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polymerization chemical crosslinker finds use in transdermal drug delivery systems. The invention enables the administration of

drugs containing a reactive functional group, which drugs have heretofore not been able to be administered by the transdermal route

using conventional acrylic adhesives.
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NON-REACTIVE ADHESIVE USEFUL [N
TRANSDERMAL DRUG DELIVERY SYSTEMS

FIELD OF THE INVENTION
The invention relates to an adhesive compasition. In particular, a
nan-reactive pressure sensitive adhesive which may advantageously be used
in transdermal drug delivery applications. The invention also relates to a

transdermal drug delivery system comprising the non-reactive adhesive.

BACKGROUND OF THE INVENTION

The continuous controlled delivery of drugs thrdugh the derma, Le.,
skin, provides many advantages over other routes of administration.
Transdermal drug delivery is a comfortable, convenient, and neninvasive
alternative fo other means of drug delivery such as by ingesting medication at
fixed time intervals orally or by way of subcutaneous injection. Transdermal
drug delivery systems not only allow the controlled release of a
pharmaceutical product in a sustained release fashion, but reduce side
effects such as gastrointestinal irritation, avoid hepatic first-pass inactivation,
poar or erratic absarption from the gastrointestinal tract, and inactivation by
the gastrointestinal fluids. Transdermal drug delivery also makes possible a
high degree of control over blood concentrations of any particular drug.
These advantages enhance patient compliance and improve the safety and
efficacy of medications.

In transdermal drug delivery systems, drugs are delivered from a
patch applied to the skin with a pressure sensitive adhesive. Useful
adhesives are psrmanently tacky at room temperature, held the transdermal

system to the skin with gentle pressure, and can be easily removed without
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causing pain or depositing édhesive residue. Devices for transdermal
delivery of drugs generally fall into either the category of liguid reservoir
paiches or matrix patches. The simplest form of matrix patch uses the
adhesive itself as the carrier for a drug. In a liquid reservoir patch, the drug is
dissolved or dispersed in a liquid reservoir compartment, either totally
covered by a rate controlling membrane, or in a polymer matrix. While
reservoir systems may use only a peripheral adhesive ring for attachment to
the skin surface, a face adhesive which coats both the drug releasing surface
and the area surrounding it is often used. Thus, in both matrix- and reservoir-
type patches ingredients formulated inte the transdermal delivery device, i.e.,
drugs and various excipients including cosolvents and skin penetration
enhancers, must diffuse through the skin contact adhesive in reservoir-type
s>ystems and diffuse from the adhesive in matrix-type systems.

Some adhesives may, however, chemically react with various drugs,
skin penetration enhancers and excipients in the transdermal system. For
example, basic amine functional drugs can react with the acidic moleties of
an acrylic adhesive causing a lack of adhesion and tack even before the
device is applied to the patients skin. Moreover, the reactivity of active
ingredients within a transdermal drug delivery system with the polymer
backbone or side group and with residual monomer could cause degradation
and/or binding of the drug and, therefore, is a threat to sustained release and
limits the application of this technology. A second area of concem to
transdermal patch formulators is the formation of new compounds within the
patch as a result of a chemical reaction between the active ingredients and
the adhesive. These new compounds may be physiologically active in the

body and cause deleterious effects,
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The known advantages of continuoué transdermal drug delivery
devices has prompted the development of transdermal drug delivery systems
for the administration of a variety of drugs. While acrylic adhesives for
transdermal applications are known, and a number of transdermal drug
delivery systems are currently available commercially, there remains a need
in the art for a non-reactive adhesive composition for use in transdermal drug
delivery systems so that this technology can be extended and used as a

delivery option for an even broader range of drugs.

SUMMARY OF THE INVENTION

The invention provides a non-reactive adhesive compesition useful in
transdermal drug delivery systems.

One aspect of the invention is directed to a pressure sensitive
adhesive composition which lacks functional groups containing reactive
hydrogen moieties and contains no post-palymerization chemical crosslinker.
The adhesive comprises, an a dry weight basis, from about 50 to about 98%
of an alkyl (meth)acrylate monomer and from about 2 to about 50% of a non-
cyclic nitrogen-containing monomer. The alkyl acrylate monomer is
preferably @ monomer having a low homopolymer glass transition
temperature, such as 2-ethylhexyl acrylate and/or n-butyl acrylate. In a
preferred embodiment the nitrogen-containing monomer is an N-substituted
{meth)acrylamide monomer. A preferred N-substituted acrylamide for use in
the practice of the invention is t-octyl acrylamide.

