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

Iontophoresis has come into increasing
attention as an effective method for the topical
application of drugs through the skin to exert a
systemic effect.

Iontophoresis is the technique of delivering
ionic, ionizable or polar drugs through a person's
gkin, by placing a solution or other medium
containing the ions, ionizable or polar substances in
contact with the skin, and applying electriec current
0 the medium. The medium containing the ions,
ionizable or polar substance may be a fluid or a
solid and is in contact with a first electrode. Ions
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are caused to migrate from the medium through the
skin or tissue by the application of electric current
from the first electrode, to the medium and then to a
second electrode spaced from the first electrode,

Iontophoretic devices have been designed ;o
that one electrode is in contact with the medidm
containing the drug of like charge to that oE"tha
electrode, while the second electrode is in contact
with a medium lacking such dcug. Alternatively, the
second electrode can be in contact 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 £or
effecting depolarization of the electrodes at spaced
intervals, 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 maximized.

It is an object of the present invention to
provide improved iontophoretic devices comprising two
electrodes insulated from each other, that is minimum
in size and capable of maximum drug delivery, and yet
reasonable in cost.

It is a further object of the present
invention to provide an improved iontophoretic system
utilizing improved electrode construction, which
permits delivery of a single drug through both
electrodes. by use of a means to reverse Ehe polarity
of the two electrodes. The means for reversing the

polarity of the two electrodes can be an electronic
switching device, which can optionally be coupled to This Sheet Has Been Replaced

» bulse gemerating device. The pulse generating |]||||}H|||[| i

device permits the delivery of electrical current in
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pulses, which, in cooperation with the electronic
switching device, c¢an be timed to reverse the
polarity of the electrodes at spaced intervals
related to the pulses, or independent of the pulses.
8till1 another object of this invention |is }n
iontophoretic device having means to vary the amouﬁt
of current delivered to the device. ¢

Another object of this invention is the
provision of a drug-containing medium for use in the
iontophoretic device, which layer is backed on both
sides with a pressure sensitive adhesive.

These and . other objects and advantages of
the invention, wiil become more apparent £rom a
reading of the following detailed description of the
preferred modifications and embodiments of the
invention.

SUMMARY OF THE INVENTTION

An iontophoretic device for delivery of a
drug comprising a £lexible, non-conductive backing;
first and second conductive electrodes composed of a
substantially non-ionizing material in a plane, one
gside of the plane which is optionally attached to the
optiocnally flexible backing, and the other side of
the plane which is adapted 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 {wo electrodes. . The devics can
additionally include the conductive layer containing
the drug to be delivered, affixed to the plane of the
two electrodes. An ion exchange membrane can
optiovnally be disposed between the two slectrodes and
the drug-containing layer. The device can optionally
contain pulsing means or current varing means or both
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facilitate the transcutaneous delivery or transfer of drugs, and the |ike.
| ont ophoresis has cone Into 1ncreasing attention as an effective

met hod for the topical applhiakeeutas BdenBeplagss! t hr ough the skin to exert a
sysEHA1£1864% ect . | onk /i t he t echniR{ERéUSIS/@8IS veri ng
ionic, ionizable or polar dr{igEilitk person's skin, by placing a
solution or other nediumcontainling the ions, ionizable or polar

substances in contact with the skin, and-applying electric current to the

medium  The nedium containing ghe- ions, ionizable pr—polar substance
may be a fluid or a THIS SHEBT HAS BEaN
___REPLACED
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to vary the amount of current delivered from time to
time or in absclute amount.

’

Fig. 1 i8 a top view of the first embodiment
of the present invention. '

Fig. 2 is a bottom view of the invention df
Fig. 1.

Fig, 3 iz a cross-section of the inven;ion
of Fig, 1.

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

Fig. 5 is an electrical schematic drawing of
the circuit of the polarity switching device used
with the invention of Fig. 3.

Fig, 6 is a top view of the drug-containing
conductive gel layer used with the invention of Fig,
3.

Fig. 7 is a crossz-sectional view of the drug
layer of Fig. 6.

Fig. 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 present invention.

DETAILED DRSCRIPTION OF THE INVENTION

The present invention generally provides an
iontophoretic device which comprises:

an optionally flexible,
non-conductive backing;
first and second conductive
electrodes in a plane, one side of
vhich 1is opticnally attached ¢to a
flexible backing, and composed of a
substantially non-ionizing materxial;
an optional conductive layer
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solid and is in contact with a first el ectrode. | ons
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containing the drug to be delivered
affixed to the two electrodes in
compunication; '
a source of electrical current; .
means for ceversing the polarity
of the two electrodes; '
an optional pulsing generator to
cause the current to be delivered to
the electrodes in discrete segments:
an optional current regulator ta
vary the voltage of the current to be
delivered;
an optional ion exchange wmembrane
carried bhetween the electrocdez and the
drug-containing layer; and
an opticnal, pressure-sensitive
adhesive on  each side of the
Sheet Has Been Replaced drug-containing layer, to hold said
li“llu“““mnlll“l layer in contact with the electrodes on
one side and with the skin on the other
side,
Referring to Figs. 1, 2 and 3, there is
shown a fEirst embodiment of iontophoretic device 10
which comprises a non-conductive pelymeric,
outer-layer 12 of polyvinlychloride, or other
flexible, non-conductive backing material. On the
reverse side of the iontophoretic device 10, shown in
Fig. 1, as shown in Fig. 2, there is a layer 14
serving as a dual electrode. Layer 14 comprises a
conductive material, such as copper, silver or
malybdennm 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
: A9 INSS
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are caused to mgrate fromthe nediumthrough the skin or tissue by the
application of ®fectric current fromthe first el ectrode, to the medi um and

then to a second Tek situHagBees R fromthe first el ectrode.
| ontwpbomggspc devi |[dHS HibgieHl| desi gned so that oneperRRbIATAsi S i N
contact with the nggligUmg ng the drug of like charge to that of the

el ectrode, while t econd electrode is in contact with a medium | acki ng

such drug. Alternatively, the second electrode can be in contact with a

different drug having a charge the same as that of t gas glegtnode.
THIS SHEo =

REPLACED

hydronium ions. An insulating material 20 in Figs. 2
and 3, acts to separate layer 14 into two portions 16
and 1B, which thus permits the two portions to serve
as electrodes of opposite charge. )

Referring to Fig. 3, a layer 30 is a tl;in
integrated circuit containing a direct current pulée
generator, a current regulator circuit and a polarity
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
davice. 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
generating davices 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 36, the
polarity of the iontophoretic device can be changed
at some number of. pulzses to obtasin an active to
indifferent electrode ratio to obtain maximum
delivery of the ionized drug used.

