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DESCRI PTI ON Hi gh Efficiency Electrode Systemfor |ontophoresis’
TECHNI CAL FI 6&7'9 The present i.nvention relates to a novel and

hi gh efYIePent*el ect rode system for iontophoresis as a sySTARISN2464
for transdernmal adm nistrati.on of a pharmaceutjcal. This" system

conbi nes a speci al el ectroconductive material. and functi onal polyner
so as to chemcally trap ions 10 generated on the surface of an
applicator electrode at the tine ofDE®PERIPTDON to act itself as a

pol ymer el ectrode, to restrict the anmount of coexi sting conpeting
ions generated into aqueous pharmaceutical solution in contact with

the surface of skin of RighlkELiciency tBldStrodenSystent fieor ciontopheyesis
el ectrical delivery of- §¢§ Fesiped pharmaceutical, that is, the
delivery rate, -and * %&%&OFE,-I% expected to be highly useful in
i ont ophoreti & adni ni st r'Ehe PrefephainiertioRFelates to a novelnand ckigh

treatnents. 20 effic MK ERRNTMT system for 1ONMEOPRGFrESiS 45 & system
techni que for enha C|ngrt

subst ances by a wesk aﬁgﬁﬁﬁ?ﬁ%ﬂ$é$¢gf%££%%i€§;? ?£g§€%§%%é3$$ié§h' This
bi ot echnol ogy havesystem combines a special electroconductive material and

o functional polymer so as to chemically trap ions

10 - generated on the surface of an applicator electrode at
the time of operation, to act itself as a polymer

, eléctrode, to restrict the amount of coexisting competing
ions generated into agueous pharmaceutical solution in
contact with the surface of skin of a subject, and to

15 enhance the efficiency.df electrical delivery of the

' desired pharmaceutical, that is, the delivery rate, and
therefdre, is expected to be highly useful in
iontophoretic administration of phérmaceuticals or in
cosmetics treatments. | o

20 - - BACKGROUND ART _

o Ibntophoresis is a technique for enhancing the
transdermal pefmeation of ionized substances by a weak
current; In recent years, advances in biotechnology have-
led to the successful development of numerous peptides or

25 proteins useful as pharmaceuticalé, such as, insulins,
calcitonin, growth hormones, erythropoietin, etc. These
peptide pharmaceuticals exhibit high efficacy in small

"amounts,'but generally injection rather than oral
: administration is used for the application due to the

30  problems of the activity of the proteinase in the
gastrointestinal tract. In order to eliminate the
problems associated with the injections, that is, pain,
_ttoublesome,'compliance, etc. and to cope with the

”fundamentais of'pharmacology, the research and

35 development of the iontophofetic transdermal drug
delivery system became again active in the world.
Iontophoresis devices are now available with small in



|l ed to the successful devel opnent of numerous peptides or 25 pr ot ei ns
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M et al 3t 7k%, 1¢pe electrode l%bﬂe?%??? ?iﬁcﬁFEQ?rodes

are used |n|(thqﬂunanmanns the xonlzed pharmaceutlcal and which

table
"are

10 causes the pharmaceutlcal to permeate into the body by
application of a current. The other electrode is a
counter electrode, which is separatlng placed on the skin | "'
from the other to form a circuit. When the

_ pharmaceutlcal which is to be dellvered has a positive

15 charge (plus charge), the anodic electrode_acts as a
donor electrode and the cathode'functions as a counter_
electrode to form a circuit.' Conversely, when the
pharmaceutical has a negative charge (minus charge), the
cathode is a donor electrode and the anoqe_becomes a

20 ~ counter electrode. In order to deliver a certain B
pharmaceutical by iontophoresis, a reservolr containing
an ionized pharmaceutical is requlred Varlous patents
applications have been filed for appllcators contalnlng
electrodes and reservoirs. In all cases, however, elther

25 there is lack in efficiency to elxmlnate_the coexisting
substance or-else the construction of applicarion has to
be complicated.

During the lOﬂtOphOI&Sls operatlon, p051t1vely-
charged ions are generated at the anodic side by-the

30 electrode oxidation reaction and oegativelyécharged ions
‘are generated at the cathodic side by an electrode
reduction reaction. The electrodes'maylbe_roughly
divided into the following three,typesé _ _

_ _ 1) - Inert electrodes (for_example,,oarbon

35 electrodes) | _ | o

Anode: 2H,0 ——> 4H* + O, + 4e



1

devices. That is, one electrode is a donor el ectrode whi ch contai ns
t he. i oni zed pharmaceutical and which 10 causes the pharmaceutical to
permeat e i nt owphehady by application of a current. The & Qn

el ectrode is a counter el.ectrode, which is separating place onzﬁﬁé
skin fromthe other to forma circuit- 3Men the phar maceuti cal
which is to be delivered has a positive 15 - charge (plus charge), the
anodi c el ectrode acts as a  donor el ectrode and the cathode functions
as a counter . el eEatbadero 28:00 h 427 cort—>CHaver2@y, when the
pharmaceutical has a anatlh&t&b@rQ&e@%&@@%schaﬁﬁﬁﬂgcﬂ|¥iectrodé%a%hﬁgﬁ 1S a
donor el ectrode and the anode becones a 20 count'er, el ectrode. In order
to deliver a certain Anodephangaceutical Ay Hoetopﬁ&&aﬂsagcnreagrvoir
cont ai ni ng an iopi_zed pharr utical is requjred. Various patents
applicati onss- have beenalai%ﬁgagf'or @%& i"c& 7S cont 91i*thl el ectrodes
and reservoirs. - I n al Bjcas@xgandeeoxidatiiome reductionmhelectxrddesk in

