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| ONTOPHORESI S DEVICE  FIELD OF THE I NVENTION  The present invention
felates to an iontophoresis device for 5 adm nistering positively charged
drug ions to a living body by an action of a positive voltage applied to

an active el'ectrode structure holding the drug ions, and in particular,

to an iontophoresis device with adm nistration efficiency of ., a-drug or
drug ions remarkably enhanced. 10 BACKGROUND OF THE | NVENTI ON An
re
Hmmwlus or

i ont ophoresis device generally includeg an active el ect

hol ding a drug sol ution whose active ingredient is dis%N@“ﬁmmwn

m nus ions (drug ions) 15 a”d18N§§$ﬁBiH fg %%bggge structure that. functions
as a counter electrode of th& BCTIve electrode struct I Ons
are adm nistered to a living body by the application of a vol ith the
sane polarity as that of the drug ions to the active el\mmwma\mﬁ\mm“ure
under the condition that both 20 the assenblies are in c t he
skin of th&EIELR| @f THoRNVENTARN being or animal). Herein, thsoeharge
supplied to the active electrode structure is consuned by the novenent of
the drug i @Ghs poesdet |innengiocbodylandst be arlisasepborbsokodeciate count er
ions (the iogns 25 being present_in the |living body and ch rged i.n
conduct? vi By TRE TpEsiHes L VERAt SRR G T TOIS) TR of t RSk

el ectrode 5§ rugt W& i ANdot hg b oagiveal v SoUYeLr 2pONseq havi NG, aasBld

nol ecul ar weight (e.g., Nat+ and C-) and hence 2 having a large nobility
are rel easeeargiogley stTheteforkgldimg the drug ions, and in particular,

to an ilontophoresis device with administration efficiency of

a drug or drug ilons remarkably enhanced.

10
BACKGROUND OF THE INVENTION

An iontophoresis device generally includes an active
electrode structure holding a drug solution whose active
ingredient is dissociated to plus or minus ions (drug ions)
15 and a counter electrode structure that functions as a counter
electrode of the active electrode structure. The drug ions
are administered to a living body by the application of a
voltage with the same polarity as that of the drug ions to
the active electrode structure under the condition that both
20 the assemblies are in contact with the skin of the living

body (human being or animal) .

Herein, the charge supplied to the active electrode structure
is consumed by the movement of the drug ions to the living
body and the release of biological counter ions (the ions
25 being present 1in the 1living body and charged in a
conductivity type opposite to that of the drug ions) to the
active electrode structure, and the biological counter ions

having a small molecular weight (e.g., Na+ and Cl-) and hence



transport nunber (ratio of the ampunt of current contributing to the
fovenent of the drug ions anong the whole current supplied to the active
el ectrode structure) decreases, which 5 nakes it inpossible to adm nister a
sufficient anmount ‘of drug. Patent Docunments 1 to 10 di scl ose iontophoresis
devices that have solved the above-nentioned problem Mre specifically,
in each of the iontophoresis devices in 10 Patent Docunents 1 to 10, an
active electrode structure is conposeg of an electrode, a drug hol di ng
part placed on a front side (a side facing to the skin) of the el ectrode,

and an ioEéexchangfanenbr qgiEhat RS Qiaced Qn .a fron&hgkgg of the drug
€

hol di ng paff and Sef 24§ VEIR/ 13ads85%i BRs Wi Th the 15 sane porarity as t hat

of the drugrdrpmdtehdmbyrt headidigpf hokdongupards andehhecdnugibonsngre
adm ni stered through the ion-exchange nenbrane, whereby the rel ease of
bi ol ogi cal tocdlst dPViedREti £LsUpsr 538d 1P Serfide t Hee t YamsHoF e Fifmber and

the admi ni shption g5 Fiied ency;Rf hhecdryg &S gnhangedec20.50seagh of the

i ont ophor esi evice in Docunents 1 to 10, the active electrode structure
further5Si nobhkdes ian shmctsidllyt eto setimtnostdwl di g fgactehor dmoluditnge an
electrolyte solution in contact wth the el ectrode, and an ion-exchange
menbrane tHat9-is placed on a front side of the electrolyte solution
hol di ng 25 part and sel ectively passes ions having a conductivity type

opposi te t%}@a& Bbcdhdigk d aNso anRd 4t Be; druig; Hol SiHg Rakt ko1 cpb aged on a
front side of the 1on-exchange nenbrane, thereby achieving the additional

ef fects of hpreventiary thiee abpug-nemsi orfedomprbel ag. deconposed by isol ating the
drug ions fromthe 3

More specifically, in each of the iontophoresis devices 1in
10 Patent Documents 1 to 10, an active electrode structure is
composed of an electrode, a drug holding part placed on a
front side (a side facing to the skin) of the electrode, and
an ion-exchange membrane that is placed on a front side of
the drug holding part and selectively passes ions with the
15 same polarity as that of the drug ions held by the drug
holding part, and the drug ions are administered through the
ion-exchange membrane, whereby the release of biological
counter ions 1s suppressed to enhance the transport number

and the administration efficiency of the drug is enhanced.

20 In each of the iontophoresis device in Documents 1 to 10, the
active electrode structure further includes an electrolyte
solution holding part for holding an electrolyte solution in
contact with the electrode, and an ion-exchange membrane that
is placed on a front side of the electrolyte solution holding

25 part and selectively passes ions having a conductivity type
opposite to that of drug ions, and the drug holding part is
placed on a front side of the ion-exchange membrane, thereby
achieving the additional effects of preventing the drug ions

from being decomposed by isolating the drug ions from the



el ectrode and preventing the novenent of H+ or OH4 ions generated at the
el ectrode to the drug holding part and the skin interface of a living
body. Furthernore, Patent Docunent 11 discloses an invention 5 obtained by
further inproving'the iontophoresis devices disclosed in Patent Docunents
1 to 10. Patent Docunent 11 describes that the adm nistration anmount of a
drug can be enhanced remarkably by using an ion-exchange nenbrane in

which a porous filmconposed of a mategial such as 10 pol yol efin, vinyl
chloride resin, or fluorine resinis filled wth an ion-exchange resin (a

resin prov i £h I Qn- ge.fu Pat ent, nt 1: JP
3030517 Bél%%éetlgéjnt %uﬁgﬁf’gé‘?pﬁﬁ %880[}%;2 %%‘ g‘fba?lent%o Do imeri®™ Jp
2000- 2291 289e e r Ratenit BocunEnict4oddPt2000e 237326hAl d Rad esr tDootdarerte 5; JP
2000- 237327 A Patent Docunent 6: JP 2000-237328 A 20 Patent Docunent 7: JP
2000- 23737 1R lPéFéﬁP%o%rPth”éngJbo%oo 288097 A Patent Docunent 9: JP

2000- 288098 A Patent Docunent 10: WO 03/037425 Patent Docunent 11: JP
2004- 18818§UAth?5m<21rerBACﬁéGQ@QNDDQFWI“NVENﬂU\I Jass deseri bed abovealtidie

ont ophpr esi.s. dewi cgydi sgl osed i RALAR RCUTBAL o8 gonsidered to be

t he one having the st excel | en istration efficiency of ‘a drug
anong disclosed in Patent Documents 1 to 10. Patent Document 11

describes that the administration amount of a drug can be
enhanced remarkably by using an ion-exchange membrane in
which a porous film composed of a material such as
10 polyolefin, vinyl chloride resin, or fluorine resin is filled
with an ion-exchange resin (a resin provided with an ion-

exchange function).

Patent Document 1: JP 3030517 B

15 Patent Document 2: JP 2000-229128 A
Patent Document 3: JP 2000-229129 A
Patent Document 4: JP 2000-237326 A
Patent Document 5: JP 2000-237327 A
Patent Document 6: JP 2000-237328 A

20 Patent Document 7: JP 2000-237329 A
Patent Document 8: JP 2000-288097 A
Patent Document 9: JP 2000-288088 A
Patent Document 10: WO 03/037425
Patent Document 11: JP 2004-188188 A

25



5 those which are known at present. The present invention provides an
iontophoresis device with adm nistration efficiency of a drug further
dramatically enhanced, even conpared with the iontophoresis device
disclosed in'Patent Docunment 11. 10 The present invention provides an

i ont ophoresis device for admnistering positively charged drug ions
through a cellul ose-based resin film including an active el ectrode
structure having an el ectrode to whichya positive voltage is applied, a
drug holding part for holding a drug solution 15 containing drug ions, the

drug hol di ej g’ﬁhﬂﬁﬁﬁ na front side of the electrode, and a
ceIIquse}ggggﬁ'ngigEff m p éﬁed on a front side of the drug hol di ng
part. Mre specifically, the present invention provides an .iontophoresis
devi ce forAidrﬁeﬁicﬁLg?ijnj’bgvarugt%v?/no o RATOVES 150 dieﬁ’dFSdidglﬁtCli"ée i s¥bci at ed
to plus ionstéhc apsehtdh®ON11i BsWabebide £l | tb0se- hasednesidvifigl MHes used
in place of the ion-exchanged filmplaced on a front side of the drug

hol di ng paeiti gxeathent tRElPdatbphbtesksfdeverees Pf Pat éavgDodiafents 1

to 11. 25 %ﬁgseceuhy pseRasgd Lesin %Lé%{%é Knayn 10 fave a; fyngtign as  a
cation exchange nenbrane. However, the characteristics such as an
i on- exchangewabkielsi t yaof tihetoghbutose- basedcresiwitt i | puatei stfaricor to

t hose of generally used cation exchan%e menbr anes .g., those illustrated
br

e ST Al Ll AR SRS g el

consi der atdapahay thase cimki Loy g sarde diRearpltiblgqcell ubpsgrbased
resin filmto the iontophoresis device.
Document 11.

10 The present invention provides an ilontophoresis device for
administering positively <charged drug ions through a
cellulose-based resin .film, including an active electrode
structure having an electrode to which a positive voltage is
applied, a drug holding part for holding a drug solution

I5 containing drug ions, the drug holding part being placed on a
front side of the electrode, and a cellulose-based resin film

placed on a front side of the drug holding part.

More specifically, the ©present 1invention provides an
iontophoresis device for administering a drug whose active
20 ingredient 1is dissociated to plus ions in a solution, in
which a cellulose-based resin film is used in place of the
ion-exchanged film placed on a front side of the drug holding
part in each of the iontophoresis devices in Patent Documents

1 to 11.

