1 4 FEB 2006 DESCRI PTI ON | ONTOPHORESI S DEVI CE 5 Technical Field This
sinvention relates to a device useful for transdermal adm nistration

" (transdermal drug delivery) of various ionic drugs (ionic substances

havi ng desired nmedicinal efficacy) by iontophoresis (hereinaf t’ieFEBazﬂggd

i ont ophoresis device). Mre specifically, this invention relates to an

i ont ophoresis device of high-added 10 value, which is constructed in such
ways that an iontophoresis electrode section (active electrode section)
and a ground el ectrode section (i nRESCRIPAION r ode section) are
constructed to assure a stably energized state (constant current and/or
constant voltage) over a long period of tinme, and that a drug (active)

i ngredi ent of an ionic drug charged positive (+) or negative (-) at the

i ont ophoresis el ectrode secti SONFOPHORESISIDEVIGE' i ed (driven) toward the
15 skin (or the nucosa). In other words, a high transference nunber
(transference percentage) 1is assured, and that the iontophoresis

el ectrode section (active el ectrode section) and ground electrode section
(i nagti veTerhaidal Bi¢Rd section) contribute to the maintenance of the
above-described stably energi zed state and prevent adverse effects to the
skin, such as gigid inl QN sgd: t pQd 1,0n.. 20 .
Background Art A 5{r}eltn Kéggiog][“?i@i h%e?oaﬁi?ng&(%éllﬁégﬁi ﬁ’g) ‘?riaréér%fl%ga;’Jl r {}Sm H§ggtion
chem cal (guRJ e I a i I; p . he in_or, micosa.
(hereina#ter E?ﬁg|§“§a??§%”?hgf§?ﬁ§§gfﬁ@S @ﬁgsg%ﬁ%bsPﬁégﬁﬁﬁIFﬁg%éafﬂ“ﬂy
giving ! hiedidia cfiitag) 69 idioptioresss (hereRmnaaliécrioitbhbRsidubygsuch 1onic drug
25 is called iontophoresis (ion introduction nethod or 1on’delivery

AT {Seatoapeonsao s o sE ol Gl ST e
I on{®PhORgRieS Whidh! B dBhstfed G sEEROWERN tHat %ﬂtigﬁ%h&gsisd Ele¥frd%: section (active
electrode section) and a ground electrode section (inactive electrode section) are constructed

to assure a stably energized state (constant current and/or constant voltage) over a long

period of time, and that a drug (active) ingredient of an ionic drug charged positive (+) or

negative (-) at the iontophoresis electrode section is efficiently carried (driven) toward the

15 skin (or the mucosa). In other words, a high transference number (transference percentage)

is assured, and that the iontophoresis electrode section (active electrode section) and ground

electrode section (inactive electrode section) contribute to the maintenance of the

above-described stably energized state and prevent adverse effects to the skin, such as skin

inflammation caused by electrode reaction.

20
Background Art
A method of introducing (delivering) ionic drug (ionic chemical substance) placed
at a desired part of the skin or mucosa (hereinafter simply called the skin) into the body
through the skin by giving the skin an electromotive force sufficient to drive such ionic drug
25 is called iontophoresis (ion introduction method or ion delivery treatment) (See, for

example, JP-A-63035266 for the above-mentioned definition of iontophoresis).



(carrying) an ionizable or ionic drug, which has been applied on the skin,
under. predeterm ned el ectronotive force to deliver the sane in % %Eﬁ
skin. For exanple, positively charged ions are driven (carried) ¢ 26
skin on the side 5 of an anode in an electric system of an iontophoresis
device. Negatively charged ions, on the other hand, are driven (carried)
into the skin on the side of a cathode in the electric systemof the

i ont ophoresi s device. The follow ng are exanples of ionic drugs to which

t he above- descrAbdescribed boplep icsdphotesisgieplorfiadbsired ifedidal tRagmdnt %?'dhvm
chargeabl e ionic drugs: Local anesthetic drugs (procaine hydrochloride,

|'i docai ne(chidlingy hinotidriablectos - onic dA r Whidh eBdsl Badn Applssd OhatHe! %kl'ﬂe under
chloride, etc.), skeletal nuscle relaxants (pancuronium bromde, etc.),

and ant i bpredéterminédediécentdtiveBordetd dehverMAs sakdiiieiskinder i vat i ves,
gentamcin derivatives). 15 (2) Negatively chargeable ionic drugs:

Vitam ns (her eipgfdxgm &bﬁéﬁﬁ"!’éﬁr 8Harg&d ?’6)1% Fl}sé(?leve\}/{\gtégme?qu %F)e sgm b 1Rk

etc.), adrenocortlcoster0|ds (hydrocor rugs,

dexaget hagongnyad ﬁranse@éckl@ steﬁi)] c?fgn 10 és%oc? QEF.eVVat er soluble dr ugs,

b .
etc.), and antibiotics S water so drugs, chl orarrphenl col

wat er sol ubl e dg Lel&%ﬂargg@ Endngkge pRﬁls %n%rdr n:rrieté tggﬁ% rn‘xliln(gf{] ugs

by |ontophore3|s used he p

research dﬁv aﬁlo%@ni?ﬂ] Ee%yr Sgtgmo '°88%{}%rﬁf‘? gﬁ%{tears and a variety of

met hods an |ces have been propos art on this type of

| nventi on al so W douavipd Off URiied N B UG, (BCHREET el GhtasH

exchange be described in detail below 1 4 FEB 2006 To
facilitat gﬁ%{ﬁ@%? ]\ffl%ugf t he present invention that nmakes use of ion

excllﬁgnge a gﬁ&&%&aeg?ea tlar{“I; d descrl ption of typical exanples of the
prior art usrng i-o %

Local anesthetic drugs (procaine hydrochloride, lidocaine hydrochloride, etc.),
gastrointestinal drugs (calnitine chloride, etc.), skeletal muscle relaxants (pancuronium
bromide, etc.), and antibiotics (tetracycline derivatives, kanamycin derivatives, gentamicin
derivatives).

15 (2) Negatively chargeable ionic drugs: -

Vitamins (hereinafter abbreviated as V) (VB;, VBi;, VC, VE, folic acid, etc.),
adrenocorticosteroids (hydrocortisone water soluble drugs, dexamethazone water soluble
drugs, prednisolone water soluble drugs, etc.), and antibiotics (penicillins water soluble
drugs, chloramphenicol water soluble drugs).

20 Concerning methods for administering ionic drugs by iontophoresis and devicés to
be used in the practice of such methods, research and development have been made for
many years, and a variety of methods and devices have been proposed.

Conventional art on this type of iontophoresis includes those using ion exchange
membranes. The present invention also belongs to the category of technology using ion

25 exchange membranes as will be described in detail below.



menbranes will be given below 1. Japanese Language Lai d-open Publication
“(PCT) No. HEI 3-504343 (International 5 Publication No. VDQOISQ$%%B
International Publication Date: May 3, 1990 (hereinafter called't ;Zﬂﬂﬁor
art 1): (1) The prior art 1 discloses an iontophoresis el ectrode,
conprising (i) an electrode plate, (ii) a reservoir for storing an ionic
(or ionizable) drug to be delivered, and (iii) an ion exchange nenbrane
di sposed on an outer side (skin-contacting side) of the reservoir and 10

sel ective to i dFsfacilitateendersiaidigg oftive presbrtrihentias tHab akeise off idtdexchagel N
the prior art 1, the function of the ion exchange nenbrane is descri bed

that, i mémbrapés)aatetaileld desripyion ®f tyical ieRgmplebof tRNpriorHrUGsiAO WA &kchiie
skin, the ion exchange nenbrane restricts novenent of ions which are

charged eh&@fbrahdsalillbe @pRABEOS. 10 the.ionic drug and nove fromthe skin
toward the el ectrode plate. For exanple, it inhibits 15 novenent of ion

speci es elﬁilr?giy{?e Qharighfzes Kaid-cien "P@Ricatsh l(Ptir?)'ﬁo. ARy 03".'5@@4bogﬁtem%oﬂélher

i ons whic orman i1onic current path different fromthe current pat

forngd bmngatg; %b?w%étﬂe443§%fﬂt§%momrpm atiof Dafk: 4357 5! 99%:2@%13%@%%

efficiency o m ni stration t I onic rug i s rncreased

i on exch rreduces mgration of other nobile 20 charge
carri ers%lgﬂ?do&?ﬁg&?%géi'voi‘r containing the ionic drug. 2. U S. Patent No.

Ceforred o as 40 118 Bl Fopiheel i beRiress dest okt Poniois DL 1o ar
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an i(? : %él%&?v%qg ic%pérgﬂgr%gg in the same polarity as the ionic drug.
(2) In the prior art 1, the function of the ion exchange membrane is described that,
in the process of carrying (driving) the ionic drug toward the skin, the ion exchange
membrane restricts movement of ions which are charged electrically opposite to the<ionic
drug and move from the skin toward the electrode plate. For example, it inhibits
15 movement of ion species existing on the skin such as sodium ions, chlorine ions and other
ions which may form an ionic current path different from the current path formed by the
ionic drug.
(3) The prior art 1 also describes that the efficiency of administration of the ionic

drug is increased because the ion exchange membrane reduces migration of other mobile

20 charge carriers into the reservoir containing the ionic drug.

2. U.S. Patent No. 4,722,726 (hereinafter called the prior art 2):
(1) The prior art 2 is referred to as a related art in the patent specification of the
prior art 1, and discloses an electrode of the following construction;
25 (1) the electrode is divided into a first chamber containing an electrolyte and a

second chamber containing an ionized ingredient, and

23-



(2) The prior art 2 describes that the first chanber containing the
electrolyte can |essen the deleterious effects of hydrolysis 0L1 ter and
that the ion exchange nenbrane 5 can isolate the ionic drug flo #ﬁhaﬂmﬁ
electrolyte in the first chanmber. However, the technol ogy disclosed in the
prior art 2, which uses electrolyte, also has an undesirable facet that
the efficiency of transport (transference nunber) of charged ions of the
active ingredient in the ionic drug is apparently |owered, because it

i ncreases t he (ii)tha fiesttchahbarandfthosdrend elcainltter areaikolated fsype eachsother Hyhan ion
system 10 Therefore, care should be taken in adopting a technol ogy which
uses el eaktignge membranehi s way. 3. JP-A-03094771 (hereinafter called the
prior art 3): (1) The prior art 3 discloses an el ectrode for iontophoresis

conprising (i) (2) TR¢ prior &b 2r dséribets MBatAR¢ Fiks? Rh&MbErasonekatin® Yhedelbéteotjte! @n
supporting nmenber and having an el ectrode plate inside, (ii) an 1on

exchange |gReP IRN®IAbSRRSEFcRMNofthyldi Sidis oF Matdr St thatitd@ lorPéxchBfge membrane
wat er-retai ning portion, and (iii) a drug layer (ionic drug layer)

di sppsed i isBlatd @8lorkd BRg okl ehkcftgldth st Ginrchange menbr ane. (2)
The prior art 3 1s intended to admnister an i1onic drug of a high

or n adm ni'st e | o
cour so. of adm RNrHeh 1 REFE) Gt by pfir 12, ShHH e Dol hlo” 27,
course st | . “For” th
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whi ch substantia its pernea _ . _
wat er - peroRadtitRe @di!ﬁe?néiédl@nt'iﬁ&’l?erioﬁi‘é di‘@gjis%pirléﬁtl)bmréd? kealisER McR&dskd e Si de

;
of the ion exchange nenbrane by adhering or depositing the drug by such
met hods %5n§eﬂfr§ﬁforfi6fydt§é}_ada§io§mgo§ eeiedlinNge sybtem) P- A- 04297277 (herei nafter

called the prior art 4): FEB 2006 (I) The prior art 4 relates to
t he,pr ecedi ng mﬁ%@&ée%ap@mid %ﬁké&ﬂn&d&&@}iﬁ%L‘F&hmﬂogﬂﬁi%‘m% bl@@t?(%l elif
Isclo

FIG 2, for exanple, e prior art 4 es an 1ontophoresis electrode
this way.

3. JP-A-03094771 (hereinafter called the prior art 3):
(1) The prior art 3 discloses an electrode for iontophoresis comprising (i) a water
15 retaining portion surrounded by a flexible supporting member and having an electrode plate
inside, (i) an ion exchange membrane disposed on a front side (skin side) of the
water-retaining portion, and (iii) a drug layer (ionic drug layer) disposed on a front side
(skin side) of the ion exchange membrane.
(2) The prior art 3 is intended to administer an ionic drug of a high concentration
20 while preventing dilution of the drug with water in the course of administration of the drug.
(3) For this purpose, the prior art 3 discloses an iontophoresis electrode having an
ion exchange membrane which substantially inhibits permeation of the drug but is
water-permeable and a drug layer formed on the body (skin) contacting side of the ion
exchange membrane by adhering or depositing the drug by such methods as spray drgling
25 and spreading.

4. JP-A-04297277 (hereinafter called the prior art 4):
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section (active electrode section) (in FIG 2, the negative el ectrode
functions as an active electrode section in relation to the poI arity of
ions of an ionic drug to be enployed) 5 constructed in a rTLI|tI EE'@
structure of negative el ectrode plate/gauze with the ionic g ompgu ned
t herei n/ cati on exchange nenbrane/ gauze with the ionic drug cont ai ned

t her ei n/ ani on exchange nenbrane. (2) The iontophoresis technol ogy
disclosed in the prior art 4 is the technology which has been inproved by
t he present i nJ{éhThopriorsarti4 ré¢lates fonthe praceding ddpanese patenbapplicatien filedlby thB be
di scussed in detail when the present invention is described below. As to

t he nunbeappbéant.helni BIG.eX cloaregemplerrithea pedrs art ub ddclpsesr an gt phiorestshelectrode

i ont ophoresis el ectrode section (active electrode section) in each prior

art descrsebttuh @htiveelectrdde seciion) (ar FEG. 2,tthe asgitive ethictrodo imctoms ax0areadtiveer
structure using a single ion exchange nenbrane, while the prior art 4

di scl oseslaudde Retidna e fel@tidnled tieepolatifydof Wasi SMaishia ey 16 beeehp 169&?
this respect, the prior art 4 is different fromthe other prior arts

thr osigh ZondiRfetdd RSELRfultilBYeR RiuSreASt Hughiwé)ae@le&de &)&e@am WRh 3hd idAR! @yguses
a double layer structure like the prior art wever, the present

I nventi onyohfideas ekbr&i/catide CORh&eHe n?é?rﬂﬁ%%t/%zfu% aMtM tHel fi&kiENlin gr QUhiired"

art 4, as It has distinct features that nore 1on 20 exchange

menbr aneqhg}gﬁ,ﬁ}o’;}c&@ﬁg g@%ﬁubkﬂxet he ground el ectrode section that ion
exchange mbranes aré€ arranged as many as three or four in total in the

i ont ophor eSI s Q@)/'I“ﬁédmﬂﬂﬂ\ored@fe%ﬁf{(ﬂbgy diglos&PIM Rl s £1a SahE iedhmoliaye
been reconstructed so as to keep the transference nunber of charged drug

ions at gighad tR¥Rkm e&bgmef;srss%m insoeﬁtmar ee/@thmﬁuﬁaaﬁs g MGP&:’?K%

handl i ng. 25 As descr ove, use of 1o0h exchange ne ran has een

1 AR Moo ol iy e B o opror i
using one or MYE, the number of the ion exchange membrane(s) used (arranged) in the
iontophoresis electrode section (active eleﬁtrode section) in each prior art described above,
the prior arts 1 through 3 disclose a single layer structure using a single ion exchange
membrane, while the prior art 4 discloses a double layer structure using two ion exchange
15 membranes. In this respect, the prior art 4 is different from the other prior arts 1 through
. .
The present invention as will be described in detail below uses a double\ layer
structure like the prior art 4. However, the present invention is based on a technical
concept totally different from prior art 4, as it has distinct features that one or more ion
20 exchange membranes are also arranged in the ground electrode section that ion exchange
membranes are arranged as many as three or four in total in the iontophoresis device, and,
moreover, that both electrode sections have been reconstructed so as to keep the
transference number of charged drug ions at a high level and significantly improve the ease
(convenience) of handling.

25 As described above, use of ion exchange membrane(s) has been known in

transdermal administration of an ionic drug by iontophoresis.
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i on- exchange nmenbranes, however, |acked a concept or idea of preventing or
elimnating various drawbacks associated with an el ectrochem cal reaction
on a surface of an electrode plate in the iontophoresis elec rgﬁBs%dﬁi on
(active el ectrode section) and/or the ground 5 electrode secti

(inactive el ectrode section). In other words, the conventional

i ont ophoresi s technol ogi es using ion exchange nenbrane(s) |acked the
concept of paying attention to all electrochenm cal reactions at an

i ont ophor esi s élhgcaboyetdessaibed canyeational dombpluiresicd echmriogies gsiog e elrandreode
section (inactive electrode section) and of elimnating drawbacks caused
by such nemexéhange membrahes, icoveves) lackedlal donbeparor iiduat affpfrevensing ok efimiitiagy of
hi gher added value. In the conventional iontophoresis technol ogies using

i on exchamgeusndnatvbacks (asociatedowith apelkicfrociridisal rédtseont subfeceadineclé@rsdei bed
prior arts, one or nore ion exchange nenbranes are used in an active

el ect r odglaedh ithe) iditdphovesisObleexsdraggtoneadhia ectrdde 88RI0AY Afd/bP tR gidimat i ve
el ectrode section, and consequently they have the follow ng 15 drawbacks:

(1) 8t i sledirblé M{ibngiﬂaoﬁd%l@&%d%rseéﬂb'.Oni ¢ drug (to performdrug delivery)
for a long period of tinme under stably energized conditions (it is

difficult to kegRer wd8S aht RBnfditioal ibROPndE ?&Pﬂcf)l.o i Ff%sigglisn %Q\?\%\Itngﬁti .

vol tage or constant current). For exanple, physiol ogliCa Ine

an el ect pnYrens} 9 1ddiie@Nhé %oﬁ&ggt)g g@gﬁ%g&é}iﬁ%% aﬂrlalgétxeog{g' nglchltl%aggbgﬁtag{ageg

is 20 hydrolyzed'to produce g (oxygen gas, rine

on a surfigispRresiele@t el il ﬁkﬁ%@elie&r@dl? t@f;& '8}/8% oy ﬁagét%eégﬁﬁéﬁ%g&e

positive (+) polarity, although the polar e activ

section diekfr6de segRRNdhd brUAfinb iy Hpivi’r{?l:f(sy cﬁ[)se E%;gftﬁtt Legptz ngf itnagr@f: fhve

ingredient in an i1onic drug. Due t©O su gas bu ctric

oIS, SR M RSB (P TN
TS, et onplnRdesnol ARl S0 LR SR,

-6t 4 Fﬁ%rgosggciﬁcally, those of the above-described prior arts, one or more ion exchange

membranes are used in an active electrode section but no ion exchange membrane is

employed in an inactive electrode section, and consequently they have the following

15 drawbacks:

(i) It is difficult to administer an ionic drug (to perform drug delivery) for a long

period of time under stably energized conditions (it is difficult to keep it operating for a

long period of time at a constant voltage or constant current). For example, physiological

saline which is an electrolyte solution (a solution containing an electrolyte substance) is

20 hydrolyzed to produce gas bubbles (oxygen gas, chlorine gas, etc.) on a surface of an

electrode plate in an active electrode section of positive (+) polarity, although the polarity of

the active electrode section differs depending upon the polarity of charged ions of an active

ingredient in an ionic drug. Due to such gas bubbles, the electric resistance increases,

resulting in a substantial reduction in the iontophoresis effect (the efficiency of transport of

25 ions) with time. This reduction also takes place by gas bubbles (hydrogen gas and the

like) produced at the ground electrode section of negative (-) polarity.
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(1i1) Burn, inflammtion or the like (including electrical burn caused by a
current itself or pHinduced burn caused by a sudden change in pH due to
H+ or OH' produced by electrolysis) nmay occur on the skin at 1| kSE rz‘oﬂﬁ:e
which is in contact with the active electrode section and/or 'the @Jound
el ectrode section. 5 (iii) The skin may be damaged at its surface, which
is in contact with an electrode plate [for exanple, positive(+)

el ectrode] in the active electrode section, by a harnful substance forned
t hr ough hydr ol(iip Bergfinfavemttiom ot ltkee tike finshudingceearickl durp leynssed| tyga Gatrent
saline as an electrolyte solution, for exanple, by hypochl orous acid

(whi ch i dtsklf@mpHadacedsturnrRgused Ib§ha2$uﬂ@erﬁ@eilﬂgé ippldiue @6l Hiag €@HOproliced by
(chlorine ions) and as a result of high 10 acidification (production of

HC1) . (i velectioystdsi Mayr@iciteodi ahagiidl &t itd Sorfder WHRR, is WRi €dntdcs vith EiRNbasle
with an electrode plate [for exanple, negative (-) electrode] in the

ground e'e?&iﬂo@@@eo%%ﬁtah&mrth@gk@udaaélé&féhe seehBst ance formed through
hydrol ysis of sweat on the skin surface and/or physiological saline as an

el ecgrol yte §1ﬂg%b()s'ﬁm Yy b%X&G&PJ €d afdts %uffrc%u vathxé?lf 1shh%nﬁic{(%ﬂhnénzé‘l%t?6he |

(producti on sure of f I nvention e present

above- dedi P e ﬁ’%ﬁicﬁiﬂfzveﬁme@%‘?@iﬁi ﬁzsf iy UothBle Son, by o barmful
3P A D000 BB SEH RS W sl br %%“ SheR SBEAF IO Ml
conpri si g ane B EReRUFE RS R SBBeky BY Y PaRiioh! B0 (FRE i?%%'a%)as :
2ctive ?%JP&%?%%M% %ﬁﬂﬂréﬁf@w&%&%ﬂs W%W“lé%é%é) TPEACE ke high"™

Jap?q;ase E&q&ggg&@ga&ngg%p lication (PCT) No. HEI 3-504343 (the prior

an i oni rranged on a front side of the iontophoresis -7 1 4
FEB 2006

(iv) The skin may be damaged at its surface, which is in contact with an electrode
plate [for example, negative (-) electrode] in the ground electrode section, by a harmful
substance formed through hydrolysis of sweat on the skin surface and/or physiological
saline as an electrolyte solution, for example, as a result of high alkalinization (production

15 of NaOH) .

