IONTOPHORESIS DEVICE BACKGROUND OF THE INVENTION 1.
Field of the Invention The present invention relates to an iontophoresis
device including a drug solution holding part for holding a drug solution
containing a drug in a working electrode structure, and an electrolyte
solution holding part for holding an electrolyte solution, the iontophoresis
device being capable of suppressing the change in a composition of the
drug solution in the WOI’{ § %.ef)ssg %%W/or the electrolyte
solution. 2. Related Bac groun 03 JP 2000-229128 A, JP
2000-229129 A, JP 2000-237326 A, JP 2000-237327 A, JP 2000-237328

A,JP2000- 23732 9 A, JP 2000-288097 A, JP 2000 288098 A, and the
pamphlet of WO G628V H: $E "H¥e incorporated
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the change in a composition of the drug solution in the working
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electrode structure and/or the electrolyte solution.
2. Related Background Art

Jp 3030517 B, JP 2000-229128 A, JP 2000-229129 A, JP
2000-237326 A, JP 2000-237327 A, JP 2000-237328 A, JP 2000-237329
A, JP 2000-288097 A, JP 2000-288098 A, and the pamphlet of WO
03/037425, the disclosures of which are incorporated herein by
reference, disclose an iontophoresis device for administering
an ion-dissociable drug whose drug component is dissociated to
ions (drug ions) of a positive or negative conductivity (first
conductivity) .

FIG. 1 is an explanatory view schematically showing the
configuration and function of a working electrode structure A
of the iontophoresis device.

As shown in the figure, the working electrode structure
A includes:

(1) an electrode 11;

(2) an electrolyte solution holding part 12 for holding
anelectrolyte solution in contact with the electrode 11, inwhich

an electrolyte dissociated to first electrolytic ions (E') of



conductivity opposite to the first conductivity in a solution is dissolved; (3)
a first ion-exchange membrane 13 for selectively passing the ions of the
second conductivity, the first ion-exchange membranes 13 being placed
on a front side of the electrolyte solution holding part 12; (4) a drug
solution holding part 14 for holding a drug solution in which a drug
dissociated to drug ions (D") of the first conductivity and drug counter ions

. (D,) of thg second ,conductivity in sciluti n is.dissolved, the%r g sglution
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part 14 being placed on a front side of the first ion-exchange

membrane 13; and

(5) a second ion-exchange membrane 15 for selectively
passingtheionsofthe first conductivity, the secondion-exchange
membrane 15 being placed on a front side of the drug solution
holding part 14.

In the iontophoresis device having the working electrode
structure A, a voltage of the first conductivity (positive in
the example shown in the figure) is applied to the electrode 11,
whereby the drug ions (D') are administered toa living body (human
being or animal) via the second ion—-exchange membrane 15, whereas
the transfer of biological counter ions (B /ions charged in a
conductivity opposite to that of the drug ions and present on
the surface of a living body or in the living body) to the drug
solution holding part 14 is inhibited. Therefore, the drug ions
can be administeredtothe livingbodyefficiently. Furthermore,
the transfer of the drug ions (D) to the electrolyte solution

holdingpart 12 andthetransferof H ions generatedinthevicinity



to the interface of the living body are inhibited by the first ion-exchange
membrane 13. Therefore, the generation of a toxic substance owing to
the electrolysis of a drug and the rapid variation in pH at the interface of
the skin can be prevented. However, in the iontophoresis device above,
the following was made apparent. Depending upon the kind of an
electrolyte to be used, the kind of a drug, a combination thereof, or the
ot cike.thedria may bealiered wilh Ihe slapse of some period. of fme alter ¢ o,
e assembly of the working electrode structure. Alternatively, when a
to tHeugiisteedntnistered withdhe elapse ofosgme periodrof Kimesaftersthehe first
assembly of the working electrode structure, the administration efficiency
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some period of time after the assembly of the working electrode
structure, the administration efficiency of a drug may decrease
remarkably compared with the administration efficiency
immediatelyaftertheassemblyof theworkingelectrode structure,
or a drug may be decomposed in the electrolyte solution holding

part.

SUMMARY OF THE INVENTION

The present invention has been achieved in view of the
above-mentioned problems, and an object of the present invention
is to provide an iontophoresis device capable of preventing or
suppressing the change in a composition of a drug solution or
an electrolyte solution in the case where a working electrode
structure andanentire iontophoresisdevice includingtheworking
electrode structure are retained in an assembled state.

Another object of the present invention is to provide an
iontophoresis device capable of preventing or suppressing the

discoloration of a drug solution, the precipitation of crystal



alteration in a drug or the like in the case where a working electrode
structure and an entire iontophoresis device including the working
electrode structure are retained in an assembled state. Still another object
of the present invention is to provide an iontophoresis device capable of
preventing or suppressing the decrease in the administration efficiency of
a drug occurring in the case where the drug is administered after a
. previously assembled active. electrode, structure oy iontopharesis device is.
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Still another object of the present invention is to provide
an iontophoresis device capable of preventing or suppressing the
decomposition of a drug occurring in an electrolyte solution
holding part or the generation of a toxic substance caused by
the decomposition in the case where the drug is administered after
a previously assembled active electrode structure or
iontophoresis device is retained for a predetermined period of
time or longer.

Still another object of the present invention is to provide
an iontophoresis device capable of storinga previously assembled
active electrode structure or an entire iontophoresis device
including the working electrode structure for a long period of
time, thereby enabling the distribution and storage in the
assembled form.

The present invention has been made to achieve the above
object and, according to one aspect of the present invention,
there is provided an iontophoresis device for administering drug

ions toa living body, including: anelectrolyte solution holding



a first conductivity and second electrolytic ions of a second conductivity
opposite to the first conductivity is dissolved; and a drug solution holding
part for holding a drug solution in which a drug to be dissociated, in a
solution, to the drug ions of the first conductivity and drug counter ions of
the second conductivity is dissolved, the drug solution holding part being
placed on a front side of the electrolyte solution holding part, in which a
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weight or more are placed between the electrolyte solution holding part
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of tARPasitede the fitsh conductivity isidigselyed;d2hadirstionrexehange second
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condfirst jon-exchange Arepibrade beiwy placedsonta frontsidelof i part being

p1acggeirolyiesolution holding part, and (3} a diug solution holding pactfor,
olding a drug solutionin'which a drug to bé dissociated, "in a solution,
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conductivity is dissolved, the drug 5 solution holding part being placed on
the 3 fBft side 6ftthe AR IoRtescHamge Mémbranand a porous separation

membrane for blocking the passage of molecules andions eachhaving
a predetermined molecular weight or more are placed between the
electrolyte solution holding part and the drug solution holding
part.

The present invention postulates an iontophoresis device
including a working electrode structure similar to that of FIG.1,
that 1is, a working electrode structure including: (1) an
electrolyte solution holding part for holding an electrolyte
solution in which anelectrolyte to be dissociated, ina solution,
to first electrolytic ions of a first conductivity and second
electrolytic ions of a second conductivity opposite to the first
conductivity is dissolved; (2) a first ion-exchange membrane for
selectively passing the ions of the second conductivity, the first
ion-exchange membrane being placed on a front side of the
electrolyte solutionholdingpart; and (3) adrug solutionholding
part for holding a drug solution in which a drug to be dissociated,
in a solution, to drug ions of the first conductivity and drug

counter ions of the second conductivity is dissolved, the drug



The inventors of the present invention have found the following. As
described above, when the working electrode structure with the
above-mentioned configuration is left for a predetermined period of time
or longer, even in the case where a stable drug that is not altered for a
long period of time is used, phenomena such as the discoloration of a
drug solution, the precipitation of crystal in the drug solution holding part,

so1uf1he decrease na medical effidoncylthe generglion of A10KS o cpo £t
substance owm% {othe alteration o grug may occur, depen?iing upon
i on-thedirthokamelestralyte, the kind of a drug, a combination thereof or the

like. The inventors of the present invention have earnestly studied based
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The inventors of the present invention have earnestly
studiedbasedonthe assumptionthat the above-mentionedphenomena
are caused by the second electrolytic ions transferred from the
electrolyte solution holding part 12 to the drug solution holding
part 14. That is, the drug solution is discolored and crystal
is precipitated in the drug solution holding part by the change
in pH of the drug solution due to the presence of the second
electrolytic ions, and the medical efficiency is decreased and
the toxic substance isgeneratedby the reactionbetween the second
electrolytic ions and the drug.

Consequently, the inventors have found that, by blocking
the transfer of the second electrolytic ions with a porous
separation membrane placed between the electrolyte solution
holding part and the drug solution holding part, the
above-mentioned respective phenomena can Dbe suppressed

effectively, that is, the period in which the working electrode



The porous separation membrane (which may be called an ultrafilter, a
micro filter, etc.) in the present invention blocks the passage of molecules
and ions each having a predetermined molecular weight or larger with a
number of pores formed in a thin membrane. A porous separation
membrane made of an arbitrary material such as, a porous membrane
made of a polymer material such as polysulfone, polyacrylonitrile,
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appropriate size capable of effectively blocking the transfer
of the second electrolytic ions to the drug solution holding part,
and allowing the transfer of drug counter ions, required for the
passage of a current for the administration of a drug, to the
electrolyte solution holding part.

A molecular weight cutoff is an index for representing the
molecular weight of each of molecules and ions that cannot pass
through the porous separation membrane. A porous separation
membrane havingamolecularweight cutoff largerthanthemolecular
weight of each of drug counter ions and smaller than the molecular
weight of each of the second electrolytic ions can be used as
a porous separation membrane in the present invention.

The molecular weight cutoff is obtained as the molecular
weight at whichtheblockingratiois 90% ina cutoff curve obtained
by plotting blocking ratios R (the blocking ratio R is defined
by 1 — Cp/Cb, where Cb is the concentration of an electrolyte

onasupplysolutionsideviaamembrane, andCp istheconcentration



weights. In the case where the molecular weight cutoff of the porous
separation membrane used in the present invention is close to the
molecular weight of the second electrolytic ions or the molecular weight of
the drug counter ions, the prolongable degree of the period for keeping
the working electrode structure without decreasing the conductivity in the
administration of a drug, and without the discoloration, alteration, and the

of alrllkee(ifie%grugla%]caé( boer%?"é“ﬁo%hr%eé-tﬁ%%hes! NG PasEage gharaglensics, . e ct
of molecules dions wit respect to the porous separatlon membrane
to aarelinfluaniced by thexthikree-dimansionad shapesi efgnalecules and ionslercular

the like . Therefore, it is true that the molecular weight cutoff is an
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membrane having a molecularcutoffsufficientlylarger than the molecular
to tiveight beeadrof drigadounter ibhs and csufficieAthcsmallerthan thens or the
molecular v,veight of each of the second electrolytic jons is selected, the

moleGibtstigaiié degred ot thé' paot tor keehing e wotking Sieetgde e degree
of tisductyreduithout the decrease-of thexgonductivity indhe administiationafc hout

a drug, the discoloration, alteration, and the like of a drug may be small .
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porous separation membrane having a molecular weight cutoff in a range

may Bemdhe moleatdarweight of each of drug counter ions to that of each of
second electrolytic ions or a molecular weight cutoff close to that range,

and |8 eRfigrimentalBAeaTiiming e srofngabledegredorihe sisragend Lons
withPerodand the cyrient passage charagteristics (Genguelion are influenced

by the three-dimensional shapes of molecules and ions or the like.
Therefore, it is true that the molecular weight cutoff is an
important index for selecting a porous separation membrane used
in the present invention, but even in the case where a porous
separationmembrane havingamolecular cutoff sufficiently larger
than the molecular weight of each of drug counter ions and
sufficiently smaller than the molecular weight of each of the
second electrolytic ions is selected, the prolongable degree of
the period for keeping the working electrode structure without
the decrease of the conductivity in the administration of a drug,
the discoloration, alteration, andthe like of a drugmay be small.