efficiency to eligs ghgpggﬁaﬁggégztggg.) e Csubstance or else_the

construction of applicatil onpl i cat ed. Duri ng
t he i ontophoresis operation, positively- - chargfd I ons are generated
at the anodic side by the 30 Hect r ode oxi dati on eaction and
negativerQU%arged i ons arg_generated at the‘dathodic.siQe bg an
el ectrode "~ reduction rgaﬁ on~, The el ectrodes be *r dHghlty 2e
divided into the fol | ofPRgefhiee~t ypes: >1_1) N inert electrodes
(for exanple, carbon 35 eIéEFﬁ des) \ﬁqode: 2H err] O [err]
4H err] + qserr] + 4[err] OH 0
| i §
20 /’/\-- o ) +H+ //A\
: Cathode: | ] +2e > Z |
\\\f// \\\r,/-
0 - oH
25 _ '
There is a guantitative relationship between the
'current applied and the ions generated. This is_shown'by
the Faraday eguation:
Q = F x WMe
30 where, Q: amount of current .
' F: Faraday constant
W: Weight
Me: Molecular equivalent
During iontophoresis, the ions newly generated ions
35 from the electrode compete with the drug ions

electrically and the delivery rate of the drug (i.e.,
transport efficiency) is reduced inevitably. 1In order to
solve this problem of the decrease in the drug delivery
efficiency, three methods have been reported up to now.
40 The first method is to use an ion exchange membrane
. to separate the electrode space and the pharmaceutical
spacé in the applicator structure, whereby the effects of
the competing ions are eliminated (see Sanderson J.E.,
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- 3- Cat hode: 2Herr]O + 4e [err] Herr] + 20CH

2) Actldﬁogﬁ%ﬂy?odes (Ag/ Agd electrodes etc.) PCRIPESA2464°0
[err] Ag+ + e Jerr] Agd + e Cat hode: Agd + e [err] Ag +
d 3) ‘Organic OX|dat|on reduc1|on el ectrodes . (quinone,

an{nal, etc.) [err] 25
U.S. Patent No. 828,794 (1986)). The second method is to

first exchange the pharmaceutlcal w1th an ion exchange
resin and then- exchanged with the hydrogen ion H* or OH
generated durlng the operation, whereby the

5 pharmaceutical is released from the ion exchange resin

' and the competing ions are removed -(see Petelenz T.J.,
U.S. Patent No. 4,915,685 (1990)). ‘The third method is
to form a precipitate by a combihation of a special
metalllc electrode and pharmaceut;cal or to cause

10 neutralization,; whereby the coexlstlng competlng ions are
removed (see Unterrecker, European Patent No. 0182520).
‘These methods all make the construction of the applicator
complicated; and faise the cost'cf manufacturing, and are
unsuitable for practical use in many respects. |

15 Furthermore, in the third method ccmbinations_are limited

| for specific electrodes and pharmaceuticals (fcr example,
iontophoresis of peptides by its acetates salt, etc.).
DISCLOSURE OF INVENTION
. As explained above, to solve the problems and

20 disadvantages in iontophoresis, the objects of the -

' present invention are to eliminate the ions generated in
the iontophoresis electrode'apblicator and to improve the
efficiency of skin permeation of the drug and, further,
to simplify the constructlon of the drug applicator. _

25 In accordance with the present anentlons, there is
provided an electrode system for 1ontophore51s comprising
a mixture of an electroconductive material and a |
'fnnctional'pqumer_having a group of ammonium hydroxide

- or a quaternary ammonium halogen salt, sulfonic group,

30 carboxylic group, amine group. |

In accordance Wlth the present 1nvent10n, there is
also prov;ded an applicator for administering a
pharmaceutical by iontophoresis using the above-mentioned
electrode system. -

35 BRIEF DESCRIPTION OF THE DRAWINGS _ .

| ' The present 1nventlon w1ll be better understood from
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gmbo¢hmentcofidthet RE@sPtt dnventionirst exchange the
h an peg.exchandegraph £beseipladnifigntascpaegentwi th the

Lgtgntlon under an applied DC in vitro;

Fig. 4 is a graph'explaining'the'efficiency of the
present invention under a pulse depolarizing current
(ADIS 4030) in vitro; and

- Fig. 5 is a graph for explaining the present
invention using ADIS 4030 in vivo.

BEST MODE FOR CARRYING OUT THE INVENTION

In order to solve the above-mentioned problems, the
present inventors have intensively studied to thereby

complete the following invention. That is, as shown in

Fig. 1, a composite of an electroconductive material and
a polymer was structured so that the ionized charge.
generated at the surface of the electroconductive
material due to the operation'be allowed to transfer to
the electroconductive polymer and to provide a charge to
the polymer, whereby the polymer per se functions as an
electrode. That is, the competition is eliminated by .
immobilizing the charged ions competing with the
pharmaceutical ions generated by electrolysis at the
surface of the electrode. That is, the newly generated
ions are eliminated by counter ions present in the
polymer. Two approaches are used to achieve this object.
One is to allow the ions to be precipitated, while the
other is to allow to form a non-releasable covalent
compound. '

'In the case where the iontophoretic
pharmaceutical-containing electrode (i.e., donor
electrode) is an anodic active electrode and where a
silver (Ag) electrode is selected.



generated during the operation, whereby the 5 . pharmaceutical is

rel eased fromthe ion exchange resin and the conpeting ions are
renmoved (sweskrt@benz T.J. U S. Patent No. 4,915, 685 Eiﬁg%%éﬂgThe
third nethod is to forn1a precipitate by a conbination cial -
metallic el ectrode and pharnmaceutical or -té eause 10 neutralization,

wher eby the coexisting conpeting ions are renoved (see Unterrecker,
Eur opean Pat ent No. 9%82520). These nethods all nmake the construction
of the applicator 1CiBREY Eahche dRGreased bye usddg & PedymeIdcuri ng,
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ed
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the ions gener®B8§ (G ) presems |mt%m@lmnm@mmnmmm to

inprove the ag A@éi'ShSHGYmﬁitahéBuQQ ”EﬁE'BBl Ehg ﬂéggoﬁng further
to sinmplify the construction of the drug applflca § _

accordance wi tB° ?ﬁﬁlﬁ?egﬁﬂfg?nveﬁPlﬁhés WﬁKrealQlfferenﬁﬁovﬂd99t§ntlal
el ectrode systef the iontooheéﬁﬁratieﬁﬁrb&bﬁgs and tRelFe¥by¥ecalttale

| ect duct d functi I I hay: f
armoni uithydr LGB t6" bg, BECatat ermps ¥R, APae N8 BRBRosEhE sul foni o
group, 30 cthévafore grbugp efif heignoypof delivery ofnthecordance with
the present n%ﬁgiﬁéﬁbu%ﬁgéf éé?lgglogékigﬁ§28§h§89eénw§98'hﬁ%tor for (

adm ni steri ng arnaceu esI's usin
above- nent i one‘é‘m"entl%ll%l:t%%ﬁOEKtQFEﬂSSSlec'CrOde BRSEENDESCRI PTION OF THE

DRAW NGS Here, instead of the chlorine ions (Cl'), a similar
15 precipitate can be obtained by using iodine ions (1),
' bromine ions (Br'), and other halogen ions and a similar
effect of raising the delivery rate can be obtained.