Disclosure of the Invention
The present inventors have already made some proposals for solving the
above-described drawbacks and limitations of the conventional iontophoresis technologies
20 which use ion exchange membrane(s) (see JP-A-2000-229128), JP-A-2000-237326,“and
JP-A-2000-237328). -
As compared to an iontophoresis electrode section (active electrode section)
comprising an iontophoresis electrode plate (active electrode plate) connected to a power
source of the same polarity as charged ions of the active ingredient in the ionic drug, as

25 disclosed, for example, in Japanese Language Laid-open Publication (PCT) No. HEI

3-504343 (the prior art 1), an ionic drug arranged on a front side of the iontophoresis

-7-



el ectrode plate, and an ion exchange nenbrane arranged on a front side,
that is, on a skin-contacting side of the ionic drug and selective to
ions of the sane ion species as the charged ions of the active ingredient
in the ionic drug, the iontophoresis devices previously propdsédrpgy mﬂ@
present inventors as nentioned above are based on the finding that the
above-descri bed drawbacks associated with the conventional iontophoresis
el ectrode section (active electrode section) can be solved by adopting

t he const ¢le@tddenplie} weeantibe exthungephanahé aphigddr afe Pbmt fdandatt BRE ohaNi C
drug designed in such ways that, wth respect to the iontophoresis

el ect r odeskm-8b@actlrg) sidNoPih@Gbhieldri amPbdIédtivn 18 s} FIh®Baié WrOgeeRS a§Mhd Ne
is arranged at least on the 10 front side of the iontophoresi's el ectrode

plate, andhatdddliofflof (RE aBNE1ARERiHPHINERGIC HBCHHe Yot thor WSIRRRO B Aoulsfy e

charged ions o active ingredient 1n thée ronic drug IS arrange a

devi ces. prl oty METRLRBLINERR & hefiond itk Elare bq SMRIMRAGSIAR the
o 8,50 RGBSR B sy S5 SRR RO R o
iRt e N R
o SCL 1 092 RR5hM ok b SRS B Bkt e S AR P Bl

pl at e, a&gagq%épigl\%qs%n%%%g%?@ ange nenbrane selective to ions opposite to

t he char t e ingredient in the ionic drug is arranged

on a front side.of the electralyte solytion,. although it had not been
known by that t0rR e sefltiad suchascalyniaisicahsaliziars spAas et Ieisgn g
ground el ectrpode section (inactive el ectrqode section). However, the
i ont18phorfg%‘lt§‘d8é’5#&f’é9mﬁP}éQfF%%§lF?r%e%§é’68by the present inventors 25 as
menti oned above (see JP- A-2000-229128, JP-A-2000-237326, and ‘
JP- A- 2000- 23739830 lon §xchangs merpbrans selgctiviyie dvnsrRPRPSiteHethe Kharged ions of the
considered fromthe viewpoint of effici enc¥ -8 )

active ingredient in the 1onic drug is arranged on a front side of the electrolyte solution.

Further, the iontophoresis devices previously proposed by the present inventors as
mentioned above are also based on the finding that the above-described drawbacks
15 associated with the conventional ground electrode section (inactive electrode section) can
be solved by adopting the construction designed in such ways that, with respect to the
electrode plate of the ground electrode section, \
(iif) an electrolyte solution such as physiological saline is arranged at least on a front
side of the ground electrode plate, and
20 (iv) an ion exchange membrane selective to ions opposite to the charged ions of the
active ingredient in the ionic drug is arranged on a front side of the electrolyte solution,
although it had not been known by that time to arrange an ion exchange membrane on the
side of a ground electrode section (inactive electrode section).
However, the iontophoresis devices previously proposed by the present inventors
25 as mentioned above (see JP-A-2000-229128, JP-A-2000-237326, and JP-A-2000-237328)

still have room for improvement when they are considered from the viewpoint of efficiency

-8-



1 4 FEB 2006 of delivery of an ionic drug into the skin, in other words,
fromthe viewpoint of highly efficient transport (transference nunber) of
the ionic drug and also fromthe operator's (user's) viempﬁi %ﬁﬁé

conveni ence (rmaintainability of the device, ease of parts g 2006

and handl i ng ease), although they are excellent devices fromthe vi ewpoint
of avoiding 5 danage to the skin caused by el ectrochem cal reactions at
both of the el ectrode sections (the iontophoresis electrode section and

the groung Rlie&y s PR HRR)intdNR &k, 86 ldthee wbrds freorartséerav&)onwﬁﬂigm _
therefore, to provide an |ontophoresrs devi ce of hi gh added val ue ich

assures affidigh t’i’irﬁﬁ&i/ UrERF&GeiéRRhbdr) of M Hrﬁ@%ﬂ%lﬁ'ﬁi alsgeﬂ‘érﬂe{ﬁé’ o‘ﬁgra?é}'

ionic drug and highly i ncreased conveni ence e basis of the

i ont ophor @s%r' evh&iaco {@wg@reﬁéaf(gag@@ggﬁgtybarth@@e\néee%ﬁatoﬂﬂ}\&@?&e;ﬂac%n?at

nment i one ve. Fromt ove- Vi ewpoi nt's, t he

I nvent or %ng' %%ﬁc(ijlﬁ%q O4LES, eﬂthﬂa i BRG4rE xldifellt ﬂe\yi §smfr81fn fhE W%Jgﬁt élp gvmdmgn

i ont ophoresi's ces”’as I Nng~been previ ous propose e pres

| nvent or %ama é]toht'hg Qﬁﬁ c%,gsgg%%l e?écﬁ'(??hrean ?eacﬁgr'lg d: belht oﬂﬂé elQ&f&ie sg&ﬁ%s éfh@at a

hi gher trans erence nu s erence efrircien on spe

and better 5 cony eni apce. can assur n. (1),1in the |ontophoresrs
el ect r od&oH oGt © ?ci ise%lgngpcgﬁl r%?%deeq%c%g?rs%c&' E’}) be arranged on t he
front side of the el .rod | at e nenbr us ng

a nmembrane whic "ﬁaé’?"é’ WY P ?th of ret ‘“Vﬁ‘“ﬁ"" e ng%? it 87°9’f 3 ?o'loﬂ °¥’
such a StabiCe F (ght {‘&%H‘%)IRI a%l as'srﬂ:gg gg\n@} s\(f)\érEJ?ce ber rXxli er%?al

sol ution an ein elec rocondu rons con |ve o |ons)
in an el ric fi he.ionic drug is also for i nto
membr ane%glt“(fry bOtl d&é%b‘%“é i\"gef] i Erepssd (t’:ﬂvle[“teg}ceof on ‘ng%ﬂsﬁg of ht ©
|on dru rug. s Iutron such te that the nenbrane

o€ gnat@l éréhor%st 8‘%8’ 'oagrrar%ﬁaeadalrys e gfes 1rrgenar%afrm9ﬁa%tnvse to
|ons 25 (cond ctrv % 2 Ln an electric field, and§ int %round
el ect r ode sect# e a ove- cribed vrewpomts the present 1nventor ave con uct

research with a view of providing the iontophoresis devices as having been previously
proposed by the present inventors with higher added values. As a result, it has been found
that a higher transference number (high transference efficiency of ion species) and better
15 convenience can be assured when:
(1) in the iontophoresis electrode section,

(1)-1 the electrolyte solution to be arranged on the front side of the electrode
plate is formed into a membrane body by using a membrane which has ability of retaining
the electrolyte solution in such a state that the membrane is impregnated with the electrolyte

20 solution and also of being electroconductive to ions (conductive to ions) in an electric field,
and

(1)-2 the ionic drug is also formed into a membrane body by using a membrane
which has ability of retaining the ionic drug (drug solution) in such a state that the
membrane is impregnated with the ionic drug and also of being electroconductive to jons

25 (conductive to ions) in an electric field, and

(2) in the ground electrode section,



i)

-9 1 4 FEB 2006 (2)-1 the electrolyte solution to be arranged on the front
side of the electrode plate is forned into a nmenbrane body by using a
menbrane which has ability of retaining the electrolyte sol ‘Jt4 Cpﬁg ?n®uch
a state that the nmenbrane is inpregnated with the electrolyte solution
and al so of being el ectroconductive to ions (conductive to ions) in an
electric field. 5 The iontophoresis device according to the present

i nvention has been achi eved based on the above-described findings. The
present inventi(@prlcahe pleotvolge sxutiomntooldh emrarsgged ahethiecfeoritasidengf Hiegélectrode
performance (high transference nunber of ionic drugs), high convenience
(mai nt ai pAdie lis formediintd hamelabraae bodyabye using pandémbraspivavhriag abilian df heaidingng
ease), a conpact construction, and 10 high added val ue. To descri be

briefly, théelettrslffe sORIIOA in Qichtaheat@ilRS hetmdnibiany is dfprfegh@bd wvithQh@électrolyte
i ont ophoresis device useful for adm nistering an ionic drug by

i ont ophorsghitidn ahd8lso bPRIMPEEdtRTbAAREVE fFiohaftoRdhctiVe tIdhORNaA BREFicHeRCE I ode
section (active electrode section) and a ground el ectrode section

nd
(inagtive el eCt’I"Hédi%m%‘éﬁ(%xjeQE‘)dem_E hic@c;rd}r’l:lgi t%ht_h@rﬁesteﬁt B entich 68y 0EGT Schidved@

power source, wherein: (1) the iontophOresis el ectrode section conprises:

(1)-1. ap QM(hQ?@o@-@s@ri&éﬂ?@ﬂﬁ gd to a power source of the sanme polarity
as chargeg ions of the 1onic drug, (1)-2. an

| ectrol yte-solytion:retajn . f ' fo:
20" ol ect fode. plFe R dpdnfidn B ARART LRCRRRD s WBle Chilins hiEf®,
tate th [ ' i h I af

(-5, aneriofadtETHeB ik fren ERLABELEn i drlgh figh oBiepiink} Epafiaihaitfly
electroly

e ee Lol e QLA st L AR 0, AREIFELGR ¥ ok SRR 48 ©

10 high added value.

To describe briefly, the first aspect of the present invention relates .to an
iontophoresis device useful for administering an ionic drug by iontophoresis, the
iontophoresis device having an iontophoresis electrode section (active electrode section)
and -a ground electrode sec;,tion (inactive electrode section) both of which are to be

15 connected to a power source, wherein:
(1) the iontophoresis electrode section comprises:

(1)-1. an electrode plate connected to a power source of the same polaﬂty as
charged ions of the ionic drug,

(1)-2. an electrolyte-solution-retaining membrane arranged on a front side of the

20 electrode plate and retaining in it an electrolyte solution in such a state that the membrane is
impregnated with the electrolyte solution,

(1)-3.  an ion exchange membrane arranged on a front side of the
electrolyte-solution-retaining membrane and selective to ions opposite to the charged ions

of the ionic drug,

-10-



(1)-4. an ionic-drug-retaining nenbrane arranged on a front side of the
ion exchange nenbrane and retaining the ionic drug in such a state that
the nenbrane is inpregnated with the ionic drug, and (1)-5, ,an_Lo
exchange nmenbrane arranged on a front side of the 5 ioni c-izlr‘hgﬁbegﬂﬂﬁni ng
menbrane and selective to ions of the sane ion species as the charged
ions of the ionic drug; and (2) the ground el ectrode section conprises:
(2)-i. an electrode plate opposite in polarity to the electrode plate in
the iontophorébié eancniodmggetainingn menbr4ie) arangad on a front side of the ion

el ectrol yte-sol ution-retaining nmenbrane arranged on a front side of the
el ect r odexqlaage neentbraret andhiretgining the ianmicedragtin cuyh @ sateuthatothei membiane ds
state that the nmenbrane is inpregnated with the electrolyte solution, and

(2) -3. aimpregnatedwahge iomioldranendir ranged on a front side of the
el ectrol yte-sol ution-retaining nmenbrane and selective to ions opposite to

the charged iopp-5.15 &4 ibhe ekéhahge dinéfbrahBe ap@f@iad @spechord didie o anent
invention relates to an iontophoresis device, which is a nodification of

the g i r s{oREBRGLreRiniAd) MeRIbERRHnd I sEIEEIVe tBRonsWIRhE kdine (of) spbll6s &K BERHarged
el ectrode section conprises a cation exchange nenbrane and an ani on

exchangeid;grgp[&qgnikgnfgc,igm.nati on, nore specifically: 20 (2)-1. an

el ectrode plate opposite In polarity to the electrode plate in the

i ont ophor es'@ 1R %'Bhﬁd)ggctﬁﬂ%tsw c(,?,%,-rig?: an el ectrol yte-sol ution-retaining
e of the

menbr ane arranged on a front si el ectrode plate and retaining in

it an electrol QQ.SOAAJEI&GO&{ f?:lgggbg?oﬁ{eaﬁr? ptomft%_ttgegg‘égig%tg({s&( E?ECS in the.

i npregnated wi the electro ution, ‘and

grggfl?gleiyﬁ- s%Fé&{%ieg%frrag?%?hi??iganfeagpgnzl gﬁdmcselt ggt ive to ions of the sane
longspeci es as (f)rf an electrolyte-solution-retaining membrane arranged on a front side of the
electrode plate and retaining in it an electrolyte solution in such a state that the membrane is
impregnated with the electrolyte solution, and
(2)-3. an ion exchange membrane arranged on a front side of the
electrolyte-solution-retaining membrane and selective to ions opposite to the charged ions
15 of the ionic drug.
The second aspect of the present invention relates to an iontophoresis device,
which is a modification of the first aspect of the present invention, wherein:
(2) the ground electrode section comprises a cation exchange membrane and an anion
exchange membrane in combination, more specifically:
20 (2)-1. an electrode plate opposite in polarity to the electrode plate in the
iontophoresis electrode section,
(2)-2. an electrolyte-solution-retaining membrane arranged on a front side of the

electrode plate and retaining in it an electrolyte solution in such a state that the membrane is

impregnated with the electrolyte solution, and
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charged ions of the ionic drug, (2)-4. an electrol yte-solution-retaining
menbrane arranged on a front side of the 5 ion exchange nenbrane and’

retaining in it an electrolyte solution in such a state that tReF ane
is inmpregnated with the electrolyte solution, and (2)-5. an ilo e

menbrane arranged on a front side of the electrolyte-solution-retaining
menbrane and sel ective to ions opposite to the charged ions of the ionic
drug. 10 In order to inprove the performance of the iontophoresis device
having the ion@pphoresi sorel echimpde nsemtirann {readiged e orl actfrondesidecbf othe and
the ground el ectrode section (inactive electrode section), the present

I nvent i orelécemlysé-eslutib@tetaifing mdmbreheaid electice solons bOMS same idtespecies as the
iontophoresis el ectrode section and ground electrode section are forned

Wi th sol whaged iaef @idlibhig deug, eadi | y oxi di zabl e or reducible 15 substance,
nore specifically, (ii) the electrolyte solutions in the iontophoresis

el ectrode secti@p4angy ae&wﬁe-s@h@x@hrradmufgeﬁbmmneraﬁaﬁg&ir@ﬂa Wohtsi8© bEfHeONS
containing ferrous sulfate and ferric sulfate or an organic acid and/or

its galt igg eacﬂaﬁ%émeynwaaedax@%ia@m% i ﬁdéﬁc#lgcl,tf‘ol e%megx‘% sg& %@ﬂ%{é)ﬁﬁt fae
conveni ence, such as handling ease (user friendliness

t h | at t
o oo b MR g Te st e
the el emrent s (pyber shy (ldy 2 flded) nasembq;,reerarmgg%t b7 8 S6ht Odfe Pbe! el "

t he iontophoresi’s el ectr section are put er as an Pal "uni t

E o faci ls')etlé?:gr%l)i@-?él@?%neégﬁmﬂg (@W@ L,@ggagawé W@%@ng&r to tPL %ﬁ%rgww
(2)-2 tocff%l%en% %fdnﬁ )-2 to (2)-5 other than the electrode plate in the

ground el ec tion are put together as an integral unit to
fac;l(l)l tate replace 2006, Cx her

featUres of thelnlcgﬁeroé%dg\g}éovg ‘2‘8\/‘?“6@’9 lgg%c&gfr% f%kt?l?hé’f?ﬂ Q%Y{fFeE V&Rt thn

such iontophoresis electrode section (active electrode section) and the ground electrode section
(inactive electrode section), the present invention features that:

(i) the electrolyte solutions in the iontophoresis electrode section and ground

electrode section are formed with solutions containing a readily oxidizable or reducible
15 substance, more specifically,

(1)) the electrolyte solutions in the iontophoresis electrode section and ground
electrode section are formed with solutions containing ferrous sulfate and ferric sulfate or
an organic acid and/or its salt as a readily oxidizable or reducible substance.

To improve the convenience, such as handling ease (user friendliness), of the

20 iontophoresis device, the present invention also relates to a iontophoresis device wherein’

- the elements (members) (1)-1 to (1)-5 or the elements (members) (1)-2 to (1)-5
other than the electrode plate in the iontophoresis electrode section are put together as an
integral unit to facilitate replacement of these elements (members), or

- the elements (members) (2)-1 to (2)-3 or (2)-1 to (2)-5 or the elements (members)

25 (2)-2 to (2)-3 or (2)-2 to (2)-5 other than the electrode plate in the ground electrode section

are put together as an integral unit to facilitate replacement of these elements (members).

-12-



as its small size and conpact structure will be readily understood by the
follow ng description of the technical construction of the present
invention. 5 Brief Description of the Drawings FIG | is a vi]ewpmez'nﬂtl
perspective view) for describing the basic construction of an

i ont ophoresis device (X) according to a first enbodi nent of the present
invention; FIG 2 is a fragnentary cross-sectional view of the

i ont ophoresis device (X) according to the first enbodi nent of the present
i nvention; 10 FPther faturenobthsiiontophrsesisudaviceracdordigain thé peegerg igemgion such
cross-sectional view) of an iontophoresis electrode section (1) and a
ground el &citsonhealbezei o (@hpacy dtiveturoilipboreriily ustewstes b)) thacfolioding t o
the first enbodi ment of the present invention; FIG 4 is a diagram

i 11 ustr atdesgrigtionodithé eetiricah cofstrubtéon sfhoplesine fiventibavi ce (X)  shown in FIG
3, specifically a nodification of the ground el ectrode section (2); 15
FIG 5 is a diagramillustrating experinenting equi pnment equivalent to the

devigce (X). accordi.n the first enmbodi ment of the present invention;
FI G g6 i s@e@ﬁﬁﬂpf'l"ﬂé{r?'é“tﬁf:@”&ﬁsi ont ophoresi s device (X) according to a

second enbodi ment of the present invention, and is a view correspondi ng

to a small-di anEGen.is a&jew (ShetatiajergaetiveedéwPior desttibing the Gasi@ box%@u&hcdﬁ off 18

a viewillustrating an iontophoresis device (X) according to a thir

embodi Merkn iBAtophétef§ B&GEH (X)A¥ET NG Mo a KR emBoMmEhEY thOpreSSHR MWdhiiéh;t 0 an end
portion of the small-diaméter, cylindrical end section (la) in FIG 2;

FIG 8 is a viegug e 9% S8EhRAS! crébLibibl vidw Lb?{{hétibﬂﬁ)pﬁ&ekiQ'Heg&!ao{])QSi S

device (X) according to a fourth enbodinent of the present inventio and
25 FI G Sicbérdgltoahé fidd EofimbRSrireRRohesdndev ce (X according to the

fourth enbodient o FEB (Legend)

10 FIG. 3 is a basic construction diagram (fragmentary cross-sectional view) of an
iontophoresis electrode section (1) and a ground electrode section (2) in the iontophoresis
device (X) according to the first embodiment of the present invention; |

FIG. 4 is a diagram illustrating a modification of the iontophoresis devi\c‘e X
shown in FIG. 3, specifically a modification of the ground electrode section (2);

15 FIG. 5 is a diagram illustrating experimenting equipment equivalent to the device
(X) according to the first embodiment of the present invention;

FIG. 6 is a view illustrating an iontophoresis device (X) according to a second
embodiment of the present invention, and is a view corresponding to a small-diameter,
cylindrical end section (1a) in FIG. 2;

20 FIG. 7 is a view illustrating an iontophoresis device (X) according to a third
embodiment of the present invention, and is a view corresponding to an end portion of the
small-diameter, cylindrical end section (1a) in FIG. 2;

FIG. 8 is a view (cross-sectional view) for illustrating an iontophoresis device (X)
according to a fourth embodiment of the present invention; and

25 FIG. 9 is a front view of the iontophoresis device (X) according to the fourth

embodiment of FIG. 8.
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X ..... lontophoresis device | ..... | ont ophoresis el ectrode section 11

..... El ectrode plate 5 12 ..... Electrolyte-solution-retaining nenbrane
13 ..... Cati on exchange nenbrane 14 ..... | oni c-drug (AsNa+)1r‘EthEﬂni2€®
menbrane 15 ..... Ani on exchange nenbrane 2 ..... G ound el ectrode
section 10 21 ..... El ectrode plate 22 .....

El ectrol yte-sol ution-retaining nenbrane 23 ..... Cati on exchange nenbrane
24 ... .. El ectrol yte-sol ution-retaining nenbrane 25 ..... Ani on exchange
menbr ane (Légead) . . .. Power source 31,32 .... Cables 33 ..... Conducti ve
spring menber 4 ..... Skin A ..... Skin-sinmulating bath 20 1 a .....

Smal | - di anmet erx . cylonfuphbsesis deviee section |b ..... Lar ge-di aneter,

cylindrical grip section Best Mbdes for Carrying Qut the Invention 25 The

following is g detightbpkbre§sQedtRideqeetidh t he technical construction and
enbodi mrents of the present invention. -14 1 4 FEB 2006 In order to -

drawings will be referred to. Needless to say, it is to be noted that the
featyres showpyin Electrolyte-solution-retaining membrane -

13 ..... Cation exchange membrane
14 ..., Tonic-drug (As'Na®)-retaining membrane
15 ... Anion exchange membrane
2. Ground electrode section
10 21 ..... Electrode plate
22 ..... Electrolyte-solution-retaining membrane
23 ... Cation exchange membrane
24 ..... Electrolyte-solution-retaining membrane
25 ..... Anion exchange membrane
15 3. Power source

31,32 .... Cables

A ..... Skin-simulating bath
20 la.... Small-diameter, cylindrical end section

1b ..... Large-diameter, cylindrical grip section

Best Modes for Carrying Out the Invention
25 The following is a detailed description of the technical construction and

—

embodiments of the present invention.
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the draw ngs should be interpreted as nmerely illustrating the enbodi nents
and also that the present invention is by no neans |imted t0 t?@ge Bg
the drawings. 5 FIG 1 to FIG 3 are views illustrating the fir’* 20
enbodi ment of the iontophoresis device (X) according to the present
invention. FIG 1 is the overall perspective view, while FIG 2 is the
fragnmentary cross-sectional view. As shown in these draw ngs, the

i ont ophoresis device (X) according to the present invention conprises, as
mai n el ements (Imeorder $9 ,desgribeotieoppobiiesi somsiredionode thel presentt imventidn), , the
ground el ectrode section (2) and a power source (battery) (3). FIG 3 is

t he basi drawings milt be eefeded gy, ariidedieag tesilyaitVs 6F BS foted Chat diefeattredVshowh iAot h
of the electrode sections, nanmely, the iontophoresis el ectrode section (1)

and the ghedndin |sﬂ61ﬁlﬂQfé€im%ﬁ;ﬁéﬂe@ s mételyilRi3traghy thie Shibdlin®ntsoindaddsd @@l Gedr ug
i s conducted under bel owdescribed conditions by the iontophoresis device

(X) aCCO[Fﬁjés@ﬁk xh%nhbmsnfyqﬁﬂﬂéansLﬁuﬂe@v@%s@@ftﬁé diavlistrated in FIG 1 and
FIG 2 he reference nuneral (4) in FIG 3 designates a site of the skin,

and 1 G 3 al sgiGi h k562t ese %Qﬁqmﬂtﬁﬁnhgﬁlﬁé ARt ThibBachent oﬁglel ﬁyaﬂ%oﬁ)gweﬁg

(drug delivery) by new i ontophoresis can be practice

i ont Ophord%l'c?&ﬁfé’dcgﬁu{r%)i})&%ﬁx%ﬁﬁ ﬂg,]?ﬁpo A he present invention. (i) As the

i oni c drug, ascorbic aC| d (vitamin C, which may

20 herei nafter ghe abhi gyl feqalﬁz‘%epﬁ)l\l@n% \J q#s le [PRG! %msc il Liga&]lﬁegtary at e

retained in an” "Thpreg na rae( in su

el ect ol ST SERREMEY SM”??W%@%%S@%%%&% amr@”'h%fesw ikt et ang

mpr eZﬁSé%ﬂ?eff?sspﬁﬁ"xf%ongcempﬁxé%%%iﬁ%if eI RpRPuSL AR PR FHAIHE gol

(T %R SedtioR (b B AT afe SipB ) B B P FL SRR () of enpl oyed

hon exchange FIG. 3 is the basic construction diagram (fragmentary cross-sectional view) of both
of the electrode sections, namely, the iontophoresis electrode section (1) and the ground
electrode section (2) when administration of an ionic drug is conducted under
below-described conditions by the iontophoresis device (X) according to the present

15 invention as illustrated in FIG. 1 and FIG. 2.