25 The cellulose-based resin film is known to have a function as
a cation exchange membrane. However, the characteristics
such as an ion-exchange ability of the cellulose-based resin
film are inferior to those of generally used cation exchange

membranes (e.g., those illustrated in Patent Documents 1 to



In fact, in the study by the inventors of the present 5 invention, the
tharacteristics superior to those of the other cation exchange nenbranes
have not been confirned in vitro evaluation, which is generally perforned
In an initial" stage of devel opnent. However, when eval uation was perforned
in vivo using a living body, it has been found that, according 10 to the
above-nenti oned i ont ophoresis device of the present invention, the

adm nis¢ration efficiency of a drug (dgug adm nistration anount per unit
time under the sane current conditions froma filmsurface with the sane
surface ar [ r emar kabl y. .enhanced, even conpar.ed with the iontophoresis
15 devi ce ug%hggﬁc%ﬁg%nkugxgtaﬁag gganoﬁ?s% d%éllﬁﬁrﬁ§€8ﬂt Ofb%ﬂ%%%t 11
Herei n, exawpllesi ah the drtigcavhosavachieveel Dgr &h-entselds redissocimted to
plus ions in the present invention include: an anesthetic agent such as
nor phi ne h{8FotAM o?PRRF 512l i°§3¢afne; 20 a gastrointestinal di sease

t herapeutic agent such as carnitine chloride; and a skeletal nuscle

rel axant silieh f&ct,papturer ustbepnmide. thar theramdoas the dhgg hotskmy part

in the present ..nyentign n..be .configur as cant ai_ner r holding the
above- 25 ?é§1q5§ﬁ§d bggcg%ﬁ%ﬁgiﬁ%%ﬁ%cg %Fﬁ%fﬁlgta ehofﬁeoarggeh%ﬁaﬁﬁg part
may hol d tdee: ichimlge sl ditgeomagel daed somagel atdtnizeath Wddr iaedapps opiias e
gelling agent. Alternatively, a polynmer carrier or the |ike inpregnated
with a dru§Vaoratidh My Be lisE67853 L hePIFIRFIRGI dPngnparttisl Jrrde

cel | ul ose-basgd, L €5k dd | M 5, 4NE Pr@SENt o b IMEM DNy oot Fheld |11
conposed of a cellul ose-based resi'n such as
vivo using a living body, it has been found that, according
10 to the above-mentioned iontophoresis device of the present
invention, the administration efficiency of a drug (drug
administration amount per unit time under the same current
conditions from a film surface with the same surface area) 1is
remarkably enhanced, even compared with the iontophoresis

15 device using a cation exchange resin disclosed in Patent

Document 11.

Herein, examples of the drug whose active ingredient is
dissociated to plus ions in the present invention include: an
anesfhetic agent such as morphine hydrochloride or lidocaine;
20 a gastrointestinal disease therapeutic agent such as
carnitine chloride; and a skeletal muscle relaxant such as

pancuronium bromide.

Furthermore, the drug holding part in the present invention
can be configured as a container for holding the above-
25 mentioned drug solution in a liquid state. The drug holding
part may hold the drug solution gelled or gelatinized with an
appropriate gelling agent. Alternatively, a polymer carrier
or the like impregnated with a drug solution may be used as

the drug holding part.



regenerated cellul ose, cellulose ester, cellulose ether, or cellulose
hitrate. Further, a thin filmconposed of a 5 cellul ose-based resin bl ended
or mxed with other conmponents (resin, plasticizer, cross-linker, etc.)
can al so be uUsed as the cellul ose-based resin filmof the present
invention, as long as a main conponent is the cellul ose-based resin, and a
serious danmage to the adm nistration characteristics 10 (adm nistration
efficiency, safety, etc.) of a drug, which inpairs the use as an

i ont ophoresis device, is not caused. Furthernore, the cellul ose-based

resin fil f th esent__ invention.is preferabhl por filmwth an
appropri at gepS?gllﬁozsee iqaﬁ—i":’aeéjcérlSe éﬂcgl%\ﬁnt k ?thhee ,«P&%&ﬁh?nﬁgﬁaﬁn of° dr ug 15
ions to betadni nfsirer edmpbbedaver age peneulbssebied S retsypi cabtly lah to
several pm nore preferably 1 to 1,000 A, and particularly preferably 1 to

100 A Fur FREPRRTE-C Hee i loHCEFh0Ic84/ 8 1a8G | BBESF/ t Ael bt thafverfti on uses

the active ghegirode structure wndepethe 5 20, condishihon.dhdsdd L8 af tached
to the skin of a living body. Therefore, it is desired that the

cel | ul o$e- basedloesitadad mesusedlheded nohaviexdd exithi loithy rcapapprewfs
foll owi ng the expafsionkcontraction aqﬁaben%in the skin of the living

. f
body and a ‘SEPLRgtRTIT UG a G&§ree Hbteto %é‘grg?gna PhPa 5 %tt%ess

caused by ghehcexpansdoM-eat ractholiandoberdengres&enerabdys ioernd he
thi ckness of the cellul ose-based resin filmincreases, the strength can be
enhanced, wahpeashe mdiexididanepti §s| bie. cahbtlefseréaspe rsspref@rabl e t hat

an appropriate thigkness be selegted in.conjunction with the 30 .
above-nent?%%%ﬂ“%otﬁagﬁ%?acté}is ics in accordance mﬁ?%’tﬁe %r Hes
10 (administration efficiency, safety, etc.) of a drug, which

impairs the use as an iontophoresis device, is not caused.

Furthermore, the cellulose-based resin film of the present
invention is preferably a porous film with an appropriate
pore size in accordance with the molecular weight of drug
15 ions to be administered. The average pore diameter is
typically 1 A to several um, more preferably 1 to 1,000 A,

and particularly preferably 1 to 100 A.

Furthermore, the iontophoresis device of the present
invention uses the active electrode structure under the
20 condition that it is attached to the skin of a living body.
Therefore, it is desired that the cellulose-based resin film
used herein have flexibility capable of following the
expansion/contraction and bending of the skin of the living
body and a strength to such a degree not to be broken with a
25 stress caused by such expansion/contraction and bending.
Generally, when the thickness of the cellulose-based resin
film increases, the strength can be enhanced, while the
flexibility 1is 1lost. Therefore, it 1is preferable that an
appropriate thickness be selected in conjunction with the

30 above-mentioned both characteristics in accordance with the



ki nd of the cellul ose-based resin film Furthernore, the cellul ose-based
resin filmof the present invention can incorporate a cation exchange
group such as a sulfonic acid group, a carboxylic acid group, or a
phosphoni ¢ 5 'acid'group by the action of chlorosulfonic acid, chloracetic
acid, an inorganic cyclic triphosphate, or the like. This can further
enhance the transport nunber of drug ions in the admnistration of a drug,
and further enhance the admnistration efficiency of a drug. 10
Alternatively, a cellul ose- based resin filmfilled with ion- exchange resin

with a catjon, exchange QFQPQ Qgpggglntpgﬁgto can al so be used as the

cel | ul ose- ase resin present 1nvention. This al so enhances

t he transpor nunber qf dru t he adm ni ati f a dru and 15
furthes  HoPoedEothe i ,ﬁegk%u Ossngéfﬁ?cfsi%g} 38 Gugre REtRT

cel | ul ose- bas&tk ¥ @sidurd 1{1IBLRRratOr 2€XaBPLE, cREhaf af AL NYicH Mgy egnati ng
a porous thin filmconposed of cellul ose-based resin with a nononer

conp03|t|dﬂﬂdbmﬁ@sééléfgr%PMyd?déﬁpﬁéﬁlﬁypécﬁ%nﬁﬁﬁw h&v|ﬁgth$E#Qﬂ¥bn group
capabl e of 29d' ”%%g&‘&%{ an} Lakian, ?Xgﬁfggc?d@l% e 34505 hi$P§
por yirer) za or a

nonomner’, an | OGN TNt at OW ng 6h or osu onlc aci d,
chloracetiatﬁﬁn dyuann¢fgﬁmﬁun¢ydmmd|uxlgnusphesahabe tekc.litkke .actThis t he

resultant porous thin film body. 25 A sulfonic acid group that |s a strong
aci d groupCpP8 ABEED e%r%ﬁ@ﬁ%ﬂ@léhﬁstfﬁ%sEﬁﬁﬁ(ﬂPWQ?GhQﬁgérﬁﬁobﬁ“?ol%e

'”trOdUCEdaé$£n£§%%d%9%Ke nenti gnedy GRl,l ul 95@- basednLesi Rfhialh@eor an-
exchange resin.

admlnlstratlon efficiency of a drug.

10 Alternatively, a cellulose-based resin film filled with ion-
exchange resin with a cation exchange group introduced
thereto can also be used as the cellulose-based resin film of
the present invention. This also enhances the transport
number of drug ions in the administration of a drug, and

15 further increases the administration efficiency of a drug.

Such a cellulose-based resin film can, for example, be
obtained by: impregnating a porous thin film composed of
cellulose-based resin with a monomer composition composed of
a hydrocarbon type monomer having a function group capable of
20 introducing a cation exchange group, a cross-linkable
monomer, and a polymerization initiator; and allowing
chlorosulfonic acid, chloracetic acid, an inorganic cyclic-
triphosphate, etc. to act on the resultant porous thin film

body.

25 A sulfonic acid group that is a strong acid group is most
preferable as the cation exchange group to be introduced to
the above-mentioned cellulose-based resin film or 1ion-

exchange resin.



Furthernore, each of the above cation exchange groups may be present as a
free acid, or may be present as a salt with alkaline netal ions such as
sodi umions and potassiumions, anmoniumions, etc. 5 The present
invention can al s6 be an iontophoresis device, including an active

el ectrode structure having: an electrode to which a positive voltage is
applied; a drug holding part for holding a drug solution containing
positively charged drug ions, the drug hol ding part being placed on a
front side 10 of the electrode and a conplex filmconposed of a cation

exchange menbrane, and a, ce 'o‘f' Ry %%899 £ éiéhf%{c%‘agxg gg s O@@ si de

of the cation exéﬁangé menbr ane, e conpl ex n a front
si de of thprédsergyr hatsdiang fear tacid,n avhiedy t he @ragehonssare sdm nisiter ed

t hrough the_ 15 cel |l ul ose-based resin film This can further enhance the
transport AbkbEINS Mt ddifiTnisdTRatdiso ﬁOHFuQ dPhg, 2BAdPPEFEREY™ Ehance t he
adm ni stratiQBneffi £i.enckQf a drug. The sanme filmas nentioned above can
al so be used as the cellulose-based resin filmin this invention. 20 In
this case, it is preferable to use as the cation exchange nenbrane a

confi guf atTren présed witverdn dronsaxchbngebe esnn ionnopho cés s cae‘i'bcre,exchange

roup is intr ced to a porou f|| made of a material suc
Soryol efi ninG ORI ohrde SeethoTr ey ME vagrna R TRF RS ur t her

enhance the, @RidK a@Sp@éitﬂmltIa@et he agpinkalrat ieag OhoBdidgoad the
above-nentioned conplex film in order to prevent an air |ayer from being

present at fan ihwtleihace bérvweefolweloracpoha BxEanges hensrlaheckameace

Cel|U|Ose(g%§eq£%%§l@hLIéP&gQHﬂxhng part being placed on a front side

10 of the electrode; and a complex film composed of a cation
exchange membrane and a cellulose-based resin film placed on
a front side of the cation exchange membrane, the complex
film being placed on a front side of the drug holding part,
in which the drug ions are administered through the
15 cellulose-based resin film. This can further enhance the
transport number in the administration of a drug, and further

enhance the administration efficiency of a drug.

The same film as mentioned above can also be used as the

cellulose-based resin film in this invention.

200 In this case, it is preferable to use as the cation exchange
membrane a configuration filled with an ion-exchange resin
in which a cation exchange group 1is introduced to a porous
film made of a material such as polyolefin, a vinyl chloride
resin, or a fluorine resin. This can further enhance the

25 transport number in the administration of a drug.