1 |y "
—-N*X- -N+) . + AgCl

+
A > (
20 /| /|
X=1, Br, Cl
. L | |
In the case where the lontophoretlc pharmaceutical .
25 admlnxsterlng electrode (i.e., donor electrode) is an B

anodic inert electrode. :
It is possible to lmprove the effxc;ency of
iontophoretic delivery of the pharmaceutical by disposing
a polymer having a hydroxy ion (OH') source around the
30 surface of the iﬁert electrode. Thus, it:is'possible to
have the ions (H") generated by the operation react with
the hydroxy ions_(OHj in the polymef matrix whereby the
coexisting competing ions can be removed and the rate of -
permeation of the pharmaceutical can be increased.
35 | | '
( —N*} . + nH0

|
—.N*on') ,
. /I

/"I _
- e

+
nH* (



The present invention will be better understood from WD 96/ 17649

PC§/JP95/02464 the .description set forth belowwth reference to
th acCQypadkyfgae drawi ngs, in which: Fi g. 1 IS or
expl ai ni ng the eff¥C|ency of the present invention; 5 P@t&ﬁﬁ%&
2(A), 2(B) and 2(C) are views show ng an - 7enbodinent of the present

I nventi on; Fig. 3 is a graph for explaining the present

i nvention under an applied DC in vitro; Fig. 4 is a graph
expl ai ning the efficiendp mhetheseowherpr@hennommwehpmamlan@@armaFGM$acal
depol ari zi ng currefpn;n;sterih SeigéQ}ohE X'téo AB%or E&egtfag 's a
graph for explaining the prese nt'i off u3|ng |n VIVO

BEST MODE FOR CARRvPNGOéeTaFHEWhmENWa\JaESWG electrpde d&r a §id¥E¥e t he

above- nenti oned prehheﬁadeth39c1) elgeegeab i nventors have |nten3|vely

tudied to t b t That
Shown in 5 By 1, SHBGRDBCHRAOBEnED i8R dEo: b TR R ik
a pol yner was strustdwvest shlbiritiet bd@ectroded andabgeom2s thegénarebm@e&hnghe

surface of the 6|eﬁﬁiﬂceﬂguﬁgb¥€1vely ionized pharmaceutical, for example,
by coating a polymer (R-COOAg) having -COOAg group as a
functional group, the released silver ion (Ag* ) reacts
10 with the chlorine ion (Cl") released from the electrode,
énd'thérefore,'the3competing chlorine ion (C1) can be
removed and the rate of permeation of the ionic
pharmacéutical (i.e., delivery rate) can be increased.
+nCl”

15 (R—CO0Ag), ———m—> (R—C0O0’), + nAgCl
wherein R represents backbone of hydrocarbon polymers.

In the case where the iontqphoretic pharmaceutical
administering electfode (i.e., donor electrode) is an
20 inert electrode of carbon. |
By using a polymer having simultaneously a tertiary
amine and sulfonic group, the”prqton (H*) or hydfoxy ion
(OH') generated at the surface of the electrode is
~ trapped and the competing ion is removed Therefore, the

25 rate of permeation of the loanEd pharmaceutlcal (i.e.,
rate of delivery) can be improved.
4+
Anode: (NR,), —2H_ . (NH'R,),
30 Cathode: (R—so,ﬁ),, —nOH . (p-so, + H,0),
EXAMPLES '

The present invention will now be further
illustrated by, but is by no means limited to, the
following Examples, wherein all percentages are-expressed

35 on a weight basis unless otherwise noted.

Figures 2(A), (B) and (C) are a view of an
embodiment of the present invention, wherein Fig. 2(A) is
a central sectional view, Fig. 2(B) is a schematic view
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due to the operation be allowed to transfer to t he

el ectroconductive polyner and to provide a charge to the pol yner,
wher eby t WeOp@NaEr per se functions as an el ectrode. P(-_EPﬁﬁ» } 464! he
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Thalybface of th®sRihVEE tRIS <(AJEkIGRE 2LedolLaY the surface
unwoven fabric etc. (4) is a tape,'whichlis comprised of
a nonéelectroconductive'member The tape (4) is disposed
so as to support the electrode portlon (1), gel member

(2), and contact member (3) from the edges and, for | ‘

example, is formed by Mlcroform (manufactured by 3M).