The reference numeral (4) in FIG. 3 designates a site of the skin, and FIG. 3 ;lso
illustrates an administration method of an ionic drug (drug delivery) by new iontopllgresis
which can be practiced by the iontophoresis device (X) according to the present invention.

(1) As the ionic drug, the sodium (Na) salt of ascorbic acid (vitamin C), which may

20 hereinafter be abbreviated as AsNa', is used. The ionic drug is retained in an
impregnatedly-retaining gel membrane (14) in such a state that the gel membrane is
impregnated with the ionic drug.

(i1) As the electrolyte solution, a 1:1 mixed aqueous solution of 1 M lactic acid and 1
M  sodium fumarate is used. This electrolyte solution is retained in

25 impregnatedly-retaining gel membranes (12,22) in such a state that the gel membranes are

impregnated with the electrolyte solution.
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menbr anes, nunerals 13 and 23 designate cation exchange nenbranes while
nunmeral 15 indicates an ani on exchange nenbrane. These ion qthm?éms
menbranes are arranged as shown in the drawings. 5 (iv) An el ec

plate (11) in the iontophoresis el ectrode section (active el ectrode
section) is used as a negative (-) electrode. (v) An electrode plate (21)
in the ground el ectrode section (inactive electrode section) is used as a
positive (+) electrode. In FIG 1 to FIG 3, the reference nunerals in

t hese draw ngii) dartheapsesdint eerinbef idDsel&kive pomeablityy of emplbyédioni dxdhamigdual
el ements of the iontophoresis device described above under the Means for

Sol vi ng themb¥ ek, eiiherdt®13 and 28! ®Rsighdite calieBithatde) mdmbrankd&hilk deRINABES] S
device (X) is designated as 11 in the draw ngs. st characteristic

feat ures iadichtds ah ARoARRCAMZE Méidrane (Phksefonxdhdige nferttiSnesPir€ 2RBiged as
invention are to provide an iontophoresis device of high added value by

i ncreasi NYowhdn E&%r%?&i ty of ions mgrated under given electronotive
force, the quantity berng well known to depend upon the concentration,

mobi §i ty and \(FJQ %{}gagatodeoél%gl(?@;ﬁﬁg i&“gpho RiCGLde %L.%tt?gi (%gg%pafﬁ];ogﬁgh

i ont ophoresi s rrve ryanitonic drug 1nto

the skin s@gtgonﬁc%%g%%ﬁ?l%ea@g E'?gﬁt%‘{g ned el ectronotive force, in other

wor ds, by “paying’s ifon for the achi evenent of a high

transference n r and als . ing attention to.the elimnation of
factors of dr axggc s © EREYEt ?l\z}gggégtlg%‘j Ao §§°tr°éifes€f??fbﬁ8ﬁ‘ite’ﬁl QF% i ons
at the res%gac;i.sve gl ect rotcllesur sgeci ically skin inflammation due to the
el ect r ocHEW T4l P& 8??83§,Vea(nae EFe4fer by paying attention for

i nprovenents i dli n ease and conveni ence of the device. In yespect
of the above-dggg:?{}’béofoggjc}egt ?}Ver qgedqcedwn}e&ﬂf&ng}ea% FViIRsS CEFSPd Bfed)
25 a high transferen nupber into the _hody, the prior art cannot be
cond) dor dbfbesch BpBeISOe BhTEue deRetivsr | erfOPtHBE%P%% geiics deperibacbabov

hi gh transference. nunber .high efficiency)-san be stably achieved with
the aboveéndeisihe bang efehréoz\avg 3 Frpblems ont ek exaTBle., theg elément 4b)- benothe

iontophoresis device (X) is designated as 11 in the drawings.
Most characteristic features of the iontophoresis device (X) according to the
present invention are to provide an iontophoresis device of high added value by increasing
15 the quantity of ions migrated under given electromotive force, the quantity being well
known to depend upon the concentration, mobility and valence of ions, because the
objective of this type of iontophoresis is to drive (deliver) an ionic drug into the body
through the skin (or mucosa) under predetermined electromotive force, in other words, by
paying significant attention for the achievement of a high transference number and also by
20 paying attention to the elimination of factors of drawbacks (negative factors) such as
electrochemical reactions at the respective electrodes, specifically skin inflammation due to
the electrochemical reactions, and further by paying attention for improvements in handling
ease and convenience of the device.
In respect of the above-described objective that an ionic drug be driven (delivered)

25 at a high transference number into the body, the prior art cannot be considered to have
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It is also an inportant objective to elimnate drawbacks such as skin

i nfl ammati on, which are caused by el ectrochem cal reactions oceug rFiEngzﬂoB
around the electrodes in 5 iontophoresis. In iontophoresis,

el ectrochem cal reactions, specifically certain oxidizing reaction |
(positive electrode) and reducing reaction (negative el ectrode)

unavoi dably occur around the electrodes. By the above-nentioned

el ectrochem cal reactions, formation of a harnful 10 substance through
el ect r ol weceeedéd. pHyshoprespnt alvestadn, ndiglstranfepdnee numbyt @ I8gh efficency)f<an be
exanple, formation of hypochlorous acid fromdC - at the positive

el ect r odetabhhachleved withoheatase-descsibedreghriddl domstractidagsivi)l be destdded bélawges i n
pH (sudden acidification at the positive electrode, sudden al kalization

at the negati vt RlatwtanGgpbriamcbbpictide &5 élifin@le dgAsbAokORIcESs Gkiarinflgnaanbe, H2
gas at the negative electrode, 02 gas and (2 gas at the positive

el ectrodeghidlp #€Ctdused By Gé]‘étﬂ’@l:li‘bmna_z{]e%cﬁé&b|o€€f§r1ﬁ$3§oﬁﬂi Stﬁé | Qeidrogde@vgacks
for the practice of iontophoresis, including d erious effects on the

humeg skijgntopldrBsid.F ritations, incapability in energization (due to an
increase in resistance as a result of gas production), and the like. In

order to elim qﬂﬁ&}tﬁ@ﬁ) ‘@E@ﬁg& é’a?lrtya%ﬂohﬂ g&?ﬁ%ﬂg LanJ}g(l[l)izigg react

adm ni stration 1 onicC ugs suc esc pro

regardi nggéé SLELE &%? aml' qptﬁfc ﬁ% allé ﬂn\}engl!: F Lo Secy a{%ugd

el ectrochem cal "reactfon Fve 1 conveni erice 0

devi ce syghg g? des handllng ease the |ontophoreS|s device (X) according
to the presen |nvent|on has adopted especially as the construction of

the respective ct%pde se tructlon hat. t he.i n qa

el enent s (rrenbgr s) ar’e OX%WS?P%I%‘} e&lec rﬂ n]‘%@e?‘igab?éls’l forigtion; 8fy 4 aI‘3'In
TV W R e M
cl ot r 0ddBHRRR AT hoppeupeu 1t Bl Lk b PRV Slperades iRl icamas o
menbers, strong oxidizing agent), sudden changes in pH (sudden acidification at the positive
electrode, sudden alkalization at the negative electrode) and production of gas bubbles (for
example, H; gas at the negat'ive electrode, O; gas and Cl; gas at the positive electrode)
15 occur, for example. These problems lead to serious drawbacks for the practice of
iontophoresis, including deleterious effects on the human skin, skin irritations, incapability
in energization (due to an increase in resistance as a result of gas production), and the like.
In order to eliminate the drawbacks involved in the conventional administration
methods of ionic drugs, such as above-described problems regarding transference number
20 and skin inflammation due to electrochemical reactions, and also to improve the
convenience of the device such as its handling ease, the iontophoresis device (X) according
to the present invention has adopted, especially as the construction of the res;ective
electrode sections, the construction that the individual elements (members) are constructed
into layers as illustrated in FIG. 2 and FIG. 3.
25 That is to say, the individual elements (members) (11 through 15) of the

iontophoresis electrode section (1) and the individual elements (members) (21 through 23)
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menbr ane bodi es and i on exchange nenbranes. The properties of the nenbrane
bodi es, nanely, the electrode plates, electrolyte-solution-ret ilJ_j' n
menbr anes, ionic-drug-retaining nmenbrane, anion and cation 5'excd %808
menbranes in the present invention are set as descri bed above when As Na+
is transdermally delivered as the ionic drug. The above-descri bed
features of the iontophoresis device (X) according to the present
invention will hereinafter be described in nore detail in the case that
sodi um aefctbe Eatund( Aedtipdp sectionr @ acealirabisyrucked iimeriggkrasuchnasi slateCméthbigs, | n
this case, charged ions 10 of the active ingredient in the ionic drug are
obvi ous| ynembransbgdies-gnd idihexchayeanenitsrands] ustrated in FIG 3, the el ectrode
plate (11) in the iontophoresis electrode section (1) is a negative (-)

el ectrode whi | eTHehepropertiés Ogfe tht ahfen{bidne Bbdidde AU the! REEHOEE Mgkl on
(2) is a positive (+) electrode. Needless to say that, when an ionic drug

di ssoci at@@ctﬂom@saaﬁbﬁ-'refﬂhm§qhéﬁ&aﬂesi %%-dm%ﬁeﬂaﬂ?n%oﬂkﬁiﬁatniee&i&{ afid'Gation

el ectrode plates (11,21) and the types (in Terns of ion selective

per npabi | dxkiang®iméiGahQMintne PARER MBERIANES sétld delStibed Mool gfh;%ﬁ AsNg! is |

above-descri bed el ectrode sections are opposite, respectiv

t hr ough E*aﬁsdéf’glg{lp&aiv%f%ildﬁl{e% cl .basi c construction of the

i ont ophor-esi s I ce accordingto the first enbodi nent of the present
(active ol ect r abé Telt:chyBel TREs 5 OPRIREFCEEs T80 SEumerio e
(Lt Sy e S8 AT B 5o P P i B, LT o
s v SR Gl B 406 i o2 sl
(1 fcf\ll I a@&?‘lﬁ %Erarf{fqu%mtﬁm%&ﬁv&%fﬁw&%@ﬁwnﬁ @Ykin in such a state

t hat the nmenbrape is ) )
aI‘?xerefore, as illustrated in FIG. 3, the electrode plate (11) in the iontophoresis

electrode section (1) is a negative (-) electrode while the electrode plate (21) in the gr(;und
electrode section (2) is a positive (+) electrode. -
Needless to say that, when an ionic drug dissociates into positively charged ions,
15 the polarities of the electrode plates (11,21) and the types (in terms of ion selective
permeability) of the ion exchange membranes (13, 15, 23) in the above-described electrode
sections are opposite, respectively.
In FIG. 1 through FIG. 3 which illustrate the basic construction of the
iontophoresis device (X) according to the first embodiment of the present invention,
20 numeral 1 indicates the iontophoresis electrode section (active electrode section), numeral 2
the ground electrode section (inactive electrode section), numeral 3 the power source, and
numeral 4 the skin (or the mucosa).
As shown in FIG. 3, the iontophoresis electrode section (active electrode section)

(1) is constructed of:

25 (1) the negative (-) electrode plate (11),
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|rrpregnated with the electrolyte solution, (iii) the cation exchange
menbrane (13), 5 (iv) the ionic-drug-retaining nenbrane (14), and (v) the
ani on exchange nenbrane (15). As also illustrated in FIG 3, tHiek FRRIMING
el ectrode section (2) is constructed of (i) the positive (+) el ectrode
plate (21), (ii) the electrolyte-solution-retaining nenbrane (22) with the
el ectrolyte solution (1 10 Ml actic acid/i M sodium fumarate) retained
therein in such a state that the nmenbrane is inpregnated with the

el ectrol yte sgiiuthe @fectralyee-¢dhition- ﬁeﬂﬁmﬁ?h&e@fbrﬂi&cﬁl@ﬁ%hﬁﬂé@l”e@t?@yl(e%%)unohr(lt he

present invention, the electrolyte-solution-retalning nmenbranes (12,22) in

both of tNdagicerid/ode sa@at Rinfardtd) ?elalﬁ’édetheﬁé'in Irl §ichasthte thi't%@rdeﬁ’ﬂfr@r@ﬁt ed
with the 15 above-nentioned el ectrol yte sol ution conposed Il Mlactic

aci d and iy Mgﬁggd wﬁhfth@%@;@y@go]gﬁo@ ectrol yte sol ution. They may al so be
made of those i npregnat ed using physiological saline (for exanple, -0.9%

aqueous sol u(lhﬁlﬂeg‘fitld}{a&kﬁané séhel(MPy egnated with a conpound, which has
an oxi dation-reduction potentia ower than the oxidation-reduction

potential of W}?l% &p‘gdﬁ%@epﬁ“ @@m&[% (‘%’xaq@! di zed or reduced 20 conpared
e er

W|th the el ec yticr tron i zing and reduci ng réactions

of water), (@B §L1%§ roI }lig’%%% Q&I n the present invention, the

el ectrol yt e-soltut1 on- f
sections (1, 2) msrrbr es retaini an ionic drug (for
exanpl e, AsNa+’¥ ysﬁéirlu‘fsg%ﬁgdggg@vzo )thea%roﬁn S\‘qudﬁ s %ioﬂqg)a‘l%l‘;@"%’fuc?egdﬁm bl e
conmpound in 25 a. st t hat, t ranes are inpregnated with the

i oni ¢ drug, é‘igéeé’osﬁ'é’eg'b “é‘?“é’@@FBP‘%&?ggl ut i on t he oxi dation-reduction
potenti al ionic drug . is generally |ower -19 1 4 FFR 2006 than that

f
of water. A éuehe SfegpteryiondF A Hembang, 22bRilE st deettatytegotmion (i

h dr oI Si S f
Y Y M lactlc acid/1 M sodium fumarate) retained therein in such a state that the membrane is

impregnated with the electrolyte solution, and
(iit) the cation exchange membrane (23).
In the present invention, the electrolyte-solution-retaining membranes (12,22) in
both of the electrode sections (1,2) are not limited to those impregnated with the
15 above-mentioned electrolyte solution composed of 1 M lactic acid and 1 M sodium
fumarate as an electrolyte solution. They may also be made of those impregnated using
physiological saline (for example, 0.9% aqueous solution of NaCl) or those impregnated
with a compound, which has an oxidation-reduction potential lower than the
oxidation-reduction potential of water and can be more readily oxidized‘ or reduced
20 compared with the electrolytic reaction of water (oxidizing and reducing reactions of water),
as an electrolyte solution.
In the present invention, the electrolyte-solution-retaining membranes (12,22) in
both of the electrode sections (1,2) may also be made of membranes retaining an ionic drug
(for example, AsNa" as mentioned above) as a readily oxidizable or reducible compound in
25 such a state that the membranes are impregnated with the ionic drug, because, as an

~

electrolyte solution, the oxidation-reduction potential of the ionic drug is generally lower

-19-
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wat er, the drawback associated with the hydrolysis of water can be
elimnated . Next, with reference to the basic construction diagranms (FIG
| to FIG 3) of the iontophoresis device (X) according to th esent

i nvention, the construction of a nore 5 specific iontophorésﬁéﬂékﬂﬂmb (X
for practicing the new adm nistration nmethod of an ionic drug wll be
described in the order of the specific construction of the iontophoresis
el ectrode section (active electrode section) (1) and the specific

const r uctthanthaf of Wetellr ANIShchl Rald @lgs ard IR drirBdifckll YRoLleHE hPdSRRCLH ON)
(2). In the iontophoresis device ( according to the present invention,

the el ectwaee theld}awb&ms@%ila}eld With fR Hyefmﬁﬁw“%éé%gg bg 8135&91%&3 ection
e

(active el ectrode section) (1) can, b conmpose esired el ectrode

plate. Further Nddewgh ?&Efeﬁ&t(ogé)h@f:bgsié%%)lsth{)&tiw‘aia Fa?n’r’snﬂ"cl) ?g%gtﬁlédgh?s?ﬁ{ei on

(i nactive el ectrode section n al so be conposed esir

el ect rOdgo@%ﬁﬁddgesif %vi@%jg%?corai“g%octﬂﬁ ppgseﬁtoirﬂggrﬁ?o%r (ﬂ%e] g&%ﬁ]ré%%negf Eonqgrse

made of ctive errar such*as carbon o
Co rci i l e patc yvpe. Red .Dot, TM nonitori el ectrqodes. .
Cor oduct apesic by fis BOl OBEmiselcing e e By Blrafih el e gaiei ng
possi bl e yreact|pns of. the skin at.both t he el.ectrqde sections (1,2) by
usi ng t HEg 8’?‘“ g%ﬁgfxéggd;mdggl?r@gr %\fctgﬁmﬁcﬁjb: ﬁoﬁswoﬂpgg’@ﬁ?mpﬁ%ﬁﬁ %lél‘:t wi | |
be descri bed ubsequent]y, ar | so, yseful , 20 In the jontophoresis
devi ce. ( RBFRN tjestpderiietini 4 Dhtnd the secifin Sontmpian otthe arpubdeRsien i n
the field of iontophoresis may agszio be adopted as the el ectrode pl ates
(11, 2 1) SPAopdmactyte dlertrode sertiop@dr i bed i nert el ectrodes. When an active
ingredient of an _ ionic drug becones positive (+) ions, specifically when
mor phi ne hydr oi‘i‘\lﬂéﬁ' fogtophpresistdeviss (X rceordmeg tiOstgmwerésmawtioanﬂ@ eleadttpdei n
this case mrPhi_ ne ions or lithiumions as a drug 25 ingredient are
posi® i ve Plasad] Daiy thaniestpphoresis slsatiedsr sectins (aptévenelgetrodee s¢ctinn) (1) can be
illustrative of 1 4 FEB 2006 the above-nentioned active el ectrodes are
si | ver elcemppisdeel tutlesiFedr elgetrodesplptesi Fusther( the elpttradesplatiet (21) hedke gummder
i ons.
electrode section (inactive electrode section) (2) can also be composed of a desired
electrode plate.
For example, they can be composed of inert electrodes made of a conductive
15 material such as carbon or platinum. Commercially-available, patch-type Red Dot™
monitoring electrodes (products of 3M Health Care Limited), which were used ﬁbon
investigating possible reactions of the skin at both of the electrode sections (1,2) by using
the iontophoresis device according to the present invention as will be described
subsequently, are also useful.
20 In the iontophoresis device (X) according to the present invention, active
electrodes known in the field of iontophoresis may also be adopted as the electrode plates
(11,21) instead of the above-described inert electrodes. When an active ingredient of an
ionic drug becomes positive (+) ions, specifically when morphine hydrochloride or lithium

chloride is used as an ionic drug (in this case, morphine ions or lithium ions as a drug

25 ingredient are positive ions, and chlorine as counter ions are negative ions), illustrative of
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In the case of the above-described active el ectrodes, the silver electrode
readily reacts with chlorine ions (C-) so that insoluble AgCl is forned
in accordance with the 5 fornula: Ag + " -a AgCl + e'. AW qd Egtagg
avai l able fromthe use of the above-described active el ectrodes sin
that the electrolytic reaction of water can be prevented because the
standard potential of the above reaction is |ower than the standard
potential of the electrolytic reaction of water at the positive (+)

el ect r odehe abovesmem&snee , actip® efoctibéest fre 0L kUSRS WEiLH irkact alsi pu3ithas@d on
H+ ions at the anode (positive electrode) and 10 al so sudden al kal i zati on

based on pfdtts withehesd cdufer §silshode (negative el ectrode). In the
i ont ophore5| s device (X) according to the present invention, however,

because plural 1, 3fe l:a%@séﬁ tht 266R- Jié%@nl?e’&cmgg%l K2R sifllef fe?ercﬂeﬁe rdhdil

sel ective perneability are used in the iontophoresis system as descr?bed
S Tver ohf or.%y“ﬁ"ék‘%% Y REHPR el (PSR e Rl BB R

be. Poken AR foB17A2 AR, Sof oAb adv gm%é%é"‘%i@a G phi iy 68 Fro
Cel ot v %%P#@arﬁ?ﬁ%s@ o Sfecrotiepiare yE I AEe PR BACentt Bt bR ¢ o
uch s BEVRGEY aRcter SRuang polfala T BoSth TR e dpRFrHAD R ROPNE.
(< LormolBEnt Sf A BN ARE A0 WAEw Suite Asbive i) Heated uilt im B ned
el act 1 ol JOEIBIAGSIHEN PAUECRRTEATERS B oIBGRJ1 Dok (RoRne SeRigands o
thin 25 nenbrane body enpl oyed as the bel ow descri bed ionic-drug-retaining

merd$r ane alip swdden aﬂ“hZ@B baged@n; QH| iengiatibe sathade{aepative elestiodehr such a state

that the menbrane is inpregnated with the ionic drug and therefore, its
details will b desdontpehoresitdevice(X) yaccardinghto e presentyinaensisinthioweverany

desired el ectrol yte sol ution can be used. However,
because plural, at least, three ion exchange membranes different in ion selective

permeability are used in the iontophoresis system as described above and an insoluble
substance (insoluble fine particles) such as silver chloride (AgCl) formed at the active

15 electrode may impair the properties of the ion exchange membranes in some instances, the
care must be taken in their use.

As the iontophoresis device (X) according to the present invention uses the plural
ion exchange membranes different in ion selective permeability, it is preferred for the
reason mentioned above to use inert electrodes instead of using more costly special

20 electrodes such as active electrodes.

