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(57) Abrégée/Abstract:

This Invention provides an ion-tophoretic apparatus for administering a medicinal ion to an organism through an ion exchange
membrane that can further improve an administration efficiency. The ion-tophoretic apparatus comprises a working electrode
structure comprising a first porous film having a large number of pores, which communicate between the frontside surface and the
backside surface, a first ion exchange membrane, formed of an ion exchange resin filled into the pores in the first porous film, for
selecting a first cond Uctivity type ion, and a medicme holding part disposed on the backside of the ion exchange membrane, for
holding a medicinal liquid containing a medicinal ion electrified In the first conductivity type. The medicinal ion Is administered
through the first ion exchange membrane. A layer of a water soluble polymer compound chemically bonded to a material
constituting the first porous film is formed on the surface of the first porous film.
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ABSTRACT OF THE DISCLOSURE

An object of the present 1nvention 1s to further enhance
the administrationefficiencyvofadruginaniontophoresisdevice
foradministeringdrugionstoalivingbodythroughanion-exchange
membrane. An i1ontophoresls device for administering drug 1ons
via the first i1on-exchange membrane, comprilsing a first porous
film having a number of pores passing through the film from a
front surface to a back surface, a first 1on-exchange membrane
formed of 1on-exchange resin filling the poresof the first porous
film and selecting 1ons of a first conductivity, and a working
electrode structure having a drug holding part placed on a back
surface of the first 1on-exchange membrane and holding a drug
solution containing drug 1ons charged in the first conductivity,
wherein a layer of a water—-soluble polymer compound chemically
bonded to amaterial constituting the first porous filmis formed

pr—

on the surface of the first porous film.
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SPECIFICATION

IONTOPHORESIS DEVICE
FIELD OF THE INVENTION

(2001 ] The present 1nvention relates to an 1ontophoresis
device for administering dissociated drug 1ons through an
ion-exchange membrane that selects 1ons of the same conductivity
as that of the drug 1ons, capable of further enhancing the
administration efficiency of the drug 1o0ons.

BACKGROUND OF THE INVENTION

(0002 ] An lontophoresis device generally 1ncludes a working
electrode structure holding drug 10ons dissoclated to plus or
minus ions and a nonworking electrode structure that functions
as a counterpart of the working electrode structure. The drug
ions are administered to a living body by the applilication of
a voltage with the same polarity as that of the drug 10ons to
the working electrode structure under the condition that both
the structures are 1n contact with the skin of the 1living body
(human being or animal). |

[0003] In this case, the charge supplied to the working
electrode structure 1s consumed by the movement of the drug 10ns
to the living body and the release of biological counter 1ons
(the ions which are present in the living body and charged 1n
a conductivity type opposite to that of the drug 10ns) to the
working electrocde structure, and the biological counter 10ns
(e.g., Na® and Cl7) having a small molecular weight and hence
having a large mobility are released mainly from the living body.
Thus, theratioof the charge consumedby therelease of biological
counter ions increases, which makes 1t 1mpossible to administer

drug 1ons effectively.

(0004 ] Patent Documents 1 to 10 below disclose 1ontophoresis
devices that have solved the above-mentioned problem.
[Q005] Morespecifically, ineachoftheiontophoresisdevices

in Patent Documents 1 to 10, a working electrode structure 1is
composed of an electrode, a drug holding part placed on a front
side (1ncontactwiththesklin) oftheelectrode, andanion-exchange
membrane that 1s placed on a front side of the drug holding part
and selectively passes 1ons with the same polarity as that of
the drug i1ons held by the drug holding part, and the drug 1ons
are administered through the 1on-exchange membrane, whereby the
release of biological counter 1ons 1s suppressed to enhance the
administration efficliency of the drug.

100006 IneachoftheiontophoresisdevicesinPatentDocuments
1 to 10, the working electrode structure further 1ncludes an
electrolyte solution holding part for holding an electrolyte
solutlionincontactwiththeelectrode, andanion-exchangemembrane
that selectively passes 10ons having a conductivity type opposite
to that of drug 10ons, thereby achieving the additional effects
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of preventing the drug 1ons from being decomposed by 1solating
the drug i1ons from the electrode and preventling the movement
of H" or OH ions generated at the electrode to the drug holding
part and the skin interface of a living body.

(0007 ] Here, inthe 1lontophoresisdevices of Patent Documents
1 to 10, in order to facilitate the passage of drug ions with
a relatively large molecular weight and effectively suppressing
the release of biological counter 1ons from a living body, an
ion—-exchange membrane 1s used 1n which a porous film made of
prolyolefin, vinyl chloride-based resin, fluorine-based resin,
or the like 1s filled with 1on-exchange resin (resin provided
with an 1on-exchange function). As such a porous film has low
affinity for the skin of a living body, 1t 1s difficult to keep
the contact between the 1on-exchange membrane and the skin of
the 11ving body 1n a satisfactory state during the administration
of drug 1ons, anddependingupon thesitewhichaworkingelectrode
structure and a.nonworking electrode structure are brought 1into
contact with, the behavior of the living body (patient) during
the administration, and the 1li1ke, the administration efficiency
of drug 1ons cannot be malntailined at a sufficient level.
[0008] Therefore, the following inconvenlence 1s caused.
During the administration of the drug i1ons, 1t 1s necessary to
1nterpose an electrolyte scolution or the like between the
l1on-exchange membrane and the skin of the living body, or further
keep pressing the working electrode structure and the nonworking
electrode structure against the skin of the living body with
some pblas means.

[0009] The same kind of problem also arises in other devices
that conduct the passage of a current to a living body, such
as a low-frequency therapeutic equipment. In these devices, an

adhesive film in which acrylic hydrogel i1s impregnated with an
electrolyte solution 1s used, whereby the adhesion between the
electrodes and the 1li1ving body, and the conductivity are ensured.
[0010] However, when an adhesive film containing an
electrolyte 1s 1nterposed between the 1on-exchange membrane and
theskin, the functionof the 1on-exchange membrane of suppressing
the release of biclogical counter 1ons from the skin degrades.
Conseqguently, 1n the 1ontophoresis device for administeringdrug
1cns through an 1on-exchange membrane, which is a target of the
present 1nvention, the administrationefficiencyof adrugcannot
be enhanced by the use of this type o0of adhesive film.

