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Device and Method for Controlled Delivery of Active Substance
into the Skin

This application claims the benefit of the filing date priority of Application
No. 60/330,526 filed October 24, 2001 and Application No. 60/401,771 filed August
8, 2002 each of which is incorporated herein 1n its entirety for background

information.

FIELD OF THE INVENTION

The present invention relates to a device and a method for controlled

delivery of an active substance to a subject’s skin.

BACKGROUND OF THE INVENTION

Much recent attention has been paid in the technical and patent literature to
the delivery of substances, both pharmaceuticals and cosmetics, such as drugs and
other beneficial agents, into patients by passive processes such as diffusion and
osmosis and by active processes such as electrically induced 1ontophoresis,
electrophoresis, electroosmosis and/or electroporation. Hereinafter, the term
“lontophoresis” will collectively represent any of the terms 1ontophoresis,
electrophoresis, electroosmosis and/or electroporation; and the term “iontophoretic”
will encompass the respective adjectives. The ubiquitous nicotine patch designed to
assist in quitting smoking has caused such forms of delivery of medication to be
widely known. Indeed, there is now an extremely long list of pharmaceutical
substances that are routinely administered transdermally and a similarly long list of
devices and methods known in the art for administering same. A short but varied
sampling includes the following: U.S. Patent No. 6,294,582 which discloses a device
for treating asthma transdermally; U.S. Patent No. 5,899,856 which discloses a
dermal patch for detecting alcohol consumption; U.S. Patent No. 6,291,677 which
teaches the transdermal administration of antiviral protease inhibitors; U.S. Patent

No. 6,266,560 which discloses the transdermal treatment of erectile dysfunction;

-1-



10

15

20

25

30

CA 02464949 2004-04-23

WO 03/035167 PCT/IL02/00849

U.S. Patent No. 6,238,381 which discloses the transdermal delivery of antiviral,
antibacterial and antiaging substances; and U.S. Patent No 6,288,104 which
discloses the transdermal administration of substances for treating congestive heart

failure.

Most present dermal patches, including those that function passively and
those that function electrically, incorporate an active substance to be delivered.
Such patches are specifically designed and/or configured to deliver a predetermined
dosage of a specific substance, and that substance forms an integral part of the patch
in question, i.e., the “nicotine patch”. One drawback of such dermal patches, which
are manufactured with a predetermined type and amount of substance therein, is that
once the substance is depleted, the entire device is useless and must be discarded.
This is a disadvantage because patches which employ electrically induced delivery
techniques necessarily have components, e.g., batteries, electrodes, circuitry and
other assemblies, which may be expensive and/or environmentally hazardous when
discarded in large quantities. Also, in order to change dosage, patches of different

dosages must be provided.

In iontophoresis, an electric current is used to drive 1ons of an active
substance into or through the skin of a subject. Devices that deliver active
substances using iontophoresis have been developed for many applications, most of
which involve the delivery of pharmaceutical compounds through the subject’s skin
and into the circulatory system or other organs of a subject’s body. Topical
application of one or more active ingredient to the skin through the use ot an
iontophoresis device is called dermal treatment. Iontophoretic devices have taken

two basic forms:

First, there are flexible, wearable devices such as transdermal patches. Most
such devices include a small power source (such as an electrochemical cell), an
electrode for delivering the active substance (i.e., a dispersing electrode), another
electrode, and circuitry providing a small current through the electrodes and into the
skin of the subject’s tissue to be treated. The circuit is closed by contact with the

subject’s skin.

An advantage of such devices is their convenience. For example, with a

transdermal patch, a subject can move around while still using the patch, and can use
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the patch at home. A drawback of such devices is that unless expensive and
potentially bulky control elements are included, there is limited control over the
delivery of the active substance, including the depth to which the active substance is
delivered into the subject. This is not as important when delivery of pharmaceutical
compounds is involved, since the object is generally to deliver the active substance
through the skin and into the rest of the subject’s body. However, precise depth
control is more important for delivery of compounds used for cosmetic or
dermatological applications, as the object is to deliver the active substance into the

skin, but not through the skin.

The second basic form of iontophoretic devices are machines that include a
separate base unit to which rigid electrodes are attached by cables. These machines
are stationary, and are plugged into an electrical outlet.  In operation, the
electrodes connected to these machines are placed on the skin, which results 1n

delivery of the active substance according to the same principles discussed above.

An advantage of these machines is that they may allow for some control of
the delivery of the active substance by adjusting the parameters of the machine while
it is in operation. For example, the rate of delivery could be increased by increasing
the current density supplied by the machine. A drawback of such machines 1s that
they are relatively inconvenient. The subject cannot move around while using such
machines. Moreover, due to the cost of the machines, they generally cannot be used
at home, but instead can only be used at a medical facility (for machines that deliver
pharmaceutical compounds) or spa or beauty parlor (for machines that dehver

cosmetics).