(5) is an adhes;ve member, Wthh is provided so as to
adhesively affix the entlre assembly on the surface of
the skin of the sub]ect and for example is made of
Bienderm (manufactured by 3M). (8) is a support member,
which is comprised of a non-electroconductive substrate
and supports the electrode portion (1) and tape (4). (9)
is an electroconductive terminal which is connected with
‘the electrode portion (1) and forms an 1nput portion for
electrlcally connecting the electrode portion (1) and the
external iontophoretic electric output unit (not shown).
Further, it is possible, without using the _ “-
electroconductive terminal (2), to dispose the
iontophoretic electric output unit inside and make it
integral. The pharmaceutical to be administered may be
disposed in one or both of the gel member (2) and contact
member (3) or on the surface of the same, although this
'is not particularly limited. |

F i i o) i1 ct ode
An 8.5 g amount of s;lver ink (DW250H-5

(manufactured by Toyobo)), 1.5 g of 1on exchange resin
‘having a group of quaternary ammonium salt and made into
microgranules (1X-8 (manufactured by Dowex)), and 1.0 g
of a diluent (YC-180 (manufactured by Toyobo)) were mixed
.well and spread to a constant thlckness on a PET film

v



5 el ectrode due to the operation react with the chlorine ions (C
) present in the polynmer matrix and precipitate as AgO and

si«rul t aneous! yyé be14aed yner takes on a posi tive charge. %@5@5)6@%4 a .
difference in potenti al of the ion concentrations occurs

therefore a state 10 "close to one free of =c8npeting ions is approached.
Therefore a high efficiency of delivery of the phar maceuti cal can be
obt ai ned conpared with the . conventional iontophoresis electrode

system (FBieknesst efidlel MMQ VRRLBGI AcdPeRor( blafe fospinkr its

precipitate can beFQEiEéB?dtHYsUﬁhggpheﬁéBEeaoﬂ§ 65°L for 30 Riagces,| @Rgn
(Br ), and ot her hgéogﬁa Nelg fect of a|S|ngethe
a

p ef
delivery rate can Pﬁeiss 28°r gb mlnP@FP]t° remove theysolyeng, ang,
Second Enbodi nent to obtain al newhfitmseleberedehefi anthpbkhessCof 128 um.

phar maceuticqg 25— adghniRLeptpgre #Sﬁ&rOgﬁe(gPﬁanQQBBEleEE§%E99§% Lagh

anodi ¢ inert “el ectrode. I Crency
of i ont ophor®age én| ther ganpe mﬁenpnabya@eu@ngaﬁ ly gi 9fosiidyer ink a

pol yner having a h¥ﬁW95§HL9” nShutaseured B&0§B§obB§)300 12$BVB§C§aQE the
i nert el ectrode. it |i ossible to E {he i ong (H+
0

generated by the OPLFEPIEANRLEE: (arerage dla@ﬁéeﬁyﬂ syansA§S(eﬁ ﬁopnuﬂhe
pol ymer matrix wheaﬁbyotbeg of a @0tuéfti py¥ccaBpeinaguifadtuead by TOFOBEY)

?ggr}he ratﬁ and 88 geg&lgﬁeoieggftpharnasﬁgt il can be increased.

The above electrodes were cut in accordance with the
shape of the applicator and used for the evaluation of
the electrode system efficacy.

valuation of Efficacy in Vitro ¢ od of
15  Permeation Through Excised Skin of SD Rats)

The efficacy of the electrodes was evaluated in a
test of permeation of TRH (thyrotropin-releasing hormone)
through skin excised from rats. SD rats were
anaesthetized with ether and dilapidateé, the skin of the

20 stomach portioh was removed, and the fatty tissue of the
skin was cleanly removed using tweezers to make the
excised skin. This was allowed to stand in physiological
saline at 4°C for 15 hours, then was cut into pieces of 3.
x 3 cm (9 cm?) size which were then affixed to -

25 side~-by-side dispersion cells (manufactured by Advance).
The donor chamber was filled with 0.1 percent TRH acetate
solution (1 ml) rinsed by distilled water. The receiver
chamber (3.5 ml) was filled with a 3-fold dilution of
physiological saline, then was left for 60 minutes

30 without operation, then subject to operation (electrical
conditions: DC, 0.39 mA/cm’) for 60 minutes, then samples
(0.2 ml) were taken from the receiver solution over time’
over a period of 120 minutes.and the amount of TRH
permeated through the film was measured by HPLC. After

35 = samples were taken, fresh 3-fold diluted physiological
saline was supplemented{ The measurement conditions of
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competing onl oPPRa%: &no( & LpOCHR pan elventoas o my JHE Lol eugous |0
per neation of SQéuténh@ methanplarFnd®e60i (pH & 386, ﬁﬂjhﬁemgigfﬁ?ﬁ can be
b erac s oprRegtphopss BB [y o1 (5 o er] v e
Enbodi ment - Figpget Beshawe &her redns ionshdphbesween tiheramemnitcal
of permeation of the TRH acetate across exist skin under
an applied direct current.
10 As shown in Fig. 3, before iontophoretic operatiop,
no permeation of TRH through the skin was observed.
~ However, after one hour of operation (1 mA constant (
current, DC), the amount of permeation was 2449 ug (mean
'value,i standard error) for the conventional electrode.
15 For the new electrode;;the_amOunt of penetrated TRH was

77113 pg (mean value + standard error) an amount

transported 3 times as much as that incorporated &ith
conventional electrode. ‘

20 ‘Further, as shown in Fig. 4, the_new_electrode
exhibited an efficiency of drug delivering about six
times greater than the conventional electrode (12717
ng/20+7 ng (new/conventional), mean value + standard

error) even under conditions of operation (2 mA) with a_

25 depolarizing pulse iontophoresis system at the current
density of 0.87 mA/cm’ (ADIS; 40 kHz, 30% duty, made by
Advance). ' '

30 -~ Method: SD rats were anaethetized by medicinal _
' ether, their stomach portions were shorn by shears, and .
then were shaved by shavers. The stomach portions were-
._ cleaned with absorbent cotton containing 70% alcohol,
then applicators having the new electrodes and/or
35 applicators having the conventional electrodes were
attached to the stomachs of the rats (n = 3). For the



a

adm nistering electrode (i.e., donor el ectrode) is an 20 I nert el ectrode

oLicarbon. By using a polymer having simltaneously a tertiary

anl ne and sul.fgqi up, the proton (H+) or hydroxy ion o
gener at ed at t‘f?e 9§/ﬁ%gce of the electrode is t r apped and JPI5/02464
conpeting ion is renoved. Therefore, the 25_ jyae of perneation of the

I oni zed phar naceuti cal (i.e., ' rate of delivery) can be inproved. .
Anode: (NR3)[err] [err] ‘(NH+R[err])[err] .

