EXTERNAL PREPARATI ON, METHOD OF APPLYI NG EXTERNAL PREPARATI ON,

.1 ONTOPHORESI S DEVI CE, AND TRANSDERMAL PATCH FIELD OF THE | NVENTI ON 5
The invention relates to an external preparation used for drug

adm ni stration by nmeans of iontophoresis, a nethod of applying an
external preparation, and an iontophojesis device and a percutaneous
patch to be used in conbination with the external preparation
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functions as a counter electrode of the working el ectrode structure.
The drug ions are admnistered to a living body by the application

of av i larity as that of the drug ions (a
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to result froma change in pH value or in ion balance on the skin
sur f aceapgilicition of a voltage with the same polarity as that of the drug ions (a voltage of first
15 conductivity type) to the working electrode structure and the application of a voltage with
the opposite polarity thereof (a voltage of second conductivity type) to the nonworking
electrode structure under the condition that both the structures are in contact with a skin of

the living body (human being or animal).

20 In this case, the charge supplied to the working electrode structure is consumed by the
movement of the drug ions to the living body and the release of biological counter ions
(ions which are present in the living body and charged in a conductivity type opposite to
that of the drug ions) to the working electrode structure side. Typically, the biological
counter ions (e.g., Na” and CI'} having a small molecular weight and hence having a large

25 mobility are released mainly from the living body. Hence, the ratio of the charge consumed
by the release of biological counter ion increases, which makes it impossible to administer

drug ions effectively.



_whi ch both structures are brought into contact. 5 Patent docunents 1
-and 2 di scl ose iontophoresis devices that have solved the above
menti oned problem WMre specifically, in each of the iontophoresis
devi ces disclosed in the patent docunents 1 10 and 2, a working

el ectrode structure is conposed of a first electrode, a drug hol ding
part which receives power supply fromthe first el ectrode, and an
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suppressing.the rel ease ol ogi cal counter ions fromthe |[|iving
body anﬁ'htcg‘e’o WF‘EF‘\%@P’%{ glltﬂné 1#%n on the skin surface in

contgct with the working electrode structure. In addition, in the

i ont ophoresi s device described in the patent docunent 2, a nonmnrking
20 el ect ode tructure i mposed of a second eIectrode
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(second conductivity type) opposite to that of the drug ions,
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type or further, the nonworking electrode structure of the
i ont phBTaaras membrsenhsrehysupppasing fhesleaseeot biological counter ions from the

living body and the occurrence of inflammation on the skin surface in contact with the

working electrode structure,

_ ) In addition, in the iontophoresis device described in the patent document 2, a nonworking
20 electrode structure is composed of a second electrode, an electrolyte solution holding part
that receives power supply from the second electrode, and a second ion-exchange
membrane that is placed on a front side of the electrolyte solution holding part (side

toward the skin) and selectively passes ions of a conductivity type (second conductivity

type) opposite to that of the drug ions, whereby the occurrence of inflammation on the

25 skin surface into which the nonworking electrode is brought into contact is suppressed.

Herein, in the iontophoresis devices described in the patent documents 1 and 2, the
working electrode structure of the iontophoresis device has a 5-layer structure including

the first electrode, an electrolyte solution holding part for holding an electrolyte solution in



-5 including the second el ectrode, an electrolyte solution hol ding
~part in contact wwth the second el ectrode, an ion-exchange nenbrane
for seléctively passing ions having the first conductivity type, the
el ectrolyte solution holding part, and the ion-exchange nenbrane for
sel ectively passing ions having the second conductivity type. As a
result, the additional effects such as prevention of the drug ions
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inconv%ghﬁggf is caused. During the adm nistration of the drug ions,
it is necessary to interpose an electrolyte solution or the like

bet ween the ion- exchange nmenbrane and the skin of the |iving body,
or further keep pressing the working electrode structure and the
nonwor ki ng el ectrode structure against the skin of the living 30
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i nt erposed between the ion-exchange nenbrane and the skin, the
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bi ol ogi t%%lrelease of biological counter ions from a living body, an ion-exchange membrane is
used in which a porous film made of polyolefin, vinyl chloride-based resin, fluorine-based
resin, or the like is filled with ion-exchange resin. However, such a porous film has low
affinity for the skin of a living body, and it is difficult to keep the (electrical or physical)

20  contact between the ion-exchange membrane and the skin of the living body in a
satisfactory state during the administration of drug ions. Depending upon the site with
which a working electrode structure and a nonworking electrode structure are brought into

contact, the behavior of the living body (patient) during the administration, and the like,

the administration efficiency of drug ions cannot be maintained at a sufficient level.

25
Therefore, the following inconvenience is caused. During the administration of the drug
ions, it 1s necessary to interpose an electrolyte solution or the like between the ion-
exchange membrane and the skin of the living body, or further keep pressing the working
electrode structure and the nonworking electrode structure against the skin of the living

30  body with some bias means.



. counter ions fromthe skin degrades. Consequently, even when the
“electrolyte is 5 interposed in such a manner, the drug adm nistration
cannot be perforned in an ideal state. Patent document 3 discloses a
techni que in which physiologically active peptide is prevented from
adsorbing in a hardly redissoluble mamner to the skin surface by
cleaning the skin surface with, for exanple, an aqueous sol ution
containing a cation surfactant at 10 the tine of percutaneous

adm ni stration of the physiologically active peptide by neans of

i ontophgresis, .to thereby inprove the controllability of dose.
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does not suggest a combination of the cation surfactant and administration of either one of

15 positively or negatively charged drug ion.
Patent Document 1: JP 3030517 B
Patent Document 2: JP 2000-229128 A

Patent Document 3: IP 08-163212 A

20 SUMMARY OF THE INVENTION

The object of the present invention is to further enhance the administration efficiency of a
drug by realizing suppression of the release of biological counter ion from a living body
and also maintenance of a satisfactory contact state between a working electrode structure
and a skin,

25

Another object of the present invention is to enable safe and efficient drug administration
by alleviating damage such as inflammation generated at the skin with which a working

electrode structure or a nonworking electrode structure are brought into contact and



~According to a first invention, there is .provided an external

s preparation containing: a hydrophilic polymer nmatrix agent; and an

i on-exchange resin dispersed in the hydrophilic polynmer matrix agent
and the above nentioned problemis solved by adm nistrating a drug 10
by means of iontophoresis froma skin (includes nucous nenbrane) of a
living body to which such an external preparation is applied.
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conductivity type, into a polyner having a 15 three- dlnen5|onal
network structure. Mre specifically, the external preparation
according to the first invention is used in such a manner that, when
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The hydrophilic polynmer matrix agent inthe first invention is a
polymer serving as a 5 binder for maintaining an appropriate
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More specifically, the external preparation according to the first invention is used in such a
manner that, when a drug (the term “drug” in the specification refers to a substance having

a physiological effect irrespective of whether preparation or the like in accordance with

20 applications is performed) is administered by means of iontophoresis, power is supplied in
a state where an electrode structure (a working electrode structure or a nonworking
electrode structure) of an iontophoresis device is brought into contact with the skin to
which the external preparation is applied. Used as an external preparation to be applied to

the skin with which a positive electrode structure is brought into contact is an external

25  preparation containing, as the ion-exchange resin, a cation exchange resin into which a
cation exchange group such as a sulfonic acid group or a carboxylic acid group is
introduced. Used as an external preparation to be applied to the skin with which a

negative electrode structure is brought into contact is an external preparation containing,



“hydrophilic polymer matrix agent made of pol yvinyl al cohol, collagen,
~sericin, 10 polyethyl ene oxide, chitin, chitosan, sucrose, gelatin,
hyal uronic acid, alginic acid, fibroin, polylactic acid, gum arabic,
agar, sodium al gi nate, polyvinyl pyrrolidone, carbopol,

met hyl cel | ul ose, hydroxypropyl cel | ul ase,

hydr oxypr opyl net hyl cel | ul ose, carnell ose, carnellose sodium
carnel | gsg cal ci or hydroxyapatite, or._a mxtyre thereof can
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al cohol, or propanol for adjusting’the viscosity of the external
preparation to an appropriate one. 20 According to a second
invention, there is provided an external preparation for

i ontophoresis, containing a hydrophilic polymer having an
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The external preparation according to the first invention is blended with a solvent such as
water, ethyl alcohol, or propanol for adjusting the viscosity of the external preparation to

an appropriate one.

20  According to a second iﬁvention, there is provided an external preparation for
iontophoresis, containing a hydrophilic polymer having an ion-exchange function. The
above problem is solved by performing drug administration by means of iontophoresis
from the living body's skin (including mucous membrane) to which such an external
preparation is applied.

235

The hydrophilic polymer in the external preparation according to the second invention can-
be a cellulose-based resin (such as regenerated cellulose, cellulose ester, cellulose ether, or

nitrocellulose), collagen, sericin, chitin, chitosan, gelatin, hyaluronic acid, alginic acid,



.10'structure is brought into contact is an external preparation
scontaining, as the hydrophilic polynmer having a cation-exchange
function, a ‘cellul ose-based resin, hyaluronic acid, alginic acid, or
polylactic acid, or a mxture thereof. If a pH value during drug

adm nistration is maintained at an isgelectric point or higher, an
external preparation containing, as the hydrophilic polynmer having a
cation- - i,Qn, | sericin..or.fibroin, or a..
it ur e P TouE Qo oDt R pERn AR Yogred” 270 Clpe Moo 3Bt linafhciy
be appl aedell Oat BEprolstiste WolveniWBhBhasowRRE M &l @Ih8E 1drGiBpard! IH/BlHAS
brought into contact is an external preparation containing, as the
hydr ophiimperting@hypprophiate vigposity wrthe pxtesnehpmegaafiemct i on, chitin or
chitosan, or a mxture thereof. If a 20 pH val ue during drug

adm nistration is maintained at an isoelectric point or |ower, an
external preparation containing, as the hydrophilic polymer having an
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To this 10 end, the external preparation according to the first or
second invention of the present

Used as an external preparation to be applied to the skin with which a negative electrode
structure is brought into contact is an external preparation containing, as the hydrophilic

) polymer having an anion-exchange function, chitin or chitosan, or a mixture thereof. If a
20  pH value during drug administration is maintained at an isoelectric point or lower, an
external preparation containing, as the hydrophilic polymer having an anion-exchange

function, collagen, sericin, gelatin, or fibroin, or a mixture thereof may also be used.

