5 whbaknest Wagdinkednorin@182k114s wtakpul t,
an extrenely clear difference was confirnmed between one half and the ot her

hal T 0 the&]ifslatdsSlakage o nBrARP! defR, RAbRIH le¥GblinkOftS t@NAlll bARL the

ifradiation. Specifically, red was significantly domnant 1n the half in
whi ch the sguanpusycel | derived fromlaryngeal cancer was 20 cultured, while
yel l owi sh green was ‘dom nant in the half in which the small intestine

i ntesti nal mgg a cell was cultured. This result agrees to the results of
tthe first a cond tests. Thus, the increase in the silver

(Third Test in the Second Inventive Group)
A squamous cell derived from laryngeal cancer (malignant tumor
10 cell) was placed in a half side of one dish, and a small intestine intestinal
mucosa cell (normal cell) was placed in the other half of the dish. The
cells were cultured under the same conditions in order to prepare test
dishes A3 to D3 in otherwise the same manner as in the first test.
Similarly to the first test, the test dishes A3 to D3 were used to observe
15 living cells stained with yellowish green and dead cells stained with red.
[0182] As a result, an extremely clear difference was confirmed between
one half and the other half of the test dish D3, which applied both silver
ions and light irradiation. Specifically, red was significantly dominant in
the half in which the squamous cell derived from laryngeal cancer was
20 cultured, while yellowish green was dominant in the half in which the
small intestine intestinal mucosa cell was cultured. This result agrees to
the results of the first and second tests. Thus, the increase in the silver
ion incorporation amount inside malignant tumors over normal cells by
irradiation of a particular beam of light that does not damage the cell was

25 also confirmed by the above-described result.



I on incorporation anmount inside malignant tunors over normal cells by
irradiation of a particular beamof |ight that does not damage the cell was
25 al so confirned by the above-described result. 65 [0183] (Fourth Test in
the Second I nventive Goup) Test dishes E (25 ppm, F (25 ppm, G (10 ppm,
and H (10 ppn) were prepared in the same manner as in the first test except
that the silver 5 ion concentration waébset at 10 ppm and 25 ppm These

di shes were used to exanmine cell proliferative activity in the sane manner
as in the first exanple group. The results are shown in Table 204 together
with the resulfs in Table 201. [0184] 10 [Table 204] Cell Activity Test
Resul ts 3 T@483lrest Test Test Test Test Test Test Test dish dish dish dish
dish E dish F dish Gdish H Al Bl C1 D1 Silver ion concentra- 0 0 50 50 25
25 10 10 tion (KPourth Fest iNothe SecomdNorvenbivecGior® Done None Done

I rradi ati on Nunber of 12 18 104 570 94 87 85 98 dead cells Total cells 586
575 580 578 567 BRStH8Sh&TE (IHppmed (25 ppm), G (10 ppm), and H (10 ppm)

- were prepared in the same manner as in the first test except that the silver
5 1on concentration was set at 10 ppm and 25 ppm. These dishes were used
to examine cell proliferative activity in the same manner as in the first
example group. The results are shown in Table 204 together with the
results in Table 201.
[0184]

10 [Table 204] Cell Activity Test Results 3
Test Test Test Test

Test Test Test Test

Test dish dish dish dish ) ) . ;
Al Bl Cl1 D1 dishE | dish I | dish G | dish H
Silver ion
concentra- 0 0 50 50 25 25 10 10
tion (ppm)
Light
) > None Done None Done None Done None Done
irradiation
Number of 12 18 104 570 94 87 85 98
dead cells
Total cells
586 575 580 578 567 589 584 577
observed
Dead cell 2.0 3.1 179 | 98.6 16.6 14.8 14.6 17.0
. ratio (%)
« Nega- | Nega- | Nega- ngh}y Nega- | Nega- | Nega- | Nega-
Judgment . . i posi : ; . i
tive tive tive . tive tive tive tive
tive
. Score 1 1 2 8 2 2 2 2

[0185] In Table 204, a comparison between the results of C1, E, and C
shows that in the case without irradiation of the particular beam of light,
as the silver ion concentration increased in the order of G (10 ppm) — E (25
15 ppm) — C1 (50 ppm), such a tendency was observed that the dead cell ratio

increased as 14.6%, 16.6%, and 17.9%. However, the differences were



Dead cell 2.0 3.1 17.9 98.6 16.6 14.8 14.6 17.0 ratio (%9 Nega Nega- Nega-
H ghly Nega- Nega- Nega- Nega- Judgnent tive five tive pose tive tive tive
tive five Score 1 1282 2 2 2 [0185] In Table 204, a conparison between
the results of A, E, and C shows that in the case without irradiation of
the particular beamof light, as the silver ion concentration increased in
the order of G (10 ppnm) -> E (25 15 ppnpk6-* C (50 ppm, such a tendency was
observed that the dead cell ratio increased as 14.6% 16.6% and 17.9%
However, the differences were 66 extrenely small. It has been confirned
froma conparison between the results of D1, F, and Hthat in the case of

i rradi ati orextfembly paxall.cUtahashbaem cobfirigit fronher dempacison between the
significantly increased only in the case of 50 ppmconpared with the cases
of 10 ppm ardults off, B dridlHojhatinstheasisk tof imadsa titvof the paetitulalr lefahect of
the cell activity has a dependency on concentration of silver ions, but the

concentrat igilight, e HEad celll ARAS siglifchRtl§hinRrevded 68y ifl@hb hvasknofvs@wW of
this, it is necessary to suitably select the netal ion concentration

according tﬁbﬁl%rﬂ*}%&ﬁ%itﬂfth%%se§8¥ %g%gﬁlil\éintdy%:ﬂmﬂ-m' The reason for the

non-1|inear relationship between 10 i lver 1on concentration and cell

deat h j tr@ck t al ' L& t A b
dest b STRIHbEUTH:SHS Bilrl AURUGD cEGAFLALODY Phe (U, BRSLF ATy Do
b A NG D N R
predet er m rﬁr(ileaprerrIel(zl(il',io(glfshgll) rTv‘si’tht (r:]elﬁ (Ieaaltill. n%nt (\)'ie%s?uosfethis, it is necessary to

suitably select the metal 1on concentration according to the purpose of the
cell activity control. The reason for the non-linear relationship between
10 the silver ion concentration and cell death is speculated such that although
irradiation of the particular beam of light accelerates incorporation of
silver ions inside the cell, an excessively low concentration of external
silver ions reduces the absolute amount of silver ions to be incorporated
inside the cell within a predetermined period of time, thus failing to cause
15 death of the cell.
[0187]
(Fifth Test in the Second Inventive Group)
An examination was conducted for the relationship between the
. kind of light and the silver ion incorporation amount of a squamous cell
20 derived from laryngeal cancer in the same manner as in the first test under
the conditions such that as particular beams of light, beams of light having
wavelengths of 365 nm, 400 nm, 525 nm, 600 nm, and 660 nm were used,
and that the light intensity was set at an irradiation intensity of 2 mW/cm2.

The results are shown Table 205. It should be noted that in the case of the

25 365 nm wavelength, another test was carried out in addition to the first



15 death of the cell. [0187] (Fifth Test in the Second Inventive G oup) An
exam nation was conducted for the relationship between the kind of |ight
and the silver ion incorporation anount of a squanous cell 20 derived from
| aryngeal cancer in the sane manner as in the first test under the
conditions such that as particular beans of |ight, beans of |ight having
wavel engt hs of 365 nm 400 nm 525 nm &JO0 nm and 660 nm were used, and
that the light intensity was set at an irradiation intensity of 2 mWNcn2.
The results are shown Table 205. It should be noted that in the case of the
25 365 nm wavel ength, another test was carried out in addition to the first
67 test. [tk88] [Table 205] Cell Activity Test Results 4 Test X1 X2 X3 X4
X5 Silver ion concentration 50 50 50 50 50 ( n) Light wavel ength 365 400
525 600 660[0188) MNunber of 570 550 560 546 101 dead cells Total cells 578
575 580 578 567 observed

[Table 205] Cell Activity Test Results 4

. - Test X1 X2 X3 X4 X5
Silver ion
concentration 50 50 50 50 50
(ppm)
. Light
wavelength 365 400 525 600 660
(nm)
Number of 570 550 560 546 101
dead cells
Total cells 578 575 580 578 567
observed
Dead f(;)l)l ratio 98.6 96.0 97.0 94.0 18.0
Judgment ng.h.ly ng.h.ly ng.h.ly ng.h.ly Negative
positive positive positive positive
Score 8 8 8 8 2

5 [0189] Table 205 shows that the dead cell ratio varies depending on the
wavelength of the irradiated light, and the variation is particularly large
between the wavelength of 600 nm and 660 nm, where the dead cell ratio
decreases from 94% to 18%.

This has led to the finding that applying a particular beam of light

10 effectively opens the ion-permeable channel of the cell membrane. The

i tendency read from Table 205 indicates that the effect of inhibiting the cell
activity can be obtained with wavelengths less than 365 nm. Note,

however, that beams of light having wavelengths less than 300 nm

themselves damage DNAs of normal cells and therefore are not suitable as

15 the light to open the ion-permeable channel of the cell membrane. In view

of this, the particular beam of light is preferably 300 nm to 660 nm, more



Dead cell ratio 98.6 96.0 97.0 94.0 18.0 (% Judgnent Highly Hi ghly Highly
H ghly Negative positive positive positive positive Score 8 8 8 8 2 5
[0189] Tabl e 205 shows that the dead cell ratio varies depending on the
wavel ength of the irradiated light, and the variation is particularly |arge
bet ween t he wavel ength of 600 nm and 660 nm where the dead cell ratio
decreases from94%to 18% This has |1ed68o the finding that applying a
particul ar beamof light 10 effectively opens the ion-perneable channel of
the cell nenbrane. The tendency read from Tabl e 205 indicates that the

effect of inhibitin he cel acti vi can obt ai.ned wi th wavel engt hs
Cess than JBTPRAPING) ,nmﬁe\éqpem oS paae mmgiﬁlertﬂ\&m%rw@? Yhs

| ess than 300 nm thensel ves danage DNAs of normal cells and therefore are
not suitabl#asm® pAenmght to open the ion-perneabl e channel of the cell
menbrane. In view of this, the particular beamof light is preferably 300
nmto 660 nil9fbre 68 preferably 300 nmto 600 nmor 300 nmto 525 nm
further nore preferably 365 nmto 525 nm [01901 (Exanple 2 of the Second

| nventive G oup) Exanapiel2oltlef StdvmdchomidivenUesipve group relates to a cell
activity control apparatus to which the cell activity control nethod

described in Exappi@ple of of Pfe 306QMH ihvPMaRvd \g?ogﬁ QéPates RPR!dedactiv@y 12
shows the cell activity control apparatus according to the present
invention. ARehedBhifatus to which the cell activity control method described in
Example 1 of the second inventive group is applied. Fig. 12 shows the cell
activity control apparatus according to the present invention. A schematic
of the cell activity control apparatus of example 2 of the second inventive
10 group will be described by referring to Fig. 12.
[0191] This apparatus includes a metal ion generating vessel 211
connected to a first control portion 220, a metal plate 212, an ion-light
transport tube 214, a syringe portion 215, a light source portion 216
connected to a second control portion 221, an application target portion
15 (cell) 217, a fluorescence detecting portion 218, and a computer 219. The
. first control portion 220 is a device for applying voltage to the metal ion
generating vessel 211 by suitably controlling requirements such as the
. amount of voltage application and the period of time for application in
accordance with programs stored in the computer 219. The second control
20 portion 221 is a device for controlling the light source portion 216 so that it
emits a particular beam of light under suitable conditions (such as the light
irradiation intensity and the period of time for irradiation) in accordance
with programs stored in the computer 219.

[0192] Inside the metal ion generating vessel 211 is located the metal plate

25 212, and a voltage 213 is applied to the metal plate 212. The metal ion



of the cell activity control apparatus of exanple 2 of the second inventive
10 group wll be described by referring to Fig. 12. [01911 Thi s apparatus
includes a netal ion generating vessel 211 connected to a first control
portion 220, a nmetal plate 212, an ion-light transport tube 214, a syringe
portion 215, a light source portion 216 connected to a second control
portion 221, an application target portb8n 15 (cell) 217, a fluorescence
detecting portion 218, and a computer 219. The first control portion 220 is
a device for applying voltage to the netal ion generating vessel 211 by

suitably controlling requirenents such as_the anount of voltage appl{cation
and t he perfedgrafing; vassebR 1dpis| alsar Pravided veithor croketon imbety agtr ah%WQ or ed
in the conputer 219. The second control 20 portion 221 is a device for
cont rol | i nghreregh ivgiichsa wobetip rcanobe znjecmsft hAtsolutior s tisjextpdthrowglar beam
of light under suitable conditions (such as the light irradiation intensity
and t he perthednbdft 49 mecekedry. rradi ati on) in accordance wth progranms stored
in the conputer 219. [01921 Inside the nmetal ion generating vessel 211 is
l.ocat ed t hdomasRlAtPlealse ondSof2the mhal plates iadheZhdtalSioaPgén&adting visselet al
plate 212. The netal ion 69 generating vessel 211 is also provided with a
sol utign i jg@t i.s(én@ﬂvépgm, ﬁhﬁraOHHBS t8 o feiO8d1hitioA ( ,nd&%fmydeﬂatt@ﬁ is A

At | east one of

sol-ution is I njected throug the 1nlet as necessary. [0193

blate,  and Bsnos et SR FIRCOR, MRgBEn Bhor iR LAIDIR XA .

t hrough the saolytion.inle not, shown). .Then, the.neta | ate 212 is applied
W th Vol t ags Stuiird Bt Fitabe ol B & mathf 1) M, Dinfichgtalsdndl T on
havi ng silvei Lon%.elutiqg inth .hosphﬁse buffer %ol tioP..

solution having silVer 10ons eluting in the phosphate bufter solution.

[0194] The ion-light transport tube 214 is composed of a hollow portion

10 and an optical fiber portion surrounding the hollow portion. The hollow
portion, which is at a shaft center, functions as a pathway through which

an ion solution passes, and the optical fiber portion functions as an optical
transmission pathway. The syringe portion 215 quantitatively sends the

metal ion solution to the hollow portion. The syringe portion 215 is

15 located between the metal ion generating vessel 211 and the ion-light

. transport tube 214 and made of, in the apparatus example in Fig. 3, an

optical fiber material capable of transporting light to outside the syringe

y portion 215.
. [0195] The light source portion 216 has a light source capable of
20 generating light (particular beam of light) having a peak wavelength in a

range of 300 to 600 nm and an irradiation intensity of 500 to 500000
pW/cm2, and is connected at its tip to an optical fiber material outside the
syringe portion 215. Thus, the particular beam of light generated at the
light source portion is guided to the application target portion (cell) 217

25 through the fiber material of the syringe portion 215 and the fiber portion



[0194] The ion-light transport tube 214 is conposed of a hollow portion 10
and an optical fiber portion surrounding the hollow portion. The holl ow
portion, which is at a shaft center, functions as a pathway through which

an ion solution passes, and the optical fiber portion functions as an
optical transm ssion pathway. The syri nge portion 215 quantitatively sends
the netal ion solution to the hollow p@Ption. The syringe portion 215 is 15
| ocat ed between the netal ion generating vessel 211 and the ion-1light
transport tube 214 and nmade of, in the apparatus exanple in Fig. 3, an
optical fiber materjal capable of transportlng | ight to_outside the syringe
portion 21®% theimarlighe tr@@qﬁor&f@#’éez%rtl othould lPi%éloé“ﬂltg ufanNg@pabl e
of 20 generating light (particular beamof light) having a peak wavel ength
in a rangeatiodtili i B@essantialiaad therlaglitatougne parisosi2ilp way3e0directiin0000
pwWwcnR, and is connected at its tip to an optical fiber material outside the
syri nge pordonaect2tSto Thesoptidad fieert porthani dietdve in-light ttrgeserattedeal14 he

| i ght source portion is guided to the application target portion (cell) 217

25 4 hrough whaotit ﬁfgrdlgﬁbﬁrdfaheggrrﬁl@@ pottiongelportion 215 and the fiber
portion 70 of the ion-light transport tube 214. It should be noted that the

Syringg pqoiHeD Adl ehé Jightt saeENTUHp B Ue LEEhNC%U”GB%PHT)tdv%Ia%l@ nmay

be directly connected to the optlca fi"ber portion of the ion-light

o 008, S T 80 e S AR
v i e, S L R R LD
with both COOl | Pnck]c gxr']oval gd hv%til ﬁotrflk cocﬁ\gxggl tfriu? naaxlci ¥1eat sink. Additionally, a
configuration capable of varying the light output is possible.
10 [0197] The application target portion 217 is an area where the target cell
to which the cell activity control method is applied. In the example of Fig.
12, the cells placed in the dish are the application target portion 217. In
the actual application, for example, an affected tumor part of a patient is
the application target portion 217.
15 The fluorescence detecting portion 218 is a device for optically
R reading the state of a cell at the application target portion to which the cell
activity control method is applied, and has an optical sensor for irradiating
. fluorescent light and detecting reflected light thereof. Information
detected by the optical sensor of the fluorescence detecting portion 218 is
20 output to the computer 219. The computer 219 processes the information
on the basis of an image processing program set in advance, determines the
proliferation activity level of the cell existing in the application target
portion, and displays the level on, for example, a display of the computer

219. As the fluorescent sensor, for example, a CCD (Charge Coupled

25 Device) may be used.



configuration capable of varying the light output is possible. 10 [0197] The
application target portion 217 is an area where the target cell to which
the cell activity control nethod is applied. In the exanple of Fig. 12, the
cells placed in the dish are the application target portion 217. In the
actual application, for exanple, an affected tunor part of a patient is the
application target portion 217. 15 The flluorescence detecting portion 218 is
a device for optically reading the state of a cell at the application
target portion to which the cell activity control nethod is applied, and
has an optical sensor for, irradiating fluorescent Li?ht and detecting
reflected 04R8I lhetscppssibler 6o neamnest t9ethe timjedsion hnlespef the metabionf the
fl uorescence detecting portion 218 is 20 output to the conputer 219. The
conput er 2lg@nerategsesschli rd splutiarmnjeotion hapizasitss dér amantugtivehoorssi ng
program set in advance, determines the proliferation activity |level of the
cel | exi sticomtinudusty anjelctingt a avlutioget In phis icave, e sgraiygeapsrtidre J1Gyel on,
for exanple, a display of the conputer 219. As the fluorescent sensor, for

exanpl e, a which( ghaheieatioeR 6 codbirliste)sedy ®emusAdion’ boldtdd®8]s hbti S

possi ble to connect to the injection inlet of the netal ion generating
vessel 5211 ﬁec%Q&HIyi. on injection apparatus for quantitatively or
continuously injeCting a solution. In this case, the syringe portion 215,

hecessary. POToby the RLSaRel-RUIHEN e e ufty it fp 28t Pl dei? °
(e 9PLL 2t RSP 8 o 0 R b 200° bbb Ry e (1
portion to Igor}%ion for guiding the light output from the light source portion to the
animal cell and irradiating the light to the animal cell. The tip portion of
10 the hollow portion of the ion-light transport tube 214 serves as the contact
portion for bringing the metal ion into contact with the cell. That is, in
the above-described apparatus, the ion-light transport tube 214 serves as
both contact portion and irradiating portion.
[0200]
15 Industrial Applicability of the Second Inventive Group
« The cell activity control method and the cell activity control
apparatus according to the second inventive group can be applied to, for
example, cancer patients. Applying the present invention enables it to
cause ion species exhibiting the antitumor effect to be efficiently
20 incorporated only inside malignant tumor cells. This realizes selective

killing of malignant tumor cells. Therefore, the industrial applicability of

the method and the apparatus is considerable.



animal cell and irradiating the light to the animal cell. The tip portion of
10 the hollow portion of the ion-light transport tube 214 serves as the
contact portion for bringing the netal ion into contact with the cell. That
is, in the above-described apparatus, the ion-light transport tube 214
serves as both contact portion and irradiating portion. [0200] 15

I ndustrial Applicability of the Second [Bventive G oup The cell activity
control nethod and the cell activity control apparatus according to the
second inventive group can be applied to, for exanple, cancer patients.
Appl ying the present invention enables it to cause ion species exhibiting
the antitumor effect to be effi@hird iyvagive\Gapppt at ed only inside nal i gnant
tumor cells. This realizes selective killing of malignant tunor cells.
Therefore, [0B81] ndustrial applicability of the nethod and the apparatus is
considerable. 72 (Third Inventive Goup) [0201] Background Art of the
Third | nverBaslgrouad Attafshbdlidrd Ehvémgv@Groapand the |ike are usually

equi pped with 5 automatic ice making apparatuses. Generally, the automatic
i.ce making appargbusanl® RHgerhtols rAfd ithe" Rker SrahRuadghegaIRRICHIPE 2
water feeding tank located in the refrigerator, an ice fmaking tray | ocated

In a pprtion,@hdic ﬁéefgﬁagﬁ{lgq%ﬁﬁ({r%@&s’. @%ﬁ[ly?@%?u&o&%&icgwe%ﬁﬁi ter

stared in a storage I ce making tray, an i ce storage vessel

for stori ng(} bl ocks of 1043%12' t ths. rradg. The water condgi tf assgrreg the role
of gui di ng THRAIRERYES PTOY194HhIn K7 IBCTRLIS A€ AR GOBREY A PRECT KB at or
tothefreezeli( . . . . . .

tank located in the refrigerator, an ice making tray located in a portion of a

freezer compartment, a water conduit for guiding water stored in a storage
tank to the ice making tray, and an ice storage vessel for storing blocks of

10 ice thus made. The water conduit assumes the role of guiding the water
in the water feeding tank located in the refrigerator to the freezer
compartment side, and since the refrigerator and the freezer compartment
are partitioned by a heat insulating material, the water conduit is plumbed
through the heat insulating material.

15 [0202] In automatic ice making apparatuses of this structure, the water

. feeding tank and part of the water conduit are located inside the

refrigerator, and the temperature inside the refrigerator usually 1 to 6°C,
which enables microorganisms to grow. Thus, through a long period use,
molds and bacteria may proliferate inside the tank and the water conduit.

20 [0203] In view of this, such a technique was proposed that makes these
members detachable and easy to wash. Examples of techniques related to
automatic ice making apparatuses include patent documents 3-1 to 3-3.
[Patent document 1] Japanese Patent Application Publication No.
5-306858.

25 [Patent document 2] Japanese Patent Application Publication No.



conpartment side, and since the refrigerator and the freezer conpartnent

are partitioned by a heat insulating material, the water conduit is plunbed
through the heat insulating material. 15 [0202] In automatic ice naking
apparatuses of this structure, the water feeding tank and part of the water
conduit are located inside the refrigerator, and the tenperature inside the
refrigerator usually 1 to 6C, which en@Bles nicroorganisnms to grow. Thus,
through a | ong period use, nolds and bacteria nmay proliferate inside the
tank and the water conduit. 20 [0203] In view of this, such a techni que was
proposed that nakes these nenbers detachable and easy to wash. Exanpl es of
t echni ques 30222%%P3% automatic i ce maki ng apparatuses include patent
docunments 3-1 to 3-3. [Patent docunent 1] Japanese Patent Application

Publ i cat i or[Phtent 5daa6868t 35 PRptrese dBaterent Applidapeme Ruldata¢ion No.
Application Publication No. 73 2002-295935. [Patent docunent 3] Japanese
Pat ent Appl200at-3338Fbl i cati on No. 2007-333325. [0204] 5 Disclosure of the
Third Inventive Goup Problens that the Third Inventive Goup is to Solve In
ref-ri gerat qogo#y ovi ded with automatic ice nmaki ng apparatuses, the water
feedi ng tank needs to occasionally detached and supplied with water. Thus

t he waj er fﬁﬁgio\%ﬂ%‘%Gg\gk[lée?‘h?x%YnJe%tWeS@rg%auSe it can be 10 washed whil e

bei-ng supplie \ wever, det ing and washing the water conduit
attached to the r}elfogitglelg that tﬁemil‘hl?rlg fﬁv%tiv%eGroup 1s to Solve

In refrigerators provided with automatic ice making apparatuses,
the water feeding tank needs to occasionally detached and supplied with
water. Thus the water feeding tank is easy to wash because it can be

10 washed while being supplied with water. However, detaching and
washing the water conduit attached to the refrigerator and putting the
water conduit back into place is a great burden for general users.
Additionally, the interior of the water conduit is difficult to visually
recognize from outside, which causes reluctance to clean the water conduit,

15 resulting in problems including insanitation.

« [0205] Incidentally, it is conventionally known that metal ions such as of
silver and copper have antibacterial potency against microorganisms such
as molds. However, the metal ions having antibacterial potency are
substances having bioactivity and therefore have influences on human

20 body and natural environments. In view of this, when these metal ions
are used in antibacterial applications, the amount of use needs to be
minimized.

