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METHOD AND APPARATUS FOR 
IONTOPHOR~TIC DRUG DELIVERY 

aACKGROUNP OF TBE INVENTION 

The present invention relates to transdermal 
(transcutaneous) drug applicators and methods of 
their use, as well as to a drug-containing medium for 
use tr1ith such applicators, and more particularly to 
iontophoretic drug applicators which are electrically 
operated and whicn · exhibit properties which 
facilitate the transcutaneous delivery or transfer of 
drugs, and the like. 

Iontophorasis has come 
attention as an effective method 
application of drugs through the 
systemic effect. 

into increasing 
for the topical 
skin to exert a 

Iontophoresis is the technique of delivering 
ionic, ionizable or polar drugs through a person's 
!!kin. by placing a solution or other medium 
containing the ions, ionizable or polar substances in 
contact with the skin, and applying electric current 
to the medium. The medium containing the ions, 
ionizable or polaz: substance may be a fluid or a 
solid and is in contact with a first electrode. Ions 
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ere caused to migrate f ram the medium through the 

skin or tissue by the application of electric current 
from the first electrode, to tne medium and then to e 

second electrode s~aced from the first electrode. 
I 

Iontophoretic devices have been designed so 
I 

that one electrode is in contact with the medium 

containing the dru9 of like charge to that of the 
I 

electrode, while the second electrode is in contact 

with a medium lacking such drug. Alternatively, the 

second electrode can be in ccntact with a different 

drug having a charge the same as that of the second 
electrode. 

In addition. iontophoretic devices have been 
proposed containing pulsing means, namely means for 
effecting depolarization of the electrodes at spaced 

intexvals, in an attempt to lower the voltage needed 
for the iontophoresis. 

The overall size of the iontophoretic device 

should desirabily be minimized for cost effectiveness 
and aesthetics, and the dosage capability ma%imized. 

It is an object of the present invention to 
provide iltll'toved iontophoretic devices comprising two 
electrodes insulated from each other. that is minimum 
.in size and capable of maximum druq delivery, and yet 

reasonable in cost. 

It i$ a further object of the present 
invention to provide an improved iontophoretic system 
utilizing improved electrode construction, which 

permits delivery of a single druq throu9h both 

electrodes. by use of a means tc reverse the polarity 
of the two electrodes. The means for reversing the 

polarity of the two electrodes can be an electronic 

6C.:/S #! 

switching device, which can optionally be 
a pulse generating device. The pulse 

devic:s permits the delivery of electrical 

coupled to 

generating 
current in 
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pulses, which. in cooperation with the electronic 
switching device, can be timed to reverse the 
polarity of the electrodes at spi:lced intervals 

related to the pulses, or independent of the pulses • . 
Still another object of this invention is ~n 

iontcphoretic device having means to vary tt1e amount 

of current delivered to the device. , 
' 

Another object of this invention is the 
provision of a drug-containing medium for use in the 

iantophoretic device, which layer is backed on both 

sides with a pressure sensitive adhesive. 
These and. other objects and advantages of 

the invention, will become more apparent from a 
reading of the following detailed description of the 

preferred modifications and embodiments of the 

invention. 

SYMeAU Ot. ?HE INVENTION 

An iontophoretic device fot delivery of a 

drug comprising a flexible, non-conductive bacJtin.q; 

fir5t and second conductive electrodes composed of a 

substantially non-ionizing material in a plane, one 
side of the plane which is optionally attached to the 

optionally flexible hackin9, ana the other side of 

the plane which is aOapted to be affixed to one side 

of a flexible and electrically conductive layer 
containing the drug to be delivered; a source of 

electrical current and means for reversing the 
polarity of the two elec~rodas .. The device can 
additionally include ~he conductive layer containing 
the druq to be delivered, affixed to the plane of the 

tMo electrodes. An ion exchanqe membrane can 

optionally be disposed between the two electrodes and 

the drug-containinq layer. The device can optionally 
contain pulsin9 means or current varing means or both 
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to vary the amount of current delivered from time to 
time or in absolute amount. 

DESCRIPTION OF THE DRAWINGS 
Fig. l is a top view of tho fi~st embodiment .. 

of the pre5ent invention. 

Fig. l. 

Fig. 2 is a bottom view of the invention 0°f 
; 

Fig. 3 is a cross-section of the invention 

of Fig. 1. 

Fig. 4 is a block. diagram of the electrical 
circuit for the device shown in Fig. 3. 