In ancther aspect of the invention the non-reactive adhesive is
formulated with a therapeutic agent. The agent, while physiologically active,

may or may not be pharmaceutically active.
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Another aspect of the invention is directed to a transdermal drug
delivery system comprising a non-reactive pressure sensitive adhesive and a
therapeutic agent. In one embodiment, the adhesive serves as a carrier for
the physiologically active agent.

Still another aspect of the invention is directed to a transdermat drug
delivery system comprising an adhesive layer containing a therapeutic agent
and a backing fayer. [n one embodiment, the drug delivery system also
comprises a release layer. In a preferred embodiment the drug delivery
system includes an adhesive layer into which the drug to be delivered is
incarporated, a distal backing layer and a proximal release layer.

Yet another aspect of the invention is ditected to a method of
administering a therapeutic agent to a patient comprising applying to a body
surface of the patient a transdermal drug delivery system comprising a non-

reactive pressure sensitive adhesive and a physiologically active agent.

DETAILED DESCRIPTION OF THE INVENTION

Percent by weight means, unless expressly stated otherwise, percent
dry weight.

The invention provides adhesive compasitions which lack functional
groups containing reactive hydrogen moieties and contain no post-
polymerization chemical cross-linking. The adhesive comprises from about
50 to about 98 percent by weight of alkyl acrylate and/or alkyimethacrylate
monomers and from about 2 to about 50 percent by weight of polymerizable

non-cyclic nitrogen-containing monomers.
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Non-reactive, as this term is used fo describe the adhesive compaosition
of the invention means that the compasition lacks functional groups cantaining
reactive hydrogen moieties, such as -COOH, -OH, and -NH,.

A reactive hydrogen, as this term is conventionally used and
understoad in the art, means any hydrogen that can react with a Grignard
reagent, see e.g., March, J., Advanced Organic Chemistry: reactions,
mechanisms and structure, 4™ edition, John Wiley & Sons, 1992, page 623,

No post-polymerization chemical cross-linking means that while
monomers having multiple polymerization sites may be use 1o prepare the
adhesive of the invention, following polymerization no reactive sites are
present in the polymer.

A polymerizable non-cyclic nitrogen-containing monomer, as this
term is defined and used herein, is a polymerizable maonamer which must
contain nkroéen, but which nitrogen may not be present within any cyclic
substituent which may form a part of the monomer, Le. the nitrogen Is present
in the non-cyclic portion of the monomer.

Preferred alkyl acrylates and methacrylates which may be used to
practice the invention have up to about 18 carbon atoms in the alkyl group,
preferably from about 4 to about 10 carbon atoms in the alkyl group. Alkyl
acrylates for use in the invention include methyl acrylate, butyl acrylate, amyl
acrylate, hexyl acrylate, 2-ethylhexyl acrylate, octyl acrylate, decyl actylate,
dodecy| acrylates, isomers thereof, and combinations thereof. Examples of
alkyl methacrylates which may be used include methyl methacrylate, ethyl
methactylate, and isobutylmethacrylate.

The acrylic and/or methaerylic monomers are present in an amount

of from about 50% by weight to about 98% by weight, preferably from about
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70 to about 90% by weight, based upon the fotal monomer weight of the
composition.

Polymerizable nitrogen-containing manomers include
vinylacetamides, N-substituted acrylamides and N-substituted
methacrylamides and  nitriles  such as methacrylonitrile or  2-
cyanoethylacrylate, as well as mixiures thereof.

N-substituted acrylamides or methacrylamides include compounds

having the formula:
GHo=CR{-CO-N-Rg
|
Rz
where
Rqis HorCHg,

Rgis H, linearalkyl, brénch alkyl or aromatic, and
Rgis linear alkyl, branch alky}, aromatic, or a substituent of the farmula:
CHg
-(|3-CH2 -CO +(CHg)y~CHg
g
where m is 0 through 10.
Linear and branched alkyl groups are those having up to about 17 carbon
atoms and include, for example, methyl, ethyl, prapyl, isopropyl and the like.
Aromatic substituents include, for exampte, benzyl, phenyl, toluyl and the like.
Examples of substituted N-substituted acrylamides for use in the
practice of the invention include N-tertiary octyl acrylamide (t-octyl
acrylamide), dimethyl acrylamide, diacetone acrylamide, N-tertiary butyl
acrylamide (t-butyl acrylamide), N-isopropyt acrylamide (i-propyl acrylamide),
N-phenyl acrylamide, and eombinations thereof. Examples of N-substituted
methacrylamides for use in the practice of the invention include t-octyl

6
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methacrylamide, dimethyl methacrylamide, diacetone methacrylamide, t-butyl
methacrylamide, i-propyl methacrylamide, N-phenyl methacrylamide, and
combinations thereof.