Patent Document 1: JP 3030517 B
Patent Document JP 2000-229128
Patent Document JP 2000-228129
Patent Document JP 2000-237326
Patent Document JbP 2000-237327
Patent Document JbP 2000-237328
Patent Document JP 2000-237329
Patent Document JP 2000-288097
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Patent Document 1: JP 2000-288098 A
Patent Document 1: WO 03/037425

DISCLOSURE OF INVENTION

PROBLEMS TO BE SOLVED

[0011] The present 1nvention has been achieved 1n view of
the above-mentioned problems, andi1ts object isto further enhance
the administrationefficiencyofadruginaniontophoresisdevice
foradministeringdruglionstoalivingbodythroughanion-exchange
membrane.

[C012] Another object of the present 1nvention 1s to provide
an iontophoresis device capable of enhancing the administration
efficiency of drug 1ons without any 1nconvenience of 1nterposing
an electrolyte solution between the 1on-exchange membrane and
the skin of a 1iving body or keeping pressing a working electrode
structure and/or a nonworking electrode structure to the living
body with some bias means.

MEANS FOR SOLVING PROBLEMS
[0013] The present invention relates to an i1ontophoresis
device for adminilistering drug 1ons via a first 1on-exchange
membrane by applying a first conductivity voltage to a working
electrode structure, sald working electrode structure having
a first 1on—-exchange membrane 1ncluding a first porous filmwith
a number of pores communicating a front surface and a back surface
of the first porous film and an 1on-exchange resin being filled
1n the pores of the first porous film, said first 1on-exchange
membrane selectingionsofafirstconductivity,; andadrugholding
part placed on a back surface side of the first 1on-exchange
membrane and holding a drug solution containing drug i1ons charged
1in the first conductivity, and the above mentioned problem 1s
solved by providing a first layer of a water-soluble polymex
compound chemically bonded to a material constituting the first
porous film on the front surface of the first porous film.

(0014 ] Although themechanism for the remarkable enhancement
of theadministrationefficiencyofadrugaccordingtothepresent
invention has not been necessarily clarified, 1t is considered
that the following may contribute to the mechanism. A
water—-soluble polymer compound chemically bonded to the front
surface of the first porous film i1mproves the affinity of an
l1on-exchange membrane with respect to the skin of a living body
to some degree. Further, a layer of water bleeding out (ocozing
out) from the drug holding part 1s held at the first layer of

R

the water-soluble polymer compound to enhance the conductivity
between the 1on-exchange resin and the skin. In addition, the
first layer of the water-soluble polymer compound chemically
bonded to the front surface of the porous film has a thickness
from about one molecule to at most tens of molecules of the
water—-soluble polymer compound. Therefore, this layer does not

3
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substantially prevent the contact between the 1on-exchange
membrane and the skin, and in the same way as 1n the case where
the layer of the water-soluble polymer compound 1s not present,
the original function of the 1ontorophoresis device for
administering drug ions through an ion-exchange membrane, 1.e.,
the function of blocking the flow of biological counter 1ons
from the skin while allowing the transfer of drug 1ons from the
ion-exchange membrane to the skin 1s maintained.
[0015] The iontophoresis device of the present 1inventionmay
further include, asacounterpart structureof theabove-mentioned
working electrode structure (structure supplied with a voltage
of a conductivity opposite to that of the working electrode
structure or grounded), a nonworking electrode structure that
includes

a second il1on-exchange membrane including a second porous
film with a number of pores communicating a front surface anda
a back surface of the second porous film and an 1on-exchange
resin being filled in the pores of the second porous film, said
second ion-exchange membrane selecting 1ons of a second
conductivity opposite to the first conductivity; and

a first electrolyte solution holding part for holding

an electrolyte solution, placed on a back surface side of the
second ion-exchange membrane, and

afirstlayerof awater-solublepolymer compoundchemically
bonded to a material constituting the second porous film may
be formed on the front surface of the second porous film.

With this feature, the effect of enhancing the adhesion
with respect to the skin and the conductivity in the nonworking
electrode structure 1is achieved, and the administration
efficiency of a drug is enhanced further.

(0016] The water-soluble polymer compound 1n the present
invention is a polymer compound with molecular weight of about
50 to 1,000 which dissolves easily 1in water. Examples of
particularly preferably used water-soluble polymer compound
include polyvinyl alcohol (PVA), carboxymethylcellulose,
polyvacrylic acid, poly-N-isopropylacrylamide, polyacrylamide,
poly-N-methylacrylamide, polyvinylpyrrolidone,

polymethacrylic acid, polyethylene glycol, polyethyleneimline,
poly-N-dimethylaminoethyl methacrylate, and polypeptide.

(0017] As the porous film, thermoplastic resin such as
polyethylene resin or polypropylene resin 1s used preferably.
The chemical bond (covalent bond) between the porous film and
cach of the above-mentioned water-soluble polymer compounds can

be formed by irradiating the porous film immersed 1n an agueous
solutioninwhichthewater-solublepolymer compoundisdissolved,

with a UV-ray, an electron beam, a y-ray, or plasma.

[ 0018] Fach of the water-soluble polymer compounds as
illustrated above has a straight-chain structure, and Dby
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aporopriately controlling the reaction condition for chemically
bonding the water-soluble polymer compound to the front surface
of the porous film, the water-soluble polymer compound can be
bonded to the front surface of the porous film in a brush shape.
This can remarkably enhance the administration efficiency of
a drug 1n particular. Similarly, by appropriately controlling
the reaction condition, the water-soluble polymer compound can
be bonded to the front surface of the porous film in a layer
shape. Even 1n this case, the administration efficiency of a
drug can be enhanced to a degree comparable to that in the case
where the water-soluble polymer compound 1s bonded in a brush
shape.

(0019 The water-soluble polymer compound can be chemically
bonded to the front surface of the porous film before/after the
porous filmis filled with the ion-exchange resin or before/after
the lon-exchange group 1s introduced into the 1on-exchange resin.
It 1s preferable to chemically bond the water-soluble polymer
compound to the front surface of the porous filmafter the porous
filmisfilledwiththeion-exchangeresin, becauseitispreferable
to prevent the adhesion of the water-soluble polymer compound

p—

to the walls of the pores of the porous film.