Another drawback of these machines is that the entire active electrode 1s not
in contact with the subject’s skin, which can result in varying amounts of active
substance being delivered at different locations along the skin/electrode intertace
(e.g., greater amounts of active substance are delivered at those skin locations on the
interface that are in contact with the active electrode for the greatest amount of
time). This phenomenon 1s exacerbated in machines of this basic form that are used
to deliver cosmetics by iontophoresis. An example of such a machine is the
Ionzyme DF 1998. Such machines may have the active electrode attached to a roller

that is rolled back and forth over the skin of a subject, delivering dermatological
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and/or cosmetic ingredients at the momentary point of contact of those rollers with

the skin.

Thus, there is a need for a thin, flexible and simple electrically active dermal
patch that is easy to administer by the subject, versatile and capable of application
with a range of substances and/or dosages and for a variety of purposes and that 1s
simple in design and inexpensive to manufacture. There is also a need for a device,
which is flexible and wearable on the one hand, but on the other hand allows for a
uniform and precise depth control without the inclusion of an additional control
element. Such a device would facilitate the delivery of active substances (such as
cosmetics) that are most effective when delivered into the skin with minimal
delivery through the skin, without sacrificing the basic convenience of a transdermal

patch.

SUMMARY OF THE INVENTION

The present invention is generally directed to a device and method for
iontophoretic delivery of an active substance into the skin wherein more of the
active substance is retained in the skin than the amount of the active substance that
penetrates through the skin. The invention includes a flexible, wearable patch that
can conform and adhere to the skin surface of a person. The patch further includes a
first and a second electrode connected to a wearable power source. The patch 1s

adapted to deliver a formulation including at least one active substance.

According to one embodiment of the present invention there its provided a
kit for introduction of current and/or voltage to a skin portion of a subject, the kit
comprising (a) a dermal patch which comprises an electrochemical cell having at
least two electrodes positioned on one side of the dermal patch for forming electrical
contact with the skin portion of the subject; and (b) at least one retainer for retaining
a conductive fluid for deposition on at least one of the electrodes and/or topical
application onto the skin portion of the subject, wherein said retainer 1s not
incorporated into the patch (said retainer may be an electric separator [hereinafter,
“separator’]); the patch being designed and configured for delivering an electric
current for introduction of current and/or voltage to the skin portion of the subject

through the conductive fluid.
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According to another aspect of the invention, the formulation may be

included in a separator that is incorporated into the patch.

The separator may be a substrate including a porous material for retaining
the formulation. Such a substrate is interposed between the at least one of the
electrodes and the subject’s skin and, upon application of current to the electrode,
the patch can deliver a quantity of the active substance to the subject’s skin. One
example of such a substrate retaining a formulation including an active substance

would be a soaked pad.

According to another aspect of the invention, the depth into the skin to which
the active substance penetrates is controlled by carefully pre-selecting certain
parameters of the patch, the formulation and the substrate, such as (1) the voltage
and/or current applied to the electrodes, (it) the pH, conductivity, viscosity,
adhesiveness and active substance concentration of the formulation, and (i) the size
and density of the pores of the substrate. By pre-selecting these parameters, the
patch is customized to deliver the active substance of the formulation to a certain
depth within the subject without the need for the inclusion of a control element,
which can adjust one or more of these parameters during the operation of the patch.
For formulations in which the active substance is a cosmetic or dermatological
agent, the parameters can be pre-selected to enhance the amount of the cosmetic or

dermatological agent that is delivered into the skin but not through the skin.

BRIEF DESCRIPTION OF THE DRAWINGS

The various features of the invention will best be appreciated by
simultaneous reference to the description that follows and the accompanying

drawings, wherein like numerals indicate like elements, and in which:

FIG. 1 is a cross sectional representation of one embodiment of the

iontophoresis patch of the invention; and

FIG. 2a-g is a cross sectional representation of one embodiment of the

substrate.

FIGS. 3a-d illustrate a first embodiment according to the present invention;
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FIGS. 4a-d illustrate a second embodiment according to the present

invention;

FIGS. 5a-c illustrate a third embodiment according to the present invention;

and

FIG. 6 1s a sectional view of another configuration of a dermal patch

according to the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS OF THE INVENTION

Reference is now made to Figure 1, which shows a dermal patch in
accordance with the teachings of the present invention, which 1s referred to herein
below as patch 10. Patch 10 includes a top surface 12 and a skin contacting bottom
surface 13, which together form patch body 11. Patch 10 is preferably fabricated
from flexible materials, which enable surface 12 and/or 13 to conform to the
contours of a subject's skin portion when path 10 is applied thereon. It is understood
that patch body 11 may be of arty size and shape necessary according to the relevant

application.

Patch 10 preferably further includes a skin attachment mechanism, which 1s
preferably an adhesive layer 28, which serves for attaching patch 10 to a skin portion
of the subject. Adhesive layer 28 covers at least a portion of bottom surface 13 of
patch 10. Adhesive layer 28 preferably includes a biocompatible permeable pressure
sensitive adhesive such as Bi1o-PSA from Dow Corning. Other examples of
biocompatible adhesives will be readily apparent to those of ordinary skill in the art.
Adhesive layer 28 may be useful for either a single attachment or repeated
attachments.

