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| ONTOPHORESI S DEVICE Field of the Invention 5 An electrode (also called a
"gui de") used for allowing a current to flowto a living bmmmnmmwmmmmm
appl i ances includes, ih nost cases, a terninal nenber nmade

material for receiving a current froma device 10 body, and a carglgetive
sheet having a predeterm ned area (e.g., about 10 to 5

to 50 nm per side) electrically connected to the term nal

Furthernore, the el ectrode includes, in nost cases, an addmm mmmuuWW£
for enhancing the adhe5|on with respect 15 to the ski n (or for holding a
drug to be adm nistere oDe BQIQ ud REoged between t e
conductive sheet and t {ﬁn o?k ?%%néaﬁgﬁ Herein, in those

el ectrodes, in order to enhance t he 20 adhesi on of an el ectrode with
respect to a living body, and prevent the damage caused by bendi ng and the
like, a sheet naterial with high flexibility, such as conductive silicon
rubber m xe h or anetal thin film is nostly used as

t he conduct?Vgﬁéh%ggégigkﬁgﬁggér in order to enhance the flexibility of
the consluctive silicon rubber, |t IS necessary to suppress the anmount of

carbon to be mxed to a predeternlned rati o or
An electrode (also <called a ‘“guide”) wused for

allowing a current to flow to a living body in those
appliances includes, in most cases, a terminal member made
of a metal material for receiving a current from a device
10 body, and a conductive sheet having a predetermined area
(e.g., about 10 to 50 mm®, or about 10 to 50 mm per side)
electrically connected to the terminal member.
Furthermore, the electrode includes, 1in most cases, an
additional member for enhancing the adhesion with respect
15 to the skin (or for holding a drug to be administered to a
living body) to be placed between the conductive sheet and

the skin of the living body.

Herein, in those electrodes, in order to enhance the
20 adhesion of an electrode with respect to a living body, and
prevent the damage caused by bending and the like, a sheet
material with high flexibility, such as conductive silicon
rubber mixed with carbon powder or a metal thin film, is
mostly used as the conductive sheet.
25
However, in order to enhance the flexibility of the
conductive silicon rubber, it is necessary to suppress the
amount of carbon to be mixed to a predetermined ratio or

less. In this case, the resistance of the conductive sheet



|l ess. In this case, the resistance of the conductive sheet 2 may increase.
The conductive sheet in this kind of el ectrode have a predeterm ned area
so as to enhance the adm nistration 5 efficiency of a drug or obtain an
appropri ate nassage effect. Therefore, it is preferable that a current be
allowed to flow fromthe entire area of the conductive sheet. However,
when the resistance of the conductive sheet increases, the current density
froma site away from 10 the term nal menber on the conductive sheet
decreases, with the result that a current is allowed to flow only froma
slight area in the vicinity of the termnal nmenber. In view of the
above-nentigggqyﬁﬁ%gg%ns, an object of 15 the present invention is to
provi de an el®ectrode used for allowing a current to flowto a |iving body,
which allows a current to flow at a nore uniformcurrent density fromthe
entire surface of the conductive sheet during the passage of a current,
owing to a | ow redPst apeductite whiceh 3Bl Vess doinchefpedbFErRPes haiee tar ansfer

of metal iops Lo the |1ying. body. and an Jgntopharesi s deyice using the

4 't
el ectrode. THE“AbOVE-TTeNt f6ned Problens’ hds Been over cone by° an -~ el'ect r ode

i ncl udi ng ae epnElusidweoteran raugmesberodterinedaff apgpbipr-aetalma@dLyd al ; and
a conductive sheet forned of a 25 non-netal materi al and attached to the
term nal neebEect.i nThehkeédre he idondactprnalfesiadde hblata $gpecihfient edisst ance

| ower than g sgg ific fsistance %L thqjyernggg; g§nq:2§ ggggué€%ve
according t 8 tRESPr &Sent ThvERPT o ehdtH 16

sheet. However, when the resistance of the conductive

sheet increases, the current density from a site away from

10 the terminal member on the conductive sheet decreases, with

the result that a current is allowed to flow only from a

slight area in the vicinity of the terminal member.

In view of the above-mentioned problems, an object of

15 the present invention is to provide an electrode used for

allowing a current to flow to a living body, which allows a

current to flow at a more uniform current density from the

entire surface of the conductive sheet during the passage

of a current, owing to a low resistance, and which solves

20 the problem of the transfer of metal ions to the living
body, and an iontophoresis device using the electrode.

The above-mentioned problems has been overcome by an

electrode including a conductive terminal member formed of

a non-metal material; and a conductive sheet formed of a

25 non-metal material and attached to the terminal member, in

which the conductive sheet has a specific resistance lower

than a specific resistance of the terminal member.

That is, according to the present invention, both of



3 the termnal nmenber for receiving a current froman appliance such as
an i ontophoresis device or a |low frequency treatnent device, and the
conductive sheet for allowing a current to flowto a living body are nade
of a 5 material contaihing no netal. Therefore, the problemof the
transfer of nmetal ions to a living body during the passage of a current
can be elimnated. Further, the conductive sheet and the term nal nenber
10 are provided as separate nmenbers that are both forned of a non-netal
material. Hence, the material for the cdnductive sheet having a | ow
specific resistance can be selected from a wi de variety of non-netal

mat eri al s, | o Lhe grial_ca 1ain a_suffi t rity |evel
for the 15 FEV|nggﬁg§1 geﬁ%% a c!érta?(:f"lé%evezlI of ngxgﬁﬁp §§§HNE§%mhlle
t he terninahpﬁpﬂimﬁe(xﬁndme redeanf aomBdEdmsishadiengcevesr a éltldw} hi gh
specific resistance as long as the termnal can secure the requisite

strength, dira®i¢rey, traptmeHeniedl csesprReanbs. QQ¥dPﬁF§VﬂafheﬁF |%”b055|ble
to 20 eXpaanoagnranQ%u Fe8€0£8e§1£9r geref]als é%cé; %&% 6

conductive Sheet p fera as a ace resrs

Q (square) , mpastigul abhyalrplrrﬁj ef@bhytdlt 0 IheQesguar ehe -H}:lo%l@hﬂ
current to flow 25 at a substantially uniformcurrent density fronlthe
entire surthee tefansfercorfdueeiae sheet toAsa alzperd f pedyt rdyatingal thexanpl e

that attains s§§£§'&? en&uiigg%tgggigé %99&99r|%§e for the use for aliving 4

Further, the conductive sheet and the terminal member

10 are provided as separate members that are both formed of a
non-metal material. Hence, the material for the conductive
sheet having a low specific resistance can be selected from

a wide variety of non-metal materials, as long as the
material can attain a sufficient security level for the

15 1living body and has a certain level of flexibility.
Meanwhile, the terminal member can be made of a material
having even a little high specific resistance as long as
the terminal can secure the requisite strength, durability,

and chemical resistance. In this way, it is possible to

20 expand the range of choices for materials.

In this case, the conductive sheet preferably has a
surface resistance of 1 to 30 Q/(square), particularly
preferably 1 to 10 Q/(square). This allows current to flow

25 at a substantially uniform current density from the entire

surface of the conductive sheet.

As a specific structural example that attains

sufficient flexibility appropriate for the use for a living



body and t he above-described surface resistance, the conductive sheet of
the present invention is preferably mnade of carbon fibers or carbon fiber
paper. 5 As regards the carbon fibers, as long as the carbon fibers have
sufficiently high'conductivity to allowa current to flow at a
substantially uniformcurrent density fromthe entire surface of the
conductive sheet, any kinds of carbon fibers, such as natural fiber

hydr ocar bon, 10 pol yacrylonitrile carbon fibers, pitch carbon fibers, and
rayon carbon fibers, can be used. As regards the carbon fiber paper, any
carbon fiber paper obtained by nolding carbon fibers into a mat shape or a

baper shape hy,a pager ., 0oKLHG, 4 2ehRxQueCaR, b, Used, 25; 1 LAr bam | ber

paper. 15 The uctive sheet of the present 1 nvention can be forned of
carbon fi betsmdarctéaebashddhest paper prpsegnatedenwd di a spop yaesra1gst omer

as well. This prevents quality deterioration of the electrode that results
from peel ed@®F ©4r 6BEPPTE bEHEY CarBshRoR| bErepAF@er-and facilitates the
handl i ng of the el ectrode during the nmanufacturing process. Note that the
pol ynmer el astoner used herein is preferably a material having high
flexibilsty and @entagarag BRet OXiiSosUbSianGe &lchoms dhefpasidnc 25
pol yuret hane or silicon rubber. In addition, the polynmer elastoner is
preferably fibasar t 8dvei t pubfeerandily | Bygh oforbirddetityi t o faklakadpl e, by
di sper si ng §h£¥¥k€n¥§“ffddlar grgékégy%tQQEXgeﬁn§f§rm current density
from the entire surface of the conductive sheet, any kinds
of carbon fibers, such as natural fiber hydrocarbon,
100 polyacrylonitrile carbon fibers, pitch carbon fibers, and
rayon carbon fibers, can be used. As regards the carbon
fiber paper, any carbon fiber paper obtained by molding
carbon fibers into a mat shape or a paper shape by a paper
making technique can be used as the carbon fiber paper.
15
The conductive sheet of the present invention can be
formed of carbon fibers or carbon fiber paper impregnated
with a polymer elastomer as well. This prevents quality
deterioration of the electrode that results from peeled
20 carbon fibers or carbon fiber paper, and facilitates the
handling of the electrode during the manufacturing process.
Note that the polymer elastomer used herein 1is
preferably a material having high flexibility and

containing no toxic substance such as thermoplastic

25 polyurethane or silicon rubber.

In addition, the polymer elastomer i1s preferably
imparted with a certain level of conductivity, for example,

by dispersing a non-metal filler into the polymer



el astomer, wth the aimof reducing a contact resistance between the
carbon fibers or carbon fiber paper, and the skin. 5 The term nal nenber
of the present invention preferably includes the polyner nmatrix and
non-netal conductive filler dispersed in the polymer matrix. In this case,
silicon rubber or silicon resinis 10 particularly preferably used as the
polymer matrix in ternms of the safety to a living body. However, a rubber
material containing other natural rubber and synthetic rubber, or a
synthetikx resin material containing a thernosetting resin and

t hernopl astic resin can also be used, as long as it can 15 provide the

term nal megpere Wd.h chanacteel %Einc%fs%u%in mecham ¢l st&engtdand
durability sufficient for playing a role as a connection termnal. As the

non- et al fhbétwsen Xieel carbhre fighryobecukabeon2@ikerglpbprat riaxd dcdrbon is
particularly preferred. Specific exanples thereof include graphite, black
| ead, carbotti™l ack, fine powder of gl ass-shaped carbon, and short fibers
obtained by cutting carbon fibers. 25 The anobunt of carbon to be m xed with
the polyner matrix can be determined in conjunction with the strength and
conducti ¥ity requithed ftorrrtihelt emeEmbalr MerfbertheAs pseseaappar emierftriem an
enbodi nent of the present invention described |ater, the term nal nenber
of the pres@iefBrabhyentiohidesn BdcscomrilyBred SBtEE*t Ry T tad vel v

large crosszseldan,And 133l Lod AN Nn THET 5 PYfer Inhat! .

In this case, silicon rubber or silicon resin 1is

10 particularly preferably used as the polymer matrix in terms
of the safety to a living body. However, a rubber material
containing other natural rubber and synthetic rubber, or a
synthetic resin material containing a thermosetting resin

and thermoplastic resin can also be used, as long as it can

15 provide the terminal member with characteristics such as
mechanical strength and durability sufficient for playing a

role as a connection terminal.