The external preparations of the first and second inventions can be accordingly blended
25  with additional components such as a moisturizing agent, an anti-inflammatory agent, a
perfume, a coloring agent, a viscosity modifier, a stabilizing agent, a surfactant, a
plasticizer, a solubilizing agent, a buffering agent, a base agent, an adsorbent, a binder, a
suspending agent, an anti-oxidant, an antifoamer, a tonicity agent, a pH regulator, an

emulsifer, an adhesive enhancement agent, a high-density gum, a dispersant, a fragrance, a



.invention is preferably applied to the living body's skin by means of
celectrostatic coating. According to a third invention, there is
provi ded an iontophoresis device, including a working el ectrode
structure including: 15 a first electrode; a first electrolyte
solution holding part in contact wwthgthe first electrode; a first

i on- exchange nmenbrane for selectively passing an ion of a second
conduct j vj - Ly e fi . Lon- nge._ nmenbrane heing pla on_a
front |r%4ee}% W{e’hfgg?livéﬁs}t - 1@@{11;85?%5?& é%”% PeAtRBd Pllagbcé%tr 1 ég’%oa E%g
hOldingh@@&ﬁmhﬁ&nhﬁkgEﬂﬂ@@n@ﬁug sol ution containing drug ions of a
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attached to a surface on a front side of the drug holding part, the
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preparation according to any one of the clainms 1 to 7 acts as ‘an

i on- exdhEsRfenAEpisiaAdyfappligskioghe livink pody's skindyaneadns nf olectrértaticf joating.
conductivity type. Therefore, the release of a biological counter ion
fromthe living 10 body's skin may be suppressed. At the sane tine,
states of contact between the skin and the coating filmand contact
bet weenAtdpedingdpi mghifd inveatieh, tthereds pgovidtdrmgoptaphorasie dkdpt, including a

working electrode structure including:

15  afirst electrode;
a first electrolyte solution holding part in contact with the first electrode;

a first ion-exchange membrane for selectively passing an ion of a second conductivity
type, the first ion-exchange membrane being placed on a front side of the first electrolyte

solution holding part;

20  adrug holding part for holding a drug solution containing drug ions of a first conductivity
type, the drug holding part being placed on a front side of the first ion-exchange

membrane; and

a first liner attached to a surface on a front side of the drug holding part, the first liner

being removed upon administration of the drug ions into a living body.
25

Such an lontophoresis device is preferably used in combination with the external
preparation according to any one of the appended claims 1 to 7. In storing and handling

the iontophoresis device, the first liner prevents the drying of the drug holding part and the



.good by virtue of an effect of the hydrophilic polyner matrix agent
-or the hydrophilic polyner in the coating film whereby a drastic
"inprovement in administration efficiency of the drug is achieved. 15
A filmy body made of an arbitrary nmaterial (such as a resin filmor a
metal film which is capable of preventing the evaporation of a

wat er content in the drug holding part and the contam nation of
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liner in the device. 'I'n addition, 1 n the iontophoresis device, t
deconpostatei wheroftha egpasgdidong holdidvepdrt (ist renedvéeg e §itse limet) Uk il@ought into
hol di ng ,part and a change in pH value in the drug holding part are
suppr es$&sft sonippewith aqoatinh iR cREWgERNBE sKEMM PEPGEEop SCordng theny

T first el ect ution holding part and the drug hol ding part.
As agresﬁ%tonfﬂgé/u‘%l i c?leﬁ)?}'saf ety and stability in drug adm nistration

are secured. The iontophoresis device according to the third
invention may further include a 10 nonworking el ectrode structure
i ncluding: a second el ectrode; a second el ectrol yte solution hol ding

part i nlrctigast, tht tdutinhdilnevandsel efthe ogdeinabprepaaich w@ordxe RPageone of
menbrane for selectively passing ions of the first conductivity 5
type, tHe dawsndo bacte 2 AamyecirBatgeanembeng gopiekstivelymassing entonspiide
of the d | ectrol yt.e | ut,i on. hol ding. part; a third electrolyte
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of the third electrolyte solution holding part, the 10 second |i ner
bei ng r theowetingifibm sadmioniast batveanthefcobtieg fimignd ol dntgchoddihg parigrdhehyt.
In stori ngdh nd. hand] i n thetj nth'(})’ hogﬁsi s device, the second_|iner_.
pr event &8¢ HW}%E{[% ffe‘&lc_t atyeirP wtﬂ’f%}_”%lFﬁ Paire) agent oF Jhe hdoghilisn
hol di ”%(ﬁ%&r ﬁpﬂleto}&%ﬁﬁg ﬁ‘il‘ﬁmwﬂ«%reb)(?@ cﬂgstifc%n%&'%mem in administration efficiency

of the drug is achieved.

15

A filmy body made of an arbitrary material (such as a resin film or a metal film) which is

capable of preventing the evaporation of a water content in the drug holding part and the
contamination of foreign matter into the drug holding part and which has a strength with

) which the filmy body is not readily broken during the storage and handling of the

20 iontophoresis device can be used as the first liner in the device.

In addition, in the iontophoresis device, the decomposition of a drug ion in the first
electrolyte solution holding part and a change in pH value in the drug holding part are
suppressed by the first ion-exchange membrane arranged between the first electrolyte
25 solution holding part and the drug holding part. As a result, sufficient safety and stability

in drug administration are secured.

The iontophoresis device according to the third invention may further include a



.matter into the third electrolyte solution holding part. In addition,
ca drug can be 15 adm ni stered by applying a voltage of the second
conductivity type to the second electrode in a state where the
exposed third electrolyte solution holding part by renoving the
second liner is brought into direct jgontact with a coating film
conposed of the external preparation according to any one of the
cl ai ns 01%»90::17(111 %i’ecltﬂad%:@{rﬁc SEa1 &ﬁg coating fil mconposed of the
ext erna prepaﬁa i'on according t'o ny one of the clains 1 to 7 with
which the third electrolyte solution holding part is brought into
cont act® sgeans gdectegdle; on- exchange nenmbrane for sel ectively passing an
ion of the second conductivity type. Therefore, damage to the skin
caused alycqndwtectalyipkylution Abldeg mireid .cofact Wil theas®oridicbairodé;at es of
_ contact between the skin and the coating filmand contact between 25
t he coat| [ ' ' ' . &
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addi tional inmprovenent in admnistration efficiency of the drug or
an i nprdedrere sphtioatetdngpartir ug admini stration is achieved. 11 A
filmy body nade of an arbitrary material (such as a resin filmor a
met al  fa thigd eMyi@ilyte Solutiap abldengOparpplaveindd £ gohted eyBihe kédon@orPExdhange
water content in the third electrolyte solution holding part and the
cont am mampbumepdnd orei gn matter into the third el ectrolyte solution 5
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In addition, in the i1ontophoresis device, a change 1n pH value in the

third electrolyte 10 solution holding part is suppressed by the
second i on-exchange nmenbrane arranged between the second el ectrol yte

sol uti o, J@&krfegsél]r@t %%Pgﬂfé iB%pé&a}%Eig delies ttﬁé)ée)ébﬁl tﬁgérﬁéﬁ%s gtHQ bflliAGand

part. As ar i cient ety and st abi [
adm ni sdlteadtionnofahe tsied sleettolyteAedaich helding mart adr thb coneeritdtion, oft foesign
is provided an iontophoresis device, includigg 2{ 15 work

de®

in
el ect r g8etst i e dhird dlerdohge selytionsholdingep agtion, a fgrug can be

15 administered by applying a voltage of the second conductivity type to the second electrode
in a state where the exposed third electrolyte solution holding part by removing the second
liner is brought into direct contact with a coating film composed of the external

preparation according to any one of the claims 1 to 7.

20 Inthis case, the coating film composed of the external preparation according to any one of
the claims 1 to 7 with which the third electrolyte solution holding part is brought into
contact acts as an ion-exchange membrane for selectively passing an ion of the second
conductivity type. Therefore, damage to the skin caused by power supply is alleviated. At
the same time, states of contact between the skin and the coating film and contact between

25 the coating film and the third electrolyte solution holding part are kept good by virtue of
an effect of the hydrophilic polymer matrix agent or the hydrophilic polymer in the
coating film, whereby an additional improvement in administration efficiency of the drug

or an improvement in safety of drug administration is achieved.