In the above-mentioned complex film, in order to prevent an
air layer from being present at an interface between the

cation exchange membrane and the cellulose-based resin film,



it is preferable to bond the interface between themso as to integrate the
tati on exchange nenbrane and the cellul ose- based resin film Exanples of a
bondi ng nmet hod i ncl ude adhesi on by heat 5 sealing, ultrasonic bonding,
adhesion with an adhesive such as a cyanoacryl ate-type adhesive, and a
cross-linking reaction with a cross-linker such as divinyl benzene.
Alternatively, a cellul ose-based resin filmis forned on a cation exchange
menbrane (e.g., cellulose is regeneratgd by 10 allowing sulfuric acid to
act on a cellul ose copper anmmonia solution applied to a cation exchange

menbrane) , ;pherefy. the, 1cattio°”o%.cQE‘QQnnﬁﬁgc%”%e%ggggeaggﬂdfﬁ 19 dhe

cel | ul ose-based Fresin tilm rein, i e case o ndi ng e cati1on
exchange nepbeangte 15hto dahe oaeldxdhasgebasatraasi rard | thdycé heuasdesi on,
cross- linking reaction, or formation of a cellul ose-based resin filmon a

cation exchaiffe TaSHr &né™ it is preferable to perform bonding under the
condition that at |east the surface of a cation exchange nenbrane facing
the cel | ul Bsaupbsed F0 resbandintan itethodghenetvdy adhggpeoachy suttrtas

ol 1 ahi 05, TP SR an Ao o RS ARde: S ane oGy it ordar L et  on
exchange negbranecgadobbeyreld-dypse- basedivesi nandii | m 2bokurihecimy e, the
cation exchange nenbrane can al so be roughened by m xing an inorganic

filler suctPs-iCA ci'tiih caf bofaP&Sot I Heffnest Ui caf Bondt&1Nét P Gtgani ¢
filler sucty.A$.deRatyred pQlyiehRylepespartislessoindenaturpdqpelyacrylic
acid resin particles, wth a resin filmconstituting the
cation exchange membrane (e.g., cellulose is regenerated by
10 allowing sulfuric acid to act on a cellulose copper ammonia
solution applied to a cation exchange membrane), whereby the

cation exchange membrane can be bonded to the cellulose-based

resin film.

Herein, in the case of bonding the cation exchange membrane
15 to the cellulose-based resin film by the adhesion, cross-
linking reaction, or formation of a cellulose-based resin
film on a cation exchange membrane, it is preferable to
perform bonding under the condition that at least the surface
of a cation exchange membrane facing the cellulose-based
20 resin film is roughened by an approach such as embossing,
grooving, notching, mechanical polishing, or chemical
polishing. This can enhance the adhesion and integration of
the cation exchange membrane and the cellulose-based resin

film.

25 Furthermore, the cation exchange membrane can also be
roughened by mixing an inorganic filler such as calcium
carbonate or magnesium carbonate, or an organic filler such
as denatured polyethylene particles or denatured polyacrylic

acid resin particles, with a resin film constituting the



10 10 cation exchange nenbrane. BREIF DESCRI PTI ON OF THE DRAWNGS FIG 1
Illustrates a configuration of an iontophoresis device 5 according to one
enbodi ment of the present invention; FIG 2 illustrates a configuration of
an iontophoresis device according to another enbodi ment of the present
invention; FIG 3 shows a tine transition (a) of the concentration of

nor phine in the blood and a pH value (b) of a drug solution 10 and an
electrplyte solution before and after fhe adm nistration of a drug, when
nor phi ne hydrochloride is admnistered to a nouse using the iontophoresis

device ac L hg t r invention; FIG 4 shows a tine transition
of the con§§% ?%t?%ﬁb%ﬁg% %g%%gg%ﬁine in the bl ood, when norphine

hydrochloride is adm nistered to a nouse using a conventi onal
i ontophoresis device; FIG 5 illustrates a configuration of a test device

used for evaluatin nnrghine transfer characteristics in vitro; 20 FIG 6
shows evaJ@Eﬁ?EanﬁééiPF§ Bf OfoftghiOfWINSAsf er characteristics in a test

device equivalent to the iontophoresis device of the present invention;
and FI G 7FKhous idvabuasten 7 exulfiigugbtaonphf mn ticaisPapreghardete¥d sti cs

in a test device equivalent to,a conventianal . 25 iontopharesis device. 11
he. 7
DETAI L E%%ﬁ?ﬁi%ﬂ%;t%Jen?HEm%Rﬁ¢$ﬁq%}@ trglﬁé?f%r% %ﬁ1%§%b%&lnent of the
present invention will be described with reference to the draw ngs.
FIG. 2 illustrates a configuration of an iontophoresis device

according to another embodiment of the present invention;

FIG. 3 shows a time transition (a) of the concentration of
morphine in the blood and a pH value (b) of a drug solution
10 and an electrolyte solution before and after the
administration of a drug, when morphine hydrochloride 1is
administered to a mouse using the iontophoresis device

according to the present invention;

FIG. 4 shows a time transition of the concentration of
15 morphine in the blood, when morphine hydrochloride 1is
administered to a mouse using a conventional iontophoresis

device;

FIG. 5 illustrates a configuration of a test device used for

evaluating morphine transfer characteristics in vitro;

20 FIG. 6 shows evaluation results of morphine transfer
characteristics in a test device equivalent to the

iontophoresis device of the present invention; and

FIG. 7 shows evaluation results of morphine transfer
characteristics in a test device equivalent to a conventional

25 iontophoresis device.



As shown,

the skin

in contact with the electrode 11, an
a front side of the

part 14.

cont ai ner HeregiAfdsed a0f PHREEBERPEI °SulheaBrgsS?REi AP YFT VY H ot L& i
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an iontophoresis device Xl of the present invention 5 includes
an active electrode structure 1, a counter electrode structure 2, and a

power source 3, as main conponents (menbers). Reference nuneral 4 denotes
(or' a mucous mnenbrane). The active el ectrode structure 1 includes
an electrode 11 10 connected to a positive pole of the power source 3, an
el ectrolyte solution holding part 12 for holding an electrolyte solution

The entire active electrode structure 1 is housed in a cover

iC.
an el ectrode

ni on exchange nmenbrane 13 pl aced on
electrolyte solution holding part 12, a drug hol ding

P ARG Ut ATby Sl AT, SEoane T are 13

and

or
20

hol di ng part 22 for holding an electrolyte solution in contact
with the elecihcode 2b, iantcopitem s isxceange Xenbf arte 28 epkatednosnialdr ont
side of _the 25 electrolyte sol ut ion ho d|n art 22, an electrol

te
sol uti oh HHHHHWG pant 2&£pPSced ?FEP %(nﬁ C&BrSf t he’ cati on°Wexchange

nmenbrane 23,.andan anigpcexehange Jmenbrangokdr plAced o, a fsontassi de of
the el ectrolyte solution holdlng part 24. The entire counter el ectrode

such as a_resin filmor a plastic.
Or a mucous membrane) .

The active electrode structure 1 includes an electrode 11
connected to a positive pole of the power source 3, an
electrolyte solution holding part 12 for holding an
electrolyte solution in contact with the electrode 11, an
anion exchange membrane 13 placed on a front side of the
electrolyte solution holding part 12, a drug holding part 14
placed on a front side of the anion exchange membrane 13,
and a cellulose-based resin film 15 placed on a front side of
the drug holding part 14. The entire active electrode
structure 1 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 counter electrode structure 2 includes
an electrode 21 conneéted to a negative pole of the power
source 3, an electrolyte solution holding part 22 for holding
an electrolyte solution in contact with the electrode 21, a
cation exchange membrane 23 placed on a front side of the
electrolyte solution holding part 22, an electrolyte solution
holding part 24 placed on a front side of the cation
exchange membrane 23, and an anion exchange membrane 25
placed on a front side of the electrolyte solution holding

part 24. The entire counter electrode structure 2 is housed

a

a



In the iontophoresis device X1, those which are made of any conductive
haterial can be used as the electrodes 11 and 21 5 without any particul ar
limt. In particular, an inactive el ectrode conposed of carbon, platinum
or the like i's uséd preferably, and a carbon el ectrode free fromthe
elution of netal ions and the transfer thereof to a living body can be
used nore preferably. 10 However, an active el ectrode such as a
silver/silver chloride couple electrogde in which the electrode 11 is nade
of silver and the eIectrode 21 is made of siIver chIoride can al so be

adopted. Far exal er bfhe é?géggﬁa of %?hgg e@agyeg g@l§g|de 15

coupl e eleétrof rode p05|t|ve a silver
el ectrode aﬁﬁlmrﬁimmrua kop3agtle) easily react wi th each other to generate
insol uble Agd as represented by Ag+C -CAgd +e-, and in the el ectrode 21

that is a negative pole, chlorine ions (C-) are eluted froma silver
chl ori de 2®nereetr%@p@ﬁﬁ§é@ueﬁwye ¥he FBPF%wh@cféférlé%tr&actearpﬂaeany

obt ai ned: Lgasecfr naytﬁﬁa‘if WAL 8L 'u§e§“99r%ﬁ§eg %et]hraamod 2

acrdlflcatlon ions at the positive po e rap
basi fi cati entbasedaon @H{tuon$aatluhetnegahtvearqnﬁuiaaanebe pneveinted. 25
In contrast, in the active electrode str ture 1 and the counter e ectrode

structure 2% ‘htt‘?ﬂee | SHESG1RGr &4 $3dediceP tl?W“’FICC’E 9he ol iy 1%

function of & he 8Ni0n fxchangeyRnnane rdde anded her&at ion emhadweoﬂ'rerrbr ane
23, the rapid acr i'fication based on H+ ions in the el ectrol yte solution

13 holdrn@ep@lthnﬁzﬁnﬁtﬂﬁﬁrtnan$fbas¢heeapfohobasédvgmgc»edy(ﬂﬁﬁ be

used more preferably.

10 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
15 couple electrode, in the electrode 11 that is a positive
pole, a silver electrode and chlorine ions (Cl-) easily react
with each other to generate insoluble AgCl as represented by
Ag+Cl-0AgCl+e-, and in the electrode 21 that is a negative
pole, chlorine ions (Cl-) are eluted from a silver chloride
20 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.

25 In contrast, in the active electrode structure 1 and the
counter electrode structure 2 in the iontophoresis device X1
in FIG. 1, owing to the function of the anion exchange
membrane 13 and the cation exchange membrane 23, the rapid

acidification based on H+ ions in the electrolyte solution



in the electrolyte solution holding part 22 are suppressed. Therefore, an
1t nexpensi ve carbon electrode free fromthe elution of netal ions can be
used preferably in place of the 5 active el ectrode such as a silver/silver
chloride couple électrode. Furthernore, the electrolyte solution holding
parts 12, 22, and 24 in the iontophoresis device XI in FIG 1 hold an
electrolyte solution so as to keep the conductivity. 10 Phosphate buffered
saline, physiological saline, etc. canide wused as the electrolyte solution
typically. Furthernore, in order to nore effectively prevent the

gener at | onygf 4gAs causerh by d g celagt LobyLif: 4236k 90.0h oMaber the

increase in a conductive resistance caused by t he generation of gas, or
t he changeinntp#l eassedobytd heolglieat hollyting peatt Ronaot wappressed.
electrolyte that is nore  readily to be oxidifed or. reduced than the

Y
el ectrol yt TRSTFEAR i oA ( XITRTSHVEL THE PosF1TVe P el BAY tHET eUiTti on at

the negatiweupobg)opfmialieri 5an he a8ddeded Optdiesalagt nal yiec0os0tud i on
hol ding parts 12 and 22. In ternms of the biological safety and economnic
ef fi ci ehcya¢tbve cedecanddeasyichavas | abi $11Y9%/ fidveaxampl e, iden Faertani c

conpound such .as ; ferrous sulfate or ferric sulfate, a nedical agent such

oge,. . . . . .
as ascorbic aC|§ (vitamn C) or sodium ascorbate, and an organic 25 acid
such as lactic acid, oxalic acid, malic acid, succinic acid, or fumaric

acid and/ oruacsatdoddieranf candieiysedsopuefsnabbydidy tesnadivel yaza
conbi nation of those substances (for exanple, 1:1 m xed aqueous sol ution
cont ai ni nggnd nBk (V) tld Rastpehaesdisandevieml XL Minof FEpdi imhicddarait ) can
al so be sglég%¥%lyte solution so as to keep the conductivity.

10 Phosphate buffered saline, physiological saline, etc. can be

used as the electrolyte solution typically.