As the non-metal filler mixed in the high-molecular-

20 weight matrix, carbon 1is particularly preferred. Specific
examples thereof include graphite, black 1lead, carbon
black, fine powder of glass-shaped carbon, and short fibers

obtained by cutting carbon fibers.

25 The amount of carbon to be mixed with the polymer
matrix can be determined in conjunction with the strength
and conductivity required for the terminal member. As 1is
apparent from an embodiment of the present invention

described 1later, the terminal member of the present



not necessarily required that the term nal nmenber of the present invention
have a conposition with high 5 conductivity. For exanple, in the case of
using silicon rubber as the polyner matrix and carbon bl ack as the non-
netal filler, the termnal nmenber can have a conposition in which 20 to 60
parts by weight of carbon black are mxed wth respect to 100 parts by

wei ght of silicon rubber. 10 In the electrode of the present invention, a
part of the polynmer matrix constituting the term nal nenber, or a part of
the polyner matrix and a part of the ndgh-netal filler are solidified under
the condition of being 15 inpregnated with carbon fibers or carbon fiber

paper, whegghyn{ig, t ool Rl e&qpfg{ufe@ be attached. (0 a cppductjag sheet.

In this case, It is not necessary 1o provide a nenber for attaching the
term nal nedbepeprepestsagtian aand rongmaslldel€rdgthi.ng Bothe Rirdke) iaf itshe
conductive sheet, so 20 that the problem of a decrease in adhesi on between
the skin aRgtt RECBFERTTbHeT WM THF obRAT sTRf tREMERRE BEMBEBVRi fgea

proj ection parf..on tgf‘mier&rltonSi dg,ot the condugtiye; sheety:£an bgy
elimnated. 25 According to the present invention, the termnal mnenber can

be attachedctodidrei wianyduct Fve skeepldy intefealcaspoloadi ngsinghi <l icam r educe
the production cost of the _electrode, 7 Furthernore, the term nal nenber
in the pres&HPPPAVEAt LR EIAYBRL pRAVFted? t PP IR 4 FSerfdlSe) it ti ng

metal filler, the terminal member can have a composition in
which 20 to 60 parts by weight of carbon black are mixed
with respect to 100 parts by weight of silicon rubber.
10
In the electrode of the present invention, a part of
the polymer matrix constituting the terminal member, or a
part of the polymer matrix and a part of the non-metal
filler are solidified under the <condition of Dbeing
15 impregnated with carbon fibers or carbon fiber paper,
whereby the terminal member can be attached to a conductive
sheet. In this case, it is not necessary to provide a
member for attaching the terminal member projecting to a
front side (living body side) of the conductive sheet, so
20 that the problem of a decrease in adhesion between the skin
and the electrode, which occurs in the case of providing a
projection part on the front side of the conductive sheet,

can be eliminated.

25 According to the presenf invention, the terminal
member can be attached to the conductive sheet by integral
molding, which can reduce the production cost of the

electrode.



portion to be fitted in a female (or nmale) fitting portion of a connector
to be connected to a power source of an 5 iontophoresis device, a
| ow frequency treatnment device, or the like. This can enhance the
conveni ence of a connection operation. Furthernore, the electrode of the
present invention 10 can be particularly preferably used in an

i ontophoresis device in which it is desired to allow a current to f
a uniformcurrent density froma |larger area so as to obtain higher
adm nistration efficiency of a drug with a lower voltage, and it is
necessary to avoid the transfer of 15 netal ions to a |iving body.

case, it is preferaph@chipovse the elestriade sfnddie phesept ipvmention in at
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cratWarking el ectrode structure, and a nonworking el ect
he

Furthermore, the electrode of the present invention
can be particularly preferably used 1in an iontophoresis
device in which it 1is desired to allow a current to flow at
a uniform current density from a larger area so as to
obtain higher administration efficiency of a drug with a
lower voltage, and it is necessary to avoid the transfer of

metal ions to a living body.

In this case, it is preferable to use the electrode
of the present invention in at least one of a working
electrode structure and a nonworking electrode structure
provided in the iontophoresis device. For example, in the
case of an iontophoresis device for administering a drug
that 1s dissociated to minus ions, the electrode of the
present invention 1is preferably used at least in the
nonworking electrode structure. In the «case of an
iontophoresis device for administering a drug that is
dissociated to plus 1ions, the electrode of the present
invention 1is ©preferably used at least in the working

electrode structure.

nt ophotr &8s SGafNte bie tHFeE8AE PhvRntP T HAUdes a

r ode



wor ki ng el ectrode structure includes: a first electrode 5 connected to a
termnal of a first conductivity of the power source; a first conductive
medi um | ayer placed on a front side of the first electrode; a first

i on-exchange nenbrane'for selecting ions of a second conductivity that is
opposite to the first conductivity, the first ion 10 exchange nenbrane
being placed on a front side of the first conductive nmedium /|l ayer; a drug
| ayer for holding a drug solution containing a drug that is dissociated to
ions of the first conductivity, the dr8ug | ayer being placed on a front
side of the first ion-exchange nenbrane; and a second 15 i on-exchange

menbrane for sel echjng J,gRseof tBQSiMEé&hor%%’l@U%WEEyoftPﬁeS;?P& t

i on- exchange nenbrane bel ng pl ace on a front side of the drug layer. The
nonwor ki ng eheehtbole StrclaHuse d npbudes soweeondaelveotikiode ebsuteciced to a
term nal of the second conductivity of the power 20 source and a second

conduct i ve HetitHi%ayer Pl a@ed® Y E Fgnt ©5Feer W t RETYEEBRT- el ectiode. It
I's parti Cuh@%}{lyingpr gg@é@{)(%c?e that.watuleast, Ang.af the dfiLst gi«fﬁ&gf e and

the secon ectro I ncl udes a conductive term nal nenber ornmed of a
non- met af mabeneatedndoa £ondueinake shieet 25rfor meddott ivihon- BEt alhamat eri al
attached to the termnal nenber, and the conductive sheet has a specific
resi stance PRY&Er SPHARSA &péerfF c CPBRIVSEER "¢l Whe avernit&cefe erd

Cecause of L, ad OBCORY BB e ioe eaBe el cpll e ML g e

suppr essi Nngrkherbhanster seflebd®Sg ions of a second conductivity that
is opposite to the first conductivity, the first ion-

10 exchange membrane being placed on a front side of the first
conductive medium layer; a drug layer for holding a drug
solution containing a drug that is dissociated to ions of

the first conductivity, the drug layer being placed on a
front side of the first ion-exchange membrane; and a second

15 ion-exchange membrane for selecting ions of the first
conductivity, the second ion-exchange membrane being placed

on a front side of the drug layer. The nonworking
electrode structure includes a second electrode connected

to a terminal of the second conductivity of the power

20 source and a second conductive medium layer placed on a
front side of the second electrode. It is particularly
preferable that at least one of the first electrode and the
second electrode includes a conductive terminal member
formed of a non-metal material and a conductive sheet

25 formed of a non-metal material attached to the terminal
member, and the conductive sheet has a specific resistance
lower than a specific resistance of the terminal member.
Because of this, an iontophoresis device can be realized,

which has the effects of efficiently administering drug



having a conductivity opposite to that of drug ions from the |iving body
to the working el ectrode, and preventing the adverse influence on the skin
of the living body caused 5 when H ions, O+ ions, and the |ike generated
inthe vicinity of the conductive sheet of the working el ectrode

structure are transferred to the drug layer to change a pH, and in
addition, which is capable of adm nistering the drug ions to the living
body efficiently at a uniformcurrent 10 density fromthe entire area of

t he conductive sheet wi thout the possidility of the transfer of nmetal ions
to the living body. Furthernore, the nonworking el ectrode structure in 15

the above- meptsoped 4 'QHRQBBO%%éysb9€%hﬁﬁr9églﬁ#réﬁ@rtrdﬂgﬁéﬁkéﬁiﬂJHsrd
i on-exchange nenbrane for selecting ions of e second conductivity, the

third ion-ekehamgeanewbdaneivbey ngppbsiced on ahéronf sirdg dfontshef second

conductive nmedium/|ayer, or can include a fourth jon-exchange nenbrane 20
for selectihei dn¥ipg Pﬁ@yfﬂ¥%tt@%nﬂﬁﬁﬁﬁWﬂt?leQWEPQ?Muﬁqp PE@W%&EHthe

menbr ane bei t ofl ofy { 0 dyGa) v
kpg phaced on A frea ﬁ dee ;klrh% 38& IideV?CH? }'g'l&%ye %J?ehe fourth

layer, a third conductive nedlun1 ayer pl ace on a fron

i on- exchangehenenﬁrananhandﬁa fichth iont exbhang&enegdiarecdor iselweting 25
ions of the second conductivity, the fifth ion-exchange nmenbrane being
placed on aViFHRELLYEi 86 &het KENEHFEHTE coRfict PV etARdiaRkiag eplettradd s case,

the fo"0“‘Qgru8£99%%ﬂ§a%%gn@%eE?QHCEQ tﬁ$QM%QFﬁgg§?gg§,Eﬁ%ﬁ§%%9%§LOf the

passage of a current caused by oxygen gas Wor
and in addition, which is capable of administering the drug

ions to the 1living body efficiently at a uniform current
10 density from the entire area of the conductive sheet
without the possibility of the transfer of metal ions to

the living body.

Furthermore, the nonworking electrode structure in

15 the above-mentioned iontophoresis device can further
include a third ion-exchange membrane for selecting ions of

the second conductivity, the third ion-exchange membrane
being placed on a front side of the second conductive
medium layer, or can include a fourth ion-exchange membrane

20 for selecting ions of the first conductivity, the fourth
ion-exchange membrane being placed on a front side of the
second conductive medium layer, a third conductive medium
layer placed on a front side of the fourth ion-exchange
membrane, and a fifth ion-exchange membrane for selecting

25 ions of the second conductivity, the fifth ion-exchange
membrane being placed on a front side of the third
conductive medium layer. In this case, the following
problems can be reduced: the increase in resistance of the

passage of a current caused by oxygen gas, chlorine gas,



and the |like generated by electrolysis in the conductive nediumlayer of

t he nonworki ng el ectrode structure, the adverse influence of toxic gas
such as chlorine gas on the |I|iving body, the damage to the skin of the
living body 5 caused by the change in pH due to H ions and OH ions
generated in the vicinity of the conductive sheet of the nonworking

el ectrode structure. Thus, a drug can be adm nistered stably under the
condition of the stable passage of a current for a long period of tine. 10
In the &bove-nentioned structures of tRE present invention, the first or
second conductivity refers to a plus or a mnus. The ion-exchange nenbrane

for selectipgy k@RS 1Ofkel Neerfd datledOMb S EONEL CANAYGE 11 t¥hd eEShgud Qi@ 1on 15
exchange nmenbrane for selecting plus ions or mnus ions, i.e., a cation
exchange nmemdtiame odayean afi onhexclvamgekingnierlacero28 BREEtDESCRItHE ON OF

THE DRAWNGS, I n the acconpanyin%ﬁdramjngs: FIG 1A is a plan view of an
el ectrode aRtEFiSigitioiePseoRe éRBodi ABRt SBF t Ae pREREH® iRt dfe and