a drug holding part for holding a drug solution containing drug ions
.of a first conductivity type, the drug holding part receiving power
"fromthe first electrode, wherein the drug ions are adninistered by
applying a voltage of the first conductivity type to the first

el ectrode 20 in a state where the drug holding part is brought into
contact with a coating filmfornmed on a skin, the coating film being
conposed of an external preparation conprising: a hydrophilic

pol ymer matrix agent; and an ion-exchange resin dispersed in the
hydrophilic polymer matrix agent, the ion-exchange resin being

i nt r oducdilmy tbhdamade of ex eftéinge majertal fswehas @ resin fifreror izonetalsfilnentich &t
conduct i vi type, or a hydrophilic,polyner having a . 25 function of
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hydr ophi i c ol¥ner mat ri x agent and an ion-exchange 12 resin which
is di spé %Phieﬁ aree Addieagling oicthe smjenhorests daviceage e usatesithe second liner
introduceﬁ]t i th an ion exchange group whose counter ion is the first
conduct iV e$%¥vﬁe, or a hydrophilic polyner having a function of
exchangi ng ions of the first conductivity type. As a result, drug
ions can be adm nistered to a living body while the rel ease of a

bi ol ogi cal gcounter jon 5 fromthe.skin is suppressed.. t he same
Cime, -t HE G g7 the AlRRhOBIWERHCT HeoHaPgr i PLbSalje 4n dRe iishgleppalyte
coatjigpng §4 0 i 1
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mat ri x ﬁgent or the hydrophilic polynmer in the coating filmof the
ext er nalgHggarath ohteshasrElen seelisandestabidiy o ergrmdminisuainmats secrsdon
10 efficiency of the drug i's achieved. In the fourth invention, the

i ont ophoresis device may further include a nonworking electrode
structure including; a second electrode; and 15 a third electrol yte

sol ut i onA#EFdNAde Balorrth Hatenties ethgresispameded gp pesfophasesis Hevissdogldding a
el eqlkr Oqurkl?lg%lectrode structure including:

a first electrode; and

a drug holding part for holding a drug solution containing drug ions of a first conductivity

type, the drug holding part receiving power from the first electrode, wherein the drug ions

) are administered by applying a voltage of the first conductivity type to the first electrode
20  in astate where the drug holding part is brought into contact with a coating film formed on

a skin, the coating film being composed of an external preparation comprising: a
hydrophilic polymer matrix agent; and an ion-exchange resin dispersed in the hydrophilic

polymer matrix agent, the ion-exchange resin being introduced with an ion exchange

group whose counter ion is the first conductivity type, or a hydrophilic polymer having a

25  function of exchanging an ion of the first conductivity type.

In the fourth invention, the external preparation applied to the skin functions as an ion-
exchange membrane for selectively passing ions of the first conductivity type, because the

external preparation contains a hydrophilic polymer matrix agent and an ion-exchange



.the drug ions may be admini stered by applying a voltage of the second
-conductivity type to the second electrode in a state where the third
"electrolyte 'solution holding part is brought into contact with a
coating filmforned on the skin, the coating film being 20 conposed
of an external preparation containings a hydrophilic polymer matrix
agent; and an ion-exchange resin dispersed in the hydrophilic

pol ymer__nmat ki x .agent he,.i on-exchan resi.n _bei iLntroduced an ion
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second conductivity type. 25 In this case, the extéernal preparation
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sel ectively pass%gg an. ion_of the second conductivity .type, because
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13 polymer having a function of exchanging an ion of the second

conduc filw afythe epternal Thepasftomeanddtigedyes holdingepak isnkephgoed byyvigoswef the
suppl y alleviated. At the sane tinpe, the state of contact.
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pr epar agi C t i FWE t :
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godd byefficienue obfhetdreg afdckievedf the hydrophilic polymer matrix agent
or the hydrophilic polyner in the coating filmof the external
preparation. } In the iontophoresis device according to the fourth
invention, the working electrode 10 structure may further include: a
first eéhettriohytheinsaitisn ahe holtopigesardevibe| iy Gudtier @tREE rohyh®orking
solution in_contact with the first electrode; and a first

i on- exéliahgee sEibEramecludipg: sel ectivel y passing i ons of the second
conductj vi t.ype.,the, first ion-exchange nenbrane being arranged
bet weerf ?eﬁéa/q‘ ?lggtfddgr %Iz:d[ rol yte solution holding part and the drug

holding part. In this case, the drug holding part receives power from
t hel5f i Bsthird] eleetr@lgte solution holding part that receives power supply from the second

electrode, and
the drug ions may be administered by applying a voltage of the second conductivity type
to the second electrode in a state where the third electrolyte solution holding part is
brought into contact with a coating film formed on the skin, the coating film being
--') 20 composed of an external preparation containing: a hydrophilic polymer matrix agent; and
an 1on-exchange resin dispersed in the hydrophilic polymer matrix agent, the ion-exchange
resin being infroduced an ion exchange group whose counter ion is the second
conductivity type, or a hydrophilic polymer having a function of exchanging an ion of the
second conductivity type. '

25

In this case, the external preparation applied to the skin functions as an ion-exchange
membrane for selectively passing an ion of the second conductivity type, because the
external preparation contains a hydrophilic polymer matrix agent and an ion-exchange
resin which is dispersed in the hydrophilic polymer matrix agent and is introduced with an

30  ion exchange group whose counter ion is the second conductivity type, or a hydrophilic



.15-through the first electrolyte solution holding part and the first
c1on-exchange nenbrane. Wth this configuration, a change in pH val ue
in the drug holding part can be suppressed, and safety and stability
in drug adm nistration can be further inproved. In the iontophoresis
devi ce according to the fourth inventigon, the nonworking el ectrode
20 structure may further include: a second electrolyte solution
hol di n AL N - el egt utlone i tac i th th
secondqgﬁgé%}ggggéé% agggbgﬁé&?%%%glc%gﬁ%é &%e ggﬁgaf%F%%éngfﬁngy
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drug adm nistration can be further inproved. 14 According to a fifth
i nvent | FiemMEliEeRarationsy ovi ded a per cut aneous patch, including a drug
hol ding part for holding a drug solution containing drug ions charged
to a first conductivity type, in which the drug ions are
adm nistered to a living body by bringing the drug holding part into

cont acty, V‘ﬁaé h ﬁtoﬁﬂ&%kiggtievadenﬁchfdﬁa? +8Mn@ Bk ’im;erﬁﬁoﬁ,oﬂﬁte' %r\{%h% Jupslsiaele
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pol yorer stimture xmagefuttheifcludd i OfirseXldraBYee rOhitdndhSPRIES ot Holife an
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i nt r oduelegfreibieroliriionan cextesianige thyrfostrledivse; @@ng@t ionevxchangetraehibrage
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an ion- exchange nenbrane for selectively passing ions of t I rst
conduct hoiding paypeln théceassetht hieng boldaronpdrt prepey powantreaanhe fiseslecarode

hydyophilic_polymer matrix agent; and an ion-exchange resin which is
di s{ﬁer s*éaoqgﬁ tgﬁéﬂgy@?‘ﬁ{%ﬁ?ise ubiepyvkngreest iakd 4 HEst dprtexchangg msmbsens-
WL ANy, this configuration, a change in pH value in the drug holding part can be suppressed,

and safety and stability in drug administration can be further improved.

) In the iontophoresis device according to the fourth invention, the nonworking electrode
20 structure may further include: a second electrolyte solution holding part holding an
electrolyte solution in contact with the second electrode; and a second ion-exchange
membrane for selectively passing ions of the first conductivity type, the second ion-
exchange membrane being arranged between the second electrolyte solution holding part

and the third electrolyte solution holding part. In this case, the third electrolyte solution

25 holding part receives power from the second electrode through the second electrolyte
solution holding part and the second ion-exchange membrane. With this configuration, a

change in pH value in the third electrolyte solution holding part can be suppressed, and

safety and stability in drug administration can be further improved.



.15-i on exchange group whose counter ion is the first conductivity
"type, or a hydrophilic polyner having a function of exchanging an
"ion of the first conductivity type. Therefore, the novenent of an
ion of the second conductivity type (drug counter ion) present in the
drug holding part into a living bodygr the novenent of a biol ogical
counter ion fromthe 1living body into the drug holding part is

suppres As .a result ] XI of a drug ion in 20 the drug,.holdjn
oart andtcanafig 8 g A venlTol kel P (4R bOulir i FrdRuny ki
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an iontophoresis device according to the present invention for
admi ni sEER; bgng igiradiopf owdh aut iare ekehpngdi oy ivéhode swuoieatien isothe first

positive i.ons.. 15 Figuyre 4.is a.schematic view show an .

P ont oprEPLSRLiRETPe" SAERHHE T PR C R R ghe Fipf fon of the
adm ni sfigf EMudigigpwhose active ingredient is dissociated to
negative ions. FiguPe 51is a schematic view showi ng how a drug is
pe)rﬁft aneously adm nistered according to the present invention. 5
Figure 6 is a schematic view showing how a drug is percutaneously
adm ni stered according to the present invention. Figure 7(a) and (b)
ar e explinathatfdily inveatien, ehe lextehmlipngpasativondppad 4o ithn sioh fan@ioms uts sameous
pat ch according to an_.enbodi nent of the sent invention and how t he
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pr esentresih wigel isalispefsed At tHeD yDEPERI A0l @heChatfikia gbMADNTE ¥oduced with an
15  ion exchange group whose counter ion is the first conductivity type, or a hydrophilic
polymer having a function of exchanging an ion of the first conductivity type. Therefore,

the movement of an ion of the second conductivity type (drug counter ion) present in the

drug holding part into a living body or the movement of a biological counter jon from the

living body into the drug holding part is suppressed. As a result, mixing of a drug ion in

)20 the drug holding part and an ion of the first conductivity type present in the living body is

promoted, whereby administration efficiency of the drug ion can be increased.

BREIF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic view showing an iontophoresis device according to the present
25  invention for administering a drug whose active ingredient is dissociated to positive ions.
Figure 2 is a schematic view showing an iontophoresis device according to the present
invention for administering a drug whose active ingredient is dissociated to negative ions.
Figure 3 is a schematic view showing an iontophoresis device according to the present

invention for administering a drug whose active ingredient is dissociated to positive ions.