Patch 10 includes therein an electrochemical cell 14, which is preferably a
flexible thin electrochemical cell, most preferably an open, liquid state
electrochemical cell. It is appreciated that patch 10 may employ any other
electrochemical cell or power generating device that serves to provide the needed
electric current for the relevant application. Numerous types of miniature power
sources, both disposable and rechargeable, which can be incorporated into patch

body 11 are known in the art.



10

15

20

25

30

CA 02464949 2004-04-23

WO 03/035167 PCT/IL02/00849

According to a preferred embodiment of the present invention
electrochemical cell 14 is a thin flexible electrochemical cell, which engages most of
the entire volume of patch body 11. In the presently preferred embodiment,
electrochemical cell 14 includes a positive pole layer 16, a negative pole layer 18
and an electrolyte layer 20 interposed therebetween. An example of a suitable thin
and flexible electrochemical cell is described, for example, in U.S. Patent Nos.
5,652,043, 5,897,522 and 5,811,204, which are incorporated herein by reference.
Briefly, the electrochemical cell described in the above identified U.S. Patents 1s an
open liquid state, electrochemical cell which can be used as a primary or
rechargeable power source for various miniaturized and portable electrically
powered devices of compact design. The cell comprises a first layer of insoluble
negative pole, a second layer of insoluble positive pole and a third layer of aqueous
electrolyte being disposed between the first and second layers and including (a) a
deliquescent material for keeping the open cell wet at all times; (b) an electroactive
soluble material for obtaining required ionic conductivity; and, (c) a water-soluble
polymer for obtaining a required viscosity for adhering the first and second layers to

the first layer.

Several preferred embodiments of the disclosed electrochemical cell include
(1) engaging the electrolyte layer in a porous substance, such as, but not limited to, a
filter paper, a plastic membrane, a cellulose membrane and a cloth; (11) having the
first layer of insoluble positive pole include manganese-dioxide powder and the
second layer of insoluble negative pole include zinc powder; (ii1) having the first
layer of insoluble negative pole and/or the second layer of insoluble positive pole
further include carbon powder; (iv) selecting the electroactive soluble from
zinc-chloride, zinc-bromide, zinc-fluoride and potassium-hydroxide; (v) having the
first layer of insoluble negative pole include silver-oxide powder and the second
layer of insoluble positive pole include zinc powder and the electroactive soluble
material is potassium-hydroxide; (vi) having the first layer of insoluble negative pole
include cadmium powder and the second layer of insoluble positive pole include
nickel-oxide powder and selecting the electroactive soluble material to be
potassium-hydroxide; (vii) having the first layer of insoluble negative pole include
iron powder and the second layer of insoluble positive pole include nickel-oxide

powder and selecting the electroactive soluble material to be potassium-hydroxide;
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(viii) having the first layer of insoluble negative pole and the second layer, of
insoluble positive pole include lead-oxide powder, then cell 1s charged by voltage
applied to the poles and the electroactive soluble material 1s selected in this case to
be sulfuric-acid; (ix) the deliquescent material and the electroactive soluble material
can, be the same material such as zinc-chloride, zinc-bromide, zinc-fluoride and
potassium-hydroxide; (x) the deliquescent material is selected from the group
consisting of calcium-chloride, calcium-bromide, potassium-biphosphate and
potassium-acetate; (xi) the water-soluble polymer can be polyvinyl alcohol,
polyacrylamide, polyacrylic acid, polyvinylpyrolidone, polyethylenoxide, agar,
agarose, starch, hydroxycthylcellulose and combinations and copolymers thereof;
(xi1) the water-soluble polymer and the deliquescent material can be the same
material such as dextrane, dextranesulfate and combinations and copolymer thereof.
Electrochemical cell 14 preferably incorporates any one or more of the embodiments
described above. Preferred configurations for electrochemical cell 14 according to
the present invention involve those combinations which are devoid of poisonous

compounds.

Electrochemical cell 14 includes terminals serving as electrodes referred to
hereinafter as positive electrode 22 and negative electrode 24 each of which being in
electrical contact with positive pole layer 16 and negative pole layer 18,
respectively. Electrodes 22 and 24 are electrically connected to electrochemical cell
14 using well known means, e.g., printed flexible circuits, metal foils, wires,
electrically conductive adhesives or by direct contact. It 1s understood that measures
are taken to avoid contact between the electrodes and between each of the electrodes
and the opposite pole layer. In Figure 1, the measure taken 1s the interposition of

insulating element 17 formed of a dielectric material.