Thus, it is preferable to select the porous separation
membrane used in the present invention by prototyping a working
electrode structure using a porous separation membrane having
a molecular weight cutoff in a range from the molecular weight
of each of drug counter ions to that of each of second electrolytic

ions or a molecular weight cutoff close to that range, and



characteristics). The drug ions in the present invention refer to those
which are generated by dissolving a drug and bear the medical effect
when administered to a living body. The drug counter ions refer to those
which are charged in a conductivity opposite to that of the drug ions
generated by dissolving a drug. Furthermore, in the present invention the
first electrolytic ions and the second electrolytic ions respectively refer to

ions char. in the same. conductivit that of the drug ions and.ions
x0T e ool oo SRS T g T TR Storage
perigeneaiadbyldisselvingeantelgcirobde;in thewalesralyteisaldtion haldinguction
part. The phrase "blocking the passage of molecules or ions" in the
chargfesgptispetffication does not necessarily mean the complete blocking.
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electrolytic ions is limited to such a degree that the working electrode
are gtuctiuretcah bg képtwithout tgusingthe phlehdmena shch asthecal effect
discoloration and alternation of a drug_ for aﬁeriod of time reqtluired, in
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in e{2ludes the case where the passags of drug counterions Iskeptiosuch
a degree that the pasSage of a current is exhibited’ so as not to impair the

electse; Byeh whemthe transfer speerkof thec arig covnterdans-tatiein the same
electrolyte solution holding part decrease 9 to some degree. An .
condgigtttdlyte¥sofiition it vhich twd ®r ABYEkin@s ef and lons charged in a

conductivity opposite to that of the drug ions, each being
generatedbydissolvinganelectrolyteintheelectrolytesolution
holding part.

The phrase "blocking the passage of molecules or ions" in
the present specification does not necessarily mean the complete
blocking. The phrase includes the case where the transfer of
the second electrolytic ions is limited to such a degree that
the working electrode structure can be kept without causing the
phenomena such as the discoloration and alternation of a drug
for a period of time required in terms of use, for example, even
when the second electrolytic ions are transferred to the drug
solution holding part at a certain speed. Similarly, the phrase
"allowing the passage of molecules or ions" does not mean that
the passage of molecules and ions is not limited at all. The
phrase includes the case where the passage of drug counter ions
is kept to such a degree that the passage of a current is exhibited
so as not to impair the use, even when the transfer speed of the

drugcounterionstotheelectrolytesolutionholdingpart decrease



electrolytes are dissolved maybe used as the electrolyte solution in the

electrolyte solution holding part for the purpose of suppressing the

change in pH owing to the buffer effect and other purposes. Thus, two or

more kinds of the second electrolytic ions may be present in the

electrolyte solution holding part. In such a case, a porous separation

membrane capable of blocking the transfer of only the second electrolytic

igng cgtejsig eeach of the above phenomena by transferring to the drug

solution Hol ing part only needs to be used as the porous separation

merabrane ot thea presertdnvention. The inventarswofthecpresente kinds of
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part, depending upon the kind of an electrolyte, the kind of a drug, or a
In seembinatemr thereofr Plowe/epactbiding te therpresentinglation, thesecking
henomena also can be suppressed. by placin rous.separation .
£he {rehibrans for bIGdkitg TS paSSAGE bf elECHOViE moleculs or g 9 °*°"
of t HBclecueshetween theelectralytersotutiondoldingpartand dha €liuth holding
solution holding part. Although the mechanism for the occurrence of these
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The inventors of the present invention have also found the

to s

following. Independently from the phenomena such as the
discoloration of a drug solution, the precipitation of crystal
in the drug solution holding part and the decrease in a medical
efficiency/the generation of a toxic substance caused by the
alterationof adrug, whenadrug is administeredafter the working
electrode structure shown in FIG. 1 is stored for a predetermined
period of time or longer, there may be the case where the
administration efficiency of a drug decreases or the drug is
decomposed in the electrolyte solution holding part, depending
uponthekindof anelectrolyte, thekindof adrug, oracombination
thereof. However, according to the present invention, those
phenomena also can be suppressed by placing a porous separation
membrane for blocking the passage of electrolyte molecules or
drug molecules between the electrolyte solution holding part and
the drug solution holding part.

Although themechanism for the occurrence of these phenomena
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fact has been confirmed by the investigation of the inventors of the

present invention. In the case where those phenomena occur in the

working electrode structure with the configuration shown in FIG. 1, the

first electrolytic ions or drug ions, which are supposed to be blocked by

the first ion-exchange membrane, are transferred over time to the drug

solution holding part or the electrolyte solution holding part, respectively.

Thus, it is considered that the electrolyte molecules. present in the
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presdissociatedror thedeugemolecules present iin the drugrsolttjiortheldingl 1owing
part under the condition of not being dissociated are respectively

fa“tr&ﬁsﬁeﬁ@&% ﬂfé“cfrﬁﬁ%%_ﬁnti%ﬁ ﬁ&@inﬁ%ﬁﬁ&%ﬁé‘éé&ﬁoﬂﬁe ’_'sBI%tiéﬁlventors

o£ tfoldingart tq e dissagiatedwithput being festricted B the fitst o e na occur
ion-exchange membrane, which causes the above-mentioned

in tiphemomenagand ¢heseo phenbmenacan beisuppressed by bipckingithe shown
transfer of the not dissociated molecules with a porous separation

in Flambrane & potdis sEparatidi méhbrane fade of 8o 8 varlbus ot 21

suppkiBdsiof materigls canbe uspdasthe parpus sgparalinl MEMBENErane, are
herein, without any limit in the same way as the above. Generally, a
trangdrous sdparationtmarabianeWwhose riblesularivisightoutdff i larget or the
I;Chan that of dr 9, ounte ioT% and smaller than that ch .eleitrolyte
electrolyie so 10 oldin art, respectively..
molectiles or rugmorrécu 8s can beliSed: In prac]%cal use, itis preferable
to experimentally selecta parods separation: memprane eapaple ofnolecules
sufficiently suppressing the decrease in an administration efficiency of a

Presgiig ahll tHe'decBAPBSIHOA 6F& dFGd (orcapallé b stipréssiilg theder the

condNEEATE,IP (& concenyyalion 11 ot the first.e %&roclﬂi?g 8li%1m?l%ry%resent
solutlon%oldlng part or the concentration of the drug 10ns In the
in tletedirolyte salutiomn holding part under the condition of not being

and

dissociated are respectively transferred to the drug solution
holding part or the electrolyte solution holding part to be
dissociated without being restricted by the first ion—-exchange
membrane, which causes the above-mentioned phenomena, and these
phenomena can be suppressed by blocking the transfer of the not
dissociated molecules with a porous separation membrane.

A porous separation membrane made of any one of various
kinds of materials can be used as the porous separation membrane
herein, without any 1limit in the same way as the above. Generally,
a porous separation membrane whose molecular weight cutoff is
larger than that of drug counter ions and smaller than that of
electrolytemolecules ordrugmolecules canbeused. Inpractical
use, it ispreferable toexperimentally select a porous separation
membrane capable of sufficiently suppressing the decrease in an
administration efficiency of a drug and the decomposition of a

drug (or capable of suppressing the increase in the concentration
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holding part to a predetermined level or less) over a required storage
period of time without impairing the current passage characteristics,
fromporousseparation membranes selected based on the
above-mentioned aspect. Furthermore, the following case also can be
considered: the first electrolytic ions or the drug ions pass through the
first ion-exchange membrane to be respectively transferred to the drug
solution_holdi art ar the electrolyte solution holdin rt, dependi
o £ R e Enca b e fial o X e bl Ly pare
or tlstchcaease; the usenof a poreusrseparatieni membrane tor biocking thel ut ion
passage of the first electrolytic ions or the drug ions as the porous .
holddaarkic nfemBraneSA e presefttinvehfion Stippfedses tedecreasgu red

storiflAn administratien effigiengy of & drug or the decomposition of adrug, 10 < 4 e
the case where it is necessary to suppress the decrease in an

cha radmipustration effiCiencyref acdrags by asiag aqporausb separatipnl ected based
membrane for blocking the transfer of the electrolyte molecules or the first

on AR AOPHIEIORS it AR oo HEPESS device that uses an electrolyte

solatien.HB which-twa-er-mere Kinds 0f electrolytessare dissalveds; #han dered
electrolyte solution holding part of a working electrode structure, it is
the preferabrltedistoa pbicusisaparationthembrare dapablersfisiockingtih the

. I;Cransfer of aklﬁthe electrolyte moleculeg or first electro\lytif ior%s. As i%
firs lon—%xc %&ge membhrane LO ? reagecﬁl e X ragnstferred to
apparent from above, there may be the case whére™ only a decrease
the dft@p administeation eficieneyefadrugcadsed bydhe transderefthe first ding
electrolytic ions to the drug solution holding part during a storage period

partpeciiRe AbrBBlert Hepehfine 15 UFBAMGE kintl 6fdh ElERblyte©Br§xchange

memb3 M. I &;50Mmbination fereot, (for. examnl, Ie.second Slecgytici0ns o« 5 on
are not transferred

membrane for blocking the passage of the first electrolytic ions

or the drug ions as the porous separation membrane in the present

invention suppresses the decrease inanadministrationefficiency

of a drug or the decomposition of a drug.

In the case where it is necessary to suppress the decrease
in an administration efficiency of a drug by using a porous
separation membrane for blocking the transfer of the electrolyte
moleculesorthefirstelectrolyticionsinaniontophoresisdevice
that uses an electrolyte solution, in which two or more kinds
of electrolytes aredissolved, inanelectrolyte solution holding
part of a working electrode structure, it is preferable to use
a porous separation membrane capable of blocking the transfer
of all the electrolyte molecules or first electrolytic ions.