The electrolyte-solution-retaining membrane (12) in the iontophoresis electrode
section (1) in the present invention is composed of a thin membrane body with an
electrolyte solution retained therein in such a state that the membrane is impregnated with
the electrolyte solution. As this thin membrane body is of the same kind as a thin

25 membrane body employed as the below-described ionic-drug-retaining membrane with an
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t hose which may cause trouble on the human skin through el ectrode
reactions should be 5 avoided. For electrolyte solutions suitable in the
present invention, organic acids and their salts, which e>ii ﬁt w t he
human met abolic cycle, are preferred fromthe viewpoint of aF d08ess
to the body. For exanple, lactic acid, fumaric acid and the like are
preferred. Specifically, an 10 aqueous solution of 1 Mlactic acid and |
M sodium funarate (Na salt) at a ratio of 1:1 is preferred. This

el ectrol Mbﬁlcsd?{xg'}étﬁ’iﬂfd thefddh H’Ehﬁzhrae%}\ﬁte e tile m}nlb{dnl ds'f a]%%%rg??pw?b tB Ronft

current to flow well throu n a curren ow as a

const ant a‘EJdé aﬁ&?‘{heréf&% lttfé&%f r‘*,l % e&%b%(%g?%wa&#ow, and no substantial pH

change t ace at’ ot her el ect roI ytes

(3) a i xed éétfz%*&r‘é%*s% i 8%'1%? ar %e&ge@%fff?t&“it%t’ség Bl Fevtnd o o
fth
physt ol ogess VaEh ) Calfe Sbls o BB G bl Becnh iR atoli it | ve

and ?OSItlve gl ectrodes and may act as a reS| stance to inhibit a
const ant acﬁqf’ 20 power supply device as an accessory to the

i ont ophoresi s Vi ce , gl though' the physiol ogical saline has high

condugt i Vi ty lc__l._e teiﬁfrg@‘? F@B“?fﬁl sgqtplﬂg ‘@é@ Preset HRGRURN frgAnie Addhard theire
el ectrode p'r?‘h t he sol utj on tend .0 becone aci d| c, (formation of HO),
full rrea'§ T‘ S i S ‘I’?e?héf rpan B’é‘“l RE YRl A0biPeeferseth diom dhe wiewpeini. off

t he case mfeF'@ {p Ee eous solution of ferrous sulfate (FeSO4) and
ferric a F %?%04)3], there are nerits in that, when a current

o o 'efzctrozﬂeozte%e@mgF,e@gh%mw%ﬁéggﬁgﬁé%%u@eg%rm%ﬁ%zfsp;%a@g@ﬁza:ﬁy
e B, MBS St 4 AaRBER B R L5 ks
hont Ophorpergflerre(sij evJl“hls eﬁext)rolyte SO ustxoplelsc se ﬁul?[g )r/el;[u(l)vesyawell in water, and allows a current
to flow well through it. When a current is caused to flow as a constant current, its
electrical resistance is low, and no substantial pH change takes place at the electrodes.
Examples of other electrolytes include:
15 (1) physiological saline (0.9% aqueous solution of NaCl), and
(2) a mixed aqueous solution of ferrous sulfate (FeSO4) and ferric sulfate
[Fe2(804)3] (0.2 M:0.2 M equiratio aqueous solution).
In the case of the physiological saline, gas bubbles may be produced at both of the
negative and positive electrodes and may act as a resistance to inhibit a constant-current
20 power supply device as an accessory to the iontophoresis device (X), although the
physiological saline has high conductivity. Further, since chlorine gas is produced from
the positive electrode so that the solution tends to become acidic (formation of HCB, full
measures must, therefore, be taken to avoid damage to the skin.

In the case of the mixed aqueous solution of ferrous sulfate (FeSO,) and ferric

25 sulfate [Fez2(SO4)s}, there are merits in tHat, when a current is applied, resistance is low and
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5 sufficient counterneasures, for exanple, in connection with the

corrosion resistance of the device, negative (undesirable) effects of

sul furic acid (del eterious substance) on the human body (skipk. F'p'gem

el ectrolyte solution kept in contact with the negative (-) electrode 8Fat

(11) in the iontophoresis electrode section (1) in the present invention

may preferably be conposed 10 of one including a readily reducible

conpound. On the other hand, the electrolyte solution kept in contact with

the posi teocarrénde of g bilstdes pl ecelediodeb Ns pheveic@URS Rh&MEONR sRAtORA (2)

according to the present invention nay preferably be conposed of one

i ncl udi ngsubsdq@atly heréxi di zabl e conpound. Needl ess to say, the positions of

arrangenment of the electrolyte solutions, in which 15 the readily

oxi di zabl e co ' ' .

respectively,ngﬁgﬂﬁaaggﬁggfc@%?ﬁ%é%&%ﬁgﬁglPﬁﬁkﬁgﬂgfggﬂﬁgﬁﬁgﬁ?ga u?%g% i ons

at ther i t he hAng. I t10 t, the
el?@f&ﬁetl i¥ Fhe Gyfeld; ?\chﬂﬁg Bf, th@mbghorésgkl c(i)err\{?cg;{?({),qg1spnee%gs[s%nygo?q_lse

negati ve ectrode an oxI di zi ng Teac (O]

I d ' [ th di | i di zabl dugi bl
compundsSirteh {BuReiapleb B Bl b SEnbGROh kit he Sy R Rlant ol ™ ©
v &b 1962157 Tafve finEtapl] oS L Silisic il (eftsrtpub AU e oL

sulfate 3&% ferric sulfate; medi canents such as ascorbic acid (vitamn C
and sodi y4 rbate; acidic conpounds existing on the skin, such as

| actic acid; an]ﬂ] organjc acids such as oxalic acid, malic acid, succinic
acid and fumari e&@:‘?cbmli/ﬁ?j?‘%ch‘“@‘alfqpé"’c srptachwith thenggapive G glepisodesplat{i Boinat ed
fromthe foregoing, the above-described equiratio aqueous solution of 1 M
l actic adhwoggfwhprwsmrrem sasHan fbdn the presenkinverticasmayherefarady bocgmposed
solutions. In_the case of a conpound which is nore readily oxidizable or
redii bl ©fonaimcluding arepdityrreduaible compamdon of wat er (oxidation at the
positive el ectrode and reduction at the negative electrode), for exanple,
in the case of Qmethei etheruhdngt ¢he élestralyteisohsioarkept endontgct rwithuthedpositive (+)

electrode plate (21) in the ground electrode section (2) according to the present invention
may preferably be composed of one including a readily oxidizable compound. -
Needless to say, the positions of arrangement of the electrolyte solutions, in which
15 the readily oxidizable compound and the readily reducible compound are added,
respectively, should be set corresponding to the electrochemical reactions at the respective
electrode plates, namely, the reducing reaction at the negative (-) electrode and the
oxidizing reaction at the positive (+) electrode.
In the present invention, the readily oxidizable and reducible compounds added to
20 the electrolyte solutions, respectively, are preferably those excellent in biosafety, economy
(low price and good availability), etc. Illustrative are inorganic compounds such as ferrous
sulfate and ferric sulfate; medicaments such as ascorbic acid (vitamin C) and sodium

ascorbate; acidic compounds existing on the skin, such as lactic acid; and organic acids such

as oxalic acid, malic acid, succinic acid and fumaric acid and/or salts thereof.
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into ferrous ions at the negative electrode. In the case of ferrous

sulfate, on the other hand, ferrous ions are readily oxidi ze& inééja)ferri C
ions at the positive electrode. As a consequence, the drawbac sl'a 208§ ed
with the hydrolytic reaction of water 10 can be elim nated. Coupled with
the specific enbodi nents of arrangenent of the ion exchange nenbranes in
the present invention, the iontophoresis device (X) having excellent

performance is provided. A detailed description will now be nade about the

merits avail ablgs iy apprebigtedSRoff theekRedding, Vihe sRVEUIERRBed UYLARHS NGuous
readi |l y oxidi zabl e conpound or a readiTy reducible 15 conpound,

respecti wgluionast 1 el BAEtcR YAE 1SV WbAIARS funhdtateNR ArefthRANRY R aea}&ftfer ode
section (1) and ground el ectrode section (2), electrochem cal reactions
As a

take pl agggignd hat the el ectrolyte sol utions undergo dissociation.
result, gas bubbles are produced in both of the el ectrode sections (1, 2)

so that the ehgeid ode 3?%,%9@03,@%&@ i§ e Em&tﬁﬁyggiéiﬁ}ggfe@rf{eﬁ@imk%han the

solutions are prevente rom contacting or exanpl e,
H2 S i C t he i.ye. el ectr ode....an 2.and, 02 ase re

pr odnced "XRHRHE Eactbn 12t SREERbLKEIG U HOS & Bt id iy PEuBRig e
electric resistances of. the el ectrode plates ,21) . increase.for the gas
bubbl es. S5ERHERTOReN formpBleah B SeeRs T il ertatricont s ey Tadiced
voltage i.s raised. | he case .of the above-descri bed fransdermal deljvery
of hata it ierdians b Ssebfec pigcuads) I B Gts T deae sultkEngy e Sop.

m nut es ?r Ionger . Thi.s La.a . ex renﬁl% sgrious probg3n1fron1the

vi ewpoi nteETUSY ¢ gegpily,pyd 'iZF‘ijl‘ efEIong i t8p RoYlG dectfofece (X). -24 14 FEB
2006 To stably performiontophqresis by elimnating the above-described
instability fﬁt%??nsmueﬂ%e,éﬁﬁg@ P%Si%ﬂt%wﬂb&lq hydrelytic seastion of yratesf
gas bubbles in the el ectrode plates (11,21). To achieve this purpose, it

i s Ukef ulcan degltmiatedpstavpled with e spscifigserahadiments of asrangement; ofi thenignor

reduci ng reaction w thout producing gas bubbles, to both of the
el ectrol yl(@lange membranes in the present invention, the iontophoresis device (X) having excellent

performance is provided.
A detailed description will now be made about the merits available from the use of
electrolyte solutions containing a readily oxidizable compound or a readily reducible
15 compound, respectively, as the electrolyte solutions.
In the iontophoresis electrode section (1) and ground electrode section (2),
electrochemical reactions take place so that the electrolyte solutions undergo dissociation.
As a result, gas bubbles are produced in both of the electrode sections (1,2) so that the
electrode plates and their corresponding electrolyte solutions are prevented from contacting
20 with each other. For example, H; gas is produced at the negative electrode, and Cl, and O,
gases are produced at the positive electrode.
If such a situation arises, the electric reststances of the electrode plates (11,21)
increase for the gas bubbles so that no current is allowed to flow no matter how much a
voltage is raised. In the case of the above-described transdermal delivery of AsNa”, it is
25 impossible to stably energize for a long time (30 minutes or longer). This is an extremely

i 3
serious problem from the viewpoint of practical utility of the iontophoresis device (X).
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solutions. Described specifically, oxygen or hydrogen is produced when
water is oxidized or reduced. To inhibit these reactions, ferrous
sulfate, ferric sulfate, ascorbic acid or the sodiumsalt the mlza
added as an exanple to the el ectrode conpartnment solutions 1 ? et oﬁyte
solutions). Wen sodium ascorbate is used, for exanple, sodium ascorbate
is oxidatively deconposed at the positive (+) el ectrode, where an
oxidizing reaction takes place, instead of production of oxygen. At the
negative (-) el e : jN ﬁ@@t" | : -

ot her hand, sodﬁ%ﬁrag cor a?ﬁlcﬁgé@ gglkﬁlcstl g[‘y eﬂé]g%%?gg% gést%feig%d %c}it&bﬁ%y
occurren -h . :

pr oduct | aactGh 1B aEERy i#poRaR BT R Rcldy dCoAIRBS; Fr iR OB blates
of ener gi(ﬁlgilfn characteristics. By sacrificially using a substance which
is nore readi1y oxidizable or reducible than water in an el ectrochem cal
reaction (a substance having an.oxidatjon-reductjon pagtential | ower than
t he oxi dati on- F@’d‘ff@ﬁ%ﬁﬁﬁwg’ﬁf?’ﬁ ‘Sd‘fs%f%ﬁf% ﬂ@‘ﬁ{aﬁge’s‘@m?}h'rﬁsé@?%?%@ttg s
descri bed apave, th roducti on.of gas . bubbles in both of t el ectrode
Sectt ons QUISNE neemiFAcan BiPeu SoNGia sen Ut cp oMl Beqdesiariey)
can performnore stable operation. In addition to the above-descri bed
ferrous s‘BH‘]PSP%, ferric sulfate and ascorbic acid, any substance can

obvi ously be used as the sacrificial substance in the present invention
insofar as it Reaeibsdespectically; puygegror hydipgen isrpradered whepiwaterip exidized or

el ectrolytic reaction of water. \Wen sodium ascorbate is used as the

sacri fi cireducsdbsTaiehidit dhese uigactivas fsarous splfate hieri sulfate,oascarbic peik @ote (i)
@02, H2CO3 and the like at the el ectrode (negative el ectrode) where a

r educi ng sodivacsalbriherapfeds pdesk as and example diehther olastcasteh compartrognt  solutions
2,3-diketo-D-gulonic acid and the |like at the electrode (positive

el et r odéslesthadyte salutions)di ¥heg sodmot assnrbatekio sed, forexamplé) sodiont agotubatesis S

el ectrode section (1) in the present invention nakes the conbined use of
t he cati omideketipnizeompoded aatahé pajitine ) blectasdep wherec angilizimgribeaatien takes

place, instead of production of oxygen. At the negative (-) electrode where a reducing

reaction takes place, on the other hand, sodium ascorbate is reductively decomposed instead

of occurrence of hydrogen. As a consequence, it is possible to inhibit production of
15 oxygen or hydrogen gas bubbles which impair the stability of energization characteristics.

By sacrificially using a substance which is more readily oxidizable or reducible
than water in an electrochemical reaction (a substance having an oxidation-reduction
potential lower than the oxidation-reduction potential of water) such as sodium'ascorl;te as
described above, the production of gas bubbles in both of the electrode sections (1,2) can be

20 inhibited so that the iontophoresis device (X) can perform more stable operation.

In addition to the above-described ferrous sulfate, ferric sulfate and ascorbic acid,
any substance can obviously be used as the sacrificial substance in the present invention
insofar as it undergoes oxidation or reduction and inhibits the electrolytic reaction of water.

When sodium ascorbate is used as the sacrificial substance, sodium ascorbate

25 changes into:
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(15) as illustrated in FIG 3. As the cation exchange nmenbrane (13)
selective to ions opposite to the ion species (As) of the active
ingredient in the iontophoretic drug (AsNa+) in the present ip\l,eFF'Ro ﬂﬁit
10 is possible to use NEOCSEPTA (CM 1, CM 2, CW, CM5, CMB or the |kgg
(product of TOKUYAMA CORPORATION). As the ani on exchange nenbrane (15)
selective to ions of the sane type as the ion species (As-) of the active
ingredient in the ionic drug (AsNa+) in the present invention, it i

It 1s
oz o, VoS EOESTR ol s g e B

retaini nqemmrtmg_p(a‘l’g)anhn the iontophoresis electrode section (1) in the

present invention is conposed of a thin nmenbrane body with the ionic drug

retained thereinpyi st at t th nbrane b i,.S 1 Mpregnat e
with the ionic (Hthhf#%C?a}R'ca% |’té|’g'§ll&ego'§6§ﬁ?ﬂﬁ ag@oafnﬁ% 1‘?‘5&?&2‘#‘) gla%tg bed
above, c nvetntiegn%ll¥ kBown i oni.c drugs al{ﬁe ggabl e in the present
i nvent i ortPSAUYEESGUATELWHETE 0 QridiANE reactPn takes PRCP ons.  Typi cal exanpl es of
this type of iqnic.drugs are as nti oned above., In the present invention,
(1) The el ectrdifigt #nd qulﬁngﬁétt‘ enisSEgIORe kldr Hhdhq Pr§sent, dnvention omakegothe
ionic-drug-retainin nbrane (14) '1 4 FFR_ 7009 are conposed of thin
nenbr ane C%B’(ﬁ’i‘ Yietdt tas catin pxpggemembranedd 3 hane His anign exchapggymembratiened
therein, r spe(l:tively, in such a state that the thin nenbrane bodies are
i mpr egnat(ed asiilystrateddn El&ck r ol yt e sol ution and the ionic drug,
respectively. As the thin nenbrane bodies, those of the sane kind or of
di fferent ki ndAsdhe seticncaxebangg membraam{iheeledtive t¢ fammopposite t6 thedat spavées
bodi es to be described subsequent|y herein. The thin nmenbrane bodies wll
her ei naf {&¢) i€ theeastive inatedientdeth iontapberetin drugofftsdym pirethie prevent ineer(tidn, it
there are operation conditions (current val ue,

10 is possible to use NEOSEPTA (CM-1, CM-2, CMX, CMS, CMB or the like) (product of

TOKUYAMA CORPORATION).

As the anion exchange membrane (15) selective to ions of the same type as the ion
species (As’) of the active ingredient in the ionic drug (AsNa") in the present invention, it is
possible to use NEOSEPTA (AM-1, AM-3, AMX, AHA, ACH, ACS, ACS-3 or the like)

15 (product of TOKUYAMA CORPORATION).

The ionic drug (As'Na") retaining membrane (14) in the iontophoresis electrode
section (1) in the present invention is composed of a thin membrane body with the ionic
drug retained therein in such a state that the membrane body is impregnated with the ionic
drug.

20 In addition to sodium ascorbate (AsNa") described above, conventionally known
ionic drugs are usable in the present invention as the ionic drug without any limitations.
Typical examples of this type of ionic drugs are as mentioned above.

In the present invention,

(1) the electrolyte-solution-retaining membrane (12) and

25 | (2) the ionic-drug-retaining membrane (14)
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vol tage value) set fromthe viewpoint of safety to the human skin. The
most i nportant question, therefore, is howto achieve efficient transport
of an ionic drug into the skin 10 (transdermal delivery), thafl ksFFR JNR
obtain a high transference nunber under the conditions which assure the
safety. Fromthis viewpoint, a description will be nmade about the thin
menbr ane body, especially properties of the ionic-drug-retaining nenbrane
(14). In the present invention, for the thin nenbrane bodies for the

el ectrol yjd I 12 n t he nt op or esi

el ectr odeEt gecc%ﬁﬂé%éc?% tﬁh?h?rhgﬁfg%%%c (a e}l%%r obts 38‘“?8‘36& H %’Oﬁécnﬂ%es
i nd of t%tea“'%? e B ERT B Ba SRR {nﬁﬁbﬁ%w e gl are mpregiated
ionic-dru used. In gene .ont ophor esi

(tr ansder‘%’ﬁ{] eﬁl?cﬂfé’%s S‘?q'g“?)‘b?'}d %ﬁ#&l%ﬂagﬁeﬁpﬁﬁg‘feg)h A r’fé‘ ane basties: or
constant yolta condi t escr t| on W II her |naf be made
fromthe \; gﬁﬁts’aﬁ}e lﬂ@&f"ér‘ﬁﬁi& reBtn HI”RS‘Petéel selestide ré@ﬂé’!@ﬁt“%lﬁ?@ﬁbm
conditions present invention is not limted to iontophoresis
unde?P suc’ﬁe‘Eg‘ﬁE?é?ffesctﬁrheé’ﬁﬁcr@éﬁ’\&ib@?thhﬁeWhe present invention,
operation conditions with the above-nentioned safety of the iontophoresis
device (X) takeHheithingnemaanedeadiasivol hexsinaftershe desaribed andataiht cur r ent
conditions, specifically 0.1 to 0.5 mA, preferably 0.1 to 0.3 25 mA, and 1
4 FEB 2006 (2) Koslthedentophrdesis denscentiX); Hhene ears wipemtion @orditiain (sirenhealue,
above-descri bed constant current and are safe, specifically below 50 V,

pr ef er ablvoltagé salugDsey.frdm the diewpbint ef fsafetyetet thy hielainvskin. t fRhei mostampottant
under the above-described conditions, it is inportant for the thin

menbr ane questiees thevefoss; ds doff i aehieveabfificieny titanspoet 6ff an tidréc ideuy intdlrthg skini N
such a state that the thin nenbrane bodies are inpregnated with the ionic

drug0and (alsslerthal deliveryyuhét 8) enobtaini d high tiansfeeense numbert Gidee IR t&MitYons
retaining ionic drug to nove toward the skin under the above-described

el ectri c vwhieh dssuenthiet safotp, FromOthixevieWpbile, a addctiptioh will B&wiude aBBut t%@QHnlnes
of the inpregnatedly retaining ionic drug to nove toward the skin, and in
still membrane body, especially properties of the ionic-drug-retaining membrane (14). In the
present invention, for the thin membrane bodies for the electrolyte-solution-retaining
membrane  (12) in the iontophoresis electrode section (1) and the
15 electrolyte-solution-retaining membranes (22,24) in the below-described ground electrode
section (2), the same kind of the thin membrane body as that which makes up the
ionic-drug-retaining membrane (14) is used.
In general, iontophoresis (transdermal delivery) is performed under constant
current conditions or constant voltage conditions. A description will hereinafter be made
20 from the viewpoint of performing iontophoresis under constant current conditions, but the
present invention is not limited to iontophoresis under such constant current conditions.
In the present invention, operation conditions with the above-mentioned sagty of
the iontophoresis device (X) taken into consideration comprise:

(1) constant current conditions, specifically 0.1 to 0.5 mA, preferably 0.1 to 0.3