[0206] The present inventors conducted an extensive study on the method
for controlling growth of microorganisms such as molds and animal and

25 plant cells. As a result, it has been found that the ions (especially metal



wat er conduit back into place is a great burden for general users.
Additionally, the interior of the water conduit is difficult to visually
recogni ze from outside, which causes reluctance to clean the water conduit,
15 resulting in problens including insanitation. [0205] Incidentally, it is
conventionally known that netal ions such as of silver and copper have

anti bacterial potency against mcroorgafddsns such as nolds. However, the
nmetal ions having antibacterial potency are substances having bioactivity
and therefore have influences on human 20 body and natural environments. In
view of this, when these nmetal ions are used in antibacterial applications,
the anount ignshibevingastibgctarialpefienicy sdgnifzaosly enbapeeshaeffestenf she
conducted an extensive study on the nethod for controllin rowt h of

m cr oor gani antsbaatetiahpotriaysinaihe preisente ofhal paZﬁCplaa:rheamlolfgig aresult, it
has been found that the ions (especially nmetal 74 1ions) having
antibacterial potBneythsidyihténtant | groaphhasebdeie neddedhsvieiw tdfethe above

anti bacterial potency in the presence of a particular beamof |ight. The

thi.rd i nvengnogledgeUPINas ahestjesREL the thirdidferithe BRAKE to ieW®RAER ickt 1S

an object of the third inventive group to provide an ice meki ng appar at us
havi ngsan %Bﬁm%hgﬁgfﬁﬁug%iﬁ%% ROt Bﬂtfb‘égféﬁﬂggx%fcegﬁﬁ?'fﬁﬂcﬁ fr of
i-nterior of an aut ticice King apparatus of a refrigeratfor always
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is characteri zed as foll ows.
always clean.

[0207]
Means of Realizing the Object of the Third Inventive Group

10 The third inventive group directed to realize the above-described
objects is characterized as follows.

A refrigerator provided with an automatic ice making apparatus is
characterized in that the automatic ice making apparatus includes: an ice
making portion; a water feeding tank; a water conduit for guiding water

15 stored in the water feeding tank to the ice making portion; an ion supply

. portion for supplying an ion to an interior of the water feeding tank and/or
the water conduit; and a light source portion for irradiating the interior of
the water feeding tank and/or the water conduit with a particular beam of
light.

20 [0208] A refrigerator provided with an automatic ice making apparatus is
characterized in that the automatic ice making apparatus includes: an ice
making portion; a water conduit for guiding water to the ice making
portion; an ion supply portion for supplying an ion to the water conduit;
and a light source portion for irradiating the water conduit with a

25 particular beam of light.



A refrigerator provided with an automatic ice making apparatus is
characterized in that the automatic ice naking apparatus includes: an ice
maki ng portion; a water feeding tank; a water conduit for guiding water 15
stored in the water feeding tank to the ice making portion; an ion supply
portion for supplying an ion to an interior of the water feeding tank and/or
the water conduit; and a light source pdidtion for irradiating the interior
of the water feeding tank and/or the water conduit with a particul ar beam
of light. 20 [0208] A refrigerator provided with an automatic ice naking
appar at us i&) cgaracterized in that the automatic ice maki ng apparatus

i ncl udes: a®208¢ Amgfilgerater provided withein aytomatictise makiighgpparaiustis t he

i ce making portion; an ion supply portion for supplying an ion to the water
condui t; achhractdrgded bothat theautomatierice makling appatdtaswacbrdesbnaduice wi t h
a 25 particular beamof light. 75 [0209] A refrigerator provided with an
automatic imekingipotRppas awvdter sondhitr fot euiding watehato the rdt aralding ice
maki ng apparatus includes: an ice naking portion; a water conduit for

gui di ng vat gsrtidh;tdiRl h AfsHBdduIEe th?fithBi ifadiftihl Rt wotsh COnAQit wth hor
irradiating the water conduit with a 5 particular beamof light, and in that

the wager CB%‘%%%PR@%@% &Plighﬁa!n‘{ﬂn £IRAY ¢ %Bittﬁn%d@gﬁf k@ﬁtafi{?é a&illerigna

silver i on. ri gerdtor provide rigerating conpartnent,

a freezer %@Eﬁﬁiﬁﬂﬁgﬁgkﬁﬁkﬁﬁﬁgﬁg{Qﬂ%épf refrigerating conpartnent, and an

automatic i I'ng us ehatatferized in that the automatic ice 10
maki ng appa

refrigerati wgtlbin%g‘gkrﬁﬁatogﬁwéggﬁ;%%ﬂ&n??éﬁg%ﬁ 'g%g%%j#rgn{?g&t RdFeFRTt he
compartment isolated from the refrigerating compartment, and an
automatic ice making apparatus is characterized in that the automatic ice
10 making apparatus includes: a water feeding tank located in the
refrigerating compartment; an ice making tray located in a portion of the
freezer compartment; a water conduit for guiding water stored in the
refrigerating compartment to the ice making portion; and an ion supply
portion for supplying an ion to an interior of the water feeding tank and/or
15 the interior of the water feeding tank, and in that the water conduit is light
. transmissive; and a light source portion for irradiating the water conduit
with a particular beam of light is located near the water conduit.
. [0211] In the refrigerator provided with the automatic ice making
apparatus of the above-described configuration, the water feeding tank of
20 the automatic ice making apparatus may be light transmissive; and a light
source portion for irradiating the water conduit with a particular beam of
light may be located near the water feeding tank.
The particular beam of light may have a peak wavelength in the

range of 300 to 600 nm.

25 The particular beam of light may have an irradiation intensity of



freezer conpartnent; a water conduit for guiding water stored in the
refrigerating conpartnent to the ice making portion; and an ion supply
portion for supplying an ion to an interior of the water feeding tank and/or
15 the interior of the water feeding tank, and in that the water conduit is
light transm ssive; and a |light source portion for irradiating the water
conduit wth a particular beamof |ighti6s | ocated near the water conduit.
[0211] In the refrigerator provided with the automatic ice naking apparatus
of the above-described configuration, the water feeding tank of 20 the
automatic ice making apparatus may be light transm ssive; and a |ight source
portion for99Q ﬁ‘aﬁOQg@mee’Y/ﬁél?Wat er conduit with a particul ar beamof |ight
may be | ocated near the water feeding tank. The particul ar beam of |ight may
have a peakl02d2¢|lengthei utomatiangee oingKidgt capparatms 2&ithhethar tabowkar
beam of light nmay have an irradiation intensity of 76 500 to 500000 i Wcn®.

[02121 In témfRuiratidhise the donaduppdy grireioat sispplidhidmet@lbby ent@daof ofthat i ons,
the ion supply portion supplies ions to the interior of the water conduit

or {o the ighedd &ndifit bPeo WAL ShtGIWIHF theaR@té o Wil @ t1Rf irdtRfio? ofaher
feeding tank, and the |ight source portion irradiates the water conduit and
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to prevent m croorganrrsns an erating 1In e Interior
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in the interior of the water conduit or in the interior of the water conduit
and the interior of the water feeding tank, and to germicide proliferating
10 microorganisms and the like with a small concentration of ions.
[0213] That is, the automatic ice making apparatus with the above
configurations automatically carries out antibacterial processing of the
interior of the water conduit and the like. This keeps water-existing
portions of the automatic ice making apparatus always clean without the
15 need for removing and washing the water conduit and the water feeding
tank, and this advantageous effect is realized with an extremely low
concentration of ions. The realization of the above-described
advantageous effect with the above configurations is because the above
configurations employ an antibacterial method that combines a particular
20 beam of light with ions. The principle of this antibacterial method is that
irradiating microorganisms and the like with the particular beam of light
opens the inherent function of tissues of microorganisms and the like
(including animals and plants) to shield off foreign substances (i.e., opens

the ion-permeable channel), thereby causing ions to be effectively

25 incorporated inside a body. Incorporating an increased number of ions



i

configurations automatically carries out antibacterial processing of the
interior of the water conduit and the like. This keeps water-existing
portions of the autonmatic ice making apparatus always clean wthout the 15
need for renoving and washing the water conduit and the water feeding tank,
and this advantageous effect is realized with an extrenely | ow
concentration of ions. The realization O0f7 the above-descri bed advantageous
effect wwth the above configurations is because the above configurations
enpl oy an antibacterial nethod that conbines a particular 20 beam of [|ight
with ions. The principle of this antibacterial nethod is that _irradjating
ni cr oor gani Bxderfhet meicreqrganism bedy mnableuithe bnsmtef suffigiantly mxtabithe

i nherent function of tissues of mcroorganisns and the like (including

ani mal s andeffeatstsjch as shetbblisihd disterbgnes utletraby aahfbitmg gopetts of tthe

i on- per neabl e channel ), thereby causing ions to be effectively 25

i ncor por at eghic¥irgdenizniogyd the tikeppidpengicidingtheeased nunber of ions 77
i nside the m croorgani sm body enables the ions to sufficiently exhibit

ef fects sucfpas] "Bt dhohbsie-desthOR RSzt ARIAD L He1Bh Y ];ﬂ'ga gggﬁg\ﬁ 8§ behe

m croorgani sns and the |like and germ ciding them [021 I

above- (gescrhtmq]?i:g)&{ Eggﬁﬁmi‘“ﬂt he guﬁg)r@?&%g%i%eg%ﬁgon may be 5 a silver ion

supply portion tor sup g silver ver 1ons are particularly
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use of a s k6/261r5]i '%Pl;ecioorg[ asluglpgg pso(i'lti%tni ?r?a3t1 ab\g rzlzlg siialvgi'li\cl)gr s{q?}r)lly portion for
supplying a silver ion-containing aqueous solution having a silver ion

10 concentration of 100 to 1100 ppb.

[0216] Use of a silver ion-containing solution having a silver ion
concentration of 100 to 1100 ppb provides the antibacterial effect with a
short period of light irradiation. Additionally, the above concentration
enables it to make the concentration of the silver ions existing in the

15 interior of the water conduit and the like such a concentration that will not

. adversely affect human body by washing with water.
[0217] The silver ion supply portion may be a silver ion supply portion for
supplying a silver ion-containing aqueous solution having a silver ion
concentration of less than 100 ppb.

20 [0218] Aqueous solutions that contain silver ions of extremely low silver
ion concentrations of less than 100 ppb are usable as beverages, and
therefore the above-described configuration secures high safety in the case
where the water conduit and the like are not washed with water after the

antibacterial processing.

25 [0219] The silver ion supply portion may have a structure of directly



concentration of 100 to 1100 ppb provides the antibacterial effect with a
short period of light irradiation. Additionally, the above concentration
enables it to nake the concentration of the silver ions existing in the 15
interior of the water conduit and the |like such a concentration that wll
not adversely affect human body by washing with water. [0217] The silver
ion supply portion may be a silver ion sSifply portion for supplying a
silver ion-containing aqueous solution having a silver ion concentration of
|l ess than 100 ppb. 20 [0218] Aqueous solutions that contain silver ions of
extrenely low silver ion concentrations of |ess than 100 ppb are usable as
bever ages, swppPlyingths vader pendwdveathdbe silved iovasniguning aguearusadytinngh
safety in the case where the water conduit and the |like are not washed with
wat er aft er havimg anilvenmrecirmenpraiomsof legs tRan[10D1®Yb.The silver ion supply
portion may have a structure of directly 78 supplying the water conduit

with the silver i8ceomaeni @thddteal® 90t udasin toh@ddshg addsieh¥By Edikes
concentration of |less than 100 ppb. Since water conduits are not easy to
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conduits is particul arly in 5 need. Additionall y, the capacity of wat er
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[0220] The irradiation period of time of the particular beam of light may
be 30 minutes or more.

10 Even with silver ions of an extremely low concentration of
approximately 60 ppb, 30 minutes or more of light irradiation realizes the
antibacterial effect.

[0221] In the above configuration, the silver ion supply portion may have a
cartridge filled with silver ions.

15 A cartridge filled with silver ions may only need to be mounted

. during an antibacterial operation. Additionally, specifying the amount of
silver ions to fill the cartridge facilitates control of the amount of silver ions
- to supply to the interior of the water conduit and the like.
[0222] The cartridge may have a silver ion-containing aqueous solution
20 having a silver ion concentration of less than 100 ppb, and the irradiation
period of time of the particular beam of light may be 30 minutes or more.
This configuration realizes sufficient antibacterial effects while
securing safety of edible ice.
[0223] Also in the third inventive group, the term “antibacterial,” as used

25 herein, is not only intended to prevent proliferation of microorganism



anti bacterial effect. [0221] In the above configuration, the silver ion
supply portion may have a cartridge filled with silver ions. 15 A cartridge
filled with silver ions may only need to be nounted during an antibacteri al
operation. Additionally, specifying the amount of silver ions to fill the
cartridge facilitates control of the ampunt of silver ions to supply to the
interior of the water conduit and the |i’Re. [0222] The cartridge nmay have a
silver ion containing aqueous solution 20 having a silver ion concentration
of less than 100 ppb, and the irradiation period of tine of the particular
beam of light may be 30 mnutes or nore. This confjquration realizes

suffi ci ent laﬁtq%%/ef éﬂlaPU@l‘lfti“@f%OfMWéo SHOMP ARG %H%@y ol WaHE 0B CeRIS:

[0223] Also in the third inventive group, the term"antibacterial," as used
25 herein, ‘stemlozatoon %Whit:bnnteansokghagemltl {dreo Inhiceoarigaoisms), hi“gexaigdei sm 79
i nstead of extinction thereof, but to enconpass all the foll owm ng concepts:
"sterilizat(wdtickwheais kelding &t lédstgpait oft tie microepgnisnss)¥) (disinfectioms! de

(which neans killing at |east part of the nicroorganisns),"” "disinfection,”
"fungus er agufgls OneradibAsse i 0Shadtesiobyatioty Ch(wRRRS imbaRsti m‘hiﬁitin%
proliferation of mcroorganisns),” "fungicide " "preservation,” and the
like. 5[ 02248 a6{o65mididbl &hiskn ) he N AW dAIs 1ibsd NG DN T Snd tHEMKeve G oup
Fig. 13 is a schematic diagramfor 11lustrating an automatic ice naking
gppar at us g@ggﬁpi ng to Exanple 1 of the third inventive group. 10 Fig. 14 is
an enl arged schematic diagramfor illustrating a method for irradiating a

v.vat er Cond%xtie%tegcxli})g}lghof the Drawings of the Third Inventive Group
Fig. 13 is a schematic diagram for illustrating an automatic ice
making apparatus according to Example 1 of the third inventive group.
10 Fig. 14 is an enlarged schematic diagram for illustrating a method
for irradiating a water conduit with light.
Fig. 15 is a schematic diagram for illustrating an automatic ice
making apparatus according to Example 2 of the third inventive group.
Fig. 16 is a diagram for illustrating a water conduit covered with a
15 light conduction layer.
Fig. 17 is a schematic diagram for illustrating an automatic ice
making apparatus according to Example 3 of the third inventive group.
Fig. 18 is a graph showing results of antibacterial effect
confirmation test 1.
20 Fig. 19 is a graph showing results of antibacterial effect
confirmation test 2.
[0225]
[Description of Reference Numeral]
301: water feeding tank, 302: water conduit, 303: ice making tray,

25 304: ice storage vessel, 305: heat insulating material, 306: silver ion supply



Fig. 15 is a schematic diagramfor illustrating an automatic ice making
apparatus according to Exanple 2 of the third inventive group. Fig. 16 is a
diagramfor illustrating a water conduit covered with a 15 |ight conduction
| ayer. Fig. 17 is a schematic diagramfor illustrating an automatic ice
maki ng apparatus according to Exanple 3 of the third inventive group. Fig.
18 is a graph showing results of antiba®Oerial effect confirmation test 1.
20 Fig. 19 is a graph showing results of antibacterial effect confirmation
test 2. [0225] [Description of Reference Nuneral] 301: water feeding tank,
302: water conduit, 303: ice nmaking tray, 25 304: ice storage vessel, 305:
heat i nsul aROTAWHE3QF | electromagngtic ¥alyen3@8ipHEht spurgprAi 389 geflecting

el ectromagnetic valve, 308: light source A 309: reflecting plate, 310:
refl ecti ng plade,e31F1eflectinigeptatag3pl ateflecsin platghB8l8oligbe sBure1 B, 313:
reflecting plate, 314: solution sending punp, 315: el ectromagnetic val ve,
316: t hr ee-mdlectingepbeat 3pdt sohytion tsbhnéirgr puenmglesi elecatoneagrddtic valve,

t hree-way divergent pathway with el ectromagnetic val ve, 318: drainage

channel , 31916:! ithiée-aaiyd udivepFedtayRitheamer withnadlectroaisgietic 320ve,| i T
conduction layer. [02261 Best Mde for Carrying out the Third Inventive

G o, 10 XSk 0] HFTLOMS SRR o, Wl o
channel, 319: light conduction layer-covered water conduit, 320: light
conduction layer.

[0226]
Best Mode for Carrying out the Third Inventive Group

10 Embodiments of the third inventive group will be described below
with reference to Examples. It should be noted that the following
examples are provided for exemplary purposes and not for limiting
purposes.
[0227]

15 (Example 1 of the Third Inventive Group)

A refrigerator provided with an automatic ice making apparatus
according to example 1 of the third inventive group is a refrigerator that at
least includes a refrigerating compartment (refrigerating compartment —
in Fig. 1) controlled at approximately 1 to 6°C, and a freezer compartment

20 (freezer compartment — in Fig. 1) controlled at a temperature less than
0°C (generally less than —18°C). Additionally, this refrigerator has built
therein an automatic ice making apparatus. The elements of this
refrigerator other than the automatic ice making apparatus may be

configured on the basis of known techniques and not particularly limited.

25 Accordingly, here description will be made of the automatic ice making



exanpl es are provided for exenplary purposes and not for limting purposes.
[02271 15 (Exanple 1 of the Third Inventive Goup) A refrigerator provided
with an automatic ice naking apparatus according to exanple 1 of the third
i nventive group is a refrigerator that at |east includes a refrigerating
conpartment (refrigerating conpartnent --~ in Fig. 1) controlled at
approximately 1 to 6C, and a freezer corfplartment 20 (freezer conpartnent -f
in Fig. 1) controlled at a tenperature less than OC (generally |ess than
-18C). Additionally, this refrigerator has built therein an automatic ice
maki ng apparatus. The elenents of this refrigerator other than the_
automati c i epPaEAtuagWabEhisathesmeay postion b thg e figenatenh dyredewing ta Higwn
techni ques and not particularly limted. 25 Accordingly, here description
will be madé3of the automatic ice making 81 apparatus, which is the main
portion of the refrigerator, by referring to Fig. 13. [0228] Fig. 13 is a
schemati ¢ pH2a%dcFigiel18i mgmascli@naticl petspatiing diagraautforvllvstiaten greghieng
apparatus. This automatic ice making apparatus 5 includes a detachabl e

wat er feedi pAtdmbtic 3ed  makied @ppaeasliy.t TS, adidn&t8c TBKiMaking@¥ppABatudn i ce
storage vessel 304, a heat insulating material 305, a silver ion supply

portion 306;,anq&d ﬁcdétﬁeﬁgmgtJvﬁté&afe\éﬂixgglaﬁﬁ%l‘?F&e&%t?xa@&x&&i?%ﬁﬁz,‘;ag%ic{ehe

ffow of silver 1ons injected fromthe I'ver 1on supply portion o the
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p'art of theaV\éaliv%rr ﬁ)%ngllf}!)f)ly?)ggrt%ne 306, an electromagnetic valve 307 that opens
and closes for the flow of silver ions injected from the silver ion supply
portion 306 to the water conduit 302, a light source A 308, a solution
10 sending pump 314, and an electromagnetic valve 315.
[0229] The water feeding tank 301 and a part of the water conduit 302 are
located in the refrigerating compartment, while the other part of the water
conduit 302, the ice making tray 303, and the ice storage vessel are located
in portions of the freezer compartment. The refrigerating compartment
15 and the freezer compartment are partitioned by the heat insulating
material 305.
[0230] The ice making tray 303 is rotatable by a rotating motor, not shown.
A heat plate is located on a bottom surface of the ice making tray.
[0231] Between the water feeding tank 301 and the solution sending pump
20 314, the electromagnetic valve 315 is provided to open and close for the
flow of water that enters the water conduit 302 from the water feeding
tank 301. The solution sending pump 314 is controlled to send a
predetermined amount of water at predetermined intervals.

[0232] All the operations including rotation of the ice making tray 303,

25 turning ON/OFF of the heat plate, turning ON/OFF of the electromagnetic



A

| ocated in the refrigerating conpartnent, while the other part of the water
conduit 302, the ice making tray 303, and the ice storage vessel are |ocated
in portions of the freezer conpartnent. The refrigerating conpartnent 15 and
the freezer conpartnent are partitioned by the heat insulating nmaterial

305. [0230] The ice making tray 303 is rotatable by a rotating notor, not
shown. A heat plate is |located on a bot8dm surface of the ice making tray.

[ 0231] Between the water feeding tank 301 and the solution sending punp 20
314, the electromagnetic valve 315 is provided to open and close for the
flow of water that enters the water conduit 302 fromthe water feeding tank
301. The sovalveen damtighgofopurhe Fbduiienceanduig epump smred @ntpoléatet by maned
anount of water at predetermned intervals. [0232] Al the operations

i ncl udi ng r atietdcompitet héndtcshowii)ng Aidaytidaally, 2het iceni stgr&dd Grdssel ishe
heat plate, turning OV OFF of the el ectromagnetic 82 valves, driving of the
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Additionally, the ice storage vessel is provided with, for exanple, a
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transm ssi ve terial 10 such as transparent resin and transparent gl ass.

The i ght <datlee wepisterad gradesparide andastqIes VR dukvex Héhrﬁ%’feopﬁg?’ﬂq“tlon
having a concentration of 60 ppb.

The water conduit 302 is composed of a light transmissive material

10 such as transparent resin and transparent glass.

The light source A is a light source that provides a beam of light
having a peak wavelength in a range of 300 to 600 nm and an irradiation
intensity of 500 to 500000 uyW/cm2. In this example, an LED having a
peak wavelength of 525 nm is used so that an irradiation intensity of

15 500000 pW/cm? (50 mW/cm?) is secured.

[0234] While Fig. 13 shows one light source, the light source A is not
limited to one and a plurality of light sources A may be provided as
necessary. It is also possible that the light source A comprise a fluorescent
lamp.

20 [0235] In the automatic ice making apparatus of this structure, the peak
wavelength of the light source A, the light irradiation intensity, and the
irradiation period of time may be suitably selected considering the light
transmission property of the water conduit, the silver ion concentration,

necessary antibacterial potency, and so forth. This is because when the

25 selected light source has a peak wavelength at which the wall of the water



havi ng a peak wavelength in a range of 300 to 600 nm and an irradiation
intensity of 500 to 500000 pWcn2. In this exanple, an LED having a peak
wavel ength of 525 nmis used so that an irradiation intensity of 15 500000
p.Wcn2 (50 mVWcnR) is secured. [0234] While Fig. 13 shows one |ight source,
the light source Ais not limted to one and a plurality of |ight sources A
may be provided as necessary. It is al S8 possible that the |ight source A
conprise a fluorescent lanp. 20 [0235] In the automatic ice making
apparatus of this structure, the peak wavelength of the |ight source A t he
light irradiation intensity, and the  irradiation period of tinme may

sui tably sererdwid is sHiguds t%ér@%@nlﬁ dight cangios hes éﬁhﬁerﬁrdo%ﬂ?%/ l%Wr%%eOfwat er

conduit, the silver ion concentration, necessary antibacterial potency, and
so forth. Thhe watebewamdsut whsficiehtly? sSherebycfaitingi ightecuer g hagibactryal

wavel ength at which the wall of the water 83 conduit is difficult to
transmt, | ipghénoyareinforbiegdeffdct diyeihe hghtharradiatiomwiile when thed silveotodui t
sufficiently, thereby failing to secure the antibacterial potency

rei nf orci ng c@ﬁée@ﬁ&aﬁwntlbelow gk ligheghaldifien ltdesityhed sebesnsallvahdi e
concentration is low, the |ght irradiation intensity is set small, and the

S irragati gﬁ'}aﬁ?‘%ﬂg tp%fnot& tinie %Q%Ho?ﬂﬁ%d theh Qﬁ ingafid éﬁt %thbacten

ant i-bact eri results. In view thIS elrralatlon peri o

0
) h
Feiecti ng. eyt LR "UhCieH RS, gﬁéqr*%%ééﬂléﬁ*éo%?lodﬂ‘gféféﬁé? iE udppltf B0 The
t he ent.ire wat conduit 302. Each 10

sufficient |i is applie
reflecting ﬁlgtu%e? ar 038 8?‘15"% %‘t’tetsépleé@tr? ]materl al such as, for
exanpl e, a [&éé]o&‘hgl 1%[ ec(t)fngai)luatesn Lérg& 310, and 311 are materials for securing

that sufficient light is applied to the entire water conduit 302. Each
10 reflecting plate is made of a light reflective material such as, for example, a

mirror plate of aluminum.