(0020] It 1s not necessarily required that the first lavyer
of the water-soluble polymer compound are formed only on the
front surface of the porous film and 1t 1s possible to form the

F

first layer of the water-soluble polymer compound on both the

P

front and back surfaces of the porous film.

(0021 ] Furthermore, according to the present invention, a
second layer of a water-soluble polymer compound may be formed
onthefirst layerofthewater-solublepolymer compoundchemically
bonded to the front surface of the porous film.

10022] The second layer absorbs water bled out from the drug
holding part (or water supplied from outside 1f necessary) to
be fluidized during the administration of drug ions. Therefore,
when the worklng electrode structure and/or the nonworking
electrode structure are brought 1nto contact with the skin, the
water-soluble polymer compound between the convex portion of
the skin and the 1on-exchange membrane moves to the space formed
between the concave portion of the skin and the ion-exchange
membrane, whereby the adhesion between the working electrode
structure and/or the nonworking electrode structure, and the
skin 1s further enhanced.

L 0023] In order to make obtain sufficient fluidity during
the use, 1t 1s preferable that the second layer is formed in
such a way that the second layer does not chemically bond to
the porous fi1lm, the 1on-exchange resin, or the water-soluble
polymer compound. For example, the second layer is preferably
formed by coating suchas spincoating or bar coating, or immersing

theporous filminanagqueous solutionof thewater-solublepolymer
compound.
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(0024] The water-soluble polymer compound constituting the
second layer includes polyvinyl alcohol (PVA) ,
carboxymethylcellulose, polyacrylic acid,
poly-N-isopropylacrylamide, polyacrylamide,
poly-N-methylacrylamilde, polyvinylpyrrolidone,

pclymethacrylic acid, polyethylene glycol, polyethyleneimine,
poly-N-dimethylaminoethyl methacrylate, and polypeptide. The
water—-soluble polymer compound with molecular weight of about
1,000 to 1,000,000 which dissolves easily 1n water can be used
without any particular limit.

EFFECT OF THE INVENTION

[0025] According to the present invention, the adhesion and
conductivity between a working electrode structure and/or a
nonworking electrode structure, and the skin of a living body
are enhanced, while the release of biologlical counter 1ons from
the skin 1s minimized, whereby the administration efficiency
of drug 1ons with respect to a living body can be enhanced.
[0026] Furthermore, as a result of the achievement of the
above-mentioned functional effect, an 1iontophoresis device
capable of administering drug ions stably to a living body with
a high administration efficiency can be realized, without
interposinganelectrolytesoclutionbetweentheworkingelectrode
structure and/or the nonworking electrode structure, and the
skin of a living body, or without using bias means for keeping
pressing the working electrode structure and/or the nonworking
electrode structure against the living body, depending upon a

site of the living body which the working electrode structure

and/or the nonworkingelectrode structure 1s brought 1ntocontact
with.

L.I

s

BEST MODE FOR CARRYING OUT THE INVENTION

[0027] Hereinafter, an embodiment of the present 1nvention
will be described with reference to the drawings.
[0028] FIG. 1 1s a schematic cross-sectional view showlng

a basic configuration of an iontophoresis device X1 according
to the present invention.

[0029] In the following, for convenience of description, an
iontophoresisdevice foradministeringadrugwhosedrugcomponent
is dissociated to minus 1ons (for example, ascorbic acid that
1s a vitamin agent, lipid A used as an adjuvant for vaccine)
will be exemplified. 1In the case of an 1ontophoresis device for
administering a drug whose drug component 1s dissocliated to plus
ions (forexample, l1ldocalnethatisananestheticagent, calnitine
chloride that 1s a gastrointestinal disease therapeutic agent,
pancuronium bromide that 1s a skeletal muscle relaxant, morphine
hydrochloride that 1s an anesthetic agent), the polarity (plus

or minus) of a power source, eachelectrode, and each 1on-exchange
membrane in the following description 1s reversed.

$
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[0030] As shown, an i1ontophoresis device X1 of the present
invention i1ncludes a working electrode structure 1, a nonworking
electrode structure 2, and a power source 3, as main components
(rembers). Reference numeral 4 denotes a skin (or a membrane) .
[0031] Theworkingelectrodestructurelincludesanelectrode
11 connectedtoanegativepoleofthepower source 3, anelectrolyte
sclution holding part 12 for holding an electrolyte solution
in contact with the electrode 11, an cation exchange membrane
13 placed on a front surface side of the electrolyte solution
hclding part 12, a drug holding part 14 placed on a front surface
side of the cation exchange membrane 13, and an anion exchange
membrane 15 placed on a front surface side of the drug holding
part 14. The entire working electrode structure 1 1s housed 1n
a cover or a contailiner 16 composed of a material such as a resin
film or a plastic.

[ 0032 ] On the other hand, the nonworking electrode structure
2 1ncludes an electrode 21 connected to a positive pole of the
power source 3, anelectrolytesolutionholdingpart 22 forholding
an electrolyte solution in contact with the electrode 21, a anion
exchangemembrane23placedonafrontsurfacesideoftheelectrolyte
solution holding part 22, an electrolyte solution holding part
24 placed on a front surface side of the anion exchange membrane
23, and an cation exchange membrane 25 placed on a front surface
side of the electrolyte solution holding part 24. The entire
nonworkingelectrode structure 2 ishousedinacoveroracontainer

p

26 composed of a material such as a resin film or a plastic.

[0033] In the 1ontophoresis device X1, those which are made
of any conductive material can be used as the electrodes 11 and
21 without any particular limit. In particular, a inactive

electrode composed of carbon, platinum, or the like 1s used
preferably, and a carbon electrode without any possibility of
the elution of metal i1ons and the transfer thereof to a living
body can be used more preferably.

(0034] However, an active electrode such as a silver/silver
chloride couple electrode in which the electrode 11 is made of

—

silver chloride and the electrode 21 1s made of silvexr can also
be adopted.