25 mA, and
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ot her words, ion-electroconductive (ion-conductive) ability. 10 Under the
above-descri bed constant current conditions, the ionic-drug-retaining
menbrane (thin nmenbrane body) in the present invention should be equipped
with desired inpregnatedly-retaining ability for the ionic drd #68 20080
with ability to cause ion species of a desired active ingredient to nove
toward the skin (hereinafter called ion electroconductivity or ion
conductivity). 15 As a result of many experinments, the present inventors

found that a hi ransf erence nunber (hjgh drug-deliyveri bilit as
great as 70 to (gg‘%)ltt?%rco L &hlcg'a?fe SBée(i)g% ﬁﬁqﬂ’g%h eeﬁbqvﬁ*ﬁg‘ﬁg%ﬁgew&%{t)“m

i npregnation of the ionic-drugsretainin rane with a solution of
the i oni cCUgEfiandsare safe, spegi %@ﬂgPelgUaiog{lﬂﬁgﬁF%E%OWéé&ed construction of
the nmenbrane hodies in_the joptophoresis el ectrode section. (1), in other
words, in the 26 Gsrdas nys‘{lﬁ‘ﬁgft‘g? éonig drugaindss &‘Sﬁg%‘!@c%ﬁ%d)n@ﬁﬂﬁwﬁé
(13), the jaonic-drug-retainin menbrane (14) and the ani on, exchange

menbr ane 1t BEMportant fanihe ship smeapiranedodiss e Bavsrsuffigiont ghiity (orretgin the ienic domg i s
a value extrenely close to the content of water in the cornea of the
huma® eydbabéh a vlats thay the thiamembrane bodiesarp impiegnated with|the iapic drugang@Bo2006
Further, the above-described transference nunber of 70 to 80%is a val ue
of an exbhevesuffitiegtrabiley ¢d casepwrisgregnatedlyiretaming mnicablig td move towerd the
conventional iontophoresis technologies. Incidentally, the measurenent of
a degr ee skin umjer dgrabovedeshibed elettec dehbdeontdathns, Sniothee dvord < lailiaf toecause ion

i npregnation to avoid tinme-dependent influence. Likew se, the neasurenent

of a tr anpéeiesbE cheninmipregnasddiu Fedaibingc donioadragl tdynovertawgidthetskin, and in still
i oni c-drug-retaining menbrane, which has been inpregnated with the ionic

drug, betotk&rvordk)gon-electercohdingive (RARbANRSvE) LBjlitgnd (15) while concurrently
assenbling the other nenbers such that tinme-dependent changes can be

avoigled as muchymfer RS ab&eCdesdibedt condaut Guiént "@nBHiohs) athe tibfic-drug-retaining
above-descri bed degree of inpregnation with the
membrane (thin membrane body) in the present invention should be equipped with desired
impregnatedly-retaining ability for the ionic drug and also with ability to cause ion spe':‘cies
of a desired active ingredient to move toward the skin (hereinafter callcﬂ ion
electroconductivity or ion conductivity).
15 , As a result of many experiments, the présent inventors found that a high
transference number (high drug-delivering ability) as great as 70 to 80%, for example, can
be obtained when the degree of impregnation of the ionic-drug-retaining membrane (14)
with a solution of the ionic drug is in a range of 30 to 40% in the layered construction of the
membrane bodies in the iontophoresis electrode section (1), in other words, in the
20 three-layer structure of the cation exchange membrane (13), the ionic-drug-retaining
membrane (14) and the anion exchange membrane (15).
The above-described degree of impregnation of 30 to 40% is a value extremely

close to the content of water in the cornea of the human eyeball. They are, hence, in a

surprising correlation.
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solution of the ionic drug and the transference nunber of the ionic drug
are used as indexes in the present invention. These are because no index
for objectively and totally evaluating the ability of the t ig @ﬁfbrane
body to be inpregnated with the ionic drug, the ability of h 2006
menbrane to retain the ionic drug and the ability of the thin nenbrane
body to 15 nmake ion species of the active ingredient in the ionic drug,
which is retained in the thin nenbrane body in such a state that the thin

menbrane body is jnpregnated, with the Lonic drug, toward the skin
(ability of i orFusthgb e 8o a‘&sF‘\‘}‘ﬁdy"Whﬁf%ﬂ‘feé‘Hﬁl?ﬁng 70 tt{}*%.%% HVALE of Mexes
whi ch can be used. sybstitutes. for the ree of inpregpatjon and the
transfer e%&'@"ﬁf}'ng@ﬁslﬁ‘éelficﬁm@ WTJ‘ ¢ ep’?’ﬂ@é’?‘? ?’@? e ‘E%e@g‘m"ﬁl ReRhRFRSIShody
(the 20 rF patability, the retaining ability and the ion
conducti\}F%’f’,"%{eﬁere are mcroporosity and transference nunber. As the

i oni c-drug-retaining menbrane (14) for use in the present invention, a
hydr ogel body dﬂcnaegylix, ¢he aeppprementyof; & dpgrae 6§ dnprespasioanspuldabe genducted
exenplified for its high biosafety, as typified by the use of the acrylic
resi® as iBwadiately| afiere dmpregnatisins tacavgid ctimg-depsgpdentminfluease i Likevgsd, thedy
(of "an_internediate form between liquid and solid) having a

t hr ee- di megasugment neff wor Wansferencieumampber ostwuldkeed einductedir by , amanging ' thed
FFR 7nng m xture obtai ned by addi ng water as a di spersant and an

el ect r ol yomcsimistesaiviag (énthrane, whieh has beeh imprdgnetedovittl ihe ibniddoge lbetvesehr ane
allows a current to flow through it as a result of mgration of

di ssoci atthel iomrexcldnge hmembmats @l3) end (bS) awhile. conoureértlyr assembiing tthe othett ur e
obtai ned by inpregnating the acrylic hydrogel nenbrane (which can be

consi der emerhterdeich that niner dependeusciaagesvanbe ansideddsthuchras passilels sol ution of
the el ectrol yte substance can be considered to becone a hi gh-nol ecul ar

adhesi ve mat er ifalshdi fepactedd thit tHenaiove@esdribell tdegrdel 8N impregnation with the
el ectroconductivity). This is because the acrylic hydrogel nenbrane

becones  serfidH oF thesiohie drdgnd Bk eahsfereABhlmhber OF te ibMe HuPiredséE alinlie Rl
penetration of the dispersing nediumand dissociated ion species into the

i TSR Bk e e e U B U
the ability of the thin membrane body to be impregnated with the ionic drug, the ability of
the thin membrane to retain the ionic drug and the ability of the thin membrane body to

15 make ion species of the active ingredient in the ionic drug, which is retained in the thin
membrane body in such a state that the thin membrane body is impregnated with the ionic
drug, to move toward the skin (ability of ion electroconductivity or ion conductivity).

As other indexes which can be used as substitutes for the degree of impregnation
and the transference number as indexes of the properties of the thin membrane body (the

20 impregnatability, the retaining ability and the ion conductivity), there are microporosity and
transference number.

As the ionic-drug-retaining membrane (14) for use in the present invention, a
hydrogel body of acrylic resin (acrylic hydrogel membrane) can be exemplified for its high
biosafety, as typified by the use of the acrylic resin as contact lenses.

25 This acrylic hydrogel membrane is a gel body (of an intermediate form between

-
liquid and solid) having a three-dimensional network structure (crosslinked structure), and a
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network structure in an electrical field. The above-described correl ation
"between the degree of inpregnation of the acrylic hydrogel nenbrane and

t he transference nunber can be easily adjusted by controlling the size of
t he three-di nensional network structure and the kinds and proportions of
nmononers 15 making up the resin. In the present invention, e
hydr ogel nenbrane having a degree of inpregnation of 30 to 339f3§%iamm
transference nunber of 70 to 80% can be prepared from 2-hydroxyethyl

0.5.2) " R ENRAD TR ER ofp TReSSE T of sl SRS ERoh B did P °

avai | abl e r .20 I from Sun ntact Lens ., ktd. I.n the present

i nvent i onl,lk‘{)ﬁg tﬁ%é?@@%grolgﬁ&)wgﬂﬁﬁ?f‘? gﬂo‘gﬁ& FysEent Fgﬁg‘f"e‘h@ﬂ’& ih aBdES W0k
been confirnmed to.Qe substantially the same within the usual thickness
range of PHEURN of Btss‘?%? s %le%re;‘?féwfyﬁ? Shlstanceusingether werdsy sheomixtare use
in the present jnvention, that is, . 1

anot her IOi %?%f*‘&%*’wn?fé%ﬂtwgﬁge Agirhie Byrogel snembyang Guhich cambe gansidered to be a

i nvention,, 25 there is a segnented pol yuret hane gel menbrane (CGELLODETM
prodct oficTepareusngetanembrane) with an aqugems solugoriof sherelatiralyte substancesgneiet ed
pol yur et hane gel menbrane, which contains polyethylene glycol (PEG and
pol ypr opydassidergd e decqmpa)highs modsgrianaghesing arsribleeuipped ovitic o dondoetivigs e
nononers and diisocyanate. The segnented pol yuret hane gel nenbrane has a
t hr ee- di nitomsiedestiocendugtivity)e This ds olsshusek et hayrylic ehydrogel barebramen Beddrtes
degree of inpregnation, transference nunber and adhesive force can be
easi | y adjondu@ivelty iomn(elatibtorgluttive ®i iors)ods ® psalt i pendtrdiion dTahewdisers

t he proportions of the nononers, as in the case of the above-describe

acrylic hyetfimgednd dissobiageddon specidden®efisehvcedimeisionbehdwork SChighBERIME
(m croporous gel nenbrane) added 10 with water as a di spersion nedi um and

an ed ect rohkint éin b chlicchydaseh icthbran@bad nsighatioR of thE ion species through the

in arange of from0O0.1 mmto 1.0 nm As

network structure in an electrical field.

The above-described correlation between the degree of impregnation of the acrylic
hydrogel membrane and the transference number can be easily adjusted by controlling the
size of the three-dimensional network structure and the kinds and proportions of monomers

15 making up the resin.

In the present invention, an acrylic hydrogel membrane having a degreé of
impregnation of 30 to 40% and a transference number of 70 to 80% can be prepared from
2-hydroxyethyl methacrylate and ethylene glycol dimethacrylate (monomer ratio: 98-;9.5 to
0.5-2).  Such acrylic hydrogel membranes (microporous gel membranes) are available, for

20 example, from Sun Contact Lens Co., Ltd. In the present invention, the degree of
impregnation and the transference number have been confirmed to be substantially the same
within the usual thickness range of the acrylic hydrogel membrane (microporous gel
membrane) for use in the present invention, that is, in a range of from 0.1 mm to 1.0 mm.

As another ionic-drug-retaining membrane (14) for use in the present invention,

25 there is a segmented polyurethane gel membrane (GELLODE™. product of Takiron Co.,

Ltd.).
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| i ke), oxygen atons of ether bonds in a segnment-form ng polyether and the
al kali nmetal salt fornms a conplex and, when electricity is applied, an
ion of the netal salt noves to the oxygen in the next void ether bond so
that conductivity (ion electroconductivity) is exhibited. ‘Iﬂemgt Zédﬁy,

t he segnented pol yuret hane gel nenbrane (m croporous gel 15 n IS
used as a gel pad for ultrasonic diagnostics by making use of its
conductive (ion electroconductive) property. The segnmented pol yuret hane

0y T 5. GRS L VBRI M AR A i
copo. YTebolg WAl TGS (PR AT e eRoFEIIOL e AL SR AL ReBECT,

present inventjon n_ ion-condyct.ive m croporous sheet for the formation
of a gel pﬁoldﬁgeds%?rmﬁeéf WPEFV@@? digeyandie i e, as a gel-like solid

electrolyte sheet in a solid ce|ll (secondary cell) is useful.

| on- conduct i veﬁaﬁ‘? éF%)‘BB‘FtB‘ﬁsoogﬁ'é e gel; megl%f%f‘ﬁeﬁ%ﬁ é '&f@c‘f‘ﬁ@éﬂ?“aﬁ oftrusRiEepl e,
in JP-A1 %@34 2, and are basical I% forned of a_ m croporous polymer
haviPng aCi98vieked Py direthane bongs, and ity degims M dmpegpakieny tpansieance pumbenand
acrylonitrile polyner. 14 FF8 zoos Mre specifically, the nicroporous

pol yner adhesive dercy Cambe ¢4sily adivpit prrsentrelting theesizeatf apenings i the oetwesk end
(preferably 70 to 98 nole %9 of acrylonitrile and having a porosity of
from 20 the [Bopertighseofitheymomamers) & mathedhasgyef thei dtmvedesalibed actytiol hydeogeheet
(solid cell) is prepared by 5 inpregnating an acrylonitrile-based -

copol ymememhswe, which is soluble in a non-aqueous solvent and has a
porosity of 20 to 80% w th an el ectrol yte-contai ni ng non-aqueous sol vent
to formthe comothysegmahetpolyutethaae gel mefmbtanb ¢alicespoirosd ged enegebrahe) eddéddi es
and hard nenbrane-like bodies. Fromthe viewoints of ion conducfivity,
safiety awithtwiger dsleedispenstom etedludniahd b e}ebta@gd sub§lafce@h ¥ikali redigiedaltsplthidl e
in the non-aqueous sol vent can preferably be conposed of an

acryl oni likd)| &x{ygén @fond df\ethel HBhMY A $ehitieft- foRRRIgY By ethet @il tRNAlkAl Inefay sdly |
acet ate copol yner,

forms a complex and, when electricity is applied, an ion of the metal salt moves to the

oxygen in the next void ether bond so that conductivity (ion electroconductivity) is
exhibited. Incidentally, the segmented polyurethane gel membrane (microporous gel

15 membrane) is used as a gel pad for ultrasonic diagnostics by making use of its conductive
(ion electroconductive) property.

The segmented polyurethane gel membrane (microporous gel membrane) is free of
irritation to the skin and is a substance having high safety, because use of PEG-PPG-PEG
copolymer, which make up the segments, as a cosmetic ingredient has been approved.

20 As another ionic-drug-retaining membrane (14) for use in the present invention, an
ion-conductive microporous sheet for the formation of a gel-like solid electrolyte, for
example, as a gel-like solid electrolyte sheet in a solid cell (secondary cell) is useful.

Ion-conductive microporous sheets of this type are disclosed, for example, in
JP-A-11273452, and are basically formed of a microporous polymer having a porosity of

25 from 20 to 80% and composed primarily of an acrylonitrile polymer.
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acrylonitrilel/styrene copolyner, acrylonitrile/vinylidene chloride
copolynmer or the like. To formthe copol yner sheet into a m croporous
sheet, conventional processes can be adopted including thef EE éd%
paper maki ng process, the needle punching process as a 15 produg i
process of non-woven fabric, the water jet process, and formation of a
nmel t -extruded sheet into a m croporous body by stretching or sol vent
extraction. Anong the ion-conductive m croporous sheets of

acrylonitrile- ed copel r enployed in.solid cells, gel .bodie

(i ncludi ng gel -11°%K% Sr?S%ﬁ&%Ezn@’ehg}‘ngm P8 PRIV i8S §n aé:éY:lﬂm f‘%ﬁ?&fﬁymer
retains an ioni in,a three-di sional _ne k_.of polyper chajns and
20 can ac‘fﬂ"éRPé‘eiﬂggggwilfg%o%ré’&(?rieggr&hg%}‘ g@ t‘blf)S FW#)‘?V\pé'éﬁgﬁ?%ﬁ’“ém}eac“p ¥gdence
nunber are usefLiJ aa th'& menbr ane bodi es, and each of which can serve as
a base foPorPﬂg‘?thﬂ“&-QiI‘?Jg-l/"et ai ning menbrane (14) in the present
invention. As to conditjons under which the above-described thin nmenbrane
body (i cr opor Hifsaggaonitalethasete gel-ike slidegjactradvie wheat (solidl ¢abldiis peppargddry t he
el ectrolyte solution 25 in the present invention, optiml conditions can
be dét er ninsesmatiagnan srylpritiebasedodopalymes she, 2 Wespluble of ai noprageats on,
an i npregnation speed and the like. For exanple, inpregnation conditions
of 40C anwl @t aadhbesesparasityld 20110 86%, with anletecprolyse odntainingmoh agueatd sblvest

t hi n menbrane bodi es each of which is useful as a base for the

i oni c- dr ug- foemathei copolyerdorsheet (pista geln Gel bsdids fiviudehgeltlikienbadigsbamh dakiody
5 which serves as a base for the electrolyte retaining nenbrane (12).

These t himememhe-ikebddiehl es permt, in an electrical field efficient
m gration of ion species dissociated in the electrolyte solution with

whi ch the menbriass the dewipsintFHies beddedtivitVsaretyt Mdtthelilod ehetacpssitrilbedsed
techni cal construction of the iontophoresis electrode section (1) of the

i oniephor@spoFntke Whe& doXibl@ s el bl a§iobld QORERSEAN plefet S8} I RNcorRSose® Bradned
10 to the transdermal delivery by conventional iontophoresis devices, the

e T T e I A
obt ai ned-acrylonitrile/styrene copolymer, acrylonitrile/vinylidene chloride copolymer or the like.
To form the copolymer sheet into a microporous sheet, conventional processes can be
adopted including the wet (dry) paper making process, the needle punching process as a
15 production process of non-woven fabric, the water jet process, and formation of a
melt-extruded sheet into a microporous body by stretching or solvent extraction.

Among the ion-conductive microporous sheets of acrylonitrile-based copolymers
employed in solid cells, gel bodies (including gel-like bodies and hard membrane bodies)
each of which retains an ionic drug in a three-dimensional network of polymer chains and

20 can achieve the above-described degree of impregnation and transference number are useful
as thin membrane bodies, and each of which can serve as a base for the ionic-drug-retaining
membrane (14) in the present invention. N

As to conditions under which the above-described thin membrane body

(microporous gel membrane) is impregnated with the ionic drug or the electrolyte solution

25 in the present invention, optimal conditions can be determined from the viewpoint of a
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Descri bed specifically, owing to the above-described technical
construction of the iontophoresis electrode section (1), stable

energi zati on properties can be obtained over a 15 long period of tinme. In
other words, the ionic drug can be efficiently delivered intd 4”?%? @m
stably for a long period of tinme through the skin (4) (drug deIiVerg Yol
is also possible to prevent formation of a harnful substance through

el ectrolysis in the electrode section, that is, to achieve a high |eve

of bi osaf , xt.. wth reference to Fl vk copstruction of the

ar ound. o S5t BE MhereBhebitn, Sb 1 RERroR sbred aif we ffkgael o TR Hmreshation

i ont ophoresi s. devi cording to the present invention wll be

descr i bed?or‘gﬂsflotné okﬁ@"(‘é?é%g@mm%g %Ynlieo%‘%‘?“esi s technol ogy which realizes
st abl e energi zat?i‘gn properti.es and bi osafety has_been proposed. This is
probabl y becaust R 8reSEH R R RIoVERHBEHBiase bodies each b M diis yseful 25 a
devel oped under a sinplistic concept of the construction 25 of the ground
el ect r odebasedpr B¢ ippigtdryg-retainiag mgmranerfi4 opn tbe used &) the thin meambiangybody 4
FF1 2Png This observation is affirned in view of Japanese Language

Lai dSopenwhishlsetas pom bageHomyhendectraisite B:t&0iag48smbrPrer 1030 9BheRd thamahembrane
JP-A-04197277 to which this application is related, which were described
above undexdiBapérgntpumdn/electricat feedidliefficdent tmigtadtienadfoioe-spedes dissatiated in the
construction of the iontophoresis electrode 5 section (1) in the

i ont ophor destsolyte solatior Wjth wihivh the aembiank budypisiitpreBadied| so adopted, in
relation to the overall construction of the device, a novel technical

construction foDwidgeto the sbove-debeibled @sthniz@iCdonSiudtidh of Y ihtobRordiif EREREe
fromthe conventional technical. construction, fromthe viewpoint of

per m t ti ngcabmbl)@fakioRiocphbrbik Aevieé é)@ﬁadc@fﬂ'iﬁg £ 148 ptQEntan!fion PR doathafld
time at a high transference nunber (high efficiency) by iontophoresis and

al sqpobt ationtih@gra%sde}ﬂalhjié]ﬂe%e!f%:ccomen'ﬂ:bﬁa?qaﬁ’fbghoreﬁs abaun i f(f))lrgé %@ daf%e

ground el ectrode section ( t he i ontophoresi s device ording to

the pr eset%nshé}ﬁﬁﬂyidgﬁvérﬁdeﬁg?’lzto‘/bﬁ% ﬁ)‘ftgf}f aq&l%? f%ti%tart 9qfeHt Ahfisrérede rﬂ);mbaer,

polarity opposite tot ctrode e I'n the 1 ontophoresi

el ectr Od%n%%éﬂep Biogti]f):ty chiiBe obtained.

Described specifically, owing to the above-described technical construction of the
iontophoresis electrode section (1), stable energization properties can be obtained over a
15 long period of time. In other words, the ionic drug can be efficiently delivered into the body
stably for a long period of time through the skin (4) (drug delivery). It is also possible to
prevent formation of a harmful substance through electrolysis in the electrode section, that
is, to achieve a high level of biosafety.
.Next, with reference to FIG. 3, the construction of the ground electrode section
20 [positive (+) electrode] (2) of the iontophoresis device (X) according to the present
invention will be described.
Up to the present, no iontophoresis technology which realizes stable energization
properties and biosafety has been proposed. This is probably because the conventional

technologies of iontophoresis were developed under a simplistic concept of the construction

25 of the ground electrode section that it is arranged merely to establish grounding.
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el ectrol yte-sol ution-retaining nmenbrane (22) arranged on the front side of
the el ectrode 15 plate (21), and the ion exchange nenbrane (23) arranged
on the front side of the electrolyte-solution-retaining nenbrane (22),
that is, on the side of the skin (4) and selective to ions Jo@dpBERt nho
charged ions of the ionic drug. It is a significant characteristic feature
unseen in the prior art that in the iontophoresis device (X) according to
the present invention, the ion exchange nmenbrane 20 (23) is indispensably

arranged in th round el ectrade sect.ion(2) so to hejghten hj posafety.
T e ont oph oL PEHalPEE (R Red Fovav Ry ThoAehaLpratel e dbications
electroly | uti.on_| h I rol.yte-sol ution-retaining. nmenhrane (22)
of the. o B SEBsuBalclb RefPhy PR A S o B s REc Aoy oo
substance, the oxjdation-reduction potential of which is |ower than the
oxi dat i orfehisduwhich wepe desgtibes| abgye yadep BackgrqundiAig 25 above- descri bed

el ectrolyte solution in the electrolyte-solution-retaining nmenbrane”(12)
of the iontophdhexidiion o theoakoveedessrihgd (constrpgtiom efh they joatgpbpresis oflectrode

bi osafety and stable operation 1 4 FEB 2006 for a long period of tinme. It
is abso aeetign(l)iinathe batopheresis dgvice {K)i thet pisbent esventide lias ealgoxpdopted, in
provi ded with high added value by arrangi ng the ion exchange nenbrane (23)
in the grelation teltler oveadlk copstiuiction (Of theadevied, so nowel ftechmical) comstruetier forothgt e
solution with the above-described readily oxidizable or reducible

subst anc graddiedectiode séation $2)Asvhibdis diffecent froh the cBnventiondh eechhicsalt consipaddione nt
of the present invention, when an active ingredient of an ionic drug such

as sodi ufrozs Rl Hewpoiasf Péamjtting stable agehitteatidadTtah ihic drig fot Ao RGiodaste
plate (21) in the ground el ectrode section (2) of the iontophoresis device

(X) beconmse goshigh\tfantfeencé REmBEEGH m&ien%gluy_tib%ph&eéibend also obtainingla
el ectrolyte-solution-retaining nenbrane (22) is conposed of sane 1:

m xegl aq%@vagfyfbgga of 1IMlactic acid and | M 10 sodium funmarate as in
t he i ontophoresis elecyrode section (1), and the ion exchange nenbrane

(23) is conposed Ghwa indtOR ﬁigcgg{ﬁgga@a eNaBtign ?tol??hé)fo‘ﬂ RbresVdePiceON:

the electrolyte solution in't trolyte-solutron-retalni ng menbrane

(22) of iR 0PHAY tE IR PreRGnv&ftioh WedrétruGd o e electrode plate (21) of a polarity
opposite to the electrode plate (11) in the iontophoresis electrode section (1), the
electrolyte-solution-retaining membrane (22) arranged on the front side of the electrode

15 plate (21), and the ion exchange membrane (23) arranged on the front side of the
electrolyte-solution-retaining membrane (22), that is, on the side of the skin (4) and
selective to ions opposite to charged ions of the ionic drug,

It is a significant characteristic feature unseen in the prior art that in the
iontophoresis device (X) according to the present invention, the ion exchange membrane

20 (23) is indispensably arranged in the ground electrode section(2) so as to heighten biosafety.