As is apparent from the above, there may be the case where
only a decrease in an administration efficiency of a drug caused
by the transfer of the first electrolytic ions tothe drugsolution

holding part during a storage period become a problem, depending
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to the drug solution holding part and the drug molecules or the drug ions
are not transferred to the electrolyte solution holding part, or even when
these transfers occur, phenomena that impair the use such as the
discoloration, alteration, and decomposition of a drug do not occur). In
such a case, a porous separation membrane capable of blocking only the
passage of the electrolyte molecules (or the first electrolytic ions) only

egd to b sfelecteg. Similarly, in the case where only the dec mpositign £
uPon IS g ine sleckrolyte Solition holding Raft caused by tha rargler of *=°
(forthexdidg iens tibesiectralytesolutionlhptding ipart datirg @asiotagens ferred
. tEeriod becomes a problem, a porous separation membrane capable of

@]

Rockiitforl§ e passatRISHRE diag mdtécuies ot i, TBsp6MySs or the
arugEEHS 10k seledied.1a g case whereonly.te.dscalaration, alerAlion: o ng

and the like of a drug caused by the transfer of the sécond electrolytic
partionstosthie drug solutioaskoldingsart becomewaproblean aperous-hat impair
separation membrane capable of ,blockigignl the Eassa e of the

the LaEont Eleifolytit ins Ohly  REcds o bé shfetfed Plnndhfiore Gr'me s 1t ion

of acasewhers the phgnemena thatimpairhthe useamong ierous separation
above-mentioned phenomena occur in a combined manner, it is
membpieferabiethat apofolid separation Mentbrgne zapalsle ofblideking #hetrolyte

moleRETEd ﬂ%?" the malecules anions 2oy tchO]E%n% enomenabe 4= to be
selécted. The present invention also canbe configured in such a manner
seleth@ata porous separation membrane formed in a bag shape is used, and

the electrolyte solution holding part or the drug solution 13 holding part is

sealett with'th¥ baglstidpedporEus 8eparafion Ymeibraife: Byt tion of a
drugm?H"%ﬁQeEW8W!@§¥V%§”Q§§E%%&mholding part caused by the

transfer of the drug ions to the electrolyte solution holding
part during a storage periodbecomes aproblem, aporous separation
membrane capable of blockingonly the passage of thedrugmolecules
(or drug ions) only needs to be selected. 1In the case where only
the discoloration, alteration, and the like of a drug caused by
the transfer of the second electrolytic ions to the drug solution
holdingpart become aproblem, aporous separationmembrane capable
of blocking only the passage of the second electrolytic ions only
needs to be selected.

Furthermore, in the case where the phenomena that impair
the use among the above-mentioned phenomena occur in a combined
manner, it is preferable that aporous separationmembrane capable
of blocking the passage of all the molecules or ions causing those
phenomena be selected.

The present inventionalso canbe configured in such a manner
that a porous separation membrane formed in a bag shape is used,

and the electrolyte solution holding part or the drug solution

13



be obtained. The convenience of the storage and transportation of the
electrolyte solution holding part or the drug solution holding part, and the
workability during the assembly of the working electrode structure are
enhanced, and furthermore, the mixing of the electrolyte solution and the
drug solution, which may occur at an end face of the first ion-exchange
membrane or the porous separation membrane, can be prevented.

no1AFE0YING (0 pnother aspect ot the piesent ivendon, here. s provided.an o
ionfophoresis device for administering drugions’ t0 a living body,

membinghuding: @y elecyotyie soltdipncheidiglpari fachelding-an elettrohfte ct s can
solution in which an electrolyte to be dissociated, in a solution, to first .
be ohifettrdffic ior<'sf & frsEEorfucivity ahbl $etbRd efectfolytid ibRs HpgrtatLon

of tHRCANf. conAuChvily apQsite 4o the,first gonduepvity,is dé%ﬁ?'\é%%gs AWt ion
solution holding part for holding a drug solution in which a drug to be

holddissogiated, inasolution, toodrkighansiefithe first ncondoetivaty semdldiryg of the
counter ions of the second conductivity is dissolved, the drug solution

wOrkpdiding part BERG placeddr'a Froritsias of thelectfdighe Stilibritiding =7

mix 1P toand adirst don-exchangespemprane for selectively Rassing,ions ©f which
the second conductivity, the first ion-exchange membrane being placed
may peweertthealectrolytésofution hdldingipasttarictihesdiad solutionehdldiage or
che BALINWNICh he firstion-exchange membrane blocks, passage of the
rug moleculss oF the clfrug ions. Tn this ase as well. the effect of the
presesb inyenton sigtilat tosthosep deschliedrabeve-eambeiachievedoMprehe re
specifically, a porous film in which pores are filled 14 with ion-exchange
is PYesii Agdiny a FitioR bP exEHahdify iohS 604 seeBhd €8hduUctVly €¢aHY 1ons

to a 9%9%%%%%@%fll'%EIg[lﬁe&(fH%ﬂggn electrolyte solution holding part

for holding an electrolyte solution in which an electrolyte to
be dissociated, in a solution, to first electrolytic ions of a
first conductivity and second electrolytic ions of a second
conductivity opposite to the first conductivity is dissolved;
a drug solution holding part for holding a drug solution in which
a drug to be dissociated, in a solution, to drug ions of the first
conductivity and drug counter ions of the second conductivity
is dissolved, the drug solution holding part being placed on a
front side of the electrolyte solution holding part; and a first
ion-exchange membrane for selectively passing ions of the second
conductivity, the first ion-exchange membrane being placed
betweentheelectrolytesolutionholdingpart andthedrugsolution
holding part, in which the first ion-exchange membrane blocks
passage of the drug molecules or the drug ions. In this case
as well, the effect of the present invention similar to those
described above can be achieved.

More specifically, a porous film in which pores are filled
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membrane. By using a first ion-exchange membrane with the size of each
of the pores and the ion-exchange resin, or the filling ratio thereof
selected appropriately, the transfer of the second electrolytic ions to the
drug solution holding part can be blocked. This can prolong the period
during which the working electrode structure can be retained without the
discoloration of a drug solution and the precipitation of crystal in the drug
sglgrtligréxhqlldin%gagé or. th%gt\efcreas% ir%ba m%dical efgci&gcxgnd the

with chan résin in un ing ions of
generatlon o?a OXIC su[l)stance caased d?gg gl

y the alteration of a

a seSigilarly;dyydising & fitst iohaexchangesmembranenwithfthe ssize oheachdfange
the pores of the porous film and the ion-exchange resin, or the filling ratio

membgratgof sdhacted apPropriateft the trangfeh df eRchoRite Atfectiiéd o fifstS 12

of eglegroyticians to dhe drug sglutipg holding, part cap beshlocked.dphis; 1 144

case, itis possible to suppress the decrease in‘an administration
rat ieffidiency of & diugatats eddpyritie comipetitiontdf¢he firsts €lectrofytidiernse cond
with the drug ions. In the case where the transfer of the drug molecules or

© 1€ Sl iy Tons 18 thé Lietirsiyte IsoRnidh Holuitiy part i Biockea Wittt © <9 -

Thi sfitsh ipnsexchange: memiyrane.dhe decampesition afithe drigions iR the-t rode
electrolyte solution holding part can be prevented. In the
st ruglfovieementiorsd respedtivednvidritions tit ish possibletd adatidister afdragdrug

so1udnder the gonltion that e diyg, solution holding patt (for xample, atin .,
ilm carrier such as “gauize impregnated with”a drug solution can be use

holdas g dsug solutien tholdingpar)ds keptindireet ¢optact with adivingodynd the
However, 15 itis preferable that a second ion-exchange membrane
genegglgctively’ hadsihg fors oTRe first eBnductiviry b pldced ohla fbatsige of a

drug.

Similarly, by using a first ion—-exchange membrane with the
size of each of the pores of the porous film and the ion-exchange
resin, or the filling ratio thereof selected appropriately, the
transfer of electrolyte molecules or first electrolytic ions to
the drug solution holding part can be blocked. In this case,
it is possible to suppress the decrease in an administration
efficiency of a drug caused by the competition of the first
electrolytic ions with the drug ions. 1In the case where the
transfer of the drugmolecules or the drug ions to the electrolyte
solution holding part is blocked with the first ion-exchange
membrane, the decomposition of the drug ions in the electrolyte
solution holding part can be prevented.

In the above-mentioned respective inventions, it is
possible to administer a drug under the condition that the drug
solution holding part (for example, a thin film carrier such as
gauze impregnatedwithadrugsolutioncanbeusedasadrugsolution

holdingpart) iskept indirect contactwithalivingbody. However,

15



of the drug solution holding part, and a drug be administered via the
second ion-exchange membrane. This can block the transfer of biological
counter ions to the drug solution holding part, and further enhance the
administration efficiency of a drug. BRIEF DESCRIPTION OF THE
DRAWINGS In the according drawings: FIG. 1 is an explanatory view
schematically illustrating the configuration and function of a working

it 1 EISCLde sieture, of an lontapheresis deyige: FIG 24580 SXRIANAIANY, ;v
View's owing a basic conﬁguratlon of an |ontoprh%re3|s evice according

pas stonan eathodimertt of the: presentdnventionant E1GSa SAd03E ar€ront side
explanatory views each showing a configuration ofa working electrode

of t&fydtteofeictitoptiorasis Cdevicdacdording to Btrfer etbutimeRts b s tered
via the presenydnvention. . DETALED PESCRIPTION.QF, THE gﬁﬁfﬁgﬁﬁ% sfer

EMBODIMENTS Hereinafter, an embodiment of the present invention wi

of bbe desdried withireference testhecdraingsr BHG s isid schematicding part,
cross-sectional view showing a basic configuration of an iontophoresis

and 5&%&&8&0‘?&%8%?net}ﬁr%sér?f“ﬁr&éﬁﬁo‘?ﬁ?ﬁﬁﬂa f%ﬁ&hiﬁb%‘é%gri&f%n?fo?”g :
convenience, an iontophoresis device for administering a drug whose
drugcomponent is dissociated to plus drug ions (for example, lidocaine
hydrochloride Biat i aR BAesthefic adertFcarHitine RAIBENE S16 that is a
gaﬁtrrloil?ﬁéstigalcd(i)segfg th%rgg%gtrilc %gent, pancuronium bromide that is a
skeletar muscfe reﬁaxanl?I or morphlﬁe "hydrochloride that is an anesthetic
agent} will be exemplitied a2 i thergaseiefansientapherasisideviea floist rat ing

administering a drug
the configuration and function of a working electrode structure

of an iontophoresis device;

FIG. 2 is an explanatory view showing a basic configuration
of an iontophoresis device according to an embodiment of the
present invention; and

FIGS. 3A to 3E are explanatory views each showing a
configurationof aworkingelectrode structureof aniontophoresis

device according to other embodiments of the present invention.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, an embodiment of the present invention will
be described with reference to the drawings.

FIG. 2 is a schematic cross—-sectional view showing a basic
configuration of an iontophoresis device according to the present
invention.