15-.Hereinafter, the enbodi nent of the present invention is explained.
-Figure 1 is an explanatory view show ng a basic configuration of an
"iontophoresis device Xa according to the present invention for

adm ni stering a drug whose active ingredient is dissociated to
positive ions (such as |idocaine as ggp anesthetic agent or norphine
hydrochl ori de as an anesthetic agent). 20 As shown in the draw ng,

t he i ontophoresis device Xa qQf the present invention ing¢ludes as main
conponeh I AenBerayaiGsiER) ﬁ@‘"é% I THePhore S fetice qeegrding iy RRRoPTR$SRY
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part 12 for_ holding an electrolyte solution in contact wth the

el ect r o8&OHERBE the Presgpt iaMemivnexchange nenbrane 13a pl aced on a

fro i.de_of .the el ectrolyte solution holding part 12, drug. .
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menbr angcc%g{gn?wﬂﬁtﬁgeh@ﬂvgﬁonw th power fromthe el ectrode nmenber 11
t hrough the electrode solution holding part 12 and the anion
exchandégneriia)earel (b3ase expthnatoly miews baclpitacéns anotfigiriticands sspedeutadeotibe
drug holding part 14a. The entire working electrode structure lais
housed NHaACEYRRE & 28 CTRRAWBERR e Prescoh invraien Hed bawnte Refeutancous
nonmork%%glﬁhgg&rode structure 2a includes an el ectrode nenber 21
connect to a negative pole of the power source 3, an electrolyte

solution holding part 22 for holding an electrolyte solution in
conthc ' ISHER t e 2BIcEBlepdaw vieiskewing angxgmplasy corfigraivgel tarlacanstatiaa

pl aced .a_f S| f 4th | ectrol.yte sol.ution hol din rt 22
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cation axehasge 10 nenbrane 23a and supplied with power fromthe

el ectrode nenber 21 through the electrolyte solution holding part 22
and the ani on exchange nmenbrane 23a, and a liner 25 placed on a

front side of the electrolyte solution holding part 24. The entire

nonwor ki n el ectrode structure 2a is housed in a cover or a
cont ai FRETAELED DESCRIPTION OF THE INVENTION

15 Hereinafter, the embodiment of the present invention is explained.

Figure 1 is an explanatory view showing a basic configuration of an iontophoresis device

Xa according to the present invention for administering a drug whose active ingredient is

dissociated to positive ions (such as lidocaine as an anesthetic agent or morphine
J hydrochloride as an anesthetic agent).

20

As shown in the drawing, the iontophoresis device Xa of the present invention
includes as main components (members) a working electrode structure 1a, a nonworking

electrode structure 2a, and a power source 3,

The working electrode structure la includes an electrode member 11 connected to a
25  positive pole of the power source 3, an electrolyte solution holding part 12 for holding an
electrolyte solution in contact with the electrode member 11, an anion exchange
membrane 13a placed on a front side of the electrolyte solution holding part 12, a drug

holding part 14a placed on a front side of the anion exchange membrane 13a and supplied



In:*the iontophoresis device Xa, an el ectrode nade of an arbitrary
~conductive material may 15 be used for each of the el ectrode nenbers
11 and 21 without limtation. An active electrode such as a
silver/silver chloride couple el ectrode capabl e of suppressing the
generation of H and OR ions due to electrolysis of water nay al so be
used. In the iontophoresis device Xa, however, the electrolyte
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17 menber into a living body can bé prevented. Furthernore,
el)edtdr omyeebramd G8a cmdhaipglied) vitr pewik? froR? theaplkcddd mdnlteer 21 through the
|ontophore3|s devi.ce. Xa. hold an el ectrolyte solutign so as to keep

t he concfé%cpio bite yoluppip BplriEP s 44 Bddle anion grehemge mw&qr@}eo?g%ae apd %&P?fr?é
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conductive resistance caused by the generation of gas or the change

in pH C%'ﬁleeqog% Qr%s@ldg& é%ay}mgle&? t' & ?fan ti\;err Sd %a 5 e a te
Rdi dd At the 58% ‘il
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reaction of water can be added to the electrolyte solution holding

parts 1 2eleatepd 2such rast & sitserilverh ehlbridd ogidalelsabde capatde of coppressing the
ie];]];lr S;ﬁg@l&éé}l S er]glst %nSHe?g s %a%ol glgclztlrollgg 2 of wa&ereélgyr;r%llso be rlllsed In the
iontophoresis device Xa, however, the electrolyte solution of each of the electrolyte

solution holding parts 12 and 22 may be blended with a substance having

) 20 oxidation/reduction potential lower than that of water to suppress the generation of a gas,
and the electrolyte solution may also be prepared as a buffer containing multiple kinds of

1ons, so fluctuation of pH can be suppressed. In this case, an inactive electrode made of

carbon, platinum, or the like may also be used without any problem.

25 However, a composite carbon electrode 11 or 21 composed of: a terminal member (1)
obtained by blending a polymer matrix with carbon powder; and a conductive sheet (s)
made of carbon fibers or carbon fiber paper is particularly preferably used. With this
electrode in which high conductivity and flexibility is compatible, the administration
efficiency of a drug can be increased without degrading adhesiveness between each of the

30 structures la and 2a and a skin, and the movement of a metal ion eluted from an electrode



such as ferrous sulfate or ferric sulfate, a nedical agent such as
-ascorbic acid (vitamn C) 15 or sodium ascorbate, and an organic acid
“such as'lactic acid, oxalic acid, malic acid, succinic acid, or
fumaric acid and/or a salt thereof can be used preferably.
Alternatively, a conbination of thosg substances (for exanple, 1:1
m xed aqueous solution containing 1 nol (M of lactic acid and 1 nol

(M of sodiumfumarate an_al so be used. 20 The el ectrolyte sol ution
hol di ng I%%?tfeé lTﬂ,rgqﬁvél?g %\%@ ?ﬂ%ﬁﬁe‘ﬁ:ﬁeﬁ' t he above-nenti oned

el ectrolyte solution in a liquid state. However, the electrolyte
solution holding parts 12, 22, and 24 may be configured by
inpregnating or infiltrating a carrier made of any material having

wat er hBhdhdthops, opereactroBii€ Rolaton halling pateed, s2Chda® gauzeidtophotdsRr
_ paper; or_polyner gel sheet such as hydrogel of acrylic resin
" (acryl i dlemigdPogledlyl ap clestglvinsadefissoms| t) keen thasendystivity.t Rhaspbate buffered
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device Xa according to this enbodi nent 18 holds an aqueous sol ution

of a drug (for exanple, |idocaine or norphine hydrochloride) whose
active ingredient is dissociated to positive drug ions by the
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may hold a drug solution in a |liquid state. wever, the drug
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such as ferrous sulfate or ferric sulfate, a medical agent such as ascorbic acid (vitamin C)

15  or sodium ascorbate, and an organic acid such as lactic acid, oxalic acid, malic acid,
succinic acid, or fumaric acid and/or a salt thereof can be used preferably. Alternatively, a
combination of those substances (for example, 1:1 mixed aqueous solution containing 1

mol (M) of lactic acid and 1 mol (M) of sodium fumarate) can also be used.

20 The electrolyte solution holding parts 12, 22, and 24 may hold the above-mentioned
electrolyte solution in a liquid state. However, the electrolyte solution holding parts 12,
22, and 24 may be configured by impregnating or infiltrating a carrier made of any
material having water holding property, such as: fabric sheet such as gauze or filter paper;
or polymer gel sheet such as hydrogel of acrylic resin (acrylic hydrogel) or segmented
25  polyurethane gel with the above-mentioned electrolyte solution, thereby enhancing the

ease of handling thereof.

The drug holding part 14a in the iontophoresis device Xa according to this embodiment



drug, a high transport nunber (high drug delivery property), e.g.,
70% can be obtained in the drug holding part 14a. The inpregnation
ratio or content in the present specification is represented by % by
weight (i. e., 100 x (WD)/D[%4 where Dis a weight 1in a dry state
and Wis a weight after inpregnation). The transport nunber is a
ratio of a current contributing to the drug ion novenent with respect
to all the current supplied to the wgking electrode structure. The
ani on- exchange nenbranes 13a that can be used in the iontophoresis
device Xa include an arbitrary ani on-exchange nenbrane having a
function of selectively passing anions therethrough, such as
NEOSEPTAshdl8btah, aqiddid, siionAbAa A, (BEIxaafmes dideshinendnui@phifed
by Tokuyaiir6ehloride)) GvhdVEORG i ABredibn@ns MsRecN3NA6 JRIDYAQud haits
i ncl udes_bay B @dSo1uti Inﬁmasaﬂ1 jolels téo?{?tiﬁxfl. or whol e pores of which is

av
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filled wth an 1 on-exchange esin i ng an ani on-exchange function
is used preferably. 19 The cation-exchange nenbranes 23a that can be
used include an arbitrary cation- exchange nmenbrane having a function

of sel ectd, vel assin tions er et hrough,. such. as NEOSEPTAs

Com s, st R bR s 125 iy hOHER s e SaH ot oy dniete
Co., Ltd.HowsKe tthefirug heddingnpark dHangay hsnthniagiieraty Tnerqmasing or
porous fiipfhltiaingg cauiersmade g shypmaikrisl hamile vwderebolbfingtiroheity,
filled wsuchass:i fabriexslxstgrichesd gahawiorgfifter qabpegneepohange gelightéton
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a skeleton "caff be uséd as the above-nenti oned ion-exchange resin. In

view of the conveni ence of a production process, a hydrocarbon type
i on-exchange resin is preferable. Although the filling ratio of the

i on-exch eresinis also related to the porosit f the poraous

Fi1m CheVBER SRR RIS s o 9lesfrpé)>?t§5ﬂﬂ3wgﬂ§@é5wgn5art 12,22
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mass i s postertr ebould be set to obtain a sufficient conductivity or transport
number. By appropriately setting the impregnation rate or content of the
drug, a high transport number (high drug delivery property), e.g., 70% can
be obtained in the drug holding part 14a.

The impregnation ratio or content in the present specification is
represented by % by weight (i. e., 100 x (W-D)/D[%] where D is a weight
in a dry state and W is a weight after impregnation). The transport number
is a ratio of a current contributing to the drug ion movement with respect to
all the current supplied to the working electrode structure.