In the iontophoresis device (X) according to the present invention, the electrolyte
solution in the electrolyte-solution-retaining membrane (22) of the ground electrode
section(2) may be composed of one containing a substance, the oxidation-reduction
potential of which is lower than the oxidation-reduction potential of water, like the

25 above-described electrolyte solution in the electrolyte-solution-retaining membrane (12) of

-
the iontophoresis electrode section (1), from the viewpoint of biosafety and stable operation
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conposed of physiol ogi cal saline which as nentioned above, contain3 a
readily oxidi zable 15 or reduci bl e substance, for exanple, ferric sulfate,
ferric sulfate containing ferrous sulfate (an equinolar solution of both
sul fates), ascorbic acid or sodium ascorbate. The adnini stratjolkp BB 2086 of
the ionic drug by iontophoresis, which was explained with reference to the
i ont ophoresis device (X) shown in FIG 3, was in the case of sodium
ascorbate (AsNa+) that the active ingredient of the ionic drug is charged

negative .. 20,(-) as,descri bged above. en en the active ingredie of an
oo dof e s BERRE: - fion ARy Sieniichll 5" dieliné Rblopetsf densr 0O R
the present .i,nvenii on. | es of 1onic drugs, of this t ose active
e oo orrevidft vtk i agar Wue By Sirangih the far ks MR TRIRCILM (BF BHdng

| i docai ne hydr,ochloride as . local anesthetic drugs. .25 The polarities of

t he i ndi Restere sgctiop K%d@%’%& ¥ fqrinng the elgeir yﬁ%g‘?lbtho‘b%théhgébwﬁr®§€meﬂes
of the ion exchange nenbranes%é13,15,23 must be nmade opposite in this

case 1 4 regddy mymizabls or medusible wibpanasiaddeibessin.t i es and i on exchange
properties in the above-described case in which sodium ascorbate (AsNa+)
was admi ni st er &, depirsed inFiGord; dn theulirst kmbedimishteofoibs ipréseat invyntion, when aas
descri bed above, the features of the present invention can be easily
under st oadtivgyingeddiany ofian iomfcedrug suctf asovpdiuime aschrimbeofAsNiE S or ¢Haaxd da megative

whi ch sodi um ascor bat e chargeabl e negative (-) was adm ni stered. As the
above- deg9y thevedeqmde plaso (R19 en ¢18) grohndvalectnodel séctidn () dFltke ioBtophosesis aleeice
source can be used as desired in the present invention. In the present

i nvent i oifX) ebeceinks pasitioagtynthev elettagptegsuhationt ar the eteetidlydertolGtivn-Redining
generator (gal vanostat), a constant-voltage and constant-current

gener at oimenibiraiid@2) iskdnipasedisf shtheUSEchixedl dqgheousdokitiof @81 ME1attd acidhid 1M
shows the nodification of the iontophoresis device (X) according to the

fireg embdidinmatharhle! &5 tid ahedontBphdrésis lecHbde BecRAC(H)] Gad lthe USE extidhgk ON
exchange nmenbranes, i.e., a cation exchange nmenbrane (23) and an anion
exchange nigxbaRN23 [ i$ 2dmPHsel HE aThiéh Sichdhge membrane.

In the present invention, the electrolyte  solution in  the
electrolyte-solution-retaining membrane (22) of the ground electrode section (2) can be
composed of physiological saline which as mentioned above, contains a readily oxidizable

15 or reducible substance, for example, ferric sulfate, ferric sulfate containing ferrous sulfate
(an equimolar solution of both sulfates), ascorbic acid or sodium ascorbate.

The administration method of the ionic drug by iontophoresis, which was
explained with reference to the iontophoresis device (X) shown in FIG. 3, was in the ;se of
sodium ascorbate (AsNa") that the active ingredient of the ionic drug is charged negative

20 (-) as described above.

Even when the active ingredient of an ionic drug is charged positive (+), it can be
administered likewise in the present invention.

Examples of ionic drugs of this type whose active ingredients are charged positive
(+) include procaine hydrochloride and lidocaine hydrochloride as local anesthetic drugs.

25 The polarities of the individual electrode plates (11,21) and the ion exchange

properties of the ion exchange membranes (13,15,23) must be made opposite in this case
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ground el ectrode section (2). 15 In FIG 4, reference nuneral (24)
“indicates an electrolyte-solution-retaining nenbrane which is simlar to
the el ectrolyte-solution-retai ning menbrane (22) in the ground el ectrode
section (2) depicted in FIG 3. The nodification illustrated i h 4~FER 2006s
effective in preventing the skin troubles which may otherw se occur

t hrough the el ectrochem cal reaction on the side of the ground 20

el ectrode section (2). OMng to the arrangenent of the ion exchange

menbr ane illustrated . .in.FIG, 4, specifically owing to the enbodi nent
that  t ho © P FRTFSBodnE bRlarites Ak eX(haage BIOPERiesin therabAve-ggisebed: pase n
arranged qn the side of the_iqntophoresis electrode section (1) and the
two ion éfauﬂ’a%’&é‘"hﬁ?ﬁ s™Nm) way adgpinigierader ent t ypes are arranged on the
side of the ground el ectrode section (2), only As" are fed to the human
skin (4) from teensan ienigdreg chargeabl posipive (95 dsed) as descaibied sleavei the featyres onl y
Na+ are fed fromthe side of the ground 1 4 FEB 2006 el ectrode (2), and no
ot her sule§tthpqusseat énysntien icenl bey eastly. umdsrstoorb diyf ineking oan infeeened draam thes
extrenely high biosafety. Exanples 5 <Experinent by equival ent

expédr i neabovegdescnibedreaset in whicht sodmnuasserbatetchargeatilé hegativer@)lwapadminiseexgkr i ment
I n which sodium ascorbate (AsNa+) was experinentally adm nistered as an

i oni ¢ drug by Wsithe aboyeddsontbedapowes gouaEB) stean naFIEnt]l tooFIG 3, agipower

construction di agram of the iontophoresis device (X) as illustrated in
FIG 4. 316urBycaxiparsedresdesiradiih the preseminventienxperi nents to be descri bed
subsequently herein, it will be appreciated that the iontophoresis. device

(X) according T thehprepent aventivn Ve REll, 0 colstdht voRAEIESIEF brY a0&@nktBi-cuidFent ONi C
drug at an extrenely high transference nunber or at high efficiency. 1.

Exper i megénergorpdlvanssiat), krohtent-wltage ddteconstaf@iricht SerReHt G TbPthe 1IRE can be
experi menting equi pnent equivalent to the ~
10 used as the power source (3).
FIG. 4 shows the modification of the iontophoresis device (X) according to the first
embodiment illustrated in FIG. 3, which specifically uses two ion exchange membranes, i.‘e.,
a cation exchange membrane (23) and an anion exchange membrane (25) on the side of a
ground electrode section (2).
15 In FIG. 4, reference numeral (24) indicates an electrolyte-solution-retaining
membrane which is similar to the electrolyte-solution-retaining membrane (22) in the
ground electrode section (2) depicted in FIG. 3.
The modification illustrated in FIG. 4 is effective in preventing the skin troubles
which may otherwise occur through the electrochemical reaction on the side of the ground
20 electrode section (2). Owing to the arrangement of the ion exchange membranes as
illustrated in FIG. 4, specifically owing to the embodiment that the two ion exchange
membranes (13,15) of different types are arranged on the side of the iontophoresis electrode
section (1) and the two ion exchange membranes (23,25) of different types are arranged on

the side of the ground electrode section (2), only As™ are fed to the human skin (4) from the

25 side of the iontophoresis electrode section (1), only Na' are fed from the side of the ground
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i ont ophoresis device (X) shown in FIG 4. The reference nunerals and

|l etter of the experinenting equipnent will be explained as follows: (1)
Ref erence nunerals 11, 12, 13, 14, 15, 21, 22, 23, 24 and 25 e He @Sma
as in 20 FIG 3 to FIG 4. (2) The elenents (11-12) in the i ntgg oz is
el ectrode section (1) and the elenents (21-22) in the ground el ectrode
section (2) were constructed by using platinum plates as the el ectrode

pl ates, using a 1:1 aqueous solution of 1 Mlactic acid and 1 M sodi um
fumarat e ;s an el ectrolyte solution in both of the iontophoresis electrode
section (e§ctrogs (2),andjnepiher sibstancesaee praetiqally fed2) Thimmadification, therefare, has
electrolyte solution stirrable. 1 4 FEB 2006 (3) As the cation exchange
nmenbr aneseX{remelyighbigsafetyon exchange nenmbranes = (15, 25), NEOSEPTA CVB
(cation) and NECSEPTA AMX (anion) (products of TOKUYAVA CORPORATI ON) were
used, respectively. (4) As a thin nenbrane body for the

i oni c-drug-retaining nmenbrane designated at 5 reference nuneral (14), the
above- desExdamplds acryl i ¢ hydrogel nenbrane (product of Sun Contact Lens
Co., Ltd.) was used. (5) As a thin 'nenbrane body for the

el ecdr ol ytExpeoment iyrequakknnéxpgrinentirgesgeipnibast gnat ed at ref erence nuneral
(24), the above-described acrylic hydrogel nenbrane (product of Sun

Cont act Lens CNextla dlejcrifidn Usitldbe aidde ah i expiriddnt @h Wiicts 9bditimOsscodate 9%
10 aqueous solution of NaC was used. (6) Reference letter A designates a
ski n- si m{ARINATY W& Qxéé‘rhﬂé’ﬂ@ﬂ[}) a0hiisiStefldMad BHne Sonié NBrug Kby, usdpd ekpeimbahih
was filled with a 0.9% aqueous sol ution of NaC . Upon conducting an

exper i mendquipnit@it 84 @EVEBALSto( LB ' Gt i i

section (1) and tg‘g eleetsrrtr(s)ntli:ll §b%§2?%é§%nggt)ﬂ¢§a%ﬁg{ %Sﬁﬁﬁg?%oéggsggéeﬁg%)i %Sn(Z)
were put jdspratdatif Fi@gt£9ral structures, respectively, and assenbled in the
experinment equipnent. In the present invention, the above-described

forggtion of thgy OEEhRefts' Al Lohpratill EYeiments td He'eStibed subsequently herein,
it will be appreciated that the iontophoresis device (X) according to the present invention
can transdermally deliver an ionic drug at an extremely high transference number or at high
efficiency.
1. Experimenting equipment
15 FIG. 5 is the schematic diagram of the experimenting equipment equivalent to the
iontophoresis device (X) shown in FIG. 4.
The reference numerals and letter of the experimenting equipment will be
explained as follows:
(1) Reference numerals 11, 12, 13, 14, 15, 21, 22, 23, 24 and 25 are the same as in
20 FIG. 3 to FIG. 4.
(2) The elements (11-12) in the iontophoresis electrode section (1) and the
elements (21-22) in the ground electrode section (2) were constructed by using pL:tinum
plates as the electrode plates, using a 1.1 aqueous solution of 1 M lactic acid and 1 M
sodium fumarate as an electrolyte solution in both of the iontophoresis electrode section (1)

25 and ground electrode section (2) and making the electrolyte solution stirrable.
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can be effected by a conductive adhesive, heat sealing or the |ike. 2.
Experinenting conditions 1) Current value (constant current): 0.3 mA 20 2)
Variations in voltage value (fromthe initial constant vol i a,gi. éa%heés
30V): 0.8 to 1.2 V 3) Energized tine: 15 mnutes to 35 mnute E8.
Experimental results and discussion The amount (mcron nol) of ascorbic
acid in the skin-simulating bath (A) 25 subsequent to each predeterm ned
energi zed tine was investigated. The results are presented below in Table
1. 1 4 FEB 2006 i) lélﬁi s .appreciated from Table 1 that the anount of
ascorbic aci d tHAiAs thsQ3tian exehangg membranes {13.23) Bad Aniop)exchange aerabranesh
the energjzed tinme. 2) After energization at 0.3 mA for 35 minutes, the
percent tilarfdeMEHIRE % d(cation)h and x NESHHRT A 4MX t frmion) s (predséts Sof
(Note) The termtransference nunber neans a Hittorf nunber, and which

i ndi cat es] PR YAMALORFORATION)wvere nsedofespemtivelfi ¢ i ons, which is

determ ned based on novenent of specific ions, based on the whole current

f1 owi ng t hr ougH4aAsal bt membraee body fardhe iofi-drig-retainifipgemembraht degighated at
electrons is the sane as the nunber of npbved ions, the transference

numbr  cawfepence etarerdln(@d), hiye abdverdestritied dchgicOhambgel ¥n@hbrhe Girbilidt fof Sun
nanely, the nunber of 10 electrons. A theoretical calculation fornula for

- the trandansndendobhertd ) wacxdedessed by: M (cal cul ated value) = (I1t)/(F)
M Mol ar nunber of flowed ions F (Faraday constant): 96500 C 15 I:
Quantity of el s} AsCh ttiin( em®PRR" Kody For thECdIEiRHe-SbITRol-PRSRMES embrane
designated at reference numeral (24), the above-described acrylic hydrogel membrane
(product of Sun Contact Lens Co., Ltd.) was used, and as the electrolyte solution, a 0.9%
10 aqueous solution of NaCl was used.
(6) Reference letter A designates a skin-simulating bath (chamber) which simulates
the skin, and that bath was filled with a 0.9% aqueous solution of NaCl.
Upon conducting an experiment, the elements (13 to 15) in the iontophoresis
electrode section (1) and the elements (23 to 25) in the ground electrode section(2) w;e put
15 into integral structures, respectively, and assembled in the experiment equipment. In the
present invention, the above-described formation of the members into the integral structures
can be effected by a conductive adhesive, heat sealing or the like.
2. Experimenting conditions
1) Current value (constant current): 0.3 mA
20 2) Variations in voltage value (from the initial constant
voltage values 30V): 0.8t0 1.2V
3) Energized time: 15 minutes to 35 minutes
3. Experimental results and discussion
The amount (micron mol) of ascorbic acid in the skin-simulating bath (A)

25 subsequent to each predetermined energized time was investigated.

The results are presented below in Table 1.
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3) According to the experinental results under the operation conditions
~(current: 0.3 md) set fromthe standpoint of biosafety (safety to the
skin), transference nunbers by the iontophoresis devices preivi,*oirlgéy
proposed by the present inventors [see 20 JP-A-2000-229128, 2006
JP- A- 2000- 237326 and JP- A- 2000-237328; And these previously proposed

i ont ophoresis devices | acked the idea that the elenents (nenbers) be all
formed into thin menbrane bodies] were as | ow as about 50% even after a
long tine (45 minutes |ater al t hough the constant current was set at |

mA. The above- dédtisiappeeciatedfEorarlahlecl thatthseamaynt ghascarbiopeid that reachedsthe
present invention is, therefore, far superior. 25 4) The pH of the

ski n- si mekdrsimylatieg bath &) inarsasediwithcthe gpergiseditime. ) at the energi zed time
of 0 mnute, and remai ned substantially unchanged even 35 mnutes |ater.
This is an 1 4 2rPdtepeosgizaiiematdh® o farf3baninuieh, thé perserttttansforeneelwhs faund use
of the ion exchange nenbranes on both electrode sections (1,2). Table |
Anpunt ofto &s estrésnely highgthatist8086.ski n- si nmul ati ng bath (A) Energi zed tinme0

m n1l5 m n20 m n35 mn Amount of ascorbic acid in the skin-sinulating bath
af t €¥ 0. 152. 133 (Bbte} The hermgranaferame oinbeomeans|a) Hitomupeter, aad tvehicindhates ki n>
Usi ng an iontophoresis device (X) of the construction shown i.n FIG 4,

i ont ophorths percextpgy of e Rufrertt sfadpeeific ohs, Glﬂiii:h/_ﬁr deterriifsd HRRE oh MBVénaftgfal |y
conducted on the skin of animals and the skin of human vol unteers. As

base menmspedifes idnef baked bfNhe wHblétuiheflowing tHRNRR Al %ecBONte solution. As the
el ectrol yte-sol ution-retaining nenbranes, the “above-described acrylic

gﬁ rog tel Bgﬁigb%gp %ﬁegl %Ié&mg?!‘»e Qsdgmeeggdmm‘ﬂ{ea&ﬁﬁaer(&f RV on8] the! tifhsfrhce
number can be determined by calculating the quantity of electricity, namely, the number of
10 electrons.
A theoretical calculation formula for the transference number is expressed by:
M (calculated value) = (I't)/(F)
M: Molar number of flowed ions
F (Faraday constant): 96500 C
15 I: Quantity of electricity (A: ampere)
t: Energized time (seconds)
3) According to the experimental results under the operation conditions (current:
0.3 mA) set from the standpoint of biosafety (safety to the skin), transference numbers by
the iontophoresis devices previously proposed by the present inventors [see
20 JP-A-2000-229128, JP-A-2000-237326 and JP-A-2000-237328, And these previously
proposed iontophoresis devices lacked the idea that the elements (members) be all formed
into thin membrane bodies] were as low as about 50% even after a long time (45 minutes
later), although the constant current was set at 1 mA. The above-described transference
number of 80% according to the present invention is, therefore, far superior.

25 4) The pH of the skin-simulating bath (A) was acidic (pH about 6.) at the energized

time of 0 minute, and remained substantially unchanged even 35 minutes later. This is an
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(1) Experinenting equi pment An iontophoresis electrode section (1)~
connected to a gal vanostat 15 (constant-current generator) was constructed
by bringing into close contact an anion exchange nenbrane (15), an
ioni c-drug-retaining menbrane (14) inpregnated with sodium pdcPERapgms( 100

™,
menbr ane (12)

a cation exchange nenbrane (13),

an el ectrol yte-sol ution-retaining
i npregnated with an electrolyte solution conposed of an

equiratio solution of I Mlactic acid and 1 M sodium funarate, and an
electrode plate (11).in this order as 20 viewd fromthe side of a

ski n- cont a@‘taf‘f?éeé‘{fr%f&ebw%éﬁ s Rt fo ﬁ’ﬁrﬂﬂ? o therigh schepat fegtbeanes opitodh
(2) was constructed by bringing into close contact a cation exchange
menbr ane Bl8g1ode sgetiams b2} ol vt e- sol uti on-ret ai ni ng menbrane ( 24)

i npregnated with the above-described electrolyte solution, an anion
exchange fane (25), an electrolyte-solution-retaining -40 1 4 FEB

2006 nenbrane (22) i

sol ut i on, Ametntef astebicrasiddn the skinesif

A

Bl L

regnated with the above-described electrolyte
Injing bathlgAy or der as vi

1) af—+ kh

ewed fromthe

si de of
ground e

¢ ntacttng—surfac
%@ L&cti on (2), a

)
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] +. <l
-CCTT UUT
1%

TN po

are—(
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to exhib
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t the function of the e

(22). Fuytkesimyatingndudathye gdter
00" ¢ O i B BT ABOCT S

(23), at|said’s

Cl dent al Ty
ectrol yt 4

Addasoni g
N a surfa

 this el
p- sol uti on
21160, pro
wce of the

el ectrod

ecirodeé g
-retainin

i on exch

dugt of P&Rer

b section

(2) to &

SO 5 S¢
g menbr al

ange ment

br ved
e

Dr ane

e brought

contact wwth the skin surface,

ExpePi menting procedure 10 A col or devel oper reagent,
t he devel opnent of a color with tine
YRETEGALs OAIBR8KIBT eci pi t ati on of formazan (red

ascorbic

to inprove the conductivity.
which intensifies
under the reducing action effect of

col

(2)

or), was

into

intradermal |y injected beforehand. Dependi ng upon the extent of color

devel opnent, t Hésingnamppetopkeresiefderine 6X) aafc thebiconsimictiomeshosmt én nklGed4,
Enpl oyed as the col or devel oper reagent was a sol ution prepared by
di ssol vi ngntophoresis experiments (transdermal delivery experiments) were actually conducted on

the skin of animals and the skin of human volunteers.

10 ionic-drug-retaining membranes

and electrolyte-solution-retaining membranes,

As base membranes for

the

above-described acrylic hydrogel membranes (microporous gel membranes) (products of

the Sun Contact Lens Co., Ltd.) were used.

(1) Experimenting equipment

An iontophoresis electrode section (1) connected to a galvanostat
Y

15

(constant-current generator) was constructed by bringing into close contact an anion

exchange membrane (15), an ionic-drug-retaining membrane (14) impregnated with sodium

ascorbate (100 mM), a cation exchange membrane (13), an electrolyte-solution-retaining

membrane (12) impregnated with an electrolyte solution composed of an equiratio solution

of 1 M lactic acid and 1 M sodium fumarate, and an electrode plate (11) in this order as

20

viewed from the side of a skin-contacting surface. On the other hand, a ground electrode

section (2) was constructed by bringing into close contact a cation exchange membrane (23),

an electrolyte-solution-retaining membrane (24) impregnated with the above-described

electrolyte solution, an anion exchange membrane (25), an electrolyte-solution-retaining
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15 2,3,5-tri phenyl tetrazoriumchl oride (C19H15CI N4; hereinafter _
abbreviated as TTC) at a concentration of 2%in a 0.9% aqueous sol ution
of NaCl. This col or devel oper reagent has a property that, V\l"IC‘F Sljmf(:t ed
to reducing action, it couples with tw nol ecul es of hydro&en and ¢ s a
formazan conpound (vivid crinson) to change its color. The current applied
in this experinment was set at 0.3 mA (constant current). 20 As a

conparati ve experinment, on the other hand, ion non-exchange PP nenbranes
were used in teag f the ion exchange menbr anes. The PP menbranes were

pol ypr opy™& %2 1mpé?&95&9fl Jith thea aboverdnseritedneletiolyte soluti@s anganelectrodd

Ni hon M| | pore and had no ion selective perneability. (3)

Exper i menplate (?b)sll]lﬂﬂl& OE%J Fhaeved fipmgheside of samcentadtimgourface. Tabl e 2. The
ranking in Table 2 was made in accordance with the followi ng system 1 4
FEB 2006 -: notAs theceledrode pldte ¢Bit)l of the godund, electrodp pestont(RY, a paci-ggpe Red
pronouncedly reacted. 5 Table 2 Energized tineChronpgenic reaction

Ascor bi ¢ Ref monithringi el¢ctrode Iommerdial productx shangd. MEivideandly, teeepdfbddidisst 35
m n++ Control 15 m n- Ascorbic acid adm ni stered20 m nf ( P nenbr anes

usedp35 rsenvedfo erhibi dlsefuatisr dfthe elctréliR-soRltopweathitd ﬂ@hﬂ%e\c@z)e ?Qhﬁér“ed
1) When the ion exchange nenbranes were used in accordance with

above- desgeodtReti@BadiARAsond 1060) %r@ﬂtf‘c? %‘f'tPaH&Y qgtbbf%fbne% hﬁlc o, c&ﬁ%ﬁ bRRTE nt

reached the 10 nmaximumin 20 m nutes. i on nonex hang
menbr anesuyRELoth8 o S cRhifetnéhbrane (23), at saxd surface the ground electrode section (2)

to be brought into contact with the skin surface, to improve the conductivity.
(2) Experimenting procedure -

10 A color developer reagent, which intensifies the development of a color with time
under the reducing action effect of ascorbic acid and causes precipitation of formazan (red
color), was intradermally injected beforehand. Depending upon the extent of color
development, the iontophoresis effect on ascorbic acid was determined.

Employed as the color developer reagent was a solution prepared by dissolving

15 2,3,5-triphenyltetrazorium chloride (Ci9H;sCIN4; hereinafter abbreviated as TTC) at a
concentration of 2% in a 0.9% aqueous solution of NaCl. This color developer reagent has
a property that, when subjected to reducing action, it couples with two molecules of
hydrogen and forms a formazan compound (vivid crimson) to change its color.