FIGS. 1B and;l{yanedf 0ssisSesshanal +¥i ews ofyithe el eghrode,; o5l Ryg2A to 2C
are cross-sectional views of an ‘electrode according to another enbodi nment
of the pfesemisedl bynwéertidmndel G BA ahwk 3Bo aHé dposs-ageictdiwnalond ews of
an electrode of still another enbodi nent of the present
generated 1in the vicinity of the conductive sheet of the
nonworking electrode structure. Thus, a drug can be
administered stably under the condition of the stable
passage of a current for a long period of time.
10
In the above-mentioned structures of the present
invention, the first or second conductivity refers to a
plus or a minus. The ion-exchange membrane for selecting
ions of the first or second conductivity refers to an ion-
15 exchange membrane for selecting plus ions or minus ions,

i.e., a cation exchange membrane or an anion exchange

membrane.
20 BREIF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings:
FIG. 1A is a plan view of an electrode according to
25 one embodiment of the present invention, and FIGS. 1B and

1C are cross-sectional views of the electrode;

FIGS. 2A to 2C are cross-sectional views of an

electrode according to another embodiment of the present



5 invention; FIG 4 illustrates a structure of an iontophoresis device
according .to one enbodi nent of the present invention, using the el ectrode

of the present invention; 10 FIG 5 illustrates a structure of an

i ont ophoresis device according to anot her enbodi nent of the present
invention; 15 FIG 6 illustrates a structure of an iontophoresis device
according to still another enbodi nent of the present invention; and FIG 7

illustrates a use enbodi ment of the electrode 20 of the present invention
in alowfrequency treatnent device. DESCRI PTION OF THE PREFERRED

EMBODI MENTS 25 Hereinafter, an enbodi nent of the present invention wll
be descri bed,yddh gneference to the drawings. FIG 1A is a plan view of an
el ectrode 10a according 12 to one enbodi nent of the present invention.
FIGS. 1B and 1C are cross-sectional views of the electrode 10a. As shown
in FIGS. 1A and 1B,_the e|lectrode 10a 5 includes: a &erninal mber 11
formed of conductiiessi | Séor?nq' ugﬁeraﬁencfﬁ%?%_gseftﬁﬁpé fit15'Hg portion 11a,
a body portiQu.clibe apfl asdiuncti-eRcREEt i Hdditnerdnd @ CPRdUCHiy g stheet 12
made of carbon fibers obtained by carbonating woven fabric such as silk or
cotton by ainwegit-itcenper ature treat nent.

FIG. 4 illustrates a structure of an iontophoresis
device according to one embodiment of the present

invention, using the electrode of the present invention;

10
FIG. 5 illustrates a structure of an iontophoresis
device according to another embodiment of the present
invention;
15 FIG. 6 illustrates a structure of an iontophoresis

device according to still another embodiment of the present

invention; and

FIG. 7 illustrates a use embodiment of the electrode
20 of the present invention in a low-frequency treatment

device.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
25
Hereinafter, an embodiment of the present invention

will be described with reference to the drawings.

FIG. 1A is a plan view of an electrode 10a according



10 The term nal nenber 11 is obtained by vul canizing a conpound in which
50 parts by wei ght of carbon black and 5 parts by wei ght of sulfur-based
vul cani zi ng agent with 100 parts by weight of silicon rubber at 140 to
160C in a nold 15 'pl acéd on the conductive sheet 12. Silicon rubber and
carbon bl ack in the conmpound are solidified under the condition of that
the silicon rubber and the carbon black are inpregnated in the carbon
fibers constituting the conductive sheet 12 during a vul cani zi ng
treatment, whereby 20 the terninal nenb2r is integrated with the conductive
sheet 12. The el ectrode 10a can be provided with a cover 13 as shown in
FIG 1C so thatnkhendBReheSUr 6ACEHOT pthSen25i GRNAUGH. Ve Biget 132 dnet
protected, or in the case where the electrode 10a is conbined with a |iquid
such as a Iobrdeckcireesneelctuimrasl désesi bédthatelrectriodel Laid is prevented
fromexuding to an upper part of the conductive sheet 12. 13 FIGS. 2A to
2C are cross-sectional views of electrodes 10b to 10d accordi ng to anot her
enbodi ment of  thegprasait Lpvepidon. 13 They ehact rodes «1@Bet94d0d gan FI GS.
2A to 2C each include the term nal nmenber 11 and the conductive sheet 12
made of f§heisahedest ex itadrniaslt heskeonfll hiomiesiCtofodendfat i vdHoweliaron t he

el ectrodes 10b to 10d are different fromthe

rubber including a male fitting portion lla, a body portion
11b, and a junction portion 1llc; and a conductive sheet 12

made of carbon fibers obtained by carbonating woven fabric

such as silk or cotton by a high-temperature treatment.

10
The terminal member 11 is obtained by vulcanizing a
compound in which 50 parts by weight of carbon black and 5
parts by weight of sulfur-based vulcanizing agent wiﬁh 100
parts by weight of silicon rubbef at 140 to 160°C in a mold
15 placed on the conductive sheet 12. Silicon rubber and

carbon black in the compound are solidified wunder the
condition of that the silicon rubber and the carbon black
are impregnated in the <carbon fibers constituting the
conductive sheet 12 during a wvulcanizing treatment, whereby
20 the terminal member is integrated with the conductive sheet

12.

The electrode 10a can be provided with a cover 13 as

shown in FIG. 1C so that the upper surface of the

25 conductive sheet 12 is protected, or in the case where the
electrode 10a 1is combined with a 1ligquid such as a
conductive medium as described later, thé ligquid is
prevented from exuding to an upper part of the conductive

sheet 12.



10 el ectrode 10a shown in FIG 1 in the way of junctioning the conductive
sheet 12 with respect to the termnal nenber 11. 1In the el ectrode 10b
shown in FIG 2A engagenent portions 11d and 1le are fornmed at a | ower
part of the 15 term nal nenber 11. The conductive sheet 12 is attached to
the termnal nmenber 11 by inserting the engagenent portion Ilie in a snal
hol e provided at the center of the conductive sheet 12. In the el ectrode
10c in FIG 2B, by reducing the width of the engagenent portion Ile and 20
tapering the engagenent portion Ile, tH8 engagenent portion |le can be
easily inserted in the small hole of the conductive sheet 12. Furthernore,
in the electrode 10d in FIG 2C, an axial hole is formed in the body
portion Il b of the term nal nenber 11, and an axis 14a of a stopper 14 25
formed of conductifiessi |l i2aon traubb®® same | arrbvestder-tmmingrli alvieofs t hef
termnal menmber 11 is enbedded in the axial hole, whereby the conductive

sheet 12 |s%??bﬁ%‘?ﬁ%yl?]ﬁetoer}é)éigeaﬁ:é:rﬂrddéifgt|tc?n AP (R iGEREr A%, 14

I'n each of the ehectrodes,kfla f0 10d, wiring froman appliance such as an
i ont ophoresis device or a |ow frequency treatment device is connected to
the mal eSfitting portion lla, and a current to a living body is guided to
5 the skin of the living body placed bel ow the conductive sheet 12 through

the male fitting EBFtFﬂﬁCFFQdthéOBody’ poft it8n H15, tHe FancéCi difPorti on

I'1c and the, rff%ﬂgd‘e‘:t{ﬁ’ee te%_jf'rﬁ?{all%emgagrl @lt Qhﬁ %ﬁget:o;lgx?cg{\peenﬂeer{:s loj the
body portlon

made of the same materials as those of the electrode 10a.
However, the electrodes 10b to 10d are different from the
10 electrode 10a shown in FIG. 1 in the way of junctioning the

conductive sheet 12 with respect to the terminal member 11.

In the electrode 10b shown in FIG. 24, engagement

portions 1ld and 1lle are formed at a lower part of the

15 terminal member 11. The conductive sheet 12 is attached to
the terminal member 11 by inserting the engagement portion
lle in a small hole provided at the center of the
conductive sheet 12. In the electrode 10c in FIG. 2B, by
reducing the width of the engagement portion 1lle and

20 tapering the engagement portion lle, the engagement portion
lle can be easily inserted in the small hole of the
conductive sheet 12. Furthermore, in the electrode 10d in
FIG. 2C, an axial hole is formed in the body portion 1llb of

the terminal member 11, and an axis 1l4a of a stopper 14

25 formed of conductive silicon rubber similar to the material
of the terminal member 11 is embedded in the axial hole,
whereby the conductive sheet 12 is <clipped by the

engagement portion 14b of the stopper 14.



can be set so as to have a large dianeter (e.g., 1 to 3 mmD and a small
length (0.5 to 2 mm). Therefore, even in the case where the materi al
constituting the term nal nenber 11 does not have high conductivity, it is
easy to 15 prevent' the passage of a current to the conductive sheet 12
from bei ng hindered, by appropriately designing the shape and dinensions
of the termnal nmenber 11. Thus, in the selection of the material for the
term nal nmenber 11, the priority can be given to the characteristics such
as the 20 strength, durability, and cHldm cal resistance. The conductive
sheet made of carbon fibers has a very |ow surface resistance, for

exanpl e, 1 to 10 Q{squale)r (he BigRE-JBINOM Ll ned, 'Ql»}h'%g KA

)
Therefore, a current guided fromthe junction portionilc is QU|JEH to the
skin 25 of appbilvamge badhchuniafsor mhy fipotpierents r eeaiea obrth& Tenductive

sheet. Note that an% carbon fiber papers which is nmade b nol di ng car bon
fibers intofZdRHENShabEE B HEFER CEhapeC P AT ofs toy tBSp@?lﬁaﬁi?ﬁf%%y:hnlque

can al 50 beyysed,{ of 4 he ngondughiugeshigel 12 bt el adl radendlda, to 10d

in place t he carbon ers. Alternatively, |t S pOSSIb e to use the
carbon fbbetlse andicardfontie bétviapebodpprdgeatiedalicvh ehédd pohyaetiwd ast oner
such as thernnplastlc pol yuret hane or silicon rubber. In the case as well,

the surfaceShe&isi s atd&oypht fdecomhret EVEt SHeePOERICDe 148t tihea Redlie as

ltﬁ\év as 1 topégt;ér(sggg‘r e)thel%u%lé Eggr rf)% &iof T‘?lt alan@tt?h conéun Eveused in

sheet 12.

10 In this case, the dimensions of the body portion 11b
can be set so as to have a large diameter (e.g., 1 to 3
mm®) and a small length (0.5 to 2 mm). Therefore, even in
the case where the material constituting the terminal
member 11 does not have high conductivity, it is easy to

15 prevent the passage of a current to the conductive sheet 12
from being hindered, by appropriately designing the shape
and dimensions of the terminal member 11. Thus, in the
selection of the material for the terminal member 11, the
priority can be given to the characteristics such as the

20 strength, durability, and chemical resistance.

The conductive sheet made of carbon fibers has a very
low surface resistance, for example, 1 to 10 Q/(square) (4-
probe method defined in JIS K71%4). Therefore, a current
guided from the junction portion 1llc is guided to the skin

25 of a living body uniformly from the entire area of the

conductive sheet.