Electrodes 22 and 24 are electrically conductive and may be formed of a
metal, e.g., a metal foil or metal deposited or painted on a suitable backing.
Examples of suitable metals include aluminum, platinum, stainless steel, gold and
titanium. Alternatively, electrodes 22 and 24 may be formed of a hydrophobic
polymer matrix containing a conductive filler such as a metal powder/tlakes,
powdered graphite, carbon fibers or other known electrically conductive filler

material.
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Electrodes 22 and 24 can be applied to the cell and the entire cell can be
manufactured by, for example, a suitable printing technology such as, but not
limited to, silk print, offset print, jet printing, lamination, materials evaporation or
powder dispersion. Accordingly, electrochemical cell 14 as described hereinabove i1s

among the simplest of power sources.

It is appreciated that each of electrodes 22 and 24 may be of any size and
shape, and located with respect to one another, in any arrangement, as may be
required to cover the skin portion under treatment. Indeed, in accordance with a
preferred embodiment of the present invention, electrochemical cell 14, 1n
conjunction with electrodes 22 and 24, constitute the sole internal elements of patch
10. Accordingly, patch 10 is among the smallest and thinnest active practice and

delivers the maximum power per unit of surface area.

Patch 10 of Figure 1 is preferably supplied within a protective removable or
reusable package, or liner, or cover 19, so as to provide physical protection and
prolong shelf life prior to use. Patch 10 1s designed and configured to be used with
at least one, and preferably many, external substances. Such substances, described
in detail hereinafter, are designed to be contained in a conductive fluid, also
described in detail hereinafter. The conductive fluid i1s designed to be retained 1n at
least one, preferably many, retainers. The combination of patch 10 and the retainer

form a kit that may be retained by a patient for use for a variety ot applications.

Reference is now made to Figures 2a-g, which show a range of exemplary
retainers for retaining a conductive fluid. Such conductive fluid will generally be
“pharmaceutically acceptable” or “physiologically acceptable” formulations for
cosmetic or therapeutic use. As used herein, the terms “pharmaceutically
acceptable” and “physiologically acceptable” refer to substances that can be
administered to a subject, preferably without excessive adverse side effects (e.g., for
a topically applied formulation, skin rash, irritation, etc.). Particular formulations
include aqueous gels, cream, pastes, lotions, suspensions, emulsions and solutions or
other liquid formulations suitable for topical application known in the art. In one
embodiment, the conductive fluid is electrically conductive and adhesive hydrogel,
suitable for use as a skin contact adhesive and, particularly, suitable for use as an
electrical interface for electrodes of medical devices. The hydrogels are cationic

acrylates and may be, for example, preferably made from acrylic esters of
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quaternary chlorides and/or sulfates or acrylic amides of quaternary chlorides. They
can be formed by free radical polymerization in the presence of water, preferably by
ultra-violet curing with initiator and multi-functional cross-linking agent. The

hydrogel may preferably include a buffer system to help prevent discoloration of the

hydrogels and/or hydrolysis of the'hydrogels and/or to improve shelf-life.

Other additives may be incorporated into the present hydrogels either before
or after curing (e.g., conductivity enhancers, pharmaceuticals, humectants
plasticizers, etc.) depending on intended end-use. An additive that is preferably
added to the hydrogel is a conductive adhesive matter that serves to allow the
conductive fluid to both attach patch 10 to the skin of the subject and to serve as the
conductive interface between the electrode and the skin. The adhesive additive 1s
preferably a polymeric adhesive and may be pressure or temperature activatable or 1t

may be activated by the exposure to the ambient atmosphere.

In one embodiment, the hydrogel is sufficiently cohesive, yet remains readily
separable. Further details pertaining to hydrogels suitable for use in the context of
the present invention are described in, for example, U.S. Patent No. 5,800,685,
which is incorporated herein by reference. In any case, an aqueous conductive fluid
in accordance with the teachings of the present invention can typically comprise
water, alcoholic/aqueous solutions, at least one salt or any other charged agent and
preferably a buffering medium. It is appreciated that non-aqueous conductive tluids
may also be employed. The conductive fluids used in conjunction with patch 10
preferably administered by deposition on one or both electrodes. It 1s appreciated
that the conductive fluid may alternatively, or in addition, be administered by topical
application to the skin. The term “topical” is used herein to refer to administration
of a substance on the surface of the skin or mucosal tissue, which can be applied via
direct application (e.g., spreading), via an impregnated porous material or object or
by spraying or misting. It will be appreciated that topical application of the fluid to
the skin of the subject is typically less precise and, if not done carefully, may
inadvertently cause an electrical connection between the electrodes directly through
the conductive fluid such that the electric current and the mobilized 1ons would not

pass through the skin.

Accordingly, the retainers will vary in shape, size and method of dispensing

according to the quantity, application and location relevant to the treatment. Shown

-10-
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in Figures 2b-g are retainers in the form of a vessel 31 tube 32, a jar 33, a container
34, a dispenser 35 and an ampoule 36. It will be appreciated that the present
invention contemplates all such retainers as well as others in any shape, size or
configuration that serve to retain the conductive fluid and dispense it for use as
needed on either the electrodes or upon the skin of a subject. Shown in Figure 4a 1s
retainer 30 which is a separator. The use of the term “separator” 1s intended to
describe a retainer made of a porous non-conductive material, such as a sponge,
paper, etc., that serves to retain the conductive fluid therein. Separators offer
advantages over other retainers in that they allow precise positioning of the
conductive fluid, they are not messy, and they permit a precise dosage to be
administered. It should be noted that a separator can simultaneously act as an

electric separator by separating the electrodes 22 and 24 of the device.