The anion-exchange membranes 13a that can be used in the iontophoresis
device Xa include an arbitrary anion-exchange membrane having a function
of selectively passing anions therethrough, such as NEOSEPTAs (AM-1,
AM-3, AMX, AHA, ACH, ACS, and so on}, manufactured by Tokuyama Co.,
Ltd. Among them, an anion-exchange membrane that includes a porous
film, a portion of or whole pores of which is filled with an ion-exchange
resin having an anion-exchange function is used preferably.



The ‘i on-exchange group in the above-nentioned i on-exchange resin is
~not particularly limted so far as it is a functional group that
generates a ‘group having a negative or | positive charge in aqueous
sol utions. Specific exanples of the functional group that can 20
serve as such an ion-exchange group iimclude cati on exchange groups
such as a sulfonic acid group, a carboxylic acid group, and a
phosphoni ¢ acid group. These acid groups can be present as free
acids or in the formof salts. Counter cations for the salts of the
acids |nclude alkali nmetal cations such as sodiumion and_ potassium
i on, andDafABRR-ERENABES mopRrARes Réa dhatagaro he asseh dngladey rapupditrary cation-
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part1 ourarge B EM S AR LG 1553t SHnE et gh. Y ol
. exanpl eNE@SERPTARACHM-ATTRA2 JCRBD, CMISS EROB R0 ), MRarifR R ed By TRk #hY
am no group, a quaternary anmoni um group, a pyridyl group, "an

i m dazdle, Igdoupnorg theat, @rsatioy-epsirangde manmbrgmeotipt, inchudels a pgrass eilmahaying
i m dazol ium group. Counter anions fqr these ani on-exchange grqups

i ncl ud@ S BEBRIIINLTS eaereéﬁ?a\fhlﬂ@si@ﬁﬁ PR IGP-$HHANGEESIBNAYHIS 2
ATong  BEREG. ARk A SRGOAIG GEQURS, generally a guaternary
ammoni um group a 4 'a quaternary pyri‘di nium group, which are strong
basic groups, is preferred. The above-nentioned porous filmis not
particularly limted and any porous filmcan be 5 used as far as it
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The ion-exchange group in the above-mentioned icn-exchange resin is not particularly
limited so far as it is a functional group that generates a group having a negative or

) positive charge in aqueous solutions. Specific examples of the functional group that can
20 serve as such an ion-exchange group include cation exchange groups such as a sulfonic
acid group, a carboxylic acid group, and a phosphonic acid group. These acid groups can

be present as free acids or in the form of salts. Counter cations for the salts of the acids
include alkali metal cations such as sodium ion and potassium ion, and ammonium ion.
Among these cation-exchange groups, generally, a sulfonic acid group, which is a strong

25 acid group, is particularly preferred. The anion-exchange groups include, for example, a
primary amino group, a secondary amino group, a tertiary amino group, a quaternary
ammonium group, a pyridyl group, an imidazole group, a quaternary pyridinium group,

and a quaternary imidazolium group. Counter anions for these anion-exchange groups

include halogen ions such as chlorine ion, hydroxy ion, and $0 on. Among these anion-



copol yners, and tetrafl uoroethyl ene-et hyl ene copol yners; pol yam de
-resins such as nylon 6 and nylon 66; and those which are nmade from
" pol yami de resins. Polyolefin resins are preferably used as they are
superior in nechanical strength, flexibility, chemcal stability, 20
and chem cal resistance, and have goog conpatibility with
i on-exchange resins. As the polyolefin resins, polyethylene and
pol ypropyl ene are particul arl referabl e and ol yet hyl ene i s .nost
r ef or ABF ST Oy SPEI, P SEETRAEL BT SEOLIHR P OREH p BYEn
fil m magguohulifPalREOARBAAS Lidips A9pfcfita, are not particularly
limted. wever, it IS pre ergble that the pore has a nmean pore
size of preferably 0.005 mto 5.0 m nore preferably 0.01 mto 2.0 m
nost preferably 0.02 mto 0.2 gm because ion exchange nenbranes that
_are th"Jﬂleaefbgvg—@?{é?lﬁoﬁé&gblloﬁﬁtﬁlﬁtig %B%Q%icﬁ&ﬂ b eﬁla‘ﬁﬁtaﬁthgoli&ﬁ'ﬁﬁ@@ﬁﬁe
can be readily obtained. The above-~nmenti ohed rean pore size as used
her & n wredns far asgiafs il thevigar of sifihe oreasheetatlatthas tahet 30pdrubbbranpalcating
met hod according to JI' S K3832-1990. A porosi t%{ of the porous filmis

21 pr ebdhsisiey thrgeals loswiistrdoth o kigk saengh apl Hexibidivs, itis srefprebleghattihy
30 to 60%. ~fhe thickness of the. porous filmis preferably 5 mto 140
m rmrpé)(gopﬁ;sef}-li{an?%%ﬁnﬁgiaﬁ% e?i@ﬁﬁ}%re%'st preferably 15 mto 55 m

Usual Iy, ani on-exchange nenbranes and cati on- exchange nenbranes that
i nclude such porous filns have the sane thickness as that of the
porous filmor .up to abouyt 20 m| arger. t.han,the thi?’:%ess of th
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of an electrolyte solution and the contam nation of foreign nmatter

i nt o t hethglesgl ptapyisebyl-beemy -pbttacd)ed-terera, Sumktys 1 dmtanef rdomietigi-de
of each of the drug sal uﬁi on hol din part ~14a and the electrolyte

sol ut i GRIBF-citig By dshepiens; iRyl _t&'gwidﬁﬁjeﬁ@ls Brhan palpileylbjorifg: Srvhl
Supor eseh BuRERr L by s P RlRes v Moo e BRRNS efborvpersn e
filny kady tsloAat-oldididopoltken flbfih®ordsite Sidr age paRgethandldefglene,
15  polychlorotrifluoroethylene, polyvinylidene fluoride, tetrafluoroethylene-
hexafluoropropylene  copolymers,  tetrafluoroethylene-perfluoroalkyl  vinylether
copolymers, and tetrafluoroethylene-ethylene copolymers; polyamide resins such as nylon
6 and nylon 66; and those which are made from polyamide resins. Polyolefin resins are
preferably used as they are superior in mechanical strength, flexibility, chemical stability,
) 20 and chemical resistance, and have good compatibility with ion-exchange resins. As the
polyolefin resins, polyethylene and polypropylene are particularly preferable and

polyethylene is most preferable.

The physical properties of the above-mentioned porous film made of the thermoplastic
25  resin are not particularly limited. However, it is preferable that the pore has a mean pore
size of preferably 0.005 pum to 5.0 pm, more preferably 0.01 pm to 2.0 pm, most
preferably 0.02 um to 0.2 pm because ion exchange membranes that are thin and have
excellent strengths and low electric resistances can be readily obtained. The above-
mentioned mean pore size as used herein means a mean flow pore size measured by the

30  bubble point method according to JIS K3832-1990. A porosity of the porous film is



of the iontophoresis device Xa, and which can be easily renoved at
the tinme of use of the iontophoresis device Xa (adm nistration of a
drug) can be used as each of the liners. Each of the covers or
containers 16 and 26 in the iontophoresis device Xa is intended for:
preventing the | eak or evaporation of an electrolyte solution or a
drug solution fromeach of the electrolyte solution holding parts
12, 22, and 24, and the drug hol ding ppart 14a; preventing the

contam nation of foreign matter fromthe outside; or inparting, to
each of the structures la and |b, such a strength that no problem
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A battery, a voltage stabilizer, a current stabilizer, a

vol tage/ current stabilizer, or the like can be used as the power
source 3 in the iontophoresis device Xa. It is preferable to use a
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posi ti ve fré?rﬁ fuse gf th¢,dontophoresis dev1ce Xa (administration of a drug) can
be used as each of the liners.

Each of the covers or containers 16 and 26 in the iontophoresis device Xa
is intended for: preventing the lecak or evaporation of an electrolyte
solution or a drug solution from each of the electrolyte solution holding
parts 12, 22, and 24, and the drug holding part 14a; preventing the
contamination of foreign matter from the outside; or imparting, to each of
the structures 1a and 1b, such a strength that no problem occurs during, for
example, handling of the structure. A cover or container of an arbitrary
material (such as a plastic or a metal), a shape, and dimensions capable of
achieving such an object can be used.

At the lower end portions (b) of the covers or containers 16 and 26, it is
also possible to provide adhesive layers for enhancing adhesiveness to the
liners 15 and 25 or the skin (or the coating film composed of the external
preparation provided on the skin).



.power source 3; and a cation exchange nmenbrane 13b, a drug hol di ng
cpart 14b, and an ani on exchange nenbrane 23b are arranged instead of
t he ani on exchange nenbrane 13a, 15 the drug hol ding part 14a, and

t he cation exchange nenbrane 23a in the iontophoresis device Xa.

