., e3eT n<6rT% This invention relates to a device useful r transder nal
"admi mi stration (transder mal drug delivery) of variousfiop f (6 Qnigc
subst ances havi ng desired nedicinal efficacy) by i ont(?)pho (PdJ f/ereﬂafzér

cal l ed i ontophoresis device). Mre specifically, this |nvent|on relates to

an iontophoresis device of high added 10 val ue, which is constructed in

such ways that an iontophoresis electrode section (active el ectrode

section) and a ground el ectrode section (inactive electrode s

constructed to assure a stably encPESERIPIIONe (const ant curr mwmw mw

constant voltage) over a long period of time, and that a drug ( ac195

i ngredient of an ionic drug charged positive (+) or negative (-) a

i ont ophoresis el ectrode section is efficiently carried (driven

15 skin (or the nucosa). |In oIONTOPHORESISDEWICEansference n mﬂml'

(transference percentage) is assured, and that the iontophoresis e|geclro

section (active el ectrode section) and ground el ectrode section (|na T ve

el ectrode section) contribute to the maintenance of the above-descri bed

st ablsy engpaimied Fidlat € and prevent adverse effects to the skin, such as

skin inflammati on caused by el ectrode reaction. 20 Background Art A nethod

of introduci ng fgg! iM@hiisH) relddd GodaUdelic®Nigefdhesi Ciddnsaerhfl anfighisbhased at

a desired part of the skin or nucosa (hereinafter sinply called the skin)

into the t [ k n GEESO NN ihY EddsRES €

suffici enp to er<§#rﬂ|El ﬁv%ﬁ? {:bfg?%rgiu\%ﬂglsé ?glll%%ega?lgnflg%ﬁao%s@ (%/on

i ntroductj nple
630388 %ngf e er R PR oo B ore sl Be sy . s
cri bed above r

driving (carryllhllofé)(gtks e%m%ga% Bg%l{tﬁéﬁlél n; aﬂq\,\ﬁi% gh&ﬁéls egénggg%lh% ed

t he skin, nder e t % nto

the i n vEBF B IF EFERIE ve4u%ﬁ HPahy ?"oioﬁﬁéﬁl s Febtte febfort s 0

t he skin ”th&ge es\sfifztgogl) gﬂéa g?ot\;l R rﬁge %e%gor? k)ggcttirv'e %le%%rﬁag {E'ﬁﬁgn)aa'?e 8onstructed

i ont ophor &

Syst om of 8 ASOIGAE Babﬁy&rﬂei&%%@? [onGal (R °£mi(§fat PRy ARheS e B oh

drugs to whic he abqve- descri onto
Pos?t i vel 9“6‘?{21?{;%‘354 aél(a tgﬁ 3 %“V%‘&%F ﬁrﬁeogs P f“g %ﬁgﬁé f%%‘Jr B"Sé‘i”r‘i"e((*) or
hydrochl oride, |idocaine h droch etc. ast.roi nt i.nal, dru
(cal ni t i nBegHVe (1) d thesioptop o'éeﬁ‘éle g?rﬁ"s‘:f:‘% % }ggﬂyscair gr@[}?’%ﬂlt%ﬂg’f@ﬁ] de,
etc. and anti Ell otics (tet racychéne dggrl vat i ves, gna der| vative
gent¥ni ci BKigdes thgimuress). Imethenivo hishdransierenes sumper ¢t fewa%g%melwe m ns
(hereinafter abbrevi ated as VBZ VBl12, VC VE, folic,acid,
adr enocor 15 88¥edragd daat the igptop ?‘teﬁlé glestradg ssctny(aghyeelgrtiefe Seﬁé@(’a %ﬁ;&‘&ﬂe
mater sol ubl e drugs, prednisol one water Iuble drugs, etc and

b| oti @?Cf(%lsé‘it}qnl N‘S‘a%‘teereleé’HP%lséCtéﬁ gSontEpytsy g’r’rﬁh%rﬁ“é‘ﬂfen%eer"fs@%bl e

gs). 20 Concerning nethods for adm nistering ionjc dr ug )
| ont ophor above-deserihed\stably enesgized state and prevent adverse effects to the skln, 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).



.be used in the practice of such nethods, research and devel opnent have been
"made for many years, and a variety of nethods and devices have been
proposed. Conventional art on this type of iontophoresis includes those
usi ng i on exchange nenbranes. The present invention also belongs to the
category of technol ogy using ion 25 exchange nenbranes as will be descri bed
in detail below -2 , To facilitate understandi ng of the present
invention that nmakes use of ion exchange nmenbranes, a _detail ed description
of typical exandp dsscaibed pboys; iantophoresisshestyrms desisedaedjeal tesspnet &y dUving pe
given below. 1. Japanese Language Lai d-open Publication (PCT) No. HEI
3-504343 (carryisghatn donizable Rubionisatdnegs whichwbgo beem 3pplied rane theatskign aynder
Publication Date: May 3, 1990 (hereinafter called the prior art 1): (1) The
prior art predetesuihedeectemmativetforsh oo deliver thesame odie theshimr i sing (i) an

el ectrode plate, (ii) a reservoir for storing an ionic (or ionizable) drug
to be del i ver edForagxdmpld, ippsitinely charged hansgee devdr @agied) spo skedskam oatheosider
side (skin-contacting side) of the reservoir and 10 selective to ions

char ged i Bf iféhodairearpeléaric systeasof diciontopharesis device{ 2) I n the prior art 1, the
function of the ion exchange nmenbrane is described that, in the process of
carrying (drivi Nggativel dharted i6lisuon thevsilied hahd asdrivent (o@rried)intxihb akigen the
menbrane restricts novenent of 1ons which are charged el ectrically opposite

to the i ogy€ oflf UAh&n TRY&edtfi® Hsteitobthe RontspMardistdesicel ect rode plate. For
exanple, it inhibits 15 novenent of ion species existing on the skin such

as sodi um ions, Tl RNbR QRS ABAPRENSF bABS dMgs Cid FAicH QhéN dve-ABickibed
nrent path different fromthe current path fornmed by the ionic drug. (3)

prior; dkdohdrdlsSfasifssyid bes that the efficiency of administration of the
ionic dr ulgoqllighl Flcrsea%rgﬁ %{acause the i on exchange nenbrane reduces mgration

f S . Lon ex ! reduces M grati
arug¥s. [PRsfyel FaRERRe RS | 10 o e cal ed the prior art 20 (
1) The prior a;z,%% dresth&h 1§p‘i’% ng\eglllgc?})%lgﬂd@rﬁd cBink W@gg@%}g‘d}gdﬁé etc.),

specification o e prior ar oses an el ectr

fol | ow ng C%g)?xﬁ{as Ght QR sg@?ﬁﬁt?net Mol ?;été.gdﬁceilﬁaldin\é%cng'efa%rﬁs Qpéldésﬁfénium

chanber c&ft g an rol'yte an cond chanber contain an

O e e S L N S R e e

2 descri bgs.that the first chanber containing the electrolyte can | essen
the del et 8FiYf fects of hydrolysis of water and that the ion exchange

menbr ane %2)(:[9ggalti\slg§%ltlaergéahb% ilor%gld(l;ug%r ug fromthe electrolyte in the first

chanber . :

Vitamins (hereinafter abbreviated as V) (VB,, VBy;, 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 devices 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.



_However, the technol ogy disclosed in the prior art 2, which uses
"el ectyolyte, also has an undesirable facet that the efficiency of transport
(transference nunber) of charged ions of the active ingredient in the ionic
drug i s apparently | owered, because it increases the concentration of other
additional ion species in the system 10 Therefore, care should be taken in
adopting a technol ogy which uses electrolyte in this way. 3. JP-A-03094771
(hereinafter called the prior art 3): (1) The prior art 3 discloses an
el ectrode for ibafasphateawierstandipg iof thegresent iavesioarthatanakes usapfrign grrhangm
surrounded by a flexible supporting nmenber and having an el ectrode plate
i nsi de, (inieinbeames,endeaibddadeyeriptmbofaypicali exaowdes afrthe pfipoatt usingdo sk¢hangsg de)
of the water-retaining portion, and (iii) a drug layer (ionic drug |ayer)
di sposed membraheowill i gieen(lebkowm si de) of the ion exchange nenbrane. (2) The
prior art 3 is intended to adm nister an ionic drug of a high concentration
20 whil e pr gapanésenDankivagé ilaid-opert PablicationWRCT)nioe tHEIN 3t 3043 4D W(frgernational
adm nistration of the drug. (3) For this purpose, the prior art 3 discloses
an i gnt oppgiRatisn SN W09dD4h38) NEe@atiomh PastibageDaeMagn® V¥siocthereinafter
substantially inhibits perneation of the drug but is water-perneable and a
drug | ayegaife@niegtistart e body (skin) contacting side of the ion exchange
menbrane by adhering or depositing the drug by such methods as spray drying
25 and spreadi n?l-) The rpiliBT Art QARSLTGE an (B SndAdsts@lectrdlié, ROnipkiSinB (1) efdckrofld - - 4
(1) The prior art 4 relates to the precedi ng Japanese patent application
filed by beS 1 J 2 fQF 'H r s ses
ot ophars (PRPIEIR fo Rl dn onic OF [T Arud el ing Uil hioR

twe negat iex&mﬁ%eeg{aﬁl%%ef&f%weﬁ Ao R sk -aanarcpgggg)ef 8 tHeOfsdrloif Ghat | On

to the polari Ions of an tonic drug t e enp 5 constructed in a

mul tfd ayers?l%&{vg% ;&rngcﬂr%&ﬁgfmé ya%e%o‘f%? nghf%rﬁ& ghgauze W th the ionic drug

contal ned erein/cation exchange ‘nme ane/ gauze with the ionic drug

cont ai ned t her etﬁllggﬁeo&é%q_gﬁﬂgg%n?%gﬁﬁre “("%"C\L‘gﬁ%‘#]ﬁﬁltgg griggésgrif,&pm ,| ogy

di scl osed in th&’prior nol ogy een 1 nproved by
t he present . nvention, and t Jimtat i or rhQr t..4 | e
di scussed™ ltlhedgfoa?ﬁs %8?{“{‘% F‘%‘é‘g}ﬁ‘ﬁ‘i h%ngcfs]td?&%tté'\gar e{ggrslkgr{édt h%elml)vsl.x Clkglgpo

t he nunber_of the iaon exchan nbr ane use anpran [N L

i ont ophor S¥PTYICIEP TSR q%ﬁ ﬁ%‘?’&‘)&ﬁ )gfee(g}a?%egeelgc ré%ﬁg')rﬂﬂq%ﬁ&%g’cwe prSr
art described above, the prior.arts hr qugh di sclose a single layer
structurediig & aE“%Y*‘ngﬁOé“ ité‘h Sgﬁ?cltl%‘ﬁﬂé {}Pﬁn%fe%ﬁoéj,% Wlﬁfel eol‘tS ee’ﬁ’r“fpé% gr'tnﬁﬁ)lts

di scl oses a doubl e |ayer structure Sil? t\/\ﬁ) i on,.exchan El 15 menbranes. In
Lhi SIE o5 p @VEMENEOIPR Specias SXISTRG o e Skl sk pt AR "ol EplopRy 4 gnd Ser
through 3, The present inventjon as wll, be described in detai.l below,uses
a doubl e Ffyevhich masgrm an; iggic; furept Ph diffred’ fcf%vsg_eé}*{fe?th@tﬂbf%%ﬁt?y the
invention is based on a technical concept totally different fromprior art

4*&5 it MUECEfU€tinct features that one or nore ion 20 exchange nenbranes
a al so arranged in the ground el ectrode sect.ion that_ ion exchaplc:hee ionic

menbr anes are afaHfeRrigarihalpo geseribes thap the gffiriency phadppingstrapipn o

i ont ophoresi s devi ce, and, noreover, that both el ectrode sections have been
r econst r udruglissacrgased peraiisp the iony exchanger wawbrang Fpdices, MigREPY Of other dotiles at

a high level and significantly inprove the ease (conveni ence) of handling.
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 (i) the electrode is divided into a first chamber containing an electrolyte and a

second chamber containing an ionized ingredient, and
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.25 As described above, use of ion exchange nenbranes) has been known in
‘transdermal adm nistration of an ionic drug by iontophoresis. -5 a The
above-descri bed conventional iontophoresis technol ogi es using one or nore

i on exchange menbranes, 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 electrode section
(active electrode section) and/or the ground 5 el ectrode section (inactive
el ectrode sect(ibthe firptrchapiver angothg second ehambercase isohued fremeaph gthes by an ion

t echnol ogi es using i on exchange nmenbranes) | acked the concept of paying

at t ent i onexchangemesibsane: ocheni cal reactions at an iontophoresis el ectrode
section (active electrode) and a ground el ectrode section (inactive

el ectrode secti@h)Thanuioofarte? describes that thedfimstachembengentdining e electrelyts rohs i n
order to 10 establish an iontophoresis technol ogy of higher added value. In
t he convelkksearthd delereriopheffests of hpdrotysisoafi wateusndithat tre iox ciralmange meenghrane ( s) ,
nore specifically, those of the above-described prior arts, one or nore ion
exchange e@rkslae ek idhie duseftomnhacleasdlyte én thedicéticharmberect i on but no ion
exchange nmenbrane is enployed in an inactive el ectrode section, and
consequent |y t hEywBast ethle Rechingldg® Wisttbsdd il ttavgraatkast 2,( which tusésselelitidlyteudlso t o
adm nister an ionic drug (to performdrug delivery) for a | ong period of

time undepasSirPthdesiPaylé Bicee that BRdéfficiRRsy Of trahspofti (tfahsfelehcd AunsB@p of tcharged
operating for a long period of time at a constant voltage or constant

current) . iJiQbf M3l EingRidveht Al MBIiGAE dRA ib BEpaBtBNoiveredNb&a @Rt if Mlchases the

ution (a solution containing an el ectrolyte sSubstance) is 20 hydrol yzed

t pfoduceorﬂ%ramt&%&lemﬁﬂ&m FASped Rkhd§s@as, etc.) on a surface of an
el ectrode plate 1n an active eIectPode secti'on of positive (+) polarity,

al t hgugh t he poil‘@ér%i?o)(% %E\retgﬂgulﬁeotei tXl@e]gﬁh%gBﬁtﬂ%ea fRAAIOEY, Fhich&lss deRENMdte g

upon the polari harged 1ons of an active ingredient in an ionic drug.
Due to su&ﬂygg; bubbl es, the electric resistance increases, resulting in a
substantial” reduction in the iontophoresis effect (the efficiency of
transport of 25 ions) with tine. This reduction also takes place by gas
bubbl es (hydrogen gas and the |ike) produced at the ground el ectrode

section oé_ 2?%?{-53'054?7%{,@9&&% X%leg?,heapri&iainh Burn, inflammation or the like

(includin rica rn cause current itself or pHinduced burn

db d h ' due tq H+ \ . el eat i
may occur on't e ISR RY ot L aBilopetar Sevilodtl ot Tn R oD L 8T
be. dmagete i ot v oundhbee FGof SEborPag meffieh Bt bl HadRiei®, o)
e ul s TEleardi oide fRRELgRTY POl §So e ReltpRoR B rEky el e
! or JEETAERRRTERD SA GeE TEF (G TP hdaded s stttk
baSed on Cf  (c¢hl ori ne ions'? and as a result of high 10 acidification
(product | Eskinysidgyef }he 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 drying
25 and spreading.