In the following description, for convenience, an
iontophoresisdevice foradministeringadrugwhose drug component
is dissociated to plus drug ions (for example, lidocaine

hydrochloride that is an anesthetic agent, carnitine chloride
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whose drug component is dissociated to minus drug ions (for example,
ascorbic acid that is a vitamin agent, or lipid A used as an adjuvant for
vaccine) , the polarity (plus and minus) of a power source, each
electrode, or each ion-exchange membrane in the following description is
reversed. As shown, an iontophoresis deviceXI of the present invention
includes a working electrode structure Al, a nonworking electrode

structure B1, and.a power urce C,.as main components ém%mbers .
sease erape 1Ca nc, p?ﬁeuronlum

that§s<agas fOlntF na

eference numera enotes the skin for a mucous membrane)

bromwakking electrote staucture-Akineludes anclectradel dlznonpected tanorphine
apositive pole of the power source C, an electrolyte solution holding part

hydr ps ok Holdifi Bhteledfolfe 2BRTBRA f oA With heletebfode 11Pa + f1ed -
In tREroUsseparation memprane Fl placed on adfrent.side of fheelectiglyte, o g

solution holding part 12, an anion exchange membrane 13 placed ona
who sfrant sigle ohthen porous sepasationarnembrane Fl; & drug sodution holdimgample,
part 14 Cp,laced on a front side aof the anion exchan%lse membrane 13, and

ascog Rafionexthatie hietnbrard s stacet on’d fort sidle bfihe arug™ 2@ uvant
for seldtionholding.part d4-The entireactive electrodestructure Abisousedrce,
in a cover or a container 16 composed of a material such as a resin film
eachoea pidstiedon the otivethakel tesdrwor Ringesiéctrote strudtive B llowing
descigcl:luggs anieslec]gro\ge Zsle%Pnnected to a negative pole of the power
Source %n an elec?ro?y‘?e solution holding part 22 for holding an electrolyte

solugemisngontastiwith therelectode 2dya €ation ok/-exchange-membradnet i on
. 23 placed on a front side of the electrolyte solution holding part 22, an
inclgdetolytePsdidtivh hofiig pare 24 prated oh Alfronts/decrihe eatphectrode

st ru%%‘iﬁ‘éé‘%@‘e{%%{taﬁ”e% Gt ALY BION exchangg MEmBaNe 22.pResthe rs) .

on a front side o
Reference numeral S denotes the skin (or a mucous membrane) .

The working electrode structure Al includes an electrode
11 connectedtoapositivepoleofthepower sourceC, anelectrolyte
solution holding part 12 for holding an electrolyte solution in
contact with the electrode 11, a porous separation membrane F1
placed on a front side of the electrolyte solution holding part
12, an anion exchange membrane 13 placed on a front side of the
porous separation membrane F1l, a drug solution holding part 14
placed on a front side of the anion exchange membrane 13, and
a cation exchange membrane 15 placed on a front side of the drug
solution holding part 14. The entire active electrode structure
Al is housed in a cover or a container 16 composed of a material
such as a resin film or a plastic.

On the other hand, the nonworking electrode structure Bl
includes an electrode 21 connected to a negative pole of the power
source C, an electrolyte solution holding part 22 for holding

an electrolyte solution in contact with the electrode 21, a cation
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electrolyte solution holding part 24. The entire nonworking electrode

structure Bl is housed in a cover or a container 26 composed of a

material such as a resin film or a plastic. In the iontophoresis device X1,

those which are made of any conductive material can be used as the

electrodes 11 and 21 without any particular limit. In particular, an inactive

electrode composed of carbon, platinum, or the like is used preferably,
exch%?ld a Crr%?n%n %'%C”%e Witgo.létda fy possrjl})fi(l)it tOfstPg e'%@? ril.lgf me iaelclj nrsolyte

and the transfer thereof1o acilvmg IE)day can be used particu aﬁy
solupreferablyl Hiomevies an adiveseleetteds suchyasasiverfsilver ichlofiteg part

couple electrode in which the electrode 11 is made of silver and the

24 PREFOUS 21 Ts fadB of St chiorideairdlss beadopted ForeRamples 23
and IHhecase ofusing.the silverisilygr chloride, cauple electiads, in theie o the
electrode 11 that is a positive pole, a silver electrode and chlorine ions (Cl
elec)easilytreactavithceach bthed iongemerate idgolublenAgEindsinepresemtedrk ing

Ag'Cl -*AgCl+e , and in the electrode 21 that is a negative pole

by .
eLec{ighife BRI Are Biuted B Siftet Bhidrid8 Eidetiobie? container 26
comp&eBseqently nthefollwing effgctscan be-abtained:the glectrolysissefi ¢ .

water is suppressed, and the rapid acidification based on H" ions at the
positivé pelel and trdyapibhasificationdased oh O fonsh artheaiegatigsle of

ole can.be prevented. In,contrast, in the working electrode structure Al
any B B R B iE AR res Gdiand 21

withdttn EKG. 2 owing-toithe funetion of the apiontexehangg membranes 13e
and 25, and/or the cation exchange membranes 15 and 23, the rapid
e lecigigificatisibaseabrrt BASRPthe dléctfolyteBolutisnthe like 1s used

preferably, and a carbon electrode without any possibility of
the elution of metal ions and the transfer thereof to a living
body can be used particularly preferably.

However, an active electrode such as a silver/silver
chloride couple electrode in which the electrode 11 is made of
silver and the electrode 21 is made of silver chloride can also
be adopted.

For example, inthe case of usingthe silver/silver chloride
couple electrode, in the electrode 11 that is a positive pole,
a silver electrode and chlorine ions (Cl) easily react with each
other togenerate insoluble AgCl as representedby Ag'Cl —AgCl+e’,
and in the electrode 21 that is a negative pole, chlorine ions
(Cl) areeluted froma silver chloride electrode. Consequently,
the following effects can be obtained: the electrolysis of water
is suppressed, and the rapid acidification based on H' ions at
the positive pole, and the rapid basification based on OH ions
at the negative pole can be prevented.

In contrast, in the working electrode structure Al and the
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holding part 12 and the rapid basification based on OH ions in the
electrolyte solution holding part 22 are suppressed. Therefore, an
inexpensive carbon electrode without any possibility of the elution of
metal ions can be used preferably in place of the active electrode such as
a silver/silver chloride couple electrode. The electrolyte solution holding
parts 12, 22, and 24 in the iontophoresis device X1 in FIG. 2 each hold an

eleﬁtrol te folugon §Q as 1o ke%% the %qnd.ucti\t/ilg%/]. P.hosghatg buffered .

nonwo in [S] ctrode Struc re 1n c 10Nto oreslis device

saline, éhysu()eloglcal saline, etc. can be used as the e%ctroﬁ/te solution

X1 inypioallyz Inerderda maeneeifeciivelyopreventibesgenetiationof 88 membranes
caused by the electrolytic reaction of water and the increase in a

13 agonduttivetedistante tatiséd BY tife Gortetafiof OFGAs: o the thafigedn - the
rapiBHcaysed by the sleqlrolylic rpaction ghwaley, g, eleCliolyIe NALIS MOfG ¢ 5 o

easily to be oxidized or reduced than the electrolytic reaction of water
holdfoxidationtat the pogditiveepolerand theséductoniatthe aegativerpolé) carns in
be added to the electrolyte solution holding parts 12 and 22. In terms of
the G Hiomldal Safsty dird BBorbmic LRGNty (ofodt and LBBy ©° 51 -

The ravailability) for xarpRlesan inarganic compaend-skeh as farows sulipte
or ferric sulfate, a medical agent such as ascorbic acid (vitamin C) or

pos sdédidmtascofbatecand ahiorganit awid such as facticn defl, wxalic asiferably
. alic acid, succinjc. acid, or fumaric acid and/or a salt thereof can be .
i o B s R B aBIAITOR o Mo s T ec oL
coup@xamplect:idaixed aqueous solution containing 1 mol (M) of lactic acid

and 1 mol (M) of sodium fumarate) can also be used. Each of the

eleEtrBlyte S6lLtion HoRMPpais 2 30 kAdng parts 12, 22, and 24 in

the iontophoresis device X1 in FIG. 2 each hold an electrolyte
solution so as to keep the conductivity. Phosphate buffered
saline, physiological saline, etc. can be used as the electrolyte
solution typically.

In order to more effectively prevent the generation of gas
caused by the electrolytic reaction of water and the increase
in a conductive resistance caused by the generation of gas, or
the change in pH caused by the electrolytic reaction of water,
an electrolyte that is more easily to be oxidized or reduced than
the electrolytic reaction of water (oxidation at the positive
pole and the reduction at the negative pole) can be added to the
electrolyte solution holding parts 12 and 22. 1In terms of the
biological safety and economic efficiency (low cost and easy
availability), for example, an inorganic compound such as ferrous
sulfate or ferric sulfate, a medical agent such as ascorbic acid
(vitamin C) or sodium ascorbate, andan 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,
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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 a water-absorbing thin film carrier made of a
polymer material or the like with the above-mentioned electrolyte solution,
thereby enhancing, for example, the ease of handling thereof. The same
thin film carrier as that can be used in the drug solution holding part 14

an be, used ag,tcl]qe thin filrg é:grrier ugeggﬂerein. Thef%forg, @e detaj

a Cco 1lnatl @] ase Su ce or €xXani 7 .- miX aqueous
thereof will be described in the Fo?lowmg escrlptlonpregar ing the %rugq

solusdldtiorcheldingrpafil 4. Theldryyg sotution hetding part d4dnthel mol (M) of
_iontophoresis device X1 according to this embodiment holds at least an
SOle&Ue‘%ﬂ%%ﬂﬁi%h 6P diSWhése drdi§ Component is dissociated to plus

drygiions, by:the déi%’#&“f’é‘i gs a dryg solution, biereingthe diug solution 54

holding part 14 may hold a drug solution in a liquid state. However, it is
24 majsh possiblesta bmpregnate: sSuchegl waltersabsorlying thimlfilmicarrienas 1iquid
described below wijth a dl‘ﬁl}l,lg solution so as to enhance the ease of
e

Stat fandlitiy” terést A tive ke Exaripfes 6 & mat&hiathar dh BE UsEd'tor 22
ana Mg wigterabisorhing ihia fim garsierda this case;inclyde @ hydiogel by vnin

of acrylic resin (acrylhydrogel film), segmented polyurethane gel film, and
filmar jonrcondustvieporbus shedtifare foriring a gel scolid éleetrolyteeByith the

impregnating the above aquepus solution at an impregnation ratio of 20
e ittt o ek B
e xami®180%: €an:-bhe eltained dherdmpregnation, rations thereresenh film carrier

specification is represented by % by weight (i.e., 100 x (W-D)/D[%] where
as thgg can be used in the drug solution holding part 14 can be
used as the thin film carrier used herein. Therefore, the detail
thereof will be described in the following description regarding
the drug solution holding part 14.

The drugsolutionholdingpart 14 inthe iontophoresisdevice
X1 according to this embodiment holds at least an aqueous solution
of a drug whose drug component is dissociated to plus drug ions
by the dissolution, as a drug solution.

Herein, the drug solution holding part 14 may hold a drug
solution in a liquid state. However, it is also possible to
impregnate such a water—-absorbing thin film carrier as described
below with a drug solution so as to enhance the ease of handling
thereof and the like.