[0035] For example, 1n the case of using the silver/silver
chloride couple electrode, 1n the electrode 21 that 1s an anode
(posi1itive) pole, asilverelectrodeandchlorineions (Cl ) easily
react with each other to generate 1nsoluble AgCl as represented

byAg'Cl —>AgCl+e ,andintheelectrodellthatisacathode (negative

pole), chlorine 10ons (Cl ) are eluted from a silver chloride
electrode. Consequently, the followingeffects canbe obtained:
theelectrolysisofwaterissuppressed, andtherapidacidification
based on H' ions at the anode, and the rapid basification based
on OH 1ons at the cathode can be prevented.

[0036] In contrast, 1n the working electrode structure 1 and

7
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the nonworking electrode structure 2 1n the 1ontophoresis device
X1 in FIG. 1, owling to the function of the anion exchange membrane
and/or the cationexchange membrane, the rapidbasificationbased
on OH 1ons 1in the electrolyte solution holding part 12 and the
rapid acidification based on H® ions in the electrolyte solution
holdingpart 22 are suppressed. Therefore, an lnexpensive carbon
electrode without any possibility of the elution of metal 10ns
can be used preferably 1n place of the active electrode such
as a silver/silver chloride couple electrode.

(0037] The electrolyte solution holding parts 12, 22, and
24 in the 1ontophoresis device X1 1n FIG. 1 hold an electrolyte
solutionforkeepingtheconductivity. Phosphatebufferedsaline,
physiological saline, etc. canbeusedas theelectrolytesolution
typically.

[0038] Furthermore, 1n order tomore effectively prevent the
generation of gas caused by the electrolytic reaction of water
andtheincreaseinaconductiveresistancecausedbythegeneration
of gas, or the change in pH caused by the electrolytic reaction
of water, a compound that is more easily to be oxidized or reduced
than the electrolytic reaction (oxidation at the positive pole
and the reduction at the negative pole) of water can be added
to the electrolyte solution holding parts 12 and 22. In terms
of the biological safety and economic efficiency (low cost and
easy availability), for example, an 1norganic compound such as
ferroussulfateor ferricsulfate, amedical agent suchasascorbic
acld (vitamin C) or sodium ascorbate, an acidic compound that
1s present on the surface of a skin such as lactic acid, and
an organic acid such as oxalic acid, malic acid, succinilic acid,
or fumaric acid and/or a salt thereof can be used preferably.
Alternatively, a combination of those substances {(for example,
1:1 mixed aqueous solution containing 1 mol (M) of lactic acid
and 1 mol (M) of sodium fumarate) can also be used.

[0039] Regarding the electrolyte solution holding part 12,
1n order to avold the change 1n composition owing to the mixture
with a drug solution held 1n a drug holding part 14 (described
later), the drug solution having the same composition as that

of the drug solution held in the drug holding part 14 can also
be used.

[0040] Regarding the electrolyte solution holding parts 22
and 24, 1n order to avoid the change 1n composition owing to
themixtureofanelectrolytesolutionintheelectrolyte solution

holding parts 22 and 24, the electrolyte solution with the same
composition can be used.

(0041 ] The electrolyte solution holding parts 12, 22, and
24 may hold the above-mentioned electrolyte solution ina liquid
state. However, the electroliyte solution holding parts 12, 22,
and 24 may be configured by 1mpregnating a water-absorbing thin
f1lm carrier made of a polymer material or the like with the
above-mentionedelectrolyte solution, therebyenhancingthe ease

3
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cf handling thereof. The same thin film carrier as that can be
used 1n the drug holding part 14 can also be used as the thin
film carrier used herein. Therefore, the detail thereof will
pe described 1n the following description regarding the drug
holding part 14.

10042 ] The drug holding part 14 in the iontophoresis device
X1l according to this embodiment holds at least an agueous solution
of a drug (for example, ascorbic acid) whose active ingredient
1sdlssoclatedtominus ionsbythedissolution, asadrugsolution.
(004 3] Here, the drug holding part 14 may hold a drug solution
in a liquid state. However, it i1s also possible to impregnate
such a water—-absorbing thin film carrier as described below with
a drug solution so as to enhance the ease of handling thereof.
(0044] Examples of a material that can be used for the
water-absorbing thin filmcarrier in this case include a hydrogel
pody of acrylic-based resin (acrylhydrogel film), segmented
polyurethane-based gel film, and an ion conductive porous sheet
for forming a gel solid electrolyte. By impregnating the above
aqueous solution at an impregnation ratio of 20 to 60%, a high
transport number (high drug delivery property), e.g., 70 to 80%
can be obtained.

[0045] The impregnation ratio in the present specification

\O

1s represented by % by weight (i.e., 100 x (W-=D)/D[%] where D

1s a welght 1n a dry state and W is a weight after impregnation).
The 1impregnation ratio should be measured immediately after the
impregnation with an agueous solution to eliminate an influence
with time.

[00406] Furthermore, the transport number in the present
specification refers to the ratio of a current that contributes
tothe transfer of drugions amongall the currents flowing through
the working electrode structure. The transport number should
be measured 1n such a manner that another constituent member
1s assembled with a thin film impregnated with a drug solution
interposed between the ion-exchange membranes 13 and 15 so as
to minimize the change with time.

10047 ] Herelin, the above-mentioned acrylhydrogel film (fox
example, available from Sun Contact Lens Co., Ltd.) is a gel
bodyhavingathree-dimensional network structure (cross-linking
structure). When an electrolyte solution that is a dispersion
medium is added to the acrylhydrogel film, the acrylhydrogel
film becomes a polymer adsorbent having ion conductivity.
Furthermore, the relationship between the impregnation ratio
of the acrylhydrogel filmand the transport number can be adjusted
dependinguponthesizeof thethree-dimensional networkstructure
and the kind and ratio of a monomer constituting a resin. The
acrylhydrogel film with an impregnation ratio of 30 to 40% and
a transport number of 70 to 80% can be prepared from
Z-hydroxyethylmethacrylate and ethyleneglycol dimethacrylate

9
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(monomer ratio 98 to 99.5 : 0.5 to 2), and it is confirmed that

the 1mpregnation ratio and transport number are almost the same
1n a range of an ordinary thickness of 0.1 to 1 mm.