Furthermore, 1in 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
15 the generation of gas, or the change in pH caused by the
electrolytic reaction of water, an electrolyte that is more
readily to be oxidized or reduced than the electrolytic
reaction (oxidation at the positive pole and the reduction at
the negative pole) of water can be added to the electrolyte
20 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
25 acid such as lactic acid, oxalic acid, malic acid, succinic
acid, or fumaric acid and/or a salt thereof can be used
preferably. Alternatively, a combination of those substances
(for example, 1:1 mixed aqueous solution containing 1 mol (M)

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

30 wused.



14 The electrolyte solution holding parts 12, 22, and 24 may hold the
above-nentioned electrolyte solution in a liquid state. However, the

el ectrolyte solution holding parts 12, 22, and 24 may be configured by
inpregnating a water 5 absorbing thin filmcarrier nade of a pol yner
material or the Ilike with the above-nentioned el ectrol yte sol uti on,
thereby enhancing the ease of handling thereof. The sanme thin film

carrier as that can be used in the drug holding part 14 can be used as the
thin filmcarrier used herein. Therefore, the 10 detail thereof will be

described in_the follow ng I pt| . I eg i hg.the._dru ol di art 14.
The drug hgﬁaiﬁgeﬁgffg?aeiﬁgﬁﬁggégnbggﬁ%éis?égggv%%é %%' %@?o#%iﬁ%ﬁ othis
enbodi nent hbobdshat 4easi-remtaguecuslesoluliyon eblattlemginhasel agiive

ingredient is dissociated to 15 plus drug ions by the dissolution, as a
drug sol ut FbA® Her BPHEVE hre Eﬁ?mf%é%QHQﬁitﬁaFPlfﬁl yPALEHPS RRYGS sbiution in
a liquid spate.towererpait dess abaeipessd bl t onp PRELONGIL aSUSHL & -
wat er -absorbing thin filmcarrier as described below wth a drug solution
so as t® erpmawEnchéhéaséibf ¢mndlemgadgoof hereofyneEx anpkesadbfon we eri al

t hat can bﬁ§gsed.%o Ehe ter- bsor@ Qg_thin f%ln1g§5 i er Lg t hi,s case

)
include a Fofat™ b8ay 28P VAT T O Esi T (AEPYY RS dPSGEF 1 T 1 nf S 5¥ghent ed

pol yur et hagghgetidd | the abaand HureonRdyclh¥eepoOr oushsheghe fKiRS5cf g M Ng a
gel solid electrolyte. By inpregnating the above aqueous solution at an
i npr egnat i BATFERT A Df LI tR60%W Ubechilgh theadsper Rohdhber P ght dfary

del i very pseogjegetdY)a’s ‘ta‘,hg thﬂ? fltlc?n %(%O{Or(}_@@ Qgegbtliéaﬂél%d Therefore, the

10 detail thereof will be described in the following description

regarding the drug holding part 14.

The drug holding part 14 in the iontophoresis device X1
according to this embodiment holds at least an agqueous
solution of a drug whose active ingredient is dissociated to

15 plus drug ions by the dissolution, as a drug solution.

Herein, the drug holding part 14 may hold a drug solution in
a liquid state. However, 1t is also possible to impregnate
such a water-absorbing thin film carrier as described below
with a drug solution so as to enhance the ease of handling

20 thereof.

Examples of a material that can be used for the water-
absorbing thin film carrier in this case include a hydrogel
body of acrylic resin (acrylhydrogel £film), segmented
polyurethane gel film, and an ion conductive porous sheet for
25 forming a gel solid electrolyte. By impregnating the above
aqueous solution at an impregnation ratio of 20 to 60%, a
high transport number (high drug delivery property), e.g., 70

to 80% can be obtained.

The impregnation ratio in the present specification 1is



The inpregnation ratio in the present specification is 15 15 represented
by % by weight (i.e., 100 » (WD)/D[% where Dis a weight in a dry state
and Wis a weight after inpregnation). The inpregnation ratio should be
measured immediately after the inpregnation with an aqueous solution 5 to
elimnate a chronol ogi cal influence. Furthernore, the transport nunber
refers to the ratio of the amount of current contributing to the transfer
of parfscular ions anong the whole cufgent flowi ng through the electrolyte
solution. In the present specification, the transport nunber 10 is used in

terms of that segarding dryg jons,: ii€e, N8 I@tiy )0k @;CHRLLDLD ;
contributiré?ﬁ%é%%hg trgnsfeg %ﬁgghluflrghé anong Eth(—:)-g,\/\/r%ol]e currents.
supplied te theigbti vénel ect Hede ssttreictane. Wer esn, at heeapove- et oned

acryl hydrogel film(for exanple, 15 available.from S ntact Lens Co.,
Tra) s algeroBBmy v ng TR CHIEATEAaRE Gl AR St Bt GrEes

(cross-1inkiRgqyi Stductdni@r Menrehact bAl ¥iensahubiygBotHakol st fon

di spersion nmediumis added to the acryl hydrogel film the acryl hydrogel
fil mbetones <ligginaver aadsvehemgiral Agfilvan2®d- conductivity. Furthernore,
the rel ationship between the inpregnation ratio of the acryl hydrogel film
and the transpertoruigre canBeoad] nshiesk ye zont ol thagriheosofzetlod t he
t hr ee- di nensi onal network structure and the kind and ratio of. a nomer

consti t ut i HPHET & nCUFREN AT HYdEgEe 28 FIT myM@tH %&n Ot npReghattdn ratio
of 30 to 40%3ndmgnd ranspaidie RUFRGHOk140:i 4P B0%canche Bfeparsd,dd om 2-
hydr oxyet hyl net hacryl ate and et hyl enegl ycol di nmethacryl ate
solution. In the present specification, the transport number
10 is used in terms of that regarding drug ions, i.e., the ratio
of a current contributing to the transfer of drug ions among

the whole <currents supplied to the active electrode

structure.

Herein, the above-mentioned acrylhydrogel film (for example,
15 available from Sun Contact Lens Co., Ltd.) 1s a gel body
having a three-dimensional network structure (cross-linking
structure) . When an electrolyte solution that 1is a
dispersion medium is added to the acrylhydrogel £film, the
acrylhydrogel film becomes a polymer adsorbent having ion
20 conductivity. Furthermore, the relationship between the
impregnation ratio of the acrylhydrogel film and the
transport number can be adjusted by controlling the size of
the three-dimensional network structure and the kind and
ratio of a monomer constituting a resin. The acrylhydrogel
25 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 to 2), and it is confirmed
that the impregnation ratio and transport number are almost

30 the same in a range of an ordinary thickness of 0.1 to 1 mm.



(mononer ratio 98 to 99.5 : 0.5 to 2), and it is confirmed that the
tnpregnation ratio and transport nunber are al nost 30 the sane in a range
of an ordinary thickness of 0.1 to 1 mm 16 Furthernore, the segnented

Jpol yuret hane ‘gel filmhas, as segnments, 'polyethylene glycol (PEG and

pol ypropyl ene glycol (PPG, and can be synthesized froma nononer and
diisocyanate constituting these segnents. The segnented pol yurethane gel 5
filmhas a three-dinmensional structuregross-linked by a urethane bond,
and the inpregnation ratio, transport nunber, and adhesion strength of the

gel filmcan be easily | ust cont.rol Li h i zge. et k, and
t he kind ag‘élrt% atio - of gg%mrfgﬁglﬁn?%dt %e%l gﬁgk\g\g?/éa e?n ﬁ%}{ agiﬁg/l'h;% ogel
film 10 Vegmuates pdiatetns/landi gpeesi onpmedima ard yamopleehe of Yol

(al kaline netal salt, etc.) are added to the segnented pol yurethane gel
film (porolfESel o PR BRyYEN15T EF et heF 2 CHOMHEEE RgIpart SoFY et et her

form ng a sgguent.@fth ahedl kalhhBgat 5Bt abpsaldgfoItdea peyRLeXna@idyd Ons  of
the netal 15 salt nove to oxygén in a subsequent bl ank ether connecting

part when aitmrhest 4| dhseendenebyliatel cohductind t prpss—ekpressed. s t he
i on conductiv orous sheet, for formn .gel_salid__electrolyt for
CREFETS" (R Gne il Slodbd P3P 20 1275483 R Thi 8 5

exanpl e, P the Onedi sciose I'S porous

sheet is hasedidRsaBnactyéoqmin rdd encopelyrern &nd k& paseus padymetedvi th a

porosity of 20 to 80% More specificall%, this porous sheet is based on an
\fO

acryl oni t r PYeceopbPyhetd viiheh sazoPbsit §e 8100 33 REHIE KdAE af it nE2 5P ol % or
more (preferabl y (0.40 98 ppL a0l 23, agLyhAnichel Ler, TheaaGsol opitfile gel
solid electrolytic
10 When water that is a dispersion medium and an electrolyte
(alkaline metal salt, etc.) are added to the segmented
polyurethane gel film (porous gel film), oxygen in an ether
connecting part of polyether forming a segment and an
alkaline metal salt form a complex, and ions of the metal
15 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
200 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 1s based on an
acrylonitrile copolymer with a porosity of 20 to 80%
containing 50 mol% or more (preferably 70 to 9é mol%) of
25 acrylonitrile. The acrylonitrile gel solid electrolytic
sheet (solid-state battery) 1s prepared by impregnating an
acrylonitrile copolymer sheet soluble 1in a non-aqueous
solvent and having a porosity of 20 to 80%, with a non-

aqueous solvent containing an electrolyte, followed by

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



sheet (solid-state battery) is prepared by inpregnating an acrylonitrile
topol yner sheet soluble in a non-aqueous solvent and having a porosity of
20 to 80% wth a non- aqueous solvent containing an electrolyte, followed
by 30 gelling, and a gel body includes a gel to a hard film 17 1In terns
of the ion conductivity, safety, and the like, the acrylonitrile copolyner
sheet soluble in a non-aqueous solvent is preferably conposed of an
acrylonitrile/Cl to C4 al kyl (neth)acyyl ate copol yner, an
acrylonitrile/vinylacetate 5 copol yner, an acrylonitrile/styrene copolyner,

an aorytopktLhelvipylidens, obloride anol uiete, orfhechikeye e

copol ynmer s I'S made porous by an or hary ne such  as 4d
paper maki agrgebhoty ik neetcapueehi sgeset hosl udlkat ins a khbaf-efueuon- woven

fabric producing nethod, a 1Q water-jet method, draw ng perforatlon of a
mel t - ext r uBRH SEhekt p’b?fep‘?rbfldr FEASBY 86l \?éntacéthP‘&t‘Hb]r? G thepresent

I nventi on,, 3BNNG R\ al@@y@a@@rgam%elronaﬁoglgyﬁtdnvlecraqw%nyw@@éa%@f an
acrylonitrile copolyner used in a solid-state battery, a gel body (a gel

to a hatd ¢épedynkeal.di ngathe ab@%éxﬁatmeﬁ?V@nEdaaqueou@pgéVmeron i rera
t hr ee-di mensi o aI net wor k of gokxﬂp haln al d |n mhlcht%
e

itrile/vin llden CO . .
above- nent|0n¥ |npreg at’l 10 an trans or nuhber are ac% é@ed 1S

useful as ®hd Ridpollinkm Qﬂéétt ezrs usRd pprbhe By uth haldinagypaethdd QicH he
electrolyte solution holding parts 12, 22, and 24 of the 20 present
i nvent i on. 2% nat KBt ple&kht PRRRENABINY rfdcding NRESA8RUNEN bHE Fefphod

| TP egnal | fgs £ g saboves Nk 0gechdlidbh! BSALE! Yrdttng ilidgasolition or

an el ectrolyte solution e opti
10 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 gel to a hard film) holding the above-
15 mentioned aqueous solution in a three-dimensiocnal 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 wused in the drug holding part 14 or the
electrolyte solution holding parts 12, 22, and 24 of the