Fig. 5 is a_n electrical schematic drawing of 

the citcuit of the polarity switching device used 
with the invention of Fig. 3. 

Pig. 6 is a top view of the drug-containinq 

conductive qel layer used ~ith the invention of Fig, 

3. 
Fig. 7 is a cross-sectional view of the drug 

layer of Fiq. 6. 
Vig. 8 is a top view of a second embodiment 

of the present invention. 
Fig. 9 is a cross-sectional view of the 

second embodiment of the prese~t invention. 
DETA!LED D6SCRIPTION OF 'lJIE INYENTIQli 

The pi:esent invention generally provides an 
iontophoretic device which comprises: 

an optionally flexible, 

non-conductive backing; 

ts90SCS 

first 
electrodes 
which is 

and second conductive 
in a plane, one side of 

optionally attached to a 
flexible backing, and composed of a 
substantially non-ionizing material; 

an optional conductive layer 

1-() :xJ ~ 11 A310d! wcmc;:L : ss-oi-i :As oos 
[ (L 39Ud 031Nl8d) L 39Vd h698EES lV 9661 EE:B8 1Z/Z8 03Al3J38 l 



W091/18642 PCT/US90/03015 

5 THIS SHEET HAS BEEN\ 
REPLAC~~---·---·--1 .__ __ _ 

containing 
affixed to 

the drug to be delivered 
electrodes in the t.wo 

communication; 
a source of electrical current; . 
means for teversing the polari~y 

of the two electrodes; 
an optional pulsing generate~ to 

cause the current to be delivered to 
the electrodes in discrete segments: 

an optional currant regulator to 
var:y the voltage of the current to be 
delivered; 

an optional ion exchange membrane 

carx:ied between tbe electrodes and the 

drug-containing layer; and 
an 

adhesive 
optional, 

on each 

pressure-sensitive 
side of the 

This Sheet Has Been Replaced 

I ~UB 11~11111111 
drug-containing layer, to hold said 
layer in contact with the electrodes on 
one side and with the skin on the other 

si1s #~ 

side. 
Referring to Figs. l, 2 and 3, there is 

shown a first embodiment of iontophoretic device 10 
which comprises a non-conauctive polymeric, 
out~r-layer 12 of polyvinlychloride, or other 
f lezible, non-conductive backing material. On the 
reverse side of the iontophoretic device 10, shown in 
Fig. 1. as shown in Fiq. 2, there is a layer 14 
serving as a dual electrode. Layer 14 comprises a 

conductive material. such as copper, silver or 
molybdenum metals, or other substantially 
non-ionizing material. Specifically, the layer 14 is 
composed of a material that will not cause the 
formation of substantial amounts of ions in 
competition with those of the ionized drugs, such as 
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hydronium ions. An insulating material 20 in Fi9s. 2 
and 3, acts to separate layer 14 into two portions 15 
and 18, which thus permits the two portions to serve 
as electrodes of oppo~ite charge. .. 

Referring to Fig. 3, a layer 30 is a thin .. 
integrated circuit containing a direct current pulse 
generator, a current regulator circuit and a pol~~ity 

switching means (not shown in Fig. 3). 
Fig. 4 is a block diagram of a system used 

to permit pulsing and polarity switching of the 
device. In Fig. 4, electrical pulse-generating 
device 36 is connected to polarity switching device 
which is connected to anode 38 and cathode 39 
sections of the device. The battery 34 is connected 
to the pulse generating device via suitable 
electrical conducting materials. Some suitable pulse 
qenerating devices are described in Sasaki, European 
Patent application No. 84305910.6, assigned to 
Kabushiki Kaisya Advance Kashatsu Kenkyujo, the 
disclosure of which is incorporated by reference. 

By means of the time relay device 3 6, the 
polarity of the iontophoretic device can be changed 
at some number of. pulses to obtain an active to 
indifferent electrode ratio to obtain maximum 
delivery of the ionized drug used. 

The layer 30 cf Fig 3 can be provided with 
an external current generator and switching devicef a 
schematic representation of which is shown 
schematically in Fig. s. A battery 34 consists of 
multiple layers of conductive flexible polymers in a 
gel substance that will generate voltage to the pulse 
generatinq device and is electrically connected to 

the polarity switching device 50. The insulating 
material zo :shown in Fiqs. 2 and 3 absorbs excess 
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moisture from the drug layer to prevent any shorting 
of the t~o electrodes during operation. 