O herwi se, the iontophoresis device X2 has the sane configuration as
that of the iontophoresis device Xa. In addition, the cation

exchangg B%ER[ %n@olﬂagg aﬁp oiZEll?% @RlANseRiGhang %oﬂ%ﬁt gt%%gzéomnﬁﬁé 158

the sane as t'hose u r the cation exchange ane a and the

ani on excbangel amhbpawer sbltce I @sthe tdntottloyesis teeicd g Tl geRedatotusd 4b
may have the same configuration as that of the drug holding part 14a
except tohaentafiabiigentivt soppeped widen saldrindiags gerditiensa g vihidhc am eftdtrary

whose active ingredient..is _dissqcjate 0 negative i.ons .
di'ssoct Shist <o BB h A SESIRLAR G Bl s o R OoTmereRRs
devi ge XpedREAFIdh™ ¥ @r IRE pRERRBRL 30 viaRdsi on for adm nistering a
drug whose active ingredient is dissociated to positive ions. The

i ont ophgresi s .devi ce Xc inc]udes: a rki.ng el ectrode structure. lc .
composell e 21 25 HErEGe OB B ER ) TR c R an Rat [T rpgiesis
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t her ef r dngpredieht i3elissh&atttiaotedive dodsipudhragmtcosbit heideas afvitahén dgang).
hol di ng part 14c, and a cover or a container 16 for storing them a

nonwor ki ng el ectrode structure 2c 5 conposed of an el ectrode nenber
21 connected to a negative pole of the power source 3, an

oo 25 F6oBe Gepict e STEPBIES CRBFOO, SaifFiser G5 4t OO
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6 em ep sour ce , the

cover or a contal ner 2 or storing t ower

el ect r ogewerestnetres3 did anrdel@drode heerebeAlriglophtcadl totth© Podidtdicn@irRabf the
24, the liners 15 10 and 25, and the covers or containers 16 and 26

each haBOMeRsOWses; abhficgliphexdangs mepdranst 13by Aelreo heldigoprtt hip. radisar
in the [ontaophoresis devi Xa. _ The dru ol.di ng.part  l4c has, th
same coRTPDCRaRrEn mea P 5 b el a T g N B e AfRrahe T3o.
i ontjgphaheghgy BEMInEepaX@14a, and the cation exchange membrane 23a in the jontophoresis
device Xa. Otherwise, the iontophoresis device Xb has the same configuration as that of

the iontophoresis device Xa.

:) In addition, the cation exchange membrane 13b and the anion exchange membrane 23b

20 may be the same as those used for the cation exchange membrane 23a and the anion

exchange membrane 13a, respectively. The drug holding part 14b may have the same

configuration as that of the drug holding part 14a except that an aqueous solution of a

drug, such as ascorbic acid, whose active ingredient is dissociated to negative ions is
dissociated.

25

Figure 3 is a schematic view showing an iontophoresis device Xc according to the present

invention for administering a drug whose active ingredient is dissociated to positive ions.

The iontophoresis device Xc includes: a working electrode structure 1c composed of an



Figure 4 is a schematic view showi ng an iontophoresis device Xd
~according to the present 15 invention for adm nistering a drug whose
active ingredient is dissociated to negative ions. The iontophoresis
device Xd has the same configuration as that of the iontophoresis
devi ce Xc except that a drug holdingzpart 14d is arranged instead of
the drug holding part 14c. The drug holding part 14d has the sane
confi gug Q&t o3d. rﬁémﬁf?ait} cgzr Ect,]tgd gd’ ogﬁﬂlvg Be dand glg\gerl ergex§ea0 @Ilf\gt}la@tldian
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is a schematic view showi ng how a drug is percutaneously adm ni stered
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appropriate one as the io nge resin
filmML is an ion-exchange resin obtained by introducing a catlon
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havi ng a

The iontophoresis device Xd has the same configuration as that of the iontophoresis
device X¢ except that a drug holding part 14d is arranged instead of the drug holding part
14c. The drug holding part 14d has the same configuration as that of the drug holding part
) 20  14b except that an aqueous solution of a drug, such as ascorbic acid, whose active

ingredient is dissociated to negative ions is dissociated.

Figure 5 is a schematic view showing how a drug is percutaneously administered by
means of the iontophoresis device Xa or Xc. In the figure, the electrode member 11 or 21,
25  the electrolyte solution holding part 12 or 22, and the ion-exchange membrane 13a or 23a
are omitted or in simplification shown. The iontophoresis device Xa or Xc, the working
electrode structure 1a or Ic, the nonworking electrode structure 2a or 2¢, and the drug

holding part 14a or 14c are represented by reference symbols X, 1, 2, and 14, respectively.
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cation-exchange function, having no ion-exchange function, or having an anion-exchange
function to such an extent that the ion-exchange function of an ion-exchange resin is not

) substantially lost, the hydrophilic polymer matrix agent being soluble or being capable of
20 swelling in an aqueous solvent such as water, ethyl alcohol, or propanol. Specific
examples thereof include polyvinyl alcohol, collagen, sericin, polyethylene oxide, chitin,
chitosan, sucrose, gelatin, hyaluronic acid, alginic acid, fibroin, polylactic acid, gum

arabic, agar, sodium alginate, polyvinyl pyrrolidone, carbopol, methylcellulose,
hydroxypropylcellulose, hydroxypropylmethylcellulose, carmellose, carmellose sodium,

25 carmmellose calcium, and hydroxyapatite, and mixtures thereof.

Used as the ion-exchange resin for the coating film M2 is an ion-exchange resin obtained
by introducing an anion exchange group (exchange groups whose counter ion is anion)

such as primary to tertiary amino groups, a quaternary ammonium group, a pyridyl group,



device X at the time when a drug is adninistered, and the drug
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electrolyte solution holding part 24 are arranged so as to be in direct contact with the

coating film M1 and the coating film M2, respectively.

20 With this arrangement, the coating film M1 functions as a cation exchange membrane for
selectively passing a cation by virtue of the effect of an ion-exchange resin in the external
preparation of the present invention, into which a cation exchange group is introduced.
Therefore, when power is supplied from the power source 3 in this state, drug ions are
administered from the drug holding part 14 into the skin S through the coating film M1 by

25  the positive voltage applied from the electrode member 11, while the movement of
negative ions (biological counter ion) from the skin S into the drug holding part 14 is

prevented.

Similarly, in the nonworking electrode structure 2, the coating film M2 functions as an



24’ As a result, an interface between the skin S and each of the
rcoating films ML and M2, an interface between the coating filmM
and the drug holding part 14, and an interface between the coating
filmM and the electrolyte solution holding part 24 each can easily
20 mai ntain a good adhesion state. Wen the iontophoresis device Xc
is used in the case shown in Figure 5 phenonena such as: the
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24. As aresult, an interface between the skin S and each of the coating films M1 and M2,

an interface between the coating film M1 and the drug holding part 14, and an interface
between the coating film M2 and the electrolyte solution holding part 24 each can easily

J 20  maintain a good adhesion state.

When the iontophoresis device Xc is used in the case shown in Figure 5, phenomena such
as: the decomposition of a drug ion in the electrode member 11; and the movement of H*
and OH ions generated at the electrode members 11 and 21 to the interfaces of the skin S
25  may occur. However, when the iontophoresis device Xa is used, those phenomena can be
effectively prevented by virtue of actions of the anion exchange membrane 13a and the

cation exchange membrane 23a.

In addition, the external preparation for the coating film M1 in Figure 5 may contain,
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means of the iontophoresis device Xb or Xd. In the figure, the

el ectrode nenber 11 or 21, the electrolyte solution holding part 12
or 22, and the ion-exchange nenbrane 13b or 23b 20 are omtted or
shown in sinplification. The iontophoresis device Xb or Xd, the
working electrode structure Ib or 1&7 the nonworking el ectrode
structure 2b or 2d, and the drug holding part 14b or 14d are
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effect o i on- exch ange resin in the external preparation o
present invention, into which a cation exchange group is |ntroduced.
Therefore, positive ions in the electrolyte solution holding

Figure 6 is a schematic view showing how a drug is percutaneously administered by

means of the iontophoresis device Xb or Xd. In the figure, the electrode member 11 or 21,

the electrolyte solution holding part 12 or 22, and the ion-exchange membrane 13b or 23b

: ) 20 are omitted or shown in simplification. The iontophoresis device Xb or Xd, the working
electrode structure 1b or Id, the nonworking electrode structure 2b or 2d, and the drug

holding part 14b or 14d are represented by reference symbols X, 1, 2, and 14, respectively.

As shown 1n the figure, coating films M3 and M4 of the external preparation according to

25 the present invention are formed on the skin (or mucous membrane) S.

The same external preparation as that described above with respect to the coating film M2
- is used for the coating film M3 in this case, while the same external preparation as that

described above with respect to the coating film M1 is used for the coating film M4.



20 part 24 nove into the skin S through the coating film M4, whereby
cJa required quantity of power supply is secured. Meanwhile, the
occurrence of inflanmation on the surface the skin S considered to
result froma change in pH value or in ion balance is suppressed. In
addition, simlarly to the coating fizgne M and M2 in Figure 5, the
coating filnms M3 25 and M4 each have an excellent affinity for each
of the skin S, the drug holding part 14, and the electrolyte
solution holding part 24. As a result, an interface between the skin
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Similarly, in the nonworking electrode structure 2, the coating film M4 functions as a

cation exchange membrane for selectively passing a cation by virtue of the effect of an
ion-exchange resin in the external preparation of the present invention, into which a cation
exchange group is introduced. Therefore, positive ions in the electrolyte solution holding
20 part 24 move into the skin S through the coating film M4, whereby a required quantity of
power supply 1s secured. Meanwhile, the occurrence of inflammation on the surface the

skin S considered to result from a change in pH value or in ion balance is suppressed.