The current applied in this experiment was set at 0.3 mA (constant current).

20 As a comparative experiment, on the other hand, ion non-exchange PP membranes
were used instead of the ion exchange membranes. The PP membranes were
polypropylene-made, microporous partitions (AN Filter, AN06, product of Nihon Millipore
K.K.), and had no ion selective permeability.

(3) Experimental results

25 The results are presented below in Table 2.

The ranking in Table 2 was made in accordance with the following system:
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t he.i on exchange nenbranes, the reaction was observed as |ate as 35
mnutes, and it was 60 mnutes |later that the col or devel opnent reached
the maxi mum val ue. The effectiveness of use of ion exchange qetftp'ﬁ%'leaén
accordance with the enbodi nent of the present invention was, therefo g,
proven on the skin of the body. 15 2) In the experinents, no skin
alteration was observed at all on the side . the ground el ectrodés. 3)
Variations in the applied voltage (initial voltages: 10 V) were within as
smal|l as about | V, aléhqugqﬁa current was applied at 0.3 mA, which falls
within a current PPhifgeted dr slightiyreagied, o apparendy repstedi wt rreneumcedy gractedThi s
has proven that a 1:1 aqueous solution of I M1 4 FEB 1006 | actic acid and
1 Msodiumfunmarate is useful as an electrolyte solution, and al so
suggests that, as lactic acid and fumaric acid are both organic acids
existing in the body, use of physiological organic acids other than
|l actic acid and fumaric acid is safe. 5 <Enbodi nent of iontophoresis
devi ce (hardware construction)> Next, with reference to the draw ngs, a
description will be made in detail about an enbodi ment of the
i ont 6phorEBahls2devi ce (X) according to the present invention, which is
useful f - f o } sis—especially from
t he viemqg&g%zgg@&ge' el enents of the device (equipnent Cbﬁ%ﬁQﬂMﬂﬁe
const rucftiony. n the draw ngs, sone el enents (nenbe‘eﬁaiconnecti)n
g

nodes of| elements (nenbers) thenselves, or sone hatchinp maﬂ/n be om {ted

in some finstances to clarify the illustrationsmmrther|+the thickness of
each t hi|nAYFOR¢ agié admimstateks not represent t .5@] accurat nélhi ckness tp
i mprove |t it f. the illustration. NonethBWess, the"features opitted
in the dr(go\e/i\nl%ézggn Sryﬁneg'ébr?'}ggaﬁ understood frg iS5 the—description—o the
i ndi vi dual _enbodi nents and t he acconpanyi ng ¢ aW"hgs. F E l1to FIG|2

il lustrdt@ortied first enbodi ment of the 1ontophopgsl s deyice (X) accprding
to the pgresent invention, in which FIG 1 ispthe perspeftive view of|the
entire |deSPERC agidagministesed s a partly cut - of { 2&miss- sect#onal vi ew.

(PP membranes used) 35 min +

From those experiments, the following findings were obtained.
1) When the ion exchange membranes were used in accordance with the
above-described embodiment of the present invention, the color development reached the
10 maximum'in 20 minutes. When the ion nonexchange PP membranes were used in place of
the ion exchange membranes, the reaction was observed as late as 35 minutes, and it was 60
minutes later that the color development reached the maximum value. The effectiveness
of use of ion exchange membranes in accordance with the embodiment of the present
invention was, therefore, proven on the skin of the body. |
15 2) In the experiments, no skin alteration was observed at all on the side_qf the
ground electrodes.
3) Vaniations in the applied voltage (initial voltages: 10 V) were within as small as
about 1V, although a current was applied at 0.3 mA, which falls within a current range safe

for the body, for 35 minutes or longer. This has proven that a 1:1 aqueous solution of 1 M
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As shown in FIG | to FIG 2, the iontophoresis device (X) according to
the first 20 enbodi nent of the present invention conprises the follow ng
three el ements: (i) the cylindrical iontophoresis electrode sdqckifkfER (2806
(ii) the cylindrical ground el ectrode section (2) constructed as a

di screte (non-integral) unit relative to the cylindrical iontophoresis

el ectrode section (1), and (iii) This constant current and constant
vol t age power source (3) may hereinafter be 25 called sinply the power
source (3). .1 4 FEB 2006 In the iontophoresis device (X) according to the
first enbBaieasid apd It Mesodiusm Symarateriy asefulors, ant ¢lectplytasdlutibrcandade agpeiton
(2) is constructed as a discrete unit relative to the iontophoresis

el ect r odethgbosilaetic 29id and dummpic eskl ar todnstganict addsasxigting BeihetbdyNiute 86
used above means that as illustrated in the draw ngs, the iontophoresis
el ect r odephysivlagival ¢rganianadidS otHeethgn dueric acill aad f@keicseidtis ife.(2) are not
integral. The iontophoresis device (X) has, for exanple, such a structure
that an iontophoretically treated patient holds the ground el ectrode
section (2) or brings the ground el ectrode section (2) into contact with a

desi sed §mmaocﬁmeﬁtaﬁ“eome,§mési§Jmeghatra@ﬁfe%nﬁhkﬁo@g establ i sh grounding.
The i ontophoresis device (X) according to the first enbodi nent of the

present | 10,1 el @i feRcd B L Govlind © G ripfol B B8 Bt RIS ol e

prem se that sodium ascorbate (AsNa+)”7s admnistered as an

A di : t i | t t .
S s O AU Mo RN Rl e
o B IRRPYA  e SHRRER FERPBE RS hLIRCY,

i nside the 1 ontophoresis

th I hed rth reference to FIG 3. The

i oﬁt zgﬁrez‘l'sﬁéﬁ%‘%ég?rﬁig)\gg @g%lf’ f%gﬁt\;ww{etcﬂ’ég’%i%m@phor esis device (X)
according to the,fi ast .enbodi men} of t?e esent invention is constructed
of ?‘?m fol I owi Y tiodra¥ingse ome, glementss 'Pﬁf?‘éﬂs}’ ncqpnestion modes f plements t he

non-condttcti e §mal | - di aneter, cgl.i ndrical end _section gl a), and
membéis) themselves, or some hatching may be omitted in some instances to clarify the

illustration.  Further, the thickness of each thin membrane body does not represent“ the
accurate thickness to improve the clarity of the illustration.

Nonetheless, the features omitted in the drawings can be readily understoo; from

15 the description of the individual embodiments and the accompanying drawings.

FIG. 1 to FIG. 2 illustrate the first embodiment of the iontophoresis device (X)
according to the present invention, in which FIG. 1 is the perspective view of the entire
device and FIG. 2 is a partly cut-off cross-sectional view.

As shown in FIG. 1 to FIG. 2, the iontophoresis device (X) according to the first

20 embodiment of the present invention comprises the following three elements:

(1) the cylindrical iontophoresis electrode section (1),

(i) the cylindrical ground electrode section (2) constructed as a discrete
(non-integral) unit relative to the cylindrical iontophoresis electrode section (1), and
(iif) This constant current and constant voltage power source (3) may hereinafter be

25 called simply the power source (3).
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20 (ii) the non-conductive, large-dianmeter, cylindrical grip section (Ib).
The end section (la) is constructed such that it can be detachably nounted
on a front portion (Ibi) of the grip section (Ib), and wi thijnktFEB <2008
section (la), the elenents designated by reference nunerals (11 to 15)
are held or accommpdated. The elenents (1 a, | b) can be nmade of
nonconductive plastics, for exanple. 25 As illustrated in FIG 2, the
cylindrical end section (la) is conposed of a front portion (1 al), a

main portion (1 ,.a2),. and a l.ogk .portion (| a3) kept in engagenent with the
grip 1 4 FEB 208’6‘%@8'?@81}9??‘%;’?"'?%9(} pesRtdingfq thentirst embodimentanf theepresegt
(lal'l) and is.co structgd such that the anion exchange nenbrane (15) is
exposed iWVFW@%g&ngQP glectpde sechomf2)i in cpnstiucted astrediggriefenrii teddtivgrto phe
section (J b?, on the other hand, is conposed of the front portion (1bl),
a mai n potehfaphoresis lectrade sectipa4t). e Ade supression cdnsB)ctedlag a discietenhit ponisedn
(I'bl') has an opening (1bll) of substantially the same dianeter as the main
portion (3b8yy msans Hat endlusisated émthearawings,itbe mmbopthoresisadectodesédtion (Il Patd

hol es (1bl12) for guiding the | ock portion (1a3) such that the | ock
portPon (tharowid eleetradel sastion ¢2) arermbt SeepiabnTie ntoghordsRCERELeO(KY hay, freont
portion (ibl). Further, the cylindrical grip section (Ib) is constructed

to have axempiegsuchl alistrgctutd thal hn (idképhdretically xeehted URART holAY tRe b
menber (33) accomobdated within the cylindrical grip section (Ib)” an

made of alemrodectdtion (QRoLbiiags the BeoumArdldtrodesebitidd (Ridto Cahddr i i
constructed such that, as iﬁustlrggc'zed in FIG 2 a&?re% enﬁ o‘#’ﬁhaagggfeg

(31) fronskiTherface)@ther SiinraCteeated sitd 6l edt sk BFdungingENber (33) are
electrically connected. Detachable nutual I ocki g of both of the elenments

(1a,1b) can” be iehiofoptofeyis da0ice 180! Relray 1d A ﬁJsf"%}ﬂblgéigﬁerﬁ? o?ytlé«% %gésier(l:tal

end section (la) and the | ock holes (1 of the rirca

secipon (ihidntioReshewnPRAFRPEEith '( %I?i |2%/ :wats h&nkt?t?éfecp %B&érg{ri:lg ( r%@sg;ﬁ?lﬁ% §pdinmy,

inserted-into the lock holes respectively,

end secti LRat i . ountercl ockwi se to | ock them
a9brbFeAsRa | )yg Et?ﬂinﬁie?m ang xrng 'Ehéu%

toget her. | ncidental ey are sta d detachably | ocked together

E;‘f?ﬁ;?i iglri N9 ARbffndly, GCetGohY ndGakPlf 1Y ren%ggc%rve (Fhert? (%hréee]ectrode
plates, the electrolyte-solution-retaining membranes, the ionic-drug-retaining membrane,
and the ion exchange membranes) arranged inside the iontophoresis device (X) shown in

15 FIG. 1 to FIG. 2 indicate the same elements described above with reference to FIG. 3.

The iontophoresis electrode section (1) in the iontophoresis device (X) according
to the first embodiment of the present invention is constructed of the following two
elements as illustrated in FIG. 1 to FIG. 2:

(1) the non-conductive, small-diameter, cylindrical end section (1a), and

20 (if) the non-conductive, large-diameter, cylindrical grip section (1b).

The end section (1a) is constructed such that it can be detachably mounted on a
front portion (1b;) of the grip section (1b), and within the end section (1a), the elements
designated by reference numerals (11 to 15) are held or accommodated.

The elements (1a,1b) can be made of nonconductive plastics, for example.

25 As illustrated in FIG. 2, the cylindrical end section (1a) is composed of a front

portion (1a;), a main portion (1az), and a lock portion (1as) kept in engagement with the grip
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20 end section (I a) (to urge the sane). The ground el ectrode sect+on (2)
in the iontophoresis device (X) according to the first enbodi nent of the
present invention is constructed of the following two el enent$ kfEB 2006
illustrated in FIG 1 to FIG 2: (i) a non-conductive, snmall-dianeter,
cylindrical end section (2a), and 25 (ii) a non-conducti ve,

| arge-di aneter, cylindrical main section (2b). -45 1 4 FEB 2006 Bot h of
the el enments (2a,2b) are constructed such that the end section (2a) can be

det achabl u don.th in section (2b) b simlar mechanismas in
the el erre%etcgg o ?&t%a:rg? g)on{eﬂ%ﬂ'é (f%i[’%f’pﬂbﬁg%%‘?”g éﬁ&w@ﬁéogwqt%hswh)thatm@
el enent s éﬂZlﬁzz 23) are acc ggodat ed .i.nside the small-di aneter,

cyl i ndri cHpon gxch es‘B%‘Pl?rﬁ?F@ 15 exposed ip theopeRipg.F1 G 2. Further, a
conductive spri ng gen‘%gr (,333)] is accomudated inside the |arge-dianeter,
cylindrical i &eishgwn(inFIG. &n theneylindrieal @niposectiomélbypen the etbebband( 3x1)
is fixedly supported on a bottompart of the |arge-diameter, cylindrical
mai n sect $URPEH P thedfrans partios (ébuknemriscportio (14, endia pear tthd poniond1bALTlee
(32) from the power source (3). Its opposite end portion, on the other
hand® ur giéant; pratien éHphtag 21 operiog {bbre) 9f sublstantidlycthe sdmepdiametef 24 thd matmhe
ground el ectrode (2) under spring force, and also wurges the cylindrical

end sect i partip@haz)oidbe eshsection(lgrand is caistritted tot defink dudkiHoges{eb WeR ghidng
cylindrical end section (2a) and the main section (2b) can be assured. As
a nodi fi ctheilosk pdrtiom€laspsichphairtbs ik devicre(1a9) ol BglindeicAlnédl dek$dn (1a) is
enbodi nent of the present invention, the power source (3) nmay be repl aced

by a cel llpclesdcbri the Sroaepdrtiom(fbgy be 15 accommodated within the internal
space of the large-diameter, cylindrical grip section (I b). FIG 6 is the

view i | I ustrat imgthehahs egpmicanBagisé®idh @b) k%nk@ﬁ@tapmjflﬁ? i rs@ﬁ/g 5:81%% or

according to the present inventron, and corresponds to t

0 S o skt e Bt D SEARSES L i,
smal | - di 3R &ction (1b) and made of a conductive material. The spring holding wall (1b,) is
constructed such that, as illustrated in FIG. 2, a free end of a cable (31) from the power
source (3) and the spring member (33) are electrically connected.
Detachable mutual locking of both of the elements (1a,1b) can be achieved by the
15 lock portion (las) of the cylindrical end section (la) and the lock holes (1b;2) of the
cylindrical grip section (1b). Described specifically, the lock portion (1a;) is inserted-into
the lock holes (1by;), respectively, and the cylindrical end section (1a) is turned clockwise
or counterclockwise to lock them together. Incidentally, they are stably and detachably
locked together because spring force is exerted by the spring member (33) on the cylindrical
20 end section (1a) (to urge the same).
The ground electrode section (2) in the iontophoresis device (X) according to the
first embodiment of the present invention is constructed of the following two elements as
illustrated in FIG. 1 to FIG. 2:

(1) a non-conductive, small-diameter, cylindrical end section (2a), and

25 (i) a non-conductive, large-diameter, cylindrical main section (2b).

-45.



20 cylindrical end section (la) fromthat of the first embodi ment (see
FIG 2), in which a snall-diameter cylindrical end section il a) 1S
constructed to arrange a bottom cover (lad4), which is equip e‘tlﬁﬁ& 2006
thread groove or slide guide grooves, on a rear end part of a main _
portion (1 a2) of the front end section (la). The main portion (1 a2) is
provided on an inner wall of the rear end part thereof wth groove(s)
corresponding to the thread groove or sl Lde 25 qgui de grlooz)es_ [ nlt QeFtégttom
cover (1 a4), and_ by these grooves, the bottom cover ad) is.

2006 fi(xed %o theBﬁ'é! ‘h‘h 'SSFP?‘E?H‘S(&&??). are popsifustedriyel thas e endriectiony(2a) carobe e
applied by the sg ing nmenber (33) can be adjusted. FIG 7 is the view

i 11 ustrati ngeteehd [Yhi"PHméﬁtS’Bdihﬁr@Pﬂm 8¢ctioRd2boby epiviarsinechdaisinces inathe letnerys
to the present invention, and corresponds to the front part of the _
smal | - di anetk1b) insthejontaphoresis elestrgde sectipahl)(| a) in FIG 2 which pertains
to the first embodiment. A characteristic feature of the third enbodi ment
is that an ionic- Gheuglementsi(B1.38 23 hraretaceoremodatpd insidexthe sobell-diameter; dykmdrival
to forma concentric circular part as well|l beyond the outer circunference
of a cibrcul end agrition @Ak hardgpictednior Bi(e Z.15urther) 4 kibAdwase spting mdmber geH) is
menbr ane havi ng good adhesion to the skin,. for exanple, 10 GELLODE (trade

nane, produadcominobatedrinsidedhe largt-diametapedinkiical thaln s&ios €26YE NtABCend portion of
pol yur et hane gel nenbrane havi ng PEG PPG segnents or the like as a

menbrane  (thiecspoingr membege(34)eiRDfisd®) supporeld GielaVBSitoR® partPas ehellarfdl8iameter,
Il oni c-drug-retaining nenbrane (14), has a nerit in that adhesion of the

ani on exchagygiadrieatimizin sedtibh)26)ant healsk tonrebell 3 arC@i JORIGSSIH &fille g%g) from
Al t hough the third enbodiment is a nodification of the above-describe

first embogiepener sédrcé?% bgsFJ I ité end® pSRdh | d:npﬂiteid?l'ibr%fan&,nﬁﬁésetﬁg @gwt 21,

enbodinent. FIG 8 to F ustrate the 1 ontophoresi’'s device

EECOT 1070 i Mo ST I RS YV e,
2 |n0ngat ed 1\ @BtOMBRyRRdTcalbif tdchOf (56 UnbiG sptih) fhide %Déi?th&P%ﬁ%ﬁch&&Eo BAWIED te
cylindrical end section (2a) and the main section (2b) can be assured.
As a modification of the iontophoresis device according to the first embodiment of
the present invention, the power source (3) may be replaced by a cell, and this cell nitay be
15 accommodated within the internal space of the large-diameter, cylindrical grip section (1b).
FIG. 6 is the view illustrating the second embodiment of the iontophoresis device
according to the present invention, and corresponds to the small-diameter, cylindrical end
section (1a) in FIG. 2 which pertains to the first embodiment.
The second embodiment adopts a different construction of the small-diameter
20 cylindrical end section (1a) from that of the first embodiment (see FIG. 2), in which a
small-diameter cylindrical end section (1a) is constructed to arrange a bottom cover (1a4),
which is equipped with a thread groove or slide guide grooves, on a rear end part of a main
portion (laz) of the front end section (1a). The main portion (1a;) is provided on an inner

wall of the rear end part thereof with groove(s) corresponding to the thread groove or slide

25 guide grooves in the bottom cover (1as), and by these grooves, the bottom cover (la,) is
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el.ongated, cylindrical main section (1b) serves as a grip section, and the
above-described elenents (11 to 15), spring nenber (33) and qoxer source
(3) are accommodated inside the main section(lb). A ground elle tFEBie?OﬂG
section (2), on the other hand, is constructed in substantially 25 the
same structure as the cylindrical end section (la) in the second

enbodi nent (see FIG 6). The elenents (21 to 23) accommbdat ed i nside the
cylindrical end section (la) of the ground 1 4 FEB 2006 el ectrode section
(2) are different fromthe. el nfs.(11 to 15) in the second enbodi nent
because t hi &* ‘i?‘t t*ﬁéﬁ?&ﬂé’é’“ﬁ%ﬁgsoiw&me?@adﬂb% the prging fqreg appliedrhy the wpting
enbodi nent. In.th ourth enbodi nent, the operator (user) of the

i ont ophoresP’?”@é@&égC?%e qdjusted. | onger required to establish groundi ng by
hol di ng the ground_ el ectrode section (2), unlike 5 the first to third
enbodi ments, and FHerbfothe viewdllpsiating t di erebadithentnefsthe bentopliorsiodedce
conveni ence. Further, the ground el ectrode section (2) can effectively

est abl i sh grGQFlngip thsdsesenteinvention, and corrpspbrals ta thedsort ipart of ltles smilbdiahfeter,

i ontophoresis el ectrode section (1). Advantageous Effects According to the
presenf i nvelindden! erdsastipr(ita) iokish 2agbchupermifsec tie firsrenitodimeght  about as
w Il be described next: (i) In the iontophoresis electrode section (active

el ectrode section} chathctenistiqifeaturd ofethe ahird denboeizidn®rs ¢hab it ionR-GLEFEARHIR
section), especially the ionic drug and electrolytic 15 solutions are

retained i nmspbranti(t4) is extendmdadurethyd- soeisab frftDa BENERAIRE SrculdP Part RO wel BRAGIRE
menbranes having different ion selectivity are arranged in a specific

order. Undethebhter cationferetiesof 4 tirtlas RAioh tkchab@\Hiémbiahs prsa. a stably
energi zed state (constant current and/or constant voltage) can be

mai ntai ned for a Inahig cpsy usdofaf gdl im@nbrane Kb 'gUBH%Hé&Fcﬁlstjo%@Llﬁﬁ,tfroPg%mepl%,
edi en

section, the active ingredient of the ionic drug, said active i’ngr
bei ng16har geBLDODB i(edGafnt) f6dUREIR TYRirdT )Co.

caqpy be i (g
delivery) efficiently at a high transference n’u%be’?’ f“%%{ C\éﬁgﬁﬁ%ﬁ %&%Pheg
mucosa) . polyurethane gel membrane having PEG-PPG segments or the like as a membrane

(microporous gel membrane), which serves as a base of the ionic-drug-retaining membrane

(14), has a merit in that adhesion of the anion exchange membrane (15) to the skin surface

can be assured.

15 Although the third embodiment is a modification of the above-described first
embodiment, it can be used as a modification of the second embodiment.

FIG. 8 to FIG. 9 illustrate the iontophoresis device (X) according to the fourth
embodiment of the present invention, in which FIG. 8 is its cross-sectional view and FIG. 9
is its front view.

20 In an elongated iontophoresis electrode section (1) in this fourth embodiment, an
elongated, cylindrical main section (1b) serves as a grip section, and the above-described
elements (11 to 15), spring member (33) and power source (3) are accommodated inside the
main section(1b).

A ground electrode section (2), on the other hand, is constructed in substantially

25 the same structure as the cylindrical end section (1a) in the second embodiment (see FIG. 6).

