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 working
electrode structure and/ormONTEREACRFLSISOIDEMT.CE Related Background Art
JP 3030517 B, JP 2000-229128 A, JP 2000-229129 A, JP 2000-237326A, JP
2000-237327 A, JP 2000-237328 A, JP 2000-237329 A, JP 2000-288097 A,
JP 2000-288098 A, apritkerzamiphler o WO 081@372125y the disclosures of
lwh%c,h are in%ort%oratled hergin by reference, disclose an iontophoresis device
for administering an ion-dissociable drug whose drug component is
dissociateddeoders: (drugvens) oia posiive Ornegativie-cenguctivily (firstievice
conductivity). FIG. 1is an exglanatory view schematically showing the

L BGritigtiaich Hhchancon sFaRRO NP elactrote stHactire A df thed soLution

ciontopharesisgdeMie@g 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 working
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, in which

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



As shown in the figure, the working electrode structure A includes: (1)

an electrode 11, (2) an electrolyte solution holding part 12 for holding an

electrolyte solution in contact with the electrode 11, in which an electrolyte

dissociated to first electrolytic ions (E) of a first conductivity and second

electrolytic ions (E-) of a second conductivity opposite to the first conductivity

in a solution is dissolved; (3) a first ion-exchange membrane 13 for s
adléctprelyquasus ingrthieviensiof ¢hae sécohd condlgtivity L thesfist ibr-exclhange d

membranes. 13 beingsnll %e(%_gn %fro?t side of th eletlc.tro.lyéte solution h9|d
[ ho

in
ngr L%chi—flVlt{4)o§]<c>irug solution o?dlngl;rpsaﬁt 2161 fii\ﬁlg é/dh?g %ofu?iolﬁtlﬁ "

iwhichsa drug dissociated to drug ions (D) of the first conductivity and drug
counter iﬁns DQ of the second conductivity ina S%Itmion IS dissolveg the drug
i g

solutioh Hofding part 12 Benig piaced ohA fibht side df Tife first IorTekchinge
tmembrape d8; and 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 the second
conductivity inasolutionisdissolved, thedrugsolutionholding
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
passingtheionsof thefirst 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 to a 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 living body efficiently. Furthermore,
the transfer of the drug ions (D) to the electrolyte solution

holdingpart 12andthetransfer of H' ions generatedinthevicinity



(5) a second ion-exchange membrane 15 for selectively pas s ing the ions of
the first conductivity, the s e cond ion-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 to a livingbody

o thuhmare beimgrorcanimal) viatthedsecord lon:éxchange membrane16,and then

< Whereas (he transfer of biglogical counter jons (B-/ions ehargedna. . ¢ o
conductivity opposite to t at of the aﬁjg 10 an(fpresen on the surface of a

i iving hadyragrdmtbedivingbody) tathe diigrsolutiva heldngpardi14bis a toxic
inhibited. Therefore, the drug ions can he administered to the living hody ,

S BHticiehtyS FOMRBMATR, thetranstSF 5P thedriig 98n<"(0) 18 thé Blectrofyté 2P+
vseluionholdinggars 4 2tand the trans fer offtHJans gengrated indhgrdcinity: 6 .
the electrode 11 to the drug solution holding part 14 and then to the interface

of the TViG Body ark intibitd bythefirstion eXchange Membfatie 131 owing
wa befefaee, dpe gepgratiomefataxis substancerewing e the electrolysis of ayt e
drug and the rapid variation in pH at the interface of the skin can be

Cor&rentedd: CRowe\RY, infthe iBrtophofesisBRVta s Ve five fttowing the
1Was made apRayent-Depending upon, the kindbotan glectralyteto-bgdisedy ot

the kind of a drug, a combination thereof, or the like, the drug may be altered

EWith thé efdpseltt seAeeperad 6ftimé aftéPiHelassemiisy 'of e waiking ture -
aélectrode sfructure, Alternatively, when a,drig is adminisiered with the glapse ¢

of some period of time after the assembly of the working electrode structure,
s fhecadAtinistratibntefficientysf & deug praydeoredlse Femefkably eomsated ode

s ith the administration gfficiency igimediately after the assembly ofthe oo se

working e le ctrode structure, or a drug may be decomposed in the electrolyte
r spkutiopaholiding parta SEMMARYNOF tTTHE INMENTIONrat icfhe préSentiency

s jfwention has been aghieved inview of [he.abovermentioned problems, and.
an o%ject of the present invention i fo prowge an |o%topﬁore5|s evice
ocapatite: of prevéntinig opsuppressing the change 1 aycomposition of endiugi ng
solution or an electrolyte solution in the case where a working electrode
pgtrrﬁc'tureandanentireiontophoresisdeviceincludingtheworking electrode

structure are retained in an assembled state. Another object of the
present invention is to provide an iontophoresis deTvice capable of preventing
or suppressing the disc , precipitation of crystal
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
structureandanentireiontophoresisdevice including theworking
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



in a drug solution holding part, the decrease in a medical efficiency, the

generation of a toxic substance due to the alteration in a drug or the like in

the case where a working electrode structure and an ent ire 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
ithesadministration efficie ey 1af andrugaoccurringein dee case whére therdedg is: 1

e?gministered after a sreviouscl){ asse@blgd ﬁctiv.e elec%o%e structure or

clency, e enera @) OX1C ubs n ue ,to the
|onjtop oregl's deviceis retalnedofrcl)r a prede ermlnecf peno& o?ﬁme or Ionger.

a Still another objedtrofdlbe presenkiavention is toprowide andortopheresistrode

device caggtrxllg of preventing or su%presglgg éhe deco,mptﬁlgon of 3 drug
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e substanee caused by:the fecompositioniinithe Lasevheneitbe diug is .
administered after a previously assembled active electrode structure Or

iontophbrests HEVIcETs fétdinell for hlpredetermihed Béridd 8ftinte'st Ioriyet e

aStilbanaiperebject ofdhe peesaptipventionisdoqrevide an iongphosesisy the
device capable of storing a previously assembled active electrode structure
ABF aR Ettire TortopharEsis dévice ndlidingthe Wotkihg éledtrode StrfctiteFor I

i@ long period offime, thereby-enabling.the;distibution ang-sterage,intheousy
assembled form. The present invention has been made to achieve the
2 aB6Ve bbjectHnt ActhrEiRg 0 DIfe A8FECTST thie preserk inention, dsereds 1

r Brvided an jontgphotesis deyiee far administering driyg ions to.a lving body,
including: an electrolyte solution holding

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 storing a 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 to a living body, including: an 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; 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
rdissoived hthieddrug solutionchialdingtpart deing praceddnia frent sidleoftle yte
clectralyte solution holding part.in which 3 fistion-exchange membrang for .

se ectlvefy passing ?He ions of the second condhcﬁwty and a porous
aseéparatiooanembrane for blocking thelpassagerofimoleculesand fors eactond

having a predetermined molecular weight or more are placed between the
©RiEcholyte SolutioRtdiding part Bk thé dilig Soition nolding part®* SSThéed’
apesentinyeBtion postulatessam priiephoresis Wevicengchiding @ werkingon in

electrode structure similar to that of FIG.1, that is, a Working electrode

"EtrGeuitethtifidiriy ) EhPeiREi6iy i sofutich Attty part foF nbitingan? +ons
oelecrolyte solutiominmwhich aneleeHolyie tp bedhssociated sinod Sohliofe & nd
first electrolytic ions of a first conductivity and second electrolytic ions of a
ceBeoHd ednductivity! 6 ppositetly tHe firstcondirctivity R dissoied? @5 atfirst 19
pionsexchange-membraneforselgetivelypassing the ionscafdhe sacondy pare,
conductivity, the first ion-exchange membrane being placed on a front side of
1the'elettrolyteidoliition hofting pase AFehE3)%d Brig SoRfibhdcldmepat foring
+holding,a drug selution. inwhich a,drud tphe dissaciated, ina SOIUIORLO. ¢ 1 o
drug ions of the first conductivity and drug counter ions of the secon
mepRddctivify isdissoived] te drag solistioh heldieg part deihg Placeddneving
= florL side.of e dishionexchange MAbEANG o, . I vepiarsaliies, cne
present invention have found the following. As described above, when the
eworking electrode structureowithi the mbovesme ntion et configurationis heft forng
a predetermined period of time or longer, even in the case where a stable
parug' that is not altered for a long period of time is used, phenomena such as
the distiodonationwfa drugesalitbonpthetpreeipitation dfccrystahinctheidrugevice
. solftign holdinglplgrtﬁ or the dtecr asetin a medical .eff.iiiency/tht ggn%a%ti% °1f
*atoxic stbstance olwﬁme o the al eerastlornugft a (rj?ualrﬁnéy oceur, epenO ing "’
tdpan the kind of;anlelecirolyte; dhe kind of ardruguacombinationrtbereafior an
the like. The inventors of the present invention have earnestly s tudied
©h5§ et o trie SSsunptich that tHe' dbb7e-meritionsd P8orRBna A& thAdsdd®
sby the seconeeleatralyticl ionstransterres fromitheelectrelyte splutiof ution,
holding part 12 to the drug solution holding part 14. That is, the drug solution
R éiéé&l}gré&%ﬁa%‘?ﬂéﬁg prétipitafedinttheSdrugEBittidn Holdih g part By o2
ethe-ehange inpHoefdtherdiugsalution duedethe presepee of the second rirst

electrolytic ions, and the medical efficiency is decreased and the toxic
CelBstahed i Yeherate By T fe&ét ich betw et thesecontiE eberdRiR I6ns T
sand the deug. . s Gopsequentlys the inventors have.found that, Ly, blogking < -