(0048 ] Furthermore, the segmentedpolyurethane gel filmhas,
as segments, polyethylene glycol (PEG) and polypropylene glycol
(PPG), and can be adjusted based on a monomer and diisocyanate

constitutingthese segments. Thesegmentedpolyurethanegel film
has a three-dimensional structure cross-linked by a urethane
bond, and the 1mpregnation ratio, transport number, and adhesion
strength of the gel film can be easily adjusted by controlling
the size of a network, and the kind and ratio of a monomer in

the same way as 1n the acrylhydrogel film. When water that is
a dispersion medium and an electrolyte (alkaline metal salt,
etc.) are added to the segmented polyurethane gel film (porous
gel fi1lm), oxygen i1n an ether connecting part cf polyether forming
a segment and an alkaline metal salt form a complex, and ions
of the metal salt move to oxygen 1n a subseguent blank ether
connecting part when a current flows, whereby the conductivity
15 expressed.

[0049] As the 10on conductive porous sheet for forming a gel
solid electrolyte, for example, there is the one disclosed in
JbP 11-273452 A. Thils porous sheet 1s based on an acrylonitrile
copolymer, and a porous polymer with a porosity of 20 to 80%.
More specifically, this porous sheet is based on an

i

acrylonitrile-based copolymer with a porosity of 20 to 80%
containingS0Omol%Sormore (preferably70to98mol%)ofacrylonitrile.
Theacrylonitrile-basedgelsolidelectrolyticsheet (solid-state
battery) 1s prepared by 1mpregnating an acrylonitrile-based
copolymer sheet soluble in a non-aqueous solvent and having a
porosity of 20 to 80%, with a non-aqueous solvent containing
an electrolyte, followed by gelling, and a gel body includes
a gel to a hard film.

[0050] Interms of theionconductivity, safety, and the like,
the acrylonitrile-based copolymer sheet soluble in a non-agueous
solvent 1s preferably composed of an acrylonitrile/Cl toC4 alkyl
(meth)acrylate copolymer, an acrylonitrile/vinylacetate
copolymer, an acrylonitrile/styrene copolymer, an
acrylonitrile/vinylidene chloride copolymer, or the like. The
copolymer sheet 1s made porous by an ordinary method such as
a wet (dry) paper making method, a needlepunching method that
1s a kind of a non-woven fabric producing method, a water-Jjet
method, drawing perforation of a melt-extruded sheet, or
pertforation by solvent extraction. In the present invention,
among the above-mentioned 1on conductive porous sheets of an
acrylonitrile-based copolymer used in a solid-state battery,
a gel body (a gel to a hard film) holding the above-mentioned
aqueous solution in a three-dimensional network of a polymer
chaln and in which the above-mentioned impregnation ratio and

Cransport number are achieved is useful as a thin film carrier

10
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used 1n the drug holding part 14 or the electrolyte solution
holdaing parts 12, 22, and 24 of the present invention.

(0051 ] In the present 1nvention, regarding the conditions
for 1mpregnating the above-mentioned thin film carrier with a
drug solution or an electrolyte solution, the optimum conditions
maybedeterminedintermsoftheimpregnationamount, impregnation
speed, and the like. For example, an impregnation condition of
30 minutes at 40°C may be selected.

[0052] IntheiontophoresisdeviceXl accordingtothepresent
embodiment, anion-exchangemembrane inwhichapartoranentirety
of the pores of the porous filmi1s filled with ion-exchange resin
havingacationexchange functioncanbeusedasthecationexchange
membranes 13 and 25, and an 1on-exchange membrane filled with
lon-exchange resin having an anion exchange function can be used
as the anion exchange membranes 15 and 23. For example, NEOSEPTA,
cM-1, CM-2, CMX, CMS, CMB, CLEQ4-2, etc. produced by Tokuyama
Co., Ltd. can be used as the cation exchange membranes 13 and
1>5. NEOSEPTA, AM-1, AM-3, AMX, AHA, ACH, ACS, ALEO4-2, AIP-21,
etc. produced by Tokuyama Co., Ltd. canbe usedas the ion-exchange
membranes 15 and 23.

[0053] Herein, a fluorine type resin with an ion-exchange
group introduced to a perfluorocarbon skeleton or a hydrocarbon
typeresincontalningaresinthat isnot fluorinated as a skeleton
can be used as the above-mentioned ion-exchange resin. In view
of the convenience of a production process, a hydrocarbon type
1on-exchange resin 1s preferable. Furthermore, although the
filling ratio of the 1on-exchange resin is also related to the
porosity of the porous film, the filling ratio is generally 5
to 950% by mass, 1n particular, 10 to 90% by mass, and preferably
20 to 60% by mass.

(0054 ] There 1s no particular limit to an ion-exchange group
of the above-mentioned 1on-exchange resin, as long as it is a
functional group generating a group having negative or positive
charge 1n an aqueous solution. As specific examples of the
functional group to be such an ion-exchange group, those of a
cation exchange group include a sulfonic acid group, a carboxylic
acid group, and a phosphonic acid group. Those acid groups may
be present 1in the form of a free acid or a salt. Examples of
a counter cation in the case of a salt include alkaline metal
cations such as sodium ions and potassium ions, and ammonium
1ons. In those cation exchange groups, generally, a sulfonic
acidgroupthatisastrongacidicgroupisparticularlypreferable.
Examples of the anion exchange group include primary to tertiary
amino groups, a guaternary ammonium group, a pyridyl group, an
1midazole group, a quaternary pyridinium group, and a quaternary
imldazolium group. Examples of a counter anion in those anion
exchange groups 1nclude halogen ions such as chlorine ions and
hydroxy 1ons. In those anion exchange groups, generally, a

quaternary ammonium group and a quaternary pyridinium group that

=
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are strong basic groups are used preferably.