Fluid is retained in a separator in such a manner that objects that are in
contact with the separator are also in contact with the fluid contained therein.
Accordingly, electrical contact may be made with the conductive fluid held within a
separator by establishing physical contact between the electrode and the separator.
Separators are preferably designed and configured to fit between one or both ot
electrodes 22 and 24 (Figure 1) and the skin of the subject, thus providing a simple,
clean and convenient electrode/skin interface through which electricity may flow via
the conductive fluid to the area of treatment. As stated earlier, separators are
constructed so that their non-conductive structure does not impede the electrical
contact between electrodes 22 or 24 and the conductive fluid therein. It 1s
understood that a separator will not be positioned such that it or its contents create
an electrical contact between electrodes 22 and 24. Such positioning will form an
electric circuit that does not include the skin of the subject and will frustrate the
purpose of the electrical application. Instead, as noted above, the non-conductive

separator may act as an electrical separator by electrically separating the electrodes.

Separators may be fabricated in the form of plugs, cartridges or tablets and
the like which are designed to be compatible with different shapes, sizes and
configurations of electrodes 22 and/or 24. According to one embodiment, retainer
30 is preferably a thin waferlike container, which may be of a desired shape to be

compatible with both the area of treatment and the electrode in use. Such separators

-11-



10

15

20

29

30

CA 02464949 2004-04-23

WO 03/035167 PCT/IL02/00849

may preferably be protected by a thin film layer, which will be peeled oft

immediately prior to use.

Separators may be packaged for storage or use as may be compatible with
the preferred embodiment of the kit of the present invention. Separators can also be
individually packaged in order to preserve shelf life and to avoid evaporation of the

conducting fluid and/or to substance contained therein.

The use of the above described retainers, particularly separator 30 (Figure
2a), are intended to render patch 10 extremely user friendly and almost foolproof in
its employment. The wide variation in the designs and configurations of retainers
shown are for the purpose of the precise application of the conductive fluid either on
the appropriate electrode or topically upon the skin of the subject. For example, a
retainer in the form of tube 32 will permit the simple deposition of a dab ot
conductive fluid precisely on the electrode. A retainer in the form of ampoule 36
will assure correct dosing of the medicament. Dispenser 35 will permit caretul and
accurate application of conductive fluid to the exact skin portion of the subject. The
preferred embodiment of the invention will have separator 30 as the vehicle for the
conductive fluid, which can be positioned with precision on either the electrode or

on the skin of the subject.

It is appreciated that the precise positioning of the conductive fluid, either
upon the relevant electrode or upon the skin of the subject, is critical to the effective
conduction of electric current through the skin of the subject. Accordingly, the kit
comprising patch 10 and one or more of retainers 30 through 36 will preferably also
contain any other implements, instruction, markings, aids or devices that will serve

to assist a user to properly apply and position the conductive fluid as required.

Several embodiments with respect to patch 10 of the present invention are
shown in Figures 3, 4 and 5. In the embodiment of Figures 3a-d, a strip 100 1s
placed over the skin 102 and a conductive lotion, gel, cream or the like 104 1s
applied over the skin 102, such that upon removal of strip 100, two non-contacting
zones 106 receptive of a patch 108 constructed and operative in accordance with the
teachings of the present invention are formed and patch 108 is applied onto the skin
102, such that the electrodes 110 thereof each being in contact with one ot zones 106

SO as to avoid a shortcut.
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In the embodiment of Figures 4a-d, a patterning device 200 having two
openings 201 is placed over the skin 202 and a conductive lotion, gel, cream or the
like 204 is applied over the skin 202, such that upon removal of patterning device
200, two non-contacting zones 206 receptive of a patch 208 constructed and
operative in accordance with the teachings of the present invention are formed and
patch 208 is applied onto the skin 202, such that the electrodes 210 thereof each

being in contact with one of zones 206, so as to avoid a shortcut.

In the embodiment of Figures 5a-c, a foldable patch 308 1s placed, in its
folded configuration, over the skin 302 and a conductive lotion, gel, cream or the
like 304 is applied over the skin 302 on both sides thereof, such that upon flattening
patch 308, two non-contacting zones 306 receptive of patch 308 are formed and
patch 308 is contacting the skin 302, such that the electrodes 310 thereot each being

in contact with one of zones 306, so as to avoid a shortcut.