+FCH ?2»[ - Cat@@dﬁter(é&éﬁig?dékD£EPVL phé;iologiéﬂﬁsﬁﬁﬁiﬁé gel ?n AgCl
Herr err : VPLE : The present_invention wll.now
be further S I?h%??ﬁ%% ‘5?78 ‘bﬁ?dr S '59en5a aﬁgréiﬂi?ﬁﬁgtﬁ' fﬂl@%lhzers

foll owi ng Exanpl es, (mm@eebm'natsmmecseiagkeshp¢ angr atiewedsto stand withbot
basi s unl ess. ot Ner Wsect oy one hour, EheNGECR(AlrrfRt fasgcu ﬁf

vi ew of an sent 1 nvention
a central secﬁlonal3@$éQPt¥#gf°2(Q99|§°%Isch3hﬁt éoqﬁeﬁpmpllngs

96/ 17649 were carried out -60, 0, 30, 60, and 120 ﬁiﬂﬁﬂé@5lﬁﬁéﬁ4

-8- of the elfq$égg%o ;ifnblggg E;ﬁenzéczh £ide! OPp Reagbtained

- blood samples were centrifuged (10,000 rpm/S min) and the
supernatents were used as the sample serums. The

10 measurement of the TRH levels in the serums was entrusted
to Mitsubishi Petrochemical BCL and was by RIA.
Result 3

As shown in Fig. 5, after the start of
_ iontophdresis,'the plasma concentration of TRH increased.
15 After 30 minutes, a steady level of 1012.8 ng/ml was
- exhibited in the case of conventional electrodes, while
the level was a high one of 40 ng/ml or more with the new
electrodes, i.e., approximately four times the
‘concentration in the blood was achieved. '

20 _ The typical embodiments of the present invention can
be embodied as follows. .
1. An electrode system for iontophoresis'’

COmprising an electroconductive material or substrate and
a functibnal'polymer having'at least member selected from

25 the group consisting of ammonium hydroxide or a
guaternary ammonium halogen salt, sulfonic group,
carboxylic group, amine group, or other functional
groups. _

2. An electrode system for iontophoresis as set

30 forth in item 1, wherein said electroconductive material
is safe to the body and for example comprises granules or
foil of one or more of silver, iron, gold, platinum,
titanium, and other metal materials and carbon, graphic,
and other non-metallic materials. '

35 3. An electrode system for 1ontophore515 as set
forth in item 1, wherein said guaternary ammonium halogen
salt is, for example, a chloride or a bromide or an



Vi-ew. In Fig. 2(A), (1) is an electrode portion. As shown

in Fig. 2(B), this is a mxture.of electroconductive 5 granul es (here,;
silver OpadedS8de (6) and pol yner granul es (7). (2),4 el nmenber,.
which is conprised of PVA etc. (3) is a contact r&#ff‘é@sﬁ?ﬂ“cont act
with the surface of the skin of +hg2subject. and is fornmed-by a
unwoven fabric etc. (4) is a tape., which is conprised of 10 a

non- el ectroconducti ve menber.. The tape (4) is disposed so as to
support the eliedidedetpertion (1), gel nenber . (2), and contact nenber
(3) fromthe edgesgand, pghOoblectrodeXa3@item ifoxf AoRSINGAYAL Y Bet

(manuf actured by 3M,. ' ?g)ris anggdhesive nenber, VWféﬁ]iS pf%vided SO

as to 15  afREEhy&nyikem; i, WhegRiny @ad@séh‘ﬂc}-i(%‘atlh@?sﬂﬂ‘fe&césofa
the skin of thextubkeof ohe ber moxanplfe a catddaydlethyl celileNéwen
(ot o U e tedi obPk1pter srHERS. YIRS sopa, s LR b5 O
(1) and tape py¥rrol@jofieé systemanstyreneosysten, and @twd.nal which is
comnected WD o5, |8 MIR EUECROk) Bhocbh VLI UL 1 o
ext er nal iont§$ﬁ§F@t$§teﬁ§€FhiénoéFSEt1u4ﬁtm9ﬁ@t%§h&Wﬁﬁﬁg an inkjrther, it
i s possible, wbhBaihifg BH blecEPoconBuetiivec aiadetiiave (FRrTekdmpld), to
di spose t he ) i.ontoghoretic el ectri,c output unit inside and ke it
ntograd® ThesHREPRACEBDH BaPOLEMEE BAYHASs UALETRAFYhemmonium; cilaride |
one or both oandhpriatingnbhis(sh andidmt act. menber (3) or on the
e R ke e |
(DW250H-5 systemnofaitemed by, Tépsbexample,s5cgmpiriised efcleange resin
" combination of the following, that is, an iﬁon :
15 electroconductive material and a pqumer having ammonium
| hydroxide. o
7. A cathode electrode system wherein the
electrode system of item 1 is fof-example comprised of a
combination of the following, that is, a silver
20 - chloride/silver (AgCl/Ag) electroconductive material and
| a polymer having a carboxy-silver salt group (-COOAg).
8. An anode or cathode electrode system wherein
the electrode system of item 1 is, for example, comprised.
 of a combination of the following, tbat is, an inert .
25 electroconductive material and_é_pblymer'having an amine
group and sulfonic group or carboxylic group. |
9. An anode or cathqde_elééfrode system wherein
the electrode system of item 1_is,-for example, comprised _
‘of a combination of the followihg, that is, an inert
30 electroconductive material and a polymer having a quinone
or aminal functional group_and amine group and sulfonic
group or carboxylic group. ' |
10. An applicator for administering a
_ pharmaceutical by iontophoresis using'the electrode
35 system set forth in item 1. '
| 11. An applicator for administering a
pharmaceutical by iontophoresis as set forth in claim 10,



q
havi ng a group of quaternary amonium salt and nmade into 35

m crogranul es (1X-8 (manufactured by Dowex)), and 1.0 g of a dil uent
(YC 180 (nmanu by Toyobo)) were m xed wel | and spr.