4. JP-A-04297277 (hereinafter called the prior art 4):
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(iv)y The skin may be damaged at its surface, which is in contact with an

‘el ectvode plate [for exanple, negative (-) electrode] in the ground

el ectrode section, by a harnful substance forned through hydrolysis of
sweat on the skin surface and/or physiological saline as an electrol yte
solution, for exanple, as a result of high alkalinization (production 15 of
NaCH) . Disclosure of the Invention The present inventors have already nade
sonme proposals for solving the above-descri bed drawbacks and |imtations of
the conventi onail) Thapophat dgplates ée thedirensimg Japangsg pateni Apphigsiion fidedbyy s
menbranes) (see JP-A-2000-229128), JP-A-2000-237326, and JP-A-2000-237328).
As conpar aplicantanIn &HEoph&iresiampld, gbe moige asted tdisstpseneniigeiopharetis glestrode
section) conprising an iontophoresis electrode plate (active el ectrode

pl at e) cosecton ¢attive electrode sectiony (e F36. Ehthegwgatiyeotlestiadg functionsrgad actys of
the active ingredient in the ionic drug, as 25 disclosed, for exanple, in
Japanese tlagignidegeection dn aplatioPublthe giolanity (0PGTHs MO .anHBhic3dmg4®48e (etripdoyed) or
art 1), an ionic drug arranged on a front side of the iontophoresis _7_

el ectsr odecgilseti@ed and multilager erehaeof nogarive aletrade phaghuaa vatlf therionis idieg

that is, on a skin-contacting side of the ionic drug and selective to ions
of the sapggtiifdl SBERiP&tRE ekéhafbdr Membineganie twith adei idhid ngugdiedtbined t he
ionic drug, the iontophoresis devices previously proposed by the present

I nvent or syR&iTENbA SNBgn0AMAbaRe based on the finding that the 5
above-descri bed drawbacks associated with the conventional iontophoresis

el ectrode secti @y fRCIdn¥PhEIEER EARRICEGCAiEABRdCiRNhE Srive | aved iD¥ha ghhdlagy t he

$St ructi on between the i ontophoresi’s el ectrode plate and the ionic drug

I gne bv'ﬂlc?iqﬁF gé\?ﬁr/%rﬂ;?iédsb%% ?rés&?tﬁﬁ@éntn%& 4rld&hé RREBRORTTIhSpBbroft 4 le

plate, (i) an e on such as physiological saline is arranged

at |gast Bgdﬁaﬁﬁ hnfde @il byih e @fgféabﬁwm%qpﬁ%ﬁﬁéébe%\ﬁﬁ rode plate, and

(ii) "an ion exchange menbrane ective to 1ons opposite to the charged

: £ th Ci . font e . ' i d

of the el oot rol PSR AER’ gl Tad, 2on ' RphfheS HembRnBl RGEHaRERA) iR, U
d by, t ' . ' 4 th

i i mg. t YR a3 Hogs S TR BT apE SRR RN BEfr FrRscifRE 0%, T 1

conventional ground ect . éiogn lérf }is}/r% t%}ee Lhodesinas ibR ek ﬁ@ebe

ved by Whniir HE  ThR0Bhof FistE a tdt JARH SeGHERuhESCRA ol ek

?gs\égct %/o tr@lg ;T{gtr ﬁeg lQisatu o|.0£he Irgul;d ;Ineif(r:qde gsctti‘;n-, \(N:lha) an

el ect r ol y{EMOEHG iwglﬁeg R s""ﬁﬂ;féﬁc 156 ?(@8}1 s de%eh TP PR ee ot Teef%on a

f t side of th d el ectrod I d ' '

renbiane. SERBETRe ToTRORPSpbePie 10 iha et et s P n R I e

ingredien% inthe ionic drug is arranged on a front side of the electrolyte

sol ution, “al though it had not been known by that time to arrange an ion

exchange nmenbrape on the, side of a.ground el ectrqde,section (inactive

et rode secti gﬁﬁ PrEssileRypItiqn, as w tb8p$R§Fré § smdg?}?‘&z’gﬁ’b"f é‘?/‘?soﬁgpk’blﬁrl%eésed
by"t he present inventors 25 a nti oned above gsee JP-A; 20 0-229t12§.

IP- A ZOOOStZBCFBT?theaHH grpQrAaQO%O_ g)the present invention is based on a fechdical

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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_stil'l have roomfor inprovenent when they are considered fromthe viewpoint
‘of efficiency g_ ", S of delivery of an ionic drug into the skin, in

ot her words, fromthe viewpoint of highly efficient transport (transference
nunber) of the ionic drug and also fromthe operator's (user's) viewpoint
of convenience (maintainability of the device, ease of parts replacenent,
and handl i ng ease), although they are excellent devices fromthe viewoint
of avoiding 5 danage to the skin caused by el ectrochem cal reactions at
both of the el ethe shiweglssaribed copvénsiondnionisnberssis dedinplogies disingeentei FnMEF t he
ground el ectrode section). One objective of the present invention is,

t her ef or elontexchange intembranésp howeneny lesked alearicept of idha gf peetarithgver elisinafing: h
assures a high transference nunber in the transdermal delivery of an ionic
drug and Wdrnk draiwhacksasssociated wethi andectrochemicel deaction wrf a suréace ©f anreteopbde esi s
devi ces previously proposed by the present inventors as nentioned above.
From t he plarvir thesiehiiophetesis @igeabdd Sectiohe(aptiwes elettrodey ssetiom)sartioretheogrdund ed a
research with a view of providing the iontophoresis devices as having been

previsous| yle@fclie@sQibnlinat e ddcedaetedtient ors with hi gher added val ues. As a
result, it has been found that a higher transference nunber (high

transference effy ghenNabrddf theOBorvRREd B Jordyshob&ist &emo'iogiwugﬂg 86} exéafgd e
assured when: (1) in the iontophoresis electrode section, ( 1 )-1 the

el ectrol yhgmbRindlsh Mtkb® tREcHERNISShy Ry 4tRAtibh Il %lééﬁo@rfen{l&ﬁ réactiohs @dgn

plate is formed Into a nmenbrane body by using a nmenbrane which has ability

of retainjg @&mﬁlgﬁesﬁ | ot ¥&&1|oﬁc(h&¥de0é]edtfbd§}‘ﬁrm g gf&ﬁ‘h%lé%ﬁe%@&lm&{?@ i's

the electr te 20 solution an so of being

regnat e
EQCt r 0CcOQaUEd dev %C{lgn)l NP oﬁ'ce??rqHﬁHgvﬁramaél&n skd' b n%%h?%%)&i&ls' inehder 39d (

1)-2theronic ormed Into a menbran y using a

rsrﬁg‘ﬁr :ngt é\@éﬁ%?@@{@%kﬁ%té’cfhn&%g?bﬁﬁ,ggertaa i drug (drug solution) in

of being eIectrPc ndu% oy ; g§ Zggﬁ ;ﬁ maéh%the |§n|c dru%ﬁii&&?!io
RIS e gt R N P
R 0 WA o B e Wi
The el ect PMPrEscs afteegh HA0 &5 feipdf st IR 8o SRE sofidnl®: GEfghge
accor di ngPEBpRb i8S SHERT AP %‘go%b%aﬂ%ol‘??ﬂé@a@v 8@“2 i e ol
above des @%@ g@vlndlngs The present invention can provide an

i onti8phor i ce having high perfornance (high transference number of
i oni ¢ drugs),

parts repl acemamCJIt lg%%ﬁglﬁenc&@l(@égnafog% %’Hﬁéé 8%@%&‘?4%2\@;3@%”3’%%3 al‘@“%i gh
added val ue,

. 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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_To describe briefly, the first aspect of the present invention relates to
‘an i ontophoresis device useful for administering an ionic drug by

i ont ophoresi s, the iontophoresis device having an iontophoresis el ectrode
section (active electrode section) and a ground el ectrode section (inactive
el ectrode section) both of which are to be 15 connected to a power source,
wherein: ( 1) the iontophoresis electrode section conprises: ( 1 )-1. an
el ectrode plate connected to a power source of the same polarjity as charged
i ons of the i o) Butnuigflapmatipnor the likedinclusiing elesicak byn-sassed by dgcuresbr ane
arranged on a front side of the 20 el ectrode plate and retaining in it an
el ect r ol yitselSon pHiinduced bemctausedshyaa suddentchange inwhbdumte Hsor BpF pepdaeedibyn t h
the electrolyte solution, ( 1 )-3. an ion exchange nenbrane arranged on a
front si delecfoly$i®) mlagodacot phethe akint abits rsurface iwhichisrir soetacindithethe active t o
ions opposite to the charged ions of the ionic drug, -10 (1)-4. an

i oni c- dr uglecteddri sectivgh amdrdontleengroand elagestiesactaonf r ont si de of the ion exchange
menbrane and retaining the ionic drug in such a state that the nmenbrane is
i mpregnat ed Wiif)Thenskih adyChél dargagednat ifs Surfacs,. whichiioin exathatngith anr rdecarode
arranged on a front side of the 5 ionic-drug-retaining nmenbrane and

sel ecti vepfae B exdthple N oSitiNE(+) ORlczRBae]cin the achive eRa@Rdsdc® 1f a thafmfudni c
drug; and (2) the ground el ectrode section conprises: (2)-1. an el ectrode
pl ate opp@systaicd Tomldaftrbight Rydr&§si§! SFCWAHRnPhatsRin Burfd@ drdydropHyeiotsyical

el ectrode section, 10 (2)-2. an électrolyte-solution-retaining nmenbrane

arranged ofind ds'NledtoliRe Rb1utibE Bl BedmNE o PhASRhRPASLS RIA(WhiBE id Rndwin &da

ctrolyte solution in such a state that the nenbrane is inpregnated with

the el ect Et%.ﬁ %ﬁiﬁ% Eht) %Ft;huee’q based % ICIN (@G IRNDEs) BRI RENE r@lik BFUREn ON a
e oI the (0}

: ly :
front sid el*ectrol yte-sol ution-retarning menbrane and selective to

i ons, PPpPOS|.:; t ~Qns 15 of the ionic drug. The second aspect
of t %02 §&1Eil?ic£t9on ?c%cﬁl%rggﬁg{:@

present 1 nventiron r s to an iontophoresis device, which is a

modi fication offife Eﬁiﬁ%%ﬁ%g?@g& 18 BHESE Wit doBPhor WARIEH flectfoflt L he

ground el ectro section a cation exchange nenpbrane and an ani on

h 119) ' nbi [ i fi Ly =1, d
Slxét angpﬁﬁﬁtﬁ LB oyBpEy PRRFh OriteRaB) FEBE' ol st el o8 i oo
t ti 2) = 2: trolyte-sol ution- i ni .
arranged SR R Eou pRUSEHaRY bt Siine ik Shic, ARG PR RSieet
? Ihgc'élr gl(:%/fs%}rf;?agua&%ﬁ%&tl:'ogﬁg léglﬁggn,%lg E)?angp &t astahsésﬁ]l’{e gpﬁ%ﬂealﬁa?iniz%(r)r? %]%al?c%ow th

156 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
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=11 (2)-3. an ion exchange nenbrane arranged on a front side of the

‘el ectrol yte-sol ution-retaining nmenbrane and selective to ions of the sane

i on species as the charged ions of the ionic drug, (2)-4. an
el~ectrol yte-sol ution-retaining nmenbrane arranged on a front side of the 5

i on exchange nmenbrane and retaining in it an electrolyte solution in such a
state that the nenbrane is inpregnated with the electrolyte solution, and
(2)-5. an ion exchange nmenbrane arranged on a front side of the

el ect r ol yelectsasdeuplatenandtaa inh rexchangprmembranel asangasd pya front gde Bppbsioned t o
the charged ions of the ionic drug. 10 In order to inprove the performance
of the i oskinpboretsigssideof the ibaiei drgg rhé sélectivephderssofsthe |seme rionl spesiestais dhe
(active el ectrode section) and the ground el ectrode section (inactive

el ect r odeclmegdd iony of theactiveemgrediann uethe iiomc e thedentopldresi§ d¢vicdsepreviously

el ectrolyte solutions in the iontophoresis el ectrode section and ground

el ect r odepsposddoby diecpressniementdr as ahentibneis almvetae baseg an theafindiyg ohdatdhe abl e
or reduciBIe 15 substance, nore specifically, (ii) the electrolyte

sol utsi ons abhdvetdescriteaidepitaicksissodthted withdhe sasehtivhahivtitaphoresid etdcrode edtion
section are fornmed with solutions containing ferrous sulfate and ferric

sul fate Ofacfife AISAIIE_RetiOn)aREM We isbRedaby adping @RElI donstPudtidh Zbdtverdrthe
reduci bl e substance. To inprove the conveni ence, such as handling ease

(user fri gl iHRsR)electbodd gﬁt@&d MBSO B RS eSigHY I Qich Wi s BRARSHIT rdspa@nb i on

also relates to a iontophoresis device wherein - the el énents (nmempers) (

)-1to ( %Qibrﬁoﬁﬁorkﬁﬁelg&l‘c%g)ﬁ%(”enbers) (1)-2to( 1)-5other than the

?ICH gdrealpl l'ojl';]ie .I nthe i o_nt ‘ resis el ect.rod.e secti gn are put together g?‘
- the e?errent S El Eﬁg%?gﬁ)lg"(ezﬂl%m{ngsg% g%?gﬁ{o%ol%n)cél;k%? ge (2 &Eﬁ’gﬁd tQl ﬂ%ggﬁgl?%%t S
LAt | o ERB RS BB acabadeht®, b 7000t her as an i ntegral unit
of 1 he i ont ophipag 8t Gatg? et BFfesRIEN fulolF BBEIRS ro U pnanl 68 SERELY C°
Fol | owi ng SHLECPE REFBn U oHE Histh Hranaedal st M R P hathip

por specti ve vi eh s TRARHPPRIHE ehices RpioRihatoptise derateRIph B dbes: o
e a1 ragmenar apos Seoalpofised FTDAMDIME (Al GEnBRIS S aet crepgeRs ©
00 B e SRSt 5B 3Bl R SRl i b

OB eSS LS oal 00 ol Bl QUad eLect ol SEctlon (b
pssent ! gi/egt%ciieor?léite of the ground electrode section,
(iii) 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
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FIG 4 is a diagramillustrating a nodification of the iontophoresis device
"(X) shown in FIG 3, specifically a nodification of the ground el ectrode
section (2); 15 FIG 5 is a diagramillustrating experimnmenting equi prment
equi valent to the device (X) according to the first enbodi nent of the
present invention; FIG 6 is a viewillustrating an iontophoresis device
(X) according to a second enbodi ment of the present invention, and is a
view corresponding to a snall-dianmeter, cylindrical end section ( } n
FIG 2; 20f &lgery7of en donit almg integhe skinnip ether et dsp fiere Hesvigwpeiat of k)gh
accordl ng to a third enbodi nent of the present invention, and is a view
cor r esponefffinignt ¢ranspoentirapsfietanon nombet) eofsthal ibnigi drugtasd, alsgy fiiord thec eperatatls
section ( 1 a) in FIG 2; FIG 8 is a view (cross-sectional view) for
i|lustrat (usq'sarvieivmmﬁmpiﬁmonzxseini;ende(@a:iatamabilim@6ﬂd:i dayidepease fof patthreptdsonientent
of the present invention; and 25 FIG 9 is a front view of the

i ont ophor @si Bariiitivig csasd) Xhltbauphr ey gre exdetientf davideb feorbabié remtpoatft dfl dSoiding - 13

(Legend) X ..... | ont ophoresis devicel ..... | ont ophoresi s el ectrode

sect ison1ldamage tEhiRCskioetised By lecticthemical FBaednsat Yoth-of cedlédtrode s¢ations (the

menbranel3d ... .. Cati on exchange nenbranel4d ..... | oni c-drug

(As- Na+) - [otGphbBieRd eBiFbd§@dsn and theg U2 e%ﬁb@@mua@nbr ane2 ..... Ground

el ectrode sectionl0 21 ..... El ect rode pl at e22

----- El ect rol yt eggobbiebi éieﬁl@'ﬁ?éﬁﬁt RSRIGANS 2Berefore; {3pro0ide QXGBABEROresis

menbrane24 ... .. El ectrol yte-sol ution-retaini ng menbrane25 .. ... Ani on

exchange 8 Rk agﬁled aluEOWRICh SRU &L iﬁlg:ﬁztransfergﬁ‘:@'rﬁl%?b%r in the {pRRE&tIaI Ve
ing menber4d ... . X ..... SKi n-si nulmating bath

---- Sl il AEiehn HHld Bﬂg %Al f %ﬂ]{yg‘?ﬁ&bi&@ﬁ bconvemetlr&r 9(91 Qh@rﬂ%ﬁsﬁr of the o

cyli ndrlca? grip section r Carrying Qut the Invention 25 T

L PSR P o A B
Ne ST %Qe agove de%cﬁe%s 3&&\1 oEx\ése 2%1% ggestehp?mghfw% RESe Wohduc

referred to. say, ures si vvn |n

%ES al oo HE gfﬁ‘ﬁ% *ﬁ?ﬁvis‘k?tfew@zﬁhegﬁhe Ty deRe} %i *Pfﬁ*%h@ee it thef
the i ont osmpf)@eﬁ vy e reoe sy e YR sPRE s aerﬁvde‘%?ﬁ ST

th || t f
cross: Soct b RAVEDT G REneh SRV VR LE st (e SerhE o B BIbisrLand ol ce
(X) accor prese nvention conprises, as main elenents

di rl]% 1o the %cf |1

(menkPer s) €O nieB‘F‘Ft??ﬂlj?Slaésé‘ir WPkt rode 10 section ( 1), a ground el ectrode
section (2) an wer source (battery) (3 ). FIG 3 is the basic
construction d&é&@mm P%‘ﬁﬂé?mé%%@ogecti onal vi evv) of both of the
el ectrode sections, nanel t he iont ophoresis el ec e s éﬁr}@( %Pand
t” ground el ecﬂlr)oldeﬂbee%lﬁ‘?twefj’%lﬁérfo TRANGEE A1 the" elpsitpd

duct ed under_ bel ow descri bed conditigns by the |on1 phore 1s device (
accor di ng Pl isHermedinin e membranebadyohy wsing PI“EFé’?'?ré’Bee&’ I°ﬁ hep @bility gffetainiag o,
The reference nuneral (4).in FIG 3 designates a site ofeéhe ski n, r]d FI G
3 al so i | theslecitobge sefutieminnsush p stateihaiibe mf@hsanea«ﬁ impregpated withthe elgetrolyte
delivery) by new iontophoresis which can be practiced by the iont ophoreS| S
devik ( Xpolatiewantl dlge pbbeing clsetsecndugtive dp tangconduptiyestoripes)jip ap glegirigdield,ne
sodium (Na) salt of ascorbic acid (vitamn C), which may 20 hereinafter be
abbrevi at@eddas AsNa+, is used. The ionic drug is retained in an
i npregnatedl y-retaining gel nenbrane (14) in such a state that the gel
menbrane is (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 ions
25 (conductive to ions) in an electric field, and