Fig. 5 is a circuit diag~am of switch means 
permitting reversal of the polarity of the electrodes . 
with desired time period and consists of a time rel~y 
circuit or any other timing 
the total circuit of Fiq. 4. 

circuit incor~orated into 

The operation of 
the circuit of Fig. s is 

the 

as 

power source is obtained from 

' ' device incorporating 
follows: A constant 

the battery 34 and i:s 
used to power the timing: circuit 42 of the timed 

relay so. A microswitch 60 is provided in the device 
to turn on time relay SO when drug matrix is atfixed 
to the iontophoretic device. Relay 41 is timed via 
timing circuit 42, so that the relay contacts 49 
chanqe positions after the desired number of pulses. 

During this period, the pulsinq device, pulse cur~ent 
at connection 46 from pulsing device 36, is in 
electrical contact with active electrode 43 while 
indifferent electrode 44 is in 

connection 47 from pulsing device .. 

contact with 
At the end of 

desired number of pulses and when time relay time is 
zero, contacts 49 change position (power is applied 
to relay coil 40), so that connection 46 is now in 
contact with the now active electrode 44 and 

connection 47 is in contact with the now indifferent 
electrode 43. The timing circuit of timed relay 50 

is reset automatically at the end of each pulsin9 
period thereby timing up during one period and timing 
down during the next period. By so changing polarity 
of the active and indifferent electrode after eacl\ 
set of pulses (pe~iods) the drug delivers in both 
portions of the device shown in Fig. 2 and is 
maintained during subsequent periods of the pulsing 

device. 
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A plane view and a cross-section view of the 
conductive gel (or other 

media). containing the drug 

6. In the cross-aection 

supporting conductive 

is illustrated in Fig. 
shown in Fig. 7, a .. 

conductive adhesive layer 53 is laminated to the top .. 
of ionic membrane 55. Ionic membrane 55 is laminated 
to the gel layer 52 containing the drug for contact 

~ 

with the skin. Insulator 5 6 separates the two equal 
halves of the conductive gel for contact ~ith the two 
electrodes and prevents shorting the dru; gel matrix 
to reduce cut rent density concentrations at any spot 
smaller than the electrode surface area. 

One conductive material for use in making a 
gel layer: include:s, for example, the resinous 
polysaccharide karaya gum. Other conductive 
.materials that can be u:sed to form a gel include 
ttagacanth gum, polyvinyl alcohol. polyvinyl 
methacrylate, polyacrylic acid, polyacrylic esters. 
Thase natural and synthetic resins are combined with 
water or pQlyols, such as ethylene glycol and 
qlycerin. Additives such as polyethylene glycol, 
proplylene glycol and diproplylene glycol in 
combination with oleic acid can be added to the gel 
to improve drug delivery through the skin. thus 
reducing the current density to deliver a given drug. 

An ionized drug or conductive salts thereof 
are mixed ~ith the aforementioned material making the 
gel more conductive for iontophoresis. Release liner 
54 can he used on both sides of the 9el layer to 
protect pressure sensitive adhesives until they are 
applied to the patient for drug delivery. 

The device of Figs. a and 9 is a. second 
embodiment of the invention which utilizes an 
external power source, a pul~e generating device, and 
a polarity teversing device for delivering hig.her 
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current densities than are possible by the devices 

shown in Figs. 1 to 3. In Figs. 8 and 9 shown ou~er 
layer lOa is a polymeric non-conductive material, and 
14a cox:responds with dual electrodes of .Figs. 2 aftd 

3. Insulator 20a separates the two electrodes of tAe 
device. The device in · Figs. 8 and 9 has an 

additional electrical connector 74 connected to• the 

external power source, pulse generating and polarity 
switching device 75. The device 75 i:a equipped so 

that pulse frequency, current density and polarity 
switchinq period is adjustable. 

Tbe cathode and anode of the device of this 

invention are made of component materials such as 
silver. cooper, molybdenum, stainless steel or other 
materials that will either (1) be "sacrifical•, 
meaning they will oxidize during operation,, or (2) 

resist corrosion during subsequent operation. 
If karaya gum is used for the gel layer, it 

will be electtoenemically conductive and will be more 
desirable for: contact with skin due to high water 
retention and a natural pH buffer action (pH 4-S). 