The polymetizable nitrogen-containing monomers are present in an
amount of from about 2 to about 50 % by weight, preferably from about 10 to
about 30% by weight, based upon the total monomer weight of the
composition.

The adhesive compositions of the present invention optionally may
include other monomers including, but net limited to vinyl monomers, such as
vinyl acetate and styrene, alkyl methacrylates such as methyl methacrylate
and alkyl dimethacrylates.

Adhesives of the invention may also comprise blended polymers
wherein the acrylic palymer is blended with and further comprises other types
of polymers, including non-reactive polymers, including silicone polymers
such as polydimethylsiloxane and polymethylphenylsiloxane and rubber
polymers such as polyiso-butylene and styrene-isoprene-styrene block
capolymer.

Preferably, the adhesive of the invention will have a glass transition
temperature of less than about 10 °C.

The adhesive of the invention unexpectedly maintains its adhesive
properties without the need for post-polymerization crosslinking. A preferred
embodiment, which gives excellent adhesive performance and excellent non-
reactive performance is an adhesive copolymer composition comprising 46 %
by weight 2-ethylhexyl acrylate, 35 % by weight methyl acrylate and 20 % by
weight of an N-substituted actylamide. A preferred N-substituted acrylamide

is t-octyl acrylamide.
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While a particular polymerization method is described in the examples,
the polymer of the present invention may be prepared by conventional
polymetization methods familiar to those of skill in the art. These methods
include, without limitation solution polymetization, suspension polymetization,
bulk polymerization and emulsion polymerization. In the practice of the
invention, it may also be advantageous to reduce the residual monomer
content, or remove or reduce solvent levels and/or other volatiles, following
polymerization using methods which are known and canventional in the art.
Adhesive may be applied from organic solution, agueous dispersion, ot from
amelt.

As used hersin, the term "pressure-sensitive adhesive" refers to a
viscoelastic material which adheres instantaneously to most substrates with
the application of slight pressure and remains permanently tacky. A polymer
is a pressure-sensitive adhesive within the meaning of the term as used
herein if it has the properties of a pressure-sensitive adhesive per se of
functions as a pressure-sensitive adhesive by admixture with tackifiers,
plasticizers or other additives. While the pressure sensitive adhesive of the
invention may be used in any number of applications, e.g., labels, the non-
reactive nature makes the adhesive particularly well-suited for use in
transdermal applications. The non-reactive pressure sensitive adhesive of
the invention may be incorporated into a transdermal drug delivery device
designed to deliver a therapeutically effective amount of a product to the skin
of a patient, e.g., to cure a skin irritation or to deliver a therapeutically
effective amount of drug across the skin of a patient,

The term transdermal refers to application on or to the skin whereby

the skin is used as a portal for the adminisiration of drugs by topical
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application or for diagnostic procedures, such as the menitoring of blood
chemistry.

A topically applied drug may pass into and/or through the skin. The
terms skin, derma and epidermis are used interchangeably unless specifically
stated otherwise. Thus "transdermal’ is used broadly to refer to the tapical
administration of a drug which acts locally, i.e., at the surface or within the
skin, such as, for example, a blemish patch used to treat acne, and fo the
topical application of a drug which acts systemically by diffusing through the
skin and entering the blood stream.

The term patient is used herein to Include animals, both human and
non-human, including companion animals such as dogs, cats and horses and
livestock such as cattle and swine. Agricultural and horticultural applications
are also contemplated.

Human patients include adults, children and infants. In terms of
compliance, the transdermal drug delivery device of the invention is
particularly useful in treating young children. By way of example, a patch
designed for the sustained transdermal administration of methylphenidate
may be applied to a young child in need of multiple daily dosing of
methylphenidate. The child may then be sent to school. There is no need for
additional dosing during the day, no need to disrupt schaol activities to
administer medication, no need for adult intervention for purposes of
administration and no embarrassment to the child.

The adhesive of the invention is contemplated for use in the
manufacture of liquid reservoir patches and matrix paiches. While the
adhesive of the invention can be used in all types of fransdermal drug

delivery systems, it will be appreciated that the adhesive is most
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advantageously used with drugs containing reactive funetional groups and in
those systems which require that the drug diffuse through or from the
adhesive. Matrix patches are particularly preferred embodiments since they
are easier to manufacture than liquid reservoir patches and are more
comfortable and cenvenient to wear.