Examples of a material that can be used for the
water—absorbing thin filmcarrier in this case include a hydrogel
body of acrylic resin (acrylhydrogel film), segmented
polyurethane gel film, and an ion conductive porous sheet for
forming a gel solid electrolyte. By impregnating the above

aqueous solution at an impregnation ratio of 20 to 60%, a high

20



a weight in a dry state and W is a weight after impregnation). The
impregnation ratio should be measured immediately after the
impregnation with an aqueous solution to eliminate a chronological
influence. Furthermore, the transport number in the present specification
refers to the ratio of a current that contributes to the transfer of particular
ions among the whole current flowing through an electrolyte solution. The

administration efficiency of a drug refers to the transport number
t & & 9re ROILNUMDET 54 5 803
Fan garding drig ﬁ)nqs, “that .‘iif the ratio of a current that c%t)nfrlbeutgs fothe —°

can wansfer of deug.ions among the whole current supplied to the working
electrode structure. Herein, theabove-mentioned o . .
acry dtagetfimiRdrexamplé t afailBle-fremSiCorttacRSéhs'Co 2 Eon 19

repri2 96 body haying, a fhreg dimensignal netwotk stugtyre(¢rossilinking 1,
structure). When ar}/electrglyte solution'that is a dispersion medium is

a weadted itotheadnyhydregelfilmthaachdhydregeélimbedonesapolynegmation) .
adsorbent having ion conductivity, Furthermore, the relationship between

The HPhfistBatatdn ratib'of the derythydrdber fitht afd (8 tangpoit Kuiber © ©Pe

impredhbe adisted dependingdipon the; sizeof thethreerdimensionabnological
network structure and the kind and ratio of a monomer constituting a
inflrsireThe acrylhydrogel film with an impregnation ratio of 30 to 40% and
2 transpan number of 7010 80%.can be prepaled figm 1 tp  present
2-hyd¥oxyeﬁ1y?met’hacry?a?e and er%ﬁ)ﬁeneglycolllﬁllme]ihacry?late (monoﬁ1er
spechatio 8810 99.5¢ BH 2119 2heand it isscorfizned that the tmpreghatior ibutes
ratio and transport number are almost the same in a range of an ordinary

to thRidness 6f 0.2 ke hitm CrdrierfRore aRe R8gmentderdslytirethane gel owing

throwakhgﬁ’giectrolyte solution. The administrationefficiency
of a drug refers to the transport number regarding drug ions,
that is, the ratio of a current that contributes to the transfer
of drug ions among the whole current supplied to the working
electrode structure.

Herein, the above-mentionedacrylhydrogel film (for example,
available from Sun Contact Lens Co., Ltd.) is a gel body having
athree-dimensional network structure (cross-linkingstructure).
When an electrolyte solution that is a dispersion medium is added
totheacrylhydrogel film, theacrylhydrogel filmbecomesapolymer
adsorbent having ion conductivity. Furthermore, the
relationship between the impregnation ratio of the acrylhydrogel
film and the transport number can be adjusted depending upon the
size of the three-dimensional network structure and the kind and
ratio of a monomer constituting a resin. The acrylhydrogel film
with an impregnation ratio of 30 to 40% and a transport number
of 70 to 80% can be prepared from 2-hydroxyethylmethacrylate and

ethyleneglycol dimethacrylate (monomer ratio 98 to 99.5 : 0.5
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segments, polyethylene glycol (PEG) and polypropylene glycol (PPG),
and can be adjusted based on a monomer and diisocyanate constituting
these segments. The segmented polyurethane gelfilm has a
three-dimensional structure cross-linked by a urethane bond, and the
impregnation ratio, transport number, and adhesion strength of the gel
film can be easily adjusted by controlling the size of a network, and the
kind and. ratio of a monomer.in .the same way as.in the acrylhydrogel film,
o 2 e L B e s L R IR M o
numbgietal saltaetedsarecaddeditodhersegmented polyusethane gebfln thickness
(porous gel film) oxygen in an ether connecting part of polyether forming
of Oakedfent BAd an alkaline metal salt form a complex, and ions of the

metal, salt meye Lo oxygen, g subsequens blank eiher coppectng patl s, as

when a current flows, whereby the conductivity is expressed. As the ion
segmeorductiye pgrous sheetfopforming d gelcsolidneleptrdlyter forekampleylycol
there is the one disclosed in JP_ 11-273452 A. This porous sheet is based

(PECon aneryiohiniie Eopoiyihér; andporolishdiyierivith aorddity>6r 26 e t©
const0i8Q%.1 Mpre, specificalh this poreus.sheghishased on gn.acrylanililee1 £i1m

copolymer with a porosity of 20 to 80% containing 50 mol% or more
has ylefarabls 700 D8aNellsy of Beiylonitrile OFlfe adlonitrily gyelzoliane bond,

ana EEGlrallic shoel (solid-state batteny)is prepared oy mpreanaina gn. .
acrylonitrile copolymer sheet solublé in"a "non-aqueous solvent an

st rehawing amarasityyef12@ to 80%a withad Nwaiagueous sotvent Bentaling-an 1ing
electrolyte, followed by 22 gelling, and a gel body includes a gel to a hard .
the fihE n frnis oFthe fofkcorrfuetiitye s&feB arB dhe filke, CthefactylBRifr@er in

the g%&%ng sheet;spluble i%%@%’lﬂg'ﬂ%%%se%o'ﬁrﬁmi? Prigfezably cooPaskd s ;s

an acryionitrile/C1 to C4 alkyl
adispersionmediumandanelectrolyte (alkalinemetal salt, etc.)

are addedto the segmentedpolyurethanegel film (porousgel £film),
oxygen in an ether connecting part of polyether forming a segment
and an alkaline metal salt form a complex, and ions of the metal
salt move to oxygen in a subsequent blank ether connecting part
when a current flows, whereby the conductivity is expressed.
As the ion conductive porous sheet for forming a gel solid
electrolyte, for example, there is the one disclosed in JP
11-273452 A. This porous sheet is based on an acrylonitrile
copolymer, and a porous polymer with a porosity of 20 to 80%.
More specifically, this porous sheet is based on an acrylonitrile
copolymer with a porosity of 20 to 80% containing 50 mol% or more
(preferably 70 to 98 mol%) of acrylonitrile. The acrylonitrile
gel solid electrolytic sheet (solid-state battery) is prepared
by impregnating an acrylonitrile copolymer sheet soluble in a
non—-aqueous solvent and having a porosity of 20 to 80%, with a

non—-agqueous solvent containing an electrolyte, followed by
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(meth)acrylate copolymer, an acrylonitrile/vinylacetate copolymer, an
acrylonitrile/styrene copolymer, an acrylonitrile/vinylidene chloride
copolymer, or the like. The copolymer sheet is made porous by an
ordinary method such as a wet (dry) paper making method, a
needlepunching method that is a kind of a non-woven fabric producing
method, a water-jet method, drawing perforation of a melt-extruded sheet,

ge1125Rerforation,by, spiventextraction I the present invention, among the
above-mentioned ion conduciive porous sheets of an acrylaonltrlle
copolymerusedin a selid-state-baitary.ta geldyody(a filmy podydramma 1ike,
gel to a hard film) holding the above-mentioned agueous solution in a

the afigeldifensiohs HRBRGHKH & PoRfTer Chain shd N WhiEh fgieous solvent
is pabkove:mgntioned impregnation ratio, and ransnort pumber are achievied, |

is useful as™a thin film carrier used in the drug solution holding part 14 of
(me tthieaatecticlyte solution yhokling jparts A2y 22 randrad ef/ thermpyéseretate
invention. In the present invention, regarding the conditions for
Rt

COPO{fiEgnatitiy thé above-hientid f+ il c&riRPwith a'drug “solution or

acryadglectrolyte salution; the, eptimumconditionsgnay e determined ifke . The
terms of the impregnation amount, impregnation speed, and the like. For
copoayamples ar fhpreyiatios coadition 0P BEMIMUtes aR40C TR eel such as a

lected. An ion-exchange membrane carrying an ion-exchange resi .
v {ving dcaiion Sxnange TnCIoH ina base. Tor AP NEOSEPTA" " 1°
a kirAMVbE AMc3,-AMXeAHAJAGH , A3 AL QA AlBR2 1 Joredused byt 2det hod,
Tokuyama Co., Ltd. can be used as each of the anion exchange

drawgthbranés fidh-eXEhahge membraieshalfy ehdatteritice®f foration by
solv%%'%C%‘_’ﬁ?chr% ing minus jopg) 13,3nd. 25 In the jontophgresis, device x|

according to this embodiment. An‘ion-exchange membrane
above-mentioned ion conductive porous sheets of an acrylonitrile
copolymer used in a solid-state battery, a gel body (a filmy body
from a gel to a hard film) holding the above-mentioned aqueous
solution in a three-dimensional network of a polymer chain and
in which the above-mentioned impregnation ratio and transport
number are achieved is useful as a thin film carrier used in the
drug solution holding part 14 or the electrolyte solution holding
parts 12, 22, and 24 of the present invention.

In the present invention, regarding the conditions for
impregnating the above-mentioned thin film carrier with a drug
solution or an electrolyte solution, the optimum conditions may
be determined in terms of the impregnation amount, impregnation
speed, and the like. For example, an impregnation condition of
30 minutes at 40°C may be selected.

An ion-exchange membrane carrying an ion-exchange resin
having ananionexchange function in a base, for example, NEOSEPTA,

AM-1, AM-3, AMX, AHA, ACH, ACS, ALE04-2, AIP-21, produced by
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carrying an ion-exchange resin having a cation exchange function in
abase, for example, NEOSEPTA, CM-1, CM-2, CMX, CMS, CMB,
CLEO04-2 produced by Tokuyama Co., Ltd. can be used as each of the
cation exchange membranes (ion-exchange membranes having
characteristics of selectively passing plus ions) 15 and 23. In particular, a
cation exchange membrane in which a part or an entirety of pores of a

ToxuRQIRUS fim is flled will an jon-exehange resinaying,3,cation exehaNgs, o g

nction, or an anion exchange membrane filled with an ion-exchange

membkesineRaving an aninaxgbangendunction casbenusedreterably.iHeretns of
a fluorine type resin with an ion-exchange group introduced to a

selegiiiliGrotahsonSsketetBn oF & HydrGcarbon e Tesintomt&ining e P rests
deviihatis notflupgnated as g skeleton, caphe used,as;thg above-mentiqned - o n e

ion-exchange resin. In view of the convenience of a production process, a
carrigyidrgcarbom typex ionsexphange iresireis preferabie. Funtkerniore.ge function
although the fiIIing ratio of the ion-exchange resin is also related to the

in 2 BRessity 6f tfie porous it Ihé filifig rafiois Gehetally's” to-95% b Rrasd =04 2

p roditdRagtieylar, 10,1900y mass sand preferably <20 16, 60%6-by dwasse cation
There is no patrticular limit to an ion-exchange group of the

exchapeire-mentioriatkion-ekeharfyeciesing as nglastit ssa Hanctional group

cna JEIETAUNG 3 loud having negaliye or posiive chiarge Inanagueous , 3 ¢,
solution. As specific exampFes of the “functionalgrolp 16 be ‘such an '

partioBExghange goupothose of arZdecationexehangengreup Mcludesart or an
_sulfonic acid group, a carboxylic acid group, and a phosphonic acid
ent igup. Thoserstid YfoBpRThay De prédent ifthe fstnY of & fide hefl Grerhange

res iﬁnaé%aiﬁﬁ%ol%s of, a.connter cation In thg case of a salt inglud, alkaling, .14 nge
membrane filledwithanion-exchangeresinhavingananionexchange
function can be used preferably.

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-mentioned ion-exchange resin. In view
of the convenience of a production process, a hydrocarbon type
ion—-exchange resin is preferable. Furthermore, although the
filling ratio of the ion—-exchange resin is also related to the
porosity of the porous film, the filling ratio is generally 5
to 95% by mass, in particular, 10 to 90% by mass, and preferably
20 to 60% by mass.