Note that any carbon fiber papers which is made by

molding carbon fibers into a mat shape or a paper shape by



el ectrodes 10a to 10d, so that there is no possibility that ionized netal
is transferred to a living body. Furthernore, as described |ater, depending
upon the 15 use purpose of the el ectrode of the present invention, under
the condition that a thin filmnmenber inpregnated w th a conductive medi um
is interposed between the conductive sheet 12 and the skin of a living
body or under the condition that the conductive sheet 12 is soaked with a
20 conductive nedium a current may be allowed to flowto the 1living body.:
I n eachlof the electrodes 10a to 10d, &5part of the conductive nedi um
perneates the carbon fibers of the conductive sheet 12, and the conducting

state betwegn Lpgercopgucld Ve shie8lhud2 apd thesdhige fildadrendar, @ that 25
bet ween the conducti ve sheet 12 and the conductive medi um can be made

sati sf act or gonBuct ez nehest t he phssiagee béctar coigrsr e froorhOain inapplacance such
as an iontophoresis device or a Iog%QG frequency treatnent device may be

performed b§LcbRReTITMY £1268Rnector e Rt 6 Yretdl *RaRPRYHRALS RIS i tti ng

portion to che Eith&f £:9dAe Ml Babbdd i ALPOTHRR 1hBredfa&afh,Qh the
el ectrodes 10a to 10d of the present invention, the male 5 fitting portion

| 1a, whi&h pryreaneelastonont acthwidd ahemropesstiade pofl yoeeahanandt he
conductive sheet 12 are separated by the body portion lib. O in the case
where the &&V&FoN3 F¥RFOVI dedTon tife E8fBucBPvevshbet 8 tHEEfaSSnducti ve

sheet 12 i Srégiébﬂcep a?}e%%teegoRXuI:PPv&Os\ﬁeeretl%'anlgeTQg{ eif_é)rae’va;[lhl% %%ner ation

r
of netal ions due to t
low as 1 to 10 Q/(square).

10 Furthermore, a metal material is not used 1in the
electrodes 10a to 10d, so that there is no possibility that

ionized metal is transferred to a living body.

Furthermore, as described later, depending upon the

15 wuse purpose of the electrode of the present invention,
under the condition that a thin film member impregnated
with a conductive medium 1is interposed between the
conductive sheet 12 and the skin of a living body or under

the condition that the conductive sheet 12 is soaked with a

20 conductive medium, a current may be allowed to flow to the
living body. In each of the electrodes 10a to 10d, a part

of the conductive medium permeates the carbon fibers of the
conductivelsheet 12, and the conducting state between the
conductive sheet 12 and the thin film member, or that

25 Dbetween the conductive sheetl2 and the conductive medium

can be made satisfactory.

Furthermore, the ©passage of a current from an

appliance such as an iontophoresis device or a low-



el ectrolysis of the nmenber nade of netal, and the transfer of such netal
ions to the conductive sheet 12 or the conductive nmediumare prevented. 15
As descri bed above, any of the electrodes 10a to 10d have characteristics
preferable as those which are used for allowing a current to flowto a

i ving body. Anobng them the electrode 10a has a structure w thout a convex
projection on the side of the conductive sheet 12, unlike 20 the
engagenent portions Ile and 14b in the el ectrodes 10b to 10d. Thus, the

el ectrode 10a is particularly preferable in terns of keeping the adhesion
state nore satisfactory between the skin of a living body and the

el ectrode. 29chfle i 4l @t BevabOVIRa BRI il rakHUBT UESnn&Stidd laust rat ed
in 10e and 10f 'in FIGS. 3A and 3B, a reinforcing nmenber 15 nade of netal

can al so becairteasived ragle tofe megrpii havingnberfetdle nfiteire) qointdde dfo t he
present inventjon. This can enhance the strength and durabilk%% of 17 the

termnal nmeter M€ di° e WrHE dONTARE BAFFEAct Gty Betsadh heéter mi nal

member 11 apfd, Lhg,ANNESS Of o1 Roliher Gase e ROWRR R 16H! F @Rt tpfd ow to
the electrode via the connector. 5 FIG "4 is an explanatory view show ng a

structur® ofittdamg grdophor esls, dewicke wmsyngdiee Bitect codeacf whehpraesent
i nvention. 10 As shown in the figure, the iontophoresis device 20a

i ncl udes, J%HREM BBAPornt BeFAbnb&™S) | the weoRAHgt Ve ctshegs 12 are

separated by the body portion 1llb. Or in the case where the
cover 13 1is provided on the conductive sheet 12, the
conductive sheet 12 is further protected by the cover 13.
10 Therefore, the generation of metal ions due to the
electrolysis of the member made of metal, and the transfer
of such metal ions to the conductive sheet 12 or the

conductive medium are prevented.

15 As described above, any of the electrodes 10a to 10d
have characteristics preferable as those which are used for
allowing a current to flow to a living body. Among them,
the electrode 10a has a strpcture without a convex
projection on the side of the conductive sheet 12, unlike

20 the engagement portions 1lle and 14b in the electrodes 10b
to 10d. Thus, the electrode 10a is particularly preferable
in terms of keeping the adhesion state more satisfactory

between the skin of a living body and the electrode.

25 In addition to the above-mentioned structure, as
illustrated in 10e and 10f in PFIGS. 3A and 3B, a
reinforcing member 15 made of metal can also be attached to
the terminal member 11 in the electrode of the present

invention. This can enhance the strength and durability of



structure 21, a nonworking electrode structure 22, and a power source 23.
Ref erence nuneral 27 denotes the skin (or the nenbrane) of a living body.
15 The working el ectrode structure 21 includes: an el ectrode 30 connected

to atermnal of a first conductivity of the power source 23 via a cord
femal e connector 25a; a first conductive nedium|ayer 33 20

24a and a

pl aced so as to be electrically connected to the electrode 30; an

i on- exchange nmenbrane 34 for selecting ions of a

the first conductivity (hereinafter, iéferred to as a "second
conductivity"), the ion-exchange nmenbrane being placed on a front side of
the 25 firsthcopduathye Redbam hayer, 3@ i LayesoB35spt aced-«ty a front
side of the ion-exchange nenbrane 34; and an ion- exchange nmenbrané 36 for
sel ecting imrisvesh ttiee f teshinadbndemibéwi Ly, drive tlon- exchaniger ménbrdmee bei ng

pl aced on a fron% sjde of the drug |ayer 35, an
housed in a“€dve? %5

structure 22,i¢lydes: an el ectrode 40 connected to a term nal of the
second conductivity of the power source 23 via a cord 24b and a fenale
connectof 25b; a second conductive medi um
electrically connected to the

ot WS & fE8F TS

bei ng placgglOfbﬁtéﬂﬂHFés%Ed%eggcéh@s§§§09geCQP@%%%A&gEof the present

10

15

20

25

invention.

As shown in the figure, the iontophoresis device 20a
includes, as main components (members), a working electrode
stru;ture 21, a nonworking electrode structure 22, and a
power source 23. Reference numeral 27 denotes the skin (or

the membrane) of a living body.

The working electrode structure 21 includes: an
electrode 30 connected to a terminal of a first
conductivity of the power source 23 via a cord 24a and a
female connector 25a; a first conductive medium layer 33
placed so as to be electrically connected to the electrode
30; an ion-exchange membrane 34 for selecting ions of a
conductivity opposite to fhe first conductivity
{hereinafter, referred to as a “second conductivity”), the
ion-exchange membrane being placed on a front side of the
first conductive medium layer 33; a drug layer 35 placed on
a front side of the ion-exchange membrane 34; and an ion-
exchange membrane 36 for selecting ions of the first
conductivity, the ion-exchange membrane being placed on a

front side of the drug layer 35, and the entire laminate is

| ayer 43 placed so as to be
) el ectrode 40; an ion-exchange nenbrane 44
for selecting i onFi5F t*hé Sf PPsEXROMRIAIN Y PREVEDR- 2xEhHaHe Gferfir ane

5

conductivity opposite to

entire lamnate is 18

th
e Herttot8e EABChbMOrkigdEl ect r ode

10



medi um | ayer 43; a third conductive nediumlayer 45 pl aced
of the ion-exchange nenbrane 44; and an

on a front side
i on- exchange nenbrane 46 for

selecting ions of the second conductivity, the ion-exchange nmenbrane bei ng
pl aced on a 15 front side of the third conductive nmedium | ayer 45, and the

entire lamnate is housed in a cover or a contai ner 26b. Herein, the

el ectrodes 30 and 40 each include: a term nal nenber 11 forned of

conductive silicon rubber

cotton by aphi,gbat eaperaisde ohr gatgRMiind N Al sanme way as in the
el ectrodes 10a to 10f shown in FIGS. 1 25 and 2. In this case, the shapes

and di nensions of the termnal nenber 11 and the conductive sheet 12 can

be determ ned ap
handl eabi l ity of

P R ST odes5 B0 "RRYCEB Y hE-CGHRPIT st

ropriately in consideration gf t he strength 19 _and
E FORT®f fa%ci ency

20 including a male fitting portion |la, a body
portion lib, and a junction portion |I08; and a conductive sheet 12 nade
of carbon fibers obtained by carbonizing woven fabric such as silk or

of a drug, andidslike <ASc@baLXBIPLEnndHEd ef gl DalARAReE LE may have a
conposition in which 20 to 60 parts by weight of carbon black is 5

conpound2d wethndespedectoviltQ0 qartls hyowsel giturek i3l ivden a radiser24t he mal e

fitting portion Ila nag be formed in a curved shape of about 2.3 m#?;

COPREATPR £°8y1 i AdEF SRApEBIUS L VRN(TF Wit h a
?HE %9 cbhesphuggt 't8”bQ%Hle@@rlé&llgﬁyC%J&%ﬁer' Ry 10 disk

body portloﬁnﬁlﬁ'nﬁﬁm%

| engt h of

shape of abou

10

15

20

25

Dwth a thickness of about
electrode 40; an ion-exchange membrane 44 for selecting

ions of the first conductivity, the ion-exchange membrane
being placed on a front side of the second conductive
medium layer 43; a third conductive medium layer 45 placed
on a front side of the ion-exchange membrane 44; and an
ion-exchange membrane 46 for selecting ions of the second
conductivity, the ion-exchange membrane being placed on a
front side of the third conductive medium layer 45, and the

entire laminate is housed in a cover or a container 26b.

Herein, the electrodes 30 and 40 each include: a
terminal member 11 formed of conductive silicon rubber
including a male fitting portion 1la, a body portion 1llb,
and a junction portion 1llc; and a conductive sheet 12 made
of carbon fibers obtained by carbonizing woven fabric such
as silk or cotton by a high-temperature treatment, in the
same way as in the electrodes 10a to 10f shown in FIGS. 1

and 2.