constant thi cmésdé%g% a PET fil m WD 96/ 17649 Pﬁ%ﬁ&oﬁu
PCT/ JP95/ 02464 - 13 ~-0- (thickness of
0.1 mm) using a doctor blade to print it. - Further, this was preheated
to 65[err]C for 30 minutes, then. heated at 150[err]C for 30 m nutes

to renove the sol viemichnbas a simplebaaﬁnsafeepatChnébrectundecomPaised of
thi ckness of 128 [fﬁéinlhe electrodecgftﬂﬁeﬁtBeEnBaEdphEPﬁaEQG¥§ onal

el ectrode was made | n the sanme manner by mxing 4 ver
(DV250H 5 (manuf acke$REVBYT Toyobo)), 0.12 g of salt ' n1crogranu|es
(average di aneter of gramulegnoi§§pﬂcaeﬁf]ﬂtr administdrdng g of a dlluent

: f b
(100 (menglact Loed U P0R) hvoionsPiRofRsihn da  B8nLEakth, 2R framn 10,

shape of the appl|whenexnnﬂhasedsénvoiheoévatemtlbnlsfa gel inbdudingtaode

Testing 15 - per rRATAACHRE SHAN BRATE QUL 080 Y fytbl' Bokdl "Btndipace.

efficacy of .the eIectroH@BU$EB R oABBLEGABRLETY test of perneation of
TRH (thyrotropin- releasaageﬁpiapﬁea above, according to the present
10 invention, there is provided an electrode system for

administration of a pharmaceutical by iontophoresis,
wherein the ions generated from the surface of the
electroconductive materiallof the electrode portion are
immediately made insoluble and captured by the functional
15 polymer surrounding the substrate whereby the ions
~ ‘competing with the pharmaceutical ions can be removed
from the electric field. Therefore, the delivery rate in
the transdermal permeation of the pharmaceutical is
improved'and,'as a result, an effect of-the efficiency of
20 pharmaceutical utiiization is improved. Furthermore, the
completed electrode system itself is simple in the |
construction, and therefore, it is possible to fabricate
an iontophoretic device into a small patch easy to use.
And its manufacturing'cost can be reduced. —
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through skin excised fromrats. SD rats were anaest hetized with ether
and dil api dated, the skin of the 20 stomach portion was renoved, and the

fatty tiSBQQQQEELEEE____Th?ELQBwﬁS cleanly renoved using: tpﬁf 3& nmeke 7
t he exci sed skin | s allowed to stand in physio oglca?

sal i ne at 41""' en was cut -i Ado=-pi eces of 3 x 3 cm (9
cnR) size l ‘/mﬁm I’F,H'ﬁl xed to 25 °~ side-by-side dispersion cells

(manuf act ur ed* byt Advamc The donor chanber was filled with 0.1
percent TRH acetate solution (1 sed by distilled water. The

rﬁceivFr .I chamnher @hfénédtnuﬁefsysﬁnhvtﬁflibﬁhdpﬁdkéhiytlon of

physi ol ogi cal saline,. then vas | eft for. 60 ' fhout_ o I on,
Phan subf ot CoMRARIAD R ainthasy of (1) ar SHftrothpandtiye patbFi4

mV cnjerr]) f@mdsq idi)nat dunattienalamgs lgamer havimg ZAamgn iven chydskaxide om t he
recei veresol u 1 t he
anount o TRthID% @ﬁggrér?edgﬁgd t"mouéﬁ‘t]ﬁafﬁ%%dsvgst m%iﬁ&g{fsgﬁgf% “After

35 sanpl es CRAELOXY LIS, gHOURyh aning BXAYRit ed physi ol ogi cal - saline
was suppl enented. Phe rrmwl@mocre)rgyéwms*fﬁ ionto hore¥i H6ds 7649
PCT/ JP95/ 02464 (F the HPLC

wer e an HLPC. S3BHMRE, 4 aH L o ANGRRIR AR1 @l Sctroconductive

material is safe to the body and comprises granules or
10 foil of one or more of silver, iron, gold,. platlnum,-
_titanium, carbon, ‘graphic.
3. - An electrode system for 1ontophores1s as ' (
claimed in claim 1, wherein said quaternary ammonlum
halogen salt is a chlorlde, a bromide or lodlde

15 4. An electrode system for_;ontophoresxs as
claimed in claim 1, whérein said functional polymer is a
mixture of one or more of a. carboxymethyl cellulose
system} acrylate system, vinyl alcohol system, vinyl
pyrrolidone system, styrene system.

20 5. A film electrode system whereln the electrode
system according to claim 1 is made_by mixing an ink
containing-én_electrocdnductive material and a polymer
having quaternary ammonium chloride and pfinting this on |
a film. : o : —-

25 6. An anode electrode system wherein the electrode
system according to claim 1 is comprised of a combination
of an iron electroconductive material and a polymer
having ammonium hydroxide.

7. A cathode electrode system wherein the

30 electrode system according to claim 1 is comprised of a
combination of a silver chloride/silver (AgCl/Agq)
electroconductive material and a polymer having a
carboxy-silver salt group (~COOAg) .

8. An anode or cathode electrode system wherein

35 the electrode system according to claim 1 is comprised of
a combination of an inert electroconductive material and
a polymer having an amine group and sulfonic group or
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by Shi madzu Seiéakusho) an innDblllzed phase of Inertsil ODS-2 4.6

X 150 mm an el uent of g 'sol ution: nethanol = )
40 60 (pH &”§9ﬁi gst , ] Iﬂ Ephorlc acid). ure 3

shows the rel atlon I p betweenit he anount of perneation BFm?ﬁg
acetate across exist skin under . an appl ii&d direct current.

Result 1 10 As shown in Fig. 3, before iontophoretic operation,

no perneation of TRH through the skin was observed. However, after
one hour of oper atcarbdiyhic cgnstpnt current DC), the anount of
perneatlon was 249 [err g ( a r d ) e
.conventional el ectrode. § qEﬁFano?% O%é%#g r%ﬁ%ééfﬁéé ?ég£€m Yﬁé%e{g
penetrated TRH wasthe 91eqvnqgegﬁY%ﬁﬂanaQ%9n@139s?%n@h#%melrtﬁ)CQmptw&wmtOf

transported 3 tines SsmbifdtfiontdAtah NEREPE’ 81 &6t ¥bébnduct ivé ORYESEi#Daknd
el ectrode. as, s t he

‘new el ect r od@ a ERi&Tﬁfe@P%ﬁP%f?|%?bﬂ%?eo?rd?%bPﬂﬁlF%%$Yh%“%%d%¥°%?xand
times greater thanamhmeogmmmtam%ulafmid:ogbonﬁ;lzafen:ai-ﬂaxyllc group.