[0237] Fig. 14 shows an enlarged schematic of the reflecting plate,

although it is not essential. In the case where the light source alone

suffices in applying sufficient light to the entire water conduit 302, the
15 reflecting plates may not be provided. It should be noted that in the third

inventive group, all the elements, such as the light source and the

reflecting plates, involved in irradiating light to the water conduit are

- referred to as a light source.

[0238] The ice making operation of the ice making apparatus will be
20 described.

When the water feeding tank 301 is filled with water and placed
inside the refrigerator, then a sensor (any sensor may be used) provided on
an attaching portion of the water feeding tank 301 senses the placement of
the water feeding tank. This causes the electromagnetic valve 315 to open

25 and the solution sending pump 314 to activate to send a predetermined



[02371 Fig. 14 shows an enlarged schematic of the reflecting plate,
although it is not essential. In the case where the |ight source al one
suffices in applying sufficient light to the entire water conduit 302, the
15 reflecting plates may not be provided. It should be noted that in the
third inventive group, all the elenents, such as the light source and the
reflecting plates, involved inirradiati®y light to the water conduit are
referred to as a |ight source. [02381 The ice naking operation of the ice
maki ng apparatus will be 20 described. Wen the water feeding tank 301 is
filled wth water and placed inside the refrigerataqr,. then_a sensor (any
sensor may BRIQWE®N! Bawy Betheowatemieeding fiank s&arm the ive mpkingteay 8E3di ng
tank 301 senses the placenment of the water feeding tank. This causes the
el ect r omagnén ithe n¢ argidez heelegeomagnatid viathee 807 us closedendi ng punp 314 to
activate to send a predeterm ned 84 anmount of water in the water feeding
tank 301 to[0289]i Fhernmkiergstorelimtie icel makes tEan303ris tdudeé ferh perighef i C
val ve 307 is closed. [0239] The water stored in the ice nmaking tray 303 is

cooled for @4:@@_r(mdaolf)redetéfmn{efdo?eﬁoar sdeinge)muned R’ wadeplis tdufHliently | the
water is sufficiently 5 frozen. Then, the ice making tray 303 is

hal -1 gf al efohind MR kA i LAlcind Hrad BOILs RNEbDACRIR! o bR Enk Sndiined ON

wrth the bottom surface o I ce making tray 303 up ttom
s e L SGP BT ARER s SRS 8 TR VTR |
storage vessel a0l 9 ke ash Lot AR S S, LORA TS ea! Mini S G LR A T
ice in the ice making tray 303 to melt at the contact surface with the ice
making tray 303 and drop inside the ice storage vessel 304 to be stored
10 there.
[0240] Then, the ice making tray 303 is half-rotated back in place by the
rotating motor, and synchronously, the solution sending starts again.
The series of operations are integrally controlled by a
microcomputer, not shown.
15 While the above example employs the system in which the heat
. plate is placed on the bottom surface of the ice making tray and the ice
making tray is rotated by 180 degrees upon freezing of the water inside the
ice making tray, the means of storing and retrieving prepared ice is not
particularly limited and any known method may be used.
20 [0241] Next, the bacteria elimination operation (also referred to as
cleaning operation) of the water conduit 302 will be described.
First the electromagnetic valve 315 1is closed and the
electromagnetic valve 307 is opened. With this state, a predetermined

amount of the silver 1on aqueous solution having a concentration of 60 ppb

25 stored in the silver ion supply portion 306, which is located inside the



T
rotating notor, and synchronously, the solution sending starts again. The
series of operations are integrally controlled by a mcroconputer, not
shown. 15 Wile the above exanpl e enploys the systemin which the heat
plate is placed on the bottom surface of the ice making tray and the ice
making tray is rotated by 180 degrees upon freezing of the water inside the
ice making tray, the neans of storing aBf retrieving prepared ice i s not
particularly limted and any known nmethod nay be used. 20 [0241] Next, the
bacteria elimnation operation (also referred to as cleaning operation) of
the water conduit 302 will be described. First the el ectromagnetic val ve 315
is closed arfrigémating ecmpartgrenti cisy anyeeted 7inside pthe dwawt recomdiugt s3@2 e, a
predeterm ned anount of the silver ion aqueous sol ution having a
concent r at ithmoagh Gheppiubionssedithgi puidye 334l vathe phedatppinyned rdamounBoes,
which is located inside the 85 refrigerating conpartnent, is injected

inside the yi@hed s6RH hmdht thatabehwhhe crlddit 80258 THldwitiBhe bflved he
predeterm ned anmount is such a solution anbunt that the water conduit 302

s .filled WohhffaBusisbMRfon.i ON aqueous solution. 5 [02421 This operation is
carried out at predetermned intervals (e.g., once a week) or on the basis

o 20 8 1 0262] BRE SRS 5 SRR AT Bl SR, .81 306 P @
conduit 302, theelectr netig val ve 307 is c|.osed. 2431 The |ight
Yource A t i MESHh O 1 RS Bt OF Al AT SHERREPTJRPr SO, BoR e
WhiTe the ORENREYGhacRaln et R AT RN TSRO GRORIG oL SREST SARiei DY b tee
‘ flow into the water conduit 302, the electromagnetic valve 307 is closed.
[0243] The light source A turns on to irradiate light to the inner wall of the
10 water conduit 302 over the period of time before (30 to 10 minutes before)
and while the operation of injecting the silver ion aqueous solution inside
the water conduit 302, or after the water conduit 302 is filled with the
silver ion aqueous solution. The period of time for light irradiation is set
at 60 minutes.
15 [0244] The injecting operation of the silver ion aqueous solution, the
- timing of the light irradiation, and the period of time for lighting of the
light source A (light irradiation time) are all controlled by a microcomputer.
After injection of the silver ion aqueous solution inside the water
conduit 302 and the antibacterial operation by light irradiation are
20 complete, a silver ion elimination operation is carried out as necessary.
[0245] The silver ion elimination operation is an operation of washing
away silver ions existing in the water conduit and the like. However,
since the automatic ice making apparatus of example 1 is not provided with

any bypass pathway, water (washing water) flowing through the water

25 conduit 302 is stored in the ice making tray 303. In view of this, in the



the water conduit 302, or after the water conduit 302 is filled with the
silver ion aqueous solution. The period of tinme for light irradiation is set
at 60 m nutes. 15 [02441 The injecting operation of the silver ion agueous
solution, the timng of the light irradiation, and the period of tine for
lighting of the Ilight source A (light irradiation tinme) are all controlled
by a mcroconputer. After injection of gge silver ion aqueous sol ution
inside the water conduit 302 and the anti bacterial operation by |ight
irradiation are 20 conplete, a silver ion elimnation operation is carried
out as necessary. [02451 The silver ion elimnation operation is an

oper ati on ofilweagbn RdimiasaionSoparationomstx iExaniglel thé hextepisdide dhdwdteand t he
| i ke. However, since the automatic ice naking apparatus of exanple 1 is not

provi ded Wi fobdirgyadly RAgHBowad hedlow WaELthd 1Sk Ren 887 303! £ RHe WHt@Wgh the
water 25 conduit 302 is stored in the ice making tray 303. In view of this,

in the 86 gl li(Yeerin%f?i% hé el 'aﬁégngfﬁ%&;%@trﬂgké}}%ﬂ%%& Examphsuldt BE WBESY,

i nside the water eeding tan Into the ice making'tray

303, and t r [ i LS t i.C ' tr i.s. discharged. Lt
Shoul d be mrbRe ufbolifitnnfine el AfvixBaRinitg pGb (uReMEERMA ek,
causes_no particul.ar 5 inconvenjences because thi.s exanpl e uses a.sj.lver ion
aqUeous sol BEPBYERIRGH HeaRUSS, LRt ERGMBIG, BENcR IV B GAUERUSRIOTOD 46]
(Exanmpl e 2 of the Third Inventive Goup) Fig. 15 shows schematic perspective
vi ew of an RANIBgAD extire@elylgowrenwfaagtanét BRRording to Exanple 2.
Exanple 2 of the third inventive group is characterized in that: a

t hr ee- way dio2d6lent pat hway

(Example 2 of the Third Inventive Group)

Fig. 15 shows schematic perspective view of an automatic ice
10 making apparatus according to Example 2. Example 2 of the third
inventive group is characterized in that: a three-way divergent pathway
316 with electromagnetic valve capable of opening/closing each of its
pathways is provided along the water conduit 302 and between the water
feeding tank 301 and the solution sending pump 314, and one of the
15 pathways is connected to a silver ion supply portion 306; a similar
-~ three-way divergent pathway 317 with electromagnetic valve is provided
along the water conduit 302 and near an end thereof at the side of the
refrigerating compartment, and one of the divergent pathways is connected
to a drainage channel 318 for washing away silver ions; in place of the
20 reflecting plates, a light conduction layer-covered water conduit 319 having
the water conduit 302 covered with a light conductive layer made of a light
conductive material (optical fiber) is employed; and a silver ion aqueous
solution having a concentration of 1100 ppb is stored in the silver ion

supply portion 306. The other matters were the same as in Example 1.

25 [0247] Fig. 16 is a diagram for illustrating the light conduction



316 with el ectromagnetic val ve capabl e of opening/closing each of its

pat hways is provided along the water conduit 302 and between the water
feeding tank 301 and the sol ution sending punp 314, and one of the 15

pat hways is connected to a silver ion supply portion 306; a simlar

t hree-way divergent pathway 317 with el ectromagnetic valve is provided

al ong the water conduit 302 and near an8§nd thereof at the side of the
refrigerating conpartnent, and one of the divergent pathways is connected
to a drainage channel 318 for washing away silver ions; in place of the 20
reflecting plates, a light conduction | ayer-covered water conduit 319 having
t he wat er clagdtricoved@d eaver ednduith 3d9l i dghi. clbrdwhiviwse thayléghtredadatétien | i ght
conductive material (optical fiber) is enployed; and a silver ion aqueous

sol uti on hagiyagcavéredoratdralondmi®819 53@ Pigh 168 showedni XY Bfds§ise¥ibniofn
supply portion 306. The other matters were the sane as in Exanple 1. 25

[0247] Fi QF%G \Ag?ae.a i #5260 rreifdrenst MlhBgalt Bézld&ﬁtgﬁ%%bf Wndhit,

| ayer - covere r condtit 319. Fig. 16A shows the t conduction

etercover G PRLGAEY YR 1433 SRUBGERE Gl 838 gRRblen o)

Fig. 16A. In ( rence nurera enot er condi
320 denot oSy L BSOS 2T S0 BT G AR SBT AL 1o
310 enabl esotical dibazsr e hraaf she ligtgroncbietne eEcorddMatgosondeRas]
Inventi ve giSupnepiepat Bheably oiRdiese HEtriarPagvaor fendit 30hg, the
el ectromagnetic_val ves and the solution sending punp operate’so t hat water
i s suppl i edl0248In The antewaticdeeinmgking apparatus according to Example 2 of the
third inventive group operates as follows.
10 During normal driving, the electromagnetic valves and the solution
sending pump operate so that water is supplied from the water feeding
tank 301 to the ice making tray 303, thus carrying out ice making. At a
predetermined timing, e.g., at one-month intervals, an antibacterial
processing operation is carried out.
15 [0249] The antibacterial processing operation operates the valve of the
- three-way divergent pathway 316 to break the flow of water from the water
feeding tank 301, operates the valve of the three-way divergent pathway
- 317 to break the flow of water to the ice making tray 303, and causes water
to flow from the three-way divergent pathway 317 to the drainage channel
20 318.
[0250] Next, the antibacterial processing operation operates the three-way
divergent pathway 316 so that the silver ion aqueous solution inside the
silver ion supply portion 306 flows into the light conduction layer-covered

water conduit 319, and causes the solution sending pump 314 to send the

25 silver ion aqueous solution into the light conduction layer-covered water



tank 301 to the ice making tray 303, thus carrying out ice nmaking. At a
predetermned timng, e.g., at one-nonth intervals, an antibacteri al
processing operation is carried out. 15 [0249] The anti bacterial processing
operation operates the valve of the three-way divergent pathway 316 to
break the flow of water fromthe water feeding tank 301, operates the valve
of the three-way divergent pathway 317880 break the flow of water to the

i ce making tray 303, and causes water to flow fromthe three-way divergent
pat hway 317 to the drai nage channel 20 318. [0250] Next, the antibacterial
processing operation operates the three-way divergent pathway 316 so that
the silver ¢omuagdtdus sol ution inside the silver ion supply portion 306
flows into the |ight conduction | ayer-covered water conduit 319, and causes
t he sol uti oli926@hdimgypohyportizdtion wettd thiee sesduig wér theorsibrguesus spleotson
into the Iight conduction |ayer-covered water 88 conduit 319. [0251] In
synchr oni zagdlation t thd hentibacterigl oprodissiigd veperadionaguetiducesolthéi bightt he
anti bacterial processing operation introduces the light conductive |ayer of

t.he light copdictivenalyay of thOVRdoRhRE 0nORGYcovdiR dawatdeasndiit! 13h4 t hat

has a peak wavel ength of 525 nmand provides-a light irradiation intensity
o 20, 11 SRyl o BiCes Wyl b1oES ielia gph e
P00 92 SR D58 1 LA R TERT AR R 1
(:Irai nage Ch\%gﬂelofs 11: e AIwta er atc{n\{&lll% tiot f)eS Fl)z(')rsa%iiigge t\%iﬁ} Oﬂgh?,e thereby
antibacterializing microorganisms attached to or proliferating on the inner
wall.
10 [0252] In this regard, the silver ion aqueous solution may be left running
to the drainage channel 318. Alternatively, it is possible to stop the
solution sending pump 314 at the stage where the interior of the water
conduit 302 is substituted with the silver ion aqueous solution and to close
all the pathways of the three-way divergent pathways 316 and 317, and
15 with this state, to carry out the 30-minute light irradiation. This reduces
- the amount of the silver 1on aqueous solution used.
Subsequent to the above-described antibacterial processing
- operation, the three-way divergent pathways 316 and 317 are switched to

»” «

form a flow of “water feeding tank 301"-“water conduit 302"-“drainage
20 channel 318,” through which the water inside the water feeding tank 301 is
allowed to flow for a predetermined period of time (e.g., 5 minutes). This
silver ion elimination operation causes the silver ions inside the water
conduit 302 to be pushed out to the drainage channel, thus eliminating the

silver ions inside the water conduit.

25 The drainage channel 318 preferably has such a structure that is



solution sending punp 314 at the stage where the interior of the water
conduit 302 is substituted with the silver ion agueous solution and to cl ose
all the pathways of the three-way divergent pathways 316 and 317, and 15
with this state, to carry out the 30-minute light irradiation. This reduces
t he amount of the silver ion aqueous sol ution used. Subsequent to the
above-descri bed antibacterial processing9 operation, the three-way divergent
pat hvvays 316 and 317 are switched to forma flow of "water feedi ng tank
301"-"water conduit 302"-"drai nage 20 channel 318," through which the water
inside the water feeding tank 301 is_ allowed to flow for a predeterm ned
peri od of t?%ﬁaﬁt{l%oéta mgheyvashingmalytionjous of the gefigenataxi on oper ati on
causes the silver ions inside the water conduit 302 to be pushed out to the
dr ai nage chi}233l], Aftensths iartibadterjal Herocesdingr opensdidmsinike thiee sidsier rion
conduit. 25 The drai nage channel 318 preferably has such a structure that is
89 capabl eeldmihation@pehatioaend)ghs @ledtromagnetiofvalves aed opegetat ao. tHa3253]
After the antibacterial processing operation and the silver ion elimnation

qper ati on efAgrmhhReahgkinOPETeIddcomtal ves are operated so that normal ice
meking is carried out. 5 [0254] Wile in the above description the silver

i on sugply RuH4] OW}ﬁﬂﬁ 1n3tt}fér §Bove %es?éxl"igt#)gnt}?cﬂ'éﬁ%f \}eﬂ' éll g {d10 3861100

pph concentration, | so possi r e si upply portion

and then bet HEh 'svlf“eﬁ‘l %‘ZM% e “?frl%ﬁ]n oL 80 ToY BeaneRaRl 4ok o

that the congentr at silver ns i nsi dfoéi% ter ndw 1 302
becones app? i RO§S 1)@ ii er ion supp y portion 0 store a s1 ver 1on

aqueous solution havmg a higher concentration and then be mixed with
water supplied from the water feeding tank 301 so that the concentration

10 of the silver ions inside the water conduit 302 becomes approximately 1100

ppb.
[0255]

(Example 3 of the Third Inventive Group)
Fig. 17 shows a schematic perspective view of an ice making
15 apparatus according to example 3. In Example 3 of the third inventive
. group, the light irradiation can be made to the water feeding tank 301, and
the silver ion supply portion (including the electromagnetic valve 307) is
connected to the water feeding tank 301. Additionally, the silver ion
supply portion stores a silver ion aqueous solution having a 60 ppb
20 concentration. The other matters were the same as in example 2.
[0256] In the ice making apparatus according to this example, the water
inside the water feeding tank contains silver ions while at the same time
the water feeding tank is irradiated with light, thus facilitates the attempt
to antibacterialize the water feeding tank.

25 [0257] In the automatic ice making apparatus of this structure, such a



[ 0255] (Exanple 3 of the Third Inventive Group) Fig. 17 shows a schematic
perspective view of an ice making 15 apparatus according to exanple 3. In
Exanple 3 of the third inventive group, the light irradiation can be nade
to the water feeding tank 301, and the silver ion supply portion (including
the el ectromagnetic valve 307) is connected to the water feeding tank 301.
Additionally, the silver ion supply porfd on stores a silver ion aqueous
solution having a 60 ppb 20 concentration. The other matters were the sane
as in exanple 2. [0256] In the ice nmaking apparatus according to this

exanple, the water _inside fhe water feeding_.tank contains silver ions while
at the samcCami@Aration %P@fnggﬁitﬁ?@ttl&rﬂ%aF% of rthg filtes doR 1919ushiolutings
facilitates the attenpt to antibacterialize the water feeding tank. 25
[0257] | n thaving 268 Prb cercantkatignapsalvar ven elquenns sgtutien hasingadhgh 90
configuration is preferable that in place of the silver ion agueous sol ution
havi ng a 60capientrati@niof,aé igan20G0 pipbvisr stioved agudheusileanl idn euppbvpoxtian,hi gh
concentration of, e.g., 2000 ppb is stored in the silver ion supply portion,

and-the supphyl the tligplyi b/ hie istife AqoR GLifuenk Wal@tioh Sisagdjustel s6 ahalbathet he 5
concentration of the silver ions inside the water feeding tank becones 60

ppb (0t | Owesoenk AAREH of GERTEIRRr MBS A SHdcPhd ey Bt [UBtink Ot BBEOmBOTY on of

exanples 1 to 3, a cartridge fil O with silver ions may be enpl oyed.

For exanpl e { f a disposable-type cartridge that stores a
pr edet er m nBH anount of a silver

[0258]
(Common Matters)
As the silver 1on supply portion of examples 1 to 3, a cartridge filled

10 with silver ions may be employed. For example, the use of a
disposable-type cartridge that stores a predetermined amount of a silver
1on aqueous solution having a predetermined concentration enables it to
easily control the amount of silver ions supplied to the interior of the water
conduit and the like.

15 [0259] Additionally, such a method may be employed that, instead of

. storing the silver ion aqueous solution in the silver ion supply portion 306,
places two silver plates in the silver ion supply portion 306 (or the water
feeding tank) and applies DC current to the plates, thus generating silver
10nS.

20 [0260] Alternatively, it is possible to store silver ion-containing zeolite or
the like in the silver i1on supply portion 306 and extract the silver
lon-containing zeolite using water when in use.

Alternatively, it 1s possible to employ such a mechanism that,
instead of additionally providing the silver ion supply portion, provides the

25 interior of the water conduit with a silver ion elution material such as



i on aqueous sol ution having a predeterm ned concentration enables it to
easily control the anount of silver ions supplied to the interior of the
water conduit and the like. 15 [02591 Additionally, such a nmethod may be
enpl oyed that, instead of storing the silver ion aqueous solution in the
silver ion supply portion 306, places two silver plates in the silver ion
supply portion 306 (or the water feedi ) tank) and applies DC current to
the plates, thus generating silver ions. 20 [02601 Alternatively, it is
possible to store silver ion-containing zeolite or the like in the silver
ion supply portion 306 and extract the silver _iqgn-cqntaining zeolite using
wat er when PHverson-gontaiping vealite and silvppden wlation gaps s9 thasrthe sibedrani sm
that, instead of additionally providing the silver ion supply portion,
provi des t hnsauteupoineontdctidfdheaeehtecwnthuivatew.t h a silver ion elution
material such as 91 silver ion-containing zeolite and silver ion elution

gl ass so t hig2alleAdielruativelypiits i€bussiblepon conttias bydnéddingefok i dxanvplieh anat er .
[0261] Alternatively, it is possible to contain, by kneading for exanple, a

silver ion gflvéi h BRiteSH Matleialia (HR Ridtakials esedtitudingdohé Reateatfeédingedi ng
5 tank, and/or the water conduit, and/or the ice making tray, and/or the ice
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of the silver ions ter the silver ion elution cannot” be“great
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heightened, thus securing high safety. However, at the same time, the
inability to provide a high concentration means that high advantageous

10 effects cannot be obtained. In view of this, the irradiation of light as in
the present invention enhances the advantageous effects. Therefore, high
advantageous effects can be obtained even with a low silver ion
concentration.

[0262] In the case of the structure where silver plates are placed in the

15 water feeding tank 301, the silver plates and the application means

. provided in the water feeding tank 301 correspond to the silver ion supply
portion 306.
[0263]
(Antibacterial Effect Confirmation Test 1)

20 A test was conducted to confirm that the interior of the water
conduit and the like is antibacterialized in the antibacterial step described
in Example 1 of the third inventive group. The test method is as follows.
[0264]

(i) As the antibacterial target microorganism, a Candida albicans

25 NBRC-1060 standard strain (eukaryote) having an initial bacterial count of



advant ageous effects can be obtained even with a | ow silver ion
concentration. [0262] In the case of the structure where silver plates are
placed in the 15 water feeding tank 301, the silver plates and the
application neans provided in the water feeding tank 301 correspond to the
silver ion supply portion 306. [0263] (Antibacterial Effect Confirmation
Test 1) 20 A test was conducted to confi92nthat the interior of the water
conduit and the like is antibacterialized in the antibacterial step
described in Exanple 1 of the third inventive group. The test nethod is as
follows. [0264] (i) As_the antibacterial_ target mcroorganism a Candi da
al bi cans 28PRBREMateb05%1ieds Wa§mrapnrq<buk’ﬁﬁgsdmfeﬁabbﬂ@v 3RS dispprged
bacterial count of 92 approximtely 5x107/ nm was prepared. This bacteri al
body was di spea sghbsphate phffenH{a0entMf tencefstatndm) othoentprepacng, at kpere
preparing a spore suspension (bacterial solution). As the vessel for
preparing tBaspaosien Gastaisli eolutiorg| asss thesebssshsfousprbparin® Ahs] spore) 1 nl
of the spore suspension was put into 500 nL water to prepare

M croor gani sspéition] Aglad wakelrwhavsed. an initial bacterial count of
1X105/ L. This was put into the water feeding tank 301. The ice making

appar atgus V\@(ﬁz t at a flow of "water feeding tank 10 301"-"water condui't
302%-"ice making tray 303." The solution sending punp 314 was driven to

al'low the m croor gi?ﬁilsrrHLC%?ttﬁgi Qpao%gds feBsid® was put into 500 mL water to

prepare microorganism-contaminated water having an initial bacterial
count of 1X105/mL. This was put into the water feeding tank 301.
The ice making apparatus was set at a flow of “water feeding tank
10 301"“water conduit 302”-“ice making tray 303.” The solution sending
pump 314 was driven to allow the microorganism-contaminated water to
flow inside the water conduit 302, and 15 minutes, 30 minutes, and 60
minutes thereafter, the microorganism-contaminated water was sampled
from the ice making tray 303 (test solution: contaminated water).
15 [0266]
. (111) With the use of similar contaminated water to the one in (i),
the water conduit 302 filled with this contaminated water was irradiated
' with a beam of light having a peak wavelength of 525 nm and an
irradiation intensity of 50 mW/cm? for 15 minutes, 30 minutes, and 60
20 minutes. A test solution of each of the cases was sampled from the ice
making tray 303 (test solution: contaminated water + light).
[0267]
(iv) To 450 mL water, 1 mL of the spore suspension and 50 mL of
silver ion aqueous solution having a silver ion concentration of 600 ppb

25 were added, thus preparing microorganism-contaminated water having a



flow inside the water conduit 302, and 15 mnutes, 30 m nutes, and 60

m nutes thereafter, the m croorgani smcontam nated water was sanpled from
the ice making tray 303 (test solution: contam nated water). 15 [0266] (iii)
Wth the use of simlar contam nated water to the one in (ii), the water
conduit 302 filled wwth this contam nated water was irradiated wth a beam
of light having a peak wavel ength of 5283 m and an irradiation intensity of
50 mWcnR for 15 minutes, 30 mnutes, and 60 20 m nutes. A test solution of
each of the cases was sanpled fromthe ice nmaking tray 303 (test solution:
contam nated water + light). [026 |v5 To 450 nL water, 1 pL of the spore
suspensi on silicers®mtongentsatioe ofi Gh pab tersall coundn haWPhmLy s$imdarlyon
concentration of 600 ppb 25 were added, thus prepari ng

m cr oor gani &n(m)omhmnmaadnﬂmcbwdmr/wa} sarfiledsfrovethé ice noikirgttray i308 of 60
ppb (bacterial count: 1x105/nmL). Simlarly to (ii), this contam nated water

was sanpl ed(tespsalubioni e6n tHakinig@ed Woate8A3silwdrashs)sol ution: contam nated wat er
+ silver ions). [0268] (v) Silver ion-containing contam nated water simlar

to the one [268} ()iSilvétepon-EddiingdcoMthhidaRepWAbr shﬁ'ﬂl‘arhb%VtHlQoﬁe Rgak
wavel ength of 525 nmand an irradiation intensity of 5 cn for 15

mv
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?2\:,]? ;[ Ibg(r:]t er fclg}ngig fagg%rer%g ﬁ(fr%ér?tieilhlt\{zggté(g nsWTcﬁk 90 ! 15 mml{tes {% minutes,
and 60 minutes. Antibacterial processed contaminated water of each of
the cases was sampled from the ice making tray 303 (test solution:
contaminated water + silver ions + light).