(2) in the ground electrode section,
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inpregnated with the ionic drug. {ii) As the electrolyte solution, a 1:1

‘m xed aqueous solution of 1 Mlactic acid and 1 M sodium funmarate is used.
This electrolyte solution is retained in 25 inpregnatedly-retaining gel
menbranes (12,22) in such a state that the gel nenbranes are inpregnated
with the electrolyte solution. -15 (iiti) As the types (in ternms of ion
sel ective perneability) of enployed i on exchange nenbranes, nunerals 13 and
23 designate cation exchange nenbranes while nuneral 15 indicates an anion
exchange nembr a@a-1 Tthestectrolyte selhtionyéo be risrangesds onthe foptpige Pfdbe slestipdg n
the drawings. 5 (iv) An electrode plate ( I 1 ) in the iontophoresis.

el ect r odeplateds ifarmeglaotol & membeerbody byasingonineinbrang echiels has atelifatafretapning

el ectrode. (v) An electrode plate (21 ) in the ground el ectrode section

(i nact i vetheletectrolyttesobitxini inshch sstateabatale membsint iisvinpregnatiderith théelectmlyld G 1
to FIG 3, the reference nunerals in these drawi ngs correspond to the 10

r ef er encesghutigar sildalsofof bbig ieledirviahdattivel te imri(sordiictivesoiians) opdeiesiisfiedvi ce
descri bed above under the Means for Solving the Problens. For exanple, the
el emgnt (1 )- 1The idiephoestsofdiidecsicordity ite ehd Mesért idesitionaiascheas athieved t he
drawi ngs. Most characteristic features of the iontophoresis device (X)

accor di Ngpdsed bR ehedHRTEAbscibyPtdifsy, are to provide an iontophoresis device
of high added val ue by increasing 15 the quantity of ions m grated under

gi ven el eCtr OMDihy Gk CinyERfrAIUAR! plovide! i Wfobhdieaunaiicdlanens Upgm the
concentration, nobility and val ence of ions, because the objective of this
type of i [: St | i Is (FTeYali ! :
qgouh RERSRRRELEEn handBoRic MR UL M, 8] SofletntdUiibafagh®y

er wor b Vi Signi f.] t.eRty, O &)q]}iv i gh
transfer eﬁgtehen%er‘{gcg’r Eéa%%clﬁ zflq E%Q%?%g’eg{éyalﬂﬁgﬂag@%tggéaisgﬁﬁ%t 0 tr?gye I %h(r:\tgnl %rrllépof
fact Qr s OLi graﬁwa X (negative factors) such as el ectrochem cal reactions
at t'he respective eléctrodes, specifically skin inflammtion due to the

el ect 1 ochent cal yf ect N3 AN el fits NBY IO pALLE v Oflid:OrolhIR" @Y RNt S

in handling easgoa conveni ence o vice. fn respec

Pi g 1 antrLHERESn Rty YLD, foto HOySed: y Tafl Y. BT GO o
umber (2 HEIOURE, G4 6RO GDIBrY® erredrotretPe i ARBGE HBRER e
0bj 00t | ve i o EIPHEREHREWEERE (LRGN SREPHE IRTomRRS ol “RiPcHeaRore

caused by el ectrochem cal reactions occurnng around the el ectrodes in 5
i ont]&phor ggqngpted to a power source, wherein:

(1) the iontophoresis electrode section comprises:
. (1)-1. an electrode plate connected to a power source of the same polarity 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,
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I n irontophoresis, electrochem cal reactions, specifically certain oxidizing
‘reaction (positive el ectrode) and reducing reaction (negative el ectrode)

unavoi dably occur around the el ectrodes. By the above-nentioned

el-ectrochem cal reactions, formation of a harnful 10 substance through

el ectrol ysis of physiological saline as an electrolyte solution (for

exanpl e, formation of hypochlorous acid fromCf at the positive el ectrode,

whi ch is known as a strong oxidizing agent), sudden changes in pH (sudden

aci di fication dfl)#heapdenicidreg-edtaining onembeane csranged £nj @ ftangrpider of e ion

negative el ectrode) and production of gas bubbles (for exant‘gl e, Hz gas at

t he negat éxcbageemembriae aDd wtedning dheiohigalsugin sheh pogite ithas the avemlydey is15

occur, for exanple. These problens |lead to serious drawbacks for the

practi ce wfprégnatedptitirtheiienic dmog) amdi ng del et eri ous effects on the human skin,

skinirritations, incapability in energization (due to an increase in

resi stance as a1)8sul tanofiorgasxchamgbuchembrane andanded lonkea frontorsiier dfo the

el imnate the drawbacks involved in the conventional adm nistration nethods

of ignic @hieddru -?étﬁiﬁir%sméﬂﬁbﬂaﬂe dad s¢leding tplicsl ofbe sad@aiotlispeciés anthé ehaped

nunber 20 and sﬁi n inflammation due to el ectrochem cal reactions, and al so

t o i npr ovRnk BEthe BhiEHueN&Rl of the device such as its handling ease, the

i ont ophoresi s device ( according to the present invention has adopt ed,

especi al Iy g9) lfagr&gH¥sdléddoll Q&tiioh chmprif@spect i ve el ectrode sections, the
construction Bhat the i ndividual elenments (nmenbers) are constructed into

v o o orE B ASERe BAEeRofl, B SR U LR, p
o cre i 00 L o ey (e (2 29
orond 11 G of 170 e b ROy RaRA SR RIFNE o b AIAEI ST NG SRe e
Snron ondelBaffletie® dod F Rl A9 RIRA0RRe sdifkm3htpa Salit B mIFERLANE.

ani on and ranes 1’'n Irnvention are set as

descri bed. above e + js transderymlly delivered as the ionic drug.
The above' :er\éygxﬁlm@%tei\??ggfyﬁ%soﬂ\ﬁ@nl %nrérgphgresi s device (X) according 190
t he present inv ion wl.l hereinafter be describ in o detai |l 4 he
casept hat sodi uw';scoraﬂat‘gn(ﬁé‘%ﬁ%e ig‘ePB%gd@Frﬁ%ﬁ%S N1 iavfar 2y 5211 a%tl iqgéli c
drug. In this case, charged ions.,10 of ,th ctive ingredient,in the ionic
drug are BSUTIVERphLRNIRGInng MembTane and sPleclivg 1q' jons SPpaRtedoithe Fpapedsiont o

el ect rode Pl ate.(11) in the iontophoresis electrode section (1) is a
negdfi ve PLHhedMicdU8de while the el ectrode plate (21) in the ground

el ectrode sectign (2) i.s a posjtive (+) .electrode., Needl ess to say . that,
when an ionic dIE@ SE‘%%IQO{SP te%tj ﬁ'ﬁt Qfeéfﬂgi"ﬂ‘fe\?af’? relaies igqan dpdophpeests,device,
polarities of .the el ectrode plates (1 1) and.the. t S (in terns of ion
s”ecti veWhishisamodificgtiongf the, first Weééﬁéﬁé%S%WF%%g&%ﬂén'ls, 23) in the
albve-descri bed el ectrode sectiqgns are opposite, respectively. In FIG 1

t hr ough FI G (23 thihgronnd elegsede,sestipm SoMprses aoeation ichangs ragmbraRe paghany MG esi s
device (X) according to the first enbodi nent of the present invention, 20
numer al  1exchangeamenbrepein combiation.cners speakiqallsde section (active el ectrode
section), nuneral 2 the ground el ectrode section (inactive el ectrode
sect30on), nuner@)-13 tane efnstiede phate capposited imunedary @ thee eleriredq plate e the
mucosa). As shown in FIG 3, the iontophoresis el ectrode section (active

el ect r odeicntepthiotasis electroyle sestiomnst r uct ed of

(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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.25 (i) the negative (-) electrode plate ( 11 ), -18 (i) the
el ectrol yte-solution-retaining nenbrane ( 12) with the electrolyte solution
( 1 Mlactic acid/1 Msodiumfunarate) retained therein in such a state
that the nmenbrane is inpregnated with the electrolyte solution, (iii) the
cation exchange nenbrane (13), 5 (iv) the ionic-drug-retaining nmenbrane (
14), and (v) the anion exchange nenbrane (15). As also illustrated in FIG
3, the ground el ectrode section (2) is constructed of (i) _ the positive (+)
el ectrode pl at e2)31), apj iign t prchange: i Membrage s grrangedn-Metdi ey sitenminfatke (22)
with the electrolyte solution ( 1 10 Mlactic acid/1 M sodium funarat e)
retai ned elarayte-solitionebtaming mewbranaand kelectiviettp ions of she saprecign spesies\distthe t he
el ectrolyte solution, and (iii) the cation exchange nenbrane (23). In the
present i chaegediions ofitheiomlcadrtig,ol yt e- sol uti on-retai ni ng nmenbranes (12,22) in
both of the electrode sections ( 1,2) are not limted to those inpregnated
with the 15 abogg-4uenh ieteaerdlyed-soditicn-setainiag membyanecammged dn affrant Mdeadtthe
acid and 1 M sodium furmarate as an el ectrolyte solution. They may al so be
made 50f t lopse&chanpeanannbrde Wad fgaihinghinsi ah @tpcoalyte sdlution {nf such exstatplthat tbe 9%
aqueous solution of NaCl) or those inpregnated with a conpound, which has
an oxi dat iRmbfae CiippénRRt &vith @k elebinsiitetsBRifioh ddoxi dat i on-reducti on
potential of water and can be nore readily oxidized or reduced 20 conpared
with the electrohytic gneashi ekctahgd'@imembias Qtrahfdll asid 4 efbsd NGde esCtthens
of water), as an’'electrolyte SO|U%IOH. In the present invention, the
el ectrol y%%éﬁ?wldoﬁﬂ“ohgrte%ld?ﬁ@Qle%me%ﬁsse(e@gvez@ idn8 oBPésiteqb thdehLbQCiongde
tions , 2) " may a1so e made of nenbranes retaining an ionic drug (for
exanpl e, 8F&%E$ﬁ@& gentioned above) as a readily oxidizable or reducible
conmpound 1I'n such”a state that the nmenbranes are inpregnated with the
i oni g, drug, bec I i on, ; Idahd o0 tdon
ot el i al of 't hat Peisr o B the MeMbfipaitp L6 R, idgRhBRAIORE hEHE he
wat er. As.suUC i.Qni r [ i .dl r I Qlysi s
of vei or, RO GRUE SRRl YRR LAY AT Y LBund Rick8 TR
elimnate .%%?h]gcﬁvrm%ihsgr énﬁrﬁl@@?e E&iﬁ\i&%{i%?&aﬁlrgﬂgﬁyum' on diagranms (FIG 1

to FIGg 3" oresi evic according to the present

h fion. th h X ¢ : S e | h X
e oot e RO SRR Aol iR i BB PSR, SR b
¥ oct 1 odo cleBeods sehat s fomed P EE GaliEnt BARRIE » Feadlly PEARE IS,
constructiaon of the ground, el ectrode

15 substance, more $pecifically,

(i) 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).
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section (inactive electrode section) (2). In the iontophoresis device (X)

"according to the present invention, the electrode 10 plate ( 11 ) in the

i ont ophoresis el ectrode section (active electrode section) ( 1 ) can be

conposed of a desired el ectrode plate. Further, the electrode plate (21 )

in the ground el ectrode section (inactive electrode section) (2) can al so

be conposed of a desired electrode plate. For exanple, they can be conposed

of inert electrodes made of a conductive 15 material such as carbon or

pl ati num ConmePtienlfeajures of thatprsophnaesihdevigscacRaminmotoTRe REASERIGRYSIGON such

el ectrodes (products of 3MHealth Care Limted), which were used upon

i nvesti gass my pualkisize eande gempant sstofcturéevidlk ber raadilyotipdesstoedh dyethsc fallomang

sections (1,2) by using the iontophoresis device according to the present

i nvent i ondesripiidn oflibe tbebricdl benktmuticrecofithe ptegent amventdrso useful . 20 In the

i ont ophoresis device (X) according to the present invention, active

el ectrodes known in the field of iontophoresis may al so be adopted as the

el ect5r ode FJ ebes &)2'1 Zé) i§stead of the above-described inert electrodes.

When San aBriel REscription afithe Drawihes o o ¢ ug becones positive (+) ions,

specifically when norphine hydrochloride or lithiumchloride is used as an

ionic drug (in FIG.sl sasdew ifovepdll perspeotise viewl) iforhdesenibing) thedmsia cdnstgucaion of

i ngredi ent are positive ions, and chlorine as counter ions are negative

ions), il haRntcphoresisdbvic@(X) accotding talacfirst- embuidimene of ehetpresenteiheationdes ar e

silver electrodes which react as positive (+) plates with these counter

ions. In the capr;.0f ikhe fiap@eaane sfdsi-hedioasit Viee of elid iamieshordsive devitey €X)
ctrode readily reacts wwth chlorine ions (Cl-) so that insoluble AgCl is

FOrmed i naaeefhsan®s firdtehbbéfithent éﬂhg?feiéntﬁgleﬁti&i;' --~ AgQ + e'. An
advant age available fromthe use of the above-described active el ectrodes

resiges in thatgpide; ¢ gdatie! dbhbtpudiiea didg?in ArapRbRiant afdsiSecBbR QAW oPeg aUSE
the standard potential of the above reaction rs |ower than the standard

pot enti al id?lft(%ﬁllliBgesﬁl é?&ftlro‘ale)ééé.tﬁ)_n[:)(]‘??ﬁﬁ& Qpr&ind\@b&FodatsebtitR (?9% tHeVi®ndophoresis

el ectrode. | , hence, possible to avoid sudden acidification based on H+

lons at tQe, I@%%cé&ﬂﬁfﬁtti)\fﬁe s@&ﬁﬁdﬂﬁém%‘?%elﬁe&%ﬁv%féﬂfn al kal i zati on

based on s at the cathode (negative electrode). In the iontophoresis

devi ce (X) accogghng ifq &iaﬁgw@g@éﬁﬂggqﬂ&diﬂ&uohomﬁ%rionéagﬁa%@ delide qixy at

| east, three ion exchange ferent 1n 1on selective perneability

st oot ok H1PrS CRRRKERN ) AYREEMAADIRIELURCH-ARAUSA0] 3R | NSO 101 ©

substance (1 nsolu 'ne p I'C suc ver chlori (AgCl) formed
rentianes i n sobiS1 i ARRERT s PRE AR rRAARTERLRCR s REIenf EFRARRC

L on. oxchaRgbHerurE et e FEPRRL Seioh PP ERiod oy heabi 11 1y, 1 s
e o cos FO AR SEIANR SRSt I OOLFERORR e’
ol oot 1 od <GbRIH of 158 PRAH HEVEFERAE | f/bremoroTSbaldib 0Ed SR Spmere
menbr ane body wth an el ﬁgt r.olth(ée solution retained therein in such a state

that the igeleend seqtiop A LYAdn £ %i ¢ h

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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the‘electrolyte solution. As this thin nenbrane body is of the sanme kind as
"a thin 25 nenbrane body enpl oyed as the bel ow descri bed

ioni c-drug-retaining nmenbrane with an -21 ionic drug retained therein in
such a state that the nenbrane is inpregnated with the ionic drug and
therefore, its details will be described subsequently. As the electrolyte
solution, any desired electrolyte solution can be used. However, those

whi ch may cause trouble on the human skin through el ectrode reactions
shoul d be(IBgenddi ded. For el ectrolyte solutions suitable in the present
invention, organic acids and their salts, which exist in the human

met abol i ¢ cycl ¥, ... atentephstestsrdedficer om t he vi ewpoi nt of harm essness to the
body. For example, lactic acid, fumaric acid and the |ike are preferred.
Specifically, &n. lontgphewssis eleolrodd ssati@af 1 M | actic acid and 1 M sodi um
fumarate (Na salt) at a ratio of 1:1 is preferred. This electrolyte
solution is solubl &Eleatakiplaey well in water, and allows a current to fl ow
wel | through it. When a current is caused to flow as a constant current,
its gl ectrically.esiBidctiobee-sclufienacetanidg nembrdnst ant i al pH change takes pl ace
at the el ectrodes. Exanples of other electrolytes include: 15 ( 1)
physi ol ogi cal al i Tatiok eRHaigsraenbraf®l uti on of NaCl), and (2) a m xed
aqueous solution of ferrous sulfate (FeS04) and ferric sulfate [Fe2(S04) 3]