_the transfer of the second electrolytic ions with a porous separation
1 AferRBrahe SlacetEBeieen the elsctraly e solutidh Moldidg part aretheedrughe

< $0lution holding part; e aboyesmentioned respectiye phenomena 6an Beq i ng

suppressed effectively, that is, the period in which the working electrode
pstriacture ktahdbiekeptdwititoat eéath orf thevdbove-ment piedysheherrensedat /

1 Reprolonged, thereby achieving thg Pregentinveption, quceivity and drug

counter ions of the second conductivity is dissolved, the drug



The porous separation membrane (which may be called an ultrafilter, a
microfilter, 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. Aporous separation membrane
made of an arbitrary material such as, a porous membrane made of a
polymer material such as polysulfone, polyacrylonitrile, cellulose acetate,
spolyamidehpolytarbarrate, be polyvinydaledhol or & pondus membfanémmdde st
i(c))l;lgece(r: %csematGenﬂglrlé%g., alumina) can be used. A porous separation
membrane can be used, which has pores of an appropriate size capable of
effectively blocking: thestransfertof the seeond electralytic tonsaodhe drgl the
solution holding part, and allowing the transfer of drug counter ions, required
R e Padsage of & STHALTOR the SchiiistABGn 51’3 A (6 He Gbatron &'e
sseludenholdingparte admoleeular weight-ciitoff isandndex for 1eft for a
representing the molecular weight of each of molecules and ions that cannot
Phass tbligh the Pordds' sepatatih Menibrafies A f¥fdus'Sefarationse where
amembraneshavingraamolecular weight caoff darger than, the mole cylarweight s
of each of drug counter ions and smaller than the molecular weight of each of

Vs EOHT ERRHBIVIIC 56nS Bah e (eetf as A PdrotE sepafatiditherBranedn
t the present invention. . ¢ -Fhemalecylanweight cuteff is obtaingd asthe,art,

molecular weight at which the blocking ratio is 9 0% in a cutoff curve obtained
opy-plbtifG biocking tatiFeRI(Ee Hddking PatRy RHS YEmietr By 1orCpfch foxic

swhere Choistheconcentration.of an-elsgtiolyte on.asyRph:selytionside vig a4

membrane , and Cp is the concentration of an electrolyte on a permeation
ugelytigreside)dvith ressect 16 aoplutaity tdfemaikel pfokeclles havipgrdiffernt on
« nolecular weights.;In,the case where the molecular weight cutoff of the

porous separation membrane used in the present invention is close to the

moleciilag weight of thies sedontieteatrohytforions ov the: iofedutaraveightnefthé y

s filg counter ions, the %fs‘,’é%gﬁatbi%g%%rae? é’ﬁéhaeﬁ%%%o-d for keeping te | omena
working efectrode structure without decreasing the conguctmty in the
aadministrationyota dregcand witheoit the discoldrationt, adte reton; andfthenrdikene

R T e e e e e T
pinfluenced ty:=theithree-dimensignalkshapesnofimotecsites and ionsar theylidea 1
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 is generatedby thereaction between 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 be suppressed

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



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 s eparat ion membrane having a mole cular
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

structure canbekept without eachof the above-mentionedphenomena

can be prolonged, thereby achieving the present invention.

The porous separation membrane (which may be called an
ultrafilter, amicrofilter, 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, cellulose acetate,
polyamide, polycarbonate, or polyvinylalcohol, or a porous
membrane made of a ceramics material (e.g., alumina) can be used.
A porous separation membrane can be used, which has pores of an
appropriate size capable of effectively blocking the transfer
of the secondelectrolytic 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 havingamolecular weight cutoff larger thanthemolecular
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 which the blockingratiois 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, andCpisthe concentration



the period for keeping the working electrode structure without the decrease of
the conductivity in the administration of a drug, the discoloration, alteration,
and the like of a drugmaybe 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 an electrolyte on a permeation solution side) with respect

to a plurality of marker molecules having different molecular
welights. 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 like of a drug
may become shorter.

Further, the passage characteristics of molecules and ions
with respect to the porous separation membrane 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 1s 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



of each of drug counter ions to that of each of second electrolytic ions or a
molecular weight cutoff close to that range, and experimentally confirming the
prolongable degree of the storage period and the current passage
characteristics (conduction 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

e refer tonthose Mivichcareichargedtinea ronducthity lgppesitesto tHat-ofethe-drugye

lons generated by dissolving a drug, Furthermore, in.the present favention. .
Plie first dlectro ytic ions an he"Second elec}%roﬁftlc ions respecti é:ly rei‘ler%o
cionscharged i the same conductivity as that of the drug ions and ions

charged n a.conductvity oppostte to that of the drug lons, eachbeing._ ., .,

generate%i y aPs's oF‘vmg an elgctroly e’in the electrolyte Solutidn hcﬂalng
apartgene dhe-phrased Hieeking the passage of inalesulesrer iwag i itethe=ffect
wEresent specification does not necessarily mean the complete blocking. The

RFadé'thchideds"thecase Where the Bandter dthie setond BRetotid i ke ™

tBmitedde spehandegree-that theiworking @leciiede stiuciusp 688 beke that
without causing the phenomena such as the discoloration and alternation of a

° friig for'd PerivaTt thfe fEGUIRsH RVteHES o Use! FoPetaiple, BV WHEATRE -

i segond electrolytic.jons arg, transterred toitbe drug selution holdingpartat & ng
certain speed. Similarly, the phrase "allowing the passage of molecules or
ot Hoes ot mean thatifepassage bF AfdletaléSaABAS & Aot Hinifed Hme
-8llThe phrase includes the gase,where the passage of drygscounteions is, 4
kept to such a degree that the passage of a current is exhibited so as not to
cimpaif the iS¢, evePoFhér thedtraiistér speed of thérdraig tolAter forsto ke Ng

o&8GI0 lyte,$ @ Jution (9 Jding, part decreasetq SQME degres. .1y Also1 ut jon

electrolyte solution in which two or more Kinds of electrolytes are dis so lved
hmlayibe used as the electrolyte solution in the electrolyte solution holding part
for the uerp0r§§aosfesu essing th%:ehanﬁe |né)H owlrggltggmebgffer effect ,,

S S in
and other rposes. us, two%r mor

inds of the second electr%fytllcoi%ﬁs
thrayp begresemp arthelelectrolyté sotution heldimgspart. ln suchhattasecaplete

r ration membr le of blocking the transfer of only th
bESC%“%Sg?paﬂ%g. Cp‘ﬂgageaQ%g?B%te)hse %{ﬁeogﬁlsgtw%teges&eo O S of
second €électrolytic'ions causing each of the above phenomena by
t transtefring te the-diugl salition g [disg partiariy needsitebesused;as¢he hat
porous separation membrane of the present invention. ,
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

drugcounter ionstotheelectrolytesolutionholdingpartdecrease



The inventors of the present invention have also found the 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 alteration of a drug, when a drug is administered after the working
electrode structure shown in FIG. 1 is stored for a predetermined period of
ttimeocorslonger, ¢kere may be the case where the administration efficiency of a
drug decreases or the drug is.decomposed in the electrolyte solution holding
part, e CBOne ket IRoto e, (i kindst adugeat ke dor
e acombinationsthereofi Howevet, accardingda the firesent inventionethoset ion
; phenomena also can be suppressed by placing a parous separation
membrane T6r 5Iocl¥|ng the passage o e%cﬁ%ly?e molecules or drﬁg
stialeciies hetweern-thenelectrolyte soltion botdiagypart and-the-drug salutiane r
holding part. Although the me chanism for the occurrence of these