The elements (21 to 23) accommodated inside the cylindrical end section (1a) of the ground
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(ii) The iontophoresis electrode section (active el ectrode section) and
the ground electrode section contribute to the maintenance of the ™
above-descri bed stable energized state for a long period of t) and t he
use (arrangenent) of particular ion exchange 25 nmenbranes on’t zifbfﬂm

el ectrode sections can elimnate the deleterious effects on the skin

t hrough el ectrode reactions. 1 4 FEB 2006 (iii) In the iontophoresis

el ectrode section (active el ectrode section) and the ground el ectrode

section, th t el i,ver jons .are all forned into
thin nenbr glﬁgtlr od%gg?ﬂ i?ir?aV%QﬁeéQ’itrfgﬁ%ﬂéec?‘?‘B&‘}és E{Iafoeg-% inthe 3reond gmpediment
t herefore, L e Lgnificant. i ovenents.in conveni ence such as
conpact ness ?éc%%%eﬁtﬁ g Y \gtti @F?@%ﬁgﬁ g" (Wgﬁ § ]efggée ‘“:S“"é‘?;{‘sé§ in the E%W@Q%eﬂtn

repl aci ng nmenbers). . (iv) In the iontophoresis device according to the
present inventi oni,n tg%}rﬂ%l}rg’f erf"i‘ﬂéﬁmf"f‘fdp\?i%’ﬁﬁ#mé}‘%?fttbe {anterheresis detice i Xiraseo
up the el ectrode sectjons (b ctive el ectrode section and ground el ectrode
section), spleficayred o ¢t SF}éSECf"B B8 hyahelding the ground electrode section (2), unlike
el ect rﬁl yte-ssql uti on{-{{jet ﬁ(l?(gl ng nenbranes, ionic-drug-retaining nenbrane
and i off (cat'Fdlstd ihirhembrdiments,and hejefone the foueh eowadiveens bsngsrbedt iniroved
kits beforehand.. Depending on the various therapeutie purposes, nenbrane
bodi es ret afMVAYMWEsi red drug sol utions or drug solutions of desired
concentrations in,such a state that the nmenbrane bodies are 'inpregnated
with the desired rsteugioynd dectiode seetiep €2) gen @ffsctively restabibisti rgeclinding
concentrations, can be prepared_into kits beforehand. Upon using the

i ont ophoresqegalﬁé%‘éé{fa%déga%%ﬁm epse(taghe iontophoreel elettratiessectish @hes of the
kits, depending upon the therapeutic purpose and can assenble them
easily. This leads to significant inprovenents in the convenience of the
device. In addition, the subassenbly into such kits nakes it possible to
achi ef® a rAdiantagenys Bffectshe si ze of the devi ce, prevention of treatnent
errors (because the el ements have been 20 sub-assenbled into kits), or
the like. |ndustrAcbrdiqgpta thalprésentyinvention, excellent advantageous effects can be brought

about as will be described next:

(1) In the iontophoresis electrode section (active electrode section) and the ground

electrode section (inactive electrode section), especially the ionic drug and electrolytic

15 solutions are retained in specific, impregnatedly-retaining membranes, and ion exchange
membranes having different ion selectivity are arranged in a specific order. Under the
above-described specific construction, a stably energized state (constant current and/or
constant voltage) can be maintained for a long period of time. In the iontophoresis electrode
section, the active; ingredient of the ionic drug, said active ingredient being charged positive

20 (+) or negative (), can be delivered (drug delivery) efficiently at a high transference
number to the skin (or the mucosa).

(i) The iontophoresis electrode section (active electrode section) and the ground
electrode section contribute to the maintenance of the above-described stable energized
state for a long period of time, and the use (arrangement) of particular ion exchange

25 membranes on the both electrode sections can eliminate the deleterious effects on the skin

through electrode reactions.
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The iontophoresis device according to the present invention can
transdernmal |y deliver an ionic drug at high efficiency under stable
energi zed conditions for a long period 25 of tinme. 1 4 FEB 2006 The

i ont ophoresi s device according to the present invention is aﬂsb|§§;qmppnt
in safety, because ion exchange nenbranes are arranged on the side t he
active el ectrode section and also on the side of the ground electrode
section not only fromthe viewoint of transference nunber of the ionic

drug but al so f 1 oriie ihd iowephdiesio tleda debfior Vadhiveal ol bekrion) AAUE(:R i dling

In the iontophoresis device according to the present 1nventiom,

the el ectr ocectidslseafth, e cleffefls! WRVES B tnkNellyaF ! BAE JROH 85rhdl 1S hin

entirety. Subassenbly or the 1like of these thin nbrane bodi

is effecti V%é@ﬁraﬁ@b@ﬁi@? iﬁél@diﬁ'g\’ﬂecéeétﬂ}d? ggqtef MRyl & egﬁ%ﬁﬁ@%}gfo?%%??\%%q with

maki ng the device excellent I n ease | aci ng

0 Poher S8 MRoRORt SR M SRy e i

i ont ophoresi s treat 0 ype

[ [ [ i fo th esent invention equi pped with
l/gpit 85?&2?:@%?@&@%%%?@%?@%@%{ngg’g%{g{‘rrentioned ab]?ve, S iSrﬁalzll >|£EB
' ' lts.industrial value is significant. 1&%
D006 CLA NG 1. - an (P8 50 S st et HexieR, et By Pacpreseni e, somecaf o
| i ont ophoresi s

i ' id iont resi s device having an i
o et Pae sV G R e S oV ed o ke
i i i i bot h I CJ are connecte
Sower _sour ¢ Seiiohc BT BRE © G Soihofles! Wetkisaly odbe cesiertede  pates

conpri ses. electrolyte-solution-retaining membranes, ionic-drug-retaining membrane and ion (cation

10 and anion) exchange membranes can be assembled into kits beforehand. Depending-on the
various therapeutic purposes, membrane bodies retaining desired drug solutions or drug
solutions of desired concentrations in such a state that the membrane bodies are
impregnated with the desired drug solutions or the drug solutions of the desired
concentrations, can be prepared into kits beforehand. Upon using the iontophoresis device,

15 an operator (user) can select desired ones of the kits, depending upon the therapeutic
purpose and can assemble them easily. This leads to significant improvements in the
convenience of the device.

In addition, the subassembly into such kits makes it possible to achieve a reduction
in the size of the device, prevention of treatment errors (because the elements have been

20 sub-assembled into kits), or the like.

Industrial Applicability
The iontophoresis device according to the present invention can transdermally

deliver an ionic drug at high efficiency under stable energized conditions for a long period

25 of time.
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(1) -1. an electrode plate connected to said power source of the sane
polarity as the charged ions of said ionic drug, (l)-2. an

el ectrol yte-sol ution-retaining menbrane arranged on a front side of said
electrode plate and retaining therein an electrolyte sol utibr FEBs208p a
state that said electrolyte-solution-retaining nmenbrane is inpregnated
with said electrolyte solution, (1) -3. an ion exchange nenbrane arranged
on a front side of said electrolyte-solution-retaining menbrane and °

sel ective to iongheREASHiGedidd BT jd charged ions of said ionic
drug, (1)-4. an ioni c-dng-?ét a?\ﬁ#%ééér%%gé%gﬁeaprreg?{&gavedlﬁloa 15 PISBn‘TXCglil‘a’é 1Bt
sai d ion exgh@ r bning therein said .ionic drug in,such
a state that s%ﬁeﬁ%gﬁ%fg-r etlgjlh?i‘!)%é]e IS ianged pu the sifle of thepetierabecirde
ionic drug, saiy . i.an- hange rane arrange n a front side
of said ionic P&éé ' Iestg eﬁnﬁtﬁﬁéﬂﬁé’%@eﬁggﬁ$g‘3€%‘§ﬁfw Ry Oi“g’ ofthe Kiewpeintef
speci es as i r i Q of .said jonjc drug; and (2) said ground

el ectrode sgrg%s?%rﬁp%o'ﬁlp%?qeggga'e('%'c%‘lu.gtém ajsp £rom g\?é"?ﬂ’ﬁﬁ"@ of gsnising dighnsafety to
pol ari ty to h%%i(ld el ectrode plate in said iontophoresis electrode section,
(2)-2. an &St yte-sol ution-retaining nmenbrane arranged on a front
side of said el ecg}r@de I %{qe and retaining therein an electrolyte
solution in such f IntoRREgsisdeyige agqasding ¢ the presentiinvemtion,dicsh of the electrode
menbrane is | regnated with said electrolyte solution, and (2) - 3. an
i on exchanggCHg% rarrongruckechafithim membrane bediekeinstheir entirety.  Subassembly or the

like of these thin membrane bodies into kits is effective for forming the device into a
sma\ller size and also for making the device excellent in ease in replacing its members

10 (parts), in preventing treatment errors and also in handling.
Although iontophoresis treatments of this type have been proposed the
iontophoresis device according to the present invention equipped with various meritorious

characteristics as mentioned above, is a really practical device, and its industrial value is
significant.

15
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1 4 FEB 2006 of said electrolyte-solution-retaining nmenbrane and sel ective
to ions opposite in polarity to said charged ions of said ionic drug. 2.
The iontophoresis device according to claim1, wherein: (2) 5?@% gﬁfund
el ectrode section conprises: (2) -1. an electrode plate oppoLi Bn 2006
polarity to said electrode plate in said iontophoresis electrode section,
(2)-2.ciarM8 ectrol yte-sol ution-retaining nenbrane arranged on a front
side of said electrode plate and retaining therein an electrolyte

sol ution imn SHCH htdMdrddial ®Rlide %Js‘:‘e‘%hrlo|f36t::eé§iﬁlliﬂﬁ%‘ﬂgir?§§qa'a§' 9nic
menbrane is inpregnated with said electrolyte solution, -5 Janion
ex c harfyargréah risant cnhraresids orpa d domtophderesdfs swivdce having an

el ectr. S Jon-retainn mbrane and selective to igns. o siteto
sai d c:%ﬁ%ﬁ?ﬁ%ﬁﬁ%&%ﬁé%ﬁ§%fqéﬁﬁ%§€%ﬁﬂi QPf%éX? g&ecgroae Section) thd’a

el ect rgdouiret edkutiroder sé@t oM 1 ABFRE ¥eCe] & £ AHPE &Rt 13nf)F BOEL D dehetnsai d
I on exchange nmenbrane and retaining therein an electrolyte solution in

such #% AVNIHCEHU 2 AWAT AYPESS0lAMRFH-Si&ai ni ng nenbrane is
| mpr egnat ed yWiddy $aidh o h%gersqgteQ.e%gx%td'eog’elc%qgn( %ﬁng_r%%n .on exchange

menbrane arranged on a front side of said electro ofﬁfion-retaining
menbr ane and sel edfl) v&.tan eillensrofletgimtsagenapecedst@sasdigbwdegadcieons

of said jonic drug. 3., The iontophoresis device according to claiml,
whereirloe;g?ei%@ﬂ&bﬁﬁ%ﬁ%ﬁﬁ?¥ &% FEALOEL 3RTFs OfoRsifudPBd Cofiriigsenbl i ng

el ements, conprising-of sahd eheett8d8¢tBLabeut$8h0retaining membrane
el ectrol yte-sol ution-retaining nmenbrane, said
arranged on a front side of said electrode plate and retaining
therein an electrolyte solution in such a state that said
electrolyte-solution-retaining membrane is impregnated with said
electrolyte solution,

(1)-3. an ion exchange membrane arranged on a front side
of said electrolyte-solution-retaining membrane and selective to
ions opposite in polarity to said charged ions of said ionic drug,

(1)-4. an ionic-drug-retaining membrane arranged on a
front side of said ion exchange membrane and retaining therein said
ionic drug in such a state that said ionic-drug-retaining membrane
is impregnated with said ionic drug, and

(1)-5. an ion-exchange membrane arranged on a front side
of said ionic-drug-retaining membrane and selective to ions of the
same species as said charged ions of said ionic drug; and

(2) said ground electrode section comprises:

(2)-1. an electrode plate opposite in polarity to said
electrode plate in said iontophoresis electrode section,

(2)-2. an electrolyte-solution-retaining membrane
arranged on a front side of said electrode plate and retaining therein
an electrolyte solution in such a state that said
electrolyte-solution-retaining membrane is impregnated with said
electrolyte solution, and

(2)-3. an ion exchange membrane arranged on a front side
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I oni c-drug-retaining nenbrane, and said two i on exchange nmenbranes, sone
or all of which have been assenbled into one or nore kits be{qaﬁzand. 52
1 4 FEB 2006 4. The iontophoresis device according to claim3 Be 2606
said electrode plate and said el ectol yte-sol ution-retaining nmenbrane of
sai d assenbling el enents have been assenbled into a kit beforehand. 5. The

| ont oI ales e B < ING: iloh -HetladTnmd ngMiRi@rantdlatid selective to

i oni c-drug-retaining nmenbrane and two said i on exchange nenbranes of said
assenbt9Hy CBRSFEHSs 1Rabel BEEhY dE’ difie ghpruedairne obefardiamd.c Eruthe

I ont ophoresi s device according to claiml1, wherein said ground el ectrode
section is constructed of assenbling elenents, conprising of said

el ectrode 2l &they isan tobphed rexstirso | detvel-ceo lagicoantimet aionidlg ifenr sk rasic sai d

[ exchan nenprane, so or | of which have been assenbled into one
Io(r)nrm)r(e k(lgzt%s Sx?elggoargé??é’ﬂ)dis er?TL%C'FFFé’ GO SIOTRFFESES according to claim
6, wherein said gbgctrogde &laderad pagid egﬁega%yiﬁ-@ﬁi'aﬁt%eﬁgt&a' ng

menbrane of said assenbling el ementsS have been assenb nto a Kif _
bef or ettt r@le THea tienitro predice sion tgwhicre sdec @ldiotgade ceaitmof,, wherein sai d

el ectrode pl ate, hd,el ectrol te-sohu jon-retaining nmenbrane and said
i on exchange nenb?g%eZOf %gideégggﬁﬁ V%S sPéH%ﬁfg ﬁ§$818éaﬁ AELeRBrEd
i nto arkidndeef asrehandroAt Fheei oft eRIE asidcRIHS O BEEST §hATrb0achahf 1,
two said . . .
therein an electrolyte solution in such a state that said
electrolyte-solution-retaining membrane is impregnated with said
electrolyte solution,
(2)-5. an ion exchange membrane arranged on a front side

of said electrolyte-solution-retaining membrane and selective to

ions opposite to said charged ions of said ionic drug.

(2)-4. an electrolyte-solution-retaining membrane
arranged on a front side of said ion exchange membrane and retaining
therein an electrolyte solution in such a state that said
electrolyte~-solution-retaining membrahe is impregnated with said

electrolyte solution, and

(2)~5. an ion exchange membrane arranged on a front side
of said electrolyte-solution-retaining membrane and selective to

ions of the same species as said charged ions of said ionic drug.

3. The iontophoresis device according to claim 1, wherein said
iontophoresis electrode section is constructed of assembling
elements, comprising of said electrode plate, said
electrolyte-solution-retaining membrane, said
ionic-drug-retaining membrane, and said two ion exchange membranes,
some or all of which have been assembled into one or more kits

beforehand.
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el ectrol yte-sol ution-retai ning menbranes in both said introphoresis and
ground el ectrode sections and said ionic-drug-retaining nenbrﬁqfﬁgabiﬂhd
i ont ophoresis el ectrode section conprise of an acrylic hydrogel : Ye
having a degree 53 1 4 FEB 2006 of inpregnation of 30 to 40% 10. The

i ont ophoresi s device according to claim1, tw said

el ectrol ytée- Sbleut babophbaesi Bgdeeids atorndidpth sabdm 3 NtwHaRAKE SRS gand
ground el ectrode _sections retain therein an electrolyte solution
cont ai $hSfF e Blaksr and saiscladechRl¥hehaQut ApnoxpEial neng meanksars of

ot entd &l I I Of- i ! i al,_.qf ter.in
gl ect réoal?ly% %a%‘é’?ﬁmb%ﬁ%% %f&g?lgt?ééqﬁ‘]}zﬁ B?\%gdés%%é;&c)érﬁgltoy ek-lgcoh? Pgﬁplaggai ni ng
menbranes are inpregnated with said electrolyte solution. 11. The

i ont ophoresis device according to claim 10, said electrolyte solution
contains lactic acid and sodium fumarate. 12. The iontophoresis device

according t chai dAfopkclésiLlRaticd ¥E8o881HY 1Y) cEaRAS NS HEJiOHS SY! fat e
and ferric sulfate. 13. The iontophoresis device according to claim1,

wher e ¥PRiGridruhiedstsrias geabrencodadseee i vmi dridrs sxdhgngenderbeenesde
secti age.go i nt jscrete_units, 14. The.iontophoresis, device
accordi ngétgéacréa%%#%f%rgﬁﬁq{e?gﬁsd ﬁ%ﬁ?o%eoe%sﬁgsgfnggfaao 53c oklhnd

sai d dgrefimxbladrelt rode section are constructed into an integral structure.

15. The iontophoresis device according to claim?2, wherein said
i ont ophoresis el ectrode section is constructed of assenbling

6. The iontophoresis device according to claim 1, wherein
said ground electrode section is constructed of assembling elements,
comprising of said electrode plate, said
electrolyte-solution-retaining membrane and said ion exchange
membrane, some or all of which have been assembled into one or more

kits beforehand.

7. The iontophoresis device according to claim 6, wherein said
electrode plate and said electrolyte-solution-retaining membrane
of said assembling elements have been assembled into a kit

beforehand.

8. The iontophoresis device according to claim 6, wherein said
electrode plate, said electrolyte-solution-retaining membrane and
said ion exchange membrane of said assembling elements have been

assembled into a kit beforehand.

9. The iontophoresis device according to claim 1, two said
electrolyte-solution-retaining membranes in both said
introphoresis and ground electrode sections and said
ionic-drug-retaining membrane in said iontophoresis electrode

section comprise of an acrylic hydrogel membrane having a degree
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el enments, conprising of said electrode plate, said

el ectrol yte-sol ution-retaining nenbrane, said ionic-drug-ret ai1nil|n5EB 2006
menbrane, and two said i on exchange nenbranes, sone or all of which have
been assenbled into one or nore kits beforehand. 16. The iontophoresis
device according to claim15, wherein 54 1 4 FEB 2006 said el ectrode plate
and safl ielrsregrel titan sof (B0 dre rdt%i ni ng  nenbrane of said assenbling

el enents have been assenbled into a kit beforehand. 17. The iontophoresis
devi ce according to claim15, wherein said ionic-drug-retaining nmenbrane

and two sai dlo Omexdbarephorericanesiet $8&6rasssy idih Bl aments E@Mg_ been
assenbled into a kit beforehand. 18. The iontophoresis device according

to cl &Rtrefeieiseludiongiahdidisicect r sgmbsaneson i ncondtatict edsefid

assenhl j ts, o] [.Siqn | d el rode plate, t saj d

el ec?ﬁg*e}g)g'{so: ut |Sgna-url(gt | r?ilu?llg ?r%%?%%e%, %%%E%%Ssgie Fgh tRSEEHhgan _
nmenbr ales; t st eorsadhit ioh wentizibdvey been oasmerkl edmpbliadsoRBieh ARGE Kits
bef orehand. 19, _The iontophoresis device according to claim 18, wherein
said &'ectro 1%?%%%“%%3‘2%?%10@ ect PBF§REI&S| ut i GPWeRt ai ni HRAD menbEhae,

arr angsgd qt - Hi ' | eGt plat e; I, d:asse | n _
el enent s havle bggér?uasslﬁlb g&:%?irﬁgqa%% ?ﬂggfo%ghg%get:ﬁéibgﬁg ?%ngg%hogem S
devi cetadeortdiaty tve slkdidmelgctwbhdysiensoflwoisai-detennénghmagbranabr anes and

sai d impregnated with said electrolyte solution.

11. The iontophoresis device according to claim 10, said

electrolyte solution contains lactic acid and sodium fumarate.

12. The iontophoresis device according to claim 10, said

electrolyte solution contains ferrous sulfate and ferric sulfate.

13. The iontophoresis device according to claim 1, wherein
said iontophoresis electrode section and said ground electrode

section are constructed into discrete units.

14. The iontophoresis device according to claim 1, wherein
said iontophoresis electrode section and said ground electrode

section are constructed into an integral structure.

15. The iontophoresis device according to claim 2, wherein
said iontophoresis electrode section is constructed of assembling
elements, comprising of said electrode plate, said
electrolyte-solution-retaining membrane, said
ionic-drug-retaining membrane, and two said ion exchange membranes,
some or all of which have been assembled into one or more kits

beforehand.

16. The iontophoresis device according to claim 15, wherein
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el ectrol yte-sol ution-retaining nmenbrane di sposed between two $awcF€?
exchange nenbranes of said assenbling el enents have been assenble o a
kit beforehand. 21. The iontophoresis device according to claim 2, three
said electrolyte-solution-retaining nenbranes in both said introphoresis
and ground el ectrode sections and said ionic-drug-retaining nenbrane in
sai d isefiidplaresirodel eplaade ars@Cldalitl Celpticse19t eaBodaky bhe riydrage

menbr ane havi ng a degree inpregnation of 30 to 40% 55 1 4 FEB 2006
22. THeMRFAHREr 831 %ﬁﬁ%%&ﬁ—&mﬁ@tﬁohwemep apReabledi into a kit

el ect i pdsr@lg/it i on-retai ning menbranes in both said introphoresis and
ground el ectrode sections retain therein an electrolyte solution
cont ai ni ng one or nore conpounds whi ch have an oxidation- reduction

pot enti al I r an the .oxidatign-reduction_potential ,of wate
electrolysi i ﬂgf ROREORPREESE Ra eYﬁ?%éa%%ﬁtpf) to claim 157 wherein

el ect rlid eléﬁhéf—&ﬁﬁgf—@é@hﬂhﬂﬂ NRMEMARS ARRG IHWRY ega%edldﬂtaxéﬁiaﬂge
el ectrolyte solution. 23. The |ontophore3|s device according to clarm 2

sai d “@“ﬁ?&fﬁi‘tﬁ%/tcef $elig pescabiiaionelegents heve heenssdsembfledniate. a24
The i%ﬂ&??ﬁ&% vice according to claim?22, said electrolyte solution
contains ferrous sulfate and ferric sulfate. 25. The iontophoresis device
according to clain12 wherein said iontophoresis electrode section and

sai d ground Iect secélon are constructed into dlscrete units. 26.
The i ont opho e%PBEOB LEREL AgIEBLEF AR E e Flaim 2, wherein

said ground electrode section is constructed of assembling elements,
comprising of said electrode plate, two said
electrolyte-solution-retaining membranes, and two said ion
exchange membranes, some or all of which have been assembled into

one or more kits beforehand.

19. The iontophoresis device according to claim 18, wherein
said electrode plate and said electrolyte-solution-retaining
membrane, arranged on a front side of said electrode plate, of said

assembling elements have been assembled into a kit beforehand.

20. The iontophoresis device according to claim 18, wherein
two said ion exchange membranes and said
electrolyte-solution-retaining membrane disposed between two said
ion exchange membranes of said assembling elements have been

assembled into a kit beforehand.

21. The iontophoresis device according to claim 2, three said
electrolyte-solution-retaining membranes in both said
introphoresis and ground electrode sections and said
ionic-drug-retaining membrane in said iontophoresis electrode
section comprise of an acrylic hydrogel membrane having a degree

of impregnation of 30 to 40%.
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sai d i ontophoresis el ectrode section and said ground el ectrode section
are constructed into an integral structure. 56 1 & FEB 2006

22. The iontophoresis device according to claim 2, three said
electrolyte-solution-retaining membranes in both said
introphoresis and ground electrode sections retain therein an
electrolyte solution containing one or more compounds which have
an oxidation-reduction potential lower than the
oxidation-reduction potential of water in electrolysis in such a
state that three said electrolyte-solution-retaining membranes are

impregnated with said electrolyte solution.

23. The iontophoresis device according to claim 22, said

electrolyte solution contains lactic acid and sodium fumarate.

24. The iontophoresis device according to claim 22, said

electrolyte solution contains ferrous sulfate and ferric sulfate.

25. The iontophoresis device according to claim 2, wherein
said iontophoresis electrode section and said ground electrode

section are constructed into discrete units.
26. The iontophoresis device according to claim 2, wherein

said iontophoresis electrode section and said ground electrode

section are constructed into an integral structure.
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