(0.2 MO0.2 M egui I abhie-dAUQAUSa F-edtathing Membrahet he case of the physi ol ogi cal
saline, gas bubbles may be produced at both of the negative and positive

el ectrodes andjymBy Afidn S&hahgedidnratce to inhibit a constant-current 20
;'er supply device as an accessory to the iontophoresis device (X),
a

hough the physi %&Q%ctﬁﬁﬂeisgﬁiﬂas hi gh conductivity. Further, since
chlorine gas is produced fromthe positive electrode so that the solution

ten to beco acipj] [g@tion of HA), full neasures nust, therefore,
be ?@ken to a\r?gtl d- a%régré’gte?gﬂ’?he skin. In the case of the m xed aqueous

sol ution of fe{zr.9.9%l%«#g{lﬁ&-\%%l(xﬁ&gpeﬂinﬁg‘ri]ir%efnﬁﬂx]ec 25 sul fate [Fe2(S04) 3],

there are nerits’in en curr I's applied, resistance is | ow and

-22 occurre OfCagi%ﬁe %Rﬁf&eﬁﬁraﬁpe el ectrodes is prevented, for reasons
to be nentioned subsequently®herern. In such a case, to cope with a

potential pr obﬂsm t]ﬂgcttrotgg?—s&hﬁ%—%%ﬁﬁhén?e?rlb‘t’%%)n may | eak out in the course
| 0

of manufacture of 't phoresi's vice , It Is necessary to take 5
sufficient co erg{g‘gsure% far [\%ra l e, in connection with the corrosion
resi stance of e ddUPLEC Wé%faﬁl? AM%Undesi r abl e) effects of sulfuric acid
(del eterious suPsteipce on the human body (skin). The electrolyte solution
kept!® n cont act® wi tTPWHhEHEYati ve (-) electrode plate (11) in the

i ont ophoresi s tr section ( 1) in the present invention my
preferably be fltl)%[%osg:ggles

‘ 33 ... Conductive spring member
4 ..... Skin
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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10 of one including a readily reduci ble conpound. On the other hand, the
"el ectrolyte solution kept in contact wwth the positive (+) electrode plate
(21) in the ground el ectrode section (2) according to the present invention
may preferably be conposed of one including a readily oxidizabl e conpound.
Needl ess to say, the positions of arrangenment of the el ectrolyte solutions,
in which 15 the readily oxidi zabl e conpound and the readily reducible
conmpound are added, respectively, should be set corresponding to the
el ect r ocheni callnr ewet itondeseribet e teshpisal corstriciéen of dde ppraseat  nypatigny the he
reduci ng reaction at the negative (-) electrode and the oxidizing reaction
at the podiatvings wilt)beakferted dde. Neetleshdo saye sieistto ibawnetad that, the eatures ghidwn in
oxi di zabl e and reduci bl e conpounds added to 20 the el ectrol yte sol uti ons,
respect i vihkeyravangs ghoafdebeinterptetedsas neorelylillesitating the ersladdiments end alsenghat itiaw
price and good availability), etc. Illustrative are inorgani c conpounds
such as f giesepuiventionds by Ad ehehmy limicedstolthase ®f theadtawmgent s such as ascorbic
acid (vitamn C) and sodi um ascorbate; acidic conpounds existing on the
sking such as ||, i1CctoaEIG3 aRdviovgdhistatay the frscémbedimen ofcthadontoplromésic
acid, succinic acid and fumaric acid and/or salts thereof. -23 As is
appr eci at gd;idel(Xab R dihg k& BRIpchent iRPer@BAY €- descri bed equirati o aqueous
solution of 1 Mlactic acid and 1 Msodiumfunmnarate is preferred as the
el ectrol yte sol pg onsis ki tﬁ@ragaiﬁsﬁéctﬁecﬁ’i@ﬁzﬁ)u\ﬂﬂilé’\’fm@ 2 SisIRHee ffagaihialy
oxi di zabl e or reducible than the 5 hydrolytic reaction of water (oxidation
at the poéﬂo&%—%e%ti&lla?% .deA@%anqqqgés'e%?a\?hgi hie REPhbIESIs Befics (RY Sdcordify

nple, I'n e case of ferric sultate, tfefric 1ons are readily reduced
I'Wo ferr %ut%? :gpéggr%t%vehﬂgn g&g?'ltiée\ﬁ,easellngiﬁtéié?%rts ¢rﬂer%l§@s)?@r§RJnR;thBPe_rsirsQPe%trode _

on e ot her hand,

sul fat e, errous 1ons are readily oxidizZed into ferric

i t the.. I\t ] t k i at ed
w % he. TPAPERDL  BouB EbtaiEiectiy & SF BN G QA T ea Wi th
the present i nvERTTOR S SHEERRER Ebbcty dlind-Phy SRS BRI RS A

f i ided. A detailgd d i nt.i ] th
mer £ s vl Py Bl aepies, Gy BRICRRERYRLS Slhelible, Lol 16) AR BPIRMha 7

i di zabl . di | .educi bl 5 . Lyel

The. el ot FEFORE SBTIT 4L Vil (HEVTBHEUThorears et s SBRMGHE Mef® g
The el eot PPYrdssceg: POREATRY JBF dPBEBETEYS divicres) Paatfirs GaBeimdfnte™
are produced in both of .th | ectr ?f sections (1,2) so that the el ectrode
pl at¥s an#VERHEasd Fré@ﬂéfhgicgg]@ dlyte solutions are prevented from

contacting 20 with each other. , le,, HZ gas. is.produced t
negative el ect rzgh%,refarﬁacmlzn%{ﬁhﬁ‘%zn gi@gg dﬁ?‘%“%‘?so‘tlﬁl‘ﬁfeﬂf@fe sg'ﬁ‘ea %Ef(l}l leso
el ectrode, If such a situation a&i sgs, .the electri .res'é%tyances of .the
e,ct r ode iljstiptes ap pdministration methed phan jopic daig (Gsfelive e 10gtophPresist i s
altowed to flow no matter how nuch a voJtage_is rajsed. In the. case of the
above- des®highean be grastieadihy the ignterboyesis %CNZX) ageprding toothe presentipyention,
stably energize for a |long time (30 mnutes or longer), This is an
extremely seri o(i3 Asttesbioaie drugrthe pediymdNgbsal ofscorpacid-Gyitagyn Q,tvaueh make
i ont ophoresi s device (X). o ) . i

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.

(ii) 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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-24+: To stably performiontophoresis by elimnating the above-described
‘instability factor, it is extrenely inportant to inhibit production of gas
bubbles in the el ectrode plates (11,21). To achieve this purpose, it is
useful to add a substance, which is susceptible to an 5 oxidi zing or
reduci ng reaction wi thout producing gas bubbles, to both of the electrol yte
sol utions. Described specifically, oxygen or hydrogen is produced when
water is oxidized or reduced. To inhibit these reactions, ferrous sulfate,
ferric sul fat(i) Assthertipes (érctedme rof tiore selediveresmeabilithie o€ employed dereexchgngn
exanple to the el ectrode conpartnent solutions 10 (el ectrolyte solutions).
When sodi membranes, materils 18sad,23f desigaataatien esddngermestboansatvaiilesnumaralats vel y
deconposed at the positive (+) el ectrode, where an oxidi zing reaction takes
pl ace, i natiraws ah apionckxcharpe mémbrayeerThedt idrexchegget inembianys edecrtangetbaswher e
a reducing reaction takes place, on the other hand, sodium ascorbate is
reduct i vedhowads eigdrawihes nst ead of occurrence of hydrogen. As a consequence,
it is possible to inhigit production of 15 oxygen or hydrogen gas bubbl es

whi clg i mpair tdhg A4 Riirbde/ plafe @NPIDIRADIOPhEIBSS BRERbAS sdcfion (RYive electrode
sacrificially using a subs?ance which is nore readily oxidizable or

reduci bl egdchar) ivadedas ahegdtivel(©dcaohem cal reaction (a substance having an
oxi dation-reduction potential 'l ower than the oxidation-reduction potenti al

of water) such @Ztlﬁpg&%g@g dWBH ﬁstlféeg&ﬁﬁcp%ﬁc%gg’é/ Gectfol €AY CldcRBAOf

gas bubbles in ectrode sections ( 1,2) can be 20 inhibited so

that the %egﬂ{)@gpg{)egsgsﬁ gl\(i'k,g@e)( ctiogl Performnore stable operation. In

ove-descri errous sulfate, ferric sulfate and

ition
WorsiC ac A BPMQUPH PSS GR0 0O RhkedR Rl Srabifhs Rebddu! Blthe

substance in the présent 1nvéntion insofar as it undergo€s oxidation or
reduction_and inhibit lec RYAN o I ter. . j
nscaPbat o' TG uredfirRehi o W i oeP lehiehs AL ooty Bhvioc REHRIHUR,
into: -25 [ H and theplih ke at 4 he el rgde afd\Vve .
el ectr ode?n%e%ﬁqgg?@dgfgioﬁﬁlvwga&fei Brobtelises fSrag@m %g‘%"\d&%i ?%"%%h@c??lgé% B i ¢
acid, 2,3:-diketo-Dgul onic aci.d the like at the el ectrode (positive
el ect r odel™ P@s‘ﬁl‘?gﬁlﬁ? @92‘? ﬁ@%@g{a?alsolﬁ p grgecgrawngge_ 5 The iontophoresis
el ectrode secti ( in.th resent. i nventj on.makes t conbj.ne e of
the cation exch&‘??ﬁ'e cﬁg%ﬁf?réﬁ@ ?efgﬁresaﬁg t?%éorgﬂpm{eségg‘ﬁgﬁﬁeaﬁe?ﬁ?%dﬁ%g ?iéﬁe as
illustrated in.FIG, 3. As the cation ehxchan%g{. nerﬁ\r.}ge%%%) Sﬁlf ective to
i ons oppoBlesent dpyeptian prsfodpayifean igntoghoggsis; §rvics qfiigh added aafue By Infrepying
i ont ophoretic drug (AsNa+) in_ th resent invention, it, 10 is. possible to
6 RECOEMEATREHIY of ENSoMIETRS W) BERB SCOMBINEidBice Hheo QURsTich Pemetihm
CORPORATI ON) . As the ani on exchange nenbr %gg ( 15) sel ecthve tqQ ions of the
sane typekeawn e depand dwen cibe (gomcsntigtion,, molity \andi ¥lpResi 8honsy BERMISE AP ¢
drug (As-Na+) in the present inventiaon, it.is possible to use NEOSEPTA
(@ 1. AwPEEctivgxof Hustypac, 10atophoresis 13 te drive (dpiives) a‘iBO'Q‘Br‘i;'%é‘Eto e PORVYAVA
ORATI .
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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~The*ionic drug (As' Na+) retaining nenbrane (14) in the iontophoresis
"electrode section ( 1) in the present invention is conposed of a thin
menbrane body with the ionic drug retained therein in such a state that the
menbrane body is inpregnated with the ionic drug. 20 In addition to sodium
ascorbate (Asl Va+) descri bed above, conventionally known ionic drugs are
usable in the present invention as the ionic drug without any limtations.
Typi cal exanples of this type of ionic drugs are as nentioned above. In the
present i Ayesaededn, I the presehieine¢nsiony o highdransfersnice numberdp highgeffreieheyarren pe 12)
and 25 (2) the ionic-drug-retaining nenbrane (14) -26 are conposed of

t hi n menbstably aobidvasswith the ahnveetiesctibenl techmibtansiroctiocarad valh be descrbett brjow.
retained therein, respectively, in such a state that the thin nenbrane

bodi es are i npr éigsnalsednwmpbrtithebekeod toadliptirats drawttiacks suchl as kidniinflinemaltierg,
respectively. As the thin nmenbrane bodies, those of the sane kind or of

di f f er ent whichd ac&ncabseds dlye eleedodhemicad nizactéshs useculrigm drbuml  Sheresiduti@des dadi es
to be described subsequently herein. The thin nmenbrane bodies wl|

her eimaf t esntéyshoskdscri bed in detail. For the iontophoresis device (X), there
are operation conditions (current value, voltage value) set fromthe

vi ewpoi nt of saigichtdphobdin, BERGCheidAl réddBomED ShecifdANY (c@ARin BXRA g Feaction
therefore, is howto achieve efficient transport of an ionic drug into the

skin 10 ({pRRRACLERIodER ahd BEdiking! RAtionSnefRiveRI&dd8) BABidabBNSIBF SRR
nunber under the cor?dit?i ons V\/nlim%h aslsuf(ge% hle saf et y.@) Fr orr%thl?s \fi ewpoi nt, a
descri pti g #edifodee made about the thin nmenbrane body, especially

perties of the i1onic-drug-retaining nenbrane (14). In the present

iTMvention, for g _etﬁehiaﬂo{;@%ﬁﬁé}%dbggkﬁécl{eﬂﬁ%a‘)i hll%%Ct%ofIlls’ _formatioP'Oof a Sharmful

el ectrol yte-sol uti on-retal ni ng nmenbran e i ontophoresi

e el o4 ROy hea AP 8 SEh! Qi 53 SPLULL AN DB B
of the t h%’&f@%ﬁé&{}@gﬁ&ﬁ%‘roﬂ? aEnraafr?QﬁhtF Q% Et)%{ggsiﬁ'&e El? ré&)enh\gl;lc?rl; S &éq%}nslgspga})ngi S

menbr ane n general, 1on resi s rans

A tescr s polt e AR enty chfith. SRGK? 58 e bR 2GRN g

i ont ophor esi nder . const.ant cyrrent condjtjons, but fhe present . inveption

ot 1 feeEatd S AR e o', Blse 8 leloiR maf Produsfoh b B Rmob RS T

the present invenption, erati.on conditions w th_the above-nentioped fety

of the T ofEPNY Haitd 3 e aokesye elhRtRts. (P Brsod Glar s, Bl BRPIHS Secrodd)

constant current conditions, specifically 0.1.to Q. , preferably 0.1 to

0. "3155 mAlindor SFmple ) Tiste BRI ArAd b SC AiaRacks, fBedhe GrEbbat sh

t he above-desqgri bed.constant curre and are safe,.specifically. bel qw 50 V,

pr ef er abl YPHYRNGEPsty IRGluqing ?IB'QPO‘E%&%TC}%?;‘}&ﬁ&uy“a&eﬂkf'\yéﬁmtlﬁétaﬁl?}}ﬁ E‘CﬁPag’g‘téinder

t he above-descr,i bed conditions, it is inportant for the thin nmepbrane
jes to lma\ﬁéglémopi(gveewtandmfﬁqmn FESTABECITA FeRlt ngﬂsd’f%#‘ﬁ&"'%, awi"&@élhe-a

state that the thin nenbrane bodies are inpregnated with the ioni¢c drug and

al so to have suff PEdeafe elipiinate yhe drawdbacks inMelvedpn s, senvgnyjonal administgatioan; ¢

drug to nove toward the skin under the above-described electric field

condi t i ondnethads sifanic dougss sudings ahoyedgscribad orotdems praarding gpnsference number

i npregnatedly retaining ionic drug to nove toward the skin, and in still

ot he?0 wor @8d ~ skith- iaflammasien ndug ttp v ele¢trapheminal sadtipay, and | 4lsy . tol dmpreder thehe

above-described constant current conditions, the ionic-drug-retaining

menbr ane (Cohveniemeerbf thealebisd pich as itshimngdlieg ease, ihavemophomesihdayiat (39 accprdimged

with desired inpregnatedly-retaining ability for the ionic drug and al so

wi t h abi | ite \the presaots evieotiors hes iadepted, espdeially ed thet constriucigpmedf ¢lng réspectivee

toward the skin (hereinafter called ion electroconductivity or ion

conduct i vietegdrodel secionsa thieecunistrucionrthatythe xpkvidoa rdlamerith n@niesendre icon@nictads

found that a high transference nunber (high drug-delivering ability) as
great as Tflolaye3QRalldsarated O RIG.€ andlIG. 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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be obtai ned when the degree of inpregnation of the ionic-drug-retaining
‘menbrane ( 14) with a solution of the ionic drug is in a range of 30 to 40%
in the | ayered construction of the nmenbrane bodies in the iontophoresis
el-ectrode section ( 1), in other words, in the 20 three-layer structure of
t he cati on exchange nenbrane ( 13 ), the ionic-drug-retaining nmenbrane (
14) and the ani on exchange nenbrane ( 15). The above-descri bed degree of

i mpregnation of 30 to 40%is a value extrenely close to the content of

wat er i n ofhthegrourdacledtradecsettioma(?) aye blhichnstrged infoclayera sueh asg plate wampenssi ng
correlation. -28 Furt her, the above-described transference nunber of 70
t o 80% i smambminebodits @l iex exchamgeymermbpandsevel conpared with those avail abl e
fromthe conventional iontophoresis technologies. Incidentally, the

measur enent of Theegopertiod bfrpthegmadmbrane hbedies, baamelyd utiee el tiodere glattsel y
after inpregnation to avoid tine-dependent influence. Likew se, the

measur eneglectedlyte-sblutivafreta@impembmbia@es, ShiicHdeh goretaining utdnetatadey aaionand icaigort he

i oni c-drug-retai ning menbrane, which has been inpregnated with the ionic

drugs bet wasBndd@emBrineX il BRgFesAN VNGRS frelsd) agidesctibdd hbovei Whert AFNAT ient | y
assenbling the other nenbers such that tine-dependent changes can be

avoi ded ag,fBdeimaA§ dBR@Pdddsahe id drughoul d be noted that the above-described
degree of I npregnation with the solution of the ionic drug and the

transference nufRenpQfe-ddiEribdNfeatilor MeidniiMorSis! MARRLEX) Redobdind 6 IR
i nvention. These are because no 1 ndex for objectively and totally

eval uat | ngreg%}ﬁ ei %dti:o}l%/wﬂlgp&iaﬁngﬁ?ﬁ]ﬁe RN RESNPAYe H&aftSn! KR &8O FhAR koliuhd t he

i@ c drug, abi y in nmenbrane to retain the ionic drug and
i ngr odi entSefeth B B ARRHEADRy el of an IAE ARAT IRFRL Sl thard® BRb oy
arug v o AEVE “FiteRerelin b oRERREHE ol SnpRRVASTEL 0 ity o on
Gearee. of i pr eAnsbiegn Sl SEHES POREY F checToniRRE il T RL ' BiopRireli®
properties