PBhBASMENa Afd fiie hEehRhishi fér the stibprésdioh of frose pidrsihena by ©

i thespresent inventionare notmesessardly apparent; thesfollowing fact haspart .
been confirmed by the investigation of the inventors of the present invention.
TTh tHe Bk Ahgre ThBSE Phiensiiéna beedr FtHe wofkinglédtroaé Sthrdtlire™d

« With the copfiguration showndnsRl&, g the dirstelectralytic ions ok dlthionsSach
which are supposed to be blocked by the first ion-exchange membrane, are
oframsterbed BVRETRIME £ thevdrdg 86t EibA Holdig e Corthé elétirotpréolding
p§Qlytlggl®0|gg1§jgagor%%3%@ggl3érs thgw"@rgd% CQQ?@?&%q H}@tﬂ@ﬁbrane of
electrolyte molecules present in the electrolyte solution holding part under the
teendition ©f hot bemgtdissociated or the drug molecules present in the drug
solutiop, holding partunder the.condition ofnofheing dissqriated.are o, g e
respectively transferred to the drug solution holding part or the electrolyte
fsdlution holding patetechel dissoriatedawithbbeberiterestricted bythe fiest the
ion-exchange membrane, which causes the above-mentioned phenpmena
R B B B e o o
i digsoeiatedgnetecutesowithca porousseparationcmenbranez se Anperouysiical
paration brane made, of any one of various kinds of materials can be
S btial e Ut ot st et LS
asameaway as the abave. Geneeally, @ foreusseparation dnembrane whos& ing
molecular weight cutoff is larger than that of drug counter ions and smaller,
S lan thalt 5f % feCtrd' fyte THG T8 cdle’s Gr a“ru]gsn?g & Eles"Can BE TdeESF A"
ppraciiccab bse; itis praferablejtoexpernmentaiy selpet aposoussseparatione the
membrane capable of sufficiently suppressing the decrease in an

24tiristration efficiéricy of e drlig and tHer decSHpoSIfiS of 8'drig for'* @9 +5

qeapaklenf suppressingtbetdnerease indhe copgentation gf the firstdepending
electrolytic ions in the drug solution holding part or the concentration of the
UHAIYH6ASHAE BlRBtFdIfte S ESIT hdlding partté & pretetetiedTével o 1 on
¢ 1ess) gver aggquived storage perind of ime withouwldmpairing, e GWreNnt c nose
passage characteristics, from porous s eparation membrane s selected
Phased enahelasove-mestisheraspesd Py PhRReéffofe PhefeRofmig Ease on
n@ls0.canbe considered: the first electrglytic ions or the. diugIONS PASS 11 e or
through the first ion-exchange membrane to be respectively transferred to the
ddnmsehaionlissiding parrot the electiolytée sotution hoidingsdrt ideperding nd
tHBOB}Iﬁ% performance Qgﬁhﬁﬂﬁ?t E}o&-@gchange membrane to be used. In
such a case, the use of a porous separation membrane for blocking the
passageée of thefirshelectrdlytic foms or theedrag ions=as thefporeus: separatiem a
membrane in the present invention suppresses the decrease in an
administration efficiency of a drug or t%e 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 molecules or the first electrolytic
ions in an iontophoresis device that uses an electrolyte solution, in which two
or more kinds of electrolytes are dissolved, in an electrolyte solution holding
part of a working electrode structure, it is preferable to use

and the mechanism for the suppression of those phenomena by the

present invention are not necessarily apparent, the following
fact has been confirmed by the investigation of the inventors
of the present invention. 1In 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, 1t is considered that the electrolyte molecules
present in the electrolyte solution holding part under the
condition of not being dissociated or the drug molecules present
in the drug solution holding part under the condition of not being
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 1imit 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 or drugmolecules canbeused. Inpractical
use, it is preferable 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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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 to the drug

solution holding part during a storage period become a problem, depending

upon the kind of an electrolyte or a drug, or a combination thereof (for
oéxample] ther setond edectitolytic fors are ot transfesretitoithe drubdsolgtioar t

opaing.part and the drug molecules or fie drug (ans are.not tansiened o,
e e?ectroﬁ/?e solu |onrhold|ng parf, of &ven when these transters occur,
hphenomenarthat impairthe aisersuicheas thesdiscoloratien, akkeratioa, anduired

SQSE%E\E‘;%Q?E‘OO%E‘O‘?“&% not.ageun). In such a.case, g porous separation
membprane capable of blocking only the passage ofthe electrolyte molétics
clorthefisstieleciralyticrions) by peedstodhe seleei@dranes 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 holding part or theelectrolyte solution holding
part, depending upon the performance of the first ion-exchange
membrane to be used. In suchacase, theuse of aporous separation
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 to the drug solution

holding part during a storage period become a problem, depending

12



Similarly, in the case where only the decomposition of a drug in the
electrolyte solution holding part caused by the transfer of the drug ions to the
electrolyte solution holding part during a storage per iod become s a problem,
a porous separation membrane capable of blo cking only the passage of the
drug mole cule s (or drug ions) only needs to be selected. In the case where
only the discoloration, alteration, and the like of a drug caused by the transfer
upbthe Isedondieléctolyticwnsddithe drug solutionchotdimgpant becomelaereof
problem, & porous, s eparat ign memprane capable of blocking.only the ..., .4
passage of the secon efecrfrolytlc IoNs orﬁy needs 1o be seledted.
t Burthermaore, Bvthetdase whede the phenomena thatdimpainthesuse amaeng the
Olthe above-mentionedrphen men%occurhin alcombin?d manner, it is oldi
breterabre Hat A Porous Separafion membrane capabié ot Blocking the 979
ppassage of wdlthermnlecides of iens causingdbase phenomena berselectesh i r
The present invention also can be configured in such a manner that a porous

BEparation thembratie forned fif & bhgshapé & dded und the BiEaTdg: t 1o

osoltionhwlding st eicthe-drug selutior holding payt is sealed.witbdheration
bag-shaped porous separation membrane. By this feature, the following

m‘é@giﬁéﬁﬁl effeefslcan b& obtained. Thé tdrivemencée of thé éiBFa&é%ﬁHr olyte

nifapspariation.of the electrolyte solutionnajding past.anthe dryg selriont o pe
holding part, and the workability during the assembly of the working electrode

S8trGEturé are enhanced, and furthermore, the mixing of the electrolyte
solution;and the drug; solutian.which,may.ocqur atan.end face ofthesfisst o ¢ -
ion-exchange membrane or the porous separation membrane, can be

dprevented:he Acesrditg to-anctheraspect of Hie peesent inveaticie,thére ishe

+ Provided ap jontopheresis deyice for admipistering diyig.ions 19 & 1iving body,
including: an electrolyte 'solution holding part for holding an electrolyte
psolutiorr imwhich an ®lectrolyte todlee dissociatedbibear sclutiono te firgparation

el ctro}ytic ion qfaf%r t.co ductivit%/ and second electrol ﬂci ns ofafecond
M S i BEAS D 1o Bt e e e ST a0 A G R e s
(bholding gart for) holding reediiig) solutrs il whickda driig tohke dissoeiateds inral v
olution, ta drug ions of the first conductivity and dryg counter ions of the
i b AR ESad PR s o ook eaiae EalCeq by
t oA a froms side of thaelestrolytessplutiarrhelding parits and enfirstrug solution
ion-e,xcha%?e membrane for selectivel assin%%ions of the second

DROAGEERItY, ThE firdtfohEexchange HiemMIoPAnE Deidd prarRE BEREE&ET thehaPte

oeleatralytenspdutign ho:lding pagtand the-dsug sadut ion-helding:-part; ihwhieh v
the first ion-exchange membrane blocks passage of the drug molecules or