[0055] As the above-mentioned porous film, 1t 1s possible
to use a film or a sheet having a number of pores communicating
a front side and a back side thereof, such as a single film formed
by extrusion, calendaring, or the like 1in which the pores in
the form of continuous air holes capable of carrying the
ion-exchange resin are formed, and a £film formed of woven fabric
or non~woven fabricotafibrousmaterial inwhichthe ion-exchange
resin 1s carried 1n the pores formed by a gap between fibers,
without any particular limit. In order to satisfy both high
strength and flexibility, 1t 1s preferable that the porous film
1s made of thermoplastic resin.

(0050] Examples of the thermoplastic resinsconstitutingthe
porous film include, without limitation: polyolefin resins such
as homopolymers or copolymers of o-olefins such as ethylene,
propylene, l-butene, l-pentene, l-hexene, 3-methyl-1-butene,
d-methyl-1l-pentene, and O-methyl-l-heptene; wvinyl chloride
resins such as polyvinyl chloride, vinyl chloride-vinyl acetate
copolymers, vinyl chloride-vinylidene chloride copolymers, and

vinyl chloride-olefin copolymers; fluorine resins such as
polytetrafluoroethylene, polychlorotrifluoxroethylene,
polyvinylidene fluoride,
tetrafluoroethylene-hexafluoropropylene copolymers,

tetratluoroethylene-perfluorocalkyl vinylether copolymers, and
tetrafluoroethylene-ethylene copolymers; polyamide resins such
as nylon © and nylon 66; and those which are made from polyamide
resins. Polyolefinresinsarepreferablyusedastheyaresuperior
in mechanical strength, flexibility, chemical stability, and
chemlcal reslstance, and have good compatibility with
lon-exchange resins. As the polyolefin resins, polyethylene
and polypropylene are particularly preferable and polyethylene
1s most preferable.

[0057] There 1s no particular limit to the property of the
above-mentioned porous film made of the thermoplastic resin.
However, the average pore diameter of the pores may be preferably
0.005t05.0pum, morepreferably 0.0l to2.0um, andmost preferably
0.02 to 0.2 pym since the porous film having such an average pore
drameter 1s likely to be a thin ion-exchange membrane having
excellent strength and a low electric resistance. The average
pore diameter 1n the present specification refers to an average
flow pore diameter measured in accordance with a bubble point
method (JIS K3832-1990). Similarly, the porosity of the porous
film may be preferably 20 to 95%, more preferably 30 to 90%,
and most preferably 30 to 60%. Furthermore, the thickness of
the porous film may be preferably 5 to 140 um, more preferably
10 to 120 pm, and most preferably 15 to 55 uym. Usually, an anion
exCchange membrane or a cation exchange membrane using such a
porous film has a thickness of the porous film with +0 to 20
um .
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[ 0058] Regarding the porous film used for each of the anion
exchange membrane 15 and the cation exchange membrane 25, before
or after the fillingof the 1on-exchange resin or the 1ntroduction
of the 1on-exchange group, a water-soluble polymer compound 1S
chemically bonded to the front surface (the surface opposing
to the skin 4), whereby a f1rst layer of the water-soluble polymer
compound 1s formed.

[00D59] Examplesofthewater-solublepolymercompoundinclude
polymer compounds having a molecular weight of about 50 to 1,000
dissolved easily 1n water, such as polyvinyl alcohol (PVA),

carboxymethylcellulose, polvacrvlic acid,
poly—-N—-i1sopropylacrylamide, polyacrylamide,
poly—N-methylacrylamide, polyvinylpyrrolidone,

polymethacrylic acid, polyethylene glycol, polyethyleneimine,

poly—N-dimethylaminoethyl methacrylate, and polypeptide. A

water-soluble polymer compound can be chemically bonded to the
front surface of the porous film by 1rradiating the porous film
1mmersedin anaqueous solutioninwhichthewater~-soluble polymer

compound 1s dissolved, with a UV-ray, an electron beam, a y-ray,

or plasma.

[0060] Each of the above-mentioned water-soluble polymer
compounds has a straight-chain structure, and by appropriately
controlling the reaction condition in the above-mentioned
treatment, such as concentration or temperature of the
water-soluble polymer compound or the irradiation amount of a

UV-ray, an electron beam, a y—-ray, or plasma, the water~-soluble

polymer compound can be bonded to the front surface of the porous
film 1in a brush shape. Depending upon the reaction condition,
the first layers canbe formed 1n such a way that a singlemolecule
of the water-soluble polymer compound 1s bonded to the front
surface of the porous film in a brush shape, or in such a way
Chat a plurality of (several to tens of) water-soluble polymer
compounds connected 1n a chain-length direction are bonded to
the front surface of the porous film in a brush shape.

L0001 ] As the anion exchange membrane 15 and the cation
exchange membrane 25, a porous film can also be used in which
asecondlayermadeofawater-solublepolymer compoundislaminated
on the first layer of the water-soluble polymer compound formed
as described above.

10062 ] As the water-soluble polymer compound used for the
second layer, 1t 1s possible to use polymer compounds having
a molecular weight of, for example, about 1,000 to 1,000,000

dissolved easily 1n water, such as polyvinyl alcohol (PVA),
carboxymethylcellulose, polyacrylic acid,
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poly-N-isopropylacrylamilde, polvacrylamide,

poly—-N-methylacrylamide, polyvinylpyrrolidone,
polymethacrylic acid, polyethylene glycol, polyethyleneimine,

poly-N—-dimethylaminoethyl methacrylate, and polypeptide. The

second layer canbe formedbycoatinganddryinganagqueous solution
of thesewater-solublepolymer compoundsdilutedtoanappropriate
concentrationbyausualmethodsuchasspincoatingor bar coating.
[ 0063 ] It ispreferable that thethickness of the second layer
made of a water-soluble polymer compound 1s 1n a range of 1 to

200 um.

(0004 ] FIG. 2 is aconceptual explanatoryviewshowingastate
where an ion-exchange membrane 15 using a porous film 15a wilith
a first layer M1 of a water-soluble polymer compound bonded to
the front surface thereof in a brush shape 1s 1n contact with
a skin 4 having concave portions 4a and convex portions 4b.
[CO065] As shown, inthecaseofusingtheion-exchangemembrane
15 for the working electrode structure 1, owing to the presence
of the first layer M1 of thewater-soluble polymer compound bonded
to the front surface of the porous film 15a 1n a brush shape,
the contact areawithrespecttotheskind increases. Furthermore,
the water of a drug holding part 14 bleeding out from openings
15b of the porous film 15a is held 1in the first layer M1, whereby
the adhesion and conductivity between the skin 4 and the
ion-exchange membrane 15 are expected to be enhanced.