The layer 30 of Fig 3 can be provided with
an external current generator and switching device, a
schematic representation of which is shown
schematically im Fig. 5. A battery 34 consists of
multiple layers of conductive flexible polymers in a
gel substance that will generate voltage ko the pulse
generating device and is electrically connected to
the polarity switching device 5S0. The insulating
material 20 shown in Figs. 2 and 3 absorbs excess
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I n addi tion, iontophoretic devices have been proposed containing pul sing
means, nanely neans for effecting depolarization of the el ectrodes at
spaced intervals, in an attenpt to lower the voltage needed for the

I ont ophoresi s. The Ghaﬁahﬁmﬁﬁnx fcetthe i ont ophoretic device should
desi r\m»mm m ni m zed for ess and aemtiTessorespisnd t he
dosage capability maxi m zed. an obj ect of the present

i nvention to provide inprove Iontop devi ces conprising two

el ectrodes insulated fromeach other, that is mninmumin size and capabl e
of maxi mum drug delivery, and yet re§sonable I n cost.

moisture from the drug layer to prevent any shorting
of the two electrodes during operation.

Fig. 5 is a circuit diagram of switch means
permitting reversal of the polarity of the electrodes
with desired time periocd and consists of a time rel}y

circuit or any other timing circuit incorporated into
the total circuit of Fig. 4. .

The operation of the device incorporating
the circuit of Fig. 5 is as follows: A constant
power source is obtained from the battery 34 and is
used to power the timing circuit 42 of the timed
relay 50. A microswitch 60 is provided in the device
to turn on time reiay 50 when drug matrix is affixeq
to the iontophoretic device. Relay 41 is timed via
timing circuit 42, so that the relay contacts 49
change positions after the desired number of pulses.
During this period, the pulsing device, pulse current
at connection 46 £rom pulsing device 36, 1is in
electrical contact with active electrode 43 while
indifferent electrode 44 is in contact with
connection 47 from pulsing device.. At the end of
desired number of pulses and when time relay time is
zaro, contacts 49 change position (power is applied
to relay c¢oil 40), so that connection 46 is now in
contact with the now active electrode 44 and
connection 47 1is in contact with the now indifferent
electrode 43. The timing circuit of timed relay 50
is reset automatically at the end of each pulsing
period thereby timing up during one period and timing
down during the next period. By so changing polarity
of the active and indiffarent electrode after each
set of pulses (periods) 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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It is a further object of the present "invention to provide an inproved

i ontophoretic systemutilTzing Tnproved €l ectrode construction, whi ch
permts delivery of a si nghﬁsﬂl&dﬂﬁastﬂaérﬂu heedOt h el ectrodes, by use of a

me NIV B2 ver se t he polar| el ect r odesPCT/TISB0/08015s f or
reversing the polarity of t Hdes can be an el ectronic swtching
devi ce, which can optionally 0 a pulse generating device.
The pulse generating device permts_the delivery of electrical current in
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A plane view and a cross-section view of the
conductive gel (or other supporting conductive
media), containing the drug is illustrated in Fig,
6. In the cross-section shown in Flg. 7, a
conductive adhesive layer 53 is lasminated to the éop
of ionic membrane 55. Ionic membrane 55 is laminatéd
to the gel layer 52 containing the drug for contact
with the skin. 1Insulator 56 separates the two equal
halves of the conductive gel for contact with the two
elactrodes and prevents shorting the drug gel matrix
to reduce current density concentrations at any spot
smaller than the electrode surface area.

One conducfive material for use in making a
gel layer includes, foxr example, the resinous

polysaccharide karaya gum. Other conductive
materials that can he used to form a gel include
tragacanth  gum, polyvinyl aleohol, polyvinyl

methacrylate, polyacrylic acid, polyacrylic esters,
These natural and synthetic resins are combined with
water or polyocls, such as ethylene glycol and
glycerin. 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 with the aforementioned material making the
gel more conductive for iontophoregis. Release liner
54 can be used on both sides of the gel layer to
protect pressure sensitive adhesives until they are
applied to the patient for drug delivery.

The device of Figs. 8 and 9 is a. second
embodiment of the invention which  utilizes an
external power source, a pulse generating device, and
a polarity reversing device for delivering higher

\ ‘ .} ¢ 08-02- :AH IN3S
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3 pul ses, which, in cooperation wth the

el ectronic sw tching
device, can be tinmed to reverse—the polarity of the electrodes at spaced
interval s -
This

Sheet Has Beent Replaced
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current densities than are possible by the devices
shown in Figs. 1 to 3. 1In Figs. 8 and 9 shown outer
layer 10a is a polymeric non-conductive material, and
14a corresponds with dual electrzodas of Figs. 2 and
3. Insulator 20a separates the two electrodes of Lthe
devica, The device 1in - Figs. 8 and 9 has an
additional electrical connector 74 connected to¢ the
external power source, pulse generating and polacity
switching device 75. The device 73 iz equipped sa
that pulse freguency, current density and polarity
switching period is adjustable.

The 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 "macrifical",
meaning they will oxidize during operation, er (2)
resist corrosion during subseguent operation.

If karaya gum is used for the gel layer, it
will be electrochemically conductive and will be more
desirable for contact with skin due to high water
retention end a natural pH buffer action {(pH 4-5).

A karaya gum gel is usually made from
approximately 50 parts by weight Kkaraya gum, 25 parts
by weight water and 25 parts by weight propylene
glycol or glycerin, Due to tha high water
retentionionic 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 variahles.

To the electrode side of the above gel layer
is an ion exchange member separating the electrodes
and the 1ionic drug impregnated gel layer for

inhibiting the flow of ions of similar charge created

by the electrode material. The ion exchange membrane
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related to the pulses |nde f the pulses. Still anot her
object of this i &Qntophoretlc devi ce having neans to
vary the anount of CUﬁﬁﬁmkwﬁﬁ to the device. Anot her obj ect
ofwblragéqavention is th ﬁm\ a drug- cont aPRTAPIHOININ f or use in
t he i ont ophoretic deV|c I s backed on both sides with a

pressure sensitive adhe

of the inventi on,

detail ed descrlptlon of the prefeiéed nodi fi cation$ 1

of the invention.

66/6T#:

will

These and ot her objects and advant ages
becone nore apparent from a readi ng of the foll ow ng

i3 made of a microporous material and will vary with
drug used in the gal layer.