Transdermal drug delivery devices of the invention comptise a carrier
(such as liquid, gel, or salid matrix, or a pressure sensitive adhesive} into
which the drug to be delivered is incorporated, a distal backing layer and a
proximal release layer. When the patient peels the release liner from the
adhesive and applies the patch, the drug partitions into the siratum corneum
(outer skin layer) and permeates through the epidermis and dermis.

While the invention wili be described in more detail in terms of a
matrix-type patch, patches of the types described in Pfister ef al.,, Chemistry
in Britain, January 1991, pages 43-46, the disclosure of which is incorporated
herein by reference, including liquid reservoir-type systems, are
encompassed by the invention. Included are embodiments wherein the drug-
containing polymetic phase s laminated to a pressure sensitive adhesive or
used with an overlay adhesive or is the adhesive itself.

A matrix patch device according to the present invention is a unit
dasage form of a drug compasition in a polymeric carrier. The individual
layers of the device include a substantially drug-impermeable distal backing
layer, the aforementioned drug laden polymer carrier layer, also referred to
herein as the carrier, 'and, before transdermal application, a substantially
drug-impermeable proximal release layer or liner.

The portions of the carrier that are not in contact with the skin are

coverad by a backing. The distal backing layer, in use, defines the side of the
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patch that faces the environment, i.e., distal to the skin. The backing serves
to protect the cartier and the compoenents contained in the carrier, including
the drug, from the environment by providing an impenetrable layer that
prevents loss of the drug to the environment. Thus, the material chosen
should be substantially impermeable to the drug. Advantageously, the
backing material can be apaqué to protect the drug from degradation from
exposure to light. It may be desirable that the backing have a relatively high
vapor transmission rate, since this results in the reduction of maisture buildup
on the skin beneath the device and in a corresponding reduction in the
amount of skin magceration that occurs. Conversely, to enhance drug flux, an
occlusive backing may be selected. Further, the backing layer should be
capable of binding to and supporting the other layers of the device, yet
should be pliable to accommodate the movements of a person using the
device since a stiff backing may cause mechanical irritation. In order to
maintain the health of the covered skin during long term wear (e.g., for
periods in excess of a day), it is also desirable that the backing have a
relatively high permeability to oxygen. As the backing is in contact with the
compenents of the carrier, including the drug and any excipients, it is
important that the backing be stable to such components in order that the
backing retains its structural integrity and conformability. It is also important
that the backing not absorb the drug or excipients from the carrier. In
connection with the preparation of certain reservoir type drug delivery
devices, it is also desirable for the backing to be heat sealable at a relatively
low temperature 1o a variety of other polymeric substrates.

Backings that have found use in drug delivery devices, and which

can be used in the practice of this invention include, with ar without
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modification, metal folls, metalized polyfoils, composite foils or films
containing poytetrafiuoroethylene (TEFLON®)-type materials or equivalents
thereof, polyether block amide copolymars, polyursthanes, polyvinylidene
chloride, nylon, silicone elastomers, rubber-based poylisobutylene styrene,
styrene-butadiene and styrene-isoprene copolymers, polyethylens, polyester,
and other such materials used in the art of transdermat drug delivery.
Particularly preferred are thermoplastic polymers such as polyolefins, for
example polyethylene and polypropylene, and polyesters such as
polyathyleneterephthalate.

The proximal release liner or peelable film covers the skin-tacing or
proximal side of the device until the device is used. A silicone-coated film is
typically used for such applications. Just prior to use of the device, the
proximal release liner is remaved to expose the drug-containing polymer
layer for contact and adhesion to the skin surface. Thus, the proximal release
liner is adapted to be removed from the device ‘and should strip off the
adhesive surface with minimal force.

In ene embodiment, the release liner of a first patch also serves as
the backing layer of a second pafch. This design allows patches to be
manufactured in a stacked format, and dispensed to the patient in this
manner. The first paich is removed, and applied to the skin, with no excess
waste generated for disposal.

The drug containing polymer layer is preferably a pressure-sensitive
skin contact achesive of the invention which is a pharmaceutically acceptable
material that lacks functional groups containing reactive hydrogen moieties
and forms no new functional groups upon storage. The adhesive of the

invention, whether used as a carrier contact adhesive or overlay contact
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adhesive for transdermal patches is non-irritating, easy to apply, and easy to
remove.