Reference is now made to Figure 6 which shows an embodiment of patch 10
of the present invention in which electrode 22 is not integral to electrochemical cell
14 but is connected by a conductive connector, hereinafter referred to as connector
21. Components of patch 10 according to this embodiment of the invention and
which are similar to those described above, are not further described and are
identified by the same reference numerals as above. Connector 21 may be printed or
may be of any conductive material known in the art. According to the 1llustrated
embodiment, the retainer, which is a separator, is deposited on electrode 24 of
electrochemical cell 14. Thus, in this configuration, electrode 24 may be referred to
as the medical electrode and electrode 22 as the conductive adhesive electrode.
According to this embodiment, simultaneous contact with the skin of a subject by
electrode 22 and separator 30 will form an electrical circuit which includes the skin
of the subject as part of the conductive path. In this configuration, electrochemical
cell 14 will produce an electric current which will be delivered through the
conductive fluid held by retainer 30 which is in contact with the skin. The electric
current will pass through the skin thus mobilizing appropriately charged 1ons or

molecules within the conductive fluid contained therein to pass through the skin.

One purpose of patch 10 (Figure 1) is to transdermally or intradermally
deliver a pharmaceutical substance, a cosmetic substance or a cosmeceutical

substance. As used herein, the terms “transdermal” and “intradermal’ and
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grammatical variations thereof, respectively refer to the delivery of a composition
through/across the skin or into the skin. It is to be understood that the substance to

be delivered may be charged prior to or concomitant with 1ts delivery.

As stated, in one embodiment of the invention, the delivery of the substance
transdermally or intradermally preferably occurs by a process of 1ontophoresis,
electroosmosis and/or electrophoresis. Iontophoresis refers to the movement of 10ns
caused by the application of an electrical potential. Electroosmosis refers to the
convective movement of solvent that occurs through a charged "pore", in response to
the preferential passage of counter-ions when the electric field is applied. It is used,
for example, as a means to augment the anodic delivery of (in particular) large,
positively charged compounds, and to promote the intradermal and transdermal
penetration of uncharged, yet polar, molecules. Electrophoresis refers to the
movement of charged colloidal particles or macromolecules caused by the
application of an electrical field. The electric current caused by the electric potential
between electrodes 22 and 24 serves to release the charged substance from the
conductive fluid and to deliver the molecules/ions of the charged substance from the
conductive fluid and to deliver the molecules into the adjacent skin tissue. The
charged substance within the conductive fluid, which 1s deposited between one or
both of electrodes 22 and 24 and the skin of the subject, would be attracted to or
repelled by electrode 22 and electrode 24 as appropriate to their charge. For
example, if the substance were positively charged, electrode 22 would repel the
substance, thus mobilizing it into or through the skin. In this configuration, when
current flows from positive electrode 22 in a direction toward the skin, the charged

substance is driven across the conductive fluid/skin interface into the skin.

It must be noted that reverse iontophoresis may also be used in a process ot
transdermal or intradermal recovery of substances from the body. Such a technique
employs the same electrical principles applied in reverse. Techniques of

transdermal, or intradermal recovery of substances are well known 1n the art.

The movement of substances transdermally or intradermally may also be
aided by a process of electroporation. Electroporation is typically carried out by
high voltage pulses applied to a pair of electrodes, which are applied to a tissue
surface. The electric pulses cause the passing ions to perforate the tissue layer,
providing new pathways for the passage of substances, both charged and not

_14-

PCT/IL02/00849



10

15

20

25

30

CA 02464949 2004-04-23

WO 03/035167 PCT/IL02/00849

charged. It must be noted that electroporation does not deliver a charged substance,
but rather reduces the resistance to passage of substances into the adjacent tissue.
Because it does not provide a needed driving force, it is desirable that
electroporation be combined with delivery techniques such as 1ontophoresis or

electrophoresis in order to achieve good penetration.

In one embodiment of the invention, the patch is designed so as to facilitate
the delivery of an active substance to a desired depth into the subject’s body. In
particular, the patch is designed to facilitate the delivery of an active substance 1nto

the skin, with minimal delivery through the skin.

When a formulation including an active substance is applied onto a subject’s
skin by iontophoresis, the depth to which the active substance penetrates the
subject’s body is influenced by a number of different parameters. First, it 1s
influenced by the current density and voltage used to cause iontophoresis. Second, 1t
is influenced by the properties of the formulation, such as its pH, viscosity,
conductivity, adhesiveness, concentration of the buffer, and concentration of the
electrolyte and most importantly, the concentration of the active substance 1n the
composition. Third, where a substrate including pores 1s used to hold the
formulation (i.e., where a separator in the form of such a substrate is utilized), 1t is
influenced by the size and density of the pores of such substrate, and the physical
dimensions of the substrate. Finally, it is influenced by the amount of time that the
iontophoresis process is allowed to proceed. For each of these variables, a range of
operable values can be determined, and within each range of operable values a
preferable, narrower range of values can be obtained. Additional factors that may
affect the penetration depth of active substances into the skin (but not through the
skin) include the current’s wave form, pulses and bi-phasal application. That 1s, the
current can be applied in pulses, as multi-phase current or simply in different wave

forms to allow its penetration into the skin with minimal delivery through the skin.