A Karaya gum gel is usually made from 
approximately so parts by weight karaya gum, 25 parts 
by weight water an~ 25 parts by weight propylene 
glycol or glycerin. Due to the high water 
ratentionionic drugs can be added with minimum effect 
on the gel. The amount of drug added depends on the 
desired unit dosage per unit time, size of gel layer 
in contact with active electrode, amount of current 
used, and other variables. 

To the electrode side of the abo~e gel layer 
is an ion exchange member separating the electrodes 

ana the ionic druq impregnated gel layer for 

inhibiting the flow of ions of similar charge created 
by the electrode material. The ion exchange membrane 

ts90SSS 
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i$ made of a microporous material and will vary with 
dru9 used in the gal layer. 

Suitable ion exchange membranes available 
under the deui9nation AR103-QZ by Ionics, Inc. and 
Raipore 4010 and 4035 by RAl Research Corp. The 

outer surface of the ion exchange membrane is affi:ed 
with conductive EJressure sensitive adhesive •' for 

contacting the electrodes of the iontophoretic 
device. Both surfaces of the gel layer~ including 

the ion exchange membrane, are covered ~ith a release 
liner for removal when the drug gel layer is used. 
The final layer is then pouched in a protective pouch 
to maintain the d~ug at the desired concentration 
until use. 

Known devices for pul:se generating can be 
uaed in this inYention, One of these devices 
comprises a pulse generator and a charge pump type 

voltage convetter circuit fot increasing the output 
current of the pulse. Sy using this type of voltage 

increasinq device to double or triple the voltage of 
a thin layer battery, it may be possible to achieve 
the current to overcome the high resi5tance of the 

skin (i.e., skin resistance is of the order of lOJ. 
ohms to l.M ohms. Also. by pulsinq, higher currents 
can be applied with less irritation, burns, etc. to 

the skin under the electrodes. 
To the known pulse generating device added 

fer purposes of this invention, is a timed electronic 
reversing circuit to change the anode and the cathode 
electrodes at a predetermined time pe~iod 

corresponding to a number of pulses. The number of 
pulses between reversal of the anode and cathode is 
determined to gi,,e a positive di:ug delivery at the 
active electrode before reversing the active 
electrode to the indifferent electrode. It has been 
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determined that higher current densities deliver 

higher concentrations of ionized drug in less time 

than lower current densities. Therefore. by pulsin9 
hiqher current to the active electrode the ioni%.ed 

druq is delivered through the s.kin faster and go~s 

into the bloodstream faster. This prevents the drug 

f rorn leaving the slt.in during reversal of ''the 

electi;odes. The skin also has a tendency to become 

polar with the charge being used over long periods of 

continuous 
resistance to 

iontophore$is, causing 

ionized drug delivery. 

increased 
Reversing of 

tha electrodes prevents polarization from occurring, 

thus minimizing the natural resistance of the skin to 
ionized drug delivery and increasing the amount of 

drug delivered over time. 
A thin layer battery is U5ed to supply powet 

to the c~rrent switching, and ot pulse generating 

devices. such a battery usas thin layers of a 

flexible conductive polymer material in sheets 

layered with a gel substance to generate voltage. By 

employing the current doubling circuit above, the 

transdermal drug delivery rate can be incxeased. 
The circuit, including the battery. the 

pulse generating device and the switch device, is 

lsyered to teduce the total thicJmes5 to the 

iontophoretic device. The thickne:ss is kept to from 

0.5 millimeters which will allow for a device of no 

mo{e than l. to 25. millimeters. 
The selection of an outer layer is made to 

protect the electrical circuits and the two 
electrodes of the device and provide a cavity for the 
active ionic gel material containin9 the drug. 

Materials suc:h. as polyethylene and polypropylene, or 

any non-conductive polymer that can be molded ta the 

desired shape and that offers protection to the 
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electrode circuit, can be used. However, a polymer 

that is reasonably flexible so tbat it bends with the 
skin is most desirable. 
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We claim! 

1. An iontophoretic device for delivery of 
a drug comprising: 

an optionally f lexi.bli?, 
non-conductive backing layer: 

first and second conductive 
I 

electrodes in a plane composed of a 

---------B Rep~aced 

substantially non-ionizing material, 
attached to one side of which is the 
backinq layer ~nd the other side of 
which is adapted to be affixed to one 

side of a flexible and electrically 
conductive layer containing the drug to 

This Sheet !las een . 

\\\Ill I\~\ ll II be delivered; 
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a source of electrical current; and 
means· for reversing the polarity 

of the two electrodes. 
·2. The device of claim l, which 

additionally contains a conductive layer containing 
the drug to be delivered, affixe~ to the electrodes. 