The term "drug” is to be construed herein in its broadest sense 1o
mean any agent which is intended to produce some therapeutic benefit. The
agent may or may hot e pharmaceutically active, but will be "bioactive" in
the sense that it has an effect on the human body. The agent may be used
to treat or alter a condition, which may or may nat be a pathological, i.e., a
disease state. 'Drug"’, 'bicactive agent," "preparation," "medicament,”
“therapeutic agent," "physiclogical agent” and "pharmaceutical agent" are
used interchangeably herein and include substances for use in the diagnosis,
cure, mitigation, arrest, treatment or prevention of a condition or disease
state or to affect the structure or function of the body. Skin-wellness agents
that function to e.g., soften and moisturize are included in this term. The term
"treaiment” is used broadly to encompass prevention, alteration, cure and
control of the condition.

The drug is present in a drug delivery device of the invention in a
therapeutically effective amount, i.e., an amount effective to bring about a
desired therapeutic result in the freatment of a condition to which the
preparation of this invention is to be applied. Effective amount of a drug
means a nontoxic but sufficient ameunt of a drug to provide the selected
effect over a specific period of time. The amount that constitutes a
therapeutically effective amount varies according to the particular drug
incorporated in the device, the condition being treated, any drugs being co-
administered with the selected drug, desired duration of treatment, the

surface area of the skin over which the device is to be placed, and other
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compaonents of the drug delivery device. Such an amount is readily
determinable by the skilled practitioner.

Drugs that can be included in the carrier of the invention include
substances capable of a local or a systemic effect when administered to the
skin. While it will be appreciated that the invention enables the administration
of drugs containing a reactive functional group, which drugs have heretofore
not heen abls to be administered by the transdermal route using conventional
acrylic adhesives, the invention is not limited to the administration of these
types of drugs. Qther drugs previously administered via the transdermal
route using conventional actylic adhesives or silicone adhesives may alse be
administered using the adhesive of the invention, either alone or in
combination with another drug which may contain a reactive functional group.

Treatment areas whete the delivery device of the invention finds use,
and examples of pharmaceutical products which can be incorporated in the
devices of the invention, include treatment for incontinence (oxybutinin),
central nervous system canditions (methylphenidate), hormone therapy and
birth control (estradiol, testosterone, progestin, progesterone, levonorgestrel)
cardiovascular (nitroglycerin, clonidine) and cardiotonics (e.g., digitalis,
digoxin), paih management or anti-inflammatory (fentanyl, lidocaine,
diclatenac, flurbiprofen), casmetic {benzoy! peroxide, salicylic acid, vitamin C,
vitamin E, aromatic oils), antinauseants (scopalamine), smoking cessation
{nicotine), antiinffammatory conditions, beth steroidal (e.g., hydrocortisone,
prednisclone, triameinolone) and nonsteroidal {e.g., naproxen, piroxicam)
treatments, antibacterials (e.g., penicillins such as penicillin  V,
cephalosporins such as cephalexin, erythromycin, tetracycline, gentamycin,

sulfathiazole, nitrofurantain, and quinoiones such as norfloxacin, flumequine,
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and ihafloxacin), antiprotazeals (e.g.. metronidazole), antifungals (e.g.
nystatin), calcium channel blockers (e.g. nifedipine, diltiazern),
bronchodilators (e.g., theophylline, pirbuteral, salmeterol, isoproterenal),
enzyme inhibitors such as collagenase inhibitors, protease inhibitors,
elastase inhibitors, lipoxygenase inhibitors, and angiotensin converting
enzyme inhibitors (e.g., captopril, lisinopril}, other antihypertensives (e.g.,
propranolol), leukotriene antagonists, anti-ulceratives such as H2
antagonists, antivirals and/or immunomadulators (e.g., 1-isobutyl-1H-
imidazo[4,5-c]quinolin-4-amine, 1-(2-hydroxy-2-methyl-propyl)-1 H-
imidazo[4,5-¢]quinoline-4-amine, and acyclovir), local anesthetics (e.g.,
benzocaine, propofol), antitussives (e.g., codeine, dextromethorphan),
antihistamines  (e.g., diphenhydramine, chlorpheniramine, terfenadine),
narcotic analgesics (e.g.. morphine, fentanyl), cardioactive products such as
afriopeptides, anficonvulsants (e.g., carbamazine), immunosuppressives
(e.g., cyclosporine), psychotherapeutics (e.g., diazepam), sedatives (e.g.,
phencbarbital), anticoagulants  (e.g., heparin), analgesics (e.g.,
acetaminophen), antimigrane agents (e.g., ergotamine, melatonin,
sumatr}ptan), antiarrhythmic agents (e.g., flecainide), antiemetics (e.g.,
metaclopromide, ondansetron), anticancer agents (e.g., methotrexate),
neurologic agents such as anxiolytic drugs, hemostatics, anti-obesity agents,
and the like, as well as pharmaceutically acceptaﬁ[e salts, esters, solvates
and clathrates thereof.