In this case, the shapes and dimensions of the
terminal member 11 and the conductive sheet 12 can be

determined appropriately in consideration of the strength

t he



mm and the conductive sheet 12 may be forned in a circular sheet of 3
mm( D (thickness: about 0.5 nm made of carbon fibers obtained by

car boni zi ng woven fabric such as silk or cotton by a high-tenperature
treatment. 15 A conductive nmedi um such as phosphate buffered saline or
physi ol ogi cal saline is used as each of the conductive nediumlayers 33,
43, and 45 in order to nake the conduction with respect to the conductive
sheet 12 of the 20 electrode 30 satisfactory. Furthernore, in order to
prevent the generation of gas and thel8hange in pH caused by the

el ecrolysis of a conductive mediumoccurring in the vicinity of a contact

portion with 4 espech Leitheycopductive sheet,dies @ KOMAUNA 25 th:}te is nore
easily to be oxidized or reduced than the electrolysis of water (the

oxi dati on atdaipbdsitatieon e Eftidiedeyand therugduendonhat lakaegatiisven

el ectrode) can be added to the above-nentioned conductive nmedium_ In terns
of the biol 6§PRBEICsabRey e omtiiRaA 6 Y RSP (3 ovWPBRP G 1ogodt™ and

ease of . avgilapi lééy;mf% exagple. ,@n jhQfgani¢  coppoynd, sysh as ferrous

sulfate or terric sulfate, a “nedical” agent” such as ascorbic acid (vitamn
C) or sofli uspmascodddt @] tlanregpettconpolit paEeseny oreidha sdd nsislirdoace 5
such as lactic acid, or an organic acid such as oxalic acid, malic acid,
succi ni ¢ aci¥pPresr filtfar PRl acfdt &Rl oPORE1IR| L1 hérdofPaficFeedisél 2@

preferably'cJ?&&P:ﬁQHBO%Qd%b%ﬁ@ 2b§ ﬁgg?dtﬁéOggayrpéfkféHﬂ¥fyﬂﬂéymbe

formed in a cylinder shape of 2.0 mmd with a length of
about 10 mm; the Jjunction portion 1llc may be formed in a
10 disk shape of about 4.0mm® with a thickness of about 0.5
mm; and the conductive sheet 12 may be formed in a circular
sheet of 3 mm® (thickness: about 0.5 mm) made of carbon
fibers obtained by carbonizing woven fabric such as silk or
cotton by a high-temperature treatment.
15
A conductive medium such as phosphate buffered saline
or physiological saline is used as each of the conductive
medium layers 33, 43, and 45 1in order to make the
conduction with respect to the conductive sheet 12 of the
20 electrode 30 satisfactory.
Furthermore, in order to prevent the generation of
gas and the change in pH caused by the elecrolysis of a
conductive medium occurring in the vicinity of a contact
portion with respect to the conductive sheet 12, a compound
25 that is more easily to be oxidized or reduced than the
electrolysis of water (the oxidation at a ©positive
electrode and the reduction at a negative electrode) can be
added to the above-mentioned conductive medium. In terms

of the biological safety and economical efficiency (low



10 Furthernore, each of the conductive nmediumlayers 33, 43, and 45 may
hol d t he above-nentioned conductive nedium in a liquid state.
Alternatively, in order to enhance the handleability, each of the
conductive medium’l ayers 33, 43, and 45 may hold a water-absorbing thin
filmfornmed of a 15 polyner material or the like inpregnated with the
above- nentioned conductive nmedium An acrylic hydrogel film a segnented
pol yuret hane gel film an ion-conductive porous sheet for formng a gel
20 soliz2electrolyte (e.g., porous pol ¥fer based on an acrylonitrile
copolymer with a porosity of 20 to 80% containing 50 nol % or nore of

acrylonitri lc%swa%fdere%tggy o0 242198 Rk ,,fgisgkmgpe,by%rﬁpirléfﬁ%h@ A

or the like can be used as the material for the water-absorbing thin film
25 The i npregmnaiireh satho {10EeXroWs D) L4te wher efdrrizs asulMeaght ian a dry

state and Wis a weight after inpregnation)  of the conductive nediumto be
i mpr egnat ed™eA+ERE BAPRCT FPAR RS BPEPERL®I §°EH {GLWRWN 21 FheSHMP | ayer

35 holds a golutien of_ a drug disseahat 1Q i O of,Lhe,firs uctivity
that is the sanme a$ that o? t he ?ern?ngﬁ%fonwhp%h tﬁe &Efﬁﬁn%ﬁ% ectrode
structur® 2%ukts eennegdteit Scilde drugn ayefardx nayidl sacholad aoxH LG
solution in a liquid state in the same way as in the conductive nmedi um

| ayers 33, 48idan@i2d5c APt@r n&RFRRYS ¥t drdet fendnifarreld tapd/or a
handleab'l'%%l%”%h%qgoklggn Egeuggggpkg¥g£a§§ynByTﬁggg compounds can

be added alone or in combination.

10 Furthermore, each of the conductive medium layers 33,
43, and 45 may hold the above-mentioned conductive medium
in a liquid state. Alternatively, in order to enhance the
handleability, each of the conductive medium layers 33, 43,
and 45 may hold a water-absorbing thin film formed of a

15 polymer material or the like impregnated with the above-

mentioned conductive medium.

An acrylic hydrogel film, a segmented polyurethane

gel film, an ion-conductive porous sheet for forming a gel

20 solid electrolyte (e.qg., porous polymer based on an
acryloﬁitrile copolymer with a porosity of 20 to B80%
containing 50 mol% or more of acrylonitrile (preferably 70

to 98 mol%), disclosed by JP 11-273452 A), or the like can

be used as the material for the water-absorbing thin film.

25 The impregnation ratio (100 x (W-D)/D{%], where D is a
weight in a dry state and W is a weight after impregnation)

of the conductive medium to be impregnated in the thin film

is preferably 30 to 40%.



10 a water-absorbing thin filmfornmed of a polynmer material or the |ike
(e.g., an acrylic hydrogel film inpregnated wwth a drug solution. As the
i on- exchange nenbranes 34, 36, 44, and 46 for 15 selecting ions of the
first or second conductivity, a cation exchange nenbrane such as NECSEPTA,
CM1l, Cv2, CW, CMs, or CMB produced by Tokuyama Co., Ltd., or an anion
exchange nenbrane such as NEOCSEPTA, AM I, AM 3, AMX, AHA, ACH, or ACS
produced by Tokuyama Co., Ltd. can be used. In 20 particular, a cation
exchange nmenbrane in which a part or aBllentirety of a pore of a porous film
is filled with an ion-exchange resin having a cation exchange function, or
an . ani on exchangerhré?nmege i}d£d 3 thoagsi on-exahangg resin, haying an
ani on exchange function can be use pre?erably. 25 Herein, a fluorine type
resin with aiskobiexehangeiogsodp thér 6dusedcdedeperiftyuamhacarisortiekel et on
or a hydrocarbon type resin containing a resin that is not _fluorinated as
a skel eton €&feb@su £F tthe &56T7eN25 toaeMidhédsi YRTEXERaPHEET . In

vi ew of thesgp&%gﬂkggﬁeisogogng%ggyption process, a hydrocarbon type

i on-exchange resin is prefera Al t hough the filling ratio of the
i.on-exchénge resin is also related to the porosity of the 5 porous film
the filling ratio is generally 5 to 95% by nass, in particular, 10 to 90%

by mass, and pref eftoldrugo 1ayer 68% B3y miss® NPHEr & PEusioSphrtiulidy dinmit to
an ion-exchfgggigrgggte in the same way as in the conductive medium
layers 33, 43, and 45. Alternatively, in order to enhance
the handleability and the like, the drug layer 35 may hold
10 a water—-absorbing thin film formed of a polymer material or

the like (e.g., an acrylic hydrogel film) impregnated with

a drug solution.

4

As the ion-exchange membranes 34, 36, 44, and 46 for
15 selecting ions of the first or second conductivity, a
cation exchange membrane such as NEOSEPTA, CM-1, CM-2, CMX,
CMS, or CMB produced by Tokuyama Co., Ltd., or an anion
exchange membrane such as NEOSEPTA, AM-1, AM-3, AMX, AHA,
ACH, or ACS produced by Tokuyama Co., Ltd. can be used. 1In
20 particular, a cation exchange membrane in which a part or
an entirety of a pore of a porous film is filled with an
ion-exchange resin having a cation exchange function, or an
anion exchange membrane filled with an ion-exchange resin
having an anion exchange function can be used preferably.
25
Herein, a fluorine type resin with an ion-exchange
group introduced to a perfluorocarbon skeleton or a
hydrocarbon type resin containing a resin that is not

fluorinated as a skeleton can be used as the above-



10 of the above-nentioned ion-exchange resin, as long as it is a
functional group generating a group having negative or positive charge in
an aqueous solution. As specific exanples of the functional group to be
such an ion-exchange group, those of a cation exchange group include a
sul fonic 15 acid group, a carboxylic acid group, and a phosphonic acid

group. Those acid groups nmay be present in the formof a
salt. Exanples of a counter cation in the case of a salt
nmetal cations such as sodiumions and @8t assiumions, and

free acid or a
i ncl ude al kal i ne
anmmoni umions. O

20 those cation exchange groups, generally, a sulfonic acid group that is
a strong ackdi¢;ghroNP; b5-RaHingUl aekyn . Pref &3l 8¢ Exanpheseffenifie anion

exchange group include primary to tertiary amno groups,

a quaternary

anmoni um gooHuPp, pzpqnnuuﬁmlpgooap$,aalhydnm@ambengtypg)1qn1mx@hengary 25

pyridi ni um group, and a quaternary imdazoliumg

nples of a

count er anl%ﬁF%q1H§h8§§f8ﬁ?5%eexéﬂéﬁﬁégﬁrBﬁ%sfl%%RHQMiitﬁ8l8§eﬁh?ons such as
chlorine iong,and-AYALEOXYe s iPNS: a%otbgﬁ&@aﬁlt%ntﬁécpapggl%; Oup egenera' ly,

a quaternary ammoni um group and a quaternary pyridinium

that are

strong basigopusuFd 1an ethsefli priaferalliy. i4 fedavsgpedtor 983 sﬂsuaet shaped
sheet having a nunber of small holes communicating the front surface and
the back 5783 atR PHErEBILas d8el0a0t Y A5G Fe- ABAL PEMRF PI0US il m

and the erX|b|
t her nopl asti c resin.

wi t hout any, r . Limt. In order to satisfy both the
QQ§ %§ e LIS preferable that the porous filmbe nade of a

hi gh strength

There is no particular limit to an ion-exchange group

100 of the above-mentioned ion-exchange resin, as long as it is

a functional group generating a group having negative oxr

positive charge in an aqueous solution. As specific

examples of the functional group to be such an ion-exchange

group, those of a cation exchange group include a

sulfonic

15 acid group, a carboxylic acid group, and a phosphonic acid

group. Those acid groups may be present in the form of a

free acid or a salt. Examples of a counter cation in the

case of a salt include alkaline metal cations such as

sodium ions and potassium ions, and ammonium ions.

Of

20 those cation exchange groups, generally, a sulfonic acid

group that is a strong acidic group is particularly

preferable. Examples of the anion exchange group include

primary to tertiary amino groups, a quaternary ammonium

group, a pyridyl group, an imidazole group, a quaternary

25 pyridinium group, and a quaternary imidazolium group.

Examples of a counter anion in those anion exchange groups

include halogen ions such as chlorine ions and hydroxy

ions. Of those anion exchange groups, generally,

a

guaternary ammonium group and a quaternary pyridinium group



10 Exanpl es of the thernoplastic resins constituting the porous film

i nclude, without limtation: polyolefin resins such as honopol yners or
copolymers of a-olefins such as ethylene, propylene, 1-butene, 1-pentene,
1- hexene, 3- nethyl-I-butene, 4-nethyl-I-pentene, and 5-nethyl-1 15

hept ene; vinyl chloride resins such as polyvinyl chloride, vinyl

chl oride-vinyl acetate copolyners, vinyl chloride- vinylidene chloride
copolynmers, and vinyl chloride-olefin copolyners; fluorine resins such as
pol yt etraf | uoroet hyl ene, pol ychl orotri Buoroet hyl ene, 20 pol yvi nylidene
fluoride, tetrafluoroethyl ene- hexafl uoropropyl ene copol yners,

tetrafl uorO%kEw gpe- siﬂecfrfgl yaLeal !§¥J>u;‘!é ravﬂeetu@%e popeL yiers, and

tetrafl uoroet hyl ene-et hyl'ene copol yners; polyam de resins such as nylon 6
and nylon 66; and those which are made from 25 polylnlde resins. Polyolefin

resins are preferably used as they are superior in nmechanical strength,
flexibility, chefi EaFMstRaR9d O, 2afbetheth A FESPEt BALENI dhd" P& good

conpati bil iy !‘%&f‘l 'ﬁ&e@(%ﬁwﬂgﬁlégﬂﬁ £HES f&'&ﬁ gln\.‘%@é ldha rt%%' Bgak

pol yet hyl ene and pol ypropyl ene are particul ar preferable
poIyethySeneurfadﬁmﬁheneeﬁeﬁabmged'EmemaelabGOefmﬁﬁuxnﬂaﬂ’pbmﬁus folh he
property of the above-nentioned ﬁorous filmmade of the thernoplastic 5

resin. HomeVéFho‘tlhea%waas@écHéﬁé imhet erlPoPrEBE e&0 nedt Ify podhefBBl y 0. 005
to 5.0 pm pgpre pref eq’ %b'a}éﬁ tQé %Pe)%hbqll% %E'dl UE e fU8h5Lably, 0.02 to 0.2
Porous 11 av 0

pm si nce the ous verag e diamst er Ts likely to
be a thin the porous film be made of a thermoplastlc resin.