Petar ni ngolprpde ol oiER ReiEsl Alf yfle FEPEAER ke Bhip i et

L. pr escRESTIFORTIN(D it ApBCP Bt acrylrc resin (acryl i hyorogel
of the acryiic Neslings wb i the it iatic g GREcRial B ey e e
) o SRR AR Do B0
Subst ance PERUSPIISY af e IaIATGe SHImBARSHLE 1o G FBa e d e

current to flow through it as a result of mgration of dissociated ions of
t @ el ect FALPRBATE PHRPMISCESPACHVEY her words, the mixture obtained by

i Mpregnating the acrylic hydrogel nenbrane_ (which can he considered _ to be a
5 m croporous g&t ’ﬂé%b } athsqushi dlGar awhisbuillugsate: then basic  spostepetion, f ythe
substance can be considered to become a hi gh-npl ecul ar adhesive materi al
equi pped igntophosesisc dender: (XY acgordingn e the firg cenbriiment of the present nvsatRlse

the acrylic hydrogel menbrane becones ) ) )
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 (i) the negative (-) electrode plate (11),
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~conductive to ions (electroconductive to ions) as a result of penetration
"of the dispersing medi um and di ssociated i on species into the

t hr ee- di nensi onal network of high-nol ecular 10 chains in the acrylic

hydr ogel nenbrane and migration of the ion species through the network
structure in an electrical field. The above-described correl ati on between
the degree of inpregnation of the acrylic hydrogel nenbrane and the
transference nunber can be easily adjusted by controlling the size of the
t hr ee- di mensi diiatherpdectohite-selbtien-tatzinmgdnernlraie (ids veithdthgredsstrpbytosdutign (1
nononers 15 nmaking up the resin. In the present invention, an acrylic

hydr ogel Melattiaaad/thaMi sogivan degarete) oétained thegeintin snchod s thet theumembrane is
transference nunber of 70 to 80% can be prepared from 2-hydroxyet hyl

met hacr yl iatpeegnatd etithythe eleciyblytecblutionet hacryl at e (nononmer ratio: 98-99.5 to
0.5-2). Such acrylic hydrogel nmenbranes (m croporous gel nenbranes) are
avai | abl e, f @iii) 8 cauemptchandermemisame @Gt act Lens Co., Ltd. In the present
i nvention, the degree of inpregnation and the transference nunber have been
confgrmed to ki) skoishieririgrdt¥iningenedibimnevild))iand t he usual thi ckness range of
the acrylic hydrogel nenbrane (m croporous gel nmenbrane) for use in the

present i nventi@ythetalﬂﬂ)tn dx8hangh nRnibAdi@g19f from0.1 mMmmto 1.0 nm As anot her
ioni c-drug-retai hing menbrané (14) for use in the present invention, 25

there is a segnrojiedinQr#by SIFIENS, Gi8lgrdRaRIRAB1¢ Sdekib korkir@etes bf: of
Takiron Co., Ltd.). -30 Thi s menbrane is a segnent ed pol yur et hane gel

nmenbr ane, whi chy; I col (PEG and pol ypropyl ene gl ycol
m)gmghgélﬁﬁes(ﬂg eielbyd Aag (dlycol (PEG pol ypr opy gly

G as segne een produced fromthese nononers and

Socyne e IR S AP AR i i

t hr ee- di nensi ructure uret’hane bon and 1ts degree
tmArd

o UBPLc e E0EL 95 TR sl nd 81 sap ey

proportions. of e . r S.kn: 1 h ase of the above-described acrylic
hydr ogel 'n@ﬁggng%neg.w'ﬁ&?%cégl rresr?lthglé’hbo d;ur et hane gel nenbrane (m croporous

gel nenbrane) ..gﬂ%ed 10w trq eWatr(]ral " raltsg%)di spersion nedium and an el ectrol yte
substance (a m a‘iaflo?rﬁ’fcawl SYMEANT Me 1 ke), oxygen atons of ether bonds

in a segnent-f ), N ol yet her a the, al kal i, .netal .salt _far l.

and- wnen el et 1t e gyeieat SygRiah o RFR ik RlamR s e p 2R i

oxygen in, the next void,ether bond.so that ,canductivity.(ion .

el )e/gt rocoh@gc?él\}f‘("t ﬁecfrgd‘é)ﬁ’?f’tt‘)‘?‘lse 52} Atg (ﬁ‘gﬁtl’ewlféfjl, %‘? Hﬁo eﬂﬁ%rﬁg%%e$oW%rtg? hane

el menbrane (m cropor el 15 .nmenbrane), i d, as a gel d.for ..

gl t r’iRsoni 8PP P$£§?US° iS E‘tlﬁgecoﬂpqs%%loioﬁgﬁcWRS}% a(’ﬁioﬁn‘i)al M “sodium

el ectroconducti ve roperty. The segnent ed polyuretha el nenbrape .

(mi cr opor r@f@lasl)ﬁ"‘éprﬁ;?‘g’i?i}?gisghlf‘?%e €Y PAY lagf‘f’i neY Pﬂglog‘ki“ﬂprﬁ%’bat?‘guﬂng

subst ance havin i safety, becauy use of PEG PPG: PEG cqpol ynmer, whi ch
D A Staloile S ine, oF, ekivmRle, PS% ARIGUS SARTRRAT AL 8l diogs AP cBEMAL

affot her ionic-drug-retaining nenbrane (14) for, use in the present

i nvent i onWithn 3 giempeNBEdc tWiED nhas offbr oYidatignetedustinn (pptentigh nigwes than ghe

gel -like solid electrolyte, for example, as a gel-like soljid electrolyte
sheet in exidefiqndredestion( petentinlapt watsr| ynd sapdsy 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
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| on-conductive m croporous sheets of this type are disclosed, for exanple,
‘in JP-A-11273452, and are basically forned of a microporous pol ymer having
a porosity of 25 from 20 to 80% and conposed primarily of an acrylonitrile
pol ymer. -31 More specifically, the mcroporous polymer is an
acrylonitrile copolymer conposed of 50 nole % or nore (preferably 70 to 98
nole %9 of acrylonitrile and having a porosity of from20 to 80% The
acrylonitrile-based, gel-like solid electrolyte sheet (solid cell) is

pr epar ed thgn thai npwetgnat Asspchnicair grugnareraxidizdsleraddunsg piripntr thehwdrolysishofch i s
soluble in a non-aqueous solvent and has a porosity of 20 to 80% w th an
el ect r ol ywater oint drawbauk assoviaeieth shedndudyds afovdter et elimoptdy mer sheet into
a gel. Gel bodies include gel-like bodies and hard nmenbrane-|ike bodies.
From t he vi ewpaladtswith referenc® dthetbagict oonstswdtion \iggnams (EQG. i1k, FIGha) of the
acrylonitril e-based 10 copol ymer sheet soluble in the non-aqueous sol vent
can pref epatdploresis @eviReIXY tordhgar theqtbdeht iteftlo Ahé lckidtructiad bf acmpteat e
copol yner, acrylonitrile/vinyl acetate copolynmer, acrylonitrile/styrene

copotsyrrerspe@eﬁexbﬁaIaﬁc;rbéi@awiwm)d@ﬂ«pr&hbia%itﬂ@n@\@aeﬁmrati@ﬁ rhdiBod bK#n iohix form
t he copol yner sheet into a m croporous sheet, conventional processes can be

adopt ed i &ﬁg%ﬂh BY dERFiLYE In the bYder BRRR spEEfiE BEhsRUATSHT thd 1dRtIPBEALIS eRieit6dd NY
process as 15 production process of non-woven fabric, the water jet

process, anfof gdg Y eRBtrOe &cliB) (194hd HethesitR KonbtRi®ioRl oFithd ERRARG tRchogy Py

stretching or ent extraction. ”Anong the i1on-conductive Cropor ous

h f ONL:L L Ll.e- . I I d i lid I'ls, I
e R BEAIEOTLS ST L2 R P
D R e e

ful. t.hi nb badi . d i ck
DTS o2 S e G PaPERE RN o R R S50 2 °

bas | ng rane rese nventi on.

As diti der .whi ch = d i b hi d
o COTSHR S ol BRSPS 0T, DG D RO, P
Lot O VLSRR, Tl g Sl B0 oSl hopnee” o

i npregnati.on speed and the |ike. For exanple, inpregnation conditions of
40C and S?Ie?ﬂor‘i@tp ®may be chosen. In the present invention, various thin
menbr ane bodi es_each of which is useful as a base for, the .
i oni c- dr ug- r et aF i HEFMHRLeHEH Isbf) CQ,‘BI?PSB‘S of stpert relsctrofles MRAR fehisPadietiBydy 5
whi ch serves as a base for the el ectrolyte retaining nmenbrane ( 1%). Mpese
t hi idmenbmaissiabsusteds garhent or iplptighme| Ldmipgrgla Iprareilebie. ¢ EAtE PR BeatYdn of
ion species dissociated in the electrolyte sol uti o_nqgﬁ/i t Ig]éc\é‘mi ch the, nenbrane
body is i meREeng stectreggsniprodpcts, el b dealds Casen bamitedon by WeEh 885 4PPBN of
t he i ontophoresis electrode section (.1 ) of the iontophoresis device (X

r di nginvestigating passiie reagtiensofghe skia at doiupletde plecirgde pretiops hlsbyasing
delivery by conventional |ontophoresis devices, the jonic d_ru% can be

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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“transdermal |y delivered stably over a | onger period of time at a higher
"transference nunber, and hi gher biosafety can be obtained. Described
specifically, owing to the above-described technical construction of the

i ont ophoresis el ectrode 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 |ong period of tine
through the skin (4) (drug delivery). It is also possible to prevent

f or mat i onthef abmveranentiaheds atisteaclearades aog kilwelr edd¢atwidys ivéhi¢n reake aglpesitive &)
section, that is, to achieve a high |level of biosafety. Next, with

r ef er enceplates With.th&e cotmgtercionst r uct i on of the ground el ectrode section 20

[ positive (+) electrode] (2) of the iontophoresis device (X) according to
the present i nviantheaassvof thebsbadesiesdribed.actife tlectrbdespthessivtr elettrode readily

i ont ophoresi s technol ogy which realizes stable energization properties and
_bi osaf et yreaers wiete BhipFiae dsd(CIYhioSthas indbRBROAYCD&C fytfRd tih GacesrawRt with ahe

t echnol ogi es of iontophoresis were devel oped under a sinplistic concept of

the gonst foi@hia®NAgS+oEIt he gpound &l el ad@antaet hedilablRalfrdnt theé Rer anard
nmerely to establish grounding. -33 This observation is affirmed in view

of Japaneag, baReiiAes abdldeRPEML YR IGah Bl &E@Tactrwgnic@cﬁ%n%f’ér can be
JP- A- 03094771 and JP-A-04197277 to which this application is relat edl, whi ch

q . o
Above. dooper filed BELHEed MERardal S B ofithe pldve 3ekiion 30 10er i the standard )
Chthe i . ; . ) : q a i
In el 0?{%91?( ?'oF3he eﬁ?ﬁﬂ&l&ﬁg (rggctlgﬁ Q)? vgd%t&fﬁgﬁlggfélgﬁ% '(ﬁf efé@ﬁ?@éf Zgh?s ?19+c%, In

r tion e overa truction ce, nove ni ca

const r uct h(?slgibie o a’t'vgc Qh8 &icﬁh?zﬁfornoo%eds&?ﬁ; s %ﬁ?h*e ABAE LifWQ‘Flfe&%@%?é rom

t he conve ona nrcal construction, om the viewpol nt of per ng

t ahl dmi. ni i i, oni&.-d f I i qd .of, ti t hi gh
©r andF or ot SbiAkabe Bkl SRIGH AOM R cofhodB Rl Beefias). L 0% bt ar i ng
10 high | I i . As.sh i n _Fl 3 h d el ectrod

sect: gn (%/eof 0{"h |elo§0a %’B’ﬁﬁqﬁgsf@w%\g@(t%cf%&nﬁc{@oh}f’ie}% rs‘%)'ﬁn'flﬁgmieﬁ’?‘eg‘g??'t%ver’
invenjti on, i S con trluct ege@of he el ectrgde pl at%é‘nﬂ hg&f a pol.ari tr )
opposi te besapsge P r@ct‘?to Sty ree (O 17PNt AETOSHESpABIFESY & dPRcierastiEe
Che 11 ont PETIRDILY Pttt oty 6 GRRDBRESE VSR 3° OSUbahabt 6ok bn digmibte O

menbr ane 3 arranged on the front side of e, )
el ectrol yé"é’-s@ ‘I’%(‘f‘ﬁ‘ﬂ'—gﬁﬁté}enpmdﬁ%)nﬂ*}cgn@ pbvsy ,CE‘[]%‘QF (AsClh formed @ the a5Hve he
skin (4) alnd selectjve to ions opposjte to charged ions of the ionic drug.
It 18 a stlgeirqdednst me:mlarr@etpéfmegtﬂqwffﬂéeamreécm@ﬁmwawén;fpmsrmwceﬁ,ﬁae in
the i ontophoresis device (X) according to the present invention, the ion
exchange YAEBIaRs takeringheis usej ngi spensably arranged in the ground el ectrode
section(2) so as to heighten biogsafety. In the iontophoresis device (X%

rding to thes phecioptopheigsis deyies (X} pecording to theyaresegbinyentinn ysgs theeplura
el ectrol yte-sol ution-retaining nenbrane (22) of the ground el ectrode
sect i on( 2ipnnergh#ngec membeags iffggpat toinpnasateatiye spesmpahilityc & ist pusferred for the
oxi dati on-reduction

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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~potential of which is |ower than the oxidation-reduction potential of
‘water, like the 25 above-described electrolyte solution in the

el ectrol yte-sol ution-retaining nmenbrane (12) of the iontophoresis el ectrode
section (1), fromthe viewpoint of biosafety and stable operation -34 for
a long period of tinme. It is also a significant feature that the

i ont ophoresis device (X) is provided with high added val ue by arranging the
i on exchange nmenbrane (23) in the ground el ectrode section (2) and al so by
formi ng tibeicalreg retaihgd themih int sush andtath that eheaimembrase 3¢ impregnateshidith yhe ionic

oxi di zabl e or reduci bl e substance added therein. 5 As depicted in FIG 3,
in the fidmg asdihediforenits ddtaitshvell pe dseenbed subseduiently. when an acti ve ingredient
of an ionic drug such as sodi um ascorbate (AslVa+) is charged to negative
(-). the el ectraghelairoly(ebltionaihdesied viectrallablutida caebé used. ( Bowever he

i ont ophoresi s device (X) becones positive (+), the electrolyte solution in
the el ectihese/iRichChalf talRe tRIuBleNdm theRithdrAslEn (R dhgh SlecROOFatticts shanl e 1

m xed aqueous solution of 1Mlactic acid and 1 M 10 sodium funmarate as in

t he gont ophffesi s el ectrode section (1), and the ion exchange menbrane (23)
i s conposed of a cation exchange nenbrane. In the present invention, the

el ectrolyte solpi émtﬂogyéé Q&uﬁ&&cguﬁtemtlﬁ-tﬁ@betsérﬁrimve%hah nérg%lmeﬂag ane thedR) of

t he ground el ectrode seéction can be conposed of physiol ogi cal saline
uht ch as GRA! WARReARONE heCﬂL%Qﬁ ctibdliRAlicle/. £ FLEAD) drolm (R ViDL
subst ance, Tor exanple errlc su ate erric ate contalning ferrous

sul fate (ﬁarl]m%%weg‘so'}o%eﬁéﬁry;t! on of both sulfates), ascorbic acid or sodium

tion method of the ionic drug by iontophoresis,

\ﬁorbat e e adm ni s _
ch vas expl g el Mble! 1AL SHANKfAR o g,e%l{doeggs&g%esae Rflg)! SFedabagngnn 10

FIG 3, was in ascor at "t he
dient of th t 2
v orl Dvnor iRy 4, lgﬁéﬁa?wm ARG A AR ARl Qe llaf B8l vk By

b f
druge. of PRIy iﬁ gesc 05@*( f@l&l%ﬁf@e}’@ %’35?1&"" e?éve pg'gf 1 esea? Ls%e“””' ‘
i ncl ude progai ne g Ol’l‘gﬁ and cal ne ydrg or| dce ocal S
anest het i © PYYg‘é’e ropgh, iy o) WREY | egur{)ef“ tHEPIE; 0 B0 3ep SO 8’&e lbrf é]f’eg

(12,21) and the ion exc ang ropertie the | ranes
(13 15 239SHiGH resstapeas 1op ool Henpivapl o sharie ke sacast MRS Dondi ng
pol arities and |on exchange\ﬁggopertl C‘il[({gn t he above-descri bed case in which
sodi um ascor bat B trglyies i red. When an ionic drug chargeable
positive (+) is used as descrlbed above, the features of the present
i nvdftion can U@)§h§$¢9§&ﬂdéﬁ§ﬂggdaE?wﬁﬁk$W§Kﬁd’ @hg e fron1the 5
above-descri bed case in which sodi um ascarbate chargeabl ive ( S
adni ni stered. ARt hanixgdaugads spiytan p‘éﬁ/\é‘?‘r%uﬁ‘ﬂ@t‘( e%ﬂ‘g %erﬁCGSUIﬁat?o
FIG 3, a wer source can be used as desired in the present invention.

t he pr B%e‘:%pﬂsﬂm(ﬂe%ﬂ\/ﬁgﬁ Mequisatio agyepuisolution).vol t age generator, a
constant-current generator (galvanostat), a constant-voltage and
const ant - cur r enkn theseseafdhe phsiclegical isplane; gas bubbles masebe pEoduerd 23 bRry ofdber ce

(%) 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 HCI), full

measures must, therefore, be taken to avoid damage to the skin.