20 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
25 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 1in a base, for example,

NEOSEPTA, AM-1, AM-3, AMX, AHA, ACH, ACS, ALEQO4-2, AIP-21,



conditions may be determined in terns of the inpregnation 25 anount,

i npregnation speed, and the |ike. For exanple, an inpregnation condition
of 30 m nutes at 40C may be selected. An ion-exchange nmenbrane carryi ng an
ion-exchange resih having an ani on exchange function in a base, for
exanpl e, NEOCSEPTA, AM 1, AM 3, AMX, AHA, ACH, ACS, ALE04-2, AIP-21, 18
produced by Tokuyama Co., Ltd. can be used as the anion exchange nenbrane
(i on-exchange nenbrane having charactgyistics of selectively passing m nus
ions) 13 and 25 in the iontophoresis device X1 according to this

embodi ment, 5 An jo change_ nenpra arrying an iop-exc ge re5|n
havi ng a c%flon é&cﬁ%nge f'ahcti on |nq§xﬁase¥ fg? exanpl Eﬁ? A, CM 1,
CM 2, CWVX, ehBan&MB, CLEBHréheproduﬁﬁdehwhaﬁqkuyanaeﬁbran¢td namum@ used
as the cation exchange nenbrane (i on-exchange nenbrane havin
characterl§PFE§C6?rHEF¥ﬁ§ &t iSFEFG CpReEY P D UY MORESP Egnsinlﬁa?T?cﬂ?ar a

cation exghapge MBADEAMNS dN MieGhca RArLcOErdM LMY tehY QhodaPRES Of a

porous filmis filled with an ion-exchange resin having a cation exchange
functi oh, & eﬂpnmﬂXGhaexeham@mbm@ﬁbraﬁéryﬁnglealmuwhr3m0héngexchaﬁge resin
havi ng an %nlon excha 15cju%ct| 1.can belused $refer9bly Fbrfin,
fluorine tySe Fési®n Wi h aﬁ”ion 8xchange group Foduced t 5FAPE

perfl uor ocacbenpskel emon, ocmazhydmacardyan  dwme ¢Hﬁ]4n2corﬁlaidud%@ &y esin
that is not fluorinated as a skeleton can be used as the above-nentioned
i on- exchan§@kpaiesiGe. | nbuf ew G t RE CoiRfenPENCE Df Ca'ltﬁroé?du%i‘?wc-tﬁ‘ ocess,

a hydrocah@fﬁp %%{Qe (1= %&8H?Rz§lﬁem%ﬁﬁo@ah§ R GlgaPL s r 2 T RS AT &

al t hough t ratio o I on- exchange
10 selectlvely passing plus ions) 23. In particular, a cation

exchange membrane in which a part or an entirety of a pore of
a porous film is filled with an ion-exchange resin having a
cation exchange function, or an anion exchange membrane
filled with an ion-exchange resin having an anion exchange

15 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
20 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,

25 10 to 90% by mass, and preferably 20 to 60% by mass.

Furthermore, 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 Jgenerating a group having negative
or positive charge in an aqueous solution. As specific

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



resin is also related to the porosity of
ratio is generally 5 to 95% by nmass, in
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tertiary amino groups, a guaternary ammonium group,

group, an imidazole group, a quaternary pyridinium group, and

a gquaternary imidazolium group. Examples of a counter anion

in those anion exchange groups include halogen ions such as

chlorine ions and hydroxy ions. Of those anion exchange

groups, generally, a quaternary ammonium group and a

quaternary pyridinium group that are strong basic groups are

used preferably.

Furthermore, a film shape or a sheet shape having a number of

small holes passing from front to back sides are used as the

above-mentioned porous film without any particular limit. In

order to satisfy both the high strength and the flexibility,

it is preferable that the ©porous film be made of a

thermoplastic resin.

Examples of the thermoplastic resins constituting the porous

film include, without limitation: polyolefin resins such as

homopolymers or copolymers of o-olefins such as ethylene,

propylene, l-butene, l-pentene, l-hexene, 3-methyl-1l-butene,

4-methyl-1l-pentene, and 5-methyl-l-heptene; wvinyl chloride

resins such as polyvinyl <chloride, wvinyl chloride-vinyl

acetate copolymers, vinyl chloride-vinylidene chloride



order to satisfy both the high strength and the flexibility, it is
preferable that the porous filmbe nade of a thernoplastic resin. Exanples
of the thernoplastic resins constituting the porous 25 filminclude,
without limtation: polyolefin resins such as honopol yners or copol yners
of a-olefins such as ethylene, propylene, 1-butene, 1l-pentene, 1-hexene,
3-nethyl -1-butene, 4-nethyl-I|-pentene, and 5-nethyl -1-heptene; vinyl
chlorigge resins such as polyvinyl chlgyide, vinyl chloride-vinyl 30
acetate copol yners, vinyl chloride-vinylidene chloride 20 20 copol yners,

and vi nyl rjde-ol ef | yNRARS;. : HLUOT I h
poIytetraf%%%%ﬁggﬁﬁreﬁ%%p ggﬁg%hF§3§F%§%|§%$%§}h§ gggfmiﬁfyv?%§?fﬂg%e
fluoride, réstmsafl uoroetsuyhene- hexakkuor opr opyd enestoaEdlupreeshy bene,

tetrafl uoroet hyl ene-perfl uoroal kyl vinylether copol yners, an
tetrafluor88%h?@%ﬁﬁ?%ﬂﬁﬁ}P@ﬁ@eEBbi?@%%rs; BSEV&h?%&?%%Qﬁ ns §gﬁﬂrh%ehylon 6

and nyl on &8, a1 ot-Besey Wi &hh ala1mBdep ks om0l yanm de regibpsiyRotyol efin
resins are preferably used as they are superior in mechanical strength,
flexibiditietdlcleawetalyleratrddfilyiorgadkghevd walethesi soanégnennd e good
conpatibility with ion-exchange, resins. As the palyolefin. . .resins
polyethyleﬁg¥535£%%f3é§Qﬁ%ﬁq§ng%g ee%%rt?%ﬁﬁﬁﬁﬂﬁfg’pr%ngggf%eanﬁeSins

pol yet hyl epgch Sa$05y1 ¢t ef esabl eyl cthesee iahdn@hpakt WBLERT aké NMddd Of tdie
property of the above- 15 nentioned porous film made of the thernoplastic

resin. Homeveridher addrsage Bone gifanetésinf poreBr ARG  Helpreisst abiy
0.005 to 5.Q.pm gpre,preferabl; Om%%hERiZ%P P AN TS REE £1 APl Y 0. 02

e
T
to 0.2 pm since fhe porous #I|ﬂ1 aving suc
10 chemical stability, and chemical resistance, and have good

compatibility with ion-exchange resins. As the polyolefin
resins, polyethylene and polypropylene are particularly

preferable and polyethylene is most preferable.

There is no particular limit to the property of the above-
15 mentioned porous film made of the thermoplastic resin.
However, the average pore diameter of pores may be preferably
0.005 to 5.0 pym, more preferably 0.01 to 2.0 uym, and most
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
20 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
25 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 um, and most preferably 15 to 55 um. Usually, an
anion exchange membrane or a cation exchange membrane using

30 such a porous film has a thickness of the porous film with +0



an average pore dianeter is likely to be a thin ion-exchange 20 nenbrane
. having excellent strength and a | ow electric resistance. The average pore
dianeter in the present specification refers to an average flow pore
dianmeter neasured in accordance with a bubble point nethod (JI'S K3832
1990). Simlarly, the porosity of the porous filmmay be 25 preferably 20
to 95% nore preferably 30 to 90% and nost preferably 30 to 60%
Furthernore, the thickness of the porgus filmmy be preferably 5 to 140
pm nore preferably 10 to 120 pm and nost preferably 15 to 55 pm
Usual Iy, an_ ggiqg exchange nmenbrane or a cation exchange nenbrane using 30
such a porous i has a thickness of the porous filmwith +0 21 to 20 pm
The cel |l ul gse-based resin film 15 used in_the iontophoresis device X
According T55t RECTEHIARIERE Gat B teofiotpt Heed by C08) FanbeaiAEEt 1 esi ns
such as celhkuylesexesi&srdi®qdto 2heel bHboasenanetahe beCebhyl 08€: 44 apj onat e,
cellul ose acetate butyrate or regenerated cell ul ose manufactured by a
met hod su€Rlaslaseuprsathomiesipr oEBSE o0fs a trtil@ry amPhesdki dée- process),
cel lul ose e. ydro |..ce ose .or roxypropyl, cel | ul ose)
or ni tr%ce‘f}%lu%z)l:océg.Qe Ag%%tr%uesf tﬁ?ﬁi%osﬁ I%#l%ﬂeﬁtledl og%- L1gLscyeslo r%%/?tnast%avi ng
an aver ageoporm tedi @et egerod r gareef efalllu ok eA rtamud ab-eurpi byore eeferably 1
' to 1,000 4, and particularly preferably around 1 to 100 4, and a

t hi ckness BfCTpr 8FerablGPPIOTFBN 28D HTCCERA i t Bcutdri i@ Ypr 8REreadt A0 to 50
pm can be ysedssohS A-Lalliiexehange @raup syabogse thoul L0 & AC d,,group, a
carboxylic acid group, or a phosphonic acid group can be
hydroxypropyl cellulose) or nitrocellulose. A porous thin
10 film of <cellulose-based resins having an average pore
diameter of preferably 1 A to a few um, more preferably 1 to
1,000 ﬁ, and particularly preferably around 1 to 100 A, and a
thickness of preferably 10 to 200 um, and particularly

preferably 20 to 50 um can be used.

15 A cation exchange group such as a sulfonic acid group, a
carboxylic acid group, or a phosphonic acid group can be
introduced to the above-mentioned cellulose-based resin film
by allowing chlorosulfonic acid, chloroacetic acid, inorganic
cyclic triphosphate, or the 1like to act on the cellulose-

20 based resin film. By using a cellulose-based resin film with
such a cation exchange group introduced thereto as the
cellulose-based resin film 15, the administration efficiency

of a drug can be enhanced further.

Alternatively, a porous thin film made of the above-mentioned
| 25 cellulose-based resin in which pores are filled with a cation
exchange resin can also be used for the cellulose-based resin

film 15.