(0066] Simultaneously, portions such as the convex portions
4b of the skin close to the openings 15b of the porous fti1ilm 1loa
hold the original function of an 1ontophoresis device for
administering drug 1ons via an ion-exchange membrane, 1.e., the
function of suppressing the release of biological counter 10ons
“rom the skin 4 by the i1on-exchange resin 15c¢c being filled 1n
the pores of the porous film 15a, while allowing drug 1ons to
move from the i1on-exchange resin 15c¢c to the skin 4.

(0067 ] In the concave portions 4a of the skin 4, a layer ot
the water bleeding out from the openings 15b 1s formed, and
consequently, the adhesion and the conductivity between the skin
4 and the ion-exchange membrane 15 are expected to be enhanced.
Ontheotherhand, apartofchargesuppliedtotheworkingelectrode
structure isconsidered tobe consumedby thereleaseofbiological
counter ions from the skin 4 to the layer of the water. However,
the volume of such water lavyver 1s very small, so that the charge
amount consumed by this release 1s considered to be negligible.
10068 ] FIG. 3A 1s a conceptual explanatory view showling an
ion-exchange membrane 15 using a porous film 15a with a second
layer M2 made of a water-soluble polymer compound further formed

ona first layer M1 of the water-soluble polymer compound similarx

)
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rothatof FIG. 2. FIG. 3Bisaconceptual explanatoryviewshowlng
a state where the ion-exchange membrane 15 i1s 1n contact with
the skin 4 having concave portions 4a and convex portlons 4b.
([00069] As shown in FIG. 327, the second layer M2 1s formed
to some thickness on the first layer M1. The second layer MZ
is capable of flowing easily owing to the water bleeding out
from the openings 15b. When the ion-exchange membrane 15 1s
brought into contact with the skin 4, as shown in FIG. 3B, the
water-soluble polymer compound between the convex portions 4b
of the skin and the ion-exchange membrane 15 moves to the space
between the concave portions 4a and the 1on-exchange membrane
15.

(0070} Therefore, the adhesion and the conductilivity between
theion-exchangemembranelbandtheskindbecomemoresatisfactory.
On the other hand, the second layer MZ2 1s not present between
the convex portions 4b of the skin and the 1on-exchange membrane
15, or is present as a very thin film. Therefore, the convex
portions 4b of the skin close to the openings 1lob of the porous
film 15a hold the original function of an iontophoresis device
for administering drug ions via an ion-exchange membrane, 1.e.,
the function of suppressing the release of biological counter
ions fromthe skin 4 by the ion-exchange resin 15¢, while allowing
drug ions to move from the ion-exchange resin 15c to the skin
4 .

(0071] For the ion-exchange membrane 25 of the nonworking
electrode structure 2, it is also possible to use a porous film
having a first layer of a water-soluble polymer compound bonded
to the front surface in a brush shape in the same way as the
above, or a second layer of a water-soluble polymer compound
further laminated on the first layer 1in the same way as the above,
whereby the adhesion and conductivity between the 1on-exchange
membrane 25 and the skin 4 can be enhanced.

00727 As the power source 3 1n the 1ontophoresis device ot
the present invention, a battery, a voltage stabilizer, a current
stabilizer (galvano device), a voltage/current stabilizer, or
the l1ike can be used. It ispreferable touse acurrent stabilizer
that isoperatedundersafevoltageconditionsinwhichanarbitrary
current can be adjusted 1n a range of 0.01 to 1.0 mA, preferably

0.01 to 0.5 mA, specifically, at 50V or less, preferably, 30
V or less.

(0073 FIGS. 4 and 5 are explanatory viliews showlng
configurations of iontophoresis devices X2 and X3 according to
other embodiments.

(0074 ] The iontophoresis device X2 in FIG. 4 has the same
configuration as that of the i1ontophoresis device X1 shown 1n
FIG. 1 except that the nonworking electrode structure 2 does
not have the ion-exchange membrane 23 andtheelectrolyte solution
holding part 24. The 1ontophoresis device X3 1n FIG. 5 has the
same conflguration as that of the 1ontophoresis device X1 shown
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in FIG. 1 except that the nonworking electrode structure 2 does
not have the 1ion-exchange membranes 23 and 25, and theelectrolyte
solution holding part 24. Although the 1ontophoresis devices
X2 and X3 are not comparable to the 1ontophoresis device X1 1n
terms of the performance of suppressing the change 1n pH on the
contact surface of the nonworkiling electrode structure 2 with
respect to the skin 4, they exhibit performance egual to that
of theiontophoresisdeviceXlintheotherpoints. Inparticular,
owling to the anion exchange membrane 15 and/or the cation exchange
membrane 25 having the first layers M1 of a water-soluble polymer
compound or further the second layer MZ on the surface front
thereof, theiontophoresisdevicesX2andX3exhibitthe functional
effect peculiar to the present 1nvention of stably administering
drug ions at a high efficiency, compared with the conventional
iontophoresis devices.

[0075] The present 1nvention has been described with
reference tothe embodiment. Thepresent inventionisnotlimited
thereto, and various alterations can be made within the scope
of the claims.

[0076] For example, 1in the above embodiment, the case has
been described in which the working electrode structure 1 has
the electrolyte solution holding part 12 and the i1on-exchange
membrane 13 1n addition to the electrode 11, the drug holding
partl4, andtheion-exchangemembrane l5. However, theelectrolyte
holding part 12 and the 1on-exchange membrane 13 can be omitted.