Suitable ion exchange membranes available
under the designation ARY03-QZ by Ionics, Inc. and
Raipore 4010

and 4035 by RAI Research Corp. The

outar surface of the ion exchange membrane is affixed
with conductive pressure sensitive adhesive ~ for

contacting

device,

the
Both surfaces of the gel layer, ineluding

electrodes of the iontophoretic

the ion exchange membrane, are covered with a release
liner for removal when the drug gel layer is used.
The final layer is then pouched in & protective pouch
to maintain the drug at the desired concentration

until usa,

Known devices for pulse generating can be

used in

this

invention, One of these devices

comprises a pulse generator and a charge pump type
voltage converter circuit for increasing the output
current of the pulse. By using this type of voltage
increasing device to double or triple the voltage of
a thin layer battery, it may be possible to achieve
the current to overcome the high resistance of the

skin (i.e.,

skin resistance is of the order of 10K

ehms to 1M ohms. Alsoc, by pulsing, higher currents
can be applied with lesz irritation, burns, etc. to
the skin under the electrodes.

To the known pulse generating device added
for purposes of this invention, is a timed electronic
reversing circuit to change the anode and the cathode

electrodes

at

a predetermined time periocd

corresponding to a number of pulses. The number of
pulses between reversal of the anode and cathode is
determined to give a positive drug delivery at the
active electrode before reversing the active
electrode to the indifferent electrode. It has been

690668
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SUMVARY OF THE | NVENTI ON An iontophoretic device for delivery of a
drug conprising a flexible, . non-conduect+ve—backing; first and second
conductive el ectrodes conposed substantd al Iy non-ionizing material in
a plane, one side of the pla (i il onal ly attached to the

opt y#%ﬂélexible backi ng, & flsi de of POEUSMEAIBHi ch is
adapte 0 be affixed to one $R® I ble and el ectrically conductive

| ayer containing the drug to be delivered; a source of electrical current
and neans for reversing the polarity of the

t wo 9h@§%,4 S The,
device can additionally include the conductive Iay% con{’il?ﬁé‘ EEN
11

B e e o |

determined that higher current densitias deliver
higher concentrations of ionized drug in less time
than lower current daensities. Therefore, by pulsing
higher current to the active electrode the ionized
drug is delivered through the skin faster and goes
into the bloodstream faster. This prevents the drug
from leaving the shin during rteversal of “the
electrodes. The skin also has a tendency to become
polar with the charge being used over long periods of
continuous iontophoresis, causing increased
resistance to ionized drug delivery. Reversing of
the electrodes prevents polarization from occurring,
thus minimizing the natural resistance of the skin to
ionized drug delivery and increasing the amount of
drug delivered aver time.

A thin layer battery is used to supply power
to the current switching, and orxr pulse generating
devices. Such a battery uses 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 increased.

The «circuit, including the battery, the
pulse generating device and the switch device, |is
layered to vteduce the total thickness to the
iontophoretic device. The thickness is kept to from
0.5 millimeters which will allow for a device of no
mere 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 containing the drug.
Materials such as polyethylene and polypropylens, or
any non-conductive polymer that can be molded to the
desired shape and that offers protection to the

: A9 IN3S
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the drug to be delivered, affixed to the plane of the two

An i

pul si

BG/ST#:

on

exchange nenbrane

12

electrode circuit, ecan be used.

el ectrodes.

can optionally be di sposed between the two
el ec d the drug-containing |ayer.
“ﬁgﬂﬁﬁﬁﬁg or current varing neans or both

The device can optionally contain
PCT/US%0/03015

However, a polymer

that is reassonably flexible so that it bends with the

skin is most desirable,
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4 to vary the amount of current delivered fromtinme to tinme or in

absol ute anount. DESCRI PTI ON OF THE DRAW NGS Fig. 1
is atop view of the first enbodiment of the present invention.
FHg. 2is a bottomviewof _the inventionof Fig. 1. Fi 3is a

g.
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We claim:

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

an optionally £lexiblé,
non-conductive backing layer; ;
first and second conductive
electrodez in a2 plane composed o% a
substantially non-ionizing material,
attached to one side of which is the
backing layer and the other side of
which is adapted to be affizxed to one
——— =side of a flexible and electrically
BeenReplaced ~ Conductive layer containing the drug to

I > e i s

means’ for reversing the polarity
of the two elactrodes.

2. The device of claim 1, which
additionally contains a conductive layer containing
the drug to be delivered, affixed to the electrodes.

3. The device of claim 2, wherein the

conductive layer is a gel containing a drug in ionic
Eorm,

e

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

S. The device of e¢laim 1, which
additionally includes a pulse generator to cause the
current to be delivered in timed intervals.

6. The device of claim 5, which further
comprises a switch mechanism capable of reversing the

polarity of the electropdes after one or more
therapeutic pulses.

7. The device of claim 1, which
additionally contains a conductive layer containing

:AS INIS
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of Fig. 1.

Fig. 4 is a block dlagran1of the electrica

| circuit for
chemati c
used with the

Filg. 7 1s a
8is atop

t he device shown in Fig. 3 s an electrical s

drawi ng of the circuit pol g wi tching device

I nv Fig. 3. ‘ p vi ew of pthasiessgesont ai ni ng

con cP%g&gel | ayer used vh““\t “‘& ti*on of Fig. 3. [ [
_ cross-sectional view of the drug layer of Fig. 6. Fig.

view of a second enbodi ment of the present invention.

14

THIS SHEET HAS BEEN
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the drug to he delivered, one side of the conductive
layer carrying an ion exchange member and the other
side attached to the two electrodes,
8. The device of claim 7 in which the
conductive layer is a gel. ;
9. The davice of claim 7 in which the drug
is contained in karaya gel. "
10. An iontophoretic device comprising:
a flexible, non-conductive backing
layer;
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 —containing the drug to be
delivered; and

a flaxible conductive layer
containing the drug to be affixed to

This Sheet Has Been Replaced

I

gc/LIR:

the electrodes; and
a source of electrical current; and
means for reversing the polarity
between the two electrodes during
operation.
11. The device of claim 10, wherein the
conductive layer is a gel containing an ionic drug.
12. The device of claim 11 wherein the
conductive gel further is backed on one side with an
ion exchange membrane.

W

I

13. The device of claim 1, which
additiconally includes 2 pulse generator and means for
altering the amount of current to the electrodes in
timed intervals.