The cellulose-based resin film filled with a cation exchange

resin can be obtained by: impregnating the above-mentioned



i ntroduced to the above-nenti oned cellul ose-based resin film by allow ng
thlorosul fonic acid, chloroacetic acid, inorganic cyclic triphosphate, or
the like to act on the cellul ose 20 based resin film By using a

cellul ose-based résin filmw th such a cation exchange group introduced
thereto as the cellulose-based resin film 15, the adm nistration
efficiency of a drug can be enhanced further. Alternatively, a porous thin
fil mpmade of the above-nmentioned 25 cgllul ose-based resin in which pores
are filled wth a cation exchange resin can also be used for the

cellulose-Qgggﬂsrgggg Eth”H%@kaTh? g;llg%ggfagggg% Jesin fil qhghlugd wth
a cation é%&ﬁange résin can be obtained y: 1npregnating the
above- menth@ieck X2 2c ol Guts ohhidonfpidsedmade ©f hadcedtd tdose:s pasedoni@sén Wi th a

nononer conposition conpaosed_of a hydrocarbon type nononer having a
functi onal "§Vo0p CapEll & 1oRatntF GdEci T8 3R 1 eatIfon M ERIEHGE ¢ ot P I

cross-1inkghkgagpoomeso@nd a H palywii12akihene i Ni kbRt s, Polyeeri zi ng them
under appropriate reaction conditions; and allow ng chlorosul fonic acid,
chl or ackt i melagied, i zaft ipnok gani t @yiclbod Yinek phosphdtes; uadetrtheppkpkeldte act on
the resultant porous thin film Ex%rpugﬁ'of t he h{drocaigonrtype noner

e [

having a fUREEFORAI CROGFBUR ‘capdl P d FETRE R R on eXTHinge
group i ncl e rae@iat i £oi\d, Nydn CoNPasids Seedl ias St yiiphateetdlyl sty ene,
3- nethylstyrene, 4-nethylstyrene, 2,4-dinethylstyrene, p-tert-
but yl st yr eh&ke dchaFgenated é??ﬁ%ﬁﬁﬁiéﬁdOVFn9gﬁa Y2l ene and each one or
nore of them can be used. Exanples of an 15 avail abl e cross-1|inkabl e
mononer in%k%%giegoéyftQgtﬁ§)fgcarbon—type monomer having a functional
10 group capable of introducing a cation exchange group include
aromatic vinyl compounds such as styrene, a-methylstyrene, 3-
methylstyrene, 4-methylstyrene, 2,4-dimethylstyrene, p-tert-
butylstyrene, o-halogenated styrene, and vinylnaphthalene and
each one or more of them can be used. Examples of an
15 available cross-linkable monomer include: polyfunctional
vinyl compounds such as divinylbenzenes, divinyl sulfone,
butadiene, chloroprene, divinylbiphenyl, and trivinylbenzene;
and polyfunctional methacrylic acid derivatives such as
trimethylol methane trimethacrylate, methylenebis acrylamide,
20 and hexamethylene methacrylamide. Examples of an available
polymerization initiator include octanoyl peroxide, lauroyl
peroxide, t-butylperoxy-2-ethylhexanocate, benzoyl peroxide,

t-butyl peroxyisobutyrate, t-butyl peroxylaurate, t-hexyl

peroxybenzoate, and di-t-butylperoxide.

25 In addition to the above components, other hydrocarbon-type
monomers which are copolymerizable with the above
hydrocarbon-type monomers and cross-linkable monomers, or
plasticizers may be added as required. Examples of the other

monomers which may be used include acrylonitrile, acrolein,



vi nyl conpounds such as divinyl benzenes, divinyl sulfone, butadiene,

thl or oprene, divinyl bi phenyl, and trivinyl benzene; and pol yfunctional

nmet hacrylic acid derivatives such as trimethylol methane trimethacrylate,
et hyl enebi s acrylam de, 20 and hexanet hyl ene net hacryl am de. Exanpl es of

an avail able polynerization initiator include octanoyl peroxide, |auroyl

peroxi de, t-butyl peroxy-2-ethyl hexanoate, benzoyl peroxide, t-butyl

per oxyi sobutyrate, t-butyl peroxylaurajge, t-hexyl peroxybenzoate, and

di -t-butyl peroxide. 25 In addition to the above conponents, other

hydr ocarbon-ty no s.which are copolynerj zabl i th.the. above
hydrocarbdﬂyif%%hﬁgﬁéﬁgﬁée%ﬁQFbr6§§%PFﬁka%¥%m i%%ﬁ%f§$%oPlaﬁ asti¢iZers may

be added ashi@quited. dxanpses ofndiheicot hEbutfonomRtsianbteh nayobeyused
i nclude acrylonitrile, acrolein, 23 and nethyl vinyl ketone. _Further,
exanmpl es ofPElkelaficast i ci 2éFethhi ch &PPBENRSEEE i ncl uddPdrBhegiPpH hal at e,

di octyl p@&*ﬂ@kﬁ_@,ﬁa@alrEPet,hyAceitlsﬁremBa{ﬁ@itrdgttéqt ﬂi%qitggg@bacat% , and

triethylcitrate,  acetyltributylcitrate, dibutylsebaca and
di benzy$ et hidsenzy Izathteer.y, a voltage stabilizer, a current stabilizer
(gal vano device) , a voltage/current stabilizer, or the like can be used

as the powar peut&ey 3 id thA tagat ophepesi seleviLe cudfrehlie peesenizer
invention. It is preferable to use a current 10 stabilizer that is operated
under saf e (9dlYaRfe SVNEY)i-orfs TR Lamei/cHEaAar BF 2Pk iZUr rent thanl bee

adj “?t ed i £ H‘ear\]:%%gogsot?& pcgvperl's%u%e Rr ?Jle{ﬁéjliyo Q'og)%ogfg 95 5dé%c :
specifically, at or ess, preferably, 30 V or 1 ess. The i ont ophoresi s
devi ce X1 accohdi pgetsent hirsredthiodi. nedt haspreferable to use a current
10 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 0.01 to 0.5 mA, specifically, at 50V or

less, preferably, 30 V or less.

The iontophoresis device X1 according to this embodiment has
15 remarkably higher administration efficiency of a drug than
that of a conventional iontophoresis device using a cation
exchange membrane in place of the cellulose—basea resin film

15, as described later in examples.

FIG. 2 illustrates a configuration of an iontophoresis device

20 X2 according to another embodiment of the present invention.

As shown in FIG. 2, the iontophoresis device X2 has the same
configuration as that of the above-mentiocned iontophoresis
device X1, except that a complex film 17 made of a cation
exchange membrane 17a placed on a front side of the drug
25 holding part 14 and a cellulose-based resin film 17b placed
on a front side of the cation exchange membrane 17a 1is

provided, in place of the cellulose-based resin film 15.

The same cation exchange membrane as that described with



15 remarkably higher adm nistration efficiency of a drug than that of a

conventional iontophoresis device using a cation exchange

menbr ane in

pl ace of the cellul ose-based resin film 15, as described later in
exanples. FIG 2 i'llustrates a configuration of an iontophoresis device 20
X2 according to another enbodi ment of the present invention. As shown in
FIG 2, the iontophoresis device X2 has the same configuration as that of
the above-nentioned iontophoresis devjge X1, except that a conplex film 17
made of a cation exchange nenbrane 17a placed on a front side of the drug

25 holding part 14 and a cell ul ose-based res
si de of th§£¥§¥ﬁb%°e§gﬁ g

%1 change-mem réggfiglna17%ephg
ahge" Mnbtaife 97818 29t ovi déd, “n"p

ced  _on a front
Fgcaés onn? he

cel | ul ose- basednr esicRahjt Mdkbrdhe sameogathen exphargeinrirane wse t hat

described with 24 respect to the cation exchange nenbrane

23 can be used

as the catedR exehbibessmdscane 178 ofHitlfle @8npHEX™ f i4SHCEFPeFhe ! Sane
cell utose-hasgdof eslnfd 103 28, (1AL desqr Lbedh Wty [£5P8C1d 0,1 oo

cel | ul ose-based resin

il m15 can be used as 5 the cell ul ose-based resin

film217h. dhe aredéulbeepbevehtreminaifi lay@ép. f rom bei ng present at an

interface between the cation exchange nenbrane 17a and the

cel | ul ose-based

resin fil mi7hrdelr i prfemabla that 1her comu exefrid mdssdr for ned by
bonding the interface between 10 the cation exchange nenbrane 17a and the
cel | ul ose- bastfaGee HH e M Wy BY* Hdat S x&HII¢g, "aFERaSordi '@ ot e

adhesion w.uh, a9, adhesiye, chemioal bopding wid oA crassel iaker oo

formati on of "the ce ose-based resin

Ilm17b on the cation exchange

menbrane ldemplex thelncake bé ondeémgbby bredhsgofhe interface between

10 the cation exchange membrane 17a and the cellulose-based

resin film 17b by heat sealing, ultrasonic bonding,

adhesion

with an adhesive, chemical bonding with a cross-linker, or

formation of the cellulose-based resin film 17b on the cation

exchange membrane 17a. In the case of bonding by means of

15 the adhesion, chemical bonding, or the like, in order to make

the integration and adhesion of the bonding satisfactory, it

is preferable to use the cellulose-based resin film 17b in

which at least the connection side surface is roughened by an

approach such as embossing, grooving, notching,

20 polishing, or chemical polishing, or by mixing an

mechanical

inoxrganic

filler (such as calcium carbonate or magnesium carbonate) or

an organic filler (such as denatured polyethylene

or denatured polyacrylic acid resin particles)

cellulose~based resin.

particles

with a

25 The condition of heat sealing and ultrasonic bonding, the

kind and adhesion condition of an adhesive, the

kind and

cross-linking condition of a cross-linker, and the like can

be appropriately determined depending upon the kind of the

cation exchange membrane 1l7a (mainly, the kind of a porous

30 resin film used in the cation exchange membrane 17a) and the



15 the adhesion, chem cal bonding, or the like, in order to make the
integration and adhesion of the bonding satisfactory, it 1is preferable to
use the cellul ose-based resin film17b in which at |east the connection
side surface is roughened by an approach such as enbossi ng, grooving,

not chi ng, mechani cal 20 polishing, or chem cal polishing, or by m xing an
inorganic filler (such as cal cium carbonate or magnesi um carbonate) or an
organigsfiller (such as denatured pol ygthylene particles or denatured
polyacrylic acid resin particles) with a cellul ose-based resin. 25 The

condition pf heat sealin d ultrasanigc ndj J kind an dhesi on
condition g%n%n °§dht§§% v%jglﬁfqleosﬁ tﬁésgﬁd reé?glssf-ﬁnl?nnkliﬂg' conqg}et i %%m% mg

cross-linkgereamnd hde ldike drdrctbeca@pppoprémtialy deteer pidnedi depeniimg upon
the kind of the cation exchange nmenbrane 17a (mainly, the kind of a porous
30 resin fRFFEAREY Pk He Tt o X HKERGESHBFADARRT 275 aRFEIIRF 25 D5 ki nd

of the cel Lyl g36- based resi pnd i kat 478 cINB AN Nohe heL el dh Nz Abj ect of
preventing the admnistration efficiency of a drug from decreasing due to

t he preSemuenigfanaan dia layer tEte t helilntlestabesdet weesiint hef chat i oh’7exchange

5 menb 7a_and the cel|ul ose-based resin film17b. _Therefore, th
i N onFy SRSt o 6 parFored Shith TSt engh To SGASTAEgrLE hat the

bondi ng onl

interface witéngt be speel ed @ffraueckor t BBe€XpansEopé cQALL aglitonand
bending of the skin while the iontophoresis device is nounted. 10 In the
i ont ophor ezgslatevotl X2e ageotdEngxPenchps/ ediiodiareen, ancheéssHrek cange

ability Oft}{eh%k‘i% LeXe TLLIN b d BneRhanged. By, the gaht ey, exchange menbrane
17a, so that thé transport
10 In the iontophoresis device X2 according to this embodiment,
the ion-exchange ability of the complex film 17 is enhanced
by the cation exchange membrane 17a, so that the transport
number in the administration of a drug can be increased, and
the administration efficiency of a drug comparable to or

15 higher than that of the iontophoresis device X1 can be

obtained.

Example 1 (in vivo test 1)

Using a C57BL/6 mouse (male) of 20 to 24 weekly age as a test
20 animal, an administration test of morphine hydrochloride in

the above-mentioned iontophoresis device X1 was performed.