One way to attempt to adjust these parameters to achieve depth control is to
modify one or more of them during the iontophoresis process itself. For example, if
an appropriate control element were present in an iontophoresis device, the current
density or voltage could be adjusted during the operation of the device. This has a

couple of drawbacks.
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First, as noted above, such control elements can be expensive and potentially

bulky, and thus defeat the purpose of a tlexible, wearable patch.

Second, it would be difficult for the user of such a device to know exactly
what level of current density or voltage will enhance the delivery of the active
substance to the target depth. In other words, the user does not know whether the
active substance is being delivered into the skin or through the skin, and thus would

not know how to adjust the current density or voltage to achieve the desired result.

The inventors have discovered that these drawbacks can be overcome by, for
any specific active substance, determining the combination of parameters that will
result in maximum delivery of that active substance to the target depth as part of the
process of designing the patch itself, and then incorporating that combination of
parameters into a patch, formulation and substrate intended to be used together. In
this way, for that active substance, a customized patch may be designed that will
deliver the active substance to the target depth without the need for a separate

control element.

In one mode of practicing the invention, the current density and voltage to be
supplied by the electrochemical cell of the patch is selected to provide the desired
penetration depth for a previously selected specific formulation including a
particular active substance, as well as a previously selected substrate. The
formulation has a known pH, viscosity, adhesiveness, conductivity, and active
substance concentration, while the pore size, pore density and other properties of the
substrate are known as well. Compositions to be applied on such substrate can be 1n
many forms including, but not limited to, liquids, solutions, lotions, creams, pastes,
emulsions, gels, soap bars, sprays or aerosols. It would be apparent to those of
ordinary skill in the art of cosmetics and dermatology that additives to such
compositions may be selected from but are not limited to the group consisting of
water, surfactants, emulsifiers, diglycerides, triglycerides, stabilizing agents,
thickening agents, alpha-hydroxy carboxylic acids, antioxidants, preservatives,
moisturizers, petroleum, mineral oil, glycerol, ethanol, propanol, isopropanol,
butanol, polymeric gelling agents, flavoring, colorant and odorant agents and other
formulation components, used in the art of pharmaceutical and cosmetic formulary.

Such compositions may be applied onto the substrate or directly onto the electrode,
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according to their physical properties, manually, or using various application

devices.

In another mode of practicing the invention, the active substance may be
included in a conductive hydrogel attached to one of the electrodes. Such hydrogel
has the capacity to adhere to the skin surface, conduct electrical current and release
the active substance into the skin. As above, the current density and voltage to be
supplied by the electrochemical cell of the patch is selected to provide the desired
penetration depth for a previously selected specific formulation including a
particular active substance, as well as a previously selected hydrogel. The hydrogel
formulation has a known pH, viscosity, adhesiveness, conductivity, and

concentration of active substance.

The ideal voltage and/or current density (i.e., the voltage and current density
that achieves the desired penetration of the active substance) to be used 1n
combination with that formulation and that substrate, 1s then determined
experimentally (see below). This voltage and current density 1s then incorporated
into a customized patch to be used in combination with the formulgtion and the
substrate/hydrogel by carefully choosing the components of the electrochemical cell

to be included in the patch.

In this way, the desired voltage and/or current applied to each electrode can
be adjusted to enable penetration of any particular active substance to a desired
depth when the patch is used for a standard period of time. While some portions of
the active substance may penetrate beyond the desired depth (i.e., penetrate through
the skin), selection of a suitable electrochemical cell with the desired voltage/current
given the properties of the cosmetic formulation and the substrate/hydrogel can

result in a substantial portion of the active substance remaining in the skin.

In another mode of practicing the invention, all of the parameters that can
affect the depth to which the active substance is delivered are adjusted during the
design process (instead of just adjusting the voltage and the current density to
determine the combination of those two parameters that work best with a previously
selected formulation and substrate/hydrogel), so that the patch, the formulation
including the active substance, and the substrate/hydrogel incorporate that

combination of parameters in a way that will maximize the delivery of the active
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substance to the desired depth when the patch is used during a standard period ot

time.

One can design a device directed to deliver an active substance mainly into
the skin and determine whether more of an active substance has been delivered into
the skin than through the skin with an in-vitro skin penetration study. Such a study
enables one to determine which combination of parameters results in the maximum
amount of an active substance being delivered into the skin with minimal delivery

through the skin.

One type of skin penetration test can be implemented in-vitro by using
excised swine skin membrane with two electrodes placed thereon, with one of the
two being associated with a formulation including an active substance to be
delivered by iontophoresis, as described, for example in: P. Glikfeld, C. Cullander,
R. S. Hinz, and R. H. Guy, 4 new system for in vitro studies of iontophoresis,
Pharm. Res. 5: 443-446 (1988) (hereinafter, the “dual chamber 1n-vitro test™).
Description of the experimental design of an in-vifro skin penetration test 1s
provided in Example No. 1. In a non-limiting way, any of the following parameters
can be varied and tested with this model: voltage, current and current density,
concentration of an active substance, pH, viscosity, concentration of a butfer,
concentration of an electrolyte, concentration of a polymeric substance which 1s
used to render certain rheological properties, conductivity, viscosity and
adhesiveness. The influence of pore size and density of a substrate can also be
assessed in a modified in-vitro skin penetration test. Delivery of the active
substance into and through the skin will be determined as a function of the time of

current passage.