10 Examples of the thermoplastic resins constituting the
porous film include, without limitation: polyolefin resins
such as homopolymers or copolymers of o-olefins such as
ethylene, propylene, l-butene, l-pentene, l-hexene, 3-
methyl-1l-butene, 4-methyl-1l-pentene, and 5-methyl-1-

15 heptene; vinyl chloride resins such as polyvinyl chldride,
vinyl chloride-vinyl acetate copolymers, vinyl chloride-
vinylidene chloride copolymers, and vinyl chloride-olefin
copolymers; fluorine A resins such as
polytetraflubroethylene, polychlorotrifluoroethylene,

20 polyvinylidene fluoride, tetrafluoroethylene-
hexafluoropropylene copolymers, tetrafluoroethylene-
perfluoroalkyl vinylether copolymers, and
tetrafluorocethylene-ethylene copolymers; polyamide resins
such as nylon 6 and nylon 66; and those which are made from

25 polyimide resins. Polyolefin resins are preferably used as
they are superior in mechanical strength, flexibility,
chemical stability, and chemical resistance, and have good
compatibility with ion-exchange resins. As the polyolefin

resins, polyethylene and polypropylene are particularly



i on- exchange nenbrane having excellent strength and a | ow 10 el ectric

resi stance. The average pore dianmeter in the present specification refers
to an average flow pore dianmeter nmeasured in accordance with a bubble

point nmethod (JIS K3832-1990). Simlarly, the porosity of the porous film
may be preferably 20 to 95% nore preferably 30 to 15 90%
preferably 30 to 60% Furthernore, the thickness of the porous filmmy be
preferably 5 to 140 pm nore preferably 10 to 120 pm and nost preferably
15 to 55 pm Usually, an ani on exchand# nenbrane or a cation exchange
menbrane using such a porous filmhas a thickness 20 of the porous film
with +0 to 20 Rmaphe the BbPYE-HERINO0R8dmb ot ORIQNES1S . devi ce 20a, the

drug in the drug | ayer 35 dissociated to ions of the first
adm nistered to a living body via the ion 25 exchange nenbrane 36 and the

skin 27 with a vol% ge plled fromth ower s rce 23.
owing to the f unctPERS ot S t'He Rt “Bxéha BE

e?rgﬁer§%

and npst

conductivity is

n this case,
é14theand 46,

ions of a 25, AR -rfPRAUELEVHL Yo PRSI Bk sfla%h@ftﬁe%ogwgtwns are
prevented frombeing transferred fromthe |iving body side

| ayer 355 sixksirand Heweand, Cthe gerarageedoat dhmnetsdrectfr odess 30awnek 40 are

suppressed frommpving to the skin 5 27 side, whereby dru

adnlnlstere8r§f%&ﬂ%AXM WOSSEPlgf%dF%r?“@FfPEFéﬁE?b%%ro69%

i ont ophoresi s device 20a

to the drug

|ons can be

gﬁg p@rPBd_of time
while the ghangs rggr@léesea?weo S09 P26 .2SRURPRESSER JBYLhheEppe, in the

having such an average pore diameter is likely to be a thin

ion-exchange membrane having excellent strength and a low

10 electric resistance. The average pore diameter in the

present specification refers to an average flow pore

15

20

25

diameter measured in accordance with a bubble point method
(JIS K3832-1990). Similarly, the porosity of the porous
film may be preferably 20 to 95%, more preferably 30 to
90%, and most preferably 30 to 60%. Furthermore, the
thickness of the porous film may be preferably 5 to 140 um,
more preferably 10 to 120 um, and most preferably 15 to 55
um. Usually, an anion exchange membrane or a cation
exchange membrane using such a porous film has a thickness

of the porous film with +0 to 20 pm.

In the above-mentioned iontophoresis device 20a, the
drug in the drug layer 35 dissociated to ions of.the first
conductivity 1s administered to a living body via the ion-
exchange membrane 36 and the skin 27 with a voltage applied

from the power source 23.

In this case, owing to the function of the ion-

exchange membranes 34, 36, 44, and 46, ions of a



10 conductive sheet 12 of each of the electrodes 30 and 40 is nade of
carbon fibers with a |ow resistance. Therefore, a current is allowed to

fl ow t hrough the conductive nedium |ayer 33/ion-exchange nenbrane 34/ drug
| ayer 35/ion- exchange' nenbrane 36, or the conductive nmedium |l ayer 15

43/ i on- exchange nenbr ane 44/ conductive nmedi um | ayer 45/ion- exchange
menbrane 46 at a very uniformcurrent density from the entire surface of

t he conductive sheet 12. Thus, the adm nistration efficiency of a drug to a
20 livizeg body is higher in the iontopBoresis device of the present

i nvention, conpared with the conventional iontophoresis device in which a

current is allouedyto,f| gbolia stat ehier &4 heyflir et | s gancentyated in

a narrow area in the'vicinity of the termnal nenber owng to the 25 use
of the conducivereesheetionf deind afracsheticdd verasi | troonl ivimgberodyasinig a hi gh
electric resistance. Furthernore, unlike the conventional iontophoresis

devi ce usin§CatBendutfi V8YShedt iR AR% H hiPRdf PHm $InTEtede®d Wikch as
si ver, in LbgLoaPhAr G8ieS adeul 0o 5ot e PIESANGoL DYENLD e 45 N0t

necessary to use a ne matertal 1n the working electfode structure 21
and the 5 namosideyg weaetoyodeust ivesuren2Be Zhatef otered hecdrignsfiem 5 of
nmetal ions generated by electrolysis or the like to a living body is

prevented. FeFtHERHGT, SdiChENEAsE WRrEhegoRbueEi Ve et Ghgyers 33
and 43 eachcpghg??vgqﬂggﬁ;%%g ggghu BHQ;%Jﬂﬁgggged;o state, or in the case

where the con medi um | ayers

Furthermore, in the iontophoresis device 20a, the

10 conductive sheet 12 of each of the electrodes 30 and 40 is

made of carbon fibers with a low resistance. Therefore, a

current 1s allowed to flow through the conductive medium

layer 33/ion-exchange membrane 34/drug layer 35/ion-

exchange membrane 36, or the conductive medium layer

15 43/ion-exchange membrane 44/conductive medium layer 45/ion-
exchange membrane 46 at a very uniform current density from

the entire surface of the conductive sheet 12.

Thus, the administration efficiency of a drug to a

20 living body is higher in the iontophoresis device of the
present invention, compared with the conventional
iontophoresis device in which a current is allowed to flow

in a state where the current ié concentrated in a narrow
area in the vicinity of the terminal member owing to the

25 use of the conductive sheet formed of conductive silicon

rubber having a high electric resistance.

Furthermore, unlike the conventional iontophoresis

device wusing a conductive sheet made of a thin film of



and 43 each holds a water-absorbing thin filmformed of a polymer materi al
or the Iike inpregnated with a conductive nedium a part of the conductive
medi um perneates the carbon fibers constituting the conductive sheet 12 of
each 15 of the el ectrodes 30 and 40, dependi ng upon the inpregnation
anount, and the conducting state between the conductive sheet 12 and the
conductive nediumlayers 33 and 43 can be kept nore satisfactorily. 20 On
t he ot her hand, the conductive sheet 12 and the female connectors 25a and
25b are partitioned at |least by the b8y portion IIb. Therefore, even in
the case where the female connectors 25 and 25b are nmade of netal, and

even in the,case whexe,khg; ggpductihve zedi dHpRhogashs olieliee 23 sCqngduct i ve
medi um | ayers 33 and 43 perneates the conductive sheet 12, there is no

possi bi | i t yptdrantt hénmetalorconponeid not emsdesfariyhetd enmee gommgctilor s 25a

and 25b is ionized to be transferred_to the conductive sheet 12, or is
transferred™fbetit £8 ath1§ virRGX bRy Slo7trefes STUghlre i4) udPfattde

structures HEn&QﬁﬁﬂRJ‘OJl%%t%OQ@YE‘E%c@QPe i 206,:30¢8EdI Ngnd O AL ey

enbodi ments. 5 The 1ontophoresis device 20b has the sane structure as that
of the idntophoresisideyi gen2batshobm ehebtfolylsis exicephet haket he a
nonwor ki ng el ectrode structure 22 does not have the ion-exchange nenbrane
44 and t he 4ii"g LOAYuUES i REEVSHE®TUm | ayer 45. The iontophoresis device 20c
has the same 10 structure as that of the iontophoresis device 20a shown in
FIG 4, except that the nonworking el ectrode structure 22

Furthermore, in the case where the conductive medium

layers 33 and 43 each hold a conductive medium in a liquid
10 state, or in the case where the conductive medium layers 33
and 43 each holds a water-absorbing thin film formed of a
polymer material or the like impregnated with a conductive
medium, a part of the conductive medium permeates the
carbon fibers constituting the conductive sheet 12 of each
15 of +the electrodes 30 and 40, depending upon the
impregnation amount, and the conducting state between the
conductive sheet 12 and the conductive medium layers 33 and

43 can be kept more satisfactorily.

20 On the other hand, the conductive sheet 12 and the
female connectors 25a and 25b are partitioned at least by
the body portion 1llb. Therefore, even in the case where
the female connectors 25 and 25b are made of metal, and
even in the case where the conductive medium of each of the

25 conductive medium layers 33 and 43 permeates the conductive
sheet 12, there is no possibility that the metal component
of each of the female connectors 25a and 25b is ionized to
be transferred to the conductive sheet 12, or is

transferred further to a living body.