In addition, similarly to the coating films M1 and M2 in Figure 5, the coating films M3
25  and M4 each have an excellent affinity for each of the skin S, the drug holding part 14,
and the electrolyte solution holding part 24. As a result, an interface between the skin S
and each of the coating films M3 and M4, an interface between the coating fitm M3 and
the drug holding part 14, and an interface between the coating film M4 and the electrolyte

solution holding part 24 each can easily maintain a good adhesion state.



ions by dissolution. The configurations of the drug holding parts 42a
cand 42b may be the sane as those of the drug holding parts 14a and
14b descri bed above with respect to the iontophoresis devices 25 Xa
and Xb. In addition, the percutaneous patches Xe and Xf are used in
such a manner that the drug holdingzparts 42a and 42b are brought
into contact with coating filns Mb and M6 of the external
preparation of the present invention applied to the skin. 30 Here,
the coating film M may be the sanme as each of the coating filnms M
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to Xd, ¥ B iqutopBerers gevies fd mﬁsm thiecass ghavanid Fgwes Rhepomena such
coati ng.fi : i it c to the .
ot ophs; bt BRedfinaiod\ difie Rl Rett PR ek EINChna Pk or B

. coat i ngali OF s foenerhie@ns fRselecttle HEMBXE NAREE 21 7B MY R AcBs hﬁg OB
manner as in each of the coating films M and M4. Therefore, the

novehrenHogever, négathaientophoresis dgvice it ieus¢da thosp pheremerniarcan e efffiectiyely

hol di n ar a i.nto 10 ivi body or .t he novenent a i
negat i \%erg eni?é%&eﬂﬂﬂ? cﬂ? oagng%ﬁ Otgﬁ"ntc@‘ilg‘} GRCHEPE R RPTaRg Gg{%j‘nﬂo@ﬁ R
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efficiency of the drug ion into the living body can be increased. 15
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As shown in the figures, the percutaneous patch Xe bhas a backing material 41 formed of
soft plastic such as polyester and a drug holding part 42a for holding an aqueous solution
of a drug whose active ingredient is dissociated to positive jons by dissolution. The

) percutaneous patch Xf has a similar backing material 41 and a drug holding part 42b for
20 holding an aqueous solution of a drug whose active ingredient is dissociated to negative

ions by dissolution.

The configurations of the drug holding parts 42a and 42b may be the same as those of the

drug holding parts 14a and 14b described above with respect to the iontophoresis devices
25 Xaand Xb.

In addition, the percutaneous patches Xe and Xf are used in such a manner that the drug
holding parts 42a and 42b are brought into contact with coating films M5 and M6 of the

external preparation of the present invention applied to the skin.



can be increased. It is necessary for the coating films M to Mo

. prepared by the external preparation of the 25 present invention to
mai ntain a function as an ion-exchange menbrane for selectively
passing a cation or an anion during adm nistration of a drug by neans
of the iontophoresis devices Xa to X&h or the percutaneous patches Xe
and Xf To this end, the thickness of each of the coating filnms M to
M6 necessary for maintaining such a function can easily be

determ ned experinmentally in accordance with conditions such as the
conposition of 30 the _external preparation used for each_of the

coati ng ‘?rleﬁgjea“r?&“flﬁgil% r Mg e tg spipe @ eyt dhe coativediling M) adniy4
parts 1 ; P Al b QF i g 4, |
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_ coat i ngMé thag bdthetsamvts paef @ff tab kyatingGNing IMIB add Mg Efiddalheve iy it e bt
water at the start of the drug adm nistration. The water content in
each’of ta e 1emephosepis dgviieesfa @rel-M6 can be determnined by, for
exanple, the 5 anbunt of a solvent to be used for the external
preparation or conditions for drying after application of the
external preparation in accordance with, for exanple, the conposition
of t he lextherprarutprasparpetdhoieorthe veativgt 8lm At Bmctions emehcatibnt ¢nvshangey

hol di ts 14 d 42 dth | | yt . | uti di t

22. f IFlng %ﬁ%g‘?%ma Qé%? gﬁ%‘{qgra;f lgieg%eéftﬁggf _ S&?ﬁ@%éﬁg M&l‘* Iﬂ%repfgltm the
cont i1 gur : :

u§ QUIRLJeREnPbr 2R SliRE %rﬁ §r§% b&untélrQOﬁ)g%E%eﬁg ;[r{]‘@g g;@gl‘gﬁ%m& Qﬁft £3M{R8

ed for coating the exter reparati rnvention.

As dhowhiving bbdy bf ther eoveinentebatnegsiivals chagal bivfodi®d otigte3Gon from the
includes: a tank 32 for storing an external preparation 31 having a
conposi LV} Rogy ieieibn drugdoiding Rath 488 istHppreswei dg 2 FFulisnixingtod aug n

coati ng; . Of I, ow net al pipe having one. end j.nmersed 15
in the 1en>g<’¥i‘[e‘l—:r _ﬁgqgn%?lgbn%r Bi%it ga% 44 Hoggwf‘ lgn%ag%e;d éOI\/B%Fggemsgﬁr !é‘ém_§4b or s
appl yi ngromdibg @bt 2 8@nini @ratibg cERMcH DI dR3; 108N oaRe 1IRFRAII9 tan be
el ectrode 35. The external preparation in the tank can be sprayed to
t he ski nn@edsadmi st formby a voltage to be applied by the voltage
sour,ce 34 between the coating gun 33 and the induction el ectrode 35.
The ldse of the electrostatic coati ng machi ne 30 enabl es t he external
preparation of the

Similarly, in the percutaneous patch Xf, the coating film M6 functions as a cation

exchange membrane in the same manner as in each of the coating films M2 and M3.
Therefore, the movement of a positive jons (drug counter ion) present in the drug holding
) part 42b into a living body or the movement of a positively charged biclogical counter
20 ions from the living body into the drug holding part 42b is suppressed. As a result, mixing
of drug ions in the drug holding part and negatively charged ions present in the living
body is promoted, whereby administration efficiency of the drug ions into the living body

can be increased.
It is necessary for the coating films M1 to M6 prepared by the external preparation of the
25 present invention to maintain a function as an ion-exchange membrane for selectively
passing a cation or an anion during administration of a drug by means of the iontophoresis
devices Xa to Xd or the percutaneous patches Xe and Xf. To this end, the thickness of
each of the coating films M1 to M6 necessary for maintaining such a function can easily
be determined experimentally in accordance with conditions such as the composition of

30 the external preparation used for each of the coating films and the water content in each of



20 present invention to be fornmed into a coating filmhaving a

Juni formthickness in the range of, for exanples, several mcroneters
to several hundred mcroneters. A coating film having a desired

t hi ckness can be fornmed with high controllability in accordance wth,
for exanple, the conposition of the3external preparation and the
wat er content in each of the drug holding part and the electrolyte
solutio LG I { : S

he bas s B e R e D P s
not | i nfot eekftrnihp emeottrdogadminisratiantaviant the sontdi flngaill am34E preferlisly
made within the scope of clains. 32 For exanple, in each of the
above ef¥BNHRHERPIOPTREE agBNL ffaraieral theoviad phtheckigadipinistationat b gates
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with selective perneability such as an ion 5 exchange nenbrané or an
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part and the third el ectro]yte solution holding part nay be used in
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That is,, when, Lt] ] s, adm ni stered, an iontophoresis
devi ce ﬁgvi ng:l&é%ggt%%g%ﬁogéggidﬁ%#g%'merrbrane on the front side of a
drug hoFihurgs pakh ekplafatdB KieWdsholesd &Qdﬁem%h@u@dnlﬁrgﬁﬁati@ﬂ bfan aBdtRRtatic
exchange nenbrane on the front side of a third electrolyte solution
hol & ng cpaling nacking 8Awbatidan deatsed foroctating rthe extemal prepsmtion Dii¢he ptesomn
exchange nmenbrane in the working electrode structure is brought into
cont act SMPH°™H coating filmof the external preparation of the
present invention that functions as a cation exchange 15 nenbrane
appl i edAs shosi . thy Rgugniherelasiiobiatig eoatimgimaghimei 3 indledesoavworkidhipr storing

| ectrode structure i ht int tact with ting. filmof
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adm ni stered. In such a se as well, a drug ioh'is a ni stere
whi le  tihéhereateend erafaraichiiotiegiaaaB2 cousitpe sbake 38 fadplEss adigh voltage
Adhesi veness between the skin and

to the coating gun 33; and an induction electrode 35. The external preparation in the tank

=]

can be sprayed to the skin S in mist form by a voltage to be applied by the voltage source

34 between the coating gun 33 and the induction electrode 35.

The use of the electrostatic coating machine 30 enables the external preparation of the
) 20  present invention to be formed into a coating film having a uniform thickness in the range
of, for examples, several micrometers to several hundred micrometers. A coating film
having a desired thickness can be formed with high controllability in accordance with, for
example, the composition of the external preparation and the water content in each of the
drug holding part and the electrolyte solution holding part.
25

The present invention has been described on the basis of several embodiments. However,
the present invention is not limited to those embodiments, and various modifications can

be made within the scope of claims,



- preparation, conprising:

20 the coating filmof the external preparation of the present
invention can be kept at a |level identical or conparable to that in
each of the above enbodi nents. In addition, adhesiveness between the
coating filmof the external preparation of the present invention

and the cation exchange nenbrane in tBAe working el ectrode structure
or the anion exchange nenbrane in the nonworking el ectrode structure

I's | dentof karkfle O dagk bethd Atve Zentoddherits) thé18asea5KrObn Wnidhhoresis device
adm ni stration according to the prior art where no coating film of

t he ext demal noriepaxdrnghmsibrine Qrefentsidenfaht dog Hobding patt (THaits 1K) as
nis admnistered, and an

e foride gate, weie snegat e, drug Ton 13 Sanaleler g’ e e
scope ofjohRehBHeSS %Rric'er%%{ﬁ; %g}aem %inr: Gl Wiedhle %{n%éﬁiﬁég%}lﬂh_ as, an gion-

rop i ¢ polyner rx _
i ons 5di epeliamge membirhie: bysh olfalilte o Heyf®it st &1l at ledshndlbLithe i8S holding
having a first conductivity type; and an ion-exchange resin

di sper sdat #ndtthe ﬂﬁyﬂ?]@ﬁrﬁlb’i%s%}mwdiﬁawﬂxn@gb@tl$edv\iheloeib2n€ttﬂ@e with the
i on- exchange .resin.cont.ai ns counter..ions of the first conductivity
type. [fﬁ#ﬂf’épé%lﬁ&o @Fe?fﬁ?e&?ina’ﬁn ¥tording to claim1, wherein the

hydrophilic polynmer nmatrix agent conprises one of polyvinyl alcohol,
col I agen, sericin, polyethylene oxide, chitin, chitosan, sucrose,
gelatin, hyaluronic acid, alginic acid, fibroin, polylactic acid,