10 [0269]

(Antibacterial Effect Confirmation Test 2)

Similarly to test 1, test solutions using Escherichia coli were
sampled except that FEscherichia coli (NBRC-3972) was used as the
antibacterial target microorganism, in place of Candida albicans

15 NBRC-1060.
[0270] 100 uL of each of the test solutions sampled above was applied onto
a potato agar and cultured for four days at 25°C followed by counting the
number of colonies on the agar. By this method, the antibacterial effect
. was examined.
20  [0271]
(Results)
The results of test 1 are shown in Fig. 18, and the results of test 2
are shown in Fig. 19.

Referring to Fig. 18, a comparison between the case of only

25 contaminated water containing Candida albicans (indicated as A in the



Simlarly to test 1, test solutions using Escherichia coli were sanpled
except that Escherichia coli (NBRC-3972) was used as the antibacteri al
target mcroorganism in place of Candi da al bicans 15 NBRC-1060. [0270] 100
pL of each of the test solutions sanpl ed above was applied onto a potato
agar and cultured for four days at 25C foll owed by counting the nunber of
colonies on the agar. By this nethod, tpg anti bacterial effect was

exam ned. 20 [0271] (Results) The results of test 1 are shown in Fig. 18,
and the results of test 2 are shown in Fig. 19. Referring to Fig. 18, a
conpari son between the case of only 25 contam nated water containing
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case of irradiating the contam nated water (indicated as A in the figure)
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al one. A conparison between the case of involving silver ions w thout |ight
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anti bacteri met I nvolving silver ions and light irradiation (indicated
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al bi cans count.

1o shoha ¢ HEURPRgindatnt 25 dnRecfruthvind the case of the andbictetial ' ©
. method involving silver ions and light irradiation (indicated as © in the
figure) shows that the light irradiation provides a significant germiciding
potency reinforcing effect that makes the remaining Candida albicans
count more than single-digit lower.
10 [0272] Additionally, Fig. 19 shows that similar results are obtained with
E'scherichia coli.

Additionally, Figs. 18 and 17 show that as the period of time for
light irradiation becomes long, the difference in the resulting antibacterial
effect between the case of involving light irradiation and the case involving

15 silver ions without light irradiation (indicated as ® in the figure) tends to
become large.
[0273]

These results lead to the following conclusion.

. The irradiation intensity (50 mW/cm2) of the ultraviolet light (525
20 nm) used in the above test is sufficiently lower than the intensity with
which fungi can be antibacterialized. Thus, it is speculated that the

difference in the antibacterial potency between the case of the antibacterial

méthod involving silver ions and light irradiation (indicated as © in the

figure) and the case of involving silver ions without light irradiation

25 (indicated as ® in the figure) is not attributed to the germiciding effect of



Escherichia coll. Additionally, Figs. 18 and 17 show that as the period of
time for light irradiation becones long, the difference in the resulting
anti bacterial effect between the case of involving light irradiation and
the case involving 15 silver ions without light irradiation (indicated as
in the figure) tends to becone large. [0273] These results lead to the
followi ng conclusion. The irradiation i®ensity (50 mMWcnR) of the
ultraviolet light (525 20 nm used in the above test is sufficiently |ower
than the intensity with which fungi can be antibacterialized. Thus, it is
specul ated that the difference in the_ antibacterial potency between the
case of théhentlitsydeletilight yeelfduti resallts frgnsithe crromntedaimgornayation of
irradiation (indicated as o in the figure) and the case of involving silver
i ons wi t hosilver ghhsi msath dhieofuguy ibodychy etheaultravicleé lighunmadistiont
attributed to the germciding effect of 95 the ultraviolet light itself but

resul ts frdhathe, pheibiaddations afthieabdan off light hveing anped s delémgthf ofigus
body by the ultraviolet light irradiation. That is, the irradiation of the

beam of |i gt NavidWad ipRakiavBKENeSNily 6F 5033 W/em2aRdreaifdel tha HRbhRof
intensity of 50 mMWcnR increases the anmount of 5 silver ions incorporated
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antibacterial ions, the application of the present invention will not be
limited to silver ions. For example, copper ions or zinc ions may be used.
10 Additionally, while in the above-described example description is
made of the example where water is supplied from the water feeding tank,
tap water may be supplied through a valve or the like. In this case,
microorganisms will not grow in the tank because there is no tank, but
microorganisms may grow in the water conduit.
15 [0275]
Industrial Applicability of the Third Inventive Group
It is not easy to clean the interior of pipes of an ice making
apparatus of a refrigerator, and thus microorganisms such as molds and
staphylococci might grow in the pipes through a long period of use. It is
20 also not easy to find out the microorganisms. The third inventive group
enables it to automatically antibacterialize and wash, using a minute
amount of silver ions, molds and staphylococci that proliferate in
water-existing portions of the pipes and the like, and to prevent in advance
the occurrence of the microorganisms. Therefore, the industrial

25 applicability of the third inventive group is considerable.



made of the exanple where water is supplied fromthe water feeding tank,
tap water may be supplied through a valve or the like. In this case,

m croorgani sms will not grow in the tank because there is no tank, but

m croorgani sns nmay grow in the water conduit. 15 [0275] Industri al
Applicability of the Third Inventive Goup It is not easy to clean the
interior of pipes of an ice making appQ6atus of a refrigerator, and thus

m croorgani sms such as nolds and staphylococci might grow in the pipes
through a long period of use. It is 20 also not easy to find out the

m croorgani sns. The third inventive %roup. enable§ it to automatically

anti bacterialize and wash, usiﬂ&naihinweamva&bwwm of silver ions, nolds and
st aphyl ococci that proliferate in water-existing portions of the pipes and
the |ike, d8876l prevent in advance the occurrence of the nicroorgani sns.
Therefore, the industrial 25 applicability of the third inventive group is

consi der ablBack@pound At ofi the Femirtly ént#etivgg GrpQg76] Background Art of the
Fourth Inventive Goup Wth the advent of an aging society, there have been

Lncreasing 5 opppithUfhd ia@%ehﬂrqﬁﬁﬂiééiﬁ? i3V ehbfe TRkR Bade iAbrdagdig dden
elderly famly nmenbers and senile famly nmenbers, in addition to infants.
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but have Ii resi stance toS sease-causl ng bacteria, thus n hi gher
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bedridden elderly are liable to insanitation on their bodies but have little
resistance to disease-causing bacteria, thus needing higher levels of
cleanliness than healthy adults.

10 [0277] In particular, for bedridden elderly, clothing such as clothes and
sheets that come in direct contact with their skin are desirably sterilized,
for disease diagnostic reasons and for quality of life.

[0278] Additionally, with increasing health consciousness, significant
cleanliness is in demand for clothing of office workers and the like.

15 [0279] Under such social circumstances, washing machines are playing a
more important role than ever as tools to keep clothes clean.

[0280] Generally, clothes that need washing not only have sweat and dirt
attached thereon but, frequently, also have saprophytes and minute
animals and plants attached thereon. Occasionally, clothes and sheets

20 (bedclothes) on people suffering from diseases have serious disease-causing
bacteria attached thereon such as staphylococcus aureus and trichophyton.
[0281] Washing at home is usually such that various clothes are put
together and washed in a single washing machine. This occasionally

causes contamination of microorganisms among the laundry during

25 washing.



sheets that cone in direct contact wwth their skin are desirably sterilized,
for di sease diagnostic reasons and for quality of life. [0278] Additionally,
wi th increasing health consciousness, significant cleanliness is in demand
for clothing of office workers and the |ike. 15 [0279] Under such soci al

ci rcunst ances, washing nmachines are playing a nore inportant role than ever
as tools to keep clothes clean. [0280] Generally, clothes that need washing
not only have sweat and dirt attached thereon but, frequently, also have
saprophytes and mnute aninmals and plants attached thereon. Cccasionally,
cl ot hes and sheets 20 (bedcl othes) on people suffering from di seases have
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aureus and trichophyton. [0281] Washing at home is usually such that
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machine to 60C or higher are conventionally employed. Additionally, for
exanpl e, papethodso oderjareliminaty thedsyadridunbeatingthe laaarlahp¥5het eri al
netal ions to the rinsing water during washing. 10 [Patent docunent 4-1]
Uility MdeashHegi snaehinen tappb0idat bon higindti care oeonventionally employed.
Additionally, for example, patent documents 4-1 to 4-4 propose methods
that add antibacterial metal ions to the rinsing water during washing.
10 [Patent document 4-1] Utility Model Registration Application Publication
No. 5-74484.
[Patent document 4-2] Japanese Patent Application Publication No.
2001-276484.
[Patent document 4-3] Japanese Patent Application Publication No.
15 2004-215817.
[Patent document 4-4] Japanese Patent Application Publication No.
2004-321313.
[0283]
Disclosure of the Fourth Inventive Group
20 Problems that the Fourth Inventive Group is to Solve
However, clothes come in direct contact with skin, and therefore it
is difficult to use strong antibacterial agents for clothes.
Additionally, clothes are repeatedly used by washing, and therefore

it 1s difficult to use heating germicide methods that may impair colors and

25 texture.



No. 5-74484. [Patent docunent 4-2] Japanese Patent Application Publication
No. 2001-276484. [Patent docunent 4.3] Japanese Patent Application
Publ i cati on No. 15 2004-215817. [Patent docunent 4.4] Japanese Patent
Application Publication No. 2004-321313. [0283] Disclosure of the Fourth
I nventive G oup 20 Problens that the Fourth Inventive Goup is to Sol ve
However, clothes cone in direct contactggith skin, and therefore it 1is
difficult to use strong antibacterial agents for clothes. Additionally,
clothes are repeatedly used by washing, and therefore it is difficult to
use heatin% germ cide nethods that may inpair colors and 25 texture. 98
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[0284] Alt Hopgtl tAlehdwesthrthquashnegudsededitepdhepatedncdomnhents 4-1 o444 excel
in bacteria-elimnation washing without inpairing the clothes, the netal
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, cannot be made sufficiently high.
[0285] The present inventors have conducted an extensive study on the
method of controlling growth of microorganisms such as molds and bacteria,
and found out that ions (especially metal ions) having antibacterial potency
10 significantly reinforces their advantageous effects in the presence of a
particular beam of light. The present inventors also have conducted a
study on a rotating drum type washing machine and found that molds and
bacteria are likely to proliferate on the rear side of the rotating drum, and
that by bringing ions into contact with the rear side of the rotating drum in
15 a state where the rear side of the rotating drum is irradiated with a
particular beam of light, the molds and bacteria occurring on the rear side
of the rotating drum can be prevented.
[0286] The fourth inventive group has been made in view of the above
knowledge. It is an object of the fourth inventive group to provide a
20 rotating drum type washing machine capable of preventing microorganism
contamination (internal washing machine contamination) during washing
while at the same time carrying out antibacterial processing of the laundry.
[0287]

Means of Realizing the Object of the Fourth Inventive Group

25 A basic configuration of the fourth inventive group to realize the



particul ar beam of light. The present inventors al so have conducted a study
on a rotating drumtype washi ng nmachi ne and found that nolds and bacteria
are likely to proliferate on the rear side of the rotating drum and that
by bringing ions into contact with the rear side of the rotating drumin 15
a state where the rear side of the rotating drumis irradiated with a
particul ar beam of |ight, the nolds andgbacteria occurring on the rear side
of the rotating drumcan be prevented. [0286] The fourth inventive group has
been made in view of the above know edge. It is an object of the fourth
inventive group to provide a 20 rotating drumtype washi ng nmachi ne capabl e
of prevent ialpvetdesonbgdmbentdscharaciatized asifollewsal washi ng machi ne

contam nation) during washing while at the same tine carrying out

antibacterial progestdtigs Qlfruthyb@W&’é’ani h@éBifle MpaasstoincRedds: 21 Reatbpe

bj ect of the Fourth Inventive Goup 25 basi c configuration of the fourth
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1
as follows. Arotating drumtype washi ng nmachi neﬁgﬁ east 1 ncludes: a water

tank capablg; iggg{t}télgﬁ Iﬁ‘é\&zﬁﬁ%h%e%?t‘ﬂj tsaq{kaﬁﬂh%tg%l%;?:ﬁﬂ%nmﬁ{ ?ﬁ% whter

rotating drum e water tank and rotata rrvenitnthe water 5

tank; and i,on,sup means, of supplying jon water to the rotatin rum
and or St ne kAL ine SHRERCmERRGY $BFRbRg "B draldtlalfes Fofrite d
thereof, a plyrality of orefht rough which water is ablci éo pass betyeen an
I'nterior ofdiher rtbﬁaf"iaﬁ Rt e Hhemobatipe dHEnHERdeSHNRR &Rk he

wat er tank includes, on an inner side surface thereof, a first irradiating
10 porti on thereef; aadnzalitigotporssitbroaghisvhioh meater o8 ablweta pase befgveenanwi th a

interior of the rotating drum and an interior of the water tank; and the
water tank includes, on an inner side surface thereof, a first irradiating

10 portion for irradiating an outer side surface of the rotating drum with a
particular beam of light.

[0288] With this configuration, the ion supply means supplies ion water
inside the water tank and/or the rotating drum, thereby carrying out ion
antibacterial processing of the laundry contained inside the rotating drum.

15 [0289] Additionally, since the rotating drum is provided with a plurality of
pores through which water is able to pass back and forth, the ions supplied
by the ion supply means spread to the space between the rotating drum
and the water tank, resulting in such a state that the outer side surface of
the rotating drum is wet.

20 [0290] This configuration realizes ion antibacterial processing of the outer
side surface of the rotating drum as well as realizing ion antibacterial
processing of the laundry. In this regard, the outer side surface of the
rotating drum is irradiated with a particular beam of light by the first
irradiating portion, and this particular beam of light reinforces the

25 antibacterial effect of the ions. This facilitates the attempt to
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particul ar beamof light. [02881 Wth this configuration, the ion supply
means supplies ion water inside the water tank and/or the rotating drum
thereby carrying out ion antibacterial processing of the |aundry contai ned
inside the rotating drum 15 [02891 Additionally, since the rotating drumis
provided with a plurality of pores through which water is able to pass back
and forth, the ions supplied by the i dO0upply neans spread to the space
between the rotating drum and the water tank, resulting in such a state
that the outer side surface of the rotating drumis wet. 20 [02901 This
configuration realizes ion antibacterial processing of the outer side
surface of haetenathningterthe astewlsidasurfslei tiemy sorfaeet obaticeroting
processing of the laundry. In this regard, the outer side surface of the

rotating drdtonm,swhéreghioddeandishpreppaesoecnar beam of 1ight by the first
irradiating portion, and this particular beamof Iight reinforces the 25
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"outer side surface of the rotating
channel of the microorganism and causes ions to be efficiently incorporated

inside the microorganism body. This significantly reinforces the
10 antibacterial potency of ions. The “outer side surface of the rotating

drum” is intended to encompass the side surfaces and bottom surface of the

rotating drum.

[0292] In the above-described basic configuration, the rotating drum may

include, on the outer side surface thereof, a reflecting area for reflecting
15 the particular beam of light.

With this configuration, the light irradiated to the outer side
surface of the rotating drum by the first irradiating portion is reflected by
the reflecting area provided on the outer side surface of the rotating drum
and irradiated to the inner side surface of the water tank. Thus, this

20 configuration reliably antibacterializes not only the outer side surface of
the rotating drum but also the inner side surface of the water tank.
[0293] The reflecting area may be formed in a strip shape in a direction
orthogonal to a rotating direction of the rotating drum.

Since the drum rotates, forming the reflecting area in a strip shape

25 in a direction orthogonal to a rotating direction of the rotating drum



drunmt is intended to enconpass the side surfaces and bottom surface of the
rotating drum [0292] In the above-described basic configuration, the
rotating drummay include, on the outer side surface thereof, a reflecting
area for reflecting 15 the particular beamof light. Wth this
configuration, the light irradiated to the outer side surface of the
rotating drumby the first irradiating ]gﬂ)hi on is reflected by the
reflecting area provided on the outer side surface of the rotating drum and
irradiated to the inner side surface of the water tank. Thus, this 20
configuration reliably antihacterij.alizes not only the outer side surface of
t he rotati NS 2|2k retiefHBR aredell GPF ngfﬁ{ehglg tt8r thes RRUIE 9293)
The reflecting area may be formed in a strip shape in a directign
ort hogonal im@ex sida surfaee af theowaser tﬁnk,wéhltcgtmmﬁgs & the refiating dpemdr um
rotates, formng the reflecting area in a strip shape 25 in a direction
or t hogonal K)Q%?rfbddaﬂtiml]@i the refectoig tirea moay thenfyrovedmnl 8 lspivalquianssronl y a
small reflecting area in spreading the light to the entire inner side
surface of gdigtivaten rosading \dhievbionpgfadesrotatihpelruai.ati ng drum [ 0294]
Additionally, the reflecting area may be fornmed in a spiral manner relative
to a rgtating di reginhiiy Thet beé@idd | H@adinMy Spfral MudGnkRerélativecthng area
in a spiral manner relative to a rotating direction of the rotating drum
efficiently, : : [ t I reesls ' wat er
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ray be formed sporadica on the ou €’surface’o ating drum
the rotating drum.
[0295] Additionally, a plurality of reflecting areas each in an island shape
10 may be formed sporadically on the outer side surface of the rotating drum,
each of the reflecting areas being in a convex shape.

Forming each of the reflecting areas in a convex shape and in an
island shape reduces the reflecting material. Additionally, the light is
reflected diffusely in a complicated manner by the rotation of the drum and

15 thus spreads thoroughly to the inner side surface of the water tank, which
. is an opposing surface of the drum. This reinforces the antibacterial

potency of the whole of the interior of the water tank.

¥ [0296] Instead of the convex and island shape, the reflecting area may be
. simply in a island shape. It is also possible to arrange convex and island
20 shaped reflecting areas in a spiral manner relative to the rotating direction

of the rotating drum.

[0297] Additionally, in the rotating drum type washing machine having
the above-described configurations, the light irradiating portion may be
composed of the first irradiating portion provided on the inner side surface

25 of the water tank and a second irradiating portion provided on an inner



each of the reflecting areas being in a convex shape. Form ng each of the
reflecting areas in a convex shape and in an island shape reduces the
reflecting material. Additionally, the light is reflected diffusely in a
conplicated nmanner by the rotation of the drumand 15 thus spreads
thoroughly to the inner side surface of the water tank, which 1is an
opposi ng surface of the drum This reini®ces the antibacterial potency of
the whole of the interior of the water tank. [0296] Instead of the convex
and island shape, the reflecting area may be sinply in a island shape. It
is al so possible to arrapge convex d island 20 shaped reflecting areas in
a spiral mehtEm rface, 3@? piadey &@lgfi %3 ageer@ﬂiesﬁng&reﬁw@aydqeapr%dadum
[0297] Additionally, in the rotating drumtype washing nmachi ne having the
above- descrombbaticasidgsnefacoasd a bettpmgsurfaee afithe ratgtipgrdtun. nay be
conposed of the first irradiating portion provided on the inner side surface
25 of the wo268] tHiks emdfizanstmondealizediaatibagtedal ippocassing dfdthen eatiré nner
102 bottom surface of the water tank, and the reflecting area may be
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[0298] This configuration realizes antibacterial processing of the entire
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5 the entire inner e surface o e water tank, that is, the whole of the

washi ng machi, pe; %Zt% In the above-descri bed basic configuration, the
particul ar C‘gggrr?ﬁn%?ﬁléf:?gt ?r’]é‘y have a peak wavel ength of 300 to 600 nm
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Lntensity o

light may have a peak wavelength of 300 to 600 nm.
Additionally, the particular beam of light may have an irradiation

10 intensity of 500 to 500000 pnW/cm?2.

Additionally, the ion supply means may be silver ion supply means
of supplying silver ion water.

Additionally, the silver ion supply means may supply silver ion
water having a concentration of 30 ppb to 1100 ppb.

15 [0300] In this regard, the rotating drum type washing machine according
to the present invention applies an antibacterial method that combines
together a particular beam of light and ions. The principle of this

‘ antibacterial method is that irradiating microorganisms and the like with
the particular beam of light opens the inherent function of tissues of

20 microorganisms and the like (including animals and plants) to shield off
foreign substances (i.e., opens the ion-permeable channel), thereby causing
ions, which are foreign substances, to be effectively incorporated inside a
body. It is speculated that the ion-permeable channel of a microorganism
1s effectively opened by the irradiation of a particular beam of light having

25 a peak wavelength in the range of 300 to 600 nm. That 1s, the



Additionally, the ion supply nmeans may be silver ion supply nmeans of
supplying silver ion water. Additionally, the silver ion supply neans nmay
supply silver ion water having a concentration of 30 ppb to 1100 ppb. 15
[0300] In this regard, the rotating drumtype washi ng machi ne according to
the present invention applies an antibacterial nethod that conbines

toget her a particul ar beamof |ight andlGdns. The principle of this
antibacterial nethod is that irradiating m croorganisns and the like with
the particul ar beamof |ight opens the inherent function of tissues of 20

m croorgani sns, and the like (including animls and plants) to shield off
forei gn sutantibreterig]  potengpereinforeing neffeatnisiblasge hanthin) thishaesigg ©4usi ng
ions, which are foreign substances, to be effectively incorporated inside a
body. It iswspdeungth.ed that the ion-perneable channel of a microorganism is
effectively opened by the irradiation of a particular beamof |ight having
25 a peak f@gelEnudditionallye watigetbé PaticaladOCbenth Ufatligly, h&eing03an

anti bacterial potency reinforcing effect is large within this range of

vavel engt h-irfﬁﬁﬁﬁbnﬁﬁftbhmga&ﬂ 500 ot BOOOGD REWIdne2!| RrsuFfeidn®fantiBddteiati ng an
irradiation intensity of 500 to 500000 pwcnR, a sufficient antibacterial 5

otency rei ' | t 3 Adgli §:i 1S54 . HANS
p y ;{)Ht@ﬁg;? ?%n?&fc?x? effécn @ﬁggﬁb&hi‘lﬁ%ﬂtﬂﬂéﬂﬁﬁlﬁéﬂ 16n’s H st?éx‘{gy

strong antibact pot ency a t he acterial poten

el nf or ¢i gy 961 SELaT WELAEL, JIRK P00k 8Rl: A0l LhRnalt Y. MER, LS corcin

concent r ati‘ons | ns  supp | \ SUppis neans
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obtained wi stipver ions supplied from the silver ion supply means is 30 ppb to 1100 ppb,
the load on natural environment is small and thus is preferable.

10 [0302] Although the antibacterial reinforcing effect can be obtained with
beams of light of less than 300 nm, ultraviolet light of less than 300 nm is
not preferable in that members of the washing machine may be degraded
and the laundry may be damaged.