DT rugions. MEthiSE&Sk as well, the effect of the present invention similar

to those,described-ahove can be-achieyad -More specHicallyra poreus file i
which pores are filled
the use among the above-mentioned phenomena occur in a combined
manner, it is preferable that a porous separation membrane capable
of blocking the passage of all the molecules or ions causing those
phenomena be selected.
The present invention also can be 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
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with ion-exchange resin having a function of exchanging ions of a second
conductivity can be used as the first ion-exchange 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 ho Iding part can
be blocked. This can prolong the period during which the working electrode
hstrdétuge pan beiretaired sditheut thetdiscaleratiomegfeal drug-solaticraaddhe on
nprgcipitation of crystal jn the drug splution holding pagt of the decrease Ina
medical eﬁlmeﬁcy and the genefation of a toxic substance caused y?ﬁe
balteratioimeba druge corSimiladycbyasinga fitst ienrexehangeanembrane i on
with the sjze of each of the pores of the porous film and the ion-exchange .
°Fesii o the Ty 1atfo thetdd lsoerfeé]tgg appropriately” the Hanstet s ot utton
nelectrolyte malecules ot fiestiedeatealytic iopsda the grug soluteafieiding patthe
can be blocked. In this case, it is possible to suppress the decrease in an

"RAmitiStratich effctenty bf & ditg Gused By tHe"CompRtition o thé firsts: the

nelecHglyic ons with dhe siryg éors nthe casedvhete dhe fransferafdhe dnigen
molecules or the drug ions to the electrolyte solution holding part is blocked

TGithahE HirsElorRexERshde fiferbras the Hcontosiio 6 the RiBHbAS fn OF

cthe glectrolyte sglution holdingpartean be preventgdevenin the
above-mentioned respective inventions, it is possible to administer a drug
under f5€ esRditie-thathe trtg Se1BfiérrRoldiRgPp&rt toF éxaffiplel athik fifke

1 carrersuchsas gauze impregnated with a.dryg solufion, cap e used £0.as &,
drug solution holdingpart) is kept in direct contact with a livingbody .
tpewevern i mfemé tHata sevorrd W]té?dhd?@é mbﬂihé%mwwrt
£B2S§I0g4ens of the I'é%&?@%!f%@v'%% Plaged an.a front side.qofthe,divg, . «,
solution holding part, and a drug be administered via the second
biorfexchlange mémbrare sPhistcarmblock thétransfércofthiologicat coumterof a
ions. to the ((?*lru solution holcgin art,.and further enhance the administration
fiy st conductivi g%g %g T O @ a, second
eﬁlmency of a drug. EB(TQIIE'Ig I?ZTSTI% o) Sf‘ll-ﬁé DRAWINGS “Inthe
caodordingrdrawingsosite 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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FIG. 1 is an explanatory view schematically illustrating 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 configuration of a working

electrode structure of an iontophoresis device according to other
wéntbadiments bithespresein ibvention.a DETAIEDDESCRIPEHON QB THEL
PREFERRED EMBODIMENTS, Horeinafter, an embociment of he present,
invention wil’be described with teférence to thé drawings. FiG. 2isa"?
mschermatic crossisectignal views showing adiasicyeonfiguration ofiath the size

iontophoresis device according to the present invention. In the followin
OHeSEHRON, foh CORBNTErdE A DrtGEnGraSA Aebich 167 Bamis Br g . 2
rdeigpwhes-e drugcompeneabisrdissaciatetsto plus diughions(ferexamplesond

lidocaine h%/dro,chloride that is an anesthetic agent, carnitine chloride
electrolyficionstothedrugsolutionholdingpart canbeblocked.

a

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 solution
holding part, or the decrease in a medical efficiency and the
generation of a toxic substance caused by the alteration 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. In 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



that is a gastrointestinal disease therapeutic agent, pancuronium bromide
that is a skeletal muscle relaxant, or morphine hydrochloride that is an
anesthetic agent) will be exemplified. In the case of an iontophoresis device
for administering a drug whose drug component is dissociated to minus drug
ions (for example, ascorbic acid that is a vitamin agent, or lipid A us ed as an
adjuvant for vaccine), the polarity (plus and minus) of a power source, each
ielectrode fereadteich-excharge nembrarse imthedsfoltowibg descsipliontis ve 1y
reversed. As shown, .an iontophores.is device X1 of the present inventio
P AU gD oG S e ngeiet S sttt e e
oandraepowerseurcetC pas Ndin components émembersh Reference numesaled
S denotes the skin (or a mucous mergbrane). . The w%rking(el ctrode c
VERUATE A TRAUGES &7 slettiBal T1ésHHe cted tb°a 58St e ol of tRE 5 £~
opowes 5eyiceaC, anenlesatralytessaldtiom bolding pastilz foshaldingany part,
electrolyte solution in contact with the electrode 11, a porous separation
SRfemMbraneE (A8 6h afEntsitié v fite Blettolyté gbﬁﬂt%ﬁ%’ol&iﬁgapaﬁf 13,
an anion exchange membrane 13 placed on a front side of the porous
separation membrane Fl, a drug solution holding part 14 placed on a front
side of the anion&Xxéhang shbraté18 and'a ca Hange membrane
15 plaged ona froptside,of the gdryg selution holding part 14. The entire
active electrode structure Al is housed in a cover or a container 16 composed
of a matérial suth &8 areRIPAIAT 6F d plastit. scheontthe dtHer hadd theating
« Renwaxrking, slectiode stiycture ELipgludes ap.electigde 21 conpected to g
negative pole of the power source C, an electrolyte solution holding part 22
ofordiblding terrélettélyte d6lutioA in contact with the electrode 21, a cation
exchange membrane 23 placed on a frant side, af the electrolyte solution. s o,
holding part 22, an electrolyte solution holding part'24 placed on a front side
obf the catiohceXthamgesmerbrare 28 cand anarnion erclangelnesmirané 25he
pglgggrq oni%\ffrorp{g ls!)de_of(_jtrhl electrolyte solution holding part 24. The entire
nonwoFking electrode’structure El is housed in a cover or a container 26
compaseeisof aynateral Suchras a eesin dilmorayplastiors edrtheshowing a
cigplophoresis device X|, those which,are made of any condyctive material _,
can be used as the efectrodes 11 and 21 without any par icufar fimit Tn
dpatticsllar; anrinaative €leetrede composednafcarba platiruman or the dike isn .
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

prefer@EYAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

N

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 for administeringadrugwhose drug component
is dissociated to plus drug ions (for example, lidocaine

hydrochloride that is an anesthetic agent, carnitine chloride
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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, in the case of using the
silver/silver chloride couple electrode, in the electrode 11 that is a positive
pole, a silver electrode and chlorine ions (C1-) easily react with each other to
generate insoluble AgC1 as represented by Ag*C1 -4AgCl+e , and in the
t Blectrode Zisthad isa aegativé pdlesellerine ionsy(@1: )k areseltuted fromaonium
ogihyer ghloride electrode. Cansequently, the following effects can be gotained;
the'e ectrot[y3|s of water is suppressed, and the rapi acidification based on
highscattihe posiiverpaole, anc the sapiddasiicationbased bro@©H-=ions at thed .
Ineggtiveapole can be ,pre\éem;ktlad. In congast, in the worléin ele%trode 4
BrhBture®Aand the ASRWBHKIRG Bfectrsde’ striclurd E19R the fontdpRoresis ™ U9
wHeviea Xddnr Mz o2 cowing thi thesfunstien eithe anionexghange membrangsl e,
13 and 25, and/or the cation exchange membranes 15 and 23, the rapid

. . oS pid
2 §EiUTfATGT bAdet o | Tohs iR THE e18EHblytesbittioh huiditgipant 12 iy &t
£ the tapid basification hasegd-an PH janssinthe elestralyte solution.heldingpad ,

22 are suppressed. Therefore, an inexpensive carbon electrode without any
©B6SsBiifty bf ftfel tibresiRetd tors 4R PeuSSABrABRBI it pradeof gl ng

qastive glectipde such.as-a silver/silver chloride couple electrode. The
electrolyte solution holding parts 12, 22, and 24 in the iontophoresis device

X1 in BI&S2o8EbhHolPar: efdttiohite SeRIfibASE as 1o kesp theseunduEfvify on
1 Fhosphate huffered saline, physiological saline, etc, can ke uged a8 the -t roqe

electrolyte solution typically.
structure Bl, and a power source C, as main components (members).

Reference numeral S denotes the skin (or a mucous membrane).