There is no particular limit to an ion-exchange group of
the above-mentioned 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 examples of the

functional group to be such an ion-exchange group, those of a
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cations such as sodium ions and potassium ions, and ammonium ions. Of
those cation exchange groups, generally, a sulfonic acid group thatis a
strong acidic group is particularly preferable. Furthermore, examples of
the anion exchange group include primary to tertiary amino groups, a
quaternary ammonium group, a pyridyl group, an imidazole group, a
quaternary pyridinium group, and a quaternary imidazolium group.

.Exam}pl%s of a counter anioqin those n%'on exchaan roups include .
catloqe C aﬂgegﬁouplpc udeeas%} onic qcl é%%jg a carboxylic
halogen 1ons’such as chlorine ions and hydroxy ions. Of thosé anion

acidexehangge groaps, ganeraty, na quateraagrammoniangieup @nd ayroups may
quaternary pyridinium group that are strong basic groups are used
be Ppfef&rablyl A fﬁrﬂ%hgﬁé&o% sﬁeétrﬁ?ap%ﬂlffﬂn %vﬁngsaaﬁﬁmbelf: SPBMERS of

a coRYESLOMMYnicating a frantsiriace.and a,back syriace;hereql.are tsete 41

as the above-mentioned porous film without any particular limit. In order
cat itorsatisfy bath thedigimstrength nanddhe #exibitity,dhis preferabie trat theions .
orous film be made of a thermo%astic resin. Examples of the |

OF thR&bplastid r&ing eoRstitdting the (JGBaS fithn ihcldde  withdu© 8c+d group

thatlimiations polyalefip resing such, @s homapolymers of cORolyMEr:efap e .
a-olefins such as ethylene, propylene, 1-butene, 1-pentene, 1-hexene,

Furt3ewathyld-batensp 4anaryl-hpemtene) snd-b-anathydFheptente Vinge primary

co cploride, resing such as polyvinyl chloride, vinyl chioride vindagetate 5,y
copolym\érs, vmﬂ ChiGr e-vinylidene chioriaé copolymers, nd \?n‘lyia Py Y

groughlotde-olefin copolymers; flbiorine 4esins sueh-@s dbridinium group, and
polytetrafluoroethylene, polychlorotrifluoroethylene, polyvinylidene

a qufAGEFde tetrafliorethylele-AeRafRioropropiehe Topblymepsinter anion in

tho s%etgﬁhugﬁog Ebé/ ﬂeaﬂ%%egW8 {l%aékxlnvériﬂ%tg%{acpg 8I<¥£n &%Sn gngu ch as chlorine

ions andhydroxy ions. Of those anionexchange groups, generally,
a quaternary ammonium group and a quaternary pyridinium group
that are strong basic groups are used preferably.

A film shaped or a sheet shaped film having a number of
small pores communicating a front surface and a back surface
thereof are used as the above-mentioned porous film without any
particular limit. In order to satisfy both the high strength
and the flexibility, it is preferable that the porous film be
made of a thermoplastic resin.

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-1-pentene, and 5-methyl-1l-heptene; vinyl chloride
resins such as polyvinyl chloride, vinyl chloride-vinyl acetate
copolymers, vinyl chloride-vinylidene chloride copolymers, and

vinyl chloride-olefin copolymers; fluorine resins such as
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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, and chemical resistance, and have
good compatibility with ion-exchange resins. As the polyolefin resins,
polyethylene and polypropylene are particularly preferable and

1 @ol eth¥lfne IS m stprefer,able. There is no paﬁt'culartlim.itft the roperty )

2oLy S A oueiaentioned perous fim made of hé thermoplasts s * ="

polyMoweverdtre-average pore diameter of pores may be preferably 0 f00ride,
to S. O pm, more preferably 0. O1 to 2 . O pm, andmost preferably 0.02

et T3 phvSintd i porots fifnt haviig SHEN dfiaverage pore didriéter-gmers .
et kel o2 A lonsexchange memmbrape having exgellent sengiiapd, ang

a low electric resistance. The average pore diameter in the present
t et rspecification heférsto-antavetages flow porediameteromhgasuréd inesins such
accordance with a bubble point method (JIS K3832-1990) . Similarly, the
s DY) 6Fte porods Firm MAY Be’praferiBly 20 i 6556 orfer&&fé%%amde

resi3@10 90%,13neh most preferably 3Q f@ 6Q0%fFurthgrmore, theythicknessof are
the porous film may be preferably 5 to 140 pm, more preferably 10 to

supe12® prand Mhaest preferably<isatolss bht Usually, tan aplormegehaagebility,

ana "EIDrAne or a catlon exchange membrane using such aporoys fimhas
a‘thickness of the porods fif with +0 to 20 pnt) A the porods separaﬁgn

i on-Breatyane H o thesiontophernesis 26, davicel X 1raceordinglo thist hy lene and
embodiment, a porous separation membrane made of an arbitrary .

Polypatstial §iéh a3 & porslisimimady &FeEpElymer matérthlgpeyashylene 1s

o stpg}g%@@gbg%lyacrylonitrile, cellulose acetate, polyamide,
polycarbonate, or polyvinylalcohol,

There is no particular limit to the property of the
above-mentioned porous film made of the thermoplastic resin.
However, the average pore diameter of pores may be preferably
0.005t0 5.0 um, more preferably 0.01to 2.0 um, andmost preferably
0.02 to 0.2 um since the porous film having such an average pore
diameter is likely to be a thin ion-exchange membrane having
excellent strength and a low electric resistance. The average
pore diameter in the present specification refers to an average
flow pore 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 um.

As the porous separation membrane F1 of the iontophoresis
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or a porous film made of ceramics material (e.g., alumina) and having a
number of pores communicating the front surface and the back surface of
the film can be used. Aporous separation membrane having appropriately
sized pores can be selected to be used, depending upon the kind of an
electrolyte dissolved in the electrolyte solution of the electrolyte solution
holding part 12 or the kind of a drug dissolved in the drug solution of the

aev b0 solulion beling part.L4, For example, pdne case ofusing.a sadum,. . o,

umarate aqueous solution as the electrolyte solution of the e ectroly?e

membgcluon akpiding partld; and-usingadidecaibeshydtogblorige agueods 1m made
solution as the drug solution of the drug solution holding part 14, b

Y .
of a|d3vihg T assehitiéd Actik életfod stictdréWithout the poFos>n+tr i 1e,
ce113QRAlOpIMemBraps F for Aqredtetmined peded of, e {695 AD9UY conol,

several days), lidocaine’ions that are drug ions are transferred to the
or aelectrolyte Solutiomadking part ri2yand sodivm iens that are, first umina) and
.electrolytic ions and fumaric acid ions that are the second electrolytic ions

|
RaviR transfEniet 6 the tifty SOREER homing al 19, Depehdittf dgsrtitr e he
backiemperaturs eqndition, and theJike ubile the working slestiode SUNGIMForane

is left, the discoloration or alteration of the lidocaine hydrochloride
haviaguetieis sekiiontor the precipitativrefdidoeaink shydrdatidride drgstae used,

occurs. Furthermare, the administration_efficiency of lidocaine igns at a.
aep e ST Blen o1 & Gt deblonges TurhirSre e e o €1
electhesuyient passageoa’ €enditien at adimerafitbe agministratiomenaidiug, part
lidocaine ions in the vicinity of the electrode 11 are decomposed.

12 oRowevek Wy bleckiAg He'tFafsfér sfsteiurhTuinarate rdletalestwitiac £ the
arugMOISeYlay Weight of 134 apd fumarjc acid ions

For example, in the case of using a sodium fumarate agqueous
solution as the electrolyte solution of the electrolyte solution
holding part 12, and using a lidocaine hydrochloride aqueous
solution as the drug solution of the drug solution holding part
14, by leaving an assembled active electrode structure without
the porous separation membrane F1 for a predetermined period of
time (e.g., about several days), lidocaine ions that are drug
ions are transferred to the electrolyte solution holding part
12, and sodium ions that are first electrolytic ions and fumaric
acid ions that are the second electrolytic ions are transferred
to the drug solution holding part 14. Depending upon the
temperature condition, and the like, while the working electrode
structureisleft, thediscolorationoralterationofthelidocaine
hydrochloride aqueous solution or the precipitation of lidocaine
hydrochloride crystal occurs. Furthermore, the administration
efficiency of lidocaine ions at a time of administration of a

drug decreases. Furthermore, depending upon the current passage
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with a molecular weight of 115 to the drug solution holding part 14, and
the transfer of lidocaine hydrochloride with a molecular weight of 268 (or
lidocaine ions with a molecular weight of 234) to the electrolyte solution
holding part 12, by using as the porous separation membrane Fl a porous
separation membrane with a molecular weight cutoff of about 100 (for
example, available as NUCLEPORE from Whatman plc or as Por'rmCE

condgqu§P%%“gn%?ggﬁg%”%%e”gamqgw¥¥¥gé%g%gg¥mgh#$%%?H?Q%ocaine
electrode structure Al can be retained 1s prolonged remarkably without
i onstherocenaende: of iheyalavermentionedtneonyeniens pherpmengsuchias

the discoloration and alteration of a lidocaine I%drochloride agueous

soltfBARE prekipitation Bt ifGcamechylrcthiotiae clystal W thg fumarate
mo leg%clrggs%gnc%n §dHE'1i§t5%t'i°£‘refJJ‘8i§q]?% oflidocaine,ionsapd the. scig ions

ecomposition thereof. On the other’hand, the transfer of chlorine ions
withthatareéerug eounter gins titheldlectrolyte sotutiors hobdingopatt d2ds ngt part

impaired. Therefore, the_ current ass%%e characteristics rec&uired for the

L4 thinidtdtibA bt Adruy” ard SRSaebCEVER T e cHse ot Bidéking thatecutar

we i gansfer of ideeaine; hydrochlarids moleculess(ordidacaing long) fothe o £ 234)
electrolyte solution holding part 12 by using, for example, a porous
to thsepdraticrr Merhbrane With amofekd far wweryht clifoffof alsout 2606, astheorous

orous se ara%ion men%blrane Fl, the lidocaine ion% in the vicir}oit])_{ of the
ﬁ moran nte ratl em

se a%atlo e a rous, sepa O m ane with a
Pagiéctrode 11°are prevented front’ Selng deconﬁ)posed in the Case where'a

mo 1 e@fugds adsiigistered eftertherretpatian obthewerking 28-elestrade i 1able as
structure for a long period of time. In addition, the transfer of fumaric acid
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herefore, It is possi
Al can be retained is prolonged remarkably without the occurrence

of the above-mentioned inconvenient phenomena such as the
discolorationandalterationofalidocaine hydrochloride aqueous
solution, the precipitation of lidocaine hydrochloride crystal,
or the decrease in an administrationefficiency of lidocaine ions
and the decomposition thereof. On the other hand, the transfer
of chlorine ions that are drug counter ions to the electrolyte
solution holding part 12 is not impaired. Therefore, the current
passage characteristics required for the administration of a drug
are ensured.