does not have the ion-exchange nmenbrane 44, the third conductive nedi um

| ayer 45, and the ion-exchange nenbrane 46. Although the iontophoresis
devi ces 20b and 20c cannot 15 achi eve the performance of suppressing the
change in pH on a contact surface of the nonworking el ectrode structure 22
Wi th respect to the skin 27, conparable to that of the iontophoresis

devi ce 20a, the iontophoresis devices 20b and 20c exhibit the sane
performance as that of the 20 iontophoresis device 20a in the other

aspects. In particular, in the sane wd¥ as in the iontophoresis device
20a, the iontophoresis devices 20b and 20c exhibit the effects such as the
enhancenent of the adm nistration efficiency of a drug due to the passage
of a current at a 25 uniformcurrent density fromthe entire surface of the
conductive sheet 1RIG3.hé elnidmenafionatodtd het pogsirkis| bfyiofitopherdgiansf er of
metal ions to a living body, and the maintenance of the satisfactory
conduct i ng Se%teehetleénd ¥ﬂ€ ROTHETI & Os REBE T 19MRAHMEAST -of t he
conductive medium 28 layers 33 and 43. FIG 7 illustrates the use

enbodi ment of the electrode of the present invention in a |lowfrequency 5
treatnmenf devi ce H58e Asnshphorésnid| devilge thio | love f tleguemnty &t ead terd

device 50 includes a | owfrequency treatnment body 51, and a set of

el ectrodes 33 Ahats2fr &6 ivngorheyrseht d@V%aC%o?ég $0o%82 &hd F5&-arfd femal e

connectors 53 gnd A Jd 'l tNGJ MWk GIUEPEYad NEEAREHH L 2PAY Rl not

have the ion-exchange membrane 44 and the third conductive
medium layer 45. The iontophoresis device 20c¢ has the same
10 structure as that of the iontophoresis device 20a shown in
FIG. 4, except that the nonworking electrode structure 22
does not have the ion-exchange membrane 44, the third
conductive medium layer 45, and the ion-exchange membrane
46. Although the iontophoresis devices 20b and 20c cannot
15 achieve the performance of suppressing the change in pH on
a contact surface of the nonworking electrode structure 22
with respect to the skin 27, comparable to that of the
iontophoresis device 20a, the iontophoresis devices 20b and
20c exhibit the same performance as that of the
20 iontophoresis device 20a in the other aspects. In
particular, in the same way as in the iontophoresis device
20a, the iontophoresis devices 20b and 20c exhibit the
effects such as the enhancement of the administration
efficiency of a drug due to the passage of a current at a
25 uniform current density from the entire surface of the
conductive sheet 12, the elimination of the possibility of
the transfer of metal ions to a 1living body, and the
maintenance of the satisfactory conducting state between

the conductive sheet 12 and each of the conductive medium



In the same way as in the electrodes 10a to 10f shown in FIGS. 1 and 2,
the el ectrode 54 includes: a termnal 15 nenber 11 fornmed of conductive
silicon rubber including a nale fitting portion |la, a body portion I|IDb,
and a junction portioh |Ilc; and a conductive sheet 12 fornmed of carbon
fi bers obtained by carbonizing woven fabric such as silk or cotton by a
hi gh-tenperature treatnent. 20 Furthernore, a conductive adhesive |ayer 55
made of a gel such as pol yhydroxynmethacryl ate inpregnated with a
conductive nmedi um such as a potassium &BIl ori de aqueous solution is placed
bel ow t he conductive sheet 12. A 25 current is allowed to flow to the skin
via the conductiueszaghesiye layer 55. In the figure, reference nuneral 56
denotes a covéer for protecting the upper surface of the conductive sheet
12. 29 1In the electrodes 54 and 54, the conductive sheet 12 formed of
carbon fibers having a |l ow resistance is used, so that a current is

allowed to flow atf 'vgar7y Uit RREET r ehBe Suﬁ%ns?wo‘ﬂl‘&ﬁﬁtt heefenti%e
surface of fhe.copducirvecgheetydeentlNigvehPEod UNGET QN sHGDe ASidiGyBSSage

can be performed wth respect to a |living body w thout giving disconfort
caused whentmzeaurengntevsceohCentrated in a narrow range. 10 Furthernore, in
the I owfrequency treatnent device 50, it is not necessary to use netal
menbers for the electrode 54, the conductive adhesive |ayer 55, and the

li ke, so that theg§5i§hg9npqﬁ§iQ&b[ty7}hq%en939¢_£§gghgyg treatment

device 50 includes a low-frequency treatment body 51, and a
set of electrodes 54 and 54 receiving a current via cords
10 52 and 52 and female connectors 53 and 53 from the low-

frequency therapeutic body 51.

In the same way as in the electrodes 10a to 10f shown
in FIGS. 1 and 2, the electrode 54 includes: a terminal
15 member 11 formed of conductive silicon rubber including a
male fitting portion 1lla, a body portion 11lb, and a
junction portion 1llc; and a conductive sheet 12 formed of
carbon fibers obtained by carbonizing woven fabric such as
silk or cotton by a high-temperature treatment.
20
Furthermore, a conductive adhesive layer 55 made of a
gel such as polyhydroxymethacrylate impregnated with a
conductive medium such as a potassium chloride aqueous
solution 1s placed below the conductive sheet 12. A
25 current 1s allowed to flow to the skin via the conductive

adhesive layer 55.

In the figure, reference numeral 56 denotes a cover

for protecting the upper surface of the conductive sheet 12.



transferred to a living body during the passage of a 15 current.
Cenerally, a netal nenber is used as the fenmale connector 53. In the

| ow-frequency treatment device 50, at |east the body portion Ilb is

i nt erposed between the femal e 20 connector 53 and the conductive sheet 12,
so that the netal conponent of the female connector 53 is prevented from
being ionized to be transferred to the conductive adhesive [|ayer 55, and
further to a living body. 25 Although the present invention has been
descri bed by way of sone enbodi nents,29he present invention is not
limted to these enbodi nents, and can be variously nodified wthin the
scope of the clains. 30 30 For exanple, in addition to silicon rubber,
exanpl es of the polymer matrix that nay be used in the term nal nenber
include: various rubtiére saterradiss sukclrras Yut yhe robltertivraldgentatled butyl

rubber, and_et hyl en r | ene 5 rubber rmopl astic resins such 28

ol yet hyt enBormestr S At TaBpEst oYL bric TogopbReFer LS drpe

pol ycar bonat g; ¢ andc{herros et faumgwé@swsflwata% p@@g%hffofr@samen%opxy
resins, polyurethane resins, and silicon resins Furt hernore, various
ki nds of5 matlens &t 8, fisuc lthas engnaphsmeﬁad:ﬂ adk theadendacbove bdfeglt, 1f2.ne

powder of gl ass- shaped carbon, and short fibers obtained by cuttlng car bon
fibers can suselthas ERBAL IR aFUFR| PSr d¥ed™Po7adhecan be performed

with respect to a 1living body without giving discomfort

caused when a current is concentrated in a narrow range.

10 Furthermore, in the low-frequency treatment device
50, it 1is not necessary to use metal members for the
electrode 54, the conductive adhesive layer 55, and the
like, so that there is no possibility that metal ions are
transferred to a 1living body during the passage of a

15 current.

Generally, a metal member is used as the female
connector 53. In the low-frequency treatment device 50, at
least the body portion 1llb is interposed between the female

20 connector 53 and the conductive sheet 12, so that the metal
component of the female connector 53 1is prevented from
being ionized to be transferred to the conductive adhesive

layer 55, and further to a living body.

25 Although the present invention has been described by
way of some embodiments, the present invention is not
limited to these embodiments, and can be variously modified

within the scope of the claims.



15 term nal nenber. Furthernore, a conpounding ratio of non-netal filler
Wth respect to a polynmer matrix can be appropriately determ ned dependi ng
upon the kinds of a polymer matrix and 20 carbon to be used, in

consi deration of requifed nmechanical characteristics, electrical
characteristics, durability, and the |ike. Various kinds of carbon fibers
such as 25 polyacrylonitrile carbon fibers, pitch carbon fibers, and

rayon carbon fibers can be used as the carbon fibers to be wused for the
conductive sheet, as long as they have30conductivity high enough for
allowing a current to flow at a substantially uniformcurrent density from

the entire 31 surdacex@hptiBe eANEYEd Mo Sheati1iCahbetnbd PEreRARAN sObt ai ned
by form ng carbon fibers in a nat shape or in a paper shape using a paper

maki ng 5 te€hrihguerclamesl swatheiusthatasmelie bkeondsrd | ¥e $heettermimeater nor e,

in order to inprove t ede[asticit and . handl ablILty of the cqnductive
sheet, car bBRA™PTherd“or“c¢arBon ¥i°bef" %%rmﬁﬁﬁféa %téﬂ“ﬁﬁtﬁsaqﬁgﬁ mer

el ast omer 1Quﬁ%g¥1 aﬁa§&&é£§¥£d’”9@ rl‘JQuEBQEﬂDQEQSté&hJ¥¥nﬁur ngwédean al so
be used as the conductive sheet. Furthernore, in this enbodi nent, the case

of usi ngS a rubbecul ar tbenductdsie csheetshas besrchdesasi bedol Howbexleme ,t he 15
conductive sheet in any shape such_as a square or a polygon can be used.
Fur t her mor e POLKBERFRRNmentP B VEREL t er nF AT iber PBLYESter, and

polycarbonate; and thermosetting resins such as phenolic
resins, eopxy resins, polyurethane resins, and silicon
resins.
10

Furthermore, various kinds of materials, such as
graphite, black lead, carbon black, fine powder of glass-
shaped carbon, and short fibers obtained by cutting carbon
fibers can be used as non-metal filler used for the

15 terminal member.

Furthermore, a compounding ratio of non-metal filler
with respect to a polymer matrix can be appropriately
determined depending upon the kinds of a polymer matrix and

20 carbon to be used, in consideration of required mechanical
characteristics, electrical characteristics, durability,

and the like.

Various kinds of carbon fibers such as

25 polyacrylonitrile carbon fibers, pitch carbon fibers, and
rayon carbon fibers can be used as the carbon fibers to be
used for the conductive sheet, as 1long as they have
conductivity high enough for allowing a current to flow at

a substantially uniform current density from the entire



t he conductive sheet in the electrode of the present 20 invention is not
limted to the nethod described in the above enbodi nent. Any nethod can be
used as long as the termnal nmenber and the conductive sheet are
appropriately fixed tb such a degree as not to cause a problemin terns of
the use, and the conduction required therebetween is 25 ensured.
Furthernore, in the above enbodi nent, the case where the term nal nenber
is attached to the vicinity of the center of the conductive sheet has been
descri bed. 32 However, the term nal n8hber can be attached to any one of
the positions including the end portions of the conductive sheet. 5

Furt her nor e g iR LBe,abgve enpedi-rept sndde case where the nale fitting
portion is provided at the term nal nenber of the electrode has been

descri bed. However, the term nal nenber of the el ectrode of the present
i nvention can al so e prqovided with a fenaI?)fittin%gportion in place of

the 10 male fitti AgPort ifoRSTaRAPEheCRIGhTESt iPdn TPE™ART appFPAhcE PEifch as an

i ont ophoresis deybee Qapd QW {1 eguenpyr Tshsggn%@&ngey Gfan Alisade
performed via a connector having a nale fitting portion to be fitted with
the fembe téchtiqep pant adne B& bsed s abeveordbodi nertheetthe case where the
el ectrode of the present invention is used for an iontophoresis device or
a |l owfrequency treatnent device has been

Furthermore, in order to improve the elasticity and
handleability of the conductive sheet, carbon fibers or
carbon fiber paper impregnated with a polymer elastomer

10 such as silicon rubber or thermoplastic polyurethane can

also be used as the conductive sheet.

Furthermore, in this embodiment, the case of using a
circular conductive sheet has been described. However, the
15 conductive sheet in any shape such as a square or a polygon

can be used.

Furthermore, the attachment of the terminal member to

the conductive sheet 1in the electrode of the present

20 invention is not limited to the method described in the
above embodiment. Any method can be used as long as the
terminal member and the conductive sheet are appropriately
fixed to such a degree as not to cause a problem in terms

of the use, and the conduction required therebetween 1is

25 ensured.