In the case of the mixed aqueous solution of ferrous sulfate (FeSO4) and ferric

25 sulfate [Fex(SO4)3], there are merits in that, when a current is applied, resistance is low and
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FI G 4 shows the nodification of the iontophoresis device (X) according to
“the first enbodinent illustrated in FIG 3, which specifically uses two ion
exchange menbranes, i.e., a cation exchange nenbrane (23) and an ani on
exchange menbrane (25) on the side of a ground el ectrode section (2). 15 In
FIG 4, reference nuneral (24) indicates an el ectrol yte-solution-retaining
menbrane which is simlar to the electrol yte-sol ution-retaining nmenbrane
(22) in the ground el ectrode section (2) depicted in FIG 3. The

nmodi f i cat deorrehdeust gas babbles Bl Ghe dlectsodes fie piréveatedn fr soasantsi togbe mensikngd
troubl es which may ot herw se occur through the el ectrochem cal reaction on
the side abséquentty lesaein. 20 el ectrode section (2). OMng to the arrangenent
of the ion exchange nmenbranes as illustrated in FIG 4, specifically ow ng
to the enbodi memtsuchatcabd)@o lcspe ith epatbiyrobigrivinabe ¢i2&rdlfte sofutidhfhayr ent
types are arranged on the side of the iontophoresis electrode section ( 1)

and the tpar bQNinYHCERNELOMBIHITAMRE of A idRbpRdresls Hé\awm& itpacenasy ®rtakanged
on the side of the ground el ectrode section (2), only are fed to the

hurmang ski g, fiéiknd %dglmebﬂgasaés,sfo‘ij%xﬂﬁplhhﬁ dRREAPRAKES I RrRsloh FeEstaRetdfoRe ( 1

), only Na+ are d fromthe side of the ground -3 6 el ectrode (2), and

no ot her t i Vel - Thi; Lfi i I has

el SHRH PSSRl RSB RIS Sired IR Bian

experi msn% ( Sﬁg)ui pment > Next, a description will be nade on an experi nent
SO m a

in which ascorbate (As-Na+) was experinentally adm ni stered as an
ionic drug by usin ri i t Y t j :

Struct on di 1of SeeiRReisRbR ke cBRE vl e R ile CPetfotRdBRRE G D0 1
4710 By experinents and c rative experients.. {.ped
subsequenti®yOHaPIESS %F&W(ﬁlrgg%gnég&ne@ia §f}e«§8§$ﬁ\é€t§’tl§ﬁgp a&@g%%%%l rosqomnsed o
(X) according .t .he present, i nvention can transdernmally deliver an ionic
drugl%at aﬂ*%’%lf‘@w&{‘%aﬁ?a@ﬁyﬁdgﬁ@ ectog}%’gnqc‘lunber or at high efficiency. 1.
Experi menting equi pnent 15 FI is.the schematic diagram,of the..
experi menting e ﬂitB?n?ﬂ{er é&ﬂﬁiv’g? §i“t°“f’5’“f ﬁ@“f‘%‘hﬁ%ﬁfh‘&r %@‘i?%t d\g{h &’8 RORVEHEhn i n
FIG 4. The reference nunerals and |letter of e experimentin ui nt
will be eilﬁPté?J?eI&lataé‘?imr%ﬁéfO @) eq?féfoélfeéﬁﬁté)“n P%ﬂfgmﬁf? ”i"zl,’feg%“?%ivf?’gg%,
21, 22, 23, 24 and 25 are the _sane as.in 20 .FIG .3 .to FIG 4 (2) The
el ement s may preferpbly be cAmPoss t"(gﬁ%l"éﬁl’pg‘gél r@%‘%‘{r;cfﬂ‘éd‘%aé’ Gogppopnd. § ;nd t he
el ement s (21-22$in the ground el ectrode section (2) were cqnstructed ﬁy
usi ng pl ati num Peedless ta say, fee pesiians of arrangemest oﬂgxpr%ecgog{tqs SR WhiChi i on
of 1 Mlactic acid and 1 M sodium furmarate as an electrolyte solutiqgn jn
bot hibof t Hie ireasilyplusidizable cpappyrshcandeths gradily) reduciie @W&deﬁ@cﬁﬁéﬂt

). As

section (2) and neking the electrolyte solution stirrable. -3 7 (3).
t he cati orespsativalygeh ¢ setecoriesndmg tarthe slertsprhemiqah Frpstionsmi ths, easpective

. 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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. (15,25), NECSEPTA CMS (cation) and NECSEPTA AMX (ani on) (products of
TOKUYAVA CORPORATI ON) were used, respectively. (4) As a thin nenbrane body
for the ionic-drug-retaining nmenbrane designated at 5 reference nuneral (
14), the above-described acrylic hydrogel nenbrane (product of Sun Contact
Lens Co., Ltd.) was used. (5) As a thin nenbrane body for the

el ectrol yte-sol ution-retaining nenbrane desi gnated at reference nuneral
(24), the above-described acrylic hydrogel nenbrane (product of Sun Contact
Lens Co., Ltd.)Awas apprediatednfioms thiehforegang,r tiey tvealesaribed, equingti@%aqueous
aqueous solution of NaCl was used. (6) Reference letter A designates a

ski n- si msohitiongofbdt M (actiardeet pndi O spidionl ftresratehes picfarredaad thehakectpalyte was
filled with a 0.9% aqueous sol ution of NaCl. Upon conducting an experinent,
t he el enmewtgiond.3 to 15) in the iontophoresis electrode section (1) and the
el ements (23 to 25) in the ground el ectrode section(2) were put 15 into

i ntegral structlHiRs case @FREiMpoahd whidhdisaperereddils dxidikdtte ox prlutibRNthan the

equi pnent. In the present invention, the above-described formation of the
nenbgrs iHideolyie redtiBAr GH watel Uekidhdn GBRhdPositile Wi@toly adCRadetn YE the
adhesi ve, "hea seal ing or the like. 2. Experimenting conditions 1) Current

val ue (Ci%gaﬁw el@d{fcfd‘é}“f%r e,éam%lm% R Ade Maffehﬁ,t gmfse féi‘rlc\!%rfs%&ere‘éél'l}!dﬁedﬁéé@m

the init constant Vol tage val ues 30V) 1.2 Energized ti ne:

15 m nut eiﬁ ti’%r ?gs {The tﬁ§ ng%atl Qfefzfr t% tﬁee(,sa's'é Pfe%gsgl Eé‘?%'tl?é;%t-ﬁgﬁb agpunt

(micron rm ascor nt Skl n- si rru ating seguent

ot ﬁgﬁ%"?@v‘%*’@?g%@g%%%%ﬁz’ 'fé‘:% J5i8 ok FHE R OB R ot Tt e 1t hat
tTe amount of &%grcgﬁs% l%ﬁ'cg dt%?%}a&b%ggy%g?élﬁ%d %{hnthﬁ'hgﬂnloﬁgt c?ﬁaag)tng%(\ﬁ%trer 35

increased with' enan gi ze er energi za

B00e05 " { AP} B TRkseh | °§H§¥‘§‘?n§ HE Seddi dbBaRafipt liFey L%Qf tﬁé‘*f‘%‘ e
whi ch !ndlctes th rce L acturrﬁ]e %%Ps éevce(ﬁgsh ) ¢ 19
det er ni ned&® %féggdn% szen e, eI OPREERG DN \%855 %?.1 Plnt

flow ng thr é@h an el ectrol yte solution. As the nunmber of flowed el ectrons
is the sa‘?‘F‘Ez anqeds PIoE! of noved |ons the transference nunber can be

0 ST SRR S e S B B L
P :ngv\g(rj : > gc)il%rlchcsa Ss% utxons congacl:r?ilxé: uaI ?éadqugilglgablé Cg()lrl;I}O)IJ{Ié Fgr a re'y(my red?m er of
156 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 resistances 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

serious problem from the viewpoint of practical utility of the iontophoresis device (X).
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F (Faraday constant): 96500 C 15 I: Quantity of electricity (A anpere) t:
Energi zed tine (seconds) 3) According to the experinental results under the
operation conditions (current: 0.3 mA) set fromthe standpoint of biosafety
(safety to the skin), transference nunbers by the iontophoresis devices
previ ously proposed by the present inventors [see 20 JP-A-2000-229128,

JP- A- 2000- 237326 and JP- A- 2000-237328; And these previously proposed

i ont ophoresi s devices |acked the idea that the elenents (nmenbers) be all
formed into thifonstatly aredfotndbatophoresie byseliminating alw uboeodésenitexd aktability
long tine (45 mnutes later), although the constant current was set at 1
mA. The afme; iésextidnedy importine teinbibitnprotestioafof @abalsttey wi the elebtrddecplpess ent
invention is, therefore, far superior. 25 4) The pH of the skin-sinulating
bath (A) wHs2Bcidic (pH about 6.) at the energized tine of O mnute, and
remai ned substantially unchanged even 35 mnutes later. This is an -39
advant ageous ef Tgathiehd this puirpadel itiiOUbedsl toudihesuis@n@f whith ik Qiscepilangsn
menbranes on both el ectrode sections (1,2). Table 1 Anobunt of ascorbic acid
in the skoRufingbAtddugingathetion) wihih Prédlid g&%&ﬂbwb@ td"bBthOofMhe Riedtrolyte

m nAnount of ascorbic acid in theskin-sinmulating bath

after0. 15L,3chs25. 28energi zation (mcron nol) 5 <Experinents on the skin>
Usi ng an 1 ontophoresis device (X) of the construction shown in FIG 4,

e S (T
s o O T T SR, e r e
Pre s e AL PRI5 MRINGETE b PRAHE S R =
O e B i bR Th L SoohFO SPRAEE ae
o e b ) 4P B T b TROSRRESE e
oo oSN AL PR AR CPORL AT e
o L O MR T A B S BABa { bd brrSe ] >

ground el eﬁt rode sect.i.o S constructed, by bri ngi ng.into cl ose contact
i tonl

(2) : :

a cation B%CORANEECHE) yg%e("Z\é?,s % RORSERanes)| It -nassible oninhthit pradugtiore #br ane
(24) inpregnated with the above-described electrolyte solution, an anion
exchénge AEYRSR QRBYdrogan gasfubbleswhish ympairthe stabiity: ofesngrainatign chayacterigtighr ane
(22) inmpregnated with the above-described el ectrolyte solution, and an
el ectrode pl at eBy 3acrifiqigily wsing g wbstance whishes morereadiyy exidigalle os reducible
skin-contacting surface. As the electrode plate (21 ) of the ground
e&ct r odeth8acWateh ig 2n elgciseghemica) geaqtied @osubstance draving et exidabiga-reduction
comerci al product, was used. Incidentally, this electrode al so

potential lower than the oxidation-reduction potential of water) such as sodium ascorbate 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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5 served to exhibit the function of the electrol yte-solution-retaining
"menbrane (22). Further, a conductive gel (Aquasonic |00, product of Parker
Laboratories, Inc.) was coated on a surface of the ion exchange nenbrane
(23), at said surface the ground el ectrode section (2) to be brought into
contact with the skin surface, to inprove the conductivity. (2)
Experinenting procedure 10 A col or devel oper reagent, which intensifies the
devel opnment of a color with tinme under the reducing action effect of
ascorbi c aci d gidCOaHHEO;mndchelikeiti the elotirdde (magaive etesttode) where aweducing
intradermally injected beforehand. Dependi ng upon the extent of col or
devel opnmeictiohhskds phicopindr esi s effect on ascorbic acid was determ ned.

Enpl oyed as the col or devel oper reagent was a solution prepared by

di ssolving 15 ?(iTigdaﬁdrrmb@mw id r Az-QiketovDellonit ceid( £5H9tHe JiReN4; thé efeetrodd t er
abbrevi ated as C) at a concentration of 2%in a 0.9% aqueous sol ution of
NaCl . Thi@oGfivOledROMR) MR6re shRAMRANg RAEIGh tAk@PMdey that, when subjected to
reducing action, it couples with two nol ecul es of hydrogen and forns a

for ”ﬁ?a“ conpouryd (yt¥pbrésd TRRAOIE FeSANYS) ik Sthé Oprefent TiPerftiohr fiakesARI | €d
in this experinent was set at 0.3 mA (constant current). 20 As a

conpar at L%%bq{’(&gﬁgeor@‘fhﬁ &Ahok Qgc&hgﬁéneelﬂﬂ&e%r Q(r?z gﬂ&’_’?_ﬁiéﬁﬂﬁ%ﬂ%ﬁ& TR ARES

were usea I nste € |1 on exc PP menbr anes were

pol ypr opy - | o porous partitions (AN Filter, ANO6, product of
Ni hon M Idlsggsrlggﬂf%%%gﬁdghad no ion selective perneability. (3)

Experinental regulits 25 Th es r : . k; .
r@ki ng i n Tabl és Q’emclgéo?r-é—x Zxaili ¥ rg%’:%lgrragéﬁlcﬁ s\%l%? ﬁ\;etet%elgﬁoﬁﬁg\%\ﬁfbn{éq%&ngs R]ea-gil

n reacted,. =..slight.ly reacted, .+: re t. ++ DI |y
react ed. (e‘ASS Hofdhe a?%eéﬂérl’agﬁe’z“eldl t?'f“' ﬁ%‘@@%ﬁ%’g"eﬁ%bx%@g tlﬁgtrlle reé%’?ﬁ&égggﬁﬁg
adm ni steredl15 m n+ (i n S i N++35..0\n++ rel 15
mi n-Bscor "Bi@Sﬂhﬁeéoﬁ%ﬁgmgg%ﬁgﬁangM’aﬁ%stl\g%)%gﬁgﬁhn fom E Rgse
experi nmen ol.l ow i ndi ngs were obtained. 1 ) Wen the ion
exchange @M@@@‘ﬂ%@ﬁ% accordance with the above-descri bed

enbodi nent of the present [nvention, t cal or devel o nt reached,the 10
maxi mum i n 20 nihtheagiongxs a’i&?én?rﬁl?faﬂ%@éaﬁﬁﬁ’é tﬂl*‘”ﬁ’éﬁﬁ e snge tRs &S theden i
pl ace of the ion_exchange menbranes, the.({fﬁ?cti O,RI gas observed as.| ate as
35 mi nut especigh AT ) ofiihe agivenngrgdisnt iIndhejoniqdpg (AR Ne J) 18 thereanb Bryenion ddt hed
t he maxi num val ue. The effectiveness of use of ion _exc g nmbr an in
accor dancpossiblento pre NEOSEPFAEAMtL, tAM-3 A& (AR Ay 8§t dgggvagcgg%g’f g‘Fgﬁ‘@B
proven on the skin of the bog{)%{)\.P 15 %ﬂ?@l n the experinents, no skin

al t dbat i ofprodust 6HEOKIEHAMA GORPORARION). de of the ground el ectrodes. 3)