P

In this case, the function of suppressing the decomposition of
a drug in the vicinity of the electrode 11, the function of
suppressingthemovement of H  ionsandOH ionstotheskininterface
or the change 1n pH at the skin interface caused by the movement
of 1ons, and the 1like are not comparable to those 1in the
above-mentioned embodiment. However, the enhancement of the
administration efficiency of drug 1ons to a living body, which

1sabasic functional effectof thepresent invention, issimilarly

achieved. Such an 1ontophoresis device 1s also included in the
scope of the present 1nvention.
10077 Similarly, 1n the nonworking electrode structure 2,

the followlng may be possible. The electrolyte solution holding
parts 22 and 24, and the 1on-exchange membranes 23 and 25 are
omlitted, and for example, the electrode 21 of the nonworking
electrode structure 2 1s brought 1nto direct contact with the
skin coated with an electrolyte solution, whereby a drug is
administered. Furthermore, the nonworking electrode structure
2 1s not provided 1n an l1ontophoresis device, and for example,
the workling electrode structure 1 1s brought into contact with
the skin of a living body, while a voltage 1is applied to the
working electrode structure 1 under the condition that a part
of the living body 1s kept in contact with a member to be the
earth, whereby a drug 1s administered. In this case, the

performance of suppressing the change in pH at the interface
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between the electrode 21 or the member to be the earth, and the
skin is not comparable to that in the above-mentioned embodiment.
However, the enhancement of the administration efficiency of
drug i1ons to a living body, which 1s a basic functional effect
of the present invention, 1s similarly achieved. Such an
iontophoresis device 1s alsoc 1ncluded i1n the scope of the present
invention.

(0078 ] Furthermore, 1n the above embodiment, the case has
been described where the working electrode structure 1, the
nonworking electrode structure 2, and the power source 3 are
configured separately. It 1s also possible that those elements
are 1ncorporated 1n a single casing or an entire device
incorporating them 1s formed 1n a sheet shape or a patch shape,
wherebythehandlingthereofisenhanced, andsuchaniontophoresis
device 1s also i1ncluded 1n the scope o0of the present 1nvention.

L

BREIEF DESCRIPTION OF THE DRAWINGS
[0079]

[Fi1g. 1] FIG. 1 1s a schematic cross-sectional view showing
a basic configuration of an 1ontophoresis device according to
one embodiment of the present invention;

[Fig. 2] FIG. 2 1s a conceptual explanatoryview schematically
showing a situation 1n whilich an i1on-exchange membrane used 1n

the 1ontophoresis device of the present invention 1s in contact
wilith the skin;

(Fig. 3] (a) 1s a conceptual explanatory view schematically
showing an ion-exchange membrane used in the 1ontophoresis device
of the present invention, and (b) is a conceptual explanatory
view schematically showing a situation 1n which the ion-exchange
membrane 1s 1n contact with the skin;

[Fig. 4] FIG. 4 15 an explanatory view showlng a configuration

g g

of an i1ontophoresis device according to another embodiment of
the present invention; and

[Fig. 5] FIG. 51s an explanatory view showing a configuration

of an l1ontophoresis device according to another embodiment of
the present invention.
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CLAIMS:

1. An 1ontophoresis device comprising a working electrode
structure comprising:
a first 1on—-exchange mempbrane including a first porous filmwith
a number of pores communicating a tront surface and a back surface
of the first porous film and an i1on-exchange resin filled in
theporesofthefirstporousfilm, saidfirstion—-exchangemembrane
selecting 1ons of a first conductivity; and

a drug holding part placed on a back surface side of the
firstion-exchangemembraneandholdingadrugsolutioncontaining
drug ions charged in the first conductivity,

the drug ions being administered via the first ion-exchange
membrane,

characterizedinthatafirstlayerofawater-solublepolymer
compound chemically bonded to a material constituting the first

porous film 1s formed on the front surface of the first porous
fi1lm.

2. An l1ontophoresis device according to claim 1, further
comprising a nonworking electrode structure operating as a
counterpart of the workling electrode structure,

the nonworking electrode structure having:

a second ion-exchange membrane including a second
porous film with a number of pores communicating a front surface
and a back surface of the second porous f1lm and an 1on-exchange
resin filled in the pores of the second porous film, said second
1on-exchange membrane selecting 1ons of a second conductivity
opposite to the first conductivity; and

a first electrolyte solution holding part for holding
an electrolyte solution, placed on a back surface side of the
second i1on-exchange membrane,

characterizedinthatafirstlayerofawater-solublepolymer
compound chemically bonded to a material constituting the second

porous fi1lm 1s formed on the front surface of the second porous
film.

3. An 1ontophoresis device according to claim 1 or 2,
characterized 1n that:

the working electrode structure further comprises:

a first electrode supplied with a voltage of the first
conductivity;

a second electrolyte solution holding part for holding an
electrolyte solution 1n electraically contact with the first
electrode; and

a third i1on-exchange membrane placed on a front surface
side of the second electrolyte holding part and selecting ions
of the second conductivity; and that

the drug holding part 1s placed on a front surface side
of the third 1on-exchange membrane, and
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the first ion—-exchange membrane 1s placedon a front surface
side of the drug holding part.

4. An 1ontophoresis device according to any one of claims
1 to 3, characterized in that a water-soluble polymer compound
constituting the first layer has a straight-chain structure,

and 1s bonded to the front surface of one of the first porous
film and the second porous film 1n a brush shape.

5. An i1ontophoresis device according to any one of claims
l1tod4, characterizedinthatthefirstlayerisformedbyilrradiating
one of the first porous film and the second porous film immersed

in an agqueous solution 1n which a water-soluble polymer compound

is dissolved, with a UV-ray, anelectron beam, ay-ray, or plasma.

6. An 1ontophoresis device according to any one of claims
1 to 5, characterized by further comprising a second layer made
of a water-soluble polymer compound laminated on the first laver

of the water-soluble polymer compound on the front surface of
one of the first porous film and the second porous film.

7. An iontophoresis device according to any one of claims
1l to 6, characterized 1n that the water-soluble polymer compound
forming the first layer and/or the second layer is one selected

from the group conslisting of: polyvinyl alcohol;
poly-N-1i1sopropylacrylamide; polyacrylilc acid;
poly-N-methylacrylamide; polyacrylamide;
poly-N-methylacrylamide; polyvinylpyrrolidone;

polymethacrylic acid; polyethylene glycol; polyethyleneimine;
poly-N-dimethylaminoethyl methacrylate; and polypeptide; or a
mixture thereof.
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