The working electrode structure Al includes an electrode
11 connectedtoapositivepoleof thepower 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 Fl, 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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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
esgolutiopdoidmgrparts 22 ande22 dnaermstafdhe bidldgical safetycaret-trolyte
-geanamic efficiency flow cost and easy.avallapiiy), Jor example, an inoroanie,
compound such as ferrous siiffafe 'or ferric SuUIfate, a medical agent suc
2asearbicacidr(vidamir £) of sodium asheorbatei pand anrerganicacith ssch as3,
Ia(gtic acid, oxalic acid, malic acbid, succir%ic a__chid, or fumaric acid andéor a galth
2fierddr Lan B GEEH preferBsh ARSI hativdly, 2 aComBination of those® °F the
c substances fos example, kid maixed asueous solutior: centainiag doneb (W) aty
lactic acid and 1 mol (M) of sodium fumarate) can also be used. Each of
© "l tiBlyté SButidhhdidingSdrte*£5 22 Marf 24 Wiay Rbldithgentainer 26
cahpvesenfionedelectrolyte solution in a liguid state. However, lestic.
electrolyte solution holding parts 12, 22, and 24 may be configured by

impredratingta WaRERABSETBMGtHiT HifhT Rartler radeé of Widtymer matedal ot
a8t the like, with-the abavesmentigned electrelytesselytion; therehy enhanging, -1

for example, the ease of handling thereof. The same thin film carrier as that
W AR DetusElinthe drGy setutibidldingt paR A4teait bé Used as thethin'fim

ccarrier used herein, Jhergiore, the detajh theyeof will he descripgd.in the,; s 4
following description regarding the drug solution holding part 14. The
rdffgselbtion holding paat Pein theeiontopifores id deviceyl aeesrding fo-thie £

« fhodiment, holds,at least ap aqueeus,solution ota drug Whose duig, 1545 g

component is dissociated to plus drug ions by the dissolution, as a drug
bsdlutioan be Hesein, the divgrdelution hokdirg pattyl4 may hold a drug

solutiolg ina Ii(%uid state, It-|oweve[, it 1Cs alaé) possikple to impregnate su<‘1h a
wevyer, an _actlve ele roqge U as.. a 'S ver/sl ver
Water-aBsoFleng thin film carrier as described below with a &rug solution so

ch$ ¢0 enbance the ease of haddling thereohand ¢he liket rode Examples@fla of

Sﬂatgrialathgt can be ‘eJSES'OfOJ t? vi/asltergé?jbesor%inagitﬂiln filrré c?(r)r]ifeir ng tgisnc% €.
inclide arhydtrogeletl)oay SF acrylicresin acrffl y roge?ﬁlm ,segmentea
bpolydrethane gel film, and an ion conductive porous sheet for forming a gel

solid electrolyte. By im,pregrg%ting the above agueous soluti})n,at an

impreanOdiiSﬁ?‘EﬁOISf 2161,[6 %?%%?dfhu51ng the silver/silver chloride

couple electrode, in the electrode 11 that is a positive pole,
a silver electrode and chlorine ions (Cl7) easily react with each
other to generate insoluble AgCl as represented by Ag'C1l —AgCl+e’,
and in the electrode 21 that is a negative pole, chlorine ions
(Cl7) are eluted 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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transport number (high drug delivery property), e.g., 70 to 80% can be

obtained. The impregnation ratio in the present specification is

represented by % by weight (i.e., 100 )< (W-D)/D[%] where D is 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 so

lut ion to eliminate a chronological influence. Furthermore, the transport
npomiper imthes present dpecificatiam refeks. tol thet tatioiofrer cptrentthat device

Xg:)lr}tlr' (t;gsztothe.tranggeggfepgrtic@zlar ion%%lﬂgn the whol currentflobwig%es

rough an ‘electrolyte solution. The administration efficiency of & drug refers

1to theltraaspertdumbemnregardingrdregdons dbahésyithe ratio obacufrert thate

r%,?);%ic(%yéen% Egﬁé%f?gggsgi%%’gueféugﬁo”i{';‘é?ﬁ?%éhﬁhvéhg'fe%‘%@%”fyst“ Rlied 10 o

ntheaboye-mentionegaeryhydrogelfilm{forexampte, @availableifrom SN ions in
Contact Lens Co., Ltd.iis a gel body having athree-dimensionalnetwork

EBfruéthit€ EarosE-tinkingstthctite ) Whén Anfagtraigte®SSlufion tiatis & -

THispersion mediumis:asideshtodhe ackyhydroget fila,thg acrhydrogel
filmbecomes a polymer adsorbent having ion conductivity. Furthermore, the

PRsiatiGHship betweehtlinipregnafiochsafio ofthE AcyINYar6§8rsnT sha thE 1Y

1 transpoxt perpber cap he-adjusted dependingLipanthesize of thee + chioride
three-dimensional network structure and the kind and ratio of a monomer

CeBRstitufinG aTESHE The acrylhydrogel film with an impregnation ratio of 30 to
40% apda ranspors npmberaf.40 10,8Q%, can herepared iromy  ong 24 in
2-hydroxyethylmethacrylate and ethyleneglycol dimethacrylate (monomer

thticd 981609 egis 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, and an organic acid such as lactic

acid, oxalic acid, malic acid, succinic acid, or fumaric acid

and/or a salt thereof can be used preferably. Alternatively,
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to 2), and it is confirmed that the impregnation ratio and transport number
are almost the same in a range of an ordinary thickness of 0.1 to 1 mm.
Furthermore, the segmented polyurethane gel film has, as segments,
polyethylene glycol (PEG) and polypropylene glycol (PPG), and can be
adjusted based on a monomer and diisocyanate const ituting the se
segments. The segmentedpolyurethane gel film has a three-dimens ional
a structuneagros s clfirkedslsy auethane bond; ard e imprégrnation ¢atiogueous
transport numher, and adhesion strength of the gel film can be easil
Selstiib i on el s A RS o e ARETIR
smonometindhe samewayaassin the acsyghydrogel film. When water that is a
disper s ion medium and an electrolyte (alkaline metal salt, etc. ) are added
o the SR DT 581 Tt GScnB0L G TP 255 ot ot StnP
2 conaectingpan ofpalyethee forming @ segment and an alkatine imetabsalt quid
form a complex, and ions of the metal salt move to oxygen in a subsequent
Shiank ethé? EoHREeting part WhehH &ffent fidws ?%H?a?g&}ﬂ% RBhddctivity 7+
a8¥pressed: pe Asthe ipn-eandyctive perpuscsheptfor fermingsgelsalid thin
electrolyte, for example, there is the one disclosed in JP 11-273452 A. This
f pofoussHeettis Based oh ah Acryidtitrilé sy fer Cand A5 orétis pBlynier-1e