Variations in the applied voltage (initial vol tagfes: 10, were Wi thin as
smal | as 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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,about 1 V, although a current was applied at 0.3 mA, which falls within a
current range safe for the body, for 3 5 minutes or longer. This has proven
that a 1:1 aqueous solution of 1 M-42 | actic acid and 1 M sodi um
fumarate is useful as an electrolyte solution, and al so suggests that, as

| actic acid and fumaric acid are both organic acids existing in the body,
use of physiol ogical organic acids other than lactic acid and fumaric acid
is safe. 5 <Enbodi nent of iontophoresis device (hardware construction)>
Next, W tdre rodhmposstc of tiinthembiaasibogies witlel @ Colédoioly@e svlutibn kid ndd ®nid delgyt ai |
about an enbodi nent of the iontophoresis device (X) according to the
present imRwaidditAdtein\RispdttivelyUmesbh afs@ife taithe kiih AldnitFarbdddRiace MiptegiaYed

i ont ophoresis, especially fromthe viewpoint of the elenments of the device
(equi pmengin (HaERIEe SR AtdlthOhnic ditlg) @sﬁe@ﬁvag.a%ygﬁdhiﬁ%@am@s,
(menbers), connection nodes of el enents (nenbers) thensel ves, or sone

hat chi ng By thh@rgaHeeﬂn? %rmﬂhﬂéﬁf RSN R ﬁéé%?/&{ji/ort&%ﬂiﬁéd“é%rﬁ’&inocﬁi

Further, the thickness of each i n nmenbrane oes not represent the

accu;;at e ﬁl%ﬁﬁﬁﬂ@ﬁédi%ﬂf%%e& g&sgi&ég%){%@ifn the illustration. Nonethel ess,

the teatures omtte raw ng e readily understood from 15 the
description of i Ndi \il i d,t nyi ng draw ngs.
FIG 1to FIG @Qﬁfl*nusé&rﬁggﬁ%@é%ﬁsh?&éa Sﬁﬁen%eﬁ&%oe?qﬁﬁge%ﬁont ophoresi s
device (X) accordi .tg the present . ovention, inwhich EIG 1 is th

per spect i ve vi i oPe (RROBIFTR SREGE (5 RererHie: onsmaln copdiers, (gitebpplve
cross-sectional view. shown in. Fl to FElI 2, the ipontophoresis
@ice (>(5°"é‘8‘écYP]6‘F)1§ett1§°S‘P 3B PlemiBins T sttt st MO r B IOSY IRR9SENG N
conprises the follow ng three el errent@; .%ié) t he cyl,indri.ca i gnt ophor esi s
el ect r odedusstion: 4 efe%?a isihow fq achicys gHicicns tragsRATh AL &N dERIF SHUS Jwe; thg Fkim)
constructed as a discrete (non-integral) unit relative to the cylindrical

i ontlephoré@flgd%ém@cﬁwa@ SBet 1SofP E’E"fm)? héﬂhdtrmeqrsnc?m@eb&ea fademihe COPAIERRS and
constant vol fage power source (3). nay hereinafter be 25 called sinply.the
power souVhigh @ssure thessafety, Froa this vispmertss dessaiption Wibkbe spadsr #hoyg theothime
first enbodi ment of the present invention, the ground el ectrode section (2)
i s const ruembeng dody.gspeqidlyepionpitics Of the ipaicugetaingiy BemOrasi(34k| detherde
section ( 1 ). The expression constructed as a discrete unit as used above
nmeans t habresggt jipnyensiop.aferd then thimemembugng geodiesh forj thet elgeispliisrsolusioad etaiing
section (1) and 5 the ground el ectrode section (2) are not integral. The

i ont ophormsinbragevi €2)( X)inhaghe f oontophogssie, sleshode st segtiomr e(Hhatandn the

i ontophoretically treated patient holds the ground el ectrode section &2) or
bridgs t helegraytedotiontetaidmgsmembrmey £32,24tio the belovt-describedagrdund retedtredé n
surface, other than a treated site to establish grounding. The

i ont ophorsestien d2)ithe saie kindoofditheythin membifane todgndro thatremhichfmakes wy ebent
10 invention shown in FIG 1 to FIG 2 was constructed under the prem se
t.t sodi iemc-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 safety 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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,ascorbate (As'Na+) is admnistered as an ionic drug. Accordingly, the
reference nunerals of the respective elenents (the el ectrode plates, the
el ectrol yte-sol ution-retaining menbranes, the ionic-drug-retaining
menbrane, and the ion exchange nenbranes) arranged inside the iontophoresis
device (X) shown in 15 FIG 1 to FIG 2 indicate the sane el enents
descri bed above with reference to FIG 3. The iontophoresis el ectrode
section (1) in the iontophoresis device (X) according to the first
enbodi ment of t (%) ywiltagendndithmsnihioh ares suitedbrasgtbish the dboee-tedctibyd BEnstat®
elements as illustrated in FIG 1 to FIG 2: (i) the non-conductive,

smal | - di aoBftrent.and yiel saf) spoalficellicthet®e 50 M) ptefdrably beRRIEY. (11) the

non- conductive, |arge-dianmeter, cylindrical grip section ( 1 b). The end

section ( 1 a) UBorlentt éfficiehdy geltler tRAbnictdré@Ond® tHEMRRRARLY VB YBEEH.A) @
front portion ( 1 b 1) of the grip section 1 b), and within the end

section (iths MportaABo? KRB HedBmhe BadiedoavE %tﬁ&%?@@oiﬁ'ﬂ&% "rah@ etﬁ%gonrc%&é)

are held or acconmpdated. The elenments ( 1 a, can be nm

noncenductyd MRhR @stb itk ’théE @23 BrsABRIne 'boaéa '%‘gef jrﬁé#r?@a‘f&lt it ke iGhi d{g% F&T ,gls%

cylindrical end section I'S conpose ont portion

. i . ' o i h
the ori p \Gipve shfn oFiifl @ soRGlmp Rbbicphnart (hing i Ry RIRAETB RN, |
exposed i SRS AR IbGH ORISR etk SpbR i B Bfasr b P cafiegen ©
O o o S TR bl TR B Bl o
1) h [ 1b11) of . tanti all . di t th i
Cor ) on oBRs SR, RASThuBlu R S bl Sore, ety ssthe
holes, ( 1 b 1 zbfor ui.di ng th ‘%IOCk Eortion ( 1.a3% such that the. lock
port]i%on ( 1 as)Usfer thE qRove ﬁﬂ?"i”gﬁ CORYertcHITesh cpnditighs, jthe Qg dRgststainiag

front portion (1bl).. Further, e lindrical grip section, (Ibh) is. .
const ruct B’(Tmtbéa“ﬁa@én é“eé’ﬂ-“rri”ﬂfgb?fé’séﬁ ﬁé Presefiinventiqgushoplyy be equipned vathodesired ng a
spring mepber (33) accommodated within the cylindrical grip section (.1 b)
and rmde HRPTaSRateHvEstAInE Ay ifar thetoric dpig iy #len wth@biliky to cause iory spesies
constructeg such that, as illustrated in FIG 2, a free end of a cable (31)
from the BbwkrdesBed cective) ingrediente te pmpwey tomisfrkrthe 38lin (kereinaftery jcaligd yion
connected. Detachabl e nutual | ocking of both of the elenents (la,lb) can be
achi eved Blgctroronductiviy Rr [f9raongdurtivity). a3) of the cylindrical end section ( 1
a) and the | ock holes (l 1 b 12z) of the cylindrical grip section (Ib%.
Desclfi bed speci fApcaltesult empag lexpenimenss, theaPyesert imsatorefoumt dhathe higlk
holes (Iblz), respectively, and the cylindrical end section (la) is turned
cl ockwi setrapsfergnget mimahes kigh sleug-delivering abidity)tasgeedt s 701to BOe fomédample, lrey ar e
stably and detachably | ocked together because spring force is exerted by
@l spri nbe wbiained i3 therdeghes efyimpregniatian of Ohe ihicduighetairing nembrame (IMdye
the sane). The ground el ectrode section (2) in the iontophoresis device (X)
accor di ngwith atsebitionof thespbicdirmgistin efrarigeedf30d¢s 0% innhelayered cosstimotiant ofithe ed
of the following two el enents as

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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illustrated in FIG 1 to FIG 2: (i) a non-conductive, small-dianeter,

"cylindrical end section (2a), and 25 (ii) a non-conductive, |arge-diameter,

cylindrical main section (2b). -45 Both of the elenents (2a,2b) are
constructed such that the end section (2a) can be detachably nmounted on the
mai n section (2b) by a simlar nechanismas in the elenments ( 1 a, | b) in
the i ontophoresis electrode section ( 1 ). The elenents (21, 22,23) are
accomodat ed i nside the snall-diameter, cylindrical 5 end section (2a) as

depi cted in Fl Guriher, fthié bb®e-dederiiddhdilsferénce Pluhibgr BETDab 8086Hs 4 Salue of an
accommodat ed inside the |arge-dianeter, cylindrical main section (2b). An

end porti&dreelyt RighBVdl r&mmmae\wﬁ ?tl‘Bse' &vaflabi€ Hom HEPBHVERELAD ichtOHokQIR par t
of the large-di"aneter, cylindrical main section (2b) and is al so connected
with an qggmggr%fléson of a cable (32) fromthe power source (3). Its opposite
end portion the other hand, urges the elenent (21 ), 10 nanely, the

el ectrode pl at qnélﬁf]%t%lhp (}g? dﬂg&gme&eg?j%%gg ﬁ}lp@ggﬁoé duﬁgbg %E)ﬁ(ﬁlctxﬂind

al so urges the cy section ring force suc

the jocki ggnasslléﬁegﬂ&h?mg}’éﬁg% i G8! afifid r%%tdei}éhd(e ) ﬁ’ﬁb%c& ne 1MRLDis& e ON

(2b) "can I caton o he“ 1 on op oresr's device

di to th t of .th t th
Source (el b |%cir"é’n%v&‘ic%ca?umbeaﬁa&lﬁfeﬂ%e'fﬁm Hﬁvhﬁﬁylgrféeém%t ed
e R e B S A At 7

i ont ophoresi,s device accordin th resen |nvent| corresponds to
ohal | a1 Bfeh angeymemmn@%(ﬁgmn@e@é}aﬁlfe GONTERTY 6sCmDIAR 6 BBFR ai ns

the first errbqgP Ere econd errboci1 msnt dopts a di fBer ent

Const £ uctPEAbSF HaRd %tmq- %nea shanzeseay eriPiehps Bhch sxRaswible (1 a) from

that of the first enbodi nent (see ‘%}‘é i.n which a small -dianet.er

cyl Mdrical endtsBewldobe (noaedaéhat éhecah%\ter erdhed; degies HhJapseasstion itk ( 1

a4), which is equipped with a thread groove or slide guide grogves, on a

rear end §9Ation tbp wawdirpsuamwwt(anifeme Grmpefo fth@mm%mgwcﬁeéﬁs indexey

The main portion ( 1 a2) is provided on an inner wal| of the rear end part

t her eof vintthe gresentdayension Bkgse e bravss nchinder feraepieptivelyeandrtotp]ly @ualpatingi de

grooves in the bottomcover ( 1 a4), and by these grooves, the bottom cover

(1 ad) iteaiiity of theahintmembranerpd jroba irepregnates) with she, ionis dvBiie Wbty of he

urging force applied by the spring nenber (33) can be adjusted. FIG 7 is

t he vi ew thelthistmermbrage theetainithel iembddigremt thefability dfahe dphonesbranelbody to

according to the present invention, and corresponds to the front part of

t he 15mal | makeaivnt specied of yhe addiviedagrediedt setheiiomc(drag,awhich i rdEain@d whihehthin

pertains to the first enbodinent. A characteristic feature of the third

enbodi menmembranbbbdyim suwhiacstabeubgatthe ghimimegbnanethalyas (mgiegnaed withrible tnic

outward so as to forma concentric circular part as well beyond the outer
cunf erdmggetoahowe towacithe skiafability eX cincateperonemdnctvity ¢riiby conductivityd. case, use

of a gel nenbrane having good adhesion to the skin, for exanple, 10 GELLODE

(trade nane, prAsuther didedaskwhioh caiv be ukédlag substimedsffbr el degtdecofSapnepnhtich

pol yur et hane gel menbrane havi ng PEG PPG segnents or the |like as a nenbrane

(m cr opor gndsthg etanpferdat@Agthbedy @ldessrofakie propertkase thé tiieénembrane body (the

i oni c-drug-retaining nenbrane ( 14), has a nerit in that adhesion of the

ani @ exc; af Iy, ane rdtaihfn abflity ABd el ibn SofiduRe SitP)athebeare 9sbfopdrosit and
Al t hough ltﬂﬁggglilhl rd Sérrbodl msﬁit)g i's 9 nodi fication ofﬂshe above- C(i)gSCI‘I

first 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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_enbodi nent, it can be used as a nodification of the second enbodi nent. FIG
8 to'FIG 9 illustrate the iontophoresis device (X) according to the fourth
enbodi ment of the present invention, in which FIG 8 is its cross-sectional
view and FIG 9 is its front view. 20 In an el ongated iontophoresis

el ectrode section (1) in this fourth enbodi nent, an el ongated, cylindrical
mai n section (I b) serves as a grip section, and the above-descri bed

el enents (11 to 15), spring nenber (33) and power source (3) are
accommodahiure dbtafiredtbycaddigwaecis Hoispdriant And u elRdtrelyRCiubSidfceS@RIO! oR tHe2) |

on the other hand, is constructed in substantially 25 the sanme structure as

the cyl i nike) ¢akhecatylSe Gjdrogel(mdmBoané RGNS as@ERALtEABNthiTRBh if 868 rEdufs off) -
The el enments (21 to 23) acconmobdated inside the cylindrical end section ( 1

a) of thengrMndof didsocia®dd fonk AFEhe RdctrBytd ShbstinBe.di finf SthEMvofdsOMe Riéxture
elements (11 to |l S) in the second enbodi ment because this part becones

S
Lo o RSP T  P RA TN Tk i o
L0, ORI AR P P IR 4T,
Rt A e ST T
arrange It

t a,position.clqQse.to.the iontophoresis,electrode.section (I
1 0" Adwarftn, SREORndR EAE o i o Feca i, BRO A TisT nFAOER: PSR, SRFuhe
advant ageou ffect.s can be brought about as w |l Dbe descri next:.(i) In
@ oot cirded e (heliBe SR 9B VoS el ofciretEREm e Mot
ground el ecf.rode section (. nactive electrode.sectiop), especially the ionic
dr ug and BIUER R0 REAJBR goseistaini o hiokBE AL BRiork £f high-roleciiar
i npr.egnat ed] y-.ret ai ni ng ranes, and i Qn exchange nenbranes having
i 1 ABr entSTREH BaheceTirt {}Tfﬁs’?@m&w@% apd TRIZEAIOR; ¢ thegoBepecie dupugh she
above-descri bed specific construction, a stably energi zed state (constant
current di8Verk tupvraRangaciigbieldan be namintained for a | ong period of
time. In the iontophoresis electrode section, the active ingredient of the
i onic drug, saikheabeverdescRgederregiatiandieteqnihe degrep ok imprognapign of theggerylic
negative (-), can be delivered (drug delivery) effjcientgg at a high
t r ansf er diydeogel msetbrang angethe kiansfergpce membgrcesn e, eapily pdjgsied by soniselbing shes
el ectrode section (active el ectrode sectig&é and the ground el ectrode
section o ofi the thsee-dimengionsli netwerkritractyfe anvktha kinds -agé propoptéans of atnemers
energi zed state for a long period of tine, and the use (arrangenent) of
par b cul amakingupshelrasige 25 nenbranes on the both el ectrode sections can
elimnate the deleterious effects on the skin through el ectrode reactions.
-48 In the present invention, an acrylic hydrogel membrane having a degree 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: 98-99.5 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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_(ii) In the iontophoresis electrode section (active el ectrode section) and
the ground el ectrode section, the elenents relevant to the delivery of ions
are all formed into thin nenbrane bodies, including the el ectrode pl ates.
The device is, therefore, provided wth significant inprovenents in

conveni ence such as conpactness, nmaintenability, and handling 5 ease

(i ncluding ease in replacing nenbers). (iv) In the iontophoresis device
according to the present invention, sone of the individual elenents
(menbers) whi ciThimkeenbrahéids ed aegmedted gedfurethane( gel meentehectwhidk cmedinon
and ground el ectrode section), specifically the el ectrode plates,

el ectrol ypsty@hyleid glycoE(REG) aod polypicpiche gl9c0lcPPG)das sdgdricRisngndThabbesie and
ion (cation 10 and ani on) exchange menbranes can be assenbled into kits

bef or ehangtodiReB e fids@mohdifery ahd Blikdcydnafeapeut i ¢ purposes, nenbrane bodies
retaining desired drug solutions or drug solutions of desired

concentrations Ty §eg9ﬁbrﬁecﬁ§>ety§re&me d1emERBRnE Nasbd dhRS-dhendioHal aeraiufd
with the desired drug solutions or the drug solutions of the desired

concgntr %&&Eﬁﬁﬁe&ﬁ? WPEhBERHIE Tardd it d%' e oi??@ﬁfe%ﬂ@tﬂqr, thdRORrenSe RmbECand

i ont ophoresi s devite, 15 an operator ser n-sel ect desired ones of the
kits, d L t ' I ily.

Thi o 1 caditpave kBBt Qe P ABREN bY cBHERRAE UMt R BRRET e RASRLCERL V] |
ddi ti on, v int b ki . g .

2t o RIS Bl b B0t S B RSP hOoE Bt
(because t he, el enents have been 20 sub-assenbled into kits), or the liKke.