NEOSEPTA ALE04-2 produced by Tokuyama Co., Ltd. was used as
each of the anion exchange membranes 13 and 25 of the
iontophoresis device XI1. NEOSEPTA CLE04-02 produced by
25 Tokuyama Co., Ltd. was used as the cation exchange membrane
23. A regenerated cellulose dialysis membrane UC8-32-25
(average pore diameter: 50 A, transmission molecular weight
(MWCO): about 14,000, film thickness: 50 wum) of 99% o-

cellulose obtained from Viskase Sales Co. (Illinois in the



nunber in the admnistration of a drug can be increased, and the

adm ni stration efficiency of a drug conparable to or 15 higher than that of
t he iontophoresis device X1 can be obtained. Exanple 1 (in vivo test 1)
Using a C57BL/ 6 mbuse (male) of 20 to 24 weekly age as a test 20 ani nal

an adm ni stration test of norphine hydrochloride in the above-nentioned

i ont ophoresis device XI was perforned. NECSEPTA ALEO4-2 produced by
Tokuyama Co., Ltd. was used as each ofg the ani on exchange nenbranes 13 and
25 of the iontophoresis device X1. NEOCSEPTA CLEO4-02 produced by 25
Tokuyama as the catlon e chan e nbr ane
regeneratC@S&eV?ﬁlo%e diaﬁ§§i§e%é Pan 357 ngveégge poré; Manet er
50 A, transﬂlﬁSkpmlm@hQﬁukﬁmlwehgbtwa£NNK&Qenabowhu@456®0tléﬁl6&t$ﬁ§kness
50 pm of 99% a cel |l ul ose obtained from Viskase Sales Co. (lllinois in the

26 US) wedr'ifsetP lgsnoheadd! 11l-ose? based! r Bsrad f PP hi A 50F n%/hmolcﬁ

mor phi ne hy@al%hlﬂmﬂ%t\@asa =8 sassoquqr Ue $@lutd on f Ahe o driug holdi ng
part 14. A7 : 1 mxed solution of 0.7 nol/L sodium fumarate aqueous

sol uti oh aaduéeys nedlutilcactwas acied Esaque@dgcwbm/t@nsQ\hlstiﬁs’eoblhstw

el ectrol yte sal uti Qn of el ec te_spl ution | di_n 22 and
24. The et et ﬁre%PiékﬁﬂWe 5%# epgﬁg?o&@ ’st btﬁpg pﬂ{area

film surfaé:@féﬁtlmeagelal Yt 0ss hasader eskprFbhdn s ddteugh (whighom adug is
adm ni stered/see the reference Sin FIG 1) 10 was 2.23 ch. The drug was
adni ni st er édlunderr fehe odndiltd opel haltoschdaaedi vesiel détlimode sthuetdre 1 and
the count ev!z’hieclheca'g rggléa %:[SI’ ugrtn!tjrl;lestzered/see the reference S in FIG. 1)

10 was 2.23 cm2.

The drug was administered under the condition that the active
electrode structure 1 and the counter electrode structure 2
were brought into contact with different sites of the shaved
abdomen of the mouse, and a constant current was allowed to

15 flow continuously at 0.45 mA/cm2 for 120 minutes.

FIG. 3(a) shows the transition of the concentration of
morphine in the blood of the mouse during the passage of a
current under the above-mentioned conditions, and FIG. 3(b)
shows the pH values of the electrolyte solution of the
20 electrolyte solution holding parts 12, 22, and 24, and the
drug solution of the drug holding part 14 before the
commencement of the passage of a current and after the

completion thereof.

Comparative Example 1 (in vivo test 2)

25 Using an iontophoresis device with the same configuration as
that of the iontophoresis device X1 of Example 1 except for
using a cation exchange membrane (NEOSEPTA CLEO4-2 produced
by Tokuyama Co., Ltd.) in place of the cellulose—basea resin

film 15, morphine hydrochloride was administered to the mouse



were brought 'into contact with different sites of the shaved abdonen of

t he nouse, and a constant current was allowed to 15 flow continuously at
0.45 mA/cnR2 for 120 mnutes. FIG 3(a) shows the transition of the
concentration of ‘nmorphine in the blood of the nouse during the passage of
a current under the above-nentioned conditions, and FIG 3(b) shows the
pH val ues of the electrolyte solution of the 20 el ectrol yte sol ution

hol ding parts 12, 22, and 24, and the 5drug solution of the drug hol ding
part 14 before the comencenent of the passage of a current and after the

ponpletioqn&ﬂgg%gé'sgﬁgpﬁé§%#e6%n%x%gpk$oée(é{yéggﬁ l%eﬁy 2) 25 Using an
i ont ophoresis device wth the same Contfrguration as fthat of the

i ont ophoresi s device Xl of e 1 except for using a cation exchange
menbr ane UNE@BEﬁﬁ&SEEE64§5EE%%gﬂgﬁ& lEya?oﬁﬁﬁ%ﬁmfﬁéﬁiﬁgftW?beﬁ?%yﬁb of the
cel lul ose- based 7 egidx {4 | 451 40rphime oy d-aehhabi decsWasnadpimisgered to
the nouse 27 under the sane conditions as those of Exanple 1. Here,

NEOSEPTA AwEgx-aneshatadhs faviagi on exdhange therbian@hanl aclkEg4- Rfkvat is a
cation $xehange. MEIRLane 26 J oM RAETAN0%, TIIRLANES Lach NAXLROESre

configurat?%n in Ich a pore of a 5 porous mrs fi W

i on- exchange: r esmtbphidieysafsord vildae useat ophor @ssradavwieCcExsa@del N Gougar ati ve
Exanple 1 has the sane configuration as that of the iontophoresis device
of PatenttBocaFEnCorfIgRERTIT Gonditdér 8§ e I AR ERELRI gRBSES ©f

adm ni str atpkgé?ﬁf hOLLENEY 10f Aad" Yg EBnL NG U] Ao AhiplP ELG nfgshows the

transition o e concentration of norphine 1n the blood of the nouse
during theapas$sagerafien cfifienencp of a drug in the prior art.

10 FIG. 4 shows the transition of the concentration of morphine
in the blood of the mouse during the passage of a current in

Comparative Example 1.

Reference Example 1 (in vitro test 1)

15 A test device having a configuration equivalent to that of
the iontophoresis device X1 used in Example 1 was produced,
and a constant current was allowed to flow continuously at

0.45 mA/cm2 for 120 minutes.

FIG. 5 illustrates the configuration of the test device. 1In
20 FIG. 5, Reference numerals 11 and 21 denote electrodes.
Reference numerals 13 and 25 denote anion exchange membranes
(NEOSEPTA ALEQ04-2 produced by Tokuyama Co., Ltd.). Reference
numeral 23 denotes a cation exchange membrane (NEOSEPTA
CLE04-2 produced by Tokuyama Co., Ltd.). Reference numeral
25 15 denotes a cellulose-based resin film (dialysis membrane
UC8-32-25 produced by Viskase Sales Co.). Reference numeral
4 denotes the skin collected from a mouse. An A-chamber, a

D-chamber and an E-chamber are filled with a mixed solution



Conparative Exanple 1. Reference Exanple 1 (in vitro test 1) 15 A test

devi ce having a configuration equivalent to that of the iontophoresis
device Xl used in Exanple 1 was produced, and a constant current was
allowed to flow continuously at 0.45 mMcnR for 120 minutes. FIG 5
illustrates the configuration of the test device. In 20 FIG 5, Reference
nunerals 11 and 21 denote el ectrodes. Reference nunerals 13 and 25 denote
ani on exchange nenbranes (NECSEPTA ALEQ4-2 produced by Tokuyama Co.,
Ltd.). Reference nuneral 23 denotes a cation exchange nenbrane (NEOCSEPTA

CLEO4- 2 prggsegq Qy BO%U dld%(%ﬁé a%g£§ﬁ§§§ gungg%lon ang gePOtes a

cel | ul ose- resinfi (dléTyS|s produced by

Vi skase Sahes/1C0. iac&&ﬁ(ﬂéﬂﬂﬁa y®icals 4odenabes tbe ski netektestetk from a
nouse. An A-chanber, a D-chanber and an E-chanber are filled with a m xed
sol ution 28°lppiony) AoB-ghampsr/ Ssddildhff dhalat® dt@PusesorafPbiand 0. 7

mol /L Tact '}&dﬁ?gbgl@ﬂﬂ?@% $0ldt,i0R a3 a0n el IOl ¥he » $Q! Whh 08y A & chanber
is filled with 50 ng/nL of nDrphlne hydr ochl ori de as a drug solution. A

C-chanmb2r pbyfidlegiamlt lsalinphysi ol ogical saline. FIG 6 shows the
transition of the concentration of norphine in the C chanber during the
passage of racCukr enbws NciReferL1ae i obxapt ke leodd:rEampanat byemBepeience
Exanple 1 (in vitro test 2) Using the sanme test device as that of Reference
Exanple 1 1%%@ébﬂ‘ﬁ@@mG§Fn@u%ﬁ%ﬁﬂﬁﬁhF@?éﬁaﬁg%fn%ﬁﬁﬂéﬁ@t(NECBE@?%@T%EO4 2

pr oduced q%ﬁ;%hquﬂa Co., Ltd.) in place of the cellul ose-

10 Comparative Reference Example 1 (in vitro test 2)

Using the same test device as that of Reference Example 1
except for using a cation exchange membrane (NEOSEPTA CLE04-2
produced by Tokuyama Co., Ltd.) in place of the cellulose-
based resin film 15 in FIG. 5, which has an equivalent
15 configuration to the iontophoresis device used in Comparative
Example 1, a constant current was allowed to flow

continuously at 0.45 mA/cm2 for 120 minutes.

FIG. 7 shows the transition of the concentration of morphine
in the C-chamber during the passage of a current in

20 Comparative Reference Example 1.

As 1is apparent from the comparison between FIG. 3(a) and FIG.
4, in the iontophoresis device according to the present
invention, morphine was administered at efficiency of 5 to 10
times or more, even compared with the iontophoresis device
25 having the configuration of Comparative Example 1 in which
the administration efficiency of a drug has been

conventionally considered to be the highest.

Furthermore, as shown in FIG. 3(b), 1in the electrolyte



based resin film15 in FIG 5, which has an equival ent 15
the iontophoresis device used in Conparative Exanple 1, a

configuration to
constant current

was allowed to flow continuously at 0.45 mAdcn2 for 120 minutes. FIG 7

shows the transitifon of the concentration of norphine in
durlng the passage of a current in 20 Conparative Referen
is apparent fromthe conparison between FIG 3(a) and FI G
i ont ophoresi s device according to the gyesent invention,
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with the conflguratlon of the present invention 10 was inf

tens of perpaNAd8sel Cabhato Iherkast ¢ deyise (Comangty

Exampl e 1) w th the conventional conflguratlon In the te
t he presenthenVeﬂm$fﬁm ddved of morphine in the test device

Example 1) with the configuration of the present
10 was inferior by about tens of percentages to that o
device (Comparative Reference Example 1)

conventional configuration.

In the technical field of the present inven

eri or by about

ye-Ref erence

chnical field of
(Reference

invention
f the test

with the

tion, the

evaluation and study in vitro are generally performed without

15 using a living body in a stage of selecting the mat

erial of a

member of a device and the like. As described above, the

effect of using a cellulose-based resin film can only be

confirmed by the evaluation in viveo, and can not be
by the evaluation in vitro, and this fact is consid
20 a proof of the difficulty in constituting th

invention.

confirmed
ered to be

e present

The present invention has been described with reference to

the embodiment. The present invention is no
thereto, and various alterations can be made within

25 of the claims.