14. The device of claim 13, wherein the
device further comprises a switch mechanism which

. ¢ ¢ 96-0C-6
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i nventi on.

present invention gener al | y proevi-gdes—an iont oph

a cross-sectional
DETAI LED DESCRIPTICN OF THE | NVENTI ON

view of the second enbodi ment of the present

. The

conducti ve

o . —proevi-ges—am i ont ophoretic devi ce which
ris

e 11T 1 HIEiron

el ec ﬁg é a plane one side of which is optionally

attached to a fl exi bl e backi ng, and conposed of a

6c/81#:
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reverses the polarity of the electrodes between both
electrodes, simultaneously with the interval of the
therapeutic pulse, to carxy out reversal of polarity
between both electrodes during an intermission perfod
of the therapeutic pulse.

15. A flexible and electrically conductive
material adapted and sized to be affixed Yo a
non-conductive backing layer of an iontophoretic
device and containing a drug.

16. The 1layer of claim 15 which further
contains a pressure sensitive adhesive on both sides
thereof having sufficient adhesive strength to attach
to the skin at one end and to am electrocde at the
other end.

17. The device of claim 16 which €further
contains an ion exchange membrane placed hetween the
adhesive layer far contact with the skin and the
adjacent flexible, conductive material, which ion
exchange membrane attracts ions.

18. An iopntophoretic device adapted to be
used with a source of electrical current comprising:

pulse generator;

two electrades composed of a
substantially non-ionizing material;

means for reveysing the polarity
of the two electrodes:

means for delivering current to
the electrodes in pulses; and

mesns for varying the voltage of
the current.
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" WO 91/18642 16 PCT/US90/03015

AMENDED CLAIMS
[received by the Intermational Bureau
on 16 April 1991 (16.04.91) THIS sz
original claims 2 and 16 cancelled; original claims
1, 3-8, 10, 14, 15, 17 and 18 amended;
other claims unchanged (3 pages)]

HEET
RI“PLACA\ BCLN

1. An iontophoretic device for drug delivery comprising:

a non-conductive backing layer;

first and second alectrically conductive layers aach
containing a drug toc be delivered;

first and second conductive electrodes arranged :to ba
coplanar and composed of a substantially non-ionizing matérinl.
each of said conductive alactrodes having tweo sides, there being
attached to one side a backing, and the other side being adapted
to be affixed to ona sida of a raespectively aassociated one of
said electrically conductive layers;

a souxce of electrical current;

gsherator means for producing a sequence of alectrical
pulses;

tining means for dafining a predetermined pariod of time;
and

polarity reversing nmeans responaive to said timing means for
reversing the polarity of the two electyodes after a predaternin-
able number of the electrical pulses have been produced by said
generator means.

2. Cancelead.

3. The daevice of claim 1, wherein the conductive layer is

a gel containing a drug in ionic foim,
4, The device of claim 1, wherein the conductive gel is

saparated from the electrode by an ion exchanges membrane.
. The device of claim 1, wherein said generator means
includes a pulse generator for causing a current to be deliverasd

to said electrodes in timed intexvals.

8. 'Thae device of claim 5, wherein said polarity reversing

means comprises a switch mechanism for raversing the direction
of the current delivered to said electrodes.

7. The device of claim 1, which additionally contains a
conductive layer containing
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6C/6T#: $890668 « 30 WEINTIVT ® ATI04: Rdse:L  96-08-C

:A9 INGS
(61 39vd QIININA) 61 33Wd #GOBEES 1Y 9661 Zh:B80 [2/28 (3AYIIM )




containing the drug to be delivered
el ectrodes in

electrical current;
of-the two el ectrodes;
to WO 91/18642 cause the current

affixed to the
communi cati on

means for reversing the polarity

to be delivered pcrmuson/o301s
el ectrodes in discrete segnents;17 -

regulator to

8C/0G#:

vary the weltage of the current to be

t wo

a source of

an optional pulsing generator

t he

an optional current

AT

the drug to ba dalivered, one side of the conductiva layer

carrying an ion exchangs membaer and tha other side attached to
the two elactrodes. '

8.
a gel.

3., The device of claim 7 in which the drug is contained
in karaya gal.

The device of claim 7 in which the conductive 1dyar is

10. An iontophoretic devica couprising:

a flaxibhla, non-conductivae backing layer:

firat and second conductive alactrodes composed aof a
substantially non-ionizing material, each arranged to be adjacent
to said backing layax;

a flexible conductive layer containing a drug to be
delivered, said flexibla conductive layer baing affixed to at
lpast one of the electrodes;

a source of eslectrical current;

' p{!isa meanz coupled to said scurca of electrical current for
producing a curxrent issuad thareby in timed pulses;

means for reversing the polarity batween tha two electrodes
during operation after a ‘predetermined humber of said tixed
pulses.

11. The davice of claim 10, wherein the cunductive layer
iz a gel containing an ienic drug.

12. The davice of claim 11, wherein the conductive gel
further is backed on one side with an ion exchange nambrans.

13. Tha devica of claim 1, vwhich additionally includas a
pulse generator and means for altering tha amount of current to
the electredes in timed intervals.

14. The device of claim 13, wherein said pulse mesans
further comprises a switch mechanisn
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del i vered, an optional ion exchange nenbrane
carried between the el ectrodes and the

drug-containing | ayer;
and an optional, pressure-sensitive p—
adhesi on each side of t he PUT(IIS99 ning |ayer,
tdgsﬁgﬁgﬁuéaid [

-l gyer in contact with the el ectrodes on
one side and with the skin on the other si de.

Referring to Figs. 1, 2 and 3, the’g:£§_shomn a first enbodi nent of
i ontophoretic device 10 whi

ol yreri T ==

i‘LAL,F D

for reversing the palarity of the elaectrodes during an intermig-
sion period of tha timed pulses.

15. A devics formed of a flexible and electrically
conductive material having two sides and being adapted and sized
to be affixad to a non-conductive backing layer of an ioniapho—
ratic device, said flexible and electrically conductive waterial
containing a drug, there bhaing further provided a layer of
pressurae gensitive adhesive on each sida thareof having suffi-
cient adhesive strangth to attach to tha skin of a user a% one
side thareof to an electroda at the other aide thareof, each

layer of pressure sensitiva adhesive having a release liner
removably attached thereto.

16. Cancaled.

17. The davics of claim 15, which furthar containas an ion
exchange membrane placed batwsen the adhesive layex for contact
with the skin of the user and the adjacent flexible, conductive
material, which ion exchiange mambrane attracts ions.