Veterinary drugs may alsec be conveniently applied using the
transdermal drug delivery device of the invention. In addition to many of the
above mentioned drugs, which can also be used in veterinary applications,

additional examples include e.g., diclazuril and lufenuron.
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Agricultural and hotticultural agents include, for example orchid
growth harmone.

It wilt be appreciated that transdermal drug delivery in veterinary and
horticultural applications enables more exact dosing, and less waste than
administration in the foodfirrigation water.

The skin presents a substantial barrier to ingress of foreign
substances into the body. The art has recognized that the barrier to the
transdermal or percutaneous delivery of drug through the skin can be
overcome or reduced by incorporating excipients into the carrier that enhance
the rate at which the drug passes, i.e., penetrates, through the skin.
Penetration enhancers are well-known in the art. The terms "enhancement",
"penetration enhancement," and permeation enhancement® mean an
increase in the permeability of a biological membrane, e.g., skin, to a drug, so
as to increase the rate at which the drug permeates through the memhbrane
and accelerate drug delivery. These agents are commonly referred to as
penetration enhancers, accelerants, adjuvants and absorption promaters,
and will be collectively referred ta hersin as "enhancers”.

The drug delivery system of the invention, in addition to the drug,
may advantageously also contain an effective amount of a penetration
enhancer. An effective amount of a penetration enhancer means an amount
that provides a selected increase in membrane permeability, rate of
administration and amount of drug.

Some examples of enhhancers are polyhydric alcohols such as
dipropylene glycol, propylene glycol, and polyethylene glycol; oils such as
olive oil, squalens, and lanolin; polyethylene glycol ethers and fatty ethers

such as cetyl ether and oleyl ether; fatty acid esters such as isopropyl
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myristate; fatty acid alcohols such as oleyl alcohol; urea and urea derivatives
such as allantein; polar solvents such as dimethyldecylphosphoxide,
methyloctylsulfoxide, dimethyllaﬁrylamide, didecylpyrralidone, isosorbitel,
dimethylacetonide, dimethylsulfoxide, decylmethylsulfoxids, and
dimethylformamide; salicylic acid; amino acids; benzyl nicotinate; bile salts;
and higher molecular weight aliphatic surfactants such as lauryl sulfate salts.
Other agents include oleic and linoleic acids, ascorbic acid, panthenol
butylated hydroxytoluene, tocopherol, tocopheryl acetate, tocopheryl
lineleate, propyloleate, isopropy! palmitate, oleamids, polyoxyethylene (4)
lauryl ether, polyoxyethylene (2) oleyl ether and polyoxysthylene (10) oleyl
ether sold under the trademarks Brij 30, 93 and 97 by ICl Americas, inc., and
polysorbate 20 sold under the trademark Tween 20 by ICl Americas, Inc.
Further, a plasticizer or tackifying agent can be incorporated into the
adhesive composition to improve the adhesive characteristics of the adhesive
composition. Some drugs,k such as the vasodilator nitroglycerin, function as
plasticizers in the adhesive because they are soluble to a certain degree in
the polymers comprising the adhesive. For drug molecules which are not
sufficiently soluble in the polymer system, a co-solvent for the drug can be
added. Co-solvents, such as lecithin, retinol derivatives, tecopherot,
dipropylene glycal, triacetin, prapylene glycol, saturated and unsaturated fatty
acids, mineral ail, alcohols, butyl benzylphthalate, and the like are useful

depending on the solubility of the drug in the adhesive carrier.

A tackifying agent Is particularly useful in those embodiments in

which the drug and/or any excipient doss not plasticize the polymer. Suitable
tackifying agents are those known in the art including: (1) aliphatic

hydracarbons; (2) mixed afiphatic and aromatic hydrocarbons; (3} aromatic
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hydrocarbons; (4) substifuted aromatic hydrocarbons; (5) hydrogenated
esters; (6) polyterpenes; and (7) woad resins or rosins and hydrogenated
forms thereof. The tackifying agent employed is preferably compatible with
the blend of polymers. Silicone fluid is useful for blends comprising
polysiloxane as a major component. [h other embodiments, where a

synthetic rubber, for example, is a major component, mineral oil is a preferred

tackifying agent.