aWithea parosity.of 2040.80% - Mpre speeifically, thissparaus sbeetisbased an
an acrylonitrile copolymer with a porosity of 20 to 80% containing 50 mol% or
SKTorE (Brefetaily 70 & 982 AOI0) DfFacysptrile. THfeSactyI GritriletgelrsBRg T Lo
aglegtrolytic sheet (solig-state pattery)js pyepared by impregnatinganq can pe
acrylonitrile copolymer sheet soluble in a non-aqueous solvent and having a
uperbsity 0f20 o B0% L withrd hohragaedusssuvient caiitaimirigan eletfrohpeat
+followed by, gelling,.and. a,0¢4 body includes g 9el fo,a hard film..,, - Jpjerms 4
of the ion conductivity, safety, and the like, the acrylonitrile copolymer sheet
teluteiin &nontdquedusisbiventis preférably composed of an
acryloe%r”%{cul t%’é)f'u%"%'n(ﬁ‘gf@f‘r%y'aé?tC‘iQO%m s @t ophoresisdevice
acrylonltr(ﬁe/]\fnn%llacetate copolymer, an acrylonitri?e styrene opoﬁymer, an
Xacrylonitdlengmydidenieschigride cepolymeérd orathé ike.tThe ggpelymessheetiisn
ade porous by an ordinary method such as a wet (dry) paper.maki .
TS KOS Bp b EHire MR ek ts L Ha ol S g s £ome
bpraducing method,iawatersjeh method ,sdrawing perforation of a melt-extruded
sheet, or perforation b‘i}/ solvent extraction. Igthe present invention, among,
the abB%&mMéntiGRd o EoRddEtive’ Porbis SHse®R %t ‘art dchidnitiie” @ “rud
seopelymer used in 2osalig-state batteny wegeldody:(aifimybedy-femia gel to
_a hard film) holding the above-mentioned aqueous solution in a ,
Titeedimensional Aetwb ik ofy pBiyiterchaintahd i Which the as described
pabeveimentignedimpegnation ratioand yansportaumberare achievedds ing
useful as a thin film carrier used in the drug solution holding part 14 or the
CRRICHolyte 28Iutioh Holdifg parts 12, 22, and 24 of the present invention.
In the present invention, regardingitherconditionsdor jmpregnating the
above-mentioned thin film carrier with a drug solution or an electrolyte
w3bRioALHRIGPtIAUMR EBNTItEhS Ay BE detérmifcthivrternislofithe hydrogel
bismpregpation amount, impregnation spged.and the fike. For examplg, an
impregnation condition of 30 minutes at 40%: may be selected.
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
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An ion-exchange membrane carrying an ion-exchange resin having an anion
exchange function in abase, for example, NEOSEPTA, AM-1, AM-3, AMX,
AHA, ACH, ACS, ALEO04-2, AIP-21, produced by Tokuyama Co., Ltd. can be
used as each of the anion exchange membranes (ion-exchange membranes
having characteristics of selectively passing minus ions) 13 and 25 in the
iontophoresis device X1 according to this embodiment. An ion-exchange
t membrane camyiag dm iakeschande resiarhaving @ecdtion, excliangé€ functiém s
angtjgeseb otraexgmgple, NEOSEPTA, CM-1, CM-2, CMX, CMS, CMS, CLE04-2
produced by ']'ol?uy’ama Co., Ltd. can be used as each of the cation
exchamge membranest(lem-exehdngel merhlarapes havingsgharacteristics of i s
selectively passing plus ions) 15 and 23. In particular, a cation exchange .
rﬁ?eﬁﬁﬁr%&hﬁ%ﬂ Viich &art of @hfentirefy of pots’of 4'p0rots ifn i€ itk S
aandepexchangedesginshavieganaation exehapsge functions Or @mari@hat ion) .
exchange membrane f led with an ion-exchange re s in having an anion
TBRChARGE TaNctionrcan be USSP Pretelalys 2 S Uigereifi™g ALoHAe Yypé résint e
imihamioniexchange groypdaiiediiced: o periluaracarbon skeletohobaical
“hydrocarbon type resin containing a resin that is not fluorinated as a skeleton
1 Ban bersed as the above-mentioned ion-exchange resin. In view of the
convepigpeg Of Aproduction process < hydrocarhen typesign-exghangs resin «
is preferable. Furthermore, although the filling ratio of the ion-exchange resin
SREAISE FeRtP o 1R pBFRodity bR the percuSilm, The FiiRG ratia s generally s s
£ 0909 by mass, inpgdicular, 19,10 90% Dy Jnass, and, preferably2Q 1o 60% o

by mass. There is no particular limit to an ion-exchange group of the
t hbevementiohedtion-exehangbresin as bhg adntis esfunetional gifdupciency

ogege_@lﬁ‘§ 3 grup haying negative or pasitive ¢haraedn anaqueous o ions,
solution. As specific examples of the functional group to be such an
tion-ekehahge groupetidse ofur ationtéxcharrge grouptinelude ahsulforiosfer

o£Cd.019up,,3 carhoxylic aeid group, and agsphonic acg graup. Those adi,
groups mayrlloe preseﬁt in tﬁe orm of al%ree acid or apsajﬂt. xamples of a
e teuntep ¢ation intheucase of a salt include alkaline metal cations such as

T o0 S AT ns, LSS P00 e,
ageoupisiparticularhupreferabde.t 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 filmbecomes apolymer
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

21



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. Examples of a counter anion in those anion exchange
groups include halogen ions such as chlorine ions andhydroxy ions. Of those
anion exchange groups, generally, a quaternary ammonium group and a
t quate madyipyridinium growp! that arehstromgrsasie gicups are wsed preferabdy t
A film shaped or a sheet shaped film having a number of small pores .
A RSIRG & o SUHAE nd s ol LaRagt tRerar bia Uokd 28 Enes
oabove-mentioned.porous film without any particular limit. In order to satisfy
both thFe h%\ strenrgth atnd the flexibi1I:ité/IL:il it is Prefer% le that thle oroushfilm
be made'of & therhoplastic resi e = ExEMples 6t the thefRoplastit regdis #°
seghstituting the perausifilreinglugdes withoutimitatioriqualyelefip resias sugho 1
as homopolymers or copolymers of a-olefins such as ethylene, propylene,
(THSitend! t-fetiteRE, Thekehed 3RA&HTYIAbatdHe: Aoetiyicl-pentste) Hdt©
caripethyird sheptene; viwhebloride resins sighas palydnyhchlende, Wl £11m
chloride-vinyl acetate copolymers, vinyl chloride-vinylidene chloride

haggolMmErs, A SARA Chibtiaeolefi ESpolyiners: FbRARS Yesins duehrgsPond
aRalytetrafiygroethylanepolychlorotriflugrosthylene, palyvinylideneflygrde o

tetrafluoroethylene-hexafluoropropylenecopolymers,

stetratRibPoethytdifo-peHIfCroBIKA Dirytethef EdpoRMTeIE taddby controlling
+ Igtrafluoroethylene-ethylane copplymers; polyamide tesins sych as nylgn.6

and nylon 66; and those which are made from polyamide resins. Polyolefin
t hesins are preferablyruddtras eyl andsqseriorfiin Wechdhieal strésgththat is

2 iExibility, ehemical; stakiity. andchemigal tesistance, apd faye 0ad « | ccc )

compatibility with ion-exchange resins. As the polyolefin resins, polyethylene
aandpdlypropylenes amnpatticdady preferableand polyethylerecis st £i1m) ,

oggzec}cg%aglr?'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-aqueous solvent containing an electrolyte, followed by
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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 0.005to 5.0 pm,morepreferably 0.01 to 2.0 m,
andmost preferably 0.02 to 0.2 pm 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

gelling, and a gel body includes a gel to a hard film.

In terms of the ion conductivity, safety, and the like,
theacrylonitrile copolymer sheet soluble inanon-aqueous solvent
is preferably composed of an acrylonitrile/Cl to C4 alkyl
(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, or perforation by
solvent extraction. In the present invention, among the
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 an anion exchange function in abase, for example, NEOSEPTA,

AM-1, AM-3, AMX, AHA, ACH, ACS, ALE04-2, AIP-21, produced by
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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 pm,
more preferably 10 to 120 pm, and most preferably 15 to 55 pm. Usually, an

Takiopama Co., Ltd. can be used as each of the anion exchange
membranes (ion—-exchange membranes having characteristics of
selectively passing minus ions) 13 and 25 in the iontophoresis
device X1 according to this embodiment. An ion-exchange membrane
carrying an ion-exchange resin having a cation exchange function
inabase, for example, NEOSEPTA, CM-1, CM-2, CMX, CMS, CMB, CLE04-2
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. 1In
particular, a cation exchange membrane in which a part or an
entirety of pores of a porous film is filled with an ion-exchange
resin having a cation exchange function, or an anion exchange
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

24



exchange membrane or a cation exchange membrane using such a porous
film has a thickness of the porous film with +0 to 20 pm. As the porous
separation membrane Fl of the iontophoresis device X1 according to this
embodiment, a porous separation membrane made of an arbitrary material
such as a porous film made of a polymer material such as polysulfone,
polyacrylonitrile, celluloseacetate,
cpolyamitespelycarionate, orpolydrytaleohoh of @ poicusfilmmade of boxylic
ageramics material (e.g,, aluming) and having & number o POIES, o oo s
comrﬂunicgﬁngnt efront surface and the back Suiface 'of the film can be- Y
based.cA porous: separat iommetnbrafediaving appropriatelytsized pergs ean o f
be selected to be used, depending upan the kind of an elgctrol te dissolved
i fhe &18Etr6R te 881utibn "ot thé 8é?eectf)oﬁyt% Sotdtion RGIEHTS part 12 6r the kind *
cat ashugsdissolveddn the drogselution obtheiding salutiem boldingrparklidns .
For example, in the case of using a sodium fumarate aqueous solution as the

CBIEEPSIGtE Soition B tHe g drdlyR SoRGbR Holdi¥g fart'12 Sand utinglad ™ °vP
t hdecaine hydrachigride-agueous-seolytion asdhe drug selution.of the gdrug .