Lerrlorzolenrly Lerrl {govagniasiiopel). e spaugbipeletis & griars
E)xlDlsg i th Eaf;orggiyﬁhwmmcahebxumnemphoreilﬂeimsing the OEI—'EBETM?M er][]
§§E@& nge val uation o
|n VO ?%@? to cthl

Ef fi cacy of Electro of Transder mal Drug
Adni ni st rat 2€n to SD Ra%%) Rn aPPllcaFE%hB%r iRl StQEERI adaet heti zed by

medi ci nal madeanhcsaprw hi PRESpREBesES Cas r@mnbad Sﬁeaéﬁau@npb
it hen were shaved avers. The s onaqg goEtlons clea vgt
rﬁ & BAMPLQ LA sale patch structure comprlse

?absorbent cotton c
? just the electrode accordxng to claim 3 and a

pharmaceutical reservoir. _ _

15 12. An applicator for administering a
pharmaceutical iontophoresis as claimed in claim 10,
wherein the reservoir of claim 11 is a gel including a
pharmaceutical and a cellulose or nylon porous substrate.



t hen applicators having the new el ectrodes and/or 35 appl i cators having

thﬁ conventional electrodes were ~  .attached to the stomachs of the rats-
(nt= 3). For WD 96/ 17649 '
PCT/ JP95/ 02464 © >0/17649 - - 11 - PCTIRRpac4
el ectrode, a PVA physiological saline gel on Agd el ectrode was used.
The rats were placed in imobilizers - (made by Nat sunme Sei sakusho) and
all owed to stand wi t hout current for p hour, then with current
(ADI'S, 40 kHz, 5 30% duty) for one hours 5 The bl ood sanplings (0.5 m)
were carried out -60, 0, 30, 60, and 120 m nutes, from tail vein of
tail blood taken each tinme. The obtained bl ood sanples were =
centrifuged (10,000 rpm 5 nin) and the supernatents were used as the
sanpl e seruns. The 10 asurenen of the TRH levels in the seruns was
entrusted to M tsubislHi ES em cal BN\ and was by RIA
Result 3 As show i FI%T 5, aft e ,start of _
i ont ophoresis, the plasma cdnclen on of ~aCpeased. 15 After 30
m nutes, a steady |evel of 2140[fr ng/ m + exhibited in the case
of conventional electrodes, while< > t he | as a high one of 40
ng/m or nore with the new O _=- - :
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el ectrodes, i.e., approximately four tines the concentration in the
bl pod was achi eved. 20 - The typical enbodi ments of the present

i nvent ron_ can enbodi ed as foll ows. 1. An
system for i or‘iY p‘?mr‘%gl s' conprising an el ectroconducti v(éLL g’ﬂg"l“ or
substrat e .and a functional polyner having at |east nenber selected
from25 the group consisting of amoni um hydroxi de or a quat ernary
ammoni um hal ogen salt, sul fonic group, 2 arboxyl i c group, anine group,
or other functional groups. 52. An el ectrode system for

| ont ophoresis as set 30 forth initem1, mhereln sai d el ectroconductive

mat eri al is safe to the body for engK ﬁ Zonprlses granul es or

—

foil of one or nore of silver, iron, titanium and
ot her nmetal materials and carbon graphlc antl other non-netallic
materials. 35 3. An eIectrode system for iontophoresis as set
forth in item 1, wherein said quaternary annnqlun1halog : galt IS,

for exanple, a chloride or a bronide or an é 96;1 649 [ _
PCT/ JP95/ 02464 :\:§><\\:'jzh';f’;' va .u&lde etc.

AN AN\ 4

Fig.2(C)




4.  An el ectrode systemfor iontophoresis as set forth initem1,
wherein said functional polyner is a m xture of one or nore of a

car boxynet hyl cellul ose 5 system acrylate system vinyl ac¢aPedn2464
system vi nyWO96/1764%,y i done” system styrene system and etc.

5. Afilmelectrode systemwherein the el ectrode systemset forth in
item1 is nade by m xing an ink containing an el ectroconductive
material (for exanple, 10 silver) and 3 ol ymer havi ng quaternary
amoni um chl ori de and printingthis-/o{spafilm 6. An
anode el ectrode system wherein the el ectrode systemof item1 is, for
exanpl e, conprised of a conbi nat i of theyfollowing, that is, an

iron 15 el ectroconductive material afet a o] y{@®r havi ng anmoni um
hydr oxi de. < 7. A cathode el ectrode system wherein thg
el ectrode sys_teinﬁgj temlis for exanple conprised of a  CONVENFHOMNAL i on

of the follow rg, at is, a silver 20 chl oride/si"l‘Q‘E‘l‘(EbEf RQE

el ectroconduct ye ngterial and a polymer having a car 56?3 silver salt
group (- CO0Ag) & 100

8. An anode ot cathodle el ectrod Vi mei n
the el ectrode gysterpof item1 is,¢f onpreeET: REW Etgﬁa

conbi nati on of @he,flol | owi ng, that inert 25 el ect r(8§§?1duct ive
mat eri al and aéol Br havi ng an n grodép and sul fonic group or

~carboxylic group. 9. adode or cathode el ectrode system

. wherein Qe@gct’rode sygt of item1 is, for exanple, conprised
of a conbi nati the foll owgg, that is, an inert 30

el ect roconduct ige msiteri al andffa pol yner having a qui none

i nal
functional growpe Ol am ne grgp and sul fonic QURRENTT Dgns;trp)(;‘g]cga
group. U 10.  An appffilcat -1 riRg (R39 mA/cm?
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pharmaceutical by iontophoresis using the el ectrode 35 systemset forth .

iﬁéitenyl. 11. An applicator for admnistering a _
rmaceutical by iontophoresis as set forth in claim 10,

96/ 17649 Wosgnieds O PCT] 3PO5 0246 PCTANSSm2ES

- 13 - whi ch has a sinple and safe patch structure conprised of

just the electrode of item 3 and a pharnaceut.i cal reservoir.