18. An iontophoretic devica adaptad to ba used with a
saurca of slectrical energy comprising:

a pulse generator responsive to the source of electrical
current for generating therapeutic eleectrical pulses;

twe alectroedes composed of a substantially non~iocnizing
material;

means for coupling the two slectrodes to the pulse generstor
and for reversing the polarity state of tha two alectrodes after
a predetermined number of the tharapeutic slectrical pulses; and

neans for timing a period during which the electrodes are
in a polarity state.
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outer-layer 12 of pol yvi nl ychl ori de, or ot her flexible,

non- conductive backing nmaterial. On the reverse side of the

i ont ophoretic device 10, shown in Fig. 1, as shown in Fig. 2, there is a
| ayer 14 serving as a dual electrode. Layer 14 conprises a conductive
nateggﬁbpgﬁggh as copper, silver or nol ybdenum ot her

subs non-ioni zing material.. Specificall y t §m§%ﬁmﬁl S
conposed of a material that wl| t_ cause the formation subst anti al

amounts  of ions in conpetition with those of the ioni zed drugs, such as

THIS SHERT HAS BEEN
REPLACED

STATEMENT UNDER ARTICLE 19

Independent claims 1, 10, and 18 have been amended to specify snhjc';:: mattey
relating to the electrical pulsing system, particularly a generator which gcx;ctam a
sequence of electrical pulses during a predetermined time, such that a predetermined
number of pulses are issued before the polarity of the clectrodes is reversed It is
respectfully asserted that these amended independent claims specify subject raatter which
is not taught or suggest=d by the prior art of record.

Independent claim 15 has been amended to specify with greater precision the
layers of adhesive material, one on each side of the device, and a release liner which can
be removed easily so the devics can be coupled to the electrode on one side thereof, and
the skin of the wearer on the other. This cambination of elements is not present in the
prior art of record. |

In view of the foregoing, it is believed that the present international application
specifies subject matter which is allowable over the prior art of record.
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6 hydroniumions. An insulating material 20 in Figs. 2 and 3, acts to

separate layer 14 into two portions 16
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and 18, which thus permts the two portions to serve as el ectrodes of
opposi teé charge. Referring to Fig. 3, alayer 30 is a thin
integrated circuit containing a direct current pulse generator, a current
regul at\mgylﬁ? it and a polarity swtching neans (not shown in Fig. 3).

Fig. 4 is a block diagramof a systemused to permt pLﬁ@,ﬁme arity
swi tching of the device. In Fig. 4, electrical pulse-gene 5 I ng
device 36 is connected to polarity sw tehi-ng device which i-s connected to
anode 38 and cathode 39 sections pfqthe device. The battery 34 is
connected to the pul se generating device via syi e
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el ectrical conducting materials. Sone suitable pul se generating devices are
descri bed in Sasaki, European Patent application No. 84305910.6,

assigned to Kabushi ki Kaisya Advance Kashatsu Kenkyujo, t he
di scl os ich is incorporated by reference. By neans of the
time re=:§*8@v¥@

e 36, the polarity of the |ontophoret|cpgﬂgkﬁﬁggagt

changed at sone nunber of pulses to obtain an active to
el ectrode ratio to obtain maxi numsetel i very of the ionized drug used.
The | ayer 30 of Fig 3 can be prOV|ded with an external curr
and switching device, a schematic ﬂepresentatlon of
shown

FiG. 6
/56 .

54 /WIT “‘; '] “
| {’I 54
Uik
YA
ee TG

b oo V..',. .

\\‘m\\\\\E\m NSNS

3

‘ . < 9g-0Z- ;A8 JNIS
65/5c#: ¥6906ES - E‘Wﬂifﬂéﬂ?ﬁ) nskz!zp:—l:{'va 96-0¢ ZhEQUEES IV 9661 2h:80 12/20 (3AI3]34 )



schematically in Fig. 5. A battery 34 consists of nultiple |ayers of
conductive flexible polyners in a gel substance that will generate voltage
to the pul se generating device and is electrically connected to the

pol arit switching device 50. The insulating material 20 shown in
Fi gs. Qﬁa‘ﬂws@‘zabsorbs excess PCT/USS0/03015
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7 noi sture fromthe drug |layer to prevent any shorting of the two © 7

el ectrodes during operation. Fig. 5is a circuit diagramof swich
a . . . . s ¥ O{:

neans permtting reversal of the polarity of the el ectrodes with desired>

time period and consists of a time relay circuit or any other timng
circuit incorporated into the total circquit of Fi .
P * ’ REPLACEMENT SHEET
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METHOD AND APPARATUS FOR
IONTOPHORETIC DRUG DELIVERY

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

Jontophoresis has come into increasing
attention as an effective method for the topicéi
application of drugs through the skin to exert a
systemic effect.

Iontophoresis is the technique of delivering
ionic, ionizable or polar drugs through a person's
skin, by placing a so;ution 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 polar substance may be a fluid .or a
solid and is in contact with a first electrode. Ions

Lo
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The operation of the device i ncorporating the circuit

of Fig. 5 is__as

fol | ows: A constant power source is obtained fromthe

used to power the timng circuit 42 of the timed relay

is provided in the device to turn on tine relay 50 when |drug natrlx I $
affixed to the iontophoretic device. Relay 41 is ting

AL

v DEGiBB6 ci

S
ch 60

re¢ui t

42, so that the relay contacts 49 change positions afterf{the desired runber

of pulses. During this period, the pul sing device, pulkse Current at
contact with-astHve

connection 46 from pul sing device 36, is in electrical

el ectrode 43 while indiff %?n%lgra gctrode ., 44 dSim

skin or tissue by the application of elec

t[ﬂroucggntt:%:t
tric current

from the first electrode, to the medium and then to a
second electrode spaced from the first electrode.

Iontophoretic devices have been
that one electrode is in contact with
containing the drug of 1like charge to

designed so
the medium
that of the

electrode, while the second electrode is in contact
with a medium lacking such drug. Alternatively, the

second electrode can be in contact 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, namel

Yy means for

effecting depolarization of the electrodes at spaced

intervals, in an attempt to lower the vo
for the iontophoresis.
The overall size of the iontopho
should desirabily be minimized for cost e
and aesthetics, and the dosage capability
It is an object of the present

ltage neéded

retic device
ffectiveness
maximized.