Even in the case of blocking the transfer of lidocaine
hydrochloride molecules (or lidocaine ions) to the electrolyte
solutionholdingpart 12byusing, for example, a porous separation
membrane with amolecular weight cutoff of about 200, as the porous
separation membrane Fl, the lidocaine ions in the wvicinity of
the electrode 11 are prevented from being decomposed in the case

where a drug is administered after the retention of the working
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to prolong the period during which the working electrode structure can be
retained, without the occurrence of the phenomena such as the
discoloration and alteration of a lidocaine hydrochloride aqueous solution,
the precipitation of lidocaine hydrochloride crystal, or the decrease in an
administration efficiency of lidocaine ions, to such a degree following the
case of using the porous separation membrane Fl with a molecular

e 1e cYEIGBLOUION 01, 100 A battery, a vallage sigbilzer, g currept siabiizel o, 1
galvano ewceS, a voltage/curren tabilizer, or the like can be used as

t ranthepowar sautee Cdndhe thntophoresis devicewof thaerpresent invadionles to
It is preferable to use a current stabilizer that is operated under safe

the Goltgescontiitions if WHich ah Parbitraty clifeRt G 5E abifustédin glegree by
the F0PE.0 010,10 mA, preferably 0 QI to &, 5 oA, specilically, ab30s 5 b1 e

or less, preferably, 30 V or less. FIGS. 3A to 3D are explanatory views
t o prshowing coafigerationsiwf theyworkiny eleetrodestructresA2 talASofucture
the iontophoresis device according to another embodiment of the present

can fiGenfidr K Showh: e Workint eRErEde Sicture A2 Ras ife 8ahg e sueh
as tconfigyeation asithatobihe working elestiode structure-Al exceptsthataloride

porous separation membrane F2 is placed on a front side of the ion
aqueexchangerhémbrane E3PAR foritdphoresis delicelusing ithe workingch loride

crysgaods stiuglure A2 in place of the working electiode sucte Al ooy o
YS58hidvesthe samé efféttas that of the 28'above-mentioned Y

1idoloataphoresis fevicesXtnThearerking electrede: stiuetiee ASfwastheising the
same configuration as that of the working electrode structure Al except
POorothat e aleetrdlyte BSNUGTRGIdING Part 1 2idseefétinar pfotight cutoff of

100.

A battery, a voltage stabilizer, a current stabilizer
(galvano device), a voltage/current stabilizer, or the like can
be used as the power source C in the iontophoresis device of the
present invention,. It is preferable touse a current stabilizer
that 1is operated under safe voltage conditions in which an
arbitrary current can be adjusted in a range of 0.01 to 1.0 mA,
preferably 0.01to0.5mA, specifically, at 50V or less, preferably,
30 V or less.

FIGS. 3Ato 3D are explanatory views showing configurations
of the working electrode structures A2 to A5 of the iontophoresis
device according to another embodiment of the present invention.

As shown, the working electrode structure A2 has the same
configurationas that of theworkingelectrode structure Al except
that a porous separation membrane F2 is placed on a front side
of the ion exchange membrane 13. An iontophoresis device using
the working electrode structure A2 in place of the working

electrode structure Al achieves the same effect as that of the
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separation membrane F3 formed in a bag shape. The working electrode
structure A4 has the same configuration as that of the working electrode
structure Al except that the drug solution holding part 14 is sealed in a
porous separation membrane F4 formed in a bag shape. Furthermore,
the working electrode structure AS has the same configuration as that of
the working electrode structure Al except that the electrolyte solution

abovgglgnierllg f‘étnélé IS s%acled ﬂno%%)griosusCFegziiEaetiog embrane FS formed in
a bag shape, and the gl%g solution ho?dlng part 14 is sealed in the
pomus sepatatibndnershrane F6dfermea imnabag shapes lontophoresis same

devices having the working electrode structures A3 to AS achieve the

con f4Me fnctivrat &fftt a5 thator the ApEVeLRENTUH fntdpshorégish L except
thatd8Yiee Xl.p0d alspachyeye e, iollawing additianal fynctigng| eeéﬁf%q{% B8rous

mixing of an electrolyte solution and a drug solution is preventedmore
sepaexactlyn anc thierzaredleabilitiof theleléctrofytéosalutinamdding fare 1Rorking
and the drug solution holding part 14, and the wo,rkabili%ifor assembling

© L e CleSisHidig Blettrdde Struttlites K3 GRS &8 hRATRU! BUeRwhér the & 0@
workelegtrede. 11 andjor thedgp-exchange membyane: A3 are/isfudhersealed r 1 on

in the porous separation membrane F3 of the working electrode structure
ho1dA8 dtire ioh-eXchargemerbrane” ¢ 8 and/setherion-exchaage neermbrango rmed

in alg arelis further s%algq n the ﬁoroug separation memhrane F4 of th

WOrK ngsgl%gt(?dde structiire Az ,%f thehé?le‘(':qt(?éf e 1 analor reOde Structure

A5 hion-exchapgadnembrang: 38 d3arels further sealedhia the prEQUS electrode
separation membrane FS of the working electrode structure AS and the

st ruighlegxehBhg8 AreRbrariea 13%Hel/6rtRe IdrRéxdfanye iémpradelsling part
12 1 @refisfughes sealed in the porpus seraration memirang £6:06Mey 51 4 pag
working electrode

shape, and the drug solution holding part 14 is sealed in the
porous separation membrane F6 formed in a Dbag shape.
Iontophoresis devices having the working electrode structures
A3 to A5 achieve the same functional effect as that of the
above-mentioned iontophoresis device X1, and also achieve the
following additional functional effects: the mixing of an
electrolytesolutionandadrugsolutionispreventedmoreexactly;
and the handleability of the electrolyte solution holding part
12 and the drug solution holding part 14, and the workability
for assembling the working electrode structures A3 to A5 are
enhanced.

Even when the electrode 11 and/or the ion-exchange membrane
13 are/is further sealed in the porous separation membrane F3
of the working electrode structure A3, the ion-exchange membrane
13 and/or the ion-exchange membrane 15 are/is further sealed in
the porous separation membrane F4 of the working electrode

structure A4, or the electrode 11 and/or the ion-exchange membrane
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structure A5, the same functional effects as those described above are
achieved. FIG. 3E is an explanatory view showing the configuration of a
working electrode structure AS of the iontophoresis device according to
still another embodiment of the present invention. In the working electrode
structure AS, an ion-exchange membrane 13 (F7) provided with the
function of blocking the transfer of electrolyte molecules (or first
electralytic io, and/or second electrolytic ions to the drug.solution
13 A r b ot dhug Fe oo Do bz S
o f t relectrolyie selutoncheldiag part d2us dispesed thplaesmefdhehange membrane
ion-exchange membrane 13 and the porous separation membrane Fl of .
13 ame WorkiRg efsttroBs Shatflife BRI fotfophoresk/devide! prévided fdthed i
tne S MOIng.elegkads sucugAS.achieves e same peliong) eliadl ag. oqe
that of the iontophoresis device X1. An ion-exchange membrane similar to
st ruthieuor-@Xchamge s membraneti3>used 4f thecalowe-mentienéd actiided above
electrode structure Al can be used as the ion-exchange membrane 13
LfYfié case of using an ion-exchange membrane in which a porous
filnr havingra numperofporeseommupicating the, frant surface andithgrat ion
back surface is filledwith ion-exchange resin, the function of blocking the
of atremsterof tikd abovecArntiohed Fespedhive aioletalescortiond ¢an pes device
rovided by adjusting the sizes of the pores and thh ion-exchange resin, . .
ceo g Basnt O B o T AGE D ot G2 B 57 The rasahe Lon-
inventiembas.been descebed by yway of semer embodigents: Thepreseittange
invention is not limited to those embodiments, and variously altered within

membgran@ope of (EldimsP FEIVéxetApl@ lif the-asove Enbodimets, thé ¢akéng the
tranyP@FQEEGJectrolyte molecules (or first electrolytic ions)

are

and/or second electrolytic ions to the drug solution holding part
14, and/or the transfer of drug molecules (or drug ions) to the
electrolyte solution holding part 12 is disposed in place of the
ion-exchange membrane 13 and the porous separation membrane F1
of the working electrode structure Al. An iontophoresis device
provided with the working electrode structure A6 achieves the
same functional effect as that of the iontophoresis device X1.

An ion-exchange membrane similar to the ion-exchange
membrane 13 usedinthe above-mentionedactiveelectrode structure
Al can be used as the ion-exchange membrane 13 (F7). 1In the case
of using an ion-exchange membrane in which a porous film having
a number of pores communicating the front surface and the back
surfaceisfilledwithion—-exchangeresin, the functionofblocking
the transfer of the above-mentioned respective molecules or ions
can be provided by adjusting the sizes of the pores and the
ion-exchange resin, the filling amount of the ion-exchange resin,

and the like.
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working electrode structure has the second ion-exchange membrane 15
has been described as the most preferable embodiment. However, drug
ions can also be administered under the condition that the second
ion-exchange membrane 15 is omitted, and the drug solution holding part
14 is kept in direct contact with a living body. Similarly, in the above
embodiments, the case where the nonworking electrode structure B1

inclydes the eIecErode 21 Iche elegtrolyge solution hold'&gl Jparts 22 and %4,
h .
e e anG s Ao LS ALY 58 b8 some
emboHowewvers the inh-exghangen membranasiZhands2S; and theneleettiolyte those
solution holding part 24 in the nonworking electrode structure B1 can be

embogrhitte- HitetfativeN, 1he followird RS0 PossibRe. The nbhworking ©aims -
electypde, stiyctuce is ot proviged in theiontopharesis dayice, .and fale v the

example, under the condition that a part of a living body is kept in contact
wo rkwitly & irentber de et thesanthenhile thie averkingn @léctnodexsthuctyre isembrane
kept in contact with the skin of the living body, a voltaﬁ;e is applied to the

1> haggnking (918&?&&9%%%@?&%d?ﬁir%t%?%%h&.esﬂ& ANiBDphord&iy Ve r

drugdevise is pat Lomparableiq the iantophorgsisdevigeXd intermsf theat the
performance of suppressing the change in pH on the contact surface of
secotie skin SSwith respectedtieanenworkingelettrode strudtlifes ghthe egpthut ion

member. However th((;: iontophoresis device exhibits the same. . .
no L R R o STt B et (RO s S e Dot AR PO

pagicuyltar sthe jgntepharesis deyvice extnbits thedellowing effectpeculiante the
the present invention: 32 the transfer of these condelectrolyticions and/or

HOHW%@@&S@/%C FiotecuIes forthe FitsBelettro e foh$Hte thefig Seetioh, the
ele cte%lgl (ﬂtpgg ok glco{é] eht<r)ain(§ E{go {ogrflg é“‘?ieg ng S QP,;QW& {Qns )i 591 t—hgx change

electrolyte solution holding partare blocked, whereb

membranes 23 and 25 has beendescribed. However, the ion—-exchange
membranes 23 and 25, and the electrolyte solution holding part
24 in the nonworking electrode structure Bl can be omitted.
Alternatively, the following is also possible. The nonworking
electrode structure is not provided in the iontophoresis device,
and for example, under the condition that a part of a 1living body
is kept in contact with a member to be the earth while the working
electrode structure is kept in contact with the skin of the living
body, a voltage is applied to the working electrode structure
to administer a drug. Such an iontophoresis device is not
comparable to the iontophoresis device X1 in terms of the
performance of suppressing the change in pH on the contact surface
of the skin S with respect to the nonworking electrode structure
or the earth member. However, the iontophoresis device exhibits
the same performance as that of the iontophoresis device X1 in
the other points. In particular, the iontophoresis device

exhibits the following effect peculiar to the present invention:
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the period during which the working electrode structure or the
iontophoresis device can be retained is prolonged without the occurrence
of the phenomena such as the discoloration, alteration, and
decomposition of a drug, and the decrease in an administration efficiency
of the drug. Those iontophoresis devices are also included in the scope of
the present invention. Furthermore, in each of the above embodiments,
ehe 18 ga3¢ ,nas been.descrifed where the working, eleglrode stiuctuie, g 1, o
nonworking electrode structure, and th power source are conﬁgure&
mo 1 esepasately 4t tshalse possibia that those elementss are thaeafporatedyirsalut ion
single casing or an entire device incorporating them is formed in a sheet

holddméheor b pateH SRape Wwherby fie haritiitg ferduf Rl &diced i +ons)
to cfdchauaaipphoiesis, devies inalae eludedJn fhe scapa.otibg piesal e repy

invention. 33 CLAIMS: 1. An iontophoresis device (X1) for administering
the grugiiods domiivingrbodyy comeprising iamceledtealytecsddutionrhotding pastr the
12) for holdinr% an ,electr%e solution in which an electrolyte to be