In order to obtain an improved selection of the above parameters, a dedicated
patch-sealed, mono-cell skin penetration test system (hereinafter, the “patch-sealed
chamber test™) can be employed. The patch-sealed chamber test comprises a
receiving compartment, filled with a receiving vehicle, capable of dissolving an
active substance, covered by a sheet of excised human or swine skin and sealed from
above by an actual patch pole (either the anode or cathode), having the designated
configuration parameters, in intimate contact with a formulation containing an active
substance. The patch pole 1s linked to an externally controlled and monitored power

supply, which is also linked to the receiving compartment via an electrical cord.
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Electrical current is then applied for a set period of time, which is an acceptable time
of treatment for the intended cosmetic or medical disorder. Upon conclusion of said
period of time, the skin is extracted and the extract is analyzed, using suitable
analytical means, such as HPLC or gas chromatography for determination of active
substance concentration. If radiolabeled active ingredients are used in the
formulation, the analysis can be carried out using radiological assays. The
concentration of the active agent in the receiving compartment is also analyzed and
the ratio between the amount retained in the skin and the amount detected in the
receiving compartment is calculated. An optimal treatment system, according to the
present invention is such, that the ratio between the amount retained in the skin and

the amount detected in the receiving compartment is maximized.

Thus, the dedicated patch-sealed chamber test enables selecting both
formulation parameters (e.g., concentration of an active substance, pH, viscosity,
concentration of a buffer, concentration of an electrolyte, concentration of a
polymeric substance which is used to render certain rheological properties,
conductivity, viscosity and adhesiveness), and patch parameters (e.g., electrical

current direction and size, voltage, pore size and density)at the same time.

Based on the results of the study for a given formulation (or a group of
formulations with differing concentrations of active substance), the appropriate
parameters for that formulation and substrate can be determined. Thus, through
pre-selecting the controllable variables using tests designed to determine the 1deal
combination of variables, the present invention achieves depth-controlled

penetration into the skin without the need for a control element.

In a further embodiment, an additional method of increasing skin penetration
while minimizing transdermal delivery has been developed. It is known that the
main impediment in the passage of electrical current through the skin is attributed to
the dead keratin layers of the stratum corneum (SC). These layers, which are
relatively dry, possess low electrical conductivity and consequently inhibits the
electromotive forces of the iontophoretic device. As illustrated in all textbooks,
because of the high impedance of the stratum corneum, electrical current has to pass
through the deeper layers of the skin, i.e. the lower epidermis and the dermis,
thereby, carrying active agents into the deep layers and subsequently, into the

systemic circulation. Thus, it is understood that improving SC conductivity should

-19-



10

15

20

25

30

CA 02464949 2004-04-23

WO 03/035167 PCT/IL02/00849

result in more electrical current passing through the SC and consequently, higher
delivery of the active agent into the skin, rather than through the skin. Inducing
conductivity by exposing the skin to electrolyte solution is possible. However, it
would result in elevated concentrations of cations and anions, which in turn would
compete with the active agent and finally inhibit its skin bioavailability. We have
discovered that certain skin hydrating agents are capable of inducing SC
conductivity, without adding high concentrations of electrolyte. Such agents
comprise urea, glycerol, propylene glycol, phospholipids, alpha hydroxy carboxylic
acids (e.g., lactic acid and glycolic acid) and beta hydroxy carboxylic acids (e.g.,
salicylic acid), and mixtures and combinations thereof. Other SC hydrating agents,
known in the art of cosmetology can be used as well. SC hydrating agents (a single
one or a combination of) can be included in the formulation in concentrations of 2%
to 25% by weight of the final formulation. It has been demonstrated in human
studies, for example, that addition of 4% urea and 5% propylene glycol significantly
induced the electrical current passage through the skin for a for a set voltage,
compared with a blank formulation, using the same voltage. Importantly, it was also
demonstrated that the resulting higher electrical current was not accompanied by
higher levels of skin irritation, which strongly suggests that the excess electrical
current passed through the upper layers of the skin, rather than through the deeper

layers of the epidermis and dermis.

The embodiments of the present invention are particularly useful for delivery
of cosmetic and dermatologic active substances, which are intended for the
treatment of the skin, and thus should be delivered into the skin but not through it.
Example No. 2 demonstrates that by pre-selecting the parameters of the patch,
formulation and other components in accordance with the invention, more of an
active substance can be delivered into the skin than through the skin, and that more

of an active substance can be delivered into the skin than would be through passive

diffusion.
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