?rém ar alyihat isp@aEn a E@ﬂii%@@ﬁgbﬂﬁﬁmiﬁ@{dfé& BY forRyiHoRdsisARR Re HadinBOPehtion
2t hyl cel | ul ose, ydr oxy rgfpyl cel I ul ose, _ . ‘

hy dri@xy gprppkersndmtrers lonl s efrord agidee bf esdrugdalding | osteins adiveriing el[ect]rode
carnel |l gse .cal ciuym and hydroxyapatite, ang a m xture thereof. )
The. ext ST, s SO SERH MRS G B TS Gl adhisg SEclnieolition
wher ei n Hd\@nk Bhk iffX ﬁm%iﬂgﬁéb&rdd% sﬁgﬁtﬁ%ﬁg%w M Jaﬂg{f %k&%ng?&e%ﬁle
cation exchange group and an anion exchange group into a polymer
havi ng an tthe serkingeisitodal stmetunerik bedughe intd econfél Withea @b @lm of the

preparation according to claim3, wherein the cation exchange group
conpri s&¥tEhd BPYalien fEnthe aegsenigiwgption thair Bweyipnc aact dagpougkchangs

a pHgSpQSJnil&al?ecgpgblied to skin. The anion exchange membrane in the nonworking electrode
structure is brought into contact with a coating film of the external preparation of the
present invention that functions as an anion exchange membrane applied to the skin.
Thus, a drug can be administered. In such a case as well, a drug ion is administered while
the release of a biological counter ion is suppressed. Adhesiveness between the skin and

J 20 the coating film of the external preparation of the present invention can be kept at a level
identical or comparable to that in each of the above embodiments. In addition,
adhesiveness between the coating film of the external preparation of the present invention
and the cation exchange membrane in the working electrode structure or the anion
exchange membrane in the nonworking electrode structure is identical to or better than

25  that in the case of drug administration according to the prior art where no coating film of
the external preparation of the present invention is used. This holds true for the case
where a negative drug ion is administered, and an external preparation used for such a case

is also included in the scope of the present invention..



group. [5] The external preparation according to claim3, wherein the
ani on exchange group conprises one of primary to tertiary am no
groups, a quaternary ammoni um group, a pyridyl group, an im dazole
group, a quaternary pyridiniumgroup, and a quaternary imdazolium
group. [6] An external preparation for33 ontophoresis, conprising a
hydrophi Il i c pol ymer having an ion-exchange function; and drug ions
dispersedgi n the hydrophilic polyner, wherein the hydrophlllc pol ymer
34  mai nt SHDS, pH val ue such that the drug ions can sel ectively pass
t her e- through [7] The external preparation for iontophoresis
accor di ngltlo chaiciesnal pirepistipn.cRBPTIFYEr ophi | i c pol ymer conprises one
of a cellﬁm? Q@§§91 YN PN eh@gen sericin, polyethylene oxide,
chitin, g rose, gelatin, hyaluronlc acid, alginic acid,
fibroin, polgyloagtdispemed dp thﬂdhy&ly);lhﬂmm@ﬁnert matrandheadmigxious datving rae fifst
[8] A method of I_in an external preparation, conprising applying
t he exterﬁ%ﬂc1 %?gﬂgp% gn to a living body's skin by neans of

el ectrost af iién- @M&ﬁg&gnesﬂﬁ/ﬂﬁﬁ}ﬁké&dhﬂQh@hf}(ﬂbﬂﬁhc pBIARA M0 A& Whirs@Sthe @
hydrophilic polymer matrix agent; and _an ion-exchange resin

di sper sedlanwh@gﬁ%ﬁubffmtqm%cqymew@ﬁ ofrde dirst capdistvitsiyPe hydr ophi | i ¢
pol ymer having an ion-exchange function [9] An iontophoresis device,
conprising a working el ectrode structure conprising: a first

el ect r odef2]andThe drtapahptedimtgorp ascording tohdhidi hgwherdinuhe Spdrophiba polymer

cont ai nin pns of. fir ond ct|V|t t.he hoId
ot r ecoftof Ryksb s ept pF sl P! Fleplay et Seris i ide
drug i onscldtig, @tlskam, Shabvey gbbﬂtlﬁ,DWayurﬂjgc acMpklgage a6ill, fib@id, ipoSflactic acid,
conductivity type to the first. electrode in a state where the drug

hol di ng p&FF 38dipr BAGhEOdiviE L8 a B lyinyh Pyrelitonpngprbenaln medyleslulese. a
skin, t hehwaiwaﬁaéumo%lmr&@m§%tmc@mo%t&méﬂos@r&ﬂﬂé@ésla QBdium,

contai ni ng rophilic polymer matrix agent; and an | on-exchangé
resin di spfe‘mkl@ﬁelmlqm anfysidopydpatits, @mil%ynenturﬁrdtem@f agent, the
i on- exchange resin being introduced with an ion

(3] The external preparation according to any one of claims 1 and 2, wherein the ion-
exchange resin is obtained by introducing one of a cation exchange group and an anion

exchange group into a polymer having a three-dimensional network structure.

[4] The external preparation according to claim 3, wherein the cation exchange group

comprises one of a sulfonic acid group, a carboxylic acid group, and a phosphonic acid

group.

[51 The external preparation according to claim 3, wherein the anion exchange -group
comprises one of primary to tertiary amino groups, a quaternary ammonium group, a
pyridyl group, an imidazole group, a quaternary pyridinium group, and a quaternary

imidazolium group.

[6] An external preparation for iontophoresis, comprising a hydrophilic polymer
having an ion-exchange function; and

drug ions dispersed in the hydrophilic polymer, wherein the hydrophilic polymer



exchange group whose counter ion is of the first conductivity type,

or an external preparation containing a hydrophilic polynmer having a
function of exchanging an ion of the first conductivity type. [10]
The iontophoresis device according to claim9, further conprising a
nonwor ki ng el ectrode structure conpri®ing: a second el ectrode; and
an electrol yte solution holding part for holding an electrolyte
solution, the electroly sol ution holdlnq part receiving power
supply fr BintHes %@%aﬁhleé}l@b@%a%dmm@w&ﬁ s¢lprdivalypgsstbereitrqusty e

adm ni stered by applying a voltage of the second conductivity type to
the second electrode in a state where the electrolyte solution

hol di ng phflt | Thoeaiggta n‘rmamti@on&ad@ntmhomsisaawoaling\g) tlalm 6, orlnesein ahe a
skin, the,c atl f|In1be|n ose of exter . preparation.
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i on- exchagge res#? bei n glroduced wWth an |on exchange group whose
count er roiny PR acHe 2l dydrreRRati Sy Y amﬂ’Wf@t gsofa hydrophilic

pol ynmer having a function of exchanging an ion of the second
conductivity type. [11] A percutaneous patch, conprising: a drug

hol di ng philt formétbbdihgrrlyide wg estsimal |pmparﬁ@nn,aaommvgmdrapu1ylr@1@e@hang-éd
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an extern J r epar on co| tal in a . hydr ophi

agent; an SBETSS fgs‘ul?ﬁéma@ b el iTRAEY SaeRt o hit TERJH %BWM“F"C ?)"d‘l‘%/ﬁ%r
mat ri x agﬁﬁtexc}ig@efﬁ&ﬂo@xchange resin being introduced with an

i on- exchange group whose counter ion is of the first conductivity
type, or a hydrophilic polynmer having a function of exchangi ng an

ion of t hf@]f i rgh i&ﬁ%?ésisvde%%e,t%ﬂﬁ)rising a working electrode structure comprising:

a first electrode; and

a drug holding part for holding a drug solution containing drug ions of a first conductivity
type, the drug holding part receiving power supply from the first electrode, wherein the
drug ions are administered by applying a voltage of the first conductivity type to the first
electrode in a state where the drug holding part is brought into contact with a coating film
formed on a skin, the coating film being composed of an external preparation containing:
a hydrophilic polymer matrix agent; and an ion-exchange resin dispersed in the
hydrophilic polymer matrix agent, the ion-exchange resin being introduced with an ion
exchange group whose counter ion is of the first conductivity type, or an external
preparation containing a hydrophilic polymer having a function of exchanging an ion of

the first conductivity type.

[10] The iontophoresis device according to claim 9, further comprising a nonworking
electrode structure comprising:

a second electrode; and

an electrolyte solution holding part for holding an electrolyte solution, the electrolyte

solution holding part receiving power supply from the second electrode, wherein the drug
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ions are administered by applying a voltage of the second conductivity type to the second
electrode in a state where the electrolyte solution holding part is brought into contact with
a coating film formed on a skin, the coating film being composed of an external
preparation containing: a hydrophilic polymer matrix agent; and an ion-exchange resin
dispersed in the hydrophilic polymer matrix agent, the ion-exchange resin being
introduced with an ion exchange group whose counter ion is of the second conductivity
type, or a hydrophilic polymer having a function of exchanging an ion of the second

conductivity type.

[11] A percutaneous patch, comprising:

a drug holding part for holding a drug solution containing drug ions charged to a first
conductivity type, wherein the drug ions are administered to a living body by bringing the
drug holding part into contact with a coating film formed on a skin, the coating film
being composed of an external preparation containing: a hydrophilic polymer matrix
agent; and an ion-exchange resin dispersed in the hydrophilic polymer matrix agent, the
ion-exchange resin being introduced with an ion-exchange group whose counter ion is of
the first conductivity type, or a hydrophilic polymer having a function of exchanging an

ion of the first conductivity type.