Lont GRUSGEAEAS IS SoRitionato 15t SIEETItEIons of A TSt edhdudtiviyout the

occuahd secopd elestralyicians ofa,secqad eenductivity oppesits, fosthedirstt 1 on),
conductivity is dissolved; and a drug solution holding part (14) for holding

and ¢edregzoition on whiehda deug 20 BeLdissoeiateth it al sohiicring thiesgrogt 1on

.ions of the first conductivity and drug counter ions of the second
e 1 e A B B he e e s e, also

inclfiorisideofthe electiolyte solutien peldingrpart {12 eharacterized in that
a first ion-exchange membrane (13)

Furthermore, in each of the above embodiments, the case
has been described where the working electrode structure, the
nonworking electrode structure, and the power source are
configured separately. It is also possible that those elements
are incorporated in a single casing or an entire device
incorporating them is formed in a sheet shape or a patch shape,

whereby thehandlingthereof isenhanced, andsuchaniontophoresis

device is also included in the scope of the present invention.
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for selectively passing the ions of the second conductivity and a porous
separation membrane (Fl, F2, F3, F4, FS, F6, F7) for blocking passage of
molecules and ions each having a predetermined molecular weight or
more are placed between the electrolyte solution holding part (12) and
the drug solution holding part (14). 2. An iontophoresis device (X1)
according to claim 1, characterized in that the porous separation

CLAT §mbrane (FI, F2, F3, F4, FS, F6, F7) blocks passage of the second
electrolytic ions. 3. An iontophoresis device (X1) according to claim 1,
characterized in thtad thesperausvseparation membramne fFls E2,r 84d4-3rkd; ions
FS, F6, F7) blocks passage of one of the electrolyte molecules and the

to afiktdeefolyficions AR ibhtdphoresis device (X1) according to claim 1,

characterized.in that the, peraus separation membrane () F40E31E4qi ng an
FS, F6, F7) blocks passage of one of the drug molecules and the drug
e lecions.1S.tAndontopharesisndevice (X haederdingdd any dre b clairsctoated,

, 4, characterized in that the electrolyte solution holdin %art (12) is sealed, .
in 2 G bR EBoaratioh mumbrats {E8 F&) Ritriedina b ShApe & - 1Vity

and ABdontgphoresis.device;(X1) according ta apy QRe Of (laimsilto4, cpposite
characterized in that the drug solution holding part (14) is sealed in the
to tperols separationnwiembran® (F2, F4) sforhed ¢ a dag shape. 7. An

S e aanelon s o S A o
in wh@dmgdﬂﬂrug to be dissociated, in a solution, to the drug
ions of the first conductivity and drug counter ions of the second
conductivity is dissolved, the drug solution holding part being
placed on a front side of the electrolyte solution holding part
(12),

characterized in that a first ion-exchange membrane (13)
for selectively passing the ions of the second conductivity and
a porous separation membrane (F1, F2, F3, F4, F5, F6, F7) for
blocking passage of molecules and ions each having a predetermined
molecular weight or more are placed between the electrolyte

solution holding part (12) and the drug solution holding part

(14) .

2. An iontophoresis device (X1) according to claim 1,
characterized in that the porous separation membrane (F1l, F2,
F3, F4, F5, F6, F7) blocks passage of the second electrolytic

ions.

3. An iontophoresis device (X1) according to claim 1,

characterized in that the porous separation membrane (F1l, F2,
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electrolyte solution in which an electrolyte to be dissociated, in a solution,

to first electrolytic ions of a first conductivity and second electrolytic ions

of a second conductivity opposite to the first conductivity is dissolved; a

drug solution holding part (14) for holding a drug solution in which a drug

to be dissociated, in a solution, to the drug ions of the first conductivity

and drug counter ions of the second conductivity is dissolved, the drug

utign-holdipg (14), 35,being_placed on a front side of the electrolyte

P o Roldng ark (L) o a He ohCaxehanGe meibr ks (13 (£ry ) L e
mo 1 efon selectively frassingdens efltbe secandconductivty, the first

ion-exchange membrane (13 (F7) ) being placed between the electrolyte

solution holding part (12) and the drug solution holding part (14), wherein

the,firstign-exchange spembang {13(F7)) placks passags pfthe second: o, 1,

electrolytic ions. 8."An iontophoresis device (X1) for administéring drug
charins etoiazkving body, chatactenizeddyscomprising: arrelectralytersolutioh, F2,

5 hgldir%g?partélz f7or hoIdir&?ﬁan electrolyte solution in_which an electrolflte 1
31 fo'bedissotiated, in & $8ufibn b ¥igf&elirofiC idhs g firsttd mofecules

and ¢endugtivity and second electrolytic ions of a second conductivity
opposite to the first conductivity is dissolved; a drug solution holding part
(14) for holding a drug solution in which a drug to be dissociated, in a

solution, to the drug ions of the first conductivity and drug counter ions of
Bha"condics S5 saftrion bl

the’second” Goi eifyeigﬁ?ss%?v\éﬁ?ﬁe ug sofution oﬁngt Bar‘??ﬂ)one of

claibeing pltaced, on-a froptside of the elactrolyte sohdionmhalding 1Rart(12d1ution
and
holding part (12) is sealed in the porous separation membrane

(F3, F5) formed in a bag shape.

6. An iontophoresis device (X1) according to any one of
claims 1 to 4, characterized in that the drug solution holding
part (14) is sealed in the porous separation membrane (F2, F4)

formed in a bag shape.

7. An iontophoresis device (X1) for administering drug ions
to a living body, characterized by comprising:

an electrolyte solution holding part (12) for holding an
electrolyte solution in which an electrolyte to be dissociated,
in a solution, to first electrolytic ions of a first conductivity
and second electrolytic ions of a second conductivity opposite
to the first conductivity is dissolved;

adrug solutionholdingpart (14) for holdingadrugsolution
in which a drug to be dissociated, in a solution, to the drug
ions of the first conductivity and drug counter ions of the second

conductivity is dissolved, the drug solution holding part (14)
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a first ion-exchange membrane (13 (F7) ) for selectively passing ions of
the second conductivity, the first ion-exchange membrane being placed
between the electrolyte solution holding part (12) and the drug solution
holding part (14), wherein the first ion-exchange membrane (13(F7))
blocks passage of one of the electrolyte molecules and the first
electrolytic ions. 36 9. An iontophoresis device (X1) for administering drug

. _1ons, to a livin bog c%aract rizegk% comprising; an electrolyte solution, ..
b d Yoo glaracte Y,GOMPLIZING, ql) ECCIONy1e 1d
elnﬁoﬁ:ﬁr?gcgarto(?z?for ho |nsglane eﬁectro@tg solution ?rywﬁm%oan electro y(t)e g
parttohiegissegiated, in a solution, to first electrolytic ions of a first

conductivity and second electrolytic ions of a second conductivity

opPosite” fo-tha FrstEBRAGCt Aty RENSSONS; & tiug AIutiorPRolding Pt ve 1y
pas sl forhlding adtug soltign. I which a.dr }d% tobedissociated, N ay cnange

solution, to the drug ions of the first conductivity and drug counter ions of
membthersecohd (Edndudtivity is dissclwedp thewdrag solutien holdinglpare(B)lut ion

heing placed on a front side of the electrolyte solution hol,dinggpgart (12);

fio L AR alfirst fontegchahe mMélfibfAheY13 (F 7Y B sdI8ctiveR pREdifig i%jn@ ’

of thesecond cordugtivity, tlﬂ%ﬂ@%ﬁ&@j@%@m@?ﬁ}%fﬂ% GleryY) ) blocks
being placed between the electrolyte solution holding part (12) and the

pas seirg sofutionshotding part¢14)cwhereairt the firstion-exchange membrane
(13(F7)) blocks passage of one of the drug molecules and the drug ions.
10. An iontophoresis device (X1) according to any one of claims 1 to 9,
charagterized by durdher compesing @ seaond densexchange eembrane:g ions

(15) for selectively passing the ions of

to a living body, characterized by comprising:

an electrolyte solution holding part (12) for holding an
electrolyte solution in which an electrolyte to be dissociated,
in a solution, to first electrolytic ions of a first conductivity
and second electrolytic ions of a second conductivity opposite
to the first conductivity is dissolved;

adrug solutionholdingpart (14) for holdingadrugsolution
in which a drug to be dissociated, in a solution, to the drug
ions of the first conductivity and drug counter ions of the second
conductivity is dissolved, the drug solution holding part (14)
being placed on a front side of the electrolyte solution holding
part (12); and

a first ion-exchange membrane (13 (F7)) for selectively
passing ions of the second conductivity, the first ion-exchange
membrane being placed between the electrolyte solution holding
part (12) and the drug solution holding part (14),

wherein the first ion-exchange membrane (13(F7)) blocks
passage of one of the electrolyte molecules and the first

electrolytic ions.
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the first conductivity, the second ion-exchange membrane (15) being
placed on a front side of the drug solution holding part (14). 37

9. An iontophoresis device (X1) for administering drug ions
to a living body, characterized by comprising:

an electrolyte solution holding part (12) for holding an
electrolyte solution in which an electrolyte to be dissociated,
in a solution, to first electrolytic ions of a first conductivity
and second electrolytic ions of a second conductivity opposite
to the first conductivity is dissolved;

adrug solutionholdingpart (14) for holdingadrugsolution
in which a drug to be dissociated, in a solution, to the drug
ions of the first conductivity and drug counter ions of the second
conductivity is dissolved, the drug solution holding part (14)
being placed on a front side of the electrolyte solution holding
part (12); and

a first ion-exchange membrane (13 (F7)) for selectively
passing ions of the second conductivity, the first ion-exchange
membrane (13 (F7)) being placed between the electrolyte solution
holding part (12) and the drug solution holding part (14),

wherein the first ion-exchange membrane (13(F7)) blocks

passage of one of the drug molecules and the drug ions.

10. An iontophoresis device (X1) according to any one of
claims 1 to 9, characterized by further comprising a second
ion-exchange membrane (15) for selectively passing the ions of
the first conductivity, the second ion-exchange membrane (15)
being placed on a front side of the drug solution holding part

(14) .
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