[0303] In the above-described basic configuration, the rotating drum type

15 washing machine may include washing operation control means of

. controlling a washing operation, and the washing operation control means
may control the silver ion supply means so as to secure that the silver ion
supply means supplies silver ion water during a laundry rinsing step.
[0304] The rinsing step requires a smaller amount of water than that in

20 the washing step, and thus the method involving silver ion water added in
the rinsing step provides a sufficient effect with a small amount of silver
ion water. Additionally, with the method involving silver ion water added
in the rinsing step, the following drying step turns the fiber of the laundry

into a state of being coated with silver ions. Clothes coated with silver

25 ions maintain the antibacterial effect for a long period of time, resulting in



beans of |ight of less than 300 nm ultraviolet light of less than 300 nmis
not preferable in that nenbers of the washi ng machi ne nay be degraded and
the laundry may be danaged. [0303] In the above-described basic
configuration, the rotating drumtype 15 washing machi ne may i ncl ude

washi ng operation control neans of controlling a washing operation, and the
washi ng operation control nmeans may colfi4ol the silver ion supply neans so
as to secure that the silver ion supply neans supplies silver ion water
during a laundry rinsing step. [0304] The rinsing step requires a snaller
anount of water than that in 20 the washing step, and thus the method

i nvol vi ng dpng periodpfdeanlingised in the rinsi ng step provides a sufficient
effect with a small anount of silver ion water. Additionally, with the

net hod i nvd030ak Isi theeabdvendeserdredanadurationh the weshmgg spepatiomeontrol owi ng
drying step turns the fiber of the laundry into a state of being coated

Wi th silvermeans m&y abhemlctdrt Hghviifrdadsating rpabionoss asatorisaéuret bieat the

anti bacterial effect for a long period of time, resulting in 104 |ong

period of Cﬂaﬁ@i&h‘lzﬂeﬁéam[m%'ﬂt ik Ariiddea RRI0M6R -Jemen ht@thyo@Btké gur ati on, the
washi ng operation control Tmeans may control the light-irradiating portion

SO as fo secure t%k"igg bre h{dlgé” %lr 3co'c&1ﬂ§‘|iaukéué 1R 18 fvﬁFh 30

m nutes or nore. g| ng rea stap OCOCCUS aureus in
contact with
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machine ey IHimices the s9er idn hnfibactertal bifeet S25€ OPen ng of the
[0306] In the above-described basic configuration, the rotating drum type
10 washing machine may include a door for closing a release opening of the
water tank, and the door may include a third irradiating portion for
irradiating the interior of the rotating drum with a particular beam of
light.
[0307] Additionally, in this configuration, the particular beam of light may
15 have a peak wavelength of 300 to 600 nm, and the irradiation intensity of
. the particular beam of light may be 500 to 500000 pW/cm?2.
With this configuration, the interior of the rotating drum is
. irradiated with a particular beam of light, and thus the effect of silver ions
and the particular beam of light efficiently promotes antibacterialization of
20 the laundry contained in the rotating drum. Additionally, when the
washing tank (rotating drum plus water tank) itself is cleaned, the interior
of the rotating drum is efficiently antibacterialized.
[0308]

A second basic configuration of the fourth inventive group to realize

25 the above-described object is as follows.



wat er tank, and the door may include a third irradiating portion for
irradiating the interior of the rotating drumwi th a particul ar beam of
light. [0307] Additionally, in this configuration, the particul ar beam of
light may 15 have a peak wavel ength of 300 to 600 nm and the irradiation
intensity of the particular beamof |ight may be 500 to 500000 pWcnR2. Wth
this configuration, the interior of thel@®tating drumis irradiated with a
particul ar beamof light, and thus the effect of silver ions and the
particul ar beamof light efficiently pronotes antibacterialization of 20 the
| aundry contained in the rotating drum_ Additionally, when the washing tank
(rotating drum plAgotaiieg drank)type seashing maghinadat tleesti incdudes a gvatehe
rotating drumis efficiently anti bacterialized. [0308] A second basic

confi gur at i tamkofcaphblef ofir cdntanviagt wedenr ang discheedingecotainéd water; a
above-described object is as follows. 105 A rotating drumtype washing

machi ne at jotatihgi dehmdeéscatad Wat ahet anitet apalkl endf retuthblyni digveratier thad
di scharging contained water; a rotating drumlocated in the water tank and

rotatably dijtyERgl diuniteand Q1eé: h &4 RBEns o LBpplyaHg SHRBE Yo RANEr @6
supplying silver ion water to 5 the rofating drum and/ or the water tank,

TS PAALD0 AT OGL UGS B B9 LRUED ot
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}[_ 2? ;?: (r;r aO:c?il kpléteir%{r:(gfg tﬁ%i ﬁ&aﬁ?lrgt ér%%faonrd a%lCinitérrigxq IOF %}ilengvaltiag rt];[m]ts{,'o a tbr?]l(%ﬂe
for rolling over a laundry is formed on an inner wall surface of the rotating
drum; and the baffle incorporates therein a light irradiating portion for
10 irradiating light to the interior of the rotating drum.
[0309] With this configuration, in which the baffle provided in the rotating
drum incorporates therein a light irradiating portion, the distance between
the light source and the laundry and the inner wall of the rotating drum
becomes short. This improves the efficiency of light irradiation and thus
15 enhances the antibacterial effect.
. [0310] In this configuration, the water tank may include, on an inner side
surface thereof, a first irradiating portion for irradiating light to an outer
. circumferential surface of the rotating drum and include, on an inner
bottom surface of the water tank, a second irradiating portion for
20 irradiating light to an outer bottom surface of the rotating drum, and a
reflecting area may be provided on both the outer circumferential surface
and the outer bottom surface of the rotating drum. Additionally, the light
may have a peak wavelength of 300 to 600 nm, and the irradiation

intensity of the particular beam of light may be 500 to 500000 pnW/cm?2.

25 [0311] This configuration realizes antibacterialization of the entire



[0309] Wth this configuration, in which the baffle provided in the rotating
drumincorporates therein a light irradiating portion, the distance between
the light source and the laundry and the inner wall of the rotating drum
becones short. This inproves the efficiency of light irradiation and thus

15 enhances the antibacterial effect. [0310] In this configuration, the

wat er tank may include, on an inner siddO6surface thereof, a first
irradiating portion for irradiating light to an outer circunferential
surface of the rotating drum and include, on an inner bottom surface of the
water tank, a second jrradiating portion for 20 irradiating light to an

out er bot t ofyaahingsankfastwell ra@ttgeiaxglbnqmlahnnocassmqfé@ﬁ layndrea may be
provi ded on both the outer circunferential surface and the outer bottom
surface of the rofashogldibemotédidhat dhealteym thaeténigelimmapiondvie iatemddd

wavel ength of 300 to 600 nm and the irradiation intensity of the

particul ar heameah Fddifetionmin hhe Smber MIORAEropYE DM ms2 Su¢l) Ikl molfis sand
configuration realizes antibacterialization of the entire 106 washing tank
ag well as thprephyteachRdi te RIrafeantiBacRiridlNgs Irnshly- inkén&dP b hrecenpt ed
that the term"bacteria-elimnation" is intended to nean reduction in the
nunber of m ni-S d S t ter

Tant i bant er (13 ARARORCOF ke loRBriiy mAged SCPRGRCHBAShARDE b R the

m croor gani sm.| e Xt i i t har , | oa . eto
ehconpass aﬁ?o%@%&f%ngiiﬁbe%gﬁ%%%ggzQﬁs?@%i?ﬁ@%??@nkgﬁﬁﬁ?éh %%%ﬁgﬁﬁ? i ng

all the mcro9r.gani sne) ,".,. germ ¢i de (which neans, . killin t .l.east part of
tbe m or oor d i Gmhoans Jilifh ol Faf ntoLpargalomnh » deimicoe Twhick ek
"bact eri ost gt ']ci ty (which neans inhibiting proliferation 4%1;; .10,

mi cr oor gani SHEINE “at JRasti RRXt of pke cmygrgosEANISEKY, 't hdi9ipfestion,” “fungus

eradication,” “bacteriostaticity (which means inhibiting proliferation of

» &«

10 microorganisms),” “fungicide,” “preservation,” and the like.
[0312]
Effects of the Fourth Inventive Group
The present invention provides a rotating drum type washing
machine with an automatic antibacterial processing function capable of
15 carrying out bacteria-elimination processing of clothes without damaging
L them, of keeping the interior of the washing tank always clean, and of
eliminating damage to natural environment.
' [0313]
Brief Description of the Drawings of the Fourth Inventive Group
20 Fig. 20 is a schematic cross sectional view of a rotating drum type
washing machine according to Example 1 of the fourth inventive group.
Fig. 21 is a schematic cross sectional view of a rotating drum type
washing machine according to Example 2 of the fourth inventive group.

Fig. 22 1s a schematic cross sectional view of a rotating drum type

25 washing machine according to Example 3 of the fourth inventive group.



[0312] Effects of the Fourth Inventive G oup The present invention provides
a rotating drumtype washing nmachine with an automatic anti bacteri al
processi ng function capable of 15 carrying out bacteria-elimnation
processi ng of clothes w thout damagi ng them of keeping the interior of the
washi ng tank al ways cl ean, and of elim nating damage to natural

environnent. ' [0313] Brief Descriptionléf the Draw ngs of the Fourth

I nventive Group 20 Fig. 20 is a schematic cross sectional view of a rotating
drumtype washing machi ne according to Exanple 1 of the fourth inventive
group. Fig. 21 is_a schematic cross _sectional view of a rotating drumtype
washi ng machi ne addgr &3nds td MBrshpttave iewt pé 3 owtelngndenm \ascerding. te g.
22 is a schematic cross sectional view of a rotating drumtype 25 washing
machi ne accdxtimplet 8 dfxtdnepfomrsh dhvemtvé group whervieéwed drampan koiter Bidg 23
is a perspective view of a rotating drum according to Exanple 3 of the
fourth i nverjottten disepionhen vi ewed from an outer side bottomdirection.

Fig. 24 is a cross section of the X~-Xline in Fig. 22 for illustrating a 5

li.ght source arrarggd2®is & Goks Jeéteseof thé XA lin®kin Figy b TeF il@@étrmhgra t ank.
Fig. 25 is a schematic diagramillustrating a reflecting area provided on

the outgr Silpgtq};c%'hfr@&ﬁnoineg‘eg&ng Q]Ecﬁtciu'ﬂgfe?c% 1 Whal of20cy1$n driSANG FRr! G, Sgram

i l-lustrating e structur I rst radi ating portion and a secon

irradiating porti %g‘e % Fiisg'a Zs,zhgﬁla% e(ﬂ!iﬁﬁﬁdlﬁ’&&?gﬁh'gc adirgﬁggtmng area

illustrating a baff

. provided on the outer side surface of the rotating drum.
Fig. 26 is a schematic diagram illustrating the structure of a first
irradiating portion and a second irradiating portion.

10 Fig. 27 is an enlarged schematic diagram illustrating a baffle
portion of a rotating drum type washing machine according to Example 4 of
the fourth inventive group.

Fig. 28 is a schematic cross sectional view of a light irradiating
portion incorporated in the baffle.

15 Fig. 29 is a graph showing a bacteria-elimination effect for the

- laundry in confirmation test 1 of the fourth inventive group using Candida
albicans.

: Fig. 30 is a graph showing a bacteria-elimination effect for
members of the washing tank in confirmation test 1 of the fourth inventive

20 group using Candida albicans.

Fig. 31 1s a graph showing a bacteria-elimination effect for the
laundry in confirmation test 2 of the fourth inventive group using
Cladosporium cladosporioides.

Fig. 32 is a graph showing a bacteria-elimination effect for the

25 laundry in confirmation test 3 of the fourth inventive group using



portion of a rotating drumtype washi ng machi ne according to Exanple 4 of
the fourth inventive group. Fig. 28 is a schematic cross sectional view of a
light irradiating portion incorporated in the baffle. 15 Fig. 29 is a graph
showi ng a bacteria-elimnation effect for the laundry in confirmtion test
1 of the fourth inventive group using Candida albicans. Fig. 30 is a graph
showi ng a bacteria-elimnation effect fd08 nenbers of the washing tank in
confirmation test 1 of the fourth inventive 20 group using Candi da

al bicans. Fig. 31 is a graph showing a bacteria-elimnation effect for the
laundry in confirmation test 2 of the fourth inventive group using

Cl adospor i urschatisdeeloi des. Fig. 32 is a graph showing a
bacteria-elimnation effect for the 25 laundry in confirmation test 3 of
the fourth i[@%B4tive group using 108 Escherichia coll. [0314] [Description
of Reference Nuneral] 400: rotating drumtype washing machine with

ant i bact er i §Depérdp€saiofiReférencodumerad0l: outer frame body, 402: water
tank, 403: rotating drum 404: notor, 405: washi ng nachi ne door, 406: water

f eedi ng pat my,roﬂmh%wlﬁﬁ tyPeS ¢aahoes RALENRY, wilB anRterdAP préédsyfig i on
supply unit, 410: light sourcé (first irradiating portion), 411: |ight

S0 SO bR NG OE Oy 4080w LR 195 <O MR g U0
432 refl eCtnilgt%r,pll&éleWaéﬁPﬂg Irneafc God id(r)'glr, 406: water feeding pathway, 407: water
discharge pathway, 408: pore, 409: silver ion supply unit, 410: light source
(first irradiating portion), 411: light source (second irradiating portion),
412: baffle, 415: rotating drum outer side bottom surface, 430: third
10 irradiating portion, 431: light source, 432: reflecting plate, 440: reflecting
area, 441: reflecting area, 450: second irradiating portion, 451: reflecting
plate, 452 transparent cover, 460: baffle incorporating a light irradiating
portion, 461: light source, 462: reflecting plate.
[0315]
15 Best Mode for Carrying out the Fourth Inventive Group
. Embodiments of the fourth inventive group will be described below
with reference to examples. It should be noted that the following
examples are provided for exemplary purposes and not for limiting
purposes.
20  [0316]
(Example 1 of the Fourth Inventive Group)
A rotating drum type washing machine with antibacterial
processing function according to Example 1 of the fourth inventive group

will be described with reference to Fig. 20. Fig. 20 is a schematic cross

25 sectional view for illustrating the interior of the washing machine.



area, 441: reflecting area, 450: second irradiating portion, 451: reflecting
pl ate, 452: transparent cover, 460: baffle incorporating a light irradiating
portion, 461: |light source, 462: reflecting plate. [0315] 15 Best Mbde for
Carrying out the Fourth Inventive G oup Enbodi ments of the fourth inventive
group will be described below wth reference to exanples. It should be
noted that the following exanples are pgO8vided for exenplary purposes and
not for limting purposes. 20 [0316] (Exanple 1 of the Fourth Inventive

G oup) Arotating drumtype washing machine with anti bacterial processing
function accordi n% to Exanple 1 of the f%u_rth I nventive grqup wll be
described w9l Hefbeertating dram pype pyaphing machine ABRaYIth anshactenal
sectional view for illustrating the interior of the washing machi ne. 109
[0317] The puecessing fmetiomyptcleast iclydesan gen fiame bodxrtOlyacvatdrajiank
processing function at |east includes an outer frane body 401, a water tank
402, a rot adDRg adratatid@3dramnd08dr a 4fiétdrod04 dbatrotarinpecheotathting drum aa
washi ng machi ne door 405, a water feeding pipe 406, a water discharge 5 pipe

407, a sil veyashing SHREhneUdbdr 408, hhwht&ofsddihptsipesits/es watersdizphirgdreans,
and a |ight source 410 acting as a first irradrating portion. [0318] The

vat er fpeedi @sap@im, faﬁéﬂbér 3oR! R PIP P i Rh }c@n&tghgt%Q‘JéiFverV‘ﬁ)trleéubﬁff the

washi ng nmachi he so at such a structure i s enploye at the water tank

402 eP T Ry TP gLt g er oo
[0318] The water feeding pipe 406 is a pipe through which to introduce
water into the washing machine so that such a structure is employed that
the water tank 402 accepts tap water for washing or rinsing through the

10 water feeding pipe 406 and discharges the water out of the washing
machine through the water discharge pipe 407.
[0319] In front of the water tank 402, an opening through which the
laundry is taken in and out is provided, and this opening is attached with a
door 405 so as to make the water tank openable/closable.

15 [0320] The rotating drum 403 is located in the water tank 402 and coupled

. at the bottom surface to the motor 404 so as to be able to reciprocally rotate

inside the water tank 402. Additionally, the rotating drum 403 has an
opening on the front through which the laundry is taken in and out, and on
the inner side (inner circumferential surface) of the rotating drum, a baffle

20 412 for rolling over the laundry in the rotating direction during the
rotation is provided.
[0321] Additionally, on the side surface (circumferential surface) of the
rotating drum 403, a multiplicity of pores 408 are provided. The pores 408

function to transfer water between the interior of the water tank and the

25 water tank during washing and to discharge water or heated air in the



machi ne through the water discharge pipe 407. [0319] In front of the water
tank 402, an opening through which the laundry is taken in and out is

provi ded, and this opening is attached with a door 405 so as to make the
wat er tank openabl e/ cl osable. 15 [0320] The rotating drum 403 is located in
the water tank 402 and coupled at the bottomsurface to the notor 404 so as
to be able to reciprocally rotate insidd0the water tank 402. Additionally,
the rotating drum 403 has an opening on the front through which the |aundry
is taken in and out, and on the inner side (inner circunferential surface)
of the rotating . drum a baffle 20 412 for rol|ling over the laundry in the
rotating di rekatingdgum oyt phehe denm daringsrippmg, gentrifugsd dewatermemand vy, on
the side surface (circunferential surface) of the rotating drum403, a

mul tiplicityrpmgoores 408 are provided. The pores 408 function to transfer
wat er between the interior of the water tank and the 25 water tank during
washi ng and [0322]i Theasifeervianesumply hewitet0Riy provideed aldlg thotwatierdfeddimg out

of the drumduring rinsing, centrifugal dewatering, and drying. [0322] The

si.lver ion ipela0euahd gferhtesPERVéeshat®Raphhe thahe to e GsulllpetgP6 and
generates silver ions to supply themto water (usually tap 5 water).

Generated Sigpiey). | WSnéiaed YRkl SidnkOatd ShFlibA %o e BedFdtAideN e t he
wat er feedi ng pi pe 406. a[0323 The S|?ver Ion supply unit 409 Is conposed of

two silver Qhﬁg ﬁﬂ?m@&efﬁ%ﬁﬁn Bﬁ%!XOéor applying DC voltage to them and

the silver ion]ﬁgbncen ratron o e Silver ion water generated by the
siver i on suebly ! kD 682517 R 89 PFedtp TR B S0 RGP | o
power supply for applying DC voltage to them, and the silver ion
concentration of the silver ion water generated by the silver ion supply unit
10 409 is controlled by making the DC voltage applied to the silver plates
variable and/or by varying the amount of water supply, ie., 1is
microcomputer-controlled so that silver ions of a desired concentration are
supplied to the interior of the rotating drum as necessary.
[0324] The silver ion concentration of the silver ions supplied to the
15 interior of the rotating drum is 1 ppb to 10 ppm, preferably 5 ppb to 1100
. ppb, more preferably 10 ppb to 900 ppb, and further more preferably 30
ppb to 100 ppb or 30 ppb to 60 ppb. As the silver ion concentration
becomes high, the antibacterial potency can be made strong, while as the
silver 1ion concentration becomes low, comfortability for natural
20 environment including humans improves. When the concentration of the
supplied silver ion water is in excess of 2000 ppb, the silver ion supplied
unit is provided with zeolite or ceramics holding silver ions.
[0325] The light source 410 acting as the first irradiating portion is a light

source for irradiating a particular beam of light to the outer

25 circumferential surface of the rotating drum. In this example 1, the light



vari abl e and/or by varying the anobunt of water supply, i.e., is

m croconputer-controlled so that silver ions of a desired concentration are
supplied to the interior of the rotating drum as necessary. [0324] The
silver ion concentration of the silver ions supplied to the 15 interior of
the rotating drumis 1 ppb to 10 ppm preferably 5 ppb to 1100 ppb, nore
preferably 10 ppb to 900 ppb, and furthéldlnore preferably 30 ppb to 100 ppb
or 30 ppb to 60 ppb. As the silver ion concentration becones high, the
anti bacterial potency can be made strong, while as the silver ion
concentration becones |ow, confortability for natural 20 environment

i ncl udi ng heAaree AROnefied tanthe dnper sidecpariace o the olmdrical gvater @nk er
ion water is in excess of 2000 ppb, the silver ion supplied wunit is

provi ded wi 492z enidi a pleralitar efndight hourieagtld) avearranged f@ 8RS the dighitgt
source 410 acting as the first irradiating portionis a light source for

i rradi ati ng the paitex circamfosar adf surfade of thd fetaomigedruidas aiotadis@rtemt owd
surface of the rotating drum In this exanple 1, the light 111 source 410

is fixed tojhhghd pot@kioH ERisSdifeacionof TheerstykinpddirGal 408t fitatéd)kand QRis and a
plurality of |light sources 410 are arranged so that the Iight on the outer

ci reunter entyo i St dades Ghel fight Ol beNErrddidbd Std ehe BHGAD g;iifblﬁ%'t%reﬁﬂal he

retation axis direction. The rotating drum 403 rotates, and this 5 rotation

causes the Ishg{pgcetoq[tggiéf?{tﬁéak&ﬂl.to the entire circunferential surface of
S

t'he rotating drum _ own in Fig. 20, in the case of such a
sLructure skl LA B8 B Sa0! b VLA WSS oL St L
uppersi de (g, i gher sigg of 10,0 veter) Lank vl sty [acehul Sudihg the
light sources 410 are preferably arranged at an upper side (a higher side of
10 the water tank wall surface). Providing the light sources 410 at an upper
side of the water tank reduces the opportunities of the light sources being
immersed in water, thereby minimizing the influence of water.
[0327] The particular beam of light has a peak wavelength in the range of
300 to 600 nm and an irradiation intensity of 500 to 500000 pW/cm2. With
15 light with this properties, an excellent antibacterial potency reinforcing
effect is obtained.
[0328] As the material to constitute the light sources 410, a light-emitting
diode (LED), a laser diode (LD), a halogen lamp, or the like may be used.
While a single light source 410 or a plurality of light sources 410 may be
20 provided, a reflecting plate (see Fig. 26) is preferably used in order to make
the light irradiation effective with a small number of light sources.
Examples of the method for fixing the light sources 410 to the inner wall
surface of the water tank include fixing with the use of nuts and bolts.
[0329] In this example, LEDs each having a peak wavelength of 525 nm

25 are used as the light sources 410. This is because beams of light around



side of the water tank reduces the opportunities of the |ight sources being
imersed in water, thereby mnim zing the influence of water. [0327] The
particul ar beam of |ight has a peak wavel ength in the range of 300 to 600
nmand an irradiation intensity of 500 to 500000 gWcn2. Wth 15 light with
this properties, an excellent antibacterial potency reinforcing effect is
obtai ned. [0328] As the material to condiftute the |ight sources 410, a
light-emtting diode (LED), a | aser diode (LD), a halogen |anp, or the |ike
may be used. Wile a single light source 410 or a plurality of Iight
sources 410 may be 20 provided, a reflecting plate (see Fig. 26) is
preferabl y 082dmmarercavententainethathihelyi agtet not hikdlyata be abisbeloed ve witeh a
smal | nunber of |ight sources. Exanples of the nmethod for fixing the |ight
sour ces 410aie® shfetyi tonhamead bodguahdoexcel ihheonatmt Boams ndlluglet bnxtiheg W t h
the use of nuts and bolts. [0329] In this exanple, LEDs each having a peak

wavel engt h gideSebshopteP v veléxs@thsatham 625 i it aeoabsibed i whbés ahd fiREAUSE
beans of |ight around 112 525 nmare convenient in that they are not likely

to be absor QE(? pb&r Welight _in%H?at%(ng ef¥cié ey ABRNnEASe s ARE pRX &Lty tIRRIHRTY -

Beans of lig on the  side of orter wavel engths than 525 nm’are absor bed

the podsi bi FEy i FpBeEl pldiape Fphed FRAMBRAERORY oo Tance and hurman
body. [0330 t [ f ti .Usi t he .rotati d Ly
vashi o o0 Negbng EREaSUE B000R U SRR G BB e Pacter R A
I hi ng . ti ' his, hi hi [ |l . 10
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A general washing operation using this washing machine is as
follows.
10 (1)—(2)—(3)—>(4). Alternatively, (1)—(2)—(3)—(4)—(4”).
Additionally, (5)—(6) are carried out as necessary.
(1) Main washing for the laundry (washing step).

(2) Rinse washing with silver ions put into the laundry (rinsing

step).
15 (3) Dehydrating the laundry (dehydrating step).
. (4) Taking out the laundry from the rotating drum (taking-out
step).
Alternatively, (4) air drying using heated air or dehumidified air
(drying step),
20 (4”) taking out the laundry from the rotating drum (taking-out
step).

(5) Cleaning the interior of the washing tank by putting silver ion
water inside the rotating drum (washing tank cleaning step).
(6) Drying the interior of the washing tank by sending heated air or

25 dehumidified air inside the rotating drum (inner tank drying step).