invention to

provide improved iontophoretié devices comprising two
electrodes insulated from each other, that is minimum
in size and capable of maximum drug delivery, and yet

reasonable in cost.
It is a further object of
invention to provide an improved iontopho

the present
retic system

utilizing improved electrode construction, which
permits delivery of a single drug through both

electrodes, by use of a means to reverse

the polarity

of the two electrodes. The means for reversing the
polarity of the two electrodes can be an electronic
switching device, which can optionally be -coupled to

a pulse generating device. The pulse

generating

device permits the delivery of electrical current in

W th



connection 47 from pul sing devi ce. At the end of desired nunber of
pul ses and when tinme relay tine is zero, contacts 4 pstgt@ﬁ“
(power is applied to relay coil 40), so that connectiong%@&ﬁ@aﬁbﬁﬁtn \
contact with the now active electrode 44 and go om 47 1 s

contact with the now indifferent electgode 43. The tli i ng.chreungs ol {inmed
relay 50 is reset automatically at the end of each pul ing perrod th riby

timng up during one period and timng down during th —pe+r+odT By lso
changing polarity of the active and indifferent el ectyode after each segt of

pul ses (periods) the drug delivers in both portions ol—the—devite shown in
Fig. 2 and jRulses, which, 1in cooperation with the electronic

switching device, can be timed to reverse the
polarity of the electrodes at spaced intervals
related to the pulses, or independent of the pulses.
Still another object of this invention is an
iontophoretic device having means to vary the amount
of current delivered to the device.

Another object of this invention 1is the
provision of a drug-containing medium for use in the
iontophoretic 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.

SUMMARY OF THE INVENTION

An iontophoretic device for delivery of a
drug comprising a flexible, non-conductive backing;
first 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 backing, and the other side of
the plane which is adapted 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 electrodes. The device can
additionally include the conductive layer containing
the drug to be delivered, affixed to the plane of the
two electrodes. An " ion exchange membrane can
optionally be disposed between the two electrodes and
the drug-containing_iayer. The device can optionally
contain pulsing means or current varing means or both



mai nt ai ned duri ng subsequent periods of the pul sing device.
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to vary the amount of currént delivered from time to
time or in absolute amount.
DESCRIPTIQON OF THE DRAWINGS

Fig. 1 is a top view of the first embodiment
of the present invention.

Fig. 2 is a bottom view of the invention of
Fig. 1.

Fig. 3 1is 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 an electrical schematic drawing of
the ¢ircuit of the polarity switching device used
with the invention of Fig. 3.

Fig. 6 is a top view of the drug-containing
conductive gel layer used with the invention of Fig.
3.

Fig. 7 is a cross-sectional view of the drug
layer of Fig. 6.

Fig. 8 is a top view of a second embodiment
of the present invention.

‘ Fig. 9 1is a cross-sectional view of the
second embodiment of the present invention.

D ED D 9)

The present invention generally provides an
iontophoretic device which comprises:
an optionally flexible,
non-conductive backing;
first and second ~conductive
electrodes in a plane, one side of
which is opfionally attached to a-
flexible backing, and composed of a
substantially non-ionizing material;
an optional conductive layer
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A pl ane view and a cross-section view of the conductive geLwﬂLgﬁ ot her
supporting conductive nedia), containing the dr m[gg J”"'Jg@@
6. In the cross-section shown in Fig. 7, 7§ Coriehy Ve a
| ayer 53 is lam nated to the top of ionic nenbriang 55. bniyr ane 55 i s
|l ami nated to the gel layer 52 containirg the dr Jg%f@rbaéﬁtﬁ% Wi tth t he
skin. Insulator 56 separates the two equal hal yes of the condyctji ve gel
for contact with the two el ectrodes and prevent$ shorting the dryg gel

matrix to reduce current density concentrations{at any spot

containing the drug to be delivered
affixed to the two electrodes in
communication;
a source of electrical current;
means for reversing the polarity
of the two electrodes;
an optional pulsing generator to
cause the current to be delivered to
the electrodes in discrete segments;
an optional current regulator to
vary the voltage of the current to be
delivered;
an optional ion exchange membrane
carried between the electrodes and the
drug-containing layer; and
an optional, pressure-sensitive
adhesive on each side of the
drug-containing 1layer, to hold said
layer in contact with the electrodes on
one side and with the skin on the other
side.
Referring to Figs. 1, 2 and 3, there is
shown a first embodiment of iontophoretic device 10

which comprises a non-conductive polymeric,
outer-layer 12 of polyvinlychloride, or other
flexible, non-conductive backing material. On the

reverse side of the iontophoretic device 10, shown in
Fig. 1, as shown in Fig. 2, there is a layer 14

serving as a dual electrode.  Layer 14 comprises a
conductive material, such as copper, silver or
mo lybdenum 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



<

smal l er than the el ectrode surface area. One conduct.i.ve..

for use in making a gel layer includes, for exﬁﬁﬁEEQﬁﬁﬁmﬁegﬁﬁﬁsi
pol ysacchari de karaya gum Q her conductive;ﬁélﬁﬁﬁéksM%hat
used to forma gel include tragacanth gum pol yvi nyl al coholi,
pol yvinyl nethacrylate, polyacrylic acigd, polyacryjif b§285§'f ese
and synthetic resins are conbined with water or polypls, such as ath

glycol and glycerin. Additives such as polyethylene glycol, prg

gl ycol and diproplylene glycol i n conbi nati gn_with oleie—aeid

added to the gel to inprove drug.delivery throu h [ .
hgdroniumn?ons. Anginsulati g ma eQQaE QOSQHPTWEEHSZ
and 3, acts to separate layer 14 into two portions 16

and 18, which thus permits the two portions to serve

as electrodes of opposite 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 polarity
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
generating 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 36, 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 of Fig 3 can be provided with
an external current generator and switching device, a
schematic representation of which is shown
schematically in Fig. 5. A battery 34 consists of
multiple layers of conductive flexible polymers in a
gel substance that will genérate voltage to the pulse
generating device and is electrically connected to
the polarity switching device 50. The insulating
material 20 shown in Figs. 2 and 3 absorbs excess

eri al
nous
can be

nat ura

yl ene
pl yl ene
can be
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reducing the current density to deliver a given dr
drug or conductive salts thereof are mxed with the pgbpr

nmbki ng the gel

used on both sides of the gel layer to protect prgssure sensitive
until they are applied to the patient fo# drug del
of Figs. 8 and 9 is a second enbodi nent of the

utilizes an

pol arity reversing device for delivering higher

nore conductive for iontophoresis. |R ‘et tan be

erd6 DEC 1994
ention whi

external power source, a pul se genefrating

moisture from the drug layer to prevent any shorting
of the two electrodes during operation.

Fig. 5 is a circuit diagram of switch means
permitting reversal of the polarity of the electrodes
with desired time period and consists of a time relay
circuit or any other timing circuit incorporated into
the total circuit of Fig. 4.