The formulated component of a transdermal patch device may alse
include, a controlled-viscosity compaosition, excipients, diluents, emollients,
plasticizers, anti-irtitants, opacifiers, fillers, such as clay and silica, pigments
and mixtures thereof, preservatives, as well as other components or additives
that are formulated for maintaining the drug composition in the polymeric
layer in a drug transferring relationship with the derma, e.g., skin, as
appropriate for speeific applications and which is adapted to adhere to the
skin at the application site.

The device of the invention is placed on the skin and allowed to
remain for a time sufficient to achieve or maintain the intended therapeutic
effect. The time that constitutes a sufficient time can be selected by those
skilled in the art with consideration of the flux rate of the device of the
invention and of the condition being treated.

The transdermal delivery devices of the invention can be made in the
form of an article such as a tape, a patch, a sheet, a dressing or any other
form known to those skilled in the art. The dosage system may be produced
in any desirable unit form. A circular form is convenient as it contains no
cornets which might be easily detached from the skin. [n addition to having

various shapes, the dosage units produced may come in various sizes.

18
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Generally the device will be in the form of a paich of a size suitable to
deliver a preselected amount of drug through the skin. A surface area in the
range of 1 to 200 cm? is contemplated and preferred sizes are 5, 10, 15, 20,
25 and 30 cm®. The thickness may vary over a wide range, typically from
about 1 to about 5 mil, preferably 3 to 4 mil thick. The present invention
preferably incorporates enough pharmaceutically active drug to provide
efficacy with a dosage system having a 5 cm? surface area and a thickness of
about 3 to 4 mil.

Depending on the design of the patch and the condition to be treated,
the patch wili remain on the skin for up to an hour or more, up to about one
week. In a preferred embodiment, the patch is designed to remain on the
skin at the application site for about 24 hours, and to be changed daily.
Preferably, the patch will be placed on the skin at a site different from the
location of the previously used patches.

A drug delivery device of the invention can be prepared by using
conventional methods to apply an appropriate cartier to the backing. Far
example, a mairix device can be manufactured by preparing a coating
formulation by mixing a solution of the adhesive in a solvent with the drug
and any excipients to form a homogeneous solution or suspension; applying
the formulation to a substrate (a backing or a release liner) using well known
knife or bar or extrusion die coating methods; drying the coated subsirate to
remove the salvent; and laminating the exposed surface to a release linet or
backing.

The invention will be described further in the following examples, which
are included for purposes of illustration and are not intended, in any way, to be

limiting of the scope of the invention.
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EXAMPLES

Pressure sensitive adhesive compositions were prepared as
described in the following examples. The pressure sensitive adhesives
produced were evaluated using the following adhesive test procedures
TESTING PROCEDURES
Peel

180° Peel was tested using the method described by the Pressure
Sensitive Tape Coungil in PSTC No. 1. The test involves peeling the tape off a
substrate at 180° angle after application under relatively light pressure. Testing
was done to allow 20 minutes (initial peel), 24 hour and one week contact of the
adhesive with the-test panel. The results are reported as the force required to
remove the tape, measured in ounces per inch width.
Shear Adhesion

Shear adhesion was measured according PSTC No. 7 using a 1,000
gram (g) mass at room temperature. The bonded area was 1 inch x 0.5 inch.

The results are reported as the time required for the bond to fail.

Example 1
An initial charge containing 44.7 g 2-ethylhexylacrylate, 25.8 g methyl
acrylate, 5 g t-octyl acrylamide, 69.4 g ethyl acetate (solvent), 9.8 g acetone
(solvent), and 0.035 g 2,2-azobisisobutyronitrile (AIBN) (polymetization
initiator) was prepared and charged to & 1-L 4-neck round bottom flask
equipped with stainless steel stirrer, thermometer, condenser, water bath,
and slow addition funnels. The initial charge was heated to reflux while

stiring. At 45 minutes from the étart of reflux, monomer mix containing 15.3

20
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g 2-sthylhexylacrylate, 9.2 g methyl acrylate, 11.3 g ethyl acetate and initiator
mix containing 18.1 g ethyl acetate, and 0.13 g AIBN were simultaneously
and uniformly added over a petiod of 1 hour. At 190 minutes from the start of
reflux, solvent mix containing 8.1 g ethyl acetats, 12.56 g acetone was
uniformly added over a period of 3 hours. At the end of the addition, the flask
contents waere held at reflux for 6.5 hours. At the end of the hold petiod, the
contents were cooled to room iemperature and the solution polymer

discharged.