Additionally, (5)~(6) are carried out as necessary. (1) Main washing for the
| aundry (washing step). (2) Rinse washing with silver ions put into the

| aundry (rinsing step). 15 (3) Dehydrating the |aundry (dehydrating step).
(4) Taking out the laundry fromthe rotating drum (taking-out step).
Alternatively, (4') air drying using heated air or dehumdified air (drying
step), 20 (4") taking out the laundry fidddnthe rotating drum (taking-out
step). (5) Ceaning the interior of the washing tank by putting silver ion
water inside the rotating drum(washi ng tank cleaning step). (6) Drying the
Interior of the_washing tank sending heated air or 25 dehum dified air

i nsi de the [Qﬂ%ﬂl'ﬁbecahm(de@n edddR —fﬁgly ) figwsisep)flow 18 theogasq wheae the
above-described (4')--*(4") flowis a flowin the case where the laundry is
dried in thhuweahkyi g drbahiinetladvashingoinauhires said | mapenot atacesshrilyt beThe
(5)~(6) flowis a flowin the case where only the interior of the 5 washing
tank i s washgdiddoug sufficient period of tinme. This flow may not
necessarily be carried out for every washing. Preferably, only on a

particularly si gmrpbqa)ﬂ»( @v%'l@rh fdlswgm e ae %@&@bnlﬁtﬂ@ﬁwe?%rtcﬁ%e

cleaning step involving lig I rradi ation o 30 mnutes or nore may be
carried out_usin £ on 0 ppb
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necessarily be carried out for every washing. Preferably, only on a

particularly significant occasion (e.g. once a month), a washing tank
cleaning step involving light irradiation of 30 minutes or more may be
carried out using silver ion water of a higher concentration (e.g., 600 ppb to
10 1100 ppb). Additionally, the amount of the silver ion water used is
preferably such a small amount that the outer circumferential surface of
the rotating drum becomes moist.
[0332] In the rinsing step or the dehydrating step, or the rinsing step and
the dehydrating step in usual washing, the interior of the washing tank
15 becomes wet with the silver ion water, and thus on this occasion, the light
. irradiating portion is driven to irradiate light to the interior of the washing
tank. This facilitates the attempt to bacteria-eliminate or antibacterialize
not only the laundry but also the interior of the washing tank.
[0333] The concentration of the silver ion water used in the rinsing step is
20 preferably 30 ppb to 100 ppb. Carrying out the rinsing step using silver
1ion water coats the clothes with silver ions, thereby providing such an
advantageous effect that the bacteria elimination effect is maintained even
during dehydration drying and when the clothes are worn.
[0334]

25 (Example 2 of the Fourth Inventive Group)



preferably such a small anount that the outer circunferential surface of

the rotating drum becones noist. [0332] In the rinsing step or the
dehydrating step, or the rinsing step and the dehydrating step in usual
washing, the interior of the washing tank 15 beconmes wet with the silver
ion water, and thus on this occasion, the light irradiating portion is
driven to irradiate light to the interidl4of the washing tank. This
facilitates the attenpt to bacteria- elimnate or antibacterialize not only
the laundry but also the interior of the washing tank. [0333] The
concentration of the silver ion water used in the rinsing step is_ 20
preferably 30 ppbFig 2beheps. a catatjnagrom type washinggnackine ageagdiaig toor

ion water coats the clothes with silver ions, thereby providing such an
advant ageouExaemiplet 2t ¢fathe Houltdciwvénrtivd igronpt | dng.eRil et ai schempatiaicmess even
during dehydration drying and when the clothes are worn. [0334] 25 (Exanple

2 of the Fouettiohalvasw foe ilbustiatinklthe dntire whshhrdmazhimd.at i ng drum type
washi ng machi ne according to Exanple 2 of the fourth inventive group. Fig.

2] is a schqoBas]c Ax' 9RSwnS B¢ tFigNad1 ViIeW rofdtihk | i atypgtd wdihiREt na@hiashi ng
machi ne. [0335] As shown in Fig. 21, the rotating drumtype washi ng machi ne
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1l«of the fourt nventive group in that a third i ating portion for
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403 is located in the washing machine door 405, and that the light sources
411 are located on the inner side bottom surface of the water tank 402 as
10 well as on the inner side surface thereof. The other matters are the same
as in example 1 of the fourth inventive group.
[0336] As shown in Fig. 21, the washing machine door 405 of Example 2 of
the fourth inventive group has a concave shape at its central portion that is
depressed toward the rotating drum, and the bottom of the concave portion
15 1s made of transparent glass.
. The opening portions of the outer frame body 401, which is in
contact with the outer circumference portion of the washing machine door
405, and the water tank 402 are provided with rubber packing (not shown)
so that the water tank 402 is sealed when the washing machine door 405 is
20 closed.
[0337] The third irradiating portion 430 is composed of a light source 431
and a reflecting plate 432 for reflecting the light emitted from this light
source toward the rotating drum. The light source 431 uses a LED
capable of emitting light having a peak wavelength of 525 nm, and the

25 reflecting plate 424 uses a mirror plane body of aluminum or stainless steel.
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as in exanple 1 of the fourth inventive group. [0336] As shown in Fig. 21,

t he washi ng machi ne door 405 of Exanple 2 of the fourth inventive group has
a concave shape at its central portion that is depressed toward the
rotating drum and the bottom of the concave portion 15 is nmade of
transparent glass. The opening portions of the outer franme body 401, which
isin contact with the outer circunferéh3e portion of the washing machi ne
door 405, and the water tank 402 are provided with rubber packing (not
shown) so that the water tank 402 is seal ed when the washi ng nachi ne door
405 is 20 closed. [0337] The third irradiating portion 430 is conposed of a
li ght sour c&hasd membess et | Bxed tg eacenasz bottomefpostionnef the wagfting
emtted fromthis Iight source toward the rotating drum The |ight source
431 uses a hfdohinafdatt ¢0D5fwiehy; ¢.5i, g ddlgdtivdhavi ng a peak wavel ength of 525
nm and the 25 reflecting plate 424 uses a mrror plane body of al um num or

stai nl ess s{g83¥8] Similarly to the case -of-Exarhple Thes ehegotieths iventivegdoti, t he
concave bottom portion of the washing machine door 405 with, e.g., an

adhesive. [ %%tﬁi%'&h‘xxy t%ﬁe Wlfsh(iﬁé ‘%né’éhiﬁﬁ?vmhea& a?nftiHaféﬁezfi&’PM&e:béilYl%”t ive

group, this rotati drumtype washing machine with an anti bacteria

203 usal Uy S HRAELUPESS Bitbe.CRort Wt Bt iheffl MR HothIRE RO AP of
i di at ticular b fy Li,ght f the first .i di at;i [ d
the second the rsiaes: HBSHer eha PUrttendhfelawtings 15  viashle lch ‘Prlrlesi ng
step and t hgargigllﬂla?\%eg%sd gp ¥i%51%tfjr&% ti}eeﬁi'st irradiating portion and the second

irradiating portion for the period of time between the rinsing step and the
following dehydrating step.

10 [0339] With the rotating drum type washing machine of the
above-described structure, since the interior of the rotating drum 403 is
directly irradiated with particular beams of light, the bacteria elimination
effect for the laundry increases while at the same time facilitating the
attempt to bacteria-eliminate both the interior and outer circumferential

15 surface of the rotating drum 403.

. [0340]
(Example 3 of the Fourth Inventive Group)
- Example 3 of the fourth inventive group is characterized in such a
. structure that is capable of irradiating a particular beam of light to the

20 entire circumferential surface and bottom surface of the rotating drum 402
while at the same time applying the particular beam of light to the entire
inner surface of the cylindrical water tank 402.

[0341] Example 3 of the fourth inventive group will be described on the

basis of Figs. 22 to 24. Fig. 22 is a schematic cross sectional view of the

25 rotating drum type washing machine according to this example. Fig. 23 is



10 [0339] Wth the rotating drumtype washi ng nmachi ne of the

above-descri bed structure, since the interior of the rotating drum403 is
directly irradiated with particul ar beanms of |ight, the bacteria elimnation
effect for the laundry increases while at the sane tine facilitating the
attenpt to bacteria-elimnate both the interior and outer circunferential

15 surface of the rotating drum 403. [034®] (Exanple 3 of the Fourth

| nventive Group) Exanple 3 of the fourth inventive group is characterized in
such a structure that is capable of irradiating a particular beam of |ight
to the 20 entire circunferential surface and_bottom surface of the rotating
drum 402 whid Bergpectize Jdew of the spfatingdrumewhent viewesr fnoanthefoutpyiside o t he
entire inner surface of the cylindrical water tank 402. [0341] Exanple 3 of
the fourth ibotem idizechiomup Kigl R4ke adessiseetdonmatithe Xidhdine of the gashdiz t o
24. Fig. 22 is a schematic cross sectional view of the 25 rotating drum

t ype washi ngankdpétacimcdnndiplgstwatiehitankkxanple. Fig. 23 is 116 a
perspective view of the rotating drum when viewed fromthe outer side

bot t om di redpazl A hows irf RgCROSAlSLeh ithis dkahlifle Xthe IWAShiak aRh@shi ng
tank (rotating drum plus water tank). [0342] As shown in Fig. 22, also in
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i rradi ating portio Irradiating a part beam of
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cylindrical water (anl 402 3t points.hal diyide)Lh L s Loyt ejgice of
are provided along the axis direction of the cylindrical water tank 402 at
points that divide the inner circumference of the water tank 402 three
10 ways.
[0343] As shown in Figs. 22 and 23, strip-shaped reflecting areas 440 are
provided on the outer circumferential surface of the rotating drum 403, and
a strip-shaped reflecting area 441 is provided on the outer side bottom
surface of the rotating drum.
15 In the rotating drum type washing machine of this structure, the
. light emitted from the third irradiating portion 430 is irradiated to the
interior of the rotating drum 403, and the light emitted from the light
- sources 410 and 411 lights the entire outer surface of the rotating drum.
[0344] With the rotation of the rotating drum, the light emitted from the
20 light sources 410 and 411 is reflected by the reflecting areas 440 and 441,
which are respectively provided on the circumferential surface and outer
bottom surface of the rotating drum 403, in order to light the interior of the
water tank 402. Thus, the rotating drum type washing machine of this

structure is capable of irradiating a particular beam of light to the front

25 and rear surfaces of the rotating drum and the entire inner side surface of



10 ways. [0343] As shown in Figs. 22 and 23, strip-shaped reflecting areas
440 are provided on the outer circunferential surface of the rotating drum
403, and a strip-shaped reflecting area 441 is provided on the outer side
bottom surface of the rotating drum 15 In the rotating drumtype washing
machi ne of this structure, the light emtted fromthe third irradiating
portion 430 is irradiated to the interipr of the rotating drum 403, and the
light emtted fromthe light sources 410 and 411 lights the entire outer
surface of the rotating drum [0344] Wth the rotation of the rotating
drum the light emtted fromthe 20 |ight sources 410 and 411 is reflected
by the reflthetwatpranaks 440 and 441, which are respectively provided on the
circunferential surface and outer bottom surface of the rotating drum 403,

in order tdoBushtAlsbéni thi&wazhi®s nidchinvasieiilidpoampless alde2 bothé i ng
drum type washing machine of this structure is capable of irradiating a
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drum and the entire 1 nnef side surface o e water ta 03451 Al so
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particul ar beam of light is exhibited. Thus, a superior_ antibacterial
potency is &ithi the edvey ian watenand bhe éadation efiect of fae abene described

particular beam of light is exhibited. Thus, a superior antibacterial
potency is exhibited with a lower concentration of silver ions.
10 [0346] The operation of the washing machine according to this example is
similar to that in Example 1 of the fourth inventive group.
[0347] The reflecting area formed on the outer surface of the rotating
drum will be described.
The reflecting area formed on the outer surface of the rotating
15 drum may be such that a reflecting member such as an aluminum foil and
. a stainless steel foil is attached to a predetermined position by welding or

with a water-resistant adhesive.

- [0348] While the embodiment of the reflecting area is not particularly
a limited, such an embodiment is preferable that spreads the light from the
20 light irradiating portion to the inner surface of the water tank. For

example, as shown in Fig. 25(a), the reflecting area may be formed on the
outer circumferential surface of the rotating drum in a strip shape in a
direction orthogonal to the rotating direction. Providing a strip-shaped
reflecting area extensive from the bottom surface to the opening is

25 preferable in that one rotation of the rotating drum inevitably causes the



10 [ 03461 The operation of the washing machi ne according to this exanple is
simlar to that in Exanple 1 of the fourth inventive group. [03471 The
reflecting area fornmed on the outer surface of the rotating drumwll be
described. The reflecting area forned on the outer surface of the rotating
15 drum may be such that a reflecting nenber such as an alumnumfoil and a
stainless steel foil is attached to a ptHdeternined position by wel ding or
with a water-resistant adhesive. [0348] While the enbodi ment of the
reflecting area is not particularly 4 limted, such an enbodi nent is
preferable that spreads the light fromthe 20 light irradiating portion to
the i nner Jeflegted Bght trebearadiatedito therentieapuier ciecunterantial pngface st a) |
the reflecting area may be forned on the outer circunferential surface of

t he rotati rdpedtotating dxust.ri p shape in a direction orthogonal to the
rotating direction. Providing a strip-shaped reflecting area extensive from

t he bott om [§84Hhceddivicnadlyppenshewhsi? Figr e¢béalthe reflédiiaig amrearmbagt bon of
the rotating druminevitably causes the 118 reflected light to be
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drum [0349] Additionally, as shown in Fig. 25(b), the reflecting area may

be f 4 gt Lati ; ot '
€ TOfme dxgxrxﬁ.mSplT‘ﬁés emlﬁfnerrﬁ Adneattd the efi‘idd‘%id‘tg?é}tfdr%g r?f(}eét’?@n

rotating 5 | ment el ohgates the period r

reflection | {1 h e rotation. Additionally, as shown in Fig.
25(c), a pl%sﬁé;?%%%@gﬁa}gfflé %t{airglnogn'ar eas each in an island shape may be

formed spor adi cal |y 00, L1 U1 S0 1L NI SERD! L1SHRLPSE 12heliiEe RbEL1 N0
each in an island shape may be formed sporadically on the outer
circumferential surface of the rotating drum. It is also possible that the
10 entire outer surface of the rotating drum reflects the light.
[0350] Furthermore, a plurality of reflecting areas each in an island shape
may be formed sporadically on the entire outer side surface of the rotating
drum, and each of the reflecting areas may be in a convex shape. An
island shape reduces the reflecting material, and making the island a
15 convex shape reflect the light diffusely in various directions, and thus the
light spreads thoroughly to the inner side surface of the water tank, which
is preferable. In this regard, it is preferable to arrange the convex,
- island-shaped reflecting areas in a spiral manner relative to a rotating
direction of the rotating drum. With this structure, the light is reflected
20 diffusely in a complicated manner by the rotation of the drum and thus is
irradiated uniformly to the inner side surface of the water tank. This
realizes antibacterial processing without non-uniformity.
[0351] While an example of the reflecting area provided on the outer side

bottom surface of the rotating drum is shown in Fig. 23 as reference

25 numeral 441, the above-described idea can be applied to the reflecting area



10 entire outer surface of the rotating drumreflects the light. [0350]
Furthernore, a plurality of reflecting areas each in an island shape my be
formed sporadically on the entire outer side surface of the rotating drum
and each of the reflecting areas may be in a convex shape. An island shape
reduces the reflecting material, and meking the island a 15 convex shape
reflect the light diffusely in various Wi ections, and thus the |ight
spreads thoroughly to the inner side surface of the water tank, which is
preferable. In this regard, it is preferable to arrange the convex, island
shaped reflecting areas in a spiral manner relative to a rotatin di rection
of the rot aroxifegr omtheyauter fde dottom pusfacenef theyretating drumet ebhatois,
diffusely in a conplicated nmanner by the rotation of the drumand thus is
i rradi at ed thei shapd of the refedtimearea deay lef sueabfronh ¢heatobation raxis, Tamd
realizes antibacterial processing without non uniformty. [0351] Wile an
exanpl e of thieereflettiontsunfhcarmay eawi dleshcaveldoaventshpsi de bottom surface of
the rotating drumis shown in Fig. 23 as reference 25 nuneral 441, the
above descrlpBsg] IWﬁﬂeqaruﬁ@eﬁaﬁifm@@eg&i tieni8rh£4d ohhakhctd iPwditked on
the outer side bottomsurface of the rotating drum That is, the shape of
the refl ecty . : i ral o f 3 i LSy t
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water tank and the outer surface of the rotating drum, or such a structure
10 that a light source for irradiating light toward the water tank side 1is
provided on the outer surface of the rotating drum while at the same time a
reflecting area is provided on the inner surface of the water tank.
[0353] While in Figs. 20 to 22 the first irradiating portion and the second
irradiating portion (450) are only the light source 410 and light source 411,
15 the light irradiating portion may be configured to include a light source
] (410), a reflecting plate (451) for broadening the range of light irradiation,

and additionally, a water-resistant, light-transmissive protection cover

- (452), as shown in Fig. 26. The light irradiating portion may be fixed to
. the wall surface with a fixing member such as a screw and an adhesive.
20 Reference numeral 453 in Fig. 26 denotes the inner side bottom surface of

the water tank.
[0354]
(Example 4 of the Fourth Inventive Group)
Example 4 of the fourth inventive group is characterized in such a

25 structure that a baffle provided in the rotating drum incorporates therein a



10 that a light source for irradiating light toward the water tank side is
provi ded on the outer surface of the rotating drumwhile at the sane tine a
reflecting area is provided on the inner surface of the water tank. [0353]
VWhile in Figs. 20 to 22 the first irradiating portion and the second
irradiating portion (450) are only the |ight source 410 and |ight source
411, 15 the light irradiating portion Xy be configured to include a |ight
source (410), a reflecting plate (451) for broadening the range of |ight
irradiation, and additionally, a water-resistant, |ight-transm ssive

prot ection _caqver as . shgwn in Fig. 26. The light irradjating, portion
may be fixd eghtolrr@éﬂ@tm poxfign &relr\mdwtwg ilghﬁgoﬁbﬁﬁ@ﬁerg%ﬁ? e gotativgy and
an adhesive. 20 Reference nunmeral 453 in Fig. 26 denotes the inner side

bot t om sur fdreen.of Thehetheat matterskard 086 4ani@&eaenph dixample e ofdbet fourtlvent i ve
G oup) Exanple 4 of the fourth inventive group is characterized in such a
25 struct unavthtive rbap felkeeptr nivilieab ove-dériteidatdspgctdandithat oh e eraahesg
therein a 120 light irradiating portion for irradiating light to the

interior ofmhERined@ri 405 isdidtProlide dwivdl thiHied Sriaideatiig ppafibnaB0. N Exanpl e
3 of the fourth inventive group except in the above-descri bed respect and

that the i Y/ i
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body of a baPtEx ellfﬁxt 1rrad1at1ng portion incorporated in the baffle.
[0356] The front surface and side surface of the body of a baffle 460 is
10 formed of a resin material, and the baffle 460 incorporates therein
reflecting plates 462 made of aluminum mirror surface plates and light
irradiating portions composed of LED light sources 461 (and power supply,
not shown) that emit beams of light having a peak wavelength of 525 nm.
[0357] The baffle 460 has such a structure that water will not enter the
15 interior of the baffle 460. Additionally, in order to enhance the strength of
the baffle 460 and facilitate attachment thereof to the rotating drum, the
baffle 460 is held in a metal frame of resin material and attached to the
wall surface of the rotating drum with a fixing member such as a screw and
a bolt.
20 [0358] Additionally, in this example, a cylindrical rotating drum having an
inner diameter of 50 cm and a depth of 60 cm is used, and on this drum,
three baffles each having a length of 57 cm, a bottom width of 5 cm, and a
height of 5 ¢cm are arranged in parallel to the rotation axis direction and
with uniform intervals in the circumferential direction of the rotating

25 drum.



10 fornmed of a resin material, and the baffle 460 incorporates therein
reflecting plates 462 made of alum nummrror surface plates and |ight
irradiating portions conposed of LED |light sources 461 (and power supply,

not shown) that emt beans of |ight having a peak wavel ength of 525 nm

[ 0357] The baffle 460 has such a structure that water wll not enter the 15
interior of the baffle 460. Additionall32lin order to enhance the strength
of the baffle 460 and facilitate attachnment thereof to the rotating drum
the baffle 460 is held in a netal frane of resin material and attached to
the wall surface of the rotating drumw th a fixing nmenber such as a screw
and a bol t10336] [Addigionadlyi wisoshown in Figh2d, enghpbaffleaingprparates ahreet at i ng
drum having an inner dianeter of 50 cmand a depth of 60 cmis used, and on
this drum LEDsee baffles each having a length of 57 cm a bottomw dth of 5
cm and a height of 5 cmare arranged in parallel to the rotation axis

direction and wAdditivrdadlymthatgwal supplyt te the Nightf sqembs a6idhoasdéd en of
the rotating 25 drum 121 [0359] Additionally, as shown in Fig. 27, each
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sources 461 housed in the baffle has such a structure that supplies power
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havi ng a p%%ﬁnﬁgvelength of 525 nmis used.
[0360] Additionally, as the light generated at the light irradiation 461 in
this example, a beam of light having a peak wavelength of 525 nm is used.
10 The light of this wavelength is particularly preferable in that it is not likely
to be absorbed water. Note, however, that the light generated at the light
irradiation 461 may be any of the peak wavelengths of 300 nm to 600 nm.
[0361] In this regard, the light intensity degrades in the presence of a
large amount of water even when the light is of 525 nm wavelength.
15 Meanwhile, there is no need for a large amount of silver ion water in
securing antibacterialization of microorganisms; it is only necessary that
silver ions of approximately 10 ppb to 1100 ppb be present near
. microorganisms. Additionally, considering cost performance and reduction
in load to natural environment, the antibacterial processing is preferably
20 carried out with a small amount of silver ion water. In view of these
circumstances, in this example, in the final stage of the rinsing step, 10 L
silver ion water of 60 ppb concentration was put into the rotating drum to
carry out a rinse finishing step for 10 minutes and a dehydrating step for
20 minutes, and meanwhile, all the light irradiating portions (410, 411,

25 461) were activated.



10 The light of this wavelength is particularly preferable in that it is not
likely to be absorbed water. Note, however, that the |light generated at the
light irradiation 461 may be any of the peak wavel engths of 300 nmto 600
nm [0361] In this regard, the light intensity degrades in the presence of
a |large amount of water even when the light is of 525 nm wavel ength. 15
Meanwhi l e, there is no need for a |argel unt of silver ion water in
securing antibacterialization of mcroorganisns; it is only necessary that
silver ions of approximately 10 ppb to 1100 ppb be present near
nicroorganuﬁns Addltlonally, considering cost performance and reduction in
| oad to natlGB8R] diythisnresard, ihdranng peantee] aprtmrbc}wsnggau@nm@ﬁér‘abﬁy 20
carried out with a small anount of silver ion water. In view of these

ci rcunst angeyided andsa eespEeprognamhwaisi hamsest ia:géhefcoml@utdrnm thasthe, 10 L
silver ion water of 60 ppb concentration was put into the rotating drumto
carry out admvimgecdntpolspormnstaapicdosutlthenabuveede senibed sdetingr ati ng step for
20 m nutes, and neanwhile, all the light irradiating portions (410, 411, 25

461) were activatPgrthéPhoré AHeldothtinglirtini €PE¢ drashinl nVAddhEneé @BEs@in@@st i on
having a conputer was provided and a setting programwas housed in the
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above-descri bed setting. Fur er nor e, t| ng drum type washi ng rrachl ne
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above- descri b d.dri nng control _portion froman operator. [0363] The
washi ng t an® F%lé?"ﬂrﬁt‘? 8’5‘ RPRPEAPE an optional step carried out to nore

strongly an rial-process.t interjor of the washin nk.
gy 603%%33 e washing tank qeanpng step refers to an optlo%ai step carried

out to more strongly antibacterial-process the interior of the washing tank.
10 Specifically, 10 L silver ion water of, for example, 900 ppb to 1100 ppb
concentration is put into the rotating drum and all the light irradiating
portions are lit, and with this state, the rotating drum is rotated for
approximately 20 to 60 minutes. This realizes antibacterial processing of
the entire interior of the washing tank including the rear side of the
15 rotating drum. This washing tank cleaning step is carried out, for
example, once a month, or once a week in the cases of terrible
contamination.
- [0364] When this washing tank cleaning step is carried out using silver ion
water of 900 ppb to 1100 ppb concentration, a small amount of silver ion
20 water (an amount that makes the interior of the washing tank moist)
suffices. As necessary, after the antibacterial processing using the silver
ion water, it is preferable to wash the interior of the washing tank with a
relatively large amount of water (for a washing period of time of 3 to 5
minutes), followed by drying of the interior of the tank.