For example, 1in the above embodiment, the case

t limited

the scope

has been

described where the active electrode structure includes the

electrolyte solution holding part 12 and the anion exchange



eval uation and study in vitro are generally perfornmed without 15 using a
Fiving body in a stage of selecting the material of a nenber of a device
and the |like. As described above, the effect of using a cellul ose-based
resin filmcah onl'y be confirnmed by the evaluation in vivo, and can not be
confirnmed by the evaluation in vitro, and this fact is considered to be 20
a proof of the difficulty in constituting the present invention. The
presengyinvention has been described wgh reference to the enbodi nent. The
present invention is not limted thereto, and various alterations can be

made mnthln t 8,860 25 otﬂﬁi %IaL%%dt§ger %ﬁgg%e |plth% aqug

enbodi nent ["“{'he® case as beén escri e active electro &
structure mmniudﬁspdm£ 1€) estid oty ecedl wt doi+Haeledi ngspar tfillz ared tdwe ani on
exchange 30 30 nmenbrane 13, in addition to the el ectrode 11, the drug
hol di ng paFPe1£°™RAB*t He: 1€el 1) ose-HAEE T esthf f FLAT I (6 Fﬂ%uEhﬁblex

Filml17) . EOUeNEr pather 1801 rpleytignsakuts mlbqlang RAr Lad2. g ghe
i on- exchange menbrane 13 can also be 5 omt In this case, although the

functi oh obmsuppdessImgthxﬁexﬁenOWQGQPug@ntmﬁ %PQHHH?W nftheppre$ﬁlmw of the

el ectrode t he nover H+ |ons to the Skl i nterface function
of suppres%%ﬁgd?ﬁ%m% ?Qné% 3 SRt ?hgh%kY%Flnl Yerfacas c%ﬁ%%g B t he

movenent ofii1kH ﬁmsmoa&deﬁtheolfl kfe+ 10o6annet bre acghiiavecthded el acilegree as
that in the above- nentioned enbodi nent, the adm nistration efficiency of a
drug to af¥nstimg b@ély,sqm@lréﬁsﬂégtﬁ@eba‘é?%l#tt}r%hbIhaIPHeféﬁ‘écttth $ irlen

present i ny@oLLeN,. i §,860) €¥6d BLM,3Eh¥nt 2B¢ SYCN AR, and the like

10 cannot be achieved to such a degree as that in the above-
mentioned embodiment, the administration efficiency of a drug
to a living body, which is the basic functional effect of the
present invention, is achieved similarly, and such an
iontophoresis device is also included 1in the scope of the

15 present invention.

Similarly, regarding the counter electrode structure , the
cation exchange membrane 23 and the electrolyte solution
holding part 24, or the anion exchange membrane 25 1in
addition to the <cation exchange membrane 23 and the
20 electrolyte solution holding part 24 can be omitted. In this
case, although the performance of suppressing the change in
pH in a contact surface of the counter electrode structure 2
with respect to the skin 4 cannot be achieved to such a
degree as that in the above-mentioned embodiment, the
25 administration efficiency of a drug to a living body, which
is the basic functicnal effect of the present invention, 1is
achieved similarly, and such an iontophoresis device is also

included in the scope of the present invention.

Alternatively, it is also possible that the counter electrode

30 structure 2 is not provided in the iontophoresis device, and



i ont ophoresis device is also included in the scope of the 15 present
Fnvention. Simlarly, regarding the counter electrode structure , the
cation exchange nenbrane 23 and the electrolyte solution holding part 24,
or the anion exchange nmenbrane 25 in addition to the cation exchange
menbrane 23 and the 20 el ectrolyte solution holding part 24 can be omtted.
In this case, although the performance of suppressing the change in pHin
a contact surface of the counter electgpde structure 2 wth respect to the
skin 4 cannot be achieved to such a degree as that in the above-nentioned
enbodi nment h m nj apion | €] enc r a_kLyi ody,
which 1is ¥%% %é%?%ﬂghng%$%%afh§fFgéél%(g?h%hﬁéegggtg?%%g%tfgg¥£fgbg

achi eved skathathyg ahcbsucihtanntentephaeresivstdevheesksn absoa Lhelngded in
the scope of the present invention. Alternativel it is also gossible t hat

. , It i
the count PO e?tY 0YeP25D 8fr GBFureV2 P sPROY b?oé?ﬂ%@thl?ﬁ% Fontdphor esi s

device, ang;3d of Qfer@anple, paindge thecaondi tdany that shhe, actd gy ebgctrode
structure is brought into contact mnth_tﬁe skin of a living body and a
part of 5t hepbiyimy dodyliagchrioughte ianto veormtlgctrodit At augember toude the

earth, a drug is _adm ni stered by 5 applyi a volt to the actiyve
el ectrode f?ru%?ﬁ?é@h?iﬁﬁ%s a%ey%ﬁ?oﬁ%g}efﬁgodea%%%ﬂ%gﬁ’aF?gagfﬁiI%&?y
enhance t hgamam tvHdirat icatiefitheyepeyaotiragdeugat @iaihg Vbog@y podyiciwhi ch
is the basic functional effect of the present invention, and is included
in the scopé &het haspf eSErttianpeneitdACt 10F FHiit HOrGRSTE, 1nNephéCAboYRA

embodi ment ,; E‘Sc?_@é?ed has Jpeelcofdesst i igd WGLt D A%t ye el ectrode
structure, Fhe counter

[0 Furthermore, 1in the above embodiment, the case has been

described where the active electrode structure, the counter

electrode structure, and the power source are configured

separately. It is also possible that those elements are

incorporated in a single <casing or an entire device

15 incorporating them is formed in a sheet shape or a patch

shape, whereby the handling thereof is enhanced, and such an

iontophoresis device 1is also included in the scope of the

present invention.



el ectrode structure, and the power source are configured separately. It is
al so possible that those elenents are incorporated in a single casing or
an entire device 15 incorporating themis forned in a sheet shape or a
patch shape, "whereby the handling thereof is enhanced, and such an.

i ont ophoresis device is also included in the scope of the present
invention. 32 Cains 1. An iontophoresis device, conprising an active

el ectrode structure including: an elegtrode to which a positive voltage is
5 applied; a drug holding part for holding a drug solution containing
positivelycghgr%ed drug ions, the drug holding part being placed on a
front side of the electrode; and a cellul ose-based resin filmplaced on a

front 10 side of the drug holgin gart, wherein the drqg iors are
admi ni st ered £Ar gG8ROPRBTSTET | OF BEEE haSEP TSI 131 nfC2-VanST oRt optfor esi s
device, comprisiNg ancachiyg: el ectrode 15 structure including: an

el ectrode to which a positive voltage is applied; a drug holding part for
hol ding a drug solution containing positively charged drug ions, the drug
hol ding 20 part beiarg pllacédoda atéromtidi de ofpashéigkecvebbege anis a
complex.fil mconposed of a cation exchange nenbrane and a cell ul ose-based
resin f?ln?%?gﬁgg on a front

a drug holding part for holding a drug solution
containing positively charged drug ions, the drug holding

part being placed on a front side of the electrode; and

a cellulose-based resin film placed on a front

10 side of the drug holding part,

wherein the drug ions are administered through the

cellulose-based resin film.

2. An iontophoresis device, comprising an active electrode

15 structure including:

an electrode to which a positive voltage is

applied;

a drug holding part for holding a drug solution
containing positively charged drug ions, the drug holding

20 part being placed on a front side of the electrode; and

a complex film composed of a cation exchange
membrane and a cellulose-based resin film placed on a front
side of the cation exchange membrane, the complex film being

placed on a front side of the drug holding part,

25 wherein the drug ions are administered through the



side of the cation exchange nmenbrane, the conplex filmbeing placed on a
front side of the drug holding part, 25 wherein the drug ions are
adm ni stered through the 33 <cellul ose-based resin film 3. An
iontophoresis device according to claim2, wherein an interface of the
cation exchange nenbrane and the cellul ose- 5 based resin filmare bonded,
wher eby the cation exchange nenbrane is integrated with the cell ul ose-based
resin film 4. An iontophoresis devicg according to claim3, wherein: a
surface of the cation exchange nmenbrane facing 10 the cell ul ose-based
resin fil r%éf roughened., and.the, jnterface are bonded by any one of
adhesion W Jﬁ an adhésive, a cross-linking reaction with a cross- linker,
and formation of the cellul ose-based resin filmon the cation exchange
menbrane. 15 5. An iontophoresis device according to any one of clains 2
to 4, wherein the cation exchange nmenbrane has-a structure in which a pore
of a poroud:fPPm PREPPRVE S KA CPoRCCRXERARgEO r 853 H 20 Bheygin an
| ont Ophoreghﬁegfy&geoﬂc@&r deartqghoeaexaggﬁ RimSlAeMBnk (e §e1M95§ ha
cation exchange group is Introduced to e cellulose-based resinfilm 25
7. An iDnt bphed esesideviiden agcor dondedp ahgrehe afhecl @miponl 84chdroged,
wherein the cell ul ose-based re$i nfilmis t&lél !Led vgth an i.on-exchange

d -based resin film.

resin wt g O SeXEhEAGREET ot it o &6 ose

4. An iontophoresis device according to claim 3, wherein:

a surface of the cation exchange membrane facing

10 the cellulose-based resin film is roughened; and

the interface are bonded by any one of adhesion
with an adhesive, a cross-linking reaction with a cross-
linker, and formation of the cellulose-based resin film on

the cation exchange membrane.

15
5. An iontophoresis device according to any one of claims 2
to 4, wherein the cation exchange membrane has a structure
in which a pore of a porous film is filed with an ion-
exchange resin.

20

6. An iontophoresis device according to any one of claims 1
to 5, wherein a cation exchange group 1is introduced to the

cellulose~based resin film.

25 7. An iontophoresis device according to any one of claims 1



thereto. 5 8. An iontophoresis device according to any one of clains 1 to

7, wherein: the active electrode structure further includes an

el ectrol yte

solution holding part for holding an electrolyte solution in contact with
the electrode, and an ani on exchange 10 nenbrane placed on a front side of
the electrolyte solution holding part; and the drug holding part is placed
on a front side of the anion exchange nenbrane. 15 9. An iontophoresis
devi ce according to any one of clainms 44 to 8, further conprising a counter
el ectrode structure including: a second electrode to which a negative

vol t age istoaep'kggﬁ%égsg?éeSéTELf%é%Q%E%EXt?e§gL$%59ﬂ Dg'giﬁﬂ?Qaﬁitﬁc"

hol di ng an el ettr utron 1n contact wt e secon

el ectrode; a

second catammn exehahgegeenbs aneyidacedatioa éxomngesigdeuel ihheosecand

el ectrolyte solution holding part; 25 a third electrolyte solution hol ding
part for HRBFEFTY an electrolyte solution, the third electrolyte 35 35

sol ution holding part being placed on a front side of the second cation
‘exchange nmenbrane; and a second ani on exchange nenbrane placed on a front

side of the third electrolyte solution holding part.

5 8. An ilontophoresis device according to any one of claims 1

to 7, wherein:

the active electrode structure further includes an

electrolyte solution holding part for holding an electrolyte

solution in contact with the electrode, and an anion exchange

10 membrane placed on a front side of the electrolyte solution

holding part; and

the drug holding part is placed on a front side of

the anion exchange membrane.

15 9. An iontophoresis device according to any one of claims 1

to 8, further comprising a counter electrode structure

including:

a second electrode to which a negative voltage is

applied;

20 a second electrolyte solution holding part for

holding an electrolyte solution in contact with the second

electrode;

a second cation exchange membrane placed on a front

side of the second electrolyte solution holding part;

25 a third -electrolyte solution holding part

for

holding an electrolyte solution, the third electrolyte



35

35

solution holding part being placed on a front side of the

second cation exchange membrane; and

a second anion exchange membrane placed on a front

side of the third electrolyte solution holding part.