The operation of the device incorporating
the circuit of Fig. 5 is as follows: A constant
power source is obtained from the battery 34 and is
used to power the timing circuit 42 of the timed
relay 50. A microswitch 60 is provided in the device
to turn on time relay 50 when drug matrix is affixed
to the iontophoretic device. Relay 41 is timed via
timing circuit 42, so that the relay contacts 49
change positions after the desired number of pulses.

hesi ves

e devi ce

During this period, the pulsing device, pulse current -

at connection 46 from pulsing device 36, 1is 1in
electrical contact with active electrode 43 while
indifferent electrode 44 is in contact with
connection 47 from pulsing device. 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 pulsing
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 each
set of pulses (periods) the drug delivers in both
portions of the device shown in Fig. -2 and is

maintained during subsequent periods of the pulsing

device.



current densities than are possible by the devices shown in Figs.

In Figs.

8 and 9 shown outer
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A plane view and a cross-sec&ianwu' €

conductive gel (or other supporting conductive
media), containing the drug is 1illustrated in Fig.
6. In the <cross-section 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. 1Insulator 56 separates the two equal
halves of the conductive gel for contact with the two
electrodes and prevents shorting the drug gel matrix
to reduce current density concentrations at any spot
smaller than the electrode surface area.

One conductive material for use in making a
gel layer includes, for example, the resinous
polysaccharide karaya gum. Other conductive
materials that can be used to form a gel include
tragacanth gum, polyvinyl alcohol, polyvinyl
methacrylate, polyacrylic acid, polyacrylic esters.
These natural and synthetic resins are combined with
water or polyols, such as ethylene glycol and
glycerin. 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 with the aforementioned material making the
gel more conductive for iontophoresis. Release liner
54 can be used on both sides of the gel layer to
protect pressure sensitive adhesives until they are
applied to the patient for drug delivery.

The device of Figs. 8 and 9 is a sécond
embodiment of the invention which utilizes an
external power source, a pulse generating device, and
a éolarity reversing device for delivering higher

1

to
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| ayer 10a is a polyneric non-conductive materia
dual electrodes of Figs. 2 and 3. Insulator 20
et ectrodes of the device. The device in Fig
additional electrical connector 74 connected t

, pEdcddancerEEsdonds with
.i 8 and 9 an

t
h

1hé3§>9(5§r?t93§ power source,
5 7

pul se generating and polarity switching?device The devi ¢ S
equi pped so that pul se frequency, current densitly and polarity swtching
eet of this

period is adjustable. The cat hode and a

i nvention are made of conponent materials such as silver, cooper,
mol ybdenum sg@tfégss deneglties oiier mmecrpessibbat by | thei desrices) be

"sacrifical"

'shown in Figs. 1 to 3. 1In Figs. 8 and 9 shown outer
layer 10a is a polymeric non-conductive material, and
l4a corresponds with dual electrodes of Figs. 2 and
3. Insulator 20a separates the two electrodes of the
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 is equipped so
that pulse frequency, current density and polarity
switching period is adjustable.

The cathode and anode of the device of this
invention 'are made of component materials such as
silver, cooper, molybdeﬁum, 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 bé electrochemically conductive and will be more
desirable for contact with skin due to high water
retention and a natural pH buffer action (pH 4-5).

A karaya gum gel 1is usually made from
approximately 50 parts by weight karaya gum, 25 parts
by weight water and 25 parts by weight propylene
glycol or glycerin. - Due to the high water
retentionionic 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 above gel layer
is an ion exchange member separating the electrodes
and the ionic drug impregnated gel layer for
inhibiting the flow of ions of similar charge created
by the electrode material. The ion exchange membrane
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meani ng they wll oxidize during operation, or (2)_rtesist _cocrrosion during

subsequent operati on. | f karaya gumis use Rgp[;%@m&}\gegf|¢fqy r, it
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with skin due to high water retention and a natura gbﬁkga t|o (pH
4-5). A karaya gumagel is usuallﬁ made fromija B 50 parts
by wei ght karaya gum 25 parts by melghg wat er andi 25 parts by melg t

propyl ene glycol or glycerin. Due to t he high wat er

retentionionic drugs can be added wi th m ni nrum ef f ' eet—en—+he-gel——-The
amount of drug added depends on the desired unit dosage per unit time, size
of gel layer 1is made of a microporous material and will vary with

drug used in the gel layer.

Suitable ion exchange membranes available
under the designation AR103-QZ by Ionics, Inc. and
Raipore 4010 and 4035 by RAI Research Corp. The
outer surface of the ion exchange membrane is affixed
with conductive pressure sensitive adhesive for
contacting the electrodes of the iontophoretic
device. Both surfaces of the gel 1layer, including
the ion exchange membrane, are covered with 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 drug at the desired concentration
until use.

Known devices for pulse generating can be
used in this invention. Ohe of these devices
comprises a pulse generator and a charge pump type
voltage converter circuit for increasing the output
current of the pulse. By using this type of voltage
increasing device to double or triple the voltage of
a thin layer battery, it may be possible to achieve
the current to overcome the high resistance of the
skin (i.e., skin resistance is of the order of 1OK
ohms to 1M ohms. Also, by pulsing, higher currents
can be applied with less .irritation, burns, etc. to
the skin under the electrodes.

To the known pulse generating device added
for purposes of this invention, is a timed electronic
reversing circuit to change the anode and the cathode
electrodes at a predetermined time period
corresponding to a number of pulses. The number of
pulses between reversal of the anode and cathode 1is
determined to give a positive drug delivery at the
active electrode before reversing the active
electrode to the. indifferent electrode.l It has been
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in contact with active el ectrode, anount of curgept—used—and—other
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i mpregnated gel layer for inhibiting the fICM/ofﬁ'qﬁg% i m|ar charge
created by the electrode material. Thellon exgh ngé%he ﬂgﬁg l

determined that higher current densities deliver
higher concentrations of ionized drug in less time
than lower current densities. Therefore, by pulsing
higher current to the active electrode the ionized
drug is delivered through the skin faster and goes
into the bloodstream faster. This prevents the drug
from leaving the skin during reversal of the
electrodes. The skin also has a tendency to become
polar with the charge being used over long periods of
continuous - iontophoresis, causing increased
resistance to ibnized drug delivery. Reversing of
the 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 used to supply power
to the current switching, and or pulse generating
devices. Such a battery uses 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 increased.

The circuit, including the battery, the
pulse generating device and the switch .device, is
layered to reduce the total thickness to the
iontophoretic device. The thickness is kept to from
0.5 millimeters which will allow for a device of no
more than 1. to 25. millimeters.