25 [0365] Carrying out these antibacterial processing operations enable it to



10 Specifically, 10 L silver ion water of, for exanple, 900 ppb to 1100 ppb
concentration is put into the rotating drumand all the light irradiating
portions are lit, and with this state, the rotating drumis rotated for
approximately 20 to 60 minutes. This realizes antibacterial processing of
the entire interior of the washing tank including the rear side of the 15
rotating drum This washing tank cleanih8step is carried out, for exanple,
once a nonth, or once a week in the cases of terrible contam nation. [0364]
When this washing tank cleaning step is carried out using silver ion water
of 900 ppb tg 1100 ppb concentration, a small anount of silver ion 20 water
(an amount ¢fhsientikes apde i FRl@blyr ¢RrEne Raéni Mactema noiluninalign | ce8. As
necessary, after the antibacterial processing using the silver ion water,
it is prefeasthbactevializabionhani m eshost périote ofiatimergagamist wattinamyceteat i vel y
| arge anobunt of water (for a washing period of tinme of 3 to 5 mnutes),

fol | oned bySthphylecoetus heaurdsy; i oEsclieridleiat arkli, 25 hdt36phtHetio yibagtetia t hese
anti bacterial processing operations enable it to 123 efficiently and

reliably cafpryk@miotbaCct etikar®tbd Bath 08sOCladdépgdraeherdadéfriridiled Naadshort
period of tinme against actinonycete, Staphylococcus aureus, Escherichia

coli, photogy, dg)ggyiécg%,%sgé kfch GRTCUAHMQ Rt eris WL ¥9§ﬁ§ge§ﬁﬁbiﬁfses.

Gl adosporiumc es and 5 trichophyton, yeasts such as Candi da

bacteria, and pat Oﬁﬁ‘)’ﬁil& tb\éi ﬁ%ﬁ%ﬁ\jt&akﬁgﬁh\%g‘% g? Qﬁy%ﬁio&\gﬁg?@f oi‘ @o&tﬁ%? vﬂfth | ver

Si
lon water or together W contar ni ng copper

| ons and/ or_glnc.| ons, By b pused L0301 EL 120, hRaA:SRE TR Gusy BR°

used.
[0366] Fig. 28 is a schematic cross sectional view of an embodiment of the
10 baffle incorporating therein a light irradiating portion, and the baffle
incorporating therein a light irradiating portion is not limited to the
embodiment shown in the figure.
The shape, location position, inclined angle relative to the rotating
direction, and the like of the baffle are not particularly limited. Usually, a
15 plurality of baffles extensive in a direction parallel to the rotation axis are
provided, and in order to thoroughly apply light to the laundry, all the
baffles preferably incorporate therein a light irradiating portion. It is also
preferable to irradiate the light from both the entire surface and side
surface of the baffles 460. Nevertheless, for economic reasons, some of the
20 baffles preferably incorporate therein a light irradiating portion.
[0367] As the resin material constituting the baffle body, it is preferable to
use a resin with a high transmissivity for beams of light having a
wavelength of 525 nm, and the light irradiation intensity is such that the
intensity of the light irradiated to the laundry is 500 to 500000 pW/cm2.

25 [0368]



10 baffle incorporating therein a light irradiating portion, and the baffle
incorporating therein a light irradiating portion is not limted to the
enbodi ment shown in the figure. The shape, |ocation position, inclined angle
relative to the rotating direction, and the |like of the baffle are not
particularly limted. Usually, a 15 plurality of baffles extensive in a
direction parallel to the rotation axi 424re provided, and in order to

t horoughly apply light to the laundry, all the baffles preferably
incorporate therein a light irradiating portion. It is also preferable to
irradiate the light frombqth the entire surface and sid surface of the
baf fl es 460. Nevg‘&flﬂg%@é”}af CRtBRE Riedt Sanfimadondest 1 he 20 baf fl es
preferably incorporate therein a light irradiating portion. [0367] As the
resin material céndept uvpagcemduiadsf te penrfyrm; tamt&wt@ﬁ@]r affests oln (he a
resin with a high transm ssivity for beans of |ight having a wavel ength of
525 nm andntibactéghlt praceasingt opmrationewithythesusuofhthd avtatheg drametygid y of
the light irradiated to the laundry is 500 to 500000 pWcnR2. 25 [0368] 124
(Anti bact erashilts aaashined abidrdiig Condstample anoflehé fohrth i@GIntdas geonpuct ed
to confirmantibacterial effects in the antibacterial processing operations

W th the ugg,Ofest Reetheldl hiFolsws type washing nmachine according to exanple
4 of the fourth inventive group. 5 The test nethod is as follows. (1) As

e Lot | SAPREERS AR D ASRRIIT O, LTS |,
bacter oL CoMRap! IR TS FhY AL 0 IBPANED RS SlebRitacs 1. 2

bacterial body of a bacterial count of approximately 1x106 to 5x107/1mL

was dispersed in a phosphate buffer (50 mM concentration), thus preparing
10 a spore suspension. Then 1 mL of the spore suspension was sampled onto
a test cloth of cotton (36 cm?2 Shirting #3 of Japanese Standards
Association). This test cloth will be referred to as a contaminated test
cloth.
(2) The above-described contaminated test cloth was attached with
15 a water-resistant adhesive onto the inner circumferential surface (test site
B1) and the inner side bottom surface (test site B2) of the water tank, and
onto the outer circumferential surface (test site C1) and outer side bottom
surface (test site C2) of the rotating drum, and additionally, a
contaminated test cloth was put into the interior of the rotating drum (test
20 site A). By this method, the antibacterial processing effect on each site of
the washing tank was examined.
[0369] The test site B1 was set in the vicinity of a center portion of both
the depth direction and the width direction of the water tank in the cross
section of the washing machine shown in Fig. 20 and the like.

25 The test site C1 was set in the vicinity of a center portion of both



10 a spore suspension. Then 1 nL of the spore suspension was sanpled onto a
test cloth of cotton (36 cnR; Shirting #3 of Japanese Standards
Association). This test cloth will be referred to as a contam nated test
cloth. (2) The above-described contam nated test cloth was attached with 15
a water-resistant adhesive onto the inner circunferential surface (test site
Bl) and the inner side bottomsurface (st site B2) of the water tank, and
onto the outer circunferential surface (test site ) and outer side bottom
surface (test site C2) of the rotating drum and additionally, a

contam nated test cloth was put into the interiof of the rotating drum (test
20 site A) .tﬂsygqnﬁhsdmﬁea,a@@éhanwn%ébﬁmcgpnpﬁaééh%s!iorv.@tlasf mgin Eheh site
of the washing tank was exam ned. [03691 The test site Bl was set in the
vicinity ofcrescegution ghorwn on Kig. 2@and thedikept h direction and the width
direction of the water tank in the cross section of the washing machine
shown in Fil§37ah Bhradtestesitel B8 wabsdthebdwesthescamteCiof whe chetilanwiaher vawk ni t y
of a center portion of both 125 the depth direction and the width direction

of the rot didtigmdr Mhel test Bite C2 083 sedhithie EbaMty bhthd gutetlcidiitnfdrente ke.
[0370] The test site B2 was set above the center of the circular water tank

bot t omy The,ftigatei Rhllfr bett¥RSs@Thcd Bf Eterothein® dduRf the outer circunference
5 of the circular bottom surface of the rotating drum Under the assunption

L 21 oLt o B s AR e a1
repeated under antibacterial processing conditions (described below).
[0371]

[2-1] (Only Water)

10 While the rotating drum was being rotated at 50 rpm, 10 L of tap
water was put into the rotating drum, and with all the light irradiating
portions turned off, the rotating drum was rotated for a predetermined
period of time. After the period of time of rotation, each test cloth was
collected. The predetermined period of time was set at 15 minutes, 30

15 minutes, and 60 minutes. These will be referred to as samples G1 (sample
group 1).

It should be noted that in the case where 10 L of water is poured
into the rotating drum while being rotated at 50 rpm, it is confirmed that
the water is dispersed outside the rotating drum due to the centrifugal

20 force, with the result that the contaminated test cloth attached to each site
of the washing tank is wet with water.

[2-2] (Water + Particular Beam of Light)

With the light irradiating portions turned on, the whole of the
washing tank was irradiated with a particular beam of light having a peak

25 wavelength of 525 nm and an irradiation intensity of 50 mW/cm2. The



10 While the rotating drumwas being rotated at 50 rpm 10 L of tap water
was put into the rotating drum and with all the light irradiating portions
turned off, the rotating drumwas rotated for a predeterm ned period of
time. After the period of tinme of rotation, each test cloth was collected.
The predeterm ned period of tinme was set at 15 mnutes, 30 15 m nutes, and
60 mnutes. These will be referred to at2Ganples Gl (sanple group 1). It
shoul d be noted that in the case where 10 L of water is poured into the
rotating drumwhile being rotated at 50 rpm it is confirmed that the water
is dispersed_ outside the rotating drumdue to the centrifugal 20 force, with
the resul t Qthar mAttesdWenei tha sameeas 18| gt H- aftaseples eksadnedh here avilbbet he
washing tank is wet with water. [2.2] (Water + Particul ar Beam of Light)
Wth the |ixgferredrtadissdamplesdi2i ons turned on, the whole of the washing
tank was irradiated with a particular beamof |ight having a peak 25

wavel engt h of 525[2n3h @ulySBilverrlati Waten i ntensity of 50 mWcn2. The 126
other matters were the sane as in [2-1]. Sanples obtained here will be

referred to as sagphmslatiest wadkat @8 bubih\the shote Walifier o Ji [P-1Pexdepst was

carried out in the sane manner as in [2-1] except 5 that silver ion water

of 60 ppb Cﬂ%&?fv%%%&@vd’ﬂ@? oF@ﬁ%lﬂbnco‘Hc@ﬁFrzan(irf #BsWRkAMin pIRAEBE &5 Rkt ned

here wll be referred to as sanples G3. (Si'lver Ton Vater +Pa_rt'icular
ceam o 11 Skl SR B R MR GRS T % L%
tap water. [2-4] (Silver Ion Water + Particular Beam of Light)
A similar test was carried out in the same manner as in [2-2] except
that silver ion water of 60 ppb concentration was used in place of tap water.
10 Samples obtained here will be referred to as samples G4.
[0372]
(3) After carrying out driving under the above-described conditions,
the contaminated test cloths were collected. Bacteria bodies were
extracted from the collected test cloths and the extracted solutions were
15 applied onto a potato agar, where the extracted solutions were cultivated
for four days at 25°C. Then the number of colonies on the agar was
counted. By this method, the antibacterial effect of each of the
- above-described conditions was examined.
[0373]
20 (Antibacterial Processing Effect Confirmation Test 2)
A confirmation test 2 was carried out in the same manner as in
confirmation test 1 except that Cladosporium cladosporioides NBRC 6348)
was used in place of Candida albicans NBRC-1060, and that the silver ion

concentration was set at 100 ppb.

25 [0374]



10 Sanpl es obtained here will be referred to as sanples 4. [0372] (3) After
carrying out driving under the above-described conditions, the contam nated
test cloths were collected. Bacteria bodies were extracted fromthe
collected test cloths and the extracted solutions were 15 applied onto a
potato agar, where the extracted solutions were cultivated for four days at
25C. Then the nunber of col onies on thelZhar was counted. By this method,
the anti bacterial effect of each of the above-described conditions was

exam ned. [0373] 20 (Antibacterial Processing Effect Confirnmation Test 2) A
confirmation test 2 was carried out in the sane manner as _in confirmation

test 1 except thdAntibastenal Poeestingobffeet GDH@M@N@R@@E@) was used in

pl ace of Candi da al bi cans NBRC- 1060, and that the silver ion concentration
was set at 100 pph.codfirpGliei] tdst73 WAstdalnaiedemhtaﬁnm}mcmienmaﬁﬁeecas n
Confirmation Test 3) A confirmation test 3 was carried out in the sane

manner as idonfadidticnaeston exespt thetx EBphetbhia &sle (INBR(Y3972piwasy MERCiB972)
was used in place of Candida al bi cansNBRC-1060. 5 [0375] [Test Results] (1)

Fig. 29 shoymct Be OBRUNAE 21BLasSNBROBIOGYY test 1 at the test site A It has
been confirmed fromFig. 29 that a single-di git higher germciding effect

was eXQI blt[%§7l5p sanples 4 (indicated as O in the figure), in which

[Test Results]

(1) Fig. 29 shows the results of confirmation test 1 at the test site A.
It has been confirmed from Fig. 29 that a single-digit higher germiciding
effect was exhibited in samples G4 (indicated as © in the figure), in which

10 the contaminated test cloths contaminated with Candida albicans were
irradiated with a particular beam of light while being brought into contact
with silver ion water, than in samples G3 (indicated as ® in the figure), in
which the contaminated test cloths were brought into contact with silver
ion water without irradiation of the particular beam of light.

15 [0376] It also has been confirmed from a comparison between samples G2
(indicated as A in the figure) and samples G4 (indicated as A in the figure)
that the irradiation of the particular beam of light alone provides no

- antibacterial effects.
[0377] Fig. 30 shows a bar graph of antibacterial effect at each site of the
20 washing tank for samples G4 in confirmation test 1. It has been
confirmed from Fig. 30 that substantially equal antibacterial effect was
obtained from the contaminated test cloths located on the sites of the
washing tank.
[0378]

25 (2) Fig. 31 shows antibacterial results of samples G4 using test



10 the contam nated test cloths contam nated with Candi da al bi cans were
irradiated with a particular beam of |ight while being brought into contact
with silver ion water, than in sanples G3 (indicated as in the figure), in
whi ch the contami nated test cloths were brought into contact with silver
lon water without irradiation of the particular beamof light. 15 [0376] It
al so has been confirnmed froma conpari sb28bet ween sanples G (indicated as
Ain the figure) and sanples 4 (indicated as Ain the figure) that the
irradiation of the particular beamof |ight alone provides no antibacteri al
effects. [0377] Fig. 30 shows a bar graph of antibacterial_ effect at each
site of theclotly ¢padanngatethwith Cladasnasumicladosmmtaidestansh Figsi2 shows has
been confirmed fromFig. 30 that substantially equal antibacterial effect
was obt ai nestibacteritaheresultsaoi nampded €54 wshmg est cbthedcamtatinatid eathf t he
washi ng tank. [0378] 25 (2) Fig. 31 shows antibacterial results of sanples
4 using tegkchHal8chialcaiihs contam nated with C adosporium cl adospori oi des,
and Fig. 32 shows antibacterial results of sanples G4 using test cloths

contam nated wit Mt &s¢heEh dnEireld frdh (hASrdiQ@fs SREWhM e idd. O g Bgsul t's

shown in Figs. 31 and 32 5 that simlar antibacterial effects can be

obtaingd fo ny.: of:1 t.h A ani . 37 e t ancb
const rﬁed a{shafqolSllgl\/lvlsa{r %%ﬁﬁtggl%gt ?gﬁﬁ%i n({aglnsl? yg?ﬁﬁﬁ ﬁg ;S)fg’kuﬁ‘c‘& %rf Elelgm of
light used in the ratating drumtype washing nachine with an anti bacteri al

processi ng FOHCCTEH S8 or di ng to

[0379] These results can be construed as follows. The irradiation
intensity of the particular beam of light used in the rotating drum type
washing machine with an antibacterial processing function according to
10 the present invention is sufficiently lower than the intensity with which
fungi can be directly antibacterialized. Thus, the results of G4 are not
caused by addition of the antibacterial potency of the light to the
antibacterial potency of the silver ions but by promoted metal ion
incorporation inside the bacteria body by the particular beam of light.
15  [0380]
Industrial Applicability of the Fourth Inventive Group
With the rotating drum type washing machine with an
antibacterial processing function according to the fourth inventive group,
which is capable of automatically supplying silver ion water inside the
20 washing tank while at the same time capable of automatically irradiating a
particular beam of light to the entire surface of the washing tank, the
particular beam of light promotes incorporation of metal ions inside the
bacteria body, thereby facilitating the attempt to automatically carry out
bacteria elimination or antibacterialization of the laundry and the whole of

25 the washing tank with silver ion water of a lower concentration.



10 the present invention is sufficiently |lower than the intensity with which
fungi can be directly antibacterialized. Thus, the results of &4 are not
caused by addition of the antibacterial potency of the light to the

anti bacterial potency of the silver ions but by pronoted netal ion

i ncorporation inside the bacteria body E%Lthe particul ar beamof light. 15

[ 03801 Industrial Applicability of the rth Inventive Goup Wth the
rotating drumtype washing nachine with an antibacterial processing
function according to the fourth inventive group, which is capable of
automatically supplying silver ion water _inside the 20 washing tank while at
the same tiTherefgrapi thof induymiali anplicabilitydi ok i the apresanti dnvertiorands of
light to the entire surface of the washing tank, the particular beam of

| i ght pr onwossidenrablepor ati on of nmetal ions inside the bacteria body,
thereby facilitating the attenpt to automatically carry out bacteria
elimnation or antibacterialization of the |aundry and the whole of 25 the
washing tank with silver ion water of a |ower concentration. 129 Therefore,
the industrial applicability of the present invention is considerable. 130
What is clainmed is: 1. An antibacterial nethod for preventing growth of a

m croorgani sm using an ion, the nethod conprising bringing the

m croorganisminto contact with the ion after or while 5 irradiating the

m croorganismw th a particular beamof |ight. 2. The antibacterial method
according to claim1l1, wherein the



particul ar beamof light is a beamof |ight that acts on an ion-perneabl e
channel of a biological nenbrane. 3. The antibacterial nethod according to
claim1l1, wherein the 10 particular beam of |ight has a peak wavel ength of
300 to 600 nm 4. The antibacterial nethod according to claim3, wherein the
particul ar beamof light has an irradiation intensity of 500 to 500000
gWececnR2. 5. The antibacterial nethod acch3®ing to claim4, wherein the ion is
a 15 netal ion. 6. The antibacterial nethod according to claimb5, wherein
the metal ion is a netal ion contained in a netal ion-containing solution.
7. The antibacterial nethod according to claim®6, wherein the nmetal ionis
at | east onWhiagns cklimeddd’ fr om t he group consisting of a silver ion, a 20
copper ion, and a zinc ion. 131 8. The antibacterial nethod according to
claim7, wherein the netal ion in the netal ion-containing solution has a
concentrati onof ppp. . . I-bac Il rding to
claim8, wher %l‘ n negggb%:%?hagﬁggﬂrhozi %@B’efgggéfolg‘gré}’gy éCﬁ ﬁwﬁgoogggﬁbsg%t eri al
nmet hod according to clﬁinug &herein.the m croorganismis a eukaryote. 11.
The anti bactSPBAM 1% BRI DA FOMPHYE ai m 1, wherein: the netal ion is a
silver ion contained in a silver metal, ion-containin 10 so] ution having a
concentration JIIBEINE Hifh BEreQrganisyn dnte, cophagt; Weﬂhagh%é%h aftey pywhtas a

peak wavel ength of 300 to 600 nm ) . _ _
5 irradiating the microorganism with a particular beam of light.

-

2. The antibacterial method according to claim 1, wherein the
particular beam of light is a beam of light that acts on an ion-permeable

channel of a biological membrane.

3. The antibacterial method according to claim 1, wherein the

10 particular beam of light has a peak wavelength of 300 to 600 nm.

4. The antibacterial method according to claim 3, wherein the
particular beam of light has an irradiation intensity of 500 to 500000

pW/cm?2,

* 5. The antibacterial method according to claim 4, wherein the ion is a

15 metal ion.

6. The antibacterial method according to claim 5, wherein the metal

ion i1s a metal ion contained in a metal 1on-containing solution.

7. The antibacterial method according to claim 6, wherein the metal
ion is at least one ion selected from the group consisting of a silver ion, a

20 copper ion, and a zinc ion.



and an irradiation intensity of 1000 pWcn®2 or nore. 12. An anti bacteri al
nmet hod for preventing growh of a mcroorganism using an ion, the nethod
conprising 15 irradiating the mcroorganismw th a particul ar beam of |ight
in a state where the mcroorganismis in contact with the ion. 13. The
anti bacterial method according to claim 12, wherein the particular beam of
light is a beamof light that acts on al} on-perneable channel of a

bi ol ogi cal nmenbrane. 20 14. The anti bacterial method according to claim 12,
wherein the particular beamof |ight has a peak wavel ength of 300 to 600
nm 132 15. The antibacterial _.nethod according to claim14, wherein the
particul ar be8m oflhei yHebasieriah methed; agoosding teplaim, 7 oWheyein theomiad
pWcnR. 16. The antibacterial nethod according to claim 14, wherein the ion
is 5 a netigh inothe miptalriom-eontabaisigesalutionchdrod cancentaatignt of T ipabntol &)

wherein the netal ion is a netal ion contained in a netal ion containing
solution. 4BpmThe antibacterial nethod according to claim 17, wherein the
netal ion is at |east one ion selected fromthe group consisting of a

silver ion, a 10 copper ion, and a zinc ion. 19. The antibacterial nethod

according to ¢l ai R 18, erein the netal ion in the nmetal ion contajning

sol ution has & cond&ntatiashedf 1m5g§°£oa‘f6r Wigm 0o §1a1 03,5 W %%‘f’d?e%%l

et hod according to claim 19, wherein the 15 microorganismis a prokaryote.
microorganism is a prokaryote.

*

. 10. The antibacterial method according to claim 8, wherein the

microorganism 1s a eukaryote.

11. The antibacterial method according to claim 1, wherein:
the metal ion is a silver ion contained in a silver metal ion-containing
10 solution having a concentration of 1100 ppb or less; and
the particular beam of light has a peak wavelength of 300 to 600 nm

and an irradiation intensity of 1000 pW/cm?2 or more.

12. An antibacterial method for preventing growth of a microorganism
using an ion, the method comprising
15 irradiating the microorganism with a particular beam of light in a

state where the microorganism is in contact with the ion.

13. The antibacterial method according to claim 12, wherein the
particular beam of light is a beam of light that acts on an ion-permeable

channel of a biological membrane.

20 14. The antibacterial method according to claim 12, wherein the

particular beam of light has a peak wavelength of 300 to 600 nm.



21. The antibacterial method according to claim 20, wherein the
m croorganismis a eukaryote. 22. The anti bacterial nmethod according to
claim 12, wherein: the netal ion is a silver ion contained in a silver netal
ion containing 20 solution having a concentration of 1100 ppb or |ess; and
133 the particular beamof |ight has a peak wavel ength of 300 to 600 nm and
an irradiation intensity of 1000 pWcnfd3@ nore. 23. An antibacteria
apparatus conprising: ion generating neans of generating an ion; 5 contact
means of bringing the ion generated at the ion generating neans into
contact with a mcroorganism and irradiating neans of irradiating the
m cr oor gani skdwi tFhe. patibacterml nmeshodofcdarding ite zlainmmt B4,wivdrereimethe
m croorganismis in contact wth the ion by the contact neans. 10 24. The
ant i bact er ipakrtiaplaar beas af digltti hgst an cireadiaZidn whtensity bheés00as t5@0000 beam
of light has a peak wavel ength of 300 to 600 nmand an irradiation
intensity SﬂVﬁﬂ@.tO 500000 pWcnR2. 25. The anti bacterial apparatus according
to claim?24, wherein the ion is a netal ion. 15 26. The anti bacteri al
apparatus according to claim25, wherein the netal ionis a silver ion. 27.
An antibacterial apparatus conprising: ion generating neans of generating
an ion: irra#fatihbe saibactrialk m&@h@? iagepndiRs &9 claigr anwémrwnc theyigmis i cul ar
20 beam of light; and

5 a metal ion.

v

. 17. The antibacterial method according to claim 16, wherein the metal

ion is a metal ion contained in a metal ion-containing solution.

18. The antibacterial method according to claim 17, wherein the metal
ion is at least one ion selected from the group consisting of a silver ion, a

10 copper ion, and a zinc ion.

19. The antibacterial method according to claim 18, wherein the metal

ion in the metal ion-containing solution has a concentration of 1 ppb to 10

) ppm.
. 20. The antibacterial method according to claim 19, wherein the
15 microorganism is a prokaryote.

21. The antibacterial method according to claim 20, wherein the

microorganism is a eukaryote.

22. The antibacterial method according to claim 12, wherein:
the metal ion is a silver ion contained in a silver metal ion-containing

20 solution having a concentration of 1100 ppb or less; and



contact neans of bringing the mcroorganismirradiated with the 134

particul ar beamof light into contact with the ion generated at the ion
generating nmeans. 28. The anti bacterial apparatus according to claim 27,
wherein the particular beamof |ight has a peak wavel ength of 300 to 600 nm
and an 5 irradiation intensity of 500 to 500000 gWcnR2. 29. The

anti bacterial apparatus according to cll&@dm 28, wherein the ion is a netal
ion. 30. The antibacterial apparatus according to claim?29, wherein the
metal ionis a silver ion. 10 31. A cell activity control nethod for
controlling a cell activity by using _an ion, the nethod conBri sing bringing
the ion into céheaertigular beasd) of light basia peak afavedengih epP0ptGP0inm
particul ar beamof light or while irradiating the cell with the particular
beam of |ight. 32. aadcst irradidtion inteosityelf 1980hod/dof ocomireol | i ng a cel |
activity by using 15 an ion, the nethod conprising irradiating a cell with
a particular beamof |I|ight in a state where the cell is in contact with the
ion. 33. The gell act itvi t(%é control n,Eet hod according to claim 31, wherein the
cel | activit§ScortPARTRITBIIAL ARRATALS PR Bon by, after or while
ilrradiating an animal cell vvithflhe articular beamof light, bringing the

ani mal cel | 20 PHBENEIAHLE MEANSPIFPHESALPEATY Woici ng activity of the ani mal

cell so as to increase an incorporation amount of the jon inside the aninal
cel|. 435 34. coRtactemeanstoly bringingtthel 1oregrBeratedorithy 108 &pReIAtID

wherein the particular beamof light is a beamof light that acts on an
i on- per neabl e means into contact with a microorganism; and

‘ irradiating means of irradiating the microorganism with a particular
beam of light in a state where the microorganism is in contact

with the ion by the contact means.