12. An applicator for admnistering a 5 4 har maceuti cal by :

i ontophoresis as set forth in claim 10, 7, wherein the reservoir of item

11 is a gel including a phar maceutical and a cellul ose or nylon

porous substrate. N | NDUSTRI AL APPLI CABI LI TY ' " As

expl ai ned above, according to the present 10 invention, there is

provi ded an el ectrode system for - adm ni stration of a pharnaceuti cal

by iontophoresis, wherein the ions generated fromthe surface of the

el ectroconductive material of the electrode portion are i mredi ately

made i nsol uble and captured by the functional 15 pol ymer surroundi ng the

substrate whereby the ions conpeting with the pharnaceutical ions can

: F'i'g.5
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b
fromthe electric field. Therefore, the delivery rate in t he
transdernmal perneation of the-pharnaceutical is i nproved and, as a
result, an ef the efficiency of 20 phar maceut i cal nis
i mproved. Furt epg%?e t he - conpleted el ectrode systen1|?§@ﬁ$&$
simple in the construction, and theresf/gre, it is possible to
fabricate an iontophoretic device into a snall patch easy to use.
And its manufacturing cost can be reduced. WO 96/ 17649
PCT/ JP95/ 02464 - 14 - LIST OF REFERENCE NUMERAL CLAI M5
1. An electrode systemfor iontophoresis conprising a mxture of (i)
an el ectroconductive materi al and (ii) a functional polyner having
amoni um hydroxi del.5 Elgetzodgapertipp anmoni um hal ogen salt, sulfonic

gr aup, car boxyl i c caglomamba¥ ne group. 2. An electrode
system for iontoph i i i

%re5|ER§§ epglaIHEd inclaiml, wherein said

el ectroconductive =° BFtafmembeZate to the body and conprises granul es
or 10 foil of ode or Tapee of silver iron, -gold, platinum

titanium carbon, graphl hQSL An el ectrode system for

i ont ophoresi s as erarmed i n @F |n11 wherei n said quaternary amoni um
hal ogen salt is a 6hl or Sddyvez pramnhdesor i odi de.

7. Polymer granules
8. Support member _
9. Electroconductive terminal
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15 - 4. An electrode systemfor iontophoresis as

claim 1, wherein said functional polymer is a. m xture of oggiols

of va car boxymet hyPCTE | ul ose wommmstgrm ¥ AMIZATIOBM Vi Ny '@

system vinyl pyrrolidone system™&f system 20

film el ect NEERNARONAL WPELIGATION SUBLEFIHIUNDER THE @mncqeway MAéllYaﬁPﬁT)
lis 1) Bferdktionhl ¥tedt Cldsdiiéation 6:  CONt i ni M a;gte,s;+ e mat ey @

and an;’gl))/ ﬁ 0 yobaw ng quaternary |a )E‘llum chlori g and pri nt| ng th(gls%,ﬂ649
on Fr}(“’ 6. An ano e etmah&.ad;mmyaﬂamwﬂmrel n uhmne 1996(130696)
el ectr systemaccortrng—to—ctatrm-i/S—conprtsed—of—a—2ogt

of an Ir(mmmmmmwmterpwmma/mbwmmsmm cierd 8¢/ Kurspdas mmm, BE,
hydr oxi (d . A cat hodre,r?g?/éct r ode sy SHE, RKcESeFR, GBI@R, B IT, LU, MC, NL, PT,
el ect rﬂd@&&%‘!’@?ﬁ‘dﬂ‘%m ng tbPCTRFrAI N2Bohpri s& of a conbi nati on

of a siflver chloride/silver (AgC/Ag) / el ectroconductive material and
r/sal

a pol yngse) Pactiywata car boxy-silve | Puljlisbedp ( - COOAg) 8.

An anode or @¥fMbde el edtDecsuiber ISEBIANer 8 h 35 Withip

accordijng to claim1 is conprised of A COo }Eam’ﬁf de‘hmﬁ‘n{"; ";,'fff;:fp:';}
el ect r qqaN dppfiitant! KABRERKE RhISRNADVANCE TBIPRGLIY BT hawenddignidN afi ne group a A

sul f oni|c Qgr ONipontashi Kobuna-chd/Ous-&, Tokgel D3 (IP). PCT/ JP95/ 02464

- 15 -
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An electrode system for administra-
tion of a pharmaceutical by iontophore-
sis which is comprised of an electrocon-
ductive subsmmdamcmmpolymﬂ DOOOOOOQOOOOOOOOOO00000000000000001

having ammonium hydroxide or a qua- - noooooooooooooooooooooooooooooo.oc
ternary ammonium halogen salt, sulfonic

group, carboxylic group, amine group.
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car boxylic group.

wher ei n

a conbi nation of an
havi ng a qui none or am nal
sul fonic group or carboxylic group.
admnistering a

phar maceuti cal

system according to claim1. 10

adm nistering a

phar maceuti cal

and 5

An anode or cathode el ectrode system

the el ectrode system according to claim1l is conprised of-
inert electroconductive materi al
functional group and

11. An applicator for

by |ontophore3|s as claimed in claim-

10, - which has a sinple and safe patch structure conprised of
just -the electrode according to claim3 and a

reservoir.

phar maceuti cal

12.

i ncluding a
nyl on porous substrate. .

phar maceuti cal

phar maceuti cal
An applicator for adm nistering a

i ont ophoresis as clai-med in claim 10, '
reservoir of claim1l1l is a gel
cel |l ul ose or

wherein.the
and a

a pol ynmer
am ne group and

An applicator for

by iontophoresis using the electrode
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