solution holding part 14, by leaving an assembled active electrode structure
FAthBGE thHer SorGis 8Eparation Membraie Ff for°d predetstmiied petfod of "ary
 ime (8.9, .abautiseyerabdays), Jidpcaing ionsthatare drugjens glea pyridyl
transferred to the electrolyte solution holding part 12, and sodium ions that
g _éFélﬁpst elecifolytrcions ahdfiPmaric aéi@lqéﬁ_él at aBhe Js@ééﬁ_d Electrolyticrd
alons,ae - transferredito,the dryg.solution heldipg pact 14. Depending uponjhe; ,
temperature condition, and the like, while the working electrode structure is
t fefs thendi &'coxora iae o attaration ol fithe Nado taihe hydrdehlbrdgech lorine
1 8Aueqys solution or the pregipifation.of lidggaine hydrochloride crystal., o 11
. = < ] b s . YI
occurs. Furthermore, the administration efficiency of lidoCaine ions at a time
aofiadtninistrationofardrugy deceeases) ¢ urthermore ndeperding dponithe group

urrent passage conditian at a time of the administration of a drug, lidocaine
A tho S of e osE e 11 e amaa e S o by
blockig thiel transfer ofl sodium fumarate Imgledules withawmolecalan weight o £
8f } 7 ancrj fumarirgmacid ionts.with a rPgler%:ylar vgefight of 1%5 to ghe ruTqJrf
8olu |oﬁ%o?dgln§%artufi,caandltrh% fransfer of fidocaine hf}&roc%lonébpe witha “°°
t motecudas weigbhtaf 268t lidocaimerions vithea molecularineight of 234y tany
the electrolyte solution holding part 12, by using as the porous separation
P RiembranR Fl a Bofous SEp&PATOn rhamBrAne WS FblsANar WelbH cLEdH =
aphabaut 10Q for example,iavailable-as NUICGLEPORE frome VWhatman plcier be
as PorTmCE from Spectrum Laboratories, Inc.), the period during which the
NG5TKiAG eledtiode Structiire Al 41 b8 retained is prolonged remarkably

without the.gceurrence of thecakovesgientioned inconvenieptBRERAMENd the
such as the discoloration and alteration of a 1 ido caine hydrochloride

Pagaesus solutiar, the pretiditativh offitlocaine RydrsthisHde erystars of théuch

adegreassdn aRadministration efficiency, of lidocaing jonsandithes cthyilene,
decomposition thereof. On the other hand, the transfer of chlorine ions that

PER® M_ﬁdﬁ“@ou ntePiohs6 the eRTtroRte soﬂuti@ﬁ%ﬁﬂ&iqg %Taﬁﬁi_ilislnér butene,
4impaired. Therefare, the currgnt 5’%3%%9% eharggteristics requirgdfor the - ; 5

administration of a drug are ensured.
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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Even in the case of blocking the transfer of lidocaine hydrochloride molecules
(or lidocaine ions) to the electrolyte solutionholdingpart 12 byusing, for
example, aporous separation membrane with a molecular weight cutoff of
about 200, as the porous separation membrane Fl, the lidocaine ions in the
vicinity of the electrode 11 are prevented from being decomposed in the case
where a drug is administered after the retention of the working electrode
psfructere forlalongepénodoftime. In addition], thé transfer of fumarde @cidlene,
iar'ns and §o%ligrqwefumarate molecules to the drug solution holding pafri 14ris a
PRiockedto some degree by the porous separation membrane Fl. Thergl%ré, it’

t iscpessibleto pralpngribe pexiod dusingowhichitheavorking electrodesstiyciudtes ,
can b lretainecg without the oci:urrencefkof {he Phe?omﬁna such as the 4
SCOloTAfior Sh ARl Sia 6F 4 NA6esne Yydfolhiondad abuedte soititior, the
t precipilationcefdigdpraine-kydrochloside-grystaheerstheodegreasadn@s ins such
administration efficiency of lidocaine ions, to such a degree following the

2888 ot Using e PorBlis Seprafioh tREMBrAhE FAKIth W ol B gt 9

redtoffsaf 10001 v o Acbattery -a valiage-stabilizers asguryent stabilizer (galangre
device), a voltage/current stabilizer, or the like can be used as the power

SYBAFCEC IAE fOMAphGresis deviteof tHe preseht intretiG, ftas prefétable-y -

aluse gurrent stahilizer thatis oparated-under safe voliage copditions iny i
“which an arbitrary current can be adjusted in a range of 0.01 to 1.0 mA,
1 preferdbly DL 16 OX5RA, shediftCaly At S eVor1esss preferablyy 36MY bplessnd

p51GRr36,0 SR are explapatory Mews spowing. confiowations of the,workjag ; o

electrode structures A2 to A5 of the iontophoresis device according to
maAdther ehsisadinent of the present invention. As shown, the working

dec”Qﬂ%&%qu“%ézggpgbgé%gqelimit 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 0.01 to 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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configuration as that of the working electrode 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 above-mentioned iontophoresis device XI.

The working electrode structure A3 has the same configuration as that of the
dworking glectroderstructure Al ex¢eptahattherelectrolytersolution haldirgapgard n

12.is sealed i a porous s Qt%ration membranf F3 fgrmed ina b%%spaE)e.

mﬁ'rﬁke)rﬁélr iﬁg electrode Structure A4 ﬁgg the Same Sonﬁauara%%ﬁoas that o fﬁaede

oWwoiking leleetrode structure £l except that the: drughsolution hatding partti4 is=,
s¢ Ie? in a porous separ?tion .membrane F4 formed in a ba% sha
CEU?[H

SHRA= e Norkiig SREbRe RTOLTS A5 Rt e sHe ConToutio L
oasdhatebihe working electrade strusture Alexeeptthat ¢he electinolytena) and
hgg?ggiﬁggm%%géﬁfpores communicating the front surface and the
back surface of the filmcanbe used. Aporous separationmembrane
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
drug solution holding part 14.

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 F1l 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 agueous 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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12 is sealed in a porous separation membrane F5 formed in a bag shape,
and the drug solution holding part 14 is sealed in the porous separation
membrane F6 formed in a bag shape. lontophoresis devices having the
working electrode structures A3 to A5 achieve the same functional effect as
that of the above-mentioned iontophoresis device Xl, and also achieve the
following additional functional effects: the mixing of an electrolyte s olut ion
cand atdrug sd lutiont issprevented amrérexact y;tanch the handleability ofdhe ine
ielrg-:-sctrlo!{tgbsolutiggir}]oilging dpfar%]}llé an etggrdrg% sﬂutiorneh%{gig arg 14, and
fhe worka }ﬁlety\for assen\{bllng the working efectrode structures A3 fo Ab are
enhaneedcskwen when thecelectigde: bt and/en tfesionexchangeamemirane t e
1? are/js further sealed jn the porous, s%ptarg%io&membrane F3 of the wgrkliggs

MRIEeo0e Stflictlre A3 the ibnzéxchange membrane™ts andisrihe °¢*
wicthexchangemembrangs arefis further seated.in thelperods separationpart
lElrlegrtl)cgag}eleF?:rO;rtlhsef\évgrglfnqiegjegct:ra(l)idr?e hydrochloride with a molecular
weight of 268 (or lidocaine ions with a molecular weight of 234)
totheelectrolyte solution holdingpart 12, by usingas the porous
separation membrane F1 a porous separation membrane with a
molecular weight cutoff of about 100 (for example, available as
NUCLEPORE fromWhatman plc or as Por''CE from Spectrum Laboratories
Inc.), the period during which the working electrode structure
Al can be retained is prolonged remarkably without the occurrence
of the above-mentioned inconvenient phenomena such as the
discolorationandalterationof alidocaine hydrochloride agqueous
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 F1l, the lidocaine ions in the vicinity 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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structure A4, or the electrode 11 and/or the ion-exchange membrane 13
arelis further sealed in the porous separation membrane F5 of the working e
le ctrode structure A5 and the ion-exchange membrane 13 and/or the
ion-exchange membrane 15 are/is further sealed in the porous separation
membrane F6 of the working electrode structure A5, the same functional
effects as those described above are achieved. FIG. 3E is an

e éxplanatorysviewshovingtheaconfigurationcof afworkieg eléctrede structuret he

AB6 ofghe ior,fltophoresis devic& accordin%to still another em odimelnt of{he
trans ?r O umarlcl atﬁl l?(l’.ls all’l SOdAl m uma % e molecules to
present invention. n the working electrode structure Ab, an

t lon-exchangea membranel 13 {57 pprovided withcthedkadtian of bleckirgithe: by

t}lransfer of electrolytetmolecules (Pr first ellectr%l tic iqfns and/g:r second b1
Biechalyticions 1S tie drly S6ihSA Rolding part T4 SANd/RF the trafsfef Bf T2 ¢

tdrugdnelegulas (ordrug ons) teythe electiolyte-salutionsheldingparst2isture
disposed in place of the ion-exchange membrane 13 and the porous

c3@pafation mehittand £ bPte working SIECtFOUE sticthhs AR e omena such

alontephoresisidavice providedwith the working £lectiede statyte-Abhioride
achieves the same functional effect as that of the iontophoresis device XI.