Furthermore, in the above embodiment, the case where
the terminal member 1is attached to the wvicinity of the

center of the conductive sheet has been described.



described. The el ectrode of the present invention can be 20 used as an

el ectrode for any other appliance which allows a current to flowto a
living body, such as an el ectrocardi ograph or a cosnetic instrunent. 33
Clainms 1. An el ectrode' (10a, 10b, 10c, 10d, 10e, 10f), characterized by
conprising: 5 a conductive term nal nenber (11) formed of a non- netal
material; and a conductive sheet (12) formed of a non-netal material and
attached to the term nal nenber (11), the conductive sheet (12) having a
specific 10 resistance |lower than a spgcific resistance of the term nal
menber (11). 2. An el ectrode (10a, 10b, 10c, 10d, 10e, 10f) according to

claiml, Cr}?c%v?&zt%“ zed 't% hhﬁéltiﬂémﬁé’?dé'%'élé a?é'%eé eal 2o §/ nas gesurface

resi stance 110 square) . An el ectrode (10a, 16b 10c, 10d, 10e,
10f) accor diheg pdsluﬂdmynrhcluhan@ctaéléed parttmﬁst$mathﬁukmﬁduntnﬁbeet (12)
has a surface resistance of 1 to 10 Q (square). 20 4. An el ectrode (10a,
10b, 10c, 1®@EefQe, 10f) according to claim11, characterized in that the
conduct i ve sheet (12) is fornmed of one of carbon fibers and carbon fiber
paper. 25 S. An electrode (10a, 10b, 10c, 10d, 10e, 10f) according to
cl ai m 1,5 char act erfuzetheiriiot8at it heh«€ aashict iedoshrent ( 12)e | Gasd are@ of one
of carbon fibers and carbon fiber paper
the male fitting portion is provided at the terminal member
of the electrode has been described. However, the terminal
member of the electrode of the present invention can also
be provided with a female fittihg portion in place of the
10 male fitting portion, and the connection to an appliance
such as an iontophoresis device or a low-frequency
treatment device can also be performed via a connector
having a male fitting portion to be fitted with the female
fitting portion.
15
In the above embodiment, the case where the electrode
of the present invention is used for an iontophoresis
device or a low-frequency treatment device has Dbeen
described. The electrode of the present invention can be
20 used as an electrode for any other appliance which allows a

current to flow to a living body, such as an

electrocardiograph or a cosmetic instrument.



i npregnated with a polyner elastomer. 34 6. An electrode (10a, 10b, 10c,
10d, 10e, 10f) according to any one of clains 1 to 5, characterized in
that the termnal nenber (11) is fornmed of a polyner matrix and a
non- et al conducti've filler dispersed in the polynmer matrix. 5 7. An
el ectrode (10a, 10b, 10c, 10d, 10e, 10f) according to claim§6,
characterized in that the non-netal filler conprises carbon. 10 8. An
el ectrode (10a) according to claim6 or 7, characterized in that the
term nal menber (11) is attached to tB@ conductive sheet (12) by being
solidified under a condition that one of the carbon fibers and the carbon
fiber papercaLeminpregnated with a part of the polynmer 15 matrix. 9. An
el ectrode (10a) according to claim8, characterized in that the conductive
sheet (12) is attached to the term nal nmenber (11) by integral nolding. 20
10. An el ectrode (10a, 10b, 10c, 10d, 10e, 10f) accordinq to any one of
claims 6 tol9, darattefizE inltdrat th¥r pofdfier Mifrix 46 si 1i%dn rubber .
25 11. An electrade ;¢1Qay, 108, 1 -mglOd, 10e, 10f) according to any one of
clainms 1 to 10, characterized 1n that the term nal nenber (11) has a
fitting Portion te kenHuttede wetrhire lconeaaedor (Thnnéctmwed t of aapower- sour ce
(23). 35 35 _
metal material; and
a conductive sheet (12) formed of a non-metal
material and attached to the terminal member (11),
the conductive sheet (12) having a specific
10 resistance lower than a specific resistance of the terminal

member (11).

2. An electrode (10a, 10b, 10c, 10d, 10e, 10f) according to
claim 1, characterized in that the conductive sheet (12)

15 has a surface resistance of 1 to 30 Q/(square).

3. An electrode (10a, 10b, 10c¢, 10d, 10e, 10f) according to
claim 1, characterized in that the conductive sheet (12)
has a surface resistance of 1 to 10 Q/(square).

20
4. An electrode (10a, 10b, 10c, 10d, 10e, 10f) according to
claim 1, characterized in that the conductive sheet (12) 1is

formed of one of carbon fibers and carbon fiber paper.

25 5. An electrode (l10a, 10b, 10c, 10d, 10e, 10f) according to
claim 1, characterized in that the conductive sheet (12) is
formed of one of carbon fibers and carbon fiber paper

impregnated with a polymer elastomer.



12. An el ectrode (10a, 10b, 10c, 10d, 10e, 10f) according to any one of
clains 1 to 11, characterized in that a netal reinforcing nenber (15) is
attached to the term nal nmenber (11). 5 13. An iontophoresis device (20a,
20b, 20c), conmprising a power source (23), a working el ectrode structure
(21), and a nonworking electrode structure (22), characterized in that:
10 at | east one of the working electrode structure (21) and the nonworking
el ectrode structure (22) includes an electrode (30, 40) having: a
conductive term nal nenber (11) forned34f a non- netal material; and 15 a
conductive sheet (12) forned of a non-netal material and attached to the

term nal megbepn(didccihfe canductbye sheetiod,13oehavory acspesidd o
resi stance | ower than a specific resistance of the term nal nmenber (11).

20 14. An ienyophur esifs dbvirce (12089 ZDb, cR@cactenigwd siimg ghapowdre sour ce

(23), a working, electrode structure_(21), and a nonworking, electrode
structure (E?f,l%ﬁhr%ﬁTQﬁﬁzéhlﬁnlstﬁéfmgéthwﬁrﬁoﬁémEFe@PFgaé &fuct ure

(21) includes, re%.3 Ebhahc®l fEtFiAde ( 30hpePinecl A k0,81 [REM Rl 1,0f 2
first conductivity of the power source (53); a first conductive nmedi um
| ayer (33) placed on a front side of the first electrode (30); a first
i on- exchange nenbrane (34) faor ,
7. An electrode (10a, 10b, 10c, 10d, 10e, 10f) according to
claim &6, characterized in that the non-metal filler

comprises carbon.

10 8. An electrode (l10a) according to claim 6 or 7,
characterized in that the terminal member (11) is attached
to the conductive sheet (12) by being solidified under a
condition that one of the carbon fibers and the carbon
fiber paper are impregnated with a part of the polymer

15 matrix.

9. An electrode (1l0a) according to claim 8, characterized
in that the conductive sheet (12) 1is attached to the
terminal member (11) by integral molding.

20
10. An electrode (10a, 10b, 10c, 10d, 10e, 10f) according
to any one of claims 6 to 9, characterized in that the

polymer matrix is silicon rubber.

25 11. An electrode (10a, 10b, 10c, 10d, 10e, 10f) accoxding
to any one of claims 1 to 10, characterized in that the
terminal member (11) has a fitting portion to be fitted

with a connector connected to a power source (23).



36 selecting ions of a second conductivity that is opposite to the first
conductivity, the first ion-exchange nenbrane (34) being placed on a front
side of the first conductive nediumlayer (33); 5 a drug layer (35) for
hol ding a drug sol'ution containing a drug that is dissociated to ions of
the first conductivity, the drug | ayer being placed on a front side of
the first ion-exchange nenbrane (34); and a second ion-exchange nenbrane
(36) for 10 selecting ions of the first conductivity, the second ion-
exchang® nenbrane (36) being placed on3a front side of the drug |ayer
(35); and the nonworking el ectrode structure (22) includes: a second

el ectrode (49) %ﬂn%%fc%qoae Q104p 1ebM 0at, of od hei secongr condustdvd y of
t he power source (23) ; and a second conducti ve nedlun1layer (43) pl aced

on a front sbdengfoidiecSedaithsellectr dtle ¢HdDgctardzatl Leashatorne roftalhe first
el ectrode (30) and the 20 second el ectrode %QF% conprises: a conductive
r

ternmnal nmefbEL QLR SeMR§Tof(1d) ASnaEeghe PR TR A L JHRIRAY ve
sheet (12) &gjqed of a non-metal material and attached to the terninal
menber (11), t'he 25 conductive sheet (12) having a specific resistance
| ower than a specific resistance of the term nal nmenber (11). 15. An
|ontophore3|s device (20a, 20b) according to claim o
An ion ophore31s device (Z0a, 20b, 20c¢), comprising a

power source (23), a working electrode structure (21), and

a nonworking electrode structure (22), characterized in

that:

10 at least one of the working electrode structure (21)
and the nonworking electrode structure (22) includes an
electrode (30, 40) having:

a conductive terminal member (11) formed of a non-
metal material; and

15 a conductive sheet (12) formed of a non-metal material and
attached to the terminal member (11), the conductive sheet

(12) having a specific resistance lower than a specific

resistance of the terminal member (11).

20 14. An iontophoresis device (20a, 20b, 20c), comprising a
power source (23), a working electrode structure (21), and
a nonworking electrode structure (22), characterized in
that:

the working electrode structure (21) includes:

25 a first electrode (30) connected to a terminal

of a first conductivity of the power source (23);
a first conductive medium layer (33) placed on

a front side of the first electrode (30);

a first ion-exchange membrane (34) for



14, characterized in that the nonworking el ectrode 37 structure (22)
further includes a third ion-exchange nenbrane (46) for selecting ions of
the second conductivity, the third ion-exchange nenbrane (46) being

pl aced on a front 'side of the second conductive nmedium 5 |ayer (43). 16.
An iontophoresis device (20a) according to claim 14, characterized in that
t he nonworking el ectrode structure (22) further includes: 10 a fourth

i on- exchange menbrane (44) for selecting ions of the first conductivity,
the fourth ion-exchange nenbrane (44) 3being placed on a front side of the
second conductive nediumlayer (43); a third conductive nmediumlayer (45)

placed on agelactioyti $Hde Ofx thehauethahorexghande MENBpeHeidd4s and a
fifth ion-exchange nenbrane (46) for selecting ions of the second

conduct i vi tshe t férbkf t dondrctewchangetmentiriane {d6)edydiangepl meddrare a front
side of the(%Q%r%egggdgingg ogegi%g%kgyggdg4g}'tgg first conductive
medium layer (33);

5 a drug layer (35) for holding a drug solution
containing a drug that is dissociated to ions of the first
conductivity, the drug layer being placed on a front side
of the first ion-exchange membrane (34); and

a second ion-exchange membrane (36) for

10 selecting ions of the first conductivity, the second ion-
exchange membrane (36) being placed on a front side of the
drug layer (35); and

the nonworking electrode structure (22) includes:
a second electrode (40) connected to a

15 terminal of the second conductivity of the power source
(23); and

a second conductive medium layer (43) placed
on a front side of the second electrode (40); and
at least one of the first electrode (30) and the
20 second electrode (40) comprises:
a conductive terminal member (11) formed of a
non-metal material; and
a conductive sheet (12) formed of a non-metal
material and attached to the terminal member (11), the
25 conductive sheet (12) having a specific resistance lower

than a specific resistance of the terminal member (11).

15. An iontophoresis device (20a, 20b) according to claim

14, characterized in that the nonworking electrode



10

15

20

37

structure (22) further includes a third ion-exchange
membrane (46) for selecting ions of the second
conductivity, the third ion-exchange membrane (46) being
placed on a front side of the second conductive medium

layer (43).

16. An iontophoresis device (20a) according to claim 14,
characterized in that the nonworking electrode structure
(22) further includes:

a fourth ion-exchange membrane (44) for selecting
ions of the first conductivity, the fourth ion-exchange
membrane (44) being placed on a front side of the second
conductive medium layer (43);

a third conductive medium layer (45) placed on a
front side of the fourth ion-exchange membrane (44); and

a fifth ion-exchange membrane (46) for selecting ions
of the second conductivity, the fifth ion-exchange membrane
(46) being placed on a front side of the third conductive

medium layer (45).