3. The device of claim 2, wherein the 
conductive layer is a gel containing a drug in ionic 
form. 

4. The device· of claim 2 wherein the 
conductive gel is separated from the electrode by an 
ion exchange membrane. 

5. The device of claim l, which 
additionally includes a pulse generator to cause tbe 
current to be delivered in timed intervals. 

6. The device of claim 5, which further 
comprises a switch mechanism capable of reversing tbe 
polarity of the electrodes after one or more 
therapeutic ?Ulses. 

7. The device of claim l, which 

atldi tionally contains a conductive layer containing 

W90G&S 
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tne drug to be dalivered, one side of the conductive 

layer carrying an ion exchange member and the other 

side attached to the two electrodes. 

B. The device of claim 7 in which fhe 
conductiva layer is· a gel. " 

9. The device of claim 7 in wnich the drug 

i$ contained in karaya gel~ ' ' 
10. An iontcphoretic device comprising: 

11iii1iiif 

a flexible, non-conductive backing 
layei:; 

first and second conductive 
electrodes composed of a substantially 

non-ionizing material adjacent to the 
flexible backing layer and adapted to 

be affixed to one side of a conductive 
layer containinq the drug to be 

delivered; and 
a flexible conductive layer 

containing the drug to be affixed to 

the electrodes; and 
a source of electrical current; and 
means for reversing the polarity 

between the two electrodes durinq 
operation. 

claim 10, wherein ll. The device of 
conductive layer is a gel containing an ionic drug. 

the 

12. Tbe device of claim ll wherein the 

conductive gel further is backed on one side with an 
ion exchange membrane. 

lJ. The device of claim l, which 

additionally includes a pulse generator and means for 
altering tne amount of current to the electrodes in 

timed intervals. 
14. The device of claim 13, wherein the 

device further comprises a switch mechanism which 
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reverses the polarity of the electrodes between both 

electrodes, simultaneously with the interval of the 

therapeutic pulse, to carry out reversal of polarity 

between both electrodes during an intermission per~cd 

of the therapeutic pulse. 
15. A flexible and electrically conductive 

matetial adapted and sized to be affixed ~o a· 

non-conductive backinq layer of an iontophoretic 

device and containing a drug. 

16. The layer of claim 15 which furthex 

contains a pressure sensitive adhesive on both sides 

thereof having sufficient adhesive strength to attach 

to the skin at one end and to an electrode at the 

other end. 

17. The device of claim 16 which furtner 

contains an ion exchange membrane placeQ between the 

adhesive layer for contact with the skin and the 

adjacent flexible, conductive material, which ion 

exchange membrane attracts ions. 

18. An icntophoretic device adapted to be 

used with a source of electrical current comprising; 

pulse generator: 

two electrodes composed of a 

substantially non~ionizinq material; 

means for reversing the polarity 

of the two electrodes: 
means for delivering current to 

the electrodes in pulses; and 

means for varying the voltage of 

the current. 
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AMENDED CLAIMS 
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(received by the Interna.tional Bureau 
on 16 April 1991 {"16.04.91) 

o~iqinal claims 2 ~nd 16 cancelled; oriqinal cl 
1, 3-6, 10, 14, 15, 17 and 18 amended; 

other claims unchanged (3 pages)] 

1. An iontophoretic device fer drug delivery comprisinq: 
a non-conductive backinq layer; 
first and second electrically conductive layers each. 

containing a druq to ba delivered; . 
first and second conductive electrodea arranged 'to ba 

coplanar and composed of a substantially non-ionizing material. 
aach cf said conductiva electrodes havinq twa sides, there beinq 

~ 
attached to one side a backing, and the other side beinq adaptad 

ta be affixed to ona sida ot a respectively aasoci~ted on• ot 
said elegt:rically cgnductive layers; 

a aaurca cf electrical current; 
qaneratcr means for producinq a sequence of electrical 

pulses; 

6U61#! 

tild.nq means for dafininq a predetermined period of tiae~ 
and 

polarity reversinq m.eans responsive to .:;aid timinq means for 
reversing tha polarity ot the two electrodes after a predatermin-. . 
abla number of the electrical pulses have baen produced by said 
generator ma•na. 