2ARSBH AN HentBrane SmiarH te el rRéxehamye rdmbratie £3 tised de
cinthe;abovermentionged-actjve electrode stitcture Al canbie usedias the-, o«

ion-exchange membrane 13 (F7). In the case of using an ion-exchange

1 hisrRBrame irPWRicH & porelisime Badind & hteiberotpereséonhunichlifigt ne
pihefrant surface apd the hack surface is Hil led with-lopsexchange resinthe o ¢

funct ion o f blocking the transfer of the above-mentioned respective
Latblecules or ions can be provided by adjusting the sizes of the pores and the

lon-exghange. resin, the filling amount gf the;ign;exchangg tesin, and he fike. .
(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 to use a current stabilizer
that is 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 50Vor less, preferably,
30 V or less.

FIGS. 3A to 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
configuration as 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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The present invention has been described by way of some embodiments.
The present invention is not limited to those embodiments, and variously
altered within the scope of claims. For example, in the above
embodiments, the case where the 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
athereomdition thietdhe sectond doreexcharge. memlrane 15 is omitted, and the
drug splution folding part 14 is kept n direet contact wifh a lying bady,
Similarly, in thé above embodiments, thé case where the nonworking
celetirgde=structuse Ehincludesithe etectroge P4 the electralyte-salationdrocept
|[ding part s 22 and. 24, and the jon-exchange membranes 23 and 25 has
b HaseHBEA AONECEr HE IbAiAchaNGS RHbIAnts 35 nFob” dridhe"®
selestrobyte solutinp holding part 24nia dhei nonwaskigg slegikode strusture Bl ing
can be omitted. Alternatively, the following is also possible. The nonworléiggEhe

© ofectrogeSstridtire 5ot providiedtin thliontepHorasis tevicde 2and 61
we¥ample, amger theyeonrdition thata part of adiving-body iskept i gortact + i on

with a member to be the earth while the working electrode structure is kept in
NRAAtREWItH the Skif BF tHe ivirgBaY °& olfyeris apphét ttenwdrking T med
i glectigde strugtidre ta-administes a-drugn Sugh.ani ioptophoresis fdevice isatr e
comparable to the iontophoresis device X1 in terms of the performance of
A3uppressity Bie"ehangé Y pHasH ftie édnidet Suffacklst theBkimg wittgctrode
sfespect jo.the nopwgrki ngh%!ecyﬂgeesi@&%gttgemﬁk%ma%rl doweyer, ¢
the iontophoresis device exhibits the same performance as that of the
Libritepherdsisi device XAriAthe tRer péints} IMTakrticular fthefiontophorasis bag
sfgyice exhipits the following, effect peguiliar tp.the present inveption:. the , 1,
transfer of the s econd ele ctro lyti ¢ ions and?or the electrolyte molecules (or
ptheofirst eleetrohaicions) toghekng soltionthotdiag parthand/or thestrarmdfepe .
of drug molecules, (or.drug ions).to the electrolyte solution holding part are
R R St e A i e PG St S R apes
Athetiontdpherdsissdevicehears basetainectis prelonged svithoastheloccurwréncen e
f the phenomena such as the discoloration, altgration, and decompasition of
aaodvrﬁg, 31%; the decreaseih an administration e icren%y ofatﬁg%rﬁﬁ. fose ~°
f iontophoresis devicesrade alsarincluded in the scope of thegpresent iryventionan
Furthermore, in each of the above embodiments, the case has been
© Y8SEritsed Whére the \WBrRiING 2IECHS A8 SHuthite, Thé RBRNOTKIRY Eletifdds 1Y
astiuctusenand the powet sotirce aee €oafiguret separately.ilb is alsoqaessibler
that those elements are incorporated in a single casing or an entire device
Lihcorporatifngthefh iSFothed in A%t $hBPE 'or a'patehShape, Wheraby the Y
£bandldpgtherecd is.erhanced; agd suchanigatophoresis deyicesis @sas are

included in the scope of the present invention.
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 theelectrode 11 and/or the ion—-exchange membrane

30



CLAIMS: 1. An iontophoresis device for administering drug ions to a
living body, comprising: an 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; and a
drug solution holding part for holding a drug solution in which a drug to be
1dissoeiated,fina $alutior atbethe idrughiens of thesfirst cendudtivityrandodiuge F 5

nter ions of the second conductivity is dissalved, the drug solution holdin
o B tG ALK o BT S R AE SRR S St RO Gt e

e of thee yte Soltition par?,
1 whereiroa firsid oheexchangenmemiranefor selectivelyi passingtthe iens déthe n

second conductivit%/ and a IPorousbsfeparatio6n rg§mbrane for bl,ockin% passage

BFthR ¥etdnd Bidetrolticibnd SF plaked between the elRiroAE solufisi ™

sbelging:parh and the shtg selntien heldingrpart.c s as 2HAR OBOPhOIESIS above
device according to claim 1, wherein the electrolyte solution holding part is
2&EalRd'in THE Porous separation membrane formed in a bag shape. 3.

An iontaphoresisi devicea660ding 4@ ¢laim:4, whetein dhe kliug setutighrat ion
holding part is sealed in the porous separation membrane formed in a bag

oghadégrking electrode structure A6 of the iontophoresis device
according to still another embodiment of the present invention.
In the working electrode structure A6, an ion-exchange
membrane 13 (F7) provided with the function of blocking the
transfer of electrolyte molecules (or first electrolytic ions)
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-mentionedactive electrode structure
Al can be used as the ion—-exchange membrane 13 (F7). In 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.

31



4. An iontophoresis device for administering drug ions to a living body,
comprising: an 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
solutiohh ¢o theedrugrions o the firsticonduetivitydand dilg dotmyter ionsodf theme

second conductivity is dissolved, the drug solution holding part being placed
S i o e Gl
eigseexehange, membraneifot selectiverpassing tons ohthessegandf claims.

condugtivity, the fiist ion-eé%han e memb&angbeingglac d betweenhthe h
electrolyte S31afiEn Roldifigpart ARd'the drug soldtion holding pare "ere the

wakiereig te-tirst ioneexchange membyane:bieckspassage et thensecaBdbrane
electrolytic ions. 5. An iontophoresis device accordina to ané one of

L R8s F 16 4. St rthéPEomdrisirig™s S&donaiGn Bxthante’ ne forwever.
aselgctively passingdbedensf the frst conductivity ithe second-ioprexehange.e

membrane being placed on a front side of the drug solution holding part.

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 Bl includes the electrode 21, the
electrolyte solution holdingparts 22 and 24, and the ion—-exchange
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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thetransfer of the secondelectrolyticionsand/or theelectrolyte
molecules (or the first electrolytic ions) to the drug solution
holding part and/or the transfer of drugmolecules (or drug ions)
to the electrolyte solution holding part are blocked, whereby
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 thediscoloration, 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, 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 1incorporated 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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CLAIMS:

1. An iontophoresis device for administering drug ions to
a living body, comprising:

an 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; 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,

wherein a first ion-exchange membrane for selectively
passing the ions of the second conductivity and a porous separation
membrane for blocking passage of the second electrolytic ions
are placed between the electrolyte solution holding part and the

drug solution holding part.

2. An iontophoresis device according to claim 1, wherein
the electrolyte solution holding part is sealed in the porous

separation membrane formed in a bag shape.

3. An iontophoresis device according to claim 1, wherein
the drug solution holding part is sealed in the porous separation

membrane formed in a bag shape.

4. An iontophoresis device for administering drug ions to

a living body, comprising:
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an 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 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;
and

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

wherein the first ion-exchange membrane blocks passage of

the second electrolytic ions.

5. An iontophoresis device according to any one of claims
1 to 4, further comprising a second ion-exchange membrane for
selectively passing the ions of the first conductivity, the second
ion—-exchange membrane being placed on a front side of the drug

solution holding part.
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