Examples 2-8
Using the general procedure described above, 7 additional adhesives
were prepared by varying the amounts and/or compositions of monomers.
The major monomers and their respective amounts (in parts per
hundred of total monomers weight) used to prepare the adhesives of

Examples 1-8 are shown in Table 1.

PCT/US01/29241

Table 1

1 2 3 4 5 6 7 8
+OA 5 4] g )] 20 0 4] Q0
Dimethyl acrylamide 0 [108] © 0 Q 0 0 0
Isopropyl acrylamide [ 4] 12.4 4] -0 0 0 )]
Vinyl acetamide 0 0 1] 9.3 4] 0 4] 0
2-ethyl hexyl acrylate | 60 | 49.6 | 48.8 | 504 45 75 75 50
Methyl acrylate 85 | 39.6|388| 404 35 Q 25 0
Acrylic acid 0 0 Q 0 [§] 5 0 0
Vinyl acetate (1] 0 a '] Q 20 4] 50

Adhesives 1-5 are encompassed by the invention. Examples 6-8 are
presented for purpose of comparison. The adhesive of Comparative
Example 6 was prepared in the absence of a polymerizable nitrogen-

containing monomer and contains functional groups containing reactive

21
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hydragen moieties. The adhesives of Comparative Examples 7and 8 were
prepared in the absence of a polymerizable nitrogen containing menomer
and lacks functional groups containing reactive hydrogen moieties.

Each of the adhesives of Examples 1-8 was coated on a 2-mil thick
polyester film to give a 1-mii thick dry adhesive and then tested for pressure

sensitive adhesive properties. Results are shown in Table 2.

PCT/US01/29241

Table 2
1 2 3 4 5 6 7 8
Peel, 180° 20min | 44 | 54 | 55 | 27 57 60 43.1 36.5
24hr 44 | & 61 | 53 59 75 - e
Tweek | 49 | 74 | 74 | 61 56 | 100 - -
Shear (hours) 05[79[31 [238] 5 24+ | 0.53 (2psi) | 0.38

From the data it can be seen that the adhesives of the invention, which
lack functional groups containing reactive hydrngeq moieties, exhibit
substantially the same pesl performance as Comparative Examples 6-8. In
addition, the adhesives of the invention have superior shear for transdermal

applications.

Many modifications and variations of this invention can be made
without departing from its spirit and scope, as will be apparent to those skilled
in the art. The specific embodiments described herein are offered by way of
example onty, and the invention is to be limited only by the terms of the
appended claims, along with the full scope of equivalents to which such

claims are entitled.
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CLAIMS

1. An adhesive composition which lacks functional groups
containing reactive hydrogen moieties and contains no post-palymetization
chemical crosslinker comprising, on a dry weight basis, from about 50 to
about 98% of an alkyl acrylate monomer and/or alkyl methacrylate monomer
and from about 2 to about 50% of a polymerizable non-cyclic nitrogen-

containing menomer.

2. The adhesive of claim 1 wherein the polymerizable nitrogen
containing monomer is selected from the group censisting of an N-substituted
acrylamide monomer, an N-substituted methacrylamide monomer,

vinylacetamides, nitriles, or mixtures thereof.

3. The achesive of clam 2 wherein the nitrile is

methacrylonitrile or 2-cyanoethylacrylate.

4. The adhesive of claim 1 which has a Tg of less than about

10°C

5. The adhesive of claim 4 wherein the alkyl acrylate monomer

is 2-ethylhexyl acrylate and/or n-butyl acrylate.
6. The adhesive of claim 5 wherein the nitrogen-containing

monomer is an N-substituted acrylamide monomer and/or an N-substituted

methacrylamide monomer.

23
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7. The adhesive of claim & wherein the nitragen-containing

acrylamide is t-octyl acrylamide.

8. The adhesive of claim 1 further comprising a therapeutic

5 agent

9. The adhesive of claim 8 wherein the therapeutic agent is a

pharmacologically active agent.

10 160. A transdermal drug delivery system comprising the adhesive
of claim 8.
1. The transdermal drug delivery system of claim 10 wherein

the adhesive serves as a carrier for the therapeutic agent.
16
12. The transdermal drug delivery system of claim 10 comprising

an adhesive layer, and a backing layer.

13. The transdermal drug delivery system of claim 12 further

20  comprising a release layer.

14. A method of administering a therapeutic agent to a patient
comprising applying to a body surface of a patient a transdermal drug
delivery system comprising the adhesive of claim 1 and a therapeutic agent.

25
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monomer, preferably a nitrile selected from
methacrylonitrile or 2-cyanoethylacrylate.
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