2. canceled. 
3. The device ot claim. 1, wherein the condu.cti ve layer is 

a gel canta.ininq a druq in ionic f otm. 
4. The device of claim i, wherein the conductive qel is 

separated from the electrode by an ion exchanqa melllbrana. 
5. The device ot claim l, wherein said qenerator muns 

includes a pulse qeneratcr for causinq a current to be dalivera~ 
to said electrodes in tiD.ed inteJ:Vals4 

6. The device cf claim s, wherein said polarity ravarsinq 
means coaprisas a switch ~echanism fo~ raversinq the direction 
at the c::urrent delivered ta said electrodes. 

7. The device of claim l, which additionally contains a 
conductive layer cantaininq 
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the druq to ba delivered, one sida of the conductive layer 
carryinq an ion exchange member and the other side attached to 
the two electrodes. 

a. The device ot claim 7 in which tho conc:blati va la.Yer is 
a qel. 

9. 'rbe device o:t claim 1 in which the druq is contained 
in karay&. g•l. ~ 

10. An iontophoretic device coaprisinqi 
a flaxibla, non•concluctiva backin.9 layer: 
.first and s.aond conductive elactrod.. com.posed ai a 

substantially non-ionizing material, each arranged to ba adjacent 
to said backing layer: 

a tlaxible concJ.uctive layer c:antaininq a cJrug to k>e 

delivered, said flexible conductive layer beinq affixed ta at 
least one of the electrodes; 

• source 'ct electrical current; 
p\iisa 11eans coupled to said souca ot electrical currant for 

producing a C\U:rent issued thereby in timed pu1saa; 

6UO~#! 

means tor reversinq tha polarity batween th.a two electrode• 
during operation after a · pred.etarm.ined nlUlber ot said tilled 
pulses. 

11. The davica of claim 10, Wherein the canductiva layer 
is a qel containing an ionic drug. 

12. 'l'he davice ot claim. 11, wherein the conductive qel 
turtha::r is backed on one aid.a with an ion exchange mambrana. 

13. Tha davica of claim i, wbich additionally includ•• a 
pulse qene~ator and means for altering tha amount c~ current to 
tha electradea in timed intervals. 

14. Tbe device or claim. 13 , wh.erein said pulse means 
turtne~ comprises a switch mechanism 

W90CCS 

This Sheet Has Been Replaced 

I lllllll IHlll If tnlf 1Ht 

:A9 OOS 
...0 :xl ~mNl If Jal()d! ~sc:L. ! gs-oi-i hfi'3111EES 111 '3661 Eh :el!I 12/21!1 OlAll:ll!I ] 

[ (02 3911d QllNl!ld) 82 39\fd 



--------------
... ~. ········· .......... . 

•!¥!·-

·-·· - .. ·~· . 

Wo91/1864l 
- ts -

PCI'/US90/0301S 

. \ \11\11\ \\\I\\ Ill\\ \\1\1 \l\llt, 

.,,, c L, M· . s .. .· •; . 

tor reversinq tho polarity of the electrodes durinq an intermis­
sion period of tha timed ?Ulses. 

15. A device !onled o'! a flaxi1'le and electrically .. 
conductive material havinq two sides and being adapted and sized .. 
to be attixad ta a nan-conductiva bacl(ing layer ot an iontopho­
retic device, said flexible and electrically conductive Mterial ,. 
containinq a. drug, thare bainq further provided a layer ot 
pressure sansitiva adheaiva on aach side thereof havinq sutfi­
cient adhesive atranqth to attach to the skin of a user at one 
sid• thareoi to an electrOd• ae the other aide thereof, each 

layer of p>:easu:r• aan11itive adhesive having a raloasa liner 

rnovably attached thereto. 
lf.i. Cancaled.. 

17. 'the ciavica of claim 15, which further contains an ion 

exchange 11U11Dbrana placed batwaen the adhesive layer for contact: 
with the skin of the uaer and th.e adjacent rlexible, canductive 
=-~rial,' which· ion exchange ~ambrane attracts ions. 

18. An iontophoretic daviea adaptad to ba used with a 

saurca ot electric:a.l enerqy ccnupriainq: 
a pulse qanarator responsive to the source ot electrical 

current for qeneratinq therapeutic electrical pulses; 
two electrodes coaposed of a substantially nan-ioniZincJ 

material; 
means for couplinq the two elei;trodes to tha pulse generator 

and tor revarsillCJ the polarity state cf the two electrodes after 
a predetermined number of the therapeutic electrical pulses; anii 

means tor timing a period durinq which th• elactrodes are 
in a polarity stata. 
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