10 24. The antibacterial apparatus according to claim 23, wherein the
particular beam of light has a peak wavelength of 300 to 600 nm and an

irradiation intensity of 500 to 500000 pW/cm2.

25. The antibacterial apparatus according to claim 24, wherein the ion

. 1s a metal ion.

15 26. The antibacterial apparatus according to claim 25, wherein the

metal 1on is a silver ion.

27. An antibacterial apparatus comprising:
ion generating means of generating an ion;
irradiating means of irradiating the microorganism with a particular
20 beam of light; and

contact means of bringing the microorganism irradiated with the



channel of an animal cell nenbrane. 35. The cell activity control nethod
according to claim34, wherein the 5 particular beamof |ight has a peak
wavel ength of 300 to 600 nm 36. The cell activity control nethod according
to claim35, wherein the particular beamof |ight has an irradiation
intensity of 500 to 500000 pWcnR. 37. The cell activity control method

according to claim36, wherein: 10 thd3dnimal cell is a tunor cell; and the
ion has a greater proliferative disturbance effect against the tunor cell
than a normal cell. 38. The cell activity control nethod according to claim

37, wherein the ionis a nmetal ion. 15 39. The cel| activity control method
according to cl ai nP3sticulazrkdam tdfelighetnto contact with| thestorogenexatedertect ed
fromthe group consisting of a silver ion, a copper ion, and a zinc ion.
40. The cell acti vtheioogemnaiatimg mednaccording to claim39, wherein the
metal ion is a nmetal ion contained in a netal ion-containing solution. 20
41. The cell activity control nmethod according to claim40, wherein the 136
metal ion ingghe tal ,i.,on-cantaining, soluti has a congentration gf 1 ppb
Lo 100 ppm 23 THE CEITDARETO] PPEHEIOICHANBE o r: (ELEIeAn il
wherein the cel ctivi tfy,congrol i nhLbi ts cell proliferation by, after

bri ngi ng aRagHeWAr beamnfilight has shpgak wavelenath 6f 300 ti60P MR Em vi ty
of the animal cell, irradiating the animal cell with the particul ar beam of
| i ght 50 asrradiatior intessitarrfi H8biop2PA0brWHemint of the ion inside the

ani mal cell.

. 29. The antibacterial apparatus according to claim 28, wherein the ion

1s a metal 10n.

30. The antibacterial apparatus according to claim 29, wherein the

metal ion is a silver 1on.

10 31. A cell activity control method for controlling a cell activity by using
an ion, the method comprising bringing the ion into contact with a cell
after irradiating the cell with a particular beam of light or while

irradiating the cell with the particular beam of light.

. 32. Acell activity control method for controlling a cell activity by using
15 an ion, the method comprising irradiating a cell with a particular beam of

light in a state where the cell is in contact with the ion.

33. The cell activity control method according to claim 31, wherein the
cell activity control inhibits cell proliferation by, after or while irradiating
an animal cell with the particular beam of light, bringing the animal cell

20 into contact with an ion for reducing activity of the animal cell so as to

increase an incorporation amount of the ion inside the animal cell.



43. The cell activity control nethod according to claim42, wherein the
particul ar beamof light is a beamof |light that acts on an ion-perneable
10 channel of an aninmal cell nenbrane. 44. The cell activity control nethod
according to claim43, wherein the particular beamof |ight has a peak
wavel ength of 300 to 600 nm 45. The cell activity control nethod according
to claim44, wherein the particular bda®of |ight has an irradiation
intensity of 500 to 500000 15 gWcnR. 46. The cell activity control nethod
according to claima45, wherein: the animal cell is a tunor cell; and the
ion has a greaterTgroIiferaLive di sfurbance effect against the tunor cel

than a nor maP4cel The zellpactivityecondrpl method apcershing e chisondg, #heaem e t o
claim46, wherein the ionis a netal ion. 137 48. The cell activit

control netpagticataxobeiamgoft bght as m Bdamwplelight: that acts ah 4w rions)eamelabiest one
ion selected fromthe group consisting of a silver ion, a copper ion, and a
zinc ion. 4%anhbbofehlamanial vellynembirané. net hod according to cl ai m48,
wherein the 5 netal ion is a nmetal ion contained in a netal ion-containing
solution. 50. The cell activity control nmethod according to claim49,

wherein the t ion.in the netal.ion;containing soluti has a.

concent rat i oR°of w{hﬁﬁﬁll 4GV B C PPl W.thQS@@F?rryéEgit(}iclll%}nbg%t ?’Vg}erﬁﬁ’pgﬂ%t us
conprising: 10 a_light squrce portion for outputti n(gha beam of |ight having
a peakd wawartisylar bepm of gkt hers apeak svavsdenghhpiBlhte $PQ @Mt i on

. 36. The cell activity control method according to claim 35, wherein the

particular beam of light has an irradiation intensity of 500 to 500000

nW/em?2,

37. The cell activity control method according to claim 36, wherein:
10 the animal cell is a tumor cell; and
the ion has a greater proliferative disturbance effect against the

tumor cell than a normal cell.

38. The cell activity control method according to claim 37, wherein the

ion is a metal 1on.

15 39. The cell activity control method according to claim 38, wherein the
metal ion is at least one ion selected from the group consisting of a silver

ion, a copper ion, and a zinc ion.

40. The cell activity control method according to claim 39, wherein the

metal ion is a metal ion contained in a metal ion-containing solution.

20 41. The cell activity control method according to claim 40, wherein the



intensity of 500 to 500000 pWcnR2; an irradiating portion for guiding the

beam of light output fromthe |ight source portion to an aninmal cell and
irradiating the animal 15 cell with the beamof |ight; and a contact
portion for bringing an ion into contact with the animal cell. 52. A

refrigerator provided with an automatic ice neking apparatus, the automatic
i ce maki ng apparatus conprising: an icel3faking portion; 20 a water feeding
tank; a water conduit for guiding water stored in the water feeding tank to
the ice making portion; 138 an ion supply portion for supplying an ion to
an interior of the water feedlng tank .and/ or .the water conduit; and a light
source por tetalfgn inrthegnatalignigeatanyingisefution has aeengenteaidomef 1t pplk
and/or the water conduit with a particular beamof light. 5 53. A
refrigerat do I¥{0oppmed with an automatic ice nmking apparatus, the automatic
i ce making apparatus conprising: an ice making portion; a water conduit for
gui ding water to the ice making portion an ion supply portion for supplying

i h d d f
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* 5 cell into contact with an ion for degrading activity of the animal cell,

r

.

irradiating the animal cell with the particular beam of light so as to

Increase an incorporation amount of the ion inside the animal cell.

43. The cell activity control method according to claim 42, wherein the
particular beam of light is a beam of light that acts on an ion-permeable

10 channel of an animal cell membrane.

44. The cell activity control method according to claim 43, wherein the

particular beam of light has a peak wavelength of 300 to 600 nm.

45. The cell activity control method according to claim 44, wherein the
particular beam of light has an irradiation intensity of 500 to 500000

15 pW/ecm2,

46. The cell activity control method according to claim 45, wherein:
the animal cell is a tumor cell; and
the ion has a greater proliferative disturbance effect against the

tumor cell than a normal cell.

20 47. The cell activity control method according to claim 46, wherein the

1on 1s a metal 1on.



15 a water conduit for guiding water to the ice nmaking portion; and a |ight
source portion for irradiating the water conduit with a particul ar beam of
| ight, wherein the water conduit contains a silver ion elution material for
eluting a silver ion. 20 55. Arefrigerator provided with an automatic ice
maki ng apparatus, the automatic ice nmaking apparatus conprising: a water
feeding tank; an ice making tray; and 1839 a water conduit for guiding
water fromthe water feeding tank to the ice naking tray, wherein: at |east
one material of the water feeding tank, the ice nmaking tray, and the water
conduit contains a silver ion elution material for 5 eluting_a silver ion;
and a |ight 48urcEhpeeliashivibr contralimethed agecqraing dalckainpddnwdferpingthe i s
| ocated near the material. 56. A refrigerator provided with a refrigerating
conpar t nentmetal fiopdgext leastipae ioerselécted dtrad theograupecomdistingroftd sgver
conpartment, and an 10 automatic ice making apparatus, the automatic ice
maki ng appdsatalsoppgaiphl ahdgi zimcviaher feeding tank |ocated in the
refrigerating conpartnment; an ice making tray located in a portion of the
freezer conpartnent; a water conduit for guiding water stored in the
refrigeratin 15 conpartnment to the ic ki ng.portion; and an ion supply
portion for gapp@ﬁﬁgegﬁqt%tx gonHO meéﬁp&gceﬂr%t%t am 48, wherein the
L 4

5 metal ion is a metal ion contained in a metal ion-containing solution.

¥

. 50. The cell activity control method according to claim 49, wherein the
metal ion in the metal ion-containing solution has a concentration of 1 ppb

to 100 ppm.

51. A cell activity control apparatus comprising:

10 a light source portion for outputting a beam of light having a peak
wavelength in a range of 300 to 600 nm and an irradiation
intensity of 500 to 500000 nW/cm?;

an irradiating portion for guiding the beam of light output from the
. light source portion to an animal cell and irradiating the animal
15 cell with the beam of light; and

a contact portion for bringing an ion into contact with the animal cell.

52. A refrigerator provided with an automatic ice making apparatus,
the automatic ice making apparatus comprising:
an ice making portion;
20 a water feeding tank;
a water conduit for guiding water stored in the water feeding tank to

the ice making portion;



feeding tank and/or the interior of the water conduit, wherein: the water
conduit is light transm ssive; and a |ight source portion for irradiating
the water conduit with a 20 particular beamof light is |ocated near the
wat er conduit. 57. The refrigerator provided with the automatic ice naking
apparatus according to claimb56, wherein: the water feeding tank of the
automatic ice nmaking apparatus is |ightl3840 transmi ssive; and a |ight
source portion for irradiating the water conduit with a particular beam of
light is |located near the water feeding tank. 58. The refrigerator provided
with the automatic ice making apparatus 5 according to claimb56, wherein the
particul ar beafnoion| sERlY Restie SUPRAYEIgeaRy tipn it arthintezingeofothespaten 600
nm 59. The refrigerator provided with the automatic ice naki ng apparat us
accordi ng to cl ai nfesglingttankiand/trethpawantentarduwitaandf |i ght has an
irradiation intensity of 500 to 500000 pWcnR2. 10 60. The refrigerator

provi ded wi th ahkglhtboumreigortion forkirrgdiapipgr dieuihtefioe @f dhegwatercleadingd9,
wherein the ion supply portion is a silver ion supply portion for supplying

silver ions. 61. Thenk ahdi@eir! Watdd @HAREwWMH B pabicalibdih Gf1phtmaki ng
apparatus according to claim®60, wherein the ion supply portion is a silver

ion supply 15 portion for supplying a silver ion-containing aqueous
solution having a silver ion concentration of 100 to 1100 ppb. 62. The
refri ger at or 93r ovAdiedrigerator mroyidednwithe ancautpiratig ieppaalingsappe¥ugi ng to
tl ai m 60, wherein the ion supply portion is a silver ion supply

the automatic ice making apparatus comprising:

an ice making portion;
a water conduit for guiding water to the ice making portion;
an ion supply portion for supplying an ion to the water conduit; and
10 a light source portion for irradiating the water conduit with a

particular beam of light.

54. A refrigerator provided with an automatic ice making apparatus,
the automatic ice making apparatus comprising:
an ice making portion;
15 a water conduit for guiding water to the ice making portion; and
< a light source portion for irradiating the water conduit with a
particular beam of light,
wherein the water conduit contains a silver ion elution material for

eluting a silver ion.

20 55. A refrigerator provided with an automatic ice making apparatus,
the automatic ice making apparatus comprising:
a water feeding tank;

an ice making tray; and



i

portion for supplying a silver ion-containing aqueous solution having a 20
silver ion concentration of | ess than 100 ppb. 63. The refrigerator provided
with the automatic ice making apparatus 141 according to claim 62, wherein
the silver ion supply portion has a structure of directly supplying the
water conduit with the silver ion-containing aqueous solution having a
silver ion concentration of |ess than 189 ppb. 64. The refrigerator provided
with the automatic ice making apparatus 5 according to claim 63, wherein an
irradiation period of time of the particular beamof light is 30 m nutes or
nmore. 65. The refrigerator provided with the automatic ice maki ng apparatus
according to chavat@ocondiit dohguitingiwater from thpplafepépading taak to tridge
filled with silver ions. 10 66. The refrigerator provided with the automatic
i ce maki ng appar at e makoog trayywhereirdi m 65, wherein the cartridge has a
silver ion-containing aqueous solution having a silver ion concentration of

|l ess than 100 ppleadt’ond meateefdli gferhat water Godieg twnkh thé dca wh Dol traiyce
maki ng apparatus according to claim®66, wherein an irradiation period of

time of the 15 paphiCtHedivab&RBdRduit! Hhitainy 3GiNeRUbRSelatiofCiftefif] féy
rotating drumtype washi ng machine at |east conprising: a water tank capable

of containing wate q i elg ontained water; a rotating drum
!.ocatggd in the wat %%&E&g%% %ﬁ%‘?_rlg{lg?%%l y driven in the 20 water tank; and
Fon supply means g SURRLY A" P Shalitd % HALALLRG Be8m 3Pd: K2

located near the material.

56. Arefrigerator provided with a refrigerating compartment, a freezer
compartment isolated from the refrigerating compartment, and an
10 automatic ice making apparatus, the automatic ice making apparatus
comprising:
a water feeding tank located in the refrigerating compartment;
an ice making tray located in a portion of the freezer compartment;
a water conduit for guiding water stored in the refrigerating
15 compartment to the ice making portion; and
an ion supply portion for supplying an ion to an interior of the water
feeding tank and/or the interior of the water conduit, wherein:
the water conduit is light transmissive; and
a light source portion for irradiating the water conduit with a

20 particular beam of light is located near the water conduit.

57. The refrigerator provided with the automatic ice making apparatus
according to claim 56, wherein:

the water feeding tank of the automatic ice making apparatus is light



the water tank, wherein: the rotating drumincludes, on a wall thereof, a
plurality of pores through which water is able to pass between an interior
of the rotating drumand an interior of the water tank; and 5 the water
tank includes, on an inner side surface thereof, a first irradiating
portion for irradiating an outer side surface of the rotating drumwth a
particul ar beamof light. 69. The rotatlidfg drumtype washi ng machi ne
according to claim68, wherein the rotating drumincludes, on the outer
side surface thereof, a 10 reflecting area for reflecting the particular
beam of light. 70. The rotating drumtype washing machi ne according to claim
69, wherein the ré’farf@@ﬂlisﬁ@’eaﬁéd is formed in a strip shape in a direction
orthogonal to a rotating direction of the rotating drum 71. The rotating
drum t ype washiandighdckowrceapootidinndort drddiating9 the 1 ateer@nduihewitdf laect i ng
area is forned in a spiral manner relative to a rotating direction of the

rotating drum 72. pabgciilairdicang ofitight iy eavabheagth@ohiteefading dank. to claim
69, wherein a plurality of reflecting areas each in an island shape are
formed sporadically on the outer side surface of the rotating drum each of

the 20 reflggti areas being in. onvex shape. 73.. The . rotating drumtype
washi ng machg e attbl rFﬁfrf"BorcP%ﬂVﬁ&%g,W“\illh eﬁHE‘P‘B?HP l?%glaf]?lgﬁtaﬂp@g%‘i‘%ti ng
portion is conposed of the first irradiating _portion provided on the inner

si de sturf adscodipgdonglaam panwharain $hecpanitrular heam jofglight hasna ppesak ded on

an inner bottom surface
wavelength in the range of 300 to 600 nm.

59. The refrigerator provided with the automatic ice making apparatus
according to claim 58, wherein the particular beam of light has an

irradiation intensity of 500 to 500000 pW/cm?2.

10 60. The refrigerator provided with the automatic ice making apparatus
according to claim 59, wherein the ion supply portion is a silver ion supply

portion for supplying silver ions.

61. The refrigerator provided with the automatic ice making apparatus
according to claim 60, wherein the ion supply portion is a silver ion supply
15 portion for supplying a silver ion-containing aqueous solution having a

silver ion concentration of 100 to 1100 ppb.

62. The refrigerator provided with the automatic ice making apparatus
according to claim 60, wherein the ion supply portion is a silver ion supply
portion for supplying a silver ion-containing aqueous solution having a

20 silver ion concentration of less than 100 ppb.

63. The refrigerator provided with the automatic ice making apparatus



5 of the water tank; and the reflecting area is provided on both a side
surface and a bottom surface of the rotating drum 74. The rotating drum
type washi ng machi ne according to claim68, wherein the particular beam of

| ight has a peak wavel ength of 300 to 600 10 nm 75. The rotating drumtype
washi ng machi ne according to claim74, wherein the particular beam of |ight
has an irradiation intensity of 500 to14300000 pWcnR2. 76. The rotating drum
type washi ng machi ne according to claim?75, 15 wherein the ion supply neans
is silver ion supply nmeans of supplying silver ion water. 77. The rotating
drum type washing machi ne according to claim76, wherein the silver ion
suppl y neanscardpng teclaim 62 whereindther sibeeriing saippdy poetion dxaisonsucBdreppb t o
1100 ppb. 20 78. The rotating drumtype washi ng machi ne according to claim
77, wher efi:ditdetly tepplpimgt ithg dratier toppd uita shithgthecdilvee iorctomiasniags hi ng
operation control neans of controlling a washing operation; and the washing

operation ggakbas soiR@ivh BEing0d Silvéxeion dorrent@icioPle¥s tARANDOSHIAS t O
secure that the silver ion supply neans supplies 5 silver ion water during
a laundry rinsing step. 79. The rotating drumtype washi ng nmachi ne accordi ng
fo claim 78, wherein {he washing.operation control, neans controls the |ight
iTradiati ng 8%or t I Bereigeratey REavided FhEh the,aufpmpatic dpmakdnapParaghy s
Lrradiated for 30

5 according to claim 63, wherein an irradiation period of time of the

-

particular beam of light is 30 minutes or more.

65. The refrigerator provided with the automatic ice making apparatus
according to claim 60, wherein the silver ion supply portion has a cartridge

filled with silver ions.

10 66. The refrigerator provided with the automatic ice making apparatus
according to claim 65, wherein the cartridge has a silver ion-containing

aqueous solution having a silver ion concentration of less than 100 ppb.

67. The refrigerator provided with the automatic ice making apparatus
according to claim 66, wherein an irradiation period of time of the

15 particular beam of light is 30 minutes or more.

68. A rotating drum type washing machine at least comprising:
a water tank capable of containing water and discharging contained
water;
a rotating drum located in the water tank and rotatably driven in the
20 water tank; and

ion supply means of supplying ion water to the rotating drum and/or



m nutes or nore. 10 80. The rotating drumtype washi ng nmachi ne according to
claim68, wherein: the rotating drumtype washi ng machi ne includes a door
for closing a release opening of the water tank; and the door includes a
third irradiating portion for irradiating the 15 interior of the rotating
drumw th a particular beamof light. 81. The rotating drumtype washi ng
machi ne according to claim80, whereid42the particular beamof |ight has a
peak wavel ength of 300 to 600 nm and 20 an irradiation intensity of the
particul ar beamof light is 500 to 500000 pWcnR2. 82. Arotating drumtype
washi ng machi ne at |east conprising: 145 a water tank capabl e of containing
wat er and di schar gthfyweder tatdedvhegeiny ; a rotating drumlocated in the water
tank and rotatably driven in the rotating drum and 5 silver ion supply
means of suppl thengotitingrdivem nalwelest ®nt hewadk dheregf, dr pluratidy cof pomeswat er
tank, wherein: the rotating drumincludes a plurality of pores through which
water is able to glasughewbien water it edblertoopadshbetwdedi angirtetior afcthan
interior of the water tank; 10 a baffle for rolling over a laundry is forned

on an inner wal | spthéss Gfum!hif] 4R4atdrid SMthdlwand tank; and

—

5 the water tank includes, on an inner side surface thereof, a first

irradiating portion for irradiating an outer side surface of the

rotating drum with a particular beam of light.

69. The rotating drum type washing machine according to claim 68,
wherein the rotating drum includes, on the outer side surface thereof, a

10 reflecting area for reflecting the particular beam of light.

70. The rotating drum type washing machine according to claim 69,
wherein the reflecting area is formed in a strip shape in a direction

orthogonal to a rotating direction of the rotating drum.

. 71. The rotating drum type washing machine according to claim 69,
15 wherein the reflecting area is formed in a spiral manner relative to a

rotating direction of the rotating drum.

72. The rotating drum type washing machine according to claim 69,
wherein a plurality of reflecting areas each in an island shape are formed
sporadically on the outer side surface of the rotating drum, each of the

20 reflecting areas being in a convex shape.

73. The rotating drum type washing machine according to claim 69,



the baffle incorporates therein a light irradiating portion for irradiating
light to the interior of the rotating drum 83. The rotating drumtype
washi ng machi ne according to claim82, 15 wherein: the water tank includes,
on an inner side surface thereof, a first irradiating portion for
irradiating light to an outer <circunferential surface of the rotating drum
and includes, on an inner bottom surfdd8 of the water tank, a second
irradiating 20 portion for irradiating light to an outer bottom surface of
the rotating drum and a reflecting area is provided on both the outer
circunferential surface and the outer bottom surface of the rotating drum
146 84. Twheremati ng drum type washi ng machi ne according to clai m 83,
wherein: the |light has a peak wavel ength of 300 to 600 nm and an
i rradi ati on i ntlendight afradiatipgr portabdmrisbeamposedi ghtthies fix60 irpadiaOMEO0
11Wcn2. 10

portion provided on the inner side surface of the water tank and

a second 1irradiating portion provided on an inner bottom surface
5 of the water tank; and

the reflecting area is provided on both a side surface and a bottom

surface of the rotating drum.

74. The rotating drum type washing machine according to claim 68,
wherein the particular beam of light has a peak wavelength of 300 to 600

10 nm.

75. The rotating drum type washing machine according to claim 74,
wherein the particular beam of light has an irradiation intensity of 500 to

500000 nW/cm?2.

. 76. The rotating drum type washing machine according to claim 75,
15 wherein the ion supply means is silver ion supply means of supplying silver

. ion water.

77. The rotating drum type washing machine according to claim 76,
wherein the silver ion supply means supplies silver ion water having a

concentration of 30 ppb to 1100 ppb.

20 78. The rotating drum type washing machine according to claim 77,

wherein:



144

the rotating drum type washing machine includes washing operation
control means of controlling a washing operation; and

the washing operation control means controls the silver ion supply
means so as to secure that the silver ion supply means supplies

5 silver ion water during a laundry rinsing step.

79. The rotating drum type washing machine according to claim 78,
wherein the washing operation control means controls the light irradiating
portion so as to secure that the particular beam of light is irradiated for 30

minutes or more.

10 80. The rotating drum type washing machine according to claim 68,
wherein:
the rotating drum type washing machine includes a door for closing a
release opening of the water tank; and
the door includes a third irradiating portion for irradiating the

15 interior of the rotating drum with a particular beam of light.

81. The rotating drum type washing machine according to claim 80,
wherein:
the particular beam of light has a peak wavelength of 300 to 600 nm;
and
20 an irradiation intensity of the particular beam of light is 500 to

500000 pW/cm?2.

82. Arotating drum type washing machine at least comprising:



10

15

20
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a water tank capable of containing water and discharging contained
water;

a rotating drum located in the water tank and rotatably driven in the
rotating drum; and

silver ion supply means of supplying silver ion water to the rotating
drum and/or the water tank, wherein:

the rotating drum includes a plurality of pores through which water is
able to pass between an interior of the rotating drum and an
interior of the water tank;

a baffle for rolling over a laundry is formed on an inner wall surface of
the rotating drum; and

the baffle incorporates therein a light irradiating portion for

irradiating light to the interior of the rotating drum.

The rotating drum type washing machine according to claim 82,

wherein:

the water tank includes, on an inner side surface thereof, a first
irradiating portion for irradiating light to an outer
circumferential surface of the rotating drum and includes, on an
inner bottom surface of the water tank, a second irradiating
portion for irradiating light to an outer bottom surface of the
rotating drum; and

a reflecting area is provided on both the outer circumferential surface

and the outer bottom surface of the rotating drum.
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84. The rotating drum type washing machine according to claim 83,
wherein:
the light has a peak wavelength of 300 to 600 nm; and
an irradiation intensity of the particular beam of light is 500 to

500000 nW/cm?2.