The selection of an outer layer 1is made to
protect the electrical "circuits and the two
electrodes of the device and provide a cavity for the
active ionic gel material containing the drug.
Materials such as polyethylene and polypropylene, or
any non-conductive polymer that can be molded to 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 that it bends with the
skin is most desirable.
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1. An iontophoretic device for delivery of

a drug comprising:
an optionally flexible,

— ———— =

non-conductive backing layer;

first and second conductive
electrodes in a plane composed of a
substantially non-ionizing material,
attached to one side of which is the
backing layer and the other side of
which is adapted 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 electrodes.

2. The device of claim 1, which
additionally contains a conductive layer containing
the drug to be delivered, affixed 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 1, which
additionally includes a pulse generator to cause the
current to be delivered in timed intervals.

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

’ 7. The device of claim 1, which
additionally contains a conductive layer containing
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I ncreasing device to double or triple the voltage of a thin layer battery,

it may be possible to achi-eve—the current to Ln g.gh resi stance
of the skin (i mpce is of the dl‘éfl ﬁ 5 to 1M ohns.
Al so, by pul si ”\;“L“D a““mm“ s can be appliled wi t h less irtifation,
burns, etc. lkn mnde&r the el ectgodes. 06 DIO 1998 known pul se

generatipg deV|ce.addeq for purposes of this ilnviention, is a timed
el ectronic reversing circuit to change the anode—amd—tte carfiode el ectrodes
at a pr edet er m ned tinme peri od corresponding to _a nunbér of

pul ses. Thetﬂ% Tug’ fe PULSCE PELURER, T SUE" $3laello e NEndNOSka g vt hode i's
layer carrying an ion exchange member and the other
side attached to the two electrodes.
8. The device of claim 7 in which the
conductive layer is a gel.
9. The device of claim 7 in which the drug

is contained in karaya gel.

10. An iontophoretic device comprising:

a flexible, non-conductive backing
layer;

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 containing the drug to Dbe
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 during
operation.

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

12. The device of claim 11 wherein the
conductive gel further is backed on one side with an
ion exchange membrane. )

13. The device of claim 1, which
additionally includes a pulsé generator and means for-
altering the 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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determined to give a positive drug delivery at the active electrode
before reversing the active electrode to the I ndi fferent el ectrode.
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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 period
of the therapeutic pulse.

15. A flexible and electrically conductive
material adapted and sized to be affixed to a
non-conductive backing 1layer of an iontophoretic
device and containing a drug.

16. The layer of claim 15 which further
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 further
contains an ion exchange membrane placed between the
adhesive layer for contact with the skin and the
adjacent flexible, conductive material, which ion
exchange membrane attract; ions.

18. An iontophoretic device adapted to be
used with a source of electrical current comprising:

pulse generator;

two electrodes composed of a
substantially non-ionizing 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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METHOD AND APPARATUS FOR
IONTOPHORETIC DRUG DELIVERY

ABSTRACT
An iontophoretic device for delivery
comprising a flexible, non-conductive bac

of a drug
king; first

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 backing, and the other- side of

the plane which is adapted to be affixed

to one side

of a flexible and electrically conductive layer

containing the drug to be delivered; a
electrical current and means for rev
polarity of the two electrodes. The

additionally include the conductive layer

source of
ersing the
device can
containing

the drug to be delivered, affixed to the plane of the
two electrodes. An ion exchange membrane can
optionally be disposed between the two electrodes and
the drug-containing léyer. The device can optionally
contain pulsing means or current varing means or both

to vary the amount of current delivered £
time or in absolute amount.

FIGURE 3.
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pul se generating device and the switch device, is layered to reduce the
total thickness to the iontophoretic device. The thickness is _kept to
firom 0.5 mllimeters which will allow for a device of r}\%;mﬁ@%gﬁﬁagﬁgg to
25. millineters. The sel ection of an outer |ayeris imde—t r ot ect
t he electrical circuits and the o two el ectrodep pf the deviceand
provide a cavity for the active ionic gel material copthi ﬂ&]QE@h@%rLg.
Mat eri al s such as pol yet hyl ene and pol ypropyl ene, or @any non-conductiivd
pol yner that can be nolded to the desired shape and that offers protect
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el ectrode circuit, can be used. However, a polyner that is reasonably
flexible so that it bends with the skin is npost desirable.
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Cains 1. An |ontophoret|c device for delivery of a drug, com (s éf;)r ﬁs
a backi ng | ayer —fiTst and second el ec- trodes.(16,18) separate
by an insul at mwulll lﬁl ectrically conductive lla Yoo tivoi gy
a drug ﬂmmml l” d a polarity switching dewgiﬂc&é%g '@Io
aut omat i cal I y revérstnd tHe poI arity Bhetween sai d [fifrst and S
el ectrodes, characterized by a menbr ane (55) | ocatled béfuikked 1§%70d
conducti ve | ayer and said first and second el ectrddgs_t o _inhibit
the flow of ions @M% a charge sinilar to that of

1. Aniontophoretic device for delivery of a drug, com-
prising a backing layer (12), first and second elec-
trodes (16,18) separated by an insulator (20), an
electrically conductive layer (52) containing a drug
to be delivered, and a polarity switching device (50)
for automatically reversing the polarity between
said first and second electrodes, characterized by a
membrane (55) located between said conductive
layer and said first and second electrodes to inhibit
the flow of ions having a charge similar to that of
said drug between said electrodes and said con-
ductive layer and a pulse generator (36) to provide
power to said first and second electrodes in pulses.

2. Adevice as set forth in claim 1, wherein said insu-
lator is formed from a moisture-absorbing insulating

material (20).
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said drug between said el ectrodes and said con- dug%ive Y 'ﬁ,%?u"&
hpaBEatE =

pul-se denerator (36) to provide power to said firs

eléctrodes in pulses. 2. A device as set forth in claim1, wherein saiﬁﬁzﬁé—
I nsu- lator is formed froma noi sture absorbing insulating mat eri al
(20). 14

METHOD AND APPARATUS FOR 09 MAR 1998

IONTOPHORETIC DRUG DELIVERY

ABSTRACT

An iontophoretic device for delivery of a drug
comprising a flexible, non-conductive backing; first
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 backing, and the other: side of
the plane which is adapted 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 electrodes. The device can
additionally include the conductive layer containing
the drug to be delivered, affixed to the plane of the
two electrodes. An ion exchange membrane can
optionally be disposed between the two electrodes and
the drug-containing léyer. The device can optionally
contain pulsing means or current varing means or both
to vary the amount of current delivered from time to

time or in absolute amount.

FIGURE 3.