@ust ri a"™® ﬁ??cability The iontophoresis device according to the present

i nvention can t sder mal | eliyer an ionjc drug at high.effi.ciency. under
Stable ener gi 2t Do dehmaspolsretiihe A mERbGae susfborigte Hemtiai atatd

i ont.gphoresj s device,according.to the present ipvention js..also excel]ent
o 3B ory Wi Seists s dRpecten gt i PleET e uPNENLaR alttd i Frhehe
active el gctrode sectio nd. al so, on the sjde. of the groyn ctrode
section nlélfeSfo?ffy)geP ALRS; é’?}%ﬁ’é’% M2 RMERt;IpTm léeth%r‘?ﬂartg%?ell‘ﬁh@efagﬁ?%
drug but also fromthe yiewoint of assuring high f et o5 the skipn. In
the i ont ofoRBS dsFUNRIeY 28 %{@@bp’&?ﬁﬁl@lty 35 epRlies) ag e O?Eb%ﬂ%r%ﬁﬁlt BBRYES 3P thihe

el ectrode sections are constructed of thin nmepbrane bodies in thejr .
entirety. OXNgEBSES| pexdr v cethery Bongk se Hibate condugtivibifionn elegigeroadugtivity) ks ¢ s
is effective for fonnin% the device into a smaller size and al so for naking
t he devi cexhibited | dneidemialinsthei segmepied cpelyguriethangregeh apembmng fmiergporoup gel
preventing treatnment errors and al so in handling. Al though iontophoresis

t r edBment membrang) is uspp@s ek pak Ear YirdsonisctiagnestiGsdm wakivedise of is gpaductive
according to the present invention equipped with various neritorious

char act er {ien glegreponduativeloprepersibove, is a really practical device, and its

industrial value is significant. 15 -50 )
6 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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CLA'M5 1. An iontophoresis device useful for adm nistering an ionic drug by
i ont ophoresi s, said iontophoresis device having an iontophoresis el ectrode
section (active electrode section) and a ground el ectrode section (inactive
el'ectrode section) both of which 5 are connected to a power source,
conprising (1) said iontophoresis electrode section conprises: ( 1 )-1. an
el ectrode plate connected to a power source of the sane polarity as the
charged ions of said ionic drug, ( 1 )-2. an electrolyte-solution-retaining
menbr ane ar r angddreorspecificallyt the deniabpsaisl fdlyrebreds r ard eacpylatierilandopadymmemi ng
therein an electrolyte solution in such a state that said nenbrane is

i mpr egnat @inpuisédo830 thokd %adr mudry {(grefepdbly 70 9§ Mold%) afia¢rglonirikhmddavimgrdr ane
arranged on a front side of said el ectrolyte-solution-retaining nmenbrane
and sel ecpdrésitytdf fiod30 €PPWsi te to said charged ions of said ionic drug, 15
(1)-4. an ionic-drug-retaining nmenbrane arranged on a front side of said

ion exchange merdy adloaitletRte, rggmké SstideélBetiitd shedti (Solfl &dl)iig f&gﬁfbdabﬁt ate
-o. ah

that said nenbrane is inpregnated with said ionic drug, and (1

I on- gxchg 16RNHEDa QY Eopolyditr shibéle whictsS &l Shieiis adidiladuebad ni ng
rrenbfganeaig%geéggpg%??\%g%{o ionsaof trl{;g sane speci ecs as sai dlc_r?ar ge%lcr 20 ions

of said i Qfdn Hdihs ag;;poéi@y)o@@itg BY WA ! o &céﬁ&ihox%;hogﬁ{épé&?ses%lveﬁﬁ) -1

an el ectrode plate opposite in polarity to said electr e I n sal
i ont ophor gsgs.. eliec eGt.0 2) 2. t; 2150 Ut b A0 .0 nNg
menbr ane %I‘ {r‘ozrrr\lg{ehg %Jr?%gﬁ?er?o%{ebts%%(ao%el'saic}gpgéhlg?é}é‘?lr%%gelpl aet gbgﬁsdrd?&e?f gfﬁni ng
t herein a&aﬁtﬁﬁ%ﬁi%% solution in such a state that said nenbrane is

Wi

.)regnate SAPd & ect r ol yte solution, and -51 (2)-3. an ion

h nb d. f i i . .
R e R N T R T L

id.ch d, i f sai,d i.onjc drug. 2. The jont i s devi di
Lo, aParm soropmitesnaer S5tutle i@ he nghlierts SRFRb AR SEPRER Be APPEGAR S "

| ectrode pl at ife i lLlarity to said electrode pl i id

o ophor raRueE: LR Erb BRI SF bt b PoFS S5 el
menbrfane arranged, on a front side (?f .S i/d. ek.act roﬂe ’8' ate land rettﬁi ni ng
Cherei n abFrUOBRRRIESTEns SoRAYTE acHIQtRHeXingtidene EMGROe £OROACRokHRE Jiker s

i mpregnated with said electyolyte sol.ution, .
TPr eg %o form the copolymer sﬁeet Xnto 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.

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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(2)-3. an ion exchange nenbrane arranged on a front side of said

el ectrol yte-sol ution-retaining nenbrane and selective to ions of the sane
species as said charged ions of said ionic drug, (2)-4. an
el'ectrol yte-sol ution-retaining menbrane arranged on a front side of said 15
i on exchange nmenbrane and retaining therein an electrolyte solution in such
a state that said nenbrane is inpregnated with said electrolyte solution
and (2)-5. an ion exchange nenbrane arranged on a front side of said

el ect r ol ydegreobflimppegnatib@i 4n ingpregatioRRpecdnthdtae ¢ikel VEort éxaimples; idpfgaatich t 0
said charged ions of said ionic drug. 20 3. The iontophoresis device

accor di ngednditioh@bfMIACoind30 mhirtdinayti osdnect r ol yt e- sol uti on-retai ni ng
menbranes in said iontophoresis el ectrode section and ground el ectrode

section retain k¢ plefend inViel®sh, IAHERUSInSAMbIa08 bOdicd adthiof waedidis abdulsRd um
fumarate as an electrolyte solution in such a state that said nenbranes are

| npr egnat e bit the SGhicLdMl X RELIAFAR GRMUBLAR Li4) @n bE%iséd fokNfe HARTARNRLRS bSdy

device according to claiml1 or 2, whereln sa

el eckr ol - I QN i nj i 1. 1 Ont i e
5 y‘tvﬁlcﬁ%%%gﬁ% gé'ste"’}lr)f‘{ﬂé%l @gegaglggt@@&?féfgzzpt &8 tifin ?ﬁe?ﬁér%:ﬁdy

section and ground - ~ electro erein a rea
C di zabl Ci b ; _ e
Cor eonat S PEARE ilaf AU Hef LS idfarthBiCioh WroiBE R JRARE NG, o7 ©

i mpr egnat €4 £ brie B ¥educi B e Stibstaect s " fhe

or 1 otuci e oLl S E TR shint R RdkBey KRR cont a1 ns Terrous
| f df ic 5 | £ 1.6, .The | h i ' d

@ o 2 ieietn R Eastbhd ek REERIRT R T REiPERAE i una

trod t . t ted [ t it d at. | t i d
ont ophor e LR HiaBRRBbieHS e Duf acptibe e Be el dioncRororiparcs
. (. .The iontoph i s devi. ' toclaiml 2, Wwherei
Sar A0 ont BpHe HEERETTD MRNED; BusoRiRbH aHaPeaPas dPuEr 1Bt it dois B on

are constructed as an integral structure.,K -53 . .
CA 3. Al Asansdermajly d Iversd bl oxen longeT mrwd&%ﬂm atg highqr yrapgferenge nymbera A
A.A.A,.A.AHA“A,.A,. .A,.A.A.@@D.A,.A,.A@b.A.A.A.An.A.A.A.A.A.ASJAj"rs Y
G . x and higher biosafety can be obtained.
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a] ca] Zaﬂgca] é‘&]"@h]"cé](%:a% dhg geopad e ]reéﬁ] éf‘&}lea](%)anc@Fdal}te Qreis devies yyy @
zaz{J{{|VI||4}}}}}xsnid_Z]]]ca] ca]ca] ca] ca]ca]ca]ca]ca]cal ca])ca ca calca]c
a] ca] ca] C@%)@aquglnga]) élgﬂ Qrgie@ ]rtyallltgpnal@]cgns@]u&ted of the electirode plate (2T) of a po arlty
a] ca] ca] ca] caJA}[<%cB/ 0% ( 3t" 10%& ()h 3t'10%=& ()-,"10%& () -
Y10%&' () -opwpostiel 30, the electro e piate (1T) in the iontophoresis electrode section (1) the
& () - }A'>0100/& ()-.10%& ()-vy, 10%& () - lfY( ' 1098 ()-! $Y%0%R () - F" 109%& é)
j "opqr le\eztec:L.@l}ztersqbtlom-me/wr(g) megbgapeE(22) agangyggon the frnntls.)da )the ‘glectro
2mL0%& ()-rs Y dEYNC Y10% & ()-3 Y10% & (; 10% & () - 10%& ()- 3
Y10% & ()plateM194 &nq )the iQn a@vmlmw&ra(n)e (28B) amadggdk’ on) the) Gune:'s{de- biithe
"10%/ & ()-10% & ()-3 nl0% & () -
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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10% & ()-1fF( " 10%/ & ()-Y @mLO% & ()- $10% & ()-Y"10% & () -
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109 () - 69A0% () - %yndEbG " 10%& ()-3 Y10%& ()- F10%& () -
%{rov?d@@%?t'h(lﬁ h &Qi%@vﬁlhe %?%ﬁ’ﬁﬂ%lh%%qu@e@han Eé%ﬂﬁf&(@)‘m {®e ground

MLOY&' () /&O%&' ! & ()-\;aBb
electrode section (2) and also by forming the electrolyte solutlon with the above-described
readily oxidizable or reducible substance added therein.

As depicted in FIG. 3, in the first embodiment of the present invention, when an
active ingredient of an ionic drug such as sodium ascorbate (As’Na') is charged to negative
(-), the electrode plate (21) in the ground electrode section (2) of the iontophoresis device
(X) becomes positive (+), the electrolyte solution in the electrolyte-solution-retaining
membrane (22) is composed of same 1:1 mixed aqueous solution of 1M lactic acid and 1 M
sodium fumarate as in the iontophoresis electrode section (1), and the ion exchange
membrane (23) is composed of a cation exchange 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
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 case of
sodium ascorbate (AsNa') that the active ingredient of the ionic drug is charged negative
(-) 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.

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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10S, "10% & () 1094 S&z710% & () - $310% & ()-F'"10% & ()- @

"10% & () - "Wﬁéx@é&(ﬂ%&cﬂggeable positive (+) is used as described above, the features

of the present invention can be easily understood by making an inference from the
5 above-described case in which sodium ascorbate chargeable negative (-) was administered.
As the above-described power source (3) shown in FIG. 1 to FIG. 3, any power
source can be used as desired in the present invention.

. In the present invention, a cell, a constant-voltage generator, a constant-current
generator (galvanostat), a constant-voltage and constant-current generator, or the like can be

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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Examples
5 <Experiment by equivalent experimenting equipment>
Next, a description will be made on an experiment in which sodium ascorbate
(AsNa") was experimentally administered as an ionic drug by using experimental
. equipment equivalent to the basic construction diagram of the iontophoresis device (X) as
illustrated in FIG. 4.

10 By experiments and comparative experiments to be described 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 platinum
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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25

(15,25), NEOSEPTA CMS (cation) and NEOSEPTA AMX (anion) (products of
TOKUYAMA CORPORATION) were used, respectively.

(4) As a thin membrane body for the ionic-drug-retaining membrane designated at
reference numeral (14), the above-described acrylic hydrogel membrane (product of Sun
Contact Lens Co., Ltd.) was used.

(5) As a thin membrane body for the electrolyte-solution-retaining membrane
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%
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) were put
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

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)
subsequent to each predetermined energized time was investigated.

The results are presented below in Table 1.
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2) After energization at 0.3 mA for 35 minutes, the percent transference was found
to be extremely high, that is, 80%.

5 (Note) The term transference number means a Hittorf number, and which indicates
the percentage of a current of specific ions, which is determined based on movement of
specific ions, based on the whole current flowing through an electrolyte solution. As the

‘ number of flowed electrons is the same as the number of moved ions, the transference
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 1. 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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electrode sections (1,2).

Table 1

Amount of ascorbic acid in the skin-simulating bath (A)

Energized time 0 min 15 min 20 min 35 min

Amount of ascorbic acid in the
skin-simulating bath after | 0.15 2.13 3.5 5.28

energization (micron mol)

<Experiments on the skin>
Using an iontophoresis device (X) of the construction shown in FIG. 4,
iontophoresis experiments (transdermal delivery experiments) were actually conducted on
the skin of animals and the skin of human volunteers. As base membranes for
10 ionic-drug-retaining membranes and electrolyte—solution-retaining membranes, 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
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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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 (CioHisCINy; 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, ANO06, 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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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 of the
ground electrodes.
3) Variations 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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1M 10% & () Next, with reference to the drawings, a description will be made in detail about an

embodiment of the iontophoresis device (X) according to the present invention, which is
‘ useful for administering an ionic drug by iontophoresis, especially from the viewpoint of the
elements of the device (equipment) (hardware construction).

10 In the drawings, some elements (members), connection modes of elements
(members) 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 understood 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:

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

25 called simply the power source (3).
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example, such a structure that an iontophoretically treated patient holds the ground
electrode section (2) or brings the ground electrode section (2) into contact with a desired
skin surface, other than a treated site to establish grounding.

The iontophoresis device (X) according to the first embodiment of the present

10 invention shown in FIG. 1 to FIG. 2 was constructed under the premise that sodium
ascorbate (AsNa") is administered as an ionic drug,

Accordingly, the reference numerals of the respective elements (the electrode
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 e}mbodiment of the present invention is constructed of the following two
elements as illustrated in FIG. 1 to FIG. 2:
(i) the non-conductive, small-diameter, cylindrical end section (1a), and
20 (i) 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 (la) is composed of a front

portion (1a;), a main portion (1az), and a lock portion (1a3) kept in engagement with the grip
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Further, the cylindrical grip section (1b) is constructed to have a spring holding
10 wall (1by) for fixedly supporting a spring member (33) accommodated within the cylindrical
grip section (1b) and made of a conductive material. The spring holding wall (1b4) 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 (1as) of the cylindrical end section (la) and the lock holes (1biz) of the
cylindrical grip section (1b). Described specifically, the lock portion (1as) is inserted into
. the lock holes (1by2), 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:

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

25 (ii) a non-conductive, large-diameter, cylindrical main section (2b).
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urges the cylindrical end section (2a) under spring force such that the locking between the
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 may 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 (lay),
which is equipped with a thread groove or slide guide grooves, on a rear end part of a main
portion (1a;) 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 (las), and by these grooves, the bottom cover (las) is
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A characteristic feature of the third embodiment is that an ionic-drug-retaining
membrane (14) is extended outward so as to form a concentric circular part as well beyond
the outer circumference of a circular anion exchange membrane (15).

In this case, use of a gel membrane having good adhesion to the skin, for example,

10 GELLODE (trade name, product of Takiron Co., Ltd), specifically the segmented

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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33333336'5* X 10(y&) In he 1&r9tophores1s glectrode 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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15

20

25

(iv) In the iontophoresis device according to the present invention, some of the
individual elements (members) which make up the electrode sections (active electrode
section and ground electrode section), specifically the electrode plates,
electrolyte-solution-retaining membranes, ionic-drug-retaining membrane and ion (cation
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,

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

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

of time.
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sections are constructed of thin membrane bodies in their entirety. Subassembly or the

like of these thin membrane bodies into kits is effective for forming the device into a

smaller size and also for making the device excéllent 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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an electrolyte-solution-retaining membrane arranged on a front side of said
10 electrode plate and retaining therein an electrolyte solution in such a state that said

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 to said charged ions
of said ionic drug,

15 (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 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
20 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

25 electrode plate and retaining therein an electrolyte solution in such a state that said

membrane is impregnated with said electrolyte solution, and
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(2)-3. 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,
(2)-4. an electrolyte-solution-retaining membrane arranged on a front side of said

15 ion exchange membrane and retaining therein an electrolyte solution in such a state that said
membrane 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 opposite to said charged ions
of said ionic drug.

20 3. The iontophoresis device according to claim 1 or 2, wherein said
electrolyte-solution-retaining membranes in said iontophoresis electrode section and ground
electrode section retain therein a mixed aqueous solution of lactic acid and sodium fumarate
as an electrolyte solution in such a state that said membranes are impregnated with said
mixed aqueous solution.

25 4. The iontophoresis device according to claim 1 or 2, wherein said

electrolyte-solution-retaining membranes in said iontophoresis electrode section and ground
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electrode section retain therein a readily oxidizable or reducible substance in such as state
that said membranes are impregnated with said readily oxidizable or reducible substance.

5. The iontophoresis device according to claim 4, wherein said readily oxidizable
or reducible substance is formed of a solution which contains ferrous sulfate and ferric
sulfate.

6. The iontophoresis device according to claim 1 or 2, wherein said iontophoresis
electrode section and said ground electrode section are constructed as discrete units, and at
least said iontophoresis electrode section is constructed of assembly elements (members).

7. The iontophoresis device according to claim 1 or 2, wherein said iontophoresis

electrode section and said ground electrode section are constructed as an integral structure.
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